1 Enzynme Inhibitors This invention relates to conpounds which inhibit
menbers of the histone deacetylase famly of enzynmes and to their use in
the treatnment of cell proliferative di seases, including cancers,

pol ygl ut am ne di seases, for exanple Huntingdon di sease, neurodegenerative
di seases for exanple Al zhei ner disease, autoi mune di sease for exanple
rheumatoid arthritis and organ transplant rejection, diabetes,

haemat ol ogi cal di sorders, inflanmatory di sease, cardi ovascul ar di sease,
athetosclerosis, and the inflamatory sequel ae of infection. Background to
the Invention In eukaryotic ceghkiindhibitor®ackaged with histones, to form
chromatin. Approxi mately 150 base pairs of DNA are wapped twi ce around an
octamer of histones (two each of histones 2A, 2B, 3 and 4) to forma
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review see Kelly, WK et al 2002 Expert Opin Investig Drugs 11, 1695-1713). Such

findings suggest that HDAC inhibitors have therapeutic potential in the treatment of
proliferative diseases such as cancer (Kramer, OH et al 2001 Trends Endocrinol 12,
294-300, Vigushin DM and Coombes RC 2002 Anticancer Drugs 13, 1-13).

In addition, others have proposed that aberrant HDAC activity or histone acetylation is
implicated in the following diseases and disorders; polyglutamine disease, for example
Huntingdon disease (Hughes RE 2002 Cur_r Bioi 12, R141-R143; McCampbell A et &l
2001 Proc Soc Natt Acad Sci 98, 15179-15184; Hockly E et al 2003 Proc Soc Natl
Acad Sci 100, 2041-2046), other neurodegenerative diseases, for example Alzheimer
disease (Hempen B and Brion JP 1996, J Neuropathol Exp Neurol 55, 964-972),
autoimmune disease and organ transpiant rejection (Skov S et al 2003 Blood 101, 14
30-1438; Mishra N et al 2003 J Clin Invest 111, 539-552), diabetes (Mosley AL and
Ozcan S 2003 J Biol Chem 278, 19660 - 19666) and diabetic complications, infection
(including protozoal infection (Darkin-Rattray, SJ et al 1986 Proc Soc Nati Acad Sci
93, 13143-13147)) and haematological disorders including thalassemia (Witt O et al
2003 Blood 101, 2001-2007). The observations coniained in these manuscripts
suggest that HDAG inhibition should have therapeutic benefit in these, and other
related, discases '

Many types of HDAC inhibitor compounds have been suggested, and several such
compounds are currently being evaluated clinicatly, for the treatment of cancers. For
example, the following patent publications disctose such compounds:

US 5,369,108 and WO WQ 03/076395 WO 04/110989

0118171 WO 03/076400 WO 04/092115
US 4,254,220 WO 03/076401 WO 04/0224991
WO 01/70675 WO 03/076421 WO 05/014588
WO 01/38322 WO 03/076430 WO 05/018578
WO 02/30879 WO 03/076422 WO 05/019174
WO 02/26703 WO (3/082288 WO 05/004861
WO 02/069947 WO 03/087057 WO 05/007091
WO 02/26696 WO 03/092686 WO 05/030704
WO 03/082288 WO 03/066579 WO 05/013958
WO 02/22577 WO 03/011851 WO 05/028447
WO 03/075829 WO 04/013130 WO 05/026907



WD 03/ 087057 WD 05/007091 WO 02/ 26696 WO 03/ 092686 WO 05/ 030704 WO

03/ 082288 WD 03/ 066579 WD 05/013958 WD 02/ 22577 WD 03/011851 WD 05/ 028447
WO 03/ 075929 WO 04/013130 WO 05/ 026907 3 Many of the HDAC inhibitors known
in the art have a structural tenplate, which may be represented as in
formula (A):
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Many of the HDAC inhibitors known in the art have a structural template, which may
be represented as in formula (A):

R@[Linker] —CONHOH  (A)

wherein ring A Is a carbocyclic or heterocyclic ring system with optional substituents
R, and [Linker] is a linker radical of various types. The hydroxamate group functions
as a metal binding group, interacting with the metal ion at the active site of the HDAC
enzyme, which lies at the base of a pocket in the folded enzyme structure. The ring or
ring system A lies within or at the entrance to the pocket containing the metat ion, with
the —{Linker]- radical extending deeper info that pocket linking A to the metal binding
hydroxamic acid group. In the art, and occasionally herein, the ring or ring system A is
sometimes informally referred to as the “head group” of the inhibitor.

The use of prodrugs to enhance the delivery to target organs and tissues, or fo
overcome poor pharmacokinetic propertfies of the parent drug, is a well known
medicinal chemistry approach. Administration of ester prodrugs, for example, which
are hydrolysed by serum carboxylesterases in vivo to the active parent acids, can
result in higher serum levels of the parent acid than administration of the acid itself.

Brief Description of the Invention
This invention is based on the finding that the introduction of an aipha amino acid
ester grouping into the HDAC inhibitor molecular template (A) above facilitates

penetration of the agent through the cell membrane, and thereby allows intracellular
carboxylesterase activity to hydrolyse the ester to release the parent acid. Being
charged, the acid is not readily transported out of the cell, where it therefore L
accumulates to increase the intracellular concentration of active HDAC inhibitor. This
leads to increases in potency and duration of action. The invention therefore makes
avaliable a class of compounds whose structures are characterised by having an
alpha amino acid ester moiety which is a substrate for intracellular carboxylesterase
(also referred to herein as an “esterase motif”") covalently linked to an HDAG Inhibitor
molecular template, and to the corresponding de-esterified parent acids, such
compounds having pharmaceutical utility in the treatment of diseases such as cancers
which benefit from intraceliutar inhibition of HDAC.



[ Li nker] -CONHON (A) wherein ring Ais a carbocyclic or heterocyclic ring
systemw th optional substituents R and [Linker] is a |inker radical of
vari ous types. The hydroxamate group functions as a netal binding group,
interacting with the netal ion at the active site of the HDAC enzyme, which
lies at the base of a pocket in the folded enzyne structure. The ring or
ring systemA lies within or at the entrance to the pocket containing the
nmetal ion, with the -(Linker]- radigal extending deeper into that pocket
linking A to the metal binding hydrdxam c acid group. In the art, and
occasi ondéthiledTRiseiiglion ohhelivagticn ri ng system A is sonetinmes informally
referred,to as .the "head. group. of.the.inhibitor. The use .of prodrugs to
enhance Aggrdi b eyt phieR s i elSiided % Poirlins S R AL one poor

phar mac odeiltnigoiide grydpsde o sedvatef therkef: parent drug, is a well known nedi ci nal
chem stry approach. Adm nistration of ester prodrugs, for exanple, which
are hydrol ysed by serum carboxyl esterases in vivo to the active parent
adds, can resf¥t in higher serumlevels of the parent acid than

adm ni strg-+gn of the acid itself. Descri ption of the Invention This

invention i's ased,_onthe 1Ln_d'g§ ]it’ o eI IKePAL oy ap) al pha ami no
A

acid ester greuping into the H or nol eécul ar tenplate (A above
facilitates penetration of the agent ough the cell nenbrane, and thereby
allows intracellular carboxylesterase activity to hydrolyse the ester to
rel ease Qﬁiﬁarent acid. Being charged, the acid is not readily transported
out of t % e 1, where it therefore accunul ates to increase the

intracel lular concentration of active HDAC inhibitor. This leads to
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avai l abl'e a class of conpounds whose structures are charactérised by having
an al phaPrarArptraesiylapearepxyiosieEasy efmMmeas t 8 carbois eFdIEYPor i ntracel | ul ar

carboxyl esterase (also referred to herein as an "esterase notif")

covalently Linked.to an HDAC inhibito | ecul ar. tenplate, and to the
corres po'%?df5 h!‘f s@_c@gpﬁg@@&ﬁﬁwo&watgg}{ A TR al‘@‘éirrpounds havi ng
pharmaceutical utility in the treatnent of diseases such as cancers which

benefit i.-At racsh | i nhLBhd]l Oy DAG;.-. teal cription of
PheC | nveh b, (ACE); Eb BN | Al s R XN ARt D

conpoundSETOENRnwhere{m s 1 hydsegeaior optignally sybstituied CafCe alY sol vat e t her eof :
N Y- LI - - [CH2] 1-1 [Linker] -CONHOH

L' is a divalent radical of formuia ~(AlK"}(Q)a(Alk?),- wherein

m, n and p are independently 0 or 1,

@ is (i) an optionally substituted divalent mono- or bicyclic carbocyclic or
heterocyclic radical having 5 - 13 ring members, or (i}, in the case where both
m and p are 0, a divalent radical of formuia ~X*Q'- or —Q"-)X3 wherein X? is —
O-, S- or NRA- wherein R* is hydrogen or optionally substituted C;-Cs atkyl,
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-C;
cycloalkyl radicals, or optionally substituted straight or branched, C;-C;
alkylene, C,-C; alkenylene ,or Cz-Cs alkynylene radicals which may optionally
contain or terminate in an ether (-0-), thioether (-8-) or amino (-NRA) fink
wherein R* is hydrogen or optionally substituted C4-C; alkyl;



wherein R is a carboxylic acid group (-COON), or an ester group which is
hydr ol ysabl e by one or nore intracellul ar carboxyl esterase enzynes to a
carboxylic add group; R2 is the side chain of a natural or non-natural

al pha amno acid; Yis a bond,-S(0)r, -c(=0)o-, -c(=0)NR3-, -C(=SYNR3,
-0(=NH) NR3 or --S(=0) 2NR3- wherein R3 is hydrogen or optionally substituted
Cl-05 alkyl; 11 is a divalent radical of fornula -(A k1).(Q"(Alk2)p-
wherein in, n and p are independentl.y O or 1, Qis (i) an optionally
substituted di val ent nono- or bicycﬁlc carbocyclic or heterocyclic radical

havi ng 5X* rbﬁresémga tmmd)e@(sc)mr-sﬁ(i:t))z,.AN&Ch@)QaS(GQ)W eNEﬂI(homma-n,d p are 0, a
di val ent is - 0-, S or
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het erocyclic radical having 5 - 13 ring nenbers, A ki and Alk2

i ndependent|y represent optionally substituted divalent 03-02 cycl oal kyl
radi cal s2&%dptional Iy substituted straight or branched, 01-06 al kyl ene,
02-06 al kenyl ene , or 02-06 al kynyl ene radicals which may optionally contain
or term pate in,_an t hi oet her (NR'-) link
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or opti onaM:ly su stltutre TQ% Félg T"%lzgﬁs %ﬁ 1; A represents an
optional Iy substituted nono-, bi- or tri-cyclic carbocyclic or heterocyclic
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attached differen n n Iy sents.a diyal en i nker
r adi cal Qh"gFﬂ%‘F”?ﬁ‘ agid g ﬁ@&%@wﬁ %P?‘h ﬁ‘&q {ﬁfr’%‘}e!g%% {? BFBlp - CONHOH,

t he Iengatbmdmketdhetha riigeatorm atii dathe términal &tom linkedriorid hyalr@amidaticed to the ring
at om of ﬁ)qé'% roup, is

equi val e@oaﬁ) é]ﬁ)}ﬂt f?-"F(;?ilgan un @g%ldc%ﬁygggg%tgtag@ﬁ y ro@gﬂgaﬁ%ﬁﬁ}c alg-n of from 3-

10 car bol? ¥ Rweaoms-t hough the above definition potentially includes
nol ecul es of hi gh nol ecul ar wei ght, |t | s preferabl e, inline with general

princip n hem st.r hat. .t he ounds. wi t h which
Phi o° 1 bt Bp Sbie BnnfaTReabialy PHAGY bl s Pl aRE 4PER, ror et han
600. itis preferable in line with general pnnc;ples of medlcmal chemisiry practice, that the

compounds with which this invention is concermned should have molecular weights of
no more than 600.

In another broad aspect the invention provides the use of a compound of formula (I)
as defined above, or an N-oxide, salt, hydrate or solvate thereof in the preparation of a
compaosition for inhibiling the activily of an HDAC enzyme.

The compounds with which the invention is concerned may be used for the inhibition
of HDAC activity, pariicularly HDAC1 activity, ex vivo or in vivo.

In cne aspect of the invention, the compounds of the invention may be used in the
preparation of a composition for the treatment of cell-proliferation disease, for example
cancer cell proliferation, polyglutamine diseases for example Huntingdon disease,
neurogdeenerative diseases for example Alzheimer disease, autoimmune disease for
example rheumatoid arthritis, and organ transplant rejection, diabetes, haematological
disorders, infection (including but not limited to protozoal and fungal), inflammatory
disease, and cardiovascular disease, including atherosclerosis.



I n anot her broad aspect the invention provides the use of a conpound of
formula (1) as defined above, or an N-oxide, salt, hydrate or solvate
thereof in the preparation of a conposition for inhibiting the activity of
an HDAC enzyne. The conpounds with which the invention is concerned may be
used for the inhibition of HDAC activity, particularly HDACL activity, ex
Vivo or in vivo. In one aspect of the invention, the conpounds of the
invention may be used in the preparation of a conposition for the treatnent
of cell-proliferation disease, for 'exanple cancer cell proliferation
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and fungal ), inflammatory di sease, and cardi ovascul ar di sease, including
atherosclerosis. 6 In another aspect, the |nvent|onéﬁrovides a nethod for
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for rrul a () as defined above. The term"ester” or "esterified carboxyl
group” neans a group ROO(C=0)- in which Rg is the group characterising the
ester, A@meiﬁréw.tﬁl@teirme@bai(rb}umyt’haemimmbﬁiﬁ&iﬂege&sraﬁse(tbmerein the term
(CC)a rei.n r r branched
chai n argon PoREBeReZah Sl AaSa L aEO L oG bEadoh A h® B L7 PLTIONRG |
is 6, firl aMatnlpIBefor empﬂearthﬁ tere inglydes methidyethylen-pippyl, 'ﬁORfPIM))F'I' i sopropyl ,
n-butyl g, tM'se &1, l@_g{,ﬁﬂ n_pten@pgrwln_hé*y;pentyl and n-hexyl. As used herein
theterm va ent ?ﬁ Cb) al kyl ene radical" wherein a and b are integers
refers to a saturated hydrocarbon chain having froma to b carbon atons and
t wo gnziﬁélﬁéd i%iewﬂieetéme;ﬁwa%t (C3ax))di@Teat Padidal® wherein 4 GG2Rb @) al kenyl lv\/nerei n
a an re in ers refer t r enyl noiety
havi ng nge% acsf}%%tﬁd §¥%ﬂ%ﬁ%3‘v‘1{h§’” gb”&érg@taa@g}g& gp %% %lréél of either E
or Z st avewchisied valgnosber e applicable. The termincl udes, for exanple,
vinyl, allyl, 1- and 2-butenyl and 2- nethyl 2-propenyl. As used herein the
term "dival ent (Ca-C9)al kenyl ene radical" means a hl%drocar bon chai n havi ng

from a 08 uedharepthedediyCaGriakend Whsrrin #8UHhP arBiRESF8SI%8 unsati sfied
va![ enCE%tré‘@?t‘b’ﬁ Eﬁtn&ﬁfd?hﬁmtah@n)ﬁl edaty ﬁ?ﬁnrgg'rcﬂ:h ﬁ}b’b'barbmhetbms hadingaid b are

i ntegers refer 0,S ra on groups
havi ng ;etaatrﬁr\e\ﬂsgu!glg bgn&gf'cegg%robﬁorg% %ﬁ%eo '??31 '&v‘ﬂlﬁ%m Ebﬂ;!n@aé:l(]é’ '?f h%ﬁgjt’)nﬁe triple bond.
Thi s t eintiudeslfah exaroplacdny, @ilyl ecanp lzéa,uteeaylram)zl-metmyi-%smgwwyl 1- and

2- butynyl, 2-nethyl-2-propynyl, 2- pentynyl 3-pentynyl, 4-pentynyl, 2-

hexynyl 3 hexynyl , 4-hexynyl and S-hexynyl . As used here| n the term
"di val ens u@@:ahewylm@mrwnﬁ %T%éﬁ‘kenm@r’éﬂ'ﬁa‘am&ﬁ'aﬁ fhydrecaifegers refers to

a di val epdin Ry @5 eABbMatldme] didedst 611 dbuble bond,ank oo atsatsfiedand at | east
one trlple bon 7 As used herein the term' carbocycllc refers to a

mono-, BRIeNGES. ¢ ¢ | cyclic radical having up to 16 ring atons, all of which
are carbon, and includes aryl and cycloal kyl. As used herein the term

~cycloal k)c(}g?cbﬁe%lﬁ'ﬁ% i % r&ﬂ%ﬂﬁx)ﬁg* ﬁvﬁer?ﬁta%natbeaq ﬁ'@édé%ﬁalré fo srgghcal having

from 3 atons and 1 exa opropyl, cycl obutyl,
cycl opewhain pr braadhed ekain hydsgearksinagseyns hauad &9@%%&5}4 carbon atoms and

having in addition one friple bond. This term would inciude for example, ethynyl, 1-
propynyl, 1- and 2-butynyl, 2-methyl-2-propynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 2-
hexynyl, 3-hexynyi, 4-hexynyl and 5-hexynyl.

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

at least one triple bond.



As used herein the unqualified term"aryl" refers to a nono-, |IA or
tricyclic carbocyclic aromatic radical, and includes radicals having two
nonocycli c carbocyclic aromatic rings which are directly |inked by a

coval ent bond. Illustrative of such radicals are phenyl, biphenyl and

napt hyl . As used herein the unqualified term"heteroaryl" refers to a
nmono-, bi- or tricyclic aromatic radical containing one or nore heteroatons
sel ect ed fromS, N and 0, and includes radicals having two such nonocyclic
rings, or one such monocyclic ring ahd one nonocydic aryl ring, which are

directly Ad peadelh memabﬁaécyawebferb Ik & lohad, bi\l@r ﬁﬁycﬁdféarcbﬁiﬂvﬁt@ s are
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non- ar oma l:]b&r%l ﬁf“’g ref ﬁes% gl rrt?ﬁ% aﬁ!ﬁo ﬁl cyclic non-aromatic

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

groups C%us%ﬁlh@&rrﬂheﬁncﬁﬂéﬁﬁ&bt@ﬂm !‘aryrqefeaét@rmhbﬁb-,rmctbrambydﬁ@eéradadyu&g one or
nore such hete is.coval en f her uch radi cal or

to a rmnc?é‘%?‘i‘ctrag&%bm%‘f“f%sf%%ﬁ aV'"PIt‘f‘%§t°f"3(fy°€°e°agtf°°¥‘8'8ﬁr Fcals are
pyrrol yl nnbummylare diri‘acttgnt;dked by peovathnhpbnd. Hinstoize biguch cadicalsiareé, | soxazol yl
t hi azol yl I razolyl, pyridinyl, pyrrolidinyl, pyrimdinyl,
nmor phol i R hlemb zrnﬁyﬁmﬂ?{lndol yl, norpholinyl, benzfuranyl, pyranyl,

i soxazol yl, benzr m dazol yl, net hyI enedi o>cyphenyl, et hyl enedi oxyphenyl ,

mal ei m dOy AR RS i ﬁhd&rrﬂéﬂeﬂﬁ"heméaﬂswérbwMﬁosﬁeer ffilgelici n t he cont ext

which it t ty h
mane. suRPTEGR BRI aSge pE PR e SSe R PR Al YA o Vi ch |
i ndependdndilidesnadicdtehavingriwe sachphenocydit 11689, af kye such Sa@eFdik daxganchy dr oxy,

hyd | kyf t hi
phenyt 1 gl an et RS ard BHEAMREgby s ict bond. dfcadied b 1 ©
trifl uor ciweh Fashicpls arethreswl Renzihienyt, fungnyenzgipd, pym nidazolghrA, - CORA, - SO2RA,

- CONH2,  -1ii2ibildatadiv, nzttﬁ&%NHBﬁthraz@ﬂ\'Bér%oﬂnéi@&NBﬁBBolyl NH2, - NHRA,
- NRARB, -000NH2,

, OCOY N ,
- NHSCR ORA*aZ Biazoly Nﬁ@?@‘wzﬁﬁ%ﬁg IS0t W@VHRB,
- NHCONRARBiadiazoly! NiRATERIRARBriving  @iridazZiiyl, mydnﬁmyhpyatinﬂéﬁwm rndoiyt a
(C1- Co) a'éﬂé'mda(zgﬁl' C6) cycl oal kyl , phenyl or nonocyclic heteroaryl having 5
or 6 ring atons. "optional substituen? nmay be one of the foregoing
substi t uent groups The term "side chain of a natural or non-natural

al pha- am Qo @indreid HEeh uatuﬁedr@ﬁngte%racyeﬁzl"Ioﬁ"rete’redydﬁcﬂtncmeswon natural anino

d of f | a t | al ph
:ﬁ‘: nooaci"gétn}]cﬁ&frtﬁfede?_{ ogg%d‘érm%%oqp%[%@ﬁq Wgam%%g °“g'§'p§‘g£ ? i Caa(Fi)l g
cyst ei ne,ordys¥diin apn-glortatiotecicabeatiainwgseriedirmagre ﬁetemﬁdqfwgdlqosedrf@m S,

4- hydr oxypLQk bngnc{t?;%@g%bﬁﬁstmz%\"ﬁhﬁﬂoc;’cﬁ'@hdﬁearoﬁﬁﬁd‘r‘a@ﬁél%maﬁﬁﬁ”y| al ani ne,

praline, séeri tyrosi ne, valine am noadi pi c

aci d, a- anerRs M@ BHahetereRipmS W 'Cﬁlscﬁofﬁﬂ'i“w‘yb?fb‘ﬁﬁnﬁihﬁmﬂﬁé radi@heiter i ne,

a- met hyl Séaﬁtbﬁ& crmatﬂticmc rddfidRe SRk ir&tiva of mchamcéréﬂwe@yrrd@r, fuNatyur al
al pha-amn | ch M;u n f ctr on or ef<arrpl e am no,

car boxyl ,! 'ﬁ?@rfd (ﬁ‘iﬂxaz %’rlnt@aﬁoi‘h';}f“a&ﬁrﬁql BV gr oups in
their Cth"yﬁdhfdr p;&tom«ﬁnym pjrﬁmtdnm mmrphm:hyk,derpanagnvlr indalyl] meipheinylgl ut ami ¢ aci d,
aspartic add t R I tyrosi ne, and
cystei ne urar%%r%{?’ﬁgébxg%n%oh% h’erﬁlﬁﬁh l%rtr%tdrﬁo Hrégyone of those side
chai ns, tdilyiénedionyiheny!, @@ib@vqlqmcﬂﬁ'?"mm@ﬁal |y be protected. The term
protected when used in relation to a functional substituent |n a side
chain of a natural al pha-am no acid neans. a derlva |ve,

subst i t ulesitegiwise Sg%ﬂfﬁfjé'hmeﬁl‘?’dd'dw Fﬁr‘f&c?‘dﬁatpe Gy ‘83?5'1"?%% S car boxyl
groups negpphed ﬁsinﬁmddtﬁﬂeré'h(?ﬁeaﬁxanﬂiﬁtrmtét&m&r WpltoG6uradoknphtitdst er ), ami no groups

Car banat dubgi e arpre e BB TR s o R o roen

carbamat e), hydroxyl groups may be converted to ethers (for exanple an

0Cl -C6 al kyl or a 0O(Cl-C6 al kyl)phenyi ether) or esters (for exanple a
OC(=0)Ct-C6 al kyl ester) and thiol groups nmay be converted to 9 thioethers
(for exanple a tert-butyl or benzyl thioether) or thioesters (for exanple a
SC(=0) C1-C6 al kyl thioester). Exanples of side chains of non-natural alpha
am no acr ds i ncI ude those ref erred to beI ow | n the d| scussr on of suitable

o r o Y b1 oy




As used herein the term"salt" includes base addition, acid addition and
quaternary salts. Conpounds of the invention which are acidic can form
salts, including pharnmaceutically acceptable salts, with bases such as

al kali metal hydroxides, e.g. sodium and potassi um hydroxi des; al kaline
earth netal hydroxides e.g. calcium barium and nagnesi um hydroxi des; wth
organi c bases e.g. N-nethyl-D glucam ne, choline

tris(hydroxynet hyl ) am no- met hane, L-arginine, L-lysine, N-ethyl piperidine,
di benzyl am ne and the |like. Those conpounds (1) which are basic can form
salts, Ciake] margdatiydene(D: Gkl recspf, alera@peiCtCs)aliv,{Ci-nor gani ¢ aci ds,

e.g. w {iai@tﬂ@o r{yf;p@s ggt?lécﬁHgfﬁhoh ﬁrﬂé Ql‘fcmh%r!()j)ctrﬁgorgﬁlg( f:brom ¢ adds,

sul phur orrc acj and with
or gani ctnﬂamrdseﬂaog, mtmtmtﬂ!ﬁc(e@lﬂ)coxq,dﬁ @H; CORRG cFRIRE, -SCalaric, maleic, malic,

salicyl 'C‘bl\#ﬁ' tgdzg“# NBORRFE S HRNARR, C_C(ﬂqﬁnﬁsu_g@gﬁﬂmﬁ]qmz ,Nme\nzm c,

benzenesu Shic ut am c Aactl C and the |i ke

CorrpourrtB%RB VQQQWRV\JTPQQ% a‘iwil% ﬁ %@P% actual or potenti al
chiral Wbb@ﬂ%‘“ b&mmAOfNHBBQZ@H ONEASE,R,-NSWDORH,! INR'CaNBIN at ons, can

exi st a t 13 8 r stry at each
chiral i\@fﬁ@r@*wcm W‘?‘Jﬁ@@ﬁ;@ gh &s)ﬁRh dlégé'{eg]r{ggaﬁ'lsa gg‘er s and

m xt ur esetiiizpendenty’s (&t@&ﬂ@l,e{ﬁe@é cytibalkyd spreng! agimonheyclighaleroagh ar e

primari whi ch they are
convert'le%”&;’o r:lft]%ce{”f]%pg"rg %gg%}grﬁgé%&ﬁoﬁhﬁ%?lgg so long as they
remai n suisidedigrawd, t he esters may have HDAC i nhibitory activity in their
own right. The conpounds of the invention include not only the ester, but
al so the corresponding carboxylic ac hydr ol The hydr oxarrate
group - CpeleyFRise chajp gfl?é"‘aé'ﬁ EIW&@&U ?‘?'H ?W\F‘é qa %fere F:’Cth?l%’?'%xarrate group
f unct i oRSinasnaurelirabnphe agingraeidpf farmuRMGICHE WeO@Ht he metal ion at the
active site of the HDAC enzyme, which lies at the base of a pocket in the
fol ded enzynme structure. 10 The ring or ring system A Ring or ring system
A i s a Exanplesofsiderchaing Of:lyaiﬂlfﬁbalmamﬁﬁyé‘lild?cm@ﬂddﬁ%t’@Qf@!ﬁé‘lfiec ring system
opti Ona%g%urﬁuﬁﬁara\'ég‘rﬂeegs pektit 4R cfsBimy idlive, Qj‘lutér’ﬂfé aciavmatduens- when bound to

t he HDA s active site, rin mA lies within or at the
entr ancbyqf@‘y Rige rfoﬁ%’é‘?"yﬁﬁmeaiﬁqwangﬂ%"%t Igan? 6??*“'9\‘?"??1 the -{Linker]-

radi cal ﬁéfﬁ/%l&ﬂlnﬁgprdmﬁp%rirbnmmohhﬂﬂmh&rﬁ tyrbsike, ngling, e-emirioedipiet al  bi ndi ng
Il nlgeor ri ng system A is sonetines

hydroxam c acid gro ar,t

i nf or maPF W@F@P%é‘ﬂmfrﬁaﬁ@’ %’H@'wﬂ@éﬂj SMﬂﬁm of the inhibitor. Exanples of
ring SYﬁbrﬂB&énﬁeIdlﬁ{euﬁ&ehﬂieofrﬁthinevmmbhcécld and fywhieeei n R10 i s hydrogen or
optional Iy substituted C1-C6 alkyl, the bond intersected by the wavy line
connects to the Linker radical in the conmpounds (1), and wherein the

gr oupi ngsaﬂmmuamom@wmthconm fonetional substitueis; tor examigiemiBoany conveni ent
ring at 9& thp 3} %r gmrﬁayp\mdam or iddbk@blps in a@ircal - (Li nked-

represen ent r radical |inkin min Awth the

hydr oxaeharactersiic Qﬂ@&ba‘m@‘? argiine; kHige: h""-’é“?’g? ﬁ@dﬁSﬂﬂﬁF a%di cal , fromthe
term nakyabsian h|§tiiﬁﬁé E&mbhtﬂrdohihg t§iiosie, Qfnd Aysteine WhéreRnihie  at om | i nked to

he hyd hed
Sat ur 4t EEPRHERS BEID SO 01 Rr g ppan ARl 0 C)

sat ur at eﬂtqdmnyrmm;aoieoﬁed.chal n of 3 carbon atons has a Iength of about 2.5
angstrons, and one of 10 carbon atonms has a |l ength of about 11.3 angstrons.

The length of ang given -[Linker]- radical can be determ ned from data on
at om r adhé teamdpiofacted! when tsediimreiaiien fq 3 Bnghoprlsubgiiuentin 4R ni ned usi ng

chem cal, éhétHPaIﬁ Hbﬁa—%%'a’cﬁdﬁﬁeaﬁ@%@éﬁﬁéﬁvﬁdﬁé&cﬁ& shistitlicatwhitli®@ (Accelrys, 1nc)
The de ined |l ength of the - rP‘gke -radi cal reflectfeﬂftéh fact that the

head gr @H‘ﬁﬁtaﬂt'ﬁqurfémé‘?”q’ﬁé’ré GErhogY! SERUPE MaY o &3 Y al
i on- conregérnpgggs RO talket estdrly aaﬁrtolgrmmmaaj bef contrarted iz gmidles dord i s t herefore

| | | t t he | th of
the i messmap pF ARG GeiulaRig) e R oy sRoriEe £72 08, L C ' nath ©
hydr ocamHB{=0JFCqaftkyl oo G(=DH0CH S dsehramate niydradigrespsMAYEes, 6 or 7 carbon
at ons. %Bé?\%rt[e& % %ﬁ&g@l e:IaYrﬁbf‘eSarPéq b!rblli\ﬁ 8 O(C,aég &@l)pﬁér@l sthaser di scussed

bel ow as
esters for example a (S)C(—O)CA -Cg alkyl egégr) and thio! groups may be converted fo



Type 1 linkers 1In this type, -[Linker]- represents a divalent radical of
formula -(CH2)"-Z-L2- wherein x is O or 1; Zis a bond, -NR3-, -NR3C(=0)-
-C(=0) NR3-, - NR4AC(=0)-NR3- , -C(=S)-NR3, -C(=N)-NR3-NR3S(=0)2-, or

-S(=0) 2NR3- wherein R3 is hydrogen or Cl1-C6 al kyl; -C(=0); or -5(=0)2-; and
L2 represents an optionally substituted, straight or branched, C4-C7

al kyl ene, C4-C6 al kenyl ene or C4-C6 al kynyl ene radi cal s which may
optionally contain or termnate ingn ether (-0-), thioether (-S) or amno
(-NIRA-) link wherein RA is hydrogen or optionally substituted Cl-C3 al kyl .
13 | n ofteoathass Geraxempte atﬂaft@uquaféveatyl Higeither) orithioeatars (fonpatvipld @ conbi nati on,

X is O sé(;l:é M—I—a;ky;t%egg -NHC(=0)- or -C(=0)NH and L2 is
-(CH2) 5-, CgHé § 2 7-. Type 2 linkers |In this type, -[Linker]-

represents a d| vaI ent rad| cal of formula -(CH2)x- L3-Arl-L4- wherein x is O

or 1, Ek@n@e@bfdac& Hainé ol doridirel dipha a:ﬁineac;akeﬁun@éithbéb feflrilgiton to Type |
i nkers an ogtlonal sub‘ﬁ %ftt ted di val ent Cl1-C3

nd
al kyl enBaIP‘géﬁa@QId’scﬁsl'on °£50%g193%|9é?ﬁps TG orare FrhePEPYLI ent nono-, or

bi - cycl ingeitsner oaryl radi cal having 5 to 13 ring nenbers, and L4 is a bond
- or optionally substituted -CH2- or -CH=CH. |In one sub- class of this type
of linker, in any conpatible conbination, x is O or 1; L3 is Z or Z-L2,
wher ei nAg uped hagein th&tRHS(Sﬂb')'QCWdESQ@&@?M% anid adjiten)and-quatermasy - CH2- L4 i s a
bond or s&ig2compaithddof the SnvEhaoalv@ith dradigielcas RIfGhRg idduamgt he fol | ow ng:
-FNL/ bgl\grm{a etitlcaﬁly accgp\a]bqe sahts w;?h bases such as alkali metal hydroxides, e.g.

sodium and potassium hydroxides; aikafine earth metal hydroxides e.g. calcium,

barium and magnesium hydroxides; with organic bases e.g. N-methyl-D-glucamine,

choline tris(hydroxymethylhamino-methane, L-arginine, L-lysine, N-ethyl piperidine,

dibenzytamine and the like. Those compounds (1) which are basic can form salts,

including pharmaceutically acceptable salts with inorganic acids, e.g. with hydrohalic

acids such as hydrochloric or hydrobromic acids, sulphuric acid, nitric acid or

phosphoric acid and the like, and with organic acids e.g. with acetic, tartaric, succinic,

fumaric, maleic, malic, salicylic, citric, methanesulphornic, p-toluenesulphonic, benzoic,

benzenesunfonic, glutamic, lactic, and mandelic acids and the like.

Compounds of the invention which contain one or more actual or potential chiral
centres, because of the presence of asymmetric carbon atoms, can exist as a number
of diastereoisomers with R or S stereochemisiry at each chiral centre. The invention
includes alt such diastereoisomers and mixtures thereof.

As stated above, the esters of the invention are primarily prodrugs of the
corresponding carboxylic acids to which they are converted by intracellutar
carboxylesterases. However, for so long as they remain unhydrolised, the esters may
have HDAC inhibilory activity in their own right. The compounds of the invention
inciude not only the ester, but also the corresponding carboxylic acid hydrolysis
products,

The hydroxamate group ~C{=O)NHOH

in the compounds of the invention, the hydroxamate group functions as a metat
binding group, interacting with the metal ion at the active site of the HDAC enzyme,
which lies at the base of a pocket in the folded enzyme structure.



14 wherein Xis 0, Sor NH O the above Ai' radicals, the

benzo[ b] t hi ophen-6-y1 radical is a particular exanple In another sub-class
of this type of linker, in any conpatible conbination, x is 0; L, is
wherein L2 is an straight chain 03-05 al kyl ene radical which may optionally
contain an ether (-0-), thioether (-S-) or amno (-NRA-) link wherein RAis
hydr ogen or optionally substituted Cl-03 al kyl, for exanple hydroxyethyl;
and Arl is divalent radical select e@ fromthose listed in the preceding

par agraph. In yet another subclass of this type, x is 0, L3 and L4 are
bonds, and Al' is a divalent phenyl radical or a divalent bicyclic

het eroaryl radical having 9 tol3 ring nenbers, for exanple selected from
the fol |m—g%%géﬁn Xis selected from0, Sand NHand P, Q and U are
i ndependung birirgelystetmetlisfar mond\band ricdyiclicarachacindic bometenseyckedng * is |inked to

t he CON [ or ring
system AYS e%Sg#BhaI&%%P%tn 8$3H$e%bﬁ8&d8dfﬁe 'h\{éﬁ%}km?& g(rﬁjé‘grkggeent s a

di val entHDlt@ImeeisfaCh‘éﬁWL angqrcmg)syst@@ﬁstepwthmrameﬁéti&ncgto kel , L3 and L4
are as ?oﬁl@éﬂ%ﬁﬁ%niﬂggﬁb hELPBE AR tﬁ@4tm@r]~?raa.w%%ﬁd.a@eegaer ARdn& i s a mono-

or hi-cyclic clic ring system
pocket linking A fo the metal blndzng hydroxamic acid group. In the art, the ring or ring

system A is sometimes informally referred to as the "head group” of the Inhibitor.
Examples of ring systems A include the following:



In one subclass of this type of linker Bis one of the foll ow ng: N/
\'> NBNI/\ \ -3EC?jjc, X5 wherein Xis Nand Wis NH, 0 or S. The ester
group R1

11




The ester group RlL nust be one which in the conpound of the invention is
hydr ol ysabl e by one or nore intracellul ar carboxyl esterase enzynes to a
carboxylic acid group. Intracellul ar carboxyl esterase enzynes capabl e of
hydrol ysing the ester group of a conpound of the invention to the
correspondi ng acid include the three knowmn human enzyne isotypes hCE-1
hCE-2 and hCE-3. Although these are considered to be the main enzynes,

ot her enzynes such as bi phenyl hydrollgse (BPH) may al so have a role in
hydrol ysing the ester. |In general t he carboxyl est erase hydrol yses the
free amno acid ester to the parent acid it wll subj ect to the N-carbonyl
dependenc CE-2 and hCE dr ol the ester
ST R R R W MU A O
cel | ass#y wegding bathebis teihe Linkeriadiealdn Siercamgbirds (iveand whettirctke and si npl e
first scr . g [ file. Ester
notifs ngo%&néaﬂﬁ%ﬁl! lﬁ-’f" )\%gbﬁahnﬂt\éhen UJG%gHéss@g?/ée%’dﬁnﬁ c%{ﬁdeﬁneﬁt

car boxyl emqafatberimeatenw\ﬁt@wnconj ugated to the nodulator 16 via the chosen
conjugation chemstry, to confirmthat it is still a carboxyl esterase
substrate in_that background. Subject to the requirenent that they be
hydroysagﬁﬁiﬁﬂ}ﬂ@ﬂ-‘t—fﬁgﬁ@l | ul ar car boxyl esterase enzynes, exanples of

parti cul qt.meer]-eépreéaamdu%leri.tmmkaud@.éahmﬂcﬁ;g@fnri‘g(ytdsmtraAw{ﬂCfF@) OR9 wherein Rg is

(a1 C3) aWpiRns 50 gfdle B S lndis SEBE Dk e s S®i8eL cy1 - wher ei n

a i s 0 omtoin inked to the rm@atomcSAto(ﬁne teivkinal afomaiiiRgd itasthb gidroxgenic acid ( G - C3) al kyl -

R7 tached f
an opt oRPy PERARELE ey th ATulRAR] Sl ”"’Q“r‘ﬁ%ﬁ&@%’ﬁ‘ﬂﬁm R e
subst i t ued qqgloéra&% AN ¢nbranghedfsaliratest h Waﬂlj’ﬂ@hé'ﬁ@méﬁ o ﬁfpmépt i onal |y
substit uhgsla @ﬂ?ﬂ)ﬂf aBbut TH RS, AR bRS BICHCdakfonHNhd1BasT @ﬁgt@ of i Ng atons.

b b opgRoi 11 Gresamntrg o parexst BT TGS R, 3 o or

4- pyr i dy fromtdayd on Memeadiydndibped iedgths & ik jitetatire adryedn bé détamlﬂewusmtg

ot NOXY LMoo GRS LIRS olch MY oot SUBhORRLL who Veor ophages

are kn di's rough the rel ease
of cyt okﬂﬁﬁmd|l¢ngtta¢ftttle:~c£uakertﬂaﬁ@alerﬁﬂpcts_thefa(ownﬁtmbﬁacbgrom Ameyieieti s and

Rheunat i %@entr%ﬁ’&?to Jr%ﬁt%‘hlt%égﬁetal '16?1 édﬁ?éﬂ'ﬁﬁé ﬁﬁcﬂetae& iHY dcliveSsitelbIhear € naj or

contributors to may nt enan | ammat i on and | oi nt

dest ruct FBW"’%'&‘?'@HI"?&?@? I%Sélye{?lét?d t%tpad\eg@ o fhat ersal 'yPAMBSEhd devel oprent
(Nal di ni tmnendiaoitas thkenwil bBreqgivalantde that ofrenlumbrandhddesatiyate®005, 3-8). Hence
agents t C raet r oul d be of
val ue i nﬂt"#{%&ﬁ@a axﬁe%fym%%ctg?ccgl%éng&%a% Ole%%ﬁggﬁﬁé%é%%ﬁ%gtl ng specific
cel | typ&seqingeagetsbtypapefc{ldtkerloradisalhre thope digeusgedbelew a$ flvpe 4", The inventors
have di sefgygredg-fpthegfefs targeting HDAC inhibitors to macrophages which
is based on the observation that the way in which the esterase motif is

| inked to the HDAC inhibitor determ nes whether it is hydrol ysed, and hence
whet her crygmonnkbts accurrul ates in different cell types. Specifically it has

been found,t crophages contai.n hu lLesterase hCE-1
wher eas Httﬁ@p t@’“t‘?tﬁé%&a%e"ﬁ%? &W?i?‘nnt cgcabgﬁat%ﬁ 3 '(‘(t?'ief%'ﬂen t he
nitrogen of th'ts(le:srt‘lerase notif Raz CHNH is not directly linked to a
carbonyl (-C(=0)-), ie when Vis not a - 0) -C(=0)0- or -C(=0)NR3-
radical, the ester wll onI be hydr olﬁ&e’ hCE- 1 and hence the HDAC

i nhi bi tors wi Zis ahang, ﬁtf’eunﬁ' E0)n-Giae {(=PlNBi-n;C{ERE8s " nonocyt e”

or "monocyt es Gg)- ﬁméﬁ%@k &estﬁ)m%aﬁﬁét@iﬁ%@s Rfdrdfeplopehages will be
used to denote #Bg:r(;ﬁl agggél ncl udi ng tunour associ at ed nmacr ophages) and/ or
nonocyt es. 19lk ( 11{9] )i e chain Rn Subj ect to the requirenent that
the ester group Rl be hydrol ysable by intracellular carboxyl esterase

of aminb aci ok spesile il stis i S abP e, oL Al BxarPl €S

4- hydr oxyphen§i-Cs @keny@ne obes-Ge afistriliens rﬁqie:agslwh:@n maysoptlomﬂy gonigin |Odyl met hyl ,
benzyl, phenyﬂeﬁﬁlﬁéﬁ%tn & eth§r (Loqrth%et?%f'é%@ﬂﬂ{z NF@"L) finR wgereﬁ’trRA is

4- benzyloxybenz oxy nzy

benzyl oxy( Cl- M&Q@?I"}Om@ﬁ@u&bsmﬁ%ﬁ Enas@lkferising group of a natural a

am no acid, in which any functional group may be protected; groups

-[ Al k] OR6 mhere Alk is a (Cl1-C6)al kyl or (C2-C6)al kenyl group optionally
interrupted by one or nore -0-, or -S atoms or 41(127)- groups [where R7
is a hydrogen atomor a (01-C6)al kyl group], nis 0 or 1, and Rg is an
optional Iy substituted cycloal kyl or cycloal kenyl group; a benzyl group
substltuted |n the phenyl rlng by a group of fornula OCHZCCRB mhere Rg IS

~A ~NSN\ ~A ~NS\ ~A ~NS\



a heterocyclic(Cl-C6)al kyl group, either being unsubstituted or nono- or

di -substituted in the heterocyclic ring with halo, nitro, carbo>cy,
(C1- C6) al koxy, cyano, (Cl-C6)al kanoyi, trifluoromethyl (Cl-C6)alkyl,

hydr oxy, fornyl, am no, (Cl-C6)alkylam no, di-(Cl- C6)al kyl am no, nercapto,
(C1-Co6) al kyl thi o, hydroxy(Crwal kyl, nercapto(Cl-06)al kyl or :
(C1-Co6) al kyl phenyl methyl; and 18 each of R, Re and Re is independently
hydr ogen, (Cl-C6)al kyl, (C2-CB)aIkeﬂyI, (C2-Co6) al kynyl , phenyl (G -C6) al kyl
(C3-C8)cycloal kyl; or Re is hydrogen and R and Rb are independently phenyl

or heteroaryl such as pyridyl; or Re is hydrogen, (Cl-C6)alkyl,

(C2-Co) ~ - % or. (-C3- C8) cycl oal kyl ,

and R :‘IHE%E{%L?S%% %@%QF’? @ﬂ%nﬂgﬁﬁéﬁ@é}%%%%héﬁ%ﬁ‘)f'ﬁ(&c/é dre attached form

a 3 to 8-MerbEt&d- NdCEMHGI-CérOMH and 6° B—Eider-&HhetoeriHspt.i ¢ ring; or
Ra, Rb and Re together with the carbon atomto which they are attached form

atricyclic ring (for exanple adamantyl); or Ra and Rb are each

i ndependbmel3linkess_ cs) al kyl, (C2-Cs)al kenyl, (C2-C6)al kynyl,

pheny! ( Gh-tki6 hk KMLinke- répréiehtsih divalsit Fadietlofreimuie-(osLbow gt t han hydrogen,
r rR aq%ij together with the carbon atomto which they are attached form

a cycl oa ﬁ?ﬁnor heterocyclic ring, and Re is hydrogen, -OH, -SH, hal ogen,

-CN, - CO2H, Xi€Pax Yperfluoroal kyl, -CH2OH, -0Q2(C4-C6)al kyl,

-0(C1-Co)al kyl, -0(C2- Co6)al kenyl, -S(Ci1-C6)alkyl, -60(Cl-C8)alkyl,

-S02(C1-C6) alkyl, -S(C2- CB)al kenyl, -SQ(CrC6)alkenyl, -3S02(C2-C6)alkenyl

or a group - G W4ARY e E-ldwhefsineg srmsslefingshin gelalion_te Type Blinkersgnd or -S2- and

Wrepresents zmdRReHbonddhaA vhidnkl subb§ideeharal 0atfalkyene radical;
(C3-C6) cycl oal kyl al kyl, (C4-C8)cycl oal kenyl, (C4C8)cycl oal kenyl al kyl ,

het eroatyl or heteroaryl al kyl group, which group Wmay optionally be

substitut ed by sraliwientphanybrabistlior aeliviaknt mdep cordéoydiy hetetoant ed from

hydr oxyl , hal = - — -06) al kyl, -CONH2, -CONH(Cr ©6)al kyl,

- CONH( CL- cem'%%’??""%ﬁ %’6‘?@%@"&) perfiuoroal kyl, -0(Cl- ©6)al kyl,

-S(C1-C6)al kyl, -SQ(Ci -C6)al kyl, -502(C1-C6)al kyl, -NO2, -NH2, -

NH( C1- C6) al kyil* is a bridGkoforalikstbsfuted NARX &e1-ceopl-kyl ,  (C1- C6) al kyl, (Cr

Co6) al kenyl, (C2-C6)al kynyl, (C3-C8)cycloal kyl, (C4-00cycl oal kenyl, phenyl

or benzyl. Exanples of particular R2 groups include hydrogen (the glycine

"si de chaion® sub-bleswyflthis pive oy linkec yrearohemnplatitié hembinatipo) solk@oy|1; L is

pyridi n-3zy4. : I tabut ey hy kA hut sec-butyl 4 t-butyl,
Y Denzyid Ry 1 heie f B P N P oL

mer capt dondeEtFhe @AYy | is divaleptiadipal selrglied fromdBioliowingr ef erred R2 groups

i ncl ude phenyl, benzyl, and iso-butyl. For conpounds of the invention

which are to be adm nistered systemcally, esters wwth a slow rate of
carbw esterase cl eavage are preferred, since they are Isgs susceptible to

pre-system cy, mptabol hsm Thgrmabl ity to-Teach thei y Takget tissue intact
istheref'or',%r@%‘te b % d i pskde the cells of
the target t1ssue/d nto tHe L& producCt. N ver, for al adm ni stration,
where the ester is either directly applied to the target tissue or directed
there by, for gxanple, inhalation, it wl\=Rften bg desiNable that the
ester has a dV\ate of terasg cl @avage, \t g se tem c exposure
and consequent) unyanted é%%éﬁtgﬁﬁgfs. I \@he}cgnpo n H9;§¥§]s i nventi on

if the carbon dcent to tihe—Ml pha carbomr Bf the al pfia amino acid ester
ester is nonosubstituted, ie R2 is CH2 (12z being the nono-substituent)

then the esters.Xend to b ved nor dly tBn&g & carbon is di-
or tri-substitjjite S i e flase wh f phenyl or
cycl ohexyl . cal -Y- aj | adi cal ari ses from

the particulag chem stry strategy chosen to link the am no acid ester notif
RICH(R2)NH- to the head group A of the [nhibitog. G=sarly the chenmistry
strategy for { -oﬁal'ng 2 : Nl y, ¢ hny conbi nati ons of
t he vari abl ble. HKowWgve ads_menti oned above,

miiﬂ y Arar g Aiing

Lt 0 | . : K
when the i npxD 8 bound to -@ enzynme at i attive site, the head
group Ais lotated at the top of, or within, the nmetal -ion-containing
pocket of the enzyme, so by linking the amno acid ester notif to the head
group it generally extends in a direction away fromthat pocket, and thus
m nimses or avoids interference with the binding node of the inhibitor
tenpl ate A[ Li nker]-CONHOH. Hence the precise conbination of variable making
up the linking chem stry between the am no acid ester notif and the head
group Awill often be irrelevant to the primary binding node of the
conpound as a whole. On the other hand, that |inkage chem stry may in sone
cases pick up additional binding interactions with the enzyne at the top

. T ]




It should also be noted that the benefits of the anmino acid ester notif
descri bed above (facile entry into the cell, carboxyl esterase hydrol ysis
within the cell, and accurnulation within the cell of active carboxylic acid
hydrol ysis product) are best achieved when the 20 |inkage between the
amno acid ester notif and the head group is not a substrate for peptidase
activity within the cell, which mght result in cleavage of the amno acid
fromthe nolecule. O course, stabil,ity to intracellular peptidases is
easily tested by incubating the cor]fﬁound with disrupted cell contents, and
anal ysi ngefeitr X BNy, SoalH.cl eavage. Wth the foregoi ng general observations in
m nd, taking the variables nmaking up the radical -Y-C X4CH21- in turn: z
may be 0 or 1, so that a nmethylene radical linked to the head group Ais
opt i onalOf treymboivé Ac rpdiesis thedebnac(bjtieendiyl Madidaen macr ophage sel ectivity is
not required include-(C=0)-, -(C=0)NH, and -(C=0)0-; Where nmacrophage
selectivity is required any of the other options for Y, including the case

where Y is axk 3 are appropriate. In the radical C, exanples of Akl and
Al k2 radic§ pr esent, include -CH2-, -CH2CH2- - CH2CH2CHr,
- CH2CH2Cri20 , -CH=CHCH2-, -CH2CH=CH , CH2CH=CHCH2- CEC-,

; nd CH2CECCH2. Additional exanples of Akl and Alk2

i nclude -CH2W, -CH2CH2W - CH2CH2WCH2-, - CH2CH2WCH( CH3) -, - CH2WCH2CH2-

- CH2WCHACHR Wbl ar ex@Rflies WCH2CHr where Wis -0-, -S-, -NH, -N(CH3)-, or

- CH2CH2N( CH2CH2OH) CH2- . Furt her exanpl es of Al kl and Alk2 include dival ent
cycl opr | .. cycl opentyl. and | ohexyl radicals.. .Iln C when.n is 0, the
hi oat ek SR oriis BREFINkSH 0T et rhnAted X ndf haps havi ng
an et het? vihereiret¥izan straightichain ICi:-0l atigikne Rdissieviidhymay optiengily ebmieined t hat t here

be 10 OBk e AT BT R gy o2 i valent

nono- or BIcy carbo ocyclic ra a i
at os  ( opfidngiysubgtitaia £61C atiddior examee hvdraxyathyhandar’ jselivlenbigdicelf m and p is
1, Gs edinatbRindsadsedin the pladdding paagisgh.ocar bon chain or chains and a
nmono- or bicyclic carbocyclic or he?er ocyclic radical with 5- 13 ring atons
(optionally substituted). Wen present, Q may be, for exanple, a divalent
phenyl , imppahdtiér, subsiadsags tiiplybe, xdy 0) ICE@A LY bre bonds; yind AHdxy Wivaladti cal , or a
nono- , i-cyelic k LGI [ ad] j ' menbers, such
as pi pe%%ﬁ’hryaﬁ?ég’ Qé% J&%&e@? %%ﬁ%/b%étpﬁ@fgﬂag@%l h%?/iﬁ 33? 1% r!rﬁirée:iﬁé,rﬁgarr pyrrol yl

radi cal exdvople seldcierhisery therfelldwingir esent |y preferred. Specifically, in sone
enbodi ments of the invention, C, mand p may be 0 with n being 1. In other
enbodi ments,nn and p may be~s0 with m being

1. In/further enbodingpts, m n
and p may~pe . In strirl’ﬁ1 er e j m may bg.-G nHay be 1
with Q beithg af no cliclihet groc -'cr?gﬁipcal,ﬁdpna be |0 1. Akl
and Alk2, Xesent, 1My be skl ect ed fRom= PE CH2CR, CH2CH2CH2-
t ic

and Q may be 1, 4- phenyl ene. “Specific exanplés of"the r WX
-Y-C X1-(CH21, - include -C(=0)- and -C(=0)NH as well as -(CH2)v-,
- (C112)vO0-, -q=0)-(CH2)v-, -O(=0)-(CH2) O, -C(=0)-NH (CH2)e, -

C(=0) - N ( CH2) , O- o 5
W e ** W e \p
__</ __</
* XI\U/\IP( * XI\UJ\**

wherein X is selected from Q, 8 and NH and P, Q, and U are independently
selected from N and CH; and the bond marked ** is linked to the CONHOH
group; and the bond marked * is linked to the ring or ring system A,



wherein v is 1, 2, 3 or 4 and wis 1, 2 or 3, such as -CH, -CH20-,
-C(=0)-CH2-, - C(=0)-CH20-, -C(=0)4NH CH2-, and -C(=0)-NH Cl-120-.

Exanpl es of particul ar subsets of conpounds of the invention include those
of formulae (1A) to (IM: RTrR2 HN L' X PHjz R2 NY- 12 -X -[CH2L
CONHOH( | D) -
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Tvpe 3 linkers
In this type, —[Linker]- represents a divalent radical of formula —(CHz)-L-B-Ar'-L*-

wherein x, Ar', L® and L* are as discussed with reference to Type 2 linkers above; and
B is a mono- or bi-cyclic heterocyclic ring system.

in one subclass of this type of linker B is one of the following:

wherein X is N and W is NH, O or S.

The ester group R4

The ester group R, must be one which in the compound of the invention is
hydrolysable by one or more intracellular carboxylesterase enzymes to a carboxylic
acid group. 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. Aithough these are
considered to be the main enzymes, other enzymes such as biphenythydrolase (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, subject to the N-carbonyl
dependence of hCE-2 and hCE-3 discussed below, also hydrolyse the ester motif
when covalently conjugated to the HDAC inhibitor. Hence, the broken cell 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 modutator



R2 NY- RA RRRLN Y  Xxi[CHIz CONHOH (IL) RL -( N Y[CNA CONHOH (I'M
wherein z, R, R2, R3, L1 and Xland Y are as defined in relation to formula
(1), and as discussed above, including the preferences therefor. Exanples
of specific conpounds of the invention include the foll ow ng:

(S)44- (7- Hydr oxycar banoyl - hept anoyl am no) - benzyl am nol - phenyl -acetic acid
cycl opentyl ester
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via the chosen conjugation chemistry, to confirm that it is still a carboxylesterase
substrate in that background. '

Subject to the requirement that they be hydroysable by intracellular carboxylesterase
enzymes, examples of particutar ester groups R, include those of formula -(C=0)OR,
wherein Rq is (i) RyRsCH- whereln Ry is optionally substituted (C1-Ca)alky-(ZM)s-(Cy-
Ca)atkyl- or (Co-Ca)alkenyl-(Z).(Cy-Ca)alkyi- wherein ais 0 or 1 and Z'is ~O-, -S-, or
—NH-, and R; is hydrogen or (C4-C)aikyl- or Ry and Rs taken together with the carbon
to which they are attached form an optionally substituted C3-C; cycloalkyl ring or an
optionally substituted heterocyclic ring of 5- or 6-1ing atoms; or (i} optionally
substituted phenyl or moenocyclic heterocyclic having 5 or 6 ring atoms. Within these
classes, Ry may be, for example, methyl, ethyl, n- or iso-propyl, n- or sec-butyl,
cyclohexyl, allyl, phenyl, benzyl, 2-, 3- or 4-pyridyimethyl, N-methylpiperidin-4-yl,
tetrahydrofuran-3-yl or methoxyethyl. Currently preferred is where Ry is cyclopentyl.

Macrophages are known to play a key role in inflammatory disorders through the
release of cytokines in particular TNFa and IL-1 (van Roon et al Arthritis and
Rheumatism , 2003, 1229-1238). In rheumatoid arthritis they are major contributors to
the maintenance of joint inflammation and joint destruction. Macrophages are also
involved in tumour growth and development (Naldini and Carraro Curr Drug Targets
Inflamm Allergy ,2005, 3-8 ). Hence agents that selectively target macrophage cell
proliferation could be of value in the treatment of cancer and autoimmune disease.
Targeting specific cefl types would be expected to lead to reduced side-eifects. The
inventors have discoVered a method of targeting HDAC inhibifors fo macrophages
which is based on the observation that the way in which the esierase mofif is linked to
the HDAC inhibitor determines whether it is hydrolysed, and hence whether or not it
accumulates in different cell types. Specifically it has been found that macrophages
contain the human carboxylesterase hCE-1 whereas other cell types do not. In the
general formula (1) when the nitrogen of the esterase motif R{R; CHNH- is not directly
linked fo a carbonyl (-C(=0)-), ie when Y is not a ~C(=0}, -C(=0)O- or -C(=O)NR;-
radical, the ester will only be hydrolysed by hCE-1 and hence the HDAC inhibitors will
only accumutate in macrophages. Herein, unless "monocyte” or “monocytes” is
specified, the term macrophage or macrophages will be used to denote macrophages
(including tumour associated macrophages) and/or monocytes.
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(S)-2-[3-(7-Hydroxycar banoyl - hept anoyl am no) - benzyl am no] - 4- phenyl - but yri c
acid cycl opentyl ester
(S)-[3-(7-Hydroxycar banoyl - hept anoyl am no) - benzyl am no] - phenyl -acetic acid
cycl opentyl ester
(S)-24347- Hydr oxycar banoyl - hept anoyl am no) - benzyl am no] - 4- net hyl - pent anoi ¢
acid cycl opentyl ester
(S)-{243-(7-1-1ydroxycar banoyl - hept%noylan1no) phenyl | - et hyl am no} - phenyl - a
E:g; i <2: «'itgﬂ% SYRb %%W'chﬁﬁ‘ﬁ%r |

- 2- roxycar t ano n npxyj - propyl am no} - 3- phen
yl pr opi oﬁ‘rﬁﬂ’g%é‘{% FSEEH%%)(%GS?S‘?[}WOUD%% hyg?oh’ggﬁeg Vi -propy b-s-p
(S) - 2- ( din{rh¢ehiuibly chrboxyestelkaaeytynise ihe jdehtith obik site @hyih gedup\R.)is @oti noknet hyl } -
benzyl anm, ) 3- (4- hydr oxy- phenyl ypropi oni ¢ aci d cycl opentyl ester
(S)-3-tert-But oxy-244-{[ (2-hydroxycar banoyl - benzo[ b] t hi ophen-6-yl net hyl ) - am
i nol met hyl ybenzyl am no) - propi oni ¢ acid cycl opentyl ester
(S) - 1- (deddrked MM SRH Sasmuirshanzel b] t hi ophen-6-yl met hyl ) - ani nol - met hyl yb
enzyl)- pyrrolidine-2-carboxylic acid cycl opentyl ester
(S)-2-(4-{[ (2-Hydroxycar banoyl - benzo[ b] t hi ophen- 6-yl net hyl ) - am noknet hyl } -
benzyl anGpo) all@}flgﬂieﬁ?li 2.~3¢Cbld4~hy&dn@'pmﬂyylz -@s toe #-methoxyphenyl, 2,-

(4-{[(2- gjygrgx @Pfﬁ% %?L&?\?&Mﬁ)hlzo@g&ﬁqw\é @6%)2@1 nol - met hyl } - benzyl

am noy aceé est’d ounds of the
i nvent | onr ﬁf@?nz)@xpibemﬂr%d&ﬁ ﬁFO‘FnQd% a&@mmmm@nm&@em&ynam ds (11) R2

N Y- Llgrods;- | OH2]

the characterising group of a natural o amino acid, in which any functional group may

be protecied;

groups -JAIk],R; where Alk is a (C-Ce)alkyl or {(Co-Cg)alkeny! group optionally
interrupted by one or more -O-, or -8- atoms or -N{R7)- groups [where Ry is a
hydrogen atom or a {(C,-Cg)alkyl group], n is 0 or 1, and R is an optionally substituted
cycloalkyl or cycloalkenyl group;

a benzyl group substituted in the pheny! ring by a group of formuia -OCH,COR, where
Rs is hydroxyl, amino, {C1-Ce)alkoxy, phenyl(C4-Cg)alkoxy, (C:-Ces)alkylamino, di{((Cq-
Cg)alkyl)amino, phenyl(C4-Cs)alkylamino, the residue of an amino acld or acid halide,
ester or amide derivative thereof, said residue being linked via an amide bond, said
amino acid being selected from glycine, o or p alanine, valine, leucine, isoleucine,
phenylalanine, tyrosine, tryptophan, serine, threonine, cysteine, methionine,
asparagine, giutamine, lysine, histidine, arginine, glutamic acid, and aspartic acid;

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

a group -CR.R,R; in which:



[Linker] -COON by reaction of an activated derivative thereof, such as the
acid chloride, with hydroxylam ne or a protected version of hydroxyl am ne.
Alternatively, an N or O-protected or N, O-diprotected precursor of the
desired conpound (1) may be deprotected. In a useful version of this nethod
O-protection is provided by a resin support, fromwhich the desired
hydroxam ¢ acid (1) may be cl eaved, for exanple by acid hydrolysis.

Car boxyl protected derivatives of conpounds (rr), or 0O-linked
resin-supported derivatives of co unds (I'1) of the invention nmay be

synt hesi sed ieacf?&ﬁ@eﬁb ?rYd k1 ﬁfd@ééﬁd@nll%%@n (éfb@ﬁi fpdcaegRidhilg to the

particul ar structu hat connect’l on, the
pat ent publ i é%&"?dﬁ%yqyi §F%fa"(§bﬁv)élk¥ir(8m ysloalyl: 98t i on on the synt hesis of
HDAC i nhi bitors which are structurally simlar to those of the present

i nvention. | . _suitable f wh Z i
Sl T onan do Falh/BA0eEn RREs 2 AR iePLTIeTHY Prenpier Pyt BIEh act e i th an

activat ed depynidytiove, for exanple the acid chloride, of a suI fonic acid
HOS02-L 2-Z2 wherein Z2 is a protected carboxyl group, such as cl eavabl e

ester, or an O-1linked resin- sup&rted hydroxam ¢ aci d group. |n another
appr oach, suﬁctﬁmydl‘qg@ﬂ, (CofrpelidC(Cs)atiandr Eresaiyayl.atheayiCade el cal -

NHC( =0) - oa%r@%agblbéuk%w R%nk ﬁ%fag%%ev\hﬁmhé ca%h@m {oGwidgl d

0 L Z2 h, inth
;I;lrog'(senz:e of @%ﬁ%%@ﬂcf’?ﬁ'@%“@& %irh%ﬁ%&ﬁ%%f‘yd"aﬂ‘ﬁ';’er%%;é’n ar %g?ﬂﬁﬁds I(In) V\Eere

the ring or heRgcgyidtriagiok is linked to the -Linker-CONHOH noiety via a ring
nitrogen, and Zis -(C=0)- or -SOr, the appropriate N heterocycle (IV)

R., Rp and R; together with the carbon atom to which they are attached form a

tricyclic ring (for example adamantyl); or

R, and Ry, are each independently {C,-Cg)alkyl, (C,-Cy)alkenyl, (C.-Cglalkynyl,
phenyl{C4-Cs)alkyl, or a group as defined for R, below other than hydrogen, or
Ra and R, together with the carbon atom to which they are attached form a
cycloalkyl or heterocyclic ring, and R; is hydrogen, -OH, -8H, halogen, -CN, -
CO2H, (CCy)perfluoroalkyl, ~CH0H, -CO,{C,-Cg)alkyl, -O{C,-Cg)altkyl, -O(C2-
Ce)alkenyl, -S(C:-Cgalkyl, ~SO(C-Cglalkyl, -S0,(C4-Ce} alkyl, -S(Cs-
Cs)alkenyl, -SO(Cx-Cgalkenyl, -SO,(C.-Cglalkeny! or a group -Q-W wherein Q
represents a bond or -O-, -S-, -8O- ar -S02- and W represents a phenyl,
phenylalkyl, (Cs-Cs)cycloalkyl, (Cs-Cs)eycloalkylalkyl, (Co-Cs)eycloalkenyl, (Cq-
Cs)cycloalkenyialkyl, heteroaryl or heteroarylalkyl group, which group W may
optionally be substituted by one or more substituents independently selected
from, hydroxyl, halogen, ~CN, ~CO2H, -CO,(C4-Cs)alkyl, -CONH,, -CONH{C;-
Cslalkyl, -CONH(C-Cgalkyl), -CHO, ~CH,0H, (C-Cy)perfluoroatkyl, ~O(Cy-
Cglalkyl, -S(Cy-Cg)alkyl, -SO(C+-Celalkyl, ~802(C-Ce)alkyl, ~NO2, -NH,, ~
NH(C4-Cs)alkyl, -N{(C4-Cg)alkyl)z, -NHCO(C;-Cglalkyl, (C1~Ce)alkyl, (Cx-
Ce)alkenyl, (C-Cglalkynyl, {Cs-Cs)eycloalkyl, (Cs-Cg)eycloalkenyl, phenyl or
benzyl.

Examples of particular Rz groups include hydrogen (the glycine “side chain®), benzyl,
phenyl, cyclohexylmethyl, cyclohexyl, pyridin-3-yimethyl, tert-butoxymethyi, iso-buiyi,
sec-butyl, tert-butyl, 1-benzylthio-1-methylethyl, 1-methylthio-1-methylethyl, 1-



cted with the corresponding carboxylic or sulfonic acid (ie
ﬁi%g}EgyzgeoieaCSOZ-LZ-ZZ wher ei n Zg is as defined above), either as an
activated derivative thereof such as the chloride, or in the presence offa
carbodiim de coupling agent. By way of further illustration of the use o
literature nethods for the synthesis of conpounds within the scope of
formula (1) above, the follow ng reaction schemes 1-6 are presented. Inh
these schenes the group R represents the radical R2 NY--- present in L e
conpounds of the invention, or represthts a functional group upon whic

that radi cabreapty-1aaetyibthyl, 413 phahgni lf’r_%ééﬂuz %Eeé%_td%%%upgﬁc?u 4n the schenes,

hase resin s
t he synbol‘gh%%rﬂfa entflsanad iSsoq Llltﬂ p

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

The radical —Y-L'-X'-[CH,],-

This radical (or bond) arises from the particular chemistry strategy chosen to link the
amino acid ester motif R,CH(R;)NH- to the head group A of the inhibitor. Clearly the
chemistry strategy for that coupling may vary widely, and thus many combinations of
the variables Y, L', X"and z are possible. However, as mentioned above, when the
inhibitor is bound to the HDAC enzyme at its active site, the head group A is located at
the top of, or within, the metal-ion-contalning pocket of the enzyme, so by linking the
amino acid ester motif to the head group it generally extends in a direction away from

that pocket, and thus minimises or avoids interference with the binding mode of the
inhibitor template A-[Linker]-CONHOH. Hence the precise combination of variable
making up the linking chemistry between the amino acid ester motif and the head
group A 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 at the top of, or adjacent to, the metal
lon-containing pocket, thereby enhancing binding.

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

cleavage.

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

z may be 0 or 1, so that a methylene radical linked to the head group A is
optional;

specific preferred examples of Y when macrophage selectivity is not required
include—(C=0)-, ~({C=0)NH-, and -(C=0)0-; Where macrophage selectivity is
required any of the other options for Y, including the case where Y is a bond,
are appropriate.

In the radical L, examples of Alk' and Alk® radicals, when present, include
~CHy-, =CH,CHz- ~CH,CH,CH;-, —CH,CHCHCH-, —-CH=CH-,
~CH=CHCHy-, —CH,CH=CH-, CH,CH=CHCH—C=C-, -CECCHy~, CH,C=C-,
and CH,C=CCH,. Additional exampies of Alk' and Alk? include ~CHaW-,
—CH,CHW- —CH:CHWCH;-, ~-CH,CHWCH(CHa)-, ~CHWCH,CHg-,
—CH.WCH,CH,;WCH-, and —-WCH,CH,- where W is ~O-, -S-, -Ni-,
~N(CHa)-, or ~CH,CHN(CH,CH,OH)CH,~. Further examples of Alk’ and Alk®
include divalent cyclopropyl, cyclopentyl and cyclohexyl radicals.

In L', when n is 0, the radical is a hydrocarbon chain (optionally substituted
and perhaps having an ether, thicether 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 p
is 1, L'is a divalent radical including a hydrocarbon chain or chains and a
mono- or bicyclic carbocyclic or heterocyclic radical with 5 - 13 ring atoms
{optionally substituted). When present, Q may be, for example, a divalent
phenyl, naphthyl, cyclopropyl, cyclopentyl, or cyclohexyt radical, or a mono-, or
bi~cyclic heterocyclicl radical having 5 t013 ring members, such as piperidinyl,

"17



Scheme 4 Schene 5 31 As nentioned above, the conpounds with which the
invention is concerned are HOAG i nhibitors, and may therefore be of use in
the treatnment of cell proliferative di sease, such as cancer, in humans and
other mammals. It will be understood that the specific dose |evel for any
particular patient will depend upon a variety of factors including the
activity of the specific conpound enpl oyed, the age, body wei ght, general
heal th, sex, diet, tine of adninistﬁption, route of administration, rate of
excretion, drug conbination and the severity of the particul ar di sease
under goi ng t rpégerazmy,.indo, ipgidvl, didere/, loe pyerralyl satittaf, belpuepashyRhe 0si ng wil | be
det erm ned by, éénﬂ)i(gél‘erﬁe ial. The conpounds with which the invention is
concer ned nan e prepared for administration by any route consistent with
thei r pharmacoki netic properties. The orally adm ni strable conpositions nmay
be in the forResficaliypnseme etr@p@mee@,ofﬁmgngqn, bt anandgmay be 6mifes, i quid or
gel prepar at irDfising 5.Uk bthaSerAbatlimerdtO M £alp m&Y bt fth hrdidy £M @b ol utions or
suspensi ons. blets and al” adm ni strathon may be in unit

T capsul es f?r ﬁ{ | ) b
dose present &SNS ™ 3399 RUTAYRFALD- 1 ¥ et piobediments Mynahkes such as
bi ndi Ing agelntﬂs,nnﬁzfy_rbgeebo&itrp?iem;mumnoawﬁhatelrcgﬁcfliahf[xcnbal,%ﬂﬂ Pirkeylbe d I agac?nt h,h
or pol yviny [ Qs 2 £l 0 a cto sugar, nmize-starc
calciun1phOfgﬁgtgz!s§i§§§§%§§§§?§g§ﬁﬁg§;ﬁ§E§§iggf§%fhbricgntl Ior ex?npie
magnesi um st e&thEdz 2z - &rea esel i ca; disintegrants for
exanpl e potato starch, or acceptable wetting agents such as sodium | auryl

sul phat egpetiiie ekapiesd &f thadadial CELLHCRECORAdRI-G(fOTBhA 0BE-CIRHL adcnOWN i N
nor mal pQ%rna&§$S|C@%Bﬁ ac&kgﬁ. ﬁﬁa Iléugﬂgprepa[atlons may %e in the form
of , for EAplehag = PGy RSO ot FDME(CHaM s ons, syr ups
or el i xiC{sO)-oH-(@hds)e presented as a dry product for reconstitution with
wat er or other suitable vehicle before use. Such liquid preparations nmay
contai n convent} adght i\vesy such as suspeni ng y for exanple

@ E&élﬁq)wﬁl';ﬁ's'e, aé‘?]uco(ggﬁg\ttcf%_hydr ogenat ed

sorbitol, syr
edi ble fats; Tying agents, for exanplétecithin, sorbitan nonool eate,

Or  acacCierdl9V1P] U4 ¥edivGd £ ShisGdh agga.bHi neige -eg.i{dglcﬁa oils), for

exanpleﬁgL nng'l fractionated coconu ol f, oi'ly s such as
gl yceri ;-SE-P O EAECHN LG 10 -S(FMNRIGHER01 : preservatives, for exanpl e

met hyl or propyl p-hydroxybenzoate or sorbic acid, and if desired

conventi i [ uring.a ts. For.topical application to the
skin, t hgihg#pdégsl' %%H{gglgﬁsau%getg(élf ?%T%Ougd%gég?r{nv?'g'topHWPL@F(EI&S&OEEM . Cream or
oi nt mentforatae At MY whi ch may be used for the drug are 32 conventiona
formul ations well known in the art, for exanple as described in standard
t ext books of pharnaceutics such as the British Pharmcopoei a. For topical
application by inhalation, the drug nay be f | ated for aerosol delivery
for exanpl eR:by pressure-driven jet atom zers or_ul t L-asopCONHOBIM #9rs, or
pr ef er abRy~<by propell ant-driven=fgtered aerfosol propel l ant-free
adm ni st r at INeh-Yof- IIR-oC-6R[CH(], 3 Qr _Bxanpke, i nhal ati on capsul es or
other "dry powder" delivery syst&ns.J Excipients, such as, for exanple,

as€ of netered aerosols), surface-active
substances, enulsifiers, stabilizB8rs, preservatives, flavorings, and
fillers (e.g. lactose in the case of powder inhalers) may be present in
such inhal ed fornul ati ons. For the purposes of inhalation, a |arge nunber
of apparata are available with which aerosols of optinmumparticle size can
be generat egrzand adm ni stered, using an inhalation technique which is
appropri 8& for the patient 3—addrt™on to the use of adaptors (spacers,

expanders) &hdYpedr>Shalstd: @ e.g. Nebul at or@N Yol ﬂ@ﬂti c0), and
autonmatic devices emtting a~Fuffer *nrﬁggTﬁﬁfbhéréré for netered
aerosols, in particular in the cdke of wder inhalers, a nunber of

techni cal solutions are available (e.g. Di skhal erO, Rotadi ske, Turbohal erC)
or the inhalers for exanple as described in European Patent Application EP
0 505 321). For topical application to the eye, the drug may be nade up
into a solution or suspension in a suitable sterile aqueous or non agueous
vehicle. Additives, for instance buffers such as sodi um netabi sul phite or
di sodi um edeate; preservatives including bactericidal and fungicidal agents
such as phenyl nercuric acetate or nitrate, benzal konium chl oride or

chl or hexi di ne, and thi ckening agents such as hypronell ose may al so be

i ncl uded.




The active ingredient may al so be adm nistered parenterally in a sterile
medi um Dependi ng on the vehicle and concentration used, the drug can

ei ther be suspended or dissolved in the vehicle. Advantageously, adjuvants
such as a |l ocal anaesthetic, preservative and buffering agents can be

di ssolved in the vehicle. The follow ng Exanples illustrate the preparation
of specific conpounds of the invention, and the HDAC inhibitory properties
thereof: In the Exanples : 33 Comercially avail abl e reagents and sol vents

(HPLC grade) were used without furthé? purification. Mcrowave irradiation
was carried out uﬁing a CEM Di scover focused m crowave reactor. Solvents
wer e renoved usingyaRgeneVac Series | without heating or a Genevac Series
Il with VacRanp afy 3Q0 C or a Buchi rotary evaporator. Purification of
conpounds by flash‘gpronatography colum was perfornmed using silica gel,
particle size 40-63 'pm (230-400 nmesh) obtained fromSilicycle. Purification
of conpounds by prepaFative HPLC was perforned on G| son systens using
reverse phase ThernDFNpéKgil-Keystone Hyperprep HS C18 colums (12 pm 100
X 21.2 mm, gradient 20- gﬁﬁB ( A= water/ 0.1% TEA, B= acetonitrile/ 0.1%
TFA) over 9.5 mn, flg 03 mn, injection solvent 2:1

DVBQO acetonitrile (1. etection at 215 nm 1H spectra were
recorded on a Bruker Y r t i ncotgudrer at ed sol vent s.

Chem cal shifts (6) are ingparts r mlliron. Thin-layer chromatography
(TLC) analysis was perforned withiesel gel 60 F254 (Merck) plates and
visualized using W light. Analytical HPLCVMS was performed on Agil ent
HP1100, Waters 600 or Waters 1525 LC systens using reverse phase Hypersi
BDS C18 colums (51.trn, 2.1 X 50 nmm), gradient 0-95% B ( A= water/ 01%
TFA, B= acet@gitrile/ 0.1% TFA) over, 2.10 min, flow=21.0 mM/mn. W

spectra wa recorded at 215 ri muusi G | son 315AnHopde Arr
Det ector, GL}14 sijngl kel. UV Yet ett or ers E&@g dualaaévelength
WV det ect or, ters 2488 dua® %avel enghh UV detector, or Waters 2996 di ode

array UV detector. Mass spectra Wwere obtained over the range mz 150 to 850

at a sanpling rate of 2 scans per second or 1 scan per 1.2 seconds using

M cromass LCT with Z-spray interface or Mcromass LCT with Z-spray or MJX

interface. Data were integrated and repoiged usi ng OpenLynx and OpenLynx

Browser software The foll ow ng abbrewxatNons-have been us@diofeOH =

nmet hanol Et 0% = et hanol EtO0Ac = et i 't-butoxmgarbonyl Chz

= carbob | oxy DCM = dichl o
N—Y— L'—X'"—[CH],

R, O
R‘i—< o, CONHOH (IF)
N—Y—L'—X—ICH,],

R,

R‘I
— L._x.__chz]z@ON

&)



34 DCE= di chl oroet hane DMF = di net hyl f ormam de DMBO = di net hyl sul f oxi de
TFA = trifluoroacetic acid THF = tetrahydrofuran Na2CO3 = sodi um car bonat e
NCl = hydrochloric acid DI PEA = diisopropyl et hyl am ne NaH = sodi um hydri de
NaOH = sodi um hydr oxi de NaHCO3= sodi um hydrogen carbonate Pd/ C = pal | adi um
on carbon TBME = tert-butyl methyl ether DVAP = 4-Di net hyl am nopyridi ne N2
= nitrogen PyBop = benzotriazol e-1-yl-oxy-tris-pyrrolidino-phosphoni um
hexaf | uor ophosphat e Na2SO4 = sodi um syl phate Et3N = triethylamne NI-13 =

ammonia TMSCI = trinethyl chlorosilané“NH4ACI = anmoni um chl oride Li AlH4 =
l'ithium alum nium hydride R R,
2
\/NH
L’/
’
X
/

[CH,l,
@3?\!\“/\/\/\/001\#’01'{ (k)

R, I/\NJK/\/\/\CONHOH
R
| 1~<ﬁ—‘“\’— L'-wX'—[CHz]z@/N\) {1J)

R, 2
R1_< o N N~ CONHOH
h&—-— Y— L'—X'"—[CH,], N H - (K)
R

4

R2

R1—< HN
L o
N
H

R1-{2
},}._ Yoe L1 — X1 [CH,], ~©f\>—CONHOH {tM)
S

wherein z, Ry, R,, Rs, L' and X

CONHOH  (IL)

and Y are as defined in relation to formula (1), and as
discussed above, including the preferences therefor.

Examples of specific compounds of the invention include the following:
(S)-[4-(7—Hydroxycarbamoyl—heptanoylamino)-benzylamino]-phenyl—acetic
acid cyclopentyl ester



pyBrOP = Brono-tris-pyrrolidino phosphoni unmhexaf| uor ophosphate MjSO
magnesi um sul f at e vn02= Manganese di oxi de "BuLi = n-butyllithium CO2
carbon di oxi de EDCI = N-(3-Di nmet hyl am nopropyl)-N et hyl carbodi i m de
hydrochl ori de Et20= diethyl ether LICH = lithium hydroxi de HOBt =

1- hydr oxybenzotri azole MAD = Dii sopropyl azodi carboxyl ate HATU =

0- (7- Azabenzotri azol - 1-yl - N, N, MAP-t et r anet hyl ur oni um hexaf | uor ophosphat e
ELS = Evaporative Light Scattering gLC = thin | ayer chromatography 35 m =
mllilitre g = gran(s) ng = rriIIig? ms) nol = nmoles mmol = mllinole(s) eq
= mol e equival ent LCMS = high performance |iquid chromat ography/ nmass

spectro @E:zr-[\é-(?-{-iydroxycarbamoyl—heptanoy[amino)—benzylamino]-4-pheny!-butyric acid
cyclopentyl ester

(8)-[3-(7-Hydroxycarbamoy!-heptanoylamino)-benzylamino]-phenyl-acetic acid
cyclopentyt ester

{8)-2-13-(7-Hydroxycarbamoyl-heptanoylamino)-benzylamino]-4-methyl-pentanoic acid
cyclopenty! ester

(8)-{2-[3~(7-Hydroxycarbamoyl-heptanoylamino)-phenyll-ethylamino}-phenyl-acefic
acid cyclopentyl ester

(8)-2-{3-[3-(7-Hydroxycarbamoyl-heptanoylamino)-phenoxy]-propylamino}-3-phenyl-
propionic acid cyclopentyl ester

(8)-2-(4-{[{2-Hydroxycarbamoyl-benzo[b]thiophen-6-yimethyl)-aminoj-methyl}-
benzylamino)-3-(4-hydroxy-phenyl)-propionic acid cyclopenty! ester

(S)-3-tert-Butoxy-2-(4-{[{2-hydroxycarbamoyl-benzo[bjthiophen-6-yimethyi)-amino]-
methyl}-benzylamino}-propionic acid cyclopenty! ester

(S)-1-(4-{[(2-Hydroxycarbamoyl-benzo[bjthiophen-6-yimethyl)-amino}-methyi}-benzyl}-
pyrrolidine-2-carboxylic acid cyclopentyl ester

(8)-2-(4-{[(2-Hydroxycarbamoyl-benzo[blihiophen-6-yimethyl)-amino]-methyl}-
benzylamino)-propionic acid cyclopentyl ester

(4-{{(2-Hydroxycarbamoyl-benzo{b]thiophen-6-ylmethyl}-amino]-methyl}-benzylamina)-
acetic acid cyclopentyl ester

Compotunds of the invention may be prepared, for example, by the methods described
below and in the Examples herein.



NMR = nucl ear magnetic resonance r.t. = roomtenperature Standard wash
procedure for resin chemstry Resin was washed in the foll ow ng sequence:
DMF, MeOH, DWVF, MOON, DCM MeOH, DCM MeOH x 2, TBME x 2. Resin test

cl eavage A snall anount of functionalised hydroxylam ne 2-chlorotrityl
resin (ca 0.3mL of reaction mxture, ca 10ng resin) was treated with 2%
TFA/ DCM (0.5nmL) for 10mn at roomtenperature. The resin was filtered and
the filtrate was concentrated by blgywing with a streamof N2 gas. LCMS of
t he residue was obtained. (Note: For functionalized hydroxyl am ne Wang
resin tebsor e3anapecampouods ofi thelingention siay de poSpatdatonDER)corrBspepdingt i on of
Suberic I I i sed Hvdroxvlam ne 2-Chlorotritvl Resin Stage 1 -

| mobi |1 g%%%r‘?%%a%(ﬁ%l orotrityl-O-NH2 resin O 36 To a round bottoned
flask chargedRaith 2-chlorotrityl-0-NH2 resin (6 g, loading 1.14 nmol /g,

6. 84 mmol R1 d DCM (60 m ) was addedopr opyl et hyl am ne (5.30, 41.0

mol , 6 eq). —87ehl af0- 816904 ey (hhet] S-cEOHP ML) 3 eq) was
slow y added tp t#e rg“act?gn metﬁuf o[r bi ta‘ shakf_ﬁg an(kj )t he reaction
m xt ure shaken for 48 hours. The resi s filtered and washed using the

st andar dbywesbtiangf pn acivetedelerividtiee thesdof) suels adthe edidwhibeide, wtbuum LCMS purity

Sapont {1 PP RreT B oG of ARG Bidnat0% LML Stage =

Alternatively, an N- or O-protected or N,O-diprotecied precursor of the desired

a

compound (I} may be deprotected. in a useful version of this method O-protection is
provided by a resin support, from which the desired hydroxamic acid (I) may be
cleaved, for example by acid hydrolysis.

Carboxyl protected derivatives of compounds (l1), or O-linked resin-supported
derivatives of compounds () of the invention may be synthesised in stages by
literature methods, selected according to the particular struciure of the desired
compound. In that connection, the patent publications listed above provide information
on the synthesis of HDAC inhibitors which are structurally similayr to those of the
present invention.

In one approach, suitable for compounds (l) wherein Z is a sulfonamido radical -
NHSQ,-, an amine (1ll)

R,

R1‘—<
ﬁ“—*Y-—" L —X'—[CH,}, NH,

(i)
may be reacted with an activated derivative, for example the acid chloride, of a
sulfonic acid HOSO.-L %Z* wherein Z2 is a protected carboxy! group, such as
cleavable ester, or an O-linked resin-supported hydroxamic acid group.

in another approach, suitable for compounds () wherein Z is an amide radical —-
NHC(=0)-, an amine (lif) may be reacted with a carboxylic acid HOC(=0)-L-Z?, 72



To a round bottonmed flask charged with stage 1 resin (4 g, loading 1.14
nmmol /g, 4.56 mol) was added THF (16 m) and MeOH (16 nl). To the reaction
was added a solution of NaOH (0.91 g, 22.8 mmol, 5 eq) in water (16 nil).
The reaction m xture was shaken for 48 hours. The resin was filtered and
washed with water x 2, MeOH x 2, followed by the standard wash procedure.
The resin was dried under vacuum LCMS purity was determ ned by ELS
detection, 100% n z 190 [ M++Hr. Preﬂ)arati on of Cyclopentyl Esters The
esters were prepared according to ohe of the follow ng nethods. Method A-
Synt hesi isiraf ad &findd #rthe prededigy pardgringhx ji ihe ppEsemiecf adacbodijsidbepent yl  est er

37 (SOL- @ny?;%%yl oxycar bonyl am no- 3-tert-butoxy-propionic acid (4g, .
0.014m)I3 Ra sSol ved in DVF (40m). Cyclopentanol (2.54m., 0.027npl) and
di met hyl am nopyri di ne (0.165g, 0.014nol) were added. The sol ution was

cool ed t@,0 | ' o

N (3 di il c;%lsg%n#%%Bﬁlf&l@-fﬁ%&e%ﬁgﬁtgg?llﬁ)%sc}i.éi%mi“'g%qﬁg?jdr B oride (2.73q,

0. 014nol ~LinkepSORNHOR mrishiyixa rip@niiagens and £ Bg-(GFObET +8FPz1H°ni nut es and t hen
al | owed gﬂbra@@f@m_ﬁe@;&w@gd) stirred for a further 18 hours. To the reaction
m xture was added water _(20-30m) followed by EtOAc (40 nml). The | ayers
were separated and the gqueous | ayer re-extracted with EtOAc (15 nml). The
conbi ned organic la were washed with water 20 M), dried (MgSOH)
and the sol vent renovedN-a Yasup! 1-0Xg+v-e[GHJe6i dueNHPuri fication by -col um
chromat ography (1:1 EtOHc / heptane) gave the\prodlict as a col ourl ess oil
(3.82g, 78%yield). 1H NWR (300 MHz, CDC13), 8:1.15 (9H, s, CH3 x 3),
1.50-1.90(8H, m CH2 x 4), 3.57 (1H, dd, J = 7.4, (M2Hz, CH), 3.85 (1H dd,
=7.4, 1.2 5 (1H m. 5 .15 .s,..CH2), 5.25 (1H, m CH),.
5. 65 (1H,“a£gé @%‘j?eﬁ “‘i‘h%%ﬁr ?P_Wﬁﬁg‘-%‘fb%’“%é”%ﬁﬁ?'cﬂ?’ﬁ%g 5). Stage 2

(S) - 2- AnHOOCE:AA ot HEPSOMLSET whereiniZl iscasi dibfiogcabmpe) eifHer es ar activated

(S) - 2- Bepzy i = p = RELOD AR L Girnddd | opent yl
Coter (LEYVESBLAINN BTSSP i oo T i

hydr oxi deg t) was added cautiously to the solution. The system was
evacuated and put under a hydrogen atnosphere for 4 hours. The system was

evacuated and f.h | 1 adi u esi du filtered off.thr h lite. The
ol 1 1o vk Ry=loh gt oo fesphresmafoasof b Bhekh o7
compounds within the scope of formula (1) above, the following reaction schemes 1-6
are presented. In these schemes the group R represents the radical
R2

R'l
N—Y— L'—X'"—[CH,,—

present in the compounds of the invention, or represents a functionat group upon
which that radical may be built up using literature methods.

En

Also in the schemes, the symbol " represents a solid phase resin support.



38 5nl). The solvent of the filtrate was renoved in vacuo to give the
product as a colourless oil (2.41g, 100%yvyield). hl( NMR (300 MHz, CDC13),
8: 1.15 (9H, s, CH3 x 3), 1.50-1.90 (10H, m CH2x 4, NH2), 3.50-3.70 (31-1,
m CH2, CH), 5.22 (1H, s, CH). Method B- Synthesis of

(S)- Ami no-cycl ohexyl -acetic acid cycl opentyl ester Stage 1:
(S)-tert-Butoxycarbonyl am no-cycl ohexyl -acetic acid cycl opentyl ester This
was prepared in the sane manner as

(S)-2-benzyl oxycar bonyl am no- 3-t ert butdxy- propi onic acid cycl opentyl ester
(Method A, Stage 1) but from (S)-terthputoxycarbonyl am no-cycl ohexyl acetic
acid. 1H NWR (300 MHz, CDCI3), 8 1.00-1.40 (10H, m CH x 10),71.45 (9H, s,
C(CH3)3), 1.60-2.00 .15 (1H WH, d, NH, J
= 7.6Hz), 5.2 { CH) . > (5) - Am no: N aceti ¢ acid

cycl opentyl es N (S) -terﬁbWam’ | ohexyl -acetic acid

cycl opentyl egter H{1.17g, 3.6 3) was di sso Nin a TEA/ DCM m xture
(1:1, 10nmtl) 8t 0C. The solution was stirred for 90 nijutges, the sol vent
renoved in vacuo. The residue was azetroped 39 with ja oy hept ane

m xture (2x) to give a gum The gum was redi ssol ved i el FlOrﬁL) and
washed with saturated aqueoug NaHCO3 solution (3 x 10ml), drieff (MySO4) and
filtered. The solvent g hellf .ot rate was renoved in va |® g|<|x/e t he
product as an oi . @; 78% yi elgby, tikH NVR ( 300/ M, Bl 3), 5:
CH 10),

1.00-1. 40 ( 1.50.2.00 (8H m 8. 3.25 (1H d, CH J
= 7.2Hz), Hlm CH. Methodgk, né¥nt hesiS7ofy on
(S) - 2- Ami ng/ 4- mét hy#* pent anoi ¢ aci #HSWSIMEpentlyl ester Stage 1:

(S)-2- Am no-4-net hyl - pentanoi ¢ acid cycl opentyl ester toluene-4-sulfonic
aci d Scheme 1

o]

CI\“/\/\/\)'L OMe o

DGM ' o
iPrEtN NaOH
a
THFMeOH/H,0
§ i ¥ bol § i
O, MN I N B-carboline o° Y\/\/\/U\OH

o] PyBOP o b
R DCM N

iProEtN PYyBOP [ ]
TFA/DCM 2% R _bom N

iPrEMN
o) ] \‘!
H H
HO”™ N N R
0
. e H o
N R
“ N
TFADCM 2%
o]

g

Scheme 2



To a suspension of (S)-1eucine (15g, 0.11nvol) in cydohexane (400nml) was
added cycl opentanol (103.78nil, 1.14mmmol) and p-toluene sulfonic acid
(23.93g, 0.13mol). The suspension was heated at reflux to effect solvation.
After refluxing the solution for 16 hours it was cooled to give a white
suspensi on. Heptane (500nml) was added to the m xture and the suspensi on was
filtered to give the product as a white solid (359, 85%yield). 1H NVR (300
MHz, MeOD), 5: 1.01 (6H, t, CH3x 2, J = 5.8Hz), 1.54-2.03 (11H, m 11 x
CH, 2.39 (3H, s, CH3), 3.96 (11-1, g CH, .1 = 6.5Hz), 5.26-5.36 (1H m
CH, 7.25 (2H, d, ArH x 2, .1=7.9Hz), 7.72 (2H, d, ArH x 2, J = 8.3Hz).
Stage 2: Synthesis of (S)-2-Am no-4-nethyl-pentanoic acid cycl opentyl ester
40 H2N4, 0 A sol uti on f (S)-2-anino-4-nethy|-pgﬂtanoic acid cycl opentyl
ester tol uene-4-sul foiieiagid (2.57g, 0.013mol )} Pn DCM (5nl) was washed

W th saturated uedu _g&ﬁéxg solution ( . The conbi ned agqueous

| ayers were bad§§§§§;§cced wLE%ﬁffﬁL(3 X — The conbi ned organic | ayers
were dried (1V1g804), and the sol vent rempved in vacuo to give a colourl ess
oil (1.10g, 80%yiehd). 1H NWR (300 MHz, CDC}3), 8:0.90 (6H, t, CH3x 2, J =
6.4Hz), 1.23-1.94 (11H m 5 x G, CH), 3, d, CH J % 8.4, 5. 9Hz),
5.11-5.22 (1H, m CH). Method D- Synthesi§up Y\/\/\/tOH _
(S)-2-Amino-3-tert-butyl sul fanyl - propi oniieges¢i d cycl Bpentyl ester Stage 1:
(S)-3-tert-Butyl sul fanyl-2-(9H-fl uoren-9-yl mgt hoxycar bonyl am no) - pr opi oni c
aci d cyclopentﬁl ester TFhis was prepared in the sane manner as

(S) - 2- Benzyl qx, b -3t tert but oxysjrapian C opentyl ester
( Met hod A,%g% 1) but ,f riond ~— J T o

(S)-3-tertButyl sul fanyl- @ﬁ@ﬁﬁﬁ%ylnethoxycarbo(yl m Yg)- propi oni ¢ -
acid. 1H NVR (300 Mz ), 8: capi®0 (9H, s, (CH3)3)° 1.55-1.95 (8H, m
CH2 x 4), 3.05 (2H, d, BH2, J = 4.8Hz), 4.20-4.30 (1H, m CH), 4.40 (2H d,
CH2, J = 7.5Hz), 4.65 (1H, m CH), 5.25 (1H, m CH), 5.70 (1H d, NH, J =

7.8Hz), 7.30-7.50 (AHTARCMArH x 4), 7.65 (2H, d, J = 7.5Hz, ArH x 2), 7.80
(2H,.d, J = 7.5Hz, A{H x 2). 41 Stage 2:

(S)-2-Am no-g-tert-buty sul fanyl - propi onic acid cycl opentyl ester H2
(S)-3-tett +B H fl uoren-9-yl net hoxycar bonyl am no) - pr opi oni c
acid cycl opentyl estef 3.50mmol ) was dissolved in a CH3CN (25nl) at
0C. Piperidine (21nt, s adde€d to the solution. After stirring for 30

m nutes, the sol vent sfrenmoved in vacuo to give a residue. Purification
by col umm chronat ogr afhy ( Et OAs.hghdent) gave the product as a col ourl ess
oil (628nmg, 73%yield). 1H NWR (300 MHz, CDC13), 5: 1.30 (9H, s, (C1l-13)3),
1.55-1.95 (84 m CH2 x 4), 2.75 (1H, dd, CH, J = 7.2, 12.3Hz), 2.95 (1H,
dd, CH J = 4.8, 12.3Hz), 5.25 (1H m CH).




The followi ng NNCbz protected am no acids were converted to the cycl opentyl
esters according to Method A (above) (S)-2-Benzyl oxycarbonyl am no-succinic
acid 4-tert-butyl ester (S)-2-Benzyl oxycarbonyl am no-succinam c acid

(S) - 2- Benzyl oxycar bonyl am no- 4- car banoyl - butyric acid

(S) - 2-Benzyl oxycar bonyl am no- 3- (4-tert-butoxy-phenyl)-propionic acid

(S) - 2-Benzyl oxycar bonyl am no- 3- hydr oxy-butyric acid

(S) - 2-Benzyl oxycar bonyl am no- 3, 3-di net hyl -butyric acid

(S)-2-Benzyl oxycar bonyl am no- 3- (1Hi nz$ol- 2-y1) - pr opi oni ¢ add

(S)-2- Benzyloxycarbonylan1 0-6-tert-but oxycarbonyl am no- hexanoi ¢ acid The
foll ow ng N-Boc protected ﬂ idyo acids were converted to the cyclopentyl

esters according. to (abov eI&{Butoxycarbony no-acetic acid
(S)-2-tert-Buto onyLaﬂLnQ_3. pentEhior \ A
(S)-Pyrrolidine- Mdi car boxylic 1-#-ert-butyl grg o)

(S)-2-tert- Butoxycarbonylantno 3-nmethyl®butyric acid b
(S)-2-tert-Butoxycarbonyl am no-4-net hyl sul fanyl -butyric,acid 4? The
following free am no acids were converted to the cycbop %E%J esters
according to Method C (above) (3)-Am pg n)

(S) - 2- Ami no- 3- phenyl - propi onic acid (ﬁﬁ f no- proplonléﬂ%%ld

(S)-2- Ami no- 4-net hyl - pentanoi c acid Preparation of

6-f or nvl - benzoi bl t hi ophene- azﬁgmboxvlic acid (1-isobutoxvethoxy) am de The
Synthesis is outlined bel ow i §8heg§m%mmAddltlonal Ilteratyw or ef erences

relating to th route ca f@ ndWWVWHWH Tetrahe?ggg\kety@r 85, 2,
219-222 &'4 Qgﬁ%@/ﬂ

TFADCM
R, R
0 O N R
H H

Scheme 4



| Ethyl thioglycal ate Stages K2C03, DVF | PyBrOPstage 7 43 Stage 1:

4- (2-di met hyl am no-vi nyl)-3-nitrobenzoic acid nethyl ester Methyl

4- et hyl - 3-ni trobenzoate (5 g, 25.6 mmol) was dissolved in DM (25 nL, 5

vol) and to this was added N, N-di net hyl formam de di net hyl acetal (4.4 ni,

33.3 mol ). The m xture was allowed to stir at 140 C for 3 h. The resulting

deep red solution was allowed to cool and concentrated under vacuum The

residue was triturated with nethanol and filtered. The filtrate was washed

wi th nmethanol and dried on the sinteggto yield

4- (2-di et hyl am no-vinyl)-3-nitrobenzoic acid nmethyl ester (5.2g, 80%. 1H

NVR (300 MHz¢ DMSO), 6:2.98 (6NEBDPCH, 2 x igiDL $H87 (31-1, s, CH3), 5.58
o]

(1H m CHy 272 ~2°83°(3H,_ m OMMY), 8. 32 2:

4- Formy1- 3-ni trobenzoiec aci d mnet hyl ter aHsqutlon ofy the enam ne (5
g, 20.0 mol) in THF (50 nm, 10 dnd water (50 m,, 10 vol) was added
sodi um periodate (12.8g, 60.0 and the mxture allowed to stir for 2

dd he resulting solids|wd&liBd with Et0Ac (500
ol ated, washed wi th NaH (3 x 100 nL) and
Bydynder vacuun1afforded 44f ormmy1- 3-ni trobenzoic

h. The mixture was filtered

mL). The organi c | aygls Mafy |
dried (My304). Concentrati

aci d met hyl 2 (3. 19 3%. LCVS m z 210 +Ho+, 11-1NVR (300 MHz,
DVBO), 5: (3H £Mowe), 8.01 (1H, d, Ar @J'amwowll) 8. 54
(1H, s, ArH), 10.31 (1IH s, CHO. 44 R A 3
EDC, DMAP
where M = MgBr H,NOTHP

ZnBr
B(OR),

SnBuy, elc Q ﬁ
EM ‘O
R
0 @
2M HCl,
MeOH |

NJK/\NY "OH
R H 0

Scheme 5

NEt,, DCM 0
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H H
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G
9]
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THFH,C
O
R \
EDGC, DMAP
HzNOTHP
0 Q
2M HCI,
R‘“ﬂz ] ;5—4$ i MeOH R N g H
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Scheme 6



A m xture of 4-fornyl-3-nitrobenzoic acid nethyl ester (3.9 g, 18.7 mmol),
mercapt oacetic acid ethyl ester (2.2 ni, 20.4 nmol) and K2CO8 (3.3 g, 24
mml) in DMF (40 m, 10 vol) was heated to 50 C overnight. After.cooling to
r.t. the mxture was poured onto ice-cold water (250 nL) and the resulting
m xture stirred for 40 mn. The solid formed was isolated by filtration,
washed with water (4 x 50 nL) and dried under vacuumto afford the title
conmpound (3.9 g, 80%. LCM5 niz 265 [ M++H], 1H NWVR (300 M—Iz CDCI 3) 55 1.40
(3H, t J = 6.8 Hz, CH2), 3.95 (31-1, 310Vb)440(21| 7.2 Hz,
CH2), 7.88 (1H, d J = 8.0 Hz, Ar 97 - 8.09 mAr 856 (IH, s,
ArH) . St aglSentiriiegsbaye FesisrpAw Vﬂthd’i"li%h'tb%wwt "éﬁ:‘foﬁc‘?“ #e| %er A
ren?te ;Jr(e30f9 inh@Rae[ M&rﬁéﬂﬁ&@f@eﬂe@fdﬁeqﬁﬂbQﬁﬁ?@E aigjedp&ﬂlféfé’ibﬁb diesasel 6- net hyl
S ium iodide (10g, 74.6 mmol) in anhydrous
pyri di ne (§'8dhrﬁs Caacex‘Fm %\‘é’%sg'f‘#?t eé'd“aa{? ﬁfl ux for 16 h. Aftez cool i n)g; to
r2Nt HCIt?(Zaom xture was aflded (either as a nelt or chipped out) to ice-cold
:rggﬁ washed
wi th wat erﬂ(@m %’@g% dt tﬁegé C&%Iéﬁ?ﬁ%ﬁyp %ﬁdrr%{:érﬂg@aral ?‘%}g’atlon from
net hanol t &P warteheoftfacmrem@ ﬁip@@hmaqhmty@f@e wgc)@c cmr@mnﬁﬁwpmsqd f-+H t | 1H

NVR (300
oD) . 7.99 1Hbmd Jlghﬁ%en%ré?ﬁeélf%'se)@ ditE @ dﬁédmﬂéﬁéﬂon‘lroﬁ% ¢2H, g % 77( EIL.H!_E,S,

ArH), 8.702 TplStfgtIOﬂquLB of exgnguonl_{)dwgscan%m(aﬁﬂn apd ﬂlwe severll_iz df the p@rt’ cu%r
benzo[ b] t hidephenedagbing treatrizak Wptimuacdcde Rvels lapd fregusacy 6fldBpg wilbe nmol ) in

anhydrous T 1) was cooled to 0C. To this BH3 (1IMin THF, 30
m., 30.0 nﬁgﬁe"g'ﬁ%%t%%'a%%ﬁ%ow y. The reaction was allowed to warmto r.t.

‘and stirred for 3 h. The solution was then cooled to 0 *C and quenched

using I N Hehe tdmpouibis witt R ﬁ%%}eﬂﬁoﬁfbébmeﬁnéa%mw s@fopd under vacuum
to renove zﬂ‘? rln_éo W!t e?esutlaﬁg solid soI ted bzﬁf‘rlltr i on and dri ed

under vacu@ﬁﬁ"t“@tr@?“?}'\ebyfﬁmb‘iy%t%??ﬂ?ﬁ Wik fhels P TW%%W ropeiigt ¥yl i ¢ aci d
et hyl est eordiit ad@inisGA0R corhsddlions mai 8% ir] it farintof 13Hdd/RagR0H, phimierddVSO) , 5:

L300, g el oo gl ey G ot 5 )
s, ArH). Spageteal selulidnd cosyspetdigris. Betiets pnd cansyishéieral aéramﬁé"ﬁw rBaYaci d
be in unit dose presentation form, and may contain conventional excipients such as
binding agents, for example syrup, acacia, gelatin, sorbitol, tragacanth, or polyvinyl-
pyrrolidone; fillers for example lactose, sugar, maize-starch, calcium phosphate,
sorbitol or glycine; tabletting lubricant, for example magnesium stearate, talc,
polyethylene glycol or silica; disintegrants for example potato starch, or acceptable
wetting agents such as sodium lauryl sulphate. The tablets may be coated according
to methods well known in normal pharmaceutical practice. Oral liquid preparations
may be in the form of, for example, aqueous or oily suspensions, solutions, emulsions,
syrups or elixirs, or may be presented as a dry product for reconstitution with water or
other suitable vehicle before use. Such liquid preparations may contain conventional
additives such as suspending agents, for example sorbitol, syrup, methyl celiulose,
glucose syrup, gelatin hydrogenated edible fats; emulsifying agents, for example
fecithin, sorbitan monooleate, or acacia; non-aqueous vehicles (which may include
edible oils), for example almond oil, fractionated coconut oil, oily esters such as
glycerine, propylene glycol, or ethyl alcohol; preservatives, for example methyl or
propyl p-hydroxybenzoate or sorbic acid, and if desired conventional flavouring or

colouring agents.

For fopical application to the skin, the drug may be made up into a cream, |otion or
ointment. Cream or ocintment formulations which may be used for the drug are



6- Hydr oxynet hyl - benzo[ b] t hi ophene- 2- carboxylic acid ethyl ester (2.4 g, 9.6
mmol, 1 eq) was dissolved in THF (10 ni, 4 vol) and water added (10 ni)
along with LiON (0.69 g, 28.8 mml ). The reaction mxture was stirred at 50
C for 3 h and then concentrated to dryness and taken onto the next step

wi t hout purification. Stage 7:

6- hydr oxynet hyl - benzo[ b] t hi ophene- 2- carboxylic acid (1-isobutoxy-ethoxy)
am de 46 To a solution of 6-hydroxynethyl-benzo[b]thi ophene-2-carboxylic
acid (1.76 g, 8.4 mol, 1 eq) in DVF3pas added PyBrOP (4.3 g, 9.2 mmol),

0- (i sobut oxy- et hyl hydroxylam ne (11.5 nL, 84.0 repared via
procedurecpwem%%m%%ﬁtﬂ’eﬂ)km ’(’%‘%ﬁrﬁ{c’r exggle S)C”g‘#fg p &€ on nmixture

vas al | owegoBk$bf pharthadeutics suk athls BriflsPiiruédpdeis t h wat er (40 n) and
Et OAc (40 nL). The organic layer was isolated, washed with brine (50 ni)

and concentrated. The residue was purified by chromatography on silica gel
el uti ng WrbhtopicAlApplcatierpbsinialtibn Lhe tdougarhdyorecfotringdated for eerossfdelivey (1. 89, 67%

over 2 steps

e oo 5 eampey Abyfvel bt o bufea0hc ool BPbrereb 8 (201 €0
m CH2), Mcﬁaelle(nzﬂin\ten metel@mzyrosals gsptpmﬁanhﬁre@q)mmstrqygn PflfPICFO@fzgd— 8.2Hz, NH),
7.77 (34 o’;< %’i aia@iorfl Qéﬂl%‘esB?&EQJ“QNH&M@@H"@&%&@&&MQXW ic acid

(1|sobut8xy eth a sol ution
6- hydr oxy FReEipiphts ap HP‘t %36’19!?@ prepeliapts (B axEigen inthe gage oG oxyet hoxy)

am de (609e%olsﬂs%cm&k duBst@Q@s(&mﬁl&tﬁer&@abﬂﬂd@ﬂ:r&&%ﬂ(f&, flavgring®. 1 mmol ) .
The m xture was

re f.or n filtered
t hrough c@pffieers ?ﬂﬂs ""fcﬁ?qs? ing Cﬁ%es&tcf’gﬂ’géﬁﬁrr’ai?r d"% bea;%r%%erngq nt @P?P% F‘Z conpound
S 435 rrg, %ﬂmlatihﬁVSOmm pBPOsdshd irhialatiorl, I IMyRNEBOG ofppparaleem)avalipble. 94 (6H, d
H
3. 20 ( 2H wlth eﬁg)g_‘iz%bla &f ?@.ﬂ(ﬁﬁérgdg ié garlf_’beggéﬂ%ratéa'%)gb adilnnf%%r(c:& 09m( SCH:H) -
ArH), 8. SBS@Q ian inhialafipn-fechnigievhigh s aprropreatg jor the&?"@}’ﬂf‘ R t9#heconpounds i n
E' gr::)eeﬁt e g?(é'dEB{drsf {sBakeRy, efqinaBieN and goar-anspedeomanad (6.3) Nethiatd, 0 R=
Y P X/olumatlc;@) and automatic devices emitting a puffer spray (Autohaler®), for metered
aerosols, in particular in the case of powder inhalers, a number of technical solutions
are available (e.g. Diskhaler®, Rotadisk®, Turbohaler® or the inhalers for example as

described in European Patent Application EP 0 505 321).

For topical application to the eyé, the drug may be made up into a solution or
suspension In a suitable sterile aqueous or non agueous vehicle. Additives, for
instance buffers such as sodium metabisulphite or disodium edeate; preservatives
including bactericidal and fungicidal agents such as phenyl mercuric acetate or nitrate,
benzalkonium chiotide or chiorhexidine, and thickening agents such as hypromellose

may also be included.

The active ingredient may also be administered parenterally in a sterile medium.
Depending on the vehicle and concentration used, the drug can either be suspended
or dissolved in the vehicle. Advantageously, adjuvants such as a local anaesthetic,

preservative and buffering agents can be dissolved in the vehicle.

The following Examples illustrate the preparation of specific compounds of the
invention, and the HDAC inhibitory properties thereof: In the Examples :



RH2 O OX ORNPh O NOHO R= cyclopentyl 3 RH4 00O0NHPh ORO R=
cycl openhi 9 HI0O MW
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Commercially available reagents and solvents (HPLC grade) were used without
further purification.

Microwave irradiation was carried ouf using a CEM Discover focused microwave
reactor.

Solvents were removed using a GeneVac Series | without heating or a Genevac
Series Il with VacRamp at 30 ° C or a Buchi rotary evaporator. .
Purification of compounds by fiash chromatography column was performed using
silica gel, particle size 40-63 um (230-400 mesh) obtained from Silicycle. Purification
of compounds by preparative HPLC was performed on Gilson systems using reverse
phase ThermoHypersil-Keystone Hyperprep HS C18 columns (12 um, 100 X 21.2
mm), gradient 20-100% B { A= water/ 0.1% TFA, B= acefonitrile/ 0.1% TFA) over 9.5
min, flow = 30 mi/min, injection solvent 2:1 DMSO:acetonitrile (1.6 mi), UV detection at
215 nm.

TH NMR spectra were recorded on a Bruker 400 MHz AV spectrometer in deuterated
solvents. Chemical shifts (§) are in parts per million. Thin-layer chromatography (TLC)
analysis was performed with Kieselgel 60 Fasq (Merck) plates and visualized using UV
light.

Analytical HPLCMS was performed on Agilent HP1100, Waters 600 or Waters 1525
LC systems using reverse phase Hypersil BDS C18 columns (5 pm, 2.1 X 50 mm),
gradient 0-95% B ( A= water/ 0.1% TFA, B= acetonitrile/ 0.1% TFA) over 2.10 min,
flow = 1.0 mi/min. UV spectra were recorded at 215 nm using a Gilson G1315A Diode
Array Detector, G1214A single wavelength UV detector, Waters 2487 dual wavelength
UV detector, Waters 2488 dual wavelength UV detector, or Waters 2896 diode array
UV detector. Mass spectra were obtained over the range m/z 150 to 850 at a sampling
rate of 2 scans per second or 1 scan per 1.2 seconds using Micromass LCT with Z-
spray interface or Micromass LCT with Z-spray or MUX interface. Data were

integrated and reported using OpenlLynx and OpenlLynx Browser software

The following abbreviations have been used:
MeOH = methanol
EtOH = ethanol
EtOAc = ethyl acetate
Boc = tert-butoxycarbonyl
Cbz = carbobenzyloxy
- DCM = dichloromethane



O R O R= cyclopentyl 11 RH12 Preparation of Building Blocks A-G Buil ding
Bl ocks A and B N- Boc- D-t et r ahydr o- bet a- car bol i ne- 3-car boxylic acid
(5.0g, 15.8mml) and TMSCl1 (20nil, 158nmol) in MeOH (50mLl) were heated under
reflux for 2h. The reaction m xture was evaporated to dryness to yield
(R -2, 3,4, 9-Tetrahydro- 1H bet a- car bol i ne3-carboxylic acid nethyl ester
(building block A). LCVMS purity 100% mz 231 (M +Hr, 461 [2M++H]t Buil di ng
bl ock A was used w thout further purdigication.
(S)-2, 3,4, 9-Tetrahydro- 1H bet a- car bol i ne-3-carboxylic acid nethyl ester
(bui | di n®®@odrhigpetiare obt ai ned by the same procedure as bl ock A using
N-boc- L- trair alavskinekAarkiaé bol i ne- 3-carboxylic acid. Building Bl ock C
- Stage 1: A solution of glyoxylic acid nonohydrate (1.51g, 16.4mmol) in
wat er (16150 Fedimetgy syl wise to a stirred solution of tryptan ne. HC
(3.09, 15rRAmBifiorbdretiebes (200ml). KOH (0.827g, 14.7mol) in water (10nt)
wes added, . The, LeACK,gn mxture

Na,CO3 = sodium carbonate

HCI = hydrochloric acid

DIPEA = diisopropylethylamine

NaH = sodium hydride

NaOH = sodium hydroxide

NaHCO; = sodium hydrogen carbonate

Pd/C = patladium on carbon

TBME = tert-butyl methyl ether

DMAP = 4-Dimethylaminopyridine

N2 = nifrogen _

PyBop = benzoiriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexafluorophosphate

NzpS0, = sodium sulphate

EtzN = triethylamine

NH; = ammonia

TMSCI = trimethylchlorosiiane

NH,Cl = ammonium chloride

LiAIH, = lithium aluminium hydride

pyBrOP = Bromo-tris-pyrrolidino phosphoniumhexafiuorophosphate

MgS0O, = magnesium sulfate

MnQ,= Manganese dioxide

"BuLi = n-butyllithium

CO, = carbon dioxide

EDCI = N-(3-Dimsthylaminopropyi)-N'-ethylcarbodiimide hydrochloride

Et,O'= diethyi ether

LiOH = lithium hydroxide

HOBL = 1-hydroxybenzotriazole

DIAD = Diisopropyl azodicarboxylate

HATU = O-{7-Azabenzofriazol-1-yl-N,N,N’, N-tetramethyluronium

hexafluorophosphate

ELS = Evaporative Light Scattering

TLC = thin layer chromatography



49 was stirred at roomtenperature for 1 h after which tine precipitation
occurred. Followng filtration under reduced pressure the

t et rahydr o- bet a- car bol i ne- 1- carboxylic acid was col |l ected and washed with
water. Yield 1.99 (58%; mz 217 [ M+H]t Stage 2: A solution of

t et rahydr o- bet a- car bol i ne-1-carboxylic acid (7.49) in MeOH (250nl) was
saturated with Ha gas for 20m n. The reaction mxture was gently stirred at
roomtenperature for 18h. and ca. 83% conversi on was observed. The reaction
m xture was re-treated with HCl gas and allowed to stir for another 18h.
Upon conphetmiblirof the reaction the nmixture was concentrated in vacuo to
yield 2, % @m(d) et rahydr o- 1H bet a- car bol i ne- 1- carboxylic acid methyl ester
(bui I di ng b ock O, LCMS purity 95% mz 231 [ Mt+H] . The product was used
wi t hout ¥ R "ﬁ%l‘s 'fication. Building Bl ock D

6- Met hoxyn&,-&;eqeé) t etrahydr o- 1H bet a- car bol i ne- 1- carboxylic acid net hyl
ester (bUI| IS D) was obtained fromesterification of

6- met hox?’rp% 'ﬁﬂ'{ﬂ?fg bet acar bol i ne- 1- carboxyli ¢ acid using the procedure as
for buil @qwgn@bequzﬂlantBui | di ng bl ock LCVS purity 98% nmz 261 [Ivl. +H].

Bui | di ng| high $@i%or rH%ﬁE’e muﬁmméw]@rtabwzmawéaeb@@hét@n _Building Block E A
sol ution Mﬁg E/ benzonitri g, Ommol) in MeOH (150nl) was
sat ur at edt FWUH@P”@%‘Q IHEERACO. 17nl) was added and the mixture was heat ed
under refk Uxrob@rterhSerBtureThe reaction mxture was cooled to r.t. and was
resaturated with Ha 50 gas. This was refluxed for a further 24 h. The

m xture was concentrat ed under reduced pressure yielding

4- Pi per aStadarg wabh pra gnin phémistiver (bui | ding block E). LCMVS purity
0% 1 Z g ddd iidehba ﬁl{hé FHN&%Q LgenBe:hF, WRsSH BIR UEOH, widmer

purificatio
MeOH DCM, MeOH x 2, TBME x 2.

Resin test cleavage

' A smali amount of functionalised hydroxylamine 2-chiorofrityl resin {(ca 0.3ml of
reaction mixture, ca 10mg resin) was treated with 2% TFA/DCM (0.5ml) for 10min at
room temperature. The resin was filtered and the filtrate was concentrated by blowing
with a stream of N, gas. LCMS of the residue was obtained.
(Note: For functionalized hydroxylamine Wang resin test cleavage was carried out
using 50% TFA/ DCM).

Preparation of Subetric acid Derivatised Hydroxytamine 2-Chlorotrityl Resin




Bui | ding Bl ock F 0 1, 2,3, 4-Tetrahydro-isoqui noline-7-carboxylic acid

met hyl ester (building block F) was prepared foll ow ng the sanme procedure
as for building block E. LCVS purity 89% mnlz 193 [M++Hr. This product was
used without further purification. Building Block GO NH2 4-Am no-benzoic
acid nmethyl ester (building block G was commercially avail able Synthesis
of Conpounds (1) and Conpound (2) 12

36

To a round bottomed flask charged with 2-chlorotrityl-O-NH resin (6 g, loading 1.14
mimol/g, 6.84 mmol) and DCM (60 ml) was added diisopropylethylamine (5.30, 41.0
mmol, 6 eq). Methyl 8-chioro-8-oxooctanoate (4.2 g, 20.5 mmol, 3 eq) was slowly
added to the reaction mixture with orbital shaking and the reaction mixture shaken for
48 hours. The resin was filtered and washed using the standard washing procedure.
The resin was dried under vacuum. LCMS purity was determined by ELS detection,
100%, miz 204 [M*+HJ". | |

Stage 2- saponification

To a round bottomed flask charged with stage 1 resin (4 g, loading 1.14 mmol/g, 4.56
mmol) was added THF (16 m!) and MeOH (18 mi). To the reaction was added a
solution of NaOH (0.91 g, 22.8 mmol, 5 eq) in water (16 ml). The reaction mixture
was shaken for 48 hours. The resin was filtered and washed with water x 2, MeOH x
2, Tollowed by the standard wash procedure. The resin was dried under vacuum.
LCMS purity was determined by ELS detection, 100% m/z 180 [M™+H]".

Preparation of Cvclopentyl Esters

The esters were prepared according to one of the following methods.

Method A- Synthesis of (S)-2-Amino-3-teri-butoxy-propionic acid cyclopentyi

\;/

O

ester

Stage 1: (S)-2-Benzyloxycarbonylamino-3-tert-butoxy-propionic acid cyclopentyl esier



51 0 Owe0 O Hydr oxyl am ne 2-chlorotrityl resin derivatized with suberic
acid (4.6g, loading 1.14mmol, 5.24mvol) was swollen in anhydrous DCM
(50nl). Building block A (4.76g, 15.72mmol) was added, followed by pyBOP
(8.18g, 15.72mmol, 3eq) and DI PEA (6.77g, 52.4mml, 10eq). The reaction was
shaken for 18h, filtered and washed using the standard wash procedure. The
resin was dried under vacuum Note: For building block G coupling using
the above condition gave ca. 10% convggsion. Thus an alternative condition
was used: Stage 2 resin (1.0g, loading 1.14mvol) was swol |l en in anhydrous
DCM (100mL). 1-Chloro-N, N-2- trinethyl propenyl am ne (Ghosez reagent)|
(7.53nmL, 57.0mmmol, 50eq) was added at 0 C,under the atnosphere of N2. The
m xture was allowed to warmto roomtenﬁ%ure and gently shaken for 1-2h.
The aniline building block G (8.6g, 57.0 |, 50 eq) was added portionw se
over 20min. Et3N (8.0nl, 57.0mol, %Peq)~\Was added. The nixture was shaken
for 18h. LCVMS after a test cleave shHpws 700/(9c0rsion, mz 323 [ Mt+Hr, 645
Sh

[ 21WHr. The resin was fil S he standard wash
procedure. The resin was d under Vhcugm e 2: Saponification
Stage 1 resin (4.8g, |oading™l. 14mmol, 5.47mmol) was suspended in MeOH
(17.5nml) and THF (17.5nml). A solution of NaOH (1.1g, 27.5 mmol, 5eq) in
wat er (17. % ) was addgd. The m xture was shaken for 18h. LCMS of the test
cl eave confP PRSI N CUBABIATINGT-{BR-PrigEpropianicaris (489 QINMPNWas 775 [ 2Mr+Hr .
The resin dismhkd it BMEW@a Cyabbedandl (hsaa] €027nd) arlMeOH x 2, fol lowed by the
st andard g 5 i s dri cge under vacuum 52 Note: For
bui | di ng b?"é’?ﬁ??'éﬁ“ﬁ"?; o“ﬁ'}ef‘l;g%?%r”?p@é“@c%ﬁr? plpd, [ RRY “@Gé?a?'e%?o 2. 7M NaCH
and was sh¥keusingan ichath Siditgdt \Bas attdep IN-@glimethlaminohepyl)-yl-yci ne cycl opent yl
ester ethylcarbodiimide hydrochloride (2.73g, 0.014mol, 1.05eq.). The mixture was stirred at
- 0°C for 10 minutes and then allowed to warm to r.t. and stirred for a further 18 hours.

To the reaction mixture was added water (20-30mi) followed by EtOAc {40 mi). The

layers were separated and the aqueous layer re-extracted with EtQAc (15 mi). The

combined organic layers were washed with water (4 x 20 mi), dried (MgSO,) and the

solvent removed in vacuo to give a residue. Purification by column chromatography

(1:1 EtOAc/ heptane) gave the product as a colourless oil (3.82g, 78% yield). *H NMR

(300 MHz, CDCls), &: 1.15 {9H, s, CH; x 3), 1.50-1.90 (8H, m, CH, x4), 3.57 (1H, dd, J

= 7.4, 1.2Hz, CH), 3.85 (1H, dd, J = 7.4, 1.2Hz, CH), 4.45 (1H, m, CH), 5.15 (2H, s,

CH), 5.25 (1H, m, CH), 5.65 (1H, d, CH, J = 7.6Hz), 7.30-7.50 (5H, m, ArH x 5).

Stage 2: (S)-2-Amino-3-fert-butoxypropionic acid cyclopentyt ester

w0

O

(8)-2-Benzyloxycarbonylamino-3-ferf-butoxy-propionic acid cyclopentyl ester (3.82g,
0.011mol) was dissolved in EtOH (50ml). 20% wt. Palladium hydroxide (wet) was
added cautiously to the solution. The system was evacuated and put under a
hydrogen atmosphere for 4 hours. The system was evacuated and the palladium

residues filtered off through Celite. The Celite was thoroughly washed with EtOH (3x



Stage 2 resin (2.4g, loading 1.14mmol, 2. 7mmol) was suspended in anhydrous
DCM (30nml). L-phenyl glycine cyclopentylester tosyl salt (3.2g, 8.1nmmol,
3eq) was added, followed by pyBOP (4.2g, 8. 1mmvol, 3eq) and DI PEA (3. 5g,
27.0mmol, 10eq). The m xture was shaken for 18h. The LCMS of the test
cleave (i.e. a small quantity of resin was washed using the standard wash
procedure, dried, and cleaved in 2% TFA/DCM Resin was filtered off and
filtrate concentrated to dryness. LCMS was obtained) confirned the
conpletion of reaction, mz 589 [ Mt+Hr. The whol e sanpl e of resin was
filtered %My T\hﬁs‘;hlé%h’f@éihﬁ@'ﬂtaﬁew@tf&ﬁ‘@é@d}l’"\/‘ﬁ@‘l’? iprodiedarpreducthear esi n was dried
under vacee,wmeéx%ﬁzﬂf@wo@wwémndm aoéwﬂe@%ut SRl %‘,ﬂH seder (3eq)

was used. onpound gi cl ne ester used.
Stage 4: 150190 {(10H, m, CH2x4 NH2) 35 -3.70°(3H, m, CH,, CH), 5.22 (1H, s, CH).

(S)-([ (R -2-(74Hydr oxycar banoyl - hept anoy1) - 2, 3, 4, 9- tetrahydro 1H- bet acar bol

i ne- 3- carbonyl kani no) - phen acetic acid, c clopentyl est 0 Ph 01cO
N-C]—I 53 @tgé @P”B@‘Fﬁg("i gA“T‘B%BY?ia“&XYi& 3eidgycl lﬁfs aken in 2%
TFA/ DCM (10nL) for 20m ns. The resin was filtered. The filtrate was

col |l ected and evaporated under reduced pressure at roomtenperature. The
resin was re-treated with 2% TFA/DCM (10nl) and after 20m ns. The conbi ned
filtrates were evaporated to dr 36 under reduced pressure at r.t, the
residue (ca. 300ng) was purified By preparative HPLC to yield corrpound (),
mz 589 WIE-t-H; IFI NWVR (40Q M 5: 1.3-1.7(16 H m CH2),
2.1-2.3 (2 H m CH2), 2.5 (2 H miCH2) .0-3.5 (2 H m CH2), 4.54.8 (2
H,mCHZ),S.l(lH,mCOZCH),S%(lH dd CH2CHNCO), 5.5-5.9 (1 H, d,
CONHCHPh), 7.0-7.5 (9 H m Ar). The correspondl ng carboxylic acid was '

(1. 00, 1 ot P BT BBl SRt PR Cany A "

sol ution of NaC]—I (0.23g, 5.7mmol) in water (4m) was added. The m xture was
shaken for 18h. LCMS of the test cleave confirnmed the conpletion of
reaction, mz 521 (M-H . Resin wa$ ltered and washed with water x 2,
MeOH x 2, followed by the standard procedure. Resin was dried under

vacuum St age 6:
(S-{[(R-2-(7- Hydroxycarba%y /ne ?ﬁ 4, 9-tetrahydro- 1H bet acar bol
i ne- 3- car bonyl kam no) - phenyl - acetl a acod ( Ph OH

This was prepared in the same manner as (S}-2-benzyloxycarbonylamino-3-tert-
butoxy-propionic acid cyclopentyl ester (Method A, Stage 1) but from (S)-fert-
butoxycarbonylamino-cyclohexy! acetic acid. *H NMR (300 MHz, CDCly), §: 1.00-1.40
(10H, m, CH x 10), 1.45 (9H, s, C(CHa)s), 1.60-2.00 (8H, m, 4 x CH,}, 4.15 (1H, m,
CH}), 5.05 (1H, d, NH, J = 7.6Hz), 5.25 (1H, m, CH).

Stage 2: (S)-Amino-cyclohexyl-acetic acid cyclopentyl ester

O
w0
O

(S)-tert-butoxycarbonylamino-cyclohexyl-acetic acid cyclopentyl ester (1.17g,
3.60mmol) was dissolved in a TFA f DCM mixture (1:1, 10ml) at 0°C. The solution
was stirred for 90 minutes, the solvent removed in vacuo. The residue was azetroped



t"NNMCO NNN-OH 54 Stage 5 resin (1.0g, loading 1.14mvol) was cl eaved using
the procedure outlined for Stage 6 yielding conpound (2), mz 521 [ M++H];
1H NWR (400 MHz, CD30D), 8: 1.3- 1.5 (4 H 2 x CH), 1.6-1.8 (4 H 2 x
CcH2), 2.1-2.2 (2 H m CH), 2.4-2.7 (2 H m CH), 3.0-3.2 (1 m, 3.5 (1H,
m, 4.55 (mM, 4.9 (nm, 51- 535 (2 H M, (2 H m CHNCO, 5.75-5.8 (1 H,
2 x d, NHCHPh), 7.0-7.5 (9 H m Ar), 7.6 (d), 7.7 (d), 8.35 (d), 8.95 (s),
9.05 (s). The follow ng conpounds we9e prepared according to the procedure

d bed f Co d d Conp
( E;SCE IUS)e W%%W%ggf;&%mﬁ@f%n ‘15961‘?‘18‘55”.1L)1%%a smywenedissVRA B PHY bet acar bol i n

e- 3- Cgrb Whlpéﬁﬂﬂ@s)heﬁhﬂmébmmﬁa@ea@s Hal@O} sqietiohyB xd8mbydried) )Bw | di ng bl ock
B used L rit 8% 589 t 1H NVR (40 8:

1. 20-1. 4§M58§L5 d%ﬁer)gdqdr_rfg)sow?l% hf‘r"@at%w[gis rerWOVESAh \%_'%‘(dgé\%btg%)z H m CH),
3. 45(2 HpréducGi?an o068y, Hsygiel@HMH NSt (38 MHa, CRCARG: pEAR Y0 (HR5-5. 45 (2 H,

(5) R - 2.0 £ Pl o R R P eaon V7 relinalidym

H bet acardit)l i ne- 3- car bonyl i - am no} - phenyl acetic acid (4) Building block B
used LCVS purity 100% mz 521 [M4-1-Hr, 1H NNR (400 MHz, Me0O0), 8
1.30-1.50 (4 H m 2 x CH2), 155180(4H CIG;IIZEI,ZI%(ZHm
CH2), 2. dletpod Q- Sipthepis)of (I:-Hhminasd methyl- n#ntqﬂwcfﬁ? cygogentyl el o 1 m
CH2), 5.20-5.30(1 H m CHCON), 5.35 (1 H s, NHCHPh), 7.05-7.50(9 H m
Ar). -
(S)-2-([(R)-2-(7-Hydroxycarbanoyl - hgpt anoyl ) - 2, 3, 4, 9-t et r ahydr o- 1H-bet acarb
ol i ne- 3- car bonyl Fam no} - 3- phenyl - onic acid et hyl ester (5) Building

bl ock A used LCMS purity 100% m z} 563 [ Mt 1H NMR (400 MHz, MeOD), 8
1.00 (3 H t, CB), 1.20-1.2444 2), 1.50-1.70 (4 H m 2 x
CH2), 2.00(2 H m CH2), 2.30-"2. 50 (2 , CH2), 2.80-3.00 (2 H m CH2),
4.05 (2 H, g, CO2CH2), 435450(1 m CH), 4.80-5.05 (2 H m CH2),
5.40 (1 H, s, NHPh(I)) 680730(9H m Ar).

(5)-2-41 (Had mﬁ.@g%@ﬁ@% J%@Mén@l’été}icﬁuén%umﬁfbo 1H- bet acar b

ol i ne- 3- Carb on| m no propionic acid 55 Building block A
used acid
\©\ ,O + O
o BN ¢\O
o o)

To a suspension of (SHeucine (15g, 0.11mol} in cyclohexane (400ml) was added
cyclopentanol (103.78mi, 1.14mmol) and p-toluene sulfonic acid (23.93g, 0.1 3mol).
The suspension was heated at reflux to effect solvation. After refluxing the solution for
16 hours it was cooled to give a white suspension. Heptane (500ml) was added fo the
mixture and the suspension was filtered to give the product as a white solid (35g, 85%
vield). 'H NMR (300 MHz, MeOD), 8: 1.01 (6H, t, CHsx 2, J = 5.8Hz), 1.54-2.03 (114,
m, 11 x CH), 2.39 (3H, s, CHg), 3.96 (1H, t, CH, J = 6.5Hz), 5.26-5.36 (1H, m, CH),
7.25 (2H, d, ArH x 2, J = 7.9Hz), 7.72 (2H, d, ArH x 2, J = 8.3Hz).

Stage 2: Synthesis of (3)-2-Amino-4-methyl-pentanoic acid cyclopentyl ester



LCMVS purity 100% mfz 534 [ Me+Hr, 11-1 NMR (400 MHz, MeOD), 5 1.30-1.50 (4 H,
m 2 x CH), 1.60-1.80(4 H m 2 x CH), 2.15 (2 H m CH2), 2.50(2 H m
CH2), 3.00 (2 H m CH2), 3.20 (2 H m CH2), 4.30-4.80 (2 H m CH2), 5.15
(1 H m CH, 6.90-7.50 (9 H m Ar).

(S)-2-{[(S)-2-(7-Hydroxycar banoyl - hept anoyl) -2, 3, 4, 9-t et rahydr o- 1H bet acarb
ol i ne- 3- car bonyl kam no} - 3- phenyl -propionic acid ethyl ester (7) Building

bl ock B used LCMS purity 100% mz 583 [ Mk+H], 1EI NWVR (400 MHz, MeOD), 5
1.00(3 H t, CH3), 1.30-1.50(4 H m 2 x CH2), 1.60-1.70(4 H m 2 x CH2),
2.10(2 HL m CH), 2.30- 2.65 (2 Him CH2), 2.95-3.20 (2 H m CH2),
3.45(1 H m CH, 4.05(2 H q, , 4.35-4.50 (1 H m CH), 4.80-5.05
(2 H m CH), 5.50 (1 H s, NHPh{O), 6.90-7.50 (9 H m Ar).
(S)-2-{[(S)-2-(7-Hydroxycar ba axioyl) - 2, 3, 4, 9-tetrahydr o- 1H bet acarb
ol i ne- 3- car bonyl Fam no} - 3- phenyl - priopi o acid (8) Building block B used
LCMVS purity 100% nmfz 534 [ M+-EHr, 91-1 NVR (400 MHz, MeOD), 5 1.30-1.50 (4
H m 2 %églﬂgl))n oﬂﬁ@'—émiﬁ@%ﬁet@: gﬂttaé’oiéa&ﬁ‘@%olo nt%{ﬁe(s%r%luéﬁe—@ﬂ?fbnicz- 50(2 H,

m CH2), 2.95- 3. (2 H, 5), 3.20-3.50(2 m CH2), 4.30-4.50(2 H.

m 2 x CApld (3580 CO N PCM Gietasyiashediitysaliraled aueqds Nakops

( |S) 42- (1 7sbblxgérpeﬂ?bciﬁﬁf@.m3¢bmﬁﬁ§ﬂ laqtmp&é tederd whrdbidkiexadutet \F)'rtrﬂ[b’eﬂlQB a{; ;:arB b i
ol i ne-1-car - am no) - nyl - acetlic cyc ent ester, . ui | di ng
bl ook C (ol tpesan B Shadtoas RIS dlss (sl ¥ AR RY o) - 8
1. 30- 1. 8Qatidioldivers cobouxie€3Hal) (1. 18g,180¢Ryidkd). ' NMBHBPO MHz4BDERI:Y06: .20 H, m CH2),
2.95(2 H, . : , . 1 H m
Coocry, . 40 T2 = RAen 159 8 G SR BrRGTe RBTh Q T AT

8. 80- 9. 2(.4, 5-9Hz), 15 Ylall 22 1HIANIGEH) .

(S)-([2-(7-Hydroxycar banoyl - hept anoyl ) -2, 3, 4, 9-tetrahydro-1H beta-carb

di ne-1-car bon%)lo] -am no} - phenyl -acetic acid lg\g’q%( Bui | di, ng bl ock C used LCVB
purity 10¢sshodP> Sypthesigialy (S)-4Anipp3tattPutriputfapubpopianiqaciy 1 5o (4 H m 2x
CH2), 1. GRclbp8fty({esteH, m 2x CH2), 2.15(2 H m CH2), 2.50-2.65(2 H m
CH2), 56 2.95 (2 H m CH2), 3.7Q(1 H dd, CH, 4.30(1 H dd, CH, 5.50(1
H m CH), 6.10 and 6.20 (0.5 H egk'ﬁs, PhCHNH) 7.00-7.50 (9 H m Ar).
(S)-{(2-(7-Hydroxycar banmoyl - hept awl) - 6- net hoxy- 2, 3, 4, 9-t et rahydr o- 1H bet a
car bol i ne- 1- car bonyl pam no} - phenyE-aceti ¢ acid cyclopentyl ester (11)

Bui | di ng bl ock D used LCMS pur'gzzl(\l ’ 619 [I\e-f-H, 1H NWVR (400 MHz,
CDCl 3), 8 1.30-1.80 (16 H m ), 245 (2 H m CH2), 2.50-2.65 (2
-1, m CH2), 2.85 (2 m CH2), 3.70(1 H, dd, CH, 3.80 (3 H s, Ow), 4.30
(1 H, dd,stédd) 1: (8)-2er{HutyksuliamylCRRBHEreb-93@MEthEX chrbokylamino)ihpiorée 15- 6. 20 (1
H, d, Ph%&'{g@yclgpg%!ést%p (8 H m Ar), 8.80-9.00 (1 H m CONHOH).

Y
O. oimjﬁor 0
9

This was prepared In the same manner as (S)-2-Benzyloxycarbonylamino-3-fert-

butoxy-propionic acid cyclopenty] ester (Method A, Stage 1) but from (S)-3-fert-
Butylsulfanyl-2-(9H-fiuoren-8-yimethoxycarbonylamino)-propionic acid. "H NMR (300
MHz, CDClg), 8: 1.30 (9H, s, (CHs)s), 1.55-1.95 (8H, m, CH» x 4}, 3.05 (2H, d, CH,, J =
4.8Hz), 4.20-4,.30 (1H, m, CH), 4.40 (2H, d, CH2, J = 7.5Hz), 4.65 (1H, m, CH), 5.25
(1H, m, CH), 5.70 (1H, d, NH, J = 7.8Hz), 7.30-7.50 (4H, m, ArH x 4), 7.65 (2H, d, J =
7.5Hz, ArH x 2), 7.80 (2H, d, J = 7.5Hz, ArH x 2}.



(S)-([2-(7-Hydroxycar banoyl - hept anoyl) - 6- et hoxy- 2, 3, 4, 9-tetrahydro- 1H bet a
car bol i ne- 1- car bonyf| - am no} - phenyl -acetic acid (12) Building block D used
LCMS purity 100% mz 551 [M++Ht 1H NMR (400 MHz, MeOD), 8 1.30-1.60 (8 H,
m 4 x CH), 2.05 (2 H m CH2), 2.50-2.65 (2 H m CH2), 2.80(2 H m
CH2), 3.55 (1 H dd, CH), 3.70 (3 H s, Ow), 4.30 (1 H, dd, CH,
5.30-5.50(1 H m CH), 5.90-6.10 (0.5 H each, s, PhCHNH), 6.65(1 H m Ar),
6.80 (1 H m Ar), 7.10(1 H m Ar),47Y.35 (5 H m Ar).
(S)-([2-(7-Hydroxycar banmoyl - hept anoy1) - 6- net hoxy- 2, 3, 4, 9-t et rahydr o- 1H

- bet a- car BEP? RelS1-2urinerdiér-hvi Adianghuerieniaadd piclapent! esjerl opentyl ester (13)
Bui | ding bl ock E used LCVS purity 95% nmfz 579 [ M++Hr, 1H NMR (400 MHz,
CDCl 3), 3 1.40-1.90 (16 H m 8 x CH2), 2.15 (2 H m CH2), 2.45 (2 H m
CH2), 3.40 (4 H m 2 x CH2N), 3.6@@:80 (4 H m 2 x C2N), 5.30 (1 H m
C2CH), 5.70 (1 H d, PhCHNH), 6.904(2 H, d, Ar), 7.30-7.50 (6 H m Ar),
7.80 (2 H d, Ar). 4

(S)-([2-(7-Hydroxycar banmoyl - heﬁm}b t hoxy- 2, 3, 4, 9-tetrahydro- 1H

- bet a- car bol i ne- 1- car bonyl kam - phlenyl etic acid (14) Building block E
used LCMB purity 100% nmfz 511 [ M-+, 1H NVR (400 MHz, MeOD), 3 1.30 (4 H,
m 2 x CH), 1.50(4 H m 2 x CH), 2.00 (2 H t, CH2), 2.35 (2 H t, CH2),

3.30 (4 4 H 2 CH2N),. 5.55(1 H, .s, PhCHNH),

6. 90 22 :18)‘?:“3’%??9’%;‘% "%‘%"Z‘g”‘)&ﬁ“*gﬁ/y",@ﬂwxx%(f %Oﬂlq!gz"m@ﬁ‘apﬁf’"ﬁam’(s 2 H d, H)Ar).

(5;) (2 (cyc!opentyl ester (15639, 3.|50rr?mol) was dilz-;)solved2 in ?? %HscN (25?]10 C?t 0°C. ol i .
-{(2-(d- oxycarha -hept anqy1) -1, 2 3, 4-t ek rahydrg-i spqui nol i ne- 7-

car bonyl ]I_Zag%}’dﬂ%e}é%rﬂ Vi gg%eedttfgrpea%qh‘g%gﬁf?%r‘)“gﬂf‘%/for §@PE’?‘X€(31§)9 S@&gﬁhl ng bl ock F

used LCNBNasLemoyedlipBeiuortd Zive BOesile: urifdEkibivey ¢olk@on MomaGoEpBy, 5 1. 30- 1. 80

orp, | MyERIACHEY dvbind froffict B o Chiblnoef off et palielh Py Bl 2 7L D 2
ooy D GHCID, o SR M), b5 AU S BHan ALT5 (1H, dd, CH, ’

(S)-([2- (37.Wfﬂ.@ﬂpﬁg®ﬁlmub,'dfl¢,mﬁﬂ.@)’iﬁsﬂ??ﬁﬁs i, &, lohydr o- i soqu i nane

- 7-carbonyl ] -am no} - phenyl -acetic acid (16) Building block F used LCMS
purity 87% mz 482 (Mr+Hr, 1H NVR (400 MHz, MeOD), 8 1.30-1.50 (4 H m 2
x CH2), ITHeJollowingMN-Ehz protacted Ghilno addd biefe thnverte@itR the Archdpedity, m CH2),

g Qggé_ln}_?sqér?%ggg%% D?%ZQF gﬁ}amﬂ@ CH2), 4.80 (2 H m CH2), 5.70 (1 H,
S)-2-Benzyloxycarbonylamino-succinic acid 4-tert-butyl ester
(S)-2-Benzyloxycarbonylamino-succinaric acid
(S)-2-Benzyloxycarbonylamino-4-carbamoyl-butyric acid
(8)-2-Benzyloxycarbonylamino-3-(4-tert-butoxy-phenyl)-propionic acid
(S)-2-Benzyloxycarbonylamino-3-hydroxy-butyric acid
(8)-2-Benzyloxycarbonylamino-3,3-dimethyl-butyric acid
(8)-2-Benzyloxycarhonylamino-3-( 1H-indo!-2-yl)-propionic acid
(S)-2-Benzyloxycarbonylamino-6-tert-butoxycarbonylamino-hexanoic acid

The following N-Boc protected amino acids were converted to the cyclopentyl
esters according to Method B {above)

tert-Butoxycarbonylamino-acetic acid
{8)-2-tert-Butoxycarbonylamino-3-methyl-pentanoic acid
(S)-Pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester
(8)-2-tert-Butoxycarbanylamino-3-methyl-butyric acid
(8)-2-tert-Butoxycarbonylamino-4-methylsulfanyl-butyric acid



(S)4447- Hydr oxycar banoyl - hept anoyl am no) - benzoyl am nol - phenyl -acetic acid
cycl opentyl ester(17) Building block G used LCVS purity 94% niz 510
[M+Hr, /H NWVR (400 MHz, MeOD), 1.30-1.80 (16 H m 8 x Ot), 2.00-2.20 (4
H m 2 x CH2), 5.10-5.30 (1 H m CX2CH), 5.70(1 H m PhCHNH),
7.30-7.80(9 H in, Ar).

(S)-(4-(7-Hydroxycar banoyl - hept anoyl am no) - benzoyl am nol - phenyl -acetic acid
(18) Building block G used LCVS purf#2y 100% mnlz 442 [ M++Hr, 1H NWVR (400

MHz, Me : 1, 30- m 2 x CH2),
2.20 ( ZQE?"’ ff’ﬁ"‘ﬁ'ﬂ‘ﬁl%e a@'"§§°F‘f Wgre °°“&|§%‘) toghé 6"“('3"?%‘93"(‘*5“15% CHNH), 7.25-7.40
(3 H, maoéb)dm@t&ﬂleﬁﬁvdl-@(aibov@)r) 7.65 (2 H d, Ar), 7.80 (2 H d, Ar).
(S)41(R) e r -hept anoyl) - 2, 3, 4, 9-t et rahydr o- 1H bet acar bol i
ne- 3- car ﬁ?@"kfl% %g%ﬁée acetl c acid tert-butyl ester (19) Building

bl ock A(ﬁ%@eﬂmnﬁ@\’itp@aﬁrlpmpiwapm% in/z 577 [M+H, 1H NMR (400 MHz,

CDC13) , ;Ag]qng_pa%o(,%da m 4 x CH2 and C(CH3)3), 2.10(2 HL m CH2), 2.45
(2 H m m CH2), 4.75 (2 H m CH), 5.35 (2 H m
PhCHNH al$er? ‘“O‘é‘"%byf“pS@a'@@CPP‘dm Ar). Synthesis of Conpound (20) and
Compound (21) 2024 Stage 1: (S)-(4-Ntro-benzylam no)-phenyl-acetic acid

cycl Openlg%-para%on of 6-formyl-benzo[bjthiophene-2-carboxylic acid {1-isobutoxy-

ethoxy) amide

The Synthesis is outlined below in-Scheme 7.

Additional literature references relating to this route can be found within Tefrahedron
Letters, 35, 2, 219-222 & WO 05/034880
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N2 A m xture of 4-nitrobenzyl brom de (15g, 69.4mvl), L-phenylglycine
cycl opentyl ester tosyl salt (27.1g, 60.4mmol) and potassium carbonate
(19.6g, 138.8mmol) in DWVF (250ml) was stirred at roomtenperature for 18h.
The reaction mxture was diluted with Et0Ac (300nl) and washed with water
(3 x 200n). The EtOAc | ayer was isolated, dried (Na2SO4), filtered and
concentrated to dryness yielding an orange colour oil. A crude wei ght of
21g was isolated. LCMS purity 81% mlg 355 [11/1+4-Hr, . This product was
used without further purification. Stage 2:

(S) - [ t ert Skgedix ¢y 2dinmaifpiantine-diny!)-8-nBebeyzojc zoid melopiestey| - aceti c aci d
cyclopentyl ester Ph \--10 Ilooc 59 To a solution of Stage 1 product
(159, 42.37mmol) in THF (150ml) was added K2CO3 (6.9g, 50.8mmvol), foll owed
by di-t-butyl di carbonate (22.2g, 101. 7mm|) | wWater (150nl) was added and
the reaction stirred at roomterrper N-36h. The reaction m xture was

evaporated to dryness. The residue redi ssol ved in Et0OAc (300nl), washed
consecutively with 0.1 M Ha (%56 ~Satyg ag. NaHCO3 and water (150 ni).

The EtOAc | ayer was dried (Na250 fil ter"ed and concentrated to dryness
yielding a yellow oil. After purification by colum chronatography (10%

Et OAc/ hexane) the product was obtained as clear yellow oil (12g 62%

(S~ 14 AR E Ty HtopBheftds o JEB shooifidas agonia i ?"‘Eé T i o
cyl opent yNolpandsio this was gilsed .- @metsvlég@amlqﬂdﬁaﬁbﬂaqei@ 494, 3%d0l ) and 10%

Pd/ C (2. Oa%maqwﬁé %&uré%a‘é%ﬂawdm stwﬁqae@@ér% arherreamﬁg%eﬁe%t ure for 18h.
The Pd/ C cat st was filtered roulg’gI a(pg of cellite. The filtrate
ey YaEHd

was concefif P%\Q"b‘%@ﬁ.ﬁ{'&%’?d faehoband ‘i?l“@%@@rteé’ TRGHPPEURYRS 0 (10. 1g, 90%
yi el d). Lé&raipdrwithymetRa amd ftedsdd ThéMiltrbdetwad ashédtwithdathanol Shdégdedd: Coupl i ng

of stage %n A sl.ialltgnetolirnald 4-(2-dimethylamino-vinyl)-3-nitrobenzoic acid methyl ester (5.2g,
80%). 'H NMR (300 MHz, DMSO), 5: 2.98 (6H, s, 2 x CHj3), 3.87 (3H, s, CH3), 5.58
{1H, m, CH), 7.72 - 7.83 (3H, m, ArH), 8.32 (1H, m, CH).

Stage 2: 4-Formyl-3-nitrobenzoic acid methyl ester

0
H

- NO,

To a solufion of the enamine (5 g, 20.0 mmol) in THF (50 mL, 10 vol) and water (50
ml., 10 vol} was added sodium periodate (12.8g, 60.0 mmol) and the mixture allowed
to stir for 2 h. The mixture was filtered and the resulting solids washed with EtOAc
{500 mL). The organic layer was isolated, washed with NaHCO; (3 x 100 mL) and
dried (MgSO,). Concentration under vacuum afforded 4-formyl-3-nitrobenzoic acid
methy! ester (3.9g, 93%). LCMS m/z 210 [M*+H]", 'H NMR (300 MHz, DMSO), 8: 3.96
(3H, s, OMe), 8.01 (1H, d, ArH), 8.39 (1H, d, ArH), 8.54 (1H, s, ArH), 10.31 (1H, s,
CHO).

Stage 3: Benzo[b]thiophene-2,6-dicarboxylic acid 2-ethyl ester 6-methyl ester



itc Hydr oxyl am ne 2-chlorotrityl resin derivatized with suberic acid
(1.0g, loading 0.94mmol) was swollen in anhydrous DCM (100ni).

1-Chloro-N, N-2- trimethyl propenyl am ne (Ghosez reagent)! (0.373nd,

2.82mvol, 3eq) was added at 0 C under the atnosphere of N2. The m xture was
allowed to warmto roomtenperature and gently shaken for 1-2h. Stage 3
aniline (1.2g, 2.82mvol, 3eq) was 60 added portionw se over 20m n. Et 3N
(0.53nl, 3.76mmol, 4eq) was added. Th4 m xture was shaken for | h. LCVB
after a test cleave shows 70% conversion, mz 596 [M1-H . The resin was
filtered and washed using the sta d wash procedure. The resin was dried
under vacuum Stage 5:
(S)44- (7- Hydr oxycar banoyl - hept ang benzykgam no] - phenyi -acetic acid
cycl opentyl ester (20) 20 MeQge 4 i .g, | oadi ng 0.94mol ) was
gently shaken in 2% TFA/ DCM (10ml) for 20m . The resin was filtered. The
filtrate was coll ected and evaporated under reduced pressure at room
tenperature. The resin was re-treated with 2% TFA/ DCM (10nl) and after

20m ns fild gh&fle ofrb%rﬁﬁ@ﬁlf?&%n%lé L& @I‘n%g'lg}é\gsrtﬁﬁg Y)%PZ Erﬁﬂol dr % ess under

reduced pressure at ve are %wed to
stand in ?@%WNM@@F@@M@‘*mmoélané‘b(a%@a“@tﬂg)r%tmndiwmﬁ'sMOal so under

reduced prasfING s rfeaied t& be °¢%§érﬁafejﬁ& gy IMfihd to%q thé( nﬁ&%g% WiﬁHPLC

yield corrp nd he TFA sal purit
NVR (400 '° %"a’%é (250 mlg ang “!?de%fm m'?ﬂJressf&m@:WZﬁO min.Sie g0 4 x
(?;2) Cl—é N8(ﬂc§r21el:!| waslisoBiEY) by Mirdtidn(Wadhed ith Wat) (4 5@ @mL{ ZndHiriel ,un%ﬁ) H4 é ( i ;'|
, Ar),
7 50(5. 14 "aeutmris el e coipaia (6 G oy oy ys e Db, iR (1 L),
Stage 6: SHAWOMKLiCRE)GN1.40 (3H ¢ U oBehty, | CHast 285 (3Hh &, OMe), 4.40 (2H, qJd=
7.2 Hz, CHy), 7.88 (1H, d J = 8.0 Hz, ArH), 7.97 — 8.09 (2H, m. ArH), 8.56 (1H, s,
ArH).

Stage 4: Benzo[b]thiophene-2,6-dicarboxylic acid 2-ethyl ester

OEt
HO,C S

O

A mixture of benzo[bjthiophene-2,6-dicarboxylic acid 2-ethyl ester 6-methyi ester (3.9
g, 14.77 mmol) and Lithium iodide (10 g, 74.6 mmol) in anhydrous pyridine (30 mi, 9
vol) was stirred at reflux for 16 h. After cooling to r.t., the mixture was added (either as
a meilt or chipped out) to ice-cold 2N HCI (200 mL). The solid formed was isolated by
filtration and washed with water (3 x 50 mL). The product was purified by
recrystallisation from methanol to give the titie compound (1.8 g, 49%). LCMS m/z 251
[M™+H]" ,"H NMR (300 MHz, DMSO), 5: 1.35 (3H, t J=6.9 Hz, CHg), 4.38 (2H, q J=7.1
Hz, CHo), 7.99 (1H, d J=8.3 Hz, ArH), 8.12 (1H, d J=8.3 Hz, ArH), 8.27 (1H, s, ArH),
8.70 (1H, s, ArH).

Stage 5: 6-Hydroxymethyl-benzolb]thiophene-2-carboxylic acid ethyl ester



Stage 4 resin (2.5g, loading, 0.94mmol, 2.35mvl) was suspended in MeOH
(8.7ml) and THF (8.7nml). An aqgq. solution of 2.7 N NaOH (8.8nil, 10eq,
23.5mol ) was added. The m xture was shaken for 36h. LCMS of the test

cl eave confirmed the conpletion of reaction, mz 528 [ M+H . The resin was
filtered and washed with water x 2, MeOH x 2, followed by the standard wash
procedure. The resin was dried under vacuum Stage 7:

(S)-(4-(7-Hydroxycar banoyl - hept anoyl ag§ no) - benzyl am noi - phenyl -acetic acid
(21) 21 Stage 6 resin (2.5g, |oading 0.94mml, 2.35nmml) was cleaved and
bac deprotected using the pr ocedu ed for Stage 5. The crude product

(0.40g) was purified by preparatl bLC Bi vi ng conpound (21) as the TFA
salt. LCVS purity 100% rri FP- , Q%RMOOM—IZ CD30D), 8: 1.30
(4 H 2 x CH2), 1.55 (4 H, 2xCHZ) . (8 H t, CH), 2.30 (2 H t,
CH2), 3.90 (1 H, s, NHCH2), 4.05 (2 H, dd, SNHCE12), 4.95 (1 H, s, CHPh),
7.35 (2 H d, Ar) 740(5H m Ar), 7.55 (2 H d, Ar). Synthesis of
Compound (22) und (23) 2223 Stage 1:

(S)-(4-N tﬁ'rWj%@ﬁfémeﬂbﬁ@ﬁl?h%ﬁr%ﬁwﬁﬁ@w¢ agdafemyi agterd 1.6g624 Tand) isol ut i on of

L- phenyl g|aﬁﬁjrdﬁ@15('ﬁ-ll?2@i)gnL b6% Acbdied/\@t Bic. 8 1l BHE p‘ﬂn ﬂ'@?gat .-rﬁ_5rf;l) 4was
ow a It1ron o -

added tri §hreby %gdeéz fol | owed by
ni t r obenz @W%Waﬁ QY- @e( ‘?)""0@81“ was ZiiaisH Yo Wﬁrn@ﬂc’d’%aﬁi@ stimpdforat OC.
After sti 1Brh. e EdntiohSvasi thern ewlddite Oreanitiqasndiied USIKG 1N 5&@) afied to
dryness, rg; hed with sat  sol ution
(2x20n) angqbéa%d?%‘lﬁg 'EE%S‘ (I%P %%%gawg}toﬁ@o‘@rquu@'ﬂ% ?\léef ? filtered
and evapo#ggiddgpiaigd gy ?W@E@ and@ived podérivacaBvie giverd-meinbxametigh not  obser ved)
yi el d 0. 58enzofofbidphentp-arBBHAE bAH cHPFests R sy 7B ULCIAE VP 257 hi-sdf] ON-

'H NMR (300 MHz, DMSO), §: 1.34 (3H, t J=6.9 Hz, CHy), 4.35 (2H, q J=7.1 Hz,

GHy), 4.65 (2H, s, CH,), 6.53 (1M, br s, OH), 7.42 (1H, d J=9.4 Hz), 7.98 (3H, m,

ArH), 8.18 (1H, s, ArH).

Stage 6: 6-Hydroxymethyl-benzo[bithiophene-2-carboxylic acid

O

6-Hydroxymethyi-benzo[b]thiophene-2-carboxylic acid ethy! ester (2.4 g, 9.6 mmol, 1
eq) was dissclved in THF (10 mL, 4 vol) and water added (10 mL) along with LiOH
(0.69 g, 28.8 mmol). The reaction mixture was stirred at 50 °C for 3 h and then
concentrated to dryness and taken onto the next step without purification.

Stage 7: 6-hydroxymethyl-benzo[b]thiophene-2-carboxylic acid (1-isobutoxy-ethoxy)
amide

HO |



Stage 2: (S)-(4-Nitro-benzenesul fonyl am no) - phenyl -acetic acid cycl opentyl
ester To a solution of stage 1 acid (4.32g, 12.8mmol) in cycl opent anol
(60nl) at OC was added slowy thionyl chloride (9.3nl, 128nmmol). The
reaction mxture was stirred and heated under reflux at 70C for 2 hours.
The excess thionyl chloride was renoved by evaporation in vacuo, the
reaction mxture was extracted into Et0Ac and washed w th saturated NaHCO3
solution and dried over Na2SO4, fil4@ered and evaporated to dryness. Flash

(3. G, 0o STURHET SRR Pt o BTy P06 Shstr ved) . St age

3: (S) - (mMméiml Bq}:b@mwasaddedrﬂme b3 gph2 mptol)aOdisboutagr-athg) cl opent yl est er

Syel operbgaee {1y 82 SR ERPaab Bfka: AWOKc?eda 28! H oo
was hydr&iaéhaii ecmLuﬁaérmrbdb [The megsiiers mixture wes plawediepifat bt tr@ if or 24h. The
Pd/ C catigd vt thfw.eltérqﬁ@ﬁm?gﬁd E@RALA6 ?h‘h@ oﬂfﬂtc(?éyef;ﬁllaé lsBratehne filtrate

was concentrat under uced pressure dth reqU|red pr oduct
(4. 54g, vwb}@q/wasn\ fyne EEML) pod pwenfeﬁm The sesidps wampiified bYSt age 4: Coupl i ng of
anline  chrondsly rQ}?ﬁWcﬂlrEni&anl-éhhﬂn@rv@WEt@E‘.blIﬁeﬁﬁaﬁé (65 iovifordzReltitd t h suberic acid

Undor - NEORPRUEH e e KT RoR, SATe m?ﬁaéﬁmﬁ‘y b

1.33mml|\)1e®mjdecb&tx@wdsesEmmz)eraleg)mmmuu:essfmO.Ha)ahgs(m,rml 5 hours. A

solutio f 3 Ll ol )~ 1 s added

foll O\A/egb'%y&?%i?%im}l ne ( %ﬁ*z)%% m)?hﬂﬁmé’%ﬂ%)ﬁzﬁkture was
shaken faH),a. fuBtiher AdD). m nutes. LCVB after a test cleave showed 61%
conversion, mz 546 [ Mr+Hr. The resin was filtered and washed using the
standard wash procedure. The resin was dried under vacuun1and used in the
next st epaged: grmayi-benzolb]thiophene-2-carboxylic acid (1-isobutoxy-ethoxy) amide

(S)44- (7- Hydr oxycar banmoyl - hept anoyl am no) - benzenesul f onyl am nOF

phenyl -acetic acid cycl opentyl ester (22)

To a solution of 6-hydroxymethyl-benzo[bjthiophene-2-carboxylic acid (1-isobutoxy-
ethoxy) amide (600 mg, 1.86 mmol) in DCM (3 mL) was added MnO;, (2.1 g, 24.1
minol). The mixture was stirred at ambient temperature for 30 min and then filtered
through celite. The filtrate was concentrated to afford the title compound (435 mg,
82%). LCMS m/z 320 [M*-H]", 'TH NMR (300 MHz, MeOD), 5: 0.94 (6H, d J=6.7 Hz, 2
x CHa), 1.45 (3H, d J = 5.3 Hz, CHy), 1.87 (1H, m, CH), 3.40 (2H, m, CH2), 5.08 (1H,
dd J = 5.2, 10.6 Hz, CH), 7.89-8.09 (3H, m, ArH), 8.55 (1H, s, ArH), 10.11 (1H, s,
CHO).



Stage 4 resin (1.12g, loading 1.14mol/g) was gently shaken in 2% TFA/ DCM
(10m) for 20mins. The resin was filtered. The filtrate was collected and
evapor at ed under reduced pressure at roomtenperature. The resin was

re-treated with 2% TFA/DCM (10nl) and after 20mns filtered. The conbi ned
filtrates were evaporated to dryness under reduced pressure at room

tenperature to give a residue. The residue was 64 purified by preparative
HPLC to yield corrpound (22). LCMB pufity 93% rniz 546 [ M++H], 1H NWR (400

. 6 6 3 2. 33 (2H,
M OB o St s S noay Bipdtng' ), 2,30, (2
7.65(2 HCampeayd (2y. 71 (2 H d, Ar) 8.67(1 H, br s), 8. .75(1 H, d), 10.24(1
H s), 10.34 (1 H, s). Stage 6: Saponification of cyclopentyl ester Stage 4

resin (1.2g, loading 1.14mmol/g) was suspended in THE (8nl) and net hanol
(8ml) and 2. 7M sodi urrb Bxi de (5.1nd, 13. 68m’rQJ? @5 added. The mixture

was shaken fop—%¢8h 9,]‘ the test cl e con t he conpl eti on of
reaction, rm%M sin wa ;thed wth water X
2, MeOH x 2, follio ttie st{gndard washy g € enEsin was dried
under vacuum St ag@cyz,opengnenyl acetic acidaCid (23) St age 6 resin (1.2g,

| oadi ng 1. 14mol / ggHwas gently shaken in 2% TeAjRXeM ¢ 10nl) for 20m ns. The
resin was filtered. The filtrate was col |l ect e&fand efaporated under reduced
pressure at roomtenpgrature. The resin was re-trgated with 2% TFA/ DCM
(10mL) and after ZOn% g'fl | tered. The conbl ned fg dtes were evaporated to
dryness und 1 supe at room er t et gi ye a resi due. The
resi due was W@H ve HPLG 0 i Wd du23). LCMB
H

purity 91% rrlzi 478 65

0
R= ethyl 5 Reethyl 7
R=H R=H 8
MeO
1 ¢)
Y\/\/\/LLH N N‘H/\N\/ILN"OH
O H o H
O NH OF N
Kn’o “R Ph‘“HrO-R
© o
R= cyclopenty 9 2_-. &yctopentyl 112

R=H 10
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0
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Figure 1



[ Mk+Hr, 1H NVR (400 MHz, MeOD), 5: 1.44 (4 H m 2 x CH2), 1.62-1.74 (4 H,
m 2 x CH), 2.12 (21-1, t, CH), 2.34(1 H m OCOCHPh), 2.41 (2 H, t,
CH2), 7.25 (SR m Ar), 7.69 (2 H d, Ar), 7.72 (2 H d, Ar). Synthesis of
Conpounds (24) and Conpound (25) St age 1:

(2, 3,4,9-Tetrahydro- 1H bet a- carbol i n-6-yl oxy)-acetic acid nethyl ester A
m xture of 5-carboxynethoxy tryptamne (1.24g, 4.56mmol), 36% aq

f or mal dehyde and MeOH (25ml) was he4 ed under reflux for 1.5 h. The
reaction m xture was evaporated to dryness. MeOH (50ml) and TMSCl (1.24nl)
were sequentially added. Reflux was continued for 1 h. Reaction m xture was
evaporated to dryness and was used in the next stage wi thout purification.
St age 2:Prépardtidh onBuildihly Backel&Gi ne 2-chlorotrityl resin derivatized with
suberic acid (2.0g, loading 1.14mmol /g, 2.28mmpl) was suspended in DCM
(40nml) . BEunilddky BBckdg)amdd® added fol l omed by a DCM sol ution (40nml) of Stage
1 amne (4.56mmol) and DI PEA (3.9nl, 22.8mmvpl). The reaction was shaken at
roomtenperature for 18 h. LCV5 after test 66

O
° -
S—OH F-OMe
bos  1020TMSA_ (
MeOH N
N H
H A

N-Boc-D-tetrahydro-beta-carboline-3-carboxylic acid (5.0g, 15.8mmof) and TMSCI
(20ml, 158mmot) in MeOH (50mi) were heated under reflux for 2h. The reaction
mixture was evaporated to dryness to yield {R)-2,3,4,9-Tetrahydro-1H-beia-carboline-
3-carboxylic acid methy! ester (building block A). LCMS purity 100%. m/z 231 [M™+HT,
461 [2M™+H]". Building biock A was used without further purification.

(8)-2,3,4,9-Tetrahydro-1H-beta-carboline-3-carboxylic acid methyi ester (building
block B) was obtained by the same procedure as block A using N-boc-L-tetrahydro-

beta-carboline-3-carboxylic acid.
O

OMe
A i
N
H
B
Building Block C
O .
H
HOJKH/ H H
A 0 ) HCl anh. )
N N OH N OMe
H Hd H o MeOH H ©
‘ stage 1 stage 2 c

Stage 1: A solution of glyoxylic acid monohydrate (1.51g, 16.4mmol) in water (10ml)
was added dropwise 1o a stirred solution of tryptamine.HCI (3.0g, 15.3mmol} in water
(200m). KOH (0.827g, 14.7mmal) in water (10ml) was added. The reaction mixture



cl eave confirnmed the conpletion of reaction. The resin was filtered and
washed using the standard wash procedure and was thoroughly dried. Stage 3:
Saponi fication of nethyl ester O Stage 2 resin (2.0g, 1.14 mmol /g, 2.28
mmol ) was suspended in a mxture of THF (10ml) and MeOH (10nil). 1.4M NaCH
(10m) was added over 5 mn. The m xture was shaken for 18 h. LCMS after
test cleave confirned the conpletion_ of reaction. The resin was filtered
and washed using the standard wash 6?ocedure. Stage 4: Coupling with

5- ergeny:\gég/gir@a a@mhgeﬁaémtur@ﬁragqoa@ﬁ%h Br&% %EéglbiStét?onQQ:c(S Léltélﬁ-d: ng 1. 14?505/ g,
.28mml ) was suspended in m ). , 6. 84mvpl ) was added,
fol l owed‘)'-‘HVWIPQﬁ'H@BW&I‘ 6r%*%}ﬂ@rg%’é%%’?lfgté?wP&’F?'%ﬂgB?"“&@EF%z")c and DI PEA
(3.9nl, 23 @svredlikcted bed Whattednathwasers Vialkienod @8%;8nk 21EOWBHf t er test cl eave
confirnmed conpletion of reaction. The resin was filtered, washed using

standard wash procedure and dried under vacuum Stage 5:
(S) - { 24251ge Bydl soiroaf bnabydrofreist canmjing-1 2a®oxylio atidt(f .dt)id MeOtH- bet acar bol i n-

6- yl oxy i el i Ii ; 7 St age
7 Y oo RO AR AN RRHACEL G A TR S LRET B e hedtyblired L o n Do
(3 x 10nfaf)f9°"TF?é“ﬁqff1'tt'fﬁg@fé‘%@%86‘%&9@‘@@’@1 Was phsesvedt ThagsasticBnper at ur e
under r edixarswlE RSt With I9CVEasahd @lidwed 18 StictdCar(cBPAEh. Ugahch was puri fied

by preparative HPLC to,qgi ye compound (24 s .the TFA sal.t CVMS purity 95%
27616 GielsEn ST Rt RDTE sy cerkatp 1B ba Y BB 450 8 x ).
1. 79( 2 Hetrahyd@HPY-bed-chtholinsg 1-chdokilic mpid 2netiyt BstB6(b(Ring blogk QHGMS3. 60 (2 H,

CH2) , o e Ao . . 1 H CHOCO), 5. 28
?.]1 H, L}p“%féh ,222? E‘gj F‘i ﬂf‘“ﬁ’?@&??‘?ﬁ%@&gWﬁgﬁf‘f*&“f%ﬁﬁ%_"&(1 H, 21, Ar),
7.21 (5 H m Ar), 857(1 H n, 10.17(1 H, s), 10.58(1 H, s,

Building Block D '

MeOH N OMe
N "o
D

6-Methoxy-2,3,4,9-tetrahydro-1H-beta-carboline-1-carboxylic acid methyl ester

{building block D) was obtained from esterification of 8-methoxy-tetrahydro-beta-
carboline-1-carboxylic acid using the procedure as for building block C. Building block
D: LCMS purity 98%, m/z 261 [M™+H]". Building block D was used without further
purification,

~ Building Block E

N

d,
lgz
g

A solution 4-piperazin-1-yl-benzonitrile (1.5g, 8.0mmol) in MeOH (150ml) was
saturated with HCI gas. Water (0.17ml) was added and the mixture was heated under
reflux for 18 h. The reaction mixture was cooled to r.t. and was resaturated with HCI



Ar). Stage 6: Saponification of cyclopentyl ester 0O Stage 4 resin (1.0g,
| oading 1.214nmmol /g, 1.214nmol) was saponified according to the the procedure
described in Stage 3. Stage 7:
(S)-{242-(7-Hydroxycar banmoyl - hept anoyl) - 2, 3, 4, 9-t et rahydr o- 1H bet acar bol i n-
6- yl oxyl - acet yl am no} - phenyl -acetic acid cycl opentyl ester (25) 68 0
Stage 6 resin (1.0g, loading 1.14muvol/g, 1.14mvol) was cl eaved and purified
usi ng the procedure detailed in stagegs. Cowpound (25): LCMB purity 97%

m z 551 [N% MeOD), 5; 1.33-1.49 H m 2 x CH2),
1.58-1. 759 4%«‘5 s fgl\@eé:ﬁ?z)a furieh g4 b. e rpixiyre yps wynfraie@and.@r 60(2 H m
CH2), 2. 7GdRe@Bifrassdre yipldiGhi2)Rip@aBf-13/1-86nz01 ddid rethid@ler (g Kideh M CH2),

R e o Lo e A T

Figure 2 Béifietiompl i fi ed by Conpound (26) and Conpound (27)
Building Block F

HCI
———

O F

1,2,3,4-Tetrahydro-isoquinoline-7-carboxylic acid methy! ester (building block F) was
prepared following the same procedure as for building block E. LCMS purity 89%. m/z
193 [M™+H]". This product was used without further purification.

Building Block G

\OJK©\
NH.

2

G
4-Amino-benzoic acid methyl ester (building block G) was commercially available

éynthesis of Compounds (1) and Compound {2)

H H 0
O’NT(V\O/\)(LN 1 N
0 y NG g
{r° \i/“ Y
0 0

1

Stage 1: Coupling with building block



0 0 R= ethyl 26R= et hyl 29

. " O,H
69 FICCNINgri A 0 OR, 1\ 1"i nrN HO60, 310 o etbylos Ro tD3 R

RH27R=H30 R= cycl opentyl 28R= cycl opentyl
cycl opentyl 34

51
&)
H
N ! -“‘jLOMe o) \/O
N\n/\/\/\)LNfO
H

Hydroxylamine 2-chlorotrityl resin derivatized with suberic acid (4.6g, loading
1.14mmol, 5.24mmol) was swollen in anhydrous DCM (50mi). Buiiding block A (4.76g,
15.72mmal) was added, followed by pyBOP (8.18g, 15.72mmol, 3eq) and DIPEA
(6.779, 52.4mmol, 10eq). The reaction was shaken for 18h, filtered and washed using
the standard wash procedure. The resin was dried under vacuum.

Note: For building block G, coupling using the above condition gave ca. 10%
conversion. Thus an alternative condition was used: Stage 2 resin (1.0g, loading
1.14mmol) was swollen in anhydrous DCM (100mi). 1-Chloro-N,N-2-
trimsthylpropenylamine (Ghosez reagent)' (7.53ml, 57.0mmol, 50eq) was added at 0
°C under the atmosphere of N.. The mixture was allowed to warm to room
temperature and gently shaken for 1-2h. The aniline building block G (8.6g, 57.0mmol,
50 eq) was added portionwise over 20min. EisN (8.0ml, 57.0mmol, 50eq) was added.
The mixture was shaken for 18h. LCMS after a test cleave shows 70% conversion,
m/z 323 [M"+H]", 645 [2M*+H]". The resin was filtered and washed using the standard
wash procedure. The resin was dried under vacuum.,

Stage 2: Saponification

O
i I
N ~"0OH 0
Q/\IE]\' \n/\/\/\/"LN'O
Q H

Stage 1 resin (4.8g, loading 1.14mmol, 5.47mmol) was suspended in MeOH (17.5mi)
and THF (17.5ml). A solution of NaOH (1.1g, 27.5 mmol, deq) in water (17.5ml) was
added. The mixture was shaken for 18h. LCMS of the test cleave confirmed the
completion of reaction, m/z 388 [M*+H]", 775 [2M*+H]". The resin was filtered and
washed with water x 2, MeOH x 2, followed by the standard wash procedure. The
resin was dried under vacuum.
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Note: For building block E, saponification was carried out using 10eq. of 2.7M NaOH
and was shaken for 72h.

Stage 3: Coupling with L-phenylglycine cyclopentyi ester

- ?L /FE‘(O
N W N
GJO\I\(H\/Q/\)?\'WO
') H

Stage 2 resin (2.4g, loading 1.14mmol, 2.7mmol) was suspended in anhydrous DCM
(30ml). L-phenyiglycine cyclopentylester tosyl salt (3.2g, 8.1mmol, 3eq) was added,
followed by pyBOP (4.2¢, 8.1mmol, 3eq) and DIPEA (3.5¢g, 27.0mmol, 10eq). The
mixture was shaken for 18h. The LCMS of the test cleave (i.e. a small quantity of resin
was washed using the standard wash procedure, dried, and cleaved in 2% TFA/DCM.
Resin was filtered off and filtrate concentrated to dryness. LCMS was obtained)
confirmed the completion of reaction, m/z 589 [M*+H]*. The whole sample of resin
was filtered and washed using the standard wash procedure. The resin was dried
under vacuum.

Note.

For compounds 5-8, L-phenylalanine ethyl ester {3eq) was used.
For compound 19, L-phenylglycine t-butyl ester (3eq) was used.

Stage 4: (S)—{I(R)-Z-(T-Hydroxycarbamoyl—heptanoyl)-2,3,4,9-tetrahydro—'1 H-beta-
carboline-3-carbonyi]-amino}-phenyl-acetic acid cyclopentyl ester (1)

9 1" o]
§ J o
LA AR~ Ao
N
H

O
1



Stage 1: (S)-2-(3-Nitro-benzyl am no) - 3-phenyl - propi onic acid ethyl ester
3-Nitrobenzyl brom de (10.0g, 46mmol) was dissolved in DVF (180nl) and

pot assi um carbonate (12.7g, 92mmvl) added, followed by L-phenyl al ani ne

et hyl ester hydrochloride (10.6g, 46mmol). The reaction was stirred for 17
h at roomtenperature before evaporating to dryness. The residue was

re-di ssolved in Et 0Ac (150mL) and washed with water (3X80nl), dried
(Na2S™4) filtered and concentrated ©8 dryness. After purification by flash

col urm ¢ éa%g%é%%ﬁ PR AR 060 DEXanR) oS AR ERIEN (RRbPS! (370

(S) - 2- Ref¥mBgt Gieyedn weﬁwer@@ Tl }tr@tebeawiectedwranvaeorpteewderpr opi oni ¢ aci d

et hyl eSF&iﬁceo%r@&%réat%rﬁ?enﬁﬂe?atﬂﬁ Tﬂ@re%ﬂ"@s)re%éteg'mﬁﬁ@l’/"ﬁq?\lbﬁMTHF (250nt)
bef ore afdh]t!)éé'g@%ﬁ%lfm assium carbonate (8.46g, 61.4mmol) and water (150mL).

-tbuty Qenipsy 5 hg ComBIgR B ?te&é@fea‘“d’&@ar algddo ARBEISIAEET on ni xt ur e
heat ed tmdﬁ&ﬁ dregsufiBath t, tRECMsibias (@Idemng)h@sr@ﬁwdwﬁremr&wn—&ni_mshed

consecyt Kalinibls ) bbb RSy Bl vebeiin IS A0 e o, (150

dr yness. CAb)t 2n-28i§2i H,ine,aBH 2. Hi2 H,lrastHgd.uen (2 ki onaHeg 4 aphy (2A15%m,Et OAc/
hoxane) FD. BLOLHC, B80S 84 B ch e@nnResf Y58 81 BRIy, 95% 2
(S)-2- [(3Dﬂn5f9dﬂb@r&3/1) t ert - but oxycar bonyl - ani no] - 3- phenyl - pr opi oni ¢ aci d
ethyl ester Stage 2 carbamate (4.92g, 11.5mmol) was di ssol ved in EtOAc

(150n) before additio Pd/ C (10%, cat al yst 0 ) and hydrogenat ed
under bal I%?ﬂﬁreﬁ'?%'?g@r‘@rhi’?‘y}c&?m‘? nqqdd%yethefﬂllo ’Qgﬁ D‘ﬁ’fg ®reaction mxture

was filtered through a pad of celite and evaporated to dryness to give a
red soli 4.0 9 eld). LCVS purity 100% mz 399 [ M++H]. Stage 4:
Coupl i nggttaéeseg?pr?ﬁ%@éboxyl am ne 2-chlorotrityl resin derivatized with
suberic acid (1.0 g, loading 0.83mvl/g) was swollen in DVF (15ml) and
PyBOP (1.36g, 2.61mvl) added, fol lpﬁwe D PEA (1.5m, 8.7mmmol). Stage 3
~aniline (1.04g, 2.61mml)pwas dﬁ’es d@ DCM (15nTL) and added to the
reaction mxture. The regCtyor \Neﬁ sakenofor 24 roomtenperature.
LCVB after a test cleaye¥N At ed_86%co# rﬂz 570 [ Mt+H]. The
resin was filtered and \we gi ng the stamdard wash procedure. The resin
was dried under vacuum

Stage 3 resin {1.0g, foading 1.14mmol) was suspended in MeCH {4ml} and THF
(4mt). A solution of NaOH (0.23g, 5.7mmol) in water (4ml) was added. The mixture
was shaken for 18h. LCMS of the test cleave confirmed the completion of reaction,
m/fz 521 [M*+H]*. Resin was filtered and washed with water x 2, MeOH x 2, followed
by the standard wash procedure. Resin was dried under vacuum.

Stage 6: (S)-{[(R)-2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,4,9-tetrahydro-1H-beta-
carboline-3-carbonyl]-amino}-phenyl-acetic acid (2)

o Ph
H OH
N .w”*ﬁ"\ﬂ 0
1 NY\/Q/\)LN,OH
H

0

2



72 Stage 5:

(S)-213-(7-Hydroxycar banoyl - hept anoyl am no) - benzyl am nol- 3- phenyl - Pro
pionic acid ethyl ester (26) Stage 4 resin (1.3g, |oading 0.83mml) was
gently shaken in 2% TFA/ DCM (10mL.) for 20m ns. The resin was filtered. The
filtrate was evaporated under reduced pressure at roomtenperature. The
resin was re-treated with 2% TFA/DCM (10nl) and was filtered after 20m ns.
The conbined filtrates were evaporatfed to dryness under reduced pressure at

o0 oe PR aakifi o} Bﬁgbé’%ﬁl\ﬁ%&) WES bigsRa ulh§ tﬁ&ﬁb@&&r&‘@éﬂuﬁédﬂ"’ec’ to stand

in 20% evaporation~to ness ' so under reduced
pr essur Stage & vigding eoppoundyRle, miz a1 B t'rtﬂa WNMM&OQ\H&[Z{)@%QD)@ 18 preparative

e A O R KR P G
(4 H, n13f232(m2')1 ). 35 (bl M)+ Sﬁ(m)dqa)(m) 5.146@8 (4H, p), (%szﬂ C@z"i@%)h H, dd

PhCH . , 3 H ,
it 20H) 5?756198 gmmaq\mmﬂﬂ;%l ﬂﬁ@*@%m”q?ggﬁ) ga%o(ﬁ?fafgggtg)u f)n St age

4 resi ng(of(ﬁ)g, | oadi ng 0.83mmol ) was suspended in THF (8.6ml) and nethanol
(8.6 M) and 1.4M sodi um hydroxi de solution (8.6nl, 5.98movl) was added.
The m x est clea al ed 83%
conver sit‘ﬁﬁ?cEHSWV‘gﬁﬁmP@ﬂ"dfgé'feae prr?P?egﬁicoﬁ% %fﬁ?-ifm‘f%eu 'Y éegs?:ﬁb vdvgfé'efl |tered and
washed wWonipowad @i axd 2pmpedid (®) 2, fol | owed by the standard wash procedure.
The resin was dried under vacuum 73 Stage 7:

(S)-213- dro car banoyl - hept anoyl am n benzyl am no] - 3- phenyl propi oni c
acid (21§H[( @t(é‘é’éfdﬁ”ﬁyé'@m?"'("l"' ﬂ@a“?lﬂh%b?ﬁgf} -yt '89)#7'8 “Befe- gent 1y shaken in -

2% TFA @%d.h@@&aﬂﬁ@{ylﬁﬂmnﬁ;—phaﬁwabam éblu\laﬁclf)péﬁtﬂr@ﬂer (@he filtrate was
evapor abed el S 9455

LCMS purity 98%, m/z 589 [M"+H}", *H NMR (400 MHz, MeOD), 5: 1.20-1.40 (8 H, m,

4 x CHy), 1.40-1.80 (8 H, m, 4 x CHy), 2.10 (2 H, m, CHy), 3.45 (2 H, m, CHy), 5.0 (2

H, m, CH; overlaps with D,O peak), 5.25-5.45 (2 H, m, 2 x CH), 6.50 (1 H, s,

CONHCHPh), 7.00-7.50 (2 H, m, Ar).

{S)-{{(S)-2~7T-Hydroxycarbamoyl-heptanoyi)-2,3,4,9-tetrahydro-1H-beta-
carboline-3-carbonyl]-amino}-phenyl-acetic acid {4)

Building block B used

LGMS purity 100%, m/z 521 [M™+H]", *H NMR (400 MHz, MeQD), & 1.30-1.50 (4 H, m,
2 X CHy), 1.55-1.80 (4 H, m, 2x CH,), 2.15 (2 H, m, CHy), 2.60 (2 H, m, CH,), 3.00 -
3.25 (2 H, m, CHy), 3.40-3.55 (2 H, m, CH;), 5.20-5.30 (1 H, m, CHCON), 5.35 (1 H, s,
NHCHPh), 7.05-7.50 (9 H, m, Ar).

(8)-2-{[(R)-2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,4,9-tetrahydro~1H-beta-
carboline-3-carbonyi]-amino}-3-phenyl-propionic acid ethyl ester (5}

Building block A used

LCMS purity 100% m/z 563 [M*+H}", '"H NMR (400 MHz, MeOD), § 1.00 (3 H, f, CHa),
1.20-1.24 (4 H, m, 2 x CHy), 1.50-1.70 (4 H, m, 2 x CHy}, 2.00 (2 H, m, CHy), 2.30-
2.50 (2 H, m, CHy), 2.80-3.00 (2 H, m, CHy), 4.05 (2 H, q, CO.CH,), 4.35-4.50 (1 H, m,
CH), 4.80-5.05 (2 H, m, CHy), 5.40 (1 H, s, NHPhCO), 6.80-7.30 (9 H, m, Ar).

{8)-2-{[{R)-2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,4,9-tetrahydro-iH-beta-
carboline-3-carbonyll-amino}-3-phenyi-propionic acid (6}



pressure at roomtenperature. The resin was re-treated with 2% TFA/ DCM
(10m) and was filtered after 20m ns. The conbined filtrates were
evaporated to dryness under reduced pressure at roomtenperature to give an
oily residue. The residue was allowed to stand in 20% TFA/ DCM for 40m ns.
After evaporation to dryness, under reduced pressure at room tenperature,
the crude product was purified by preparative HPLC to yield conpound (27).
LCVS purity 100% mz 442 [ M++H) 4, 3H NWR (400 MHz, MeOD), 5: 1.35-1.48 (4
H m ZBU,Q@blogkgqjsgd?B (4 H, m 2 x CH2), 2.10 (2 H t, CH2), 2.40 (2 H,
t, CH2), 0 (1 H, PhCHH) lv% H, dd, PhCHI-g 3.90 (1 H t, OCOCH),
4.14 (2 L@M%funtwwo rm/Zﬁ34d3V' ity i (408 Mijz, MeORD)S 1.90-680 (4HHR, d, Ar)
7.73 (1 dk&H)M Bo-1Hoga ok, me) um% MFQW(QWW@H%CQ%QQ ng to the

E)rS;)cgcligrr? dm :%%epd RWﬁéﬁfﬁéﬂ%G an %ZJG%% rdﬂ B905h@Ry | pr opi oni ¢

acid cygbopenty)l ester (28) LCVS purlty 100% mz 510 [ Mr+Ht 1H NMR (400
MHz, MeOD), 5: 1.00-1.61 (16 H m ax CH2), 1.90 (2 H, t, CH2), 2.20 (2 H,
d, CH2), 2.90(1 H, dd, PhCHH), 3.20(1 H, dd, PhCHH), 4.00-4.11 (3 H, m,
4. 91 (1 {Fi-24K(S)-Z+Bydrogg¢gbainoyhheptanoyl-2754,9-teiralwydreyiH-beta~

(S)-2-] g,gp%l] R 0] - 4- phenyl -butyric
acid et ﬁcal(‘gdeﬂsﬂ}tég%%ﬁﬁfﬂvs puBﬁ%/' 100%”#%2'218%2{1?&@%? 1F1 NVR (400MHz,
MeOD) , “"i'"igsb'fc QLF? H m CH3, 2 x CH2), 1.53 (2 H, t, CHZ) 1 62 (2 H,
t, CH2) L cMPBurfty108% iz G6R Iv++R1 1 ﬂMkG(zzé@M#;z, Méé%@m :

CH2 5 98) 1 H
CHC)OZEt )13%?6@%"(’%14”%5 %%Gd%ﬁﬁgé%zwﬁ&zﬁ(zﬁ%Gﬁ'si@@&’ H, m( Ar), "
(78)1524:7%m(@2* Iy, Oﬁz),ﬂf%-370@547n39-!25234'5(1ﬂ1 mArQH), .05 & 11, HOstz)Ar)  utvri
utyric
acid (3%375% puri ‘féﬁ?g%g%g&e@%%wswmwgk‘“ﬁ?ﬁégw 0D), g:
1.27- nLATH, m 2 x CH2), 1.53(2 H t, CH), 1.62(2 H, t, CH2), 1.99 (2
H, t, CHZ) 2.11-2.16 (2 1-1, m CH), 2.29 (2 H t, CH2), 2.57-2.64 (1 H,

CHZ) 7 (%’9"@‘?“%127 %’Aﬁiﬁ’mﬁ!{"aﬂi‘ﬁy} "fB%‘éB%z" 419'*?&”'!!(#{ °"’%Q 7. 3'51(2(22H!4’ m

Ar), 7. tariolinki3-sarbdwyil-amino}-3-phenyl- -propionic acid (8)

(S)-243 ?ldl?%ﬂil pgnoy! - hept anoyl ani no) - benzyl ani no] - 4- phenyl -but yri c
aC| d cchfu P&ggt%rera 31) LCVS purity 100% mz 524 [ MtHr, 1H NVR (400

5 wirihy 108, xnfagmnﬂmm "H NMBE4Q0 Bipiz( MEOR), Sr)30- 5@, t, n), 2. 00( 2

i Glie tonn g e g n i S 1

a3 B Hom M i20-5 80458 4 G, 04 rmz rEhy Reas20

(S) - 3 teftn But, )0 800240 @ H, Iy, rpxy car bam)yl hept anoyl am no) - benzyl am no] -
propionic acid ethyl ester (32) LCVS purity 90% nmlz 466 [ M+H +, 1H NWR
(400 MHz, MeOD), 8: 1.25 (9 H s, C(CH3)3), 1.35 (3 H t, CH2CHI3),

1. 35- 1. 48U2-H-Hygrozycarigaapyl-hepGhoyl) 263, 4 9-tetralnydre-1ki- lﬁt@-):arbz. 12(2 H, t, CH),

a 48 ( irc:t'he-tlaca%g eﬁmﬁglf)ﬂeﬂih-a&tlc é’hl&é{réloﬁentm esté‘ (3)0 .40 (5 H m, 7.25(1

(S)-3-t¢ fidigg; 9?}‘9&'39?7 hydr oxycar barmyl hept anoyl am no) - benzyl am nc1] -
propi oniLevachlitd BdYs, m/z 589 [M™+H]', 'H NMR (400 MHz, CDCls), 6 1.30-1.80 (16 H,

m, 8 x CHy), 2.15 (2 H, m, CHy), 2.45-2.70 (2 H, m, CHy), 2.95 (2 H, m, CH,), 3.55 (1
H, m, CH), 4.35 (1 H, m, CH), 5.15 (1 H, m, CO,CH), 5.45 (1 H, m, CH), 6.20 {1 H, d,
PhCHNH) 7.00-7.80 (9 H, m, Ar), 8.80-9.20 (1 H, broad m, CHNHOH).

(8)-{j2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,4,9-tetrahydro-1H-beta-carb
oline-1-carbonylj-amino}-phenyl-acetic acid {10)

Building block C used

LCMS purity 100%, m/z 521 [M*+H]", *H NMR (400 MHz, MeOD), 5 1.30-1.50 (4 H, m
2 x GHy), 1.60-1.80 (4 H, m, 2 x CHy), 2.15 (2 H, m, CHy), 2.50-2.65 (2 H, m, CH.),

H



LCVS purity 86% niz 438 [11/++Ht 1H NVR (400 MHz, MeOD), 5: 1.20(9 H, s,
c(CH3)3), 1.38 (4 H m 2 x CHR), 1.57-1.75 (4 H m,2 x CH2), 2.10 (2 H,
t, CH2), 2.39 (2 H t, CH2), 3.78-3.85 (3 H m, 4.26 (2 H s, CH2Ph), 7.21
(1 H d, A), 7.39 (1 H t, A), 7.50 (1 H d, A), 7.80 (1 H s, A).
(S)-3-tert-But oxy-243-(7-hydroxycarbanoyl - hept anoyl am no) - benzyl am noi pr opi
onic acid cyclopentyl ester (34) 75 LCMS purity 94% nfz 506 [ M++H], 1H
NVR (400 MHz, MeOD), 8: 1.25(9 H, sj36C(CH3)3), 1.33-1.50 (4 H m 2x CH2),

1.60-2.00 (12 H, ( 2) 83-4.00(2 H,
M, 4. 18%~§'gﬁHrrFP C z)z%z%akﬁ ‘E CEMZ‘% 1 %%és»g'('h?ﬁ—&’ s m?é% qfo H m Ar),
7.45 (2 4md 6120 X5 H edc)@, PACHNHY 7.08K7).50 (9 H, m, Ar).

(S)-(3-(7-Hydroxycar banoyl - hept anoyl am no) - benzyl am nol - phenyl -acetic acid
tert-butyl ester (35) LCVS purity 97% mz 484 [M++Ht 1H NVR (400 MHz,
MeOD), 8&(S)q[2d0-HytiBoxycarhanpyl-hepi2nodj-GH®teyxy-2.3 42-tetraBydra-1H-beta- CH2 x 2),

1.93-2.05, (H2h H q, CH
4.65-4.9 ij" - %rbﬁghﬁa"ﬁ@%%" paﬁ'c%bdg&y(cl ty',§51%9§1(1¥7 b57. 33 %2 H m
Ar), 7.3Bui lwbtoskn uspd Ar), 7.75 (1 H, s, Ar).

(5)43 (TrdMELamy qab%am%yém RELANOUINMR [ab e COGTI n0ko-PBE MY macet i ¢ aci d
cycl opentyl ester (?}‘6 purlt 100/q m z 496 [ M++Hr, 1H NI\/R(400I\/Hz

MeOD), 87 8x 8ol 24 MCHa), 280 ﬁéﬂ@ﬁ mp Gt 288 (2 H, mgbph), 330602 H, t,
CH2), 4.Q5dd, &m*sstxi(s Hls, OMd), 4.50 @0, @3, &H), B.2080RMR00.Ch, EBaka.s¢i, m  CHOCO) ,

(5 (5 (Frbbyear sl o koo el hobRee TR et i ¢ hei o

(37) LCMBONHOM)Y 100% Mz 428 [ Mr+Hr, 1H NMVR (400MHz, MeOD), 8:

1.20-1.35(4 H, m 2 x CH), 150165(4H m 2 x CH), 2.00 (2 H m CH),
2.30(2 H_m CH2), 4.00(2 H dd, Cl-JaNH), 4,90 (1 H m OCOCHPh), 7.05 (1
H m AfS) {Iﬂ-@siy#rwcewamowemapoyl)rﬁmquxw,%*’ t&Ffﬁhvdm-“H-befa-

(S) - 213- {ahbitH-PExbadnd g.maml, WsRingRadtREcRP)I2Ppenzyl am nol- 4- net hyl pent anoi ¢
[ % mz 408 [ Mt+Hr, 1H NMR (400 MHz, MeOD), 8: 0.78

acid (38 urit
(3 H, dég"l’%b@ah?% 084Hz(3H d, J =6.6 Hz, CH3), 1.26 - 1.40
(6 H, mL@MB)phblty100%9m/z.’15571QM(’-5-le’HMMFCHOﬁ MHz Maig), 5 138356028 Hmt, J = 7.32,

CH2) 5 0 NHCHCO) ,
S Ay (o ER D Jos'a s f SepAB el by g0 b, 85 £ [ MU
d 3 = 70d GH, 3.70 §3 B, OBMe)4-39 (1tH, 8, GH)75830I-&50£4rH,,m TH5.G680 s. Ar), 7.47
(1H br (ks BB, s/EhCHNH), 6.65 (1 H, m, Ar), 6.80 (1 H, m, Ar), 7.10 (1 H, m, Ar), 7.35

(5 H, m, Ar).

(S)-{[2-(7-Hydroxycarbamoyl-heptanoyl)-6-methoxy-2,3,4,9-tetrahydro-1H
-beta-carboline-1-carbonyl]-amino}-phenyl-acetic acid cyclopentyl ester (1 3)
Building block E used

LCMS purity 95%, m/z 579 [M*+HI", "H NMR (400 MHz, CDCls), 5 1.40-1.90 (16 H, m,
8 x CHy), 2.15 (2 H, m, CH5), 2.45 (2 H, m, CH,), 3.40 (4 H, m, 2 x CHuN), 3.60-3.80
{4 H, m, 2 x CHzN), 6.30 (1 H, m, CO,CH), 5.70 (1 H, d, PhCHNH), 6.90 (2 H, d, Ar),
7.30-7.50 (6 H, m, Ar), 7.80 (2 H, d, Ar).

(S)-{[2-(7-Hydroxycarbamoyl-heptanoyl)-6-methoxy-2,3,4,9-tefrahydro-1H
-beta-carboline-1-carbonyll-amino}-phenyl-acetic acid (14)

Building block E used

LCMS purity 100%, m/z 511 [M*+H]", 'H NMR (400 MHz, MeOD), 3 1.30 (4 H, m, 2X
CHa), 1.50 4 H, m, 2x CHy), 2.00 (2 H, t, CHy), 2.35 (2 H, 1, CH,), 3.30 (4 H, m, 2 X
CH:N), 3.70 (4 H, m, 2 x CH2N), 5.55 (1 H, s, PhCHNH}, 6.80 (2 H, d, Ar), 7.30 (3 H,
m, Ar), 7.40 (2 H, m, Ar), 7.70 (2 H, d, Ar).



(S)-243-(7-Hydroxycar banoyl - hept anoyl am no) - benzyl am no] - 4- et hyl pent anoi c
acid cyclopentyl ester (39) LCMS purity 100% nlz 476 [ Mr+Hr, 1H NMR (400
MHz, MeOD), 5: 0.85 - 0.95 (6 H 2xd, 2 x CH3), 1.30 (4 H m 2 x CH),
1.50- 110 (13 H, m alkyl), 1.75 (2 H m CH2), 2.00 (2 H t, CH), 2.30 (2
H t, CH2), 3.90 (1 H NHCHCO, 4.10 (2 H g, CH2), 5.25, (1 H m.CH,
7.10 (1 H d, A), 7.30 (2 H m, 7.80 (1 H s, Ar) Synthesis of Conpound
(40) and Conpound (41) Stage 1: (Sf-(2-Nitro-benzyl am no)-phenyl -acetic
acid cycl opentyl ester A mxture of 2-nitrobenzyl brom de (15g, 69.4muol),
L- phenyl gl yci ne cycl opentyl ester tosyl salt (27.2g, 69.4mol) and

pot assi um(éaﬂ[%ﬁnﬂ!dm(()l@r!z@noﬂaﬁpmnﬁ,2,314-EEIFawaﬂﬂi%)unHn§-Virred at room

t t Ry g [ j i4uted with Et 0Ac (300ntl
and washed onraRif)-eHsRy S35 A Lol BR: 9 1. 20 ol ared. aried
(Na2S™4) , BP?'F"E‘SM“%HS%ncentrat ed to dryness yielding an orange col oured
oLl A or uBmsIRkighooR mAgso e e OLAYAR ade iR RISEHYS ﬁé?é/-% Fite AP [ MHY

Thi s product was used wi thout f-urt purification
(S) - Rer t - Buf &y arbGrig I (2 Ghlzk 245K iz 1 CHal 28612 Phend k Cilee 8i76-380 d
%;:I ?ge&_t VA Heal2x CHZ)74.ebﬂ)N@© rséh?lrri?cbe{,: 5.8 (@Hgﬁ’ll, @Ufém'), 9{7o|(1 M (244
-(2-N gror Y -phenyl -acetic acid cyclopentyl ester . 49,
PhCERRE oot e

69. 1mol ) "1 ded K2CO38 (7.6g, 69.1mmol), followed by
di -tertbutyl dicarbonate (30.1g, 138.1nmol). Water (150ml) was added and

the reactj I r s w.th.further
di-tert- bLS{?Qfﬁg}%{gﬁ%ﬁg{%ﬂ%ﬁ&%ﬁﬁ%ﬁgﬁ};ﬁ%—%qa%*ﬁg&l.?g%.{\%%e m xt ure was
evapor at ed “tbepyhrrawokphenylasetiriaciddtB)r edi ssol ved i n° Et 0Ac (300nl), washed
s ] e N et oncont rat ed L0, dryness yi ol di ng a yel | ow
or Tt ¢ erCTIRRRAY Bzt B 7 T i S O NP S 0B A Hheane) ¢ he
product was Cbb), ai60adroa@ H; ng2rx glel)) 216 @ M, rh 1G9,), 2800, #h, ), 2.95 (2

H, m, 2x CHg), 3.70 (2 H, m, CH,), 4.80 (2 H, m, CHy), 5.70 (1 H, s, PACHNH), 7.20-

7.80 (8 H, m, Ar).

(S)-[4-(7-Hydroxycarbamoyl-heptanoylamino)-benzoylamino]-phenyl-acetic acid
cyclopentyl ester{(17)

Building block G used

LCMS purity 94%, m/z 510 [M*+H[", 'H NMR (400 MHZ, MeOD}, & 1.30-1.80 (16 H, m
8 X CHp), 2.00-2.20 (4 H, m, 2 x CHy), 5.10-5.30 (1 H, m, CO,CH), 5.70 (1 H, m,
PhCHNHY), 7.30-7.80 (9 H, m, Ar).

(S)-[4-(7-Hydroxycarbamoyl-heptanoylamino)-benzoylamino]-phenyl-acetic acid
(18)

Building block G used

L.CMS purity 100%, m/z 442 [M*+H]", "H NMR (400 MHz, MeOD), § 1.30-1.40 4Hm,
2xCHy), 1.50-1.70 (4 H, m, 2 x CHy), 2.20 (2 H, 1, CH,), 2.35 (2 H, t, CH,), 5.70 (1H,
s, PhCHNH), 7.25-7.40 (3H, m, Ar), 7.50 (2 H, d, Ar), 7.65 (2 H, d, Ar), 7.80 (2 H, d,
Ar).

(S)-{[(R)-2-(7-Hydroxycarbamoyl-heptanoyi)-2,3,4,9-tetrahydro-1H-beta-
carboline-3-carbonyl]-amino}-phenyl-acetic acid tert-buty! ester {19)
Building block A used



Stage 3: (S)-[(2-Am no-benzyl)-tert-butoxycarbonyl -am no] - phenyl -acetic
acid cyclopentyl ester PhNH2 f rN C O boc A m xture of stage 2 carbamate
(4.44g, 9.78mml) and 10% Pd/ C (0.7g) in EtOAc (130nl) was hydrogenat ed at
roomtenperature for 18 h under ball oon pressure. The Pd/C catal yst was
filtered off through a pad of celite. The filtrate was concentrated under
reduced pressure to yield a white solid (4.25g). LCMS purity 100% mz 425
Stage 4: Coupling of stage 3 anl |i A8 Hydroxylamine 2-chlorotrityl resin

deri vat ber| ﬂ@% llen in
anhydr ohéﬁ%(a%%qgg%ﬁ %’@1 Hqﬂﬁ"i‘ (ﬁi{%pgérl1% fl}é}o(mosez
rNtzaag_?_Rt nl4 kO HpGmi, C(BHQMH%(%@ %ﬁﬁ%@@d‘haﬂ. 3;;5@%60 fa;ig ad (rjmsph;alr e of
e 0 MH LR A SRS 1) and gently
shaken oF)’%'%%%étg %)%g g'ﬁlﬁg@ﬁ%‘mgﬁ ?n‘ro Betg; V\r/gs %ldded
portionwi se over 20m n. Et3N (0.76nl, 4. 4rrrm| 4eq) was added. The m xture
was shaken for | h. LCVS after a test cleave shows 97% conversion, niz 596
[ Mb+H] . . The resin was fi |l and d using the standard wash
pr oceduP¥nthesia of Soppoyad { |a€§%?ﬂlf&“\9®a(£ﬁum 1. Ghosez et al, J. C. S.
Chem Comm, 1979, 1180. Stage 5:
(S)12-(7- Hydroxycar banoyl - hept anoyl am no) - benzyl am noj - phenyl -acetic acid

cycl opentyl d@ster (40) Stage 4 resin (1.3 | oadi ng 0.83mmol ) was gently
shaken in 2% EFA/ DCM (10nl) for 20m ns. Théfresin was filtered. The
filtrate @jre@fb d @nd evapor ted umdesr d gressure at, room
terrperatdﬁ oThte r [ %(g_p Wit 2% Hg,gfter
20mins filtered. The e¢onbined figtrates were evaporated to drgyness under
reduced pressure at_roomtenperature to give a re5|€ Thi s residue was -
allowed to stand i A° 20% TFA/ DCM for 40nins. After & aporatlon to dryness,

al so under reduced pressure at roomtenperature, the residue was purified
by pr epgtagki1yE RN d-isenyjiehinosphanglatdtid Acidsyddpentiifetesal t , LCVS purity 100%
mz 496 (Iv1l+-PH, 1H NVR (400MHz, MeOD), 6:1.40-2.00 (16 H m 8 x CH2),
2.15(2 H m CH2), 2.45 (2 H m CHZ) 3.95 (1 FH, d, CH2NH), 4.20 (1 H,

d,5.20 (1 H, m OCOCHPh),
TV
NO

2

A mixture of 4-nitrobenzyl bromide (15g, 63.4mmof), L-phenylglycine cyclopentylester
tosyl salt (27.1g, 60.4mmol) and potassium carbonate (19.6g, 138.8mmol) in DMF
(250ml} was stirred at room temperature for 18h. The reaction mixture was diluted
with EtOAc (300mi) and washed with water (3 x 200ml). The EtOAc layer was
isolated, dried (Na,80,), filtered and concentrated to dryness yielding an orange
colour oil. A crude weight of 21g was isolated. LCMS purity 81%, m/z 355 [M™+H]', .
This product was used without further purification.

Stage 2: (S)-ftert-Butoxycarbonyl-(4-nitro-benzyl)-amino}-phenyi-acetic acid
cyclopentyl ester

Hlimy]

h

TYA

2



5,35 (1 H m CHOCO, 7.25 (1 H m Ar), 7.40 (1 H m Ar), 7.50-7.60(7 H,
m Ar). Stage 6: Saponification 79 Stage 4 resin (2.0g, |oading, 0.83mmol,
2.35mol ) was suspended in MeOH (6.1) and THF (6.1nml). 2.7 N NaCH (aq,

6. 1ml) was added. The m xture was shaken for 5 days. LCMS of the test

cl eave confirnmed the conpletion of reaction, mlz 528 (Mt+H. The resin was
filtered and washed with water x 2, MeOH x 2, followed by the standard wash
procedure. The resin was dried under sgacuum Stage 7:

(S)42-(7-Hydroxycar banoyl - hept anoyl am no) - benzyl am no] - Phenykacetic add
conpound (Ta@)soluiermgcStage iamoﬁuqtﬂ%@%@mow W%Qﬁ%ﬂ))wﬁﬁé@d Bk&sd and boc
depr ot ect ?@le%b%ﬁnrﬁ > fAROWELE r&-b@ﬁr\d@aﬂ&ﬁafeq.&z%amY%mdfhWaférUde product was

b S S o S A B bl 736 M T3, O,
)éH %—lZ) N é gﬁbﬁuré Vs e&répdrhteﬁ o drigness CHR) residu®@ag %dlﬂsolmd ITHERPAC @08A)2 H m oh)
7.10 (1 HYaRT© &Ofs‘d’cf% %ﬁ ?—14 m&\ﬂc&&;ﬁhgds%%g E%ﬁ"%:g ?—Poo‘gatg'%%b n@ynt hesis of
Conpound (The FtGéddlagammsined (MBPO.), ﬂl@u'g;g@wdlconcentrated to dryness yielding a

1,3, 4, 9- Tg&rroyuldhf;ﬁhﬁcaﬁaﬁ BPLdiiRa ém%ngtoa fhagnsw% e ﬂe%hgﬁﬁéw ester 80

A sol ut| o] t et rahydr ocarbol i né-1-carb I i ¢ aci m% 23. 1nmol )
in di oxanerqugshmes @Fﬁ!ﬂeﬂl\ﬂswy@@ﬂ’rﬁﬂ “%ﬁﬁtﬁiﬁ'e'%éolﬁl FHEY 5O nzyI

chl or of or Wh@;]*( 39@&]&H+217jm‘m|) was added slowy. After stirring at room
tenperature for further benzyl chloroformate (1.4nl, 9.5mmvl) was
added. After 2.5 h the reaction m xture was washed wth ether. The aqueous
layer was Staged: ($)di-Arninpttieazyd)ridrt-dutoxgmettylarnino]pOrnytdceteracdvgSO4) , filtered
and evapor ﬁ&@é’hg sif yness yielding a first crop of material as a yellow
solid witK purity of 79% mz 351 [M+Hr. The initial crop was used
without further purification. A second crop of naterial was obtained

foll owi ng concentration of the et heIPh| ayers to give further crude product.

The crude material was pur| r omat ogr aphy eluting with DCMto
20% 2M net hanol i ¢ NH3, 80% y| e her Cbz- protected conpound

(yield 499 at

A mixture of Stage 2 product (12g, 26.4mmol} and 10% Pd/C (2.0g) in EtOAc (350m!l)
was hydrogenated at room temperature for 18h. The Pd/C catalyst was fiitered off
through a pad of celite. The filtrate was concentrated under reduced pressure to yield
a white solid (10.1g, 90% yield). LCMS purity 100%, m/z 425 [M™+H]", 466

(M +H+417".

Stage 4: Coupling of stage 3 aniline

Ph
TR I
oc ~

Hydroxylamine 2-chlorotrityl resin derivatized with suberic acid (1.0g, loading
0.94mmol) was swollen in anhydrous DCM (100ml). 1-Chioro-N,N-2-
frimethylpropenylamine (Ghosez reagent)' (0.373ml, 2.82mmol, 3eq) was added at 0
°C under the atrmosphere of N,. The mixture was allowed fo warm to room

temperature and gently shaken for 1-2h. Stage 3 aniline (1.2g, 2.82mmol, 3eq) was



LCVS purity 82% mz 351 [ M++H]. Stage 2:

1- (Met hoxy- et hyl - car banoyl) - 1, 314, 9-t et r ahydr o- bet a- car bol i ne- 2- carboxylic
acid benzyl ester 1, 3,4,9-Tetrahydro-beta-carboline-1,2-dicarbo>cylic acid
2- benzyl ester (3g, 8.4mmol) was di ssol ved in anhydrous DCM (30nil) and
triethylamne (5.22nml, 37.8mmol) added. To this solution was added HOBt
(2.848g, 21.4mmol), EDCl (4.08g, 21.4mmol) and N, O-di net hyl hydroxyl am ne
hydrochl oride (1.86g, 19.1.mMmmvl). Aftsgr stirring at roomtenperature for 2
h the reacﬁé on mxture was evaporated to dryness, re-dissolved in Et0OAc and

washed wi EAISERYHORMES NELRIEN SN0 5. (DBOIUDMLIech wels wddess THeSDixre The Et OAC
| ayer waswes slakeq Ra2ABUIMS fattbrt Ll8icbiing sBXAPAIALSHelsndfiy s, Purification

by col umm r.aph Si t o 3% met hanol / DCM gave t he required

Wi nr eb al\?gé? ?ﬁ%’%&gmﬁe@%qw%g%e sipndashwashwrogadpfe. TBg St age 3:
1- For ny 1- es@, wWasdiried tundénywedcunbet a- car bol i ne- 2- carboxyl i ¢ aci d benzyl ester
A solution of 1,3,4,9-tetrahydro-beta-carboline-1,2-dicarboxylic acid

2- benzyl ester éS. 7{7713, 9.4mml ) in THE (100nl) under N2 was cooled to -78C.
1. 5M DI BAPtapd 5t (e yheiyearbamed-beptatoylatminvieichzyasineldtedyiaverc 2 hours.
After stisdid qg;kfp@mypeslfgpt@@ the reaction m xture was quenched w th nethanol
and water, extracted into Et0Ac and washed with dilute aqueous FICl. The
organi c |l ayer was dried over Na2SO4, filtered and evaporated to dryness.
LCMS purity 50% m'z 335 [Bhl-H The material was used in the next stage

wi thout further purjfigatien. Stage 4:
1- { W) - Cycl opent yl ng@ hyp-am nol -ngthyl)-1, 3, 4, 9-
t et rahydr o- bet a- car i Nn& 2-car i ! iqf Ncbz HO_0 0 A
m xture of 1-Fornyl-1, 34, 9-tetrahydr e+ bet a-carbol i fie- 2- car boxylic acid
benzyl ester(1lg, 3mmol), sodium acetate (0.68g, 87%mol ), L-phenyl glycine
cycl opentyl ester tosyl salt (1.16g,203mmol), sodi um cyanoborohydri de
(0.26g, 4.2mmol) and nol ecul ar sieves in | PA (100nl) was stirred at room

tenperature for 1 hour. The reaction m xture was evaporated to dryness,
r - di ssolsiagh 4 skl (@49, laashg@shnslon aa 8iyahbienth b1 EABER Al NAFCS
sol ution Zgﬂ'ﬁnsprrhg%sinWa%f t Oé‘c{ﬂgaf%fert vvgs dr |Ced gver MSHA, ‘triltered and
evaporatéd to dryness. L ) Yaie yagep)ecia sndewppigedimger . The crude
mat eri al regised alesaure ot tom temperatira The vesinwal reftratdacyithpes TEA/DEN on.

(10ml) and after 20mins filtered. The combined filtrates were evaporated fo dryness

under reduced pressure at r.t to give a residue. This residue was allowed to stand in

20% TFA/DCM for 40mins. After evaporation to dryness, also under reduced pressure

atr.t, the residue was purified by preparative HPLC to vield compound (20) as the

TFA salt, LCMS purity 95%, m/z 496 IM*+HJ", *"H NMR (400 MHz, DMSOQ), &: 1.30-

1.50 (6 H, m, 3 x CHy), 1.50-1.70 (8 H, m, 4 x CHy), 1.80 (2 H, m, CHy), 2.10 (2 H, t,

CHy), 2.45 (2 H, t, CHp), 4.1 (2 H, dd, CHzNH), 5.25 (1 H, m, CHOCO), 5.35 (1 H, m,

OCOCHPh), 7.45 (2 H, d, Ar), 7.60 (5 H, m, Ar), 7.80 (2 H, d, Ar), 10.00-10.10 (2 H, br

s), 10.50 (1 H, s).

Stage 6: Saponification of cyclopentyl ester



82 N-cbz ,boc To a stirred solution of stage 4 amne (1.08g, 2.0mml), in
THF (20mL) was added potassium carbonate (0.42g, 3.0mvl) and di-tert-butyl
di carbonate (1.75g, 8.0nmol). The reaction m xture was stirred at 50C for
96 hours and cooled to roomtenperature, diluted with DCM (50nml) and washed
with 0.1M HCl sol ution (25nl), saturated NaHCO3 sol ution (2X25ml) and water
(15m). The DCM | ayer was dried, Na2SO4, filtered and evaporated to
dryness. Purification by colum chrongjography using 10% Et 0Ac/ hept ane

gave the product (0,899 70%yield). LCV5 purity of 79% mz 638 [IVI.+H|
St age 6: Stage 4 resin (2.5g, loading, 0.94mmol, 2.35mmol) was suspended in MeOH (8.7m1)

(S) - [ tert -dhet oy @D Ml aq( Soldioft 0P 28764 N%WQE.@%%Q&%:%@%% =y| met hypani

no] - phenylzacetic acl clopentyl ester A solution di car bamat e

(0.5g, O. 7@?%4‘61"5”? Wa%%%é%fmg%r%“%fsth%ﬁ%?'%wemaf@me@mﬁ epmpidiphef e of

%dr ogen imatthe, plzes2siierH)Y. Th@%s?dhd @ﬁl@réh}géndfvﬁdghgd WitWPQ@Fx?ﬁi(ﬂjé@ﬁ'} pr essgr e.
e reacti ered through a pad of celite and evaporated to

dryness yi%?ﬂ%&p gg“#%%&%ﬁe SBrp&ﬁ?gPre(gh%@ﬁr?‘ %%'?gQﬁQ%Fb'ﬁ?qufW by LCMS, nlz

504 [1vl++H|t Stage 7: Coupling of stage 6 am ne 83 Hydr oxyl am ne

2-chl or ot rathyd 71 @Ka 798Kk dgﬁ.ﬁo @W ' 703 |_oadi ng

0. 83mmol / g .%/as (sﬁ)ln(l gﬁﬁi n%DCr:M % ? (bgﬁéﬂnagr&zﬁp%g'ﬁ%f:%’cwas added,

fol I owed BF4SEdhe 6 anine (325ny, 0.64mmol) and DI PEA (1.01nl, 5.8mol).

The reaction m xture was shaken for 18 hours. LCVS of material follow ng

test cleavage indicated 80€{$]conver sion mz 675 [ Mr+H]. The resin was

filtered and washed US;1|89 e standard wash procedure. The resin was dried
under vacuum Stage 8: \(\N

o}
(S)-([2-(7-Hydroxycar banoyl He W\L‘Fﬂr\%@/dr 0- 1H bet a-car bol i n1
-yl met hyl ] - am no) - phenyl - aceti c aci & cycl opent yIO es (42)
21

Stage 6 resin (2.5g, ioading 0.94mmol, 2.35mmol) was cleaved and boc deprotected
using the procedure outlined for Stage 5. The crude product (0.40g) was purified by
preparative HPLC giving compound (21) as the TFA salt. LCMS purity 100%, m/z 428
[M*+H], "TH NMR (400 MHz, CDs0OD), &: 1.30 (4 H, 2x CHy), 1.55 (4 H, 2 x CH,), 2.00
(Z2H, 1, CHy), 2.30 (2 H, t, CH), 3.90 (1 H, s, NHCH,), 4.05 (2 H, dd, NHCH,), 4.95 (1
H, s, CHPh), 7.35 (2 H, d, Ar), 7.40 (5 H, m, Ar), 7.55 (2 H, d, Ar).

Synthesis of Compound (22) and Compound (23)

H 2 o

H
N
o . \I,I/\/\/\)'I\NfOH 0 N\r('\/\/\/u\N,OH
N o H H H
o 38¢ HO” o8] ©
O o O N O
22
23

Stage 1: (S)-{4-Nitro-benzenesulfonylamino)-phenyl-acstic acid



Stage 7 resin (135ny, | oading 0.83mmpl) was gently shaken in 2% TFA/ DCM
(10m) for 20mins. The resin was filtered. The filtrate was evaporated
under reduced pressure at roomtenperature. The resin was re-treated with
2% TFA/ DCM (10ml) and was filtered after 20mns. The conbined filtrates
were evaporated to dryness under reduced pressure at roomtenperature to
give an oily residue. The residue was allowed to stand in 20% TFA/ DCM f or
40m ns. After evaporation to drynesgy al so under reduced pressure at room

tenperature, the crude product was purified by arative HPLC to yield

conpoundT® a2plutien effteptERpgiyeing (0. %&Zw/sf partop §n \gat% ga@%%mﬁqn 1H NMVR

L 400%&@3&@9&3@ tﬁethﬂarﬁﬁe%oz;ﬂnl ( 4.6mbhol o)%uo&rees b%iaw adamQr%f?%—H m15CI(4§) 3 2.50 é i
m . m

GOk Whsizane S pHonGRBIRHES (s 2 meniHa s BBV o Al K80y, 6. 00 (1

H m meﬁ’hﬁnut& 88 tchclibn iixtufs Was dvaROratel thldrymessig-disdol2A(AEI0AL, m Ar),

cster H feDvaphynfs by tidin P s MRS RIE I BT (Y PP

(1.5nt) laym‘ wesstdiad olver(Na,SOnffifterat dnd eviyosatati to drimpsly. bCMEeRWBGNE%8 0l ut i on

(1. 17mL elaryts K Test

cl eavage | n I ca %C)hdwgé congg?%-:agjr?@ gh?ﬂghﬁf%@@ﬁggggdrﬁo%ﬁ(@ The resin
was filteyrigatignd washed with water x 2, MeOH x 2, followed by the standard
wash procedure. The resin was dried under vacuum St age 10:

O S S e DB B0 Pl A padl bt pcaro -3

0.83mmol ) was cl eaved and boc deprotected using the procedure outlined for
conpound (42). Purification by preparative HPLC afforded conpound (43) as '
the TFA salt, LCMS purity 96% niz Mt+H] , 1H NVR (400MHz, MeOD), 6:
1.25-1.40 (4 H m 2 x CH2), 1.50-1. 4 H m 2x CH), 2.00 (2 H m
CH2), 2.50 (2 H m CH2), 2.70 (23H0 CH2), 3.40 (2 H m CH2), 4.15 (1
H m 85 CH2CH), 4.80 (2 m ignal ), 6.00 (1 H m OCOCHPh),
6.90(1 H m Ar), 7.00 (1 H, ),H7. 0 ( , m Ar), 7.30-7.50 (6 H m
Ar). Synthesis of Conpound®&Nin~Figure 3 as Exenplified by Conpound (44) and
Conmpound (45)

To a solution of stage 1 acid (4.32g, 12.8mmol) in cyclopentanol (60mi) at 0°C was

added slowly thionyl chloride (9.3ml, 128mmol). The reaction mixture was stirred and
heated under reflux at 70°C for 2 hours. The excess thionyi chloride was removed by
evaporation in vacuo, the reaction mixture was extracted into EtOAc and washed with
saturated NaHCO; solution and dried over Na,SO,, filtered and evaporated to
dryness. Flash column chromatography purification with DCM gave the required
product (3.6g, 70% Yield). LCMS purity of 100%, (molecular ion not observed).

Stage 3: (S)-(4-Amino-benzenesulfonylamino)-phenyl-acetic acid cyclopentyl ester

A mixiure of {S)-{4-Niro-benzenesulfonylamino)-phenyl-acetic acid cyclopentyl ester
(5.29g, 13.1mmol) and 10% Pd/C (5.0g) in EtOAc (350ml) was hydrogenated under
balloon pressure at room temperature for 24h. The Pd/C catalyst was filtered off



R= cyclopentyl 44 R= ethyl 47 R=H 45 R= cyclopentyl 48 R = Et 46 R=H 49

63

through a pad of celite. The filtrate was concenirated under reduced pressure to vield
the required product (4.54g, 92% vield). LCMS purity 100%, m/z 375 [M'+HJ".

Stage 4: Coupling of anline

Hydroxylamine 2-chlorotrityl resin derivatized with suberic acid {0.39g, loading
1.14mmol/g) was swollen in anhydrous DCM (25mi) and at 0°C under N; atmosphere
1-chioro-N,N, 2-trimethylpropenylamine (0.175ml, 1.33mmol) added dropwise. The
reaction mixture was shaken for 1.5 hours. A solution of stage 3 aniline (0.5g,
1.33mmol} in DCM (25m') was added followed by triethylamine (0.25ml, 1.76mmol).
The reaction mixture was shaken for a further 10 minutes. LCMS after a test cleave
showed 61% conversion, m/z 546 [M*+HJ". The resin was filtered and washed using
the standard wash procedure. The resin was dried under vacuum and used in the next

step.

Stage 5: (S)~{4—(T-Hydroxycarbamoyl-heptanoylamino)-benzenesu!fonylamino]-
phenyl-acetic acid cyclopenty! ester (22)

N
Q8 g O,y
H
5

Stage 4 resin (1.12g, loading 1.14mmol/g) was gently shaken in 2% TFA/DCM (10mi)
for 20mins. The resin was filtered. The filtrate was collected and evaporated under
reduced pressure at room temperature. The resin was re-treated with 2% TFA/DCM
(10ml) and after 20mins filtered. The combined filtrates were evaporated to dryness
under reduced pressure at room temperature to give a residue. The residue was



N OH R= ethyl50 R= cyclopentyl 51 R=H52 R= cycl opentyl 53 R=H54
et hyl 55 R= cycl opentyl 56

64
purified by preparative HPLC to yield compound (22). LCMS purity 93%, miz 546
[M*+H*, 'H NMR (400 MHz, DMSO), 8: 1.20-1.68 (16 H, m, 8 x CH,), 1.93 (2 H, 1,
CHy), 2.33 (2H, t, CH,), 4.80 (1 H, m, CHOCOQ), 4.81 (1 R, d, OCOCHPh), 7.27 (5 H,
m, Ar), 7.85 (2 H, d, Ar), 7.71 (2 H, d, Ar), 8.67 (1 H, brs), 8.75 (1 H, d), 10.24 (1 H,
s), 10.34 (1 H, s).

Stage 6: Saponification of cyclopentyl ester

0 S\N OH
N o5
0’ MN
H

Stage 4 resin (1.2g, loading 1.14mmol/g) was suspended in THF (8ml) and methanol
(8ml) and 2.7M sodium hydroxide (5.1ml, 13.68mmol) was added. The mixture was
shaken for 48h. LCMS of the test cleave confirmed the completion of reaction, m/z
478 [M™+H]". The resin was filtered and washed with water x 2, MeOH x 2, followed by
the standard wash procedure. The resin was dried under vacuum.

Stage 7: (S)-[4-(7-Hydroxycarbamoyl-heptanoylamino)—benzenesulfonylamino]—
phenyl-acetic acid (23)

-OH

O

m E
E’j

I=

Stage 6 resin (1.2g, loading 1.1 4mmol/g) was gently shaken in 2% TFA/DCM (10mi)
for 20mins. The resin was filtered. The filirate was collected and evaporated under
reduced pressure at room temperature. The resin was re-treated with 2% TFA/DCM
(10ml) and after 20mins fittered. The combined filtrates were evaporated to dryness
under reduced pressure at room temperature to give a residue. The residue was
purified by preparative HPLC to yield compound (23). LCMS purity 91%, m/z 478



R=H57 R = ethyl 58 R=H59 86 R= cyclopentyl 60R= cyclopentyl 62 R= H61R=
H63 R= cycl opentyl 64 R= H65 . Figure 3
(continued) Preparation of Building Blocks HL Building block H

65

IM*+HT*, 'H NMR (400 MHz, MeOD), 5: 1.44 (4 H, m, 2 x CHy), 1.62-1.74 (4 H, m, 2 x
CHy), 2.12 (2 H, t, CH,), 2.34 (1 H, m, OCOCHPh), 2.41 (2 H, t, CHy), 7.25 (5 H, m,
Ar), 7.69 (2 H, d, Ar), 7.72 (2 H, d, Ar).

Synthesis of Compounds (24) and Compound (25)

O 2.
g W'f\ﬂ \C[\—ﬁmﬁf\/\/\j\ﬁm Wg/\{*} @\—/@*Y\/\/\j\ ~OH

24

Stage 1: (2,3,4,9-Tetrahydro-1H-beta-carbolin-6-yloxy)-acetic acid methyl ester

0]

MeOJJ\/O |
N NH

H

A mixture of 5-carboxymethoxy tryptamine (1.24g, 4.56mmol), 36% aq formaldehyde
and MeOH (25mil) was heated under reflux for 1.5 h. The reaction mixture was
evaporated to dryness. MeOH (50ml) and TMSCI (1.24ml) were sequentially added.
Reflux was continued for 1 h. Reaction mixture was evaporated to dryness and was
used in the next stage without purification.

Stage 2: Amidation

MeQ

1o | .
\Q:r;@“\(\/\/\)\ﬁ/o
H
0

Hydroxylamine 2-chlorotrityl resin derivatized with suberic acid (2.0g, loading

1.14mmol/g, 2.28mmol) was suspended in DCM (40ml). pyBOP (3.56g) was added
followed by a DCM solution (40ml} of Stage 1 amine (4.56mmol) and DIPEA (3.9mll,
22.8mmol). The reaction was shaken at room temperature for 18 h. LCMS after test



(S)-1, 2,3, 4-Tet r ahydr oi soqui nol i ne-3-carboxylic acid (10g, 56muol ), TMSCl
(39mL, 310nmmol ) and net hanol (500mL) were refluxed together (at 70C) for 2
hours. The reaction m xture was evaporated to dryness and LCM5 anal ysi s

i ndi cated 100% conversion to

(S)-1,2,3,4-tetrahydro-isoqui noline-3-carboxylic acid nethyl ester, nk 192
[M-Ht. Building block I DL-Proline (10g, 87mmol), TWsCl (51ml, 430
nmol ) and met hanol (500ml) were reflyged together (at 70C) for 2 hours. The
reaction m xture was evaporated to dryness and LCVS anal ysis indicated 100%
conver si onletee dedirmextithp completiorpyfreaskionl iTihe Pesawarofiteradeardovasherbudind ester,
rniz 130 Ld.di 0 ol & 2

(R -2- Fm%ﬂ\é{%%qc%f@%éeq%ra%fgteo%r aasrtpr%‘ﬁ%- -%ggjboxyl ic acid (2.0g, 9.25muol)
was added to solution of TMSClI (6nil, 47.17mml) in nmethanol (100nml) and
heat ed undef e rekhmif@liordorhifi estde reaction mxture was evaporated to
dryness to dgive 1.7g product (100% conversion by LCMS, nk 453 [ MtH] ). Stage
1 ester (1.7g) was treated with 20% pi peridine in DCM (100nml) for 30
mnutes to effect Hnoc renoval. The crude reaction m xture was evapor at ed
to dryness, dissol ved 4n DCM and washed with saturated NaHCO3 sol ution. The

DCM | ayer was i $8l ated, Wrig Na25D4), filtered §nd congentrated to
dryness. Purification bylcoty cavyikd/out using 3%
MeOH DCM to give (S)-2, 3,4, 9- ﬁet rahydr o- 1H bet a- carﬁol i ne-4-carboxylic acid
met hyl ester. LCMS 100% rniz 231 [M&H 1]+ Building block KO

Stage 2 resin (2.0g, 1.14 mmol/g, 2.28 mmol) was suspended in a mixture of THF

(10ml) and MeOH (10ml). 1.4M NaOH (10ml) was added over 5 min. The mixture was -
shaken for 18 h. LCMS aiter test cleave confirmed the completion of reaction. The

resin was filtered and washed using the standard wash procedure.

Stage 4: Coupling with L-phenylglycine cyclopentyl ester

Stage 3 resin (2.0g, loading 1.14mmol/g, 2.28mmol) was suspended in DCM (30mil).
pyBOP (3.56g, 6.84mmol) was added, followed by L-phenylglycine cyclopeniyl ester
(2.59g, 6.84mmol) and DIPEA (3.9ml, 22.8mmol). The mixture was shaken for 18 h.
LCMS after test cleave confirmed completion of reaction. The resin was filtered,

washed using standard wash procedure and dried under vacuum.

Stage 5: (8)-{2-[2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,4,9-tetrahydro-1H-beta-
carbolin-6-yloxyl}-acetylamino}-phenyi-acetic acid cyclopentyl ester (24)



Meyt h1l- 3- am nobenzoate was obtai ned from comerci al sources Buil ding bl ock
L Stage 1 A solution of glyoxylic acid nonohydrate (1.51g, 16.4mmol) in
wat er (10nl) was added dropwi se to a stirred solution of tryptam ne. HCl
(3.0g, 15.3mml) in water (200nl). KOCH (0.827g, 14.7mol) in water (10nml)
was added. The reaction m xture was stirred at roomtenperature for 1 h
after which tine precipitation occurred. Following filtration under reduced
pressure the white Precipitate was cokfected and washed with water to
furnish 273, 419-tetrahydro- 1H bet a- carbol i ne- 1-carboxylic acid Yield 1.9g

(58%; mz 217 [ M++1-1 tage 2 A solution of
1, 23, 4-tetrahydro- beta bol i ne-1-carboxylic acid (7.4g) in MeOH (250nl)

was sat urated vvlth HCI ﬁ 20mn The reaction m xture was gently
&

stirred at room The.reaction mxture was re-treated

with HCl gas an o stlr “a further 18h. Upo corrpl etion of the

reaction the m'xture vvas concent rafednt v 0 i i9di ng bl ock L,
H

LCVS purity 95% miz 231 [Nt+H] . The Producty
(2,3,4,9-tetrahydro- 1H bet a- car bol i ne- 1- carboxylic acid nmethyl ester) was
used wi thout further purification. 89 Synthesis of Conpounds Qutlined in

Figure 3 Estegeh rdsirgd.98ylo8ainp ounsh{ofd, 0. R mmely whoaesy ikingpd, BoupRywnd (45, R
=H aR 0(3 x 10ml). The filtrate was evaporated to dryness at room temperature under reduced

pressure to give an oily residue (200mg) which was purified by preparative HPLC to

give compound (24) as the TFA salt. LCMS purity 95%, m/z 619 [M*+H], '"H NMR

(400 MHz, DMSO), 5: 1.05-1.66 (16 H, m, 8 x CHy), 1.79 (2 H, m, CH,), 2.16-2.31 (2

H, m, 2.41-2.56 (2 H, m, CH,), 3.60 (2 H, m, CH,), 4.42 (2 H, s, CH,), 449 (2 H, s,

CHaz), 4.93 (1 H, m, CHOCO), 5.28 (1 H, m, OCOCHPh), 6.59 (1 H, d, Ar), 6.65 (1H,

s, Ar), 7.04 (1 H, d, Ar), 7.21 (5§ H, m, Ar), 8.57 (1 H, m), 10.17 (1 H, s), 10.58 (1 H, s,

Ar).

Stage 6: Saponification of cyclopentyl ester

.

HO\n/\ J-l\/o

L e

Stage 4 resin (1.0g, loading 1.14mmol/g, 1.14mmol) was saponified according to the
the procedure described in Stage 3.

Stage 7: (S)-{2-[2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,4,9-tetrahydro-1H-beta-
carbolin-6-yloxy]-acetylamino}-phenyl-acetic acid cyclopenty! ester (25)



(7-IN--\---*--  Stage 1: Loading of amne onto resin Hydr oxyl am ne
2-chlorotrityl resin derivatized with suberic acid (6.6g, |oading,
0.83mmol ) was swollen in anhydrous DCM (65ml). PyBOP (8.6g, 16.43nmmol),
am ne building block A (3.7g, 16.43mmol) and DI PEA (9.5nl, 58.4mmol) were
added. The reaction was shaken for 24 hours at room tenperature. LCVS of
test cleaved material indicated reaction conpletion. The resin was filtered
and washed using the standard wash prgcedure. The resin was dried under
vacuum Stage 2: Saponification of hyl ester O Resin bound stage 1
ester (6.95g, |oading 0.83mmvl/g) was suspended in TI-IF (25nl) and

nmet hanol (25n1). @ m hydr oxi de, 1.4M aqueous sol ution (25ml) was added.
The m xture was s for 48 hours and further sodi um hydroxi de (25ml)
added after 90 24 Rour LCNB of the test cleaved material indicated 65%
conversion to ﬂﬁﬁaacx 49 ~~he resin was fjyl tered and washed
wth water x 2 OH KW 2, fol q , < standard washk] procedure. The
resin was dried ufider vacuum “S : ) : -ohénngIyC|ne

cycl opentyl ester O O

Stage 6 resin (1.0g, loading 1.14mmol/g, 1.14mmol) was cleaved and purified using
the procedure detailed in stage 5. Compound (25): LCMS purity 97%, m/z 551
[M*+H]*, '"H NMR (400 MHz, MeOD), 8: 1.33-1.49 (4 H, m, 2 x CHy), 1.58-1.75 (4 H,
m, 2 X CHy), 2.06-2.17 (2 H, m, CHp), 2.51-2.60 (2 H, m, CHy), 2.70-2.83 (2 H, m,
CH,), 3.85-3.96 (2 H, m, CHp), 4.61 (2H, m, CH,), 4.78 (2H, m, CH), 5.56 (1 H, s,
OCOCHPh), 6.89 (1 H, m, Ar), 7.00 (1 H, s, Ar), 7.26 (1 H, m, Ar), 7.35 (5 H, m, Ar).

Synthesis of Compounds in Figure 2 as Exemplified by Compound {26) and
Compound (27)



H O \JN, 0"0 Resin bound stage 2 carboxylic acid (2.2g, |oading 0.83muol/Q)
was swol Il en in anhydrous DCM (25ml). PyBOP (2.85g, 5.48mmol),

L- phenyl gl yci ne cycl opentyl ester tosyl salt (2.14g, 5.48nmol) and DI PEA
(3.17m, 18.3mmol) were added. The m xture was shaken for 24 hours at room
tenperature. LCVS follow ng test cleavage reveal ed 52% conversi on, nfz 550
[ MH+tHr. The resin was filtered and washed usi ng standard wash procedure.
The resin was dried under vacuum St ageq4:

(S)-{[(S)-2-(7-Hydroxycar banoyl - hept anoyl) -1, 2, 3, 4-t et rahydr o-i soqui nol i ne3
- car bonyl Fam no) - phenyl -acetic acid cycl opentyl ester (44) Stage 3
resin (2.2g, |oading 0.83nmmvl) x~gently shaken in 2% TFA/ (10nt) for
20m ns. The resin was filtered. @ iltrate was coll ected d evaporat ed
under reduced pressure at room emp€érature. The resin was reltreated with
2% TFA/ DCM ang_after i nsofi ter,ed TheHconbr ned ffiltrates were
evapor at ed dﬂ'%/?}é‘g und{‘er edLﬁ:e o' : ature to
give a residue.OThe& resigde was Qurrfledb pr ptm Cho yield
conpound (44) as the TFA salt. LCMS purity 95% M+ 1H NMR (400
Mz, MeOD), 5: 1.12-1. 75 (16,H m 8 x CH2), ZOQZH m CH2),
2.09-2.30(1 H m, n2al8(1 Hem, 3.10 (2 H rn=H D), £358- 4.66 (2 H, m
CH2), 4.82 (1 H nR=cblopehfyl 284, m), 5.20 (1 HR=sycidpai®gtd®h), 6.95-7.20 (9m
Ar). Stage 5- Saponification of cyclopentyl ester Stage 3 resin (1.3g,

1. 13mmol ) was suspended in THF (4.6nl) and nethanol (4.6 nml). Sodi um

hydr oxi de added as a 1.4M aqueous solution (4.6ml). The m xture was shaken
for 24 hours. LCMS of the test ved material confirnmed version to
required acid. The resin was f||t red and washed with wat ¢ 2, MeOH x 2,
fol | owed by tr]_e stanqgrd wash procedure The resrlr_} was dri eg under vacuum

St age 6: N O.
(S)-{RS) - 2- t'% ylrr he taﬁoyff’ %Iﬁt hydf o-so&ui nol i ne3-
car bonyl | - am no}- ph8ny| etic acfd (45) 92 O 0
R= ethyl Butyl 35
R=H 33 Rs= cyzltgpentyl 36

R= cycl
cyclepentyl 34 R= H 37

R= cyclopentyl 39

Figure 2



reduced pressure at roomtenperature. The resin was re-treated wth 2%
TFA/ DCM (10nl) and after 20mns filtered. The conbined filtrates were
evaporated to dryness under reduced pressure at roomtenperature to give a
resi due. The residue was purified by preparative HPLC to yield conpound
(45). LCVS purity 96% mfz 482 [M++H], 1H NVR (400 MHz, MeOD), 8: 1.12-1.38
(4 H m 2x CH), 1.45-1.61 ( 4 H m CH), 1.98 (2 H m CH2),
2.10-2.58(2 H m CH2), 3.04-3.20(2 Hgm CH2), 4.48- 4.65 (2 H m, 4.85
(1 H m, 5.20 1 H, 6.92-7.25 (9 H m Ar). The follow ng conpounds
were pr epéﬁ’ﬂé‘eégc‘%frciﬂwlﬂ‘tﬁ'@ﬁ)e%ﬂ‘é@'éﬂ@#@@@bcrl bed for conpounds (44) and
conpound (45)
(S)-{[(S)-2-(7-Hydroxycar banoyl -

fic acid e’ hS/I ester (46) Bu'

| i ne- 3-carponyl]-am no}ﬁ phenyl -fac
H used L ND ? - £ 1Py -
1.19(3 H, t, C|—|3) 1. 32- 8 (4 2 X C',‘HZ) 1.54-

2.02-2.15 (2 H m CI—12)25250270(2H m CH2), 310330(211 m CHZ)
4.10(2 H m CHZ) 4 70(2 H, m, 4.95(1 H m, 5.35(1 B s, OCOCHPh),
7.10-7.40(9 H,

(S)-2-{[( 53921(@W@N&@b@%’aw@émpanﬁ)ﬁ@acﬂiahyﬂ,emtrahydro i soqui

nol i ne- 3- car bonyl i - am no} - 3- phenyl - propi oni c acid ethyl ester (47) Building
bl ock H used LCMS purity 100% mz 524 [ M++H +, 1H NMR (400 MHz, MeOD), 8:
1.20(3 H, m CH3), 1.30-1.49(4 H, m 2x 1.55-1.70(4 H m CH2),
2.10(2 H m CH), 2.60(2 H m, 2.88-3.2 H m, 4.08-4.20 (2 H m
CH2), 4.45-4.62 (2 H m, 475 (1 H m (LH m, 7.09-7.32 (9 H m
Ar). (S)-2-{((S)-2-(7- Hydrcnguca amay!| - ep foanoy1) -1, 2, 3, 4-t et rahydro-i sogui .
nol i ne- 3- car bonyl ] -am no}-3 - prppi ghi c~aci d (48) Bui | di ng bl ock H
used LCVS purity 100% niz 564 +H, 1 NMR (400 MHz, MeOD), 8: 1.25-1.85
(16 HL m 8 x CH2), 2.10(2 H m CHZ), 2.55(2 H, t, CHZ), 2.85-3.20(4 H,
m, 4.40-4.60 (2 H m, 4.75(1 H m, 4.95-5.15(2m), 7.05-7.30 (9 H m
Ar). 93 3-Nitrobenzyl bromide 100 » 46mmol was

(S)-2- {[(c@r a{e7 #—Iy r%%( z?)? rrgﬁ ) tdg:rs]to;%edmlDl\gFgagmpap gﬁta%slﬂé)mlsoqw

nol i ne- car H%'j d@ﬁ 9}|ow5 by - sheeylalanive ethg eseri | di ng bl ock H
used LCIVS‘YﬁmChlPIS}del(OO‘ﬁg 4AramdDGhé Mathdmwéd-i;h%fdr"l@@:d’t’%nl@/ﬁng g 1.10-1.31
(4 H m b% ( CHZ) 2.43(2 H,
m o) 5o i {100?5%%? Theltegfile ‘%%‘5(@%}3%"’{?‘}'%‘? %61"59'% 190-7.15(9

H m Ar )washed with water (3X80ml) dried (Na,S0,) filtered and concentrated to dryness

(S) -2- L[ (or Bariéaticcy oo e iraBntbmbe PRI EioAerhdlab AN~ | soqui nolin
e-3- car Qﬂ? %lbgmedrzg )ig 154(‘;8)"35) LBEArétpaurr]ltcy)/l 8%%6}%12 32;[%[ +H] : § %gééi

Stage 2: (S)-2-[tert-Butoxycarbonyl-(3-nitro-benzyl)—amino}-3-phenyl-propionic
acid ethyl ester

>

Stage 1 amine (13.4g, 40.9mmol) was dissolved in THF (250ml) before addition of
potassium carbonate (8.46g, 61.4mmol) and water {(150ml). Di-butyl-dicarbonate

(35.6. 163mmol) was added and the reaction mixture heated to 50°C for 18 h. DCM
was added the resultant mixture washed consecutively with 0.1 M HCH (1 50ml), sat.



Bui | ding bl ock H used LCVS purity 98% mz 490 [ M++H|t 1H NVR (400VMHz,
MeOD), 8: 0.60 (1 H m CH), 0.70-0.85(6 H m 2 x CH3), 1.25(3 H, t,
CH2CH3), 1.38-1.65(10 H m 5 x CH2), 2.10 (2 H m CH2), 2.60(2 H m
CH2), 3.20(2 H m CH2), 4.10(2 H, q, CH2CH3), 4.35(1 H m CH), 4.70-4.80
(2 H m CH), 4.95 (1 H m CH), 7.23-7.25 (4 H m Ar).
(S)-2-{[(S)-2-(7-Hydroxycar banoyl - hept anoyl ) -1, 2, 3, 4-t et rahydr o-i soqui

nol i ne- 3- car bonyl ] am no} - 4- et hyl - pemt anoi ¢ aci d cycl opentyl ester (51)

| d bl ack d 9
b "8 oo b U ) laC T MR B (00 1,
2 26; 4t écgh&)ntrat%d @er@aesjd Afr p@hﬁ‘)ﬁtiorﬁb;ﬂjﬁash3ot36m(cbrdmafmfamﬂ§°/:‘€;1 ao En 1 Er) m,
(S)-2-{] %éé)gﬁ( *Pfa%me %ch.}%’gs 'Snill"!eﬁg gnoyl)?elfgcgﬁé attﬁ—e{%%ﬁydfr 0- i soqui

nol i ne- 3-4eaftabiifl.] ami no) - 4- net hyI - pent anoi ¢ acid ethyl ester (52) Building

bl ock H used LCMS purity 100% mz 462 [M+H]t 1F1 NVR (400MHz, MeOD), 8:

0.60 (1 H m CH, 0.70-0.85 m 8- 10 H m 5 x

CH2), 2. BlageR:KB)- MSeth)&b@Zaériertzb%@waway'"ﬁrg 'Eh%fﬁe%ﬁﬁ P%‘CH m CH2),

4.35 (1 HcidBipblter 4- 70-4.80 (2 H m CH2), 4.95 (1 H m CH nasked

signal), 7.23-7.25 (4 H m A). 94

(S)-([1-(7-Hydroxycarbanoyl - hept anoyl) pyrrol i di ne-2-carbonyl | -am no) -

phenyl -acetic acid cycl opentyl ester b Bui | d| ng bl ock | used LCMS pur| ty

100% mz 488 [Mr+H]t 1H NWR (400 M—lz I\/EOQ) 1.30-2.45(24 H, m,
M8(1H m CH), 5.40(1 H m

3.50-3.70 (2 H m CHz), 4485
CH), 7.40 (5 H m Ar). %\
(S)-([1-(7-Hydroxycar banoyl - he no yrroI i di ne-2-carbonyl | -am no) -

phenyl -acetic acid (54) Buildi ng bl oc used LCVS purity 90% mfz 420
[ Mt+H] , 1H NWVR (400 MHz, MOOD), 8: 1.20-1.20(4 H m 2 x CH2), 1.45-1.56(4
H m CHZ) 175235(8H m, 3.35-3.60(2 H m, 4.45(1 H n), 5.35(1 H,

s %@%—é g?‘JB' amile (ﬁ\ 'é%% 11. ﬁ}mmo!) was dl‘)ssolved in EtOAc (1 50m|) before add{tton

(S) 24[ 1- oxycarhb tanoyl rrol | y ]n am no) - 3-
phenyl - prmfﬁid%[T@“/awefajC@@IWI(Oég)c%}d WQ‘S’}JQ‘W‘?‘F wdsy B’P(S’Eli’rqss't'fg@g 00

temperature for 18 h. The reaction mixture was filtered through a pad of celite and
evaporated to dryness to give a red solid (4.0g, 89% yield). LCMS purity 100%, m/z

399 [M*+HI".

Stage 4: Coupling to resin

Ph

>

Hydroxylamine 2-chlorotrityl resin derivatized with suberic acid (1.0 g, loading
0.83mmolfg) was swollen in DMF (15mi) and PyBOP (1.36g, 2.61mmol) added,
followed by DIPEA (1.5ml, 8.7mmol). Stage 3 aniline (1.04g, 2_61mmol) was dissolved
in DCM (15ml} and added to the reaction mixture. The reaction was shaken for 24 h at
room temperature. LCMS after a test cleave indicated 86% conversion, mfz 370
[M*+H]". The resin was filtered and washed using the standard wash procedure. The

resin was dried under vacuum,



LCVS purity 100% mz 462 [ M++H], 1H NWVR (400 Mz, MeOD), 8: 1.20-2.20 (19
H m, 2.94-3.20(2 H m CHAph), 3.48-3.69 (2 H m CH.2N), 4.10-4.25(2 H,
m CH2CH3), 4.33-4.49 (1 H m, 4.60-4.79 (1 H m, 7.20-7.35 (5 H m Ar).
(S)-24[ 1- (7- Hydr oxycar banoyl - hept anoyl) - pyrr ol i di ne-2- car bonyl Fam no) - 3-
phenyl - propi oni ¢ acid cycl opentyl ester (56) Building block I used LCVS
purity 100% mz 502 [WA-M, 1H NMR (400MHz, MeOD), 8: 1.27-2.23(22 H, m
11 x CH2), 2.35 (2 H m CH2), 2977327(2HmCHZPh) 3.53-3.63 (2 H,

m %tﬁ@qu(é)é%—k(qu_ﬁoxxﬁg@ﬂmoyl heptanoylg&mo enz! larm g—Ppng.nyl Sr 10-5.20 (1 H,
(S) - 2- ([ diexid atly athykgatan(R@noy| - hept anoyl) - pyrrol i di ne- 2-car bonyl | - am no} - 3-
phenyl - propionic acid (57) Building block | used LCVS purity 90% mnlz 434

[ Me+H] , 1H NWVR (400 MHz, MeOD), 8: 1.30-1A1 (4 H m 2 x Ot), 1.55-1.69 (4
H m 2 x Ot), 1.80-1.90 (8 H, m, 2.91-3.26"2 H, m, 3.45- 3.70 (2 H,
m, 4.40(1 H m, 472(]:+H , H7. 16-

(S)-2-{[(S)-2- (7- Hydnaxy\ Tfeps

wr) 95

9-tetrahydro- 1H betacarb
ol i ne-4-carbonyl ] -am no) - )i d cyclopentyl ester (58)

Bui l ding block J used L purity O 100% rﬂz 563 [ M++Hr, 1H NMR (400 M
MeOD), 6:1.10-1.30 (3H, m CH3) 1.35-1. 80(8H m 4X CH2), 2.15(2H, m
CH2), 2.4-2.65 (2H, n] 2.95- 3.20 (3 ,4042&2H m CH20) ,
4.3-5.0 $@pe 4mesmeids ogﬁvga&}%mns)l)o'@syegtw %f@iﬁran I 2O 18D 7or50 (9H, m

'(A‘rsg 2 ([ 2{}Sm|nsé. Th; resm was fllteredb The fi Itrlate r';mas evaporated under reduced prt-:ﬂsshurc:;:I at b
-2- -2-(7- car bar noyl - he t rahydr o- et
a- car bol éoﬁé" tﬁmé‘fé{ﬁ P¥ SR Was " h‘aﬁ[}oﬁ%%‘%?q@(fa&m%c? ? Bui | di ng bl ock
J used LiSEeduafter EQmmé n@mbniezr fmres[wareeqapomtedwm(nemm MeOD), 6:
1.20-1. 4 4 15220-2.10 (2H, m
a), %8(’%‘5!35'?5&(35% & %Qfap]er%é'? 3o 4% F‘?H'Jg}"?#e el %H, m nasked
si gnal ) alpwed t¢ Stend CHt f¢540n‘ﬂnﬂ®ﬂ(39¢¥apﬁﬁat'¢ﬂ‘}3 dryness, also’
(S - | (3-( @n@%@wg@@@w m&ﬂ@érﬁ\fé?étb@ﬂh@%)ud@%lw{ vidiE pimfiePhieny| - acetic acid
cyclopent Y eraivetipt S yich bormatfia B Lonts B389 100%, miz 470 ur+Hr, H

NMR (400 MHz, MeOD), &: 1.08 (3 H, t, CHa), 1.35-1.45 (4 H, m, 2 X CH_), 1.60-1.80

{4 H, m, 2x CHy), 2.10 (2 H, t, CHy), 240 (2 H, t, CHy), 3.13 (1 H, dd, PhCHH), 3.40

(1 H, dd, PhCHH), 4.11 (2 H, g, CH,CHs), 4.14-4.22 (3 H, m), 7.20-7.48 (8 H, m, Ar),

7.92 (1 H, s, An).

Stage 6: Saponification

Ph

>\

Stage 4 resin (1.4g, loading O.83fnmol) was suspended in THF (8.6mi) and methanol
(8.6 ml) and 1.4M sodium hydroxide solution (8.6ml, 5.98mmol) was added. The
mixture was shaken for 24 hours before test cleavage revealed 83% conversion to
required acid, m/z 541 [M'+H] The resin was filtered and washed with water x 2,
MeOH x 2, followed by the standard wash procedure. The resin was dried under

vacuum.



LCVS purity 100% mz 510 [ M++H 4, 1H NVR (400 MHz, MeOD), 5: 1.28(4 H m
2 x CH2), 1.40-1.80(12 H m 6 x CH2), 1.98(2 H, t, CH2), 2.27(2 H, t,
CH2), 5.12(1 H, m, 5.50(1 H s, OCOCHPh), 7.21-7.32(4 H m Ar), 7.36 (2
H m Ar), 7.45(1 H d, A), 7.61 (1 H d, A), 7.90 (1 H s, Ar).

(S) 13- (7- Hydr oxycar banoyl - hept anoyl am no) - benzoyl am nol - phenyl -acetic acid
(61) Building block Kused LCVS purity 100% mz 442 M++HI ., 1H NWVR (400
Miz, MeOD), 8: 1.21-1.34 (4 H m 2 x.£H2), 1.48-1.63(4 H m 2x CH2),
1.98(2 H, t, CH2), 2.26(2 H, t, CH2), 5.55(1 H, s, OCOCHPh), 7.20-7.32 (4
H m Ar),Stagd®: ((32-24{8~(7d1-|ydk0))ycamartﬂyl(ﬁbptanoydamiﬁp}ben?ylémin(o]k&lﬂherdd- Ar), 7.89 (1

H s, Ar) o

(S)-2-(3- (W"E@’&?S&'%ﬁ’?bamw - hept anoyl am no) - benzoyl am no] - 4- met hyl pent anoi
c acid cyclopentyl ester (62) Building block K used LCVS purity 93% niz
490 [ Mt+H], 1H NWR (400 MHz, MeOD), 5: 0.84 (3 H, _mh CH(CH3)), 0.88 (3 d,
CH(CH3)), 120140(4H m 2 x CH), 1.40-1.8 (15 H m 6 x CH2,
CH(CH3) 2, CH2CH(CH3) 2), 2“00 H, H 2.29 (2 1y t, CH2), 4.45 (1 H,
m OO000HCH2) , 510(1H-tom , H , 7.40 (1 H, d, Ar),
7.60 (1 H d, Ar), 7.90 (1 S, §f\r) -
(S)-243-(7-Hydroxycar banoyl - hept anoyl an¥ho) - benzoycf am no] - 4- net hyl pent anoi ¢
acid (63) Building block K used LCVS purity 97% niz 422 [M+Ht 1H NWR
(400 MHz, MeOD), 8: 1.03(3 H, d, CH(CH3)), 1.06 (3 H, d, CH(CH3)),

1.40- 1. 55 $iage6 rmn(ztbégﬂbﬁc)mg QS%ﬂml)%s(génﬂy srﬂkergln)Z"/d‘-lﬂﬁJDCM (10ml)

CH( CH3) 2, ng%)\g}rﬂe%eé‘éxé€f ll'e'J/‘e& (')rz'ngﬂ?rlate Jaasde@aﬁ@ra!éd u?lzerq:'é@ced 4.70 (1 H m

OCOCHCH2) A Ar), 8.05 (1
H s, Ar ) pressure at room temperature The resin was re-trea ed with 2% TFA/DCM (1 omi)and

(S)-2-{(2- \@Esmtéetrd@fhéﬁmﬁﬁmie dﬂﬁi&tr@dﬁ&ré}eszve?e éva@otamdtamm@@%daeta carbolin

1 - b h 64) Buil di
b ook 1L uotedteeEnmest e 3 POp arratgre 0 ute B o SYBLERPRREEHE,  “Vhon) 6.
1 18- 1. 71 #lbgetiio mncﬂnQOMNDQWG(ZEOmDs tAfteCpi@poraion|® drgnest, umfier 2. 70(2 H,

, 2.90- 3r f:'r&e% T ssU? t eﬁtu@meém&@ﬁoddctms’puﬁfépﬂﬁp arBilve 5-00(1 H,
d, ’ Ar5 95 (r-?iu: torjﬁid c§na§§§nzp(2e7%)4pLCMS pur1ty1002/o, m/z 442 [&A +HJ, 1H NMIE%ZAiOO 34 (1 H
(S)-2-{(2- Mﬁzwgbsgwwsmaex& HNRPD RN N -60-B78H4a%M Ikt 20Mgr R1d {2 that a- car bol |
nel-carbonyl Fam 0ol a3 BNSY bo B QRILBLEHRS 'sbd G, dd, PhcHEH), 3.90 (1 H, 1,

OCOCH), 4.14 (2H, m), 716 (1 H, d, Ar), 7.26 (B H, m, Ar), 7.561 (1 H, d, Ar), 7.73 (1
H s, Ar).

The following compounds were prepared according to the prbcedure described for

compound (26} and compound (27)

(S)-2-[3-(7-Hydroxycarbamoyl-heptanoylamino)-benzylamino]-3-phenyl-
propionic acid cyclopentyl ester (28)

LCMS purity 100%, m/z 510 [M™+H]", 'H NMR (400 Mtz, MeOD), §: 1.00-1.61 (16 H,
m, 8 x CHy), 1.90 (2 H, t, CH,), 2.20 (2 H, d, CHy), 2.90 (1 H, dd, PhCHH), 3.20 (1 H,
dd, PhCHH), 4.00-4.11 (3 H, m), 4.91 (1 H, m), 7.00-7.25 (8 H, m, Ar), 7.75 (1 H, s,
Ar).

(S)-2-[3-(7-Hydroxycarbamoyl-heptanoylamino)-benzylamino]-4-phenyl-butyric
acid ethyl ester (29)

LCMS purity 100%, m/z 484 [M*+H]", 'H NMR (400MHz, MeQD}, &: 1.23-1.29 (7 H, m,
CHa, 2 x CHy), 1.53 (2 H, t, CHy), 1.62 (2 H, t, CHp), 1.99 (2H, {, CHy), 2.11-2.16 (2 H,



Bui l ding block L used LCVS purity 91% mz 535 [ M++Hr, 1H NWMR (400 MHz,
MeOD 8: 1.15-1.32(4 H m 2 x CH), 1.40-1.60(4 H m 2 x CH2), 1.98(2 H,
t, CH2), 2.41 (2 H m, 2.69(2 H m, 2.90-3.11 (2 H m, 3.30(1 H m,
4.06(1 H m, 4.60 ( 1H m, 592(1 H m, 6.84(7 H m Ar), 7.20(1 H, d,
Ar), 7.31-(1 H d, Ar). 97 Synthesis of Conpound (66) and Conpound (67)
6667 Stage 1. 5-Am no-nicotinic acid nethyl ester 5-Am nonicotinic acid
(1g,.7.2mmol ) was suspended in nethapol (100ml) and thionyl chloride
(4.22m, 57.9mmvl) added dropwi se at 0OC. The reaction mxture was stirred
at room t empdhatAns2fthit, CHR).12.53The1 (igdan. G, RBRLMEH 1 Was, EFH30S8.80 t o
dryness angyt hecHeslED ads el L s 9id - q_lreceis 3 ) / et her

(1: 1) andqaffoidﬁdwyel)'l ow %r(\'zls’t alzssM( ﬂ\é? salt z)mﬁlﬁ%zq\%&fg‘ %H”g@?é’ed by
filtratior;22(P& o £rg 28G5 2 H. avAp P HORRY). m z 153 [ M++Hr, Stage 2:

(5- Am no- pyridi n-3-yl)-nmet hanol H2N, c-r1 OH 5- Am no-ni cotinic acid nethyl
ester (5.7q,. 30, 2mpl s dissolved in THE (150n]) .and LiAIH4 (1Min THF
sol ution 3% ,'(@w%gawﬁ'ﬁwwag?"@ée ?Hémf@-éfrr'ﬁﬁvh'?%m?e was
stirred atackidddh t enperature for 21 h. The reaction m xture was quenched and
acidified H Iy di » I f i .8).,Us] olid Na2CG3.
Sol vent s \%&eso Q”éﬁb@ﬁﬁ?{aé%gb@aﬁg&' Wgé‘gﬂﬁ‘@ﬁ ?’E?g(ﬂsgésﬁc?af%@ F?"“I”t ered

t hrough si2ix Cide)gie$3 (28, gCI20.96. 82211, DD, 9Aif2rig tiChy), (2 D166 (BH.89, (100%)

Wi th LOVE day, blog 1A, ), 259-4 8, RerfiDe0-2%3 (1 1, m, ch), 3.84-3.87 (1

H, m, CHCO,H), 4.12 (2 H, g, CHy), 7.09-7.11 (4 H, m, Ar), 7.16-7.20 (2 H, m, Ar),
7.27-7.35 (2 H, m, Ar), 7.78 (1 H, s, Ar).

(8)-2-3-(7-Hydroxycarbamoyl-heptanoylamino)-benzylamino]-4-phenyl-butyric
acid cyclopentyl ester (31) _

LCMS purity 100%, m/z 524 [M*+H]+, 'H NMR (400 MHz, MeOD), 8: 1.20-1.35 (4 H,
m), 1.45-1.62 (10 H, m), 1.85 (2 H, m), 2.00 (2 H, t, CHy), 2.10 (2 H, m), 2.28 (2 H, t,
CHg), 2.55 (1 H, m), 2.68 (1 H, m), 3.88 (1 H, t, OCOCHNH), 4.11 (2 H, s, CH:Ph),
524 (1H, m)7.02-712(@&H, m, Ar), 718 2 H, m, Ar), 7.30 (2 H, m, Ar), 7.80 (1 H, s,
Ar).

(8)-3-tert-Butoxy-2-[3-(7-hydroxycarbamoyl-heptanoylamino)-benzylamino]-
propionic acid ethyl ester {32)

LCMS purity 90%, m/z 466 [M™+H]", *H NMR (400 MHz, MeOD), §: 1.25 (9 H, s,
C(CHa)a), 1.35 (3 H, t, CHCH,), 1.35-1.45 (4 H, m, 2 x CH,), 1.62-1.76 (4 H, m, 2 x
CHyp), 212 (2 H, t, CHy), 2.40 (2 H, 1, CHp), 3.89 (1 H, m}, 3.98 (1 H, m), 4.20-4.40 (5
H, m), 7.25 (1 H, d, Ar), 7.39-7.50 (2 H, m, Ar), 7.90 {1 H, s, Ar).

(S)-3-tert-Butoxy-2-[3-(7-hydroxycarbamoyl-heptanoylamino)-benzylamino]-
propionic acid (33)

LCMS purity 86%, m/z 438 [M*+H]", "H NMR (400 MHz, MeOD), &: 1.20 (9 H, s,
C(CHa)s), 1.38 (4 H, m, 2x CHy), 1.57-1.75 (4 H, m ,2 x CHy), 2.10 (2 H, t, CH,), 2.39
(2H,t, CHy), 3.78-3.85 (3 H, m), 4.26 (2 H, s, CHyPh), 7.21 (1 H, d, Ar), 7.38 (1 H, t,
Ary, 750 (1H, d, Ar), 7.80 (1 H, s, Ar).

(S)-3-tert-Butoxy-2-[3-(7-hydroxycarbamoyl-heptanoylamino)-benzylamino]-
propionic acid cyclopentyl ester (34)



Stage 3: Coupling of stage 2 acid onto resin

Hydr oxyl am ne-2-chlorotrityl resin derivatized with suberic acid (0.49g,
0.86 mml /g, 0.42mml) was swoll en in anhydrous DCM (6nl) and PyBOP (0.67g,
1.3mmol ) added. Stage 2 aniline (0.16g, 1.3mvol) was added in DMF (6nl)

foll owed by DIPEA (0.75ml, 4.2mmol). LCMS follow ng test cleavage indicated
27% conversion, mz 296 [M+Hr. The resin was filtered and washed using the
standard wash procedure. The resin wassdried under vacuum Stage 4:

Mesyl ati on Resin bound stage 3 al cohol (1.8g, 1.57mvl) was swollen in
anhydr ous BCMS(ROHIN Yamz BOCEA+HI, BRNUR (900 RMrpEORRS: hasiEH.a, OC fol | owed

by mesyl Cb'(@[%)s‘}'% 334 33’(74}4{ i, éi‘@i@“sa% Q%FH ﬂzﬁ%,gi@qﬁve ken at 0C

for 30 mnute cl eava sion, Mz

374 [Re+H] hﬁﬁ'zb%sﬁgf«%(@dmm) #a8 (Vdam}. fed (i, @,r@dhé’haﬁsq@l (Ao mdnt.2of

nmesyl at e n{zH3dAad),Metsie .+, Ty, e o1 was, Ad.| tered and washed using the
standard wash procedure. The resin was dried under vacuum Stage b5:

Di spl acenment of nmesylate with L-phenyl al anine ethyl ester Resin bound
stage 4 pr (8)43{7-H9dmgycdbddiopBheptstsyianbb)-bendyaninb)ptichysaddvic cfarl) and
sodi um i odj glpblgg %5 3%)O/wa/v) added. L-Phenyl al ani ne ethyl ester

hydr ochl oride s ‘ 0( 1.29mmol ) in anhydrous DVF (4ml) was added

fol | onwed byCM@FBENy(QGWM%zL RO+l SMMMR.(4W Vi, Mé@k), agi.3o¢133H, aens LCVS of
test cl eav yiya Y/ i Z The resin
was fil tergg Iﬁ%&ﬁ )3) L45I]C§5C(gtheﬁ.h %&28] ﬁdfbggl—i%o%'g%’ure 3’%1@2 IF'ESl n was

dri ed undef gg@)u @rﬁg (gtHageCHz) 4 65-4.95 (1 H, m, CH, masked signal) 7.05 (1 H, d, Ar),
(S) - 2- 0- ( 77.ByGraR(Y 62 AH ARDY.B5 BB RO, AR, PYS (PMI 4 - 3-yI met hyll-amin
0} - 3- phenyl - propioni ¢ acid ethyl ester '(66)

(8)-[3-(7-Hydroxycarbamoyl-heptanoylamino)-benzylamino]-phenyl-acetic acid

cyclopentyl ester (36)

LCMS purity 100%, m/z 496 [M'+H]", 'H NMR (400MHz, MeOD), &: 1.30-1.70 (16 H,

m, 8 x CHp), 2.00 (2 H, t, CHy), 2.30 (2 H, t, CHy), 4.05 (2 H, dd, CH.NH), 5.00 (1 H,

m, OCOCHPh), 5.15 (1 H, m, CHOCO)}, 7.05 (1 H, m, Ar), 7.30 (2 H, m, Ar), 7.40 (5 H,

m, Ar), 7.75 (1H, m, Ar).

(8)-[3-(7-Hydroxycarbamoyl-heptanoylamino)-benzylamino]-phenyl-acetic acid

(37)

LCMS purity 100%, m/z 428 [M"+H]", '"H NMR (400MHz, MeOD), 5: 1.20-1.35 (4 H, m,

2 x CHy), 1.50-1.65 (4 H, m, 2x CHp), 2.00 (2 H, m, CHy), 2.30 (2 H, m, CH,), 4.00 (2
* H, dd, CH;NH), 4.90 (1 H, m, OCOCHPh), 7.05 (1 H, m, Ar), 7.25-7.50 (7 H, m, Ar),

7.70 (1 H, m, Ar).

(S)-2-[3~(7-Hydroxycarbamoyl-heptanoylamino)-benzylamino]-4-methyl-
pentanoic acid (38)

LCMS purity 91%, m/z 408 [M™+H]", 'H NMR (400 MHz, MeOD), 5: 0.78 (3 H, d, J =
6.6 Hz, CHs), 0.84 Hz (3 H, d, 4 = 6.6 Hz, CH3), 1.26 — 1.40 (6 H, m, alkyl), 1.49 - 1.70
(SH, m, CH+2xCHy), 1.95 (2 H, t, J = 7.32, CHy), 2.25 (2 H, t, J = 7.36, CH,), 3.00
(1 H, t, J=6.88 Hz, NHCHCO), 3.42 (1 H, d, = 12.7 Hz, CH), 3.68 (1 H, d, J = 125
Hz, CH), 700 (1 H,d, J=7.6 Hz, Ar), 715 (1 H, t, J = 7.8 Hz, Ar), 7.30 (1 H, s. An),
7.47 (1 H, brd, Ar)



Stage 5 resin (2g, loading 0.87mml) was gently shaken in 2% TFA/ DCM ( 20ml)
for 20m ns. The resin was filtered. The filtrate was collected and

evapor at ed under reduced pressure at roomtenperature. The resin was
re-treated with 2% TFA/DCM (20nml) and filtered after 10 m ns. The conbi ned
filtrates were evaporated to dryness under reduced pressure at room
tenperature to give a crude product. The crude was purified by preparative
HPLC to yield conmpound (66) as the Thg salt. LCVS purity 100% mz 471

[ M+H] , 1H NWR é4OOM—Iz 0D), 8: 1.10 (3H, t, CO2CH2CH3), 1.31- 1.50 (4 H,
m 2 x CHEY-2-B-Edlvdrawcarhamayl-heptanpyiamino)-hepzgaminglg-methyk  CH), 2. 24- 2. 38
(1 H m thtanalc%ldayd%pdntylgd?&(a 10-3.20 (1 H m CH), 3.38-3.49 (1 H,

g 38") 00L%§4q_punﬁ 1023/ O?gﬁg%@n 7H] MR (40 MHzO&?eoE)Zaoo 85 — 0§55(6|?-1 m oA,

(S) - 2- { 152(x7d, wdmigxmaado@nmyﬂn ﬁecmlaﬂoys@mmm (1BM4i|rﬁ|élk@' y!7885 M/ Inkam n

oaci ho 1CBRRERG7 T G 3 HhEHviaeaae th PNPESCT m%é’%ﬁ?ﬁﬁﬁz o he

reaction @i2gt {Irké myeBH)sT.i10 (eld, d,éwr), 33012 AUt F.80 @5 sshpwed 75% conver si on,

mz 442[ 1Vr+H|t The reaction m xture was evaporated to 100 dryness and was
purified by preparative HPLC to yield the desired conpound as the TFA salt,
conmpound (67). LCVS purity 100% mz 443 [ M++H] . 1H NMR (400 MHz, MeOD), 5:
1.30 (4 HSyHﬂhegls%f@d%)pouiadgﬂb)Ja nd@CdnfbdindM)2 x CH2), 2.00 (2 H t, CH2),
2.30 (2 H t, CH2) H m Cl112Ph, rasked signal), 4.20 (3 H m,
7.20 (5 H m Ar), 830(1H br s, Ar), 8.40 (1 H s, Ar), 8.65 (1 H, br
s, Ar). Synthe of sConpound (68)
(S)-24[5-(7-Hydrokyc rbam)l-hep noyl am no) - p : .
henyl propi oni ¢ JCi @4t OH (68) (was pPyeper e ‘mlocedure
e p paratl on ofOcorrpound (66) N purity 100%) mz 499

Ri 0 MHz, MeOD), 5: 120(9HEI Cé)g—B)S) 1.25-1.35(4 H m
2x CH2), ) 6 H m 2 x CH2), 2.00 CH2), 2.35 (3 H t,
CH2), 3.00 HOn') 3.32(1 H m, 4.15- 4% (3)H m, 7.15-7.30(5 H m
Ar), 830 (1 H br g, A), 845 (1 H s, A), 8. 65(1 H br s, Ar).

Synt hesi s of Conpouttd (69) and Conpound (70) 69781 st age 1: Loadi ng of
Fnoc ami no caproic acid onto resin fnoc.N. O

[ M+H t 1H

Stage 1: (S)-(2-Nitro-benzylamino)-phenyl-acetic acid cyclopentyl ester

ke e

A mixture of 2-nitrobenzyl bromide (15g, 69.4mmol), L-phenylglycine cyclopentyl ester
tosyl salt (27.2g, 69.4mmol) and potassium carbonate (19.2g, 138.8mmol) in DMF
(300ml) was stirred at room temperature for 18 h. The reaction mixture was diluted
with EtOAc (300mi) and washed with water (3 x 200ml). The EtOAc layer was
isolated, dried (Na,S0,), filtered and concentrated to dryness yielding an orange

n"'U

coloured oil. A crude weight of 24g was isolated. LCMS purity 81%, m/z 355 [M*+H]".
This product was used without further purification

Stage 2: (S){tert-Butoxycarbonyl-(2-nitro-benzyl)-amino]-phenyl-acstic acid
cyclopentyl ester



0O 101 To a m xture of hydroxylam ne 2-chlorotrityl resin (2.5g, |oading
0.94mvol /g) in anhydrous DCM (10nl) was added a sol ution of

1, 3-dii sopropyl carbodiimde (1.1nml, 7.05nmmol) and 6-(Fnoc-am no) caproic
acid (2.5g9, 7.05mmol) in anhydrous DCM (10m). DMF (5ml) was added and the
reacti on shaken at roomtenperature for 1 h. Test cleavage reveal ed 96%
conversion to required product. The resin was filtered and washed using the
standard wash procedure. The resin W& dried under vacuum Stage 2: FnpcC
deprotection O Stage 1 Fnoc protecte am ngoresin (2.0g, |oading

0. 94mmol / g) was dissolved in a so uts of 8696p|per|d|ne in DVF (25mL,
excess) and shaken at roomte '\:‘0 m nutes. A test cl eavage

i ndi cated conpl ete conversion o¢|~ -(ELS detection). The resin was
filtered, washed using the standard mash procedure and dried under vacuum
Stage 3: Coupling reaction To resin bound sta e 2 am ne &2 0 g, |oading

0. 94nmol /T)a $qhut@nﬁ>§/fﬁ)d€r§htmwl@ﬁm)}) ahrnyeaaetic 2 331‘?}9&5%%%% 2HE (0. 710,

5. 64mgvlk)69a|][aﬂn§)m(1¢m @g@?t@waybadéaegz:@lsw 8¢ i6d. 1ﬁﬁnaﬁﬂllizﬁemmér) Thebm ﬁ:}f/fg e

was SsShnaken e \ e convyer si on

ms 210" Pk farbetae Foofth THELFR. B B R e s T RRYE andar o vash

pr ocedur estirrddiet roersitempasturts foet daysdeth furdien divertSugy dicarbor@ie @diide di spl acenment
th L- 3 chlorid

\(Mo i, p%g)é‘ln%gﬁc ‘rﬁ&ae%éﬁdgﬁrg%%\kﬁ; ﬁ& atetd6 d@géﬁté' re%]%%gq,ag,;r%gﬁe chl ori de

cycl opentdjgsolyed ElrEf%QﬂOW waghedov 0.4 %{iﬁ‘)m‘ QﬁfPEANEU 94 1. 41nmol )

and a Cat\@altélxlmm %Wﬁt@hc%%rwaa ar@ééﬂ(ﬁhazsd bleuté:@a%hu ohcBhadisd ® was heated at
60C for hour .

ava veal ed % conversion, nlz
482 [1lg4drfﬁrtessr Weldingg yeligw gl fﬁr}'%f B‘r’rg'ﬂatﬁ%’i‘g’ g’ [@?Eﬁ@gr‘?‘ﬁg @?? Andar d wash
pr ocedur estOAbkhdxand)thanarsdubt ivesl obtaiied ay aleaweﬂo@bﬂigl@Q%B% yield).
(S) 43- (5- Hydr oxycar banoyl - pent yl car banoyl) - benzyl am nol - phenyl -acetic acid

cycl opentagh, £8481.14-Bfhino-benzyl)-tert-butoxycarbonyl-amino]-phenyl-acetic acid
cyclopentyl ester

Ph NH,

A mixture of stage 2 carbamate (4.44g, 9.78mmol) and 10% Pd/C (0.7g) in EiOAc
(130ml) was hydrogenated at room temperature for 18 h under balioon pressure. The
Pd/C catalyst was filtered off through a pad of celite. The filirate was concentrated
under reduced pressure to yield a white solid (4.25g). LCMS purity 100%, m/z 425
IM™+HT,

Stage 4: Coupling of stage 3 aniline

HNi/\/\/\g H‘*o
T

Hydroxylamine 2-chlorotrity! resin derivatized with suberic acid (1.6g, loading
0.83mmol) was swollen in anhydrous DCM (100mt). 1-Chloro-N,N-2-
trimethylpropenylamine {(Ghosez reagent)’ (0.56m, 3.3mmol, 3eq) was added at 0 °C

u"Cl

under the atmosphere of N.. The mixture was allowed to warm o room temperature



69 Stage 4 resin (1.0g, |oading 0.94mvl/g) was gently shaken in 2% TFA/ DCM
(10m) for 20mins. The resin was filtered. The filtrate was collected and
evapor at ed under reduced pressure at roomtenperature. The resin was
re-treated with 2% TFA/DCM (10nl) and after 20mns filtered. The conbi ned
filtrates were evaporated to dryness under reduced pressure at room
tenperature to give a residue. The residue was purified by preparative HPLC
to yield conpound (69). LCMS purity 88% mz 482 [ M- 1-Hr, IH NWR (400 Mz,
MeOD) , 2(14, Fl Tx CH2), 2.03(2 H, t, CH2), 3.30 (2 H, t,
CH2), 4. oé’;'?ﬁ A%’ Sﬁ &%iPﬁvh “né’fas@ﬁ(am'flpﬁ (9. @AM, 3¢6) 08s 4dklell, s, OCOCHPh) ,
5.18 (1 Hpolﬁipn\@sm@)rmﬁurﬁﬁtaﬂ (64618, laﬂ4nﬁmD|A¢e)q) wés &ddea2Tihd Iinu égwg,s St age 6:
Saponi fi cagdin 1@ théMggﬁn't%e{éé 103 _Stage 4 resin 5 | oadi ng

0. 94nmol / g‘ was suspende ?Vﬁs?%?gﬁ/ﬁﬁo??@ﬁﬁhm&%gﬁﬂﬂhﬁﬂ] The4M sodi um
hydr oxi der‘%ﬁ‘s‘“’%ﬁfd@tﬁd(@]dmhetﬂ&!l@hnniahdarﬁlm%sﬁbkﬂcéd@eVﬁﬁ% rédiplegd for 48h.

LCVE of t hged @ffer $AcBaMEe Showed 49% conversion to the acid, mz 414 [ M+Ht
The resin S ébltered and washed with water x 2, MeOH x 2, followed by the
standard wash BPeegatiplel- Crise Chemsi Gowais 1879,6dstinder vacuum St age 7:
(S)-13-(5-Hydroxycar banoyl - pentyl car banoy1) - benzyl am nol - phenyl -acetic acid
(70) 70 Stage 6 resin (1.35g, |oading 0.94nmmvl/g) was gently shaken in
2% TFA DCWEGQanﬁ){ﬁ-ﬁmmmyn@'barm&hémahdsy!e\fiﬁﬁo)tﬁénﬁﬁérﬁiﬂg] J’Hé yilakbdd ate was

col I ect ed;@p nder reduced pressure at nperat ure. The
resin was reaicr é%’?ﬁ?‘#&% TFA/ DCM (10nil) and after 20m ns filtered. The

conbined filtrates were evaporated to dryness under reduced pressure at

roomtenperature to give ar ue.p The residue was purified by preparative
HPLC to yield conpound (70). y 100% qfz 414 [M+H+, 1H NWR (400
MHz, MeOD), 8: 1.30 (2 H m )N 157 (4 m @ x CH2), 2.20(2 H, t,

CH2), 3.30(2 H, t, CH2), 4.0R¢L H d, CHHPh), 04 18(1 H, d, CHHPh), 4.90(1

H s, OCOCHPh), 7.35-7.5@7;1%,/0 Ar), 7.78 (2 H, m Ar). 104
X %> _

Stage 4 resin {1.34g, loading 0.83mmol) was gently shaken in 2% TEA/DCM {(10ml)
for 20mins. The resin was filtered. The filtrate was collected and evaporated under
reduced pressure at room temperature. The resin was re-treated with 2% TFA/DCM
(10ml) and after 20mins filtered. The combined filtrates were evaporated to dryness
under reduced pressure at room temperature to give a residue. This residue was
allowed to stand in 20% TFA/DCM for 40mins. After evaporation to dryness, also
under reduced pressure at room temperature, the residue was purified by preparative
HPLC to yield compound 40 as the TFA salt, LCMS purity 100%, m/z 496 [M™+H]*, TH
NMR (400MHz, MeOD), 5: 1.40-2.00 (16 H, m, 8 X CHy), 2.15 (2 H, m, CHy), 2.45 (2
H, m, CHy), 3.95 (1 H, d, CHNH), 4.20 (1H, d, CH:NH), 5.20 (1H, m, QOCOCHPhH),
9.35 (1 H, m, CHOCO), 7.25 (1 H, m, Ar), 7.40 (1H, m, Ar), 7.50-7.60 (7 H, m, Ar).

Stage 6: Saponification

HNJ\/\/\/\{rH\O

HO

c-

O boc



Synt hesi s of Conpounds in Figure 4 Exenplified by Conmpound (71) and
Conpound (72) R= cyclopentyl 71 R= H72 R= cyclopentyl 73 RH/4 R=
cycl opentyl 75 R= H76 R= cycl opentyl 77 R= H78

79
Stage 4 resin (2.0g, loading, 0.83mmol, 2.35mmol) was suspended in MeOH (6.1)
and THF (6.1ml). 2.7 N NaOH (aq, 6.1m!) was added. The mixture was shaken for 5
days. LCMS of the test cleave confirmed the completion of reaction, m/z 528 [M"+H]".
The resin was filtered and washed with water x 2, MeOH x 2, followed by the standard

wash procedure. The resin was dried under vacuum.

Stage 7: (S)-[2-(7-Hydroxycarbamoyl-heptanoylamino)-benzylamino]-phenyl-acetic
acid compound (41)

1 H

N)K/\/\/\H/N‘ oH
H

Hiy ©

A _-OH
SR

Stage 6 resin (2.0g, loading 0.83mmol) was cleaved and boc deprotected using the
procedure outlined for stage 5. The crude product was purified by preparative HPLC
yielding compound (41) as the TFA salt. LCMS purity 98%, m/z 428 [M™+H]", TH NMR
(400MHz, MeOD), §: 1.25-1.35 (4 H, m, 2 x CH,), 1.50-1.65 (4 H, m, 2 x CHy), 2.00 (2
H, m, CHz), 2.30 (2 H, m, CHy), 3.80 (1 H, d, CHxNH), 4.10 (1 H, d, CH;NH), 5.00 (1
H, m, OCOCHPh), 7.10 (1 H, m, Ar), 7.30 (1 H, m, Ar), 7.40-7.50 (7 H, m, Ar).

Synthesis of Compound (42) and Compound (43)

| & ; o}
N
{:]l N\II/\/\/\/U\E‘,OH H j‘/\/\/\)kﬁ,,oH
(o] o}
N N

‘,‘.-Hro ‘,“J\“/OH
10 S
42 43

Stage 1: 1,3,4,9-Tetrahydro-beta-carboline-1,2-dicarboxylic acid 2-benzyl ester



Figure 4 105 Preparation of building blocks MN,0 Building block M
HOsNO2H2 10% Pd/ C H2 HBr  Buil ding block M Stage 1

2- (3- Am no- phenyl ) - et hanol A nixture of nitro phenethyl alcohol (8.0g,
0.047nmp1) and 10% Pd/C (0.6g) in ethanol (100ml) was stirred under a

hydr ogen at nosphere (ball oon pressure) for 18 h. The reaction m xture was
filtered through a pad of celite and the Pd/C catalyst renmpved. The
filtrate was concentrated under reduogd pressure to yield a |ight brown
solid 6.1g (95%yield). LCVS purity 98% nfz 138 [MrH. Stage 2:

3- (2-Brono- et hyl ) - phenyl am ne

QO
N
N\ ’<o
N OH
H ()/

A solution of 1,2,3,4-tetrahydrocarboline-1-carboxylic acid (5g, 23.Tmmol) in dioxane
(25ml} and 2M NaOH {23ml, 46mmol) was cooled to 0°C. Benzyl chloroformate
(3.95ml, 27mmol) was added slowly. After stirring at room temperature for 1 h further
benzyl chloroformate (1.4ml, 9.5mmol) was added. After 2.5 h the reaction mixture
was washed with ether. The aqueous layer was acidified to pH 2 and extracted with
DCM, dried (MgSO,), filtered and evaporated to dryness yielding a first crop of
material as a yellow solid with LCMS purity of 79%, m/z 351 [M™+H]". The initial crop
was used without further purification. A second crop of material was obtained
following concentration of the ether layers to give further crude product. The crude
material was purified by flash chromatography eluting with DCM {o 20% 2M
methanolic NH,, 80% DCM vielding further Cbz-protected compound (vield 49%) at
LCMS purity 82%, mfz 351 [M*+H]".

Stage 2: 1-(Methoxy-methyl-carbamoyl)-1 :3,4,9-tetrahydro-beta-carboline-2-carboxylic
acid benzyl ester

\ N-—chz
s
N N
H 9) O—

1,3,4,9-Tetrahydro-beta-carboline-1,2-dicarboxylic acid 2—ben£yl ester (3g, 8.4mmol)
was dissolved in anhydrous DCM (30ml) and triethylamine (5.22ml, 37.8mmol) added.
To this solution was added HOBI (2.848g, 21.4mmol), EDCI (4.08g, 21.4mmol) and N
O-dimethylhydroxylamine hydrochloride (1 .869, 19.1.mmol). After stirring at room

temperature for 2 h the reaction mixture was evaporated to dryness, re-dissolved in
EtOAc and washed with saturated NaHCO; solution {(2X100ml) and water (50mi). The
EtOAc layer was dried (Na,SO,), filtered and evaporated to dryness. Purification by
column chromatography using DCM to 3% methanol/DCM gave the required Weinreb
amide {yield 40%). LCMS purity 85%, m/z 394 [M*+H]" . '



A solution of 2-(3-Am no-phenyl)-ethanol (2.0g) in 48% aq HBr (20nml) was

heat ed at
preci pitat
vacuo yi el

48% aq HBr

90C for 18 h. The m xture was cooled to roomtenperature,

and t he

e fornmed was collected by filtration. The solid was dried in

. el : . 0%
ding Building block NI, 1.8g (61%vyield). LCMS purity 9
200/ 202 [IVHHrg Bui I di ng bl ock N Stage .1 1 H2 10% Pd/ C St age 2

St age 3
81

Stage 3: 1-Formyl-1 +3,4,9-tetrahydro-beta-carboline-2-carboxylic acid benzyl ester

—chz
\ N
N H
H 0/

A solution of 1,3,4,9-tetrahydro—beta-carboiine-1,2-dicarboxylic acid 2-benzyl ester
(3.7mg, 9.4mmol) in THF (100ml) under N, was cocled to -78°C. 1.5M DIBAL in
toluene solution (31.2ml, 47mmol) was added over 2 hours. After stitring for 4 hours
the reaction mixture was quenched with methanol and water, extracted into EtOAc
and washed with dilute aqueous HCI. The organic layer was dried over Na,S0,,
filtered and evaporated to dryness. LCMS purity 50%, m/z 335 [M"+H]" The material
was used in the next stage without further purification.

Stage 4: 1-{[((S)-Cyclopentyloxycarbonyl—phenyl-methyl)-amino]-methyl}-1 13,4,9-
tetrahydro-beta-carboline-2-carboxylic acid benzyl ester

N—cbz

Saly )

H ha
O °
A mixture of 1-Formyl-1 :3,4,9-tetrahydro-beta-carboline-2-carboxylic acid benzyl
ester(1g, 3mmol), sodium acetate (0.68g, 87.4mmol), L-phenylglycine cyclopentyl
ester tosyl salt (1.16g, 3mmol), sodium cyanoborohydride (0.26g, 4.2mmol) and
molecular sieves in IPA (100ml) was stirred at room temperature for 1 hour. The
reaction mixture was evaporated to dryness, re-dissolved in EtQAc and washed
sequentially with saturated NaHCQj; solution and brine. The EtOAc layer was dried

over MgS0,, filtered and evaporated to dryness. LCMS purity of 39%, m/z 538
[M™+HJ" . The crude material was taken to the next stage without further purification.

Stage 5: 1—{[tert-Butoxycarbonyl—((S)-cycIopentyloxycarbonyluphenyl-methyl)-aminoj-
methyl}-1 ,3,4,Q-tetrahydro-beta-carboline—2~carboxyiic acid benzy! ester

mz
NH2



Bui Il ding block N Stage 1: 2-(3-Ntro-phenoxy)-ethanol To a solution of
3-nitrophenol (10g, 71.9mmol) in DVMF (40m) was added NaCOH pellets (3.16g,
79. 1lmmol ) and 2- bronoet hanol (5.6mL, 79.1mmol). The reaction m xture was
heated at 60 C for 18 h. LCMS indicated 65% conversion to the required
product. The reaction mxture was diluted with water (10nl) and was slowy
neutralised wwth 2M FICl. The reaction m xture was extracted with EtOAc
(50nm) and washed with water (50nml). ghhe EtOAc |ayer dried (Na2SO4),
filtered and evaporated to dryness. Flash colum chromat ogr aphy
purification eluting with 30% Et OA hekgzt ane gave the required product
(8.2g, 62%yvyield). LCVS purity106 Nif 184 [ MH] 4. Stage 2:

2- ( 3- Am no- phenoxy) - et hanol eg { ar ed out using the procedure
outlined for Building block M Sﬁage orm et hoxy) - phenyl am ne
Brom nati on was carried out using the ; dure descri bed for Building

block M Building block 0 N2 BK o NaOH DW Stage 1 H, 10% Pd/C
St age 2

To a stirred solution of stage 4 amine (1.08g, 2.0mmol), in THF {(20ml) was added
potassium carbonate (0.42g, 3.0mmol) and di-tert-butyt dicarbonate (1.75g, 8.0mmol).
The reaction mixture was stirred at 50°C for 96 hours and cooled to room temperature,
diluted with DCM (50ml) and washed with 0.1M HCI solution (25ml), saturated
NaHCO; solution (2X25ml) and water (15ml). The DCM layer was dried, Na,SO,,
filtered and evaporated to dryness. Purification by column chromatography using 10%
EtOAc/ heptane gave the product (0.89g 70% vield). LCMS purity of 79%, m/z 638
IM*+H]".

Stage 6: (S)-[tert-Butoxycarbonyl-(2,3,4,9-tetrahydro-1H-beta-carbolin-1-yimethyi)-
amino]-phenyl-acetic acid cyclopentyl ester

A solution of stage 5 dicarbamate (0.5g, 0.78mmol} in ethanol (40ml) was stirred
under the atmosphere of hydrogen in the presence of 10% Pd/C {0.4g) for 2 h under
balloon pressure. The reaction mixture was filtered through a pad of celite and
evaporated to dryness yielding the required product (0.35g, 80%), 91% purity by
LCMS, miz 504 [M"+H]". |

Stage 7: Coupling of stage 6 amine



NH, Building block O was prepared as described for Building block Gwth
3-brono-1- propanol used in place of 2-bronoethanol. Synthesis of Conpounds
in Figure 4 Exenplified for Compound (71, R = cyclopentyl) and Conpound
(72, R =H) Stage 1: Coupling of aniline derivative to carboxylic acid
functionalised resin To a suspension of hydroxylam ne 2-chlorotrityl resin
derivatized with suberic acid (1.0g, 0.94mmol, |oading 0.94mmol) in DCM DVF
(10ml/1 Ondl) was added DI PEA (1.75ml)¢fol | owed by building block M 0.38g,
2.82mmol . PyBrOP (0.53g, 3.76mvl) was added and t he suspensi on shaken for

18 h. The resin was washed using the standard was ocedure and was
thoroughly dried. 108 Stage 2: D splacenent ¢f pr de with
L- phenyl gl yci ne cycl opentyl ester To a sus ion of stage 1 resin

(0.4g, 0.38mml) in DMF (4nl) in & vial, swadded L-phenyl gl yci ne
cycl opentyl ester tosyl salt 43q, s+~12mol X and DI PEA (0.67ml, 3.76mml)
foll owed by Na! (50ng). e rfeacgyi on was allowed to stand at 65 C for 8 h.

The resin was thoroughl usi pg: t he. st andard wash procedure.

N N\_{O—O

Hydroxylamine 2-chiorotrityl resin derivatized with suberic acid (703mg, loading
0.83mmol/g) was swollen in DCM (12ml). PyBOP (912mg, 1.75mmol) was added,
followed by stage 6 amine (325mg, 0.64mmol) and DIPEA (1.01ml, 5.8mmol). The
reaction mixture was shaken for 18 hours. LCMS of rmaterial following test cleavage
indicated 80% conversion m/z 675 [M™+H]". The resin was filtlered and washed using
the standard wash procedure. The resin was dried under vacuum.

Stage 8: (8)-{[2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,4,9-tetrahydro-1H-beta-carbolin-
1-ylmethyl]-amino}-phenyl-acetic acid cyclopentyl ester (42)

Iz
:%i
T

AY

C

T

Stage 7 resin (135mg, loading 0.83mmol) was gently shaken in 2% TFA/DCM (10ml)
for 20mins. The resin was filtered. The filirate was evaporated under reduced
pressure at room temperature. The resin was re-treated with 2% TFA/DCM (10ml) and
was filtered after 20mins. The combined filirates were evaporated to dryness under
reduced pressure at room temperature to give an oily residue. The residue was
allowed to stand in 20% TFA/DCM for 40mins. After evaporation to dryness, also
under reduced pressure at room temperature, the crude product was purified by
preparative HPLC to yleld compound (42) as the TFA salt, LCMS purity 91%, m/z 575
[M™+H]", "H NMR (400MHz, MeQD), 8: 1.30-1.70 (16 H, m, 8 x CH,), 2.00 (2 H, m,
CHy), 2.50 (2 H, m, CHy), 2.75 (2 H, m, CH,), 3.30-3.50 (2 H, m, CH,), 4.15 (1 H, m,



St age 3:

(S)-(243-(7-Hydroxycar banmoyl - hept anoyl am no) - phenyl Fet hyl am noyphenyl aceti c
acid cycl opentyl ester (71) Stage 2 resin was cleaved with 2% TFA/ DCM
(10mL x 3). The filtrate was concentrated to dryness and the residue
purified by preparative HPLC to afford conpound (71) as the TFA salt. Yield
21mg (11% overall), LCVS purity 99% mz 510 (RE-1-H, 1H NMR (400 WHz,
MeOD), 8: 1.35-1.95 (16 H m8 x CH2)gq 2.10(2 H, t, CH2), 2.38 (21-1, t,
CH2), 2.91-3.29(4 H m, 518 (1 FI, s, OCOCHPh), 5.32(1 H m CHOCO,6 6.98
(11-1, m Oh:GH), #.8902 (R mACHaNHAnpsked signaly. 5528 (1 51, Iy, GHOG®) 6.00 (BH, 101 H, s,
Ar). Stag 3 b I-C@ath O 1 834 ) was
suspended?dﬁ%@gg%’gﬁ Tl@?fﬁ%ﬂ%%%r KAZ%;‘ICﬂ @éﬁﬁﬁ%ﬁ”ﬁ édh’and m xt ur e
was shakef-4°dp HMB» AYat room t enperature Upon conpl etion of reaction the
resin was thoroughly washed (Standard wash procedure). Stage 5:

(S)-{243- (/- Hydroxycar bamyl - he ngoyl am no) - phenyl | - et hyl am no} - phenyl acet
ic acid ( %ge % gg?%@@alf’“rr%ﬂﬂm{%bgﬁ?%b. 76mml ) was cl eaved with 2% TFA/ DCM
(10nL x 3). Filtrate was concentrated to dryness and residue purified by
preparative HPLC to give conpound (72) as a TFA s , yield 40my (10%
overall). LCMS purity of 100% mz 442 [ MA+Hr }H@R (400 Mz Me0D), 8:
1.20-1.35 (4 H m 2 x CH2), 1.45-1.70 (4 H, % 2 X CH2), 1.95(2 H, t,

CH2), 2.25(2 H, t, CH2), 2.80-3.20(4 H m , CFlaPh), 5.00(1 H. s,
CHCOOH), 6.85 (1 Fl, m Ar), 7.1M@ 7.40(5 H, s, Ar), 7.50(1 H,
s, Ar). The follow ng conpoupd \ prepared according to the procedure

descri bed for conmpoundst&FLN\angd c ound (72)
(S)-242-13-(7- Hydr oxycdr balony eRﬁa F'l am no) - phenoxyFet hyl ani no} - 3-
st
(@]

phenyl - propi oni ¢ aci d cy¢l opentyI (73) Building block N used

&
=

O

Stage 7 resin (395mg, loading 0.83mmol) was suspended in THF (1.5ml) and
methanol (1.5 ml) and 1.4M sodium hydroxide (aq) sofution (1.17mi, 1.6mmol) was
added. The mixture was shaken for 8 days. Test cleavage indicated 86% conversion
to the acid, mfz 607 [M"+H]. The resin was filtered and washed with water x 2, MeOH
X 2, followed by the standard wash procedure. The resin was dried under vacuurn.

Stage 10: (S)-{[2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,4,9-tetrahydro-1H-beta-
carbolin-1-ylmethyl]-amino}-phenyl-acetic gcid {43)

I=
Z
OE
Iz
A
O
I

Stage 9 resin (100mg, loading 0.83mmol) was cleaved and boc deprotected using the
procedure outlined for compound {42). Purification by preparative HPLC afforded
compound (43) as the TFA salt, LCMS purity 96%, m/z 507 [M™+H]*, "M NMR
(400MHz, MeOD}, 8. 1.25-1.40 (4 H, m, 2 x CHy), 1.50-1.65 (4 H, m, 2 x CH,), 2.00 (2
H, m, CHy), 2.50 (2 H, m, CHy), 2.70 (2 H, m, CHy), 3.40 (2 H, m, CHyp), 4.15 (1 H, m,



LCVMB purity 94% nlz 540 [ Mk+Hr, 1H NWMR (400 MHz, MeOD), 5: 1.26-1.82 (16
H m 8 x CH), 2.11 (2 H t, CH2), 2.39(2 H t, CH), 3.15(1 H, dd,
CHHPh), 3.44(1 H, dd, CHHPh), 3.56 (2 H m CH2), 4.30 (2 H, t, CH2), 4.40
(1 H mM, 5,13 (1 FI, m CHOCO, 6.76 (1 H d, Ar), 7.00 (1 H d, Ar),
7.24-7.41 (6 H m Ar), 7.57 (1 H s, A). 110

(S)-2-{2-13-(7- Hydroxycar banoyl - hept anoyl am no) - phenoxyFet hyl am no) - 3-
phenyl - propi onic acid (74) Building bjock N used LCMS purity 100% rn/z 472
[ Mt+Hr, 1H NWVR (400 MHz, MeOD), 6: 1.35-1.46 (4 H m 2 x CH), 1.61-1.77(4
H m 2 x GEHEH), 4801(2(H nHCﬂgNHGﬁ2$ked31g4\eO$$$ ’ltH nﬁ%OCﬂPiﬂBG 98 (##, (2 H m

CH2, mask CHZ) 4.38 (1 H, t,
mmz)%éﬁ%grb?lm '?hﬁ?’ % (g QTZ?I-?O “8%?%“9“35 (1LH t, Ar),
7.30-7.41 (5 H m Ar), 753(1H s, Ar).
(S) - 2- { 34 FynithddHSIRRFSIRIETN Fidied BARBKAPINE] b CORPeYihd M4 RKEaM no} - 3-
phenyl - propi oni ¢ a(C| d cycl opentyl ester (75) Building block O used LCMS
purity 10 mpoyng 4[M H, 1H NVR (400 MHz, MeOD), 5: 1.29-1.87 (16 H,
m 8x CH2), 2.10(2 H, t, CHZ), 2.21 (2 H m CHR), 2.37(2 H t, CH), 3.12
(1 H, dd, CHHPh), -3.43(3 H, m CHHPh, CH2), 4.11(2 H t, CH2), 4.33(1
H, m OCOCHCH2), 5. (1 H m CHOCCO, 6.78 (1 H, d, ), 7.00(1 H d, Ar),
7.22 (1 H t, Ar) (24-7.39 (5 H m Ar),
eSranoyl - hept anoy! a
i & aflido(76) Buil ding bl oc §@d*LChB purity 100% rn/z 486
[ Mt+H] t 1H I\/R(WOD) 6: 1.34-1.747(4 2 X 2), 1.60-1.75 (4
H m 2 x CH2), 92.10(2 H-"t,08H2), 2.19 (2 H, qu H t, CH2),
325-3 40 (4 H m 2 x CH2,Hnmasked signal) 4.09 (2 H t,HCH2), 4.35 (1 H,
0O000HCH2), 6.75 (1 H, d, Ar), 6.98 (1 H, RA{r?y! 20 (1 H t, Ar),
7.28-7.39 cygloneptyndt 7 41 (1 H, s, A) . pa Dpeml 43
(S)-(343-( Z\iéidroxyc 6bam)yl - hept anoyl am nQRLHrv)%eno y]agpr opyl am no) - ph
enyl -aceti C atid cyclopentyl ester (77) Building block O used LCMS purity
of 100% rn/z 540 [ M+Hr, 1H NVR (400 MHz, MeOD), 5: 1.20-1.50 (8 H m 4 x

CHZ) 150180(8Hm4xC|—|2) 1.80-1.90 (2 H m NHCH2CLI ), 2.00 (2
H t, CH), 2.25 (2 H, t, CH2), 255270(2H HCI-12) 3.90 (2 H t,
CH2Clj 120), 4.25 (1H.ls, OCOCHPh) 5.05(1 H, 6.55 (1 H m Ar),

6.95(1 H, bgr\)’)og 05 710(1 H m Ar), 6C’{§L6 566H m Ar)
M,OH o

H ﬁ
R= ethyl 50 R= cyclopentyl 53

R= cyclopentyl 51 R=H 54
R=H 52

R= ethyl 55 R= ethyl 58
R= cyclopentyl 56 R=H 59
R=H 57

Figure 3



111 (S)-(343-(7-Hydroxycarbanoyl - hept anoyl am no) - phenoxy] - pr opyl am no} - ph
enyl -acetic acid cyclopentyl ester (78) Building block O used LCMS purity
of 100% ntz 472 [M+H E, 1H NWVR (400 MHz, DMVS0), 8: 1.20-1.40(4 1-1, m 2
x CH2), 1.45-1.65 (4 H m 2 x CH2), 1.90 (2 H m NHCH2Cl-12), 2.00-2.20(2
H m CH2), 2.20-2.35 (2 H m CH2), 2.80-3.10 (2 H m NHCM nasked
signal), 3.90- 4.00 (2 H m CH2C1: 120) 4.60-4.85(1 H, br s, OCOCHPh),
6.55 (1 H d, A), 7.05 (1 H d, Ar), 15(1 H, m Ar), 7.30-7.60(6 H m
Ar), 8.50-8.85 (1H, br s), 9.85(1 H, 8?) 10.35 (1 H, s). Synthesis of
Compounds in Figure 5 Exenplified by Conmpound 79 and Conpound 80 R =

cycl opentyl 79 R = H80 R = Cyclopentyl 81 R = H82 Figure 5 Synthesis of

Compound 79 (@ cycl opentyl) and Conpound 80/&? = H 112

ety ety

R= cyclopentyl &0 R= cyclopentyf 62
R=H 61 R=H 63

07 "NH
A
o’

R= cyclopentyl 64
R=H 65

Figure 3 (continued)

Preparation of Building Blocks H-L
Building block H

9 TMSCI | i

NH MeOH NH HC
{8)-1,2,3,4-Tetrahydroisoquinoline-3-carboxylic acid (10g, 56mmot), TMSCI (39ml,
310mmol) and methanol (500ml) were refluxed together (at 70°C) for 2 hours. The
reaction mixture was evaporated to dryness and LCMS analysis indicated 100%

conversion to (S)-1,2,3,4-tetrahydro-isoguinoline-3-carboxylic acid methyl ester, m/z
192 [M*+H]".



Stage 1: 3-Nitro-benzyl am ne 3-Ni trobenzyl brom de (10g, 46.3mml) was
di ssolved in ethanol (200ml) and stirred at roomtenperature A solution of
conc. NH3 (aqg) (200m) in ethanol (300nml) was added dropwi se to the reaction
over 30 mnutes. The reaction was stirred for 18 h at roomtenperature

bef ore evaporating to dryness. Water (350nl) was added to the residue and
the solution was washed with Et0Ac (2x 200nl). The aqueous | ayer was
basified with 1M NaCOH and extracted wgth Et 0Ac (2x 200ml). The organic
extracts of the basic |ayer were conbined, dried (Na2SO4) and evaporated to
dryness. The product was obtained as an orange oil (4.6g, 65%yield). LCVB
purity 100Bildihg bidek I[ Mr+Hr. Stage 2: 1-Isocyanatonet hyl-3-nitro-benzene
3-Ni tro-benzyl amne (2.3g, 15.1mmol) was dissol ved i n anhydrous di oxane
(50nl) under N2 atnosphere. Di phosgene (2.2nml, 18.2nmmpl) was added, a
precipitate formed which _di ssolved upon heating tg 75C. The reacti on was
stirred at 75C for 3 h, gool ed andrgyaporated to yness giving 3.4g of
crude material which gd in_the next, steprwithgut further
purification. Stage R _jNi) - 13- (3- NueoR- benzyl ) uggi dokipbenyl - acetic acid
cycl opentyl ester 11

DL-Proline {10g, 87mmol), TMSCI (51ml, 430 mmol) and methanol (500ml) were
refluxed together (at 70°C) for 2 hours. The reaction mixture was evaporated to
dryness and L.CMS analysis indicated 100% conversion to desired product pyriolidine-
2-carboxylic acid methyl ester, m/z 130 [M*+Hj}".

Building block J
OVDH Oy O~ OO
TMSCI DCM F
MeOH LN ineridi ::2 [ |
N tmoc l'}g ~fmoc piperidine N NH
stage 1 stage 2 H
Stages 1 & 2

(R)-2-Fmoc-1,2,3,4-tetrahydronorharmane-3-carboxylic acid {2.0g, 9.25mmoi) was
added to solution of TMSCI (6ml, 47.17mmol) in methanol (100mi) and heated under
reflux for 2 hours. The reaction mixture was evaporated to dryness to give 1.7g
product (100% conversion by LCMS, m/z 453 [M*+H]*). Stage 1 ester (1.7g) was
treated with 20% piperidine in DCM (100ml) for 30 minutes to effect fmoc removal.
The crude reaction mixture was evaporated to dryness, dissoived in DCM and washed
with saturated NaHCOj; solution. The DCM layer was isolated, dried {Na,SQ,), fittered
and concentrated to dryness. Purification by column chromatography was carried out
using 3% MeOH/DCM to give (8)-2,3,4,9-tetrahydro-1 H-beta-carboline-4-carboxylic
acid methyl ester. LCMS 100%, mfz 231 [M*+H]",



L- phenyl gl yci ne cycl opentyl ester tosyl salt (7.47g, 19.1mmol) was
dissolved in DVF (70nl). Triethylamne (5.8nl, 42.0mvl) was added and the
m xture was cooled to OC. A solution of 1-lsocyanatonethyl-3-nitro-benzene
(3.4g, 19.1mmol in 30nl of DVF) was added slowy to the reaction m xture
under a N2 atnosphere. Stirring was continued for 18 h allow ng the
reaction to warmto roomtenperature The m xture was diluted with water
(200ntl) and extracted with Et 0Ac (2x g00ml). The organic extracts were
washed wi th water ((elgx 100mL) and brine (100m), dried (Na2S™) and

evapor at e ‘?'g?'lﬁ’re'yﬂ & The crude urea was purified by col um chromat ography
(1% MeOH DCM to yield a pale yellow oil (4.6g, 65%vyield). LCMS purity
85% niz 398 [M-+H]. Stage 4: (S)43-(3-Am no-benzyl)-urei dokphenyl -acetic
acid cyclopentyl ester OPh NAN-1yG HH 0 11)
(S)43-(3-Nitro-benzyp-urei do]-pTT yi asgriMtadd cycl opentyl ester (3.6g,
Pd/ C (10% wet) catal yst (100nm)
der H2 at nosphere (ball oon
pressure) e he reactiqon .mxture was filtered through a celite plug
and evapop/fae?{(gtclzl%t%gTin ;Bﬁﬁzé’ggea\?’ S%ti‘)@ecg&%f:ﬂp'@eﬁlaﬂ SQUWCesag, 71% vyield). LCVS
purity 90% mz 368 [Mt+H]. Stage 5: Coupling to resin 114 Hydroxyl am ne
2- chl or ot Bifing'besdK derivatized with suberic acid (1.5g, |oading

0.94mmol /g) was swollen in DWVF (15nl) and PyBOP (2.2g, 4 23mml ) added,
foll owed by DI PEA (2.4nl, 14.1mmol). Stage 4 aniline (1.3g, 3.53mvl) was
di ssolved in DCM (15nl) &nd added to the reaction m xture. The reaction was
shaken for 42 h at roo bef ore A

6: (S)-(34 =fydhoxycar banoyl

acid cycl o

\anpyl am no) - benz
HC! anh.

HCl g MeQH

stage 2

Stage 1

A solution of glyoxylic acid monohydrate (1.51g, 16.4mmol) in water (10ml) was added -
dropwise o a stirred solution of tryptamine.HCI (3.0g, 15.3mmol) in water (200my).

KOH {0.827g, 14.7mmol) in water (10ml) was added. The reaction mixture was stirred

at room temperature for 1 h after which time precipitation occurred. Following filtration
under reduced pressure the white precipitate was collected and washed with water to
furnish 2,3,4,9-tetrahydro-1 H-beta-carboline-1-carboxylic acid Yield 1.9g (68%); m/z

217 [M*+H]". E

Stage 2

A solution of 1.2,3,4-tetrahydro-beta-carboline-1-carboxylic acid (7.4g) in MeOM
(250ml} was saturated with HCI gas for 20min. The reaction mixture was gently stirred
at room temperature for 18 h. The reaction mixture was re-treated with HCI gas and
allowed to stir for a further 18h. Upon completion of the reaction the mixture was
concentrated in vacuo to yield building block L, LCMS purity 95%, m/z 231 M +H]".
The product (2,3,4,9-tetrahydro-1 H-beta-carboline-1-carboxylic acid methyl ester) was
used without further purification.



79 Stage 5 resin bound cyclopentyl ester (1.76g) was shaken with 2% FA/ DCM
(15m) for 10mn before filtering the resin and evaporating the sol vent
under reduced pressure at roomtenperature This process was repeated (x3)
and the conbi ned crude product was purified by preparative HPLC to yield
conpound (79). LCMS purity 100% mz 539 [ Mt+H], 1H NMR (400 MHz, MeOD), 6:
1.34-1.90 (16 HL m 8x CHO, 2.11 (2 H t, CH2), 2.38(2 H, t, CH2), 4.30(2
H s, CH), 5.18(1 H m CHOCO, 5.308¢1 H, s, OCOCHPh), 7.05 (1 H, d, Ar),
7.26 (1 H t, A), 7.34-7.40 (5 H m Ar), 7.47 (2 H m Ar). Stage 7:
(S)-{343-(7- I—ttgdr_oxycar banoyl - hept anoyl am no) - benzyl i - ur ei do) - phenyl acetic
aci d (8;)) azsén esicofBompdutaDuflinedg) Fmge giExembuRsH bwc&HFon@;, ?{Zlth'V' NaGH
(aq, 1nl i tdr at roomtenperature for . THF
was renoved Sﬂgg{mg’gﬁﬁ‘%&@??gﬁ%@gf ?h nd the aqueous layer (-1 m) was
purified by preparative HPLC to yield conpound (80). LCVS purity 99% nz
471 [ Mt+Hr, 1H NWR (400 MHz, Me00), 5. 1.20-1.35 (4 H m 2 x CH2),
1.45-1.65(4 H m 2 x CH2), 2.00(2 H CH2), 2.25(2 H, t, CH2), 4.20(2 H,
s Chl2NH), 5.25(1 H, s CHPh), 6.90(1 d, Ar), 7.10(1 H, t, Ar),
7.15-7.40(7 1-1, m Ar). The foll o ounds were prepared according to
t he procedure described for 'Rand conpound (80)
(S)-2-(3-13-(7-Hydroxycarb - mept'andyl ani no) - benzyg- ur ei do} - 3- phenyl prop
ionic acid cycl opentyl ester (81) urity95% mfz 553 [Mr+H[t, 1H NWR
(400 MHz, MeOD), 5: 1.20-1.40 (4 A m 27x ©H1.40-1.80(12 H m 6 X
CH2), 2.00 (2 H t, CH2), 2.25(2 H, t, CH2), 90(2 H, m CHCI APh), 4.15(2
H s CLig 4.40(1 H m OCOCHCH2), 5.00(1 H m CHOCO, 6.85 (1 H, d,
Ar), 7.oo-lgigigfs"-&@a‘&{,‘g?ﬁa"l\%?nf?.@s?(z H br s, Ar).

(S)-2-(343-(7-Hydroxycar banoyl - hept anoyl am no) - benzyl Fur ei do} - 3- phenyl pr opi
onic acid (82) LCVS purity 94%. mz 485 [ M++H], 1H NMR (400 MHz, MeOD), 8:
1.30-1.50(4 H m 2 x CH2), 5D- 1. 80 (4H m 2 x CH), 2.10(2 H t, CH2),
2.35(2 H t, CH2), 2.8 Ph), 4.25 (2 H, s, CU NH),
4.60 (1 H, m OCOCHC .15-7.6 H m Ar), 7.45(2
H m Ar) .0

o H

Hydroxylamine 2-chiorotrity! resin derivatized with suberic acid (6.6g, loading,
0.83mimol) was swollen in anhydrous DCM (65mi). PyBOP (8.6g, 16.43mmol), amine
building block A {(3.7g, 16.43mmol) and DIPEA (9.5m, 58.4mmol) were added. The
reaction was shaken for 24 hours at room temperature. LCMS of test cleaved material
indicated reaction completion. The resin was filtered and washed using the standard
wash procedure. The resin was dried under vacuum.

Stage 2: Saponification of methyl ester

O
OH O
0 H

Resin bound stage 1 ester (6.95g, loading 0.83mmol/g) was suspended in THF (25m)
and methanol (25ml). Sodium hydroxide, 1.4M aqueous solution (25ml) was added.
The mixture was shaken for 48 hours and further sodium hydroxide {(25mi) added after



116 Synthesis of Conmpounds Qutlined in Figure 6 Exenplified by Conpound
(83) and Conpound (84) 12= cycl opentyl 83 RH84 12= cycl opentyl 85 R=
cycl opentyl 8612= cycl opentyl BB RH87 R= cyclopentyl 8912= cycl opentyl 91
R=1490 Figure 6

90
24 hours. LCMS of the test cleaved material indicated 65% conversion fo the acid m/z
349 [M™+H]". The resin was filiered and washed with water x 2, MeOH x 2, followed

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

Stage 3: Coupling with L-phenylglycine cyclopentyl ester

@Offg@
Mﬁn

Resin bound stage 2 carboxylic acid (2.2g, loading 0.83mmol/g) was swollen in
anhydrous DCM (25ml). PyBOP (2.85g, 5.48mmol), L-phenylglycine cyclopentyl ester
tosyl salt {2.14g, 5.48mmol) and DIPEA (3.17mi, 18.3mmol) were added. The mixture
was shaken for 24 hours at room temperature. LCMS following test cleavage revealed
52% conversion, m/z 550 [M*+H]". The resin was filtered and washed using standard
wash procedure. The resin was dried under vacuum

Stage 4: (8)-{[(8)-2-(7-Hydroxycarbamoyl-heptanoyl)-1,2,3,4-tetrahydro-isoguinoline-
3-carbonyl]-amino}-phenyl-acetic acid cyclopentyl ester (44)

N
H

.OH

44

Stage 3 resin (2.2g, loading 0.83mmol) was gently shaken in 2% TFA/DCM (10ml} for
20mins. The resin was filtered. The filtrate was collected and evaporated under
reduced pressure at room temperature. The resin was re-treated with 2% TFA/DCM
(10mt) and after 20mins filtered. The combined fitirates were evaporated to dryness



117 Stage 1: 7-(1-1sobutoxy-ethoxycarbanoyl)-heptanoic acid nethyl ester O
0 Mononet hyl suberate (25.0 g, 13.3 mmol, 1.0 eq) was dissolved in THF (300
m.) and DCM (300 nL). EDC HCl (25.46 g, 13.3 mvl, 1.0 eq) was added to the
stirred solution, followed by HOBt (17.95 g, 13.3 nmmol, 1.0 eq) and
triethylamne (48.5 nL, 34.5 nmol, 2.6 eq).

0- (1-1 sobut oxy-et hyl ) - hydroxylam ne (21.9 niL, 15.9 mml, 1.2 eq) was added
to the viscous solution and the reactigpn allowed to stir overnight at room
tenperature. The reaction m xture was concentrated under vacuum DCM (350
n.) was addel$r EfYCobRrENre Rt homdgnapersgtasto givp aameldisy iThe rqsRDO wak) . The

or gani c | ay@tiewa$ picpladtedr,did %&% Idst ated in
vacuo. Theyé)or Od}JgF e&/@s opt ai ned3ﬁ1‘§(g(:g{g |te(4j§)oaisitgé?§%g‘%glg‘§&§ipa%{ el d) LCVS
purity 8894 PriNZ 50 2M (i Hy NMR408 Mitzs MeOBXY, 8: A 1@Hera@R H, st 8p Gha), hout
further put.oficoat®enm, 8Hage.08:2.30 @+ hHop -8} B r 1) shept anoi ¢
acid %%él(ziﬁb(ut )Svgggg c%;g(gngﬁ)-ﬁ%%’n@%’?qgg?g”ﬁg?ﬁéllggter (36.6
g, 12.1 muP? “170Mey)? It Pea-Of {'I"HFE')'(S’EQWWHL)S» ARECEENLG.9EI620 M) in the
-presence of? H,in,lArm hydr oxi de (8.68 g, 36.2 mvol, 3.0 eq) for 3 h at 50C.
THF was evaporated under vacuumand to the m xture water (100 nL) and et hyl
acetate (200 nL) were added. The m xture was acidified cautiously to pH 3
by addi ti oPfa8? S-1$enonifipatiomiebeysiapantylsstitase was i sol ated and the aqueous

| ayer re-extracted with ethyl acetate (150 nL). The organi c phases were
conbi ned, dried (My504), filtered and concentrated in vacuo. The product
was obtained as a white solid (29. 83%yield), rnk 288 [ M+-1-H] and

used in stage 4 without further pu cation. 118 Stage 3:
4-Tri met hyl si | anyl oxynet hyl - pheng} anf ne

I Lo @

H

Stage 3 resin (1.3g, 1.13mmol) was suspended in THF (4.6mi) and methanol (4.6 mi).
Sodium hydroxide added as a 1.4M aqueous solution (4.6ml). The mixture was
shaken for 24 hours. LCMS of the test cleaved material confirmed conversion to
required acid. The resin was filtered and washed with water x 2, MeOH x 2, followed
by the standard wash procedure. The resin was dried under vacuum.

Stage 6: (S)-{[(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-1 ,2,3,4-tetrahydro-isoquinoline-
3-carbonyll-amino}-phenyl-acetic acid (45)

N
45 H

Stage 5 resin (1.3g, loading 0.83mmol) was gently shaken in 2% TFA/DCM (10mt) for
20mins. The resin was filtered. The filtrate was collected and evaporated under



To a stirred solution of 4-am no benzyl alcohol (16.0 g, 13.0 mol, 1.0 eq)
in THF (400 nL), was added triethylamne (18.9 nL, 13.6 mmol, 1.05 eq)

foll owed by trinethylchlorosilane (17.2 nL, 13.6 mmol, 1.05 eq). The
reaction mxture was stirred under a nitrogen atnosphere overni ght at room
tenperature. THF was evaporated under vacuum and the m xture partitioned
with ethyl acetate (300 nL) and water (300 nmlL). The organi c phase was

i sol ated and the aqueous | ayer re-extzacted with ethyl acetate (2 x 100
mL). The conbi ned organi c phases were washed with brine (2 x 150 niL), dried
(MyS™4) , fréduced petsand at@bsdanpaties. The vesinigas rEHeapdadihc? WEA/DAM ai ned as a

DEr 1 car (S gt ior 20 Pl AR e B 1S B8 SRR B e i e
Eé :) sobut miw@'trh@oyyi praseute at roomt(empmst!mtmf?telamqc'l&lebmfyﬁgﬁt ?Q?nl (r:]eaci d
g, fﬁ%fb%eﬂafﬁiv@%L@rlg %(%rdséolfﬂlpr'ag d"eﬁ P Lbﬁrf%’ﬂl,lf?lﬁyé@ I?ry 2 y

(3.38 g, 140 nL). To the
m Xt ure MM%H&NW%IT"M@N@O@) 32128-1rﬂﬁ)(l4 I, 2 xelef2)altP- DR PEAM; 3. 9 i,

2.25 mmol i td 1 int Tt { nosphere
over ni ght at%l—rédgcr%ht %%gnr at u)?%@rt%ﬁ? acedl_iayi Sm@éon% méﬁnﬁg?e@ (200 ni)

wer e added:65KR&, HubBuE PHEk 824 d f?lé‘ﬁl & P&d-22149 Hr & éSQt racted with ethyl

acet ate (2 x 100 nmL). The conbined organic phases were washed with water (2
x 50 ne (50 nm), then dried 5 e nd, concentr at ed
in vacuo %ﬁé"q'ewa& BPg (?twev%grea?rg%’F (%%/'99 ﬁﬁ% Bmﬁ‘?‘iﬂ‘?“r‘g‘?ﬁ a\? WeddPhy | acet ate
and puri f iceshpbyndp &4 iand compaunghidd pad of silica. The product was washed
through the silica using ethyl acetate and collected in 100 nL coni cal
flasks until elution ceased by LCMS anal ysis. Purification gave a yell ow
oil (3.59 (g)-{[@%(%andmxycamoahhenfynM 23 tetrahydrprisaquingsr 119 St age 5:

Cct anedi leﬁe@%a@bé Ahins}-pROGIMEMTAEE efhlt bSBPWEDPXY - et hoxy) - ami de
Cct anedi o ¥dr8xymat hyl - phenyl ) - am de (1-i sobut oxyet hoxy)-am de

(100 nm, (?"('.@ B%eq) was dissolved in DCM (5 nL). To the reaction
m xture, WwaMssigio MOBJ;:(E)Z@WW] ™ 88IR@od MHE3MEODY b ami(sm,s GHi)yred at

2nd vashed BAt %%@ﬁwf%%& P53 iEH. By EkhbedelEi G dicith to give a
yel | ow oi 12.50787®(2rhy, m, T394,\8. 6330 (_Zlﬂﬂn,p’&lﬂz 14y1GEY, nmCHU 2F0[(RIHFM] t The

Dr oduct Wasos 3§l b. 38101 1D BRBERIN) L AP 4B AT ABUr ther purifi cat i on.
age

(R -{447-(1-1 sobut oxy- et hoxycar banoyl) - hept anoyl am nol - benzyl am noy
phenyl - acgg).g-{[@®ixd(7oyedreprAatdm@sheptanoyl)-1,2,3,4-tetrahydro-isoqui
noline-3-carbonyl}-amino}-3-phenyl-propionic acid ethyl ester (47)
Building block H used
LCMS purity 100%, m/z 524 [M*+H]", 'H NMR (400 MHz, MeOD), §: 1.20 (3 H, m,
CHa), 1.30-1.48 (4 H, m, 2 x CHg), 1.55-1.70 (4 H, m, CH,), 2.10 (2H, m, CHy), 2.60 (2
H, m), 2.88-3.25 (4 H, m), 4.08-4.20 (2 H, m, CH,), 4.45-4.62 (2 H, m), 4.75 (1 H, m),
5.03 (1 H, m), 7.09-7.32 (9 H, m, Ar).

(8)-2-{i(8)-2-(7-Hydroxycarbamoyl-heptanoyi)-1,2,3,4-tetrahydro-isoqui
noline-3-carbonyl}-amino}-3-phenyl-propionic acid (48)

Building block H used

LCMS purity 100%, miz 564 [M™+H]", "H NMR (400 MHz, MeOD}, 5: 1.25-1.85 (16 H,
m, 8 x CHa), 2.10 (2 H, m, CHy), 2.55 (2 H, 1, CHy), 2.85-3.20 (4 H, m), 4.40-4.60 (2 H,
m), 4.75 (1 H, m), 4.95-5.15 (2 H, m), 7.05-7.30 (9 H, m, Ar).



COct anedi oi ¢ acid (4-fornyl-phenyl yam de (1-isobutoxy-ethoxy)-am de (276 ng,
0.70 mol, 1.0 eq) and D phenyl gl yci ne cycl opentyl ester (170 ng, 0.77
mmol, 1.1 eq) were stirred in DCE (15 nL) for 10 mn. Acetic acid (65 pL)
was added and stirred for 2 mn. Sodiumtriacetoxyborohydride (448 ng, 0.21
mml, 3.0 eq) was introduced and the reaction mxture stirred under a
nitrogen atnosphere, at roomtenperature for 1 h. Sodi um hydrogen carbonate
was added to quench the reaction. DCIVH?Nas t hen added and the organi c phase
i sol ated. The aqueous | ayer was re-exttfacted with DCM organic |ayers

conbi ned, dried (MgS™), filtered and concentrated in vacuo to give crude

duct (1 t 4..0% 4 3.1- ich t ak
product {108 2 IS SR 5 Pkt o ves ek
(R 14- ( 7- Hydine3rcanbbanipmitng fi-piroyl-prapia)ic beidA¢9)ani nol - phenyl - acetic acid

cycl opent yg.,.85h8bidR3 83
(R).-{447- (ifu sobut oxy- lé? doxycar barmoy1) - hept anoyl ani no] - benzyl am no} - phenyl -

acetic aci HCHSELENIADY mésA98 M-St NMR ¢H0viiE. MeD): Tvids!- 8 €ddl ved i n DCM
(0.5 ni) aﬁmd2§tdl-f2f qahiow. 5&&4%”&?@*@&19' Pé@&eH(rQ @H{ﬂéa@é ', ?nQ aR.- 27%'0

resulting salt was concentrated, dissolved in nme ano d purified by

preparat|v§f1piﬁ”’r_@'i‘b4y3] Oaft- 60 D0 (BH) M) BS0E7- hufd FEym 9%;6 mz 496 [ M4-Hr,
1H NVR (300 Mz, MeOD), S 41 1.95 (16H, m 8 x CH2), 2.15-2.17 (2H m

?fa) : 5,2 40 é)%s'?[@-zg? é—lyd(orwca nwﬁlép/taﬁ%y é,é{,'?. 4d&triﬂldr§-:§owno:wc'% 5.12
7.50-7.56 (:ﬁblpnyﬂ—ammd}%métwl?pt{rﬂahond acigl ethﬂ estatf50)Ar- H). St age 8:

(R 44-(7- "%Qﬁéﬁﬁyﬁﬁ{cm-ﬂl?éléd hept anoyl am no) - benzyl ami nol - phenyl -acetic acid
(84) a solution of CHR 003644 ( 50“5? 0.008 mml, 1.0 eq) in THF

(2 m) andLWdﬁé)#ﬂW@Sﬁﬁ_)n/Zﬂ\%{%[NhﬂddeLNMﬂ(%@ 2rfleOR) R 38/bH, maCh.eq) . The
resggg | On 67001457(5 €l RAEH ﬁmé(gaqﬂ‘?ﬁ]}@tjmﬁl@%ﬁeaﬂmﬂp@ s¥Hy el THF vas
T s 1 LA TP S RS S e

concent r at Hgmij OHyammm.aor@m,mslﬂzp,lw (G, ins OMDy 223-125 (4 H, m, Ar).

(S)-2~{[(S)-2-(7-Hydroxycarbamoyli-heptanoyl)-1,2,3,4-tetrahydro-isoqui
noline-3-carbonyl]-amino}-4-methyl-pentanoic acid cyclopentyl ester (51)
Building block H used

LCMS purity 96%, m/z 530 [M™+H]", '"H NMR (400 MHz, MeOD), &: 0.75- (3 H, d, CHg),
0.88 (3 H, d, CHs), 1.30-1.90 (19 H, m), 2.10 (2 H, t, CHy), 2.60 (2 H, m, CHy}, 3.15-
3.30 (2 H, m, CHy), 4.30 (1 H, m), 4.65-4.85 (2 H, m), 4.95 (1 H, m}, 5.10 (1 H, m),
7.15-7.28 (4 H, m, Ar).

(S)-2-{[{8)-2-(T-Hydroxycarbamoyl-heptanoyl)-1,2,3,4-tetrahydro-isoqui
noline-3-carbonyl]-amino}-4-methyl-pentanoic acid ethyl ester (52)

Building block H used

LCMS purity 100%, m/z 482 [M*+H]", "H NMR (400MHz, MeQOD), &: 0.60 (1 H, m, CH),
0.70-0.85 (6 H, m, 2 x CH3), 1.38-1.65 (10 H, m, 5 x CHy), 2.10 (2 H, m, CH,), 2.40-
260 (2 H, m, CHy), 3.20 (2 H, m, CH), 4.35 (1 H, m, CH), 4.70-4.80 (2 H, m, CH,),
4.95 (1 H, m, CH, masked signal), 7.23-7.25 (4 H, m, Ar).



di ssolved in nethanol and the product purified by preparative HPLC to yield
conpound (84). LCVS purity 97% mz 428 [ M++Hr, 1H NMR (300 MHz, MeOD), 5:
1.39-1.41 (4H, m 2 x CH2), 1.62-1.74(4K, m 2 x CH2), 2.13-2.15 (2H, m
CH2), 2.40 (2H, t, J = 7.5 Hz, 01-12), 4.14(2K, q, J = 12.9 Hz, CH2), 5.06
(1H, s, CH), 7.39 (2H, d, J = 8.4 Hz, Ar-H), 7.54 (51-1, s, Ar-H), 7.67
(2H, d, J = 8.7 Hz, Ar-H) The foll ow ng conpound was prepared in a simlar
manner to Conpound (83) and Conpound 9(484) usi ng the appropriate

i nt er medi at es,

(S)-244-(7- Hydr oxycar banoyl - hept anoyl am no) - benzyl am no] - 4- met hyl pent anoi c

acid cycl ter ur it s Z 476 st+Ht, 1H NVR (300
MHz, MeO D) @5-&-@@ fxﬁ%éﬂ% }%fl.%?’t%%hﬁgr rofi d?i‘frg[ ﬂ}r(“ mReS ) |
1. 71- 1. 96(phékyl- amptlﬁamd(dy@&)peﬁtyl@stﬂr 32K, m CHZ) 2.40 (2H, t, J =7.2
Hz, CH2), . 4.15-4.26 (2H m CHO 4.81 (1H s, CH)
5. 31- 5. 343%1@19’9%'9%&9 44 2H d J=87H, A-H, 7.70 (2H d, J =
Hz, Ar-H) LCMS purity 100%, m/z 488 [NI *+H]*, TH NMR (400 MHz, MeOD), 5: 130—2 45 (24 H,

S | 1 yl - acet
<(310|)dq(/§7;) R0 (o B O RSB BRSO T e SRS ARgy ~2cet ' ©
8: 1. 23- 1. 9810((8 mﬁcr)cx CH2), 2.10-2.15 (2H, m CH2), 239(2H m CH2),
371(1HmCH) 412(2H g, J = 7.2 Hz, CH2), 4.80 (1H, s, CH), 7.43

(3" 5 or (SRl G N rehvearbim Ay heptaoy Rl s s peBobenzy | am no

butyri c aghdngiyvektipacitiybs)ester (88) LCMS purity 83% mz 520 [ Mt+H], 1H NWR

(300 M, (9H, s, 3 x CH3), 1.29 (3H, d, J = 7.8 Hz, CH3),
1.37-1. 41 ng'é‘i@ifs%dl 64-1.89(12K, m CH2), 2.09-2 15 (2H, m CH2),

2. 40(2K LCMB punw @%dznlz@mw “ B354 BMBAL0A MHZnMe TRy, 5: 3.208- AL,
Ar-’ 4. 24§§< 6@_%)12 %37155%0%5Q§H miN3.488 60 @ ) £l (i, I = 6.9 Hz,

(S)-3-tertn k1yH:2"l)47(‘13 3B d% P A banoy| - hept anoyl ani no) - benzyl ani noF
prop| onic acid cyclopentyl ester (89) LCMS purity 95% mz 506 [ M+H], 1H

NVR (300 5:1.23 (9 . C(CH3)3). 1, 36-2. 16H. m 8 x CH2),
1.66 (2H, wz'ﬁﬁ?‘%fﬁf" %’?ﬁ’?’%@?ﬁ%ﬁ“@@?eﬁ‘iar& ?E!ﬁ%"%z 11 (2H, t,
J 7.4Hz, @Hehyl-fRogdibnic2idid ethylesTerdb8), CH2), 3.92 (2H, m CH2), 4.16 (1H, m
(2H, 3d26ﬁ'§dﬁb§%@m§ 32 (1H m CH), 7.45 (2H, d, J=8.5Hz, ArH), 7.67
(S) - 3-t er LOBIR i @YAH‘(M%@/&M " oY C 'k WERE4A0 MEptMe@) &ri?0sd30 B8iEy| ami nol-
propi oni ¢ ;aCh 84.698X2 H, m, CH,Ph), 3.48-3.69 (2 H, m, CH,N), 4.10-4.25 (2 H, m,

CH,CHs), 4.33-4.49 (1 H, m), 4.80-4.79 (1 H, m), 7.20-7.35 (5 H, m, Ar).

8.7

(8)-2~{[1-(7-Hydroxycarbamoyl-heptanoyl)-pyrrolidine-2-carbonyi]-amino}-3-
phenyl-propionic acid cyclopentyl ester (56}

Building block | used

LCMS purity 100%, m/z 502 [M™+H]", *H NMR (400MHz, MeOD), &: 1.27-2.23 (22 H,
m, 11 x CHy), 2.35 (2 H, m, CHy), 2.97-3.27 (2 H, m, CH,Ph}, 3.53-3.63 (2 H, m, CHy),
4.35-4.45 (1 H, m, CH), 4.60-4.70 (1 H, m, CHCH,Ph}, 5.10-5.20 (1 H, m, CHOCQ),
7.23-7.30 (5 H, m, Ar).

(S)-2-{[1-(7-Hydroxycarbamoyl-heptanoyl}-pyrrotidine-2-carbonyl]-amino}-3-
phenyi-propicnic acid (57)

Building block I used

LCMS purity 90%, m/z 434 [M*+H}", "H NMR (400 MHz, MeOD), &: 1.30-1.41 (4 H, m,
2 x CHy), 1.55-1.69 {4 H, m, 2 x CHp), 1.80-1.90 (8 H, m}, 2.91-3.26 (2 H, m), 3.45-
3.70(2H,m), 440 (1 H, m), 4.72 (1 H, m), 7.16-7.30 (5 H, m, Ar).



LCVS purity 95% mz 438 [M4-1-H], 11-1NWR (300 MHz, MeOD), 5: 1.25 (9H, s,
C(CH3)3), 1.39-1.42 (41-1, m 2 x CFl2), 1.62-1.69 (4H, m 2 x CH2),
2.08-2.17 (2H m CF-12), 2.40 (2H, t, J = 7.5 Hz, CH2), 3.85-3.96 (2H, m
CH2), 4.01-4.04 (1K, m CH), 4.26 (2H, s, CH2), 7.46 (2H, d, J = 8.4 Hz,
Ar-H, 7.68 (2H, d, J = 8.4 Hz, Ar-H)

(S)-2+1-(7-Hydroxycar banoyl - hept anoyl am no) - benzyl am no] - 3- phenyl pr opi oni ¢
acid cycl opentyl ester (91) LCVS puri y 95% mz 510 [11/1" +Ht 1H NMR (300
MHz, MeOD), 5:1.17- 2.43 (22H, m 11 CH2), 4.19- 4.30 (2H, m CH2), 5.08
(1H, s, CH), 5.20- 5.26 (11-1, m CH), 7.24 - 7.71 (9H m Ar-H) Conpound

e e It TR SRR a RIS e RAGERL e moct 1 ed

( S) - Cycl ohearpbligetd-Ea(kibnyleimib a3-pedyb-pyagiohismcidlgychmentyh estenthitho] -

benzyl am ng) 5 f Cac ycl opentyl ester 0 aon Cct anedi oic acid
(4-fornyl %ﬁ’é‘ﬂﬁﬁ;""@%ﬁ"’e&é. sobut oxy- et hoxy) - am de (220 ng, 0.056 mmol, 1.0
eq) and L-EG¥BomEiaf i@)‘P%cWﬁé%WT%eHﬂD’M%é@EM‘(ZlQ@. )Ry 1-18-10820Cmol , 1.1
gq) \rA]e(rje ZFni, bg@dé.bmmgbﬁgg!4k&:lugk)lz.mgnningbﬁz)ﬁﬁ.fmgrmﬂ,aﬁp@ng.tmw Soditym
or ohydri de : . 0. o .5 eq). was I ntro e reaction
m xture st?-?‘géﬂ"’f@pgi’s“-%?%* nﬂ%q)eﬁégi%@hmwdﬁﬁgaﬁg%g?&ﬁ d™ o an ice
bat h and 2cgooms, ®60-3adijem) myaty.oxi de (2M were added. Diethyl ether was
added and the organic phase 123 isolated. The aqueous | ayer was

re-extracted with diethyl ether, organic |ayers conbined and washed with
bri ne. The(S)r2fiiS)-2-(Birhdleoyserhamayl-teptanoyivB.3adN-tetiahydiostH-ketd concent r at ed

in vacuo tQ-cgiﬁﬁ%nﬁh%%@ﬁéﬂsﬁb}-wh%hyl\qﬁfﬁpfoﬁhﬁéhi& o) he next step without

further purification.
(S) - Cycl ohBRijding biogl ycar banoyl - hept anoyl ani no) - benzyl ami noi acetic
aci d cycl opemsyurigsst @00% 86z 535 QuHT NI NMR (400 MHz MeOD), 3: 1.20-1.40 (4H,

m, 2 X CHa), 1.45-1.65 (4H, m, 2 X CHy), 1.90-2.10 (2H, m, CHy), 2.30-2.50 (2H, m,
CH,), 2.70-3.15 (3H, m), 4.2-4.9 {(4H, m masked signal}, 5.00 (1H, m CHOCO), 6.75-
7.40 (9H, m, Ar)

(S)-[3-(7-Hydroxycarbamoyl-heptanoylamino)-benzoylamino]-phenyl-acetic acid
cyclopentyl ester (60)

Building block K used

LCMS purity 100%, m/z 510 [M™+H]", 'H NMR (400 MHz, MeOD), 3: 1.28 (4 H, m, 2 x
CH,), 1.40-1.80 (12 H, m, 6 x CH,), 1.98 (2 H, t, CHyp), 2.27 (2 H, 1, CHz), 5.12 (1 H,
m), 5.50 (1 H, s, OCOCHPh), 7.21-7.32 (4 H, m, Ar), 7.36 (2H, m, Ar}, 745 (1 H, d,
Ar), 7.61 (1 H, d, Ar), 7.90 (1 H, s, Ar).

(8)3-«(7-Hydroxycarbamoyl-heptanoylamino)-benzoylamino}l-phenyl-acetic

acid (61) '

Building block K used

LCMS purity 100%, m/z 442[M*+H]", '"H NMR (400 MHz, MeOD), &: 1.21-1.34 (4 H, m,
2 x CHy), 1.48-1.63 (4 H, m, 2x CHay), 1.98 (2 H, t, CHy), 2.26 (2 H, t, CHy), 5.55 (1 H,
s, OCOCHPh), 7.20-7.32 (4 H, m, Ar), 7.40 (2 H, d, Ar), 7.48 (1 H, d, Ar), 7.64 (1 H, d,
Ar), 7.89 (1 H, s, Ar).



N, OH 86 Material fromstep 6b (50 ng, 0.083 mmvl, 1 eq) was dissol ved i
DCM nmethanol (2 mL : 2 nL) and stirred with TFA (1.0 nL) for 2 h. The
resulting salt was concentrated, dissolved in nethanol and purified by

n

preparative HPLC to yield conmpound (86). LCVMS purity 100% mz 502 [ M++H],

1H NWR (300 MHz, MeOD), 8: 1.28-1.98 (26H, m 13 x CH2), 2.10-2.15 (2H,
CH2), 2.40 (2H, t, J = 7.8 Hz, CH2), 3.81 (1H, d, J = 3.9 Hz, CH), 4.21
(2H, m CH2), 5.01 (1H, s, CH), 5.23-5.25 (1H, m CH), 7.43 (2H, d, J
Hz, Ar-H), 7.68 (2H, d, J = 8.7 Hz, -H) Synthesis of 92 and 93 R
cyclopentyl 92 R = H93 124 To a solution of 3-nitrophenol (8.35g,

or omob y (R b SRRl F a0 Rao i auat iRt dl oo

t enper at upentaopickgidcycitpentdastar¢é)was dil uted with ethyl acetate and
water. Th was separated and washed with water (2 x 200ni).
The organ?gﬂaﬁggué&%l\g@%%g?ed wi th Na2SO4and concentrated in vacua The
required éGN@rpum%Qﬂ‘Vsdh/aﬁé@I[M aHI"ol NYIRceMizole@Phy: 9.84 (B/M, dacet at e :

N

mz 240 [ Mt ester

m
8.4

hept ane, £% ?ga% 8al8, dﬁt W%h%@ﬁ 2 YA Y40l (s (153@ urity 100%

X CHa, CH(CH3 s C_H_gCH(C )2), 2.00 (2E| t, CHZ) 25 (2 A, t, CHy), 445 (1 H, M,
OCOCHCH,), 5.10 (1 H, m, CHOCO), 7.25 (1 H, m Ar), 7.40 (1 H, d, Ar), 7.60 (1 H, d,
Ar), 7.90 (1 H, s, Ar).

(S)-2-]3-(7-Hydroxycarbamoyl-heptanoylamino)-benzoylamino]-4-methyl-
pentanoic acid (63)

Building block K used

LCMS purity 97%, m/z 422 [M*H]*, 'H NMR (400 MHz, MeOD), &: 1.03 (3 H, d,
CH{CHa)). 1.06 (3 H, d, CH(CHj3)), 1.40-1.55 (4 H, m, 2 x CHy), 1.65-1.95 (7 H, m, 2 x
CHgz, CH(CHs),, CH-CH(CHa),), 2.15 (2 H, t, CHy), 2.45 (2 H, t, CH,), 4.70 (1 H, m,
OCOCHCH_), 7.45 {1 H, m, Ar), 7.60 (1 H, d, Ar), 7.80 (1 H, d, Ar), 8.05 (1 H, s, Ar).

(8)-2-{[2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,4,9-tetrahydro~tH-beta-carboline-
t-carbonyl]-amino}-3-phenyl-propionic acid cyclopentyl ester(64)

Building block L used

LCMS purity 100%, m/z 603 [M*+H]*, "H NMR (400 MHz, MeOD), &: 1.18-1.71 (16 H,
m, 8 x CHy), 2.00 (2 H, t, CH,), 245 (2 H, m), 2.70 (2 H, m), 2.90-3.11 (2 H, m), 3.40
{1 H, m), 4.10 (1 H, m), 4.50 (1 H, m), 5.00 (1 H, m}, 5.95 (1 H, m), 6.90-7.11 (7 H, m,
Ar),7.25(1H, d, Ar), 7.34 (1 H, d, Ar).

(8)-2-{[2-(7-Hydroxycarbamoyl-heptanoyl}-2,3,4,9-tetrahydro-1H-beta-carboline-
{-carbonyll-amino}-3-phenyl-propionic acid (65)

Building block L used

LCMS purity 91%, m/z 535 [M*+H]*, 'H NMR (400 MHz, MeOD &: 1.15-1.32 (4 H, m, 2
X CHy), 1.40-1.60 (4 H, m, 2 x CH_), 1.98 (2 H, t, CHy), 2.41 (2 H, m), 2.69 (2 H, m),
2.90-3.11 (2 H, m), 3.30 (1 H, m}, 4.06 (1 H, m), 4.60 ( 1H, m), 5.92 (1 H, m), 6.84 (7
H, m, Ar), 7.20 (1 H, d, Ar}, 7.31 (1 H, d, Ar}).



0O oo Stage 1 nitro ester (250ng, | mml) was dissolved in ethanol (3ml).

Pd/ carbon (40ng) was added and the reaction stirred under a hydrogen

at nosphere (balloon pressure) for 16 h. The reaction mxture was filtered

t hrough celite. The celite pad was washed with ethanol and the conbi ned
organic fractions concentrated in vacuo to give the required product as an
orange oil (210ng, 100%yield). LCVS purity 89% nfiz 210 [ Mr+Hr. The aniline
was used in the next stage without fu r7her purification. Stage 3: Coupling
to resin 125 Suberic acid derivatised hydroxylam ne 2-chlorotrityl resin
(89, 7.52mml, loading, 0.94 nmol/g) was swollen in DCM DMF (80nil/ 80mL).

ntded 1o i REMPPRERTEBeafd (B w8 e T O S Rty r ¢ aci 0 metyl

ester (4.73g, 22.6mmol ). The reaction was shaken at roomtenperature for 72
h before standard wash and drying. Stage 4: Ester hydrolysis Stage 3 resin
(9.5 g), was suspended in THF/ MeOH (34 ml134nl). NaCH (1.4 M aq 34 m )

was added and the reaction shaken f 16 h at room tenperature. sin
was washed us| Qg the standard was cedure before air dryrng St 5:

Am no aci dgg r co ) a 4.1 srnl&;‘ig/ﬁwpas,sgg n &CM DVF
(20m/ 20ml) NPy henI glycing cycl Rést r

(2.49, 5.92mmol) and d| S0 Iet yI am ne (3.4nl, 19. 7rﬁm re ddded

sequentially and the reggtion shaken at roonrtenperaturqwfor 72 hours. The
resin was submtted to standard wash and dri ed.

Stage 1: 5-Amino-nicotinic acid methy! ester
H,N s o
P
N

5-Aminonicotinic acid (1g,.7.2mmmol) was suspended in methano! (100ml) and thionyl
chloride (4.22mi, 57.9mmol) added dropwise at 0°C. The reaction mixture was stirred
at room temperature for 18 h. The reaction mixture was evaporated to dryness and
the resultant yellow oil was re-dissolved in methancl/ether (1:1) and afforded yeliow
crystals (HCI salt} which were collected by filtrafion, yield 1.2g (85%). LCMS purity
91%, miz 153 [M'+H]",

Stage 2: (5-Amino-pyridin-3-yl)-methanol

5-Amino-nicotinic acid methyl ester (5.7g, 30.2mmol) was dissolved in THF (150mi)
and LiAIH, (1M in THF solution 133mi, 133mmol) added slowly at 0°C. The reaction
mixture was stirred at room temperature for 21 h. The reaction mixture was quenched
and acidified to pH 3 using dilute HCI, and basified {(pH 8) using solid Na,COa.
Solvents were removed under reduced pressure. The residue was filtered through
silica gel using 20% MeOH/DCM yielding the product 3.8g, (100%) with LCMS purity
97%, mfz 125 [M™+H]", by ELS.



St age 6:

(S)-{443-(7-Hydroxycar banoyl - hept anoyl am no) - phenoxy] - but yryl am no) -

phenyl -acetic acid cycl opentyl ester (92) 126 92 Stage 5 resin bound

cycl opentyl ester (1.1g) was shaken with 2990FA/ DCM (10nl) for 10 m nutes
before filtering the resin and evaporating the sol vent under reduced
pressure at roomtenperature. The process was repeated (x3) and the

conbi ned crude product purified by prgparative HPLC to yield conpound (92)
(114ng). LCMB purity 99% nlz 568 [ Mr+H], 1H NWR (400 MHz, Me00), 3:1.40(4
H m 2x &tge 3: Conpling of s@Qe @ E8idlantamesial kyl ), 2.10(4 H m 2 x CH2), 2.40(2
H t, CH2), 2.50(2 H m CH2), 4.0002 H m CH2), 5.15(1 H m ), 5.40(1 H,
s, NHCHCO, 6.65(1 H m Ar) 7.15(1 H m Ar), 7.20 (1 H t, Ar), 7.30 (1
H s, Ar), 7.40(5 H, s, Ar). age 7: H

(S)-{443-(7-Hydroxycarba N } < ykbut yryl am no) -

phenyl -acetic acid (93) 9B Stage 6 cyol opeptyl ester resin (500mg) was
suspended in THF (15ml). To the suspension vvgs added NaOH (1.4Maq., 1.6

m ) and the reaction shaken for 16 hr at roomtenperature. The filtrate was
renoved an and dried before cl eayage. Cleavaevvas
effected b dllogﬁ mfﬁ% ch %Otﬂgfﬁfﬁiﬁﬂéﬁﬁ'%%‘}“fﬁwema%?ﬁ{ﬁg@s @@W@gﬂ | tering

t he resi nOdﬂmnw)evwrm&ﬁgmtalnbyckmjsmm (émbend Pmtnueefdexy & HIce) aa:fdeﬂ oom

t enper at uk pr oduct
purifi ed S% e%giﬁg??{?ggs 1%&?‘9&%&%%(1 rg(éRﬂFgaﬂi) %@g g\gw (‘é f}purl ty
99% éé’@r{'cmp LS fqlhww§t@mvmindlmm7%soavmmmm#z2$ﬁ M+ CH2) , 1. 60
- L. 80 (4Th’e re¥in veddditered a?:d%éﬂed‘hsﬁ@thgsfén%)mas# r%@é%ré"T b es?’@%? 2.50(2 H, .
t, ), CHZ) 127 5.45 (1 H s, N o8 d, Ar)
710(1H '&fdf" (1Ht,Ar)725(1HsAr)730745(5H,m
Ar). Synt heS|s of 94 and 95

Stage 4: Mesylation

Resin bound stage 3 alcohol (1.8g, 1.57mmol) was swollen in anhydrous DCM (30ml)
and DIPEA (1.62ml, 8.42mmol) was added at 0°C followed by mesy! chloride (0.23ml,
3.14mmol). The reaction mixture was shaken at 0°C for 30 minutes. LCMS following
test cleavage indicated 21% conversion, m/z 374 [M*+H]" and 9% by-product derived
from chloride displacement of mesylate m/z 314 [M™+H]". The resin was filtered and
washed using the standard wash procedure. The resin was dried under vacuum.

Stage 5: Displacement of mesylate with L-phenylalanine ethyl ester
N
2 0
H\/LJ\ N
N 2 NMN\O
H o)

Resin bound stage 4 product (0.5g, 0.43mmol) was swollen in anhydrous DMF (4ml)
and sodium iodide (0.05g, 10%w/v) added. L-Phenylalanine ethyl ester hydrochioride
salt (0.39, 1.29mmol) in anhydrous DMF (4ml) was added followed by DIPEA (0.75ml,



R = cyclopentyi 94 R = HO5 Stage 3-nitro-benzyl-chroroformate formation
To a solution of 3-nitro benzyl alcohol (10g, 65mmol), in di oxane
(anhydrous, 100ml) was added trichl oronethyl chloroformate (9.47n,
78mol ). The reaction was heated at 75C under nitrogen for 16 h. The

sol vent was evaporated and the residue resuspended in di oxane and
evaporated. The procedure was repeated (x 3). The crude chl orof ormate was
used in the next stage w thout furtheggpurification. Stage 2:
(S)-2-(3-Nitro-benzyl oxycar bonyl am no) - 3 phenyl - propi oni ¢ acid cycl opentyl
ester L- Phmgadl 6%@'@9&%3‘@1’ 8 hors 0B Msadittest Sledvagl matﬁnafmidjcams35§’us pended in

DCM (40m) gonlbisRNlAMm e +H7. Phdlresth Ziﬂ%qﬁtére%ﬁd g’%léi '%%or 2 or tion

stirred at room 128 terrperature mn e (5q,
23nol ) di s%’%?f\/%'ﬁcc?dh'r%éﬂﬂ%waswgt@éﬂé@c@lﬁ“t he reaction m xture added
dropwi se with cooling (ice bath). The reaction was stirred for 16 h at room

t enper at ur was [ emnye d the r S|dediss | ved i n Et OAc
(100n1) vvagtr?gﬁgmﬁsﬁ% {ﬁ@éw [BYFROF @ﬁi’-haﬁan% %@é@r)‘m% ylsprain

concent r at Pledphenylspropionic abie ethylektertégler i al was pur| fied by chromat ography
(EtOAc : heptane, 1: 9) to give the required carbamate (6.4g, 67%yield).
mz 413 [ M++H] Stage 3:

(S)-2-(3-Am no-benzyl oxycagy bonyI lo) -3~ phenyl - propi oni ¢ acid cycl opentyl
H
S

est er
R
-0 N N

H 0

66

Stage 5 resin (29, loading 0.87mmol) was gently shaken in 2% TFA/DCM (20mi) for
20mins. The resin was filtered. The filtrate was collected and evaporated under
reduced pressure at room temperature. The resin was re-treated with 2% TFA/DCM
{20ml) and fiitered after 10 mins. The combined filtrates were evaporated to dryness
under reduced pressure at room temperature to give a crude product, The crude was
purified by preparative HPLC to yield compound {66) as the TFA salt. LCMS purity
100%, m/z 471 [M™+HJ", "H NMR (400MHz, MeOD), &: 1.10 (3H, t, CO,CH,CHs), 1.31-
1.50 (4 H, m, 2 x CHy), 1.58-1.80 (4 H, m, 2 x CHy), 2.05-2.15 (1 H, m, CH), 2.24-2.38
(1 H, m, CH), 245 (2H, t, CHy), 3.10-3.20 {1 H, m, CH), 3.38-3.49 (1 H, m, CH), 4.12
(2 H, q, CHy), 4.35 (3H, m, CH,, CH) 7.20-7.40 (5 H, m, Ar), 8.30-9.00 (3 H, m, Ar).

Stage 7: {S)-2-{[5-(7-Hydroxycarbamoyl-heptanoylamino}-pyridin-3-yimethyl]-amin
0}-3-phenyl-propionic acid {67)

o) N o H
ol J\/\/\/\H/N\
HO N OH
H O
67

To a solution of Stage 6 product (30myg, loading 1.8mmol/g) in THF (1mi} was added
1.4M sodium hydroxide (1 ml). The reaction mixture was stirred for 30 minutes. LCMS
showed 75% conversion, m/z 442[M"+H]". The reaction mixture was evaporated to



Stage 2 nitro carbamate (6.4g, 15.5mvol) was dissolved in ethanol (64nl).
Tin chloride dihydrate (17.5g, 77mol) was added and the reaction stirred
for 16 h at roomtenperature. The sol vent was evaporated and the residue
di ssolved in Et0Ac (60ml). A saturated solution of sodi um potassium
tartrate (60m) was added foll owed by a solution of saturated sodium

hydr ogen carbonate (120ml). The bi phasic solution was stirred for 15 mn.
The organic | ayer was separated and { aqueous phase extracted with Et0Ac
(60nl x1). The organic |ayers were conbi ned, dried and the sol vent

evapor at ednjhessandavdshrrifiédisiepppardiivet HRUG lyiabthe pasirddi cethpbyndasitioerat ogr aphy

(5100 o o RO Syt i TGN 8 R gt o 259,

Cci 3N SubeioD)ak it B0dé H, waRixaEHh),Hyal- b%§ [4iki me2 RCHE| 2002 HityCH)33h (2. 0g,

1. 88mmmol , dipg, n, 4 ( (2.93gq,
5. 64l ) CXihis gﬂ%s%%? 2%91%0 oy héﬁ%;%’fezivn%?dn“lé‘ﬁ’(%.ﬂg%m)ig‘%@@rﬁ @ﬁg e added.
St age 3 afid0i(hbl, bas. BedrBde (1 1, 8¢\, 8.68rtirbl, br21ifglsol ved in DCM (20ml) was added
and the reaction shaken for 4 d before filtrate renoval and standard wash
of the resin which was dried under air. Stage 5:
(S)-243-(7-Hydroxycar banoyl - hept anoyl am no) - benzyl oxycar bonyl am no] -3
- phenyl - pegRineBisof Tunthdunal(epent yl ester (94) 94 Stage 4 resin bound
cycl opentyl ester (2g) was shaken with 299FA/ DCM (15nl) for 10 m nutes
before filtering the resin and evaporating the sol vent under reduced
pressure at room tenperatyre. Th rocgss was repeated (x3) and the
conbi ned crude product] p ifﬁed by |jpr epar ati ve HPLA3to yiel d compound (94).
LCVS purity 95% niz , N 4 , @, 8:1.30 (4 H m 2
X CH2), 1.40 - 1.90 (13.H Jm alkyl)H 2.00 (2 H © CH), 2.30 (2 H t,
CH2), 2.90(2 H, ddd, [ 3.80 (1 H mM, 4.25 (1 H, dd, NHCHCO, 4.90 (2
H s, CH2), 505 (1 H, , 535 (1 H m, 6.95 (1 H d, Ar) 7.05-7.25 (6 H,
m Ar), 7.35 -7.75 (2 H m Ar). St%e 6:
(S)-243- (7- Hydr oxycar banoyl - hept anoyl am no) - benzyl oxycar bonyl am nop
-phenyl -p r(g)gzl-?[g-l(ﬁH?grbgycg%gznoyl—heptanoylamino)-pyridin-.’:‘-ylmethyl]—amino}~3~phenyl-

propionic acid tert-butyl ester (68) (was prepared using the procedure outlined for the

preparation of compound (66): LCMS purity 100%, m/z 499 [M*+HJ*, 'H NMR (400

MHz, MeOD), 8: 1.20 (9 H, s, C(CHa)a), 1.25-1.35 (4 H, m, 2 x CHy), 1.49-1.65 (4 H,

m, 2 x CHp), 2.00 (2H, 1, CHz), 2.35 (3 H, t, CHy), 3.00 (1 H, m}, 3.32 (1 H, m), 4.15-

4.30 (3 H, m), 7.15-7.30 (5 H, m, Ar), 8.30 (1 H, br s, Ar), 845 (1 H, s, Ar), 8.65 (1 H,

br s, Ar).

Synthesis of Compound (69) and Compound (70)

© @ H @ 1 H
gofﬁ/\glﬁmgN~oH Hofﬁ/ﬁﬁw "OH
69 70

Stage 1: Loading of Fmoc amino caproic acid onto resin

fmoc\N
H




95 Conpound (94) (100ng, O0.18mmol) was dissolved in THF (1m) and 2M NaCH
(1nml) added. The reaction vial was shaken for 4 h before THF renoval via a
stream of nitrogen. The aqueous residue was purified by preparative HPLC to
yi el d conmpound (95) (62ng). LCVS purity 95% mz 486 [ M++H], 1H NWMR (400
MHz, MeOD), 5:1.35 130 (4 H m 2 x CH), 1.55 - 1.75 (4 H m alkyl),
2.10 (2 H t, CH), 2.35 (2 H t, CH), 2.95 (2 H dd, CH, 3.20 (1 H, dd,
CH), 4.45 (1 H, dd, NHCHCO), 5.00(2 HosS: CH2), 7.05 (1 H, d, Ar),
7.20-7.35 (6 HL m Ar), 7.55 (2 H, Ar). Synt hesi s of Compound (96) and
Conpound (8@ 3 mixtuid of hydroxyimeng $-chiBfotiylredid 2.8, gaing 0.94mmol/g) in

(el b bt ofad AORANAB0E R QYA de1os FeGRORAI AR (LT SP2M o0 28

described 1n
(S)-7-Ni traﬂ@nnwauangiaﬂanm-ﬁmmheﬁm@c Eﬂé(&593-7d15mdb)05(9hm@rmlﬁﬁm tert-butyl

ester , bogomi). DMF {5mi) was added and the reaction shaken at room temperature for 1 h.
Test cleavage revealed 96% conversion to required product. The resin was filtered
and washed using the standard wash procedure. The resin was dried under vacuum.

Stage 2: Fmoc deprotection

0

Stage 1 Fmoc protected amine resin (2.0g, loading 0.94mmol/g) was dissolved in a

solution of 20% piperidine in DMF (25ml, excess) and shaken at room temperature for
30 minutes. A test cleavage indicated complete conversion by LCMS, 100% (ELS
detection). The resin was filtered, washed using the standard wash procedure and
dried under vacuum.

Stage 3: Coupling reaction

To resin bound stage 2 amine (2.0 g, loading 0.94mmol/g) in anhydrous DCM (10ml)
and DMF (10ml) was added DIC (0.7 1mi, 5.64mmol) and 3- (chloromethyl} benzoic
acid (0.96g, 5.64mmol). The mixture was shaken for 1 hour before test cleavage
revealed 49% conversion by LCMS, m/z 219 [M™+H}*. The resin was filtered and

washed using the standard wash procedure. The resin was dried under vacuum.

Stage 4: Chioride displacement with L-phenylglycine cyclopentyl ester

O,ofﬁ/\Q)Lﬁw\ng



.T.OH O (S)-7-Nitro-1, 2, 3, 4-tetrahydro-i soqui noline-3-carboxylic acid (7g,
31.5mvol ) was dissolved in THF : water (1 .1, 350 nl). K2003 was added
(5.2g9, 37mmol) followed by boc anhydride (13.7g, 63 mrnol) and the sol ution
heated at 40C for 1 h. THF was renoved by evaporation and the aqueous | ayer
adjusted to pH = 7 before extraction with Et0Ac. The organic |ayer was
washed 0.1 M HCI (x3) and dried over Na2SO4 before concentration in vacua
The required N-protected product was tained 131 follow ng colum

chr omat ogr aphy (EtO0Ac : heptane 2: 3 'EfOAc), (7.59, 749, LCMS purity 92%
nmol ecul ar ion not observed Stage 3:

(S)-3-((S)-1-Cycl opentyl oxycar bonyl- 3- net hyl - but yl car banoyl)-7-nitro-3, 4-

di hydr o- 1Hrd resiqbbual stage 2 eldaideqRyby] G4Eamnd)) hembydrodsy/DME g5l wadadded-- 0 trO0

S)-7-Nitro- - Qi - i i neli.ne- - di i i d-2-tert-butyl
Coter (2. SgpreaToRLHE B SO OR NG Font PRI P EbR 2 160, 5. saml)
was added,1.4tmeelbantea eataliisprmout oksodism ipdida. Ide réac@mmidityre was heatetbd f ol | owed
b ieth i . dded

y triethylgmder 4 %o@gg@é}\dgﬂi&!}c}oo {eaetcle e rE@a#e@%ﬁ%%%y@r?gﬁ{Fﬁﬂz)%yas adae

and the reaction stirr nperdature e reaction was
added DCMiMtdmiTesesn vaehligreshandwvashye bsipgir stpndardivagh Percedsexigoont ) |

dried w thedlhaaSdasuidaevaaliment renoved in vacuo. The crude product was
purified by chromatography (Et0OAc : heptane 1: 2 Et0Ac) to give the

requi red product 3.14g (82%yield), LCVS purity 100% rn/z 504 [ M+H] Stage

4: ('S) - 7- Astageos: ISP(B-(G-Hysivixpetrdnydybpgritlcdrbaydd)denetidrgihelptenyiaasteanoy 1) - 3, 4-
di hydr o- 1%05@&9!8{)&'9}'{['99@??6‘9?” boxylic acid tert-butyl ester

O
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Stage 4 resin (1.0g, loading 0.94mmol/g) was gently shaken in 2% TFA/DCM (10ml)
for 20mins. The resin was fillered. The filirate was collected and evaporated under
reduced pressure at room temperature. The resin was re-ireated with 2% TFA/DCM
(10ml) and after 20mins filtered. The combined filirates were evaporated to dryness
under reduced pressure at room temperature 1o give a residue. The residue was
purified by preparative HPLC to yield compound (62). LCMS purity 89%, m/z 482
[M™HH]", *H NMR (400 MHz, MeOD), &: 1.24-1.82 (14 H, m, 7 x CHy), 2.03 (2 H, 1,
CHy), 3.30 (2 H, t, CH,), 4.08 (1 H, d, CHHPh), 2.20 (1 H, d, CHHPh), 5.08 (1 H, s,
OCOCHPh), 5.18 (1 H, m, CHOCOQO)}, 7.39-7.54 (7 H, m, Ar), 7.77 {2 H, m, Ar).

Stage 6: Saponification of cyclopentyl ester



(S)-34(S)-1-Cycl opentyl oxycar bonyl- 3-net hyl - butyl car banoyl)-7-nitro-3,4-dih
ydr o- 1Hi soqui nol i ne-2-carboxylic acid tert-butyl ester (3.14g, 6.24muol)
and Pd/ carbon (0.4g) were suspended in Et0OAc (20ml). The reaction was
stirred under a hygrogen atnosphere (ball oon pressure) for 16 h. The
solution was filtered through a pad of 132 celite and the sol vent renoved.
The crude product (3.04g) was used in the next step w thout further
purification. LCMS purity 83% mnz 474, [ M-+H] Stage 5: Coupling to resin
Suberic acid derivatised hydroxyl am ne 2 chlorotrityl resin (2.2g, |oading,
0. 94mol / gptagad rmmn(iltﬁg badiChOBMo(/d) vigs B6petded Py BOP(4 3nifgl 6. 15mmol ) and

di i sopropy anilino am de
(3. 04q, ﬁ%{h@ﬁ%@ oI vgé %%ZWH% a%éae(gad'gﬂe% dﬁ‘gﬁeﬁreactl on shaken
for 3 daysmb@fr@wes ﬁﬁlﬂk@ﬁéﬂfégh é@%pf féﬁépssﬁlaameﬁhawe@é%@bn\telrmorrfeémm whi ch was

dried undegc @'n”t/z 49 pgeHP: The resm was filtered and washed with water x 2, MeOH x
(S)-2-{[(): dr oxycarb yl - hept.anoyl am no) -1, 2, 34tetrahydr0|soqum

ol i ne-3-ca B‘EWRNR/ pigydad H@?%Wc’%‘ﬁ? Jﬁ8lr‘?,5‘rh‘ff?§jdr&¢d1r@6"e‘fﬂ°9‘|’mester (96)
96 Stage 5 resin bound cycl opentyl ester (600ng) was shaken wi th 2%FA/ DCM

inder  r edueas® pr s EedSefoT etk bEleaRybrpar ot h R RSP SHRs pur 1 11 ed
by prepar a@did/@OHPLC to yield

(S)-2-{[(S)-7-(7-Hydroxycar banoyl - hept anoyl am no) -1, 2, 3, 4-t et r ahydr oi soqui n
ol i ne-3-carbonyl | -am no}-4-nmet hyl -pentanoi c acid cycl opentyl ester

(17.5nmg). The boc group i noved in addition to resin cleavage. LCMS
purity 98% nlz 545[|VHr-1 , 1H NWR (400 MHz, MeOD), 5:0.85 -0.88 (6 H, 2
xd, J=6.4 H, J 6.5 2xCHB)0130(4H ny alkyl), 1.50 - 1.65 (13
H m alkyl), 1. 80(2 H1O /H,\/h\,@ld%ﬁ @25(2 H t, CH2), 3.00
(1H, m CH), 3.25 (1H, mo , 4 1,mCH),01

70

Stage 6 resin (1.35g, loading 0.94mmol/g) was genily shaken in 2% TFA/DCM (10mi)
for 20mins. The resin was filtered. The filirate was collected and evaporated under
reduced pressure at room temperature. The resin was re-treated with 2% TFA/DCM
(10ml) and after 20mins filtered. The combined filtrates were evaporated to dryness
under reduced pressure at room temperature to give a residue. The residue was
purified by preparative HPLC fo yield compound (70). LCMS purity 100%, m/z 414
[M*+H]}", 'H NMR (400 MHz, MeOD), &: 1.30 (2 H, m, CHy), 1.57 (4 H, m, 2 x CHy),
2.20 (2 H, t, CHy), 3.30 (2 H, t, CHy), 4.05 (1 H, d, CHHPh}, 4.18 (1 H, d, CHHPh),
4.90 (1 H, s, OCOCHPh), 7.35-7.52 {7 H, m, Ar), 7.78 (2 H, m, Ar).



4.25 (2H, s, CH), 4.29 (1H m CH), 5.10(1 H m CH, 7.11 (1H d, J = 8.4
Hz, Ar), 7.25 (1H, d, J =8.3 Hz, Ar ), 7.55 (2H m Ar). Stage 7:
(S)-2-{[(S)-7-(7-Hydroxycar banoyl - hept anoyl am no) -1, 2, 3, 4-t et rahydr oi soqui n
ol i ne- 3-carbonyl) - am no) - 4- net hyl - pentanoi c acid (96) 97 Stage 5

cycl opentyl ester resin (1.559) was suspended in THF/ MeOH (10ni /10nil). To
t he suspensi on was added NaOH (1.4 M aq.,5nl) and the reaction shaken for
16 hr at r.t. The filtrate was renpygd and the resin washed (standard) and
dried before cleavage. C eavage (600ng of resin) was effected by shaking

Wi th 2%5%@5% e8GtinpbondsSn Etgwmfbﬁxehmlﬁﬁé byiGarepaung (FHEndesi n and
evaporatbgq{., fﬁ}vent under reduced pressure at roomtenperature. The
crude produ B putified by preparative HPLC to yield Conpound (97) (73.4ng).
The boo group is renoved in addition to resin cl eavage LCVS purity 96%

m z 477[k|r+H] lHN OOM-lz IB{EOD) 809 1.02(6 H 2 xd, J =6
Hz, J =6.1 Hz, 2 x 4Q HNm 6r 1.80 (7 H, m al kyl),
2.10 (2 H t, :7£sz 2) 39 2 76Hz CH2) 3.15 (1 H, dd,

J=12.5H2,J=166 H, J = 17 Hz, CH)
4.00 (1 H, s, CH), H dd J 47 Hz =12 2 Hz, CH), 4.40 (2 H,
m CH2), 4.55(1 H, dd = =10 Hz CH) 725 (1 H, d, J =8.4 Hz,

Ar), 7.25(1 H d, J =28 HzR-AGWbOPé"FVB@(;l H J =7 Hz, Ar). Synthesis of
Conmpound (98) and Corrpound% 134 R = cycl opentyl 98 R = H99 Stage 1:
(S)-4-Methyl-2-(4-nitro-benzoyl am no)-pentanoi c acid cycl opentyl ester

H H o
L0 : /\/O NM ~OH
R N N
\g/\H . @/ I N

R= cyclopentyl 73
R._

O H ’ H O
Ro Noo~O N\"/\/\/\/[LN'OH
o H

R= cyclopentyl 75
R=H

O

9
H H
Reg NWO\QNMNDH
X H

R= cyclopentyl 77
R=H 78

Figure 4



L- 1 euci ne cycl opentyl ester. TsOH salt (7.98g, 21.51mml) was dissolved in
THF (40ml) and triethylamne (6ml, 21.5mol) added. 4-Nitrobenzoyl chloride
(49, 21.5nmmol) was added portionwi se with cooling, ice bath. The reaction
was stirred at roomtenperature for 16 h before evaporation to dryness. The
resi due was dissolved in DCM (100m) and washed with saturated sodi um

hydr ogen carbonate (3x100nil), 1 M HC1(3x100nl) and brine, dried (Na2SO4),
and the solvent renoved in vacuo. tojgd ve the required product 5.25g (70%
yield) which was used in the next step without further purification, LCVS
purity 108vgparation gidniikiekipcist Mdb02:

(S)-2-(4- Ami no- benzoyl am no) - 4- net hyl - pentanoi ¢ acid cycl opentyl ester 135
hydrogen (bal | oon pressure). The reaction m xture was filtered through
celite an ”é?%d?‘%‘?'%’ﬁ to give the required anmine anmide 3.9g9 (81% yi el d)

whi ch was used in the next step without further purification, LCVMS purity
100% rn/z 319 [ M+H] Stage 3: Coupling to resin Suberic acid

derivati sed Wang hiy iN@, resi® (1. 6gHOLoad|ng, N, 8ol / g) was swol | en
in DCM (anhydrous, 20ml) -Chl oro-N N 2-t ri met h openyl am ne (1.15n,
8. 64mmvl ) was added dropwrse bef o?(b/"g?{‘&ki ng at roomtenperature for 1 h.

(S)-244- Am no- benzoyl am no) - 4-ne l.ypentanoi c acid cycl opentyl ester
(2.75g, 8.64mmol) was added foll owed by triethyl angaeq(iir4nl, 17.63nmol)
and the reaction shaken at roomtenperature for 16 _h. The resin was washed
(standard) and air dried. Stage 4: Stage 2
(S)-214-(7-Hydroxycar banoyl - hept anoyl am no) - benzoyl am no] - 4- net hyl pent anoi c

acid cycl opentyl ester (98) 98 Stage 3 gresi-n_boumgh,cycl opentyl ester was
shaken with 2%FA/ DCM (10nml) for 10 m nutes bef§ filtering the resin and
evaporating the solvent under reduced pressure at~Toqgt enperature. The
process was repeated (x3) and the conbi ned crude product purified by
preparative HPLC to yiel d conpound (98) (36mgyilding@idekmurity 91% rn/z 490
[ Mt+Hr, 1H NMR (400 MHz, MeOD), 6:0.80 - 0.95 (6 H 2 x CH3), 1.25

Stage 1: 2-(3-Amino-phenyl}-ethanol

A mixture of nitro phenethy] alcohol (8.0g, 0.047mol) and 10% Pd/C (0.8g) in ethanol

(100ml) was stirred under a hydrogen atmosphere (balloon pressure) for 18 h. The

reaction mixture was filtered through a pad of celite and the Pd/C catalyst removed.

The filtrate was concentrated under reduced pressure to yield a light brown solid 6.71g

(95% vield). LCMS purity 98%, miz 138 [M+HT".

Stage 2: 3-(2-Bromo-ethyl)-phenylamine

A solution of 2-(3-Amino-phenyl)-ethano! (2.0g) in 48% ag HBr (20ml) was heated at
90 °C for 18 h. The mixture was cooled to room temperature, and the precipitate
formed was collected by filtration. The solid was dried in vacuo yielding Building
block M, 1.8g (61% yield). LCMS purity 80%, m/z 200/202 [M+H]".



136 (4 H, m alkyl), 1.40- 1.85 (15 H m alkyl), 2.00 (2 H, t, CH), 2.30
(2 H t, CHR), 4.45 (1 H m CH), 505 (1 H m CH, 7.60 (2 H d, Ar),
7.75 (2 H d, Ar). Stage 5:

(S)-214-(7-Hydroxycar banoyl - hept anoyl am no) - benzoyl am no] - 4- net hyl pent anoi c
acid (99) 99 Conpound (98) (21nmg, 0.043mmvl) was dissolved in THF (1 m)
and 2M NaCH (1 nml) added. The reaction vial was shaken for 16 h before THF
removal by blowi ng a streamof N2 ggggat the surface of the solution. The
aqueous residue was purified by preparative HPLC to yield conpound (99)
(5.2mg). LCMS purity 92% miz 422 [11/ 1++H 4, 1H NMR (400 MHz, MeOD),

6:0.95 - L 05 (B Hy ) 2 x CH3), 1.30- 1.50 (4 H m alkyl), 1.55 - 1.85 (7
H m alky‘ﬁ@f’@?% (2 H t, CH), 2.40 (2 H t, CH), 4.65(1 H m CH),

7.65 (2 H d A o7 80 (@ Hard~AY . Synthesi s of (LH m O
Conmpound (101) HO'\I?Oépe_mgd_B 4500”%&141%@@‘;@0@0“” (100) an

NaQH/ DMF
Stage 1 H,
10% Pd/C
Stage 2
/\/O NH, 48% aqHBr o NH
Br HO/\/ 2
i Stage 3

Building block N

Stage 1: 2-(3-Nitro-phenoxy)-ethanol

To a solution of 3-nitrophenoal (10g, 71.8mmol) in DMF {(40ml) was added NaOH
peliets (3.16g, 79.1mmol) and 2-bromoethanal (5.6ml, 79.1mmol). The reaction
mixture was heated at 60 °C for 18 h. LCMS indicated 65% conversion to the required
product. The reaction mixture was diluted with water (10ml) and was slowly
neutralised with 2M HCI. The reaction mixture was extracted with EtOAc (60ml) and
washed with water (50ml). The EtOAc [ayer dried (Na,S0,), filtered and evaporated to
dryness. Flash column chromatography purification eluting with 30% EtOA¢! heptane
gave the required product (8.2g, 62% yield). LCMS purity 100%, miz 184 [M+HT",

Stage 2: 2-(3-Amino-phenoxy)-ethanol
Reduction was carried out using the procedure outlined for Building block M.

Stage 3: 3-(2-Bromo-ethoxy)-phenylamine
Bromination was carried out using the procedure described for Building block M.



5- Br onoi ndol e- 2-carboxylic acid (400ng, 1.66mmol) and tri-Otolyl phosphine
(96nmg, 0.32mml) were added to a mcrowave tube. Ethyl acrylate (0.56m,
5.6mmol ), Et3N (0.92mL, 6.6nmmol), acetonitrile (2.5m) and Pd(OAc) 2(40ng,
0. 18nmol ) were added. The reaction was placed in a CEM m crowave at 150W
90C for 30 mnutes with 5 mn ranp tinme. Et0OAc was added and the reaction
m xture filtered through celite. The celite pad was washed with DCM and t he
conmbi ned organic fractions renoved toy@ ve a yellow solid. The solid was
redi ssolved in DCM and extracted into saturated sodi um hydrogen carbonate.
The aqueouBulldipgileggd washed with DCM and diethyl ether. The aqueous basic
|l ayer was acidified with 2M HCl (pH=5) and the product extracted into

Et OAc. The sol vent was renoved to give the required product (370 ny, 86%

yield). LCVB purityH®6%, mia, 260 [eH] t HBtage 20

54(E) - 2- Et hoxycar bonl)-—l—l—l——r—ﬁelol e-2-car boxycr d
5-((E) - 2- Et hoxycar bon i nyl ) naDHDMAdOI e- 2- car boxy acid (430ng,

1. 66mmol ) was dissolved in Et0A&ad100nl). Pd/carbon (100ng) was added and
the reactiron stirred under a hydrogen atnosphere (ba|lton pressure) for 18
h. The reaction mxture was filtered through a pad of+zette and washed
with Et0Ac. The sol vent was renpbved to give the req isegk2pr oduct 'whi ch was
used in the next step wi t hout further purlflcatlon .47glz. LCVS purity
92% mz 262 [M++?—|F\/S'[\ag8 He 48% aq HBr \/\/ H,

3-{2[ 6- (Tetrahydro-pyran-2 wearbaﬁﬁyﬁ hexyl car b 1] -1H i ndol-5-yl1) -
propi oni c acid et hyl esémedr k Stage 3

54( E) - 2- Et hoxycar bonyl - Vi r'ﬁ?f‘f" PH i ndol e- 2- car boxylic acid (0.427g, 1.6nmmmol)
was di ssol ved i n anhydrous DVF (20ml). EDCI.HClI (0.38g, 2mmol), Et3N (0.59

m, 4. 3nmogy) n‘d@b 8.
(tetrahydrpggran H . vids nepgféEUAs)d@é&Flb%d Wmﬂdi m}&ancat%]mtggoﬁgm% 20mL)

wer e added ﬂ“otﬂﬁdr'éa P‘%/Bfr? E‘i"m"f"'@&”%[t roomterrperature for 16 h under
ni trogen. Water was added, the reactlon m xture acidified to pH = 6-7 (10%
citric aci ni s,washed with 10%
citric aci %}nafﬁ f%g@%@ﬁ ﬁtm r)(()eg I‘?‘é;g? 'b(‘r%% gxﬁx"zw l"I"ﬁe sol vent was
r enoved incmt!ﬂba@l‘?@nmmt@rBd’l!tbt whi ch was purified by chromatography
(Et OAc : hexane 1. 2 - EtOAc) to give the required product as a yell ow
solid (550ny, 69%yield). LCVS purity 93% mz 488 [ M+H] Stage 4:
3-(2[ 6-(Tetrahydro- pyran -\ oxycar bafoyl) - hexyl car banpy1] - 1H i ndol- 5-y1}-
propi onic acid R N N ﬁ*OH

O

Stage 1: Coupling of aniline derivative to carboxylic acid functionalised resin

B §
r N,O
O H

To a suspension of hydroxylamine 2-chlorofrityl resin derivatized with suberic acid
(1.0g, 0.94mmol, loading 0.94mmol} in DCM/DMF (10mlf10ml) was added DIPEA
(1.75mi) foliowed by building block M, 0.8g, 2.82mmol. PyBrOF (0.53g, 3.76mmol)
was added and the suspension shaken for 18 h. The resin was washed using the

standard wash procedure and was thoroughly dried.



3-{21 6- (Tet rahydr o- pyr an- 2-yl oxycar banoyl) - hexyl car banoyl1] - 1H i ndol1-5-y1}-p
ropionic acid ethyl ester (550ng, 1.13mmol) was dissol ved i n THF/ net hanol
(50ntl/ 25ml). 1.4 M NaOH solution (50ml) was added and the reaction stirred
at roomtenperature for 4 h. The solvent was reduced to - 50% vol une and 1M
HCl added to pH 6-7. The m xture was extracted with DCM and further
extracted with Et 0OAc. The conbi ned organic |ayer was dried, Na2SO4 and the
sol vent renoved in vacuo to give thejgequired product 357ng (69%yield) as
a yell ow powder which was used in the next step w thout further
purification. LCVS purity 94% mz 460 [11/11-+H 139 Stage 5:

('S) - 3- Phesydye2: ORplhddBaktlcr broalieWey Bﬁﬁ&@rﬁmﬁﬁb%&f&%&%@%&l) - hexyl car bamoy11-
1H-i ndol - 5-y1} - propi onyl am no) - propi oni ¢ aci d cycl opentyl ester

3-{2[ 6- ( Tet rahydr o- pyr an- 2- yl oxycar banoyl) - hexyl car banoyl11- 1H i ndol-5-yl | -p

ropionic acid (0.35% 0.98mpol ) was,di ssol ved pn DCM DMF (20ni/ 20mt) .
EDCI . HCl (0. 163ng, @6 N ' W ' : M?mml ), HOBt
(0.116ng, 0.88mmol) and L-phenyl ni cycl ope | est'er. TsOH salt (0.346

ng, 0.88mmmol) were added the reaction mxture stirred for 16 h at room
tenperature under nitroge The sol vent volume was reduced (-10nil), DCM was
added and the organic |ayer washed with water (x3). The organic | ayer was
dried (Na i required product (500ny,
95% yi el Sreal %@%ﬁégﬁﬁ% Y fln (2B i) i e k@”‘@n.’a!'“@@é’%ﬂﬁéﬂ ity 77%
mz 675 [ lppﬂyl@cggaecygppentyl ester tosyl salt (0.44g, 1.12mmol) and DIPEA (0.67m,

('S) - 2- { 342.76nidy IBKYE BY RANBYNY ) THY FERE DAY hbiddtd 440 485 Vdi go 8 h.

pr opi onyl mno?n-s- hena/ -J)rosgll ni.c acid cycl opentyl ester ( (5) 100

(S) - 3- Phenya™3" (“?—S‘?IH%-QW etd ﬁgH?'BQW%§QEM%Q?W6%%y1)-hexyl-car banoyi |
- 1Hi ndol - 5-y1} - propi onyl am no) - propi oni ¢ aci d cycl opentyl ester (200ng.

0. 297mo1$tega s: $I3-iBed-Hydraxpebareopbbeptanoyimnfian)-pBerbyiethyanifdpheMiVe OH

(1. 5mil/ 1558ckid 888 bycidpehlyl\&lier (74} (0.3 m) was added and the reaction stirred
for a further 30 mnutés. The 'solution was concentrated in vacuo,
resuspended in DCM and the sol vent renoved (x3). The crude material was
purified by prep H to i vie pure corli:Pound (100) 9.3ng), LCMS purity
100% m z 591 [ M++Hry” 16 ;

! 8 OHL 70 (16 140 H, m
alkyl), 1.97 (2 H t, CH2) A 2.40 J =7.84 Ht, CH2), 2.76 - 2.85 (4

H m 2 x CH2), 3.25 (2 | J = 7 Hz, CH2), 4.41 (1 H m NHCHCO, 4.95 (1
H m CH, 6.85(1H s, CRy 6.95(3_4 m Ar), 7.05 (3 H m A), 7.20 -
7.26 (2 H s +d, J =8.5 Hz, Ar) Stage 7:

(S)-2-{3-12-(6-Hydroxycar banmoyl - hexyl car banoyl) - 1H- i ndol1-5-yl i propi onyl am n
0} - 3- phenyl - propionic acid (101)

Stage 2 resin was cleaved with 2% TFA/ DCM (10ml x 3). The filtrate was
concentrated to dryness and the residue purified by preparative HPLC to afford
compound (71) as the TFA salt, Yield 21mg (11% overall), LCMS purity 99%, m/z 510
[M*+HJ", 'H NMR {400 MHz, MeOD), 8: 1.35-1.95 (16 H, m 8 x CHy), 2.10 (2 H, 1,
CHy), 2.38 (2 H, t, CHy), 2.91-3.29 (4 H, m), 5.18 (1 H, 5, OCOCHPh), 5.32 (1 H, m,
CHOCO), 6.98 (1 H, m, Ar), 7.30 (2 H, m, Ar), 7.47-7.56 (5 H, m, Ar), 7.62 (1H,s, An.

N3

Stage 4: Saponification

)

H
HO N\/\©/




101 Conmpound (100) (80ngy, 0.14mmvol) was dissolved in THF/ MeOH (1nil/ 0. 5ml)
and 1.4 M NaCH (0.5nml) added. The reaction was stirred at roomtenperature
for 2 h. THF was renoved by blowing a streamof N2 gas at the surface of
the solution and the residual material purified by preparative HPLC to give
conpound (101) (34.9nmg), LCMS purity 95% mz 523 [ M++H]t, 1H NVR (400 MHz,
MeOD), 5:1.35 - 1.50 (4 H m alkyl), 1.60- 1.75 (4 H m alkyl), 2.15 (2
H br t, CH), 2.55 (2 H, br t, CH2) 03 95 (3 H m CH+ CH2), 3.10 (1H,
dd, CH), 4.65, (1 H m NHCHCO, 0d% 715 (7 H m Ar), 7.35- 7.41 ( 2
H, (rjn ér) stag@pgesm_rﬁmg mf12n'ﬁrr®mme' sb;qmqaasmhm-mmoc«:l(emﬁamy amy4 an- 2-yl o>c<jy)
am de Stag 5 6 [: Q ran r.bano ex rham c aci

O1- 1- 1 uor 0R0H SO FoREa oG S iafor o Sl or iy ot Pod el Rr o Ll

7- ( 9H- f | uoscenpidioy lobrepctamidbadsanwasdorhegitiamarhed 48taddard yasipgracedws)) i n
anhydrous DCM THF (15mi/1 5nl) was added EDCI. HGE@ (627ng, 3. 27mm|), HOBt

442 3.
(442, 3. s V&me Otborbgaincy RaiyBrio)shefaputaming ddfdto. o

3. 27mmol) tirred under nitrogen for 48

1. 36mol ) , 2958ecd (BAny, 1 36mm|) and

0- (t et rahydr o- pyran- 2 yl) hydoxyl am ne (159ng, 1.36mmol) were added and the
reaction continued for unt her 24 m The reacti®n m xture was dil uted
with DCM (100 m), vvas;hg l‘ﬁ ,, r@hhe(looml) dried
(Na2S™4), filtered and con entrat |n ovacua PurifHcation by chr omat ogr aphy
(MeOH : DCM 2 : 98) gave ite solid (1 03g, 81% . Stage 2

7- Am no- heptanoic acid te ydr o- pyyAan-2-yl ester

6- ( Tet rahydr o- pyr an- 2- yl oxycar banoyl) - hexyl | carbam ¢ aci d

9H- fl uoren-9-yl met hyl ester (300ng, O0.644mvl) was di ssolved in 20%

pi peri di ne/ DCM (30nl) and the reaction stirred for 0.5 h. The reaction was
evapor at edstage dﬁ'@snemQ, 0 gdinamdiwee dlcaredDE 286 0 FaY BOY @0tk E)xBijtratéThe requi r ed

Cove pur | 1RV RESed nfith Ry ST A6 B breibll e ML compouine
(103) compound {72) as a TFA salf, yield 40mg (10% overall). LCMS purity of 100%, m/z

442 [M*+HT", '"H NMR (400 MHz MeOD), &: 1.20-1.35 (4 H, m, 2 x CH,), 1.45-1.70 (4

H, m, 2x CHy), 1.95 (2 H, t, CH,), 2.25 (2 H, t, CHy), 2.80-3.20 (4 H, m CH,NH,

CH.Ph), 5.00 (1 H, s, CHCOOH), 6.85 (1 H, m, Ar), 7.15 (2 H, m, Ar}, 7.40 (5 H, s, Ar),

7.50 (1 H, s, Ar).

The following compounds were prepared according to the procedure described for
compounds (71} and compound (72)

(S)-2-{2-]3-(7-Hydroxycarbamoyl-heptanoylamino)-phenoxy]-ethylamino}-3-
phenyl-propionic acid cyclopentyl ester (73)

Building block N used

LCMS purity 94%, m/z 540 [M™+H]", "H NMR (400 MHz, MeOD), §: 1.26-1.82 (16 H,
m, 8 x CHy), 2.11 (2 H, t, CHy), 2.39 (2 H, t, CHy), 3.15 (1 H, dd, CHHPh), 3.44 (1 H,
dd, CHHPh), 3.56 (2 H, m, CH,), 4.30 (2 H, t, CHy}, 4.40 (1 H, m), 5.13 (1 H, m,
CHOCO), 6.76 (1 H, d, Ar), 7.00 (1 H, d, Ar)}, 7.24-7.41 (6 H, m, Ar), 7.57 (1 H, s, Ar).



R = cyclopentyl 102 R = H103 Stage 1: Resin |loading 142 Wang hydroxyl am ne
resin (3.72g, 1.8 mmol/g) was swollen in DVF (50nl). HATU (7.5g, 19.7mmmol),
5-ni tro-1-benzot hi ophene-2-carboxylic acid (3g, 13.45mvol, dissolved in DV
150mL) and dii sopropyl et hyl am ne (4.65ml, 26.7 nmol) were added and the
resin shaken at roomtenperature for 4 d. The resin was filtered and washed
using the standard washing procedure and air dried. Stage 2: Ntro
reduction Stage 1 resin (4.9g, 1.8mmpl/g), was swollen in DVF (200m ) and
tin chloride dihydrate (19.9g, 88nnnﬂ}0added. The reaction was shaken at
roomtenperature for 16 h. The resin was filtered and washed using the
standard mashing(grocedure and air dried. .S

7

.St age 3: .
2- ( 4- Benz PR B B HArPRRy NI NOWRIA PheaP Y InthMigmingkPer  Benzyl
4- hydr oxy phemyllprogiohiisid @) 37mmol ) was di ssol ved in DVF (300nil). G ound

sodiun1h&gﬁﬁéggggéﬁgﬁgg?%SGnnnl) and 4-nmethyl bronmo butyrate (6.4 nl,

56mmol ) e reaction heated at 60C for 16 h. Water was added
to the coakets pueinctdoss) e A7 2 +HIdH KERYeduMHa MeoDY] 51 1.8811.6pKE H, 5/ 6) with

wmshed wi Oh A 7l 1 E5CRRaSd it P orbag Rt Bana e 10"
dryness. BiH@ (2élgm, Céld rdasked eignath S.580L &l, h&iH.f, dl29%dRith g Ca), 6381 b4k Bphy ( Et OAC
hept ane geochb B .PSA: H, P %, E&YPI RUL,IAY 798%4 HY, 2r3430Mi4s H m, 143 HO

Ar), 7.53 (1 H, s, Ar).

(8)=2-{3-[3-(7-Hydroxycarbamoyl-heptanoylamino)-phenoxy]-propylamino}-3-
phenyl-propionic acid cyclopentyl ester (75)

Building block O used

LCMS purity 100%, m/z 554 [M™+HT*, "H NMR (400 MHz, MeOD), §: 1.29-1.87 (16 H,
m, 8 x CHy), 2.10 (2 H, t, CHy), 2.21 (2 H, m, CHyp), 2.37 (2 H, {, CH,), 3.12 (1 H, dd,
CHHPh), 3.25-3.43 (3 H, m, CHHPh, CH,), 4.11 (2 H, f, CH,), 4.33 (1 H, m,
QCOCHCH,), 5.18 (1 H, m, CHOCO), 6.78 (1 H, d, Ar}, 7.00 (1 H, d, Ar), 7.22 (1 H, 1,
Ar), 7.24-7.39 (5 H, m, Ar), 7.44 (1 H, s, Ar).

(S)-2-{3-[3-(7-Hydroxycarbamoyl-heptanoylamino)-phenoxy]-propylamino}-3-
phenyl-propionic acid (76)

Building block O used

LCMS purity 100%, m/z 486 [M*+H]", '"H NMR (400 MHz, MeOD), &: 1.34-1.47 (4 H,
m, 2x CHp), 1.60-1.75 (4 H, m, 2x CH,), 2.10 (2 H, {, CHy), 2.19 2 H, m, CH), 2.38
{2 H, t, CHp), 3.25-3.40 (4 H, m, 2 x CH,, masked signal}, 4.09 (2 H, t, CH.), 4.35 (1 H,
OCOCHCH,), 6.75 (1 H, d, Ar), 6.98 (1 H, d, Ar), 7.20 (1 H, t, Ar), 7.28-7.39 (5H, m,
AN, 741 (1 H, s, Ar).

(S)-{3+[3~(7-Hydroxycarbamoyl-heptanoylamino)-phenoxy]-propylamino}-ph
enyl-acetic acid cyclopentyl ester (77)

Building block O used

LCMS purity of 100%, m/z 540 [M*+H]", *H NMR (400 MHz, MeOD), &: 1.20-1.50 (8 H,
m, 4 x CHy}, 1.50-1.80 (8 H, m, 4 x CH;), 1.80-1.90 (2 H, m, NHCH.CH,), 2.00 (2 H, ¢,
CHg), 2.25 (2 H, t, CHa), 2.55-2.70 (2 H, m, NHCH,), 3.90 (2 H, t, CH,CH,0), 4.25
(1H, s, OCOCHPh), 5.05 (1 H, m, CHOCO), 6.55 (1 H, m, Ar}), .95 (1 H, m, Ar), 7.00-
7.10 (1 H, m, Ar), 6.15-6.35 (6 H, m, Ar)



0 4-(4-Benzyl oxycar bonyl net hyl - phenoxy) -butyric acid nmethyl ester (1.4q,

4. 09mmol ) was dissolved in Et0Ac (60nil). Pd/carbon (100ng) was added and
the reaction stirred under a hydrogen atnosphere (balloon) for 16 h at room
tenperature. The reaction mxture was filtered through a pad of celite and
t he pad washed with EtOAc. The filtrate was evaporated to dryness to give a
white solid (1.03g, 100%yvyield). LCMS purity 93% mz 253 [ M++H. Stage b5:
Coupling to resin Stage 2 resin (0.18g. 1.8nmol/g) was swollen in DV
(5m). HATU (0.37g, 0.96mmol ), 4-(4-Carboxynethyl - phenoxy)-butyric acid

met hyl ester (0.247g, 0.96mol dissolved in DV - 10ml) and

di i sopr 0py{@%Qﬁ(ﬁ-ﬂy&?g%a-rﬁarﬁmthﬂiﬁ{yﬁarﬁqgﬁﬁﬁﬁ-{%}r}é@%gkféﬂﬁ# g}, shaken at

room tenperature for, ~The" react] on was resin washed
usi ng t he SRARGsHCaGiderclprarivtester @BH air dried. Stage 6: Ester hydrol ysis
St age 5 nehydingdlek ¢ 88y, 1. 8mmol /g) was di ssol ved in THF/ MeOH (4mi/
4ml) and 1 shaken at rt. for 1

NaOH ded., The,react | 6 h.
The resin bé@%ﬁ”ﬂ&y@figd%)dﬂg%éﬁ@d%gi’%S’a@:%@%é]f\mézgm%ﬂ-zgﬁ&%@r”adri ed.
144 Stage i, 2 AGHYY 166H 0BT ELHYIrh, POk CISE)AYe0 & Hes) NH(JFllz@g 2loo8mmidg) was
S

[ d 12 T 30, L-ph | al ani
oyal opont o Goee 26200 it O 2oty i it baide ool S¥ne. (ot
2. 9mmol ) wePe (alddedClittOhet. 4485 (1o, FisaldeOCPh), G5 (ddeAd Lo2(T or 16 h.
The reactiQny g 7iil g &f ﬁ?g@gﬁégé.g._%or(@ﬂ P, WBSE 8648119, tr f oHs4ALfl wash

procedure and air dried.
(S)-2-(4- {19--?? @-*ﬂ«lﬁ)}r oxycar banoyl - benzo[ b] t hi ophen- 5-yl car banoyl) - net hyl i phe
noxy) - but yryl am no) - 3- phenyl - propi oni c acid cycl opentyl ester (102)

Synthesis of Compounds in Figure 5 Exemplified by Compound 79 and
Compound 80

O H O
HO\N/“\/\/\/\(rN N/”\N O\‘R

R =cyclopentyl 79
R=H 80

O H 0
HOL )J\/\/\/\’.r N )J\ o
N N N ~

R = Cyclopentyl 81
R=H 82

Figure 5

Synthesis of Compound 79 (R = cyclopentyl) and Compound 80 (R = H)



macro 102 Stage 7 resin bound cycl opentyl ester was shaken with 2% FA/ DCM
(10m) for 10 mnutes before filtering the resin and evaporating the

sol vent under reduced pressure at roomtenperature. The process was
repeated (x3) and the conbi ned crude product purified by preparative HPLC
to yield conmpound (102) (22.5ng). LCMS purity 99% mz 644 [ Mt+H], 1H NMR
(400 MHz, MeOD), 8:1.45 - 1.80 (6 H m aI kyl), 1.95 (2 H, pent, CH), 2.34
(2 H t, J=7.3Hz, CH2), 2.90 (1 H 3.04 (1 H dd, CFl), 3.62(2

H s, CH2), 3.86, (2 H m CH), %]( H m 'NHCHCO), 5.07(1 H, br s, CH),
6.83(2 H, d, J = 8.3 Hz, Ar), 7.14- 7.18 (5 H, m , 7.25(2 H d, J =8
Hz, Ar), 7.47 (1 H d, ..1= 9 Hz, Ar), 7.73 (1 H, ry, 7281 (1 H d, J =
8.8 Hz), 8.25 (11-1, 5, Ar) Stage 7 cycl opentyl resin (200ng) was

swol len in THF/ MeOH (Brmi12n) and 1. i M NaCH (2 i)
shaken at room t Bfpg he g esT™R d and washed
using the standard twash Resi n bound cyI it add s shaken with
290FA/ DCM (3mL) for 10 m nutes bef 8re ering the r&in and evapor ati ng
t he sol vent under reduced pressure at roomtenperature. The process was
repeated (x3) and the conbi ned crude product purified by preparative HPLC
to yi el d SagpduddittddSzylade/ng). LCMS purity 88% mz 576 [ Mt+Hr, 1H NMWR
(400 MHz, d6-DWVs0), 8:1.93 (2 H m CH2), 2.30(2 H m CH2), 2.91 (1 H, dd,
J:9.9H2,J:13.8HZ,CH),3.13(1H dd J:48Hz J = 13.9 Hz, CH),

3.67(2 H, s, CH2), 3.91, (2 HOM._ CHR) | 'i_{;% (1 H m NHCHCO) 6.92(2 H, d,

J =8.7 H, Ar), 7.24 - 7.34 (7 H, r) 61 (1 H, , 7.92(1 H, br s,

Ar), 8.00(1 H d, J =8.8 Hz, Ar), (1 H d, J:81Hz Ar), 8.39(1 H,
H s

s), 9.36 (1 H br s), 10.36 (1 H s); 11 52(1 ), 12.76 (1 H br s) 146
Synt hesi s of Compounds in Figure 7 as Exerrpllfl ed for Corrpound (104) and

Compound gjl\? 3benzy! Eromlgé/ ﬁ bg,pﬁ@er&?ﬁasRcﬁsHs% ved in etﬁgr?oll ?Z%Sm ) and stlrred

at room temperature A solution of conc.NH; (aq} (200ml) in ethanot (300mi) was

_ded. The reacti on was

added drbpwise to the reaction over 30 minutes. The reaction was stirred for 18 h at
room temperature before evaporating to dryness. Water (350rml) was added to the
residue and the solution was washed with EtOAc (2x 200ml). The aqueous layer was
basified with 1M NaOH and exiracted with EtOAc (2x 200ml). The organic extracts of
the basic layer were combined, dried (Na;S0O,) and evaporated to dryness. The
product was obtained as an orange oil (4.6g, 65% yield). LCMS purity 100%, m/z 153
[M*+H]".

Stage 2: 1-Isocyanatomethyl-3-niiro-benzene

OzN\©/\N/7\\\O

3-Nitro-benzylamine (2.3g, 15.1mmol} was dissolved in anhydrous dioxane (50ml)
under N, atmosphere. Diphosgene (2.2ml, 18.2mmol) was added, a precipitate formed
which dissolved upon heating to 75°C. The reaction was stirred at 75°C for 3 h, cooled
and evaporated to dryness giving 3.4g of crude material which was used in the next

step without further purification.

Stage 3: (3)-[3-(3-Nitro-benzyl)-ureido}-phenyl-acetic acid cyclopentyl ester



R=H107 108109 110 Rce cycl opentyl1113 R=H114 R= cycl opentyl 124
R=H125

113

X
O.N O
z\©/\N N*[r D
H H
o

L-phenylglycine cyclopentyl ester tosyl salt (7.47g, 19.1mmol) was dissolved in DMF
(70m}). Triethylamine (5.8mi, 42.0mmol) was added and the mixture was cooled to
0°C. A solution of 1-Isocyanatomethyl-3-nitro-benzene (3.4g, 18.1mmol in 30ml of
DMF) was added slowly to the reaction mixture under a N, atmosphere. Stirring was
continued for 18 h allowing the reaction to warm to room temperature The mixiure was
diluted with water (200mi) and extracted with EtOAc (2x 200mi). The organic extracfs
were washed with water (3x 100mi} and brine (100mt), dried (Na,S0,) and evaporated
to dryness. The crude urea was purified by column chromatography (1% MeOH/
DCMj to yield a pale yellow oil (4.6g, 65% yield). LCMS purity 85%, m/z 398 [M*+H]".

Stage 4: (S)-[3-(3-Amino-benzyl)-ureido]-phenyl-acetic acid cyclopentyl ester

qoro,
Iy

(SH3-(3-Nitro-benzyl)-ureido}-phenyl-acetic acid cyclopentyl ester (3.6g, 9.0mmol)
was dissolved in ethanol (50ml) Pd/C (10% wet) catalyst (100mg) was added and the
mixture was stirred under H; atmosphere (balloon pressure) for 18h. The reaction
mixture was filtered through a celite plug and evaporated to dryness to give a purple
oil (2.34g, 71% vield). LCMS purity 90%, m/z 368 [M™+H]".

Stage 5: Coupling to resin

AN LaCARS R



147 Step 1: 4-(tert-Butoxycarbonyl am no-nethyl)-benzoic acid

4- Am nonet hyl benzyl al cohol (1.0 g, 6.60 nml) was slurried in a m xture of
THF (10 nL) and water (10 nlL). A solution of saturated sodi um hydrogen
carbonate was added until the pH of the solution was > pH 9. The m xture
was cooled to O C and ditert-butyl di carbonate (2.89g. 13.23 mmvl) added.
The reaction was allowed to stir overnight then THF renoved under vacuum
The aqueous m xture was extracted W'tlz Et 0Ac (20 nmL) and then acidified to
pH 3 by addition of IN HCI. This was Ytracted with EtOAc (2 x 10 nL), the
organi ¢ | ayerozylamima Redoroind edin(dvEDidd aitdsibedp acia{ £y, teadthigyness to afford

the desi 0 +H] t., St :

( 4?Hygf:)>r<;?/’%éﬁr1“§$}-dﬁ‘ré’ﬂéz%‘|“"%8§l ‘B@Eﬁ%%’i" 't%gbr%f‘:[ %ﬂ%@f‘%ﬁ dded,; a4 (227 my,
5. 97 nmol Yoliwered by DIREACE.4mi, 4. frxbi Stags 4 ailRe((5.3g13.52muollivexdissoled L) and
cooled to ".pD&VfJ(ﬁ‘%g ﬁ;}{j‘ gé‘tﬁé@é méerﬁ%t@ﬁ ﬂure. The reaction was shaken for 42 h at

4-(tert-Butoxycarb m no- nmet zol ¢ acl I'ssolved In a mxture
of THF (5 refAn) empdosiers skandandsesit Vagnandziadl to the chilled sol.ution

drop-wi se over 15 mn. The reaction m xture was allowed to warmto r.t and
stirred for 16 h, VWater (1 nL) was added to the regction m xture which was
Chen 1111 1% & RAQH B TPE CArpRoy oD PP IR PR ERBEPAMHr yness. and

t he resi daeetjpatcld dyclopedyileeterg¥en Et 0Ac (25 nL) and water (25 nmL). The
aqueous | ayer was extracted with EtOQAC (2 x 25 nL), the organic |ayers
conbi ned, dried (Na2304) and evaporated to dryness to afford the desired
product (460 ng, 100% . mz 260 11WNar 148 Ste

(4- Fornyl -benzyl)-carbam c acid tert-butyl ester

0O . 0
HO. )‘\/\/\/YN J\ ° .
N N~ N
H o U\H By \O
79

Stage 5 resin bound cyclopentyl ester (1.75g) was shaken with 2%TFA/ DCM (15mil)
for 10min before filtering the resin and evaporating the solvent under reduced
pressure at room temperature This process was repeated {x3) and the combined
crude product was purified by preparative HPLC fo yield compound (79). LCMS purity
100%, m/z 539 [M*+HF*, '"H NMR (400 MHz, MeOD), & 1.34-1.90 (16 H, m, 8 x CH,),
211 (2 H, t, CHy), 2.38 (2 H, t, CHy), 4.30 (2 H, s, CHy), 5.18 (1 H, m, CHOCO), 5.30
(1 H, s, OCOCHPh), 7.05 {1 H, d, Ar), 7.26 (1 H, t, Ar), 7.34-7.40 (5 H, m, Ar), 7.47 (2
H, m, Ar).

Stage 7: (8)-{3-[3-(7-Hydroxycarbamoyl-heptanoylamino)-benzyl}-ureido}-phenyl-
acetic acid (80)

H
HO N OH
\N/”\/\/\/Y U\NJJ\N
H H H

Compound (79) (75mg) was dissolved in THF (1ml) and 2M NaOH (ag, 1ml} added.

The reaction was stirred at room temperature for 2 h. THF was removed under a



(4- Hydr oxynet hyl - benzyl)-carbamc acid tert-butyl ester (480 ng, 0.71 mol)
was dissolved in DCM (3 nL) and cooled to -78 C (dry ice / acetone).
Dess-Martin periodinane (331 ng, 0.78 mml) was added to the reaction which
was allowed to warmto r.t and stir for 3 h. A 1:1 solution of saturated
sodi um bi carbonate and sodiumsulfite (20 nL) was added and the reaction

m xture stirred vigorously for 15 mn. The organic |ayer was isolated,
washed wi th saturated sodi um bi carbongise (10 nL), dried (Na2SO4) and
evaporated to dryness to afford the desired conpound (480 ngy, 100%. niz
258 [ M++Na?treg[ré Np:and the aqueous layer (~1ml) was purified by preparative HPLC to vield

(S) - 2- 14- (&hpouly (SOYNTMIS BN} 809, ¥ar-w (ke ma XhAT408 iz RRRIBY) - Pr opi oni ¢
acid cycl ggent | ester 4- For nyl -benzyl)y-carbamc acid tert-butyl ester

(200 ny, 0%ds {4 Rel®: %5 SHo) 1:4801168 (hHn, 2ox Gi), 2:0002tHb LGl 2Rfs(2added

phenyl al anjmeHgysbopent yEHpai)es.26 2LA, SBHPRY, 840l & - ATHE I G3CE on was
stirred at¢ {7.4 fgb 15 gin. So)di umztrl acet g)xybomi/d’rirge (é38’rf6\: '2.55
nmol ) and aé%' ig( i'ﬁ”(\ 0 uL) were added and the reaction stirred for a

further 1h. Saturated sodi um bicarbonate (10 m) was added and the solution

diluted w fg@(; T ani c | ayer s isolated and, concentrated
to afford ﬁ%e es"i(%gebd pr(r%d uc%re\%ﬁil cae(ﬁz/aé:s?oaégﬁé% Sy EerwE gg{{beg?cgp wi t hout
further puedmrogads @A) andicompeand @PxH+ 149 Step 5:
(S)-2-(4- Am nonet hyl - benzyl am no) - 3- phenyl - propi oni ¢ aci d cycl opentyl ester
(S)-244-(t - car bonyl am no- net hyl ) - benzyl am no] - 3- phenyl - pr opi oni ¢
acid cycl ﬁi’%f{gﬂé'&sﬁ%ﬁl’% rparsaylhenianaylaminelchenzyilwreidaha-phanylt . 0. 25 nmol )
and st i rr garoplonic dcid tpelopenty! et (81)xt Ure was evaporated to dryness and
~partition t OA 7H) Mﬁ r Z&FFTL ._Saturated sodium
bi car bonaﬁ&@%gw@ﬁ?sﬁ'gk&éﬁ@ *frpg ’tﬁ ‘{@gd\@% Qa}v@iﬁ(?’rq'%(“t*hé% ext ract ed

wi t h Et 0AG X 8Hx), 280+H8D.(1THempb ga2); 20aye s t\@H.E 2csnbiHn e EH, i pigad2 (Na2SO4)
and evaponatg ey i i ir t 79% over 2
steps). mz 353 ﬁ+{ﬂﬁe§f(gtrl)—98%_|-_¥gﬁ%hﬁ4djﬁﬁ-\ nﬁ%ﬁ&ﬁl&ﬁ’)’ 53538 HHh,
(S) - 2- [ 4- (FHOCP L BESI it Exh) et Wb%-8 & Hamodn,) Z.3ei@dd bt Ad.ophen- 6- yI net hy
| I -am no} - nmet hyl ) - benzyl am no] - 3- phenyl - propi oni ¢ acid cycl opentyl ester

(S)-2-{3-{3-(7-Hydroxycarbamoyl-heptanoylamino)-benzylj—ureido}-3-phenyl-

propionic acid {82)

LCMS purity 94%, m/z 485 [M*+HI", 'H NMR (400 MHz, MeOD), 8: 1.30-1.50 (4 H, m,

2 x CHy), 1.60-1.80 (4 H, m, 2 x CHy), 2.10 (2 H, t, CHy), 2.35 (2 H, t, CH,), 2.95-3.25

(2 H, m, CHCH,Ph), 4.25:(2 H, s, CHzNH), 4.60 (1 H, m OCOCHCH,), 7.00 (1 H, d,

Ar), 7.15-7.35 (6 H, m, Ar), 7.45 (2 H, m, Ar)



0 6-fornyl -benzo[ b] t hi ophene-2-carboxylic acid (1-isobutoxy-ethoxy) am de
(Schenme 7) (220 ny, 0.68 nmol) and

(S)-2-(4- Ami nonet hyl - benzyl am no) - 3- phenyl - propi oni ¢ acid cycl opentyl ester
(263 ng, 0.75 mmol) were dissolved in DCE (10 nL) under an at nosphere of
N2. Sodi um triacet oxyborohydride (430 ng, 2.04 mml) and acetic acid (50
pL) were added and the reaction stirred at r.t for 3 h. Sodi um hydrogen
carbonate (20 nL) was added and the reaction m xture extracted with

di chl oronet hane (3 x 50 nmL). The orgé c layers were conbi ned and
concentrated. The residue was purified by columm chromatography (50% 100%

I[E}\A?_f_fﬂ i he%%g ?\%)ﬁ@t Qf-qumpoun rt!n%e%cl}l gure%rz':c;cempllgle&) b%ompo@nd (ég)z 658

(S)-2-(4- &hﬂ%obﬂ;pﬁtmuywr barmoyl - benzo[ b] t hi ophen- 6-yl net hyl yam no] - met

hyl ) - benzyl am no) - 3- phenyl - propi oni ¢ add cycl opentyl ester (104) 104
(S)-244- (([2-(1-1sobut oxy-et hoxycarbanmpyl) - benzo[ b] t hi ophen-6-yl met hyl | - am
no) - met hyl yh yl am no] - 3- phenyl - propi oni ¢ aci d cycl opentyl ester was

di ssolved in (2 mb) and MeOH (2 L) and tre d wwth TFA (1 nlL). The

m xture was stfrred for 1 h at r.t then concgntfated to dryness and DCM (5

m.) and hepf y added. The m xture Wa's va% o0 dryness.; This
process was roepeat \yl el d congbund 0-aS a
oil. LCMS purity 95% r‘dz 558 [MtgHIt 1H NVR (300 MHz, 0D), 5. 1025-1.91

(8H m 4xCH2), 3.12-3. 47 m CH2), 4.26 (1H, & 33 (2H, d
J=5.5 Hz, CH2), 4. 36.;(= °""“Q’?a:LCHz) 4.43 (1H s, mglwgég% (1H, s, ,
5.13 (1H, m CH), 7.25-7.37 (6H m ArH), 7.54-7. 63(4H m ArH), 794
(2Hm ArH), 8.09 (1H, s, ArH). Step 8:

(S)-214- ({[2-(1-] sobut oxy- et hoxycar banpyl) - benzo[ b t hi ophen- 6-yl met hy

g- am no} - net hy@benzyl am no] - 3- phenyl - pr opi oni c\iJfl d _

i \f\ﬂ/\@ﬁj\/\/\/ﬁg’n*o—n v \ﬂ/\ I\©\ J\N\/\W ~o

R= cyclopentyl 86 R= cyclopentyl 88
R=H 87

j <
= o 2
z rR” H o
(o]
R N 0 ROy R
H H ° ~
8 he N o—H
N 0—H a

R= cyclopentyl 89 R= cyclopentyl 91
90

R=H

Figure 6



(S)-214-({[ 2- (1-1 sobut oxy- et hoxycar banoyl) - benzo[ b] t hi ophen- 6-yl nmet hyl | -am
nol net hyl ybenzyl am no] - 3- phenyl - propi oni ¢ acid cycl opentyl ester (40 ny,
0.06 nmml) was dissolved in THF (2 nL) and water (2 nlL). LiOH (8 ng, 0.30
mmol ) was added and the reaction m xture heated to 50 C for 36 h. THF was
removed by evaporation and the residue partitioned between water (10 ni)
and EtO0Ac (10 nlL). The aqueous 151 |layer was isolated and the pH adjusted
to 3 by addition of 1M Ha. This was egffacted with EtOAc (3 x 20 nL), the
organi c | ayers conbi ned and evaporated to dryness. Step 9:
(S)-2-(4-{[(2-Hydroxycar banoyl - benzo[ b] t hi ophen- 6-yl met hyp- am noknet

hyl } - benzyl.am no).-.3;.phenyl - br opi oni ¢ 0 . HO. N - 105 '
(5 2ra (PR R PRy BB A R DBV B hen- - y1 et hyt kai n
o}- net hyl ybenzyl am no] - 3- phenyl - propi oni ¢ acid was di ssolved in MeOH (2
m.) and THF (2 nmL). TFA (1 nL) was addedcyt the m xture stirred for 1 h at
r.t. The reaction m xture was concentr at to dryness and DCM (5 nL) and
heptane (5 nl) addgd. The mi xture orated to drynesls. This process
was repeated three ti 5 ~57% as a pink
solid. LCMS purity 9% mz 490 [ Mt+Hr, 1H NWVR (300 MHz, MeOD), 5: 3.33
(2H m CH2), 4.19 (¥, m CH2), 4.29 (21-1, s, 2), 4.35 (2H, s, CH2),
4.42(2H, s, CH), 7.29-7.39 (51-I, m ArH), 7.54-7.72 (5H m ArH), 7.88
(1H, s, ArH), 8.00 (1H, d J=8.0Hz, ArH), 8.08 (1H, s, ArH) The foll ow ng
‘conpounds were prepared according to the procedure described for conpound
(104) and ound 05 . .
(5)-2- Ca-{ FEIBRERA DRI 270 158 MVRPs] @ RPBITRAESSNGH TS (300 B et hy! -
benzyl am n®CMEGEA iy ERRACH (25BIg) 1 p.Bawnani.0 eabwak addel dptsatsiiiredest er (106)
LCVS puri t 9 log L &ﬁZm e -1.87 (8H,
m 4 x mz%é?’g%%@é‘&%@@wwgg%ﬁ &%ﬁ?@ B p i bl g 148]52ﬁ9’ d, J =54
Hz, CH), 248enmolL.6eq). @fylsobutoy-eiyirhydroxdepine (31.9 Ml 15.8 mmay 1-4ea)cH) . 6. 77
(2H, d, J wa8addddto tiY visdous Zolfon(adbltheireadtion aﬁigv@ed"cb,sti%vel'ﬁightﬁt fo8m/. 65 (5H,
. ﬁb‘r ) H)l ’52?ér§p7er£ta‘rlg’. TS reabtior ixtire was concerirated under vacharm, BEM'Es0 S 08 (1H. s,
(S) - 2- (4. - (B2 atiyett andyveshdwitly Watee (250 [nii]) tahd briree(206 mL).riikeloygdnicdagenoFi net hyl ) -
benzyl am nQks Folafsd A LM Ritekea BEPRIRB at@E hdabdd) The product was

obtained as a white solid (36.6 g, 91% yield) LCMS purity 88%, m/z 302 (M"+H)". This

was used in the next step without further purification.

Stage 2; 7-(1-Isobutoxy-ethoxycarbamoyl)-heptanoic acid

O
HOW\A/IJ\N/O O\/'\
T
0

7-(1-Isobutoxy-ethoxycarbamoyl)-heptanoic acid methyl ester (36.6 g, 12.1 mmol, 1.0
eq) was stirred in THF {200 mL) and water (200 mL.) in the presence of lithium
hydroxide (8.68 g, 36.2 mmol, 3.0 eq) for 3 h at 50°C. THF was evaporated under
vacuum and to the mixture water (100 mL) and ethyl acetate (200 mL) were added.
The mixture was acidified cautiously to pH 3 by addition of 1N HCI. The organic phase
was isolated and the aqueous layer re-exiracted with ethyl acetate (150 mL). The
organic phases were combined, dried (MgSO,), filtered and concentrated in vacuo.
The product was obtained as a white solid (29.0 g, 83% vyield), m/z 288 [M*+H]" and
used in stage 4 without further purification.



LCVB purity 90% nfz 505 [ M+Hr, 1H NMR (300 MHz, MeOD), 8: 3.09-3.27 (2H,
m 4.03 (1H m CH), 4.24 (21-1, s, CH2), 4.34 (2H, S CH2), 4.42 (2H, s,
CH2), 6.76 (2H, d J = 8.3 Hz, Ar-H, 7.11 (2H, d J = 8.5 Hz, Ar-H),
7.56-7.59 (5H m Ar-H), 7.89 (1H, s, Ar-H), 8.02 (11 1, d, J = 8.4 He,
Ar-H, 8.08 (1H, s, Ar-H)

(S)-3-tert-Butoxy-2-(44(2-hydroxycar banoyl - benzo[ b] t hi ophen-6-yl net hyl) -
am noknet hyl | - benzyl am no) - butyric a(ﬂﬂbcyclopentyl ester (108) LCMS purity
99% mlz 568 [ M++Hr, 1H NMR (300 MHz 0D, 8: 1.20(9H, s, 3x CH3), 1.29
(3H d, Jsmde ﬁ4fﬁ1me@%rlsﬁ§\iylox§¢m§t7wllpr%ﬂyiéﬁfﬂe m 4 x CH), 3.75 (1H d, J =
27HzCH)429 .32 (11-1 CH), 4.36(4K, d, J = 2.4 Hz, 2 x CH2),
4.43 (2H, s, CH2), 5. 22- 5. 25 (1H m CH), 7.54-7.65 (5H m NH), 7.88 (1H,
s, Ar-H), 8.01 (11-1, d, J =8.1 Hz, Ar-H, 8.08 (1H, s, Ar-H)
(S)-3-tert-Butoxy-2-(4- {[(2 hydro carbarmy,h benzo[ b] t hi ophen- 6-yl net hyl ) -
am no] - net hyl | - benzyl am no) - prog ¢ cy?tlopentyl ester (109) LCMVS
purity 95% mz 554 [ M++H], 1H NI\/R( , MeOD), 8: 1.23 (9H, s, 3x
CH3), 1.67-1.98 (8H m 4 x CH2)O 3798 (2H, m CH2), 4.194.22 (1H m
CH), 4.34-4.36 (41-1, m 2xCH2), 4. 42 (2H, s, CH2), 5.31-5.35 (1H m CH),
7.54-7.62 (5H m Ar-H), 7.87 (1H, s, Ar-H), 8.00 (1H, d, J = 8.1 Hz,
Ar-H, 8. Q'%a(sjﬂh'ed Solutih dfl)il-am[no benzyl alcoho] (1609,130mm0l ‘IOeq inTHF

(S)-2-(4- %& I—E/ roxycar banoyl - enzo% nme %(% am no] - met hyl ) -
bonzy! am KB TMHER SHoB FAATBR( 19 BLeld SImEpb (e JHoRed B (120)  LOVS
purity 90%méfh¢crﬁ#&sdah&ﬂ7ﬂzmﬂ.HMn(oBGmstl , Thive€dation bxtuke ¥As dtirl (8H, m 4

x CH2), 3 H m CH2),
3. 10 25 pdene ol oeeere PVt ofheerlp) ekl 1 o
7. 54- 7. 63 u(dd vaoguniang the migare(paitiossd \mmet{)yl agetal@-(30000L) e watgr (260 H, 8.08
(1H, s, Ar .

(S)-1-(4- {TL?-DThI?Né organic %hgf;%gﬁ% ;/solai:)eéinazng ﬁPﬁ a ueou Ig}r/]?r re extracteﬁj vin’sh_eél-rx%i "ol - met hyI )-
benzyl ) - p)?P‘PtB‘Ie i"ﬂ@o Mé‘?"ﬁcﬁ?m ined Qfﬁaﬁ'cé’ﬁ}‘ﬁ’f%ﬂ?ﬁﬁ? V’F‘Slﬁ’gt"é‘ih b("Mi%" I¥E purity
96% ' z SR8, drivtt SO HHIIMG dndQOnddnitratelyrDldcuo. 5 heibr&ﬁlcﬁma%%bia?rl'éd a8 6 x CH2),

e, o 67@92% G2l o vieland Yoo A igner wiictet, °s Ty

8.00-8.02 (1H m Ar-H, 8.13 (1H, s, Ar-H 153

g?g/l)l E)srro d| ne- é%g?bogwiédragl g%ﬁﬁ%ﬁ%ﬁ@% ﬁ?’?gtby %%%@xyﬁpnﬂggget R/I{L:Alr)e
1H NVR (300 MHz, MeOD), 5:1.96-2.09 (2H m 2. 14223(2H m CH2),
2.52-2.65 (1H m CF-12), 356367(1H m oCH2), 4.19-,4.25 (1H, m CH),

4.36-4.57 (6H, m 3 x CH), 55764(H Ah-H g 7.88 (1H s, Ar-H),
7.99-8.01 (1H, m Ar- re

(R-3-tert-Butyl s44 (4-0{R2 hydroxycar bﬁm)y - benzo[ b] t hi ophen- 6-
yl met hyl ) - am noFrret I )>Henzyl am no) - propi onic acid cycl opentyl ester(113)
LCVB purity 97% mz 570 [ MtHr, 1H NMR (300M—|z NEOD) 8: 1.36(9H, s), 1.79
( 8H, , 3. 16q§éH d, 5. 3Hz), 425(21-1, J=5.6Hz), 4.31(2H, s),
4, 36(2H $Y;(14s Pmefheyvca@ammhﬁptﬁamc w%@(%l‘f 2 m@’@kﬁ?%} andr-62( 4H, s),
7.89(1H, SimetByiS8nfidigmemyl-pRbnPlihfnid, (338 g) £82 tntdd,)1.0 eq) were stirred

together in DMF (140 mL). To the mixture was added PyBroP (10.5 g, 2.25 mmol, 1.3

eq) and DIPEA (3.9 mL, 2.25 mmol, 1.3 eq). The reaction was stirred under a nitrogen

atmosphere overnight at room temperature. Ethyl acetate (200 mL) and water (200
mL.) were added. The aqueous phase was isolated and re-extracted with ethyl acetate
{2 x 100 mL). The combined organic phases were washed with water (2 x 50 mL) and
brine (50 mL.), then dried {(MgS0y,), filtered and concentrated in vacuo. The crude
product was dissolved in the minimum of ethyl acetate and purified by passing through
a pad of silica. The product was washed through the silica using ethyl acetate and
collected in 100 mL conical flasks until elution ceased by LCMS analysis. Puriﬁcatibn
gave a yellow oil (3.59 g, 53% vyield). LCMS purity 61%, m/z 417 [M™+Na]’



(R -3-tertsButyl sul fanyl -2-(4-{[ (2-hydroxycar banoyl - benzo[ b] t hi ophen- 6-

yl met hyl ) - am noFnet hyl ) - benzyl am no) -propionic acid (114) LCVS purity 97%
mz 502 uor, 1H NWR (300 MHz, MeOD), 5: 1.35 (9H, s, 3x CH3), 3.09 (2H m
CH2), 3.22 (2H, m CH2), 3.83 (1H, t, J = 8.8 Hz, CH), 4.34 (2H, s, CH2),
4.42 (2H, s, CH2), 7.57 (1H, d, J 10.0 Hz, ArH), 7.62(4K, s, ArH x 4),
7.89 (1H, s, ArH), 8.02 (1H d, J 8.1 Hz, ArH), 8.09 (1H s, ArH).
(S)-2-(4-{[(2-1-1ydroxycar bam)yl benz [9b]th| ophen- 6-yl net hyl ) - am nol - net hyl
)- benzyl am no) -3, 3-di net hyl -butyric acid cycl opentyl ester (115) LCMVS
purlty 94% mz 546 [ M+Na], 1H NMR (300 MHz, MeOD), 5:1.08 (9H s, 3x

ooy 1388%@35 Gt %‘4@%§%@'>ﬁ@8%@¢30%‘&%3ﬁ%%§ < ogs

519(1H t, 5.7Hz), 7.59 (5H, m ArH x 5) 7.88 (1H, ArH), 8.00 (1H,
d, J 83Hz) 809(1H s, ArH).
(S)-Cycl ohexyl - (4-11(2- hydr ycar banoyl - ben [b]& h| heni 6 yl methyl)-a

m nol - met hyl ) - benzyl a i c~acl op 116) LCVS purity
100% m z 550 [I\/Hrlé|4 00 MHz, I\/EOD) 6 1.95 (18H, m 9xCH2),
3.73 (1H, m CH), dJ—57Hz CH), 419(21I s, CH2), 4.26

(2H, s, CH2), 4.36 (2H, s, CH2), 7.53 (5H, m ArH), 7.77 (1H s, CH). 7.82
(1H, d' J = 11.6 Hz, ArH), 802 (1H s, Art-1) 154

(5) - Cycl oh@rihediaic pyid oMkt braniErisisr( sioblokiedihehabidg| et hy! ) -

am no? net ydom WQ)&' RTbINPb e %\%é Gls&ﬁ\!réa ify ﬂaé@(gln%cpﬁ%'r&éfctiwgnﬁurmz 482
[MEH t, 1H NVR 1300 389 (1H, m
CH), 4.11 Vatpdded MG (2&? rggq mmgl, 1é|92f)q)aad y3s %tquaéroog*g)'nperpttgg (5H, m
ArH), 7. 76fot 1.5h. The re@thon mix@fe \(1&1&!‘1r ltetedlover Caiité afttwasiayl thrdudBwithlbtims, ArH) .

(5)-2-(44] roxycarba | - benzol b] t S et hyl } -
benzyl am n {?ﬁ @nﬁ’teﬁ’ Por tboﬁ't”gégv%'%é%?’& }5’ "A‘B%ﬁ‘?“?"i%?g/ %ﬁ@bm%vs purity
94% il z Sputity $%:Hin/z 41 5NIVMRa] 300 vedyct w@emed iB thie MSQCEEM stegs vAShGH3) , 1. 28
(1H, m Cl—ﬁmhérp@ﬁfcgﬂg@ (10H, m 4xCH2, CH2), 4.00 - 4.43 (611, m 3xCH2),
4.88 (1H, , 36 (1H, br s, CH), 7.47-7.62(511, m ArH), 7.94 (2H t,
ArH), 8.08 (1H S, ArH)

beny | am ngle 3 TGk L Dep ety = a0 (153). LOVE pur! 1y 5% m% 456 +4
enzyl am ng) - 4- .7 ta Gyl purity () z +Hr,
1H Nm(so@%agﬁ%%ﬁgﬁgPﬁﬁ SI¥H, m 2xCH3), 1.86 (2H, m, CH2), 3.86
(1H, m CH), 4.29 (211, s, CH2), 4.36 (2H, s, CH2), 4.43 (2H, s, CH2), 7.56
(1H, m ArH, 7.89 (111, s, CH, 8.02 (111, d J=8.2 Hz, ArH), 8.09 (111, s,
ArH).
(S)-(4-(R2-Hydroxycar
benzyl am no) - phenyl - a

Bapwy| - benzo[ b] t hi ophen-6-yl net hyl ) - am nol - net hyl } -
cefic aci d cycl opentyl ester (124) LCMS purity 90%

nMz 544 [ Mk+H] t My, MgOD), 8: 1.31-1.91 (1011, m 4xCH2,
CH2) , 422(211@5’\11%1 )I 4.35 (2H, s,uCH2), 4.42 (111, 5, CHR),
5.16 (1H, s, .38 (1H, Cr JJ\K/JVW@H’K% .94 (2H, m
ArH), 8.08 (1H s, ArH)

Octanedioic acid (4-formyl-phenyl)-amide (1-isobutoxy-ethoxy)-amide (276 mg, 0.70
mmoi, 1.0 eq) and D-phenylglycine cyclopentyl ester {170 mg, 0.77 mmol, 1.1 eq)
were stirred in DCE (15 mL) for 10 min. Acetic acid (65 uL) was added and stirred for
2 min. Sodium triacetoxyborohydride (448 mg, 0.21 mmol, 3.0 eq} was introduced and
the reaction mixture stirred under a nitrogen atmosphere, at room temperature for 1 h.
Sodium hydrogen carbonate was added to quench the reaction. DCM was then added
and the organic phase isolated. The aqueous layer was re-exiracted with DCM,
organic layers combined, dried (MgS0,), filtered and concentrated in vacuo to give
crude product (100 mg, 24%) LCMS purity 94.0%, m/z 496 [m"+H]" which was taken
on without further purification.



(S)-(4-{[(2-Hydroxycarbarnoyl - benzo[ b] t hi ophen- 6-yl net hyl ) - ar ni no] -rnet hyl }
- benzyl arni no) - phenyl -acetic acid (125) LCMS purity 100% mz 476 [ M++H],
1H NVR (300 MHz, MeOD), 8: 4.08 - 4.24 (311, m CH, CH2), 4.35(2H, s, CH2),
4.43 (1H, s, CH2), 7.46-7.75 (10H m ArH), 7.89 (1H s, ArH), 8.01 (1H, d
J=7.9 Hz, ArH), 8.09 (1H, s, ArH) 155 The foll owi ng conpounds were .
prepared according to the procedure described for conpound (104) and
conmpound (105) using alternatives for,step 3 and 4 as outlined bel ow Step
3b: (4-Brononet hyl - benzyl)-carbam c é%?gd tert-butyl ester

N- Bronmosucci ni mde (5.13 g, 28.8 nmmol) was di ssolved in DCM (80 m_) and

| ed f h in DCM
(20 ) wateror P T B e AT RS ot TR B FOTIEA By pyr i di me
(1.0 niL, tyldépemybégter (B8t erial fromstep 2 (2.14 g, 9.0 mmol) was dissol ved

in DCM (20 nL) and added and the reaction allowed to warmto r.t. and
stirred for 16 h. The m xture was concentrated and the residue purified by

col um chr omat ogr aphy (5 % Et OAc/ heptane) to afford the desired
conpound (864 ny, 32%. 01 [ Mt+Nar Step 4b:
(S)-244-(tert-Butoxycarbo am no- et hyl ) - benzyl am nokpr opi oni ¢ aci d
cycl opentyl ester LAl ahi ne_cycl opentyl ester (463 ng, 1.41 nmmol) was
di ssol ved in DWVF ) hd™§o wasgadded DI PEA (0.74 nL, 4.24 mol).

The m xture was s ed gt r.t. [ he aﬁolutlon of materi al
fromstep 3b (212 ng, 0.706 mmmol) xddey drépwi se over 1 hr.
The reaction was then allowed to stir at r.t. for 166hr and was then
diluted with water (50 nlL) and Et QAg3 (50 ). The organi c | ayer was washed

with brin ) ied ncent rat ed demaerlal (0. 26
o 000y "SRHEHT (EoPbyelbbStaB Re R R R Hab e ot on. s
377 [ M++Nakbid c¢gpentyl ester (50 mg, 0.08 mmol, 1 eq) was dissolved in DCM (O 5 mL) and

stirred with 4M HCI in dioxane (0.2 mL) for 30 min. The resuiting salt was

concentrated, dissolved in methanol and purified by preparative HPLC to yield
compound (83). LCMS purity 94%, m/z 496 [M™+H]", '"H NMR (300 MHz, MeOD), &:
1.41-1.95 (16H, m, 8 x CHy), 2.15-2.17 (2H, m, CH.), 2.40 (2H, t, J = 7.2 Hz, CHy),
4,16 (2H, q, J = 13.5 Hz, CHy), 5.12 (1H, s, CH), 6.27-5.30 (1H, m, CH), 7.40 (2H, d,J
= 8.7 Hz, Ar-H), 7.50-7.56 (5H, m, Ar-H), 7.67 (2H, d, J = 8.7 Hz, Ar-H).

Stage 8: {R)-[4-(7-Hydroxycarbamoyi-heptanoylamino)-benzylaminoj-phenyi-acetic
acid (84)

x
o
O
xZ
TZ
jo
ZT
/
o
T

84

To a solution of CHR-003644 (50 mg, 0.008 mmol, 1.0 eq) in THF (2 mL) and water (2
mL), was added LiOH (8.0 mg, 0.033 mmol, 4.0 eq). The reaction was stirred under a
nitrogen atmosphere at 40°C overnight. THF was evaporated under vacuum and the
remaining aqueous reaction solvent washed with ethyl acetate. The solution was
acidified to pH 3 and the product concentrated in vacuo. The resulting saits were



Steps 5 - 9 were as described for conpound (104) and conpound (105)
(S)-2-(4-{[ (2-Hydroxycar banoyl - benzo[ b] t hi ophen- 6-yl net hyl ) - am noFnet hyl | be
nzyl am no) - propi oni ¢ acid cycl opentyl ester (118) LCMS purity 95% m z 482
[ Mt+Hr, 1H NWVR (300 MHz, MeOD), 8: 1.61 (3H, d, J =7.2 Hz, CHO 1.71-1.97
(8H m 4 x CH2), 4.13 (1H, q, J = 7.2 Hz, CH), 4.30 (2H, s, CH2), 4.36
(2H, s, CH2), 4.43 (2H, s, CH2), 5.33-5.36 (1H m CH), 7.54-7.63 (5H, m
Ar-H), 7.88 (1H, s, Ar-H, 8.00 (1H, 921‘1 = 8.1 Hz, Ar-H), 8.08 (1H, s,
Ar-H HO OH

E) S) - 2|- (4- ( bicgonrdadi my@ablmgwr{é proad @ itxied rbwpmrmﬁe pPietibyik- am notFmi‘}4 hKI :\/}R
enzyl am no) - pr opi, oni c | Wr

(300 MHz, R)ébi%)‘{”aég‘{l]: @%@P{'Wé} ”‘&Z%%l[ ] Hwﬁﬁ%é‘”ﬁﬁi%ﬂ

4. 31 (2H 3,3@1424»1 (414, A62 L ZH,), 562@-1?464H4w43x(c2-lﬂ) 251,3- z:iH?.QzH v, BB»)72.88 (5H m
Ar-H), - r , 1H, s
Ar- The I}Qwﬁakébﬁg%uﬁgi%% r@parzégl_ﬁ{t |ngt ’tTh%%'rglo((g:edures
outI i ned f dF cbHpdudi). .34 6H, anﬁFHbﬁhﬁ@’lﬁﬂd q ﬂriﬁ?Hno@Hrb)oratl ng the follow ng

alternative/ additional steps Step 4b:

[4- (tert-Butoxycarbonyl am no-net hyl)-benzyl am nol -acetic acid ¢ g/cl opent yl
ester 157 The following compound was prepared in a similar manner to Compound (83)

and Compound (84} using the appropriate intermediates.

(S)-2-[4-(7-Hydroxycarbamoyl-heptanoylamino)-benzylamino]-4-methyl-
pentanoic acid cyclopentyl ester (85)

LCMS purity 97%, m/z 476 [M"+H]", 'H NMR (300 MHz, MeOD), 8:0.98-1.03 (6H, m, 2
x CH3), 1.41-1.42 (4H, m, 2 x CHy), 1.71-1.96 {14H, m, 7 x CH,), 2.10-2.15 (2H, m,
CHz), 240 (2H, t, J = 7.2 Hz, CH,), 3.96-4.01 (1H, m, CH), 4.15-4.26 (2H, m, CHy),
4,81 (1H, s, CH), 5.31-5.34 (1H, m, CH}, 7.44 (2H, d, J = 8.7 Hz, Ar-H), 7.70 (2H, d, J
= 8.7 Hz, Ar-H)

(S)-Cyclohexyl-[4-{7-hydroxycarbamoyl-heptanoylamino)-benzylamino]-acetic
acid (87)

LCMS purity 85%, m/z 434 [M™+H]", "TH NMR (300 MHz, MeOD), 5:1.23-1.96 (18H, m,
9 x CHy), 2.10-2.15 (2H, m, CHz}, 2,39 (2H, m, CHy}, 3.71 (1H, m, CH), 4.12 (2H, q, J
=7.2 Hz, CH,), 4.80 (1H, s, CH), 7.43 (2H, d, J = 8.4 Hz, Ar-H), 7.68 2H,d, J=8.7
Hz, Ar-H)

(S)-3-tert-Butoxy-2-[4-(7-hydroxycarbamoyl-heptanoylamino)-benzylamino]-
butyric acid cyclopentyl ester (88)

LCMS purity 83%, m/z 520 [M"+H]*, 'H NMR (300 MHz, MeOD), 8:1.19 (8H, s, 3 x
CHas), 1.28 (3H, d, J = 7.8 Hz, CHj3), 1.37-1.41 (4H, m, CHj), 1.64-1.89 (12H, m, CH,),
2.09-2.15 (2H, m, CHo), 2.40 (2H, t, J = 7.2 Hz, CHy), 3.36-3.37 (1H, m, CH), 3.70-
3.71 (1H, m, CH), 4.24-4.27 (2H, m, CHy), 5.17-5.19 (1H, m, CH), 7.42 (2H, d, J = 6.9
Hz, Ar-H), 7.68 (2H, d, J = 8.4 Hz, Ar-H)

(S)-3-teri-Butoxy-2-[4-(7-hydroxycarbamoyl-heptanoylamino)-benzylamino}-
propionic acid cyclopentyl ester (89)

LCMS purity 95%, m/z 506 [M™+H]", "H NMR (300 MHz, MeOD), 5:1.23 (9H, s,
C(CHa3)s}, 1.36-2.09 (16H, m, 8 x CHy), 1.66 (2H, t, J=7.7Hz, CH,), 1.75 (2H, {,



Procedure as in step 4a (using the 1-1Cl salt of the cyclopentyl ester)
Product: nmlz 363 [M+H] Step 4c:

R4- (t ert - But oxycar bonyl am no- net hyl ) - benzyl | - (9H-f | uor en- 9- yl met hoxycar bony
| )-am noj -acetic acid cyclopentyl ester To a sol ution of

[ 4-ffert-Butoxycarbonyl am no-net hyl ) benzyl am no] -acetic acid cycl opentyl
ester (0.2 g, 0.55 mol) and 1 M Na2C338 (1.1 m, 1.1 nmol) in DCM (2 ),
was added slowly with stirring and |?§ bath cooling, a solution of 9-

Fl uor enyl net hyl chloroformate (0.149,;/49.55 mmol) in di oxane (1.4 nL). The

m xtur ehr@& ahkréﬁzg 4. et ueﬁzm@tdﬂ QMO‘tz}h, e, mrizﬂ ; rr@t u (r]I e .
overnig he m xture vvas our.e ex ed w

di et hyl etdsh 4 H{dHgPgEH). é- %ﬁ?ﬂ&@%@ﬁﬁﬁ%%a 7%‘%{%8(1" (Wé) and
evapor at eghHp 77y RIS, 1638.21d ML Akte desi red product (0. 32g, 100% . mz 607
(Mt+Nar Step 5a:

[ (4- Am nonet hyl - benzyl) - (9H-f | uor en- 9-yl net hoxycar bonyl) - am nol aceti c aci d
cycl opent yS)mmButoxy%[édéMdmxasarbemovi-hmﬂaﬂqyiaa'tliep)-aenﬂmwt mz 485

(14 {585k eciton
{(9H FI uo oxycar bonyl) 14- ({[2- (1-i sobut oxy- et hoxycar banoy1l) -
benzo[ b] t m(mﬁ]ﬂmiﬁgﬁ% mefkzigs [Maniil'n &) NME (B9 YblenboPPas haP (Ubétic acid
cycl opent W agheq 39142\ &CLQ cH,), 1.62-1.69 (4H, m, 2 x CHy), 2.08-2.17 (2H, m,
CH,), 2.40 (2H, t, J = 7.5 Hz, CHy), 3.85-3.96 (2H, m, CHy), 4.01-4.04 (1H, m, CH),

4.26 (2H, s, CHy), 7.46 (2H, d, J = 8.4 Hz, Ar-H), 7.68 (2H, d, J = 8.4 Hz, Ar-H)

(S)-2-[4-(7-Hydroxycarbamoyl-heptanoylamino)-benzylamino]-3-phenyl-
propionic acid cyclopentyl ester (91)

LCMS purity 95%, m/z 510 [M*+H]*, '"H NMR (300 MHz, MeOD), 8:1.17- 2.43 (22H, m,
11 x CHy), 4.19- 4.30 (2H, m, CH,), 5.08 {1H, s, CH), 5.20- 5.26 (1H, m, CH), 7.24 -
7.71 (9H, m, Ar-H)

Compound (86) was prepared was prepared via alternative methodology the

modified conditions are detailed below

Step 6b: (S)-Cyclohexyl-{4-[7-(1-isobutoxy-ethoxycarbamoyl)-heptanoylamino]-
benzylamino}-acetic acid cyclopentyl ester

T \L(\”I\QHMH\OJ\OY

Octanedioic acid {(4-formyl-phenyf)}-amide (1-isobutoxy-ethoxy)-amide (220 mg, 0.056
mmol, 1.0 eq) and L-cyclohexyl-glycine cyclopentyl ester (138.9 mg, 0.062 mmol, 1.1
eq) were stirred in methanol (8 mL) overnight at room temperature. Scdium
borohydride (31.8 mg, 0.084 mmol, 1.5 eq) was introduced and the reaction mixture
stirred for 15 min. The reaction mixture was transferred to an ice bath and 2 drops of
sodium hydroxide (2M) were added. Diethyl ether was added and the organic phase



NW 8 Procedure as described in step 6. Product nmfz 790 [ M+H|t Step 7a:
(4-{[ (2- Hydr oxycar banoyl - benzo[ b] t hi ophen- 6-yl net hyl ) - am nol - net hyl } -
benzyl am no) -acetic acid cycl opentyl ester (120) 120

{(9H Fl uor en- 9-yl net hoxycar bony1) 14- (([ 2- (1-i sobut oxy- et hoxycar banoyl) -
benzo[ b] t hi ophen- 6-yi1 net hyl Fam noynet hyl ) - benzyl Fam noyacetic acid

cycl opentyl ester (0.11 g, 0.14 mmol) was dissolved in acetonitrile (3 nl)
and to it was added piperidine (1.5 nﬁ The resulting m xture was stirred
at roomtenperature for 1 h. The sol vént was evaporated to dryness and the
product sefsalatdde@hé adquzods ppertvasns-exidtedwith diethy\witser aigic leygrough to

hydr ol ysi s ; .ester, i | second J was, di ssol ved
D (1. RO L GeRBE Mt b i rlreedn GrSiE e BB ERS 1) “The
sol vent wagn@&eesentatedintvacudr tp givesrutednatiial phist wes takenitd thedeldystqer epar at i ve
HPLC to af {andiiheedasktfdnProduct as a TFA salt. LCMS purity 99% nfz 468
[ Mt+H] 4, 1H NMR (300 MHz, MeOD), 8: 8.09 (1H, s, ArH), 8.00 (1H, d, J = 8.3
Hz, ArH), 7.88 (1H, s, ArH), 7.54-7.65 (5H, m ArH), 5.31-5.35 (1H m CH),
4.43 (2H, stepGi2)S)-CycBhexyRid-(7ShydiekiidarbatnoyLhdpdhoyBmireiBinzynid){ 2H, s, CH2),
1.65-1.93 é?8H, m, 4 x C}-@% 1@? Step 9a:
(4-{[ ( 2- Ry BPBL7ES BRI B¥RZEPh] t hi ophen- 6-yI met hyl ) - ani noknet hyl ) -
benzyl am no) -acetic acid ( Procedure as described in step 9. LCMS
purity 99% mz 400 [I\/H+Hr@-1 NVR (300 WMHz, MeOD), 6: 8.09 (1H, s, ArH),
8.00 (1F1, d, .1= 8.3 Hz, AeH), 7.89 (1H, s, ArH), 7.54-7.62 (5H m ArH),
4.43 (2H, s, CH2), 4,35 4{2H: s, CH2), 4.32 (211, s, CH2), 3.93 (2H, s, CH2)

idrﬁ'p{i\ggre

o

Synt hesi s of Corrpo e ified by Conpgund (126) and
Compound (127) N
N OH
86 ©

Materiai from step 6b (50 mg, 0.083 mmol, 1 eq) was dissolved in DCM/methanal {2
mL : 2 mL) and stirred with TFA (1.0 mL) for 2 h. The resulting salt was concentrated,
dissolved in methanol and purified by preparative HPLC to vield compound (86).

L CMS purity 100%, m/z 502 [M*+H]*, "TH NMR (300 MHz, MeOD), &: 1.28-1.98 (26H,
m, 13 x CHy), 2.10-2.15 (2H, m, CHy), 240 (2H, 1, J = 7.8 Hz, CH,), 3.81 (1H,d, J =
3.9 Hz, CH), 4.21 (2H, m, CHjy), 5.01 (1H, s, CH), 5.23-5.25 (1H, m, CH), 7.43 (2H, d,
J = 8.4 Hz, Ar-H), 7.68 (2H, d, J = 8.7 Hz, Ar-H)

Synthesis of 92 and 93
0 O
H
HO., N O\/\/U\ O-g
H ¥
O O

R = cyclopentyl 92
R=H 93

Stage 1: 4-(3-Nitro-phenoxy)-butyric acid methyl ester



R= cycl opentyl 126 RH127 R= cyclopentyl 128 RH129 Figure 8 Stage 1:

4- (tert-But oxycarbonyl am no- net hyl - cycl ohexanecar boxylic acid A sol ution
of trans-4-(am nonet hyl)cycl ohexane carboxylic acid (1g, 6.4mvol) and

sodi um hydroxi de (256ng, 6.4mmol) in 40ml of di oxane and 40nl of water was
cooled in an ice-water bath while stirring. D -tert-butyl dicarbonate
(1.39g, 6.4mml) 160 was added and the mxture stirred at r.t. for 5 hours
and |l eft standing overnight. The sol ys4 on was concentrated in vacuo and
acidified with 2N HC to pH 2. The aC|d|f|ed aqueous | ayer was extracted 3
times with EtOAc. The organic | ayers were pool ed and washed wth brine. The
organic layer was dried over nmagnesi um sul fghe and evaporated to dryness.
The product was obtai ned a white SO|Id (Y{1g, 64%yield). 1H NVR (300

MHz, CDCI3), 8: 0.86 - 1. 1.53 (11 H, m boc and
CH2), 1.84 (2 H dd, J=13. 0 CH2) 2.0 (2 H dd, CH2), 2.18 - 2.35
(1 H m CHCH2), 2. 99(2 H t, 3 Hz, CEI2NH), 4.59(1 H, br. s, CHCOOH),

11.0(1 H, br. s, ) Stage 2:
(4- Hydr oxynet hyl. - cycl ohexyl met hyl )-carbam c acid tert-butyl ester

To a solution of 3-nitrophenol (8.35g, 60mmof), in DMF {50mi) was added K,CO5
(16.56g, 120mmol) and methyl 1, 4 ~ bromobutyrate (1 1.95g, 66mmol). The reaction
was stirred at room temperature for 16 h. The reaction was diluted with ethyl acetate
and water. The organic phase was separated and washed with water (2 % 200ml).
The organic phase was dried with Na,SO, and concentrated in vacuo. The required
ether was isolated following chromatography (ethyl acetate : heptane, 1: 9) as a pale
yeflow solid (12.2g, 85% yield). LCMS purity 100%, m/z 240 [M*+H]".

Stage 2: 4~(3-Amino-phenoxy)-butyric acid methyl ester

0

HzN\©/O\/\)J\O/

Stage 1 nitro ester (250mg, tmmol) was dissclved in ethano! (3mi). Pdfcarbon
(40mg) was added and the reaction stirred under a hydrogen atmosphere (balioon
pressure) for 16 h. The reaction mixture was filtered through celite. The celite pad
was washed with ethano! and the combined organic fractions concentrated in vacuo to
give the required product as an orange oil (210mg, 100% yield). LCMS purity 89%,
m/z 210 [M*+H]". The aniline was used in the next stage without further purification.

Stage 3: Coupling to resin



Li t hi um al umi ni um hydride (465ny, 12.2nmmol) was suspended in anhydrous THF
(10m) and cool ed down to OC under N2 at nosphere. A solution of

4- (tert-but oxycarbonyl - am no- et hyl - cycl ohexanecar boxylic acid (1.1g,

4. 1mmol ) in THF and di oxane (10ni, 1:1) was added slowy and the m xture
was stirred overnight at roomtenperature. Excess |ithium alum nium hydride
was quenched by adding water dropwi se. The cake was filtered and washed
with THF (10ml) and MeOH (10mL). The {'Sltrate was concentrated in vacuo and
acidified with IN HCl to pH 2. The aquiéous was extracted tw ce wi th EtOAc.
The or gani Bubaigercidwasvalisédydwgtanmimgesioniring wsiralsg, 7.52rhiel lRadiagd evapor at ed

5 0. B1- 1. Bt helol o Shefin BERILAGE bt Sofblop el % 608y 318 650 1
d, J=5.7 HdiisopropylefglamineZ1®8m{, 258mmo)) wers addedAp treMlaghfelipwedBbe (32 H, d,

J=6.4 H, thn%JthT&xy)-ﬂutﬁ% dckd et estet (2. 739, 256
y yl

(4- Fornyl - cycl ohexyl nmet { car Qam Cc_acl terﬁ’-gﬁ)tl}?ylle ré??‘fté’r”“’aslal

( 4- Hydr oxyBRERY LSO toRRSEsFRIeR (4 b befarastiapderdwash ardrdyimit y|  est er (965n,
4. 0mvol ) was dissolved in DCM (20nml) and cool ed down to -78C. Dess Martin
reagent (2.529,,. 6.0 |} was dissolved in DCM (30nl) and added slowy to
t he stage §g§géoﬁ%?r%r%yc§lsuti on. The reaction mxture was then stirred at
r.t. for 3h. The resulting solution was poured into a vigorously stirred
saturated NaHCO3 and Na2S203 solution (1:1, 100ml). The organic |ayer was
separated and washed with brine, dried over magnesi um sul fate and

evaporated to diypess to Yield the productl_| (786ngy, 82% yiePd). 1H NMR (300
MHz, CDCI3), &=#gi83 0. 1. H, 2) N1 - 8.2 2 m CH2),
1.34(9 H, s, BOd @ 1788 12 H™ m 2)0 %00 (20H, m CH2),

2.05 - 2.18 (1 H m , 2.93(2 H t, 6. CLI2NH), 4.53 (1 H, br. s,
CHCHO, 9.55(1 H, s, CHO Stage 4.
(S)-{[4-(tert-Butoxycarbonyl am no-net hyl ) -cycl ohexyl nmet hyl | - am no) - Phenyl ac

Fert - but yl 8P BPoRsben g vas SR AH C RIS GBI MRt (e Uk
cycl opent y84 mhivers ai38Harg! thd rection] Shawen for $6 h at edm tamp&atuf& e raginr . t f or

25m n. Acef,l i . ﬁ%lﬁ %ﬁgﬁ@l i L acet oxybor ohydri de
(1.0g, 4. g&lrr%*r%f’@\?grugﬂg eéarglr? t he %%%@ﬂ'ﬁ%gd%%%jmr%'ms stirred for 1h30
at r.t. DCM (10nl) and a saturated solution of NaHCO3 (10ml) were added and

phases wer §tag6BaAak6 Geid AatepslipiMger € extracted with Et0Ac (2 x 10nml), the
organi cs were dried over nmagnesiumsul fate, filtered and evaporated to

dryness. The crude product was purified by col unm chrop®
heptane / Et0OAc) to yield 223ng of the pure am ne (319

c @@Cl opent yl
0

9 MU Z 4425 . Stage 5:
100% % [1\44€Hl. S 5
i #' -

O
t iyl - glycl ghexyl net hyl i- am_no hen34-jacet
W\HWN@JOMH
O

Stage 4 resin (2.1¢g), was suspended in DCM/DMF (20ml/20ml). PyBOP (3.1g,
5.92mmol), N-phenlglycine cyclopentyl ester (2.4g, 5.92mmol) and
diisopropylethylamine (3.4ml, 19.7mmol) were added sequentially and the reaction
shaken at room temperature for 72 hours. The resin was submitted to standard wash
and dried.

Stage 6: (8)-{4-{3-(7-Hydroxycarbamoyi-heptanoylamino)-phenoxy}-butyrylamino}-
phenyl-acetic acid cyclopentyl ester (92)



NH2 162
(S)-{(4-(tert-Butoxycarbonyl am no-net hyl ) -cycl ohexyl net hyl Fam no} - phenyl - ac
etic acid cyclopentyl ester (223ng, 0.5mml) was stirred in DCM (4ml), TFA
(1nl) was added and the m xture was stirred at rt, for 2h. The sol ution was
concentrated in vacua, taken up in DCM washed twice with a saturated

sol ution of NaHCO3 and once with a saturated solution of brine. The organic
phase was dried over magnesiumsulfate, filtered and evaporated to yield

t he expected amne as a yellow oil (l%‘i)rrg, 75% vyield). LCVS purity 100%
mz 345 [ Mk+Hr. Stage 6:

(S)-[(4-{[(2-Hydroxycar banoyl - benzo[ b] t hi ophen- 6-yI

hyl ) - am no] - et h
byl ester (126) 126

oxy) am de
. 30 min at . Aceti¢ acid (2.1ul,
0. 03mml ) and sodium tri acet oxybor chydfi de (218ng, 1.08mol) were added and
the resulting m xture was stirred overnight at r.t. The m xture was
concentrated in vacuo, taken up iga Et OAc, washed with a saturated sol ution
of NaHCO3 (10mi) and brine (10nml). The organics were dried over nagnesi um
sulfate, filtered and evaporated to dryness. The crude product (167ng) was

purified Sagersepsinabundcydbehtyl@star ¢. th) swamsbaled wWith 28§ TFAD@MI(1agihi} fopi nk sol i d.

LCVS i 9 | . , 100 ' id. 1H NMVR (300

W Wopy'S ites s Atphig i gio a8 iRt g L DY (0

2.81 (4 Hpressurg akrooppirpiperalurg sThepprpcess wagignegied (x3)ppd the gqmbiied cCHNH) , 5. 30

(1 H m @Fad}exrciduéﬂspwiﬁed-by prepattive HRLEDH0 Vidill cimpobhd (92 (R8mg)l tdmsl, Ar),

8.08(1 H, s, Ar). Synthesis, of

((S) - ((4- Py Qﬂf}f’diﬂ@éﬁ?&%ﬂﬂwlﬂ HURA6PLMHR: MpPeh 5847 (et Ry £yCHz):

am noFmet Rys)- £ye {1ahexy, aieh B ) dadin e pbEgyd.4a et (ccHg) 25 @2)m, 163 127
CHy), 4.00 (2 H, m, CHy), 5.15 (1 H, m, ), 5.40 (1 H, s, NHCHCO), 6.65 (1 H, m, Ar)

745 (1 H, m, Ar), 7.20 (1 H, t, Ar), 7.30 (1 H, 5, Ar), 7.40 (5 H, s, Ar).

Stage 7: (S)-{4-[3-(7-Hydroxycarbamoyl-heptanoylamino)-phenoxy]-butyrylamino}-
phenyl-acetic acid (93)

0 O i
H
0 OoH
o 8]
93

Stage 6 cyclopentyl ester resin (500mg) was suspended in THF (15ml). To the
suspension was added NaOH (1.4M aq., 1.6 ml) and the reaction shaken for 16 hr at
room temperature. The filirate was removed and the resin washed and dried before
cleavage. Cleavage was effected by shaking with 2%TFA/BCM (5ml} for 10 minutes
before filtering the resin and evaporating the solvent under reduced pressure at roomn
temperature. The process was repeated (x3) and the combined crude product purified
by preparative HPLC to yield compound (93) (62mg). LCMS purity 99%, m/z 500
[M*+H]*, "H NMR (400 MHz, MeOD), 8:1.40 (4 H, m, 2 x CH,), 1.60 — 1.80 {4 H, m,
alkyl), 2.10 (4 H, m, 2 x CH)}, 2.40 (2 H, 1, CHy), 2.50 (2 H, t, CHy), 4.00 (2 H, m, CHy),



St age 1:

(S)-([4-(tert-Butoxycarbonyl am no-net hyl ycycl ohexyl net hyl | -am no) - phenyl ace
tic acid tert-butyl ester tInN Erni 8 (4-Fornyl-cycl ohexyl methyl)-carbam c
acid tert-butyl ester (899ng, 3.7mmol) and (S) tert-butyl phenylglycine
ester (850ngy, 4.1mmol) were stirred in DCE (20ml) for 30mn. Acetic acid
(20ul, 0.37mmol) and sodi um tri acet oxyborohydride (2.37g, 11.1mol) were
added and the reaction m xture was st'ufed at r.t. for 3h. DCM (10nl) and a
saturated solution of NaHCO3 (20nl) wefe added and phases were separ at ed.
The aqueouS.4plfasiesWHICEQOY), 8@E54d Hadf Ar) Ef10AC H( @0Am,) 7.207HeH, dy ami.zs(1wer e dri ed
over nagnesi R flltered and concentrated under vacuum The crude
pr oduct (ﬁ&”ﬁéﬁﬂj% |li‘11de1ﬁ&r'n col um chr omat ography (7:3 heptane / Et 0Ac)
to yield the expected product (385ng, 24%yield). LCVS purity 100% mz 433
[ Me+Hr . St @gRthésis of 94and 95 = | _
(S)-{[4-(tert-Butoxycarbonyl am no-net hyl ) -cycl ohexyl net hyl ] - am no} - phenyl ac
etic acid tert-butyl ester *INON(.0,y 8

(S)-{[4-(tert-Butoxycarbonyl am no-net hyl)-cycl ohexyl net ] - am no) - phenyl - a
cetic acid tert-butyl ester (385ng, 0.9mml) was stirrég DCM (5mL) and
TFA (2nml) was added ang the m xture was stirred r.txfoer 30mn. The

sol ution was concentraffed in 164 vacgo, taken i nfEt 0Ac (5nl), washed
twice with a satuffrg i \'se: :

saturated solution ofH brine (5ml). ¥The @ i ¢ phasie

magnesi um sul fate, filtered and evaporated“to yield thé expected anmine as a
yellow oil (290ny, 97%yield). LCVS purity 100% mz 333 [ Mt+Hr. Stage 3:
(S)-{[4-(112- (1-1 sobut oxy- et hoxycar banoyl) - benzo[ b] t hi ophen- 6-yl net hyl ] -

am noynet hyl ) - cycl ohexyl net hyl R=gwnéleigptybr¥ny| - acetic acid tert-butyl ester
(S)-{(4-(tert-Butoxycarbonyl anffidt met hyl )2&ycl ohexyl net hyl Fani no} - phenyl - ac
etic acid tert-butyl ester (290nmg, 0.9mmmvl) and

6-f ormyl - bepzo[,b] t hi gphene- 2- car boxylic. acid (1-isobutoxy-ethoxy) am de
(Schent 7) SEBBE G HeRaeR CRRIEAE PPN n DCE (8nm) fof 30m n. Acet G
acid (4ul, 0.08mmvl) and sodiumtriacet oxyborohydride (504ng, 2.4mmol) were
added and the reaction mxture was stirred gt r.t. for 1h30. DCM (5nl) and
a saturated solution of NaHCO3,.(,10nl) were fgdded and phases were separ at ed.
The aqueous phase was extracted2w 020 mLl). The organics were dried
over magnesium sul fate, filtered a oncentrated under vacuum The crude
chromat ography (5 to 10% MeOH in
DCM to yield the expected pure product (172ng, 34%yield). LCVS purity

100% nmlz 638 [ Mt+Hr.
K Toa s[:!ution of 3-nitro benzyl alcohal (10g, 65mmol), in dioxane (anhydrous, 100ml)

was added trichloromethyl chloroformate (9.47ml, 78mmol). The reaction was heated
at 75°C under nitrogen for 16 h. The éo!vent was evaporated and the residue
resuspended in dioxane and evapotated. The procedure was repeated (x 3). The
crude chloroformate was used in the next stage without further purification.

Stage 2: (8)-2-(3-Nitro-benzyloxycarbonylamino)-3-phenyl-propionic acid cyclopentyl
ester

L-Phe-cyclopentyl ester. TsOH salt {8.42g, 23mmol) was suspended in DCM (40mi).

Triethylamine (6.5ml, 47mmol) was added and the reaction stirred at room



St age 4:

(S)-{[4-M-(1-1sobutoxy-ethoxycarbanoyl)-benzo[ b]thi ophen-6-yl nmet hyl | am no)
-nmet hyl ) - cycl ohexyl net hyl i - am no) - phenyl -acetic acid tert-butyl ester (127)
165

(S)-([4-a[ 2-(1-1sobutoxy-ethoxycarbanoyl)-benzo[ b]thi ophen-6-yl nmet hyl Fam no
}- _methyl)-cycl ohe>cyl met hyl kam no} - phenyl -acetic acid tert-butyl ester
(172ng, 0.27mmol) was stirred in 4M MCl in dioxane solution (2ml) at r.t.
for 30nmin. The solution was evaporatéd®to dryness to yield conpound (127)

bei M+-+H 1H
GI\II:/R a( 3869%@6&1‘!3@'&%25% %g& Yhﬁlb@omh@%‘?é‘ﬁia‘)ﬂs@&v@d IWD%MJ'@I%N{I)X +CHr2 and o

e 2%, Migeiedten tohe rageloniRisine addgd cipemiseyviveqing iso 2t oe s« Gt N
g g;( (llHH réactiGiivas Stirks3i(f6r 14 h ﬁ‘ﬂi‘o&h)temﬁerﬁﬁl(el Te sBiverAfas rdm&Bh Bnklthed, Ar),
S

procedure’ %Bé%‘i%&lyg&%&é@%{‘fmﬂrﬁﬂ) nggwﬁﬁ&rag@gﬂﬁgﬁ’ (g%eﬁ%ﬁ ' 1o to the

(S)-21(4- pelops toraenirafioairbaaroy. Theccrady tln}ailehalo'\tdsemnﬁ“ﬁdydyrmtdmdtc)grmhynt met hyl | cyc

| ohexyl ne 4- D (128) LCIVS
pur 1 BedEore; MRt i T O PRER PR LR RDAE B P B s 1Y

6Hz, ZXCHVI f111(4Ht,J81Hz 2xCI—|2)176(20Hm2xCHand
9xCHOZSO(1HmCH) 297(4Hm2xCLINH) 395 (1 H m CH,
4.35 (2 H,_s, H@ g 7.54 (1 H d, J=6 Hz, Ar), 7.84
(1 H s, ﬁage?;;(@zﬁ— - :na—be g@xyﬁarb%yiaml@)@&r@nﬁpr@,ionmqu cyclopentyt

(S)-2-[ (4~e%fel-2 Hydroxycar banoyl - benzor bi t hi ophen- 6-yl nmet hyl ) - am noFnet hyl } -
cycl ohexyl net hyl ) -am no] - 4- net hyl - pentanoic acid (129) LCMS purity 95% m z
462 [ Mk+Hl t, 1H NWVR (300 MHz, MeOD), 8: 1.0 (o H t, J=6.3 Hz, 2x
CH3),1.10 (4 H m 2 x CH), 1.85(8 HL m 2 CH and 3x CH2), 2.94(4 H m
2 x Jal2NH), 3.91 (1 H m CHNH), 4.,‘@’6 s, OLNH), 7.54 (1 H d, J=7.8

Hz, Ar), 7.85(1 H, s, Ar)HN : Hzy Ar), 8.08 (1H, s). 166
Synt hesi s of Conpounds in Fi 9 as I%'x 'f for Conpound (130)
130131

Stage 2 nitro carbamate (6.4g, 15.5mmol} was dissolved in ethanol (64ml). Tin
chloride dihydrate (17.5g, 77mmol) was added and the reaction stirred for 16 h at
rcom temperature. The solvent was evaporated and the residue dissolved in EtQAc
(60mi). A saturated solution of sodium potassium tartrate (60ml) was added followed
by a solution of saturated sodium hydrogen carbonate (120ml). The biphasic solution
was stirred for 15 min. The organic layer was separated and the aqueous phase .
extracted with EtOAc (60mi x1). The organic layers were combined, dried and the
solvent evaporated to give the crude product which was purified by chromatography
(EtOAC : heptane 1: 3 — 1 : 1). The required product was isolated (3.5g, 59% yield).
LCMS purity 100%, m/z 383 [M™+H]".

Stage 4: Coupling to resin

O\QMHU\OJ?\

Suberic acid derivatised hydroxylamine 2-chlorotrityl resin (2.0g, 1.88mmol, loading,
0.94 mmol/g) was swollen in DMF (20mi). PyBOP (2.93g, 5.64mmol) and diisopropyl



132133 Stage 1: (S)-[(3-nitro-benzyl) -am no]-phenyl-acetic acid

cycl opentyl ester To a solution of phenylglycine cyclopentyl ester tosic
acid salt (3.08 g, 7.8 nmol) in DCE (120 m) was added 3-nitrobenzal dehyde
(1.01 g, 6.7 mmol ) then sodiumtriacet oxy-borohydride (3.03 g). The m xture
was stirred for 3.5h, then quenched by addition of saturated sodium

bi carbonate solution (200 nml). Product was extracted with DCM (250 ml) and
the organic extract was dried (l\/gSO4)12 The product was carried forward

wi thout further purification. 167 Stdge 2:

(S) - [ ( 3- ni ethylatmseA§.2pmt, eBianiaM)mQreaddmhﬁtagerﬂ adlrofvardmatc@tdge acid

cyclopenty r Lt benz

- ani no] - hggﬁﬁﬁ@cdéﬁslgge%@ﬁjd% ;@Fﬂ E"Ve"% él{ dﬁhse)rgg E'%‘(? ﬁ? 4y'é/\é‘:ﬁ(or&dded

di -ter-but ﬁlrrafaureraqa%mﬁ@arq@@wa@ Ofif‘Ba I@SMIQh Wasfm‘!emumle;rraﬁ was heated at 50C
overnight, then cooled to rt. N, N,Nl-trimethylethylene diamne (2 m) was

t hen added %Ed t@g_ :E? ture stirred for 2h. The m xture was then poured into
ethyl acet 5138 P1692 ?"ﬁﬁﬁoﬁﬁé%ﬂ‘%@rﬁ’t&l‘wlﬂ@lml -Benzyigugcagenyipminoldi ed
(MyS™4) angheorprpioniized dybiopértyl @steh@4ylesi red product as a col ourl ess oil
(1.509 g, 42%yield). LCMS purity 98% mz 477 (MtNa+). 1H NVR (300MHz,

d6-Dwvs0), 8: 7.97 (1H, dd, J=2.1, 9Hz) 7.15-7.45 (8H , 5.60-6.00 (1H,
m, 5.20-5.35 (1H, m, 465482(1H 421(1H d, b Hz),
1.30-1.95(17H, m St ge 3:

(S)-[(3-An no- befNZXI o nﬂLl\Pnbcelc aci d

cycl opentyl ester To a soI ut| o

(S)-[(3-nitro- benzyl) tert- butoxy@arb < am no} - pheﬁyl tic acid

cycl opentyl ester (1.509 g, 3.32 mmol) in ethanol (10 m) was added

pal | adi um on carbon (10% O0.38g, 0.8 mmvol ). The flask was evacuated and
back-filled with hydrogen gas. The m xture was stirred overnight, then
filtered through Celite, washed with ethanol (150 ml) and then concentrated
to yield tStagelésisircbqund dymtdpeatyl esteqRglwdsasaken w[tr(zwmmm @gﬁﬁ)yd,rel d. 1H

NMR (300 M’(Y-mmgggbgaore ﬁm?n&%e reé}r?gad e\%pgratlgg E\'e solvent under reduced
pressure at room temperature. The process was repeated (x3) and the combined
crude product purified by preparative HPLC to yield compound (94). LCMS purity
95%, m/z 554 [M™+H]", "H NMR (400 MHz, MeOD), 5:1.30 (4 H, m, 2 x CHy), 1.40 -
1.90 (13 H, m, alkyl), 2.00 (2 H, t, CHg}, 2.30 (2 H, t. CH,), 2.90 (2 H, ddd, CH,), 3.80
(1 H, m), 4.25 (1 H, dd, NHCHCO), 4.90 (2 H, s, CHy), 5.05 (1 H, m), 5.35 (1 H, m),
6.95 (1 H, d, Ar) 7.05-7.25 (6 H, m, Ar), 7.35 -7.75 (2 H, m, Ar).

Stage 6; (8)-2-{3~(7-Hydroxycarbamoyl-heptanoylamino)-benzyloxycarbonylaminol3
-phenyt-propienic acid (95)

H
HO. N o)
M ﬁj/\o/u\f[\_{ H

=

Compound (94) (100mg, 0.18mmol) was dissolved in THF {1ml) and 2M NaOH (1 mi)
added. The reaction vial was shaken for 4 h before THF removal via a stream of
nitrogen. The aqueous residue was purified by preparative HPLC to yield compound
(95) (62mg). LCMS purity 95%, m/z 486 [M™+HJ", "H NMR (400 MHz, MeOD}, 8:1.35



J=7.5 Hz), 6.46 (2H, dd, J=8.1, 16.5 Hz), 6.29 (1H, br s), 5.58 (1H br s),
5.29 (1H, br s), 4.69 (1H, br s), 4.00 (1H, d, J=15.9 Hz), 3.74 (1H q,
J=6.9 Hz), 3.51 (2H, br s), 1.20-2.00 (17H, m 168 Stage 4:
(S)-(tert-Buto>cycarbonyl -(3-([2-(1-isobutoxy-ethoxycarbanoyl)-benzo[b]thio
phen-6-yl nmet hyl | - am no} - benzyl yam no] - phenyl -acetic acid cycl opentyl ester
To (S)-[(3-Am no-benzyl)-tert-butoxycarbonyl -am no] - phenyl -acetic acid
cycl opentyl ester (0.317g, 0.75 nnnl& was added
6- For nyl - benzo[ b] t hi ophene- 2- car boxy ¢ acid (1-i sobut oxy- et hoxy) - am de
(Scheme 74 HOm2A REH,N1%8 1ATPS W4 W, [ 251 ( B 1678 1, t?Cﬂ%,QJP.% e al@ghal acetic
acid were ggaggl ‘?Qﬂ]’tgen fogw%rl%gﬁt o%boroh ride (0.170 g, 0.8 nmol).
The ni xt uf - 49, e 2P 6F Hote: G 4 i r@ﬁcﬂ%p& fi@och’%). The
sol uti on WS (Wais bett),i.2017. 38.(6H ahe&H), 088 @M, i, @@y, bonate (50 nl), then dried
(MgS™), concentrated and purified by flash col um chromat ography to yield
the desired product as a pale yellow foam (0.346 g, 73%yield). 1H NVR (300
MHz, CDC18ynthgsis®f Songhod@d(96)andjGonpdadd®n5 (2H, m), 7.01-7.41 (8H m,
6.90-7.01 (1H, m, 6.42 (1H dd, J=2.6, 7.9 Hz), 5.25-5.31 (111, n), 5.12
(1H, g, J=5.2 Hz), 4.40 (1H, d, J 5.4 Hz), 4.00 (1H, dd, J=3.1, 15.8 Hz),
3.60-3.70 (1H, m, 3.3p-3.40 (1H my 1.33-1.94(21H, m, 0.98 (3H d, J=6.6
Hz), 0.97 (3H d, HP=Q N "
(S)-{3-[(2-HydroxycaHbanoyl - benzo[. t-yli-rret yl ) - am nokbenzyl am no)
- phenyl -acetic acid cycl opentyl ester 30 *y] N LI~®-R 130 To a sol ution
of (S)-Bert-Butoxycarbonyl-(3-{[2-(1-isobutoxy-&thaexycarbanoyl) -
benzo[ b] t hi ophen- 6-yl et hyl kam no} - benzyl) - am no] - phghyl -aceti c acid
cycl opentyl ester (0.100g, 0.14 nmol) in DCM MeOH (1ml: 1nl) was added TFA
(8 ml). The solution was stirge cfloggméh%then diluted with DCM (200 ml).
The solution was washed wi th gagurated gpdi um bi carbonate (100 nl). The
solution was dried (Na2SO4), concentrated and purified by reverse phase
HPLC to yield the desired product (8.1 169 ng, 11%yield). LCVS purity
98% nl z Sthje (1MESHI-NE06-1)A % 4-tdDMBEro-Foduirding-3B&rkdXylic 48, 3. 47(2H, s), 4.21
(1H, s), 4.38 (2H, d, J 5.8 Hz), 5.02-5.07 (1H, m, 6.32 (1H t, J 6.0 Hz),
6.45 (2H, d, J 7.9 Hz), 6.57 (1H, s), 6.97 (1H t, J 7.8 Hz), 7.23-7.35
(5H, m, 7.42 (1H, dd, J 1.2,08.3 & B4 (1H s), 7.87 (1H s), 7.93
(1H, s), 9.23 (1H, br s), 11.4 ( ) ol :

i

o]

Prepared as described in Teit Letis 42, 2001, 3507.

Stage 2: (8)-7-Nitro-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylic acid-2-tert-butyl

ester
OZI\!\@I boc
., ~OH
r

0

{8)-7-Nitro-1,2,3,4-tetrahydro-isoquinaline-3-carboxylic acid (7g, 31.5mmol) was
dissolved in THF : water (1:1, 350 mi). K,CO, was added (5.2g, 37mmol) followed
by boc anhydride {13.7g, 63 mmol) and the solution heated at 40°C for 1 h. THF was
removed by evaporation and the aqueous layer adjusted to pH = 7 before extraction
with EtOAc. The organic layer was washed 0.1 M HCI (x3) and dried over Na,SO,
before concentration in vacuo. The required N-protected product was obtained



The foll ow ng compounds were prepared according to the procedures described
for conpound (130)

(S)-{3-[(2-Hydroxycar banoyl - benzo[ b] t hi ophen- 6-yl net hyl ) -am no] -
benzyl am no} - cycl ohexyl -acetic acid cycl opentyl ester (131) LCMVS purity
>98% m z 536.25 (MtH)+, 1H NWVR (300 MHz, d6-DMBS0), 5: 0.7-1.25 (8H, m,
1.50-1.95(14K, m, 3.69 (1H, br s) 3.98 (2H, br s), 4.43 (2H, br s), 5
(1H, t, J 5.4 Hz), 6.60-6.71 (2H, ?105-7.28 (3H, m, 7.43 (1H, d, J
Hz), 7.83-7.98 (2H, m), 9.25 (1H, br §), 11.45 (1H, br s)

(S)-3- tertfCEiQw'mWolgit@-cn(cmdhqgﬂapmylémmm;ﬂandwnzeé BlOAd) opIByN7HLY | et hyl ) -
am nokbenz ntyl ester (132) LCVS purity >98%
m z 540. 25!%3%?)&% m&%ﬁé’%é%ﬁ‘%tg%%% 8:1.05 (9H, s), 1.50-1.78
(81-1, m, 3.15-3.67(5K, ,438(2HdJ58Hz)505515(1Hrr)
6.31 (1H, Biagd 3 3)-1-Byd&ehftiRidatn 1H, t,

7.8 Hz), 7. 4gég (Qd:% )Pf g&gj %S%nyl %eﬂg’{ E@t% Ta?—r?ﬁtrg%‘LM (1H, b
s), 11.43 mir 6! —|§§:qu” no |ne-2-carbo /lic acid tert-buty! es er

(S)-2-{3-[(2-Hydroxycar banoyl - benzor bl t hi ophen- 6-yl net hyl ) - am noFbenzyl am n
0}-4-nmet hyl - pentanoi ¢ acid cycl opentyl ester (133) LCMS purity 98% mz
510.25 (MrH) +, 1H NVR (300 MHz, d6- DIVIS 5: 0.87 (61-1, d, J 6.4 Hz),
1.50-1.94 (10H, m, 3.574.20 (3H n)»_é 44 (2H, s), 5.20 (1H, t, J 5.8 Hz),

6.58-6.74(3K, m, 7.11 (1Hp, . 743(1H dJ 8.3 Hz), 7.85-7.96
(3H, m, 9.38(2K, br s), 11.4 H, pr s)
(S)-3-tert-But oxy-2-(41(2-hydr a} M] t hi ophen- 6-yl net hyl ) -

I

am noFbenzyl anmi no}-propionic acid cyclfppedtyl ester (134) LCMS purity 98%
mz 540.25 (M 1-H) ,1H NVR (300 MHz, d4-MeOD), 5: 7.64-7.77 (2H, m, 7.28
(1H, d, J=7.2 Hz), 6.99 (2H, d, J=6.6 Hz), 6.53 (2H, d, J=6.6 Hz), 5.06-
5.08 (1H, m, 4.35(2K, s), 3.40-3.75 (5H, m, 1.50-1.82 (8H n), 1.04 (9H,
s) 170 Me t i ical actjivities Hi stone deacetylase activity
The abi l i t@%{;ﬁg@ﬁﬁéﬁéﬁg@%— Hingline- %#?%W@M@é&@t%ﬁ?@wbﬁ‘?rw ti es was
measur ed u$2-bg & fenrog)hwas disivey iraDaM (abﬂ)rel)l-ﬂeetmwgrasmmb!) agsivity assay
from Bi omdlggekin - Fé'[)b:ﬁé cydidiRntyl 4405 éggg#@dﬁmﬂﬂ?\%%@&eﬂed%llo& pg Wth an

epsi | on-am no acetylation, s In 22 T80 IY8VET i st one
deacet yl as*éet&ﬁlﬁmet(ﬁ 38k (13- 1rahe FDGHG! 46450, BFmmal) wasagded endtheabsence of

i nhi bitor. re%m%%lbfécﬁﬁﬂ r@é\n@émééﬂﬁu@*@ﬁiﬁ' ﬁ‘t Q‘oiﬁé‘:‘%‘a&ﬂoﬁ%s@&@e@ﬂ@ﬁ rate to Fluor
de Lys Tnd are. Thus, 1ncubation of the

whi ch gener | uor.o
substrate (ﬁ}ﬁ@ﬂﬁ% %gﬁroé%a”bcf' A’ég]&ecqs‘f’@l water és’&otegﬂ)r W‘%‘ﬁ”‘i%‘!ﬁﬂ%@s@q n signal
that is dlmﬁﬂlsmmemweﬁhevqnueséh@erudé peodutiDAE purthed byt dwomdBedraptar € expr essed
as a perc t 1 hibitor, W th
backgr ounﬁ?’éﬁaﬁg Eafa“?ﬁ' iy EFtBAc)t ggﬂ%ﬁéﬁpegwe&s‘gﬁ%ﬁg%%éga%Y ?@Ns
activity GNSputty#90%, '('8504@43*33 100 where Si is the signal in the
presence of substrate, enzyne and inhibitor, Sis the signal in the
presence of substrate, enzyne and the vehicle in which the inhibitor is
di ssol ved, and B is the background signal neasured in the absence of
enzyne. | CBoge/4l (SbE—AMm@SﬂGO{!faytlomnbmcynmbemyl-ﬂeﬂéthw-ﬁgﬂy&swbﬁ:ﬁylﬁ-ﬁ,al ysis,
after fitti 3 to the equation for
si gnoi dal 4 osgy ﬁé%%ﬁ‘\ééﬁn\%é&arﬁé I'a cﬁi %?}h %@/ activity against |og
concentration of conpound), using Graphpad Prism sof tware.

T e
\(

(8)-3-{(S)-1 -Cyclopentyloxycarbonyl-3-methyl-butylcarbamoyl)-7-nitro-3,4-dihydro-1H-
isoquinoline-2-carboxylic acid tert-butyl ester (3.14g, 6.24mmol) and Pd/carbon (0.4q)
were suspended in EfOAc (20mi). The reaction was stirred under a hygrogen
atmosphere (balloon pressure) for 16 h. The solution was filtered through a pad of

.14
8.5



H st one deacetyl ase activity fromcrude nucl ear extract derived from HelLa
cells was used for screening. The preparation, purchased from4C (Seneffe,
Bel gium), was prepared fromHelLa cells harvested whilst in exponential
growt h phase. The nucl ear extract is prepared according to D gnam JD1983
Nucl . Acid. Res. 11, 1475-1489, snap frozen in liquid nitrogen and stored
at -80C. The final buffer conposition was 20 mM Hepes, 100 MM KCI, 0.2 nM
EDTA, 0.5 mM DTT, 0.2 nM PMSF and ZOYgévl v) glycerol. 1C50 results were
all ocated to one of 3 ranges as foll 6Wws: 171 Range A: |1C50<100nM Range B:
| C50 froncdibdand the sdvefinédnorean Joe Crude odtiust(G@#g)vadNEed iNibe nexdstepd Resul ts
of testing. @.ﬂlgp . Of N I I say are given in the
second coﬁ’f}wg a@#@ﬂ%oﬁéﬂ%&/&@W’%ﬁ?’%?’ﬁmaﬂzays The correspondi ng
cancer cell lines (Hela, U937 and HUT) growing in | og phase were harvested
and seeded;fb 51880 imgkd 26ie! | (200ul final volume) into 96-well tissue
culture plates. Follow ng 24h of cell growth cells were treated with
conpounds (final concentration of 20uM. Plates were then re-incubated for

a further 72h fore a gul phorhodam ne B (SRB) cell viability assay was
conduct ed acc@\r\)gogo kehan 1990 J Nat!|_Canc lpst 82, 1107-1112. Data
were expressed as a rcent age mhifitipgh af tNe nt €ol , sured in the
absence of inhibitor, as follows:- i nky i on., = NQ SS' x100) where Si
is the signal in the presence of inhibitor and Sﬂ/is dhe“sigral in the

presence of DVBO. |1C50 val ues were deternined by®non~Linear regression
analysis, after fitting the results of eight data points to the equation

for signoidal dose response with variable slope (% activity against |og
concent r aSubgricaicidcisnpaisad hydrogianyne2-apihredriyl Pedis (A 2go foadiag,&. 94708@/9) esul t s

vere al | ogat edoifed P BEMIDMB (1:2N6955). 38 B0H (3205: 6. A6 4nd | C50<330nM
diisopropylethylamine (3.54ml, 20.7mmol) were added. Stage 3 anilino amide (3.04g,
6.43mmol)} dissolved in BMF (40ml) was added and the reaction shaken for 3 days
before filtrate removat and standard wash of the resin which was dried under air. |
Stage 6: (8)-2-{[{S)-7-(7-Hydroxycarbamoyl-heptancylamino)-1,2,3,4-tetrahydro-
isoquinoline-3-carbonyl]-amino}-4-methyl-pentanoic acid cyclopenty! ester (96)

96

Stage 5 resin bound cyclopentyl ester (600mg} was shaken with 2%TFA/DCM (8ml)
for 30 minutes before filtering the resin and evaporating the solvent under reduced
pressure at room temperature. The crude product was purified by preparative HPLC
to yield (S)-2-{[(S)-7-(7-Hydroxycarbamoyl-heptanoylamino)-1,2,3,4-tetrahydro-
isoquinoline-3-carbonyl}-amino}-4-methyl-pentanoic acid cyclopentyl ester (17.5mg).
The boc group is removed in addition to resin cleavage. LCMS purity 98%, mfz 545
[M™+H]", "H NMR (400 MHz, MeOD), 6:0.85—0.88 (6 H, 2xd, J = 6.4 Hz, J = 6.5 Hz,
2 x CHg), 1.30 (4 H, m, alkyl), 1.50— 1.65 (13 H, m, alkyl}, 1.80 (2 H, m, CHy), 1.95 (2
H, t, CHz), 2.25 (2 H, t, CHy), 3.00 (1H, m, CH), 3.256 (1H, m, CH}, 4.10 (1 H, m, CH),



Range B: 1C50 from 330nMto 3300nM Range C. |1 C50 >3301M NT= Not tested
Results of testing the conpounds of the exanples in this assay are given in
the third-fifth colums of Table 2 below. 172 Table 2 Exanple No. HDAC
Activity Hela U937 HUT 1 B C B

133
4.25 (2H, s, CHy), 4.29 (1H, m, CH), 5.10 (1 H, m, CH), 7.11 (1H, d, J = 8.4 Hz, Ar),
7.25 (1H, d, J = 8.3 Hz, Ar), 7.55 (2H, m, Ar).

Stage 7: (8)-2-{[{S)-7-(7-Hydroxycarbamoyl-heptanoylamino)-1,2,3,4-tetrahydro-
isoguinoline-3-carbonyl]-amino}-4-methyl-pentanocic acid {96)

TEtd4s

f H
HO., N
H H
o . “ray N\)L
oy o
O \]/
97

Stage 5 cyclopenty! ester resin (1.55g) was suspended in THF/MeOH (10ml /10ml).
To the suspension was added NaOH (1.4 M aq.,5ml) and the reaction shaken for 16

1

hr atr.t. The filtrate was removed and the resin washed (standard) and dried before
cleavage. Cleavage (600mg of resin) was effected by shaking with 2%TFA/DCM
(8mi) for 30 minutes before filtering the resin and evaporating the solvent under
reduced pressure at room temperature. The crude product purified by preparative
HPLG to yield Compound (97) (73.4mg). The boc group is removed in addition to resin
cleavage. LCMS purity 96%, miz 477 [M*+H]*, 'H NMR (400 MHz, MeOD), 5:0.98 —
1.02 (6 H, 2xd, J =6 Hz, J = 6.1 Hz, 2 x CHj), 1.40 (4 H, m, alkyl), 1.60 - 1.80 (7 H,
m, alkyl), 210 2 H,t, J=7.4 Hz, CH,), 2.39 (2 H, t, 7.6 Hz, CH2), 3.15 (1 H, dd, d =
12.5Hz, J = 16.6 Hz, CH), 3.45 (1 H, dd, J = 4.9 Hz, J = 17 Hz, CH)4.00 (1 H, s, CH),
4.20 (1 H,dd, J=4.7 Hz, J = 122 Hz, CH), 440 (2 H, m, CHy), 4.55 (1 H,dd, J = 4.7
Hz, J=10Hz, CH), 725(1H,d, =84 Hz Ar),725(1 H,d, J=8Hz Ar), 7.55 (1
H, J=7 Hz, Ar).

Synthesis of Compound (98) and Compound (99)
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MO\W
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R =cyclopentyl 98
R=H 99

Stage 1: (S)-4-Methyl-2-(4-nitro-benzoylamino)-pentancic acid cyciopentyl ester

J 0

O.N

%

L-leucine cyclopentyl ester. TsOH salt (7.98g, 21.51mmol) was dissclved in THF
(40ml) and triethylamine (6mi, 21.5mmof) added. 4-Nitrobenzoyl chloride (4g,
21.5mmol) was added portionwise with cooling, ice bath. The reaction was stirred at
room temperature for 16 h before evaporation to dryness. The residue was dissolved
in DCM (100ml) and washed with saturated sodium hydrogen carbonate {3x100ml}, 1
M HCH (3x100mil} and brine, dried (Na,S0,), and the solvent removed in vacuo. o give
the required product 5.25¢ (70% yield) which was used in the next step without further
purification, LCMS purity 100%, m/z 349 [M*+H]"

Stage 2: (S)-2-(4-Amino-benzoylamino)-4-methyl-pentanoic acid cyclopentyl ester

H.N

Stage 1 nitro amide (5.259, 15.1mmol) was dissolved in ethanol (1 00ml). Pd/carbon
{200mg) was added and the reaction stirred for 16 h at room temperature under
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hydrogen {balloon pressure). The reaction mixture was filiered through celite and
evaporated to give the required amine amide 3.9g (81% yield) which was used in the
next step without further purification, LCMS purity 100%, m/z 319 [M™+H}’

Stage 3: Coupling to resin

O
N o\
18] N
\;)LO"R
@]

<

Suberic acid derivatised Wang hydroxylamine resin (1.6g, loading, 1.8mmol/g) was
swoilen in DCM (anhydrous, 20ml). 1-Chloro-N,N-2-trimethylpropenylamine {1.15ml,
8.64mmol) was added dropwise before shaking at room temperature for 1 h. (S)-2-(4-
Amino-benzoylamino}-4-methyl-pentanoic acid cyclopentyl ester (2.75g, 8.64mmal)
was added followed by triethylamine (2.4ml, 17.63mmol) and the reaction shaken at
room temperature for 16 h. The resin was washed (standard) and air dried.

Stage 4: (8)-2-[4-(7-Hydroxycarbamoyl-heptanoylamino)-benzoylamino]-4-methyi-
pentanoic acid cyclopentyl ester {98)

7 | H
HO N
0

) T

Stage 3 resin bound cyclopentyl ester was shaken with 2% TFA/DCM (10ml) for 10
minutes before filtering the resin and evaporating the solvent under reduced pressure

at room temperature, The process was repeated (x3) and the combined crude
product purified by preparative HPLC to yield compound (98) {(36mg). LCMS purity
91%, m/z 490 [M*+H]*, '"H NMR (400 MHz, MeOD), §:0.80 — 0.95 (6 H, 2 x CHj), 1.25
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(4 H, m, alkyl), 1.40 — 1.85 (15 H, m, alkyl), 2.00 (2 H, t, CHy), 2.30 (2 H, t, CHy), 4.45
(1 H, m, CH), 5.05 (1 H, m, CH), 7.60 (2 H, d, Ar), 7.75 (2 H, d, Ar).

Stage 5: (8)-2-[4-(7-Hydroxycarbamoyl-heptanoylamino)-benzoylamino]-4-methyi-
pentanoic acid (99)

@)
H
HO. N
N
H H
0 N
0

99

0
\-.)LOH

Y

Compound (98) (21mg, 0.043mmol) was dissolved in THF (1ml) and 2M NaOH (Tml}
added. The reaction vial was shaken for 16 h before THF removal by blowing a
stream of N» gas at the surface of the selution. The aqueous residue was purified by
preparative HPLC o yield compound {99) (5.2mg). LCMS purity 92%, m/z 422
[M™+H]", 'H NMR {400 MHz, MeOD), 5:0.95— 1.05 (6 H, m, 2 x CHa), 1.30 — 1.50 (4
H, m, alkyl), 1.55 — 1.85 (7 H, m, alkyl), 2.10 (2 H, t, CHy), 2.40 (2 H, t, CH,), 4.65 (1
H, m, CH), 7.65 (2 H, d, Ar), 7.80 (2 H, d, Ar).

Synthesis of Compound (100) and Compound (101)

O O

HO\NJK/\/\/\N 2

H H N O

O~p

€z

R = cyclopentyt 100
R=H 101

Stage 1: 5-((E)-2-Ethoxycarbonyl-vinyl)-1H-indole-2-carboxylic acid
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HO 3 OEt

I=

5-Bromoindole-2-carboxylic acid (400mg, 1.66mmol) and tﬁ-O—tonl phosphine (96mg,
0.32mmol) were added to a microwave tube. Ethyl acrylate (0.56ml, 5.6mmol), Et;N
(0.92ml, 6.6mmol), acetonitrile (2.5mi) and Pd{OAc). (40mg, 0.18mmol} were added.
The reaction was placed in a CEM microwave at 150W, 90°C for 30 minutes with 5
min ramp time. EtOAc was added and the reaction mixture filtered through celite.
The celite pad was washed with DCM and the combined organic fractions removed to
give a yellow solid. The solid was redissolved in DCM and extracted into saturated
sodium hydrogen carbonate. The aqueous layer was washed with DCM and diethyl
ether. The aqueous basic layer was acidified with 2M HCI (pH=5) and the product
extracted into EtOAc. The solvent was removed to give the required product (370 mg,
86% yield). LCMS purity 86%, mfz 260 [M*+H]"

Stage 2: 5-((E)-2-Ethoxycarbonyl-vinyl)-1H-indole-2-carboxylic acid

0

Ho N OEt

it

5-((E)-2-Ethoxycarbonyl-vinyl)-1H-indole-2-carboxylic acid (430mg, 1.66mmol) was
dissolved in EtOAc (100mtl). Pd/carbon (100mg} was added and the reaction stirred
under a hydrogen atmosphere (balloon pressure) for 18 h. The reaction mixture was
filtered through a pad of celite and washed with EfQOAc. The solvent was removed to
give the required product which was used in the next step without further purification
(0.47g). LCMS purity 92%, m/z 262 [M'+H]"

Stage 3: 3-{2-[6-(Tetrahydro-pyran-2-yloxycarbamoyl)-hexylcarbamoyl}-1H-indol-5-yl}-

propionic acid ethy! ester
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o O\N)'I\/\/\/\N 74 OFEt
H

X
Iz

5-((E)-2-Ethoxycarbonyl-vinyl)-1H-indole-2-carboxylic acid (0.427g, 1.6mmol) was
dissolved in anhydrous DMF (20ml). EDCI.HCI (0.38g, 2mmol), Ef;N (0.59 ml,
4.3mmol), HOBt (0.27 g, 2mmoal) and 7 amino heptanoic acid (tetrahydropyran-2-
yloxy) amide * (0.4 g, 1.6mmol in anhydrous DMF 20mi) were added and the reaction
stirred at room temperature for 16 h under nitrogen. Water was added, the reaction
mixture acidified to pH = 6-7 (10% citric acid) and extracted with DCM. The organic
layer was washed with 10% citric acid and saturated sodium hydrogen carbonate (x2).
The solvent was removed in vacuo to give crude product which was purified by
chromatography (EtOAc : hexane 1 : 2 — EtOAc) to give the required product as a
yellow solid (550mg, 69% yield). LCMS purity 93%, m/z 488 [M*+H]*

Stage 4. 3-{2-[6-(Tetrahydro-pyran-2-yloxycarbamoyl)-hexylcarbamoyl]-1H-indol-5-yi}-
propionic acid

=
=
I=Z

3-{2-[6-(Tetrahydro-pyran-2-yloxycarbamoyl)-hexylcarbamoyi]-1H-indol-5-yl}-propionic
acid ethyl ester (650mg, 1.13mmol) was dissolved in THF/methanol (50ml/ 25ml). 1.4
M NaOH solution (50ml} was added and the reaction stirred at room temperature for 4
h. The solvent was reduced o ~ 50% volume and 1M HCl added to pH 6-7. The
mixture was extracted with DCM and further extracted with EtOAc. The combined
organic layer was dried, Na,30, and the solvent removed in vacuo to give the
required product 357mg (69% vield) as a yellow powder which was used in the next
step without further purification. LCMS purity 94%, m/z 460 [M™+H]"
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Stage 5: {8)-3-Phenyl-2-(3-{2-[6-(tetrahydro-pyran-2-yloxycarbamoyl)-hexyl-
carbamoyl}-1H-indol-5-yi}-propionylamino)-propionic acid cyclopentyl ester

0 0 7
O Jj\/\/\/\ N O\O
OO N H
H N )

H
3-{2-[6~(Tetrahydro-pyran-2-yloxycarbamoyl)-hexyicarbamoyi]-1H-indol-5-yI}-propionic
acid (0.357g, 0.78mmol) was dissolved in DCM/DMF (20ml/20ml). EDCILHCI
(0.163mg, 0.86mmol), triethylamine (0.24ml, 1.7mmol), HOBt (0.116mg, 0.88mmol)
and L-phenylalanine cyclopentyl ester.TsOH salt (0.346 mg, 0.88mmol) were added
and the reaction mixture stirred for 16 h at room temperature under nitrogen. The
solvent volume was reduced {~10ml), DCM was added and the organic layer washed
with water (x3). The organic layer was dried {(Na;SO,) and the solvent removed to

give the required product (500mg, 95% yield) which was used without further
purification. LCMS purity 77%, m/z 675 [M™+H]"

Stage 6: (S)-2-{3-[2-(6-Hydroxycarbamoyl-hexylcarbamoyl)-1H-indol-5-y1}-
propionylamino}-3-phenyi-propionic acid cyclopentyl ester (100)

0 0 7
~N N 7 H
H
100 ’

(8)-3-Phenyi-2-(3-{2-{6-(tefrahydro-pyran-2-yloxycarbamoyl)-hexyl-carbamoyl]-1H-
indol-5-yi}-propionylamino)-propionic acid cyclopentyl ester (200mg. 0.297mmol) was
stirred at room temperature for 3.5 h in TFA/DCM/MeOH (1.5ml15ml/15ml). Further
TFA (0.3 ml) was added and the reaction stirred for a further 30 minutes. The solution
was concentrated in vacuo, resuspended in DCM and the solvent removed (x3). The
crude material was purified by prep HPLC fo give pure compound (100} (19.3mg),
LCMS purity 100%, m/z 591 [M*+H}", "H NMR (400 MHz, MeOD), 5:1.27 ~ 1.70 (16
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H, m, alkyl), 1.97 (2 H, t, CHp), 2.40 (2 H, t, J = 7.84 Hz, CH,), 2.76 — 2.85 (4 H, m, 2 X
CHy), 3.25 (2 H, t, J = 7 Hz, CHy), 4.41 (1 H, m, NHCHCO, 4.95 (1 H, m, CH), 6.85 (1
H, s, CH), 6.95 (3 H, m, Ar), 7.05 (3 H, m, Ar), 7.20 —7.26 (2 H, s + d, J = 8.5 Hz, An)

Stage 7: (8)-2-{3-]2-(6-Hydroxycarbamoyl-hexylcarbamoyl)-1H-indol-5-yli-
propionylaminc}-3-phenyl-propionic acid {101)

0] O

HO M OH |

H H

TZ7 N\
=

101

Compound (100} (80mg, 0.14mmol) was dissolved in THF/MeOH (1mil/ 0.5ml) and 1.4
M NaOH (0.5ml) added. The reaction was stirred at room temperature for 2 h, THF
was removed by blowing a stream of N, gas at the surface of the solution and the
residual material purified by preparative HPLC to give compound (101) (34.9mg),
LCMS purity 95%, m/z 523 [M*+H]*, 'H NMR (400 MHz, MeOD), 5:1.35 — 1.50 (4 H,
m, alkyl), 1.60 — 1.75 {4 H, m, alkyl), 2.15 (2 H, brt, CHy), 2.55 (2 H, brt, CHy), 2.95 (3
H, m, CH+ CHy), 3.10 (1H, dd, CH), 4.65, (1 H, m, NHCHCQ), 7.00-7.15 (7 H, m,
Ar),7.35-7.41(2 H,m, Arn)

*Preparation of 7 amino heptanoic acid (tetrahydropyran-2-yloxy) amide

Stage 1: 6-(Tetrahydro-pyran-2-yloxycarbamoyt)-hexyl]-carbamic acid 9H-fluoren-9-
yimethyl ester

0

s} O. J-k/\/\/\N/meC

To a solution of 7-(9H-fluoren-9-yloxycarbonylamino) heptanoic acid (1g, 2.72 mmol)
in anhydrous DCM/THF (15ml/18ml) was added EDCI. HCI (627mg, 3.27mmol), HOBt
{442myg, 3.27mmol) and O-{tetrahydro-pyran-2-yl)-hydoxylamine (383mg, 3.27mmol)
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which was stirred under nitrogen for 48 h. EDCI. HCI (260mg, 1.36mmol), HOBt
(184mg, 1.36mmol) and O-(tetrahydro-pyran-2-yl)-hydoxylamine (159mg, 1.36rmmol)
were added and the reaction continued for a further 24 h. The reaction mixiure was
diluted with DCM (100 ml), washed with water (3 x 100m), brine (100ml), dried
(Na,S0y), filtered and concentrated in vacuo. Purification by chromatography (MeOH
: DCM 2 : 98) gave a white solid (1.03g, 81%).

Stage 2: 7-Amino-heptanocic acid tetrahydro-pyran-2-yl ester

O\OJO]\/\/\/\NH

O 2
6-(Tetrahydro-pyran-2-yloxycarbamoyl)-hexyl}-carbamic acid 9H-fluoren-8-yimethyl
ester (300mg, 0.644mmpol) was dissolved in 20% piperidine/DCM (30ml) and the
reaction stirred for 0.5 h. The reaction was evaporated to dryness, redissolved in
DCM and evaporated (x3). The required product was obtained following
chromatography (MeOH : DCM : NHs), 120mg. LCMS purity 98%, m/z 245 [M™+H]".

Synthesis of Compound (102) and Compound (103)

0O
7c]J/\H \Q\/“\N/@M H*OH
H 0

R = cyclopentyl 102
R=H 103

e

Stage 1: Resin loading

O,N
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Wang hydroxylamine resin (3.72g, 1.8 mmolig) was swollen in DMF (50ml). HATU
{7.5g, 19.7mmol), 5—nitro-1-benzothiophene-2-carboxylic acid (3g, 13.45mmol,
dissolved in DMF 150ml) and diisopropylethylamine (4.65ml, 26.7 mmol) were added
and the resin shaken at room temperature for 4 d. The resin was filtered and washed
using the standard washing procedure and air dried.

Stage 2: Nitro reduction

Stage 1 resin {4.9g, 1.8mmol/g), was swollen in DMF (200mi} and tin chioride
dihydrate (19.9g, 88mmol) added. The reaction was shaken at room temperature for
16 h. The resin was filtered and washed using the standard washing procedure and
air dried.

Stage 3. 4-(4-Benzyloxycarbonylmethyl-phenoxy)-butyric acid methyl ester

Benzy] 4-hydroxyphenyi acetate (9g, 37mmol) was dissolved in DMF (300ml). Ground
sodium hydroxide (2.23g, 56mmeol) and 4-methyl bromo butyrate (6.4 ml, 56mmol)
were added and the reaction heated at 60 °C for 16 h. Water was added to the cooled
reaction mixture and the solution acidified (pH = 5/6) with 1M HCI. The aqueous layer
was extracted with EtOAc and the organic layer washed with water (x2), dried over
Na,SQO,, filtered and evaporated fo dryness. The required diester was obtained
following chromatography (EtOAC : heptane 1: 2), (9.56g, 75%) LCMS purity 90%,
m/z 343 [M+H]",

Stage 4: 4-(4-Carboxymethyl-phenoxy)-butyric acid methyl ester
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HO
m O/\/\H,O\

O

4-(4-Benzyloxycarbonylmethyl-phenoxy)-butyric acid methyl ester (1.4g, 4.09mmol)
was dissolved in EtOAc (60ml). Pd/carbon (100mg) was added and the reaction
stirred under a hydrogen atmosphere (balloon) for 16 h at room temperature. The
reaction mixture was filtered through a pad of celite and the pad washed with EtOAc.
The filirate was evaporated to dryness to give a white solid (1.03g, 100% yield).

{ CMS purity 93%, m/z 253 [M*+H]'.

Stage 5: Coupling to resin

Stage 2 resin (0.18 g, 1.8mmol/g) was swollen in DMF (5mi). HATU (0.37g,
0.96mmol), 4-(4-Carboxymethyl-phenoxy)-butyric acid methyt ester (0.247g,
0.96mmol dissolved in DMF — 10mi) and diisopropylamine (0.56ml, 3.3mmol) were
added and the reaction shaken at room temperature for 16 h, The reaction was
filtered and the resin washed using the standard wash procedure and air dried.

Stage 6: Ester hydrolysis

Stage 5 methy! ester (280mg, 1.8mmol/g) was dissolved in THF/MeOH
(4ml/ 4ml) and 1.4 M NaOH (8mi) added. The reaction was shaken at r.t. for 16 h.
The resin was filtered and washed using the standard wash and air dried.
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Stage 7: Amino acid coupling

O\/J‘\(IZYOW\%O

Stage 6 resin (1.6g, 1.8mmol/g) was swollen in anhydrous DMF (120mi). HATU (3.3g,
8.6mmol), L-phenylalanine cyclopentyl ester. TsOH salt (3.4g, 8.6mmol) and
diisopropylamine (5mi, 2.9mmol) were added and the reaction shaken at room
temperature for 16 h, The reaction was filtered and the resin washed using the
standard wash procedure and air dried.

Stage 8: (S)-2-(4-{4-[(2-Hydroxycarbamoyl-benzo[blthiophen-5-ylcarbamoyl)-methyi]-
phenoxy}-butyrylamino)-3-phenyl-propicnic acid cyclopentyl ester (102)

O @
102

Stage 7 resin bound cyclopentyl ester was shaken with 2%TFA/DCM (10ml) for 10
minutes before filtering the resin and evaporating the solvent under reduced pressure
at room temperature. The process was repeated (x3) and the combined crude
product purified by preparative HPLC to yield compound (102} (22.5mg). LCMS purity
99%, m/z 644 [M+H]", 'H NMR (400 MHz, MeOD), §:1.45 — 1.80 (6 H, m, alkyl), 1.95
(2H, pent, CHy), 2.34 (2 H, t, J = 7.3 Hz, CHy), 2.90 (1 H, dd, CH), 3.04 (1 H, dd, CH),
3.62 (2 H, s, CHy), 3.86, (2 H, m, CHy), 4.55 (1 H, m, NHCHCO), 5.07 {1 H, br s, CH),
6.83(2H,d,J=83Hz Ar), 7.14-7.18(5H, m, Ar), 7.25 (2 H, d, J = 8 Hz, Ar), 7.47
(1H,d,J=9Hz A, 7.73 (1 H,s, Ar), 7.81 (1 H, d, J = 8.8 Hz), 8.25 (1 H, 5, Ar)

Stage 9: (S)-2-(4-{4-{(2-Hydroxycarbamoyl-benzo[blthiophen-5-ylcarbamoyl)-methyl}-
phenoxy}-butyrylamino)-3-phenyl-propionic acid (103)
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9 H
O

103

<

Stage 7 cyclopentyl ester resin (200mg) was swollen in THF/MeOH (2mlf2ml) and 1.4
M NaCH (2ml) added. The reaction was shaken at room temperature for 16 h. The
resin was filtered and washed using the standard wash. Resin bound carboxylic acid
was shaken with 2%TFA/DCM (3ml) for 10 minutes before fiitering the resin and
evaporating the solvent under reduced pressure at room temperature. The process
was repeated (x3) and the combined crude product purified by preparative HPLC to
yield compound (103) (33.7mg). LCMS purity 88%, m/z 576 [M"+H]’, *H NMR (400
MHz, d6-DMSQ), 5:1.93 (2 H, m, CHy), 2.30 (2 H, m, CHy), 281 (1 H, dd, J =9.9 Hz,
J=13.8 Hz, CH), 3.13 (1 H, dd, J = 4.8 Hz, J = 13.9 Hz, CH), 3.67 (2 H, s, CHy), 3.91,
(2 H, m, CHy), 4.50 (1 H, m, NHCHCO), 6.92 (2H, d, J=8.7 Hz, Ar), 7.24 - 7.34 (7 H,
m, Ar), 7.61 (1 H, m), 7.92 (1 H, brs, Ar), 8.00 (1H, d, J=88Hz Ar), 831 (1H,d,J
= 8.1 Hz, Ar), 8.39 (1 H, s), 9.36 (1 H, brs), 10.36 (1 H, s), 11.52 (1 H, s), 1276 (1 H,
brs) '
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Synthesis of Compounds in Figure 7 as Exemplified for Compound (104} and
Compound {105)

e jog
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Step 1: 4-(tert-Butoxycarbonylamino-methyl)-benzoic acid

O

HO
NHBoc

4-Aminomethytbenzyl alcohol (1.0 g, 6.60 mmol) was sturried in a mixture of THF (10
mL) and water (10 mL}). A solution of saturated sodium hydrogen carbonate was
added until the pH of the solution was > pH 9. The mixture was cooled to 0 °C and di-
tert-butyldicarbonate (2.89 g, 13.23 mmol) added. The reaction was allowed fo stir
overnight then THF removed under vacuum. The agueous mixiure was extracted with
EtOAc (20 mL) and then acidified to pH 3 by addition of 1N HCI. This was extracted
with E1OAc (2 x 10 mL), the organic layers combined, dried (MgSQ0,) and evaporated
to dryness to afford the desired product (1.60 g, 97%). m/z 252 [M*+H}*

Step 2: (4-Hydroxymethyl-benzyl)-carbamic acid tert-buty] ester

HO
NHBoc

LiAly (227 mg, 5.97 mmol) was slurried in a mixture of THF (5 mL) and dioxane (5 mL)
and cooled to 0 °C under an atmosphere of N,. 4-(tert-Butoxycarbonylamino-methyl)-
benzoic acid was dissolved in a mixiure of THF (5 mL) and dioxane (5 mL) and added
to the chilled solution drop-wise over 15 min. The reaction mixture was ailowed fo
warm to r.t and stirred for 16 h. Water {1 ml.) was added to the reaction mixture which -
was then filtered through celite. The filirate was evaporated {o dryness and the
residue partitioned between EtOAc (25 mL.) and water (25 mL). The aqueous layer
was extracted with E1OAC (2 x 25 mL), the organic layers combined, dried (Na,SO,)
and evaporated to dryness to afford the desired product (460 mg, 100%). m/z 260
[M*+NaJ"
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Step 3: (4-Formyl-benzyl)-carbamic acid tert-butyl ester

O -
NHBoc

(4-Hydroxymethyl-benzyl)-carbamic acid tert-butyl ester (480 mg, 0.71 mmol) was
disseclved in DCM (3 mL) and cooled to -78 °C (dry ice / acetone}. Dess-Martin
periodinane (331 mg, 0.78 mmol) was added to the reaction which was allowed to
warm to r.t and stir for 3 h. A 1:1 solution of saturated sodium bicarbonate and sodium
sulfite (20 ml.) was added and the reaction mixture stirred vigorously for 15 min. The
organic layer was isolated, washed with saturated sodium bicarbonate (10 mlL), dried
{(Na;80,) and evaporated to dryness to afford the desired compouhd (480 mg, 100%).
m/z 258 [M*+Na]"

Step 4: (8)-2-[4-~(tert-Butoxycarbonylamino-methyl)-benzylamino}-3-phenyl-propionic
acid cyclopenty] ester

(4-Formyl-benzyl)-carbamic acid tert-butyt ester (200 mg, 0.85 mmol) was dissolved in
DCE (10 mL) and to this was added phenyl alanine cyclopentyl ester (214 mg, 0.94
mmol). The reaction was stirred at r.t. for 15 min. Sodium triacetoxyborohydride (538
mg, 2.55 mmol) and acetic acid {60 ulL) were added and the reaction stirred for a
further 1h. Saturated sodium bicarbonate (10 ml) was added and the solution diluted
with DCM (20 mL). The organic layer was isolated and concentrated to afford the
desired product which was taken onto the next step without further purification. m/z
453 (M +H*
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Step 5: (S}-2-(4-Aminomethyl-benzylarmino)-3-phenyl-propionic acid cyclopentyl ester

(S)-2-{4-(tert-Butoxycarbonylamino-methyl)-benzylamino]-3-phenyl-propionic acid
cyclopentyl ester was treated with 4M HCI in dioxane (1 mL, 0.25 mmol) and stired at
r.i. for 1 h. The mixture was evaporated to dryness and partitioned between EtOAc
(20 mL) and water (20 mL). Saturated sodium bicarbonate (20 ml.) was added to the
aqueous [ayer which was then extracted with EtOAc (3 x 20 mL). The organic layers
were combined, dried (Na,S0y) and evaporated fo dryness to give the desired product
(263 mg, 79% over 2 steps). mfz 353 [M*+H]"

Step 6: (S)-2-{4-({[2-(1-Isobutoxy-ethoxycarbamoyl)-benzofb]thiophen-6-yimethy
[l-amino}-methyl}-benzylaminoc]-3-phenyt-propionic acid cyclopentyl ester

ke

6-formyl-benzo[b]thiophene-2-carbaxylic acid (1-isobutoxy-ethoxy) amide (Scheme 7)
{220 mg, 0.68 mmol) and (S)-2-{4-Aminomethyl-benzylaming)-3-phenyl-propicnic acid
cyclopentyl ester (263 mg, 0.75 mmol) were dissolved in DCE (10 mL) under an
atmosphere of Np. Sodium triacetoxyborchydride (430 mg, 2.04 mmol) and acetic
acid (50 uL) were added and the reaction stirred at r.t for 3 h. Sodium hydrogen
carbonate (20 mL) was added and the reaction mixture extracted with
dichloromethane (3 x 50 mL). The organic layers were combined and concentrated.
The residue was purified by column chromatography (50%-100% EtOAc/heptane) to
give the protected compound {80 mg, 21%). m/z 658 [M™+H]"
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Step 7: (S)-2-(4~{[(2-Hydroxycarbamoyl-benzo[b]thiophen-6-yimethyl)-amino}-met
hyl}-benzylamino)-3-phenyl-propionic acid cyclopentyl ester {104}

O

o H
O— N N B
0
104

(S)-2-[4-({[2-(1-Isobutoxy-ethoxycarbamoyl)-benzo[b]thiophen-6-yimethyl}-amino}-
methyl)-benzylamina}-3-phenyl-propionic acid cyclopenty! ester was dissolved in DCM '
(2 mL) and MeOH (2 mL) and treated with TFA {1 mL). The mixture was stirred for 1

h at r.t then concentrated to dryness and DCM (5 mlL) and heptane (5 mL) added.

The mixture was evaporated to dryness. This process was repeated three times to

yield compound (104) (20 mg, 59%) as a oil. LCMS purity 95%, m/z 558 [M*+H]", 1H
NMR (300 MHz, MeOD), &: 1.25-1.91 (8H, m, 4xCH2), 3.12-3.47 (2H, m, CH2), 4.26
(1H, m, CH), 4.33 (2H, d, J=5.5 Hz, CH2), 4.36 (2H, s, CH2), 4.43 (1H, s, CH2), 5.16
(1H, s, CH), 5.13 (1H, m, CH), 7.25-7.37 (6H, m, ArH}), 7.54-7.63 (4H, m, ArH), 7.94
(2H,m, ArH), 8,09 (1H, s, ArH).

Step 8: (8)-2-[4-({[2-(1-Isobutoxy-ethoxycarbamoyl)-benzo[b]thiophen-6-yimethy
fl-amino}-methyl)-benzylamino]-3-phenyl-propionic acid

-
YO O ooy

(S)-2-[4-({[2-(1-Isobutoxy-ethoxycarbamoyl)-benzo[b}thiophen-6-ylmethyl]-amino}-
methyl)-benzylamino]-3-phenyl-propionic acid cyclopentyl ester (40 mg, 0.06 mmol)
was dissolved in THF (2 mL} and water (2 mL). LIOH (8 mg, 0.30 mmol) was added
and the reaction mixture heated to 50 °C for 36 h. THF was removed by evaporation
and the residue partitioned between water (10 mL) and EtOAc (10 mL). The aqueous
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layer was isolated and the pH adjusted to 3 by addition of 1M HCI. This was exiracted
with EtOAc (3 x 20 mL), the organic [ayers combined and evaporated to dryness.

Step 9: (S)-2-(4-{[(2-Hydroxycarbamoyl-benzo[blthiophen-6-ylmethyl)}-aminoj-met
hyl}-benzytamino)-3-phenyl-propionic (105)

HO\”/%\N N H
H H N—
O /\Q\/Nm OH
0
105

(S)-2-[4-({[2-(1-Isobutoxy-ethoxycarbamoyl)-benzofb]thiophen-6-ylimethyfj-amino}-
methyl)-benzylamino}-3-phenyl-propionic acid was dissolved in MeOH (2 mL) and
THF (2 mL). TFA (1 mL) was added at the mixture stirred for 1 h at r.t. The reaction
mixture was concentrated to dryness and DCM (5 mL) and heptane (5 mL) added.
The mixture was evaporated to dryness. This process was repeated three times to
yield compound (105) {17 mg, 57%) as a pink solid. LCMS purity 90%, m/z 490
[M™+HT", 1H NMR (300 MHz, MeOD), 8: 3.33 (2H, m, CH2), 4.19 (1H, m, CH2), 4.29
(2H, s, CH2), 4.35 (2H, s, CH2), 4.42(2H, s, CH2), 7.29-7.39 (5H, m, ArH), 7.54-7.72
(5H, m, ArH), 7.88 (1H, s, ArH), 8.00 (1H, d J=8.0Hz, ArH), 8.08 (1H, s, ArH)

The following compounds were prepared according to the procedure described for
compound (104} and compound (105)

(S)—Z-(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-6~ylmethyl)-amino]-methyl}-
benzylamino)-3-(4-hydroxy-phenyl)-propionic acid cyclopentyl ester (106}
LCMS purity 98%, m/z 574 [M*+H}", "H NMR (300 MHz, MeOD), &: 1.30-1.87 (8H, m,
4 x CHy), 2.97-3.35 (2H, m, CHy), 4.17 (1H, m, CH), 4.31 (2H, d, J = 5.4 Hz, CH,),
4.36 (2H, s, CH,), 4.42 (2H, s, CH,), 5.11-5.16 (1H, m, CH), 6.77 (2H, d, J = 8.4 Hz,
Ar-H), 7.08 (2H, d, J = 8.4 Hz, Ar-H), 7.54-7.65 (6H, m, Ar-H), 7.87 (1H, s, Ar-H), 7.99
(1H, d, J = 8.4 Hz, Ar-H), 8.08 {1H, s, Ar-H)
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(S)-2-(4-{[(2-Hydroxycarbamoyl-benzo[b]jthiophen-6-yimethyl)-amino]-methyl}~
benzylamino)-3-{4-hydroxy-phenyl)-propionic acid (107)

LCMS purity 90%, m/z 505 [M*+H]", 'H NMR (300 MHz, MeOD), 8: 3.09-3.27 (2H, m,
CH2), 4.03 (1H, m, CH), 4.24 (2H, s , CH2), 4.34 (2H, s, CH2), 4.42 (2H, s, CH2),
6.76 (2H, d J = 8.3 Hz, Ar-H), 7.11 (2H, d J = 8.5 Hz, Ar-H), 7.56-7.59 (5H, m, Ar-H),
7.89 (1H, s, Ar-H), 8.02 (1H, d, J = 8.4 Hz, Ar-H), 8.08 (1H, s, Ar-H) '

(8)-3-tert-Butoxy-2-(4-{[(2-hydroxycarbamoyi-benzo[b]thiophen-6-yimethyl)-
amino]-methyl}-benzylamino)-butyric acid eyclopentyl ester (108}

LCMS purity 99%, m/z 568 [M*+H]", *H NMR (300 MHz, MeOD), 8: 1.20 (9H, s, 3x
CHas), 1.29 (3H, d, J = 6.6 Hz, CHa), 1.67-1.94 (8H, m, 4 x CHy), 3.75 (1H, d, J = 2.7
Hz, CH), 4.29-4.32 (1H, m, CH), 4.36 (4H, d, J = 2.4 Hz, 2 x CH,), 4.43 (2H, s, CH.),
5.22-5.25 (1H, m, CH), 7.54-7.65 (5H, m, Ar-H}, 7.88 (1H, s, Ar-H), 8.01 (1H,d, J =
8.1 Hz, Ar-H), 8.08 (1H, s, Ar-H)

(8)-3-tert-Butoxy-2-(4-{[{2-hydroxycarbamoyl-benzo[b]thiophen-6-yimethyl)-
amino]~methyl}-benzylamino)-propionic acid cyclopentyl ester (109)

LCMS purity 95%, m/z 554 [M*+H]", "H NMR (300 MHz, MeOD), &: 1.23 (9H, s, 3x
CHa), 1.67-1.98 (8H, m, 4 x CH,), 3.87-3.98 (2H, m, CH,), 4.19-4.22 (1H, m, CH),
4.34-4.36 (4K, m, 2xCHy), 4.42 (2H, s, CHy), 5.31-5.35 (1H, m, CH), 7.54-7.62 (5H, m,
Ar-H), 7.87 (1H, s, Ar-H), 8.00 (1H, d, J = 8.1 Hz, Ar-H), 8.08 (1H, s, Ar-H)

(S)-2-{4-{[(2-Hydroxycarbamoyl-benzoibjthiophen-6-ylmethyl}-amino]-methyl}-
benzylamino)-4-methylsulfanyl-butyric acid cyclopentyl ester (110)

LCMS purity 90%, m/z 541 [M*+HJ*, *H NMR (300 MHz, MeOD), &: 1.70-1.98 (8H, m,
4 x CHy), 2.1 (3H, s, CHs), 2.17-2.34 (2H, m, CHy»), 2.54-2.73 (2H, m, CH,), 4.19-4.23
(1H, m, CH}, 4.27-4.42 (6H, m, 3 x CH_}, 5.35-5.39 (1H, m, CH), 7.54-7.63 (5H, m, Ar-
H), 7.87 (1H, s, Ar-H), 7.97-8.00 (1H, m, Ar-H), 8.08 (1H, s, Ar-H)

(S)~1-(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-6-ylmethyl)-amino]-methyl}-
benzyl)-pyrrolidine-2-carboxylic acid cyclopentyl ester (111)

LCMS purity 96%, m/z 508 [M™+H]", *H NMR (300 MHz, MeOD), 8: 1.66-2.29 (12H, m,
6 x CHy), 3.59-3.67 (2H, m, CH,), 4.38-4.46 (6H, m, 3 x CH,), 4.62 (1H, d, J=12.3
Hz, CH), 5.21 (1H, m, CH), 7.61-7.68 (5H, m, Ar-H), 7.88 (1H, s, Ar-H), 8.00-8.02 {1H,
m, Ar-H), 8.13 {1H, s, Ar-H)
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(S)~1~(4-{[{2-Hydroxycarbamoyl-benzojh]thiophen-6-ylmethyl)-amino}-methyl}-
benzyl)-pyrrolidine-2-carboxylic acid (112)

LCMS purity 100%, m/z 440 [M*+H]*, "H NMR (300 MHz, MeOD), &: 1.96-2.09 (2H, m,
CH,), 2.14-2.23 (2H, m, CH,), 2.52-2.65 (1H, m, CHy), 3.56-3.67 (1H, m, CH), 4.19-
4.25 (1H, m, CH), 4.36-4.57 (6H, m, 3 x CHy), 7.55-7.64 (5H, m, Ar-H), 7.88 (1H, s,
Ar-H), 7.99-8.01 (1H, m, Ar-H), 8.09 (1H, s, Ar-H)

(R)-3-tert-Butylsulfanyl-2-{4-{[(2-hydroxycarbamoyi-benzo{b]thiophen-6-
yimethyl)-amino]-methyl}-benzylamino)-propionic acid cyclopentyl ester{113)
1.CMS purity 97%, m/z 570 [M+H]*, '"H NMR (300MHz, MeOD), 3: 1.36(9H, s), 1.79
(8H, m), 3.16 (2H, d,5.3Hz), 4.25(2H, t, J=5.6Hz), 4.31(2H, s), 4.36(2H,s), 4.42(2H, s),
5.34(1H, m), 7.56(1H, d, J=8.1Hz), 7.62( 4H, s), 7.89(1H, s}, 8.09 {(1H, s), 8.51(1H, d,
J=8.1Hz),

(R)-3-tert-Butylsulfanyl-2-(4-{[{2-hydroxycarbamoyl-benzo[b]thiophen-6-
ylmethyl)-amino]-methyl}-benzylamino)-propionic acid (114)

LCMS purity 97%, miz 502 [M]*, 'H NMR (300 MHz, MeOD), &: 1.35 (9H, s, 3 x CHg),
3.09 (ZH, m, CH), 3.22 (2H, m, CHy), 3.83 (1H, t, J = 8.8 Hz, CH), 4.34 (2H, s, CH,),
4.42 (2H, s, CHy), 7.57 (1H, d, J= 10.0 Hz, ArH), 7.62 (4H, s, ArH x 4), 7.89 (1H, s,
ArH), 8.02 (1H, d, J = 8.1 Hz, ArH), 8.09 (1H, s, ArH).

{S)-2-(4-{I(2-Hydroxycarbamoyl-benzolb]thiophen-6-yIimethyl)-amino}-methyi}-
benzylamino)-3,3-dimethyl-butyric acid cyclopentyl ester (115)

LCMS purity 94%, m/z 546 [M+Na]", '"H NMR (300 MHz, MeOD), 3: 1.08 (9H, s, 3 x
CHg), 1.80 (8H, m, 4 x CHy), 3.49 (1H, s, CH), 4.29 (2H, d, J = 13.5 Hz, CH_), 4.29
(2H, d, J = 13.5 Hz, CHy), 4.36 (2H, s, CH), 4.44 (2H, s, CHy), 5.19 (1H, 1, J = 5.7Hz),
7.59 (5H, m, ArH x 5), 7.88 (1H, ArH), 8.00 {1H, d, J = 8.3Hz), 8.09 (1H, s, ArH).

(5)-Cyclohexyl-(4-{[(2-hydroxycarbamoyl-benzo[b]thiophen-6-ylmethyl)-a
mino}-methyl}-benzylamino}-acetic acid cyclopentyl ester (116}

LCMS purity 100%, m/z 550 [M+H]", 'H NMR (300 MHz, MeOD), 5: 0.86-1.95 (18H,
m, 9xCH2), 3.73 (1H, m, CH), 4.11 (1H, d J = 5.7 Hz, CH), 4.19 (2H, s, CH2), 4.26
(2H, s, CH2), 4.36 (2H, s, CH2), 7.53 (5H, m, ArH), 7.77 (1H, s, CH), 7.82 (1H, d J =
11.6 Hz, ArH), 8.02 (1H, s, ArH)
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{S)-Cyclohexyl-(4-{[(2-hydroxycarbamoyi-benzo[b]thiophen-6-ylmethyl)- amino]-
methyl}-benzylamino)-acetic acid {117)

LCMS purity 100%, m/z 482 [M+H]*, '"H NMR (300 MHz, MeOD), &: 0.72-1.60 (10H,
m, 9xCH2), 3.89 (1H, m, CH), 4.11 (3H, m, CH), 4.23 (2H, s, CH2), 4.31 (2H, s,
CH2), 7.48 (5H, m, ArH), 7.76 (1H, s, CH), 7.88 (1H, d J = 11.6 Hz, ArH), 7.98 (1H, s,
ArH).

(8)-2~{4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-6-ylmethyl)-aminc]-methyl}-
benzylamino)-4-methyl-pentanoic acid cyclopentyl ester (122)

LCMS purity 94%, m/z 524 [M™+H]", 1H NMR (300 MHz, MeOD), 3: 1.01 (6H, s,
2xCH3), 1.28 (1H, m, CH), 1.56-1.85 (10H, m, 4xCH2, CH2}, 4.00 - 4.43 (6H, m,
3xCH?2), 4.88 (1H, m, CH), 5.36 (1H, br s, CH), 7.47-7.62 (5H, m, ArH), 7.94 (2H, {,
ArH), 8.08 (1H, s, ArH).

(8)-2-{4-{[{2-Hydroxycarbamoyl-benzo[b]thiophen-6-ylmethylj-amino]-methyi}-
benzylamino)-4-methyl-pentanoic acid (123)

LCMS purity 98%, m/z 456 [M™+H]", TH NMR (300 MHz, MeOD), &: 1.00 (6H, m,
2xCH3), 1.86 (2H, m , CH2), 3.86 (1H, m, CH), 4.29 (2H, s, CH2)}, 4.36 (2H, s, CH2),
4.43 (2H, s, CH2), 7.56 (1H, m, ArH), 7.89 (1H, s, CH), 8.02 (1H, d J=8.2 Hz, ArH),
8.09 (1H, s, ArH).

(S)-(4-{[(2-Hydroxycarbamoyl-benzo[blthiophen-6-yimethyl)-amino]-methyl}-
benzylamino)-phenyl-acetic acid cyclopentyl ester (124)

LCMS purity 90%, m/z 544 [M*+H]*, 1H NMR (300 MHz, MeOD), 8: 1.31-1.91 (10H,
m, 4xCH2, CH2), 4.22 (2H, dd J=13.1 Hz, CH2), 4.35 (2H, s, CH2), 4.42 {1H, s, CH2),
5.186 (1H, s, CH), 5.30 (1H, m, CHY), 7.47-7.62 (SH, m, ArH), 7.94 (2H,m, ArH), 8.08
(1H, s, ArH).

(S)-(4-{[(2-Hydroxycarbamoyl-benzo[h]thiophen-6-ylmethyl)—amino]-methyl}-
benzylamino)-phenyl-acetic acid (125)

LCMS purity 100%, m/z 476 [M*+H]", 1H NMR (300 MHz, MeOD), &: 4.08 - 4.24 (3H,
m, CH, CH2), 4.35 (2H, s, CH2), 4.43 (1H, s, CH2), 7.46-7.75 (10H, m, ArH), 7.89
(1H, s, ArH), 8.01 (1H, dJ=7.9 Hz, ArH), 8.09 (1H, s, ArH)
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The following compounds were prepared according fo the procedure described for
compound (104) and compound {105) using alternatives for step 3 and 4 as outlined

below

Step 3b: (4-Bromomethyl-benzyl)-carbamic acid {ert-butyl ester

Br
NHBoc

N-Bremosuccinimide (5.13 g, 28.8 mmol) was dissolved in DCM (80 mL) and cooled
to 0 °C. A solution of triphenylphosphine (7.18 g, 27.0 mmol) in DCM (20 mL) was
prepared and added to the chilled solution followed by pyridine (1.0 mL, 1.26 mmol).
Material from step 2 (2.14 g, 9.0 mmol) was dissolved in DCM (20 mL) and added and
the reaction allowed to warm tfo r.t. and stirred for 16 h. The mbdure was concentrated
and the residue purified by column chromatography (50%/50% EtOAc/heptane) to
afford the desired compound (864 mg, 32%). m/z 301 [M"+Na]"

Step 4b: (S)-2-[4-(tert-Butoxycarbonylamino-methyl)-benzylamino]-propionic acid
cyclopentyl ester

eyl

Oroy
N
TN
0] NHBoc

[-Alanine cyclopeniyl ester (463 mg, 1.41 mmof) was dissolved in DMF (9 mL) and to
this was added DIPEA {0.74 mL, 4.24 mmol}. The mixture was sfirred at r.t. for 15 min
and then a solution of material from step 3b (212 mg, 0.706 mmol) in DMF (5 mL)
added dropwise over 1 hr. The reaction was then allowed to stir at r.t. for 16 hr and
was then diluted with water (50 mL) and EtOAc (50 mL). The organic layer was
washed with brine (2 x 50 mL), dried and concentrated to give crude material (0.26 g,
100%) which was taken to the next step without further purification. m/z 377 [M™+Na]"
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Steps 5 — 9 were as described for compound {104) and compound (105)

O : H
TV 0
0 N s
0]

{S)-2-(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-6-ylmethyl}-amino]-methyl}-
benzylamino)-propionic acid cyclopentyl ester (118)

LCMS purity 95%, m/z 482 [M*+H]*, "H NMR (300 MHz, MeOD), &: 1.61 (3H,d, J=
7.2 Hz, CHy), 1.71-1.97 (8H, m, 4 x CHy), 4.13 (1H, g, J = 7.2 Hz, CH), 4.30 (2H, s,
CH.), 4.36 (2H, s, CHy), 4.43 (2H, s, CHy), 5.33-5.36 (1H, m, CH), 7.54-7.63 (BH, m,
Ar-H), 7.88 (1H, s, Ar-H), 8.00 (1H, d, J = 8.1 Hz, Ar-H), 8.08 (1H, s, Ar-H)

HO. _A . H
\H/\H H N N~oH
O N s
s

(8)-2-(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-6-ylmethyl)-amino}-methyl}«

bhenzylamino)-proplonic acid {119)

LCMS purity 95%, m/z 414 [M*+HI", "H NMR (300 MHz, MeOD), 6: 1.64 {3H,d, J=
7.1 Hz,CHj3), 4.06 - 4.14(1H, m,CH), 4.31 (2H, s,CH>), 4.36 {2H, s, CH>), 4.43 (2H, s,
CHy), 7.55-7.63 (5H, m, Ar-H), 7.88 (1H, s, Ar-H}, 8.00 (1H, d, J = 8.1 Hz, Ar-H}, 8.09
(1H, s, Ar-H)

The following compounds were prepared according to the procedures outlined for
compound {118) and compound (119) incorporating the following alternative/
additional steps

Step 4b: [4-(teri-Butoxycarbonylamino-methyl)-benzylamino]-acetic acid cyclopentyl
gster
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Procedure as in step 4a (using the HCI salt of the cyclopentyl ester)
Product: m/z 363 [M*+H]*

Step 4c¢: [[4-(tert-Butoxycarbonylamino-methyl)-benzyl]-(9H-flucren-2-yimethoxy-
carbonyl}-amino}-acetic acid cyclopentyl ester

T YL

O‘O

To a solution of [4-(tert-Butoxycarbonylamino-methyl)-benzylamino]-acetic acid
cyclopentyl ester (0.2 g, 0.55 mmol) and 1 M Na,CO; (1.1 mL, 1.1 mmot) in DCM (2
mL), was added slowly with stirring and ice bath cooling, a solution of 9-
Fluorenylmethyl chioroformate {0.14 g, 0.55 mmol} in dioxane (1.4 mL). The mixture
was stirred in the ice bath for 4 h and at room temperature overnight. The mixture was
poured into water (90 mL)} and extracted with diethyl ether. The organic extracts were
combined, dried (MgS0O,) and evaporated to dryness to afford the desired product
(0.32 g, 100%). m/z 607 {M*+Naj"

Step 5a: [(4-Aminomethyl-benzyl)-(SH-fluoren-9-yimethoxycarbonyl)-amino]-acetic
acid cyclopenty! ester

O‘O

Procedure as described in step 5.
Product m/z 485 [M*+H]"
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Step 6a: {{9H-Fiuoren--yimethoxycarbonyl)-[4-({[2-(1-isobutoxy-ethoxycarbamoyt)-
benzo[bithiophen-8-yimethyl]-amino}-methyl)-benzyl]-amino}-acetic acid cyclopentyl
ester

T O Ly

Ooo

Procedure as described in sfep 6.
Product m/z 790 {M*+H}"

Step 7a: (4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-6-yimethyl}-amincj-methyl}-
benzylamino)-acetic acid cyclopentyl ester (120)

0 H
N N,
O
120

{(9H-Fluoren-9-yImethoxycarbonyl)-[4-({{2-(1-isobutoxy-ethoxycarbamoyl)-
benzo[b]thiophen-6-ylmethyll-aminc}-methyl}-benzyl}-amino}-acetic acid cyclopentyl
ester (0.11 g, 0.14 mmol) was dissolved in acetonitrile (3 mL) and to it was added
piperidine (1.5 ml). The resulting mixture was stirred at room temperature for 1 h. The
solvent was evaporated o dryness and the product separated into 2 portions. One
portion was taken through to hydrolysis of the cyclopentyl ester, while the second
portion was disseclved in DCM (1.5 mL) and stirred with 4M HCl in dioxane (1.6 mL) for
2 h. The solvent was evaporated to dryness and the product purified by preparative
HPLC to afford the desired product as a TFA salt. LCMS purity 99%, m/z 468 [M*+H]",
H NMR (300 MHz, MeOD), 3: 8.09 (1H, s, ArH), 8.00 (1H, d, J = 8.3 Hz, ArH), 7.88
(1H, s, ArH), 7.54-7.65 (5H, m, ArH), 5.31-5.35 (1H, m, CH}, 4.43 (2H, s, CHy), 4.35
(2H, s, CHy), 4.31 (2H, s, CHy), 3.96 (2H, s, CHy), 1.65-1.93 (8H, m, 4 x CHy)
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Step 9a: (4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-6-ylmethyl)}-amino]-methyl}-
benzylamino)-acetic acid (121)

HO H
N N N
T\”/ﬁ\,ﬂ\)@\/‘}ﬁf oH
o
121

Procedure as described in step 9. i

LCMS purity 99%, m/z 400 [M*+H]", "TH NMR (300 MHz, MeOD), §: 8.09 (iH, s, ArH),
8.00 (1H, d, J = 8.3 Hz, ArH), 7.89 (1H, s, ArH), 7.54-7.62 (5H, m, ArH), 4.43 (2H, s,
CHy), 4.35 (2H, s, CH,), 4.32 (2H, s, CHy), 3.93 (2H, s, CHy)

Synthesis of Compounds in Figure 8 Exemplified by Compound (126) and
Compound {127)

ot
R” N L0
o

(4]
R= cyclopentyl 126 R= cyclopentyl 128
R=H 127 R=H 129

Figure 8

Stage 1: 4-(tert-Butoxycarbonylamino-methyl-cyclohexanecarboxylic acid
0

HO
H
/UU‘\/N\H/O%
o]
A solution of trans-4-(aminomethyl)cyclohexane carboxylic acid (1g, 6.4mmol) and

sodium hydroxide (256mg, 6.4mmol) in 40mi of dioxane and 40ml of water was
cooled in an ice-water bath while stirring. Di-fert-butyl dicarbonate (1.32g, 6.4mmol}
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was added and the mixture stirred at r.t. for 5 hours and left standing overnight. The
solution was concentrated /n vacuo and acidified with 2N HCl to pH 2. The acidified
aqueous layer was extracted 3 times with EtOAc. The organic layers were pooled and
washed with brine. The organic layer was dried over magnesium sulfate and
evaporated to dryness. The product was obiained as a white solid {1.1g, 64% yield).
'H NMR (300 MHz, CDCl3), &: 0.86 - 1.07 (2 H, m, CHy), 1.34 - 1.53 (11 H, m, boc and
CHa), 1.84 (2H, dd, J=13.0, 2.3 Hz, CH,), 2.05 (2 H, dd, CH,), 2.18 -2.35(1 H, m,
CHCH_), 2.99 (2 H, i, /=6.3 Hz, CH,NH), 4.59 (1 H, br. s, CHCOOH), 11.0 (1 H, br. 5,
COOH).

Stage 2: {4-Hydroxymethyl-cyclohexylmethyl}-carbamic acid tert-butyl ester

/\Q\/H\{roﬁ/

0

Lithium aluminium hydride (465mg, 12.2mmol) was suspended in anhydrous THF
(10ml) and cooled down to 0°C under N, atmosphere. A solution of 4-(tert-butoxy-
carbonyl-amino-methyi-cyclohexanecarboxylic acid (1.1g, 4.1mmol) in THF and
dioxane (10ml, 1:1) was added slowly and the mixture was stirred overnight at room
temperature. Excess lithium aluminium hydride was quenched by adding water
dropwise. The cake was filtered and washed with THF (10mi} and MeOH (10mi}). The
filtrate was concentrated in vacuo and acidified with 1N HCI to pH 2. The aquecus
was extracted twice with EtOAc. The organic layer was. dried over magnesium sulfate,
filtered and evaporated to dryness to yield 964mg of product (97% vield). 'H NMR
(300 MHz, CDCl), &: 0.81-1.08 (4 H, m, 2 x CH,), 1.33-1.60 (10 H, m, boc and CH),
1.82(4H,d, =5.7Hz, 2x CH, ), 2.98 (2 H, {, J=6.4 Hz, CH,NH ), 3.46 (2 H, d, J=6.4
Hz, CH,OH), 4.60 (1 H, br. s, CH)

Stage 3: (4-Formyl-cyclohexylmethyl)}-carbamic acid tert-butyl ester
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(4-Hydroxymethyl-cyclohexylmethyl)-carbamic acid teri-butyl ester (965mg, 4.0mmol)
was dissolved in DCM (20mi) and cooled down to -78°C. Dess Martin reagent (2.52g,
6.0mmol) was dissolved in DCM (30ml) and added slowly to the stage 2 alcohot in
solution. The reaction mixture was then stirred at r.t. for 3h. The resulting solution was
poured into a vigorously stirred saturated NaHCO3 and NazS5:0, solution (1:1, 100ml).
The organic layer was separated and washed with brine, dried over magnesium
sulfate and evaporated fo dryness fo yield the product (786mg, 82% yield). H NMR
(300 MHz, CDCly), 8: 0.83 - 1.01 (2 H, m, CHp), 1.15-1.24 (2H, m, CHy), 1.34 (O H, s,
Boc), 1.75- 1.88 (2 H, m, CHy), 1.90 - 2.00 (2 H, m, CHy), 2.05 - 2.18 (1 H, m, CH),
2.93 (2 H, t, J=6.4 Hz, CH,NH), 4.53 (1 H, br. s, CHCHO), 9.55 (1 H, s, CHO)

Stage 4: (S)-{]4~(tert-Butoxycarbonylamino-methyl)-cyclohexylmethyll-amino}-phenyl-
acetic acid cyclopentyl ester

{4-Formyl-cyclohexylmethyl}-carbamic acid tert-butyl ester (390mg, 1.6mmol) and (S})-
amino-phenyl-acetic acid cyclopentyl ester (394mg, 1.8mmol) were stirred in DCE
(6ml) at r.t. for 25min. Acetic acid (9.6ul, 0.16mmol) and sodium triacetoxy-
borohydride (1.0g, 4.8mmol} were added and the resulting mixture was stirred for
1h30 at r.t. DCM (10ml) and a saturated solution of NaHCO; (10mi) were added and
phases were separated. Agqueous were extracted with EtOAc (2 x 10mi), the organics
were dried over magnesium sulfate, filtered and evaporated to dryness. The crude
product was purified by column chromatography (8:2 heptane / EtOAc) to yield 223mg
of the pure amine (31% yield). LCMS purity 100%, m/z 445 [M*+H]".

Stage 5: (S)-[(4-Aminomethyi-cyclohexylmethyl)-amino]-phenyl-acetic acid cyclopentyt

ester
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(8)-{{4-(tert-Butoxycarbonylamino-methyl)-cyclohexylmethyl]-amino}-phenyl-acetic
acid cyclopentyl ester (223mg, 0.5mmol) was stirred in DCM (4ml), TFA (1ml) was
added and the mixture was stirred at r.t, for 2h. The solution was concentrated in
vacuo, taken up in DCM, washed twice with a saturated solution of NaHCOj; and once
with a saturated solution of brine.The organic phase was dried over magnesium
sulfate, filtered and evaporated to yield the expected amine as a yellow oil {130myg,
75% yield). LCMS purity 100%, m/z 345 [M'+H]".

Stage 6: (S){(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-6-ylmethyl)-amino}-meth
yl}-eyclohexylmethyl)-amino]-phenyl-acetic acid cyclopentyl ester (126)

O

N
(o]
126

Stage 5 amine (130mg, 0.38mmol) was stirred with 6-formyl-benzo|b]thiophene-2-
carboxylic acid (1-isobutoxy-ethoxy) amide (Scheme 7) {(110mg, 0.34mmol) in DCE for
30 min at r.t.. Acetic acid (2.1ul, 0.03mmol) and sodium triacetoxyborohydride
(218mg, 1.0mmol) were added and the resulting mixture was stirred overnight at r.t.
The mixture was concentrated in vacuo, taken up in EtOAc, washed with a saturated
solution of NaHCO; (10ml) and brine (10mtl). The organics were dried over
magnesium sulfate, filtered and evaporated to dryness. The crude product (167mg)
was purified by preparative HPLC to yield compound {126} as a light pink solid. LCMS
purity 86%, mfz 550 [M*+H]", ca. 10% carboxylic acid. 'H NMR (300 MHz, MeOD), §:
1.08 (4 H, m, 2x CHyp), 1.76 (14 H, m, 6 x CHz and 2 x CH), 2.81 (4 H, m, 2 x CH;NH),
4.35 (2 H, s, CH,NH), 5.12 (1 H, s, CHNH), 5.30 (1 H, m, OCH), 7.51 (6 H, m, Ar),
7.85(1H,s, Ar), 7.96 (1 H, d, Ar), 8.08 (1 H, s, Ar).

Synthesis of ((S)-[(4-{[{2-Hydroxycarbamoyl-benzo[b]thiophen-6-ylmethyl)-
amino]-methyl}-cyclohexylmethyl)-amino]-phenyl-acetic acid (127)
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Stage 1: (8){{4-(tert-Butoxycarbonylamino-methyl)-cyclohexylmethylj-amino}-phenyl-

>
ﬁ/O\'é/\ﬁ/\(j\,ﬁm,ogr

O

acetic acid tert-butyl ester

{(4-Formyl-cyclohexylmethyl)-carbamic acid fert-butyl ester (899mg, 3.7mmeal) and (S)-
tert-butyl phenylglycine ester (850mg, 4.1mmol} were stirred in DCE (20ml) for 30min.
Acetic acid {20ul, 0.37mmol) and sodium triacetoxyborohydride (2.37g, 11.1mmol)
were added and the reaction mixture was stirred at r.t. for 3h. DCM (10ml) and a
saturated solution of NaHCQj; (20ml) were added and phases were separated. The
aqueous phase was exiracted with EtOAc (20ml). The organics were dried over
magnesium sulfate, filtered and concentrated under vacuum. The crude product (2.4g)
was purified on column chromatography (7:3 heptane / EtOAc) to yield the expected
product (385mg, 24% vield). LCMS purity 100%, m/z 433 [M*+H]".

Stage 2: {S)-{[4-(tert-Butoxycarbonylamino-methyl}-cyclohexylmethyi]-amino}-phenyl-

0@
YO oy

o

8]

acetic acid fert-butyl ester

(8)-{[4-(tert-Butoxycarbonylamino-methyl)-cyclohexylmsthyl}-amino}-phenyi-acetic
acid tert-butyl ester (385mg, 0.8mmol) was stirred in DCM (5ml} and TFA (2mi) was
added and the mixture was stirred at r.t. for 30min. The solution was concentrated in
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vacuo, taken up in EtOAc (5ml), washed twice with a saturated solution of NaHCQO; (2
x &5ml) and once with a saturated solution of brine (5ml). The organic phase was dried
over magnesium sulfate, fillered and evaporated to yield the expected amine as a
yellow oil (290mg, 97% yield). LCMS purity 100%, m/z 333 [M*+H]".

Stage 3: (S)-{[4-({[2-(1-Isobutoxy-ethoxycarbamoyl)-benzo[bjthiophen-6-yimethyl]-
amino}-methyl)-cyclohexylmethyi]-amine}-phenyl-acetic acid teri-butyl ester

© >’“O
ﬁ/o\lfﬁ’\@j N i

(8)-{[4-(tert-Butoxycarbonylamino-methyl)-cyclohexylmethyl]-amino}-phenyl-acetic
acid tert-butyl ester (290mg, 0.9mmol) and 6-formyl-benzo[bjthiophene-2-carboxylic
acid (1-isobutoxy-ethoxy) amide (Scheme 7) (255mg, 0.8mmol} were stirred in DCE
{8ml) for 30min. Acetic acid (4ul, 0.08mmol) and sodium triacetoxyborohydride
{504mg, 2.4mmol) were added and the reaction mixture was stirred at r.t. for 1h30.
DCM (5ml) and a saturated solution of NaHCO; (10ml) were added and phases were
separated. The aqueous phase was extracted with EtOAc (15ml). The organics were
dried over magnesium sulfate, filiered and concentrated under vacuum. The crude
product (5§43mg) was purified on column chromatography {5 to 10% MeOH in DCM) to
yield the expected pure product (172mg, 34% yield). LCMS purity 100%, m/z 638
[M*H].

Stage 4: (S)-{[4-({[2-(1-Isobutoxy-ethoxycarbamoyl)-benzo[b]thiophen-6-yimethyl]-
amino}-methyl)-cyclohexylmethyll-amino}-phenyi-acetic acid tert-butyl ester (127)

HO :
N il
. o}

127
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(S){[4~{{[2-(1-Isobutoxy-ethoxycarbamoyl)-benzo[blthiophen-6-yimethyl]-amino}-
methyl)-cyclohexyimethyll-amino}-phenyt-acetic acid tert-butyl ester (172mg,
0.27mmol) was stirred in 4M HCI in dioxane solution (2mi} at r.t, for 30min. The
solution was evaporated to dryness to yield compound (127} as a beige solid (123mg,
95% vield). LCMS purity 98%, m/z 482 [M"+H]". "H NMR (300 MHz, MeOD), &: 1.10 (4
H,m,2xCH,), 1.80(6H, m, 2x CH. and 2 x CH), 2.88 (2 H, dd, CH,NH), 2.94 (2 H,
d, CH.NH), 4.36 (2 H, s, CH,NH), 5.07 (1 H, s, CH), 7.53 (6 H, m, Ar), 7.87 (1 H, s,
Ar), 7.97 (1 H, d, Ar), 8.12 (1 H, s, Ar).

The following compounds were prepared according fo the procedure described for
Compound (126) and Compound (127)

(8)-2-[(4-{[{2-Hydroxycarbamoyl-benzo[blthiophen-6-yimethyl)-amino]-methyl}-
cyclohexyimethyl)-amino]-4-methyl-pentanoic acid cyclopentylester (128)

LCMS purity 86%, m/z 530 [M*+H]", "H NMR (300 MHz, MeOD), 5: 0.99 (6 H, t, J=
6Hz, 2 x CH,), 1.11 (4 H, t, J=8.1 Hz, 2 x CHy), 1.76 (20 H, m, 2 x CH and 9 x CH),
2.80 (1 H, m, CH), 2.97 (4 H, m, 2 x CHzNH), 3.95 (1 H, m, CH), 4.35 (2 H, s, CH,NH),
5.32 (1 H, m, OCH), 7.54 (1 H, d, J=8 Hz, Ar), 7.84 (1 H, s, Ar}, 7.94 (1 H, d, J=9 Hz,
Ar), 8.08 (1 H, s, Ar\.

(8)-2-[{4-{[{2-Hydroxycarbamoyl-benzo[b]lthiophen-6-ylmethyl}-amino]-methyl}-
cyclohexylmethyl)-amino]-4-methyl-pentanocic acid (129)

LCMS purity 95%, miz 462 [M'+H]*, 'H NMR (300 MHz, MeOD), 8: 1.00 (6 H, t, J=6.3
Hz, 2x CH3), 1.10 (4 H, m, 2x CH,}, 1.85 (8 H, m, 2 x CH and 3 x CHy), 2.94 (4 H, m,
2 x CH,NH), 3.91 (1 H, m, CHNH), 4.36 (2 H, s, CH;NH), 7.54 (1 H, d, J=7.8 Hz, Ar),
7.85 (1 H, s, Ar), 7.95 (1H, d, J=8.1 Hz, Ar), 8.08 (1H, s).
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Synthesis of Compounds in Figure 9 as Exempilified for Compound (130)
@
spaacrnnal

131
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Stage 1: (S)}{(3-nitro-benzyl) -amino}-phenyl-acetic acid cyclopentyl ester

0

casace

To a solution of phenylglycine cyclopentyl ester tosic acid salt (3.08 g, 7.8 mmol) in
DCE (120 ml) was added 3-nitrobenzaldehyde (1.01 g, 6.7 mmol) then sodium
triacetoxy-borohydride (3.03 g). The mixture was stirred for 3.5h, then quenched by
addition of saturated sodium bicarbonate solution (200 mil). Product was extracted
with DCM (250 ml} and the organic extract was dried (MgS0,). The product was
carried forward without further purification.
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Stage 2: (S)-[(3-nitro-benzyl)-tert-butoxycarbonyl-amino}-phenyl-acetic acid

>
G{O\g/;j;@/mz
PN

cyclopentyl ester

To the crude mixture of (8)-[(3-nitro-benzyl) -amino]-phenyl-acetic acid cyclopentyl
ester in DCM (50 ml) was added di-ter-buty] dicarbonate (3.38 g, 15.6 mmol). The
mixture was heated at 50°C overnight, then cooled to rt. N,N,N"-frimethylethylene
diamine (2 ml) was then added and the mixture stirred for 2h. The mixture was then
poured into ethyl acetate (150 ml) and washed with 1M HCI (3 times 50 ml), dried
{(MgSO,) and concenirated to yield the desired product as a colourless oil {(1.509 g,
42% yield). LCMS purity 98%, m/z 477 (M+Na*). '"H NMR (300MHz, d6-DMS0), &:
7.97 (1H, dd, J=2.1, 9 Hz), 7.15-7.45 (8H, m), 5.60-6.00 (1H, m), 5.20-5.35 (1H, m),
4.65-4.82 (1H, m), 4.21 (1H, d, J=16 Hz), 1.30-1.25 (17H, m)

Stage 3: (S)-{(3-Amino-benzyl)-tert-butoxycarbonyl-amino]-phenyl-acetic acid
cyclopentyl ester '

O

O/O!/c;"f;UNHZ
B

To a solution of (S)-[(3-nitro-benzyl)-tert-butoxycarbonyl-amino-phenyl-acetic acid
cyclopentyl ester (1.509 g, 3.32 mmol) in ethanol (10 ml) was added palladium on
carbon (10%, 0.38g, 0.36 mmol). The flask was evacuated and back-filled with
hydrogen gas. The mixture was stirred overnight, then filtered through Celite, washed
with ethanol (150 ml) and then concentrated to vield the desire product as a colouriess
oil (1.351 g, 96% yield). 'H NMR (300 MHz, CDClg), 8:7.19-7.42 (5H, m), 6.97 (1H, t,
J=7.5 Hz), 6.46 (2H, dd, J=8.1, 16.5 Hz), 6.29 (1H, br s), 5.58 (1H,br s), 5.29 (1H, br
8), 4.69 (1H, br s}, 4.00 (1H, d, J=15.9 Hz), 3.74 (1H, q, J=6.9 Hz), 3.51 (2H, br s),
1.20-2.00 (17H, m)
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Stage 4: (S)-[tert-Butoxycarbonyl-(3-{[2-(1-isobutoxy-ethoxycarbamoy!}-henzo[b}-
thiophen-6-yimethyl]-amino}-benzyl}-amino}-phenyl-acetic acid cyclopentyl ester

Qo
casacannl
By

To {S)-{(3-Amino-benzyl)-tert-butoxycarbonyl-amino]-phenyl-acetic acid cyclopentyl
ester (0.317g, 0.75 mmol} was added 6-Formyl-benzo[b]thiophene-2-carboxylic acid
(1-isobutoxy-ethoxy)-amide {Scheme 7) (0.210 g, 0.65 mmol) in DCE (8 ml). 2 drops
of glacial acetic acid were added, and then sodium triacetoxyborohydride (0.170 g, 0.8
mmol). The mixture was stirred for 2h and then poured into DCM (150 ml). The
solution was washed with saturated sodium bicarbonate (50 ml), then dried (MgSQy,),
concentrated and purified by flash column chromatography to yield the desired
product as a pale yeliow foam (0.346 g, 73% vield). "H NMR (300 MHz, CDCl), &:
8.35-8.43 (1H, m), 7.56-8.05 (2H, m), 7.01-7.41 (8H, m), 6.90-7.01 (1H, m), 6.42 (1H,
dd, J=2.6, 7.9 Hz), 5.25-5.31 (1H, m), 5.12 {1H, q, J=5.2 Hz), 4.40 (1H, d, J 5.4 Hz),
4.00 (1H, dd, J=3.1, 15.8 Hz), 3.60-3.70 (1H, m), 3.35-3.40 (1H, m), 1.33-1.94 (21H,
m)}, 0.98 (3H, d, J=6.6 Hz), 0.97 (3H, d, J=6.6 Hz)

Stage 5: (S)-{3-[(2-Hydroxycarbamoyl-benzofblthiophen-6-ylmethyl}-aminocj-benzyl-
amino}-phenyl-acetic acid cyclopentyl ester (130)

H-oH
H\/@H
N s 0

To a solution of (S)-[terf-Butoxycarbonyl-(3-{{2-(1-isobutoxy-ethoxycarbamoyl)-

O

TV

130

benzo[b]thiophen-6-y[methy]]-amino}-behzyl)-amino]—phenyl-acetic acid cyclopentyl
ester (0.100 g, 0.14 mmotl} in DCM/MeCH (1ml:1ml) was added TFA (8 mi). The
solution was stirred for 2h, then diluted with DCM (200 mi). The solution was washed
with saturated sodium bicarbonate (100 mi). The solution was dried (NazS0,),
concentrated and purified by reverse phase HPLC io yield the desired product (8.1



B C 117 A NT NT NT 118 A A A A 119 A NT NT NT

169
mg, 11% vield). LCMS purity 98%, m/z 531 (M+H)* 300 MHz, DMSO, 5:1.26-1.85 (8H,
m), 3.47 (2H, s), 4.21 (1H, s), 4.38 (2H, d, J 5.8 Hz), 5.02-5.07 (1H, m), 6.32 (1H, , J
6.0 Hz), 6.45 (2H, d, J 7.9 Hz), 6.57 (1H, s), 6.97 (1H, t, J 7.8 Hz), 7.23-7.35 (5H, m),
7.42 (1H, dd, J 1.2, 8.3 Hz), 7.84 (1H, s), 7.87 (1H, s), 7.93 (1H, 5), 9.23 (1H, br 5),
11.4 (1H, brs)

The following compounds were prepared according to the procedures described for
compound (130)

(S)-{3-[(2-Hydroxycarbamoyl-benzo[b]thiophen-6-yimethyl)-amino]-
benzylamino}-cyclohexyl-acetic acid cyclopentyl ester (131)

LCMS purity >98%, m/z 536.25 (M+H)*, *H NMR (300 MHz, d6-DMSOQ), 8: 0.7-1.25
(8H, m), 1.50-1.95 (14H, m), 3.69 (1H, br s}, 3.98 (2H, br s}, 4.43 (2H, br s), 5.14 (1H,
i, J 6.4 Hz), 6.60-6.71 (2H, m), 7.05-7.28 (3H, m}, 7.43 (1H, d, J 8.5 Hz), 7.83-7.98
(2H, m), 9.25 (1H, brs), 11.45 (1H, br s)

(8)-3-tert-Butoxy-2-{3-[(2-hydroxycarbamoyl-benzo[bjthiophen-6-yimethyl)-
amino]-benzylamino}-propionic acid cyclopentyl ester (132)

LCMS purity >98%, m/z 540.25 (M+H)", *H NMR (300 MHz, d6-DMSO), 3: 1.05 (SH,
s}, 1.50-1.78 (8H, m), 3.15-3.67 (5H, m), 4.38 (2H, d, J 5.8 Hz), 5.05-5.15 (1H, m),
6.31 (1H, t, J 5.8 Hz), 6.40-6.48 (2H, m), 6.56 (1H, s), 6.96 (1H, t, J 7.8 Hz}, 7.42 (1H,.
d, J 8.2 Hz}, 7.87 (1H, s), 7.93 (1H, s), 9.24 (1H, br s), 11.43 (1H, br s)

(S)-2-{3-[(2-Hydroxycarbamoyl-benzo[bjthiophen-6-ylmethyi}-amino]-benzy-
lamino}-4-methyl-pentanoic acid cyclopentyl ester (133)

LCMS purity 98%, m/z 510.25 (M+H)", "H NMR (300 MHz, d6-DMSQ), 8: 0.87 (6H, d,
J 6.4 Hz), 1.50-1.94 (10H, m), 3.57-4.20 (3H, m), 4.44 (2H, =), 5.20 (1H, t, J 5.8 Hz),
6.58-6.74 (3H, m}), 7.11 (1H, {, J 7.7 Hz), 7.43 (1H, d J 8.3 Hz), 7.85-7.96 (3H, m),
9.38 (2H, br s), 11.46 (1H, br s)

(S)-3-tert-Butoxy-2-{4-[(2-hydroxycarbamoyl-benzo[blthiophen-6-ylmethyl)-
amino]-benzylamino}-propionic acid cyclopentyl ester (134)

LCMS purity 98%, m/z 540.25 (M+H)" ,"H NMR (300 MHz, d4-MeOD), 5: 7.64-7.77
(2H, m), 7.28 (1H, d, J=7.2 Hz}, 6.99 (2H, d, J=6.6 Hz), 6.53 (2H, d, J=6.6 Hz), 5.06-
5.08 (1H, m}, 4.35 (2H, s}, 3.40-3.75 (5H, m), 1.50-1.82 {8H, m), 1.04 (9H, s)
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Measurement of biological activities

Histone deacetylase activity

The ability of compounds fo 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 (HelLa 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 resulis in an increase in signal that is diminished in the
presence of an HDAC Inhibitor.

Data are expressed as a percentage of the control, measured in the absence of
inhibitor, with background signal being subtracted from all samples, as follows:-

% activity = ((S'—B) / (S° - B)) x 100

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

{CB0 values were determined by non-linear regression analysis, after fitfing the results
of eight data points to the equation for sigmoidal dose response with variable slope (%
activity against log concentration of compound), using Graphpad Prism software.

Histone deacetylase activity from crude nuclear extract derived from Hel.a cslls was
used for screening. The preparation, purchased from 4C (Seneffe, Belgium), was
prepared from HeLa celis harvested whilst in exponential growth phase. The nuclear
extract is prepared according to Dignam JD1983 Nucl. Acid. Res. 11, 1475-1489,
snap frozen in liquid nitrogen and stored at -80°C. The final buffer composition was 20
mM Hepes, 100 mM KCI, 0.2 mM EDTA, 0.5 mM DTT, 0.2 mM PMSF and 20 % (v/v)
glycerol.

IC50 resulis were allocated to one of 3 ranges as follows:
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Range A: 1C50<100nM,
Range B: IC50 from 101nM to 1000nM;
Range C: IC50 >1001niM.
NT = Not tested
Results of testing the compounds of the examples in this assay are given in the
second column of Table 2 below.

Cell inhibition Assays

The corresponding cancer cell lines (Hela, U937 and HUT) growing in log phase were
harvested and seeded at 1000 cellsfwell {200u] final volume) into 96-well tissue
culture plates. Following 24h of cell growth cells were treated with compounds (final
concentration of 20uM). Plates were then re-incubated for a further 72h before a
sulphorhodamine B (SRB) cell viability assay was conducted according to Skehan
1990 J Natl Canc Inst 82, 1107-1112.

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

% inhibition = 100_-((3‘!S°)x1 00)
where S'is the signal in the presence of inhibitor and S°is the signal in the presence of
DMSO.

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

IC50 results were allocated to one of 3 ranges as follows:

Range A: IC50<330nM,

Range B: IC50 from 330nM to 3300nM,;

Range C: IC50 >3301niM.

NT= Not tested

Results of testing the compounds of the examples in this assay are given in the third-
fifth columns of Table 2 below.
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Preparation of cell extract W937 or Hct 116 tunour cells (- 109 were washed
in 4 volunes of Dul beccos PBS ( 1llitre) and pelleted at 160g for 10m ns at
4C. This was repeated twice and the final cell pellet was then resuspended
in 35mL of cold honogenising buffer (Trizma 10mM, NaCl 130mM Cad 2 0. 5nmM
PH 7.0) at 25C. Honpbgenates were prepared by nitrogen cavitation (700psi
for 50min at 4C ). The honpgenate was7kept on ice and suppl emented with a

cockt ai | pF=rrfrbrtors—destghet—tio—grve—FnRa—cencentratons—ot

Example No. | HDAC Activity Hela 1937 HUT
62 B C 104 B
63 B NT NT NT
64 B B NT B
65 A C NT NT
66 B C c C
67 B C NT NT
68 B c B B
69 B B NT
70 B c NT NT
71 A B A B
72 A NT NT NT
73 A B A | B
74 B NT NT NT
75 A B A A
76 A NT NT NT
77 A B A A
78 A NT NT NT
79 A NT c c
80 B NT NT NT
81 A c C B
82 B NT NT NT
83 B B B B
84 B NT NT NT
85 B Cc A
86 B C A B
87 A NT NT NT
88 B B A B
89 B C A B
90 B NT NT NT
91 B C B
92 A B B
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Broken Cell Carboxyesterase Assay

Preparation of cell extract

937 or Het116 tumour cells (~ 10° were washed in 4 volumes of Dulbeccos
PBS ( ~ 1litre) and pelleted at 160g for 10mins at 47C. This was repeated twice
and the final cell pellet was then resuspended in 35ml of cold homogenising
buffer (Trizma 10mM , NaCl 130mM, CaCl, 0.5mM PH 7.0) at 25°C.

Homogenates were prepared by nitrogen cavitation (700psi for 50min at 4°C ).

The homogenate was kept on ice and supplemented with a cocktail of

inhibitors designed to give finat concentrations of

Leupeptin 1pM

Aprotinin 0.1
£64 8uM

M

Pepstatin 1.5uM
Bestatin 162uM
Chymostatin 33pM



L2 represents an optionally substituted, straight or branched, 01-C7
al kyl ene, C4-C6 al kenyl ene or C4-C6 al kynyl ene radi cal which may optionally
contain or termnate in an ether (-0-), thioether (-S-) or am no (-NRA-)
link wherein RA is hydrogen or optionally substituted Cl-C3 al kyl; and
wherein the term"optionally substituted" neans optionally substituted with
up to four conpatible substituents, each of which is independently sel ected
from (C C6)al kyl, (Cl1-C6)al koxy, hydtdky, hydroxy(Cl-C6)al kyl, mnercapto,
mer capt o( C1- C6) al kyl , - C6) al k tho he.I hal 0 ngfluoro
brono and r&?aé')cicgtl% &%%Fﬁ%ﬁ?rﬁége"qt? 38&%%'38)&/?,3&%@?% nitrile (-CN),
ox0, - COOHpomik B esul en?étBﬁans@Bﬂ-& a-s50RNIHT estepad-RAVity SE2NHRA,
- CONRARB, - SO?NRARB, - - NHRA, -NRARB, O0O0ONH2, - OCONHRA, - OCONRARB,
- NHCORA, mm@c&m&toremﬂé@@cﬁm“ IHSIBERA, - NRBSO20H, - NRBSORORA, - NHOONHR,
- NRACONH2, - NHCONHRB, - NRACONHRB, - NHCONRARB, or - NRACONRARB wherein RA and
RB are |ndependently : (élﬁgg) al kyl, (C3-C6) cycloal kyl, phenyl or
nmonocycl i dMergwremeiy jof patereded/age 6 ring atons. 180 2. A conpound as
claimed | qﬂﬁr&k&%ﬁf&&%@fﬂ tg)e%:o'n% ,\ﬁo d.% cé%bewre%lbdcaaﬁbél BBt m‘i'oﬁ'n m1 or
cl ai med i nusirigathia @llextretailmiBiswdifecteal q_@rapg(-B @-Iéff-'ﬁal assgryglyme ofor - (cH2) 7-
5. A conp r%fq@l &% puFREP z is 0. 6.
A corrpoungygg')é}f S%gd %déﬁ:ﬁ“@'m%{ﬂﬁ&?—le(@e 1??2‘?‘}'rr§amher ein Yis -S(=0)2-,
-C(=S) - NR. 5a€25‘f€|l—|)A{I‘zl§8) umeidsg nabe)mestemem@tmt@sai@f nglosgaitraioncl- C6

al kyl . A ou d.in.an C L0 Y is a
bond. 8. Rf@c)%'g‘gﬁﬁ'ﬁqg f’g‘?ﬁ@gg?ﬂmﬁﬁﬁ %W‘U% ed %lrsgggﬁl lElfgg'ec b r%vé:er ein, i

t he radi cajmé Ct{heﬁml- 8®1ﬁﬁﬁwutélrﬂ)eﬂe@¢tkflemereatc@pedlquhedddimommf CH2-I el
- CH2CH2-, -CH CHZ al ent opr o apen cycl ohex
radi cal s, 3X vokrpenpbieion "%I R REHP F'ﬁ'%a"ﬁ‘VP Sp%ﬁé‘cﬁr té'% “H@y%ﬁngqcﬂs \>/l\/ner ei n?/
in the radigrko R Sstér éijrw@dm:t Aﬁbﬁ@éﬁtnﬂugdimﬁét mooa)grfﬁmmutlm bi -cyclic
heteroaryl radical having 5 to 13 r ugjg as cl ai ned

inclaim @W@%Wﬁ"@”@yﬁe%foﬁH@ﬁ?@ﬂ‘é&tﬁrla"d;tstmﬂﬂd'ﬂ %Y in any of
the precedém?ﬁo%h{fﬁeﬂ‘(ﬁérraﬁhr@ oy ITBgsEiadisralzob, Hmmwa@rmrﬂp 12. A
y

conmpound as clained in any of "‘clains 1 to, 10 V\lgereJ rA ERI radical 1.1, n
and p ar e ©TGRALR Chromatographic conditions used were base ori an Ace

(75*2.1mm) column and a mobile phase of 5-95% acetonitrile in water /0.1%

formic acid.



13. A compound as clainmed in any of clains 1 to 10 wherein, in the radical
L1, m n and p are all 0. 14. A conpoygd as clained in any of the preceding
clainms wherein the radical -Y-12-X1CH21z- is selected from-C(=0)-

-C(=0)NH, -(CH2)v-, -(CH2)VvO-, 181 -C(=0)-(CH2), -C(=0)-(CH2), 0-
-C(=0) - NH (CH2) - wherein v is 1, 2, 30r4andW|sl 2 or 3. 15A
conpound as cl ai rred in any of clains 1 to 13 wherein the radical

-Y-C X1-[@ms- . is -CH2-, -CH20-, -C(=0)-CH2-, - C(=0)-CH20-,

-C(=0) - N} CH2-, or -C(=0)-NH—CH20-. 16. A conpound as clainmed in any of the
precedi ng clains wherein RL is an ester group of fornula -(C=0)0R9 wherein
59 is (i1 R7RAGHmpobed ef forrbula (I3 oppkalomMibkide, hyldedte busaehte thereof:

(C1l-C3)al kyl-(r)8-(GC -C3)al kyl or (C2-C3)al kenyl -(Z1)8-(C1-C3)al kyl - wherein
aisOor 1and Z is -0-, -S-, or -NH, and R9 is hydrogen or
(Cl-CB)aIkyI- ®, 57 and R8 taken together with the carbon to mhich they are
attached f n optionally substituted C3:C7 cycloal kyl ring or

optionally éub tltuted heterocycll [ 5-.0r 6-ri (1)
optionally subg¥itu _ﬂ hen [Q%ELC\ e@%ﬂ&ﬁﬂ]”ﬂﬂghﬁk&gﬁg @for 6 ring
atons. 17. A conpound as clalned in clai 8 wherein RO is nethyl, ethyl, n-
or iso- propyl, n- or sec-butyl, cyclohexyl, allyl, phenyl, benzyl, 2-, 3-
or 4-pyridyl nmethyl, Nnethylpiperidin-4-yl, tetrahydrofuran-3-yl or

met hoxy etwhérein

R, is an ester group which is hydrolysable by one or more of the intracellular
carboxylesterase enzymes hCE-1, hCE-2 and hCE-3 to a carboxylic acid group;

R; is cyclohexylmethyl, cyclohexyl, pyridin-3-yImethyl, sec-butyl, tert-butyl, 1-
benzylthio-1-methylethyl, 1-methylthio-1-methylethyl, and 1-mercapto-1-methylethyl,
phenyl, benzyl, phenylethyl, tert-butoxymethyl or iso-butyl;

Y is a bond, —C(=0)-, -S(=0),-, -C(=0)0-, -C(=0)NR3-, -C(=S)-NR3, -C(=NH)NR; or
-S(=0):NR3s- wherein R; is hydrogen or optionally substituted C,-Cg alkyl;

L' is a divalent radical of formula —(Alk")(Q)~(Alk?),- 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 (ii), in the case where both
m and p are 0, a divalent radical of formula —X*>-Q"- or -Q'-X?- wherein X% is —
O-, S- or NR* wherein R* is hydrogen or optionally substituted C4-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-C
cycloalkyl radicals, or optionally substituted straight or branched, C;-Cq
alkylene, C,-Cq alkenylene ,or Co-Cg alkynylene radicals which may
optionally contain or terminate in an ether (-0O-), thioether (-S-) or amino (-
NR*-) link wherein R* is hydrogen or optionally substituted C,-C; alkyi;



18. A conpound as clained in claim17 wherein RO is cyclopentyl. 19.A
compound as clainmed in claim1 whereijpgfornula (1) defines (S)-3-tert-

but oxy- 2- 13- (7- hydr oxycar banoyl - hept anoyl ani no) - benzyl anm noppr opi oni ¢ aci d
cycl opentyl ester. 20.A conpound as claimed in claim1 wherein forrmula (I)
defines (S)43-(7-

hydr oxycar banoyl - hept anoyl am no) benzyl am no] phenyl acetic acid

cycl opentyl ester 182 r’r80u nd as clainmed_in claim1 wherein
fornul a @{)—emgwmpeg bpry; I@F(QL or S( Yo-: =NR4C(=0)-, -C(= O)NR4- -NR4C( O)NRs-,

hydr oxy cagRaseD)-, ftﬁps%rm{mpwm)enbﬁnaw RIS abeRshtySRkdderdst d

cycl opentyl ester nEound as clained in claim1l erein formul a
(1) defi 9etorady subsiityted C,-Cq al

hydr oxycar banoyl - hept anoyl am no) - benzyl am no] - 4- net hyl - pent anoi ¢ aci d

cycl opentyl ester. 23. A pharnmaceutical conposition conprising a conpound
as cl ai m&ds PRrdny of the preceding clains, together with a pharnmaceutically
acceptable carrier. 24. The use of a conpound of formula (1) as clained in
any of clains 1 to 22 in the reparatlon of a conposition for treatnent of
cel | - prolA 'ﬁé*ﬂ%foi"@)‘#'i'"a|"'§@e§¥€emp8|PWIan sihstitest sease, neur odegenerative

di sease, autoi nmune di sease, inflanmmtory di sease, organ transpl ant

rej ection, diabetes haematol ogi cal disorders or infection. 25. The use as
claimed in claim?24 wherein Y is a bond, -S(=0)2 or -S(=0)2NR3- wherein R3
is hydrogen or optionally substitulgd~€t C6 alkyl. 26. The use as cl ai med
inclaim24 for the treatnent of céd } cell proliferation, Huntingdon

di sease, or Al zheiner disease. 27. 7 use as clained in claim24 for the
treatnment of rheumatoid arthritis. 28. A pharmaceutical conposition as
clainmed in claim23 which is adapted for topical adm nistration and

wher ei n, fiinkdif rEQEBRMHEE Rkt AR of Brramy -0EHH- 20 PBwrerbid 22, R2 is |inked

to the carbon atomto which it is attached through a nethyl ene radical
- CH2- . xis O or1,

Z is a bond, =NR;C(=0)-, -C(=0)NR3-,—NR,C(=0)-NR3-, -C(=S)-NRs3,
-C(=NH)-NRz —-NR3S(=0Q),-, or -S(=0),NR3- wherein R; is hydrogen or C;-Cq
alkyl; -C(=0); or -S{=0),-; and

L? represents an optionally substituted, straight or branched, C4-C; alkylene,
C4-Cg alkenylene or C4-Cs alkynylene radical which may optionally contain or
terminate in an ether (-O-), thioether (-S-) or amino (-NR"-) link wherein R* is

hydrogen or optionally substituted C4-C; alkyl;

and wherein the term “optionally substituted” means optionally substituted with up to
four compatible substituents, each of which is independently selected from (C4-
Cs)alkyl, (C4-Ce)alkoxy, hydroxy, hydroxy(C:-Cg)atkyl, mercapto, mercapto(C:-Cg)alkyl,
(C4-Cg)alkylthio, phenyl, halo (including fluoro, bromo and chloro), triflucromethyi,
trifluoromethoxy, nitro, nitrile (-CN), oxo, -COOH, -COOR", -COR*, -SO;R*, -CONH,,
~SO,NH,, -CONHRA, -SO,NHR?, -CONR*R®, -SO,NR"R?, -NH,, -NHR", -NR*R?,
-OCONH,, -OCONHR?, -OCONR"RE, -NHCOR", -NHCOOR?, -NR®*COOR",
-NHSO,0R*, -NRESO,0H, -NRPSO,0R?, -NHCONH,, -NR,CONH,, -NHCONHR®,
-NRACONHR®, -NHCONR*R®, or -NR*CONR"R® wherein R and R®are
independently a (C;-Cs)alkyl, (C3-Cg) cycloalkyl, phenyl or monocyclic heteroaryl

having 5 or 6 ring atoms.
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2. A compound as claimed in claim 1 wherein x is 0.

3. A compound as claimed in claim 1 or claim 2 wherein Z is ~C(=O)-,
-NHC({=0}- or —C(=O)NH-.

4, A compound as claimed in claim 2 or ¢laim 3 wherein L%is —(CHa)s-,
—(CH,)s-, or (CHz)s-.

5. A compound as claimed in any of the preceding claims wherein z is 0.

6. A compound as claimed in any of the preceding claims wherein Y is -5(=0);-,

-C(=S)-NR3, -C(=NH)-NR; or -S§(=0):NR3- wherein Rj is hydrogen or C-C; alkyl.

7. A compound as claimed in any of claims 1 to 6 wherein Y is a bond.

8. A compound as claimed in any of the preceding claims wherein, in the radical
L', Alk' and Alk®, when present, are selected from —CHp-, =CH;CHa-, -CH,CH;CH,-,
and divalent cyclopropyl, cyclopentyl and cyclohexyl radicals.

g. A compound as claimed in any of the preceding claims wherein, in the radical
L', Q is a divalent phenyl radical or a mono-, or bi-cyclic heteroaryl radical having 5 to
13 ring members,

10. A compound as claimed in claim 8 wherein Q is 1,4-phenylene.

11. A compound as claimed in any of the preceding claims wherein, in the radical

L' mand pare 0.

12. A compound as claimed in any of claims 1 to 10 wherein, in the radical L', n

andpareOandmis 1.

13. A compound as claimed in any of claims 1 to 10 wherein, in the radical L, m n

and p are all 0.

14. A compound as claimed in any of the preceding claims wherein the radical
—Y-L'-X'{CH,}.- is selected from ~C(=0)-, —=C(=0)NH-, -(CHz),~, -(CHz),0-,
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-C(=O)~(CH;),-, -C(=0)-{CH2),O-, -C(=0}-NH-(CHa)w-, -C(=0)-NH-(CH2),O-

J¢<:%(CHZ)WOJﬁ and W(CHQ\VO%

whereinvis1,2,3ordandwis 1, 2 or 3.

185. A compound as claimed in any of claims 1 to 13 wherein the radical
-Y-L'-X"-[CHg],-, is -CHy-, -CH;0-, -C(=0)-CH>-, - C(=0)-CH,0-, -C(=0)-NH-CH,-, or
~C(=0)-NH-CH,0-.

16. A compound as claimed in any of the preceding claims wherein R, is an
ester group of formula -(C=0)ORgy wherein Ry is
(i) RyRgCH- wherein Ry is optionally substituted (C4-Cs)alkyl-(Z"),~(C1-Cs)alkyl-
or {Co-Cs)alkenyl-(Z").(C-Cs)alkyl- wherein ais 0 or 1 and Z’ is -O-, -S-, or
-NH-, and Rg is hydrogen or (C;-Cs)alkyl- or Ry and R taken together with the
carbon to which they are attached form an optionally substituted Cs-C»
cycloalkyl ring or an optionally substituted heterocyclic ring of 5- or 6-ring

atoms: or

(i) optionally substituted phenyl or monocyclic heterocyclic having 5 or 6 ring

atoms.

17. A compound as claimed in claim 16 wherein Rg is methyl, ethyl, n- or iso-
propyl, n- or sec-butyl, cyclohexyl, altyl, phenyl, benzyl, 2-, 3- or 4-pyridylmethyl, N-
methylpiperidin-4-yl, tetrahydrofuran-3-yl or methoxyethyl.

18. A compound as claimed in claim 17 wherein Ry is cyclopentyl.

19. A compound as claimed in claim 1 wherein formula (1) defines (S)-3-tert-
butoxy-2-[3-(7-hydroxycarbamoyl-heptanoylamino)-benzylamino]-propionic acid

cyclopentyl ester.

20. A compound as claimed in claim 1 wherein formuia (1) defines (S)-[3-(7-
hydroxycarbamoyl-heptanoylamino)-benzylamino]-phenyl-acetic acid cyclopentyl

ester.
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21. A compound as claimed in claim 1 wherein formula (I) defines (S)-{4-(7-
hydroxycarbamoyl-heptanoylamino)-benzylamino]-phenyl-acetic acid cyclopentyl
esier.

22. A compound as claimed in claim 1 wherein formula (1) defines (S)-2-[3-(7-
hydroxycarbamoyl-heptanoylamino)-benzylamino]-4-methyl-pentanocic acid
cyclopentyl ester.

23. A pharmaceutical composition comprising a compound as claimed in any of

the preceding claims, together with a pharmaceutically acceptable carrier.

24, The use of a compound of formula (I) as claimed in any of claims 1 to 22 in
the preparation of a composition for treatment of cell-proliferation disease,
polygiutamine disease, neurodegenerative disease, autoimmune disease,
inflammatory disease, organ transplant rejection, diabetes, haematological disorders

or infection.

25.  The use as claimed in claim 24 wherein Y is a bond, -5(=0); or
-S(=0).NR;- wherein R; is hydrogen or optionally substituted C,-Cg alkyl.

26. The use as claimed in claim 24 for the treatment of cancer cell proliferation,

Huntingdon disease, or Alzheimer disease.

27. The use as claimed in claim 24 for the treatment of rheumatoid arthritis.

28. A pharmaceutical composition as claimed in claim 23 which is adapted for
topical administration and wherein, in the compound as claimed in any of claims 1 to
22, Ry is linked to the carbon atom to which it is attached through a methylene radical
~CHa-.



