1 Enzyne 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 diseases, including cancers,
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and apoptosrs and is, therefore, tightly controlted. Control of the changes in chromatin

structure (and hence of transcription) is mediated by covalent modifications fo

histones, most notably of the N-terminal tails. Covalent modifications (for example

methylation, acetylation, phosphorylation and ubiquitination}) of the side chains of

amino acids are enzymatically mediated (A review of the covalent modifications of

histones and their role in transcriptional reguiation can be found in Berger SL 2001

Oncogene 20, 3007-3013; See Grunstein, M 1997 Nature 389, 348-352; Wolffe AP

1996 Science 272, 371-372; and Wade PA et al 1997 Trends Biochem Sci 22, 128~

132 for reviews of histone acetylation and transcription).

Acetylation of histones is associated with areas of chromatin that are transcriptionally
active, whereas nucleosomes with low acetylation levels are, typically, franscriptionally
silent. The acetylation status of histones is controlled by two enzyme classes of
opposing activities; histone acetyltransferases (HATs) and histone deacetylases
(HDACs). In transformed cells it is believed that inappropriate expression of HDACs
results in silencing of tumour suppressor genes (For a review of the potential roles of
HDACs In tumorigenesis see Gray SG and Teh BT 2001 Curr Mot Med 1, 401-429).
Inhibitors of HDAC enzymes have been described in the literature and shown to
induce transcriptional reactivation of certain genes resulting in the inhibition of cancer
cell proliferation, induction of apoptosis and inhibition of tumour growth in animals (For



results in silencing of tunmour suppressor genes (For a review of the
potential roles of HDACs in tunorigenesis see G ay SG and Teh BT 2001 Curr
Mol Mad 1, 401-429). Inhibitors of HDAC enzynes have been described in the
literature and shown to induce transcriptional reactivation of certain
genes resulting in the inhibition of cancer <cell proliferation, induction
of apoptosis and inhibition of tunmour growh in animals (For 2 review see
Kelly, WK et al 2002 Expert Opin Inwestig Drugs 11, 1695-1713). Such
findings suggest that HDAC inhibitors have therapeutic potential in the
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Many types of HDAC inhibitor compounds have been suggested, and several such
compounds are currently being evaluated clinically, for the treatment of cancers. For
example, the following patent publications disclose such compounds:

US 5,369,108 and WO WO 03/076385 WO 04/110988
01/18171 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 WQ 05/018578
WO 02/30879 WO 03/076422 WO 05/019174
WO 02/26703 WO 03/082288 WO 05/004861
WO 02/069947 WO 03/087057 WO 05/007091
WQ 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 03/075929 WO 04/013130 WO 05/026907



US 4, 254,220 WD 03/ 076401 WD 04/0224991 WD 01/70675 WO 031076421 WO

05/ 014588 WD 01/38322 WD 03/076430 WO 051018578 WD 02/ 30879 WO 03/ 076422
WD 05/019174 WD 02/26703 WO 03/082288 WO 05/ 004861 WD 02/ 069947 WO

03/ 087057 WD 05/007091 WD 02/26696 WO 03/092686 WO 05/ 030704 WD 03/082288
WD 03/ 066579 WD 05/013958 WD 02/22577 WD 031011851 WD 05/ 028447 WO

03/ 075929 WD 04/ 013130 WD 05/026907 3 Many of the HDAC inhibitors known in
the art have a structural tenplate, which may be represented as in formula
(A): Ro-f- [+ 7--[Linker]- CO\IHO—I (A) Aherein ring Ais a carbocyclic or
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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 o
overcome poor pharmacokinetic properties 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 aclds, 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 alpha 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
available a class of compounds whose structures are characterised by having an
aipha amino acid ester moiety which is a substrate for intracellular carboxylesterase
(also referred to herein as an “esterase motif’) covalently linked to an HDAC 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 intraceflular inhibition of HDAC.



ester grouping into the HDAC i nhibitor nol ecular tenplate (A) above
facilitates penetration of the agent through the cell nenbrane, 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 accunulates to increase
the intracellular concentration of active HDAC inhibitor. This leads to

i ncreases in potency and duration ofgaction. The invention therefore nakes
avai l abl e_a cl ass of conpounds whose structures are characterised by having
an al phdleishied Peperipforpaline Inveiitisny which is a substrate for intracellular
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coval entlr% lin gd t&r@ n HDAC inhi hitor nolecular tenplate, and to the

cor r esporigltrioges Tfiqrse’(ﬁatﬁ%‘?ﬂ acids, such conpounds having
pharmaceutical utility in the treatnent of di seases such as cancers which
benefit fromi %tracel lular inhibition of HDAC. 4 Detailed Description of
the I nvention /A¢cording to the present invention there is provided a
conpound oRTT&r mul a (I') or a salt, nde, hydrate or solvate thereof: RZ
H Y- L1- X1- NeHY=-4{ LA xpmmgz CONHA (WnkeneCONHAY i gl)a carboxylic
acid group (- , Or an ester grouch i s hydrolysable by one or nore
i ntracel | ul ar carboxyl esterase enzynes to a carboxylic acid group; R2 is
the side chain of a natural or non-natural alpha amno acid; Y is a bond,
-C(=0) -, whBtel) 2-, -C(=0 O, -C(=O NR3-, -C(=S)-NR3, -C(=NH)NR3 or

-S(=0) 2NR3- wherein R3 is hydrogen or optionally substituted Cl-C6 al kyl ;
L1 is a divalent radical of fornmula -(A k1)m(Q n(Al k2)P wherein m n and p
ar e i ndefurisienarbgxylic agid grou-COOH),) oran esfet gonpivhich s fysitdlysabie dy dieval ent  nmono-
or bicycl 5 - 13 ring

menber s, o'an ﬁ)mw%ﬂh%rca lg&%g‘%% lﬁﬁ)é]?%h%@,ﬁc %Eﬁ’débrggp a dival ent radical
of formJIa X2-Ql- or-Ql-X2- wherein X2 is -

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

Y is a bond, —C(-%O)-, -5(=0),~, -C{=0)0-, -C{=0)NR3-, -C(=S)-NR3, -C(=NH)NR; or
-S(=0).NRs- wherein Rs is hydrogen or optionally substituted C,-Cs alkyl;

L' is a divalent radical of formula ~(AK")m(Q)(Ak?),- Wherein
m, n and p are independently 0 or 1,

Q is (i) an optionally substituted divalent mono- or bicyclic carbocyclic or
heterocyclic radical having 5 - 13 ring members, or (i), in the case whare both
m and p are 0, a divalent radical of formula =X*Q'- or —Q'-X3 wherein X2 is —
O-, 8- or NR*- wherein R* is hydrogen or optionally substituted C;-Cs alkyl,
and Q' is an optionally substituted divalent mono- or bicyclic carbocyclic or
heterocyclic radical having 5 - 13 ring members,

Alk" and All® independently represent optionally substituted divalent Cs-C;
cycloalkyl radicals, or optionally substituted straight or branched, C,-Cs
alkylene, C»-Cq alkenylene ,or C»-Cs alkynylene radicals which may optionally
contain or terminate in an ether (—O-), thioether (-8-) or amino (-NR™.) link
wherein R is hydrogen or optionally substituted C,-C; alkyl;



0-, S or NRA- wherein RA is hydrogen or optionally substituted Cl1-C3
alkyl, and QL is an optionally substituted dival ent nono- or bicyclic
carbocyclic or heterocyclic radical having 5 - 13 ring nenbers, Al k1l and
Al k2 i ndependently represent optionally substituted divalent C3-C7

cycl oal kyl radicals, or optionally substituted straight or branched, Cl-C6
al kyl ene, C2-C6 al kenyl ene or C2-Cs al kynyl ene radi cal s whi ch may
optionally <contain or termnate ingan ether (-0-), thioether (-S) or
amno (-NRA-) link wherein RA is hydrogen or optionally substituted Cl1-C3

alcl(<ylo) Ngx’ népresans @ bemt; SCEON onB{(=0)K; =I9R,C(e0)- S(=ONR::,—NRRFID NE) " and RS
[ein an
are i ndeé‘gﬁgg%ﬁT °‘q"@|8§28’ﬂﬁ Ww'$h_?)6£n§f ?’8 mdeg qu@bwgrog%ﬁ al kyl ; zisOor1;

A 1 epr eseniosallsulgiiesh & pya‘&lbstl tuted nmono-, bi- or tri-cycli c car bocyclic
or heterocyclic ring systemwherein the radi cal s RLR2NH- Y- L' - -[CH2 and
HONHCO- [ L] NKER]- are attached different ring atons; and -[Li nker]

represer® € %P di val ent linker radical linking a ring atomin Awth the
hydr oxani ¢ aci d group -CONHOH, the length of the |linker radical, fromthe

term nal atrgs@n g:%go g&%tlthteggno%go% %E’ trfba’cf%éagb% %&E%} nal atomlinked to

t he hydrox me ac I's equivalen an unbranched
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def'”'t'ﬂ@NR@b@[EFNI@éFi]—yaréQ&édﬁ%érﬁf@%h%&&ém@fan@' gh nolecular weight, it is

preferable, in Tine with general principles of nedicinal chem stry
practice, that the conpounds with which this invention is concerned shoul d
have mol@Diukm-m@'émmtfalemmnmrmctahm«@&mnglammmmtmnrthlar oad aspect the

i nventi rov1 des, t he C f.for fined above,
or an I\I—0|3'>5j saé’fdtgroﬁ’ﬁ/mkgs%%h%% ﬁi‘te? l§er? J%Il %O&le)‘%lteg%grggtl on of a
conposi tatom Irhlsfrd_tpma iirigtaitarg of Aéo faettermrtayatom li&kﬁd—ﬂ@ﬂ@ heydoyamic aflde conpounds
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10 carbon atoms.

Although the above definition potentially includes molecules of high molecular weight,
it is preferable, in line with general principles of medicinal chemistry practice, that the
compounds with which this invention is concerned 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
composition for inhibiting the activity of an HDAC enzyme.

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

in one 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 iimited o protozoal and fungal), inflammatory
disease, and cardiovascular disease, including atherosclerosis.



of HDAC activity, particularly HDACH 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

di sease, for exanple cancer cell proliferation, polyglutam ne diseases for
exanpl e Hunti ngdon di sease, neurogdeenerative di seases for exanple

Al zhei mer di sease, autoi mmune di sease for exanple rheumatoid arthritis,
and organ transplant rejection, diagetes, haenmatol ogical disorders,
infection (including but not limted to protozoal and fungal), inflammtory
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St  or i TETeSEPTERSL ST OB PET M RGBT conpoand of formil & (1) as
defined above. The term"ester" or "esterified carboxyl group" neans a
group R =0 no kI WRLGH | r RSk ster,
notional | yqu?r‘ ie\f'lteég W%ﬁﬁ@ °S¢b§’8f'1§f5”w5%ﬁ é%g%ﬁ{te)r g?ﬁ?%ﬁiﬁheﬁ? erm”(Ca

Cb) al ky| s thenarpen ehagacianging therestermatigeally dedfediron the glcohydl Re@idht or branched

chain al kyl radical having froma to b carbon atons. Thus when a is 1 and
bis 6, for exanple, the termjncludes nethyl, ethyl, n-propyl, isopropyl,
n- but yl A5 beeadigrs hesterm Hre-{paliy” Wiarein a and b pfeagiireiertiaRy| . As used
herein th&idflﬁbﬂhrélﬁﬁh\éﬁbm a&ﬂ@aﬁaah hé@jﬁgefmlawi:e@b&inhmm.en}nsmhamd b gre ]

i ntegers, refers t urat rocar bon in i. N roma to b carbon
Lt ons and ! A6 Rl ERplE A T e LS AR Y PR R p

" ( CCCh) abutdnigdbutyhisee-biryl, abidyldh-penivlend nthegedr s refers to a straight or

branched chain al kenyl noiety having froma to b carbon atons having at

| east one doubl e bond of either E or Z stereochem stry where applicable.
The t er nf's Vefg| NgrRikthefm “divalaph (Bs-Cypikyiene rapicgll wherein g RFdR At enyl  and

2- met hyl in@geis@eeith a sAfralseldhsa®ion chill hhwidiord at@b eabor Slafe)sat kenyl ene

radi cal " msanst.ﬁég%aﬂr gcarbon chain having froma to b carbon atons, at

| east onBCdBERPEL ito°%nd two unsatisfied valences. As used herein the
term"Ca Cb al kynyl" wherein a and b are integers refers to straight

As used herein the term “(C.-Cy)alkenyl” wherein a.and b are integers refers to a
straight or branched chain alkenyl moiety having from a fo b carbon atoms having at
least one double bond of either E or Z stereochemistry where applicable. The term
includes, for example, vinyl, allyl, 1- and 2-buteny! and 2-methyl-2-propenyi.

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

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

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



chain or branched chain hydrocarbon groups having fromtw to six carbon
atons and having in addition one triple bond. This termwould include for
exanpl e, ethynyl, 1- propynyl, 1- and 2-butynyl, 2-methyl-2-propynyl,
2-pentynyl, 3-pentynyl, 4-pentynyl, 2- hexynyl, 3-hexynyl, 4-hexynyl and
5-hexynyl . As used herein the term "dival ent (CcCb)al kynyl ene radical"
wherein a and b are integers refers to a dival ent hydrocarbon chain having
from2 to 6 carbon atons, and at Iﬁﬁst one triple bond. 7 As used herein
the term"carbocyclic" refers to a mono-, bi- or tricyclic radical having

up lt 0 |16 Ad ad ﬁb@nﬁhe & "éefrbdwd@hreadret&@mbﬁm, blacﬁldnd:yﬂlﬁd ragieq having and
cycl oa
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r adi cal s rh@nvalhgvm.cw\iﬁorn@rﬁ)@ymnu atom%lwbewqqsdoaewer, @yc!anwyb whi ch are

di rectly dybipkag é}ﬁloﬁecﬁﬁV@biﬁﬁﬁxyp@Mbhe;btW amly@bdcwe of such radicals are

phenyl bi pheny1 and napth used herein the unqualified term
heteroaryl refers to a m)no- b| or tri-cyclic aromatic radical
cont ai ni g BRE horeinthe endiﬁﬁﬁydﬂahﬂml"&w!’emb adndnoqi- Sr trityalitckathocyatid | ncl udes

radi cal s BaM9ahls SRR PRSI Bt RS pe o AiaRusRRARGKE T ¢ 11 ng and

one rmnoc%/% rect a coval ent bond.
|11 ust ratrlﬂQ&Wbich ammcﬂsdtmmthbssa mienmcandyllﬁgsmaévezqfﬁu@Jhlyﬁldl,calﬁ areyi , benzfuryl,

pyrrolyl hlem] Liland ReftRHIM dazol yl, thiazolyl, benzthiazolyl,
I sot hi azoﬁ enzi sot hi azol yl, pyr azol yl, oxazolyl, benzoxazolyl,
| soxazol yl , benzi soxazoly), |soth|azolyl t hazol yl , benztriazol yl,

thi adi az CAsydsed cnmdi A& ohqdahﬁauytérhdihmekqanmwefmimbno-m-rdrmfk gyciy| , pyrazi nyl,
“het or onyrric gieal (3Rap B BF Bitore (eRrERs MRS, ool afd 0 e
and i n i tisclures radicashaving Mthgncrr@bm@BngSoownm&dﬂ momcyclmrmg @ndcyclic
non- ar OMgl e GdrdE G@bryRHet #hith DL RESIYFhkdPEe ARbRROEMIusRIpEsed from S,
such radicals are thienyl, benzthienyl, furyi, benzfuryl, pyrrolyl, imidazolyl,
benzimidazolyl, thiazolyl, benzthiazolyl, isothiazolyl, benzisothiazolyl, pyrazolyl,
oxazolyl, benzoxazolyl, isoxazolyl, benzisoxazoly!, isothiazolyl, trlazoly!, benztriazolyl,
thiadiazoly!, oxadiazolyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, indoiyl
and indazolyl.

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

Unless otherwise specified in the context in which it occurs, the term "substituted” as
applied to any moiety herein means substituted with up to four compatible
substituents, each of which independently may be, for example, (C4-Cs)alkyl, (Cs-



N and O, and to groups consisting of a nonocyclic non-aromatic radical
containing one or nore such heteroatons which is covalently |inked to
anot her such radical or to a nonocyclic carbocyclic radical. Illustrative
of such radicals are pyrrolyl, furanyl, thienyl, piperidinyl, imdazolyl,
oxazol yl, isoxazolyl, thiazolyl, thiadiazolyl, pyrazolyl, pyridinyl,
pyrrolidinyl, pyrimdinyl, norpholinyl, piperazinyl, indolyl, norpholinyl,
benzfuranyl, pyranyl, isoxazolyl, bgnzim dazolyl, methylenedi oxyphenyl,

et hyl en mal ei m nd succi ni m do groups.. Unl ess ot herw se
speci f i e‘g“)‘?ci*a/xpﬂyd\é?ﬁn'@ﬂﬁoxﬂﬁ“ plky. mercapte, percantprCalalih Labst i t ut ed” as
apEI ![ e;:l mg)aiwny[onmeaylth(miumnmmm Bmh&’taint:lu:hbfb)vmﬂdmmrmtm}m ff)ur conpati bl e
subst i 0 anpl e

(C1- Co) gﬁﬂ%mm‘%@‘ﬁ&y@'{r&é\f‘fn&tﬁg '\9 %ﬁy roxy, & bx@? %%3%1 kyl , mercapto,
mer capt oCONHEEE81:Nkl, -CORHRA CBPaHE, t-ﬁDblRA NR"R&I-UHé i-NRfidi ng | uor o,

brono an kQ r At I KO A nitro, nitrite
| Oggﬁﬁ DEONH, B MIOTEOBUNR o :«uﬁb@& rﬂﬁ(&@% o % oA

(-
© SO2NHRANR @ﬁgﬁi‘ﬁgﬁs@@ﬁd@iﬂ 004 BNRESQRR" -NHWHB - OCONHRA,
- OCONRARRHCONHPERARAc ONEEERAH COI\NREWACCNH@@{E Offarein NRBREROH,

R RPN B R D s e e 3 o6)

cycl oal khﬁiwng Sphéniph abomsrdn Gapfichdl sulistituent) enay lbe ohawi theg fdsegmingé ring at ons. An
"option Q H,touﬁg]t " may be one of the foregoing substituent groups. The
term"” SI of 'a natural or non-natural alpha-amno acid" refers to

t he group R in a natural or non-natural amno acid of fornula

NHr |CH((]I R 'ﬁhﬁ@@ﬂ\' s}gc@tﬁﬁ‘ﬁ lof g naﬁhraﬂs b%nmrélsﬁmé aRiddichd” r@fbl@?@trﬁr@r&% aci dts

i ncl ude those of al anine gi ic aci cysteine,
cystine, "I{dT‘ aiahyal oré:&qrhnatwpgqrpl %d °%f°f"|%ﬁ>‘@ 9%% ﬁi’% - hydr oxyprol i ne,

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

thr eoni ng,. Entp Rk QBL a8, dnstéf“ﬁﬁ* d'ﬂﬁrpiaé( innin'a%mdgfrﬁ;[ﬁ'gg%gé Bt]&ann?ec | d

a- am no- n- yr|c acl roxyphen nine
a- et hyl asgipinecaspaaging Hspartic pclﬁ»@mﬂeiﬂe, %ﬁm; gigienic md bistidies, 5-

hydroxylysine, 4-hydroxyproline, isoleucine, lsucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine, a-aminoadipic
acid, a~-amino-n-butyric acid, 3,4-dihydroxyphenylalanine,

homoserine, ac—methylserine, ornithine, pipecolic acid, and thyroxine.

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

The term “protecied” when used in relation to a functional substituent in a side chain
of a natural alpha-amino acid means a derivative of such a substituent which is
substantiatly non-functional. For example, carboxyl groups may be esterified (for
example as a C;-C; alkyl ester), amino groups may be converted to amides (for
example as a NHCOC;-C; alkyl amide) or carbamates {for exampie as an
NHC{=O)0C,-C; alkyl or NHC(=O)OCH,Ph carbamate), hydroxyl groups may be
converted fo ethers (for example an OC4-Cs alkyl or a O{C4-Cs alkyl)phenyl ether) or
esters (for example a OC(=0)C~C; alkyl ester) and thiol groups may be converted fo



Nat ural al pha-am no acids which contain functional substituents, for
exanpl e am no, carboxyl, hydroxy, nercapto, guanidyl, im dazolyl, or

i ndolyl groups in their characteristic side chains include arginine,

| ysine, glutam c acid, aspartic acid, tryptophan, histidine, serine,

t hreoni ne, tyrosine, and cysteine. Wien R2 in the conpounds of the

I nvention is one of those side chains, the functional substituent nmay
optionally be protected. The term gprotected” when used in relation to a
functional substituent in a side chain of a natural al pha-am no add neans
a deri vthidetternfforsuampla adebbutyitanbanzyldhioether)or thingstersaffariexdmple @aon- f unct i onal .

For exagpl. Bl : ps may be esterified (for exanple as a Cl1-C6
al kyl egﬁgﬁ’gg%gﬁgxﬁ?%ﬁegg may be converted to arides (for exanple as a

NHCOC1- CB al kyl ami de) or carbanmates (for exanple as an NHC(=0) OCl-C6
al Ey l OExé\Jhiﬁéf 56?)sﬁa%%l Bhs aﬁg&mr?)?ﬁhamwddégﬁmm% llrxml}feﬁﬁed ﬁ:;)nve[] t e;d to
et hers or .exanpl e an - r a - en et her) or
esters %?'B‘F“ éﬁ%f"@%”&u—l@%ﬁg@@ﬁﬁ?%S’Ius%g‘tcgwoﬁ'?f% "t%e) res&l“?;ups may be
convert ggledtion9 thioethers (for exanple a tert-butyl or benzyl thioether)
or thioesters (for exanple a SC(=0) Cl-C6 al kyl thioester). Exanples of
side chains of non-natural alpha am no acids include those referred to
bel ow i Asubrd hirejo thesponsait” isdiides bpee Fitign agssaddiion gaé avaieEdifpounds of the
pr _ez eng 8a[its[‘¢§r'ﬂbétﬁﬂs oﬁtﬁe Nﬁ&‘i’cioh%ﬁ:ﬁéré Q@ché eémaa'gﬁ 8hits, inﬁlﬂ&ih@ldest base mﬁ'dd Ih tion,
acid addjtion an uat er nar S S. ou 0 e invention ich are
So i o EhAmeeR M o e B bt ee AP bu ey MR e ol T w b
bases ssediuraandpstassiunreydabxidesalioaiine esrth me! hydsoities ganglcipot assi um
hydr oxi : L.ine. al. ' el Bl -barium and
magnesi g%?%"}%&%@?@%%“%@%@%%?? %ses?qg?%g'_ﬁl-mrreemél @@*_‘rﬁ"%?am ne,
chol i nechaling irsdoxymetbylaminanneibans Liesgieine L-tasigs. N-elBy! PiPerigiBg.ne, N-et hyl
pi per i digenzyidtiResthe M eh@REokbBudds K§ whibth 0fSo R BAAMRES(t,) Which are
basic can formsalts,. includi n"_g?éhar_ Eraceut lcal]y acc tgbl el. salts with
i nor ganieiudivp gaarmacgtichliviarceRIAIGHRE NN Ay ae he‘ﬁsmﬁ{}ﬁ ReAf%ric or
hydr obr agitis suhiaghydsctigitiotihgdreleomhic avidsy suiphaide dcidyrnitric acid or

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

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

benzenesunfonic, giutamic, 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 stereochemistry at each chiral centre. The invention
includes all 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 intraceliular
carboxylesterases. However, for so long as they remain unhydrolised, the esters may
have HDAC inhibitory activity in their own right. The compounds of the invention
include not only the ester, but also the corresponding carboxylic acid hydrolysis
products.

The hydroxamate group —C{=0INHOH

In the compounds of the invention, the hydroxamate group functions as a metal
binding group, inferacting 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.



phosphoric acid and the Ilike, and with organic acids e.g. Wth acetic,
tartaric, succinic, fumaric, maleic, malic, salicylic, citric,

nmet hanesul phoni ¢, p-tol uenesul phonic, benzoic, benzenesunfonic, glutamc,
| actic, and mandelic acids and the |ike. Conmpounds of the invention which
contain one or nore actual or potential chiral centres, because of the
presence of asymmetric carbon atons, can exist as a nunber of

di astereoi sonmers with R or S stereoghem stry at each chiral centre. The
invention includes all such diastereoi soners and m xtures thereof. As
stated above, the esters of the invention are primarily prodrugs of the
corresponmgmﬂqﬁar@pﬁ%khpAacids to which they are converted by intracellul ar
car boxyl esterases. However, for, so |long as they remain unhydrolised, the
esters n%}"%?ﬂ@g SEeiAR BBYGr B arcffwcwhpyarbﬁcnckrewrhe@mpyﬁncgm The conpounds
of the i mystem| auionalyalbsdieitatin thakymphede st e mvbmttonahr&m Hoh@d ﬁ)Qhé espondi ng

b | =0O) NHOH |
the conpiRc R kR e A S A S S e P PR oo & et a
bi ndi ng @robeoritainieg thetrmety ivn, with thee-{islcsl- radinal @tertdh@ c@eﬂ:enrrﬁo fhat e of the
HDAC enz XSBaaet ItﬁMHg%to th@ ﬁleﬂati bi}?&ﬁg h@h‘?&aﬂ&c &ﬁpﬁ‘aﬁﬁ Un {h@ art el r?é de ﬁ'a enzymne

structure. ring Sys % s a nono-
bi- or t PVst%'?&’F éomﬁwwrwlmfemfeﬁé&ﬂé‘he@d QVPHRj' of S'i!l'ﬂf?tﬁof optionally
substltumﬁgnmbgomh@sgggp@unﬁaumgméhﬁmmﬁgent|on when bound to the HDAC
enzyme's active site, ring or ring systemA lies within or at the entrance
to the pocket containing the netal ion, with the -{Linker]- radical
extendi ng deeper into that pocket Iinking A to the netal binding
hydroxam c acid group. In the art, the ring or ring systemA is sonetines
informally referred to as the "head group” of the inhibitor. Exanples of
ring systens Ainclude the following: 11 N~/ I N\ 1| / \




NN VI / RoRo NN\ / GBRIO HNPh -NJ\ I / N'"ON1I0 NNI \ / \ S\

pl N\ NNNH to HN S-N 12 wherein R10 is hydrogen or optionally

substituted Cl1-C6 al kyl, the bond intersected by the wavy |line connects to

t he Linker radical in the conmpounds (1), and wherein the grouping

R} R2CHNHYLI XI [ CH&n t he conpounds (1) is linked to any convenient ring atom

of the ring system shown. The -[Linker] radical -[Linker]- represents a

divalent linker radical linking a ri atomin Awith the hydroxamc acid

group CONHOH, the length of the linker radical, fromthe termnal atom

linked to the ring atomof Ato the termnal atomlinked to the hydroxamc

acid group, being equivalent to that of an unbranched saturated

hydr ocarbon chain of from 3-10 carbon atons. An unbranched saturated

hydr ocarbon chain of 3 carbon atons has a |l ength of about 2.5 angstrons,

and one of 10 carbon atons has a length of about 11.3 angstrons. The

| ength of ang given -[Linker]- radical can be determned fromdata on atom

radii and bond lengths in the literature, or can be determ ned using

chem cal structure nodelling software such as DS ViewerPro (Accelrys, Inc)
The defined length of the -[Linker]-radical reflects the fact that the

head group A may lie at the entrance to, or within, the netal

i on-cont ai ni ng pocket at the active site of the




enzynme, and is therefore |oosely related to the depth of that pocket. In
many cases, the length of the linker will be equivalent to that of an
unbranched saturated hydrocarbon chain of from4 to 9 carbon atons, for
exanple 5, 6 or 7 carbon atonms. Specific general types of -[Linker]-
radi cal are those discussed bel ow as "Type 1", "Type 2", and "Type 3"
linkers. Type | linkers In this type, -[Linker]- represents a dival ent
radical of forrmula -(CH2)x Z-L2- vvhe{jaln xisOorl; Zis a bond, -NR3-,
-NR3C(=0) -, -C(=O NR3-, -NR4C(=0) -NR3-, -C(=5)-NR3, -C(=N)-NR3 -NR3S(=0)2-,
or -S(=0 2NR3- wherein R3 is hydrogen or Cl1-C5 alkyl; -C(=0O; or -S(=0)2-;
and L2 re t ed, c4- C7
Qrﬁ@r‘é%rﬁq?ls@gdr%B%r\ 9@1&%&%&%%@ (..eclf’r ffﬂeggca Serp |Ch

al kyl ene, ene
opt i onal | §1ediY Bn%cwf*@ctﬁ orthe hiaker radicahin tb@ mpwnds §); anchiorreihdhre ( - s- ) or

anino (- Nﬁb&u;‘mng RIFGCNNBIYEI 0 (FRAL irSthe b&ﬁﬁ&ﬁ@@gmé MO BRY dohvartidi ihg ut ed C1- C3

al kyl. 13 ne.sub-cl ass this type of I|inker, |n any conpati bl e
conbi nau%ﬁ?m%? oJing. Systems owrNH_ (=0 -, -NHC(=O) - -C(=ONH and L2 is
-(CH2)s-,-(CH2)6-, or-(CH2) -. Type 2 i nkers Inthis type, -[Linker]-

represent 4 Iﬂh}(%‘_?é&%d’!adl cal of fornula -(CH2)x L3-Arl-L - wherein
xi sOor 1; or Z-L2 wherein Zis as defined in relation to Type
| 1i nker s-ldner}- sapmeseptsiadivalapb lirkenradigal linking a fiag hipmsuBstiinttes ed di val ent CL- C3

al kyl ene ﬁﬁﬁé)@ﬁﬁoamd“grbuﬁ @OﬂH@'WﬁleﬂéﬁgtfpgﬁﬁWhnk&aﬂHﬁQ{l fr&th tid tgr'n\{ﬁagent frono-, or
bi -cyclic heteé%ﬁe){he[ radi cal having 5t ring nmenbers L4 is a bond
o

or optiondP inoeiom eLp 1o e ter@qg@fpm "F'FPddﬁ@es'l}’SfQ’,‘P'a%aC@f this type
of |inker groum being eqoinglatitbdthet cfeminbahtied,satrdted ﬁ)yd&fcaﬂbonlcﬁalh 8f fr(th'lOr Z-12,

wher ei n ZS 18 CaINH'-I atomskﬂ ur@rgnched §s(tura?e% ydrogarbon cgh r? o% Jcar on a oms - L4is a
has a length of about 2.5 angstroms, and one of 10 carbon atoms has a length of '
about 11.3 angstroms. The length of ang given -[Linker}- radical can be determined
from data on atom radii and bond lengths in the literature, or can be determined using
chemical structure modelling software such as DS ViewerPro (Acceirys, Inc) . The
defined length of the —Linker]-radical reflects the fact that the head group A may lie at
the entrance to, or within, the metal ion-containing pocket at the active site of the
enzyme, and is therefore loosely related to the depth of that pocket. In many cases,
the length of the linker will be equivalent to that of an unbranched saturated
hydrocarbon chain of from 4 {o 9 carbon atoms, for example 5, 6 or 7 carbon atoms.

Specific general types of —{Linker]- radical are those discussed below as “Type 17,
“Type 2", and "Type 3" linkers,

Type 1 linkers
In this type, ~{Linker]- represents a divalent radical of formula (CH,)-Z-L2 wherein
xisOor1;

Z is a bond, -NRg-, ~NR3G(=0)-, -C(=O)NR3-,~NR,C{=0)-NRs-, -C(=8)-NR3,
-C(=N)-NR3 ~NR;3S(=0),~, or -S(=0),NRs~ wherein R; is hydrogen or C,~Cs
alkyl; ~C(=0); or -8(=0),~; and

L? represents an optionally substituted, straight or branched, C,-C; alkylene,
C4-Cs alkenylene or C,-Cs alkynylene radicals which may optionally contain or
terminate in an ether (-0-), thicether (-S-) or amino (-NR"-) link wherein R* is
hydrogen or optionally substituted C,-C; alkyl. '



bond or-CHr; and Art is divalent radical selected fromthe followng: NN
*Nb NEN NN NNNNN XX XX X 14 wherein Xis 0, Sor NH O the
above Ar' radicals, the benzo[b]thiophen-6-yl radical S is a particular
exanpl e In anot her sub-class of this type of |inker, in any conpatible
conbination, x is 0; L3 is L2, wherein L2 is an straight chain C3-C5
al kyl ene radi cal which may optionally contain an ether (-0-), thioether
(-S) or amno (-NRA-) |ink wherei n]éRA i s hydrogen or optionally
substituted Cl1-C3 al kyl, for exanpl® hydroxyethyl; and Ar' is dival ent
radical selected fromthose |listed in the precedi ng paragraph. In yet
anot her subcl ass, of s t x.1s 0, L3.and L4 are ho and Ar' is a
i val ent P8RS EerbenBa B P gt fidw R b e, o cal havi ng 9
t 013 ri neNiteaBEQs;, -MdE(=0@rBl=0dier aod Eds +(Qitst HEHDe! boviCHg- * Q P4 U X U X
P. X XUX WQ WYQP ~XiP Xf Uwherein Xis selected fromO, S and NH
and P, QF and U are independently selected fromN and CH, and the bond

*

mar ked *¥yoeglinkefBed to the CONHOH group; and the bond narked * is |inked
to the rinngs §pel LNakeY SpfdBefis aldvalehy BRIcA! diifdHiRIaS-(CH),- L3-Ar-L%-
wherein
xisOor1;

1%is Z or L2 or Z-L.* wherein Z is as defined in relation to Type 1 linkers and
and L2 is a bond or an optionally substituted divalent C;~C, alkylene radical;

Ar' is a divalent phenyl radical or a divalent mono-, or bi-cyclic heteroaryl
radical having 5 o 13 ring members, and

L*is a bond or optionally substituted —CHg- of -CH=CH-.
in one sub-class of this type of linker, in any compatible combination, x is 0 or 1; L2 is

Z or Z-12, wherein Z is =NH-, -NHS(=0)-, ~S(=0);NH- or ~§(=0).-; L% is —CHs- L* is a
bond or—~CHz-; and Ar' is divalent radical selected from the following:

HoH Rt R %{:H



In this type, -[Linker]- represents a divalent radical of fornmula -(CH2)Xx
L3-B-Ar' -L4- wherein x, Ar', L3 and L4 are as discussed wwth reference to
Type 2 linkers above; and B is a nono- or bi-cyclic heterocyclic ring
system In one subclass of this type of linker Bis one of the follow ng: +
Nl ----- "N + Na~ +-CN~ ~No WX W wherein Xis Nand Wis NH, O or S. The
ester group R, The ester group R nust be one which in the conpound of the
invention is hydrol ysable by one of4 nore intracellul ar carboxyl esterase
enzynmes to a carboxylic acid group. Intracellular carboxyl esterase enzynes
capabl e WherRpdrBIQ;Siaiditt he ester group of a conpound of the invention to
the corresponding acid include the three known human enzyme isotypes
hCE-1, hCE-2 and t hou hese are .considered to be the main
enzynes,ggpﬁéﬁbﬁﬂgy aQA% 8§§ﬂ1%ﬁeﬂﬁ1ﬁyﬁ?@F%se (BPH) may al so have a
role in hydrolysing the ester. In general, if the carboxyl esterase
hydr ol yses the free amno acid ester to the parent acid it wll, subject to
t he N-carboayrdapendence of hCE-2 and hCE-3 di scussed bel ow, al so

hydr ol yse the es pot i f  when coval ently conjugated to the HDAC

i nhi bi tor QpET; broken cell assay described herein provide a
straightforward, quick and sinple first screen for esters which have the
required hydronS|s profile. Ester notifs selected in that way may then be
r e- assay &d? Paitieuns examele car boxyl est erase assay when conjugated to the

nodul ator 16 via the chosen conjugation chemstry, to confirmthat it is

still a ﬁﬁn@@éb@t@ﬁﬂa@é@ﬁ%s tﬁi@lﬁ%l@r% bﬁy &&ﬁéﬁtlﬂ@%&ﬁﬁlﬁéﬂbﬁ xé%blﬁ' t to the

reqU| remaznt 1 ha t ey intracel |l ul ar car est erase
enzynes, B%Fs*ﬂis IS SHQ&QP{] %\a %@dkg}ensfmwmh MAR PEIH’Ba!{VWBQ‘émof formul a
- (C=0) ORsh ethdsrﬁ#@nrthia@thes( £4) pr KRG CHIRWhiek ahereRRAishyapédeanal | y substituted

(C1-C3) %&Xhall&éugﬁtuﬁeg C;-C; alkyl, for example hydroxyethyl; and Ar’ is divalent radical
selected from those listed in the preceding paragraph.

In yet another subclass of this type, x is 0, 1.2 and L* are bonds, and Ar' is a divalent
phenyi radical or a divalent bicyclic heteroaryl radical having 9 to13 ring members, for
example selected from the following:

%

\'/Q\I%* PI/QT\>— * Q‘j:\{* P
Ps P X {]\u/ X IU/ X */lu’/ X

— | — I
* XI\U/P * < \U/Ik**

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



C3)al kyl - or (C2-C3)al kenyl-(Z')a (C-C3)al kyl- wherein ais 0 or 1 and Z
is -0-, -S, or -NH, and R3 is hydrogen or (Cl-C3)al kyl- or R7 and R3
taken together with the carbon to which they are attached form an
optionally substituted C3-C7 cycloalkyl ring or an optionally substituted
heterocyclic ring of 5- or 6-ring atonms; or (ii) optionally substituted
phenyl or nonocyclic heterocyclic having 5 or 6 ring atons. Wthin these
cl asses, RO nmay be, for exanple, ?yl ethyl, n- or iso-propyl, n- or
sec- butyl, cyclohexyl, allyl, phen& benzyl, 2-, 3- or 4-pyridyl nethyl,
N- net hyl pi peri di n- 4- yI tetrahydrofuran-3-yl or nethoxyethyl. Currently
preferre is cyclopentyl. Macrophages are known to play a key
role in %mrrg%—o di sorders through the release of cytokines in

parti cul am thisNgRe, aﬁdlkeltl-—@plpwﬂs &dwalenttradical Af fotmils -CHaqd-BReLat i sm, 2003,
1229- 123%)!1ere||rf‘x WEW“%@Q@&UE&& {ﬁe%fe?ern@e Eﬂiﬂl@erg 'a%g}e to the

mai nt enance of j oi nt |'ammation and j ol nt dest ucti on. ages are
also i n@dP@é‘&P”PnorttUﬁ)fﬁJF hejPRYdic HRYISHBEMe| opment (Nal dini and Carraro Curr
Drug Targets Infl amﬂ Al l er gy ,2005, 3-8 ). Hence agents that selectively

t ar get crophage eration ul.d be of value in the treatnent of
cancer gﬁraoréezeu%gl h‘ﬁ tllguker Eroggﬁfﬁ@féjw&gfi c cell types would be

expected to lead to reduced side-effects. The inventors have discovered a
met hod of targeting HDAC inhibitors to nmacrophages which is based on the

observationjt hyat t way in i ch\t he esterasg n "I:I_is linked to the HDAC
i nhi bitor déf m V\hethé'i" t i ydr ol ysied e

nce whether or not it
accurul ates inYdirfferent cell es. Speci fi catty

it has been found that
macr ophages contain the human carboxyl esterase hCE-1 whereas ot her cell
types do not. the gener rmula (1) 3.t hgyni trogen of the esterase

notif RIR2 not dir ly 7 linked to rb l (-C(=0)-), ie when Y
t ster will only be
ors only accumul ate in

is not a-C(=0 =0 O or HO/NR3- 13
hydr ol ysed by h and hence t HDAC i
macr ophages. Herein, unless "nonocyte" or "rmnocytes |s specified, the
term macr ophage_o et oph be use macr ophages
5oci at €d rrawrfo\p%ges) m) ocytes. 17 The ami no

(i ncludin no
wherein XisNand Wis NH, O or S,

acid side thaj

The ester group Ry

The ester group Ry must be ane which in the compound of the invention is
hydrolysable by one or more intraceliular carboxylesterase enzymes to a carboxylic
acid group. Intraceliular carboxylesterase enzymes capable of hydrolysing the ester
group of a compound of the invention to the corresponding acid include the three
known human enzyme isotypes hCE-1, hCE-2 and hCE-3. Although these are
considered to be the main enzymes, other enzymes such as 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 moduiator



Subject to the requirenment that the ester group Rl be hydrol ysabl e by

I ntracel |l ul ar carboxyl esterase enzynes, the identity of the side chain
group R2 is not critical. Exanples of am no acid side chains include Cl-CB
al kyl, phenyl, 2,- 3-, or 4-hydroxyphenyl, 2,- 3-, or 4-nmethoxyphenyl, 2,-
3-, or 4-pyridylmethyl, benzyl, phenylethyl, 2-, 3-, or 4-hydroxybenzyl,

2,- 3-, or 4-benzyl oxybenzyl, 2,- 3-, or 4- C, -CB al koxybenzyl, and

benzyl oxy(Cl- CBal kyl ) - groups; the gparacterising group of a natural a

am no acid, in which any functional group may be protected; groups -[A k]"
RB wher e v tke clgosen cEiugeBpatiienistor o ©nfi@Bhal ikie sijl a carbapylesiptasenal | y

'nte”“ptsﬁgst@eﬁ%t%cl%@fﬁ%) aI kor -S- atons or -N(Ry)- groups [where R7 is

a hydrogen atom o yl group], nis O or 1, and R6 is an
optional Iy substituted cycloalkyl or cycl oal kenyl group; a benzyl group

substi t utsR@; ebﬂottmﬁ'eﬁii\@ﬂ')@nt {hiafigleyp Ne d@tb’ él!ﬂeﬁ inerééNubﬁcarWMBe where RB s
hydr oxyl, am no, aI kl;l)] & koxfy ’4‘-‘% é:B@%(#yl am no,

di ((Cl- GBPANSSy P ‘:T’?oo pBWE 9'y€(5 8 3 WLH se pigr an am no
?m g gr amwb::hahm@mm@&lt @herein Ryis ctmodalylsummuim the:ebdl-Z9a{Cl- r esi due bei ng
I nke VI [ | | ycine, a
or (3 al v a‘ﬂ&l %ngjecr?ga(ﬂ&ﬂgﬁ% @ é@@gu‘@%ﬁ%n iR (ﬂgrnﬁﬁolegr‘]ﬁ% ?gérgs?/ne

t r ypt ophaiit-sandiRads hydrgsoioF (e Caafiert-oF Reanche 1 Qihfpﬁﬁhef with e cashane,

gl utam N whbéﬁ't ggr@étﬁafchéa 8fn aﬁb&kdﬂh%ub&ht%@@b—@? afddaikyhg oraar tic acid; a
heterocyc

i - Subst (oplienaly yBstisd RISTRe I BD PLoT SgMAaT s 8l O SHERG, car boxy.
gcgi- CB) a|sh§3¢&ute¢mwﬂ19l,or(nﬁho@Bﬁ@Hlé{@'quhc havtr@fd or@Grrivgyettanys. V\(iﬁh—t%)aal kyl ,

r oxy, to,
(C1- CB) (P h R R e B eEr Pk P o ook el oy o T oo
( CL- CB) alcygiblpxgingliynptiényl, besaytl 2a @pmpymmmw—mﬁhmwwm 4-gl, each of Ra, Rb
and R i SedDYGRRALLAN of rBiPSRA. Crfehif-RbRIMY is wiets RPL YNy,

Macrophages are known to play a key role in inflammatory disorders through the
release of cytokines in particular TNFe 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 cell types would be expected to lead ta reduced side-effects. The
inventors have discovered a method of targeting HDAC inhibitors to macrophages
which is based on the observation that the way in which the esterase moilif 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; CGHNH- is not directly
linked to a carbony! (-C(=0)-), ie when Y is not a —C(=Q), -C{=0)O- or -C(=O)NR;-
radical, the ester will only be hydrolysed by hCE-1 and hence the HDAC inhibitors will
only accumulate in macrophages. Herein, uniess "monocyte” or “monocytes” is
specified, the term macrophage or macrophages will be used to denote macrophages
{including tumour associated macrophages) and/or monocytes.



(Cz- C6) al kynyl , phenyl (C1-C6) ai kyl, (C3-CB)cycloal kyl; or R is hydrogen
and R and Rb are independently phenyl or heteroaryl such as pyridyl; or
RO is hydrogen, (Cl-GC6)alkyl, (C2-C6)alkenyl, (C2-C6)alkynyl,

phenyl (C1- C6) al kyl, or (C3-C6)cycloal kyl, and Na and Rb together with the
carbon atomto which they are attached forma 3 to 8 nenbered cycl oal kyl
or a 5- to 6-nenbered heterocyclic ring; or Ra, Rb and R, together with
the carbon atomto which they are aHached forma tricyclic ring (for
exanpl e adamantyl); or Na and Rb are each independently (Cl-C6)alkyl,

(C2- C6) arkewinoabﬁ%fd@&hazhlﬂgnyl phenyl (C1- C6) ai kyl, or a group as def i ned
for her with the carbon
atom to V\}!I %\%1?'%{%8 %&%ﬁ&%@%ﬁ%ﬁ er?;Foug'? wdﬁpﬁéq?ggr het er ocyclic ring,
and R i @tragaﬂulgg@nboxyiemgrasgppzymsdg@mi,enttty:}&f the s@azham geup B4)spwt f | uor oal kyl ,
-CH2OH, KER(Cl1-Cs)al kyl, -Q(Cl-Cg)al kyl, -Q(C2- C6)al kenyl,

-S(Cl-C6) al kyl, -SQ(C1-C6)al kyl, -SQ2(C1-C6) al kyl, -S(Cz- C6)al kenyl,

- SQ( C2- Co) al kenyl, -S2(C2-C6)al kenyl or a group -Q Wwherein Q represents
a bond OExarfibles of@mino &uid sity chafbeihclded W represent s a phenyl, phenyl al kyl
(C3-CB) cycl oal kyi, (C3-C6)cycloal kyl al kyl, (C4-CB)cycl oal kenyl, (C4-

C8) cycl oal kenyl al kyl , heteroaryl or heteroaryl ai kyl group, which group W
may opt CobGadlkyl, fhenguhsd- ond-dirdyypheng, 2+ 3nor ¢-methexyihendn?,s | ndependent | y

sel ect eds Bf@ﬂ*rndﬁ)mrﬁﬂ(ﬂaéyc?h%%%ﬂlyl '29?5 or%m’oxyt@&@ 46) al kyl, - CONH2,

- CONH( C1-
(Cl- C4) péF beaB%Yl%VWFW 2¢-car4- @@)Caﬁlkwbeﬂ%’ b @nd beyoRy(Cr-CoaiefC1- C8) al kyl |
- SQ2( C1- gloysd; kyl , -NO2, -NH2, - NH(C1-CB)al kyl, -N((C1-C6)alkyl)?2,
- NHC(( C1- C6 al kyI , (C1-Co)al kyI , (C2- CB)al kenyl , (C2-CB)al kynyl,
(C3-C3) cycl oal kyl, (C4-C6)cycl oal kenyl, phenyl or benzyl. Exanples of
parti cul e chRragedesgrone biukatdrgidy agieo atitthie which @hy &ntdondigrolamay ), benzyl
phenyl Jo%@%ﬁyl met hyl , cycl ohexyl, pyridin-3-yl nmethyl,
tert- but oxé yl, iso- butyI , sec-butyl, tert-butyl,
1-benzyl t hi o-1-nmet hyl ethyl, 1-nmethylthio-1-methylethyl, 1

groups -[Alk],Rs where AlK is a (C4-Ce)alkyl or (Cx-Cg)alkenyl group optionally

interrupted by one or more -O-, or -S- atoms or -N(R7)- groups [where Ry is a
hydrogen atom or a {C;-Cg)alkyl group], nis 0 or 1, and R; is an optionally substituted
cycloalkyl or cycloalkenyl group;

a benzyl group substituted in the phenyl ring by a group of formula ~-OCH,COR;s where
R is hydroxyl, amino, (Ci-Cg)alkoxy, phenyl(C4-Cslaltkoxy, (C4-Ce)alkylamino, di{((Cs-
Csalkyl}amino, phenyl(C,-Cs)alkylamino, the residue of an amino acid or acid halide,
ester or amide derivative thereof, said residue being linked via an amide bond, said
amino acid being selected from glycine, o, or B alanine, valine, leucine, isoleucine,
phenylalanine, tyrosine, tryptophan, serine, threonine, cysteine, methionine,
asparagine, glutamine, lysine, histidine, arginine, glutamic acid, and aspartic acid;

a heterocyclic{C;-Cs)alkyt group, either being unsubstituted or mono- or di-substituted
in the heterocyclic ring with halo, nitro, carboxy, (C-Cs)alkoxy, cyane, (C-Cs)alkanoyi,
trifluoromethyt (C4-Cglalkyl, hydroxy, formyl, amino, (C,-Cglalkylamino, di-(C,-
Cslalkylamino, mercapto, {C+-Cg)alkylthio, hydroxy{C;-Celalkyl, mercapto(C-Ce)alkyl
or (C1-Cg)alkylphenylmethyl; and

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



19 nmercapto-1-nethylethyl, and phenylethyl. Presently preferred R2 groups
i ncl ude phenyl, benzyl, and !so-butyl. For conpounds of the invention
which are to be adm nistered systemcally, esters with a slowrate of

car boxyl esterase cl eavage are preferred, since they are | ess susceptible
to pre-system c nmetabolism 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 thggacid product. However, for |ocal

adm nistration, where the ester is either directly applied to the target
tissue or direathed RatidrandiRe s indapessentip hydroganhiG i)yl (C£Callkanyl, of t en be

desirabl e thaEC}éL?all?yﬁyl?;Shelﬂﬁ‘ﬁcﬁca? u'ﬁ(gcar_?g) clkik@sser ase cleavage, to mnimse

systeni ¢ exposure and consequen want ed side effects. In the conpounds of
this invention, if the carbon adjacent to the al pha carbon of the al pha

ani no aci d esKkek hy@di&T ardRJWads Weshidpeheshtly pRerffPor HetdabitéuétRes bei ng the
mno-substituen@%{l_then the esters tend to be cleaved nore rapidly than if

that carbon i &" Ofr tri-substituted, as in the case where R2 is, for

exanpl e, phenyl or cyclohexyl. The radical -Y-L'-X -[CH 1 This radical (or

bond i t ] t ink th
o b aci d s R Mt e dulb o ECORAL o SCAAkERN pRIBREReRBIN 1, T Tor
Clearly the eHénCslygoalyh a3neRyanthis togriberaditidihe ersbonestonds yhigh del y, and t hus

nmany conbi nat jnepareiitachdifois BB femberdd cycldalNEr 250 @-RaHSéd €.  Hovever,
as nenti oned ﬁtﬁlﬁove, when the inhibitor is bound to the HDAC enzyne at its

active site, PHEOREIMESlp Ais located at the top of, or within, the
nmet al -i on-cont ai ni ng pocket of the enzyme, so by linking the amno acid

ester notif t a ' ' ' Lon away from
that pocket, g_?id bt% Hgg" %g%{hrgn}@éﬂsﬁ%r%g%?#sﬁ?%igﬁ?@ eéﬁé(;%@av(\"ng %(#aﬁhlg bi ndi ng
mode of the irigydlipriagfonaxampigtadamantyll;#ker ] - CONHOH. Hence the preci se

combi nation of variable neking up the Iinking chem stry between the am no
o oo e S aehondl B A ol (L St (LB LR, 0! e
| i nkage chem glighyl(CRYe)aikyt, 20 agrapse e fnstiforf, befudhdbthérdnsal hyidrageh, oy
Interactions i Loy &NEGREXTE 1 cdrBish 4R tPhniciPlhef ettt M ed 8im 4 e et al

cycloalkyl or heterocyclic ring, and R, is hydragen, -OH, -8H, halogen, ~CN, ~

CO,H, {C4-Cs)perfluoroalkyl, -CH>OH, -CO»(C4-Cglalkyl, -O{C-Cgalkyt, -O(C»-

Ce)alkenyl, -S(C4-Cg)alkyl, -SO{C-Cq)alkyl, -SO2(C+-Cs) alkyl, ~S(Co-

Cg)alkenyl, -SO(Cx-Cs)atkenyl, -SO,(C.-Cs)alkenyl or a group -Q-W wherein Q

represents a bond or -0-, -8-, -80- or -S0O,- and W represents a phenyi,

phenylalkyl, (Cs-Cs)cycloatkyl, (Cs-Cs)eycloalkylalkyl, (C4-Cs)eycloatkenyl, (Cy4-

Cs)eycloalkenylalkyl, heteroaryl or heteroarytalkyl group, which group W may

optionally be substituted by one or more substituents independently selected

from, hydroxyl, halogen, -CN, ~CO2H, -CO»(C4-Cg)alkyl, -CONH_z, -CONR(C;-

Celalkyl, -CONH(C-Csalkyl),, ~CHO, ~-CH,OH, (C;-C,)perfluoroalkyl, -O(Cs-

Ce)alkyl, ~S{Cy-Cg)alkyl, -SO(C4-Ce)alkyl, -S0O(C1-Cs)atkyl, -NOy, ~-NH,, -

NH(C;-Cg)alkyl, -N{{C;-Cs)alkyl)z, -NHCO{C+-Cg)alkyl, (C-Ce)alkyl, (Co-

Cs)alkenyl, (Co-Cg)atkynyl, (C5-Cs)oycloalkyl, {C4-Csleycloalkenyl, phenyl or

benzyi.

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



I on- I nin ocket, thereby enhancing binding. It should also be noted
{ggtcgﬂgabghe?i?s of the aning acid ester notif described above (faglle
entry into the cell, carboxylesterase hydrolysis within the cell, an et
accunul ation within the cell of active carboxylic acid hydrolysis pro yg )
are best achieved when the 20 |inkage between the am no acid ester HDLI
and the head group is not a substrate for peptidase activity mﬁthlr t F
cell, which might result in cleavage of the amino acid from the nol ecul e.
Of course, stability to intracellul arl%eptidases is eaS|Iy tested by

i ncubat i ngmbimepmma@mﬂ&hw e rﬂigﬁﬂé{ﬁ}ﬂeﬂ-eg@{ﬂb 8%%;;99@{2%6 F\H?I ysing for any

king the

h cle Wih t Qr egoi ng gene serva ta

\S/;(r:| abl esaﬁ{l?ﬁ%?'h% nﬁﬂ? LE‘MI cal -Y-L'-X-[CHZ in turn: z nmay be 0 or 1, so

that a net hyl ene radi cal i nked to the heald group Ais OItOtlggﬁl reZpelelC
macr ophage sel ectivity is not r

el ude. ( by omo8Rc8 e MBI AR e Giiserecrspmiagh: stamoviinvi ty | s

required ah§owfate ﬁ%ca&qftﬂpst@m&: oravagie areYyrefiened, sihicathelyhee Base where Y is a

t and Al k2
lrog 3|dca| gr EsuafEPHBIR td @‘b%ystér'ﬂlc nh&aﬂdﬁ%_@-leirlabwgéﬁ%gh ﬁ&%ﬂé&;@xe intact

- mchché% St fateaned, - hd o be capmentad-isie theldeiEHb BHGEReC=C- ,
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I- ggﬁzmémﬁfpp"ewg%a@ﬁ%ﬁﬁue MP&‘EWHGEE by for exagnple. infjalation, HNGIttH3) -, or

- CH2CH2N( eﬁgmmmgihat Ferasterhaga zanid &g diesildse c&aglagﬁl %@rﬁ.mm, L! ud\(/avh en s
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that ther eseisnmompstibsinatd, RSk CHRTREbiRY thé moBSILARIAN RN P are
esters tend to be cleaved more rapidly than if that carbon is di- or tri-substituted, as in
the case where R; is, for example, phenyl or cyclohexyl.

The radical —Y-L'-X'-[CH,],-

This radical (or bond) arises from the particular chemistry strategy chosen to link the
amino acid ester motif RyCH(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-containing 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]-CONHOHM. 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
ion-containing pocket, thereby enhancing binding.

It should also 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



O, L' is a divalent nmono- or bicyclic carbocyclic or heterocyclic radical
wth 5 - 13 ring atons (optionally substituted). Wien nis 1 and at | east
one of mand p is 1, Lis a divalent radical including a hydrocarbon chain
or chains and a nono- or bicyclic carbocyclic or heterocyclic radical with
5 - 13 ring atonms (optionally substituted). Wen present, Q may be, for
exanpl e, a divalent phenyl, naphthyl, cyclopropyl, cyclopentyl, or
cycl ohexyl radical, or a nono-, or g@i-cyclic het er ocycl i c) radical having
5tol 3 ring nenbers such as peridin pi perazi nyl, indolyl,
pyridyl , hm@ae hyiweeefhepgm-%aw efrt%rdmtépnci %@thead gy isrTipt 8 fedsiate 1Bk esent | y
pref er r e@eptﬁﬁ%é&hlﬁﬁm% the f&elﬁ Wﬁ%h @rﬂ@ﬁ@éﬂﬂi@e&%gé &ahé Avipblat@fon' ., M and p
may q 2}? lg bﬂi@/ ? eiln‘% ENt s, ng‘{)dma be O with m
bei ng 1 trleH“‘Pﬁ?‘{kh collfie StAPHE P gl 55%9%? FdBY 1 n still further
enbodi neircabatingehe dvenpolnd witmdisrupled teildontentd, bred srgihaingdaraey elidhc het er ocycl i c
radi cal , fg%g%_'nny be O or 1. Alk' and Al k2, when present, may be sel ected

from - CH 2CH2-, and -CHZCHZCHZ- and Q may be 1, 4-phenyl ene. Specific

exanpl es of the radi cal -Y-L'-X -[CHdz include -C(=0 - and -C(=O NH as

vel 1 as yfiphke foregoirgtdéhe @mbse%m@s‘tr(ﬂﬁa tlakm%h@(va@bléﬁ@l gQIp

-C(=0) - NH CHZ W, o Eé %‘_. (CH)WO + X- 2) WO and --(CHZ)V\Dl

wher ei n {AdiGas-Y-L 5“[0\?' TNABnd wis 1, 2 or 3, such as -CH2-, - CH20-,

-C(=0 - CH2-, - C( =0) - CH20-, C( O) NH CH2-, and -C(=0) - NH- CH2O Exarrpl es

of particul ar_subse f R of th n LN Eis t hose of

formul ae (1A)ZP8 V?’?M"f 1 g'e?e'\ad'&%\ip%ﬁ?}%%aﬁg&“BL Sx -[CH2] NN H
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 AIk® radicals, when present, include
~CHy-, =CH3CHz~ ~CHCH2CHy~, —CH.CHCHCH,-, ~CH=CH-,
~CH=CHCH;,-, -CH,CH=CH-, CH,CH=CHCH,—C=C~, -C=CCHz-~, CH,C=C-,
and CH,C=CCH,. Additional examples of Ak’ and Alk? include ~CHW-,
~CH,CHW- —CH.CHWCH,-, -CH.CH,WCH(CHg)-, ~CHWCH,CH-,
—CHWCH,CHWCH,-, and -WCH,CH,- where W is ~O-, -8-, -NH-,
—N(CHa)-, or ~CHyCHoN(CH;CH,OH)CH,- Further examples of Alk' and Alk?
inciude divalent cyclopropyl, cyclopentyl and cyclohexyl radicals.

In L', when n is 0, the radical is a hydrocarbon chain (optionally substituted
and perhaps having an ether, thioether or amino linkage). Presently it is
preferred that there be no optional substituents in L', When both m and p are
0, L'is a divalent mono- or bicyclic carbocyclic or heterocyclic radical with 5 -
13 ring atoms (optionally substituted). When n is 1 and at leastone of mand 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
phenyt, naphthyl, cyclopropyl, cyclopentyl, or cyclohexyl radical, or a mono-, or
bi-cyclic heterocyclicl radical having 5 1013 ring members, such as piperidinyl,



RZRL ~ Nvy- L'-X-[CHJ, / NCONHOH (8) HO0 22 R YR HW W\ x \[CH2]z
IC ~)NCONHOH C7N Hff OR2 HR- NCONHOH (ID) NY- L'-X -[CH2h OH R2
NCONHOH | / O(IE) RNY- L'-X-[CH]z \ HRO R --~\ CONHOH (IF) N Y-
L'-X -[CH2]Z . R2
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piperazinyl, indolyl, pyridyl, thienyl, or pyrrolyl radical, but 1,4-phenylene is
presently preferred.

Specifically, in some embodiments of the invention, L', m and p may be 0 with
n being 1. In other embodiments, n and p may be 0 with m being 1. In further

embaodiments, m, n and p may be all 0. In still further embodiments m may be
0, n may be 1 with Q being a monocyclic heterocyclic radicat, and p may be 0
or 1. Alk* and Alk?, when present, may be selected from ~CH,-,

~CH2CHy-, and ~CH,CH.CH,- and Q may be 1,4-phenylene.

Specific examples of the radical —Y-L'-X'-[CH,},- include —C(=0)- and ~C(=O)NH- as
well as -(CHg)i~, ~(CHz),O-, -C(=0)}-(CHz)y, -C(=0)~{CH,),0-, -C(=0)-NH-(CHa),, -
C(=0)-NH-(CH,),O-

—f—Q——(CHz)wO%—— and TQ+<CH2)WO§—

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

Examples of particular subsets of compounds of the invention inciude those of
formulae (1A) to (IM):

OH
_<R2 ’) X ~CONHOH  (iA)
R‘r
ﬁ““‘f— L—X——[CH,], NVG(\/

Ro

R1—<
ﬁ—Y— L _[CHZ};©:N—/IO\IY\/\/\/CONHOH (8)

o



0 NY- L'-X-[CH2], R+ Ca-,~~CONHOH H 1(1G 23 Rz-~ R NH /Y X \ I N
CONHOH (IH 0 O RJINCONHOH -Y- L'- X H'-[CH  zhtz)- /Rz 0 R+~\
N-'\/~/CONHOH H Y- L'-X -[CHZI~ O \ANH(IK R4 R RI---C

N-Y-L+--X -[CH2JzHN | \ p / N HCONHOH (IL) RL NY-Li-X+ \ \ H[CHL /
CONHOH (1M S :
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R,)/Rz
H
N\Y
N
L’\
X
\[CHz]z
(iC)
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wherein z, R, R2, R3, L' and X and Y are as defined in relation to fornula
(1), and as discussed above, including the preferences therefor. Exanples
of specific conpounds of the invention include the follow ng:
(S)-[4-(7-Hydroxycar banoyl - hept anoyl am no) - benzyl am nol - phenyl -acetic acid
cycl opentyl ester 24 -~
(S)-2-[3-(7-Hydroxycar banoyl - hept anoyl am no) - benzyl am no] - 4- phenyl - but yri c
acid cyclopentyl ester
(S)-[3-(7-Fydroxycarbannyl-heptanoyléﬁino)-benzylanino]-phenyl-acetic acid

cycl opentyl ester R,
(S)-2-[3-(7-Fwdroxycarbannyl-hept%mqylanino)-benzylanino]-4-nethy|-pentano
c acid cyclopentyl ester NH

(S)-{2-[3-(7-Fydroxycarbannyi-hepgdhoylanino)-phenyl]-ethylanino}-phenyl-ac
etic acid cyclopentyl ester u/

(S)-2-{3-[3-(7-Hydroxycar banoy)~"hept anoyl am no) - phenoxy] - pr opyl am no} - 3- phe
nyl - propionic acid cycl opent ester
(S)-2-(4-{[(2-Fydroxycarbagﬁgi-benzo[b]thiophen-6-y|nethyl)-anino]-nethyl}-
benzyl am no) - 3- (4 yl)-propionic acid cycl opentyl ester
(S)-3-tert-Butoxy -{] hydr oxycar banpyl - benzo[ b] t hpphen-6-yl et hyl ) -a
m no] - net hyl } - benzyT anrnho r Oni Cﬁ*%@%ﬂopentyl ester
(S)-1-(4-{[(2-Hydroxycarbarpyl - benzo[ b] t hi ophen- 6-yl net hyl ) - am no] - net hyl } -
benzyl)- pyrrolidine-2-carboxylic acid cyclopentyl ester

(S)-2-(4-{[ (2-Hydroxycar banoyl - benzo[ b] t hi ophen- 6-yl net hyl ) - am no] - net hyl } -
benzyl am no) - propi oni ¢ aci d cycl opentyl ester

(4-{[ (2-Hydr oxycar banoyl - benzo[ b] t hi ophen- -yl met hyl ) - am no] - net hyl } - benzyl
am no) - aceticrcid cyclopentyl ester iﬁﬁention may be

pr epar ed, fagqéxanple, by the nethod SHETPH the Exanpl es

2-

dekcri bed bel ow

herein. 25 ——Y— X —
ﬁ Y— L'—X'~—[CH,], (1J)

R, o

RT—<N Ve L'y N N7 ~CONHOH
N L'—X'—[CH,], N H (IK)

. k.

R2

R1

. HN
N Y—1—x— [CHZ]z@\ j\/\/\/\
N
H
H——-Y———L?_-X‘-——[CHﬂz—HE::]::§>——CONHOH (iM)
s

v«fherein Z,Rq, Ry, Ry, L' and X'and Y are as defined in relation to formula (), and as
discussed above, including the preferences therefor.

CONHOH  (IL)

R1

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

phenyl-acetic



For exanpl e, conpounds of the invention may be prepared fromthe
corresponding carboxylic acids (I11) RL N Y- L'- X1-[CH2]Z

e~ [Linker]-COON (Il) by reaction of an activated derivative thereof, such
as the acid chloride, with hydroxylam ne or a protected version of

hydr oxyl am ne. Alternatively, an N or O protected or N, O diprotected
precursor of the desired conpound (1) nmay be deprotected. In a useful
version of this method O protectiomgs provided by a resin support, from
whi ch the desired hydroxamc acid (1) may be cleaved, for exanple by acid
hydrol ysis. Carboxyl protected derivatives of conpounds (I11), or O-1linked

resi n- sugeHBEAHydBk}cidhaméfhediansRamnyIsEhziidhihof-phdig-fuReREKON May be
synt hesi sep L st ages by iterature nmethods, selected according to the
parti cul FPOREIMMEHF e of the desired conpound. In that connection, the

patent publications |isted above provide information on the synthesis of

HDAC i nhidji-t g1 j k g lat hos: the present
i nventi 04189 [:f ﬁr%%%%%P%é@ﬂ?Eé%ﬁ%nﬁ*eé)%gﬁ%ggl‘ﬁ%@h%‘gﬁ E%)%g\%ﬁérei nzZis a
sul f onan®yglererddicsier - NHSOr, an amine (111) R2 RL HY- L'-X -[CH], NH
(rr1r) may be reacted with an activated derivative, for exanple the acid
chloride, of a sulfonic acid HOSCR2-L 2-Z2 wherein Z2 is a protected

car boxy| (R -Heqiexycabampyltisptappviaraiae)enzyiamigal-4methykrentangsiaids uppor t ed
hydr oxangyeiopentd egtepup. | n anot her approach, suitable for conmpounds (I)
wherein Z is an amde radical - NHC(=0O -, an am ne (111) nmay be reacted
with a carboxylic acid HOC(=0)-L-2Z2, Z2 26 being as defined in the
precedi ng paragraph, in the presence of a carbodiimde

(8)-{2-[3-(7-Hydroxycarbamoyi-heptanoylamino)-phenyl]-ethylamino}-phenyl-acetic
acid cyclopentyl ester

(S)-2-{3-[3-(7-Hydroxycarbamoyi-heptanoylarnino)-phenoxy}-propylamino}-3-phenyi-
propionic acid cyclopeniyl ester

{8)-2-(4-{[{2-Hydroxycarbamoy!-benzofblthiophen-6-yimethyl}-amino]-methyf}-
benzylamino)-3-(4-hydroxy-phenyl)-proplonic acid cyclopenty! ester

(S)-3-tert-Butoxy-2-{4-{[{2-hydroxycarbamoyl-benzo]blthiophen-6-yimethyl)-amino]-
methyl}-benzylamino)-propionic acid cyclopentyl ester

(8)~1-(4~{[(2-Hydroxycarbamoyt-benzoblthiophen-6-ylImethyl)-amino]-methyi}-benzyl)-
pyrrolidine-2-carboxylic acid cyclopentyl ester

(8)-2-(4-{[(2-Hydroxycarbamoyl-benzo[blthiophen-6-yimethyl)-aminc]-methyl}-
benzylamino)-propionic acid cyclopentyi ester

(4-{[(2-Hydroxycarbamoyi-benzo]bjthiophen-6-ylmethyl}-aminol-methyl}-benzylamino)-
acetic acid cyclopentyl ester

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



coupling agent.. The case of compounds (1) where the ring or ring systemA
Is linked to the -Linker-CONHOH npoiety via a ring nitrogen, and Z is
-(CO- or -S2-, the appropriate N-heterocycle (IV) R R H Y-
L'-Xt-[CH2] Z(r)H (1V) nray be reacted with the correspondi ng carboxylic or
sul fonic acid (ie HOOC-L2-Z2 or HOSQz-L2-Z2 wherein Z2 is as defined
above), either as an activated derivative thereof such as the chloride, or
in the presence of a carbodiimde c g.lpl ing agent. By way of further
illustration of the use of literatufe nethods for the synthesis of
conpoundpondxiahiple, Edrepdbia@Der tied infention iy bk hrepadaront e chivdshoidif reacti on
schenes 1-@ ﬁrecﬁr@?ent ed. In these schenes the group R represents the
radi cal i %Y%f‘ S x -[CH2] Z present in the conpounds of the invention,
or representsfg functional group upon which that radical may be built up
using |litegaiure methods. Also in th chenes, the synbol ;,}f represents a

solid phasé resin.suppert .27 0-. BN RN R Nak
TS | S it (CHE, (L0 c g ONBHa))

by reaction of an activated derivative thereof, such as the acid chloride, with
hydroxylamine or a protected version of hydroxylamine.

Alternatively, an N- or O-protected or N,O-diprotected precursor of the desired
compound (1) may be deprotected. In a useful version of this method O-protection is
provided by a resin support, from which the desired hydroxamic acid (1) may be
cleaved, for example by acid hydrolysis.

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

In one approach, suitable for compounds (1) wherein Z is a sulfonamido radical ~
NHSO,~, an amine (i}

R,

R,‘——<
N—Y— L'—X'-—[CHZ]Z@NHz

{il}]
may be reacted with an activated derivative, for example the acid chioride, of a
sulfonic acid HOSO.-L %7? wherein Z% is a protected carboxyl group, such as
cleavable ester, or an O-linked resin-supported hydroxamic acid group.

In another approach, suitable for compounds (1) wherein Z is an amide radical -
NHC(=0)-, an amine (lif) may be reacted with a carboxylic acid HOC(=0)-L-Z2, Z2



ON OHO HMNaCOH, THE (\N/ N ROH / HOH NHZOH, DMV R H Schene I 0
C~OM H O NH2 0 95 :nr pNOWw DCMO iPr2EtN NaOH THE MeOH H20 Op N N
p-carboline N., NNDp PyBOP OF~ DCMH iPr2EtN PyBOP () TFA/DCM 2% R
DCMN IiPPEENHOXK H~1 HO-N-I~v NNOi R O HONO NRR TFA/ DCM 2%
O

26

being as defined in the preéeding paragraph, in the presence of a carbodiimide
coupling agent..

The case of compounds () where the ring or ring system A is linked to the
—Linker-CONHOH moiety via a ring nitrogen, and Z is —(C=0)- or -80,-, the
appropriate N-heterocycle (1V)

R

2
R.r‘<
N— Y— Li— X1——[CH2]Z@H

(V)
may be reacted with the corresponding carboxyiic or sulfonic acid (ie
HOOC-L2-Z2 or HOSO,-L2-Z% wherein Z2 is as defined above), either as an activated
derivative thereof such as the chloride, or in the presence of a carbodiimide coupling
agent.

By way of further illustration of the use of literature methods for the synthesis of
compounds within the scope of formula (I} above, the foilowing reaction schemes 1-6
are presented. In these schemes the group R represents the radical
R,
R;
H——Y— L'—X'—I[CH,],—

present in the compaounds of the invention, or represents a functional group upon
which that radical may be built up using literature metheds.

Also in the schemes, the symbol ~* represents a solid phase resin support.
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NaOH R THE/HO cross coupling Pd(0) NHz + RM~C JANOH Br RHO

EDC, DVAP where M = MgBr H2NOTHP ZnBr B(OR)2 SnBu3 etc H P -NNORH 6
O 2MHA, MOH / | OHHN OH RRO Schenme 5 NE% DCM R HzNO- DVAP | N
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NaCH THF/H20 R/ HH-/~/~/\rOH 0 EDC DVAP HzNOTHP R 2M HCI, R\~J/O H
HNOHMOHH HHNO O 060 Schene 6 31 As nentioned above, the conpounds
with which the invention is concerned are HDAC inhibitors, and nmay
therefore be of use in the treatnent of cell proliferative disease, such
as cancer, in humans and other mammals. It will be understood that the
specific dose level 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 health, sexj0Odiet, tine of admnistration, route
of adm nistration, rate of excr, tb? drug cgnbi nation and the severity of
the particul a di sease ynder90|E WeatnenthEEtPnunldose | evel s and
frequency oﬂ/%Bgrﬁ/\ﬁfhﬂ'b _deLELnLned_b¥.c Re conpounds

wi th which the |nvent|6h IS concer Hay b& prePared for @dninistration
by any route consistent wth thei har macoki netic prpperties. The orally
adm ni strabl e conpositions may be/Tn the formof tablgtgo.capsules,

powders, granul es, Iozenges, i&uid or gel preparatipmgmsuch as oral,
topical, or sterile cpapEmt sol utions or suspensipns. Tablets and

capsul es for alnadm ni st awmon may be in unit dose presentation form
and nmay cont @ con,ver;ktM onal excipients such

)
exanpl e syedp,;“acaci a, %gelatln sorbitol, trak

W1ny|

b ndlng agents, for
pyrrolidone; fillers féor exanple |actose, sufar, .|ze star®h, cal ci um
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sorbitol or glycine; tabletting lubricant, for exanple magnesi um stearate,
talc, polyethylene glycol or silica; disintegrants for exanple potato
starch, or acceptable wetting agents such as sodium |l auryl sul phate. The
tabl ets nmay be coated according to nethods well known in norma
pharmaceutical practice. Oal liquid preparations nmay be in the form of,
for exanple, 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 use3; Such Iiquid preparations may contain
conventional additives such as suspending agents, for exanple sorbitol,

syrup, met h§mestionediagave, thegoppadeis jh l&‘fHFChg‘?ﬂ BysniomipPereEredias HRACHl e fat s;

emul si fyi ngnh@ges!shd ) thersmiPbeof Use @ thB irbatnat dfickibprolifeae @igd=ge, Or acaci a;
non- aqueous vehicl es . Yo ncl ude  edible oils), for exanple al nond

h
oil, fract F%%aﬁséjan%e&d ﬁhﬁ'lf‘ac'lﬁ "1%,% i A s such as gl ycerine, propylene

glycol, or ethyl alcohol; preservatives, for exanple nethyl or propyl
p- hydr oxyb t (oY WePs ' ' . ' avouring or
Bol pur i ny SRR Salecbi e, B o R en et Ty e ade
up into a EP@ehyariebtdl fastass incleding Herpctivitgobtimseecifis Gonrertd earieiedalPPons whi ch
{rﬁy bet US?Qgé,‘%d)} \W«lﬁgl‘i{[g&g?ﬂ ﬁea?hﬁ, %é%?ﬂl&@?hé gﬂ&imiﬁitgﬁéf'itég,&bbt@%ﬁf wel | knownt in

e art, for exanple as descyi In apdar ext books of pharmaceutics
such as t h8dBnistp 'Tﬁit?a‘l’fr?éﬁ%{ﬁ?%ﬁﬁ’g CPB'?”“PE% ad"gltheaffjeﬁ’?f'%g%(ﬁ?'Sr’?aﬁ'gm?rnhaI ation,
t he drug ndigedse underguihatreatrieat. Catimosalosallelely and/freduencysof dngh@wil ibg

pressure- dy] | om.zers or ultrasonic atom zers, or preferably by
propel | ant a%t\réwg%aegﬁ(e@@%ep aerosols or propellant-free adm nistration of

m croni zed powders, for exanple, inhalation capsules or other "dry powder™
delivery syfiesRpounSXFittPWVRBE fhe ifVEREbNAS corlcBie8 XRITBE Qrepfsansl | ants (e. g.
Frigen int he. case pf netered aerosal % surface-active suq_ t ances,
emul si fi er §ME{SHRYqN; by @K royls ensisipat ‘I"‘\?}b@ i PWWB?‘?%@? Propelies: ﬁ? ers (e.g.
| act ose i notdigadinitratie pousiaitionshay bs B)themaym betaplets eatsules, mwdérsj nhal ed
re avai | aBieBvetiofender IiRES R BoabBiits ot as of HEE PUBRE" 7 DEPA et
gener at ed aagntgdrselitone pesispensiinagiablets anvktansilesmfor erehadnguistratian s19Yi s
appropri at ge fnitlddse Pakdrition fdrmh, 888k B6htdiR cbtV@ntional 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 liguid preparations may contain conventional

additives such as suspending agents, for example sorbitol, syrup, methyl cellulose,

glucose syrup, gelatin hydrogenated edible fats; emulsifying agents, for example

lecithin, sorbitan monooleate, or acacia; non-agueous 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 topical application to the skin, the drug may be made up into a cream, lotion or
ointment. Cream or cintment formulations which may be used for the drug are



use of adaptors (spacers, expanders) and pear-shaped containers (e.g.

Nebul ator(r), Volumatic(r)), and automatic devices emtting a puffer spray
(Autohal er(r)), for netered aerosols, in particular in the case of powder

i nhal ers, a nunber of technical solutions are available (e.qg.

Di skhal er(r), Rotadisk(r), Turbohaler(r) or the inhalers for exanple as
descri bed 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 aque%hs or non aqueous vehicle. Additives,

f t d
O soruat ARGRERIRERGT G Ao St TIEEHARE Sl dedbnlisodbiedeal e

preservatives incl act er|C| agents s as phenyl
mercuri c atextbaels erpharmacalﬂtﬁs SU%@%B@ Rﬁﬁh@ﬁﬁﬁ‘ﬂﬁ%m% or chl or hexi di ne, and
thlckgnlng agents such as hypronellose may al so be included. The active

I ngr edi ent al so be adm ar ent | a sterjle medium
Dependi ng BW%H%&‘WBE‘I'FE@O@ %@1%8 z?ﬁ‘gé{@ mﬁ‘ﬁ%ﬁg H%'#GE’JOWOL%@V%“ Ihgr be
suspended fop exahns bly\pesbsine-drilien jetdtomizers oAdNrasdrigeaizeng, orgigferebipbg such as a
oAl anacslBekhaneR LY Bk 8ol ek BmARERlGh & llaBitzgl Sool ved. i

t he vehi cl parati on of specific
conpounds péwdens foriepgmple malamaph'dea-@mlaffﬁfvb@wdﬁf’ ydqbve;qowar@s thereof: In

the Exanpl E§cnpler§§ su@%r%‘x%%% ;ﬁb’@ub:ﬁ?keeg rF‘ﬁ@Qr@‘iﬂttﬁe &id ofRlelersl S (HPLC

grade) were used Wt purificati on. M crowave i rrad| ation was
carried ouEeTEi%Q'ﬁgSUéfaEEWMP%W}C‘a? Gavisifigrsnpiabilizpey erespavesfiavaiiSent s wer e

removed UshRgfilRrs{e @eréa@séswth@sasb df\fpé»bdwtnhhmt) hiag bo mreaemmamanha&ar | es 11
with VacRa t or

t.30 _.C Buc
ommotade g, o medse 8t ih s BYRARLRLPor cblald st Bligle L
particl e switiewlioh 68 psris Qmmmmmgzmn@ememmmdﬁﬂ@ﬂdimlogstﬁlrﬁei, Purification
of conpoun éni?!nrﬁﬁ&% %éh‘ﬁﬁﬂ F‘Whﬁh‘f@ép P(ﬁ)'i‘tfaférfﬁﬁﬁe B&heﬁl S QUItRY tﬁErB usi ng

reverse erm) ers eys o perprep C1l8 colums (12 m 100

X 21.2 m‘r)lse @'raéamterﬁt(swerfo@w qf%}@“d@f"@r? aeedlﬂ}veS £5-0- Akl afﬁi@ rilel 0.1 %

TFA) over QoRmatic®), 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 eye, the drug may be made up into a solution or
suspension in a suitable sterile aqueous or non aqueous 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 chloride or chlarhexidine, 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 :



mn, flow=30 mM/mn, injection solvent 2:1 DVSO acetonitrile (1.6 m), W
detection at 215 nm 1H NVR spectra were recorded on a Bruker 400 MHz AV
spectroneter in deuterated solvents. Chem cal shifts (S) are in parts per
mllion. Thin-layer chromatography (TLC) analysis was perfornmed with

Ki esel gel 60 F264 (Merck) plates and visualized using UV |ight. Analytical
HPLCVS was performed on Agilent HP1100, Waters 600 or Waters 1525 LC
systens using reverse phase Hypersil BDS C18 columms (5 pm 2.1 X 50 nm,
gradient 0-95% B (A= water/ 0.1 % TFA3 B= acetonitrile/ 0.1 % TFA) over

2.10 min, flow=1.0 M/mn. UV spectra were recorded at_ 215 nmusing a
G | son Gl3@9'Amacl§’ﬂba"a}i@m%.§eawtﬁéﬂ%?OiV%FQ(MEJAC§ﬁ¢QD wergdised wWiluh UV det ect or,
Vat ers 248t urifvadst. ength UV detector, Waters 2488 dual wavel ength UV

det ect or, ters 2996 di ode array ector ectra were
obt ai ned o'\V/'@F‘)‘“faH"é'”iaQﬁg%“ YRS, cafagsl qubu %%%ana's@%ﬂ%rff’ﬁ‘&e TBWE 2 scans per
second or rkasio@n per 1.2 seconds using Mcromass LCT vmth Z- spray

[t er face Qi IIRSRoJC ol LB 84l M HLRE RS Bonbia, ver @

i ntegrated and repor Bf Bvser Sof t ware The
fol | owi i ng &@bﬁéwl@t\la@ﬁsmhav@o%ﬁ@na@yefdfOfaW@@POEfﬁlét hanol EtOH = et hanol

EtQAc = ety cQtfbﬁto?E@mpc%‘HGs %ﬂ%ﬁ%ﬁ%a@ﬁ@)‘%&/@ﬂ%h wa%érforrféarugiﬁgenzw oxy DCM

= di chl oronet hane 3 | or oet hane formam de DMSO =
di met hyl  seliegeh a@mclw;&e 20163 A (RHOH0 S1ash) Fhiaiged fmsmcm PYHPAYRSY ur an

of compounds by preparative HPLC was performed on Gilson systems using reverse
phase ThermoHypersil-Keystone Hyperprep HS C18 columns (12 pm, 100 X 21.2
mm), gradient 20-100% B ( A= water/ 0.1% TFA, B= acetonitrile/ 0.1% TFA) over 9.5
min, flow = 30 ml/min, injection solvent 2:1 DMSO:acetonitrile (1.6 ml), UV detection at
215 nm.

'H 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 80 Fass (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 um, 2.1 X 50 mm},
gradient 0-95% B ( A= water/ 0.1% TFA, B= acetonitrile/ 0.1% TFA) over 2.10 min,
flow = 1.0 ml/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 2996 diode array
UV detector. Mass spectra were obtained over the range m/z 150 to 850 at a sampling
rate of 2 scans per second or 1 scan per 1.2 seconds using Micromass LCT with Z-
spray interface or Micromass LCT with Z-spray or MUX interface. Data were
integrated and reported using OpenlLynx and Openl.ynx Browser software

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



Na2CO3 = sodi um carbonate HCI = hydrochloric acid D PEA =

di | sopropyl ethyl am ne NaH = sodi um hydri de NaOH = sodi um hydr oxi de NaHCC3
= sodi um hydrogen carbonate Pd/C = palladiumon carbon TBME = tert-butyl
nmet hyl ether DMAP = 4-Di net hyl am nopyridine N2 = nitrogen PyBop =
benzotri azol e- 1-yl -oxy-tris-pyrrolidino- phosphoni um hexaf | uor ophosphat e
Na2SO4 = sodi um sul phate Et3N = triethylamne NH3 = ammonia TMSCl =
trimethyl chlorosilane NHACI = anmoniddm chloride LiAIH4 = lithium

al um ni um = Bronp-tris-pyrrolidino
phosphoni %A%?ﬁg%gﬁﬁosphate MySO4 = magnesi um sul fate Mh02= Manganese
di oxi de 'CBA¥ dimethyiforimentide hi um CO2 = car bon di oxi de EDCl =

N-(3-Di ne o et hyl carbodi i m de hydrochloride Et20 =
di et hyl eﬂyé@ dwﬁﬁ?éﬁt%ldgm hydr oxi de HOBt = 1-hydroxybenzotriazole DI AD

= Di i sopr dpfI= tHiusiwasaiitenid/| at e HATU =
O (7- Azabepgal gtraf@lofdan [ - N N, N, N-t et ramet hyl uroni um hexaf | uor ophosphat e

Na,CO; = sodium carbonate

HCi = hydrochloric acid

DIPEA = diisopropylethylamine

Nak = sodium hydride

NaOH = sodium hydroxide

NaHCO; = sodium hydrogen carbonate

Pd/C = palladium on carbon

TBME = teri-butyl methyi sther

DMAP = 4-Dimethylaminopyridine

Nz = nitfrogen

PyBop = benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexafluorophosphate
Na S0, = sodium sulphate

EtsN = triethylamine

NH; = ammonia

TMSCI = trimethylchlorosilane

NH,Cl = ammonium chioride

LiAIH, = lithivm aluminiur hydride

pyBrOP = Bromo-tris-pyrrolidino phosphoniumhexafluorophosphate
MgS0, = magnesium sulfate

MnO,= Manganese dioxide

"BulLi = n-butyllithium

CO; = carbon dioxide

EDCI = N-(3-Dimethylaminopropyl)-N-ethylcarbodiimide hydrochlonde
Et,O'= diethy] ether

LIOH = fithium hydroxide

HOBt = 1-hydroxybenzotriazole

DIAD = Diisopropyl azodicarboxylate

HATU = O-(7-Azabenzotriazol-1-yI-N,N,N’, N -tetramethyluronium
hexafiuorophosphate

ELS = Evapaorative Light Scattering

TLC = thin layer chromatography



ELS = Evaporative Light Scattering TLC = thin layer chromatography 35 mn
m |

= lilitre g = gran(s) nmg = mlligranm(s) nol = noles nmmol = mllinole(s)
eq = nol e equivalent LCMS = high performance |iquid chronatography/ nass
spectronmetry NWVR = nucl ear nmagnetic resonance r.t. = roomtenperature

St andard wash procedure for resin chem stry Resin was washed in the

foll ow ng sequence: DWVF, McOH, DV, MeOH, DCM MeOH, DCM MeCH x 2, TBME X
2. Resin test cleavage A small anmount of functionalised hydroxyl am ne
2-chlorotrityl resin (ca 0.3nml of reaction mxture, ca 10ng resin) was
treat ed whitdmilliitrer FA/ DCM (0. 5ml) for | Orin at roomtenperature. The resin
was flltered %}?q the filtrate was concentrated by blowwing wth a stream of
N2 gas. t he residue was obtained. (Note: For functionalized

hydr oxyI angm@\tlliwﬁrg(a)esi n test cleavage was carried out using 50% TFA/
q%g}r_%élggl of Suberic acid Derivatised Hydroxylam ne 2-Chlorotrityl

ReS|n ?Stage 1 - Immobilisation to 2-chlorotrityl-0O NH2

resin H omeyNniliogle(s
eq = mole equivalent

LCMS = high performance liquid chromatography/mass spectrometry
NMR = nuclear magnetic resonance
r.t. = room temperature

Standard wash procedure for resin chemistry
Resin was washed in the following sequence: DMF, MeOH, DMF, MeOH, DCM,
MeOH, DCM, MeOH x 2, TBME x 2.

Resin fest cleavage
' A small amount of functionalised hydroxylamine 2-chiorotrityl resin (ca 0.3ml of

reaction mixture, ca 10mg resin) was treated with 2% TFA/DCM {0.5mi) for 10min at
room temperature. The resin was filtered and the filtrate was concenirated by blowing
with a stream of N, gas. LCMS of the residue was obtained.

{Note: For functionalized hydroxylamine Wang resin test cieavage was carried out
using 50% TFA/ DCM}).

Preparation of Suberic acid Derivatised Hydroxylamine 2-Chlorotrityl Resin




0 36 To a round bottoned flask charged with 2-chlorotrityl-O-NH2 resin (6
g, loading 1.14 mollg, 6.84 mmol) and DCM (60 m ) was added

di i sopropyl et hylam ne (5.30, 41.0 mol, 6 eq). Methyl

8- chl or o- 8- oxooct anoate (4.2 g, 20.5 mmol, 3 eq) was slowy added to the
reaction mxture with orbital shaking and the reaction m xture shaken for
48 hours. The resin was filtered and washed using the standard washi ng
procedure. The resin was dried undersgvacuum LCMS purity was determ ned by
ELS detection, 100% mz 204 [M+H] . Stage 2- saponification HO
ONy'-/~~0OH O To a round bottonmed flask charged with stage | resin (4 g,

| oadi ng 1.Tb meumd b@tonved Fask dhRamder wih 2-amboistaty TOIRH, kesimi0) g, doadiny®i (4 (16 m ). To

t he reaction dded, a lLuti on. of (0. 91 22. 8 L, A5 € in

wat er (16 "Pﬂ"?iyga aﬁgmﬁ)c r\dorjrgl%&q 'Uﬁgasﬁghieg:%g%éwyf%qy'aﬂn%gﬁag@’Qhe ?)esi n was
filtered amdohwdshedlativi B-chlatced-oxoo2iandBeH.X g, 2.5 holdl, Swellwbyslowlg st andar d
wash proc i yﬁs,[ I ioh YL i S

determ ne?qgéﬁglﬂ&%g%@t@étn, lg{)é’? ?ﬁ %g\g aﬁﬁt +Hi (-:tnolar eparfgg'? %%)e\r? f%‘)\fa

Cycl opent Y hegisel §e 1asin wag fllered gad waghedypinsdhe slebdard wgshiey maeedyrs- t he

fol | ow ng THBt&Rtheas dridatunas vAcudp NEEIRS ipBirit9 fwas determined by ELS detection,

(S)-2-Am nQ-3-t rt-31 y-propionic acid cyclopentyl ester O HZNNO-0 O
St age 1: ?‘%?%2'“%&9? %o%car bonyl am no- 3-tert-but oxy-propionic acid

cycl opentyl ester 37 0
Stage 2- saponification

To a round bottomed flask charged with stage 1 resin (4 g, loading 1.14 mmolfg, 4.56
mmol) was added THF (16 ml) and MeOH (16 mi). To the reaction was added a
solution of NaOH (0.91 g, 22.8 mmol, 5 eq) in water (16 mi). The reaction mixture
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 determined by ELS detection, 100% m/z 190 [M*+H]".

Preparation of Cyclopentyl Esters

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

Method A- Synthesis of (S)-2-Amino-3-feri-butoxy~propionic acid cyclopentyl

w0

O

esier

Stage 1: (S)-2-Benzyloxycarbonylamino-3-terf-butoxy-propionic acid cyclopenty! ester



O KHOO O O (S)-2-Benzyl oxycarbonyl am no- 3-tent - but oxy-propionic acid
(4g, 0.014nvl) was dissolved in DVF (40nl). Cycl opentanol (2.54n,

0.027nol ) and di et hyl am nopyri di ne (0.165g, 0.014nol) were added. The
solution was cooled to OC using an ice bath and to it was added

N- ( 3-di net hyl am nopropyl )-N - ethyl carbodi |l m de hydrochl ori de (2.73g,
0.014nol, 1.05eq.). The m xture was stirred at OC for 10 m nutes and then
allowed to warmto r.t. and stirred fgg a further 18 hours. To the
reaction m xture was added water (20-30ml) followed by EtOQAc (40 m ). The

| ayers were separated and the aqueous |ayer re-extracted with Et OAc (15

m ). The conbined organic |ayers were vva hed with water (4 x 20 m), dried

(MgS™) and the solvent renoved in vac give a residue. Purification
by col um chromatography (1:1 EtOAc / he tane) gave the product as a
colourless oil (3.82g, 78%yiel d) 'J (300 MHz, CDCI3), S: 1.15 (9H,
s, CH3 x 3), 1.50-1.90 (8H m ) H dd J =7.4, 1.2Hz,
CH), 3.85 (1H, dd, J = ‘P 5.15 (2H, s,
CHZ),525(1HmCH) 1HdH 6Hz)730750(5Hm

ArH x 5). Stage 2: (S)-2- Am 0-3-tent- bu xyprop| oni c acid cycl opentyl
ester O H2N(O- 11O

(S)-2-Benz Q’% car bonyl am no- 3-tert-but oxy-propionic acid cycl opentyl ester
(3.82g, N YGRIBORYIapdaR-Fdeit- o imppiooatiy (40209 4ol) Wad | adi um

hydr oxi de dissetvpd ielSMF g4irey ovau;ﬁérﬁah%l og 5491| ld@aphyhyon. The system was
evacuat ed Cﬁﬂgthﬁﬁﬁmgé&?% a( &?é’{ gﬂg @ her e f or 4 hours. The system was
evacuat ed an oG (CiPoe- 91 g Wqu deddMsrplufien wegerosi bt e, The
Celite wasl°Ehsingay hﬂe;batba&’metd Matsrada?émm-anmeu%ﬁ’amuﬁéﬁkapyl Bpe solvent of the
filtrate ¥ i t he as.a colourless oil
(2. 419 100G yi el cﬁqﬂe hwrW%dgTM% 3)0% &5 Ty fixtprgyasstired & x 3)
1. 50- 1. 90 Q@d#, 10mpingdep anditheiRved3o B8m3tonQ. 4ridttired fobkRurtels héurd2 (1H, s,
CH) . To the reaction mixture was added water (20-30ml) followed by EtOAc (40 mi). The

layers were separated and the aqueous layer re-extracted with EtOAc (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, CDCly), 5: 1.15 (9H, s, CHs x 3), 1.50-1.90 (8H, m, CH, x 4), 3.57 (1H, dd, J

=17.4,1.2Hz, CH), 3.85 (1H, dd, J = 7.4, 1.2Hz, CH), 4.45 {1H, m, CH), 5.15 (2H, s,

CHy), 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-tert-butoxypropionic acid cyclopentyl ester

(S)—Z—Benzyioxycarbony!amino—3—ten‘-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 paltadium
residues filtered off through Celite. The Celite was thoroughly washed with EtOH (3 x



Met hod B- Synthesis of (S)-Am no-cycl ohexyl-acetic acid cycl opentyl ester
HZN O V 0 Stage 1: (S)-tert-Butoxycarbonyl am no-cycl ohexyl -acetic acid
cycl opentyl ester \y I~ Lol / OL HO- O This was prepared in the sane
manner as (S)-2-benzyl oxycarbonyl am no-3-tert- butoxy-propionic aci

cycl opentyl ester (Method A, Stage 1) but from(S)-tert- -

but oxycar bonyl am no-cycl ohexyl acetic acid. "H NWR (300 MHz, CDCI3), 3:
1.00-1.40 (1011, m CH x 10), 1.45 (38H, s, C(CH3)3), 1.60-2.00 (84 m 4 x
CH2), 4.1 1 .05 (1H, d,. .NH, _J =.7. 6Hz 525 (1 H m CH.
Sage 2 Co R socy @i itoR Vb Mheiey t e ol eanis2 hnl 0’0 O

(S)-tert - subonassail D, 400% gietl).C HNMIR Y3002, iICOG), & 149 9H)peOHY X 3est er

(1.17q, .60 S ~di I i / ! r 1 10nml) at OC.
The sol ut i%oE’g’ %@bg‘{‘ﬁpéﬁ?@ﬂ%éé&ﬂq @E‘An’{' %ﬂ/é%g(ﬁ%b%h in vacuo. The
resi due was azetroped 39 with a DCM/ heptane m xture (2x) to give a gum
The gum RS L Q{Mn-n(o;l&m ] ed aqueous
NaHOCB s%*?ﬁt‘(%ﬂ*x*“?%?ﬂb?,‘ ar i ed (n?gghse%ﬂ%eae’ﬁgggﬁ%% S ot Cof 1 he
filtrate was renoved in vacua to give the product as an oil (0.780g, 78%
yield). "H NWR (300 MHz, CDC 3), 8+.1.00-1.40 (10H, m CH x 10), 1.50-2.00
(8H m CHx 8), 3.25 (1 H, d, = 7.2Hz), 5.20 (1 H m CH). Method
C- Synthesis of (S)-2-Am no-4-ne -pentanoi c acid cycl opentyl ester HZN
0--0 O Stage 1. (S)-2-Am no-4-nethyl Pe anoi c acid cycl opentyl ester

t ol uene-4-sul fonic H,N

Stage 1: (8)-fert-Butoxycarbonylamino-cyclohexyl-acetic acid cyclopentyl ester

2 s

This was prepared in the same manner as (S)-2-benzyloxycarbonylamino-3-fert-
butoxy-propionic acid cyclopentyl ester (Method A, Stage 1) but from (S)-fert-
butoxycarbonytamino-cyclohexy! acetic acid. *H NMR (300 MHz, CDCl), §: 1.00-1.40
(10H, m, CH x 10), 1.45 (9H, s, C(CH.)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

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



acid tt0 H3N O O To a suspension of (S)-leucine (159, 0.11 not) in

cycl ohexane (400m) was added cyclopentanol (103.78m, 1.14mmol) and

p-tol uene sulfonic acid (23.93g, 0.13npl). The suspension was heated at

reflux to effect salvation. After refluxing the solution for 16 hours it

was cooled to give a white suspension. Heptane (500m ) was added to the

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

solid (359, 85% yield). 'HNW (30GoMHiz, MeCD), S: 1.01 (6H, t, CH3x 2, J

= 5.8Hz), 1.54-2.03 (11H, m 11 x CH), 2. 39 (3H, s, CI-13) 96 (1 H, t,

CH J = GvBIHZDCMS hepate @biure (3X) torgivegHyum. Thezmn was regissolver '&DQM J = 7.9H),

7.72 (2H,4 AIEHEO, SRR ESK $0rAH, dried

(S)-2- Am(n‘gml éﬁﬂﬁs%dwitﬁﬁgtﬁg&%?zﬁqgﬁgﬁc clo 3ent @iter rZ0 I—kZ 0--0 OA
'[ager’ﬁi? "%s

sol uti on (MgSPg)and i ﬁﬁeﬁoth@ Spiveph thedi @W@P‘ﬁ’p@ﬁfvﬁ ter
t ol uene- 4ysdilct &dfoil (|_|<?"adg (?@Vﬁﬁ@d) &4 QUR3BOH MHzNCDOY, 65n10-1.4as10mashed wit h

et & backnaal KADh Ao aHesch £ 4B, 57 O @ L ePREo P CEh . | ayers wer o

dried (MyS3¢4), and the solvent renpved in vacuo to give a colourless oil
(1.1Qy, 80%yield). "H NWR (300 Mz, CDCI3), 8: 0.90 (6H, t, CH3 x 2, J
6.4Hz), 1.23-1.94 (11 H m 5 x CH, CH, 3.38 (1 H dd, CH J = 8.4,
5. 9Hz), BSvidthod C23y(thesis qﬁsm-mmmmm&peww-@ cyglopentyl ester

(S)-2-Am no-3-tert-butyl sul fanyl -propionic acid cyclopentyl ester fs' HzZN
"pO- -0 O Stage 1: '

(S)-3-tert-Butyl sul fanyl -2-(9H-fl uoyen-9-yl net hoxycar bonyl am no) - pr opi oni ¢

acid cycl opentyl ester
0]
H,N \Q
o)

Stage 1: (8)-2-Amino-4-methyl-pentanoic acid cyclopentyl ester toluene-4-sulfonic

T oo

To a suspension of (S)-leucine (15g, 0.11moal) in cyclohexane (400ml) was added
cyclopentanol (103.78mt, 1.14mmol) and p-toluene sulfonic acid (23.83g, 0.13mol).

acid

The suspension was heated at refiux to effect solvation. After refluxing the solution for
16 hours it was cooled to give a white suspension. Heptane (500mtl) was added to the
mixture and the suspension was filtered to give the product as a white solid (354, 85%
yield). "H NMR (300 MHz, MeOD), &: 1.01 (6H, t, CHsx 2, J = 5.8Hz), 1.54-2.03 (11H,
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 (S)-2-Amino-4-methyl-pentanoic acid cyclopentyi ester



S 0 O This was prepared in the same manner as

(S)-2-Benzyl oxycar bonyl am no-3-tert- butoxy-propionic acid cycl opentyl

ester (Method A, Stage 1) but from (S)-3-tert-

But yl sul fanyl - 2- (9H-f | uor en- 9- yl et hoxycar bonyl am no) - propionic acid. 'H
NVR (300 MHz, CDCI3), 8: 1.30 (91-1, s, (CHS)3), 1.55-1.95 (8H, m CH2 x
4), 3.05 (2H, d, CH2, J = 4.8Hz), 4.20-4.30 (1 H m CH), 4.40 (2H, d,
CH2, J = 7.5Hz), 4.65 (1 H m CH), 825 (1 H m .CH, 570 (1 H 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, ArHXx 2). 4 St age 2:

(S)-2-Am no-3-tert-butyl sul fanyi-p ionic acid cyclopentyl ester Y~ -S

(~ H2N-0 ~/ O
(S)-3-tent-Butyl sul fanyl - 2- (9HH \ -ﬁ@et hoxycar bonyl am no) - pr opi oni c
acid cyclopentyl ester (1.63g,?*3.5@mDl) s dissolved in a CH3CN (25ml)

at 0C. Piperidine (21 mM) was added to the solution. After stirring for 30

m nutes, BRisoh BEIS)-2-aviso-4-aRhyBgeritahcita@itocytiopgity estar fokehelgaulfdiic | fi cati on

DY, oot SH1SEAL Q30N i el e PRV o RREE NGRS, o0 our L ess
1. 55- 1. 95 sfiBtleni{2 xrﬁmlI:FHBe gombinedRadiBoysllayérs ware b@elk edracted Witk DCM (BHz) , 2. 95 (1
H dd, CHy 5094%%?13&:4&%\}\02@0 [a%r@@ev(eéhteg W%% -aniife ngeInPPM'ngecN‘ Cbz

pr ot ect ed a converte cl openty esters according

to Met hod vacuodbeive p colprigssmd it §0% R0Baiabnyi MMRA{30 Mblé,ucﬁﬁ)@a)a%uoe?% tert-butyl
ester (S 6#13%%6/2 Q&V@@Hﬁoﬂﬂ@@h@n—ﬁ%@m @:Hgifaads(m dd, CH, J =
(S)-2- Benzylo carbam)yl butyric acid
(S)-2- Ben?ﬁ %'Ehtsﬂdrﬁj%?a 4 tert - but oxy- phenyl)-propionic acid
Method D- Synthesis of (8)-2-Amino-3-tert-butylsulfanyl-propionic acid
Py
o
w ()
o]
Stage 1: (S)-3-tert-Butyisulfanyl-2-(9H-fluoren-9-yimethoxycarbonylamino)-propionic
3 C
2O

This was prepared in the same manner as (S)-2-Benzyloxycarbonylamino-3-fett-

cyclopentyl esfer

acid cyclopentyl ester

butoxy-propionic acid cyclopentyl ester (Method A, Stage 1) but from (S)-3-fert- _
Butylsulfanyl-2-(9H-fiuoren-9-yimethoxycarbonylamino)-propicnic acid. 'H NMR (300
MHz, CDCly), &: 1.30 (9H, s, {CHs)s), 1.55-1.95 (8H, m, CHz 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- 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-(1 Hindol -2-yl)-propionic acid

(S) - 2-Benzyl oxycar bonyl am no- 6-tert-but oxycar bonyl am no- hexanoi ¢ acid The
foll ow ng N-Boc protected am no acids were converted to the cycl opentyl
esters according to Method B (above) tert-Butoxycarbonyl am no-acetic acid
(S)-2-tert-Butoxycarbonyl am no- 3- net hyl - pent anoi ¢ aci d
(S)-Pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester

(S) - 2- t er BicREt2S)CaibinnyBHanonyisgifanskrobiotic agid cyclopenty! ester
(S)-2-tert-Butoxycar bonyl am no-4-net hyl sul fanyl -butyric acid 42 The
following free am no acids were converted to the cycl opentyl esters
according to Method C (above) (S)-ﬁﬁtﬁo-phenyl-acetic acid

(S)-2- Am no- 3- phenyl - propionic acidg (S)-2-Am no-propionic acid

(S) - 2- Ami no- 4- et hyl - pent anoi ¢ acid Preparation of

6- f or myl - benzoi bl t hi ophene- 2- car boxyl b hd (1-isobutoxy- ethoxy) am de
The Synthesis is outlined bel oWin $che . Additional literature
references relating to this route c& be found within Tetrahedron Letters,
35, 2, 219-222 & WD 05/034880 O \ C Meo}' N\ N~/O/ Men Y I \ NalOQ \ H

NC2 st age I\{[L/O/ NOStageZ O/ NO 022 00O
(S)-3-tert-Butylsulfanyl-2-(9H-fluoren-9-yimethoxycarbonylamino)-propionic acid

cyclopentyi ester (1.63g, 3.50mmol) was dissolved in a CHsCN (25ml} at 0°C.
Piperidine (21ml) was added to the solution. After stirring for 30 minutes, the solvent
was removed in vacuo to give a residue. Purification by column chromatography
(EtOAc eluent) gave the product as a colouriess oil (628mg, 73% vield). 'H NMR (300
MHz, CDClg), 8: 1.30 (9H, s, (CHa)s), 1.55-1.85 (8H, m, CHz 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 following N-Chz protected amino acids were converted to the cyclopentyl
esters according to Method A (above)

{8)-2-Benzyloxycarbonylamino-succinic acid 4-tert-butyl ester
{8)-2-Benzyloxycarbonylamino-succinamic acid
(S)-2-Benzyloxycarbonylamino-4-carbamoyl-butyric acid
(8)-2-Benzyloxycarbonylamino-3-(4-tert-butoxy-phenyl}-propionic acid
(8)-2-Benzyloxycarbonylamino-3-hydroxy-butyric acid
(8)-2-Benzyloxycarbonylamino-3,3-dimethyl-butyric acid
(8)-2-Benzyloxycarbonylamino-3-(1H-indol-2-yl)-propionic acid
(8)-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-methyi-pentanoic acid
{S)-Pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester
(8)-2-tert-Butoxycarbonylamino-3-methyl-butyric acid
(8)-2-tert-Butoxycarbonylamino-4-methylsulfanyl-butyric acid



Et hyl thl ogtycolate Stage S K2CO2, DWMF LIl \ Pyridine \ Heat HR2C/ ¢
OEt Staga4d Me02C/ SOt 00 BF, | Stage 5 HOI / S1 Ot L'HHOI / I OH
Stage 6 3 0 0 PyBrOP 1 Stage 7 HN-o"o~ MmO I H O O- S NOYO ~ Stages HO O
NOY O Schene 7 43 Stage 1. 4-(2-dinethylam no-vinyl)-3-nitrobenzoic acid
methyl ester \ \ N O1Il / NOz O Methyl 4-nethyl-3-nitrobenzoate (5 g,
25.6 mmol) was dissolved in DM (25 nL, 5 vol) and to this was added

N, N- di et hyl f or mam de di net hyl acetal42(4 4 m., 33.3 mmol). The m xture was

al I oned t'l@le%!k{w:ﬁ% dljeggngug Qéidévjére J&ﬁe?@ﬁ%%ﬂd@c%@ﬁtﬁ 88tersSOl ULi ON vas

allowed to coo oncentrated under vacuum “The residue was triturated
with net RERSICinghte Methpd Cdgbovele filtrate was washed with met hanol and dried

(8)-Amino-phenyi-acetic acid
(8)-2-Amino-3-phenyl-propionic acid
(8)-2-Amino-propionic acid
(8)-2-Amino-4-methyl-pentancic acid

Preparation of 6-formyi-benzolbjthiophene-2-carboxylic acid {1-isobutoxy-
ethoxy) amide

The Synthesis is outlinred below in Scheme 7.

Additional literature references relating to this route can be found within Tefrahedron
Letters, 38, 2, 219-222 & WO 05/034880

y | i
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-~ NO2 Stage 1 /O NO. Stage 2 /O NO)
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CO,, DMF Stage 3
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Pyﬁdme
-— OFt
HO,G Stage 4 MeO,C
Fy I Stage 5
LOH
\m‘/ ' HO ! OH
Stage 8 S

PyBrOp l Stage 7

o VIUU- m N

Scheme 7



on the sinter to yield 4-(2-dinmethylam no-vinyl)-3-nitrobenzoic acid nethyl
ester (5.2g, 80%. 'H NWR (300 MHz, DVMBO), S: 2.98 (6H, s, 2 x CH3), 3.87
(3H, s, CH3), 558 (1 H m ¢CH, 7.72 - 7.83 (3H m ArH, 8.32 (1 H m
CH). Stage 2: 4-Fornyl-3-nitrobenzoic acid nethyl ester 0 e----H QZ O
To a solution of the enamne (5 g, 20.0 mol) in THE (50 nL, 10 vol) and
water (50 nL, 10 vol) was added sodi um periodate (12.8g, 60.0 nmol) and
the m xture allowed to stir for 2 h.;oThe m xture was filtered and the
resulting solids washed with Et OAc (300 m.). The organic | ayer was

i sol at ed, Skrgehsd-(@idirhethidai@as-ving)-2-nk@demndoic acthidethdrested (MySO4) .
Concentration under vacuum afforded 4- forrryl 3-nitrobenzoic acid met hyl
ester (3.9g, 93%. LCMS mz 210 [M+H', '"H NWR (300 MHz, DMBO, 3: 3.96
(3H, s, Ow), 8.01 (1 H d, ArH, 8.39 (1H |d, ArH), 8.54 (1H, s, ArH),
10.31 (1 H s, CHO. Stage 3: Ben Rizopkene- 2, 6- di car boxylic acid
2-ethyl ester 6-nethyl ester 44 ‘ a S Cet O A m xture of

4-fornyl -3-nitrobenzoic acid g5Tg (3 9 g, 18.7 mml), nmercapto-
acetic acid ethyl ester (2.2 ni, }20.4 mml) and K2C03 (3.3 g, 24 mmol) in
DMF (40 m, 10 vol) was heated Po 50 C overni ght. After cooling to r.t.
the mxture was poured onto ice-cold water (250 nL) and the resulting

t i | trat
XU S0 L SO oS § TR b Esh By 41111 on,
conpound (V8 9"@0 ‘-’B‘@%ﬁs apdneaV.i-dimebglfqrprride dimethyiageral (4800, 348, oAl 3)

8:1.40 (3|Fhmt51) &hen@d@e%sa@'\,@dto%tlr&ﬁ mél’tno‘is rﬂ%)a,res‘b;tﬁgdéé’d'lfedq J = 7.2 H,

SHZ) Ar Z') 88 I‘Jtlon wasdall%wed fo cool_iznd conlégntrated under vacuum T%e reSldue mrfal_sl) , 8.56 (1 H,

triturated with methanol and filtered. The filirate was washed with methano! and dried
on the sinter to yield 4-(2-dimethylamino-vinyl)-3-nitrobenzoic acid methyl ester (5.2g,
80%). 'H NMR (300 MHz, DMSQ), 5: 2.98 (6H, s, 2 x CH;), 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 methy! ester

0
H

- NO,

To a solution of the enamine (5 g, 20.0 mmotl} in THF (50 mL, 10 vol) and water (50
mL, 10 vol) was added sodium pericdate (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 (MgSQ,). Concentration under vacuum afforded 4-formyl-3-nitrobenzoic acid
methyl ester (3.9g, 93%). LCMS m/z 210 [M™+H]", 'H NMR (300 MHz, DMSO), 5: 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[bJthiophene-2,6-dicarboxylic acid 2-ethyl ester 6-methyl ester



St age 4: Benzo[ b]thi ophene-2, 6-di carboxylic acid 2-ethyl ester HOC |1 S CEt
z O A mxture of benzo[ b]thiophene-2, 6-di carboxylic acid 2-ethyl ester
6-methyl ester (3.9 g, 14.77 mmol) and Lithiumiodide (10 g, 74.6 mol) in
anhydrous pyridine (30 M, 9 vol) was stirred at reflux for 16 h. After
cooling to r.t., the mxture was added (either as a nelt or chipped out)
to ice-cold 2N HCI (200 m.). The solid fornmed was isolated by filtration
and washed with water (3 x 50 nL). Theggproduct was purified by
recrystallisation fromnethanol to give the title conmpound (1.8 g, 49%.
LCMS mfz 251 [M+H" ,'"H NVR (300 4% DMSO, 8: 1.35 (3H t J=6.9 Hz,
CH3), 4.38 (2H, q J=7.1 Hz, CH2), d J=8.3 Hz, ArH), 8.12 (1H, d
J=8.3 Hz, ArH), 8.27 (1H, s 3 Ot ArH). Stage 5:

6- Hydr oxynet hyl - benzo[ b] t hi efe- 2- car b%xyl c acid ethyl ester 45 HO ( /
S| Okt 0 A solution of benzol b]thi ophene-206-di carboxylic acid 2-ethyl
ester (1.6g, 6.4 mmol) in anhydrous THF (40 ni, 25 vol) was cooled to 0 C.
To this BH3 (1 Min THF, 30 niL, 30.0 mmol) was added slowy. The reaction
was al | oweé reigtumeefrfoonyl-3 nitroheikoit dctd raethfi @ster &.91g, 1BFemG0l) Uhédredptpas t hen

cooled to : i | )..Jhe .re i m xture
was concent9 cr:%f %gﬂu%&é\}ggﬁ Eﬁ‘i '? g'd'}%'%rrl%l ag%]da*ﬂ&%qgggh%ﬁl W%[)H%gﬁf:t(‘l&mg solid
i sol at ed b1Vl aes bpatashtp & iCeaverniahtr Aflercadingtior. i theemigtulspeaspopraet hy |
benzo[ b] t hbﬂb*i@ﬂ%l@wﬁ:ﬁz%ﬂ%ncﬁﬁé ?esﬁﬁih%lniﬁ%@ﬁrréd?oﬁ% m@%edsij?\/s mz 237
M+H "', LH NVR (300 e O, S 1.34 , t J=6.9 , , 4.35 (2H,

E:I J :;q 1 Hzf°rm?ﬁ’4§’)a§ Isglageq by é'll[af'%“,’)wéﬂ’f)d, with vegder((4 x50 i) agd daggunder 42 (1 H, d
J=9. 4 Hz), vacuds 16 afford the titldrcbinpodhdl(8.9(gl 8t6). $ CMA iz 26 STMBS6 'H NMR
6 Hydr oxy ol ha BR) 8114y BRTENCe B 1R Y ds 1A%, Guie % Ao (g s =

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

o)
HO,C S =

o)

A mixture of benzo[bithiophene-2,6-dicarboxylic acid 2-gthyl ester 6-methyl ester (3.9
g, 14.77 mmol) and Lithium iodide (10 g, 74.6 mmol) in anhydrous pyridine (30 ml, 9
vol) was stirred at reflux for 16 h. After cooling to r.t., the mixture was added (either as
a melt or chipped out) to ice-cold 2N HC!I (200 mL). The solid formed was isolated by
filtration and washed with water (3 x 50 mL). The product was purified by
recrystaliisation from methanal to give the title compound (1.8 g, 42%). LCMS m/z 251
[M*+H]" ,"H NMR (300 MHz, DMSO), 8: 1.35 (3H, t J=6.9 Hz, CHa), 4.38 (2H, q J=7.1
Hz, CHy), 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: B6-Hydroxymethyl-benzo[b]thiophene-2-carboxylic acid ethyl ester



0 6-Hydroxynet hyl - benzo[ b] t hi ophene- 2-carboxylic acid ethyl ester (2.4 g,
9.6 mol, 1 eq) was dissolved in THF (10 nL, 4 vol) and water added (10
m.) along with LiOH (0.69 g, 28.8 nmol). The reaction m xture was stirred
at 50 Cfor 3 h and then concentrated to dryness and taken onto the next
step without purification. Stage 7:
6- hydr oxymnet hyl - benzo[ b] t hi ophene- 2-carboxylic acid (1-isobutoxy- ethoxy)
amde HOS | NOYO O 46 To a solutign of
6- hydr oxynet hyl - benzo[ b] t hi ophene- 2-carboxylic acid (1.76 g, 8.4 mol, |
eq) in DVF was added PyBrOP (4.3 g+x8. 2 mmol), O (isobutoxy-ethyl)-
hydroxyl am ne (11.5 nlL, 84.0 HWD|| ed via procedure in WO0160785)
and DIPEA (2.9 ni, 167rmﬁ9 Q_1e t~on_PEkture was allowed to stir at
r.t. for 2 h then diluted with water ) and EtOAc (40 nmlL). The
organic | ayer was isolated, washed with brbne (50 nL) and concentrat ed.
The residue was purified by chromatography on silica gel eluting with
Et OAc / heptane (1:1) to afford the title conpound (1.8g, 67% over 2
steps). LEWIwion openzpihthippbenit MvRc4rBaxylid/ktd 2-eMyGB)er (6.690B.88n(dBkh d J =
6. 6Hz, dus H, 3.38 (2H,
6. otz 12) % h:’tHF??ﬁLo(n?rL 25%&%%5 o&‘?ﬁ oG@)r&t_r&s é@s @l |F|’THE' 9;) L 5 oy
AH), 7.7 (%'Hmo wagafged %?Vﬂbe-r hg reaglionway pllowed iopamm ﬂ@|ré;ﬂmr$§wqibar boxyl i ¢
gcuh dd( 1 -isabue @gM’n@i \li?ék)&?%n edvlgdero 08¢ dnk g&erl.clhbb (i@ 11PHED (85 ﬁmk Ufr{eOnN f‘;] )

ydr oxy nzo i ophen car boxylic aci sobut oxy- et hoxy
ani de (603E éJﬁXL r‘#?ﬁ ?”ﬁeﬁ{%ﬁﬁiﬁ?‘%wﬁ“% rm@@ilsﬁﬁ%%arpzthare@u oy 1 ol ).
The m xt ursellﬁwaglatgrmbmﬂ@atm arginiried phddrenpematogive d-iordrd®meihgl-and then filtered
t hrough ¢ b Le conmpound
(h55"m @ehicﬁb]thTAg}Bﬁé b%él%%%/ltiﬁ‘%?d %&?Fé’s‘fér (?kﬁ%? 02 Otgfnﬁiéﬁ'z %Mlﬁlg oo Lo
dJ=6.7 Hi\' 1 (300 MR PMSOME 1(3{3Hdt Jr69 1z, @Hsbz 432N, q¥=BTHzl H, m CH),
3.40 (2H, an,), G @Hps, &1, §.53.(1H, br s, OH), 7.42 (1H, d J=9.4 Hz), 7.98 (3H, m,

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

Stage 6: 6-Hydroxymethyi-benzo[b]jthiophene-2-carboxylic acid

HO | OH
O
6-Hydroxymethyl-benzo[b]thiophene-2-carboxylic acid ethyi ester (2.4 g, 9.6 mmol, 1
eq) was dissolved 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[blthiophene-2-carboxylic acid (1—isobuto$<y~ethoxy)

amide
| H
HO N-—Q -\/l\
S 0]



dd J = 5.2, 10.6 Hz, CH), 7.89-8.09 (31-1, m ArH), 8.55 (1H, s, ArH),

10.11 (1H, s, CHO. 47 Synthesis of Conpounds in Figure 1 as Exenplified
by Conpound (1) and Conpound (2) 0 COROOOR O,II , ....tINPh O WO
N Ph O HNHOHNNH OHOH R=cyclopentyl 1 R= H2 R= cyclopentyl 3
RRH4 OO0 OROOORN",Ph O/ NY,./Ph O NOH_NJI~NNNXH OHHO
HO

R= ethyl 5 R=ethyl 7RFH6 R H8 MO NNNOCHI ONNNOH HOH
ONHONHPh "Il ORPh"krOR (046

To a solution of 6-hydroxymethyl-benzo[b]thiophene-2-carboxylic acid (1.76 g, 8.4
mmol, 1 eq) in DMF was added PyBrOP (4.3 g, 9.2 mmol), O-(isobutoxy-sthyl)-
hydroxylamine (11.5 mL, 84.0 mmal) (prepared via procedure in W0O0160785) and
DIPEA (2.9 mL, 16.7 mmol). The reaction mixture was allowed to stiratrt.for2h
then diluted with water (40 mL) and EtOAc (40 mL}). The organic layer was isolated,

H
H

washed with brine (60 mL) and concentrated. The residue was purified by
chromatography on silica gel eluting with EtOAc / heptane (1:1) to afford the title
compound (1.8g, 67% over 2 steps). LCMS m/z 322 [M*-HJ*, "H NMR (300 MHz,
MeOD), &: 0.83 (6H, d J = 6.6Hz, 2 x CHg), 1.32 (3H, d J= 5.9 Hz, CH3), .75 (1H, m,
CH), 3.38 (2H, m, CHy), 4.63 (2H, s, CHy), 4.95 (1H, m, CH), 7.32 {1H, d J = 8.2Hz,
ArH), 7.77 (3H, m, ArH).

Stage 8: 6-formyl-benzo[bjthiophene-2-carboxylic acid (1-isobutoxy-ethoxy) amide

‘To a solution of 6-hydroxymethyl-benzolb]thiophene-2-carboxylic acid (1-isobutoxy-
ethoxy) amide (600 mg, 1.86 mmol) in DCM (3 mL} was added MnO. (2.1 g, 24.1
mimol). The mixiure was stirred at ambient temperature for 30 min and then filtered
through celite. The filirate was concentirated to afford the fitle compound (435 mg,
82%). LCMS m/z 320 [M*-H]*, 'H NMR (300 MHz, MeOD), 5: 0.94 (6H, d J = 6.7 Hz, 2
X CHa), 1.45 (3H, d J = 5.3 Hz, CH3), 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).



R= cycl opentyl 9 R= cyclopentyl 11 R=H 10 R=H 12 Ph 0O RAr~-HR ONH OH
ON-) OPh OO0 ~N~N,OHO HR= cyclopentyl 15 R= cyclopentyl 13 R= H 16
RRH14 00 OR PhOIl RO-NO/ , HPh O I TIOHHI i NNNN OH H
t OHHH 0 0 R= cyclopentyl 17 R=t-butyl 19 R= H 18 Figure 1 48

Preparation of Building Blocks A-G Building Blocks A and B O\ -CHO )--Ow
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m xture was evaporated to dryness to yield (R)-2,3,4,9-Tetrahydro-1
H bet a- carbol i ne- 3-carboxylic acid nethyl ester (building block A). LCMS
purity 100% mz 231 [M+H]', 461 [2M +H]'. Building bl ock A was used
wi t hout further purification.
(S)-2,3,4,9-Tetrahydro- 1H bet a- car bol i ne- 3-carboxylic acid nmethyl ester
(building block B) was obtai ned by the sanme procedure as block A using
N-boc- L-t et rahydro- bet a- carbol i ne- 3carboxylic acid. OO HN HB
Building Block C0 HOHHH NHZ CHHCl anh. \ O\ C'CHHC HOMOHHO
stage 1 stage 2 C Stage 1: A solution of glyoxylic acid nonohydrate (1.51g,
16. 4mmol )_in water LOrﬂB& was added dropwi se to a stirred solution of
trypt ani r?é‘?lilﬁ?t'%?ﬁé?"di ) BIRGSPPn water (200mLl). KOH (0.827g, 14. 7mol)
in water {10m dd The reaction mxture 49 was stirred at room
t enper at L#“élgf'@m\ﬁ%ﬁsgﬁpg% which time precipitation occurred. Follow ng
filtration under reduced pressure the
t etrahydro- bet a- carbol i ne-1-carboxylic acid was cgllected and washed with
water. Yield 1.99 (58%@r g 217 [M+H] ~. Stage 2: &-6ikution of
t et rahydr o- bet a- car bol i ne-1-car b%( Li cid (7.4qg ’I\B_%NEO-l (250mL) was
saturated with HCDIF—boZ;On’i n_ﬁtf@lgzacti Tt was gently stirred
at room t enper at ufo 18h. and cgen80% con #ONn was observed. The
reaction N H

A

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

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

C
OMe
AL i
N
H
B
Building Block C
0]
H
Ho’uj-( H H
Ny N o ) HC anh. )
H HCl H o MeOH H ©
stage 1 stage 2 C

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



m xture was re-treated wwth HCl gas and allowed to stir for another 18h.
Upon conpletion of the reaction the m xture was concentrated in vacuo to
yield 2,3,4,9- tetrahydro-1 H beta-carboline-I-carboxylic acid nethyl ester
(building block C), LCMS purity 95% mz 231 [M+H]'. The product was used
wi thout further purification. Building Block D Mo HHCI anh. Mo H ID H
MOH1/ NOW HOHOD 6-Mthoxy-2,3,4,9-tetrahydro-1

H- bet a- car bol i ne- 1-carboxylic acid 4ethyl ester (building block D) was

obt ai ned, frqm esterif.i i - o ! - -
carbol i n&33 2 Eﬁgﬁg%ﬁﬁ‘%'%g‘%f'ﬁ’@’%u@f%g aﬁﬁ%ﬂ%@‘tﬁ%@%h{e@@%@%ﬁ SP&{E%FII di ng bl ock C.
Bui | di ngFdfibwink fittdtion @MBr fpdbdadypresge the etabydre-Rptargarbolimyi-caibaylivl ock D was

used wi thedtad UbBES andWhdrbl GRh Wakr. Bishdigngs®l; eok 2 & WM\~ MOH O H
H A sol ution 4 pi perggl n-1-yl -benzonitril egr1(1. gg, 8. OmmI]) in MeOH (150m)
was saturated with HCl gas. Water (0.17nl) was added and the m xture was

heat ed usggs 2: A silitibr of BitraRirdrbetiRArboRRE-caBolis bttt ¢7 4% weOHed to r.t. and

d with, HCl. . ~Ihi fl d f fur 24 h. Th
v S e b R 2 s B i Hid e
4- Pi per aatiroort tanhpeomwe dorci 8hcard amedlty lcomstsion Wamilsdivag TheoedctioE) . LCMS purity

90% m zgats ng% H:grd?a;{%oa}arhlolg?r%s Bhe SlovledWB SirdSEHhotel REHILpENT t her

purification. i _
completion of the reaction the mixture was concentrated in vacuo to vield 2,3,4,9-

tetrahydro-1H-beta-carboline-1-carboxylic acid methyl ester (building block C), LCMS
purity 95%, m/z 231 [M*+H]". The product was used without further purification.

Building Block D
MeO\CEQH—Q HCl anh. MBOM
N\ ——
MeOH N OMe
N g H O
D

B-Methoxy-2,3,4,9-tetrahydro-1H-beta-carboline-1-carboxylic acid methyl ester
{(building block D) was obtained from esterification of 6-methoxy-tetrahydro-beta-
carboline-1-carboxylic acid using the procedure as for building block €. Building block
D: LCMS purity 98%, miz 261 {M™+H]". Building block D was used without further
purification.

Building Block E
N -

m HCI ©
N MeOH N

(j\m N

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 HCl



NH MeOH MO I / NH NC OF 1,2, 3,4-Tetrahydro-isoquinoline-7-carboxylic
acid nethyl ester (building block F) was prepared follow ng the sane
procedure as for building block E. LCMS purity 89% mz 193 [M+H +. This
product was used w thout further purification. Building Block G ONHZ G
4- Am no- benzoic acid nethyl ester (building block G was comrercially

avai l able Synthesis of Conpounds (1) and Conpound (2) H N ONI N HOY |
ONN HOL N. ..,H"/OHON~,,,y‘5(D[~VOO 1 2 Stage 1: Coupling

W th bwld \ H dr oxyl am ne
2- chl or ot r| tyl Fﬁrhgélgﬁ @’é?#\?g % L%/Eﬂﬂgﬂwgﬁ"eé"aéﬁﬂce(”ﬁat@ﬁ Ug‘l‘%admg d
1. 14nmol , @sﬂmﬁwa)suwaeelc@mwmraam awmmmmac:mr(yﬁ&aérxbw@u b@dpg bl ock A

(4. 769,  16) TCmSQulitysa%, Ao wiolif Oueilbid% Bl Siok mﬂhou%?m zmol . 3eq)

and DI PEA
purification.

Building Block F

© F

-1,2,3,4-Tetrahydro~isoquino]ine-?—carboxylic acid methyl 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

NH

G

2

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

Synthesis of Compounds (1) and Compound (2)

H 0
O,NY\/\O/\iN k]l
! o 1 " O@@
o o N
r 5‘4 Ty

1

Stage 1: Coupling with building block



(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 (100m ).

1-Chl oro-N, N-2- trinethyl propenyl am ne (CGhosez reagent)' (7.53m, 57. Qmol,
50eq) was added at 0 C under the atnmggphere of N2. The m xture was all owed
to warmto room tenperature and gently shaken for 1-2h. The aniline

bui l di ng block G (8.6g, 57.0mvol, 50 eq) was added portionw se over 20m n.
Et 3N (8.0, 57.Omol, 50eq),was added. The m xture was shaken for 18h.
LCVS after a test cleave shgws d%@.,@enversbon iz 323 [MAH] ', 645

[ 2WHH] +. The resin was fi ashed Jlushn e standard wash

procedure. The resin was der vacuumﬁ St 2: Saponification HO

,.,,ICONO / \' I Ny- ,. , AH Stage 1 resin (4.8g, loading 1.14mmol,
5.47mml ) was suspended in MeOH (17.5nl) and THE (17.5nm ). A solution of

NaCOH (1.1 - dded. Th t
(ot S 55 T g o 1

haken f
fegcte |n onorh%‘gn 3algd. ‘ik?r“-’ﬂP!}) was W@lepmﬂwrous Do/ gsesi)nBuiidgbldck A gde@nd  washed
with wat er15x?22nmdmﬁd atlded, f&!%@%‘é@dp@%og?ﬁﬁ'?%@% W@lagﬁlg?%ﬁ&j“r €. The

resin was vacu
saponi f i cat ﬁ%‘?%ngrﬁ 1r088h%g]%f938§‘?rh‘6351@é59“ fgF 18, mmw washedd usisg shaken for
72h. St agéh@,stawmwmgnmadhrd_:rp@mw Vel @nNGLaReNt YI ester N OO O

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
1.14mrmaol) was swollen in anhydrous DCM (100m}). 1-Chloro-N,N-2-
trimethylpropenylamine (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 (8.6¢, 57.0mmol,
50 eq) was added portionwise over 20min. EtsN (8.0ml, 57.0mmol, 50eq) was added.
The mixture was shaken for 18h. LCMS after a test cleave shows 70% conversion,

mfz 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

Ho2
N ~0OH ')
@’IG{'\H/\/\/\/U\N'O
I's) H

Stage 1 resin (4.8q, loading 1.14mmol, 5.47mmol) ';Nas suspended in MeOH (17.5ml)
and THF (17.5ml). A solution of NaOH (1.1g, 27.5 mmol, 5eq) 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.



HONO OMHStage 2 resin (2.4g, loading 1.14mol, 2.7mmol) was suspended
i n anhydrous DCM (30mL). L-phenyiglycine cyclopentylester tosyl salt

(3.29, 8.1 mmol, 3eq) was added, followed by pyBOP (4.2g, 8.1nmol, 3eq)
and DI PEA (3.5g, 27.0mol, 10eq). The m xture was shaken for 18h. The LCMVS
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 concentrated2to dryness. LCMS was obt ai ned)
confirnmed reaction, mz 589 [M+H]'. The whol e sanpl e of
resin H\P&i % 8%8'8ﬂg%%gh%’8°'ﬂf icalign Wﬁ%c%‘f‘%ﬂﬁﬂiél'"ﬁég?ﬂ BFHEWMNACH The resin
was dri ed anthves sheken@om72iNot e, For conpounds 5-8, L-phenyl al ani ne et hyl
ester (3eq) was used. For conpound 19, L-phenylglycine t-butyl ester (3eq)
was used. Stage 4.

(S) - {[ (R - Btpge Jppuslingodindapheplighiepe qoopkityRssBird, 9-t et rahydro- 1 H- bet a-

car bol i ne- 3-car bonyl ] -am no} - phenyl -acetic acid cyclopentyl ester (1) O Ph
ONHONOH OH 153 Stage 3 resin (1.0g, loading 1.14mmol) was gently
shaken in 2% TFAIDCM (10m ) for 20mns. The resin was filtered. The
filtrate was coll ected and evaporq)teﬁhun reduced pressure at room
tenperature. The resin was rg-t %TFA/DCM (1 Or) and after

20m ns. The conbined filtrateg :- ev por ed t g~dryness under reduced
e NPuridi ed by preparative HPLC

pressure at r.t, the resid
to yield conpound (1), m 7 589 [K +H] 1HNN/R(4OOM—|Z CD30D) b:
1.3-1.7(16 H, m CH2), 2.1-2.3 (2 H m CH2), 2.5 (2 H at, CH2), 3.0-3.5

(2H m CGR), 4.5-4.8 (2 H m
Stage 2 resin (2.4g, Ioadlng 1.14mmol, 2.7mmol) was suspended in anhydrous DCM

(30mi). L-phenyliglycine cyclopentylester tosyl salt (3.2g, 8.1mmoal, 3eq) was added,
followed by pyBOP (4.2g, 8.1mmol, 3eq) and DIPEA (3.5g, 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 fo 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-phenylaianine ethy! ester {3eq) was used.
For compound 19, L-phenylglycine t-butyf ester (3eq) was used.

Stage 4: (S)—{[(R)—Z-(?-Hydroxycarbamoyl—heptanayl)—2,3,4,9—tetrahydro—1 H-beta-
carboline-3-carbonyl}-amino}-phenyl-acetic acid cyclopentyl ester (1)

0
1



CH2), 5.1 (1 H M C®2CH, 52 (1 H dd, CH2CHNCO, 5.5-5.9 (1 H d,
CONHCHPh), 7.0-7.5 (9 H m Ar). The correspondi ng carboxylic acid was
obtained by the followi ng procedure Stage 5: Saponification OPh Okl O O
/"\ I NH\Il HO Stage 3 resin (1.0g, loading 1.14nmmol) was suspended in MeCH
(4nml) and THE (4ml). A solution of NaCH (0.23g, 5.7mmol) in water (4nil)
was added. The mi xture was shaken for 18h. LCMS of the test cleave
confirmed the conpletion of reactiod3 mz 521 [M+H'. Resin was filtered

d h ol.| d A h
a0 Sl o) B8 g R e S TR ORA
(S) - { [ ( Ree@ins7Higmesiowps ditdradroyie-fiiefst warosdigeter ajd@@p@retedalhqen o- | H bet a-

car bol i nf?ed%cg@ﬁ%em Lf!@gﬂn%pe?giﬁ%ylrﬁ%‘ég 'v&s%lngatga}wz driBeyeoH O O O

N HN, H resin was cl eaved using the
pr ocedur é%fﬂlqiridrﬁ@r 2Ypins. §ﬂ19gememyg @Fraﬁeﬁg/emﬁamatfd(@?wn%szmsm [ Mt+H +; ' H
NVR (400 rdddeed fe36dR) at 1; thd reidud (&a. 64orhl) waspulhtd) by pre@rdtiv8 HPtCHo 2 X o)

iy a8 fopount @WS&%WH@ Lol Gl 0 a5 3%

H

é or (2) cHl), 2N5H€3+Fﬂ1m,m7cﬂﬂl72|5(a(t9 i, i), 380-3.5 (Z Hon, GH,), Z54.8 (DN, fﬁd_e,s (?) .
S | C Il Y ing to the

B o) pHib s B . FRECHR S AU G IR, 815 B RAGER RGO

7.0-7.5 (9 H, m, Ar).

The corresponding carboxylic acid was obtained by the following procedure

Stage 5: Saponification

Stage 3 resin (1.0g, loading 1.14mmol) was suspended in MeOH (4ml) and THF
(4ml). A solution of NaGH (0.23g, 5.7mmol) in water (4ml) was added. The mixture
was shaken for 18h. LCMS of the iest cleave confirmed the completion of reaction,
mfz 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-Hydroxycarbamoyt-heptanoyi)-2,3,4,9-tetrahydro-1H-beta-
carboline-3-carbonyl]-amino}-phenyl-acetic acid (2)

o Ph
H OH
N .-"ILQJ\\( o
l NY\/Q/\ANJOH
o) H

2



Conpound (1) and Conpound (2)

(S)-{[(S)-2-(7-Hydroxycar banoyl - heptanoyl ) -2, 3,4, 9-tetrahydro-1 H beta-

car bol i ne- 3- car bonyl ] - am no} - phenyl -acetic acid cycl opentyl ester (3)
Bui | ding bl ock B used LCVS purity 98% mz 589 [ M++H] +,' H NMR (400 MHz,
MeOD), 8: 1.20-1.40 (8 HH m 4 x CH2), 1.40-1.80 (8 H m 4 x CH), 2.10
(2 H m CH2), 3.45 (2 H m CH2), 340 (2 H m CH2 overlaps with D20
peak), 5.25-5.45 (2 H m 2 x CH), 50 (1 H, s, CONHCHPh), 7.00-7.50 (9 H,

m Ar). S(a§)3'5{r[9§1§1’r@g Qo%thdrﬂPWﬁcﬂT\Mﬁmdve@ﬁﬁﬁ@MYérbc@u?e dutifed @3rr ahydro- 1

B used L OHESQUITEY8 SO SRRV NTIRGRO(WTS Db ety .
?:&12?0 % 93 (44, Bix GHy), 15-X. 8%&)2x_1:k§ﬁ2.h2(39(2(14 rhl, Ctg), 24-2. 7@3%!) m, 2H})(52(a Hm m
Go) | 5. 3082 S U iy (S G105 oqle Syl SRR 50 (01, m
Ar). (9) 52’5{15(04)'4 Z-A T NHCHRNY T a7 5e(@by m, AepT &rid)y 7.y (@), &35@, .85 (sahydro-1
H bet a- R%l i ne- 3-car bonyl ] - am no} - 3- phenyl - propi oni ¢ aci d et hyl ester

|

(5) BUI| bl ock A used LCMS purity 100% m z 563 [ Mt+H] +, ' H NWVR (400
MHz, MeOD), 6 1.00 (3 H t, CH3), 1.20-1.24 (4 H m 2 x CH), 1.50-1.70

(4 H m T8 Joliéeiag co@p&ﬁd& &eiépr&iarg'@cordag:i@th 6&%fﬁﬁ elé'scrlﬁlecéﬁ)?'z)14 {2368? SSO(()Z
, M ) . - 9.

,(42 H gqﬁmpéufﬁ’d"h"%ﬁ”@ “%ﬁlﬁ?soz 5 80.7. 30 (o H m A).

(S)-2-{[(R)-2-(7-Hydroxycar barmyl hept anoyl) ,3,4,9-tetrahydro-1 H beta-

Aused E%‘gﬁ??f By i bﬁ?‘kﬁﬁ)@(ﬂﬂ ooy, oo

81. 30- 1. sarbe W-cnfbony!ba"@m})rphepy @neilcwd(wcwpenty gster (32), 2.15 (2 H, in,
CH2) , 2. BYudia lﬂlodmsﬁli?a 3 00 (2 H m CH2), 3. 20 (2 H in CH),

4. 30- 4. 6. 90-7.50
LC&AS purity 98% mlz 539 1Y +|-n(‘ l‘H NMR (40%'}\')/1142 MeOD), a 1.20-1.40 (8 H, m,

4 X CHy), 1.40-1.80 (8 H, m, 4 x GHy), 2.10 (2 H, m, CH,), 345 (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), 5.50 (1 H, s,
CONHCHPh), 7.00-7.50 (9 H, m, Ar).

(8)-{{(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-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, MeOD), § 1.30-1.50 (4 H, m,
2 x CHy), 1.55-1.80 (4 H, m, 2 x CHy), 2.15 (2 H, m, CH_), 2.60 (2 H, m, CH,), 3.00 -
3.25 (2 H, m, CHy), 3.40-3.55 (2 H, m, CHy), 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-
carhboline-3~carbonyl]-amino}-3-phenyl-propionic acid ethyl ester (5)

Building block A used

LCMS purity 100% m/z 563 [M*+HJ", '"H NMR (400 MHz, MeOD), § 1.00 (3 H, t, 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, CH,), 4.05 (2 H, q, CO.CHy), 4.35-4.50 (1 H, m,
CH), 4.80-5.05 (2 H, m, CH,), 5.40 (1 H, s, NHPhCQ), 6.80-7.30 (9 H, m, Ar).

(8)-2~{[(R}-2~(7-Hydroxycarbamoyl-heptanoyl}-2,3,4,9-tetrahydro-1H-beta-
carboline-3-carbonyl}-amino}-3-phenyl-propionic acid {6)



(9 H m Ar).

(S)-2-{[(S)-2-(7-Hydroxycar banoyl - hept anoyl ) -2, 3, 4, 9-tetrahydro-1 H bet a-
car bol i ne- 3- car bonyl ] - am no} - 3- phenyl - propi oni ¢ acid ethyl ester (7)

Bui | ding bl ock B used LCVS purity 100% mz 563 [ Mt+H] +, 1H NMR (400 MHz,
MeOD), 51.00 (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 H, m CH2), 2.30- 2.65 (2 H m CH2), 2.95-3.20 (2 H,
m CH2), 3.45 (1 H m , 4.05 (255H, g, CO2CH2), 4.35-4.50 (1 H m CH,

4. 80-5.0%%&,}&-1??%?%}1 5.50 (1 H, s, NHPhCO), 6.90-7.50 (9 H, m Ar).

(S)-2-{[ oxXycar ba | - hept anoyl ) -2, 3,4,9-tetrahydro-1 H bet a-
car bol i nleGi3s parith d0§%] m&rﬁSA@M-+$1%ﬁ¢NMRQ§%MHaneOQ¢.|Bd! 3B).58@# Hdnng bl ock B

used L % 61. 30-1.50
(3 h meo E;Hsgs% b 25 e g %%gﬁ‘@ﬁ 52)?59@2 o2), 250
(2 H, mH(l:Hz(}Hz)zﬁ (2 Fg MR 430-480 Ghbym, GHapG-1B. B, pp G@DCﬁQ) 4. 30-4. 50
(2 H moedxm @1—9,480520(2HmCI—|2)690750(9HmAr).
(S)-{[2-(7- Hydroxycarbam)yl hept anoyl ) -2, 3, 4,9-tetrahydro-1 H beta-carb

ol i ne-1-carbonyl ] -am no}- phenyl -acetic aci d cycl opentyl ester (9) Building

bl ock C (S3ed[(BIM-HydiokycakBOMpYIHeptaRP)i2\d:4bltetratydroMR-Led00 Mz, CDCl 6),
81. 30- 1. 45270 2 H in,
CH2) | ‘g"gbé'ﬁf °arb°m;m‘§’?§ég'}ei‘§" *""%%ﬁﬁ%ﬂ‘ggégtfia ( 5. 15 (1 H
in, cozcﬁylldlﬁghlscwusedu n, ,6.20 (1 H d. PhCH\H) 7. 00- 80 (9 H in,
ALY, Bz x\?s%grtﬂod% xﬁfz%%@ M*-vrﬁ;"'W%@go Hz, eOD), 3 1 0043 H,i,%e%et e carh

(S)-{[2- roxycar I'- hept ano
01 | ne- 1 bAMBERH H Bk K6 b Shsh Loddel mza@m(zm(zsm Gkl 200ck C used LOVS

purity 106842 i, (5%12[96*3“1211» H, ril SR Hirnz, CHYELBS (2 191, &Q}éH%O (4 H m
%XO?;)Z)A, 2 301110, &), Heo 03(2)?-1 CH%,)HZ),%QO 145 "lkJH#r?CO)CE%?J-’m% 65 (2K

H, m, Ar).

{S)-2-{i(8)-2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,4,9-tetrahydro-1H-beta-
carboline-3-carbonyl}-amino}-3-phenyl-propionic acid (8)

Building block B used

LCMS purity 100%, m/z 534 [M*+HJ*, *H NMR (400 MHz, MeOD), § 1.30-1.50 (4 H, m,
2 x CHpy), 1.60-1.80 (4 H, m, 2x CHy), 2.15 (2 H, m, CH), 2.50 (2 H, m, CH,), 2.95-
3.15 (2 H, m, CHyp), 3.20-3.50 (2 H, m, CH,), 4.30-4.50 (2 H, m, 2 x CH), 4.80-5.20 (2
H, m, CHy), 6.90-7.50 (9 H, m, Ar).

{S)-{[2-(7-Hydroxycarbamoyl-heptanoyl}-2,3,4,9-tetrahydro-1H-beta-carb
oline-1-carbonyll-amino}-phenyl-acetic acid cyclopentyl ester {9)

Building block C used

LCMS purity 100%, m/z 589 [M*+H]", "H NMR (400 MHz, CDCl,), § 1.30-1.80 (16 H,
m, 8 x CHgz}, 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)}, 545 (1 H, m, CH), 6.20 {1 H, d,
PhCHNH) 7.00-7.80 (8 H, m, Ar), 8.80-9.20 (1 H, broad m, CHNHOH).

(S)-{[2-(7-Hydroxycarbamoyl-heptanoyi}-2,3,4,9-tetrahydro-1H-heta-carb
oline~1-carbonyll-amino}-phenyl-acetic acid (10)

Building block C used

LCMS purity 100%, m/z 521 [M™+H]", "H NMR (400 MHz, MeQD), § 1.30-1.50 (4 H, m,
2 x CHyg), 1.60-1.80 (4 H, m, 2x CHy), 2.15 (2 H, m, CHy), 2.50-2.65 (2 H, m, CHa),



2.95 (2 H m CH2), 3.70 (1 H dd, CcH, 4.30 (1 H dd, CH, 550 (1 H m
CH), 6.10 and 6.20 (0.5 H each, s, PhCHNH) 7.00-7.50 (9 H m Ar).
(S)-{(2-(7-Hydroxycar banoyl - hept anoyl ) - 6- met hoxy- 2, 3, 4, 9-tetrahydro-1

H bet a- carbol i ne-1-carbonyl]-am no}-phenyl -acetic acid cycl opentyl ester
(11) Building block D used LCMS purity 100% mz 619 [M+H ",'H NWR (400
MHz, CDCI3), 8 1.30-1.80 (16 HL m 8 x CH2), 2.15 (2 H m CH2), 2.50-2.65
(2 H m CH2), 2.85 (2 H m CH2), 3670 (1 H dd, CH, 3.80 (3 H s, Ow),

¢ 52 (ool o i o, ST o8 38,5750 L el

CQ\||-|Q-|) ) and 6.20 (0.5 H each, s, PhCHNH) 7.00-7.5 H, m, Ar).

(S)-{[2-(7-Hydroxycar banoyl - hept anoyl ) - 6- met hoxy- 2, 3, 4, 9-tetrahydro-1

H beta- carboline-1-car bonyl} am no henyl -acetic acid (12) Bui | di ng bl ock
D used LdRBUSUfFHygroryearPamoy 'maw) fhwﬁﬂ% , 81.30-1.60
(8 H m ca4bdi1M&arb3nﬁlﬁalﬁlﬁlo}‘kph§hyfad8ﬁc a&di@clﬂp&ﬁy(&t&ﬂ (11'91 CH2), 2.80 (2 H,

m CH2), 3.70 (3 H, s, OWe), 4.30 (1 H, dd, CH),
5.30-5.50é‘t‘%5'1?(g‘&° se”S 90-6.10 (0.5 H each, s, PhCH\H), 6.65 (1 H, m

Ar), 6. 80.CMS plritynl 008 )m/z'ﬁm(l\fl*(ﬂ:lﬂ-{'H NMRAADO MAz3BDCK)5S lﬂaomao/xna H,
S)-{[2-(Z- t dro-1 H

bt s oarbil ¥ G5 L ASIDR R R RERBE A BRI Gt T ST et e

(13) BuildidngHhBEOK3 H. aseMe). €08 (p bl id, w5520 K. @790§¢\H*)+54]30 558 NVR (400

MHz, CDCl 5 , 2.45 (2 H,
M (3)H nﬁ@-ﬂ%‘% @Qohlﬁ &*Ph@l—lmﬁtseég&ﬁ%(sﬁ h Aé%éd‘gmbc_@@: 2-29 gl o

m 00204)00‘§H9l('ﬁ(1H d, PhCHNH) 6.90 (2 H, d Ar), 7.30-7.50 (6 H, m
Ar), 7.80 (2 H d, Ar).

8 A TR A L,
used LCVSapbelineyl-cabonyihaming)- ph[eml-ﬂelpth SRR (400 M, I\/ECD) 81.30 (4 H,
M 2 X Building block D used

LOMS purity 100%, miz 551 [M*+H]", TH NMR (400 MHz, MeOD), & 1.30-1.60 (8 H, m,

4 x CHy), 2.05 (2 H, m, CHy), 2.50-2.65 (2 H, m, CH,), 2.80 (2 H, m, CH,), 3.55 (1 H,

dd, CH), 3.70 (3 H, s, OMe), 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), 7.35

{5 H, m, Ar).

{8)-{[2~(7-Hydroxycarbamoyl-heptanoyl)-6-methoxy-2,3,4,9-tefrahydro-1H
-beta-carholine-1-carbonylj-amino}-phenyl-acetic acid cyclopentyl ester (13)
Building block E used

LCMS purity 95%, m/z 579 [M™+H]", 'H NMR (400 MHz, CDCls), 5 1.40-1.90 (16 H, m,
8 x CHyp), 2.15 (2 H, m, CHy), 2.45 (2 H, m, CHy), 3.40 (4 H, m, 2 x CH,N}, 3.60-3.80
(4 H, m, 2 x CHzN), 5.30 (1 H, m, CO,CH), 5.70 (1 H, d, PhCHNH}), .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-tetrahydro-tH
~beta-carboline~1-carbonylj-amino}-phenyl-acetic acid (14)

Building block E used

LCMS purity 100%, m/z 511 [M*+H]*, 'H NMR (400 MHz, MeOD), 8 1.30 (4 H, m, 2x
CHz), 1.50 (4 H, m, 2x CH,), 200 (2 H, 1, CHy), 235 (2 H,{, CH;), 3.30 (4 H, m, 2 x
CH:N), 3.70 (4 H, m, 2 x CHaN), 5.55 (1 H, s, PhCHNH), 6.90 (2 H, d, Ar), 7.30 (3 H,
m, Ar), 740 (2 H, m, Ar), 7.70 (2 H, d, Ar). |



CH2), 1.50 (4 H m 2 x CH), 2.00 (2 H t, CH), 2.35 (2 H t, CH), 3.30
(4 H m 2x CH2N, 3.70 (4 H m 2 x CHN), 5.55 (1 H, s, PhCHNH), 6.90
(2 H d A), 7230 (3 H m A), 7.40 (2 H m A), 7.70 (2 H d, Ar). 57
(S)-([2-(7-Hydroxycar banoyi - hept anoyl ) -1, 2, 3, 4-t et rahydr o-i soqui nol i ne- 7-
car bonyl ] - am no} - phenyl -acetic acid cycl opentyl ester (15) Building block F
used LCVS purity 100% miz 550 [M+H ~,' H NMR (400 MHz, CDCl 3), 51.30-1.80
(16 H m 8 x CH2), 2.15 (2 H m C42), 2.45 (2 H m CH2), 2.95 (2 H m
2 x CH2), 3.70-3.90 (2 H m 2 x CH2), 4.60-4.70 (2 H m CH2), 5.25 (1 H,
m C®RCH), 5.70 (1 HL m PhCHNH), 7.20-7.70 (8 H m Ar).

(S)-{[2-(1s ﬂ-nnm@kﬁﬁﬂ% ﬂi@ml}lzls&té’t $oqu inoline
-7-car bong?lylmar('r];& e N y) 16 rBﬁyHﬂ; %ga%ﬁggﬂéli used LCVS
purity 87 I ‘%ﬂﬁ%}’"ﬁ“ ;—mé 8 1.30-1.50 (4 H m 2
x CH2), 1BEs@dihgidogikdF bsedn 2 X CHZ) 2 15 (2 H m CHZ) 2.50 (2 H m
CHZ), 2. 92@{3@@ @%’%n@%ﬂ g%zglr#ﬁwjoorﬂm%cm % Pl %ohe @ 2. 570
(S) - [4 (Mﬂd«@@@‘rmmw Orbpzaddg Ham, 0bl); Be62DH| mn? RGHphaoyd.staceti ¢ acid
cycl opent est % igl %. mz 510

(M + Yi Fl\ili\/'% £heh WH 41\/73]'(5%91 %W%g#igg kcgélz—@wmb%é?ﬁ %EH 2. 00-2. 20
(4 H m th_b!H&)?zOs?I@(?d*eD-/%fl H m CRCH), 5.70 (1 H, m PhCHNH),
7.30-7.80 (9 H m Ar).

(S)-[4-(7 n{gi rbarm no -benz Iam no henyl - acetic acid
(18) Bui | &ﬁy @x%’é‘f} t@%s%ﬁv’? 3] 2y 04‘&2‘11? N%’ll'&] 1H NMR (400
MHz, I\/ECD)-T-cﬂbmnﬂ]}amlm-p(nénH-acmnc adid163H2) , 1 50-1.70 (4 H, m 2 x CH2),
2.20 (2 Hpyhidingfdek Pusiy (2 H t, CH2), 5.70 (1 H,

LLCMS purity 87%, miz 482 [M™+H]", "H NMR (400 MHz, MeOD), 5 4.30-1.50 (4 H, m,

2 x CHg), 1.80-1.70 (4 H, m, 2 x CHy), 2.15 (2 H, m, CH,), 2.50 (2 H, m, CH.), 2.95 (2

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

7.80 (8 H, m, Ar).

(8)-[4-(7-Hydroxycarbamoyl-heptanoylamino)-benzoylamino]-phenyl-acetic acid
cyclopentyl ester(17)

Building block G used

LCMS purity 94%, m/z 510 [M*+HJ", "H NMR (400 MHz, MeOD), 3 1.30-1.80 (16 H, m
8 x CHp), 2.00-2.20 (4 H, m, 2 x CHp), 5.10-5.30 (1 H, m, CO,CH), 5.70 (1 H, m,
PhCHNH}), 7.30-7.80 (9 H, m, Ar).

(8)-[4-(7-Hydroxycarbamoyl-heptanoylamino)-benzoylamino]-phenyl-acetic acid
(18)

Building block G used

LCMS purity 100%, m/z 442 [M*+H]", "H NMR (400 MHz, MeOD), 5 1.30-1.40 (4 H, m,
2xCHg), 1.50-1.70 (4 H, m, 2x CHy), 2.20 (2 H, t, CHy), 2.35 (2 H, t, CH,), 5.70 (1 H,
s, PhCHNH), 7.25-7.40 (3 H, m, Ar), 7.50 (2 H, d, Ar), 7.65 (2 H, d, Ar), 7.80 (2 H, d,
Ar).

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



s, PhCHNH), 7.25-7.40 (3 H m Ar), 7.50 (2 H, d, Ar), 7.65 (2 H, d, Ar),
7.80 (2 H d, Ar).

(S)-{[(R-2-(7-Hydroxycar banoyl - hept anoyl ) - 2, 3, 4, 9-tetrahydro-1 H bet a-

car bol i ne- 3- car bonyl ] - am no} - phenyl -acetic acid tert-butyl ester (19)
Bui I di ng bl ock A used 58 LCMS purity 100% m z577 [M+H]', 1H NVR (400 MHz,
CDCI3), S 1.20-1.40 (17 H m 4 Xx 2 and C(CH3)3), 2.10 (2 H m CH2),
2.45(2H,mCHZ)315360(2H CH2), 4.75 (2 H m CH2), 5.35 (2

H b , . d (20
andmCOnp“@il?ﬁound 1%‘% m@reﬂ'@ﬂ% ﬁg (9 NWIR gboﬁmz CD&P%h%ﬁAI%T@P”pOUg O( 22)

51 Sane: ixéﬂs)a%@@ww%@Mamwaﬁam9@&%5&@%4255,@ ooont sl eater

Ph /O (eR3, 45 N, m/ACH)E.35 @ Hyin, £hTHNHRRITY)| 6.00-080de H( Abgr). 69. 4mmol ),
L- phenyl gl yci ne cycl opentylester tosyl salt (27.1g, 60.4mol) and

pot assi um carbonate (19.6g, 138.8mmol) in DWVF (250nl) was stirred at room
tenperature for 18h. The reaction mxture was diluted wth EtOAc (300ml)

and vvash§)q}t“\%§|§| g\g&ﬁ,ﬁagi% 0)29%3 BI{)O ?@)&e |l ayer was isolated, dried

(Na2sd™4) ter centrate ss yielding an orange col our
oil. A crude weight of 21g was isolated. LCVS purity 81 % mz 355 [M +H]'
. This produ was used wi thout further purification. Stage 2:
(S)-[tent-But carbonyl - (4-nitro-benzyl) - @no] - phenyl -acetic acid
cyclopentyl ester :

20 21

Stage 1: (S)~(4-Nitro-benzylamino)-phenyl-acetic acid cyclopenty! ester

ol Y\”“@NO

A mixture of 4-nitrobenzy! bromide {15g, 69.4mmol), L-phenylglycine cyclopentylester

uul'U

2

tosyl salt (27.1g, 60.4mmol) and potassium carhonate (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,S0,), filtered and concentrated to dryness yielding an orange
colour ail. A crude weight of 21g was isolated. LOCMS purity 81%, m/z 355 [M*+H]",
This product was used without further purificafion.

Stage 2: (S)-[tert-Butoxycarbonyl-(4-nitro-benzyl)-amino}-phenyl-acetic acid
cyclopentyl esier

ml"U

TCLOL

2



Ph  CYO boc NO2 59 To a solution of Stage | product (15g, 42.37mmmol) in
THE (150m ) was added K2CO3 (6.9g, 50.8mmuvl), foll owed by

di -t-butyl di carbonate (22.2g, 101.7muol). Water (150m) was added and the
reaction stirred at roomtenperature for 36h. The reaction m xture was
evaporated to dryness. The residue was redissolved in EtOAc (300ntl),

washed consecutively with 0.1 M HC (150nl), sat. ag. NaHCO3 and water (150
nm). The EtOAc |ayer was dried (Na23e4), filtered and concentrated to
dryness yielding a yellowoil. After purification by colum chromatography
(10% Et QAGb dhemittine pf Sthge 1 proddetd 159)a8.3Gitral) ire tHRE 50Mb avas pdlddowCelal (129, 62%

yi el d) . %\@%ijdrdnli 59? ﬁ%w%q @L@Q%ug[d‘éb?dﬂw te (995 [1'811 S watept 20e 3

(S)-[(4-A enzy er -amn henél -acetic acid
cyl Opentylﬁmi)ewasaﬂde@aod the reas@owstlr@zl at\rqwmeweraéﬁear g Theppastienct (129,

26. 4mol ed at
termer””gt ) e bsb o drard (ndsB. FidHGIa(SRETIekissyas iREbRaDatied at T oom

t filt ff h d of
celite. TH&shed 'fqna?%ﬂ'v%w%%éﬁﬁPﬂ"éﬁwu’r\A‘%ﬁ@q:%ﬂﬁé@hﬂf(ﬁ’r‘@é@d % g y?elog g
white sol |’1'¢16(E1@A(ilagerv&@%rydi ﬂ*laiS&)LﬁW&dnrrdid::mérﬂ)@ﬂéﬁ tonignakdyicjdingtd] ', 466

[M +H+41]" e[low mpﬁﬂer puritic on B@ccﬂumﬁ E:ﬁrgslat%g%%hy 10% Et%}\cﬁﬂexgma)%e
product was obtained as clear yellow ol (12g, 62% yleld). LOMS purity 85%, m/z 455
[M*+H]", 496 [M*+H+41]".

Stage 3: (S)-[(4-Amino-benzyl)-tert-butoxycarbonyl-amino}-phenyl-acetic acid
cylopentyl ester

Ph
: O AN :
l}l
O boc NH

A mixture of Stage 2 product (12g, 26.4mmol) and 10% Pd/C (2.0g) in EtOAc (350mi)
was hydrogenated at room temperature for 18h. The Pd/C catalysf was filtered 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+41]".

Stage 4: Coupling of stage 3 aniline

m'U

Q@Jl\/vv\m/\.

Hydroxylamine 2-chlorotrityl resin derivatized with suberic acid (1.0g, loading
0.94mmol) was swollen in anhydrous DCM (100ml). 1-Chioro-N,N-2-
trimethyipropenylamine (Ghosez reagent)' (0.373ml, 2.82mmol, 3eq) was added at 0
°C under the atmosphere of N,. The mixture was alfowed to warm to room
temperature and gently shaken for 1-2h. Stage 3 aniline (1.2g, 2.82mmol, 3eq) was



O boc NNCO H O Hydroxylam ne 2-chlorotrityl resin derivatized with
suberic acid (1.Qg, loading 0.94mvl) was swoll en in anhydrous DCM

(100m ). 1-Chloro-N, N-2- trimethyl propenylam ne (Ghosez reagent)' (0.373md,
2.82mvol, 3eq) was added at O C under the atnosphere of N2. The m xture
was allowed to warmto room tenperature and gently shaken for 1-2h. Stage
3,aniline (1.2g, 2.82mmvl, 3eq) was 60 added portionwi se over 20m n. Et3N
(0.53nl, 3.76mmvl, 4eq) was added. Th& m xture was shaken for 1 h. LCMS

after a teg I 0t version, .Mz 596 [M+H . The resin was
filtered an%demﬁéﬁwﬁggﬁ%%&'éﬁ %gg’,{g-g?@ﬁ&g@mﬂw,&@ghwddﬂg hergbxfii¢ was dri ed
under vaculyas§ ng{ka@@r gh. LLCMS after a test cleave shows 70% conversion, m/z 596

(S)-[4-(7- wdrpxmeaesa ki i T | am np] - phenyl -acetic acid
cycl opent yllw.es?er éio% Wléﬁ ! éé‘%ﬁ_&r%ﬂﬂ%éh%&‘l\ﬁﬂé %%%&B%WSR%F%S@% ™esin (1. 5¢,

| oadi ng 0. GARYEE IRAYNYFENRIYMshaken in 2% TFA/DCM (10m ) for 20mins. The
resin was filtered. The filtrate was col |l ected and evaporated under

reduced pr . mtenperature. The resin was re-treated with 2%
TFA/ DCM (%%?‘e(gﬁg"gﬁ%&o’%%wy'5?W@P¥@m'"ﬂ)r€e%l@mlmh¢ﬂyl-ﬂqﬁﬁces wer e
evapor at edediccygloperdgesten(@®r reduced pressure at r.t to give a residue.
This residue was allowed to stand in 20% TFA/DCM for 40m ns. After

evaporation to dryness, also under reduced pressure at r.t, the residue
was purified by preparati veEHPLC to yield conmpound (20) as the TFA salt,

LCVB purity 95% ni \h,M\ X NMVR (400 MHz, DVBO), 8: 1.30- 1.50 (6
H m 3 x CH), 1. “70Jl(8 H x BH2), 1.80 (2HH, m CH2), 2.10 (2 H,
t, N N-oH

O
20

Stage 4 resin (1.5g, loading 0.94mmol) was gently shaken in 2% TFA/DCM (10mi) for
20mins. The resin was filtered. The filtrate was collected and evaporated under
reduced pressure at raom 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 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., the residue was purified by preparative HPLC to yield compound (20) as the
TFA salt, LCMS purity 95%, m/z 496 [M*+H]*, 'H NMR (400 MHz, DMSO0), 8: 1.30-
1.50 (6 H, m, 3 x CHy), 1.50-1.70 (8 H, m, 4 x CHy), 1.80 (2H, m, CHg), 210 (2 H, 1,
CHz), 2.45 (2 H, t, CHy), 4.1 (2 H, dd, CHNH), 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 (2H, d, Ar), 10.00-10.10 (2 H, br
s), 10.50 (1 H, s).

Stage 6: Saponification of cyclopenty! ester



CH2), 2.45 (2 H t, CH2), 4.1 (2 H dd, CHNH), 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
cycl opentyl ester Ph HO Oboc NNNNO HO 61 Stage 4 resin (2.5q,

| oadi ng, 0.94mmol, 2.35mvl) was suspended in MeOH (8. 7nl) and THE
(8.7ml). An aq. soI ution of 2.7 N NaCH (8.8mL, | Ceq, 23.5mvl) was added.
The mi xture was shaken for 36h. LCMVB 8f the test cleave confirned the

conpl etlon of reaction, nmfz 528 [M+ . The resin was filtered and washed
with wat er S99 4 ragiti3.50, ioading.d). 94sweel, 2)?5m1h19¥) wassckpEatands MePHo (i e.  The

resin vas atid BeF @, A Uéﬁl&t of 8¢
(S)-[4-(7- dro car?) % oL ENMaOH (gl 10 235 dﬁvear?alddaCetlc aci d

%’Eﬁ){g Et anoyl am no - enz m no

(21) Ph 'H%S ofhe fﬂ*tﬁ%@éore’rm@@thﬁ cempBiion bfoadi ng

0. ?lzlrrrro:j f@a&@mnm!z)smm*mmahgebsambmttér@%awaeﬁéoaﬁkth wé*téﬂgz tn}ﬂéi‘)mocedur e
ou I ne f I u uc urif y

prepar at i v% f?-@h%gg?/\ﬁ/}ensg}ggp %'rea etrﬁ@”%ﬁ\ga%ﬂ E'”de[@ﬂg”‘ﬁ'url ty 100%
mz 428 [M +H], 1HNI\/R(400M—IZ CD3OD), 8: 1.30 (4 H, 2 x CH2), 1.55 (4 H,
2 x CH2), & 0, (1, H_ .S, NHCH2),
4.05 (2 H@;;Qz?rﬁﬁ&ﬂ? -Hysrdtey ba"%ﬁp‘aéﬁél‘fgﬁﬂi'”°)?é%%"a{'§“ﬂiph Hagsfic’ 7 40 (5 R,

m Ar), d, Ar) Synt hesi s of Conpound (22) and Corrpound (23)

||II'U

Y\“@k/\/\/\rr

Stage 6 resin (2.5g, loading 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], 'H NMR (400 MHz, CDs0D), &: 1.30 (4 H, 2x CH,), 1.55 (4 H, 2 x CH,), 2.00
(2H,t, CHy), 2.30 (2 H, t, CHy), 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 (6 H, m, Ar), 7.55 (2 H, d, Ar.

Synthesis of Compound (22) and Compound {23)

H o

H
N\I]/\/\/\)LN.OH o NYW\)L LOH
. 0 H 3 ,@l
o"s“o

I=

22
23

Stage 1: (S)-(4-Nitro-benzenesulfonylamine)-phenyl-acetic acid



OHO OHI NHOHOH, NHOH OO0 O HOS\ 0 O0O0O22 23 Stage 1:
(S)-(4-Nitro-benzenesul fonyl am no) - phenyl -acetic acid O , O S'NOCH N |
i HO 62 To a solution of L-phenylglycine (0.227g, 1.5nmmol) in water (5

m ) and di oxane (5nl) was added triethylam ne (0.42m, 3.0Omvol) foll owed
by sl ow addition of 4- nitrobenzene sul phonyl chloride (0.5g, 2.3mmol) in
di oxane (5ml) at OC. After stirring for 45 mnutes the reaction m xture
was evaporated to dryness, re-dissol&@ed in EtOAc and washed with saturated

Nazsos, 14 e ot EXAaaRahe 8 Fs. et B SN ol M LS
i on not d&ﬁﬁeﬂdﬁi@@l}rla}hylﬂﬂdn@(oml qmml)foww@ hyeRl@y additionees 4used wi t hout any
purifi catijgdben¥rRAfiphony §9|for(cﬂz (U'SR{@&*H%RIW&&%E%}M Q{rﬂ"ﬁq&ﬁe?g?ﬂﬁq acetic

acid cyclopentyl ester - O To a solution o age | acid
(4.32g, 19 s Ses ithe ©geion ﬁ‘@ﬁ%‘r&ﬁ"&ﬁs qvaeRfaipd it dtesiers-dissaledinditehs v t hi onyl
chl ori de drQ.vished WdBsattrialed NHMEO,SaRILIOOEXPON tiEwa@S(16Mi) THREEIoRe heat ed

under reflux at 70C fo OuI S. e exXcess thlo yas renoved by

evapor at i Bff" Wﬁs\‘?a%cg%‘feri\'ﬁéscgeﬂ%ﬁdo rﬁvﬁ?cﬁ?tg %%?%rlacg{iéamtﬁ? ¥%Et OAc and

washed wi(triolecslat ion ateabsBlaeilEB:E0E8Y, (e aifbls drateric! wasecwnsehlaBBéM ang i | t er ed and

evapor at ryness Fl ash col um chromat ography purification with DCM
rlhc%ho

gave the required

Stage 2: {S)-(4-Nitro-benzenesulionylamino)-phenyi-acetic acid cyclopentyl ester

0, .0

R Rae

O.,N ©

To a solution of stage 1 acid (4.32¢, 12.8mmol} in cyclopentanol (60mi) at 0°C was
added siowly thionyl chloride (9.3ml, 128mmol). The reaction mixture was stirred and
heated under reflux at 70°C for 2 hours. The excess thionyl chloride was removed by
evaporation in vacuo, the reaction mixiure 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 (3.69, 70% yield). LCMS purity of 100%, {molecular ion not observed).

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

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



product (3.6g, 70%yvyield). LCVS purity of 100% (nolecular ion not
observed). Stage 3: (S)-(4-Am no-benzenesul fonyl am no) - phenyl -acetic acid
cyclopentyl ester QO O \ SNO HZNI / HOrv) A mxture of
(S)-(4-Nitro-benzenesul fonyl am no) - phenyl -acetic acid cycl opentyl ester
(5.29g, 13.1mml) and 10% Pd/ C (5.0g) in EtQAc (350nl) was hydrogenated
under ball oon pressure at roomtenperature for 24h. The Pd/ C catal yst was
filtered off 63 through a pad of cel i6ge. The filtrate was concentrated
under reduced pressure to yield the required product (4.54g, 92%yiel d).
LCVB puri t $hra@ho patiof caits Thivikiele' wast @geerratedampéri rogucell paBkir® G O S N OR

HONI/ H : } .2 J vl resi ,vatized with
suberic aCIth((i@rc(e@:rggg@ﬂﬂgtggﬁh@@zﬁ%%#ﬁ%&%@s%é\{%ﬁ%%ﬁ&‘ 1%PrQHydrous DCM
(25nl) and at OC under N2 at nosphere 1-chloro-N, N,

2-tri met hybpigepeoyhshing bear(ife 175mL, 1.33mmol ) added dropwi se. The reaction
-~ m xture was shaken for 1.5 hours. A solution of stage 3 aniline (0.5g,

1.33mmol ) in DCM (25nl) was added foll owed by trietpti,am ne (0. 25m,
1.76mol ). The reaction m xture was shaken for a her 10 m nutes. LCMS
after a test cleave showed 61 % conversion, mg M +H'. The resin was
filtered and washed using the standard Waso‘glgd e.o‘[ge resin was dried
5

under vacuum and used i n ghe next ste_pO St : g

(S) - [ 4- (7- Hydr oxyganbargyl A~ Des? enesul Cony! ani no] -
phenyl -acetic acid cl opentyl ester (22)H

Hydroxylamine 2-chlorotrityl resin derivatized with suberic acid {0.39g, loading
1.14mmol/g) was swollen in anhydrous DCM (25mi) and at 0°G under N, atmosphere
1-chloro-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 (25ml) 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*+H]". 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-(7-Hydroxycarbamoyf-heptanoy[amino)—benzenesuEfonylamino]-
phenyl-acetic acid cyclopentyl ester (22)

| H
O\ T H /Q/Y\/\/\)LN’OH
N H
S

Stage 4 resin (1.12g, loading 1.14mmol/g) 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. The residue was



HO OHNNOH QNSOH OO Stage 4 resin (1.12g, loading 1. 14mmol/ Q)
was gently shaken in 2% TFA/DCM (10mL) for 20m ns. The resin was filtered.
The filtrate was col |l ected and evaporated under reduced pressure at room
tenperature. The resin was re-treated with 2% TFA/DCM (1 OrM) and after
20mns filtered. The conbined filtrates were evaporated to dryness under
reduced pressure at roomtenperature to give a residue. The residue was 64
purified by preparative HPLC to yiel déé¢onpound (22). LCVS purity 93% mlz

193 (21 *"’““f'e&%?ﬁ A o YR Bhippcting g s puy Secsnde48a 81 (1 1 o

QCOCHPh) , (M3 R (A0 MH):.,DMSGE 3( R2041.68 (1687) m, &/x @ihz)(igiﬁgn .t Ar) 8.67 (1

gapg:u fsl)cataf-i;?ﬁ2 é%(d(?{ é(t%)%en%%e'_"éﬁ'é '—*8‘%3)/4%%3%4? h&&ﬁiﬁzww "@ O H St age

4 resin (17 28 f%% tht A1 @ ol Aa8.6% (Edemaid. 7501 FHE), 18/z4 Y1 And et hanol
(8nml) and @), TVBsadi,wn hydroxide (5.1nl, 13.68mvl) was added. The mixture
was shaken for 48h. LCMB of the test cleave confirmed the conpl eti on of
reaction, mz 478 [M+H]'. The resin was filtered and washed with water x
2, MeCOH x 2agdé 61 Sapaeiticaiign of dyelopérayidateel wash procedure. The resin was dried
under vacuum Stage 7:
(S)-[4-(7-Hydroxycar banoyl - hept anoyl am no) - benzene nyl am noj -
phenyl -acetic acid (23)

0O,

Y\N\AO

Stage 4 resin (1.2g, loading 1.1 4rmimol/g) was suspended in THF (8mi) and methanol
(8mi) 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.

ke

~ OH

IZ

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

N
N O H
HO PN
o O

Stage 6 resin (1.2g, 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-freated 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 pre‘parative HPLC fo yield compound (23). LCMS purity 91%, m/z 478



HO NOH HHOONS ZI OH 600 Stage 6 resin (1.2g, |oading
1.14mmol / g) was gently shaken in 2% TFA/DCM (10m ) 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
(10m ) and after 20mns filtered. The conbined filtrates were evaporated to
dryness under reduced pressure at roomtenperature to give a residue. The
residue was purified by preparative LC to yield conmpound (23). LCMVB
purity 91 % nlz 478 65 [M +H ~, 1H (400 MHz, MeQD), 5: 1.44 (4 H m 2
%)P,h) 1. ﬁﬁ?]*,?m l(lraRtF(l:;oth;z, M%O[?ESM.%@R nﬁ.@A)J'bH});? 1.%132)745 (ﬁHﬁg,ii ;4 r7n72

: , : r : , Ar), 7.
(2 11 d, ABY )R CHar b HrTReRCR5 R had | b e (285K 0 0 H 0 |
OHOH HO AY7.692HM,ANVE72(2H, dALOH ONNHOHAHOH 24 25 Stage 1:
(2,3,4,9-Tetrahydro-1 H beta-carbolin-6-yloxy)-acetic acid nmethyl ester
00l MeOv OXNQNH H A mxture of 5-carboxynethoxy tryptam ne (1.24q,

4. 56mmmol ) , Spehesig of Eompbdeds/(26) anthGolbond @5hi) was heated under reflux for
1.5 h. The reactjon m xture was @

- 2]
oA, Ao
WMQ‘OH \g/\ﬁ WM&’OH

24

e eag

25
Stage 1: (2,3,4,9-Tetrahydro-1H-beta-carbolin-6-yloxy)-acetic acid methyl ester

O

MeOJk/O |
N NH

H

A mixture of 5-carboxymethoxy tryptamine (1.24g, 4.56mmol}, 36% aq formaldehyde
and MeOH (25ml) 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

MeO

N | NWN\/\)LQ’O —
O

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 (40mi) of Stage 1 amine (4.56mmol) and DIPEA (3.9mi,
22.8mmol). The reaction was shaken at room temperature for 18 h. LCMS after test



evaporated to dryness. MeOH (50m ) and TMSCI (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. Stage 2:
Amidation 0 MO VOONNNOV "™ HH O Hydroxylam ne 2-chlorotrityl
resin derivatized with suberic acid (2.0g, |loading 1.14mmol/g, 2.28movl)
was suspended in DCM (40nl). pyBOP (3.56g) was added followed by a DCM
solution (40nl) of Stage 1 am ne (4.5ggmol) and DI PEA (3.9m, 22.8mmol).
The reaction was shaken at roomtenperature for 18 It LCVS after test 66
cl eave confleavrepniifmeddonpireni¢tion obreaetmnc TheoresinTies fitereil andurasied lusisged and

washed usi ﬂﬁstéﬁ&ﬁrﬁ%ﬂ%&dm@%hd%Qmﬁlyﬂiﬂéﬁ was thoroughly dried. Stage
3: Saponification of nethyl ester 0 HO-OOn ID/N~- NNNON HHO Stage

2 resin (2.0g, 1.14 mml /g, 2.28 mmol) was suspended in a m xture of THE
(10M ) andstdgeld: $dpdniiicationbf isttedditr(1 OM ) was added over 5 min. The

m xture was shaken for 18 h. LCMS after test cleave confirmed the .
conpletion of reaction. The resin was filtered and washed using the -
standard wash pr ocﬁzr)e St age 4: Coupling with L-phenyl egC| ne cycl opentyl

ester | 1 O 101 oNf :

Stage 2 resin (2.0g, 1.14 mmol/g, 2.28 mmol) was suspended in a mixture of THF
{(10mti) and MeOH (10mi). 1.4M NaOH (10mi) was added over 5 min. The mixture was
shaken for 18 h. LCMS aiter test cleave confirmed the completion of reaction. The
resin was filiered and washed using the standard wash procedure.

Stage 4: Coupling with L-phenylglycine cyclopentyl ester

SN

R G

WM

Stage 3 resin (2.0g, loading 1.14mmolfg, 2.28mmol) was suspended in DCM (30ml).
pyBOP (3.569, 6.84mmol) was added, followed by L-phenylglycine cyclopentyl ester
(2.59g, 86.84mmol) and DIPEA (3.9ml, 22.8mmol). The mixiure 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-yloxy}-acetylamino}-phenyl-acetic acid cyclopentyl ester (24)



~J NN HH O Stage 3 resin (2.0g, loading 1.14mmvl /g, 2.28mmpl) was
suspended in DCM (30nl). pyBOP (3.56g, 6.84mmol) was added, followed by
L- phenyl gl yci ne cycl opentyl ester (2.59g, 6.84mmvol) and DI PEA (3.9,
22.8mml ). The m xture was shaken for 18 h. LCMS after test cleave
confirmed conpletion of reaction. The resin was filtered, washed using
standard wash procedure and dried under vacuum Stage 5:
(S)-{2-[2-(7-Hydroxycar banmoyl - hept anogl,) -2,3,4,9-tetrahydro-1 H beta-
carbol i n-6-yl oxy] -acet yl am no} - phenyl -acetic acid cycl opentyl ester (24) 67
OSAL O 0101 HOI N OH HO H Stage 4 resin (0.8g, |oading

1. 14mmol /g, 0.91 mol) cl eaved using 2% TFA/ DCM (3 x 10m ). The
filtrate was evaporated®o yness at room tenperature under reduced

pressure to give ITFY\E 200Ny ich was purified by preparative
HPLC to give co und ) as ‘fﬁi { [ 95% mz 619
[M+H *, "H NVMR T400 "R/Hz DIVISO) . ) Pgﬂd CH2), 1.79 (2
H m CH2), 2.16-2.31 (2 H m 241'256( H m CH2), 8.60 (2 H m
CHZ), 4.42 (2 H s, CH2), 4.49 (2 H, s, , 4.93 (I H m CHOCO), 5.28
(1 H m OCOCHPh), 6.59 (1 H d, Ar), 665(1H s, Ar), 7.04 (1 H d,

Ar), 7.21 §hghla regin eﬁrég, |o§d15& 1(11mhl.o|/§f70 91%%&1)7w£§n|ééve%smglgﬁ519m9 bckh - AT

Stage 6: S&poﬂjmd (llﬁe "‘ I?rgﬁe was ezgpo?gted to dryr?esss ?atr room temperature under reduced

pressure to give an oily residue (200mg) which was purified by preparative HPLG to
give compound (24) as the TFA salt. LCMS purity 95%, m/z 619 IM™+H]*, 'TH NMR
(400 MHz, DMSO), &: 1.05-1.66 (16 H, m, 8 x CHy), 1.79 (2 H, m, CHy), 2.16-2.31 (2
M, m, 2.41-2.56 (2 H, m, CHy), 3.60 (2 H, m, CH,), 4.42 (2 H, s, CH,), 4.49 (2 H, s,
CHz), 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 (6 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

O,

HOEJJ\/
'S B

T i
H N\[.(\/\/\)J\N’O
5 H

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~1 H-beta-
carbolin-6-yloxyl-acetylamino}-phenyl-acstic acid cyclopentyl ester (25)



101 H/ NOgf' OHH 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-Hydroxycarbanoyl - hept anoyl ) -2, 3, 4, 9-tetrahydro-1 H bet a-
carbol i n-6-yl oxyl -acetyl am no} - phenyl -aceti c acid cycl opentyl ester (25) 68
OHONOO OH-NI NOH HHO Stage 6 resin (1.0g, ‘'l oading 1. 14mmol /g,
1. 14mmol ) was cl eaved and purified using the procedure detailed in stage
5. Conpound (25): LCVS purity 97% 551 [WHH 4,' H NWVR (400 MHz, MeCOD),
5: 1.33-1.49 (4 H m 2 x CH2)01.58- 1875 (4H m 2x CH), 2.06-2.17 (2
H m CH2), 2.51-2 (2 H m CH), 2.70-2.83 (2 H m CH2), 3.85-3.96 (2
H m CH2), 4.61 (@m CH2), 4.78 (2 H m CH2), 5.56 (1 H, s,

OCOCHPh), 6.89 (1 H CAr) 7.00 (1 H s, A), 7.26 (1 H m Ar), 7.35 (5

H m Ar). Synpgea 5 o ounds in Figure 2 as Exenplified by Conpound
(26) and Corrpounm RN > |~tf NIl HO®@RHNNHOR "'l
O OO R=ethyl 26pR="éthyl 29 H 47 RsH 3 = cycl ghenyl 28 R=
cyclopentyl 31 f~ O N N

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

MY +H], "H NMR (400 MHz, MeOD), 3: 1.33-1.48 (4 H, m, 2 x CHy), 1.58-1.75 (4 H,
m, 2 x CHa), 2.06-2.17 (2 H, m, CH,), 2.51-2.60 (2 H, m, CHy), 2.70-2.83 (2 H, m,
CHa), 3.85-3.96 (2 H, m, CHy), 4.61 (2 H, m, CH,), 4.78 (2 H, m, CHp), 5.56 (1 H, s,
OCQCHPh), 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)



HONJslf NIl NOR'NNO | \dHHOf LHR OO/ OO0 0 O R=ethyl 32
R=H 33 R=Butyl 35 R= cyclopentyl 34 R= cyclopentyl 36 R=H 37 |C HO-N\ /N
\ HOAR O Jb0~ O R=H 38 R= cyclopentyl 39 Figure 2 70 Synthesis of
Compound (26) and Conpound (27) 4 HO~II HI HOOHOHNOHI HO ~ |oXl
Zs 27 Stage 1: (S)-2-(3-Ntro-benzyl am no)- 3-phenyl - propionic acid ethyl
ester N NO/ HO 3-Ntrobenzyl brom de (10.0g, 46mml) was di ssol ved
in DM (180m ) and potassium carbona (12.7g, 92mml ) added, followed by
L- phenyl al ani ne ethyl ester hydrochlotide (10.6g, 46mmol). The reaction

was stirred for 17 h at roomtenperature before evaporati o dryness.
The residue was re-dissolved in ELQAc (150nl) and washed wat er
(3X80m ), dried (Na2SO4) filtered concentrated to dryne

N N
G 0 O

R= ethyl 26 R= ethyl
R=H 27 R=H 30
R= cyclopenty]l 28 R= cyclopentyi 31

g: athyl 33 R =1Butyl 35
R= cyclopentyl 34 g“' ;yclopentyl 3?

3} s o
HO™ W N “R
o 0 , 0

= 8
R= cyclopentyl 39

Figure 2



After purification by flash columm chromatography (30% Et OAc/ hexane) the
product was obtained (3.7g, 24%yield). LCVS purity 86% mz 329 [M +H ~.
St age 2:

(S)-2-[tent-Butoxycarbonyl -(3-nitro-benzyl)-am no]- 3-phenyl -propionic acid
ethyl ester Phh &N 1 \\ NOf/ 0 5 Stage 1 am ne (13.4g, 40.9mmol) was

di ssolved in THE (250nl) before addition of potassium carbonate (8.46g,

61. 4mmol ) and water (I 50nl). D tbutyd-di carbonate (35.6. 163nmol) was

dded and ' ' heated to 50C for 18 h. DCM dded th
osul tant mrors ooyl gt R ol 0. 3 vha (1som); sat. 71 a

resul tant m xture was C 0.1 M HCI sat. 71 ag.
NaHCO3 and water (150 m). The ayer was dried (Na2SO™4), filtered and
concentrated t,0 dryness. After p ication by flash columm chrao ogr aphy
(5% Et QAcke. h the forQdyct Iwas isol ated j(9. 4g, 54% yiel d) {TCCVS purity
95% mz 428 (WH ' t3:ﬁ j;} N ; e
(S)-2-[(3-Am no-benzyl ) -t efit - but 8xyc r bonyl - am no] - 3- ghe -propionic acid

ethyl ester (Ph HzN N @6 O-~ Stage 2 carbamate (4.92g, 2gl.SmmI) was
di ssolved In Et OAc (150nl) before addition of Pd/C (10% wet) catal yst
ressure at room tenperature for 18

(0.8g) andg agdepat od under bal | oon ure a

h. The reacttg %!%lrifq%fgﬁjﬁgro\%ﬁgafl?mmgféﬁhet”gﬁ"ﬁﬁ@ﬂ”"éa‘fiﬁ&t%lfeséeéI ite and

evaporated to dryness to give a red solid (4.0g, 89%yield). LCVS purity
100% mz 399 [WH] . Stage 4: Coupling to resin Ph OM , NNO- OLOO

o)
2N N o\/
H
o

3-Nitrobenzyl bromide (10.0g, 48mmol) was dissolved in DMF (180ml) and potassium
carbonate (12.7g, 92mmol) added, followed by L-phenylalanine ethyi ester
hydrochloride (10.6g, 46mmol). The reaction was stirred for 17 h at room temperature
before evaporating to dryness. The residue was re-dissolved in EtOAc (150mt) and
washed with water (3X80mi), dried (NazS0,) filtered and concentrated to dryness.
After purification by flash column chromatography (30% EtOAc/ hexane) the product
was obtained (3.7g, 24% vield). LCMS purity 86%, m/z 329 [M*+H]*.

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 (150mi). 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 HCI (150n), sat.



O Hydroxyl am ne 2-chlorotrityl resin derivatized with suberic acid (1.0 g,

| oading 0.83mmol/g) was swollen in DVF (15nml) and PyBOP (1.36g, 2.61 mmol)
added, followed by DIPEA (1.5nl, 8.7mmvl). Stage 3 aniline (1.04g, 2.61
mmol ) was dissolved in DCM (15nl) and added to the reaction m xture. The
reacti on was shaken for 24 h at roomtenperature. LCVS after a test cleave
i ndi cated 86% conversion, mz 570 [M+H]'. The resin was filtered and
washed using the standard wash procequre. The resin was dried under
vacuum 72 Stage 5: ) )

(S) - 2- [ 3-ag7NekidPeayteatbaitsy Mt BEYYaYERAS YOS Qi HEPd 809 heny! - pro
picnic agj ( - akh Goluth RhidritdgRiphi@% O O/ O Stage
4 resin Edfﬂgegﬁlja?égéﬁléﬁgésg é@%ﬁmca\/ﬁg@ﬁﬂe ?Ly_s%gtg i%pW?FA/‘,DCM (10ntL) for
20mi ns. THOAFSxanaMdRe Frpguckvasisolqigd (?-89*&46{%3@91 &@aQHB y§ & hder reduced
pressure gigmfAgm tenperature. 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 oi |y rsiagalsds)-Tie-Ansso-tereyvest-buidxyeateenyi-amibphArahey-RopiPmEA DCM f or

40m ns. Afc‘ic?ét )ﬁ\égtgpr ation to dryness, also wunder reduced pressure at room
terrperatuare, F € crude product was purified by preparative HPLC to yield
conmpound (26). LCMB purity 100% mz 470 [M+H','H NWR (400 MHz, MeQD),
6: 1.08 (3 H t, CH3), 1.35-1.45 (4 H mprr2 x CH2), 1.60-1.80 (4 H m 2 x
CH2), 2.10 (2 H t, CH2), 2.40 (2 H t,} CH2), 3.13 (1 H, dd, PhCHH), 3.40
(1 H dd, PhCHH), 4.11 (2 HNg .Oié/4. 22 (3 H m, 7.20-7.48 (8
H m A), 7.92 (1 H s, A). Haponi fication Ph

Stage 2 carbamate (4.92g, 11.5mmol) was dissolved in EtOAc (150mi) before addition
of Pd/C (10% wet) catalyst (0.8g) and hydrogenated under balloon pressure at room
temperature for 18 h. The reaction mixture was filtered through a pad of celite and
evaporated to dryness fo give a red solid (4.0g, 89% yield). LCMS purity 100%, m/z
399 [M™+H]".

Stage 4: Coupfing to resin

Ph

O,HWR‘@/O\;\/EIO\/
>

Hydroxylamine 2-chlorotrityl resin derivatized with suberic acid (1.0 g, loading
0.83mmoY/g) 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. LOMS after a test cleave indicated 86% conversion, m/z 570
[M*+H]". The resin was filtered and washed using the standard wash procedure. The

resin was dried under vacuum.



N N~NOCH OTIfLIbIIITITF OOI/ OOO Stage 4 resin (1.4g, |oading
0. 83mol ) was suspended in THE (8.6nl) and nethanol (8.6 n) and 1.4M
sodi um hydroxi de solution (8.6nl, 5. 98mvl) was added. The m xture was
shaken for 24 hours before test cleavage reveal ed 83% conversion to
required acid, mz 541 [M+H The resin was filtered and washed with water
X 2, MOHx 2, followed by the standard wash procedure. The resin was
dried under vacuum 73 Stage 7: 72

(S)-2-[3-& 1~ HV.AEOXVCAL |- 1 ] ok nyl -

pr opi oni cé%%ﬁr%q?%))(fgﬁwcﬁg%%ﬁﬂ%@%@%‘ﬁ%&%@@@]n@%ﬁ%%@ | oadi ng

0. 83mol )piewisagieethyiestoh@6kn in 2% TFA/DCM (1 Onl) for 20nmins. The resin
was filtered. The filtrate was evaporated under reduced pressure at room
tenperature. The resin was re-treated with 2‘V$TFA/DCI\/I(IOrr1) and was
filtered after 20m ns. The conbined filtratg re evaporated to dryness
under reduced pressure Ht o m Henperatureito give an oily residue. The
resi due was all owed to~s dig TFA/ B for om ns. After evaporation
to dryness, under reducedppregsuré gnperature, the crude product
was purified by preparative HPLC to yield conmpound (27). LCVS purity 100%
mz 442 [M+H]',"H NWR (400 MHz, MeOD), 5: 1.35-1.48 (4 H m 2 x CH2),

e e el
M, 7. 15 Z0biis. Tte rebin)wasAlt@Ed( BheHfitrate wAs yapbreiad (tletHeducedrgssurB.at3 (1 H s,
Ar). The d%&glt&%é?&u%?ﬁé%@ﬂ%éﬁ@éfﬁ-e%ﬁ Rith 86, FSOBER (H8m 9nd W& Procedure

descri be
filtered after 20mins. The combined filtrates were evaporated fo 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 yield compound {26). LCMS purity 100%, m/z 470 [M*+H]", 'H
NMR (400 MHz, MeOD), &: 1.08 (3 H, t, CHj3), 1.35-1.45 (4 H, m, 2 x CH,), 1.60-1.80
(4 H, m, 2 x CHyp), 2.10 (2 H, t, CHy), 2.40 (2 H, t, CHy), 3.13 (1 H, dd, PhCHH), 3.40
(1 H, dd, PhCHH), 4.11 (2 H, g, CH:CHy), 4.14-4.22 (3 H, m}, 7.20-7.48 (8 H, m, Ar),
7.92 (1H,s, Ar).

Stage 6: Saponification

Ph

>

Stage 4 resin (1.4g, loading 0.83mmoi) was suspended in THF {8.6mi) and methanal
(8.6 ml} and 1.4M sodium hydroxide soiution (8.6ml, 5.98mmol) was added. The
mixfure 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.



conpound (26) and compound (27) (S)-2-[3-(7-Hydroxycarbanoyl - hept anoyl am i
no) - benzyl am no] - 3- phenyl - propionic acid cycl opentyl ester (28) LCVS
purity 100% mz 510 [M+H',"'H NWR (400 MHz, MeOD), 5: 1.00-1.61 (16 H,

m 8 x CH2), 1.90 (2 H, t, CH2), 2.20 (2 H, d, CH), 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 A), 7.75 (1 H s, Ar). (S)-2-[3-(7-Hydroxycarbanoyl - hept anoyl am

no) - benzy[ am no] - 4- phenyl - but yric ac',jd ethyl ester (29) LCVS purity 100%
mz 484 [M++H]', 1H NVR (400MHz, I\/EOD?, 5: 1.23-1.29 (7 H m CH3, 2 x
CH2) , 1. 53sfage it (-2-[SkBHydrdxy@arbarholkhebtanGhEinolbdiyleRinkl-3pher@2) , 2. 11-2. 16
(2 H 74 m Cl—lgét §288 (2 H t, CHR), 2.53-2.61 (1 H m CH), 2.65-2.76 (1
H m CH),PSPEB°3%g&) (1 H m CHOREt), 4.05 (2H, s, CH2), 4.21 (2 H, q,
CH2), 7.05-7.15 (4 H m Ar), 7.15- 7.22 (2 H m Ar), 7.25-7.39 (2 H m
Ar), 7.75 (1 H s, Ar). (S)-2-[3-(7-Hydroxycarbamyl - heptanoyl am n

0) - benzyl am no] - 4- phenyl -butyric acid (30) L purity 100% niz456
[M+H"',"H NVR (400MHz, NgCD), : Moy 2 X CH2), 1.53 (2 H
t, CH2), 1.62 (2 H, t,HER2 L. 1-2.16 (2 H m CH2),
2.29 (2 H t, CH), 2.57-2. (1HH, 77 (1 H m CH,
3.84-3.87 (1 H m CHCO2H), 4.19(2 CH2), 7.09-7.11 (4 H m Ar),
7.16-7.20 (2 H m A), 7.27-7.35 (2 H m Ar), 7.78 (1 H s, A).
(S)-2-[3-(7-Hydroxycar banmoyl - hept anoyl am no) - benzyl am no] - 4- phenyl - butyric
aci d cycl optigt Blress (1et4g( Badind TRBmMpiol) ey g&MiGOshakdrzin 22ATHAYDEM](#0miH NVR (400

Mz, MOD . 1. 20- 4. : 1. 5(2H m,
2.00 (2 H? f°tr?O%‘)ﬁe%?%w%imﬁmdﬁ)ﬁ‘eE&rﬁéﬁ'f’% "E’i,gp r%gdgll& ,edé‘.‘l’% ((1 H, n)n? 2.68
(1 H m, BregsiIr¢atppmitemigraiarnifpe reginas(re-tneated wito@%pPH)A/DCH (30ml) andd, m)

Z\- ;)2' 7. 12 (A tkerdB afRF omihs. HhelcdmbineBYiltrAfek wefe Sfapbratdd to Biynd$dundér 80 (1 H, S,
r).

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, under
reduced pressure at room temperature, the crude product was purified by preparative
HPLC to yield compound (27). LCMS purity 100%, m/z 442 [M"+H}", 'H NMR (400
MHz, MeOD), 8: 1.35-1.48 (4 H, m, 2 x CHy), 1.60-1.78 (4 H, m, 2x CHy), 2.10 (2 H, t,
CHy), 2.40 (2 H, t, CH,), 3.20 (1 H, dd, PhCHH), 3.28 (1 H, dd, PhCHH}, 3.90 (1 H, t,
OCOCH), 414 2H, m), 715 (1 H,d, Ar}, 7.26 (6 H, m, Ar), 7.51 (1 H, d, An), 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 MHz, MeQD), &: 1.00-1.61 (16 H,
m, 8 x CHy), 1.90 (2 H, t, CHy), 2.20 (2 H, d, CHy), 2.20 (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}, 775 (1 H, s,
Arn.

(8)-2-[3-(7-Hydroxycarbamoyl-heptanoylamino)-benzylamino}-4-phenyl-butyric
acid ethyl ester (29)

LCMS purity 100%, m/z 484 [M*+H]*, 'H NMR (400MHz, MeOD), 5: 1.23-1.29 (7 H, m,
CHa, 2 x CHy), 1.53 (2 H, 1, CHy), 1.62 (2 H, 1, CHy), 1.99 (2 H, 1, CHp), 2.11-2.16 (2 H,



(S)-3-tert-Butoxy-2-[3-(7-hydroxycar banoyl - hept anoyl am no) - benzy[ am no] -
propionic acid ethyl ester (32) LCVS purity 90% mz 466 [M-+H]',' H NMR
(400 MHz, MeOD), 8: 1.25 (9 H s, (C(CH3)3), 1.35 (3 H, t, CH2CH3),
1.35-1.45 (4 H m 2 x CH), 1.62-1.76 (4 H m 2 x CH2), 2.12 (2 H, t,
CH2), 2.40°(2 H t, CH2), 3.8 (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-hydroxycar bagoyl - hept anoyl am' no) - benzyl am no]j -
"H NVR (400 MHz,

86% m z 438
R/L%gl)omesc %Cl’ig'z(égh(z*é' 4 C%e)di@ 381 @%B’Z@ﬂ #éfh% 76 (%H.apegH), 3.883.90, 75 (4 H,
m2 x CH2) {18, rﬂl,(DLﬂtZOkEEt) %,05@R)s, CRL)39.21 «QHHq GH,), %)71&4@@ /@gm% H m,
4.26 (2 Hy90 (HPRN, 7221 b To By Ml A oA T 0 (1H d

Ar),
(S)- 3 tert But oxy- 2-[ 3- ( 7- hydr oxycar banoyl - hept anoyl am no) - benzyl am no] -

P Ry W"“ba@%?“%ﬁ‘i%%ﬁ'ps*ﬁ@@ﬁ“ ol bR) oo (4

m 2 x CH2fSd380.2. 00 (12 H M, 2.13 (2 H t, CH), 2.42 (2 H t, CR),

3. 83- 4 00 (@MB',puH?%/,‘lOé%l%fz(ﬂSGl"_[‘M £, *Hf\ﬁfﬁq (4%0 bzf rﬂ'eéb?%’h? 715’35'?4&]111“ ux

(78)25[ 3- (7- & @@&Q@gﬂﬁﬁwﬁﬁnhéﬁg%b’ﬂ &ﬁ'iz)nﬂ) Hzty Chinl %d]-Qﬁﬁéﬁbﬂ, macetic acid

tert-butyl CHgt 229 (88)t, CEYE:.FrRisty1 97%0 26982477[%("&-? i‘PO Mz,
169242

R/Eg??)z 35 %'2'% ‘('&8 "@p&)% (%Hz% Cghﬁg 0& ﬁ—ﬂnm& H’ CH2 x 2),

A rq CH2) ,
4.65-4.95 Z27ﬂ35rf?Fm,Aﬁa"éR&dl HisgAdl ) 7.05 (1 H d, Ar), 7 25-7.33 (2 H,
m Ar), 7.35-7.50 (5 H m Ar), 7.75 (1 H s, Ar).

(S)-[3-(7 I-sh{dr ox%/car banoyl - hept anoyl am no) - benzyl am no] - phenyl -acetic acid
cycl opent ytSr&dedt-Hydwxyeahempir-hapfancytagingy-benzy "IIMJMHGHYI-IDMMOONHZ
MeOD), 8: dcidQydiopéht{ilitdd,(3ym 8 x CH2), 2.00 (2 H t, CH2), 2.30 (2 H t,

a2), 4. OSL(EI\%S lf)'EJritg qOO‘%,Jr%}\Iz@Z’AL [I&“ﬂl?“, (E} NMR (400 MHz, MeOD), 5: 1.20-1.35 (4 H,
m), 1.45-1.62 (10 H, m), 1.85 (2 H, m), 2.00 (2 H, t, CH,), 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),
9.24 (1 H, m)7.02-7.12 (4 H, m, Ar), 7.18 (2 H, m, Ar), 7.30 (2 H, m, Ar), 7.80(1H,s,
Ar).

(S)-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), 5: 1.25 (9 H, s,
C(CHs)s), 1.35 (3 H, t, CHCHs), 1.35-1.45 (4 H, m, 2 X CH,), 1.62-1.76 (4 H, m, 2 x
CHa), 2.12(2 H, f, CHy), 2.40 (2 H, t, CHy), 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-(T-hydroxycarbamoyl-heptanoylamino)nbenzylamino]-
propionic acid (33)

LCMS purity 86%, m/z 438 [M™+H]", "H NMR (400 MHz, MeOD), §: 1.20 (OH,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
(2 H, t, CHy), 3.78-3.85 (3 H, m), 4.26 (2 H, s, CH,Ph), 7.21 (1 H, d, Ar), 7.39 (1H,t,
Ar), 7.50 (1H, d, Ar}, 7.80 (1 H, s, An).

(S)-3-tert-Butoxy-2-[3-(7-hydroxycarbamoy]-heptanoylamino}-benzylamino}-
propionic acid cyclopentyl ester {34)



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 (1 H m Ar).

(S)-[3-(7-Hydroxycar banoyl - hept anoyl am no) - benzyl am no] - phenyl -acetic acid
(37) LCVS purity 100% nmiz 428 [M+H] ", 1H NWR (400MHz, MeQD), 6: 1.20-1.35
(4 H m 2xCH), 1.50-1.65 (4 H m 2 x CH), 2.00 (2 H m CH2), 2.30
(2 H m CH2), 4.00 (2 H, dd, CH2NH), 4.90 (1 H, m OCOCHPh), 7.05 (1 H,
m Ar), 7.25-7.50 (7 H m A), 7.70,(1 H m Ar).

(S)-2-[3-(7-Hydroxycar banmoyl -h epta ng ami n o)-benzylam no]-4-m ethyl -

R)/gg) an0|6 c acvs F(Lﬁ&)gmwz pOG [MWHP#%NMRZ@MHEZMM) 5:1.48 ® IVRJs.( 1_102 gﬂtl_h
CHS)? 256 iy (%‘1%#"!‘]” k’?rf}*’?‘f&é’ﬂp GeH %%3 %m@ﬁiﬁ 1242 @rp) . 1. 95
(2 H t. JI—I;tK?[‘BRBBG}42()O(22-IZ|3428H Htm)423(2H3ﬁcm))635Q0H L 75 t, J =
6.88 Hz, NHWQE?A%%#@S%#WF?QB(T A?)7 2, (1 Y 3.68 (1 H d J =125

Hz, CH), 7.00 t, J =7.8 H, Ar),
(1H s. Ar), 7.47 (1 H br d, Ar) 76

2- bRy SRk , | -
f)g)nt an([)?C(?S)EﬂEqT-HW%?& ty eﬁ"ejssrter émg CI\E puzrgfa%wi] &?gﬂﬁ?t%t%%@m +H ', '"H
NI\/R(400IV£Ti{ %(22)085-095(6H 2xd 2xCH), 1.30 (4 H m 2
x CH2), 1.50MS plritf®7¢4] Sn/usamaHRY HNME (460 8z, Fﬂaeagm ), 5:GHED (13 &, AP 2(x2 E 21'-5, (1
(I-:lf_Q%n’ g:H?OC .2’1%‘0?13) 5')1 6&3251%)?1( §6’H E‘Ewﬁ(‘\ﬂﬁs G,ﬁ‘édﬂ (éli%?“iz?@az C&'@ynt hesi s of
Conpound (ZrO)’JHa)mdS.QBdﬁﬂrbuan()M&S-ﬂgﬁ(O-ﬂ-mODH trladteMisighiat) DB (HN QDAY NO O OH |
o1 0O 7.25-7.33 (2 H, m, An), 7.35-7.50 (5 H, m, Ar), 7.75 (1 H, s, Ar),

.30

(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 M,
m, 8 x CHy), 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).

(S)-I3-{7-Hydroxycarbamoyl-heptanoylamino)-benzylamino]-phenyl-acetic acid

(37)

LCMS purity 100%, m/z 428 [M™+H]*, 'H NMR (400MHz, MeOD), &: 1.20-1.35 (4 H, m,

2x CHy), 1.50-1.65 (4 H, m, 2 x CHy), 2.00 (2 H, m, CHy), 2.30 (2 H, m, CH,), 4.00 (2
* H, dd, CHzNH), 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, An).

{8)-2-[3~(7-Hydroxycarbamoyl-heptanoylamino)-benzytamino]-4-methyl-
pentanoic acid (38)

LCMS purity 91%, m/iz 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, J = 6.6 Hz, CH;), 1.26 — 1.40 (6 H, m, alkyl), 1.49 - 1.70
(5H, m, CH+2xCHy), 1.95 (2 H, t, J =7.32, CHy), 2.25 (2 H, {, J = 7.36, CH,), 3.00
(1 H,1,J=6.88 Hz, NHCHCO), 3.42 (1 H, d, J = 12.7 Hz, CH), 3.68 (1 H,d, J= 125
Hz, CH), 7.00 (1 H,d, J=7.6 Hz, Ar), 715 (1 H, t, J = 7.8 Hz, Ar), 7.30 (1 H, s. A1),
7.47 (1 H, brd, Ar)



40 41 Stage 1: (S)-(2-Ntro-benzyl am no)-phenyl -acetic acid cycl opentyl
ester Ph NO2 On CvI 1O H\ A mxture of 2-nitrobenzyl brom de (159,

69. 4mmol ), L-phenyl gl yci ne cyclopentyl ester tosyl salt (27.2g, 69.4nmmol)
and potassi um carbonate (19.2g, 138.8mmol) in DV (300ml) was stirred at
roomtenperature for 18 h. The reaction m xture was diluted wth EtQAc
(300nl) and washed with water (3 x 200nl). The Et OAc | ayer was i sol ated,
dried (Na2SO4), filtered and concentraged to dryness yiel ding an orange

col oured ok‘JH. [% ?&E’e wei ght of 248 was jsolated. LCMS purity 81 % nfz 355
[M +H] " il SHgEpvgaDamortheRtarRieming-PReRVIaRIRPT4- g S age 2:
(S)-[tert - Betengicachbsyglopeityhestep{3oenzyl ) - am no] - phenyl - acetl c acid

I
Cyet opentyLoRsthbun MR 10 2 B Siedl2 o8 4 80805 e s
69. 1mmol ) B diEEx ChpOM3P (hdb nadte CHR A 7 76g13 619 ml b, 1.74 ¢ Homed by

! T P20 SEOTHERENE e LT g iR 0

di - t ert - bubyP. e an Gbbhat ¥ (145 digy). 7@@@@meﬁ0(Tl'Hes Beact i on m xture was
evaporated to dryness. The residue was re- dissolved in EtOAc (300m),
washed with 0.1 MHC (150m ), sat. agq. NaHCO3 and water (150 m). The
Et OAc | ayer was dried (Na2SO4), filtered and concentrated to dryness

yi el di ng aSyréhésisvobCbmpahind (40pamd Compblued(4ly col utm chromat ogr aphy (20%
Et OAc/ hexane) the product was obtained as clear yellow oil (15g, 48%
yield). Stage 3:

(S)-[(2- Am no- b@l Jotert-but oxycar bonyl - am no henégl -acetic acid

cycl opentyl est ﬁ

O O

©/\ft> .

b OH
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Stage 1: (S)-(2-Nitro-benzylamino)-phenyl-acetic acid cyclopentyl ester

ull"U

ke ey

A mixture of 2-nitrobenzyl bromide (15g, 69.4mmol), L-phenylglycine cyclopentyl ester
tosyl salt (27.2g, 69.4mmol) and potassium carbonate (18.2g, 138.8mmol) in DMF
(300mt) was stirred at room temperature for 18 h. The reaction mixture was diluted
with EtOAc (300mi) and washed with water (3 x 200mi). The EiQAc layer was |
isolated, dried (N2,S0,), filtered and concentrated to dryness yielding an orange
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—Butoxycarbony]—(z-nitro-benzyi)—amino]—phenyl-acetic acld
cyclopenty! ester



Ph NH2 O N a boc A mxture of stage 2 carbamate (4.44g, 9.78mmol) and 10%
Pd/C (0.79) in EtQAc (130mL) was hydrogenated at roomtenperature for 18 h
under ball oon pressure. The Pd/C catalyst 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 [M+H]', Stage 4: Coupling
of stage 3 aniline OH Ph HNK ~_~J- NO , OCO boc / 0 boc

Hydr oxyl am ne 2-chlorotrityl resin derivatized with suberic acid (1.6g,
DCI\/I(lOOrri) 1- Chl oro- N, N- 2-
56nﬂ 3.3mmol, 3eq) was added

at 0 C under the atnosphere ure was aIIovved to warmto room
tenperature 78 and gently sh Stage 3 aniline (1.4q,

3.3mmol, 3eq) was added portionw se over 20mn. Et3N (0.76m, 4.4mol,

4eq) was added. The m xture was shaken for 1 h. LCMS after a test cleave
shows 97% Toaelonad(S)-(AMNiraomzyigwidp)-phepkacetie g¢it cygippeplyl astar é%ﬂ 4hd washed

using_t hepestrARGRIAHIAGBoRN Aaeduach .08 7 65100 W), Mided yndeg.vacuum 1.

Ghosez et a

(S)-[ 2- (wwawamﬁﬁ&%Mgvr'3%rﬁmanowaéﬁﬁ<fﬁwbmdaﬁ3%jh%%ﬂ% acetic acid

cycl opentgtiree 2t @om(idper@ure for 8 days with further di-tert-butyl dicarbonate (45.1g,
206.6mmol). The reaction mixture was evaporated to dryness. The residue was re-
dissolved in EtOAc (300mi), washed with 0.1 M HCI (150ml), sat. aq.NaHCO; and
water (150 mt). The EtOAc layer was dried (Na,SQ,), filtered and concentraied io
dryness yielding a yellow oil. After purification by column chromatography (20%

trimet hyl pr openyl am ne (CGhosez regge

EtOAc/ hexane) the product was obtained as clear yellow oil (15g, 48% vield).

Stage 3: (8)-[(2-Amino-benzyl)}-tert-butoxycarbonyi-amincl-phenyl-acetic scid
cyclopentyl ester

A mixture of stage 2 carbamate (4.44g, 8.78mmol) and 10% Pd/C (0.7g) in EtCAc
{130mD) was hydrogenated at room temperature for 18 h under balloon pressure. The
Pd/C catalyst was filtered off through a pad of celite. The filirate was concentrated
under reduced pressure io yield a white solid (4.25g). LCMS purity 100%, m/z 425
[M+H],

Siage 4: Coupling of stage 3 aniline

O

H
Ph MW MN\O

gy

Hydroxytamine 2-chlorotrityf resin derivatized with suberic acid (1.6g, loading
0.83mmol) was swollen in anhydrous DCM {100mi). 1-Chloro-N,N-2-
trimethylpropenylamine (Ghosez reagent)' (0.56ml, 3.3mmol, 3eq) was added at 0 °C
under the atmosphere of Na. The mixture was allowed to warm to room temperature



NNO O O” OiV) Stage 4 resin (1.34g, |loading 0.83mmol) was gently
shaken in 2% TFA/DCM (10m ) for 20m ns. The resin was filtered. The
filtrate was coll ected and evaporated under reduced pressure at room
tenperature. The resin was re-treated with 2% TFAIDCM (10m ) and after
20mns filtered. The conbined filtrates were evaporated to dryness under
reduced pressure at roomtenperature to give a residue. This residue was
allowed to stand in 20% TFA/ DCM for 40%i ns. After evaporation to dryness,

al so undegnd (]2 U r t erature, the residue was purified
by prepar at%ﬁ%&@&PL?ﬁ??%ﬁ'ﬁ%%ﬁ%%ﬁmﬁgﬁﬁg’a iRl o9l wagjagded ovs purity
100% m z BYBCRFPRL20min. KeR(Q Z8p0M-4mmivk @B)) wes:addediThe nd@ure WasH, M 8 X

CH2) , 2.153r(akerlﬂforl1h.L@ﬂ@aﬁ&.ﬁést@%av{g (1 . GHPNH) , 4.20 (1
H d, CH NH, &s%ﬂe&% H, n%gco_mph h‘mgggg’ Wﬁ?'%?nm%ﬁ&%f ,‘*ﬁy:ﬂﬁg(l H m
Ar), 7.40 M AR P washed psigg thezstandary wagh)procegtmegBhdéresiBayaeni fi cati on O
H Ph FI N #EN uddervabagn.79 Stage 4 resin (2. Qy, |oading, 0.83mol,
2.35mml ) wag j MeoH 1 HE (6.1nl). 2.7 N NaCH (aq,
6.1m ) was a?ideg. %ﬂg&ﬁ‘i'}kpwe m‘?&i%fﬂ'k%e%}goﬁ@- days. LCMB of the test
cl eave confirned the conpletion of reaction, mz 528 [M+H]' The resin was
with water x 2, MeOH x 2, followed by the standard

filtered d e
wash proc ::%ﬁ?e\é\&%g)ﬁé'qmmebﬁmqyb@?ntﬁmwﬁW@d:-bmnyla&ﬁmﬁh&iyl-aceﬁc
(S) - [ 2- ( 7-deiddsyoleyeray! batepido} hept anoyl ami no) - benzyl ami no] - phenyl -acetic acid

conpound (41) OH
0
N/”\/\/\/-YN‘O
N 0
O
70

Stage 4 resin (1.34g, 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
(10mi) 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]*, 'H
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, CH.NH), 4.20 (1H, d, CH;NH), 5.20 (1 H, m, OCOCHPh),
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

s
-
L
Zj
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/
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<

QO Eoc



HNOH HN. O OHO Stage 6 resin (2.0g, loading 0.83mvol) was cl eaved and
boc deprotected using the procedure outlined for stage 5. The crude
product was purified by preparative HPLC vyielding conpound (41) as the TFA
salt. LCVS purity 98% mz 428 [M+H',"H NVR (400MHz, MeOD), 8: 1.25-1.35
(4 H m 2 x CH), 1.50-1.65 (4 H m 2 x CH), 2.00 (2 H m CH2), 2.30
(2 H m CH), 3.80 (1 H d, CH\H), 4.10 (1 H d, CHNH, 500 (1 H m
OCOCHPh), 7.10 (1 H m Ar), 7.30 (ZgH, m Ar), 7.40-7.50 (7 H m Ar).
Synt hesi s_ of Corrpound (42) and Corrpound (‘43) I/ NI NMII NICH I/ N ON-CH H
O H O N Nipge 4 regin (2.0gloegiy, 043mg!, 2150 ywas suspended in MeOH (6.1)
ﬁi 3, 4, 9 E@narramy(ermﬂ)bgtramaoh% Banﬂyﬂa}ﬂdt@aa mléyﬁ.ktgreg@el\schhakéiﬁeﬂs'lb eslter 80 g)
e 0 C oxylic aci
(50, 23 LRI oG e PevE samired i omPRAE % WeRbl “Abe cool od +o
OC Benzylhechdinwes Oitanadt and wah8dwith watenkra) Me@ﬂs:adxﬂeﬂedslbmmytan@érder stirring

room W&E%%H%Bf%r?ﬁn %LHH%M&&&GE%' chloroformate (1.4m, 9.5mmuol)

vvas adde e reaction mxture

Stage 7: (S)-[2-(7-Hydroxycarbamoyi-heptanoylamine)-benzylamino]-phenyl-acetic
acid compound (41

i i
I'I\-,I)J\/\/\/\n/ ~
HN ©
2 OH
Oy

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]*, 'H NMR
{400MHz, MeOD), &: 1.25-1.35 (4 H, m, 2 x CHp), 1.50-1.65 (4 H, m, 2 x CH,), 2.00 (2
H, m, CHz), 2.30 (2 H, m, CHy), 3.80 (1 H, d, CH.NH), 4.10 (1 H, d, CH2NH), 5.00 (1
H, m, OCOCHPhR), 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)

| i 1 i
N
N \"/\/\/\)J\N,OH N N\’(\A/\/lLN/OH
H ; o H H S H
N N

SRRe oy

Stage 1: 1,3,4,9-Tetrahydro-beta-carboline-1,2-dicarboxylic acid 2-benzyl ester



with ether. The aqueous |ayer was acidified to pH 2 and

\évitsr\zglgtsggdvx,ith DCM dried (I?/QSO4), filtered and evaporated to dryness
yielding a first crop of material as a yellow solid with LCVS purity of
79% mnmz 351 [M+H'. The initial crop was used wi thout further
purification. A second crop of material was obtained follow ng 4
concentration of the ether layers to give further crude product. Theocru e
material was purified by flash chronmaBography eluting with DCMto ZOAJZMO
met hanol i ¢ NH3, 80% DCM yi el ding further Cbz-protected conpound (yield 49%
at LCMS purity 82% mz 351 [WHH] ' . Stage
1- (Met hoxy- et hyl - car banoyl ) -1, 3, 4, 9-t et rahydr 0

i ¢arboxylic acid 2-benzyl ester (3g,

acid benzyl ester N-cbhz N E) :\l 0-I
1, 3, 4, 9- Tet r ahydr o- bet a- car bol i ne- _ _
8.4mol ) was d?/ssol ved in anh W30mL) and triethylam ne (5.22n,
37.8muvol ) added. To this sol &g added HOBt (2.848g, 21.4mml), EDC
(4.08g, 21.4mml) and N, O div# dr@ixyl am ne hydrochl oride (1.86g,
19. 1. mmol ). After stirring at roomi t@nperature for 2 h the reaction
m xture was evaporated to dryness, re-dissolved in EtQAc and washed with
saturated NaHCO3 sol ution (2X100m ) and water (50nl). The EtOAc |ayer was
dried (Na2Seslytionsdf | 2eh4tetrahiresaryotine{ edrbbrylid ngic ¢sgs 23. Puriol)iicdibkps by bcol um
chromat 0g(@nhl atks RNAEM 661, 3¥nfiizh AR QbRER %"gﬂzﬂ% ftoiag ege"g', nre
el %%541)?7 LSMS pHréCL% iy A n1_zri tpo (aitire ferdi fofubieerzy | est er
1- For nyl - 12370 ¢/ B0 YRS G dedrelevdy-Hiep sliringeat soqsa temerdtire fardi y
CN-cbz N tlelnzyl-lckibon&farmlatet(ii.@ml,@f:i_mmol) waés adqded. After 2.|5_h th(?jl Eeitacci:tiozn iétHEe | ester
1,3,4,9-t v - | j.ne- -di carhoxyl i - 4 _
(3. 7ny, 9%4% ﬁ é‘?"#{“‘?ﬁﬁef T@%ﬁ%”ﬁ%%&?f "}@fa\ﬁ&@eé\é&@a apgextragted withs M DI BAL i n

DCM, dried (MgSQ,), 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 to 20% 2M

methanolic NHa, 80% DCM vyielding further Cbz-protected compound (yield 49%) at

LCMS purity 82%, m/z 351 [M*+HJ".

bet a- car bol i ne- 2- car boxylic

Stage 2: 1-(Methoxy-methyl-carbamoyi)-1 »3,4,9-tetrahydro-beta-carboline-2-carboxylic
acid benzyl ester

\ N—cbz
e
N /7N
H O O—

1,3,4,9-Tetrahydro-beta-carboline-1 .2-dicarboxylic acid 2—ben:'zyl ester (3g, 8.4mmol)
was dissolved in anhydrous DCM (30ml) and triethylamine (5.22ml, 37.8mmol) added.
To this solution was added HOBt (2.848g, 21.4mmol), EDCI (4.08g, 21.4mmol) and N
O-dimethylhydroxylamine hydrochloride (1.86g, 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 NaHCOs solution (2X100ml) and water (50ml). The
EtOAc layer was dried (NapS0,), 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*+HJ*



tol uene solution (31.2nml, 47mmol) was added over 2 hours. After stirring
for 4 hours the reaction m xture was quenched wi th nethanol and water,
extracted into Et OAc and washed with dilute agqueous HCI. The organic |ayer
was dried over Na2SO4, filtered and evaporated to dryness. LCMS purity
50% nmz 335 [M+H' The material was used in the next stage w thout

further purification. Stage 4:
1-{[((8)-Cyclopentyloxycarbonyl-pheny%inethyl)-anino]-nethyl}-1,3,4,9-

t et rahydr o- bet a- car bol i ne- 2- carboxyli c acid benzyl ester Ncbz ' H" oA

m xture of 1-Fornyl-1,3,4,9-tetrahydro-beta-carboline-2-carboxylic acid

benzyl es - )b k4 SR AGEL € (0.6 8r7.4 I L- phenyl gl yci ne
cycl opent yIS%E}gg 19 1e rF 3&@?/%3459;%? b%}%g%g %émq%)ftg%%%y{ﬁ?%%&ﬁsﬁﬁydr i de
(0.26g, 4.2mmol) and nolecular sieves in IPA (100m) was stirred at room
tenperature for 1 hour. The reaction_mxture was evaporated to dryness,
re-di ssolved in Et OAc and washed seenNi—a&tzi y wth saturated NaHCO3
solution and brine. The Et QAc | & ¥s{dried over MgSH, filtered and
evaporated to dryness. LCVS puritywyoN 39%Hmz 538 [M +H]'. The crude
material was taken to the next stagelwi ©hout further purification. Stage
5:

1-{[tert-Butoxycarbonyl -((S)-cycl opentyl oxycarbonyi - phenyl - net hyl ) - am no] -
met hyl }-1,@?%9%}&%"@ ahysise-hete watholiiant 2 Ricamokyic phide- oy ebenzyl ester 82

N-cbz boc (3Hnl§09ﬂmnﬁal)T@TﬁF%idowﬁdéﬂh%%ésoébo% 1SLRSE ﬁsnﬁ%@;ﬁjgl 08g,

2.0mol ), jn THE (.20 adde pot assi um car bonat e’ , 3.0mvol) and
di-tert-buf @F”%?OA'QPBZ%Q%Y?‘?TWQbyva%?@ﬁql[ﬂvyr_ 2 hotfie Afteetimingriond haws e was
stirred atth®@@cliarmaBirdwas queatitkdoanl methifl ERPRAEE BRAIAIURS Eofd | uted with
DOM (50 ardiehsHEPHRaile dyulods EHThe Sallc 12r WA Tidd ove ekl €d

filtered and evaporated to dryness. LCMS purity 50%, m/z 335 [M*™+H]* The material

was used in the next stage without further purification.

Siage 4: 1-{[((S)-Cyclopentyloxycarbonyl-phenyl—methyi)-amino]-methyl}-'i 3,4,9-
tetrahydro-beta-carboline-2-carboxylic acid benzyl ester

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), sedium 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 EtOAc and washed
sequentially with saturated NaHCOj; solution and brine. The EtOAc layer was dried
over MgSQ,, filtered and evaporated to dryness. LCMS purity of 39%, m/z 538
[M*+H]" . The crude material was taken to the next stage without further purification.

Stage 5: 1-{[tert—Butoxycarbonyl-((S)—cyclopentyloxycarbonyf—phenyl-methyl)-amino]—
methyl}-1,3,4,9-tetrahydro-beta-carboline-2-carboxylic acid benzyl ester



NaHCO3 sol ution (2X25m ) and water (15m ). The DCM | ayer was dried, Na2SO4,
filtered and evaporated to dryness. Purification by columm chromatography
using 10% Et QAc/ heptane gave the product (0.89g 70%yvyield). LCVS purity
of 79% mz 638 [WH ~ Stage 6:
(S)-[tert-Butoxycarbonyl-(2,3,4,9-tetrahydro-1 H beta-carbolin-1-ylnethyl)-
am no] - phenyl -acetic acid cyclopentyl ester I \ NH boc H A solution of
stage 5 dicarbamate (0.5g, 0.78muvl) ign ethanol (40m ) was stirred under

t he at nosphere of hydrogen in the presence of 10% Pd/ C (0.4g) for 2 h under
bal | oon pressure. The reaction i ulﬁ »gs filtered through a pad of celite
and evaporated to dryness yj A e reqw red product (0.35g, 909, 91%
purity by LCMS, mz 504 [ Mt t a6,/ kpe @mg of stage 6 anmine 83 H
r-O NOboc H--~C 0 \/ Hyronglamn ch otrityl resin derivatized

wi th suberic acid (703ng, |oading O. DI g) was swollen in DCM (12ml).
PyBOP (912ng, 1.75nmol) was added, vved by stage 6 am ne (325nyg,
0.64mmvol) and D PEA (1.01 m, 5. 8ol reaction m xture was shaken

for 18 houk; | | est cl i ndi cated 80%
conversi on op st fip ”ﬁf%%a“"ﬁsﬁ%% W?’mﬁ%-”%' Aot ng 1 he
st andard waehssiiocadanae (072, 3.8eimel)wad difieitddtyldicebonaée 18y, Somae).8:
(9) -1 2- ( 77hty dreihamRRA seR bPseR b uf a%dtc{sau@@tavﬂ%%ﬁbé?&m car bol i n-
1-yl mathyllj rg r} 8 ena/ -acetic acid lp
iluted with DCM (50ml) and washed with 01 HC solu’ﬂon (25ml), saturated

NaHCO; solution (2X25mt) and water (15mi). The DCM layer was dried, Na,SOy,,

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

[M*+H]".

Stage 6: (S)-tert-Butoxycarbonyl-(2,3,4,9-tetrahydro-1H-beta-carbolin-1-yimethyi)-
amino}-phenyl-acetic acid cyclopentyl ester

oety
boc
O

>

O

A solution of stage 5 dicarbamate (0.5g, 0.78mmol) in ethanol (40mi) was stirred
under the atmosphere of hydrogen in the presence of 10% Pd/C (0.4g) for.2 h under
balloon pressure. The reaction mixiure was filtered through a pad of celite and
evaporated to dryness yielding the required product (0.35g, 80%), 91% purity by
LCMS, m/z 504 [M*+HT", '

Stage 7: Coupling of stage 6 amine



O aNYNNOH HOHH1111-Y 0-~O/ O Stage 7 resin (135ng, |oading
0.83mol ) was gently shaken in 2% TFA/DCM (1 0m) for 2om ns. The resin was
filtered. The filtrate was evaporated under reduced pressure at room
tenperature. The resin was re-treated with 2% TFA/DCM (1 Orl) 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% JFA/ DCM for 40m ns. After evaporation
to dryness, also wunder reduced presstite at roomtenperature, the crude

product was purified by preparative HPLC to vyiel npound (42) as the TFA
salt, LCVS purity 91 % mz 575 [M+H',"H N , MeQOD), 3:
)

1.30-1.70 (16 HL m 8 x CH2), 2.00 (2 H m , 2.50 (2 H m CH2), 2.75
(2 H m CH2)03.30-3.50 (2 H m CH2), 4.1 H m 84 CH2CH), 4.80 (2 H,
m CH gNH, nmasked signal), 5.25 (4 H ), 6.00 (1 H m OCOCHPh),

6.90 (1 H m Ar), 7.00 (1 H/myAr), 7.20 (1 H m Ar), 7.30 (1 H m Ar),
7.45 (5 H m Ar). Stagg Sapgni fication of cyclopentyl ester Hr-O NO
boc / HSOH O\\ O Stage-{ resiyg ( | oadi ng 0. 83nmol ) was suspended
in THE (1.5m) and nethanol H(1.5 mJ){an . 4M sodi um hydr oxi de (aq)

s

solution (1.17nl, 1.6mml) was adfed.0The m xture was shaken for 8 days.
Test cl eavage indi cated 86% con } on

Hydroxylamine 2-chlorotrityl 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 DIFEA (1.01ml, 5.8mmoi). The
reaction mixiure was shaken for 18 hours. LCMS of material following test cleavage
indicated 80% conversion m/z 875 [M*+H]". The resin was filtered and washed using
the standard wash procedure. The resin was dried under vacuum.

Stage 8: (S)-{[2-(7-Hydroxycarbamaoyl-heptanoyl)-2,3,4,9-tetrahydro-1H-beta-carbolin-
1-ylmethyil-amino}-phenyl-acetic acid cyclopentyl ester (42)

Stage 7 resin (135mg, loading 0.83mmol) was gently shaken in 2% TFA/DCM (10mi)
for 20mins. The resin was filtered. The filirate was evaporated under reduced
pressure at room temperature. The resin was re-freated with 2% TFA/DCM (10ml) and
was filtered after 20mins. The combined filtrates 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 yield compound (42} as the TFA salt, LCMS purity 91%, m/z 575
[M*+H]", "TH NMR (400MHz, MeOD), 8: 1.30-1.70 (16 H, m, 8 x CH,), 2.00 (2 H, m,
CHy}, 2.50 (2 H, m, CH,), 2.75 (2 H, m, CH,), 3.30-3.50 (2 H, m, CH,), 4.15 (1 H, m,



to the acid, mz 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 vacuum Stage 10:

(S)-{[2-(7-Hydroxycar banmoyl - hept anoyl ) - 2, 3, 4, 9-t et r ahydr o- 1H bet a-
carbolin-1-yl nmethyl]-am no}-phenyl-acetic acid (43) ) O NNNOH HH O
NH |y OH CO Stage 9 resin (100ng, |oading 0.83mmol) was cl eaved and boc
deprotected using the procedure outl gped for conpound (42). Purification
by preparatjve HPLC afforded conmpound (43) as the TFA salt, LCVS purity
96% ml z 5@*7'2?115!,4-41&?'@“%&\@:&“%4@%@9&?'%&)@@?? (6H, m, GHOCOAB QU 1, My 2 x

CH2) , 1. 500LHAM, 480 (MH, 20 ArCHDD.(1 &, ROAHZY. Nm, @& )7, (& H m CHO,
) H o rplﬂb(m??/:\g 1%%11mﬁ?ﬁ?)7§’841%(cﬁ 4.80 (2)

2.70 (2 H, ), 3.40 (2 H, m CH ,

H m mzNﬁ%&‘gEk%'dAéi gnal), 6.00 (1L H m OCOCHPh), 6.90 (1 H, m Ar),
7.00 (1 H m A), 7.20 (1 H m Ar), 7.30-7.50 (6 H m Ar). Synthesis of
Conpounds i iod LI y Conmpound (44) and Conpound (45) O
/ NOR O B&\gglg' ﬁﬁ@”@“‘%ﬁ%ﬁ%‘%‘?%% OH OON.OH N H H R= cycl opentyl 44
R= et hyl 47

Stage 7 resin (395mg, loading 0.83mmol}) was suspended in THF (1.5ml) and
methanol (1.6 mi} and 1.4M sodium hydroxide (aq) solution (1.17ml, 1.6mmol) was
added. The mixture was shaken for 8 days. Test cleavage indicated 86% conversion
to the acid, m/z 607 [M*+H]. The resin was filtered and washed with water x 2, MeQH
X 2, followed by the standard wash procedure. The resin was dried under vacuum.

Stage 10: (S){[2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,4,9-tetrahydro-1H-beta-
carbolin-1-ylmethyl]-amino}-phenyl-acetic acid (43)

| O
N
o H
NH

(1

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]", 'H NMR
(400MHz, MeQD), 8: 1.25-1.40 (4 H, m, 2 x CH,), 1.50-1.65 (4 H, m, 2x CHy), 2.00 (2
H, m, CHy), 2.50 (2 H, m, CHy), 2.70 (2 H, m, CHa), 3.40 (2 H, m, CHy), 4.15 (1 H, m,



R=H 45 R= cyclopentyl 48 R=FE 46 RRH49 OO HO OQORHOIR NNOONOO
ONOH HH R= ethyl 50 R= cyclopentyl 53 R= cyclopentyl 51 R=H 54 R=H 52
000. R eNN"YORHOO/ / O ONOHH ~H OH HO R= ethyl 55 R= ethyl 58
R= cycl opentyl 56 R=H 59 R=H 57 Figure 3 86 / p HOHONROY."NN O HOH

R OYH NO H R= cycl opentyl 60 R= cyclopentyl 62 R= H61 R= H63 p NNN
OH HH ONHO , ~p

85

CH.CH), 4.80 (2 H, m, CH,NH, masked signal), 6.00 (1 H, m, OCOCHPh)}, 6.80 (1 H,
m, Ar), 7.00 (1 H, m, Ar), 7.20 (1 H, m, Ar), 7.30-7.50 (6 H, m, Ar).

Synthesis of Compounds in Figure 3 as Exemplified by Compound (44) and
Compound (45)

0 5 o
! R PeOr
N O N H O
M M

JOH OH
N
H N
R= cyclopentyl 44 R= ethyl 47
R=I-tl:yc openy 45 R= cyclopentyl 48
R=Et 46 R=H 49

] O
N o N O
M m

-OH OH
N -
H N
R= ethyl 50 R= cyclopentyl 53
R= cyclopentyl 51 =H 54
R=H 52

N H
0 e}

R= ethyl 55 R= ethyl 58

R= cyclopentyl 56 R=H 59

R=H 57

Figure 3



6 OR R= cyclopentyl 64 R= H 65 Figure 3 (continued) Preparation of
Bui |l ding Blocks HL Building block HO O OHTMsCl O \ \ / NHMOHI / NH
HC (S)-1, 2,3, 4-Tetrahydr oi soqui nol i ne-3-carboxylic acid (10g, 56muol),
TMSCl (39nml, 310nmol) and net hanol (500nml) were refluxed together (at 700)
for 2 hours. The reaction m xture was evaporated to dryness and LCVS

anal ysis indicated 100% conversion to
(S)-1,2,3,4-tetrahydro-isoquinoline-3ggarboxylic acid nethyl ester, mz

192 [M+H'. 87 Building block I 0 0 TMsCl C OH O NH MeCH NH HCI
DL-Proline (10g, 87mmol), TMsCl (51 m, 430 nmol) and nethanol (500nml) were
refl uxed together (at 70C) for 2 hours. The reaction m xture was evaporated
to dryness a CVB anal ysis indicated 100% ;j\;l\versi on to desired product

pyrrolidine- rboxylic acid nethyl ester, 138 [M+H". Buildi ng,
bl ock J O]O-lOO/: o }\1 TMBCI DCMQ o OY\ \
RN \“/\/\/\)J\N» R” N Y\/\/\)LN’
R= cyclopentyl 60 R= cyclopentyl 62
R=H 61 R=H 63

I N i OH
H M ﬂ’
O NH
""KFO

0-.
@R

R= cyclopentyl 64
R=H 65

Figure 3 (continued)

Preparation of Building Blocks H-L
Building block H

0 0
TMSCI P
OH 0
NH MeOH NH HCl
(5)-1,2,3,4-Tetrahydroisoquinoline-3-carboxylic acid {10g, 56mmaol), TMSCI (39m,

310mmoel) 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 (8)-1,2,3,4-tetrahydro-isoquinoline-3-carboxylic acid methyl ester, m/z
192 [M™+H]".



H N fnoc MOH N N fnoc piperidine NNH stage 1 stage 2 H Stages 1 & 2
(R)-2-Fnoc-1, 2, 3, 4-t et rahydr onor har mane- 3- carboxylic acid (2.0g, 9.25muvl)
was added to solution of TMsCl (6m, 47.17mmol) in methanol (100m ) and
heated under reflux for 2 hours. The reaction m xture was evaporated to
dryness to give 1.7g product (100% conversion by LCM5, mlz 453 [M+H]").
Stage 1 ester (1.79g) was treated with 20% pi peridine in DCM (100m ) for 30
mnutes to effect fnoc renmoval. The gude reaction m xture was evapor at ed
to dryness, dissolved in DCM and wash wi th saturated NaHCO3 sol ution.
The DCM | ayer was isolated, dried (Na2SO4), filtered and concentrated to
dryness. Pﬁ'h'il&fng%?d by coI umm chromat ography was carried out wusing 3%
MeOH DCM to gi Vv 5?{]2 3,4,9-tetrahydro-1 H beta-carboline-4-carboxylic
acid nethyl ester. LCMS 100% mz 231 [M+H]'. 88 Building block KO 110
| ~, NH2 Meythl-3-am nobenzoate was obtained from conmercial sources
Building block LO OH®&, \ NO kO—|HCI anlky / NHC N MOCHNDO

stage 1 stage 2 Stage 59' ution '\6 gl yoxyl i ~-nmonohydrate (1.51 g,
16. 4mol ) in water (40 Was addegleor opwi sedt o, a Stigged sol ution of
tryptam ne. HCl (3. 0g, .3mmol ) in water (200 KOH (0.827g, 14. 7mmol)

in water (1 On) was added. The reaction m xture was stirred at room

tenper atur g, f86ind (fog2briholi¥nid: (4178, RoSihe) bRt h8MalS 4o diers ! | 0% NG
reﬂuxed together (at 70°C) for 2 hours. The reaction mixture was evaporated to

dryness and LCMS analysis indicated 100% conversion to desired product pyrrolidine-
2-carboxylic acid methyl ester, m/z 130 [M*+HJ".

Building block J
TMSCI DCM F
M OH L~ iveridi : o}
‘frnoc [ ” ~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, 9.25mmol) was
added to solution of TMSCI (6ml, 47.17mmol) in methanol (100ml} 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 {1.7g9)} was
treated with 20% piperidine in DCM (100ml) for 30 minutes to effect fmoc removal.
The crude reaction mixture was evaporated to dryness, dissolved in DCM and washed
with saturated NaHCOj; solution. The DCM layer was isolated, dried (Na,S0,), filtered
and concentrated to dryness. Purification by column chromatography was carried out
using 3% MeOH/DCM to give (S)-2,3,4,9-tetrahydro-1 H-beta-carboline-4-carboxylic
acid methyl ester. LCMS 100%, m/z 231 [M*+H]".



under reduced pressure the white precipitate was coll ected and washed with
water to furnish 2,3,4,9-tetrahydro-1H beta-carboline-I|-carboxylic acid
Yield 1.99 (58%; mz 217 [M+H +. Stage 2 A solution of

1,2, 3,4-tetrahydro-beta-carboline-1-carboxylic acid (7.4g) in McOH (250m)
was saturated with HCI gas for 20m n. The reaction m xture was gently
stirred at roomtenperature for 18 h. The reaction m xture was re-treated
with HCl gas and allowed to stir for 8 further 18h. Upon conpletion of the
reaction t%-gﬁ@t%& S concentrated in vacuo to yield building block L,
LCVS purity 3 0) Z 231 [ M++H7+. The product (2, 3,4,9-tetrahydro-1

H bet a- carbol i ne-1 -carboxylic acid nethyl ester) was used w thout further
purification. 89 Synthesis of Cbnpaunds Qutlined in Figure 3 Exenplified
by Conmpound (44, R = cyclopentyl) dnd congﬂund (45, R=H i O0i NNDOIR
HOOH OH Stage 1: Loadi ng of Qmn¢ pesin OOO CIN,~, NO= OH
Hydr oxyl am ne 2-chlorotrityl resin de tized with suberic acid (6. 6g,

| oadi ng,

Meythi-3-aminobenzoate was obtained from commercial sources

Building block L

0

o’lHrH
©j\§_\N 0 M HC! anh.
N ot N N T eoH N

o
stage 1 stage 2

Stage 1

A solution of glyoxylic acid monohydrate (1.51g, 16.4mmol) in water (10ml) was added
dropwise to a stirred solution of tryptamine.HCI (3.0g, 15.3mmol) in water (200m).
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 p‘recipitate was collected and washed with water to
furnish 2,3,4,9-tetrahydro-1H-beta-carboline-1 -carboxylic acid Yield 1.9g (58%); m/z
217 [M*+HT". -

Stage 2

A solution of 1,2,3,4-tefrahydro-beta-carboline-1-carboxylic acid (7.4g) in MeOH
(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™+HT".
The product (2,3,4,9-tetrahydro-1 H-beta-carboline-1-carboxylic acid methyl ester) was
used without further purification.



0.83mmmol ) was swol | en in anhydrous DCM (65m). PyBOP (8.6g, 16.43mmol),

am ne building block A (3.7g, 16.43mmvpl) and DI PEA (9.5nl, 58.4mmol) were
added. The reaction was shaken for 24 hours at roomtenperature. LCMS of
test cleaved material indicated reaction conpletion. The resin was
filtered and washed using the standard wash procedure. The resin was dried
under vacuum Stage 2: Saponification of nmethyl ester O OHONO OH
Resin bound stage 1 ester (6.95g, |oagyng 0.83mmol/g) was suspended in THE
(25nl) and nethanol (25ml). Sodi um hydroxide, 1.4M aqueous solution (25ml)
was added. The m xture was shaken for 48 hours and further sodium

hydroxi de Ggfitesis atGethpatiha@s OAflined4n BRUFS3 EXGNRiR %o gl dﬁai?e" .
| 0 h d Mz 34 b
vas 111t er oo Ao A SGMVRCSA P, Rr b\ 0G0 2. ol o'ged*r"o“zy the standard

wash procedure. The resin was dried under vacuum Stage 3: Coupling with
L- phenyl gl yci ne cyclopentyl ester O ONHO ONO HResin bound stage 2

carboxylic acid (2.2g, |oading 0.83 g) was swollen in anhydrous DCM
(25m ). PyBOP (2.85g, 5.48mmol), L-p | gl yci ne cycl opentyl ester tosyl
salt (2.14g, 5.48mml) and D PEA (3. 14l . 18. 3rmmol ) were added. The m xture
was shaken for 24 hours at r 9?!@. LCVS fol l om ng test cleavage
reveal ed 52% conversion, 5 [I\W+ ‘. The resin was filtered and
washed usi ng standard :
© OH
N
H
Stage 1: Loading of amine onto resin
O
o~ e
Ny~
) N
O H

Hydroxylamine 2-chlorotrity! resin derivatized with suberic acld (6.6g, loading,
0.83mmol) was swollen in anhydrous DCM (65ml). PyBOP (8.6g, 16.43mmol), amine
building block A (3.79, 16.43mmol) and DIPEA (9.5ml, 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
O H

Resin bound stage 1 ester (6.95g, loading 0.83mmol/g) was suspended in THE (25ml)
and methanol (25ml). Sodium hydroxide, 1.4M aqueous soiution (25ml) was added.
The mixture was shaken for 48 hours and further sodium hydroxide (25ml) added after



wash procedure. The resin was dried under vacuum Stage 4:
(S)-{[(S)-2-(7-Hydroxycar banoyl - heptanoyl )-1, 2, 3, 4-t etrahydro-i soqui nol i ne-
3-carbonyl ] -am no}-phenyl -acetic acid cyclopentyl ester (44) O OO\l NH
0O~ O' OH H 44 Stage 3 resin (2.2g, loading 0.83mml) was gently shaken
in 2% TFA/DCM (10m ) for 20mns. 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 ¢410m ) and after 20mins filtered. The
conbined filtrates were evaporated to dryness 91 under reduced pressure at
room t enpeéthavre. LGV piibe test deaved enatdriabindiested 68%wasvergr fofthesgtidy/z

R LT Y e v G T

4
mz 550 [
1.92-2.02 pythystandardipash ppocgdurg. Bee regin pmas dyied pndggvgouum, ), 3.10 (2 H, m

CH2), 4.58- 4.66 (2 H m CH2), 4.82 (1 H m, 504 (1 H nm, 520 (1 H s,
OCOCHPh) , 95-7.20 (9. H m Ar). Stage 5- Saponification of cyclopentyl
ester O ogtaggg. R]D‘Ilﬁ’"ﬁé Wi L-phrpyjalygipe %‘Sgﬁ%‘%e?@éi n (1.3g, 1.13mmol) was
suspended in THE (4.6m ) and nethanol (4.6 m ). Sodi um hydroxi de added as
a 1.4M aqueous solution (4.6nml). The m xture was

o8

N
H

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 cyclopenty] ester
tosyl salt (2.14g, 5.48mmol} and DIPEA (3.17ml, 18.3mmol} were added. The mixiure
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 resih was dried under vacuum

Stage 4: (8)-{[(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-1,2,3,4-tetrahydro-isoquinoline-
3-carbonyl}-amino}-phenyl-acetic acid cyclopentyl ester (44)

N
H

-OH

44

Stage 3 resin (2.29g, 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
(10ml) and after 20mins filtered. The combined filirates were evaporated to dryness



shaken for 24 hours. LCMS of the test cleaved material confirnmed conversion
to required acid. The resin was filtered and washed with water x 2, MOH X
2, followed by the standard wash procedure. The resin was dried under
vacuum St age 6:

(S)-{[(S)-2-(7-Hydroxycar banoyl - hept anoyl ) -1, 2, 3, 4-t et rahydr o-i soqui nol i ne-
3-carbonyl ] -am no}- phenyl -acetic acid (45) OCH NHCo ONOH 45 H Stage
5 resin (1.3g, loading 0.83nmpl) was ?fnt | y shaken in 2% TFA/ DCM (10m ) for
20mns. The resin was filtered. The fiftrate was coll ected and evaporat ed
under 92 uethncEticed pessureaiabomn danpdratoRas aive Beesidite TR fsiAudaas I e- t r eat ed

with 2% TF ] re TIh ined filtrates
wer e evapo‘rsg'%glbygpegma}mgﬂmé%g&d Fz‘g'ﬂh S(Mr) §rﬁﬁdBF’%?§tr g@ﬂgt’f’@%erat ure to
gi ve a resPaten/zHse [Me'sﬁ}ddé NIMES (400 -z Me@Dmys prieparsats MemHPkCH) i el d
conpound ( dgqyrﬁ MeOD), 8:
Coinge mj@é@/ %@?%{{1? éﬁ%ﬁémﬁw’rﬁ 3&@&%\%“9@92‘{\% m CH2).
2.10-2.58 é‘ Il? n'in %)4 8%(1dzlrr3) 204 (DHHM). $20dHA), 5, QCABHFH), 685(720H, n), 4.85
(1 H m, BEMAENH mM, 6.92-7.25 (9 H m Ar). The follow ng conpounds
were prepared according to the procedure described for conpounds (44) and
conpound (45)

(S)-{[(9S) - 2t=67 SHyaprooiiigstionlod oyydpehigidsanoy| ) - 1, 2, 3, 4-t et r ahydr o-i soqui no

| i ne- 3-carbonyl ] -am no}-phenyl -acetic acid ethyl ester (46) Building bl ock
H used LCMB purity 97% nfz 510 [M +H ~,' H NMR (400 MHz, MeOD), 8: 1.19 (3
H t, CH3), 1.32-1.48 (4 H m 2 2), 1.54-1.73 (4 H m 2 x CH2),
2.02-2.15 (2 H m CH), 2.50-2.7 H m CH2)03.10-3.30 (2 H m CH2),

4.10 (2 H, m CH2), 4.70 (2 H, mo o
H

N
N 1o

Mﬁﬂ

Stage 3 resin (1.3g, 1.13mmol) was suspended in THF (4.6mi) and methanol (4.6 ml).
Sodium hydroxide added as a 1.4M aqueous solution (4.6ml). The mixture was
shaken for 24 hours. L.CMS 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: (8)-{[(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-1 .2,3,4-tetrahydro-isoquinoline-
3-carbonyll-amino}-phenyl-acetic acid (45)

45

Stage b resin (1.3g, loading 0.83mmol) was gently shaken in 2% TFA/DCM (100 for
20mins. The resin was filtered. The filtrate was collected and evaporated under



4.95 (1 H m, 5.35 (1 H s, OCOCHPh), 7.10-7.40 (9 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} - 3- phenyl - propi oni c acid ethyl ester (47)

Bui l ding bl ock H used LCVS 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 2 x CH2), 1.55-1.70 (4 H,
m CH2), 2.10 (2 H m CH), 2.60 (2 H m, 2.88-3.25 (4 H, n), 4.08-4.20
(2 H m CH2), 4.45-4.62 (2 H m, 4% (1H m, 503 (1H m, 7.09-7.32
(9 H m Ar).

(S) - 2- { [ ( SyeducedpEgrWRioom frinpeyatulee Pheresipwas re-freged wite £%aPIPOMi soqui

nol i ne-3-c¢c dl ' b DM ' td $H bl ock H
used LOVB Sﬁdﬁ"f‘{’éﬂ 1@%%%3%’2%‘3?& Eﬁﬁ%ﬁm&éﬁ/ﬁ%%o&ﬁ?@wﬂ@gz 1.25-1.85
(16 H m ugdey r 5";’ presgie gbropin teperpfpie to givs & residys. The residpg was 85.3. 20 (4
n, n, A4j 4@u§ieﬁ@:y(o?epbirativémPL6.tﬂﬁelﬁl:orlripoum,{tlﬁ; OOmS plifty ©8%tn/i4¥s2 7. 05-7. 30 (9
, m Ar). N

(S)-2-{[( s}’a FH 7 HY MR MHzaMeOPY Beh i ZAG01(4 Hame2 X Criak AdBARI 4 soqui

nol ij ne_cl?/_s car, mﬁyh]gaa%mnm} eaz)gmmylsamz BIpnOCHS), aoagg_()@}l, Bubla%‘;mg%-bl ockOH 2
used L i % +H | .4 , Me , 8. 1.10-1.31
(4 H m 5§85 (%2%3%1354@%."@5%‘51%5%’ Sﬁ%ﬁﬁ Al (2 H m CH2). 2.43
(2H m CHO, 2.75- 3.10 (4 H m, 4.30-4.75 (3 H mM, 4.90 (1 H m,

6.90-7.15 (rfle RiioWhg Gthpound d according.to th d i
(S)-2-1[(9)-2-(7-Hdr oﬁouga?‘évgrr?opﬁ‘f TSROy o fhe pracedure descrlbed for i soqu i nol i
ne- 3- car b&PPUER{44h PdcomRraNDY (498 nt anoi ¢ aci d ethyl ester (50) Buil ding

bl ock H used LCMS purity 98% m z490 [M +H +,'H NVR (400MHz, MeCQD), 6: 0.60

(1 H m Lerealo 1950, H 2.X 2D H t. . CH2CHa),
1.38.1. 650@6[@?2X?Hgd%Q&éé??mEW1't?Pt?'?ybﬁ, "%f?j‘ ‘{V%?'E“th‘?%, m CH2), 3.20
(2 H m Chay-3-carliamy(] antnojephedM-&dlc acitl @byl(ebtertdé)m CH), 4.70-4.80 (2 H,
m CH2), 4g90a4 %blﬁ,ckrp‘ug—&, 7.23-7.25 (4 H m Ar).
(S)-2-{[( S{- 2- ( 7- Hydr oxycar banoyl - hept anoyl ) - 1, 2, 3, 4-t et rahydr o-i soqui
CMS purity 97%, miz 510 [M™+H]", "H NMR (400 MHz, MeOD), 8: 1.19 (3 H, t, CHa),
1.32-1.48 (4 H, m, 2 x CHp), 1.54-1.73 (4 H, m, 2 x CHy), 2.02-2.15 (2 H, m, CHy),
2.50-2.70 (2 H, m, CHy), 3.10-3.30 (2 H, m, CHy), 4.10 (2 H, m, CHy}, 4.70 {2 H, m),
4.95 (1 H, m), 5.35 (1 H, s, OCOCHPh), 7.10-7.40 (9 H, m, Ar).

(8)-2-{[(8}-2-(7-Hydroxycarbamoyl-heptanoyl)-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), 8: 1.20 (3H, m,
CHa), 1.30-1.49 (4 H, m, 2x CHy), 1.55-1.70 (4 H, m, CHy), 2.10 (2 H, m, CH,), 2.60 (2
H, m), 2.88-3.25 (4 H, m), 4.08-4.20 (2 H, m, CHy), 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).

(S)-2-{[(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-1,2,3,4-tetrahydro-isoqui
noline-3-carbonyl}-amino}-3-phenyl-propionic acid (48)

Building block H used

LCMS purity 100%, m/z 564 [M*+HT*, "H NMR (400 MHz, MeOD), 8: 1.25-1.85 (16 H,
m, 8 x CHy), 2.10 (2 H, m, CHy), 2.55 (2 H, 1, CH,), 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).



nol i ne- 3- car bonyl ] - am no} - 4- met hyl - pent anoi ¢ acid cycl opentyl ester (51)
Bui | ding bl ock H used LCVS purity 96% nfz 530 [WHH] ~, "' H NMR (400 Hz,
MeOD), 5: 0.75 (3 H d, CH3), 0.88 (3 H d, CHa), 1.30-1.90 (19 H m,
2.10 (2 H t, CHz), 2.60 (2 H m CH2), 3.15- 3.30 (2 H m CH2), 4.30 (1
H m, 4.65-4.85 (2 H m, 495 (1 H mM, 510 (1 H mM, 7.15-7.28 (4 H,
m Ar).

(S)-2-{[(S)-2-(7-Hydroxycar banoyl - hepl(tﬁmoyl )-1, 2, 3, 4-t et rahydro-i soqui

nol i ne- 3- car bonyl ] - am no} - 4- net hyl anoic acid ethyl ester (52)

Bui | ding bl ock H used LCVS purity 100% m z462 [M +H] +,' H NVR (400MHz,
MeQD) , 85 2 X, Ck 1.38-1.65 (10 H,
m 5 x 042?5)622{{(5%'255 *Wd"?ﬁ °’t‘i§25“°ygh%a"%g')6?35|»?2‘ Fﬁtramd’&'%%q“'s 20 (2 H m
CH2), 4. 35nélind=B-canboBil]-amina}B-ghd@l-pebpibnicaci@fi®), 4.95 (1 H m CH, nasked
signal), Ar). 94

(S)-{[1- (73@%'@%?%% ggrr%yl hept anoyl ) - pyrrolidine-2-carbonyl]-am no}-
phenyl - acet-CHSauiity 199%), oyetRo M g4f,eH NS {40BUMHIzl Me@PIH) K O+1.31s[ddH, LCVS purity

100% m z4
3500370 (2R HIES f%gﬁ (e B Mgt i bl Bl ogsl) )
m CH), 4@(:{@;@ 475 (3 H, m)490(1Hm)690—715(9HmAr)
(S -{[1- (7 Hydroxycar banoyl - hept anoyl ) - pyrrol i di ne- 2- car bonyl ] - am no} -
phenyl - ace 4). Buil din ock | 90% rrlz 420
[M +H] +, W@%&mm’%ﬁ%ﬂ%ﬁm&%@w ’Eg’g(‘zﬁe iphjpo-s %%'"1342?' "1.45-1.56
(4 H, m Ceiponl]-dfirih}gEméthyl-pentinoid agid-<3hyl @ste? (53,) , 4.45 (1 H nm, 535
(1 H, ( m Ar).
(S)-2- {[1 9&ﬁy§;"§>§<=§(c}g'f' eflm)yl hept anoyl ) - pyrrolidi ne-2-car bonyl ] - am no} - 3-
pheny! - pr opCYRiruria S8, eva¢90 BEtHY, "HIGVR BiloMHzn WeBP Sk 0.60 (sHdm, CH),

0.70-0.85 (6 H, m, 2 x CHg), 1.25 (3 H, {, CH,CHj3), 1.38-1.65 (10 H, m, 5 x CH), 2.10

(2 H, m, CHy), 2.60 (2 H, m, CHy), 3.20 (2 H, m, CH,}, 4.10 (2 H, q, CH.CH.), 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-Hydroxycarbamoyl-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, CHy),
0.88 (3 H, d, CH3), 1.30-1.90 (19 H, m), 2.10 (2 H, t, CHy), 2.60 {2 H, m, CH,), 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-(7-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 462 [M™+HJ*, "H NMR (400MHz, MeOD), &: 0.60 (1 H, m, CH),
0.70-0.85 (6 H, m, 2 x CHs), 1.38-1.65 (10 H, m, 5 x CHy), 2.10 (2 H, m, CH,), 2.40-
2.60 (2H, m, CHy), 3.20 (2 H, m, CHy), 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).



LCVB purity 100% mz462 [M+H','H NWR (400 MHz, MeQD), 8: 1.20-2.20 (19
H m, 2.94-3.20 (2 H m CHPh), 3.48-3.69 (2 H m CHN), 4.10-4.25 (2
H m CHCH3), 4.33-4.49 (1 H m, 4.60-4.79 (1 H m, 7.20-7.35 (5 H m
Ar).

(S)-2-{[1-(7-Hydroxycar banoyl - hept anoyl ) - pyrrol i di ne- 2- car bonyl ] - am no} - 3-
phenyl - propi oni ¢ acid cycl opentyl ester (56) Building block I used LCMS
purity 100% mz 502 [M +H +, 'H NWVR ¢400MHz, MeOD), 5: 1.27-2.23 (22 H,

m 11 x CH2), 2.35 (2 H m CH2), 2.97-3.27 (2 H m CHzPh), 3.53-3.63 (2
H m CH2), 4.35-4.45 (1 H m CH), 4.60-4.70 (1 H m CHCH2Ph), 5.10-5.20

(LH m {7- Hfdrg)%rcarl?é?nc(ﬁ hEbtaHbylﬁF) rrolidine~ -carbonyg-amm - .
(S)-2-{[1- drgtgcar lé‘“d'l hept ano pyrrolidi ne- car%onyl ] - am no} - 3-
phenyl - pro fre Fid gyglo tY'(ﬁsFﬁj' ﬁ? bek 1 used LOVE purity 90% mz 434

[ Me+H ', 1BuliRg @ik IMsed MeOD), 8:1.30-1.41 (4 H m 2 x CH2), 1.55-1.69

T o T wﬁzzz ficoy. sAn%%:)g%é‘?H B

(S) 2- {[(Sbremwsmmbmmmmm HeRtG)0y.g (12,30 CH); 6.80 (RAYArcH)L H bet a-

car bol i ne- agﬁgﬁo %am no} - 3- phenyl - propi oni ¢ acid cycl opentyl ester (58)
Bui | di ng bl oc LCVS purity of 100% mz 563 [M +H] ", 1H NVR (400 Mz
MeOD), 6:1.10-1.30 (3H m CH3), 1.35-1.80 (8H m 4 X CH2), 2.15 (2H, m

CH2), 2.4- @)ff-Gdyd r&yc%noyﬁhgﬁgg_ I).Zg%r@%llﬁilhm?nai‘bogﬁ' Q-Eﬁ.i.( i mCHO,

4.3-5.0 (4 masked 'Si .90-7.50 (9H, m
Ar). (S)- 2p T'{Ty]éf‘c‘ﬁ"’(af‘"f{% } oxycar banoyl - hept anoyl ) - 2, 3, 4, 9-t et r ahydr o- 1
H bet a- cBuitdihy bibckd agedonyl | - ami no} - 3- phenyl - propi onic acid (59) Buil ding

bl ock J it ''H 0 M—Iz MeCD
6: 1. 20- 192€%§%%ﬁ%n¥g%gg%%g%ﬁg@?%g@ﬂ%ﬂegq 5@4%%'1(3 gm0 (2?4 m
CH2), 2.3022CHR), (128:1.58 (4 H, m, CHy), 1.75-2.35 (8 H, m), 3.35-3.60 (2 H, m), 4.45 (1 H,

m), 5.35 (1 H, m), 7.18-7.35 (5 H, m, Ar).

{8)-2-{[1-(7-Hydroxycarbamoyl-heptanoyl)-pyrrolidine-2-carbonylj-amino}-3-
phenyl-propionic acid ethyl ester (55) |

Building block 1 used

1.CMS purity 100%, m/z 462 [M*+H]", '"H NMR (400 MHz, MeOD), §: 1.20-2.20 (19 H,
m), 2.94-3.20 (2 H, m, CH,Ph), 3.48-3.69 (2 H, m, CH.N), 4.10-4.25 (2 H, m,
CHoCHa), 4.33-4.49 (1 H, m}, 4.60-4.79 (1 H, m), 7.20-7.35 (5 H, m, Ar).

(8)-2-{[1-(7-Hydroxycarbamoyl-heptanoyl)-pyrrolidine-2-carbonyl]-amino}-3-
phenyl-propionic acid cyclopentyl ester (56)

Building block | used

LCMS purity 100%, m/z 502 [M*+H]*, 'H NMR (400MHz, MeOD), 5: 1.27-2.23 (22 H,
m, 11 x CHp), 2.35 (2 H, m, CHy), 2.97-3.27 (2 H, m, CHzPh), 3.53-3.63 (2 H, m, CH,)
4.35-4.45 (1 H, m, CH), 4.60-4.70 (1 H, m, CHCHzPh), 5.10-5.20 (1 H, m, CHOCO),
7.23-7.30 (5 H, m, An).

(8)-2-{[1-(7-Hydroxycarbamoyl-heptanoyl)-pyrrolidine-2-carbonyl]-amino}-3~
phenyl-propionic acid {57)

Building block ! used

LCMS purity 90%, mfz 434 [M™+H]", "H NMR (400 MHz, MeOD), &: 1.30-1.41 (4 H, m,
2 x CHz), 1.55-1.69 (4 H, m, 2x CH,), 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).



CH2), 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-Hydroxycar banoyl - hept anoyl am no) - benzoyl am no] - phenyl -aceti c acid
cycl opentyl ester (60) Building block Kused LCVMS purity 100% mz 510
[M+H ', 1H NMR (400 MHz, MeOD), 5: 1.28 (4 H m 2 x CH2), 1.40-1.80 (12
H m 6 x CH), 1.98 (2 H t, CH), 2.27 (2 H t, CH2), 5.12 (1 H, :
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, Ar), 7.61 (1 H d, Ar), 7.90 (PH s, Ar).

(S)-[3-(7- Hydroxycarbarmyl hept anoyl am no) - benzoyl am no] - phenyl acetic

id (61 k K d LCVB { % mz 442[ M + 1H NWVR
(300 Mz, ROEST3PBBtod cabameshenspron) 4o ipptralyha it 4’ 1 m 2 x
CH2), 1. 98céBolihe-d-caftidhyi]-athiad-3- ﬁhéﬁyl-bro;ﬂﬂﬁ): acid. dyblopéntyl ester, (56COCHPh) ,

7.20-7. 32 40 (2 H, d, Ar), 7.48 (1 H d, Ar). 7.64 (1 H d,
Ar), 7.89 F’i‘"ﬁ“gmmﬁ%“seae

(S) - 2- [ 3- ( ECMPduGinE APWamokI56h Bt olH MMRHAP0 MitazdgDR)ronb] 0-4- 306y | -

gg% aﬂf'zc4§‘8b‘j' cy%hq%g‘hw mezgk%rmm)s @4%@&@% 24 9%5 %ﬁ Y3 }% pur . ;3/

0.88 (3 H, 3 0[(%':!4(@4‘39)42 (Hp oL GHaAY. 43540, (45 m@%k%}wnaﬂﬁ%ﬁmeﬁ%wr% H m 6
x CH2, CH(CHB)XD), 630€80@#3))ar.2.00 (2 H t, CH2), 2.25 (2 H t, CH2), 4.45
(1 H m OCOCHCH2), 5.10 (1 H m CHOCCO, 7.25 (1 H mAr), 7.40 (1 H, d,
Ar), 7.60 (1 H d, Ar), 7.90 (1 H s, Ar).
(S) - 2- [ 3- ( BYA{HiSy2y(T-Alydeonygarbamoybneptaneyl)r2) 3 ,4/9ctatrolyy droi1 Hrst - rr;l met hyl -
pent anoi c g | y 97% z 422
pent an, HQ%‘N% ﬁ%h-é%é.ﬂ) I\;br%)hbpgksh&%w%b%g%bf

Building block J used

LCMS purity of 100%, m/z 535 [M*+HT", 'H NMR (400 MHz MeOD), &: 1.20-1.40 (4H,

m, 2 X CHy), 1.45-1.65 (4H, m, 2 X CH,), 1.90-2.10 (2H, m, CH,), 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, A

(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), 8:1.28 (4 H, m, 2 x
CHy), 1.40-1.80 (12 H, m, 6 x CHy), 1.98 (2 H, t, CHy), 2.27 (2 H, {, CHy), 5.12 (1 H,
m), 5.50 (1 H, s, OCOCHPhR), 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).

(S)-]3-(7-Hydroxycarbamoyl-heptanoylamino}-benzoylamino]-phenyl-acetic

acid (61) |

Building block K used

L.CMS purity 100%, m/z 442[M"+H]", TH NMR (400 MHz, MeOD), 5: 1.21-1.34 (4 H, m,
2XxXCHy), 1.48-1.63 (4 H, m, 2x CH,), 1.98 (2 H, t, CH>), 2.26 (2 H, {, CHz), 5.55 (1 H,
s, OCOCHPh), 7.20-7.32 (4 H, m, Ar), 740 (2 H, d, Ar), 7.48 (1 H, d, Ar), 7.64 (1 H, d,
Ar), 7.89 (1 H, s, Ar).



CH(CH3)), 1.06 (3 H d, CH(CH3)), 1.40-1.55 (4 H m 2 x CH2), 1.65-1.95 (7
H m 2 x CH2, CHCH3)2, C&CH(CH3)2), 2.15 (2 H, t, CH2), 2.45 (2 H, t,
CH2), 4.70 (I H m OCOCHCH2), 7.45 (1 H m Ar), 7.60 (1 H d, Ar), 7.80
(1 H d A), 805 (1H s, A).

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

H bet a- car bol i ne- 1-carbonyl]-am no}-3-phenyl - propi onic acid cycl opentyl
ester(64) Building block L used LCMS ggrity 100% mz 603 [M+H"','H NMR
(400 MHz, MeOD), 8: 1.18-1.71 (16 HL m 8 x CH2), 2.00 (2 H, t, CH2), 2.45
(2H mM, 2.70 (2 H nm, 2.90-3.11 (2 H M, 3.40 (1 H mM, 4.10 (1 H m,

?'15&, ( é, H,Aﬁﬂ,z-g?(ﬁ@flgéx#%ﬂﬁnﬁ?h%aMyléﬁlnid&)-be:@o%ﬂa‘n?in&]let-%tﬂﬂ»l- m A), 7.25

(S) - 2- { [ 2- Pantaneir aeisteyclopepil ediepB2hoy | ) - 2, 3, 4, 9- t et r ahydr o- 1
H- bet a- car baildingblcckaaavsny! | - am no} - 3- phenyl - propi oni ¢ acid (65) Buil ding

bl ock L us CVB purit %, . M.z, +H ", H NVR (40 , MeOD 5:
1.15-1, 32 gMg,qu%b,ﬁ%[ﬁ T’L%’of‘ﬁ\g%[(% %Z’Meo?)x&@t%(,g Hdgg (2 H t,
SH(%, ( i ﬁlCH@w:&)), oBs (@Hg& GHICHg)),M20-1 .ZOHBIO-I.?m,J?Jx Cﬂz)HiW)l 553153% 16 ? , 8) ‘1 H
Q. acy. 7 5P Cieheh Gloinad Ot fritolh: 2 2 B ira Bd Bumpound (67)
| HO N O RCOOGHGHIHE. 10 (NHNTOBHOFOINT.BE O HY mIADNT K0 66H6F, ArsT £941 H; d,
5- Ami no- ni ggty 8 ¢ A @nret hyl ester HZM X4 ~N 5- Ami noni cotinic acid
(1g,.7.2mmol ) was suspended in methanol (100m ) and thi onyl

(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), 5: 1.03 (3 H, d,

CH(CHa)), 1.06 (3 H, d, CH(CHa)), 1.40-1.55 (4 H, m, 2 x CH,), 1.65-1.95 (7H, m, 2 x

CHy, CH(CHs)z, CHLCH(CH3)), 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-1H-beta-carboline-
1-carbonyi}-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, CHy), 2.45 (2 H, m), 2.70 (2 H, m}), 2.90-3.11 (2 H, m), 3.40

(1 H, m), 410 (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(1 H, d, Ar), 7.34 (1 H, d, Ar).

(S)-2-{[2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,4,9-tetrahydro-1H-heta-carboline-
1-carbonyl]-amino}-3-phenyl-propionic acid {65)

Building block L used

L.CMS purity 91%, m/z 535 [M"+H]", "TH NMR (400 MHz, MeOD 5: 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).



chloride (4.22ml, 57.9mvl) added dropwi se at OC. The reaction m xture was
stirred at roomtenperature for 18 h. The reaction m xture was evaporated
to dryness and the resultant yellow oil was re-dissolved in nethanol/ether
(1:1) and afforded yellow crystals (HCl salt) which were collected by
filtration, yield 1.29 (85%. LCVS purity 91 % mz 153 [M+H]', Stage 2:
(5- Ami no-pyridin-3-yl)-nmethanol HZN I OH N 5- Am no-nicotinic acid nethyl
ester (5.7g, 30.2mml) was di ssol ved bg THE (150m) and LiAIH4 (1Min THE
solution 133m, 133mml) added slow y“at OC. The reaction m xture was
stirred at roomtenperature for 21 h. The reaction m xture was quenched

and acidifped to pH. 3 usin Ll u HC basified (pH 8) using solid
Na2CCB. S%Y\('}gﬁ?'? %PE’W"EH&\‘%@%&%@F’W@B%E&& pressure. The residue was
filtered through silica gel using 20% MeOH DCM yi el di ng the product 3. 8g,
(100% with LCVS purity 97% nmlz 125 [M+H', by ELS. 98 Stage 3:

Coupling of stage 2 acid onto resin 0 GONNOH H O N
Hydr oxyl am ne-2-chlorotrityl resin rivatized with suberic acid ( g,

0.86 mmol / g, .42mmol ) was swol | n anhydrous DCM (6nl) and PyB
(0.67gq, 1.§gﬁ§f%/g%gg%kw$§tage 2 Janpl ine (Q,,164, 1.3mml)dwas added jn DVF
(6m) fol | owdid By O (O@ﬁﬂq .z@upn. ol Towing Yt S8t 1 gavage

i ndi cated 27% conver si of, 296 PMr¥H + The resin wa® fityered &nd

washed using the standargd wash procedure. The resin maserried under
vacuum Stage 4: Mesylatton O H OHNI Ow

Stage 1: 5-Amino-nicotinic acid methyl ester

H,N

-

o)
|

N
P
N

5-Aminonicotinic acid (1g,.7.2mmmol) was suspended in methanol (100ml) and thionyl
chloride (4.22ml, 57.9mmol) added dropwise at 0°C. The reaction mixiure was stirred
at room temperature for 18 h. The reaction mixture was evaporated to dryness and
the resultant yellow oil was re-dissolved in methanol/ether (1:1) and afforded yellow
crystals (HCI salt) which were collected by filtration, yvield 1.2g (85%). LCMS purity
91%, mfz 153 [M™+HT",

Stage 2: (5-Amino-pyridin-3-yl)-methanol

S-Amino-nicotinic acid methyt ester (5.7g, 30.2mmol} was dissolved in THF (150ml)
and LiAlH, (1M in THF solution 133ml, 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,COs.
Solvents were removed under reduced pressure. The residue was filtered through
silica gel using 20% MeOH/DCM vielding the product 3.8g, (100%) with LCMS purity
97%, m/z 125 [M*+H]", by ELS.



O N Resin bound stage 3 al cohol (1.Bg, 1.57mml) was swollen in anhydrous
DCM (30nil) and DI PEA (1.62nl, 9.42mvl) was added at OC fol | owed by nesyl
chloride (0.23nml, 3.14nmol). The reaction m xture was shaken at OC for 30
m nutes. LCVS following test cleavage indicated 21 % conversion, mz 374

[ Mr+H] + and 9% by- product derived fromchloride displacenent of nesylate
mz 314 [Mr+H] +. The resin was filtered and washed using the standard wash
procedure. The resin was dried under gygcuum Stage 5: Displacenent of
mesyl ate w,th L-phenyl al anine ethyl ester O ~ON N NO. C) H O Resin bound
stage 4 p\r,\%’ g %@H@é‘? ofstasshftg oagesiwol | en i n anhydrous DVF (4nml)  and
sodi um i odi de (0.05g, 10% v) added. L-Phenyl al anine ethyl ester

hydrochl ori de salt (0.3g, 1. 28mm|) i n anhydrous DMF (4ml) was added

foll owed by DI PEA (0.75n, Q9 j4.3mml). Amter shaking for 3 hours LCMS of
test cleaved materi al in@at‘ d~35 nYy@ér oMz 471 [M+H]'. The resin
was filtered and washed using the standafd h procedure. The resin was
dri ed under vacuum Stage 6: '
(S)-2-{[5-(7-Hydroxycar banoyl - hept anoyl am no) - pyri di n-3-yl nethyl]-am n

-3-ph . i gl i . 20,
o ho 0 Fae et Rer I AR B Ol R 73
resin was T %P W?s?‘ﬂg'ef‘i"l YU BEMEMapd SYBRRJ0 67adcirameliaddeder

reduced pr#Bgei2eniite (00Ga) 1.amanataa@ededﬁh@|w=e§mnfmea%yb'irﬁ@i st h 2%
he conbined filtrates were

TFA/ DCM  ( [ frer 10 mns. ' Jat,
evapor at edz'tgrgh‘gpa'n%esé*Aué‘ﬁ’hgges?gwgga"}SIFC@%?@F & NVersBr ARk Mt e to give a
crude pr odietresimmes giaredandhwashed using e sandprdepssh atdcedurelPHe regin Wael d
conpound (&) vAServBsuuliA salt. LCVB purity 100% mz471 [M+H"','H NMR
(400MHz, MeOD), S: 1.10 (3H, t, CRCH2CH ), 1.31- 1.50 (4 H m 2 x CH),
1.58-1.80 (4 H m 2 x CH2), 2.05-2.15 (1 H, m CH), 2.24-2.38

Stage 4: Mesylation . '

Resin bound stage 3 alcohoi (1.8g, 1.57mmol) was swollen in anhydrous DCM (30mi)
and DIPEA (1.62ml, 9.42mmol) was added at 0°C followed by mesyl 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 chioride 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

0 N
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 hydrochloride
salt (0.3g, 1.29mmol) in anhydrous DMF (4ml) was added followed by DIPEA (0.75ml,



(1 H m CH, 2.45 (2 H t, CH), 3.10-3.20 (1 H m CH), 3.38-3.49 (1 H,
CH, 4.12 (2 H g, CH), 4.35 (3H m CH2, CH 7.20-7.40 (5 H m Ar),

8.30-9.00 (3 H M Ar). Stage 7:

(S)-2-{[5-(7-Hydroxycar banoyl - hept anoyl am no) - pyri di n-3-yl nethyl ] -am n

0} - 3- phenyl -propionic acid (67) ONOH HONNOH 9H 67 To a solution of

Stage 6 product (30ng, loading 1.8mmol/g) in THE (1m ) was added 1|.4M

sodi um hydroxide (1 m). The reaction _pixture was stirred for 30 m nutes.

LCMS showed 75% conversion, mz 442[Kf+H]'. The reaction m xture was

texapgr at edg%nic@)()Aﬂ@Hsﬁﬂﬁ foﬁﬂﬁ%l\x@icmgéﬁtéﬁdeﬂkgﬁﬁ%%ﬁeﬂ ﬁthLjIc&@d HB%.C tol%b Oe/l dm
e desired comnmpoun . sal t, compoun - urity 0 z
443 [M +H] C?”VWW?ZI%[M} -%R?e‘@ﬁj‘,wag:f'ﬁirggéni Y{aéﬁ‘, dmsw%és%%@%# 1.50- 1. 70
(4 H m 2wrslOpizyeduie.08e (intvast drie@idBier vacBn. (2 H, t, CH2), 3.20 (2 H m
CH2Ph, masked signal), 4.20 (3 H m, 7.20 (5 H m Ar), 8.30 (1 H br s,
Ar), 8.40 (1 H s, Ar5), 8.65 (1 H br s, Ar). Synthesis of Conpound (68) N
N NN OH age 6p65)-2-{[5~(7-Hydroxycarbamoyl-heptanoylamino)-pyridin-3-yimethyll-amin

(S) - 2-{[ 5- bZsbisHyrsxemnibasm ety eaiqegy! am no) - pyri din-3-yl methyl ] - ani no} - 3-
phenyl - propionic acid tert-butyl ester (68) (was prepared using the
procedure outlined for the preparation of conmpound (66): LCMS purity 100%
m z499 [M+H ", 1H NWR (40 Mz, AcOD), 5: 1.20 (9 H s, C(CHSs),

1.25-1.35 (4 H, m 2 x CHZ), H.49-1]l65 (4 H m 2 x4CH2), 2.00 (2 H, t,
3OO TR, N3 Ny 4.15- 4.30 (3 H,
8.30 (1 Hl br s, Ar), 845 (1 H s, Ar), 8.65

CH2), 2.35 (3 H, t, G0
66

m, 7.15-7.30 (5 H m A
(1 H br s, A).

Stage 5 resin (29, loading 0.87mmol) was gently shaken in 2% TFA/DCM (20ml) 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
{(20ml) and filtered after 10 mins. The combined filirates were evaporated to dryness
under reduced pressure at room temperature to give a crude product. The crude was
purified by preparative HPLG to yield compound {66) as the TFA salt. LCMS purity
100%, miz 471 [M™+H]", 'H NMR (400MHz, MeOD), &: 1.10 (3H, t, CO,CH,CH,), 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}, 2.45 (2 H, t, CHy), 3.10-3.20 (1 H, m, CH), 3.38-3.49 (1 H, m, CH), 4.12
(2 H, g, 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: (8)-2-{[5-(7-Hydroxycarbamoyl-heptanoylamino)-pyridin-3-yimethyl]-amin
o}-3-phenyl-propionic acid {67)

0 H /N I O Klf
HO N S NMW “OH
H o
67

To a solution of Stage 6 product (30mg, loading 1.8mmol/g) in THF (1ml) was added
1.4M sodium hydroxide {1 mil). The reaction mixture was stirred for 30 minutes. LCMS
showed 75% conversion, m/z 442[M*+H]". The reaction mixture was evaporated to



Synt hesi s of Compound (69) and Conpound (70) OHI ~~HH OOHNO N OH HO
OHHI101 NOH 69 76 Stage 1. Loading of Fnbc am no caproic acid onto
resin H frnoc.Fl NNONO 101 To a mxture of hydroxylam ne 2-chlorotrityl
resin (2.5g, loading 0.94mmol/g) in anhydrous DCM (10m ) was added a
solution of 1,3-diisopropylcarbodiimde (1.1m, 7.05mvl) and

6- (Fnoc-am no) caproic acid (2.5g, 7.05mvol) in anhydrous DCM (10m ). DMF
(5nl) was added and the reaction shakgp at roomtenperature for 1 h. Test
cl eavage reveal ed 96% conversion to required product. The resin was
filtered diviessanda@spring WWM@N@&P&%E‘H'%‘F%M@@ eomgnad ggden was dri ed

under VaCU‘FF)\sa@c@rﬁ uhd EﬂDECIﬂgﬁbh QQ@%QWZ‘?#JLSWNI-@ PNV (4bo MIRC prot ect ed

amne resin %}2 Og, adl ng_O. issolved in a solution of 20%

pi peri di neMe Dﬂ)l\ﬁﬂ@%‘?ﬂﬂ me%é@é*swéﬁd%{é%m & A Qi bt @30 30

(T ?ut te_s. )A(zt Bt caleavage, Imcb%ﬁhagammlgﬁw 4@@@%{ f]d) om%cbcsdrh,@hd/&r) lgO% (ELS
etection resi er using the standard was

procedur e ﬁﬁﬁwﬁr'?féa%m@%? {/'3 @%lggge@ gﬁupl ing reaction O O HN, O To
resin bound stage 2 amne (2.0 g, loading 0.94nmmol/g) in anhydrous DCM (1
OnM) and DVMF (10m ) was added DIC (0.71 m, 5.64mmol) and 3-

(chloronethyl) benzoic acid (0.96g, 5.64mol). The m xture was shaken for
1 hour bef Syethegistof Eonwetine (68)

N
H\/@ H
0" SN “OH
H s}
68

(8)-2-{[5-(7-Hydroxycarbamoyl-heptanoylamino)-pyridin-3-ylmethyl]-amino}-3-phenyl-
propionic acid tert-butyl ester (68) (was prepared using the procedure cutlined for the
preparation of compound (66): LCMS purity 100%, m/z 499 [M"+H]", TH NMR (400
MHz, MeOD), 8: 1.20 (9 H, s, C(CHs)s), 1.25-1.35 (4 H, m, 2 x CHy), 1.49-1.65 (4 H,
m, 2 x CHp), 2.00 (2 H, {, CHy), 2.35 (3 H, t, CH.), 3.00 (1 H, m}, 3.32 (1 H, m), 4.15-
4.30 (3H, m), 7.15-7.30 (5 H, m, Ar), 8.30 (1 H, brs, Ar), 8.45 (1 H, s, Ar}, 8.65 (1 H,
br s, Ar).

Synthesis of Compound (69) and Compound (70)

Q. >
SRaavasas et avaaent
70

69

Stage 1: Loading of Fmoc amino caproic acid onto resin

fmoc\N
H




reveal ed 49% conversion by LCM5, mz 219 [M+H'. The resin was filtered
and washed using the standard wash procedure. The resin was dried under
vacuum Stage 4: Chloride displacenent with L-phenyl glycine cycl opentyl
ester O /~OH(, H/ ONNNO\ J , HO 102 To resin bound stage 3
chloride (0.5g, 0.47mmol) in anhydrous DMF (5m ) was added L-phenyl glycine
cycl opentyl ester tosyl salt (0.578, 1.41 mmol), DI PEA (0.24m, 1.41 mmol)
and a catal ytic amount of sodium.i Odiﬂﬁ The reaction m xture was heated

at 60C for 1 hour. LCMS follow ng test ' 'cl eavage reveal ed 45% conver si on,

nmz 482 [mbawmreriayazre@larmwa-cﬁb+dtmyle§bnsa(zcsgv\@a&ﬁgio@ain%ugm standard vash

d
(5)- T3 (- PR BOA U0 45 o £ SR eom s dhgimt acet i o
aci d cycl op&hmyio)esd &r( Fms&pmmo}bap@neia@’d £2.59, R.OShmoh9n Stitggeoud DORSI n (1. Og,

| oadi ng 0. BRI LA 5 o SRk arRiAK Aok ke ﬁ@%e@%mtar%oéq [y, 20m ns. The

resin was trate was co I'ect e ora
reduced pr ¢S GlEavage TRt peINerEios to reRdiradasedychdbe r@rtwmlfedadvm th 2%

TFA/ DCM  ( attnvashea dsiad RS statdBtd\eashipré@bad: THEYesik Wb iuRssuddel t4RLGS Were
evaporated to dryness under reduced pressure at roomtenperature to give a

resi due. s e urified by prepar ative HPLC to yield conpound
(69) . L%E%S%?ts'gﬁﬁg/ep%?Q%ZM [M+H','H NVR (400 MHz, MeQD), 5:

1.24-1.82 (14 H m 7 x CHZ), 2.03 (2 H, ,t, CH2), 3.30 (2 H, t, CHZ), 4.08

(1 H d, CHHPh), 2.20 (1 H, d,.CH#Ph). 5109 (1 H_ s,
H,N 0" YE
I :

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 (1 Ooml)
and DMF (10ml} was added DIC (0.71ml, 5.64mmol) and 3- (chloromethyl) benzoic
acid (0.96g, 5.64mmol). The mixture was shaken for 1 hour before test cleavage
revealed 48% 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

llll(

gw«@w



OCOCHPh), 5.18 (1 H m CHOCO, 7.39-7.54 (7 H m Ar), 7.77 (2 H m Ar).
Stage 6: Saponification of cyclopentyl ester O HO NNNO O HI HO 103
Stage 4 resin (1.35g, |oading 0.94mml/g) was suspended in THE (4.7m ) and
met hanol (4.7m ). 1.4M sodi um hydroxi de was added (9.4ml, 12.66mmmol). The
m xture was shaken for 48h. LCMS of the test cleave showed 49% conversi on
to the acid, mlz 414 [M+H]'. The resin was filtered and washed with water
X 2, MOH x 2, followed by t he st andggpd wash procedure. The resin was
dried under vacuum St age 7:

(S)-[3-(5-Hydroxycar barmyl pentyl car banoyl ) - benzyl ami no] - phenyl - aceti c
acid (70) OH HOYH I 70 Stage 6 resin (1.35 | oadi ng 0. 94mml / g)
was gent |y Tatggtebrund SPW”ﬁFWWQﬁQ})ﬁﬁYm“TOBﬁ” aiieys Dire(5miavas added £ | t er ed.

The filtralgnemdglgsnd @@bﬁ%tﬁ@@teﬂé@.ﬂ%&@tlﬁ@gumdf%m A)GlﬁiPEﬁfﬂo pigSSure at room
t enper atuquThe and after

in
20m ns fil t'ér BY l)‘ﬁ’i'éa %ﬁ‘ﬁé‘ﬁ"’f‘”tl"?F @E’Q%eeTW%GPHt’@ﬁSﬁedvaéWﬁt@gs under
reduced pr ess0iCdorat hauadOMSfoeriad testoléavage keeedled $5% dusersinenye482due was

urified b [ 70 CMS_puri 100% m z
214 [M + Mﬂkﬁpﬁﬁﬁeﬁgﬁh}%&%@&%&g%%% i"qﬁ“}‘ﬁ?s’lh uurg. ?7/‘3(4 H m 2
X CH2), 2rexinwas ddediundgp@yyund,. 30 (2 H, t, CHZ) 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). 104 %nt hesi s of Conpounds in Fi qure 4 Exenplified by Conpound
(71) and [f() lylydroxyc:arbamoylnpentylcarbamoy) benzylamino]-phenyl-acetic

aCId cyclopentyl ester (69)

mlll

O/m/\N’\Q)L’\/\/\n/

Stage 4 resin (1.0g, loading 0.94mmol/g) 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
(10ml) and after 20mins filtered. The combined filtrates were evaporated to dryness
under reduced pressure at room temperature o give a residue. The residue was
purified by preparative HPLC to yield compound (69). LCMS purity 89%, m/z 482
[M*+H]*, *H NMR (400 MHz, MeOD), &: 1.24-1.82 (14 H, m, 7 x CHy), 2.03 (2 H, 1,
CHyz), 3.30 (2 H, t, CHy), 4.08 (1 H, d, CHHPh), 2.20 (1 H, d, CHHPh), 5.09 (1 H, s,
OCOCHPh), 5.18 (1 H, m, CHOCO), 7.39-7.54 (7 H, m, Ar), 7.77 (2 H, m, Ar).

Stage 6: Saponification of cyclopentyl ester



RONN OH OH R= cyclopentyl 71 R=H72 'JOO R 0 N,- ONN OH
IOF HI / OH R= cyclopentyl 73 RRH74 ROO-NON OH / OH R=
cyclopentyl 75 R= H76 RO~ONNOH ONOH OR=cyclopentyl 77 R= H
78 Figure 4 105 Preparation of building blocks MN,O Building block MHO
NOHZ HONH Z Z 10% Pd/C Stage 1 48% aq HBr Stage 2

103

Stage 4 resin (1.35g, loading 0.94mmol/g) was suspended in THF (4.7ml) and
methanol (4.7mi). 1.4M sodium hydroxide was added (9.4m, 12.66mmol). The
mixture was shaken for 48h. LCMS of the test cleave showed 49% conversion to the
acid, mfz 414 [M*+HJ". 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)}-[3-(5-Hydroxycarbaimoyl-pentylcarbamoyl)-benzylamino}-phenyl-acetic
acid {70)

Stage 6 resin (1.35g, loading 0.94mmol/g) 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
(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 to yield compound (70). LCMS purity 100%, m/z 414
[M™+H]", "H NMR (400 MHz, MeOD), 5: 1.30 (2 H, m, CHz), 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).



BrNHZ ]JI HBr Building block M Stage 1: 2-(3-Am no-phenyl)-ethanol A

m xture of nitro phenethyl alcohol (8.0g, 0.047npl) and 10% Pd/ C (0.6g) in
et hanol (100m ) was stirred under a hydrogen atnosphere (balloon pressure)
for 18 h. The reaction mxture was filtered through a pad of celite and
the Pd/ C catal yst renoved. The filtrate was concentrated under reduced
pressure to yield a light brown solid 6.1g (95%vyield). LCVS purity 98%
mz 138 [MtH]'. Stage 2: 3-(2-Bronpdé4 hyl)-phenyl amne A solution of

2- (3- Am no- phenyl ) -et hano| (2,0 in 48% ag, HRr (20 heated at 90 C
for 18 h.Synthesis %%%@Pwsdégf%’ggf‘ﬁf’ﬁw ‘%“E%EPE‘@BP@?&W? he precipitate
formed wasompddmze)d by filtration. The solid was dried in vacuo yielding
Building block M 1.89g (61 %yield). LCVS purity 90% niz 200/202 [M:H ".

106 Building block N HONO, Br,-,,-,,OHHO'-'~/ONOZ 1 '41 NaOH/ DW Stage
| H2 10% Pd/ C Stage 2 QBrpy--~0 NH2 148% aqNHZ Stage e 3 3 | Building
bl ock N Stage 1. 2- (B | B8Hution of 3-nitrophenol
(10g, 71.9mmol) in (40n) ddgd NaOH pelltets (3.16g, 79.1mol) and

2- br onoet hanol (5. 6mL, mol ) ™" The reaction

R=cyclopentyl 71
R=H 72

e

H H Q
O A~ O N LOH
R N N

R=cyclopentyl 73
=H 74

Q H ' H O
O H

R=cyclopentyl 75
=H 76

O

O
H H
o A

R= cyclopentyl 77
R=H 78

Figure 4



m xture was heated at 60 C for 18 h. LCMS indicated 65% conversion to the
required product. The reaction m xture was diluted with water (10m ) and
was slowly neutralised with 2M HClI. The reaction m xture was extracted
with Et OAc (50m ) and washed with water (50nl). The Et OAc | ayer dried
(Na2S4), filtered and evaporated to dryness. Flash colum chronmat ography
purification eluting with 30% Et OAc/ heptane gave the required product
(8.29, 62%yield). LCMS purity 100% ;44 z 184 [MtH * Stage 2:

2- (3- Am no- phenoxy) - et hanol Reducti on™was carried out using the procedure
out | i ned PoepaBatidrdefryiidingddodlts MBL,@Qge 3: 3- (2- Brono- et hoxy) - phenyl am ne
Brom nation was carried out using the procedure described for Building
block M 107 Building block 0 HO NO2 Br----- "OH HOB/ O NO2 NaCOH' DMF St age
| H 10vPwifogbtpel 2 HO ,-,,-,,-,ONHZ Bra/O | NHz 45/aq HBr HBr

Bui l ding block 0 Stage 3 Building block O was prepared as described for
Bui | ding block G wth 3-bronp-1- propanol used in place of 2-bronoethanol.

Synt hesi s of Corrprgtu;e 4HExean i fO rpound (71, R =
cycl opentyl) and Conpou 72, R—I?_FI_‘= R, NN 1 OH
yel opentyl) P 10% PdIC
Stage 1
48% aq HBr

Stage 2

Br\/UNH?’

HBr

Building block M

Stage 1: 2-(3-Amino-phenyl}-ethanol

A mixture of nitro phenethyl alcohol (8.0g, 0.047mol) and 10% Pd/C (0.6g) in ethanol
(100ml) was stirred under a hydrogen atmosphete {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 vield a light brown solid 6.71g
(95% vyield). LCMS purity 98%, m/z 138 [M+H]".

Stage 2: 3-(2-Bromo-ethyl)-phenylamine

A solution of 2-(3-Amino-phenyl)-ethanot (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 90%, m/fz 200/202 [M+H]".



Stage 1: Coupling of aniline derivative to carboxylic acid functionalised
resin Br NOHOI To a suspension of hydroxylam ne 2-chlorotrityl resin
derivatized with suberic acid (1.0g, 0.94muol, loading 0.94mmol) in

DCM DVF (10m /10m ) was added DI PEA (1.75nl) followed by building block M
0.8g, 2.82mmol. PyBrOP (0.538, 3.76mmol) was added and the suspension
shaken for 18 h. The resin was washed using the standard wash procedure
and was thoroughly dried. 108 Stageigsd D splacenent of bromide with

L- phenyl gl yci ne cycl opentyl ester 0-ONO H O To a suspension of stage 1
resin (0.4g, 0.38mol) in DWF (4nl) in a vial, was added L-phenylglycine
cycl opent guilgmgModiasyl salt (0.44g, 1.12mol) and DI PEA (0. 67nd,

3.76mmol ) followed by Nal (50ng). TFpe reaction was allowed to stand at 65 C

for 8 h. The resino t oy oaghhy wash i ost andard wash
procedure. Stage 3: —_—
(S)-{2-[3-(7-Hydroxy anoy| ~hEmporemoyl am no) - nyl ] - et hyl am no} - phenyl -

acetic acid cyclopentyl ester éf%?;.) 0-ONHOH 71 Stage 2 resin was cl eaved

wth 2% TFA DCM (1 Or x 3). e filtrate was |gpRgentrated to dryness and

the residue purified by preparative HPLC to affprd conpound (71) as the

TFA salt. Yield 21 ng (11 %overall), LCVS puriyy@®®y mz 510 [W111*, 'H
2

NVR (400 MHz, %w)/@oﬁ%}@&%@m % 2) , D (2 H t, CH),

2.38 (2 H t, CHP 2-01- (4 &—m, 5. OCOCHPh) . 5.32 (1 H,
m CHOCO), 6.98 (1 H m 7.38¢3 H m Ar), 47-7.56 (5 H m Ar),
7.62 (1 H s, Ar). Bu%ggq)&ﬁ Saponi fication O

Stage 1: 2-(3-Nitro-phenoxy)-ethanol

To a solution of 3-nitrophenol (10g, 71.9mmo!) in DMF (40mi) was added NaOH
peliets (3.16g, 79.1mmol) and 2-bromoethancl (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 siowly
neutralised with 2M HCI. The reaction mixture was extracted with EtOAc (50ml) and
washed with water (50ml). The EtOAc layer dried (Na,SQ,), filtered and evaporated fo
dryness. Flash column chromatography purification eluting with 30% EXOAc/ heptane
gave the required product (8.2g, 62% yield). LCMS purity 100%, m/z 184 [M+H]".

Stage 2: 2-(3-Amino-phenoxy)-ethanot
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.



HONOMH 109 Stage 2 resin (1.2g, 1.12mmol) was suspended in THF/ MeCH
(12m/12m ). 2. 7M NaCOH sol ution added and m xture was shaken for 18 h at
roomtenperature Upon conpletion of reaction the resin was thoroughly
washed (Standard wash procedure). Stage 5:

(S)-{2-[3-(7-Hydroxycar banoyl - hept anoyl am no) - phenyl | - et hyl am no} - phenyl -
acetic acid (72) N HON\ I N 72 Stage 4 resin (0.8g, 0.76mmol) was
cleaved with 2% TFA/ DCM (10m x 3). FEiltrate was concentrated to dryness
and residue purified by preparative ’C to give conpound (72) as a TFA
sal t, vyi el gufl@ing biddkod overal |). LCMS purity of 100% mz 442 [M+H 4,'H
NVR (400 MHz MeOD), 5: 1.20-1.35 (4 H m 2 x CH2), 1.45-1.70 (4 H m 2 X
CHO, 1.95 (2 H t, CH2), 2.25 (2 H, t, CH2), 2.80-3.20 (4 H m CH NH,
CH2Ph), 5.00 (1 H CHCOQ;zl),BrB.\EiE'\();], HHOWO 71542 H m Ar), 7.40
(5H s, Ar), 7.50 ( s,” AL). The fol | oW n nofs were prepared
according to the proc e desgbiage for conpound 71) and conpound (72)
(S)-2-{2-[3-(7-Hydroxycar banoylg.hept anoyl am no) - phenoxy] - et hyl ami no} - 3-
phenyl - propi onic acid cyclopentyl ester (73) Buildinglock N used LCV5
purity 94% mz 540 [M+H"',"'H NWVR (400 Mz, MeQD), [5gefs26-1.82 (16 H m
8 x CH2), 2.11 (2 H t, CH2), 2.39 (2 H t, CH2), 3.}18.44 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,

“)1 5 13 (1 II, ||l Br\CI"I&:@ ¢ ;I€1 39 achE Arl’c,\]_\QgO Nﬁlg Ar)1 7 21_7 4]
(6 H! m Ar): 757 (1 II! S )HBI' 11%6 !
no

(S)-2-{2-[3-(7-Hydroxycar baroyl - hept agQyk am no) - phe ] - et hyl am no} - 3-
Building block O

Building block O was prepared as described for Building block G with 3-bromo-1-
propanol used in place of 2-bromoethanol.

Synthesis of Compounds in Figure 4 Exemplified for Compound (71, R =
cyclopentyl) and Compound (72, R =H)

R N N oH
~0 N
o H

Stage 1: Coupling of aniline derivative to carboxylic acid functionalised resin

Br\/\Q/H\'(W\iE{O
O

To a suspension of hydroxylamine 2-chlorofrityl resin derivatized with suberic acid
(1.0g, 0.94mmol, loading 0.94mmol) in DCM/DMF (10ml/10ml) was added DIPEA
{1.75ml) followed by building block M, 0.8g, 2.82mmol. PyBrOP (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.



phenyl - propionic acid (74) Building block N used LCVS purity 100% m z472
[ Mt+H] ©,"H NWVR (400 MHz, MeOD), S: 1.35-1.46 (4 H m 2 x CH), 1.61-1.77
(4H m 2xCHR), 2.11 (2 H t, CH2), 2.40 (2 H t, CH2), 3.28- 3.40 (2 H,
m CH2, masked signal), 3.53 (2 H t, CH), 4.29 (2 H t, CHO, 4.38 (1 H,
t, OCOCHCH2), 6.75 (1 H d, Ar), 7.00 (1 H d, Ar), 7.25 (1 H t, Ar),
7.30-7.41 (5 H m A), 7.53 (1 H s, A).

(S)-2-{3-[3-(7-Hydroxycar banoyl - hept afggy| am no) - phenoxy] - pr opyl am no} - 3-
phenyl - propi oni c acid cyclopentyl ester (75) Building block 0O used LCVS
purity 100% mz 554 [M+H] +,'H NMR (400 MHz, MeOD), S: 1.29-1.87 (16 H,

m 8 x CH2Biage 21Displacdrerit of KEbiRMe \AZch.lpl'éaRylbiycnﬁB Fy@ida nt 1%5%7 (2 H t, CH),
3.12 (1 H, dd, CHHPh), 3.25-3.43 (3 H m 4.11 (2 H, t, CH2),
4.33 (1 H m OCOCHCH2), 5.18 (1 H, m CHOCO) 678(1H d, Ar), 7.00 (1

H d, Ar), 7.22 (1 H™, QAr), 7.24-%39 (5 H, Ar), 7.44 (1 H s, Ar).
(S)-2-{3-[3-(7-Hydro < ' @RoXy)- propyl ani no} - 3-
phenyl - propionic acid (76) ARuildi block 0 used HCMS purity 100% niz486
[M+H +, ' H NVR (400 MHz, ), 3: 1.34-1.47 (4 H m 2 x CH), 1.60-1.75

(4H m 2 x CH), 2.10 (29 t, CH), 2.19 (2 H m CH2), 2.38 (2 H t,
CH2), 3.25-3.40 (4 H m 2 x CH2, masked signal), 4.09 (2 H t, CH2), 4.35

(7 12 g: , BOCCI&-Elsﬁs)pg endor/5F staheH, rastn (0 i l_? 0. ﬁn&%l)( A& DRIF @mi & viall wafaldeg™ T AT).

(S)-{3-3- %3”‘5}/&!@8‘"‘9 8%‘%??5%{1?“% %ftyéf-?iw éﬂ% Aol BIPEA &G Tl no} - ph
enyl - acet i $7&nind) bojlevashmmiali(5@sd)eThe(réddtioBwiak dlm@adbb Q@Kd Bt el 45 purity

£ 100% 20-1.50 (8 H, 4
2 ) 1n1;%e r%égB;a %%mﬂdﬂgm”@ %A@’%‘l%"a{g@% %’c’ﬁ?d“Fﬁ NHCHZCH(Z) 5,00 (2

t, t 2.55-2.70 (2 H m NHCH2 3.90 (2 H t,
CHZCH’)O) 2%!3%3 %g)—(zz[S-('f—Hydroxyca?bamoyl»heptanoylammo) -phenyil- ethylam?no} -phenyl- (

acetic acid cyclopentyl ester (71)

(9] \/\G/ I\!‘OH
') H
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 HPL.C to afford
compound (71) as the TFA salt. Yield 21mg (11% overall), LCMS purity 99%, m/z 510
[M*+H]", "H NMR (400 MMz, MeOD), §: 1.35-1.95 (16 H,m 8 x CHy), 210 (2 H, t,
CHy), 2.38 (2 H, 1, CH,), 2.91-3.29 (4 H, m), 5.18 (1 H, s, 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 (1 H, s, Ar).

Stage 4: Saponification

HO \/\O/ \U/\/\/\)J\N,O
s H



(1 H s, OCOCHPh), 5.05 (1 H m CHOCO, 6.55 (1 H m A), 6.95 (1 H m
Ar), 7.00- 7.10 (1 H m Ar), 6.15-6.35 (6 HL m Ar) ill
(S)-{3-[3-(7-Hydroxycar banoyl - hept anoyl am no) - phenoxy] - pr opyl am no} - ph

enyl -acetic acid cyclopentyl ester (78) Building block O used LCMS purity
of 100% mz 472 [M+H ~,'H NWVR (400 MHz, DMBO), 5: 1.20-1.40 (4 H m 2 x
CH2), 1.45-1.65 (4 H m 2 x CH), 1.90 (2 H m NHCHCH2), 2.00-2.20 (2 H,
m CH2), 2.20-2.35 (2 H m CH2), 2.80-3.10 (2 H m NHCH masked signal),
3.90- 4.00 (2 H m CH2CH O, 4.60-4.388 (1 H, br s, OCOCHPh), 6.55 (1 H, d,

Ar), 7.05 §ihgklp rébin A, 1]2%510?%356%}9@@&@ in TAFARROHA P21 25h). J7mAT ) |

8.50-8.85 ‘(41 E( Iﬁ s%j 9. 85 g H s), 1 .3% (1 H s). Synthesis of
Conpounds NAOHisg fion d&ﬂ@ﬁ%mwea'asﬁh%ﬁg%d M@O%@mp@@ﬁ%&'ﬁanso 00/

HOB N O~ €&mpletionldf telctidn the f@sinfvas togytelighpemished (Samkizkl 88shQrikedti@yH | H-H OAR
O/ R = Cyclopentyl 81 R=H 82 Figure 5 Synthesis of Conpound 79 (R =

cycl opent yky., 280 s 4ROy ddbamdi-hetnoylamino)-phenyll-ethylamino}-phenyl-

acetic acid (72)
Q@ H H
HO N N N,OH
O H
72

Stage 4 resin (0.8g, 0.76mmol) was cleaved with 2% TFA/ DCM (10mi x 3). Fiitrate
was concentrated to dryness and residue purified by preparative HPLC to give
compound (72} as a TFA salt, yield 40mg (10% overall). LCMS purity of 100%, m/z
442 [M*+H]", "TH NMR (400 MHz MeOD), 5: 1.20-1.35 (4 H, m, 2 x CHy), 1.45-1.70 (4
H, m, 2xCHy), 1.85 (2 H, t, CHy), 2.25 (2 H, t, CH), 2.80-3.20 (4 H, m CH:NH,
CHJPh), 5.00 {1 H, s, CHCOOH), 6.85 (1 H, m, Ar}, 7.15(2H, m, Ar), 740 (5 H, s, Ar),
7.50 (1 H, s, Ar).

The fallowing compounds were prepared according to the procedure described for
compounds (71} and compound {72)

(8)-2-{2-[3-(7-Hydroxycarbamoyl-heptanoylamino)-phenoxyl-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), 3: 1.26-1.82 (16 H,
m, 8 x CHy), 2.11 {2 H, {, CHy), 2.39 (2 H, t, CHy), 3.15 (1 H, dd, CHHPh), 3.44 (1 H,
dd, CHHPh), 3.56 (2 H, m, CHy), 4.30 (2 H, t, CH»), 440 (1 H, m), 513 (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).



OONN HO-HHH OAR OO Stage 1: 3-Ntro-benzyl am ne OGZN NHZ
3-Nitrobenzyl brom de (log, 46.3mmol) was dissolved in ethanol (200m) and
stirred at roomtenperature A solution of conc.NH3 (aq) (200m ) in ethanol
(300m ) was added dropwi se to the reaction over 30 m nutes. The reaction
was stirred for 18 hat roomtenperature before evaporating to dryness.

Wat er (350mL) was added to the residue and the solution was washed with
Et OAc (2x 200nml). The aqueous | ayer VB basified with 1 M NaOH and
extracted with Et OAc (2x 200nml). The organic extracts of the basic |ayer
were conbi ned, dried (Na2SO4) and evaporated to dryness. The product was

obt 3 1o ST o AN o HR Sl 2 1
3-Nitro- benthwaQas@(T% 1mm|) was d| ssol ved i n anhydrous di oxane

(50ml)  undgfiahg bRk Rdaf . D phosgene (2.2m, 18.2mml) was added, a
precipitate formed which disso on heati ng@to 75C. The reaction was

stirred at L9¥EPLgY 180%, "%‘Eﬂzéﬁl‘ +"§ gH 08 tE O@r)yfhé§§ 16ty 3. 4g of
crude mat ef, ak oMj, @l 1vesy swdnlzm @Ihg @W{zH%tgnz)vm4d1@qi t, cwi?_ §, ess.

purificati g€ ro- benz -ure| I-acetlc acid
cycl opent ygg'ggsér ﬁ%ﬂ' "% S'Q%ﬁ 2H1—'i % &9 1251 %\'SH Wﬁe cycl opent yl
ester tosyDCSEHCH:Y s4Bd) H18, Ar)mad (1 HyalsAd] m&nime,d A mmmomn),.

Tri et hyl a”hﬂer.éé(ﬁ% A6_2. Omol ) was added and the m xture was cooled to

(8)-2-{3-[3-(7-Hydroxycarbamoyl-heptanoylamino)-phenoxy]-propylamino}-3-
phenyl-propionic acid cyclopentyl ester (75)

Building block O used

L.CMS purity 100%, miz 554 [M*+H]", "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, CHy), 2.37 (2 H, t, CHy), 3.12 (1 H, dd,
CHHPh), 3.25-3.43 (3 H, m, CHHPh, CHy), 4.11 (2 H, {, CHy), 4.33 (1 H, m,
OCOCHCH;), 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, 2 x CHa), 1.60-1.75 (4 H, m, 2x CH,), 2.10 (2 H, t, CH;), 219 (2 H, m, CH,), 2.38
{2 H, t, CHy), 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 (5 H, m,
Ar), 7.41 (1 H, s, Ar).

(8)-{3-]3-(7-Hydroxycarbamoyl-heptanoylamino)-phenoxy]-propylamino}-ph
enyl-acetic acid cyclopentyl ester (77)

Building block O used

LLCMS purity of 100%, m/z 540 [M*+H]*, *H NMR (400 MHz, MeQD), §: 1.20-1.50 (8 H,
m, 4 X CHp), 1.50-1.80 (8 H, m, 4 x CHy), 1.80-1.90 (2 H, m, NHCH,CH,), 2.00 (2 H, t,
CHa), 2.25 (2 H, t, CHy), 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), 6.95 (1 H, m, Ar), 7.00-
7.10 (1 H, m, Ar), 6.15-6.35 (6 H, m, Ar)



0C. A solution of 1-Isocyanatonethyl-3-nitro-benzene (3.4g, 19.1mmol in
30m of DMF) was added slowy to the reaction m xture under a N2

at nosphere. Stirring was continued for 18 h allowing the reaction to warm
to roomtenperature The m xture was diluted with water (200ml) and
extracted with Et OAc (2x 200nl). The organic extracts were washed with
water (3x 100n) and brine (100m ), dried (Na2SO4) and evaporated to
dryness. The crude urea was purified PM col um chr omat ogr aphy (1 % MeOH
DCM to yield a pale yellow oil (4.6g, 65%yield). LCVS purity 85% nfz 398
[M+H] " St age 4: (S) [ 3- (3- Am no- benzyl ) - urei do] - phenyl -acetic acid

cycl opent y t

(5 D5 o B ISRy Bios GBarbayi ooy iaminek ahenordRgRYBBINPD ester (3. o,
9. Omol )  ®AY- W@%éﬂﬂ@ﬁcﬁonewmw (7860 ) Pd/ C (10% wet) catal yst (100ng)
was added gpfldinB®lodkiihikés was stirred under H2 at nosphere (ball oon
pressure) for 18h. The reaction mxture was filtered through a celite plug

and evapor 8¢¥§ Rugty@f W%SF“KZ&T&MG*HK H&NMPe(‘*OQ)MHZ( DMSQY 5: 7.2061\A0dH ¢y . LCVS
purity 90%n mngfgﬁa 45M6‘31§<1H nPloAge Qg) 'rHQ\JlI[@HrdF{Sj BoRdh GHN /NI

NN QO I di 2-ch trityl
derivati zeH‘ géﬁﬁég E"Q'e)iz@B 31043 FR;OX £Eﬂgm¢ﬂ§n%é8%| Iyenr |e?1| "

?Z/Fl( 15|ml) 4@(1«12 F?yrBCH'M@jz%4GD4285rUnH,)bradde¢CHPth|6l55V(¢iﬂ% ByAMIASE1( 2. fllgilm
and adden HobeRE 7STH KA Ta07 sota AR Bl MER aRLET 31 Ve@ﬁﬁ#ﬂﬁ%’“ bt

room tenp E)‘éﬁ%f@"sﬂ)andard resin wash and dryi ng.

Synthesis of Compounds in Figure 5 Exemplified by Compound 79 and
Compound 80

Q H 0
N N” TN ™
: s) U\H s )

R = cyclopenty! 79
R=H

I n X
HO_ 0
ﬁM U\ﬁ ﬁ I \R

R =Cyclopentyl 81
R=H 82

Figure 5

Synthesis of Compound 79 (R = cyclopentyl) and Compound 80 (R = H)



St age 6:

(S)-{3-[3-(7-Hydroxycar banoyl - hept anoyl am no) - benzyl ] - ur ei do} - phenyl -
acetic acid cyclopentyl ester (79) OO' 0 HORNNTr NN NOHOI/ HHO
YW 79 Stage 5 resin bound cyclopentyl ester (1.75g) was shaken with
290FA/ DCM (15nl) for 10m n before filtering the resin and evaporating the
sol vent under reduced pressure at roomtenperature This process was
repeated (x3) and the conmbined crudejjgroduct was purified by preparative
HPLC to yield conmpound (79). LCVS purity 100% mz 539 [M+H ', 1H NWR
(400 MHz, MeOD), 5: 1.34-1.90 (16 H m 8 x CH2), (2 H t, CH), 2.38
(2 H t, CHR), 4.30 (2 H s, CH), 518 (1 H m , 5.30 (1 H s,
OCOCHPh), 7.05 (1 H, d Ar), 7.26 (1 H t, A), b 40 (5 H m Ar),
7.47 (2 H m Ar% Stlage 7: H

(S)-{3-[3-(7- Hydr'dx a
acetic acid (80) OHORN HI N' 'N npound (79) (75ny)
was dissolved in THE (1 m) and 2M NaOH (&q, | M) added. The reaction was
stirred at roomtenperature for 2 h. THE was renoved under a 115 stream of
N2 and the _aqueous |layer (-1 ml) was purified by preparative HPLC to yield
conmpound ( 8ge 1L ENEroRaNEYigmDgy, nf z 471 [M+H ', H NVR (400 Mz, MeOD), 5:
1.20-1.35 (4 H m 2 x CH), 1.45-1.65 (4 H m 2 x CH), 2.00 (2 H t,
CH2), 2.25 (2 H t, CH2), 4.28£62 H s CH2NH), 5.25 (1 H, s CHPh), 6.90 (1

H d, Ar), 7.10 (1 H t, Ar), 4.0 NH:. m Ar). The follow ng :
conpounds were prepared according e procedure described for conpounds
(79) and conpound (80)

3-Nitrobenzyl bromide (10g, 46.3mmol) was dissolved in ethanol (200ml) and stirred

%hdo}- phenyl -

at room temperature A solution of conc.NH; (aq) (200ml) in ethanol (300ml) was
added dropwise fo the reaction over 30 minutes. The reaction was stirred for 18 h at
room temperature before evaporating to dryness. Water (350m!) was added to the
residue and the solution was washed with EtOAc (2x 200mi). The aqueous layer was
basified with 1M NaOH and extracted with EtOAc (2x 200ml). The organic exiracts of
the basic layer were combined, dried (Na,S0,) and evaporated to dryness. The
product was obtained as an orange oil (4.6g, 65% yield). LCMS purity 100%, m/z 153
[M*+HTY.

Stage 2: 1-Isocyanatomethyl-3-nitro-benzene

O.N s
2 O/\mo

3-Nitro-benzylamine (2.3g, 15.1mmol} was dissolved in anhydrous dioxane {(50ml)
under N atmasphere. 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 fo dryness giving 3.4g of crude material which was used in the next
step without further purification.

Stage 3: (8)-[3~(3-Nitro-benzyl)-ureido]-phenyl-acetic acid cyclopentyl ester



(S)-2-{3-

[ 3- (7- Hydr oxycar banoyl - hept anoyl ami  no) - benzyl ] - ur ei do} - 3- phenyl -

propionic acid cyclopentyl ester (81) LCVMS purity 95% mz 553 [M+H] ',
MHz, MeOD), S: 1.20-1.40 (4 H m 2 x CH2), 1.40-1.80 (12 H m
x CH2), 2.00 (2 H t, CH2), 2.25 (2 H t, CH2), 2.90 (2 H, m CHCH?Ph),

NVR (400

4.15 (2 H s CH?NH), 4.40 (1 H m OCOCHCH2), 5.00 (1 H m CHOCO),

(1 H d A), 7.00-7.25 (6 H m Ar), 7.35 (2 H br s, Ar).

(S)-2-{3- !
propionic acid (82) LCVS purity 94%
MeOD), 5:

(2 H t,
s, CH 2N

Ar), 7.45 (2 H m Ar) 198 Sy

3- (7- Hydr oxycar banmoyl - hept yl am no) - benzyl ] - urei do}- 3- phenyl -
Ly al:]r?z 485[M+H]','HNI\/R(4OO MHz,
1.30-1.50 (4 H m 2x CH), 1.60-1.80 (4 H m 2 x CH2),

60 (1 H, mO0OCHO®),

6. 85

2.10

6

CH2) 2.35 (2 H t, CH2), gﬁi 5 (2 H m CHCHZPh) 4.25 (2 H,
0

Exenplified by Conmpound (83)

(\ HI\

Qutlined in Flgure 6

H) , g 0 d, Ar), 7.15-7.35 (6 H m
Cdrrpotlnd 84 ~r 0OR~ -OH RH
~ A~~~ O 01N, ~- vV "1'l 00 R=

cycl opentyi 83 R= cycl opentyl 85 R- H 84 RII H RHO1( NO /OO HH O0-H

H H 0-H

L-phenylglycine cyclopentyl ester tosyl salt (7.47g, 19.1mmol) was dissolved in DMF
{(70ml). Triethylamine (5.8mi, 42.0mmol) was added and the mixture was cooled to
0°C. A solution of 1-Isocyanatomethyl-3-nitra-benzene (3.4g, 19.1mmol 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 (200ml}) and extracted with EtOAc (2x 200ml). The organic exiracts
were washed with water (3x 100ml) and brine (100ml), dried (Na,S0,) and evaporated
to dryness. The crude urea was purified by column chromatography (1% MeOH/
DCM) to yield a pale yellow oil (4.6g, 65% vield). LCMS purity 85%, m/z 398 [M"+HJ".

Stage 4: (S)-[3-(3-Amino-benzyl}-ureido]-phenyl-acetic acid cyclopentyl ester

BB
H.N o
ROR 0
H H
o

(8)-[3-(3-Nitro-benzyl)-ureidc]-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% yield). LCMS purity 90%, m/z 368 [M'+H]".

Stage 5: Coupling to resin

N YD



0 0O R= cyclopentyl 86 R= cyclopentyl 88 R=H87 /I RI1~HI \ ol / jfl1/
11 HOH ON H-" 0 0 R=cyclopentyl 89 R= cyclopentyl 91 R= H 90
Figure 6 117 Stage 1: 7-(1-1sobutoxy-ethoxycarbanoyl)-heptanoic acid

net hyl ester O ONO" ~r ~~ " o0 Mnonethyl suberate (25.0 g, 13.3 nmol,
1.0 eq) was dissolved in THE (300 nL) and DCM (300 nL). EDC. HCl (25.46 g,
13.3 mmol, 1.0 eq) was added to the stirred solution, followed by HOBt
(17.95 g, 13.3 mol, 1.0 eq) and triejfpylanmine (48.5 nL, 34.5 mol, 2.6
eq). O(1- Isobutoxy-eth | ) - hydroxylamne (21.9 nL, 15.9 mol, 1.2 eq) was
added to t hedipxdermine 2stlomtiihresin denvatizadasithsubericadicoiled, loadied i 1 over ni ght at

room tenper | e er vacuum DCM
(350 L) b B RSt 200 b The

organi ¢ | ajPwesyay DRy Griad, 14dimra). (SW@S@F)“'“"F (1-8% B3l "&Q’s"rﬁﬁsﬁ'ﬁ’?‘ét ed in
vacuo. The lrﬂDOHL(@ﬂimI\)\:aﬁd adifeti 3 1he fecSoramiliré.eThe Gbdctiod wWhs fhaten REYR igel d) LCMS

pur ity 8% il 2. 302 H s Tl SumclBR B350, 1e DXL STE W Eholt T urther

Stage 6: (S)~{3-[3-(7-Hydroxycarbamoyl-heptanoylamino)-benzyl]-ureido}-phenyl-
acetic acid cyclopentyl ester (79)

Q H J(_DL
HC N O
H O HooH 0

Stage 3 resin bound cyclopentyl ester (1.75g) was shaken with 2%TFA/ DCM (15ml)
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"+HJ", '"H NMR (400 MHz, MeOD), 5: 1.34-1.90 (16 H, m, 8 x CHy),
2.11(2H,t, CHy), 2.38 (2 H, 1, 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)-benzyll-ureido}-phenyl-
acetic acid (80)

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



Stage 2: 7-(1-1sobutoxy-ethoxycarbanoyl)-heptanoic acid O HO N~OYO - \ H
O 7-(1-1 sobut oxy- et hoxycar banoyl ) - hept anoi ¢ acid nethyl ester (36.6 g, 12.1
mol, 1.0 eq) was stirred in THE (200 nL) and water (200 nL) in the
presence of lithium hydroxide (8.68 g, 36.2 mmol, 3.0 eq) for 3 h at 50C.
THE was evaporated under vacuumand to the m xture water (100 niL) and
ethyl acetate (200 nL) were added. The m xture was acidified cautiously to
pH 3 by addition of 1 N HCl. The orgaﬁpc phase was isolated and the
aqueous | ayer re-extracted with ethyl acetate (150 nL). The organic phases

wer 3 conbi siegBm dirll.cohd (ivpSDépys léyért(e*rm!(tiwamphriﬁedlbgapntebﬁfaﬁ\fb HPLO/ROEN  The
roduct wa S 9 288 +
gnd used ?%rﬁél%u@kl W%Bm}&%’%ﬁ'ﬁ?ﬁ"&'ﬁal i Catl on. ?4?@%9%{\/1 é@% M=

4-Tri met hybsl 2Qah§5 (ﬁ(fjn‘eIEhyDHp)héﬁ?-I'leﬁﬁn(mél MHZ x CBl,2D0 (T ¢, § Cit), Qrzsc(2sol ution
of 4-am ”0Hb€@:?’-l§£ 4%% PHol chjt\ﬁﬂ) g@g( {’cﬁ]ﬂ?}oggécﬁ %ﬁ%‘}@""ﬁq {490 ni), was

added triethyllamn
trimet hyl chil é‘r?cf@ Mh@x(\zw 2 m., 13.6 nmol, 1.05 eq). The reaction mxture
was stirred under a nitrogen atnosphere overnight at roomtenperature. THE
was evapor te&’/g under vacyum and t he mxture E_gl’tltl oned with ethyl acetate
(300 nL) a {VEpP9 ApRPUn ‘)"efe?ﬁeé’ FRARAPENGRA K Arpesdvre slesqribad BRd t he
aqueous | asempouede®) arst ihpeubd(80) hyl acetate (2 x 100 nli). The conbi ned
organi ¢ phases were washed with brine (2 x 150 nL), dried (MgSOH4),
filtered and concentrated in vacuo. The product was obtained as a yellow
oi | (24.0 G)-2345y7-Hydroxuearbameyt-heptanayipminolberzyliurdidelrehenyl i fi cat i on.
St age 4: @mmﬂ.acwbgeﬁtﬁréym@ﬂynet hyl - phenyl ) - ani de
(1-isobut o&(ﬁghox (a ? .1

purity 95%, m/z 553 [M"™+H]", "TH NMR (400 MHz, MeOD), §: 1.20-1.40 (4 H, m,
2 X CHg), 1.40-1.80 (12 H, m, 6 x CH), 2.00 (2 H, t, CHy), 2.25 (2 H, t, CHy), 2.90 (2
H, m, CHCH;Ph), 4.15 (2 H, s CH,NH), 4.40 (1 H, m, OCOCHCH,), 5.00 (t H, m,

CHOCO), 6.85 (1 H, d, Ar), 7.00-7.25 (6 H, m, Ar), 7.35 (2 H, br s, Ar).

(S)-2-{3-[3-(7-Hydroxycarbamoyl-heptanoylamino)-benzylj-ureido}—s-phenyl-
propionic acid (82)

LCMS purity 94%, m/z 485 [M*+H]*, 'TH NMR (400 MHz, MeOD), &: 1.30-1.50 (4 H, m,
2xCHy), 1.60-1.80 (4 H, m, 2x CHz), 2.10 (2 H, 1, CHz), 2.35 (2 H, t, CHy), 2.95-3.25
(2 H, m, CHCH,Ph), 4.25 (2 H, s, CH;NH), 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)



O N HOTO HO O 7-(1-1sobutoxy-ethoxycarbanoyi)-heptanoic acid (5.0 g, 1.72
nmmol, 1.0 eq) and 4- trinethylsilanyl oxynethyl -phenylamne (3.38 g, 1.72
mmol, 1.0 eq) were stirred together in DM (140 nmL). To the m xture was
added PyBroP (10.5 g, 2.25 nmol, 1.3 eq) and DPEA (3.9 nL, 2.25 mol, 1.3
eq). The reaction was stirred under a nitrogen atnosphere overnight at
roomtenperature. Ethyl acetate (200 ml-) and water (200 nlL) were added.
The aqueous phase was isolated and rep@xtracted with ethyl acetate (2 x
100 nmL). The conbi ned organi c phases were washed with water (2 x 50 nL) and
brine (50 nL) then dried (MyS4), filtered and concentrated in vacuo. The
crude pro Al purified
by passi ng S%Ygﬁjf@ E:H}m% n}eggn FIFEEJW %gﬁéva\'y/a %@hﬁdﬁt@rough t he
silica u3|ﬁ@d8Pﬁ¥PUﬂé te and collected in 100 nL conical flasks unti

el ution ceased by LCMS analysis. Purification gave a yellow oil (3.59 g,
53% vyi el d). LCNB purity 61 % mz 417 [M+Na]' 119 Stage 5: Cctanedioic

acid (4-forny enyl )-am de (1-isobutoxy-ethoxy)tamde Ol O-/ OH

Cct anedi oi ¢ a (4 hydroxynethyl phenyl ) - am de - i sobut oxyet hoxy) - am de
(100 ng, 0.025 0 eq) was dissol ved |a: To the reaction
mxture, WasYya (286 ng, 0,33 nmol, 1 OJﬁgEfE\d was stlrre at
roomtmmmai&e &m%m1mxtwe Fite

and washed through mnth DCNl fol lowed by evaporation of solvent td’glve a
yellow oil (78.6 ng, #S&@yingd &) LCVS purity 53% md=zyedibiyigsM +Na]' . The
product was used in tRe"subsé&fuent steps without further purification.

St age 6:

(R -{4-[7-(1-1sobut oxy-et hoxycar banoyi ) - hept anoyl am no] - benzyl am no} -

phenyl - aceti c actd cycl opentyl ester /o \f/
H Y
o N)I\/\/\/\H/N\O_H o " H\
H E Q-~H
o o

R= cyclopentyl 86 R= cyclopentyl 88
R=H a7

R= eyclopentyl 89 R= cyclopentyl 91
R=H 90

Figure 6



N (v OHOHH\0) G O Cctanedioic acid (4-fornyl-phenyl)-amd

(1-isobutoxy-ethoxy)-amde (276 ng, 0.70 mol,

cycl openty
for 10 mn
triacet oxy

e

1.0 eq) and D phenyl gl yci ne

| ester (170 ng, 0.77 nmmol, 1.1 eq) were stirred in DCE (15 nL)

. Acetic acid (65 pL) was added and stirred for 2 mn.
bor ohydride (448 ng, 0.21 mmol, 3.0 eq) was introduced a

reaction mxture stirred under a nitrogen atnosphere, at roomtenp

for 1 h.

Sodi um hydr ogen car bonat e s added to quench the reacti

Sodi um

nd the
erature
on. DCM

was then added and the organic phase i’sol ated. The aqueous | ayer was

re-extract
and concen

Step 7:

(R -[4-(7-
cycl openty
(R-{4-[7-

ed wwth DCM organic |ayers conbined, dried (MgSQH), fi
rated

Vet

Hydr oxycar banoyl - hept anoyl am nq) - benzyl am no] - phenyl - ace

| ester (83) O |~ J~ OHH al N~-OH H O 83

(2-1 sob%oxy- et hoxycar banpyl ) - hept anéyl am'dm] -bgnzyl am n
- 1 wass di sso

purifica

| tered

i.n . vacuo to giv crude product 00 , 249 LCMS purity
0. 0% 1l » S8 | ROHYPB R e e AT R o

tion. 120
tic acid

o} - phenyl
| ved in

-acetic acid cyeld yl er 0.9§
DCM (0.5 nL) and stijfred with 4M HCl in dipgxane [0.2 nL) for 30 mn. The

resul ting
preparativ

salt was caqmcentrated, dissolved in nethanol and purifie
e HPLC to yield conpound (83). LCVS purity 94% niz 496

[M+H 4,' H NVR (300 MHz, MeOD), 6: 1.41-1.95 (16H m 8 x CH2), 2
(2H, m CH2), 2.40 (2H, t, J = 7.2 Hz, CH2),

Monomethyl suberate (25.0 g, 13.3 mmol, 1.0 eq) was dissolved in THF (300 mL) and
DCM (300 mL). EDC.HCI (25.46 g, 13.3 mmol, 1.0 eq) was added to the stirred
solution, followed by HOBt (17.95 g, 13.3 mmol, 1.0 eq) and triethylamine (48.5 mL,
34.5 mmol, 2.6 eq). O-(1-Isobutoxy-ethyl}-hydroxylamine (21.9 mL, 15.9 mmol, 1.2 eq)
was added to the viscous solution and the reaction allowed to stir overnight at room
temperature. The reaction mixture was concentrated under vacuum, DCM (350 mL)
was added and washed with water (250 mL) and brine (200 mL). The organic layer
was isolated, dried (MgS0,), filkered and concentrated in vacuo. 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
HO O O\V/l\\
W\A)LN/ T
H
C

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 fayer re-exiracted with ethyl acetate (150 mL). The
organic phases were combined, dried (MgSQ,), filtered and concentrated in vacuo.
The product was obtained as a white solid (29.0 g, 83% yield}, m/z 288 [M"+H]" and
used in stage 4 without further purification.

d by
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4.16 (2H, q, J = 13.5 Hz,
7.40 (2H, d, J 8.7 Hz,
8.7 Hz, Ar-H). Stage 8:
(R) -[4-(7-Hydroxycar banoyl - hept anoyl am no) - benzyl am no] - phenyl -acetic acid
(84) HOHI \ OHNOH O 84 To a solution of CHR- 003644 (50 ng, 0.008
nmol, 1.0 eq) in THE (2 mM-) and water (2 nlL), was added Li OH (8.0 ng,
0.033 mmol, 4.0 eq). The reaction was irred under a nitrogen atnosphere
at 40C overni ght. THE was evaporated under vacuum and the remaining
agueous r e&tagedn4-Jomethwisilamgolgdetyliphemtdwihe acet at e. The sol uti on was
acidified to pH 3 and the product concentrated in vacuo. The resulting
salts were 121 dissolved in nmethanol and the product purified by
preparative HPLC to yield conpound (84). LCMS purity 97% mz 428 [M +H] +,
"H NWVR (300 MHz, MeQD), 8: 1.3\9-}¢41 1-1LnHD 2 X CH2), 1.62-1.74 (4H, m
2 x CH2), 2.13-2.15 (2H, m CH2)Si<2. 4 , £, J =7.5 Hz CH2), 4.14 (2H,
g, J =12.9 Hz, CH2), 5.06 (1 H,és .39 (2H, d, J =8.4 Hz, Ar-H,
7.54 (5H, s, Ar-H), 7.67 (2H, d, 8. Hz Ar - H) The fO||OWI ng corrpound
was prepared in a simlar manner to Corrpound (83) and Conpound (84) using
the appropriate internediates. (S)-2-[4-(7-Hydroxycarbanoyl -heptanoyl am
no) - benzyl dormsbiredisadioh pf 4-aménotbeneyl alcaiod 60y ¢l 1@@antngl, 1Osigeh THES) LCMVS

ty 97% 03 (6H, m 2
Ro), 1. ek adled Hegigkyffielainh Mt fib saftoftulting, o ° (51 )T T
(2H, m dqg)ethygshmselgpqa (17.2 oL, 43 rpmelz 1 Oﬁpg)) Thegreggucup nuAtureIwas, stlmad CH),
4.15-4.26 (Ié’dér afﬁitro@bﬁlitmosﬂheﬁé oé&nn?ht # rooﬁ‘hempéraﬁ}e St I-ﬁ“‘lwe(s]éﬂap%te@"b 7.44
(2H d, J % dger vacuuh'z and tgg l‘ntxZure pal% ned W|th‘]ethyl acetate Elz)b mL) arl;g water (300

mL). The organic phase was isolated and the agueous layer re-extracted with ethyl

CH2), 5.12 (1 H, s, CH), 5.27-5.30 (1 H m CH),
Ar-H), 7.50-7.56 (5H, m Ar-H), 7.67 (2H, d, J =

acetate (2 x 100 mL). The combined 'organic phases were washed with brine (2 x 150
mL), dried (MgS0,), filtered and concentrated in vacuo. The product was obtained as
a yellow oil (24.0 g, 95% yield) and used in stage 4 without further purification.

Stage 4: Octanedioic acid (4-hydroxymethyl-phenyl}-amide (1-isobutoxyethoxy)-amide

H 0]
N\\.‘/\/\/\)'L -0 0
N
N \I/
HO\/©/ O

7-(1-Isobutoxy-ethoxycarbamoyl)-heptanoic acid (5.0 g, 1.72 mmol, 1.0 eq) and 4-
trimethylsilanyloxymethyl-phenylamine (3.38 g, 1.72 mmol, 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 agueous phase was isolated and re-extracted with ethyl acetate
(2x100 rﬁL). The combined organic phases were washed with water (2 x 50 mL) and
brine (50 mL), then dried (MgSQ,), 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. Purification
gave a yellow oil (3.59 g, 53% yield). LCMS purity 61%, m/z 417 [M"+Na]"



(S)-Cycl ohexyl -[ 4- (7-hydr oxycar banoyl - hept anoyl am i no) - benzyl am

no]-acetic acid (87) LCVS purity 95% nmlz 434 [M+H] +," H NMR (300 MHz,
MeOD), 5:1.23-1.96 (18H m 9 x CH2), 2.10-2.15 (2H, m CH2), 2.39 (2H, m
cH), 3.71 (1 H m CH), 4.12 (21-1, q, J =7.2 Hz, CH2), 4.80 (1 H, 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-hydroxycarbanoyl - hept anoyl am no) - benzy[ am no] -
butyric acid cycl opentyl ester (88) ng? purity 83% mz 520 [M +H +,"' H NWR
(300 MHz, MeOD), 5:1.19 (9H S, ), 1.29 (3H, d, J = 7.8 Hz, CH3),
1.37-1.41 (4H m CH2), 1.64-1. 89 (12H m CH2), 2.09-2.15 (2H, m CH2),

2.40 (2H, 3.37 (1 H, 371(1H m
CH), 4.24- 9'2‘? 5 E‘ﬁa“?#ﬂ"z %‘2 f@f ge 8%1 'ﬁfab%ﬁhﬁx%ﬂ% = 6.9
Hz, Ar-H), 7.68 (2H, d, J 84Hz Ar-

(S) 3-tert-Butoxy-2-[4-(7- hydroxycar barmyl kept anoyl am no) - benzyl am noj -

propionic acid cycl opentyl ester (89) LCMS I’I?{ 95% z 506 [M+H +,'
NVR (300 MHz, MeQD), 8-Txx ﬁﬁ’\s/\q/mygj; 16H, m 8 x CHZ),
1.66 (2H, t, J= 77Hz , 1 5 (2H, 122 FU 74Hz CH2), 2.11 (2H, t,

J=7.4Hz, C-12), 2% 2% 9=7. 3H, CHZ) 3.92 (2H, m CH2), 4.16 (1 H,
m CH), 4.26 (2H, s,CI—|2),532(1Hm CH), 7.45 (2H, d, J=8.5Hz, ArH),
7.67 (2H, dd, J=3.2, 8.3Hz, ArH).

(S) - 3-t er t OBtahedigie Aeifl %ﬁyﬂr@ymewymwnblam)de-(meﬂmbamwdtmymhud@enzyI am noj -

Il|\)/{ecc)3||%|)om : ?Wicgm%g@%%c? ?ﬁﬂ%ﬁ‘gé{g"é‘g‘ji n figh @%ﬂ'ﬂé%e%%@%% 1.69 (4H,

m 2 x CH2yas addsgd-MnG,728@mg. Bg3 maiah)i3.0za)enq was stirred 3t soom fsmparath)

?225 13 36 fof M5 HThERAktiorAmRiiredwSdi Ifeﬂed"&ve%el@'%nd wéh%@ tl'(rgu h with [5¢74)

(S)-2-[4- (f%’“w%ﬂWﬁéa?fa%?;%}ﬁdﬁ@m%éwPaﬁli%sﬂ (B%ﬁznyq aﬁ{ mﬁfdJéCM?enw

pr opi oni ¢ puitgd58% chapidafivl+Nadt Eire grédyct was used in the subsequent steps without
further purification.

Stage 6: (R)-{4-[7-(1-Isobutoxy-ethoxycarbamoyl}-heptanoylamincl-benzylaminoc}-
phenyl-acetic acid cyclopentyi ester

H/\@HM“\OJ\O/T

Octanedioic acid (4-formyl-phenyl}-amide (1-isobutoxy-ethoxy)-amide (276 mg, 0.70
mimol, 1.0 eq) and D-phenylalycine cyclopentyl ester (170 mg, 0.77 mmol, 1.1 eq)
were stirred in DCE (15 mL) for 10 min. Acetic acid (65 yL) was added and stirred for
2 min. Sodium ftriacetoxyborohydride (448 mg, 0.21 mmol, 3.0 eq) was introduced and
the reaction mixture stired 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-extracted with DCM,
organic layers combined, dried (MgSQ,), filtered and concentrated in vacuo to give
crude product (100 mg, 24%) LCMS purity 94.0%, m/z 4988 [m"+H]" which was taken
on without further purification.



LCVS purity 95% nmfz 510 [M+H *,"H NVR (300 MHz, MeQD), 8:1.17- 2.43 (22H,
m 11 x CH2), 4.19- 4.30 (2H, m CH2), 5.08 (1 H s, CH, 5.20- 5.26 (1 H,
m CH, 7.24 - 7.71 (9H, m Ar-H) Conpound (86) was prepared was prepared
via alternative nmethodol ogy the nodified conditions are detail ed bel ow
Step 6b:

(S)-Cycl ohexyl -{4-[7-(1-isobut oxy-ethoxycar banoyl ) - hept anoyl am no] -

benzyl am no}-acetic acid cyclopentyl ggter Q o 1~J7 )f""*"Ho H O H NCO
0--y | CQctanedioic acid (4-fornyl-phenyl)-am de (1-isobutoxy-ethoxy)-am de
(220 ng, 0. 056 mmol, 1.0 eq) and L-cycl ohexyl-glycine cycl opentyl ester

(138.9 1970 8 i il 0 e - )~ over ni ght
S room TensBral Ut el dyeaihofeRRbHER ) pohe BB enhiDots dog Y EU N OO
i nt r oducedcysingentieestes &Pi on mixture stirred for 15 nmin. The reaction

m xture was transferred to an ice bath and 2 drops of sodi um hydroxi de
(2M were added. Diethyl ether was added and the organi c phase 123

i sol ated. The aqueous | ayef~was re-extracted with diethyl ether, organic

| ayers conbi ned and washig ith brine. The organic phase was then dried
(MS™M) filtered and concy trated in vacuo to give crude material which

was taken to the next
(S) - Oycl ohexyl -[4-@4&
acid cycl opentyl e (

ep out. further purification. Step 7b:
xy¢’ar b NWﬁn/tnenzyl am no] - acetic
:'. N k"

(R)-{4-[7-(1-1sobutoxy-ethoxycarbamoyl)-heptanoylaminc]-benzylamino}-phenyl-acetic

acid cyclopentyl ester (50 mg, 0.08 mmol, 1 eq) was dissolved in DCM (0.5 mL) and
stirred with 4M HCI in dioxane (0.2 mL) for 30 min. The resulfing salt was
concenirated, dissolved in methanol and purified by preparative HPLC to yield
compound (83}. LCMS purity 94%, m/z 496 [M*+H]", "TH NMR (300 MHz, MeCD), 5:
1.41-1.85 (16H, m, 8 x CH,), 2.15-2.17 (2H, m, CHy), 2.40 (2H, t, J = 7.2 Hz, CHy),
4.16 (2H, q, J = 13.5 Hz, CHy), 5.12 (1H, s, CH), 5.27-5.30 (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-Hydroxycarbamoyl-heptanoylamino)-benzylamino]-phenyl-acetic
acid (84)

HO
N 0
o N
N ~OH
H

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 attmosphere at 40°C overnight. THF was evaporated under vacuum and the
remaining agueous reaction solvent washed with ethyl acetate. The solution was

acidified to pH 3 and the product concentrated in vacuo. The resulting salts were



OH HO 86 Material fromstep 6b (50 ng, 0.083 mmol, 1 eq) was dissol ved
in DCM nmethanol (2 nL: 2 nL) and stirred with TFA (1.0 nL) for 2 h. The
resulting salt was concentrated, dissolved in nethanol and purified by
preparative HPLC to yield conpound (86). LCMS purity 100% niz 502

[ Mt+H] +, 1H NMR (300 MHz, MeOD), 8: 1.28-1.98 (26H m 13 x CH2),
2.10-2.15 (2H m CH2), 2.40 (2H, t, J =7.8 Hz, CH), 3.81 (1 H 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 =8.4 Hz, Ar-H, 7. 68'4l2H, d, J 8.7 Hz, Ar-H) Synthesis

8; 9%{ and ngsdﬂe@n\ m@%ﬁbl'ﬁlné t%#od’ud.ﬁhr@e@by bfe@ar\atl\lre I@’IR: o ﬁé{tﬂ” opentyl 92 R=H
age

X 3-N.tro- heno u ic acid ester 124 O 02N/ 01
O PO Totamisu (ot OIS BT Db [Tt Noth 8P Wi HoB: 5 50m ). v
gg dedI ;(2(:? 3901140, (B8 gn, 2 2GRN bzawgh (@RLhy2 x tHy)424 3@[1@@@,;&%)/@@4),@#01 % h959,

mol ) . a n ed, at re.fo : e

reaction V\gi_l Elﬁl ﬁ-{églzvﬁ’}\!'\ﬁ ﬁ]{?IHr dobt é?é?&ghgsggﬁéﬁwfh%Hb?&é%% C%Dhase was
separ at ed dr®@.4Nds Redd)Vid.5N(Skat ekr-H)27.87 20Qml J = 8.7TH= AoiH)ani ¢ phase was dri ed
wi th Na2SO4and concentrated in vacuo. The required ether was isoI at ed
foll ow ng chromat ography (ethyl acetate : heptane, 1 : 9) as {)ale yel | ow
sol id (12.Pke fodloujng eqapound¥as pigpated lll@@%llaﬁnzawotq fpmppund (83

and Compound {84) using the appropriate intermediates.

{S)-2-[4~-(7-Hydroxycarbamoyl-heptanoylamino}-benzylamino}-4-methyl-
pentancic acid cyclopentyl ester {85)

LCMS purity 97%, miz 476 [M™+H]*, "TH NMR (300 MHz, MeOD), §:0.98-1.03 (6H, m, 2
x CHg), 1.41-1.42 (4H, m, 2 x CHp), 1.71-1.96 (14H, m, 7 x CHy), 2.10-2.15 {2H, m,
CHo), 2.40 (2H, 1, J = 7.2 Hz, CH,), 3.96-4.01 (1H, m, CH), 4.15-4.26 (2H, m, CH,),
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 95%, m/z 434 [M*+HJ*, "TH NMR (300 MHz, MeOD), :1.23-1.96 (18H, m,
9 x CHp), 2.10-2.15 (2H, m, CHy), 2.39 (2H, m, CHy), 3.71 (1H, m, CH), 4.12 (2H, q, J
=7.2Hz, 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)

(8)-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), 5:1.19 {(9H, s, 3 x
CHa), 1.29 (3H, d, = 7.8 Hz, CHj), 1.37-1.41 (4H, m, CH;), 1.64-1.89 (12H, m, CH,),
2.09-2.15 (2H, m, CH,), 240 (2H, 1, J = 7.2 Hz, CH,), 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-tert-Butoxy-2-{4-(7-hydroxycarbamoyi-heptanoylamino)-benzylamino]-
propionic acid cyclopentyl ester (89)
LCMS purity 95%, m/z 506 [M"+H]*, "H NMR (300 MHz, MeCD), §:1.23 (SH, s,

_ C(CHa)a), 1.36-2.08 (16H, m, 8 x CHy), 1.66 (2H, t, J=7.7Hz, CHy), 1.75 (2H, ¢,



Stage 2: 4-(3-Am no-phenoxy)-butyric acid nmethyl ester O H2 N/ OI O
Stage 1 nitro ester (250ng, 1 mmol) was di ssolved in ethanol (3ml).

Pd/ carbon (40ng) was added and the reaction stirred under a hydrogen

at nosphere (balloon pressure) for 16 h. The reaction m xture 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 (210nmg, 100%yvyield). LCVS pyrity 89% mz 210 [M+H]'. The
aniline was used in the next stage without further purification. Stage 3:
Coupl i ng t d=F.¢d7,18Hz), @11ARIN tNIF7.4Biz- CHE, 2.4QX2H) t\J=1.3biz, Sddpe 92(2kcing

derivatise 2 ht n oadi ng,

0. 94 @’“W@%?’F”‘ﬂﬂ 32%@%?%“ 8510%211 O!r’?ﬂ_ﬁ3H§3 7%%3???“)? 54222 6rmol )
and dii so%F‘@p@ﬁH%ﬂ;l‘jﬁfﬁﬁéﬁ BBblzaARY).  75. 2rmol ) wer e added to the flask
foll owed by 4-(3- am no-phenoxy) - butyri c acid nmethyl ester (4 730,

22. 6nmol ) e reactio hake omte era re for h before
st andard’ WP EHEPH R et R SR e e RN N T O 1\
| OH O\ ptapjenidacidd90) (9.5 g), was suspended in THE/ MeCH (34 m/34nl).
NaOH (1.4 o d for 16 h at room
terrperaturg@M%ﬂjémtryes/‘hnq}%\ggﬁ\'Xgﬂﬂ]g H@ﬂﬁéﬁ%ﬁéﬁ%%@r%qﬁg ocedure before
ai r dryi ngC(Stgyel . 3-1.A214hh maixdCHg.t 1682t 6 fH, ng 2 x CH,), 2.08-2.17 (2H, m,

CHy), 2.40 (2H, t, J = 7.5 Hz, CH,), 3.85-3.96 (2H, m, CH,), 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: (8)-Cyclohexyl-{4-[7-(1-isobutoxy-sthoxycarbamoyl)-heptanoylamino]-
benzylamino}-acetic acid cyclopentyl ester

\‘(\/QM,L,Y

Octanedioic acid (4-formyl-phenyl)-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. Sodium
borohydride (31.8 mg, 0.084 mmol, 1.5 eq) was intraduced 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



OO ~r3liiti OHNNO"""k NO OO HHStage 4 resin (2.1g), was
suspended in DCM DMF (20ni/ 20nl). PyBOP (3.1g, 5.92mmol), N phenlglycine
cycl opentyl ester (2.4g, 5.92mvol) and dii sopropyl et hyl am ne (3.4nd,

19. 7nmmol ) were added sequentially and the reaction shaken at room
tenperature for 72 hours. The resin was submtted to standard wash and
dried. Stage 6:

(S)-{4-[3-(7-Hydroxycar banoyl - hept anoy]_am no) - phenoxy] - but yryl am no} -
phenyl -acetic acid cycl opentyl ester ]{252) 126 OOOHOHN/ O~"~HO0--0
O O 92 Stpgetd. Tle@aqmebwapbr%éﬁlr@aﬁmcwd vﬁtﬁtcwth)ﬂ SthdE bR @J@@ken with

290 FA/ DCM ( 10 m.nutes_pefore f ri the r vapor ati ng
t he sol veng: rﬂlﬁ'a%q rfdre‘%ﬂ%%qu'ﬂbﬁ'&eST %o'gﬁn'FB "@?Bg‘?rh‘frl?rdéMQ%ﬁﬂ?B‘?8 ess was
repeat ed (&3) camenttaies mrad:uortegwe crudd engberiatiuicith was takeretb the/ned efppr ati ve HPLC

to yield cwﬂmgggﬁ@gé%ﬁ LCVMS purity 99% mz 568 [M+H +, 'H NWR

(400 MHz, H, m 2 x CH2), 1.45-1.90 (13 H, m alkyl),
2.10 (4 H m 2 x CH), 2.40 (2 H t, CH), 2.50 (2 H m CH2), 4.00 (2 H,

CH2 5 1 A 7.15 (1
m b ?Ar) Stle'é?@ i{FLCythéxy! f\i 4—@5};t§ré>6ﬂ'c‘arb§mowf|@b'@%p\r)ylargmggbefn%ylﬂnmg},- A;g S age(

7: (S)-{4- f“?t'F‘?C' H‘E'Wt'yé?"ﬁ rfﬁ@l hept anoyl am no) - phenoxy] - but yryl anm no} -

phenyl -acetic acid (93) Oﬁj
o
TN i
H H
o} N
N OH
H
o}
86

Material from step 6b (50 mg, 0.083 mmoi, 1 eq) was dissolved in DCM/methanol (2
mL : 2 mL) and stirred with TFA (1.0 mL) for 2 h. The resuliing salt was concentrated,
dissolved in methanol and purified by preparative HPLC to yield compound (86).
LCMS purity 100%, m/z 502 [M*+H]*, '"H NMR (300 MHz, MeOD), &: 1.28-1.98 (26H,
m, 13 x CHgz), 2.10-2.18 (2H, m, CHy), 2.40 (2H, 1, J = 7.8 Hz, CHp}, 3.81 (1H, d, J=

3.9 Hz, CH), 4.21 (2H, m, CH,), 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
0O 0O
HO Ildl O\/\/lL O
H H
0] O

R = cyclopentyl 92
R=H 93

Stage 1: 4-(3-Nitro-phenoxy)-butyric acid methyl ester



HORN NOr v 'NOH HOHO 93 Stage 6 cycl opentyl ester resin (500ng) was
suspended in THE (15nl). To the suspension was added NaOH (1.4M ag., 1.6
m ) and the reaction shaken for 16 hr at roomtenperature. The filtrate
was renoved and the resin washed and dried before cleavage. C eavage was
effected by shaking with 29%FA/DCM (5m ) for 10 mnutes before filtering
the resin and evaporating the sol vent under reduced pressure at room
tenperature. The process was repeat edif4x3) and the conbi ned crude product
purified by preparative HPLC to yield conpound (93) (62ng). LCMS purity
99% mz 500 [M+H ', 1H NWR (400 MHz, MeOD), 6:1.40 (4 H m 2 x CH2),
1.60 -1.80 (4 H m alkyl), 2.10 (4 H m 2 CH), 2.40 (2 H, t, CH2),

2.50 (2 H t, CH2), 4.00 (@ g CHp) , 127 45 (1 H, s, NHCHCO, 6.65 (1
H d, Ar) 7.10 (1 H m Ar)? FNo7. 25 (1 H, s, Ar),
7.30-7.45 (5 H m Ar). Synthe f 94 and 95 OHO HOH NCOIH 'jYO' O\

I OR = cyclopentyl 94 R=H 95 age 1: 3-nitro-benzyl-chrorofornate
formation O 02N 1/ | Ok O To a solution of 3-nitro benzyl al cohol (10g,
65mmol ), in dioxane (anhydrous, 100m ) was added trichl oronethyl

chl or of or mh® & splgticpats; nitegivennd! 18 35h 60mmalitin BMFYasmheat eﬁHedatZCE’)@C under

nitrogen f o5 sh6, QGm% a%@'nYeQWI 1V@Sbr8?éu§ﬁﬂyr§fez‘f]1 3@% 6%3 0 e gé:lue r esuspended
i n di oxane an or at ed g&oce ure wa @81 crude
chl or of or rr\'%{?“'eshﬁﬁ @85‘ tPWP?rﬁ@rﬁh 116 Bt Abrereaptidnoves diluted Iwﬁh efbyraciiatzat i on.

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 (sthyl acetate : heptane, 1: 9) as a pale

yellow solid (12.2g, 85% yield). LCMS purity 100%, m/z 246 [M*+H".

Stage 2: 4-(3-Amino-phenoxy)-butyric acid methyl ester

Stage 1 nitro ester (250mg, 1mmol) was dissolved in ethanol (3ml). Pdfcarbon
(40mg) was added and the reaction stirred under a hydrogen atmosphere (balloon
pressure) for 16 h. The reaction mixture was filtered through celite. The celite pad
was washed with ethanol and the combined organic fractions concentrated in vacuo to
give the required product as an orange oil (21 Omg, 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

O\ﬁMHUOMO/



Stage 2:(S)-2-(3-Nitro-benzyl oxycarbonyl am no) - 3- phenyl - propionic acid
cyclopentyl ester O QZN\ | O ~H O L-Phe-cyclopentyl ester.TsOH salt
(9.42g, 23mml) was suspended in DCM (40nml). Triethylamne (6.5m, 47mmuol)
was added and the reaction stirred at room 128 tenperature for 5 mn.
Stage 1 chloroformate (5g, 23nol) dissolved in DCM (10m ) was added to the
reaction m xture added dropwi se with cooling (ice bath). The reaction was
stirred for 16 h at roomtenperature.,,Ihe sol vent was renoved and the
resi due dissolved in Et OAc (100m ) washed with water (50nmlL x 3) and dried
(Na2sS™4) Belﬁeuicacumenmsecahymwiam:neaa;cmoroﬂiryere@rnqd@ nednehdlabadivas purified by
chromat o t 9 bamat e
o o 630 é?”éé"g S\fﬂigﬁﬁﬂ[lﬁ};@ﬁhiF 8o nﬂlsﬁrgl) HUOR T 85 SHBUSSH Saf
(S)-2-(3-A Sﬁ@mbﬁﬁhylﬁ@m?dﬂﬁ bohy$ ammﬁ)ﬂeﬁa pdved ¥ therflegi fotidveeddyide(3ey cl opent y!
ester O Fh%mo%h%&}/) b@@%&hﬂ'e&&f’(&ﬁ%b%'&hﬁgﬁ6!'1'1%9 %%15%@@0') Was

e

di ssol ved in etha ori 77mol ) was
added and Blikep ehfe?ma%rn%&trﬁwee‘ar??oh b@cereﬁtaéldardrvﬁ‘s"maﬂéﬁ’ﬂ’é@ature The sol vent
was evaporated and the resi due dissolved in EtOAc (60m ). A saturated

sol ution o%tagggl ?ys: umtartrate (60nml) was added followed by a
solution o at u LeaPum hydrogen carbonate (120m ). The biphasic
solution was sti rred for 15 min. The organic |ayer was separated and the
aqueous phase extracted with EtOAc (60nml x1). The organic |ayers were
conbi ned, dried and the solvent evaporated to gi ve the cr ude product which
was purified by thronat oggaphy (EtOAc ptane 1 -* 1). The

requi red produ has. dso e eI ur ty 100% nfz 383
[ MM +H] +. N

Stage 3 resin (9.5 g), was suspended in THF/MeOH (34 ml/34ml). NaOH (1.4 M, aq,
34 mi) was added and the reaction shaken for 16 h at room temperature. The resin

was washed using the standard wash procedure before air drying.

Stage 5: Amino acid ester coupling

0 O
H
O.
NMNUO\/\)LN O\Q
H H
O O

Stage 4 resin (2.1g), was suspended in DCM/DMF (20ml/20ml). PyBOP (3.1g,
5.92mmal), N-phenlglycine cyclopentyl ester (2.4g, 5.92mmol) and

diisopropylethylamine (3.4mi, 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-Hydroxycarbamoyl-heptanoylamino)-phenoxy}-butyrylamina}-
phenyl-acetic acid cyclopentyl ester (92)



Stage 4: Coupling toresin J OHuUO~ o NNO-No" I~/) HH OO Suberic
aci d derivatised hydroxylam ne 2-chlorotrityl resin (2.0g, 1.88mmol,

| oading, 0.94 mmol/g) was swollen in DMF (20ml). PyBOP (2.93g, 5.64mmol)
and diisopropyl 129 ethylamne (3.25m, 18.8mvl) were added. Stage 3
anilino carbamate (1.8g, 4.7mmol) dissolved in DCM (20m) was added and
the reaction shaken for 4 d before filtrate renoval and standard wash of
the resin which was dried under air. ﬁtéage 5:
(S)-2-[3-(7-Hydroxycar banmoyl - hept anoyl am no) - benzy[ oxycar bonyl am no] - 3

- phenyl - propionic acid cycl opentyl ester (94) O O\ MBIl HNOGHOOHDO
94 Stage 4 resin bound cyclopentyl ester (2g) was s dn Wi th 2%FA/ DCM
(15ml) for 10 miryites before filtering the resi a 2vapor ating the

sol vent under r ed pressure aH roomterrperat . [The process was
repeat ed (x3) %\;VL'RJMMY |'i/|+ -5 rative HPLC
to yield conpourtd (94). LCMS pU|ty n12 554 | , MR (400 MHz,
I\/ECD)5130(4Hm2xCHZ) 190(13Hmalky|)200(2H
t, CHO, 2.30 (2 H t, CH2), 2.90 (2 H, ddd, CH2)03.80 (1 H m, 4.25 (1
H, dd, NHCHCO, 4.90 (2 H, s, CH292 505 (1 H m, 535 (1 H m, 6.95 (1
H d, Ar) 705725(6H m Ar) 7.35-7.75 (2 H m Ar). Stage 6:

(S)-2-[3-( éﬁgl_%%rrgs)% %pe@t;%g ter (? 1g?was 81)akene &ﬁl¥2‘921(‘¥£l%r0tﬂlloﬂ%rln%%rno] 3

- phenyl -

10 minutes before fi Itenng 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 {92) (114mg). LCMS
purity 99%, m/z 568 [M*+H]", "H NMR (400 MHz, MeOD), 5:1.40 (4 H, m, 2 x CH5),
1.45 - 1.90 (13 H, m, alkyl), 2.10 (4 H, m, 2 x CHj), 2.40 (2 H, t, CHy), 2.50 (2 H, m,
CHa), 4.00 (2 H, m, CHy), 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).

Stage 7: (8)-{4-[3-(7-Hydroxycarbamoyl-heptanoylamino)-phenoxyl-butyrylamino}-
phenyl-acetic acid (93)

0 O
H
HO
\N)K/V\AWN O\/\)LN j]’ OH
H H
0 O
93

Stage 6 cyclopentyl ester resin (500mg) was suspended in THF (15mi). To the
suspension was added NaOH (1.4M aq., 1.6 ml) and the reaction shaken for 16 hr at
room temperature. The filtrate was removed and the resin washed and dried before
cleavage. Cleavage was effected by shaking with 2% TFA/DCM (5ml) 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 {93) (62mg). 1.CMS 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,
atkyl), 2.10 (4 H, m, 2 x CHy), 2.40 (2 H, t, CHy), 2.50 (2 H, t, CHy), 4.00 (2 H, m, CHy),



HHORN NO-KkNOH HOHO 95 Conmpound (94) (1 00ng, O0.18nmmol) was
dissolved in THE (1 mM) and 2M NaCH (1 nml) added. The reaction vial was
shaken for 4 h before THE renoval via a stream of nitrogen. The aqueous
residue was purified by preparative HPLC to yield conpound (95) (62ng).
LCVB purity 95% nfz 486 [M+H ~, "H NVR (400 MHz, MeQD), 6:1.35 130 (4 H,
m 2 x CH), 1.55 -1.75 (4 H m alkyl), 2.10 (2 H t, CH2), 2.35 (2 H t,
CH2), 2.95 (2 H, dd, CH), 3.20 (1 H,,dd, CH, 4.45 (1 H, dd, NHCHCO, 5.00
(2 H s, CHR), 7.05(1H d, A), 7.20-7.35 (6 H m Ar), 7.55 (2 H m
Ar). Synt h631i55{1brfs®d]1iﬂ:}ﬂmmﬁ6(69® Haa,0arOCpno euR O (AY,)7.20@1 0L N7 /25 HHH O 0\ |

f~NN\OR 7%?-7 9ReN 96 R = H 97 Stage 1:
(S)-7-Nitro* /ir) 42%{@[ dryo i soqui nol i ne-3-carboxylic acid 02N NN IrOH
O Prepared as descri bed |n Tett Lefts 42, 2001, 3507. Stage 2:

(S)-7-Ni trgygbhgsglolmgggdgsl—l-l soqui nol i ne-2, 3-di carboxylic acid-2-tert-butyl
ester 02N/

R = cyclopentyl 94
R=H 95

Stage 1: 3-nitro-benzyl-chroroformate formation

8]
OzN\Q/\O/U\CI

To a solution of 3-nitro benzy! alcohol (10g, 65mmot), in dioxane (anhydrous, 100ml)
was added frichloromethyl chloroformgte (9.47ml, 78mmol). The reaction was heated
at 75°C under nitrogen for 16 h. The solvent was evaporated and the residue
resuspended in dioxane and evaporated. The procedure was repeated (x 3). The

crude chloroformate was used in the next stage without further purification.

Stage 2: (S)-2-(3-Nitro-benzyloxycarbonylamino)-3-phenyl-propionic acid cyclopentyl
ester

L-Phe-cyclopentyl ester. TsOH salt (9.42g, 23mmol) was suspended in DCM (40m).
Triethylamine {6.5ml, 47mmol) was added and the reaction stirred at room



\'I SSOH O (S)-7-Nitro-1, 2, 3, 4-tetrahydro-isoqui noline-3-carboxylic acid
(79, 31.5mvl) was dissolved in THE : water (1 :1, 350 m). K2C03 was
added (5.2g, 37mmol) followed by boc anhydride (1 3.7g, 63 mmmol) and the
solution heated at 40C for I h. THE was renoved by evaporation and the
aqueous | ayer adjusted to pH = 7 before extraction wth EtOAc. The organic
| ayer was washed 0.1 M HCI (x3) and dried over Na2SO4 before concentration
in vacuo. The required N-protected prpgduct was obtained 131 follow ng

col um chr omat ogr aphy (Et OAc : heptane 2: 3 ~ EtQAc), (7.5g, 74%, LCMS
purity 92%enmsraeelfenS mion Stage ‘Iaﬁrknmfvmuht@t@g&rﬁ)l) dissolved in DCM (10mf)

(S)-3-((9) més%édqawrxégfa e he@dﬂ?@@&h’cﬁ%&ﬁb§ egga{ﬁ@yl'% 7-nitro-3, 4-

di hydr o- 1H 1 soqui nol | ne- tert 02N O N O\
| 11 NJ~O fea@lortqus&)md quﬂﬁ@ %rwiewawq Fhe spbigol wiesl iemeved anddhe ar boxyl i ¢
aci d- 2- tertresmbwlssasécﬁh EtORc Emmzwéﬁrﬁ@mmm(gera@@é)\éﬁd dhiéd s 4H00n ) .

HOBt (1.16 ] t t . 198,
8. 53mm|) aﬁfgr ‘iﬁ’B‘gT‘?Pr?fFZB‘?W ’60@8’%%%%@("@?%@ g@g@en '%OTS*.EE%HB*F . EDCI . HCI

(1.469g, 8. @HoBL) hapsneaddepioane thdequireibtbanmtssidg, 6TV gleld). Oﬁvla14tlerrper ature
for 16 h. ﬁﬁ. Te reacti on was added DCM (100m ) and the organic |ayer
washed with wa (3 x 300nL), dried with Na2SO4and the solvent renoved in
vacuo. The crude product was purified by chromatography (EtQAc : heptane 1

-1030/- >mEtZ tsmsstV(Q-Mﬁo Béﬁ&}!oﬁﬁ.‘érb%ﬁ%%) S phé-pBGiRpi¥ hbl YolopehfMB purity
9

(S)-7-Ani nSSS"((S) 1 cycl opentyl oxycar bonyl - 3- net hyl - but yl car banoyl ) - 3, 4-
di hydr o- 1Hi soqui nol i ne-2-carboxylic acid t -butyl ester

O
YT
O

Stage 2 nitro carbamate (6.4g, 15.5mmol) was dissoived in ethanol (64ml). Tin
chloride dihydrate (17.5g, 77mmol) was added and the reaction stirred for 16 h at
room temperature. The solvent was evaporated and the residue dissolved in EtOAc
(60ml). 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 agqueous phase .
extracted with EtOAG (60ml 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 (3.5¢g, 59% yield).
LCMS purity 100%, m/z 383 [M"+H]".

Stage 4: Coupling to resin

O\Hj\/\/\/\WH@/\OJ\

Suberic acid derivatised hydroxylamine 2-chlorotrityl resin (2.0g, 1.88mmol, loading,
0.94 mmol/g) was swollen in DMF (20ml). PyBOP (2.93g, 5.64mmol) and diisopropyl



H2ZN ION boc O NO' O

(S)-3-((S)-1-Cycl opentyl oxycar bonyl - 3- net hyl - but yl car banoyl ) -7-ni tro- 3, 4-di
hydro-1 H isoquinoline-2-carboxylic acid tert-butyl ester (3.14q,

6. 24mvol ) and Pd/ carbon (0.4g) were suspended in EtQAc (20mL). The
reaction was stirred under a hygrogen atnosphere (balloon pressure) for 16
h. The solution was filtered through a pad of 132 <celite and the sol vent
renoved. The crude product (3.049) 9used in the next step without
further purification. LCVS purity 83% "mz 474 [M+H' Stage 5: Coupling to
resin OO Hethyi@niNeXB.BGiH, 08.Binhiol) wete-addeli OStagSBaiilinG caGhfla@el Byat i sed

hydr oxyl anj 1 1A 1N (2.2 | padi n . 94 I was swol | en
i n DCM Dl\/rlghz %rr%ﬂ%ﬂ%%@%& ﬁ%%@%ga,zddggf%ﬁglrﬁ’a@%’a&%ﬁq&’gﬁtﬂ%ﬁ%t hyl am ne
(3.54m , 20ramigmyvahwidestangigetivasstai g resinmihichmas driedlendeBaidg, 6. 43mol )

di ssolved in DVF (40m) was added and the reaction shaken for 3 days

before fi Ié{at .r? Y and standard wash of the resin which was dried
under air . Sge gg(g' -g—ff - —Hydroxycarbamoyl—heptanoylamlno)-benzyloxycarbony!amino]—s

(S) - 2-{ [ ( Spheny-BropipdicaxiMencibey estieeipnoyl am no) - 1, 2, 3, 4-t et r ahydr o-
I soqui nol i ne- 3-car bonyl ] - am no} - 4- net hyl - pent anoi ¢ aci d cycl opentyl ester
(96) O HOHNWHHO 01 96

O H o
HO., N
NM O/U\N OD
H H
0 0]
94

Stage 4 resin bound cyclopentyl ester (2g) was shaken with 2% TFA/DCM {15ml) 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 (94). LCMS purity
95%, m/z 554 [M™+H]", "H NMR (400 MHz, MeOD), 5:1.30 (4 H, m, 2 x CH,), 1.40 -
1.90 (13 H, m, alkyl), 2.00 (2 H, t, CHy), 2.30 (2 H, t, CHj,), 2.90 (2 H, ddd, CHy), 3.80
(1 H, m), 4.25 (1 H, dd, NHCHCO), 4.90 (2 H, s, CH,), 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: (S)-2-[3-(7—Hydroxycarbamoyl-heptanoylamino)—benzyloxycarbonyiamino]3
-phenyl-propionic acid (95)

H
HO. N
NJK/\/\/\W \@/\OJ\N GH
H H

Compound (94) (100mg, 0.18mmol) was dissolved in THF (1ml) and 2M NaOH (1ml)
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%, miz 486 [M™+HI", 'H NMR (400 MHz, MeOD), 8:1.35



Stage 5 resin bound cycl opentyl ester (600ng) was shaken w th 2% FAI DCM
(8m) for 30 mnutes before filtering the resin and evaporating the

sol vent under reduced pressure at roomtenperature. The crude product was
purified by preparative HPLC to yield
(S)-2-{[(S)-7-(7-Hydroxycar banoyl - hept anoyl am no) -1, 2, 3, 4-tetrahydr o-

i soqui nol i ne- 3-car bonyl | -am no} - 4- net hyl - pentanoi ¢ acid cycl opentyl ester
(17.5nmg). The boc group is renoved ipygaddition to resin cleavage. LCVS
purity 98% mz 545 [M+H ', 'H NWR (400 MHz, MeOD), 8:0.85 - 0.88 (6 H, 2
x d, J = 6{HHER, 23CH)51.85HA,75 (8 H nCriByl), 211038 H, 4 GHf.), ;3582 kiyt, JOHa)L. 50 - 1. 65

13 H, | . dd.cB0. £20 H a5k . 2 H t,
(CHZ), Smooagbxih dd B9 éé’ogH,de EHY 445 1%2&%\6&[('(’!»{10@, 5.%6'%%”5 3 gﬁ%( st

H m 3,25 (1H m .
s, CH2), 4.7% (¢ Tv%,A%-QéF}?F’@Hm@I% BO5 HOMAN7 11 (1 H, d, J = 8.4 Hz,
Ar), 7.25 (1 H d, J =83 Hz, Ar ), 7.55 (2H m Ar). Stage 7:

(S)-2-{[ ( Shz,li.( Liz r ar?%gol-hetan m no)-1, 2, 3, 4-tetrahydro-

i soqui nol i %gg@%’gﬁgﬁwﬁgﬂl fqucﬁg&’ﬁwgédgﬁt anoic acid (96) O HO N H -
c-)IONLI1" HO ONv OH Il O 97 Stage 5 cyclopentyl ester resin (1.55Q)
was suspended in THF/ MgoH (10nl /10m ). To the suspension was added NaCH

(1.4 Mag.,5m) angatheg|reaction shalﬁsnfor 16 hr at r.t. The filtrate was
removed and the resinNwastie st-andgf d § NHed befmre cl eavage.
Cl eavage (600ng of re@in) was effecped lpy Shakin Hmﬁt 2%TFA/ DCM (8ml) for

2

30 minutes before filtering the resin and evapoifatifig ©fie sol vent under

reduced pressure at roomtenperature. The crudeOpr ot purified by
preparative HPLC to yield Conpound (97) (73.4ng). The boc group is renoved
in addition to resin cleavage. LCVS purity 96% mz 477 [M+H ", "H NWR

(400 MHz, MeOD), 6:0.98 - fcyclopentyl 9

R 6
R=H 97

Stage 1: (S)-7-Nitro-1 ,2,3,4—tetrahy£iro-isoquino!ine-3-carboxylic acid
ON
., _OH
I
0

Prepared as described in Teit Letts 42, 2001, 3507.

Stage 2: (S)-7-Nitro-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylic acid-2-tert-butyl

ester
Osz -boc
-, -OH
r
O

(S)-7-Nitro-1,2,3,4-tetrahydro-isoquinoline-3-carboxylic acid (79, 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
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Hz, 2xCH3), 1.40(4 H, m alkyl),
H t, J=7.4 H, CH), 2.39 (2 H t,
2.5 Hz, J = 16.6 Hz, CH),
O(1H s, CH, 4.20 (1 H, dd, J
, CH2), 4.55 (1 H dd, J=4.7 Hz,J=10Hz,
H d, J .4 Hz, Ar), 7.25 (1 H, d, J 8 Hz, Ar), 7.55 (1 H, J
). Synthesis of Corrpound (9 and Corrpound (99) 134 OH HO N
N,~A QR O1l R = cyclopentyl 98 R=H 99 Stage 1:

S) 4- Met hyfoli@wifig ettinin eh:bmazc@papammo)\cpﬁéﬁtmcsaﬁEtd)A@y@ speayy! ester (2N

/ OOY L- I ne glo ester salt (7.98g, 21.51 mmol) was
di ssol ved !‘ﬁM nty(cgéé’nﬁ'ﬁ%eﬂ ”PPP%EWP'H ne (6m, 21. Smml) added.
4- Ni trobenzoyl chloride (4g, 21. 5mol ) was added portionwi se with cooling,

I ce bat h. e i 4h before
evaporati o%ﬂl 0% @% é®%2[§$%%n§[ §r91@?hgl 05’ a%aﬂ%%ti%gm ) and
washed wi twhxfa@ﬂﬁa%fé’&m@wzﬁ %ﬁ@rh@dh@g@%t%@%tbﬁ%tere (3x10On), 1 M HC
(3x100m ) and brine, dried (Na2SO4), and the solvent renoved in vacuo. to
give the required product 5.25¢g (70% yield) which was used in the next
step without further
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(8)-7-Nitro-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylic acid-2-tert-butyl ester

(2.5g, 7.76mmol) was dissolved in DCM (100ml). HOBt (1.16g, 8.53mmol) was
added, L-leucine cyclopentyl ester (3.19g, 8.53mmol) was added followed by
triethylamine (2.38ml, 17.1mmol). EDCI.HCI (1.46g, 8.5mmol) was added and the
reaction stirred at room temperature for 16 h. To the reaction was added DCM
(100ml) and the organic layer washed with water (3 x 300ml), dried with Na.S0, and
the solvent removed in vacuo. The crude product was purified by chromatography
(EtOAc : heptane 1 : 2 — EtOAc) to give the required product 3.14g (82% vield),
L.CMS purity 100%, m/z 504 [M"+H]"

Stage 4: (8)-7-Amino-3-((S)-1-cyclopentyloxycarbonyl-3-methyl-butylcarbamoyl)-3,4-
dihydro-1H-isoquinoline-2-carboxylic acid tert-butyl ester

|9 @ A A0
Y

(8)-3-((S)-1-Cyclopentyloxycarbonyl-3-methyl-butylcarbamoyl)-7-nitro-3,4-dinydro-1H-
isoquinoline-2-carboxylic acid tert-butyl ester (3.14g, 6.24mmol) and Pd/carbon (0.4g)
were suspended in EtOAc (20mi). The reaction was stirred under a hygrogen
atmosphere (balloon pressure) for 16 h. The solution was filtered through a pad of



purification, LCVS purity 100% nmfz 349 [M+H]' Stage 2:

(S)-2-(4- Ami no- benzoyl am no) - 4- net hyl - pent anoi ¢ aci d cycl opentyl
/[-\ NO"OO0O OStage 1 nitro am de (5. 25g,

et hanol
16 h at

reaction mxture was filtered through celite and
required am ne am de 3.9g9 (81 % yiel djzawhi ch was used in the
wi thout further purification, LCMS purity 100% nmlz 319 [M+H]' Stage 3:
Coupl i ng tSQW%émﬁ

derivati seditNénuringcsonydian] DEMEeRIY 83%, iz 4t Ofeine, 1. 8mmmol /g) was

swol l en in DCM (anhydrous, 20m ). 1-Chloro-N, N-2-trinmethyl propenyl am ne
(1.15m ,
h.
(2. 75g, 8.64muol)

for |
ester

the gplent serapvedy Thexcrude product £3.Rg) @aguyeddlies naxt step d

ester
15. 1nmol ) was di ssol ved in

next step

H2N

(100m ). Pd/carbon (200my) was added and the reaction stirred for
room tenperature under 135 hydrogen (ball oon pressure). The _
evaporated to give the

8. 64mmvl ) was added dropw se before shaking at room tenperature

( SyagR-5( Geupling foorebiBnz oyl ami no) - 4- net hyl - pent anoi ¢ aci d cycl opentyl
was added followed by triethylamne (2.4nil,

17.63mml ) and the reaction shaken at roomtenperature for 16 h. The resin

pent anoi ¢ acid cycl opentyl

was washed (st@ndard) afd air dried.
(S)-2-[4-(7- Hydraxyc@ < t
ester (98) O

age 4:

E/N\/tko/o

<

Suberic acid derivatised hydroxylamine 2-chlorotrityl resin (2.2g, loading, 0.94mmol/g)
was swollen in DCM/DMF (1:1, 80ml). PyBOP (3.20g, 6.15mmol) and
ditsopropylethytamine (3.54ml, 20.7mmol) were added. Stage 3 anilino amide (3.04g,
6.43mmol) dissolved in DMF (40ml) was added and the reaction shaken for 3 days
before filtrate removal and standard wash of the resin which was dried under air.
Stage 6: (8)-2-{[(S)-7-(7-Hydroxycarbamoyl-heptanoylamino)-1,2,3,4-tetrahydro-
isoquinoline-3-carbonyl]-amino}-4-methyl-pentanoic acid cyclopenty! ester (96)

. o ]
HO. N
H H
O ""a, N\/”\
[
o)

96

o~

I

_<

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 (8)-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%, m/z 545
[M™+HJ", "H NMR (400 MHz, MeOD), 5:0.85—0.88 (6 H, 2xd, J=6.4 Hz, J = 6.5 Hz,
2x CHg), 1.30 (4 H, m, alkyl), 1.50 — 1.65 (13 H, m, alkyl), 1.80 (2 H, m, CHy), 1.95 (2
M, t, CHp), 2.25 (2 H, 1, CHy), 3.00 (1H, m, CH), 3.25 (1H, m, CH), 4.10 (1 H, m, CH),

Nrmm;zl ang)no] - 4- et hyl -



HOHH/ O HONOOY 98 Stage 3 resin bound cycl opentyl
shaken with 29 FA/ DCM (10m ) for

evaporating the solvent under reduced pressure at roomtenperat
process was repeated (x3) and the conbi ned crude product purifi

preparative HPLC to yield conpound (98) (36nm).

[M+H

H,
t,

CH2)

ester was
10 mnutes before filtering the resin and

ure. The
ed by

LCVS purity 91% mz 490

, 1H NMR (400 MHz, MeOD), 8:0.80 - 0.95 (6 H, 2 x CH3), 1.25 136 (4
m alkyl), 1.40 -1.85 (15 H, m alkyl), 2.00 (2 H, t, CH2), 2.30 (2 H,
4.45 (1 H m CH), 5.05 (1 m CH), 7.60 (2 H d, Ar), 7.75 (2
H d, Ar). 435 QH,§,CH2)429(1HmCH)510(1HmCH)711(1HdJ 8.4 Hz, Ar),

S)-2-[4- r,OXy.C I 0 no) - benzoyl am no] - 4- met hyl -
ée%t anEn c%&%%éﬁ{’%%ﬁ %)ﬁgﬂzﬁ%‘% 0 \)Y NACH O 99] Corrpouné (98)
(21ng, 0.043mml) was dissolved in THE (1 nl) and 2M NaCH (1 nm) added.

The eact i ag.ol Al et HaKelaRicad Sty HERLRNE THRoL P ARl L OV 1O 2

st ream of

purified bysoqwn@mar@arwwﬂﬁmmorﬁmﬂml gerdanaioanti(96D9) (5 2ny) .

92% m

CHs)

t,

CH)

gas h’e aqueo

S resi due was
LCVS purity

z 422 [M+H , 'H NMR (400 MHz, MeOD), 8:0.95 -1.05 (6 H, m 2 x

1.30 - 1.50 (4 H m alkyl), 1.55 -1.85 (7 H m alkyl),

. Y

Stage 5 cyclopentyl ester resin (1.55g) was suspended in THF/MeOH (10ml /10ml).

2.10 (2 H,

,240(2Ht 465(1|_|—|mCH) 765(2HdAr),7.80(2
n/ o

To the suspension was added NaOH (1.4 M aq.,5ml) and the reaction shaken for 16

hr at r.t. The fillrate was removed and the resin washed (standard) and dried before

cleavage. Cleavage (600mg of resin) was effected by shaking with 2% TFA/DCM
{8ml) for 30 minutes before filtering the resin and evaporating the sclvent under
reduced pressure at room iemperature. The crude product purified by preparative

HPLC 1o yield Compound (97) (73.4mg). The boc group is removed in addition to resin
cleavage. LCMS purity 96%, m/z 477 [M*+H]*, *H NMR (400 MHz, MeOD), 5:0.98 —
1.02(6H,2xd, J=6Hz J=6.1 Hz, 2 x CHg), 1.40 (4 H, m, alkyl), 1.60—-1.80 (7 H,

m, alkyl), 2.10 (2 H, t, J = 7.4 Hz, CH,), 2.39 (2 H, t, 7.6 Hz, CH,), 3.15 (1 H, dd, J =

12.5 Hz, 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 = 12.2 Hz, CH), 4.40 (2 H, m, CHy), 4.55 (1 H, dd, J = 4.7

Hz, J=10Hz CH),7.25(1 H,d, J=8.4 Hz, Ar), 7.25 (1 H, d, J =8 Hz, Ar), 7.55 (1

H, J =7 Hz, Ar).

Synthesis of Compound (98) and Compound (99)



Synt hesi s of Conmpound (100) and Conpound (101) O OOHORNNHOQAR HHNO
H R = cyclopentyl 100 R=H 101 Stage 1: 5-((E)-2-Ethoxycarbonyl-vinyl)-1
H i ndol e- 2-carboxylic acid 137 O OHO Oet N H 5-Bronoi ndol e-2-carboxylic
acid (400nmy, 1.66mmol) and tri-Otolyl phosphine (96ng, O0.32mvl) were
added to a mcrowave tube. Ethyl acrylate (0.56m, 5.6mmol), Et3N (0.92m,
6. 6muol ), acetonitrile (2.5m) and Pd(QAc)2 (40ng, 0.18nmmol) were added.
The reaction was placed in a CEM m crpave at 150W 90C for 30 mnutes with
5 mnranmp tinme. EtOAc_was added and the reaction mxture filtered through
celite. The celite paoowas washed wi th,DCM and the conbi ned organic
fractions renoved H®, giye y ow~solnd. The solid was redissolved in DCM
and extracted into seﬁ urated ~sodi umfhydrp carbona®e. The aqueous | ayer
was washed with DCM and diethyl ethap. The dqueqys basic_| ayer was
acidified with 2M HCl (pH=5) and the produc etra:tedi)'i’ﬁto Et OAc. The

sol vent was renoved to give the required produad (30 , 86%yield). LCMS
purity 86% mz 260 [M+H' Stage 2: 5-((E)-2-Ethox§k€:gonyl-vi nyl)-1

H i ndol e- 2-carboxylic acid OO HO CEt N

R = cyclopentyl 98
R=H 99

Stage 1: (8)-4-Methyl-2-(4-nitro-benzoylamine)-pentanoic acid cyclopentyl ester

O,N

L-leucine cyclopenty! ester. TsOH salt (7.98g, 21.51mmol) was dissolved in THF
(40mi) and triethylamine (6ml, 21.5mmol) added. 4-Nitrobenzoyl chioride (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 HCI (3x100mi) and brine, dried (Na,S0O,), and the solvent removed in vacuo. fo give
the required product 5.25g (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-Aminoc-benzoylamino)-4-methyl-pentanocic acid cyclopentyl ester

H,N

Stage 1 nitro amide (5.25g, 15.1Tmmol) was dissolved in ethanol (100ml). Pd/carbon
(200mg) was added and the reaction stirred for 16 h at room temperature under



H 5-((E)-2-Ethoxycarbonyl-vinyl)-1 Hindol e-2-carboxylic acid (430ng,
1.66mmol ) was dissolved in EtOAc (100m ). Pd/carbon (100ng) was added and
the reaction stirred under a hydrogen atnosphere (ball oon pressure) for 18
h. The reaction mxture was filtered through a pad of celite and washed
with Et OAc. The solvent was renoved to give the required product which was
used in the next step without further purification (0.47g). LCMS purity
92% mnmlz 262 [M +H] + Stage 3:

3-{2-[6- (Tet r ahydr o- pyran- 2- yl oxycar bsitoy! ) - hexyl car banoyl ] - 1H-i ndol - 5-yI } -
propi oni ¢ hydrdgest (hyllooe ptedsurd B 8rhe@e4btich mixiite Wablfikdrbd Hrddghl celite and

5-((E)-2-E avlevinyl ) -1 H i ndol.e- 2=-6arb lic acid (0.4279,

1 ool ) ve it Ael e e el eyl SR SR B YRR BB B g S T )

Et 3N (0. 59next stepavitBagidirther piaiBcation, 2CM§, puRibniI0Ys, anidd3 0 Mt hept anoi ¢ aci d
(tetrahydropyran-2- yloxy) amde * (0.4 g, 1.6mol in anhydrous DVF 20m )
were added_and the reaction stirred at roomtenperature for 16 h under
nitrogen. Wa9ER WRPIBYPSESINt he reaction nixture acidified to pH = 6-7 (10%
citric acid) and extracted with DCM The organic |ayer was washed with 10%
citric acid and_saturat edosodi um hydrogen carbonate (x2). The sol vent was
renoved i n vac 0 give @grude product whiggh was purified by :

chr omat ographyo:\ : QAc 0 give the required product
as a yellowsolid (550Ng, 69%yield). y 93% fHz 488 [M +H’
Stage 4: 3-{2-[6-(Tetrahydro-pyran-2-yl d&xycarhamsyl )Nhe capbanoyl ] -1
H-indol -5-yl}- propionic acid 0 OOH J ONA WN|JO H: H A
3-{2-[6-(Tetrahydro-pyran-2-yl oxycar banoyl ) - hexyl car baFmTI/}- 1

H i ndol - 5-yl }-propionic

Suberic acid derivatised Wang hydroxylamine resin (1.6g, loading, 1.8mmol/g) was
swolten in DCM (anhydrous, 20ml). 1-Chloro-N,N-2-frimethyipropenylamine (1.15mi,
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, 8.64mmol)
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-Hydroxycarbamoyi-heptanoylamino)-benzoylamino]-4-methyl-
pentanoic acid cyclopentyl ester (98)

? | H
HO\N)l\/\/\/\”/N
" \Q\[(H I
AN We
0]
O

e

98
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 480 [M™+H]*, "H NMR (400 MHz, MeOD), 5:0.80 — 0.95 (6 H, 2 x CHa), 1.25



acid ethyl ester (550ng, 1.1 3mml) was dissolved in THE/ nmet hanol (50ni/
25ml). 1.4 M NaOH solution (50nl) was added and the reaction stirred at
roomtenperature for 4 h. The solvent was reduced to - 50% volune and | M
HCI added to pH 6-7. The mxture was extracted with DCM and further
extracted with Et OAc. The conbined organic |ayer was dried, Na2SO4 and the
sol vent renoved in vacuo to give the required product 357ng (69% vyi el d) as
a yel | ow powder which was used in theqext step wthout further
purification. LCVS purity 94% mz 460 [M'+H]' 139 Stage 5:

(S) - 3- Phen{A Han(@ky)21.p6-(1t&st(1 aHy o akyy 2HB-(2H1, Ekiy)c 280 421yl FHEed b -

car banoyl | i - Br oAl l)am po, b@nlcaaci d cycl opentyl ester
600 0N ﬂhﬁ%r@g}as%sﬁ }I\il :{H QHH),(‘?F% (@1, B0, FTARL RN uCAR
3-{2-[6-(Tetrahydro-pyran-2-yl oxycar banoyl ) - hexyl car banoyl ] -1

H-i ndol - 5- giahe B @M2qBI(EHydrekitaftRmdd I%ptdﬁo?&ﬁ'ﬂ'@ Deng@farfingseineggl- i n DCM DVF
(20mL/ 20m) . EDCI hﬁé (0.163ng, 0.86mmol trlethylanlne (0. 24,

1. 7mol ), ﬂb 0.88mmol ) and L-phenyl al ani ne cycl opentyl

ester. TsCH salt (0 346 ng, 0.88nmmpl) were added and the reaction m xture
stirred for 16 h at roof tenperature under nitrogen. The solvent volune
was reduced (- 10n1) DGY was added and the organic |ayer washed with water
(x3). The organic gy was dLi-ed (Na2s4) znd t he solyent renmoved to give
the required product K500mg, 95% vyi el di wi t hout further
purification. LCMB purity 77% mz 679 [M ~\SLdbe 6
(S)-2-{3-[2-(6- Fwdroxycarbannyl hexyl car bamoyl ) - F#:ndé? 5-yl]-
propi onyl ani no} - 3- phenyl - propi oni ¢ acid cycl opeft vyl Esfew (1000 OO0 HOH
NHOO-~/ N

99

Compound (98) (21mg, 0.043mmol} was dissolved in THF (Tml) and 2M NaOH (1mi)
added. The reaction vial was shaken for 16 h before THF removal by blowing a
stream of N, gas at the surface of the solution. The aqueous residue was purified by
preparative HPLC to vield compound (99) (5.2mg). LCMS purity 82%, m/z 422
[M*+H]*, "H NMR (400 MHz, MeOD), 6:0.95 — 1.05 (8 H, m, 2x CHs), 1.30 — 1.50 (4
H, m, alkyl), 1.55 - 1.85 (7 H, m, alkyl), 2.10 (2 H, 1, CH), 2.40 (2 H, {, 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)

R = cyclopentyl 100
R=H 101

Stage 1. 5-((E)-2-Ethoxycarbonyl-vinyl)-1H-indole-2-carboxylic acid



H 100

(S)-3-Phenyl -2-(3-{2-[6-(tetrahydro-pyran-2-yl oxycarbamyl ) - hexyl - car banoyl
]-1 K indol-5-yl}-propionyl am no) - propionic acid cycl opentyl ester (200ng.
0.297mvo1) was stirred at roomtenperature for 3.5 h in TFA/ DCM MeCH
(1.5nt/15m /15ml). Further TFA (0.3 ml) was added and the reaction stirred
for a further 30 mnutes. The solution was concentrated in vacuo,
resuspended in DCM and the sol vent reppved (x3). The crude material was
purified by prep HPLC to give pure co{%ound (100) (19.3mg), LCVMB purity
100% nfz 591 [M+H", "H NMR (400 Mz, Me , 5:1.27 -1.70 (16 140 H, m
alkyl), 1.97 (2 H t, C-12), A = 7.84 Hz, CH2), 2.76 - 2.85
(4 H m 2x CH2), 3.25 (2 Ho't HzCl%t441(1HmNHCHCO,
495(1HmCH) 6.85 (1 H, s, .95 (3 H m Ar), 7.05 (3 H m
Ar), 7.20 - 7.26 (2 H s +d, J =/8.5 Hz, Ar) Stage 7

(S)-2- {3 [ 2- (6- Hydroxycarbam)yl hexyl carbam)yl) 1 Hindol-5-yl]-

i | ami - 3-ph |, - NHOH HHN
R b e R e T Dt R PN e
(1m / 0. 5nio)32amebl)vete addeNd®el nfiCrobat) tulbel deitlyl atlyate @bl @Bmwas!), 8N red at

t f N2 t
the surf ol o peRnod etohiite R ERTBURATIGHE Y BRI AR, 12 o2 @
pr epar at i v dheimactiangvas Rleced dmp SENMicIcgEye ARTE0RPP’C for BVmIntasi with @5% mz 523
[WHH ", HnNM%n{p"l% %Ac%@l[decﬁanh t!??c5reaého'ﬁ%&ﬂré’ﬁﬁere@thlﬁh delite. 1. 60 -1.75
(4Hmalgé CHZ‘%‘% (£ br t. T 295 (3 H
m CH + CI—I—ZPk§ ’tel?)ad(‘ﬂs ‘ﬁaShBGIW“@:HFMﬁ“ ec?"fb'PF ?FPHW@%@)‘“ ogef o 7. 15 (7

H m give a yeliow solid. The solid was redissolved in DCM and exiracted 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 fo give the required product (370 mg,
86% yield). LCMS purity 86%, m/z 260 [M*+H]"

Stage 2: 5-((E)-2-Ethoxycarbonyl-vinyl)-1H-indole-2-carboxylic acid

HO OFEt

QO
TZ7N
O

5-((E)-2-Ethoxycarbonyl-vinyl)-1H-indole-2-carboxylic acid (430mg, 1.66mmol) was
dissolved in EtOAc (100ml). Pd/carbon (100mg) was added and the reaction stirred
under a hydrogen atmosphere (ballcon pressure) for 18 h. The reaction mixture was
filtered through a pad of celite and washed with EtOAc. 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-yloxycarbamoyi)-hexylcarbamoylj-1H-indol-5-yi}-
propionic acid ethyl ester



Ar), 7.35 - 7.41 (2 H m Ar) *Preparation of 7 am no heptanoic acid
(tetrahydropyran-2-yl oxy) am de Stage 1:

6- ( Tet rahydr o- pyr an- 2- yl oxycar banoyl ) - hexyl ] - carbam ¢ acid 9H fl uoren-9-

yl met hyl ester O ~O ~fnobc HH To a solution of

7- (9H-fl uoren-9-yl oxycar bonyl am no) heptanoic acid (1g, 2.72 mol) in
anhydrous DCM THF (15nil/15m ) was added EDCI. HC (627ng, 3.27mmol), HOBt
(442mg, 3.27mmol) and O (tetrahydro-pyygan- 2-yl) - hydoxyl am ne (383ng,
3.27mmol ) 141 which was stirred under nitrogen for 48 h. EDClI . HCl (260nyg,
1.36mmol ), HOBt (184ny, 1p36mmol) and ¢

O (tetrahydro- pyraﬁ 2- IWH

t he reaction cont ) a 24N { tion mXture was
diluted with DCM{(10 mb, washed with 'O\laterN 00m ), brine (100m),
dried (Na2S»4), tered and concentrated ith vacuo. Purification by
chromat ography (MeOH DCM 2: 98) gave a white solid (1.03g, 81 %9 . Stage 2:

7- Am no- hept anoi ¢ aci d tetra}d{dro p?/ran 2-yl ester O OON-12
6- ( Tet r ahy &) Bytaprycarpeykyia bainsipley2-erskapylic atid 27, b@haiol) was
9H- f | uor engy@soneamy Elmhydrcﬁ@WF @QIQWEDCQH%@TE@B@M@ E?i'l\ﬁ(%cég‘@d in 20%

pi peri di ne/ reaction stirred he reaction was
evapor at ed430\483ﬁ)yH9§£ 0 %Qﬂ?%tﬂi)\?@e figmingegpteqie asFiRyieydiePyraies-  The
required pyioxw?mquo Blot aBmad! M@uhmmmhammw@d@r@u aﬁM&‘Ql‘eac’u&CM NH3) ,
LCVE puri t¥t1[ Qe%{%r(ﬁr%te%ﬁ)gra J}/l%f‘&l}:mﬁh§n er ni (raosgler% Waterwng ded {he rg ctland Conpound

(103) a 0O~
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).

o\ﬁfr e added and

The solvent was removed in vacuo fo give crude product which was purified by
chromatography (EtOAc : hexane 1: 2 — EtOAc) o 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-indoi-5-yl}-
propiohic acid

Iz
T
I=

3-{2-[6-(Tetrahydro-pyran-2-yloxycarbamoyl)-hexylcarbamoyl]-1H-indol-5-yl}-propionic
acid ethyl ester (550mg, 1.13mmol) was dissolved in THF/methanol (50mi/ 25ml}. 1.4
M NaOH solution (50mi) was added and the reaction stirred at room temperature for 4
h. The solvent was reduced to ~ 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;SQ, and the solvent remaoved in vacuo to give the
required product 357mg (69% yield) as a yeliow powder which was used in the next
step without further purification. LCMS purity 94%, m/z 460 [M*+H]*



OHH VI NN I NOHHO R = cyclopentyl 102 R= H 103 Stage 1: Resin
loading SH / N QZN\ I / \O 0 142 Wang hydroxylamne resin (3.72g, 1.8
mmol /g) was swollen in DVF (50m ). HATU (7.5g, 19.7mmol),

5-ni tro-1-benzot hi ophene- 2-carboxylic acid (3g, 13.45mmol, dissolved in
DMF 150nl) and dii sopropyl et hyl am ne (4.65m, 26.7 mmol) were added and
the resin shaken at roomtenperature for 4 d. The resin was filtered and
washed using the standard washi ng procedure and air dried. Stage 2: Nitro
reduction S H N, O HZN O Stage 1 resl (4.99, 1.8mmol/g), was swollen in

e ooy BaBBS: 19)3-mEhgr A2 (6O aHyBloytaa-Soy clbaTRY ) “@‘wte Sreghinéeﬁ,ﬁihgg
o o ke o o SRR BBl nmiad Sprhbions o Erddbena eage

4- (4- Benzyl oxycar bonyl net hyl - phenoxy) - butyric acid et by ester 0 0Y0~1 O
Benzyl 4-hydroxyphenyl acetate (9g, 37mml) was di ssol in DVF (300nt).

G ound
o 0 2
o O\NWN Y I-NI
o8 o
H

3-{2-[6-(Tetrahydro-pyran-2-yloxycarbamoyl)-hexylcarbamoyl}-1H-indol-5-yl}-propionic
acid (0.357g, 0.78mmol) was dissolved in DCM/DMF (20ml/20ml). EDCI.HCI
(0.163mg, 0.86mmol)}, triethylamine (0.24ml, 1.7mmol), HOBt (0.116mg, 0.88mmal})
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
salvent volume was reduced (~10ml), DCM was added and the organic layer washed
with water (x3). The organic layer was dried (Na.S0O,)} 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: (3)-2-{3-[2-(6-Hydroxycarbamoyl-hexylcarbamoyl)-1H-indol-5-yi]-
propionylamino}-3-phenyi-propionic acid cyclopentyl ester (100)

o 0 o i
HO‘N)I\/\/\/\N 4 H \-O
H H N 0
H

(3)-3-Phenyl-2-(3-{2-[6-(tetrahydro-pyran-2-yloxycarbarmoyl)-hexyl-carbarmoyl]-1H-
indol-5-yl}-propionylamino)-propionic acid cyclopentyl ester (200mg. 0.297mmol) was
stirred at room temperature for 3.5 h in TFA/DCM/MeOH (1.5mI/15mi/15ml). Further
TFA (0.3 ml) was added and the reaction stirred for a further 30 minutes. The solution
was concentraied in vacuo, resuspended in DCM and the solvent removed (x3). The
crude material was purified by prep HPLC to give pure compound (100) (19.3mg},
LCMS purity 100%, m/z 591 [M*+H}*, 'H NMR (400 MHz, MeOD), :1.27 ~ 1.70 (16



sodi um hydroxi de (2.23g, 56mmol) and 4-nethyl bronmo butyrate (6.4 nl,
56mmol) were added and the reaction heated at 60 C for 16 h. Water was
added to the cooled reaction mxture and the solution acidified (pH = 5/6)
with I MHC. The aqueous |ayer was extracted with Et QAc and the organic

| ayer washed with water (x2), dried over Na2S04, filtered and evaporated
to dryness. The required diester was obtained follow ng chromatography
(EtOAc : heptane 1 : 2), (9.56g, 75%;4¢CMS purity 90% mz 343 [M+H .

St age 4: 4-(4-Carboxynet hyl - phenoxy) - %utyrl c acid methyl ester 143 HO O
/ OOH O H, alRdhfl7 d2 Yich Chiol 2140¥2 hiyl, J piedfona CHal 2yi6i-c2. 8T {4d. mat2y | est er
(149, 4 08mphls 4p%. di5ae) eofh, it 61 (0, (ABAED, 8 % Bomihlonm) was

added and thé reaction stir under drogen atnDs ere oon) for
M e oS b e an Aty o5 A ab on b T30 I ok T T oo & on

of celite and the pad washed with Et OAc. The filtrate was evaporated to

dryness to_gi % vi el purity 93% mz
253 [M +H| Sgdg%t a&é%h&%@ﬁﬁr@a@ﬂgamg@h %ﬂ-ﬁlﬂm%ﬂﬂ}tfﬁ?%%u Stage 2 resin
(0.18 g, 1p®piooyiamnopdphaswbpropionicacBD1)5ml). HATU (0.37g, 0.96mmol),

4- (4- Car boxynet hyl - phenoxy) - butyric acid nethyl ester (0.247g, 0.96muol

di ssolved in DVF -10m ) and diisopropyl am ne (0.56nl, 3. ) were added
and the reaction shaken at roomtenperature for 16 h. T action was
filtered and the resign washed usi ngpt he standard sh fproCedure and air

dried. Stage 6:Holis;\lt r hydrolysis O H/

H

T=

Compound {100} (80mg, 0.14mmol) was dissolved in THF/MeOH (tml/ 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, br t, CHy), 2.95 (3
H, m, CH + CH;), 3.10 (1H, dd, CH), 4.85, (1 H, m, NHCHCO), 7.00 - 7.15 (7 H, m,
Ar),7.35-741(2 H,m, Ar)

*Preparation of 7 amino heptanoic acid (tetrahydropyran-2-yloxy) amide

Stage 1: 6-(Tetrahydro-pyran-2-yloxycarbamoyl)-hexyl]-carbamic acid 9@H-fluoren-9-
ylmethyl ester

0

fmoc
CJ/O\NJW/\N/
H H

To a solution of 7-(8H-flucren-9-yloxycarbonylamino) heptanoic acid (1g, 2.72 mmol) -
in anhydrous DCM/THF (15ml/15mi) was added EDCI. HC (627mg, 3.27mmol), HOBt
(442mg, 3.27mmol) and O-(tefrahydro-pyran-2-yl)-hydoxylamine (383mg, 3.27mmol)



N OHSOI/ OOHO Stage 5 nethyl ester (280ng, 1.8mmvol/g) was dissol ved
in THF/ MeOH (4m/ 4nml) and 1.4 M NaOH (8nml) added. The reaction was shaken
at r.t. for 16 h. The resin was filtered and washed usi ng the standard
wash and air dried. 144 Stage 7. Amino acid coupling OH N I »"~'"HSO
HOv ~7 \v LO | 1O Stage 6 resin (1.6g, 1.8mvol/g) was swollen in
anhydrous DVF (120nil). HATU (3.3g, 8.6mmpl), L-phenyl al ani ne cycl opentyl
ester. TsOH salt (3.4g, 8.6mol) and 4?i i sopropyl ami ne (5mL, 2.9mmvl) were
added and the reaction shaken at roor tenperature for 16 h. The reaction

was 1; il tgr@ﬁtcsawas siredruasémitisyeh @d 48%i BOCL kel (B0aadaBsnas,HaBtocedur e and
alr rne

08 - o (o ABARE gl et B to e By S EIS (P 18BYAN. et hy1 | -

phenoxy} - bwerwaﬂtiaiwrmi)le &aptmrngdntinpredporeniucha@d d. Ayelrepbont ypixtueswes (102) 0 H
HORN N O hak
with 299F ‘{Eﬁ&% %rﬁig%g%gdn‘&?@g&gb@ore ﬁmfterq%%lhgﬁ%‘:gl \r,:IaZnZ aren

evapor at i n@latz% sitieied end ganrrentrated ilceaug rRusidcatien by chromatography (MeOH
: DCM 2 : 98) gave a white solid (1.03g, 81%).

Stage 2: 7-Amino-heptanoic acid tetrahydro-pyran-2-yl ester

Qoi/\/\/\NH

6-(Tetrahydro-pyran-2-yloxycarbamoyl}-hexyl}-carbamic acid SH-fluoren-S-yimethyl
ester (300mg, 0.644mmotl) 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 (MeCH : DCM : NHs), 120mg. LCMS purity 98%, m/z 245 [M*+H]".

Synthesis of Compound (102) and Compound (103)

D
" jc]>/\ﬁ O\Q\j\ﬁ@\g ll;I“‘oH

R = cyclopentyl 102
R=H 103

Stage 1: Resin loading

O,N




at room tenperature. 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 [M+H "', "H NWR (400 WMHz, MeQD), 5:1.45 -1.80 (6 H m
alkyl), 1.95 (2 H, pent, CH2), 2.34 (2 H t, J =7.3 Hz, CH2), 2.90 (1 H,
dd, CH, 3.04 (1 H dd, CH, 3.62 (2 H s, CH2), 3.8 (2 H m CH), 4.55
(1 H m NHCHCO, 5.07 (1 H br s, CH, 6.83 (2 H d, J =28.3 Hz, Ar),
7.14 - 7.18 (5 H m Ar), 7.25 (2 H,FﬁuJ:8Hz, Ar), 7.47 (1 H d, J =29
Hz, Ar), 7.73 (1 H s, A), 7.81 (1 H d, J =8.8Hz), 825 (1 H s, A)
Stage 9: Wang hydroxylamine resin (3.72g, 1.8 mmol/g) was swollen in DMF (50mi). HATU

S) - 2- (4- i |)-methyl]-
bhenoxy) - ber S AP SRt ARMonRERERL 2 baBbRAR g Rsol 1S ASARIEY L v N T H O
HONS | fiseygd ioPy3ts0mi)yend disapirpyipthylpaingd e, 284t ramol weierpdde®ony) was
swol | en i nafddine MGiaken 4308m whskrdturk foM Mot edflasageed andRgsnegact i on was

shaken at rqomte rature for 16 h. The .resin was filtered and washed
usi ng the E?’%"@&Pg‘p“@ﬂgm%b@gi’wcs ﬁ&“‘gé'%r{ﬁgyl ic acid was shaken with

290FA/ DCM (3m ) for 10 m nutes before filtering the resin and evaporating
t he sol ven el pressure at roomtenperature. The process was

r epeat ed (%@Qghﬂlt'{)ﬁgdﬂgﬁﬂh ned crude product purified by preparative HPLC
to vyield conpound (103) (33.7ng). LCVS purity 88% nmiz 576 [M+H', '"H NWR
(400 MHz, d6-DVMSO), 8:1.93 (2 sCH2), 2.30 (2 H m CH2), 2.91 (1 H,
dd, J = 9.9 Hz, J = 13.8 Hz, 3/31(};

H, dd, J=4. 8Hz, J=13. 9Hz, CH) , B; By , 3001 4R H m CH2), 4.50 (1 H,
m NHCHCO, 6.92 (2 H, d', 3287 H, QAAr), 7.% 7.34 (7 H m Ar), 7.61
(1 H mM, 7.92 (1 H br s, A), 800 (1 H d, J=28.8Hz, A), 831 (1 H,
d J =81Hz, A), 839 (1 H s), 9.36 (1L H br s), 10.36 (1 H, s), 11.52
(1 H, s), S&g#a r¢sin ¢4.9g, hBnanol/g), was swollen in DMF {(200mi) and tin chloride

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

Benzyl 4-hydroxyphenyl acetate (99, 37mmol) was dissolved in DMF (300mi). Ground
sodium hydroxide (2.23g, 56mmol) 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
NapS0,, filtered and evaporated to dryness. The required diester was obtained
following chromatography (EtOAG : heptane 1 : 2), (9.56g, 75%) LCMS purity 0%,
mfz 343 [M*+H]".

Stage 4: 4-(4-Carboxymethyl-phenoxy)-butyric acid methyl ester



146 Synthesis of Conpounds in Figure 7 as Exenplified for Conp

and Conpound (105) / I » "OHS O/ ~11/ I V' \ ~ R O Wi~/
cycl opentyl 104 R= cyclopentyl 106 R=H 105 R=H 107 10 11'\H H |
~~ 1/ pl s p.oH 0108 109 S/ Q~1~-HI HI\ NOHr S q.OHO
110 R=cyclopentyl 111 R=H 112 R OIIl I~\ H/ 5 n N Q RHOI
R= cyclopentyl 113 115 0 R=H 114 C1)43: . 0OH\ a/ S ""OH

O

4-(4-Benzyloxycarbonylmethyl-phenoxy)-butyric acid methyl ester (1.4g, 4.09mmol)
was dissolved in EtOAc (60mi). Pd/carbon {(100mg) was added and the reaction
stirred under a hydrogen atmasphere (balloon) for 16 h at room temperature. The
reaction mixture was filtered through a pad of celite and the pad washed with EtOAc.
The filtrate was evaporated to dryness to give a white solid (1.03g, 100% vyieid).
LCMS purity 93%, miz 253 [M™+H]".

Stage 5: Coupling to resin

Stage 2 resin (0.18 g, 1.8mmol/g) was swollen in DMF (5ml). HATU (0.37g,
0.96mmol), 4-(4-Carboxymethyl-phenoxy}-butyric acid methyl ester (0.247g,
0.96rmmol dissolved in DMF — 10mi) and diisopropylamine (0.56mi, 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

o H
N
o.
&}

Stage 5 methyl ester (280mg, 1.8mmol/g) was dissolved in THF/MeOH
(4ml 4ml) and 1.4 M NaOH (8ml) added. The reaction was shaken at r.L. for 16 h.
The resin was filtered and washed using the standard wash and air dried.




H/ H\ HON O N O R= cyclopentyl 116 0 R= cyclopentyl 118 R=H 117 R=H 119
O=1Inl H\ I HR-NI1Z/~H/ \ Hp \ / "SOH 3 0 R= cyclopentyl 120 R=
cyclopentyl 122 R=H 121 R=H 123 I\ / O ROH\N I NI\ S"-CH S 0 R=
cyclopentyl 124 R=H 125 Figure 7 147 Step 1:

4- (tert-But oxycarbonyl am no- net hyl )-benzoic acid 0 HO NHBoc

4- Am nonet hyl benzyl al cohol (1.0 g, 6,80 nml) was slurried in a m xture of
THE (10 m-) and water (10 ni). A so{ ution of saturated sodi um hydrogen
car bonat e ®&ge 7adichire achitdobipliige pH of the solution was > pH 9. The m xture
was cooled to O C and di- tert-butyl dicarbonate (2.89 g, 13.23 mmol ) added.
The reaction was allowed to stir overnight then THE renoved under vacuum

The aqueous m'@e/ was{lext ract eddwi t h
I T Y L I
N H

o)

Stage 6 resin (1.6g, 1.8mmol/g) was swollen in anhydrous DMF (120ml). HATU {3.3g,
8.6mmol), L-phenylalanine cyclopentyl ester. TsOH salt (3.49, 8.6mmol) and
diisopropylamine (5ml, 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[bjthiophen-5-ylcarbamoyl}-methyl]-
phenoxy}-butyrylamino}-3-phenyl-propionic acid cyclopentyl ester (102)

O E\@
102

Stage 7 resin bound cyclopentyi ester was shaken with 2%TFA/DCM (10mi) 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*+HJ", "H NMR (400 MHz, MeQD), 5:1.45 — 1.80 (6 H, m, alkyl), 1.95
(2 H, pent, CHp), 2.34 (2 H, t, J = 7.3 Hz, CH,), 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, NMCHCO), 5.07 (1 H, br s, CH),
6.83{(2H,d,J=83Hz Ar),7.14-7.18 (6 H, m, Ar), 7.25 (2 H, d, J = 8 Hz, Ar), 7.47
(1H,d,d=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: (8)-2-(4-{4-[{2-Hydroxycarbamoyl-benzo[blthiophen-5-yicarbamoyl)}-methyl]-
phenoxy}-butyrylamino)-3-phenyl-propionic acid (103)

}



Et OAc (20 m-) and then acidified to pH 3 by addition of IN HCl. This was
extracted with EtOQAc (2 x 10 nL), the organic |ayers conbined, dried
(MgS™) and evaporated to dryness to afford the desired product (1.60 g,
97% . mz 252 [M'+H] Step 2: (4-Hydroxynethyl -benzyl)-carbam c acid
tert-butyl ester HOI1 \ / NHBoc LIAI4 (227 nmg, 5.97 mmol) was slurried in
a mxture of THE (5 ml-) and dioxane (5 nL) and cooled to O C under an

at nosphere of N2. 4-(tert-Butoxycarbo]r‘f'55I am no-net hyl )- benzoic acid was
dissolved in a mxture of THE ( m -) and dioxane (5 m-) and added to the

chilled sol ution g opilw se_ower he reaction mqyture was allowed to
warmto r.t and stir{{I h. WAt 1m-) vvasll;;izi;:ljdl’égtothereaction
m xture which was t rTrefed fhrou celfi\*ef\gﬁe i TOHat e was

evaporated to dryness and the residue partitioneg beiwe EtOAc (25 m -)
and water (25 nlL). The aqueous |layer was extracted w't OAC (2 x 25 nm),
the organic |ayers conbined, dried P¥RNa2S®4) and evapor to dryness to
afford the desired product (460 ny, 100%9. mz 260 [M +Na] 148 Step 3:
(4- Fornyl -benzyl )-carbam c acid tert-butyl ester / NHBoc

(4- Hydr oxy BRigBy! cybi85m)) betEdebin obnitf Wes &\ﬁéitenww#/w%@bﬁ(rz_rrﬁ/é@? af®1.40. 71 mmol )

di d_i - nd | ed -78 C (d .
Doss- N ¢ NGk (5 Sk (mateafipn e AR OB TR oS e TBact | b
whi ch was edsinovediltbed ane washel usily taestasddrd whs. Resih bodind cdrbexlicibéion of
saturat ed godLum.RlARLHAPAIENRA PBFI i R detdS gy Pelredfigngidded and the
vigorousiy for mn. e

reaction mxture stirré organi € ayer was
i sol at ed, wReapawtingthersolyantuinderwadunsd ipiassWe hrdeoniampeeioe.nThe pragased ( Na2SO4)

ﬁ?;’ g\égpm @Egﬁépbatealwj@ﬁ&th&o%fnea grubid BrodB& guREL AR PreHslive 480chg, 100%) .

(S 5 L a ¢ VR w3 g LS iy 5% i 7P BV “HNMR M0 pr opi oni o
acid cycI opeit %—Dm,rﬁ:'l.QS (2 H, m, CHp), 2.30 (2 H, m, CH.), 2.91 (1 H, dd, J = 9.9 Hz,

J=13.8Hz, 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 (2 H, d, J = 8.7 Hz, Ar), 7.24 — 7.34 (7 H,

m, Ar), 7.61 (1 H, m), 7.92 (1 H, br s, Ar), 8.00 (1 H, d, J = 8.8 Hz, Ar), 8.31 (1 H, d, J

= 8.1 Hz, Ar), 8.39 (1 H, 5), 9.36 (4 H, brs), 10.36 (1 H, s), 11.52 (1 H, 8), 12.76 (1 H,

br s) '




0-0 ~N 10 H NHBoc (4-Fornyl-benzyl)-carbam c acid tert-butyl ester (200
ng, 0.85 nmmol) was dissolved in DCE (10 nL) and to this was added phenyl

al ani ne cycl opentyl ester (214 nmg, 0.94 mmol). The reaction was stirred at
r.t. for 15 mn. Sodiumtriacetoxyborohydride (538 ng, 2.55 mml) and
acetic acid (60 uL) were added and the reaction stirred for a further | h.
Sat ur at ed sodi um bi carbonate (10 m) s added and the solution diluted
with DCM (20 nlL). The organic | ayer was isolated and concentrated to afford
t he desi r 8ynthesid wf CompoahdsvasFiatechasoBEtemnslified fexCompeynd/fl04)cmid f urt her
purificati [M+H 149 Step 5:

(S)-2-(4- Aﬁ‘lﬂwg%tﬁ%/@genzyl am no) - 3- phenyl - propi oni ¢ acid cycl opentyl

I NO-0O011 H( / N-12

(S)-2-[4-(tert-Butoxycar bonyl am no- net hyl ) - benzyl,am no] - 3- phenyl - pr opi oni c
acid cycl opentyl ﬁr was treated wth 4M in dioxane (1 nL, 0.25
mml ) and stirred at _r.t. for I h. The m xtdré was evaporated to dryness

and partitioned tﬁv/e?gllz/ m ) antyway 2 ~ Sat urat ed sodi um
bi car bonate (20 rﬁ-) S tan ded t(ﬁt aqu@ous/e@eg\mg&a% t hen
extracted with Et OAc {3 .%.4Q.). The organic |ayers were conbined, dried
(Na2SO4) and evaporat®d to desyness to give the @esrt &erproduct (263 nyg,
79% over 2 steps), mz 353 [M+H]* Step

6:(S)-2-[4-({[2- (Il sobut oxy- et hoxycar banoyl ) - benzo[ b] t hi ophen- 6-yl net hy
I]-am no}-nmethyl)-bghzyl am no] - 3- phenyl - pr opi 9 ic acid cycl opentyl ester

PrA VRO e o

108 109
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Figure 7



6- f or nyl - benzo[ b] t hi ophene- 2- carboxylic acid (1-isobutoxy-ethoxy) am de
(Schenme 7) (220 ng, 0.68 mml) and

(S)-2-(4- Am nonet hyl - benzyl am no) - 3- phenyl - propi oni ¢ acid cycl opentyl

ester (263 ng, 0.75 mmol) were dissolved in DCE (10 nmlL) under an

at nosphere of N2. Sodiumtriacet oxyborohydride (430 ng, 2.04 mol) and
acetic acid (50 pL) were added and the reaction stirred at r.t for 3 h.
Sodi um hydrogen carbonate (20 ni) wat*’added and the reaction mxture
extracted \@dph: 4 t&t@@é@@b&%ﬂﬁmﬁ@nﬁt@@b@ﬁacé&tﬁ organic |ayers were

conmbi ned and concentr at ed he residue was purified by colum
chromat ogr aphy (50% 100% Et QAc/ heptane) to give the protected conpound (80
ng, 21 %9. mz 658 [M+H ' 150 ©&tep 7:

(S)-2-(4-{[(2-Hydroxycar banmoyl - bgnzo[ b] t hi ophen- 6-yl et hyl ) - am no] - net

hyl } - benzyl am no) - 3- phenyl - pr B@i oni id cyclopentyl ester (104) z411 1
O~o HH\ NOH S O 104 NHBoc

(S)-2-14-({[2-(1-1sobut oxy-ethoxycar enzo[b]thlophen 6-yl met hyl ] - am
i no}- methyl)- benzy[anino] 3- phenyl - propi oni ¢ acid cycl opentyl ester was
dissolved in DCM (2 nlL) and MeOH (2 m-) and treated with TFA (1 nL). The
m xture wad-Aseinerpeifylpeszylmlcoholdl.0g, §.60 Herolhwrfcatiedinednixyreielyiifsd0and DCM (5

n}écgnd ngL?g@d (v&emo)m@d&ds&utuonwgatma@drgoegmgﬁaﬁgﬁeﬁrgﬁ% Iggs dr yng; S/() lh' Z
SS S e u 0 S
P P e Bl B pH R BesbhRmary pi1s; Tre SRRe s soRg o Aace) dis
1.25-1. 91 (StbutyigicatkdidR) (2.88.¢123.23 ﬁindlﬂ&ddem TI@-&%}actuoﬁ v@ﬁ allcﬁ\ﬂed-io stin CH) 4,33
2H, d J 1H,
S oy 5, Bt it B die B he atyebl ol yBs otitleg gt S o[ L)t
7 94 ( 2|-| ,E;OJ%@@? mlg a@@ti‘@m afjdified to,qﬂ-m by gﬂ@ippngnf 1N HCI. This was extracted
(S) - 2- [ 4- (iR EtdAd @Ob1LAKY e loRREAA LRI N @RaqMBEDY MBROAsSatkd et hy
to dryness to afford the desired product (1.60 g, 97%). m/z 252 [M*+H]"

Step 2: (4-Hydroxymethyl-benzyl)-carbamic acid tert-butyl ester

HO
NHBoc

LiAl, (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 mixture of THF (5 mL) and dioxane (5 mL) and added
to the chilled solution drop-wise over 15 min. The reaction mixture was ailowed to
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 to dryness and the

residue partitioned between EtOAc (25 mL) and water (25 mL). The aqueous layer
was extracted with EfOAC (2 x 25 mL), the organic layers combined, dried (Na.S0,)
and evaporated to dryness to afford the desired product (460 mg, 100%). m/z 260
[M*+Naj*



I]-am no}-nethyl)-benzyl am no] - 3- phenyl -propionic acid HO{/\ N 11 HS O
(S)-2-[4-({[2-(1-1sobutoxy-ethoxycarbanoyl)-benzo[ b]t hi ophen-6-yl net hyl ]-am
i no}- met hyl)-benzyl am no] - 3- phenyl - propi oni ¢ acid cycl opentyl ester (40

ng, 0.06 nmmol) was dissolved in THE (2 mM-) and water (2 m.). LiCH (8 ny,
0.30 mml) was added and the reaction mxture heated to 50 C for 36 h. THE
was renoved by evaporation and the rﬁ due partitioned between water (10
m.) and Et QAc (10 nl). The aqueous 15 | ayer was isolated and the pH

adj ust ed t 6t<p Dy4-Boldivi-benzylpLarbavictdCld.terFhitgl estes extracted with Et OAc (3 x
20 nL), the organic |ayers conbined and evaporated to dryness. Step 9:
(S)-2-(4-([ (2-Hydroxycar banoyl - benzo[ b] t hi ophen- 6-yl net hyl ) - am no] - net

hyl } - benzyl am no) - 3- phenyl - pr ogEon| 05) :1-1 1 HOXx~1 HHN Ol OH O
105 :

(S)-2-[4-({[2- (1-1sobut oxy- et homw%nzo[ b] t hi ophen- 6-yl met hyl ] - am
i no}- methyl)-benzyl am no] - 3- phenyl - propi onic acid was dissolved in MeOH (2
m-) and THE (2 nL). TFA (1 nlL) was added at the m xture stirred for 1 h
at r.t. Thei-Hedetythyi-béndyHearbwai: achirtes-buiyibdsest (480 oy, 0@samamaa®dCM (5 n -)

and hept anislahdilis bR ayRISal) .96 S 85 o8 8a0a0 Clelughyness. Thi s

process was fepeate oun ng, 57% as a
pi nk sol i dpell_mngb?r&ﬁwg @Cﬁﬁ;mmﬁiiwﬂg@ddeﬁim #H]reactlQm-lWNNlRW@SBIDWHZQ MeQD), S:

g:H g;” ( Z21H42W§a||'_r||QE%r)t1an& sﬂfgror(?é-l'i' At sgh@nHoféat%%teo( l_ﬁ%dtun?blcaﬂig“)ate PRdlftA S,
ulfite (20 mL) was added and the reaction mlxture stirred vigorously for 15 min. The

organic layer was isolated, washed with saturated sodium bicarbonate (10 mL), dried
(Na,S04) and evaporated to dryness to afford the desired compound (480 mg, 100%).
m/z 258 [M*+Na]"

Step 4: (S)-2-{4-(tert-Butoxycarbonylamino-methyl}-benzylamino]-3-phenyl-propionic

)8
T e

(4-Formyl-benzyl)-carbamic acid tert-butyl ester (200 mg, 0.85 mmol) was dissolved in

acid cyclopentyi ester

DCE (10 mL} and to this was added pheny! alanine cyclopentyi ester (214 mg, 0.94
mmal). The reaction was stirred at r.t. for 15 min. Sodium triacetoxyborohydride (538
mg, 2.55 mmol} and acetic acid (60 ul) 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"



(5H m ArH), 7.88 (1 H s, ArH), 8.00 (1 H, d J=8.0Hz, ArH), 8.08 (1 H, s,
ArH) The follow ng conpounds were prepared according to the procedure
described for conpound (104) and conpound (105)
(S)-2-(4-{((2-Hydroxycarbanoyl - benzo[ b] t hi ophen- 6-yl net hyl ) - am no] - net hyl } -
benzyl am no) - 3- (4- hydroxy-phenyl) propi onic acid cycl opentyl ester (106)
LCVMS purity 98% nfz 574 [M+H"',"'H NI\/R (300 MHz, MeOD), 8: 1.30-1.87 (8H,
m 4 x CH2), 2.97-3.35 (2H, m CH2),!%8.17 (1 H, m CH), 4.31 (2H, d, J =
5 4 Hz, CH2), 4 36 (2H s, CHZ) 4 42 (2H s, CHZ) 5. 11 5.16 (1 H m

, 6.77 (2H, J = bz, A -H),
7 54-7. 65 % hﬁ)%%"mn?ew b@ﬂzwl?m'gf’) 3A1Pheﬂ)(' Pferp’@’liﬁ af(“i?%""o&?“ ylestes 4 py,
Ar-H), 8.08 (1H s, Ar-H) 152
(S)-2-(4-{((2-Hydroxycarbanoyl - benzo[ b] t hi ophen- 6-yl net hyl ) - am no] - net hyl } -
benzyl am no) - 3- (4- hydr oxy- phenyl ) - pr gp ic acid (107) LCWVS purity 90% nmz
505 [M +H +," H NMR (300 MHz, MeQD), § 09-3.27 (2H, m CH2), 4.03 (1H,
m CH), 4.24 (2H, s, CH2), 4.34 (2 ST CH2), 4.42 (2H, s, CH2), 6.76 (2H,
dJ =8.3 H, Ar-H), 7.11 85Hz Ar- ,756759(5Hm

Ar-H), 7.89 (1 H s, Ar- .4 Hz, Ar-H), 8.08 (1 H, s,
Ar - H)
(S)-3-tert-Butoxy-2-(4-{[(2- hydroxycarbam) -b Z(I)_Fb]thl ophen- 6-yl net hyl ) -

am no] - met hyl } - benzyl am no) - butyrl c acid cycl opentyl ester (108) LCMS
purity 99% mz 568 M+|—|L(J H NVR (300 MHz, MeQD), 5: 1.20 (9H, s, 3 X
CH3), 1. 29(])34-(igr-Butexyeargorpfamimg-metnyl)- barrzyter@zplﬁaqhenmmmw@q@) 3.75 (1 H,

((jj-IZ‘)J :424:7)) ydl%entg@sterﬁag%ﬁteg%ltﬁ AMHCIT dibkAne (4n3;60(2§H1m andl sFrdd & Hz, 2 X

7.88 (1H, 5{ %gg\ %Thegm@gre(viasl_qava;&oratgdio d@n%s@%ltt%eﬁ%gWSF&gﬂf m Ar i

(S) - 3- t ert {ABuhiopeyd ratet (24 1H2). erameq/mnmnmbemm[m)mamemql net hyI ) -
our vy osoadepyS BT I s SR RRUGUBG NS RPRD Yo S30GE ) MOD
CH3), 1. 67wereg®mbliad, driedANs5Q-pyrgizverorated $o drzpessig gigpiie, degjrerignrgdupp (1 H m

9‘%,4 7462452%3% 8% 0V 2 S¥h Pz FhaddrbgH s, CH2), 5.31-5.35 (1H m CH),

Step 6: (8)-2-[4-({[2-(1-Isobutoxy-ethoxycarbamoyl}-benzobjthiophen-6-yimethy
l-amino}-methyl)-benzylamino]-3-phenyl-propionic acid cyclopentyl ester

)y

6-formyl-benzofbjthiophene-2-carboxylic acid (1-isobutoxy-ethoxy) amide (Scheme 7)
(220 mg, 0.68 mmol) and (S)-2-(4-Aminomethyl-benzylamino)-3-phenyl-propionic acid
cyclopentyl ester (263 mg, 0.75 mmol) were dissolved in DCE (10 mL) under an
atmosphere of N,. Sodium triacetoxyborohydride (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™+HT"



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-Hydroxycarbanoyl - benzo[ b] t hi ophen- 6-yl et hyl ) - am no] - net hyl } -
benzyl am no) - 4- met hyl sul fanyl -butyric acid cycl opentyl ester (110) LCVS
purity 90% mz 541 [Mt+H]',"'H NVR (300 MHz, MeOD), 8: 1.70-1.98 (8H m 4
x CHz), 2.11 (3H, s, CH3), 2.17-2.34 (2H, m CH2), 2.54-2.73 (2H m CH2),
4.19-4.23 (1 H m CH), 4.27-4.42 (6H, m 3 x CH2), 5.35-5.39 (1 H m
CH), 7. 54 7.63 (5H m Ar- H), 7.87 (1 H s, Ar-H), 7.97-8.00 (1 H, m
Ar-H),

(S)- 0 (4: {?{egj" 92 &J@%F@%ﬁa%&m o1 Br R RTER-S P RPN TR no] - met hy! } -
benzyl ) - pyhylebardylaming)-g-ahetykpiopienisecd cygiepanpéastol (184t er (111) LCVS purity
96% mz 508 [M+H','H NMR (300 Mz, MeOD), 5: 1.66-2.29 (12H m 6 X
CH2), 3.59-3.67 (2H, m CH2), 4[38+4.46 (6H m 3 x CH2), 4.62 (1 H d, J =
12.3 Hz, CH, 5.21 (1H m CH .61-7.68 (5H m Ar-H), 7.88 (1H, s,
Ar-H), 8.00-8.02 (1H, Ar-', 813(1H s, Ar-H) 153
(S)-1-(4-{[(2-Hydroxyc nbmhgmuo ~6- yhnet hyl ) - ani

no] - et hyl } - benzyl) pyrrol idi ne-2 ?'1%*2) LCVS purity 100%
mz440 [M+H"',"H NMR (300 MHz, MeOD), 3: 1.96-2.09 (2H m CH2),
2.14-2.23 (2H, m CH2), 2.52-2.65 (|q4H m CH2), 3.56-3.67 (1 H m CH2),
419 425(1HmCH),436457(6Hm3xCHZ)755764(5Hm

Ar - %l(.?r 7.99-8.01 (1 H, Ar - 8.09 (1 H s, Ar-H
(R) - 3 ter t (gl kléﬂ%tove(ﬂzwﬁﬂzamﬂwrb@ﬂ%%lﬁmﬁwy?m%taﬁ}'m}r ophen- 6-

yl net hyl ) - maitggbenmstamind-3ageaypeopiond) adt Gplop&itd catet Wasysdonpea it iyd:Mest er(113)

(5t It L% Bl dpg Théors ambygndlregtel il RFAHY YSE Tl ik wi sbied W™ ) 70

4. 36( 2H, s) h at tARMnCEYiratedSo BndssHNAGCM (6 BB) dncHieptne E-BL)iadde)., 7. 62( 4H,
s), 7.89( 17 mbdure ngefpgaratféd g f*ﬁ% 8%3{39& asfe ?fé]t%m}eet es to

(R -3-tert-Buty su car enzao th| ophen- 6-
yl met hyl ) - &Pﬂﬁﬁe']npﬁlﬁldﬁyf -(%(é'ﬁﬁ w\'vﬁ@)mlpk $@an&9§& WZ(SPM HHEVEHpurity 97%
mz 502 [ 1dmr (3bb MMR 1868), WHz 25-MePIdBH, 8 axEH3R 3(19%l47 ©H, B, sHSBbs

(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 (8H, 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[blthiophen-6-yimathy
{j-amino}-methyl}-benzylamino]-3-phenyl-propionic acid

s
DA AGYT S

(8)-2-[4-({j2-( 1-Isobutoxy-ethoxycarbamoyl}-benzo[b]thiophen-6-yimethyl]-amina}-
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



3.09 (2H, m CH2), 3.22 (2H, m CH2), 3.83 (1 H, t, J = 8.8 Hz, CH), 4.34
(21-1, s, CH2), 4.42 (21-1, s, CH2), 7.57 (1L H d, J = 10.0 Hz, ArH), 7.62
(4H s, A’Hx 4), 7.89 (1 H s, ArH), 802 (1 H d J=28.1H, AH, 8. 09

(1 H s, ArH).

(S)-2-(4-([(2-Hydroxycarbanoyl - benzo[ b] t hi ophen-6-yl met hyl) - am

i no] - et hyl }- benzyl am no) - 3, 3- di net }yl -butyric acid cycl opentyl ester

(115) LCMS purity 94% mnfz 546 [ MrNa]}>11H NMR (300 MHz, MeOD), 8: 1.08
(91A, s, 3 er\ﬁ?ﬁéolatéd hddiffo xirafbie@d (2H d,
(91A 5, Hza>§ RS gﬁh\%)éEH d?&]usfbd%o@'ﬂ? 'S 1HEL Tﬁ.sw‘al"h R LI
(2H s, cHBfthER C9(3(><120+¢TL)t’fh99r9§"5 f%ﬁéf)comb?‘e@@"(’ﬂﬁp%b%ﬂwegﬁ 7.88 (1 H,
ArH, 8.00 (1 H d, J 8.3Hz), 8.09 (1 H, s,ArH)

(S)-Cycloh | < oxycar ba I n thio thyl)-a

ni noj - met hgﬁ’ %&f}%@ﬁ? r%’g %ﬁa@oglno%] 3@@1%@]@ A ‘ﬁgg?mﬂ"ﬁr@?ﬁ% purity
100% m z BPPbgnidpkinine)-BtpNMRI-pBOONIKEGS) MeOD), 8: 0.86-1.95 (18H, m 9xCH2),
3.73 (1H m CH), 4.11 (1 H dJ =57 H, CH, 4.19 (2H, s, CH2), 4.26
(2H, s, CH2), 4.36 (2H s, CH2), 7.53 (5H m ArH), 7.77 (1 H s, CH), 7.82
(1 H dJ= 11.6 Hz, ArH), .8 (1 H s, ArH) 154

(S) - Cycl ohexyl - (4-{[(2- hydr dxydar banoyl - benzo[ b] t hi ophen- 6-yl net hyl ) -

am no] met hyl } - benzyl am ng) ~&Cetic acid (117) LCVS purity 100% nlz482
[MtH ", " H NVR (300 MHz, I\/EOD) 5: 0.72-1. 60 (10H, m 9xCH2), 3.89 (111, m
CH), 4. 11 (3H, m CH), CI-‘Ig) 37 2H HS, CH2), 7.48 (5H m
ArH), 7.76 (1H, s, CH), 8§‘(1 iz e NyroH 7. 98 (1H s, AH).
(S)-2-(4-{[(2-Hydroxycar bam)yl benzo b] t h| ophen 6yl met hyl ) - am no] - et hyl } -
benzyl am no) - 4- met hyl - pent anoi ¢ aci d gycl opentyl ester (122) LCVS purity
94% mz 524 [Mr+H *, 1 H NWR (300 Mz, MeOD), 5:1.01 (6H, s, 2xCH3), 1.28
(1H m CH), 1.56-1.95 (10H, m 4xCH2, CH2), 4.00 - 4.43 (6H, m 3xCH2),
4.88 (1 H, (Sh2-[@H[2-( BlsSiutdds- dﬂ:owarlsam@ﬂ}benio{ﬂ]ﬂ}iaphéﬁ@(ﬁhéthmarﬁind:j} 7.94 (2H,

t, AH, gf?: fb%h‘& | 'a'{% : ! L
(9)-2- (2« PeSm Py e hont srsions st yos SRt R G I 0 o) - ey} -
HF (2 mL). TFA {1 mL) was added at the mixture stlrred for 1 h atr.t. The reaction
mixture was concenfrated to dryness and DCM (5 mL) and heptane (5 mL) added.

The mixture was evaporated to dryness. This process was repeated three times fo
yield compound (105) (17 mg, 57%) as a pink solid. LCMS purity 90%, m/z 490
[M*+H]", 1H NMR (300 MHz, MeOD), &: 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)

(8)-2-(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-6-yimethyl)-amino]-methyl}-
benzylamino}-3-(4-hydroxy-phenyl)-propionic acid cyclopentyl ester (106)
LCMS purity 98%, m/z 574 [M*+HI", "H NMR (300 MHz, MeOD), 8: 1.30-1.87 (8H, m,
4 x CHp), 2.97-3.35 (2H, m, CH,), 4.17 {1H, m, CH), 4.31 {2H, d, J = 5.4 Hz, CHy),
4.36 {(2H, s, CHy), 4.42 (2H, s, CHy), 5.11-5.16 (1H, m, CH), 6.77 (2H, d, J = 8.4 Hz,
Ar-H), 7.06 (2H, d, J = 8.4 Hz, Ar-H), 7.54-7.65 (BH, 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)



benzyl am no) - 4- met hyl - pentanoi ¢ acid (123) LCVS purity 98% m z 456
[M+H "', 1H NWMR (300 MHz, MeOD), 8: 1.00 (6H, m 2xCH3), 1.86 (2H, m,
CH2), 3.86 (1 H m CH), 4.29 (2H, s, CH2), 4.36 (2H, s, CH2), 4.43 (2H,
s, CH2), 7.56 (1 H m ArH), 7.89 (1 H s, CH, 802 (1H, d J=8.2 Hz, ArH),
8.09 (1 H s, ArH).

(S)-(4-{[(2-Hydroxycar banoyl - benzo[ b] {ﬁ ophen- 6-yl net hyl ) - am no] - net hyl } -
benzyl am no) - phenyl -acetic acid cycl opentyl ester (124) LCMS purity 90%
mz 544 [M+H', I H NWR (300 MHz, MeOD), 8: 1.31-1.91 (10H, m 4xCH2, )
CH2), 4.22 A8 y Y ] y 4, s, CH2),
5.16 (1 H, (és),zijgl-@fé @%@‘%f%m%ﬁ%é%db@ﬁﬂ% %gn?egﬁ@ ﬁq’"ﬂ’Rjﬁ}e,QHV}fM (2H m

ArH), 8. 08 benzylpmigo)-g{44ydroxy-phenyl)-propionic asid (107) . oyl
S)-(4- XYk of PRI (s e . - et hyl } -
E)e)nz§/l aEn'[ ﬁ\%cmﬁéﬁ | - adg]??gu%@}ipgﬂf’lﬁ)mﬁ&vs fﬁ%%*%%%d@ﬁ?%% M+H "', 1
H NMR (300 A. m, GH), 4.28d2H, s, GH2)( 8R4 (ZHap. @HE). ©4RJ2H. 5, G2 2H, s, CH2),
3- j§7( é EZ 6576r(£IH12dJ =3.34?z, Ar-FD, 71401, cﬂﬂi =/SN.EH)IZ, A?—rﬁﬁ.sd-mg (%(t), nr@galg%,s 8 \-Ag r1e( 1H,

pr epar ed agtd(%#ﬂ%ﬁgg-f'g'?'tan@(E%'o%éjd_%gl@efg%w’g@ﬁd rS'R'\é\%ﬁpound (104) and
compound (105) using altenatives for step 3 and 4 as outlined EZ:BOW Step
3b: (4-B - t - 2 0oC

N Br fmsL8K@%“%%“‘?E?-?éigﬁ%%%ﬁ#%Agb%%@?féﬁééa&?-h%ﬁ%-o m) and
cool ed t oapingl-methyi-henzpprainol-butyrie agidsivoloprntybegter (188)g, 27.0 mml) in DCM
(20 n) Wﬁicw@&ﬁﬂ@;@%%ﬁ's@sﬂmpdﬁgﬁmﬂﬁdt\'ﬂﬁf‘,w?é?:l ?2;2&&@“15‘?% by

pyridine (1.0 ni ) mml%. eri al fromstifé)_lz . nmol ) was
di ssol ved h=DERP (3 i 76.6HE Gl dePTaher BHna, & &dt) 37541 ol F 36 warm to
r.t. and sHercier4201.361R, m.TdJﬁ),msvst(nm,gu,w&?.mﬂmncrig,tmb (204, ¢ig, residue
purified by 6o WHHCH 8RR ARNSH ROXEAD VB INY RERS 3 (b %, 4 =

8.1 Hz, Ar-H), 8.08 (1H, s, Ar-H)

(S)-3-tert-Butoxy-2~(4~{](2-hydroxycarbamoyl-benzo]b]thiophen-6-yimethyl)-
amino}-methyl}-benzylamino)-propionic acid cyclopentyl ester (109)

LCMS purity 85%, m/z 554 [M*+H}*, "H NMR (300 MHz, MeOD), 8: 1.23 (9H, s, 3x
CHa), 1.67-1.98 (8H, m, 4 x CHy), 3.87-3.98 (2H, m, CHy), 4.19-4.22 (1H, m, CH),
4.34-4.36 (4H, m, 2xCiHy), 4.42 (2H, s, CHp), 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)

(8)-2-(4-{[(2-Hydroxycarbamoyl-benzolb]thiophen-6-ylmethyl)-amino]-methyl}-
benzylamino)-4-methylsulfanyl-butyric acid cyclopentyl ester (110) _
LCMS purity 90%, m/z 541 [M*+H]*, '"H NMR (300 MHz, MeOD), 5: 1.70-1.98 (8H, m,
4 x CHz), 2.11 (3H, 5, CHa), 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 CHy), 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)

(8)-1-(4-{[(2-Hydroxycarbamoyl-benzo[blthiophen-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), &: 1.66-2.29 (12H, m,
6 x CHy), 3.59-3.67 (2H, m, CHy), 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-Hj), 8.13 (1H, s, Ar-H)



afford the desired conpound (864 ng, 32% . mz 301 [M+Na]' Step 4b:
(S)-2-[4-(tert-Butoxycarbonyl am no-net hyl ) - benzy[ am no] - propi onic acid
cycl opentyl ester 1O H 1 / NHBoc L-Alanine cyclopentyl ester (463 ny, 1.41
mmol ) was dissolved in DVF (9 nL) and to this was added DI PEA (0.74 ni,
4.24 mol ). The m xture was stirred at r.t. for 15 mn and then a solution
of material fromstep 3b (212 ng, 0.706 mol) in DMF (5 nl-) added
dropwi se over 1 hr. The reaction was PRen allowed to stir at r.t. for 16 hr
and was then diluted mnth water (50 ml-) and EtOAc (50 nmL). The organic
brine dried and concentr d to give

| ayer was 2 50 ]
crude mat eﬁ)ér(l‘l({gz dboxycalr@@ V\Rﬁ?@ﬂ[%@mwwlm‘}tmﬁ@'ﬂ@ﬂ"@ “wi t hout
further pubdaﬁzjyl)q:tyrmndean’BE’Jx}{l:Mathsb(]l12)156 Steps 5 - 9 were as descri bed
for conpou 4 q ~ - I/ SO
(S)-2-(4-{ ‘?‘Eg H&Jgg'%a?’%a%;ﬁ ﬁé %M‘%)ffﬁ'gBNTgn-N@‘{Oﬁl)’rgﬁ%%iigé%n’B]-rret hyl } -
benzyl am nomz)pz opL2@3i(2H,an,] CHA S 2anes (-, e £t-k), 3651337 HLEMS, PHs)) 4.19- 95% n z
482 [M +H| 0 ) 1
11T o (R0 NP BBy e ahiox Gy S57isd b g p s Quly S it o
CH2), 4. 36A'('2H79§-3Q}{2)‘1;m4A&B) @;@ﬂ(ﬂé SGHEI) 5.33-5.36 (1 H m :
754763(5H m Ar-H), 7.88 (1H s, Ar-H), 8.00 (1H, d, J:8.1HZ,
Ar-H),
(55 (2 {5 wws%aH%ﬂ(%gt?r?am%m%eao@:@w?n9r) am
no] - met hyl yimethyl)-amino]-methyi}-benzylamino)-propionic acid cyclopentyl ester(113}

L.CMS purity 97%, m/z 570 [M+H]", "H NMR (300MHz, MeOD), &: 1.36(9H, s), 1.79

(8H, m), 3.16 (2H, d,5.3Hz), 4.25(2H, 1, 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, 5), 8.09 (1H, 5), 8.51(1H, d,

J=8.1Hz),

(R)-3~tert-Butylsulfanyl-2-{4-{[{(2-hydroxycarbamoyl-benzo[b]thiophen-6-
yimethyl)-amino]-methyl}-benzylamino)-propionic acid {114)

LCMS purity 97%, m/z 502 [M]*, "H NMR (300 MHz, MeOD), &: 1.35 (SH, s, 3 x CHa),
3.09 (2H, m, CHy), 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).

(8)-2-(4-{[(2-Mydroxycarbamoyl-benzo[b]thiophen-6-yImethyl}-amino}-methyl}-
benzylamino)-3,3-dimethyl-butyric acid cyclopentyl ester (115)

LCMS purity 94%, m/z 546 [M+Na]*, "H NMR (300 MHz, MeOD), &: 1.08 (9H, s, 3 x
CHs), 1.80 (8H, m, 4 x CHy), 3.49 (1H, s, CH), 4.2¢ (2H, d, J = 13.5 Hz, CHj), 4.29
(2H, d, J =13.5 Hz, CHy), 4.36 (2H, s, CHy), 4.44 (2H, s, CHg), 5.19 (1H, {, J = 5.7Hz),
7.59 (5H, m, ArH x 5), 7.88 (1H, Ari), 8.00 (1H, d, J = 8.3Hz), 8.08 (1H, s, ArH).

{S)-Cyclohexyl-(4-{[{2-hydroxycarbamoyl-benzo[bjthiophen-6-ylmethyl)-a
mino}-methyl}-benzylamino)}-acetic acid cyclopentyl ester {116)

LCMS purity 100%, m/z 550 [M+H]", "H NMR (300 MHz, MeOD), 8: 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 (6H, m, ArH), 7.77 (1H, s, CH), 7.82 (1H, d J =
11.6 Hz, ArH), 8.02 (1H, s, ArH)



benzyl am no)-propionic acid (119) LCMS purity 95% mz 414 [M+H', '"H NMR
(300 MHz, MeOD), 6: 1.64 (3H, d, J = 7.1 Hz,CH3), 4.06 - 4.14(1 H m<CH,
4.31 (2H, s,CH2), 4.36 (2H, s, CH2), 4.43 (2H, s, CH2), 7.55-7.63 (5H m
Ar-H), 7.88 (1 H s, Ar-H), 800 (1 H d, J =8.1Hz, A-H, 809 (1 H s,
Ar-H) The follow ng conmpounds were prepared according to the procedures
outlined for conpound (118) and conp@ﬂnd (119) incorporating the follow ng
alternative/ additional steps Step 4

[ 4- (tert-Butoxycarbonyl am no-net hyl)-benzyl am no] -acetic acid cycl opentyl

(osi ng. he DAL vt St HBR o iog e i gt
Step 4c:  methyi}-benzylamino)-acetic acid (117)

[[4 (tert - Baluigronny hpidauiainy) ﬂlMR?Q@O’Mhz(l%'b@ BALPI Bp YIIRI NOXY-

car bonyl) - an1no]-acet|c acl ent ester BOC OO
To a sol ut Mefxg2) %8¢ {1&t m. Bkb dii/b@?‘bﬂh?ﬁén‘? Ad (b shi3), B8h£3H.ani no] - aceti ¢

acid cyclgﬂeptmla sﬁtrﬁrArm72769(,1H035*}|)n779$k11-ﬁ6<3-111\w§m7(9h ., 1.1
mol ) in E&@ﬁ , was added sIomA with stirring and”ice bath cool i ng,
a sol uti onB1 o- Fluorenylnethyl chlorofornate (0.14 g, 0.55 nmol ) in
di oxane (1.4 nL). The m xture was stirred in the ice bath for 4 h and at

Lot ot oo A ARt S HO R AR Pefbinl ©0 1) one
benzylamino)-4-methyl-pentanoic acid cyclopentyl ester {122)
LCMS purity 94%, m/z 524 [M™+H]*, 1H NMR (300 MHz, MeOD), &: 1.01 (8H, s,
2xCH3), 1.28 (1H, m, CH), 1.56-1.95 (10H, m, 4xCH2, CH2), 4.00 - 4.43 (6H, m,
3xCH2), 4.88 (1H, m, CH), 5.36 (1H, br s, CH), 7.47-7.62 (5H, m, ArH), 7.94 (2H, t,
ArH), 8.08 (1H, s, ArH).

(S)-2-{4-{[(2-Hydroxycarbamoyi-benzo[b]thiophen-6-yimethyl)-amino]-methyl}-
benzylamino}-4-methyl-pentanoic acid (123)

LCMS purity 98%, m/z 456 [M*+H]", 1H 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 (28, s, CH2),
443 (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).

(8)-(4-{[(2-Hydroxycarbamoyl-benzo[bjthiophen-6-yimethyl)-amino]-methyi}-
benzylamino)-phenyl-acetic acid cyclopentyl ester {124)

LCMS purity 90%, m/z 544 [M*+H]", 1H NMR (300 MHz, MeOD), &: 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),
5.16 (1H, s, CH), 5.30 (1H, m, CH), 7.47-7.62 (9H, m, ArH), 7.94 (2H,m, ArH), 8.08
(1H, s, ArH).

(S)-(4-{[(2-Hydroxycarbamoyl-benzo[b]Jthiophen-6-yIlmethyl}-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, d J=7.9 Hz, ArH), 8.09 (1H, s, ArH)



conbi ned, dried (MgJS™4) and evaporated to dryness to afford the desired
product (0.32 g, 1009 . mz 607 [M+Na]' Step 5a:

[ (4- Ami nonet hyl - benzyl ) - (9H f |l uor en- 9-yl net hoxycar bonyl ) - am no] - aceti c
acid cyclopentyl ester /[~ ~J o 0 a NNH, Procedure as described in step
5. Product mz 485 [M+H]' 158 Step 6a:

{(9H Fl uor en- 9-yl net hoxycar bonyl ) - [ 4;]]'(9%[ 2- (1-i sobut oxy- et hoxycar banoyl ) -
benzo[ b] t hi ophen- 6-yl et hyl ] - am no} - hyl ) - benzyl ] - am no}-acetic acid

cycl opent yihe RB&EA aéﬁw?pmhdé\wére‘p%aré&éacor@mgn&herpaﬁ@d%ejegéibd@&ﬁri bed in
step 6. Product 9

M+H]' Step 7a; , .
(APl (2 vy om0 cameestt OB Amatyas i e 3 auid Ao PUtisehy 1 | -
benzyl am niglewceti c acid cycl opentyl ester (120) a®/ ~* H(~ 1T 101 HI N S
HOH O 120
{(9H Fl uor en- 9-yl net hoxycar bonyl ) -[4- ({[ 2- (1-i sobut oxy- et hoxycar banoyl ) -
benzol[ b] t hBepbn“Brpnpmetyitienayti-casharnie ebig tgri-ivivi 2tet - ami no} - acetic acid
cycl opentyl ester (0.11 g, 0.14 mmol) was dissolved in acetonitrile (3
m-) and to it was added piperidine (1.5 nL). The resulting m xture was

stirred at roomtenperature f ey ) e solvent was evaporated to dryness
and the product separated into 2 pg ns.Nl%o% _

N-Bromosuccinimide {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 mmoi).
Material from step 2 (2.14 g, 9.0 mmol) was dissolved in DCM (20 mL) and added and
the reaction allowed to warm to r.t. and stirred for 16 h. The mixture was concentrated
and the residue purified by column chromatography (50%/50% EtQAc/heptane) to
afford the desired compound (864 mg, 32%). m/z 301 [M*+Na]*

Siep 4b: (8)-2-{4-(tert-Butoxycarbonylamino-methyl}-benzylamino]-propionic acid

cyclopentyl ester

L-Alanine cyclopentyl ester (463 mg, 1.41 mmol) 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]"



portion was taken through to hydrolysis of the cyclopentyl ester, while the
second portion was dissolved in DCM (1.5 m-) and stirred with 4MHCl in
dioxane (1.0 m-) 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. LCVB purity 99% nlz 468 [M+H ', 'H NWR (300 MHz, MeQD), S:
8.09 (1 H s, A,H), 800 (1 H d, J 583 Hz, ArH), 7.88 (1H, s, ArH),
7.54-7.65 (5H m ArH), 5.31-5.35 (1 H  m CH), 4.43 (2H, s, CH2), 4.35
(2H, s, CH2), 4.31 (2H, s, CH2), 3.96 (2H, s, CH2), 1.65-1.93 (8H m 4 x

CH2) 159 9
(4-{[(2- w?‘%x?cgﬁ Banoy I BERe S (B PIMPSBALH 20 SRS 9 noj - et hy! ) -
benzyl am no)-acetic acid (121) HOr"*"~H/ HS NOH O 121 Procedure as

described in step 9. LCMS purity 99% mz 400 [M+H +,'H NVR (300 MHz,
MeQD), 8: 8.09 (1 H s, : 8.00 (1H, d, J = 8.3 Hz, ArH), 7.89 (1H, s,

ArH), 7.54-7.62 ( H's, OB 35 (2H s, ), 4.32
esi § of hourds T nOH gure 8

(2H, s, CH2), 3. H,
Exenplified by Conpound und”(127) I ~gNROIO HN1 / S

NNOH R OIAO "OH N-OH ~/~/ O R= cyclopentyl 126 R= cyclopentyl 128 R=H
127 R= H 129 Figure 8 Stage 1:

4- (t ert - Butgyov@a[@eyut iy a®aiRyPéns i pheatRR acbfamimopriethy}0 HO Yol
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, CHg), 1.71-1.97 (8H, m, 4 x CHy), 4.13 (1H, q, J = 7.2 Hz, CH), 4.30 (2H, s,
CHy), 4.36 (2H, s, CHy), 4.43 (2H, s, CHy), 5.33-5.36 (1H, m, CH), 7.54-7.63 (5H, 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 \ H
\{(\H H N\ N~oH
O N s
' o)

(S)-2-(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-6-ylmethyl)-aminoj-methyl}~

benzylamino)-propionic acid (119)

LCMS purity 95%, m/z 414 [M*+H]*, 'H NMR (300 MHz, MeOD), 8: 1.64 (3H, d, J =
7.1 Hz,CHy), 4.06 - 4.14(1H, m,CH), 4.31 (2H, 5,CH,), 4.36 (2H, s, CH,), 4.43 (2H, s,
CHy), 7.55-7.63 (6H, 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
campound (118) and compound (119) incorporating the following alternative/
additional steps

Step 4b: {4-(tert-Butoxycarbonylamino-methyl)-benzylamino}-acetic acid cyclopentyl
ester



O A solution of trans-4-(am nonethyl)cycl ohexane carboxylic acid (1g,

6. 4mmol ) and sodi um hydr oxi de (256ng, 6.4mol) in 40nml of di oxane and 40nl
of water was cooled in an ice-water bath while stirring. D -tent-butyl

di carbonate (1.39g, 6.4mmpl) 160 was added and the m xture stirred at r.t.
for 5 hours and | eft standing overnight. The solution was concentrated in
vacuo and acidified with 2N HCl to pH 2. The acidified aqueous |ayer was
extracted 3 tines with Et OAc. The orgléﬁ'ic | ayers were pooled and washed
with brine. The organic |ayer was dried over magnesium sul fate and
evaporated_to dryness. The product was obtained as a white solid (1.1g, 64%
yi el d) . 'PF%R@%%!S‘WG@E@Q}?H%':SGBP e cyclapeniyhesten) iy cH2) 01. 34 - 1. 53
(11 H m baguena/z 3B2W5+H* 84 (2 H, dd, J=13.0, 2.3 Hz, CH2), 2.05 (2 H,
dd, CH), 2.18 - 2.35 (1 H m CHCH2), 2.99 (2 H, t, J=6.3 Hz, CH2NH),
4.59 (1 H br. s, CHCOOH), 11.0 (1 H, br. s, COOH). Stage 2:

( 4- Hydr oxy ftesphigl [4e{eri-BhiexyrhrbonyigminocaathdiicozydiePd-fiueren-Syitpthost er  HO

NYO 11 O Lidt ki ur [aa MY i ng, 12.2mol) was suspended in
anhydr ous %ﬁ%&%?ﬁ?%ﬁﬁ%@b%ﬁé@ﬁ 0C under N2 atnosphere. A solution
of 4-(tert-butoxy- carbonyl-am no-nethyl-cycl ohexanecarboxylic acid (1.1qg,
4. 1lmol) in THE and dioxane (1 OnM, 1:1) was added slowy and the m xture
was stirred overnight at room tenperature. Excess |ithium alum nium

hydri de was quenched by add@’ erN” dwopwi se. The cake was filtered and
washed with THE (1 Om) and OH %quv:l). he NFBdct rat e was concentrated in
vacuo and acidified with 1 N HCl to pH 2. The aqueous was extracted tw ce
with Et OAc. The organic | ayer was dried exer magnesiumsulfate, filtered
and evaporated to dryness to yield 96 product (97%vyield). 1H NWR
(300 MHz, CDCI3), 8 0.81-1.08 (4 x CH2), 1.33-1.60 (10 H m boc
and CH), 1.82(4H,d, J=5.7Hz, 2xCH2), 8(2H,t,J=6. 4Hz, CH2NH) , 3. 46(2H, d, J=6. 4

9, C)

25 S

To a solution of [4-(tert-Butoxycarbonylamino-methyl)-benzylamino]-acetic acid
cyclopentyl ester (0.2 g, 0.55 mmoi) and 1 M Na,CO; (1.1 mL, 1.1 mmol) in DCM (2
mL), was added slowly with stirring and ice bath cocling, a solution of 8-
Fluorenylmethyl chloroformate {(0.14 g, 0.55 mmol) in dioxane (1.4 mL). The mixture
was stirred in the ice bath for 4 h and at rcom temperature overnight. The mixture was
poured into water (80 mL.) and extracted with diethyl ether. The organic extracts were
combined, dried (MgS0,) and evaporated to dryness to afford the desired product
(0.32 g, 100%). m/z 607 [M"+Na]’

Step 5a: [(4-Aminomethyl-benzyl)-(8H-flucren-9-yimethoxycarbonyl}-aminoj-acetic
acid cyclopentyl ester

TT L0

Procedure as described in step 5.
Product m/z 485 [M*+H]"



Hz, CHOH), 4.60 (1 H, br. s, CH Stage 3:

(4- Fornyl -cycl ohexyl net hyl )-carbam c acid tert-butyl ester o~ NYO O 161
(4- Hydr oxynet hyl - cycl ohexyl net hyl )-carbam ¢ acid tert-butyl ester (965ng,

4. Omol) was dissolved in DCM (20m ) and cool ed down to -78C. Dess Martin
reagent (2.52g, 6.0mpl) was dissolved in DCM (30ml) and added slowy to
the stage 2 al cohol in solution. Thelgseacti on m xture was then stirred at
r.t. for 3h. The resulting solution wds poured into a vigorously stirred
sat ur at ed NekiEE{(@idFiuNERS2RORetokydaimnylf-B-1[2-(L30Mipxy-ctidgcobgani)c | ayer was

ov oy at ealpsoiiRElerS-hihelth e e DRE RN SMR AP \r (300
MHz, CDCI3pstes: 0.83 - 1.01 (2 H m CH2), 1.15 -1.24 (2 H m CH2), 1.34

(9 H s, Boc), 1.75 -1.88 (2 H m CH2), 1.90 - 2.00 (2 H, m CH2), 2.05 -
2.18 (1 H m CH), 2.93 (2 H t, J=6.4 Hz, CHZNH), 4.53 (1 H, br. s,

CHCHO, 9.55 (1 so\%tQ) age 4: H 41L3
S)-{[4-(tert-Bui catlbonyl a - mej hyl c\r%yd) b Zam no} - phenyl -
gc)eti{E: af:id cycIyP @im y So o O HWTI/

(4- Fornyl - cycl ohexyl met hyl y-carbam c acid tert-butyl ester (390ng, 1.6muol)
and (S)- am no-phenyl -aceting ackd cycl opentyl ester (394ny, 1.8mmvpl) were
stirred in DCE (6m) at r, 25mn. Acetic acid (9.6ul, 0.16nmol) and
sodi umtri acet oxy- borohy 1.0y, 4.8mmol) were added and the resulting
m xture was stirred for ~112130 at r.t. DCM (10m ) and a saturated sol ution
of NaHCO3 (10m ) were added and phases were separated. Agueous were
extracted with EtOAc (2 x 10m ), the organics

Procedure as described in step 6.
Product m/z 790 [M*+H]"

Step 7a: (4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-6-ylimethyl}-amincl-methyl}-
benzylamino)-acetic acid cyclopentyl ester (120)

o) H
N N
Ty o
o N 8 5
120

{(9H-Fluoren-9-ylmethoxycarbonyl}-[4-({[2-{1-isobutoxy-athoxycarbamoyi)-
benzo[b]thiophen-6-yimethylj-amino}-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 B mL). The resulting mixture was stirred at room temperature for 1 h. The
solvent was evaporated fo dryness and the product separated into 2 portions. One
portion was taken through to hydrolysis of the cyclopentyl ester, while the second
portion was dissolved in DCM (1.5 mL) and stirred with 4M HC! in dioxane (1.0 mL) for
2 h. The solvent was evaporated fo dryness and the product purified by preparative
HPLC to afford the desired product as a TFA salt. LCMS purity 98%, m/z 468 [M*+H]",
"H NMR (300 MHz, MeOD), &: 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, CH,), 1.65-1.93 (8H, m, 4 x CHy)



were dried over magnesium sulfate, filtered and evaporated to dryness. The
crude product was purified by colum chromatography (8:2 heptane / Et QAc)
to yield 223ng of the pure amne (31 %yield). LCVS purity 100% m z 445
[M+H] +. Stage 5:

(S)-[(4- Am nonet hyl - cycl ohexyl nmet hyl ) - am no] - phenyl -acetic acid cycl opentyl
ester O ~~ JT ~N 101~H~NHZ 162

(S)-{[4-(tert-Butoxycarbonyl ani no- met}r?;?I ) - cycl ohexyl net hyl ] - am no} - phenyl -
cetic aci @te%)gé Q-tH&Hroﬁ?éaﬁian(o%?@éf&o[bﬁh@;ﬁﬁéﬁl@-ylﬁ\@ﬁy@bhfﬁo?ﬁxeth?i}m\/' (4rr1 ),
TFA (1 m) was t he mxtwevmssurraia r.t, :

sol ution WQ‘%”Z@’B‘ ’@Fe&'tcéﬂ’d(ﬁz vacuo, taken up in DCM vvashed tvm ce vmth a
saturated solution of NaHCO3 and once wth a saturated solution of

brine. The organi c phase mas drled over magnesium sulfate, filtered and
evaporated to yiel d ifre cxpetteda e Row offl (130nmg, 75%vyi el d).
LCMS purity 100% mz 3 r OH
(S)-[(4-{[(2-Hydroxycar®b i op en-%-ylomat hyl ) - am no] - net h

yl }-cycl ohexyl net hyl ) - am no] - phenyl %ﬁtlc acid cycl opentyl ester (126) cro
H IO HNI / SNOH wO 126 Stage am ne (130ngy, 0.38mmmol) was stirred
with 6-fornyl -benzo[ b]thi ophene-2- carboxylic acid (1-isobutoxy-ethoxy)
amde(Sch {Jé_ryg)l) in DCE for 30 mn at r.t.. Acetic acid
(2.1 ul, e’ggxeggr]a(5'&;!hggc?gbeooln%mtr|acetoxyborohydrlde (218nyg, 1, Ommol ) were
added and LﬁMSrmlﬂtYIng/m@/m()&MéH]waél MNYIR (300Vitdz daighd: &09(1i..s, Ae mi xture
was concenbr@t(p,ql d D-‘Baé?HﬂArf-l?l?%@ (li'lﬁ d %rllgﬂ%@:f era8NSH, Mh &8 @At 4 at ed

sol uti on of NaHCO3 I-S g . The, organi cs were dried over
CH,), 4.35 (2H, s, CH2) 432 (2H s CHZ 393( ,s, CH)

Synthesis of Compounds in Figure 8 Exemplified by Compound (126) and
Compound (127)

-
s o N s
o

<

R= cyciopentyl 126 R= cyclopentyl 128
R=H 127 R=H 129

Figure 8

Stage 1: 4-{tert-Butoxycarbonylamino-methyl-cyclohexanecarboxylic acid
0

HO
H
/IKO\/N\I(OY
o]
A solution of trans-4-(aminomethyl)cyclohexane carboxylic acid (1g, 6.4mmol} and

sodium hydroxide (256mg, 6.4mmol) in 40ml of dioxane and 40mi of water was
cooled in an ice-water bath while stirring. Di-ferf-butyl dicarbonate (1.39g, 6.4mmol})



magnesi um sul fate, filtered and evaporated to dryness. The crude product
(167ng) was purified by preparative HPLC to yield conpound (126) as a
light pink solid. LCMS purity 86% mz 550 [M+H]', ca. 10% carboxylic
acid. 1H NWR (300 MHz, MOD), S 1.08 (4 H m 2 x CH2), 1.76 (14 H m 6
X CH2 and 2 x CH), 2.81 (4 H m 2 x CHNH), 4.35 (2 H s, CHZNH), 5.12 (1
H s, CHNH), 5.30 (1 H m OCH, 7.5L;46 H m Ar), 7.85 (1 H s, Ar),
7.96 (1 H d, Ar), 808 (1 H s, Ar). Synthesis of

((S) - ((4- ( ez adgatrand\foambdiure glirrde 2.b s 5t elispeind fiefbstynding dvpinjght. The

ag |n|0] Hlmf“fNQbﬂht)orﬁNQ &H@éﬁﬂa{@t:ﬁyéz&m%ﬁb B&lhféﬁ\ﬁ:ﬂ')’él\‘l petll g 2Gind abidildd 163 al |

(S)-{[ 4- (téﬁ*ﬂeosaiadiw%%%ﬁ?ﬁaﬁﬂ*ﬁ@sMgmﬁa 4V PRBIRAYREBIWRIE Podded #1154 - pheny! -

?Ze'lizl c afl dJai;Ei%“dtwdhtﬂrMé BRi@garkt IHPEF wab@neddca\{er rllagrl;estlum suifa;ce and 8 3. 7mmol)
or -gycl o [ er u o

and (S;Tyte ﬁ%ﬁ{é&ﬁ%(ﬁ? er?gaté’ﬁsé’?’ @mwmteﬁa%ﬁ gmé‘i’;éygf%ggred in DCE

(20m) for 11381|Mm(300mm CDCRY i300.620Ub7 (DH.Hnw)),) 1.8 . 5DANHM, boc and

triacet ox reaction

m xture W);.?w)f q%égé%ﬂ é% f‘;&f oiﬁéh]CHngg\Qs i%ﬁ)&gﬂ?gaar%ﬁaﬁ-h%d sol ution

of NaHCCB (CRiGirib) Z\Eér(%HaUdeﬁj3aiﬂdC!MM§e$5%rfé, bs e &HAQKH), The (1 ddwenus phase

was extracikemhyy th Et OAc (20ml). The organics were dried over nagnesium

sulfate, filtered and concentrated under vacuum The crude product (2.49)
was purified on colum chromatography (7:3 heptane / EtOAc) to yield the

(;i(pect <2ad B8 € (4-H 28O HBhethidfcichetyihetBdmPulE béi tehOSRg etz 433 [ Mr+H|'
age 2:

(S)-{[4-(tert-Butoxycarbonyl am no-net hyl)-cycl ohexyl net hyl ] - am no} - phenyl -

/\O\,EYOY

O

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.Tmmol} in THF and
dioxane (10ml, 1:1) was added siowly 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 (10ml) and MeOH (10ml). The
filtrate was concentrated in vacuo and acidified with 1N HCI to pH 2. The aqueous
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, CDClsg), 6: 0.81-1.08 (4 H, m, 2 x CHy}, 1.33-1.60 (10 H, m, boc and CH),
1.82(4 H,d, J=5.7 Hz, 2x CH; ), 2.98 (2 H, 1, J=6.4 Hz, CH,NH ), 3.46 (2 H, d, J=6.4
Hz, CH,0OH), 4.60 (1 H, br. s, CH)

Stage 3: {(4-Formyl-cyclohexylmethyl)-carbamic acid tert-buty! ester

/O\/HTOA(

G



acetic acid tert-butyl ester = 101 HNYO\~l / o
(S)-{[4-(tert-Butoxycarbonyl am no-net hyl ) -cycl ohexyl net hyl ] - am no} - phenyl -
cetic acid tert-butyl ester (385ng, 0.9mmvl) was stirred in DCM (5n) and
TFA (2m) was added and the m xture was stirred at r.t. for 30mn. The
solution was concentrated in 164 vacuo, taken up in EtQAc (5m ), washed
twce with a saturated sol ution of NaHCCB (2 x 5m) and once with a
saturated solution of brine (5ml). The organlc phase was dried over

magnesi um whﬁcﬁé@mein Léy%roﬁ A APOAAE a6ld Tté?t—letﬁ'theF 5@ Pegh@gy am ne as a
yel | ow oi | 2 ‘y% O’é& ri Q EM+ . Stage 3:
(S)-{[4- ({Y" ‘ Sb‘hPS 28&” 853 %m 34 #eg ‘Qc}‘f%]“ﬁﬁﬂ‘ Sret hyl ] -

am' no) met b}bh])ncﬂt)wdsaii&ﬁlyédmtﬂmlﬂswm m}adﬂbnesly\lv}ya@&telstagaa alcohelrit - but yl est er

(5) {[4 (¢ B EBLTRS R B S e RSN HER S 7 5 1T B KSRt RY PR OR S} - pheny! -
cetic aci goured mtd:mwgd»row ﬁrre(izemmged I9alGRAd Na20s solution (1:1, 100ml).

6-f | -b h d
(Scﬁre% o ?@@@Q&&@g&%&gm %ﬁe@éﬁg@éﬁ% w@ﬁ!&rfﬁd%éd%ﬁi}%@d@émg%moﬁw Agrentlg

acid (4ul, s@prqﬂ@d%@weﬁﬁﬁﬁqwaiééfﬂ%wywmm’ﬂ. > vielp SRNVB 4ol )
were added a@nmﬂﬂeoﬁwoe@ #iof (& HemWB R, S¢H5f¢d4?QHrthHJ)0’fS4J(9h3@ DCM

op ot od. Befc: thab B¢ e tbant pEt i, 28 A0 L or sanrce

separ at ed. Befle! 5§1u
were dri edge‘{EH,ﬂmgﬂesizmﬁi_zsml)f@s:emHlblrtsecgd:l—m)mfi@ﬂdem CHD()ad under vacuum
The crude product (543ng) was purified on columm chromatography (5 to 10%
MeOH in DCM to vyield the expected pure product (172 34% vyield). LCVS
purity 100%%agettz(Seda-(teftAuiaycarBnyipmiap-methyl)- cyclohexylmethgt]l—amlno}-phenyl-

(S)-{[4- ({E;é’e*ne&mh% Axyestbhoxycar bamoyl ) - benzo[ b] t hi ophen-6-yl met hyl ] -
am no} - net hyl ) - cycl ohexyl net hyl ] - am no} - phenyl -acetic acid tert-butyl ester

(127) i
oy ’
g 0 /\O\/N\H/Oﬁ/

O
{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 (8.6ul, 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 NaHCQO; (10mi) were added and
phases were separated. Aqueous were extracted with EtOAc (2 x 10ml), 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% vield). LCMS purity 100%, m/z 445 [M"+H]".

Stage 5: (S){(4-Aminomethyl-cyclohexylmethyl)-amino}-phenyl-acetic acid cyclopentyl

ester



HOIO NI SM-OH HO 127 165
(S)-{[4-({[2-(1-1sobutoxy-ethoxycarbanmpyl)-benzo[ b]t hi ophen-6-yl met hyl ] - am
no}- nethyl)-cycl ohexyl methyl]-am no}-phenyl -acetic acid tert-butyl ester
(172mg, 0.27mmol) was stirred in 4M HCl in di oxane solution (2m) at r.t.

for 30mn. The solution was evaporated to dryness to yield conpound (127)
as a beige solid (1 23nyg, 95%y|eld)16 CVS purity 98% mlz 482 [M+H] +.'
NVR (300 MHz, MeOD), 8: 1.10 (4 H m x CH2)01.80 (6 H, m2xCHZand2
Xx CH, 2.88 (2 H dd, CHNH, 2.94 (2 H d, CH2ZNH), 4.36 (2 H, s, CHZNH),

1 H d,
ir 5)7 (811; ((é) hmﬂ-Bi\togﬁ ﬁtﬁ) %mﬁéﬁtwd C&Cﬁﬁe)ﬁ'ﬂnd;h Ne mmojrdw egj—a af:cor ding to
the proced@€ yaaranphesier (BZSmMﬁmﬂ@ihww%)ed éthCMdﬁlmBuTFd\ (1l mas
(9)-2- [ 4- Chibeks dhctnorinea %gemed)ﬁw%r%t heRuRA whs Koruhbiatbd ™

no] - met hyl } - cI ohexyl me - am no]j - 4- met pent anoi ¢ _aci d
cycl opent yIVQELE s ?‘1?%% G fuice 'ﬁ% SW@%’E@?G'U i QfjaHCGy 2aRRNEE00 Mz,
MeQD), 5: itA% safurdted *solut;bﬁ of Biite, Th of. e@irk?;)haséwéédn(uéh dver nagabsiuth 1 Hz, 2 X

(23H)2() CH%NI:)G SEII%Q%?H?T”& 'gﬁd agé%?eaqa y@}id tEi:H %ﬁiecge% ayel[@vg% 2 97 (4 H , M

" m
7.54 (1 H, ?é%uﬂaﬂ)&CPM?‘:pmlWOU%SWZ(SESEMM] Ar) 7.94 (1 H d, J=9 Hz, )
8.08 (1 H s, Ar). (S)-2-[(4-{[(2-Hyd roxycarbanoyl - benzo[b] i

ophen-6-yl net hyl)-ami no]-nethyl}-

cycl ohexyl net hyl ) - am no] - 4- net hyl - pent anoi ¢ aci d (129) LCVS purity 95% nz
462 [M +H] Stag?e% PNYRALEO My caMéﬁé)yl—béizo[ﬁ tRGpHeR- |91a|§|n3}~meth

501 (1 H IR %%”fﬁm%zﬁa%lﬁﬁé@ﬁéf@fmw Pg%’f? ”fem )N 8 b A

7.85 (1 H s, Ar), 7.95 (1 H d, J=8.1 Hz, Ar), 8.08 (1 H, s).

&

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.f.. Acetic acid (2.1ul, 0.03mmol} and sodium triacetoxyborohydride
{218mg, 1.0mmol} were added and the resulting mixture was sfirred overnight at r.t.
The mixture was concentrated in vacuo, taken up in EtOAc, washed with a saturated
solution of NaHCO; (10ml) and brine (10ml). 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%, m/z 550 [M*+H]", ca. 10% carboxylic acid. 'H NMR (300 MHz, MeOD), &:
1.08 (4 H, m, 2x CHy), 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 (1H, d, Ar), 8.08 (1 H, s, Ar).

Synthesis of ((S)-[(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-6-ylmethy)-
amino]-methyl}-cyclohexylmethyl}-amino]-phenyl-acetic acid (127)



166 Synthesis of Conpounds in Figure 9 as Exenplified for Compound (130) H
/1T A\ NOHH/ I \ANNOH O/N\ N\ SOON\ N\ SO'OHIi / H 130 131
e -L, H\NNOH O-OHOH N\ SOOHNO (Vi 132 133 /Oo0o cxo0 OH1 , N\
50 HHOH 134 Stage 1. (S)-[(3-nitro-benzyl) -am no]-phenyl-acetic acid
cyclopentyl ester O 11 NO2 Fih O To a solution of phenylglycine

cycl opentyl ester tosic acid salt (3.08 g, 7.8 mol) in DCE (120 m) was
added 3-nitrobenzal dehyde (1.01 g, 6.1753mml) t hen sodi um

tri acet oxy-borohydri de .03 g). The mixture was stirred for 3.5h, then
guenched by addition turated sodi um bi carbonate solution (200 m).
Product was extracted DCM (250 m) and the organic extract was dried
(MgS™). The product was: carried forward without further purification. 167

Stage 2: (S)-[(3-nitPe:bé - t - but oxy | -am no] - phenyl -acetic
aci d ol H SR
o] N s OH

0]
127

Stage 1: (8)-{{4-(tert-Butoxycarbonylamino-methyl)-cyclohexylmethyl}-amino}-phenyl-

%
IRARCUTS

o

acetic acid tert-butyt ester

(4-Formyl-cyciohexylmethyl)-carbamic acid fert-butyl ester (829mg, 3.7mmol) 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 NaHCQO; (20ml) were added and phases were separated. The
aqueous phase was extracted with EtOAc (20ml). The organics were dried over
magnesium sulfate, fillered 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% yield). LCMS purity 100%, m/z 433 [M*+H]".

Stage 2: (8)-{[4-(teri-Butoxycarbonylamino-methyl)-cyclohexylmethyl}-amino}-phenyl-

>
T O oy

0

acetic acid tert-butyl ester

(8)-{[4-(tert-Butoxycarbonylamino-methyl)-cyclohexylmethyl}-amino}-phenyl-acetic
acid tert-buty! ester (385mg, 0.9mmol} was stirred in DCM (5mi} and TFA (2ml) was
added and the mixture was stirred at r.t. for 30min. The sclution was concentrated in



cycl opentyl ester Iv~ 0010 / To the crude m xture of (S)-[(3-nitro-benzyl)
-am no] - phenyl -acetic acid cyclopentyl ester in DCM (50 m ) was added

di -ter-butyl dicarbonate (3.38 g, 15.6 mml). The m xture was heated at
50C overnight, then cooled to it. NN, N -trimethylethylene diamne (2 m)
was then added and the m xture stirred for 2h. The m xture was then poured
into ethyl acetate (150 m ) and vvashefiévm'th 1 MHCI (3 tinmes 50 m), dried
(MgS™) and concentrated to yield the éesi red product as a col ourless oil
(1.509 g, vdaRA kel gl in BLOMSEMIY, ashcdGce DIt a%&trdt8ardiiton oFNAMEDL 00MHz,

d6- DVBO), sl 97 =2.1.. 9 Hz . 15-7.45 (8 . §0-6.00 (1
H m, 5 2 -55‘.')%‘8@&%??’%6 ,ggl“%‘?]%?-oﬁ‘?'%’éoﬁ')“ﬁ(gﬁ?mﬁ.O?f“é’fﬁﬁfer%s Fied He)

1. 30- 1. 95 (T Hyagnysi@n syiatq filtered and evaporated to yield the expected amine as a

(S)-[(3- Am Hps r et 7 31 | -acetic acid

Cyei opent y1° SYBTEENG SPIR: CEAEBLRGRYR M G 1Y
(S)-[(3-nitro-benzyl)-tert-butoxycarbonyl -am no] - phenyl -acetic acid

cycl opent ybtgstze . -Bobidoxyetiatarbamioy@LitanshiiHiddhes)yin@syadded

pal | adi um or?fg fa(rslc);é[21 (5% o o%%?mggﬁg rmﬁg) ) :}!ﬂgl f(?égsk \Xas ev]acuat ed and
back-fi || e@T{RCtHe @"& (}13”5‘8 Vimmorphanykacelinacd b edeer ni ght, t hen
filtered through Celite, washed wth ethanol (150 m) and then
concentrated to yield t desire product as a colourless oil (1.351 g, 96%
yield). "H NWR (300 13), 5:7.19-7.42 (5H, n), 6.97 (1H, t, J=7.5
Hz), 6.46 (2H, dd, J=8 16.5 Hz), 6.29 (11-1, br , 5.58 (1 H,br s),

5,29 (1 H, br s),,4.6951 H br s), 400 (1 H d, J=18.9 FHz), 3.74 (1 H,
q, J=6.9 Hz), 3.51%9 DS .20-2. Q -868 Lsé‘ée 4:
(S)-[tert-Butoxycar boW@?ﬁT@l\)—i§ /- ethdxycar banoyl ) - benzol bj -

t hi ophen- 6-yl net hyl ] - am no} - benZyy~<am E

ester K\ -~ ~0O-i "OI~N~1 SO

(S)~{[4-(tert-Butoxycarbonylamino-methyl)-cyclohexylmethyl]-amino}-phenyl-acetic
acid tert-butyl ester (290mg, 0.9mmol) and 6-formyl-benzo[b]thiophene-2-carboxylic
acid (1-isobutoxy-ethoxy) amide (Scheme 7) (255mg, 0.8mmol) were stirred in DCE
(8mi) 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, filtered and concentrated under vacuum. The crude
product (543mg) was purified on column chromatography (5 to 10% MeOHM in DCM) to
yield the expected pure product (172mg, 34% yield). LCMS purity 100%, m/z 638

M +H]*.

Stage 4: (8)-{[4-({[2-(1-Isobutoxy-ethoxycarbamoyl}-benzo[b]ihiophen-6-yimethyl]-
amino}-methyl)-cyclohexylmethyl]-amino}-phenyl-acetic acid tert-butyl ester (127)

O

HO\H)\N
H
H N
O /\O\,Hm N~on
. . o]

127



To (S)-[(3-Am no-benzyl)-tert-butoxycarbonyl -am no] - phenyl -acetic acid
cycl opentyl ester (0.317g, 0.75 mml) was added

6- For myl - benzo[ b] t hi ophene- 2-carboxylic acid (1-isobutoxy-ethoxy)-am de
(Schenme 7) (0.210 g, 0.65 mmol) in DCE (8 m). 2 drops of glacial acetic
acid were added, and then sodiumtriacetoxyborohydride (0.170 g, 0.8
nmml ). The m xture was stirred for 2h _and then poured into DCM (150 m).
The ~sol ution was washed with saturatl& sodi um bi car bonat e (50 m), then

dried ('VCJS(@‘)l 4-({[S-PEEHS Ie%%x?éé‘#beﬁuﬁﬁ feREb BRI h@ﬁh)&ﬁ% omat ogr aphy to
yield the deqs[l r({édpﬂ rod u@ as_ a ;1){2'0 c@v ]c?am 4 %yi eld). "H
'1?? (

NMR (300 MRl Ytﬁj@'@?xy"@ethy'ka@@o Fd tegt- b&‘é’ 85%%(1( ., 7.01-7. 41
(8H ), 60.90mmo)Waé dtredm) AMEHEHh diditEne sdidtion)@)Gt r.7 £ 3bin. Tﬁe 25-5. 31 (1 H,

, 5.12 (1
Ny 3 15 oy Hes Biggiofatt b aptiad® joveidboribophy pidh) SED veigd s Gl daplly O
m, 0.98 (&% yidid). JE815purin) 98%.. rﬁﬁ463[ﬂ¢l +H]". H’tﬂMR (BIZQ MSEHQ&OB) 81104
S 3-[(2- | - b | -
o L TS REORT BN, Or RERE B4 DL ORI°Ra T GUNIPIBRE OS2
O \Jl |Odf¢ﬂg[§!ﬁl)4]’3ﬁ(§|’i;@|@h‘_‘g[‘&‘i’] @ﬁ?(‘iHSCH) 753(6HmAr ), 7.87 (1H, s,

(S)-[tert-Bytpxyaas, QOJQMIBQ;_S {h,%; Ad; | sobut oxy- et hoxycar banmoyl ) -
benzo[ b] t hi Ophen- 6-'yi met hyl 5 am no} - benzyl ) - am no} - phenyl - acetic acid

cycl opentyl ester (0.100 g, 0.14 mmol) in DCM MeOH (1 m:1 nm) was added
TFA (8 m ) TheliamwisPtdiigoandsvaere ptdpareaichctearting o the pestedirt desmibed foh DCM ( 200

m). The sqlutio hed i saturated sodi um bi carbonate (100 m).
The sol uti Ome\%@gémay‘?%‘?%\gdﬁeoncentrat ed and purified by reverse
phase HPLC to yield the desired product (8.1 169 ny, 111%yield). LCMS

980/ . 3.47 (21-1,
Y SR A ettt .1 ()

t, J 6.0 %ohe@vh@twmfﬂwoiﬂ-metbv'wtar@'%m’ fVHOI’-‘%')W'erBM 2 H t, J7.8
Hz), 7. 23-cm8 pliltkadss, Mz 530 [M*+H]", TH NMR (300 MHz, MeOD), 5: 0.99 (6 H, t, J=

BHz, 2 x CHg), 1.11 (4 H, 1, J= 8.1 Hz, 2x CHy), 1.76 (20 H, m, 2x CH and 9 x CHy),

2.80 (1 H, m, CH), 2.97 (4 H, m, 2 x CH,NH), 3.95 (1 H, m, CH), 4.35 (2 H, 5, CHNH),

5.32 (1 H, m, OCH), 7.54 (1 H, d, J= 6 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]thiophen-6-ylmethyl}-amino]-methyl}-
cyclohexylmethyl)-aminoj-4-methyl-pentanoic acid (129)

LCMS purity 95%, mfz 462 [M"+H]*, "H NMR (300 MHz, MeOD), &: 1.00 (6 H, t, J=6.3
Hz, 2 x CH3), 1.10 (4 H, m, 2 x CHy), 1.85 (8 H, m, 2x CH and 3 x CHy), 2.94 (4 H, m,
2 x CH NHY), 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}.



7.42 (1 H dd, J 1.2, 83 Hz), 7.84 (1 H s), 7.87 (1 H s), 7.93 (1 H s),
9.23 (1 H, br s), 11.4 (1 H, br s) The foll owi ng conpounds were prepared
according to the procedures described for conpound (130)
(S)-{3-[(2-Hydroxycar banmoyl - benzo[ b] t hi ophen- 6-yl net hyl ) -am no] -

benzyl am no} - cycl ohexyl -acetic acid cycl opentyl ester (131) LCMS purity

>98% nfz 536.25 (MrH)',' H NMR (300 , d6-DMBO), 5: 0.7-1.25 (8H, m),
1.50-1.95 (14H, m, 3.69 (1 H br s),'°8.98 (2H, br s), 4.43 (21 1, br s),
5.14 (1 H t, J 5.4 Hz), 6.60-6.71 (2H, n), 7.05-7.28 (3H, m), 7.43 (1H,

(97 1 ort- BuPAYGPA pECombolh Fae B av e meliod o CommbiRE D et hy1 )

am no] - benzyl am no} - propi oni ¢ acid cycl opentyl ester (132) LCVS purity
>98% m z 540.25 . (MH,"'H NVR (300 MHz, d6-DNBO), 6: 1.05 (9H, s),
1.50-1.78 (8H, 3.15-3.67 (51141 m, 4. 35@1-1, d, J 5.8 Kz), 5.05-5.15
(1H, m, 6.31 (¥ H t, 6. 40-6. 48 ¥2H, m 4 "M s), 6.96

g)l H9 t2’4 (1 ‘br ;@?derjsf memﬂ% (1 h

(S)-2-{3-[(2- Fwdroxycarbannyl benzo[ b] t hi ophen- 6- yh%gthyl)-ani noj - benzy-
| am no} - 4- net hyl - pent dA®i ¢ aci d cycl opentyl ester 3) LCVB purity 98%
mz 510.25 (M+Hr,"H NVR (300 MHz, d6-DVSO), 6: 0.87 (6H, d, J 6.4 Hz),
1.50-1.94 (10H, m, 3.57-4.20 (31-1, m, 4.44 (2H, s), 5.20 (1 H t, J 5.8
Hz), 6.58-6.74 (3H m, 7.11 (1 H t, J 7.7 Hz), 7.43 (1 H d J 8.3 Hz),

7.85-7.96 (3H, ?938(% br s), 11.46 (1 H br s)
0}

(S)-3-tert-Butoxyz2-{4-[(2-hydroxygarbanoyl - &zo[b] hi n- B-opl met hyl ) -

am no] - benzyl - pr op ﬂl; 2 ‘JchcIo e -rN purity 98%

m z 540. 25 N @w 300 MPiz, d4- ;5* 1. 77 (2 -1, m, 7.28
6 53

(1H, d, J=7: ), 689 (2H, d, J= 6.6 Hz), d, J=6.6 FE) 5. 06-
5.08 (1 H m, 4.35 (331, s), 3.40-3.75 (5H, m, 13%0-1.82 (81-1, m, 1.04
(91-1, s) 170 Measurenent of biological activities

\+/

O’ \ﬂAN,\Q\ﬁ/@:}_«o

lllll
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Stage 1: (S)-[(3-nitro-benzyl) -amino]-phenyl-acetic acid cyclopentyl ester

O

casave

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 ml). Product was extracted
with DCM (250 mfi} and the organic extract was dried (MgSO,). The product was
carried forward without further purification.



Hi stone deacetyl ase activity The ability of conpounds to inhibit histone
deacetyl ase activities was neasured using the commercially avail able HDAC
fluorescent activity assay fromBionol. In brief, the Fluor de
LysTMsubstrate, a lysine with an epsilon-am no acetylation, is incubated
with the source of histone deacetylase activity (HeLa nuclear extract) in
the presence or absence of inhibitor. Deacetylation of the substrate
sensitises the substrate to Fl uor dequysTIVdeveI oper, which generates a

f 1 uor ophor gtagé2@)-{3RRHPBNzAN B bLIdXGcHbEHI-ERine]-phenyiacaticsaiy ce of HDAC
activity results jn ,an increase in signal that is dimnished in the
presence ofYEIRePMAES nhi bitor. Data are expressed as a percentage of the
control, measured in the absence of ~xnhibitor, w th background signal

bei ng subtracted fromall sanples, foIIovvs- % activity = ((S - B) / (S
- B)) x 100 where S' is the signal ™ the presence of substrate, enzynme and

inhibitor, Sis the signal in_t fesence ofngubstrate, enzyne and the
vehicle in which the inhibitgr ¥s Idi 5ol @ and B is the background
signal neasured in the absence of & . £50 val ues were determ ned by

non-1|inear regression analysis, after fi'tti ng the results of eight data
points to the equation for signoidal € response with variable slope (%
activity against |og concentration of conmpound), using G aphpad Prism
software. Hi stone deacetylase activity from crude nucl ear extract derived

Ers om ]'f']?"a gs:tﬂg%rmm&ﬁ@k (SPKS-&i&gfbf@ﬁimgami'ﬁhﬁpm{n?]%ﬁﬂ& émcycbpélﬂylfls ed from4cC
enef f e, i r epar.e om Hela c arveste ilst in
exponenti aﬁga'rgﬁBHQM ﬁ@ﬁéwg%‘gq%ﬂ L?E)feé'é?’tm Aé_%?%@tae daéaﬁr é%gmq)a\é@S rding to
Di gnam JD1883urbluek hedted di 50R6overbight, htisodi4@t rit. KRN -tfimethgathyland i qui d
nitrogen a ' L b mM Hepes,
100" it Ko DB i ndatded Mg e B Mo G RE 26 E*éﬂ%%e?‘%zf glycerol
1050 resul PRUrgRing gihyl gesitled¥mb Ard weshed i ddHELG tigies R, 4 Range
A: | C50<100mhgsda aae cdpicemtfdl hryRm the YesifdtprodlLeQsd BMolourless 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), 1.30-1.95 (17H, m)

Stage 3: (8)-[(3-Amino-benzyl)-tert-butoxycarbonyl-aming]-phenyl-acetic acid
cyclopentyl ester

O

O/oj.!/:)\j\,\@,bzlﬂz
1.

To a solution of (S)-{(3-nitro-benzyh-tert-butoxycarbonyl-aminol-phenyl-acetic acid
cyclopentyl ester (1.509 ¢, 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 concenirated to yield the desire product as a colourless
oil (1.351 g, 96% vield). "H NMR (300 MHz, CDCly), 5:7.19-7.42 (5H, m), .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
s), 4.69 (1H, brs), 4.00 (1H, d, J=15.9 Hz}, 3.74 (1H, g, J=6.9 Hz), 3.51 (2H, br s},
1.20-2.00 (17H, m)



Range C.1C50 >1001nM NT = Not tested Results of testing the conpounds of
the exanples in this assay are given in the second colum of Table 2

bel ow. Cell inhibition Assays The correspondi ng cancer cell |ines (Hela,
U937 and HUT) growing in | og phase were harvested and seeded at 1000
cells/well (200ul final volune) into 96-well tissue culture plates.
Fol | ow ng 24h of cell growth cells me% treated with conpounds (fi nal
concentration of 20uM. Plates were then re-incubated for a further 72h
before a sul phorhodam ne B (SRB) cell viability assay was conducted

accordi ng e ~ wer e
expressed ?isbgg& @ Sﬁtjsz&‘g‘y??aﬁ%’ 3ﬁﬁ :%ﬁhg?%@ﬁ%}?cgfb %’}%@Bﬁ%@?l n the
absence of th’ﬁ"ﬂﬁ‘leb'lst%'ﬂe’fh armigp}-kaney!)-sminahptisnyliasaticackDeyclop@iy| Spie 00) where S
is the signal in the presence of inhibitor and Sis theg signal in the
presence of DWMSO | C50 val were determ ned b =l i near regression
analysis, after fitting th sults of eight dﬁayk"‘bm nts to the equation
for signoidal dose response i th var i abl issu % activity against |og
concentration of Conp?gﬁd rhg:gtﬁ Dael feri sen software. 1C50 results
were allocated to one 3or follows: Range A:1C50<330nM Range B:
| C50 from 330nMto 3300nM ?—'ea ge C. 1C50 >3301 nM NT= Not tested Results
of testing the conpounds of t xanples in this assay are given in the

:[Aglt Ir \le- t ;I f hé&&&%ﬂeﬁa};néﬂ%ﬁ b&o?yeclar \tlavnyl-%e;nzmo] Eﬁgrjlyleac:zetlgxaclg%l;celopgg{yl HDAC
ester (0.317g, 0.75 mmol) was added 6-Formyl-benzofb]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 friacetoxyborohydride (0.170 g, 0.8
mmol). The mixture was stirred for 2h and then poured into DCM (150 mi). The

solution was washed with saturated sodium bicarbonate (50 ml), then dried (MgSO,),
concentrated and purified by flash column chromatography to yield the desired
product as a pale yellow foam (0.346 g, 73% yield). 'H NMR (300 MHz, CDCly), &:
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=2.8, 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), 0.88 (3H, d, J=6.6 Hz), 0.97 (3H, d, J=6.6 Hz)

Stage 5: (S)-{3-[(2-Hydroxycarbamoyl-benzo[h]thiophen-6-ylmethyl)-aminoc}-benzyl-
amino}-phenyl-acetic acid cyclopentyl ester (130)

S
YO0y

130
To a solution of (S)-[tert-Butoxycarbonyl-(3-{[2-(1-isobutoxy-ethoxycarbamoyl)-
benzo[b]thiophen-6-ylmethyl}-amino}-benzyl}-amino}-phenyi-acetic acid cyclopentyl
ester (0.100 g, 0.14 mmol) in DCM/MeOH (1mi: 1ml) was added TFA (8 mi). The
solution was stirred for 2h, then diluted with DCM (200 ml). The solution was washed

with saturated sodium bicarbonate (100 ml). The solution was dried {Na,S0O,),
concentrated and purified by reverse phase HPLC to yield the desired product (8.1
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mg, 11% yield). LCMS purity 98%, m/z 531 (M+H)" 300 MHz, DMSO, §:1.26-1.85 (8H,
m), 3.47 (2H, ), 4.21 (1H, s), 4.38 (2H, d, J 5.8 Hz), 5.02-5.07 (1H, m), 6.32 (1H, 1, 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, ), 9.23 (1H, brs),
11.4 (1H, br s)

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-DMS0), &: 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,
t, J 5.4 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-benzojb]thiophen-6-ylmethyl)-
amino]-henzylamino}-propionic acid cyclopentyl ester (132)

LCMS purity >98%, m/z 540.25 (M+H)", '"H NMR (300 MHz, d6-DMSO0), 3: 1.05 (9H,
s), 1.50-1.78 (8H, m), 3.15-3.67 (6H, m), 4.38 (2H, d, J 5.8 Hz), 5.05-5.15 (1H, m),
6.31 (1H, t, J 5.9 Hz), 6.40-6.48 (2H, m), 6.56 (1H, s), 6.96 (1H, 1, 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[blthiophen-6-yimethyl)-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, s), 5.20 (1H, t, J 5.8 Hz),
6.58-6.74 (3H, m), 7.11 (1H, t,J 7.7 Hz), 7.43 (1H, d J 8.3 Hz), 7.85-7.96 (3H, m),
9.38 (2H, brs), 11.46 (1H, br s)

{8)-3-tert-Butoxy-2-{4-[(2-hydroxycarbamoyl-benzo[b]thiophen-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 to inhibit histone deacetylase activities was measured using
the commercially available HDAC fluorescent activity assay from Biomol. In brief, the
Fluor de Lys™ substrate, a lysine with an epsilon-amino acetylation, is incubated with
the source of histone deacetylase activity (HeLa nuclear extract) in the presence or
absence of inhibitor. Deacetylation of the substrate sensitises the substrate to Fluor
de Lys™developer, which generates a flucrophore. Thus, incubation of the substrate
with a source of HDAC activity results in an increase in signal that is diminished in the
presence of an HDAC inhibitor.

Data are expressed as a percentage of the control, measured in the absence of
inhibitor, with background signal being subtracted from all samples, as follows:-

% activity = ((S'— B) / (S° - B)) x 100

where S'is the signal in the presence of substrate, enzyme and inhibitor, 3° is the
signal in the presence of substrate, enzyme and the vehicle in which the inhibitor is
dissolved, and B is the background signat measured in the absence of enzyme.

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

Histone deacetylase activity from crude nuclear extract derived from Hela cells was
used for screening. The preparation, purchased from 4C (Seneffe, Belgium), was
prepared from Hel.a cells harvesied 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 % (viv)
glycerol. |

1C50 resulis were allocated to one of 3 ranges as follows:

NT 173 Exanple No. HDAC Activity Hela U937 HUT 31 BB A B
BCNINIT 34 BBAB 3 BBBB 36 ABAB 37 BCCZC
39 BNTAB 40CCCC 41 CCCC 42CBBB 43 BCCC
CCNINIT 46 CCBB 47 BCBB 48 CCBB 49 B C NI NT
BCBB 52 CCNINI 53CCCC 54CCNIN 55CCCC

32
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4
5
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B
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6 C
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Range A: |IC50<100ni,
Range B: IC50 from 101nM to 1000nM,;
Range C: 1C50 >1001nM.
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, U237 and HUT) growing in log phase were
harvested and seeded at 1000 cellsfwell {2004l final volume) inio 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 fo Skehan
1980 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-((SYS*)x100)
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 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.

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 >3301nM,

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.

B A
78 ANT NT NT 79 ANT CC 80 BNT NT NT 81 ACCB

B C
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833 BBBB 84 BNI NTNT 85 BCAB 8 BCAB 87 ANT NT NT 88 BBA
B 89 BCAB 90 BNI NTNT 91 BCBB 92 ABBB 175 Exanple No. HDAC
Activity Hela 0937 HUT 93 A NT NT NT 94 B NT BB 95 B NT NT NT 96 BCB
B 97 BNT NT NT 98 BB B B 99 CNI NT NT 100 ACB B 101 A NT NT NT
102 BCBC 103 ANNT NT NT 104 BB AB 105 A NT NT NT 106 AB A A 107
NT NT NT NT 108 BB B B 109 AB A By
Table 2
Example No. | HDAC Activity Hela kg HUT

1 B C B B

2 B C B B

3 C C B C

4 B c c C

5 B B B B

6 A C Cc c

7 B C B B

a B C C C

g B B B B

10 A C c C

11 B B B B

12 B c C C

13 B c B B

14 B C o Cc

15 c C B B

16 c c c c

17 B C B B

18 B C C C

19 B B B B

20 B B A B

21 B c C C

22 B B B B

23 B C C c

24 B o C B

25 B C C c

26 A B B B

27 B C NT NT

28 B B B B

29 B B B B

30 B C NT NT
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176 Exanple No. HDAC

NT NT NT 126 B NT A C 127 B NT

B
A
NT
rboxvest erase Assay Preparation

BC 131 CCBC 132 BCBB

3
A
NT

— TR =N)
ANCIZ0

HUT

NT

NT

NT

NT

NT

NT

NT

NT

NT

uo3y

NT
NT

NT

NT

NT

NT

NT

NT

NT

NT

Hela

NT
NT

HDAC Activity

Example No.

31

32

33

34
35
36

37
38

39
40

41

42

43

45

46

a7

43

49

50
51

52
53

54
55
56

57
58

59
60
81




U937 or Hctl 16 tunmour cells (- 109 were washed in 4 vol unes of Dul beccos
PBS (- | litre) and pelleted at 160g for I Omins at 4C. This was repeated
twice and the final cell pellet was then resuspended in 35m of cold
honogeni sing buffer (Trizma 10nM, Nad 130nM CaCl2 0.5nM PH 7.0) at 25C
Honogenat es were prepared by nitrogen cavitation (700psi for 50mn at 4C).
The honpgenate was kept on ice and su P enented with a cocktail of

i nhibitors designed to give final concCentrations of Leupeptin 1M Aprotinin

0.1M E64 BM Pepstatiln 1.5M Besflatin I62M] Chymostafim 33V L7 After
clarifi cat | d¥xaaiplé Ne. delibAb Awtigienat € Byracentri fugaat i on at ygpo rpm for
10m n, thejresulting gupernatant was used as$ a sourcel of esterage activity
and coul df be sggored at -80f until required ur e r cl eavage
Hydr ol ysi s|-of ester ta-the Correspondiiig cafboxytic acid ¢dn be [neasured
using this|cell 6&xtragt. ToBthis effedT cell extmact {(-30wg | tdtal assay
vol ume of #0.5AF) Wwas |incubgred at— 37C rma frTy=—HC25mv-125miyl NaCl ,
buffer, PH—7Z.5"at 25¢€ At Zero tjne tHe relevaht estler (_Substrate), at a
final concpentraséon o¢f 2.5M was {hen @dded| andnyganplies i pgubat gd at 37C
for the apProprégte rme (Usuatty—zergor—B0—mnutes)y—Reacti-oHfs were
st opped by|.the ditign of ®3x volunes“of Atetorfitrille. Fd® zerd tine
sanpl es thF acespnitrile was added prgor tp thgrestdr coggound] After
centri fugariom g 12090y for—Smnptes,——sanptes—were-analysed—qr t he
parent estler and’its Lor r esBondi ng carboxyl|c &id gt rodin tenger at ure by
LCMS (Sci ex API 68000, | HP110@ bi naty pugp, [TC RAL). |Chrongt ogrdphic
condi ti onsfused_werehased-orn—an—pAcecN

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 Cc C B

82 B NT NT NT

83 B B B B

84 B NT NT NT

85 B c A B

86 B C A B

87 A NT NT NT

88 B B A

89 B C A B

80 B NT NT NT

91 B C B

92 A B B




(75*2.1nmm colum and a nobil e phase of 5-95% acetonitrile in water /0.1 %

formc acid. 178 d ai ns:
hydrate or sol vate thereof:

wherein R, is a carboxylic acid group (-COCH),

hydr ol ysa

substi t ut

-(AK ) (g

an option
het er ocyc
both ma
wher ei n
substi t ut
nono- or
menber s,
di val ent
branched,
whi ch may
(-S) or
substi t ut
- NR4C( =0 -

bl e by one

or

2 Rl

C(O)

H Y-

-S(

=0r, -

1. A conmpound of formula (1) or a salt,
L1- X1-[CHZ]Z A [Linker]-CONHOH (1)
or an ester group which is
nore intracellul ar carboxyesterase enzynes to a
carboxylic acid group; R2 is the S|de chaln of a natura
al pha amno acid; Y |s a bond

- C(=S) - NR3

or non-

0)0

N- oxi de,

nat ur al

- (=0 NR3-,

r——' PRRS=TETT ST T RT3 optionally
V'HDAclAbt?v di vg_hqunt r adl g4 of
E%i E%p ‘wherein 'f} and p are gepende , Qis (i)
Fy=—sobstTt LEﬂ=ﬁfVﬁ#En FOTIO= Of | Df CyCi 1 C or
i c ra®fi cal havind®5 - 1B ri M nenbersNTor ¢ case where
[ P ag£ O, p divahent rhdicgy of formga X2 - X2-
S—oer—NR—whpretn—R—shydrogen—oer—opttondal | v
Qb C1-98 alkyl, ghd QL | s ahToptipnal Ny substit Mied dijval ent
i cycldg carpocyclgc or | hetefocyc|ic adical hawng 5f- 13 rin
|1¥ :xgnrl Al kD 1 Xrlné;'\nnrlnn |\ rqé\nr Zc At f?\.f I n: al | \lvgcn?\c{_il t ut ed g
ki—and-AlkR—i-hdependently—rep H—opti-onally—subs _
-C7 9%cycl opl kyl Badicals, dif optjonaNTy sybsti Nited $trai ght or
Cl- Cgyg al ky| ene, £2-C6 plkenyTenel or G- C6lalkynyTenelradical s
ﬂggnLaLnugLuLeLnLnaLe__n4yL4u¢m¢_4;B¥;T_LW|oether
mno L NR'-) linkl wherpin RY is hydrdgen or opNNiTonal ljy
ed Clﬁ al kyT; 17 X" yeprgsentsfa bend; {C(=0g or 1S(=0) 2-;
-_,;NR_ .(:(-)) I\ l‘_\- y
101 A NT NT NT
102 B Cc B c
103 A NT NT NT
104 B B A B
105 A NT NT NT
108 A B A A
107 NT NT NT NT
108 B B B B
108 A A B
110 A A A
111 A A A
112 B NT NT NT
113 B B B B
114 B NT NT NT
115 B B B B
116 B
117 A NT NT NT
118 A A A A
119 A NT NT NT
120 A NT A A
121 A NT NT NT
122 A B A B
123 A NT NT NT




-NR4AS(=0 2-, or -S(=0 2NR4- wherein R4 and R5 are independently hydrogen or

optionally substituted Cl1-C5 al kyl; zisOorl;, A represents an optionally

substituted nono-, bi- or tri-cyclic carbocyclic or heterocyclic ring

system wherein the radicals RIRZNHY-L'-X -[CH2]r and HONHCO [ LI NKER] - are

attached different ring atons; and -[Linker]- represents a dival ent |inker

radical linking a ring atomin Awt h}iéﬁe hydr oxam ¢ acid group CONHCH,

the length of the linker radical, fromthe termnal atomlinked to the

ring atom to theftermnal atpmIinked {0 the nydgroxamc acid group,

i s equi val prExaimpld Rat | HDAD AgtitiaNchedelgat ur at e@sipydrlocaripgp chgin of from

3- 10 carbpn atons. 2§ A conpoundjas clained in claim11l whereini|the said

| engt h of [fhe Tjpkér fadi cal “1S equivalentjto that qr_an ynoranched

saturated jpydrocarbon|chain of from4 o 9 | car kﬁ)n atlons. 3. A dgonmpound as

claimed inf clait261 or|clai mh2 whefei nNT Li nker ] NTreprlesenig a  di val ent

radi cal offffor uLa -(CHZ=Z=Z2—wherern_xisOpri—Z s a bond;—HR3C( =0 -,

- (=0 NR3-| - NRAEP=0) - NR3-, B(=S) i NR3NT - o ENH) ANR3 -INR3S(S0) 2- | or

-S(=0) 2NR3+ whemegin RB i s hgdrogen or NG1- C6| al kyl C(=Onyr or 4S(=0) 2-;

and L2 represents ampptiona-ty —spbst+tutedi—s or—branehed, C4-C7

al kyl ene, C4C3§ al kehyl eneZor C4: C5 a$kyny en al whtch y

optional | y| conts@pn or| terngnate |n aftether hi oefjger (18—) or

am no (- Nff=)—t+Himk—wheretnRA+Ss—hydrogen H-y—substijut ed Cl-Ca

al kyl . 4. §A codpBund as cl & nmed ih cl b wher®@in xfis 0. 5. A

conpound as cl aizfred i p any @f clajns s -£L(=014, 180

- NHC( =0O) - = —6 d Ay—of-clal 2tob

wherein L2 is -18&H2) 51, B B
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Broken Cell Carboxyesterase Assay
Preparation of cell extract
U937 or Het116 tumour cells (~ 10° were washed in 4 volumes of Dulbeccos
PBS ( ~ 1litre) and pelleted at 160g for 10mins at 4”C. 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 final concentrations of

Leupeptin 1pM

Aprotinin 0.1uM

EG4 8uM

Pepstatin 1.5uM

Bestatin 162pM

Chymostatin 33pM



-(CH2)5-, or -(CH2)7-. 7. A conpound as clained in claim1 wherein
-[Linker]- represents a divalent radical of fornmula -(CH2)x L3-Ar'-L4-
wherein xisOorl; L3 is Z or L2 or Z-L2 wherein Zis as defined in claim3
and and L2 is a bond or an optionally substituted dival ent Cl1-C3 al kyl ene
radical;; Ar is a divalent phenyl radical or a divalent nono-, or bi-cyclic
heteroaryl radical having 5 to 13 ring nenbers, and L4 is a bond or
optionally substi tut ed CH2- or-CH=CH7, 8. A corrpound as claimed in claim

7 wherein xis 0. onpound as cl ai n_claimy¥ |m8where|n L3
is Z or z-After %'@F@I% ‘Zthﬁ’ gell Wogemggﬁ?@rffuaaé?ne f.s(=0)2-; L2 is

- CH2- and 4 BQUih Chddant wadused mméoaést@ka%brmw ®aim7 or
claims8 V\hleEﬁnetlhﬁth%é goéup'e erlI nWL2 Sis a straight chain Catyé% al kyl ene

radi cal whiogls bm;stczspduabrﬁéf@ym@br@ﬂwred -an ether (-0-), thioether (-S-) or

amno (-NRA-) link wherein RA is hydrogen or optionally substituted Cl-C3
al kyl, for exanple hydroxyethyl. 11. A conpound as clained in any of clains
7 to 10 wideasureinént of eslercléavage?2. A conpound as clained in any of clains

o 12 wher ol ¢ bier (g cptdspdhERTIARIR g AT el 181

N N\ / \ usifg-this-dell'extriibt. TX this Xffect cell exwaeir(eﬂaugd totd) assayyolpe of
0.5ml) was incubated at 37°C in a Tris- HCl 256mM,125mM NaCl, buffer, PH
7.5 at 25°C. At zero time the relevant ester { substrate), at a final concentration
of 2.5uM was then added and samples incubated at 37°C for the appropriate
time (Usually zero or 80 minutes). Reactions were stopped by the addition of
3x volumes of Acetonitrile. For zero time samples the acetonitrile was added
prior to the ester compound. After centrifugation at 12000g for Sminutes,
samples were analysed for the parent ester and its corresponding carboxylic
acid at room temperature by LCMS (Sciex API 3000, HP1100 binary pump,
CTC PAL). Chromatographic conditions used were based on an AceCN
(75*2.1mm) column and a mobile phase of 5-95% acetonitrile in water /0.1%

formic acid.



14. A compound as claimed in claim7 wherein xis 0, L3 and L" are bonds,
and Ar' is a divalent phenyl radical or a divalent bicyclic heteroaryl
radical having 9 tol3 ring nenbers. 15. A conpound as clainmed in claim?7
wherein Ar' is a divalent phenyl radical.or a divalent benzo[b]thiophenyl
radical of forrmula: S 16. A conpound as clainmed in claiml wherein
-[Linker]- represents a divalent radical of fornmula -(CHZ)x 123-13-Ar'-0-
wherein x, Ar', L3 and O are as defiiped in any of clains 7 to 13; and B
is a nono-_or bi-cyclic heterocyclic ring system 17. A conpound as cl ai med
in claim192BErein Bis selected fromthe following: 182 +No $JN ~N JI /J
W+ X \W\ | CQ wherein Xis Nand Wis NH, 0 or S. 18. A conpound as

claimed in any of the ecedi ng,.cl ai er.ei n i e follow ng,
optional | y"'subs i?ompé’H’l:% Rﬁ?rmullagworﬁs%?'%[?&@y‘ﬁﬁe,oj §§‘O€(eﬂj e\réoltﬁ NRi o HNJ %h
I NV I / NOS\~-O NN\%NRM Rlo NNR

R

2
R;
_<ﬁ_ Y— Li— x1-—m[CH2]z~®—[Linker]—CONHOH )]

wherein

R, is a carboxylic acid group (-COOH), or an ester group which is hydrolysable by one
or more intracellular carboxyesterase enzymes to a carboxylic acid group;

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

Y is a bond, ~C(=0)-, -8(=0)z, -C(=0)0-, -C(=0)NRs-, -C(=8)-NR3, ~-C{=NH)NR3 or
-8(=0)-NRgs- wherein R; is hydrogen or optionally substituted C-Cs alkyl;

L' is a divalent radical of formula —(AK")n(Q)n(AlK?),- wherein
m, n and p are independently 0 or 1,

Qs {i) an optionally substituted divalent mono- or bicyclic carbocyclic or
heterocyclic radical having 5 - 13 ring members, or (i), in the case where both
m and p are 0, a divalent radical of formula —X%-Q'- or ~Q"-X? wherein X? Is —
O-, S- or NR* wherein R* Is hydrogen or optionally substituted C,-C3 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 C5-Cy
cycloalky! radicals, or optionally substituted straight or branched, C4-Cs
alkylene, C;-Cs alkenylene ,or C,-Cs alkynylene radicals which may optionally
contain or terminate in an ether (-0-), thicether (-8-) or amino (~NR™) link
wherein R* is hydrogen or optionally substituted C4-Cs alkyl;
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X! represents a bond; ~-C(=0}; or -8(=0)z; “NR4C(=0)~, -C(=0)NR4-—NRC(=ONR5-,
-NR,;S(=0),-, or -8(=0);NR,- wherein R, and Rs are independently hydrogen or
optionally substituted C4-Cs alkyl;

zis0or1;

A represents an optionally substituted mono-, bi- or tri-cyclic carbocyclic or
heterocyclic ring system wherein the radicals R; RaNH-Y-L'-X*-[CH,]- and
HONHCO-[LINKER]- are attached different ring atoms; and

-[Linker]- represents a divalent linker radical linking a ring atom in A with the
hydroxamic acid group CONHOH, the length of the linker radical, from the terminal
atom linked to the ring atom of A to the terminal atom linked to the hydroxamic acid
group, is equivalent to that of an unbranched saturated hydrocarbon chain of from 3-
10 carbon atoms.

2. A compound as claimed in claim 1 wherein the said length of the linker radical
is equivalent to that of an unbranched saturated hydrocarbon chain of from 4 to 9
carbon atoms.

3. A compound as claimed in claim 1 or claim 2 wherein ~{Linker]- represents a
divalent radical of formula —(CHa)-Z-L* wherein
xisQor1;

Z is a bond, ~NRC(=0)-, -C(=O)NRs-,—NR;C(=Q0)-NR3-, -C(=S)}-NR;,
-C(=NH)-NRj3 -NR3S(=0);-, or -S(=0),NRs- wherein R is hydrogen or C4-Cs
alkyl; -C(=0}; or -S(=0).- and

1.2 represents an optionally substituted, straight or branched, C,-C; alkylene,
CsCs alkenylene or C4-Cg alkynylene radical which may opticnally contain or
terminate in an ether (-O-), thioether {-8-) or amino (—NR"-) link wherein R*is
hydrogen or optionally substituted C-C; alkyi.

4. A compound as claimed in claim 2 or claim 3 wherein xis 0.

5. A compound as claimed in any of claims 2 to 4 wherein Z is -C(=0)-,



184 wherein R10 is hydrogen or optionally substituted Cl1-C6 al kyl, the
bond intersected by the wavy |ines shown as connected to a fixed atom
connects to the Linker radical in the conpounds (1), and the other bond
shown as floating Iinks any convenient ring atomof the ring system shown
to the grouping RIR2ZCHNHYL' X' [CH2] z. 19. A conpound as clained in any of
the preceding clains wherein z is 0. 20. A conpound as clainmed in any of
the preceding clains wherein Y is -380 2-, -C(=S)-NR3, -C(=NH)-NR3 or
-S(=0) 2NR3- wherein R3 is hydrogen or Cl1-C6 alkyl. 21. A conpound as

clai med i nNHE{FQf OctAFABNHE- to 19 wherein Y is a bond. 22. A conpound as
clainmed in any of the preceding clainms wherein, in the radical L', Ak
and Al k2, when prese are sel ecte CHZCHZCHZ-,
and dival ént cfPBRPYHAS Clad’f/’%‘?@paé'ﬁtoy?la' ?tg% ee'&';%_g Pears. 23, A
conpound %CHJ)@GI’B@BH;& .any of the preceding cl a| ms V\/ner ein, in the radical

L', Qis a divalent phenyl radical or a nono- , cycl ic heteroaryl
radi cal havi ng 5 tol3 ring nenpbers . A corrg_ound as_ cl g. fg in claim22
wherei n Q7-s 1AFOpREw asfdalmedin Cl@'rédﬁﬂﬂ&ﬁ% inken-dPrreRpie & H{’}E f the

precedi ng rﬁdlsé’éIBFfoVH‘hﬂée(Oﬂz)xl IF-ArhE- Wdiegal m and pare 0. 26. A conpound as
claimed in any of clains 1 to 24 wherein, in the radical L', n and p are O
and mis 1. 27*%086hpound as clainmed in any of claims 1 to 24 wherein, in
the radical L', m n and p are all 0. 28. A conpound as clainmed in any of

th di b ted f
C(e pO; ece_ ' 9 O)“LNgri'& ? \Qhérg’ﬁ 5’5‘% G&ined in cnémn %nd[a@ﬂﬁ 5 d @o&a%lé)eC( ed o rom
o, -C(=0)- NH- @cERliqpal ysmﬁwdwi(e %@'@!?S'efﬂﬁﬁfz)mo and TO (CH2)wO
wherein vis 1, 2, 3 or 4and wis 1, 2 or 3. ~~///

Ar' is a divalent phenyl radical or a divalent mono-, or bi-cyclic heteroaryl

radical having 5 to 13 ring members, and

L* is a bond or optionally substituted —CH,- or -CH=CH-,
8. A compound as claimed in claim 7 wherein x is 0.
9. A compound as claimed in claim 7 or claim 8 wherein L® is Z or Z-L%, wherein Z
is —NH-, -NHS(=0),-, ~S(=0)NH- or —§(=0)-; L? is ~CH- and L* is a bond or
~CHz-;
10. A compound as claimed in claim 7 or claim 8 wherein L* is L wherein L* is a
straight chain C5-Cs alkylene radical which may optionally contain an ether (-O-),

thioether (-S-) or amino (-NRA.) link wherein R” is hydrogen or optionally substituted
C,-C; alkyl, for example hydroxyethyl.

11. A compound as claimed in any of claims 7 to 10 wherein L*is —CH=CH-.
12. A compound as claimed in any of claims 7 to 10 wherein L*is —CH,-.

13. A compound as claimed in any of claims 7 o 12 wherein Ar' is divalent radical

selected from the following:



29. A conpound as clainmed in any of clains 1 to 27 wherein the radical
Y-L'-X1-[CH]e, is -CH-, -CHO, -C(=0-CH2-, - C(=0-CH0,

-C(=0) -NH-CHZ-, or -C(=0O-NHCH2O-. 30. A conpound as clainmed in any of
the preceding clains wherein R, is an ester group of formula -(C=0) OR9
wherein RO is (i) R7/R3CH wherein R7 is optionally substituted
(Cl-&)alkyl-(z')a (C -C3)al kyl- or (C2-C3)al kenyl-(Z')a (C -C3)al kyl -
wherein ais Oor | and Z' is -0-, -8Bl or - and R8 is hydrogen or
(C -C3)alkyl- or R7 and R8 taken together mnth the carbon to whi ch t hey

are attached forma .tlonaIIy bstlt te -C7 cy r|ng or an
optionally substi$u heter f 5

optionally substi 1/phenyl ocycl ig—tretero yc haV|ng 5 or 6 ring
atonms, 31. A conpound as clained in claim30 mhereln RO is methyl, ethyl,

n- or iso- propyl, p-_or sec-bu cycl ohgpay , aII FMNenyl , benzyl, 2-,
3- or 4-pyridylne . ne%b{%%tz%%;d +4-yl de ran-3-yl or

met hoxyet hyl . 32.{Ac und $ad Q el 4i 30 RO is

cycl opentyl. 33. A Honpound as ®Tdimed in any of the precedlng cl ai s

wherein R2 is cyclohexyl methyl, cyclohe I pyrld" | gt hyl , sec-butyl,
tert-butyl, 1-benz -1- ﬁy et hyl, | tAi fLethyl, or
1- mer capt o- 1- et hyl 34.0A ound a i med claims 1 to

drogen 35. Ac ound as clal med in any of claims | to
)E(l)he_n | et hyl, .,

i so-butyl. 186 36 Royund : ‘ .
of any of the caom 1N 3T{T hesReci Exanpf s He f;

phar maceuti cal cefipostti dn conpri sing conpound as clained in any of the
precedi ng clains, together with a pharnmaceutically acceptable carrier. 38.
The use of a conpound of formula (1) as clained in any of clains I to 36 in
t he wherein Xis O, S or NH.

14. A compound as claimed in claim 7 wherein x is 0, L2 and L* are bonds, and Ar'
is a divalent phenyl radical or a divalent bicyclic heteroaryl radical having 9 to13 ring
members.

15. A compound as claimed in claim 7 wherein Ar' is a divalent phenyl! radical.or a
divalent henzo[bjthiophenyl radical of formula:

S

J

16. A compound as claimed in claim 1 wherein —[Linker]- represents a divalent
radical of formula —(CH.)-L3-B-Ar'-L*- wherein x, Ar', L® and L* are as defined in any
of claims 7 o 13; and B is a mono- or bi-cyclic heterocyclic ring system.

17. A compound as claimed in claim 16 wherein B is selected from the following:



preparation of a conmposition for inhibiting the activity of an HDAC enzyne.
39. The use as clainmed in claim38 for the inhibition of HDACL activity, ex
vivo or in vivo. 40. A nethod of inhibiting the activity of an HDAC enzyne
conprising contacting the enzyme with an anount of a conpound as cl ai ned
inany of clains 1 to 36 effective for such inhibition. 41. A nethod for
the selective inhibition of the activity of an HDAC enzyne in nmacrophages
and/ or nonocytes relative to other cegd types, conprising contacting the
enzynme with an anDunt effectlve for such inhibition, of a conmpound as
clained in a y/—ﬂ\ 1 mhere n, Y Nsjya bond, -S(=0)2 or

-S( C»ZNRS-.gﬁQLE?H dro n or o W y substltuted Cl-C6 al kyl .

42. A nethod as alned |n c m 40 or cIa|n141 for the inhibition of HDACL
activity, ex ivo or in viyo. 43. A nethod for the treatnent of

ceII-prollfe di seas gl ut am Wase, neurodegenerative
di sease, aut e di sease,\ i ff | ammat seggg, organ transpl ant
rejection, diabe haemat o oﬁ(éal di rsXand i nfection, which

conpri ses adnlnlsterlng to a subject suffering such disease an effective

anmount of a ;}gz:iéb ) as itn any of clainms 1 to 36.
|ng Se&s or N

44, A neth tre t'ment of cancer cel
proliferati MR r disease. 45. A nmethod as
claimed in claim43 for the treat ment of rheunat0|d arthritis. 187 46. A
met hod for the selective inhibition of the activity of an aurora kinase
enzyne |ﬂNmﬁ@PJﬁﬁﬁé@QVﬁﬁﬂﬂ%ﬁjﬁﬁ%ocytes relatlve to other cell types,

conpr|5|ng contact|n uch
i nhi bi tion!8 of Aa°®69?38‘ﬂ 83’5"‘% 'b?% erPre% "g ot 0% gf‘értgﬁl )t’lgnégﬁh erein Yis
a bond, Sbn::@nﬂg optionaly=Op2itiR8d: wherein R3 is hydr ogen or optionally

substituted Cl-C6 al kyl. 47. A pharmaceutical conposition as clained in
claim 37 which is adapted for topical adm ni stration and wherein, in the

conpound as clainmed in any of %al ms@ %QO\%
lenellonetise)

Fy ,‘*@Q
o e

Ro

%E::I:i;%— %%::]\NjiNH i{z::[j;?

¥=Q$




36, R is linked to the carbon atomto which it is attached through a
net hyl ene radi cal -CH2-

S o,
T O O O
OO, A T
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wherein Ry, is hydrogen or optionally substituted C4-Cs alkyl, the bond intersected by
the wavy lines shown as connected to a fixed atom connects to the Linker radical in
the compounds (1), and the other bond shown as floating links any convenient ring
atom of the ring system shown to the grouping R{R;CHNHYL'X'[CH2],.

19. A compound as claimed in any of the preceding claims wherein z is 0.

20. A compound as claimed in any of the preceding claims wherein Y is
-8(=0)z, -C{=S)-NRj, -C(=NH)-NR; or -8(=0):NRs- wherein R is hydrogen or Cq-Cs
alkyl.

21. A compound as claimed in any of claims 1 to 19 wherein Y is a bond.

22.  Acompound as claimed in any of the preceding claims wherein, in the radical
L', Alk* and Alk2, when present, are selected from —CHz-, ~CHzCHz-, —CH,CH,CHo-,
and divalent cyclopropyl, cyclopentyl and cyclohexyl radicals.

23. A compound as claimed in any of the preceding claims wherein, in the radical
L', Q is a divalent phenyl radical or a morio-, or bi-cyclic heteroary! radical having 5
to13 ring members,

24. A compound as claimed in claim 22 wherein Q is 1,4-phenylene.

25, A compound as claimed in any of the preceding claims wherein, in the radical
L', m and p are 0.

26. A compound as claimed in any of claims 1 to 24 wherein, in the radical L', n
andpare 0Oand mis 1.

27. A compound as claimed in any of claims 1 to 24 wherein, in the radical LY, m,n
and pareall 0.

28. A compound as claimed in any of the preceding claims wherein the radical
~Y-L'-X"{{CH,}~ is selected from —C{=O0)-, ~C(=O)NH-, -(CHz),-, -(CH2),O-,
-C(=0)-(CHz)y~, -C(=0)-(CH;),0-, -C(=0)-NH-(CHz)y, -C(=0)-NH-(CH,),0-
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%_O_(CHQ)WO%‘ and ‘E‘O—(CHQ)WO—;—

whereinvis 1,2, 3ordandwis 1, 2 or 3.

29. A compound as claimed in any of claims 1 to 27 wherein the radical
—Y-L-X"-[CHgle, is -CHy-, -CH0-, -C(=0)-CHy-, - C(=0)-CH,0-, ~C(=0)-NH-CH,-, or
-C(=0)-NH-CH;O-.

30. A compound as claimed in any of the preceding claims wherein R, is an ester
group of formula ~(C=0)}ORy wherein Ry Is
(i) R;RsCH- wherein R is optionally substituted (C4-Cs)alkyl-(Z"),~(C1-Ca)alkyi-
or (Co-Caalkenyl-(Z"),-(Cs-Ca)alkyl- wherein ais 0 or 1 and Z' is -O-, -8-, or
NH-, and Rs is hydrogen or (C;-Cs)atkyl- or Ry and Rs 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,

31. A compound as claimed in claim 30 wherein Ry is methyl, ethyl, n- or iso-
propyl, n- or sec-butyl, cyclohexyl, allyl, phenyl, benzyl, 2-, 3- or 4-pyridylmethyt, N-
methylpiperidin-4-yl, tetrahydrofuran-3-yt or methoxyethyl.

32. A compound as claimed in claim 30 wherein R is cyclopentyl.

33. A compound as claimed in any of the preceding claims wherein R; is
cyclohexylmethyl, cyclohexyl, pyridin-3-yimethyl, sec-butyl, tert-butyl, 1-benzylthio-1-
methylethyl, 1-methylthio-1-methylethyl, or 1-mercapto-1-methylethyl,

34. A compound as claimed in any of claims 1 to 32 wherein R; is hydrogen

35. A compound as claimed in any of claims 1 to 32 wherein R; is phenyl, benzyl,
phenylethyl, tert-butoxymethyl or iso-butyl. '
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36. A compound as claimed in claim 1 having the structure of any of the
compounds of the specific Examples herein.

37. A pharmaceutical composition comprising a compound as claimed in any of
the preceding claims, together with a pharmaceutically acceptable carrier.

38,  The use of a compound of formula (1) as claimed in any of claims 1 to 36 in the
preparation of a composition for inhibiting the activity of an HDAC enzyme.

39.  The use as claimed in claim 38 for the inhibition of HDAC1 activity, ex vivo or
in vivo.

40. A method of inhibiting the activity of an HDAC enzyme comprising contacting
the enzyme with an amount of a compound as claimed in any of claims 1 to 36
effective for such inhibition.

41, A method for the selective inhibition of the activity of an HDAC enzyme in
macrophages and/or monocytes relative to other cell types, comprising contacting the
enzyme with an amount, effective for such inhibition, of a compound as claimed in any
of claims 1 to 36 wherein Y is a bond, -8(=0), or

-8(=0),NRs- wherein Rs is hydrogen or optionally substituted C4-Cs alkyl.

42, A method as claimed in claim 40 or claim 41 for the inhibition of HDAC1
activity, ex vivo or in vivo.

43. A method for the treatment of cell-proliferation disease, polyglutamine disease,
neurodegenerative disease, autoimmune disease, inflammatory disease, organ
transplant relection, diabetes, haematological disorders and infection, which
comprises administering to a subject suffering such disease an effective amount of a
compound of formula (1) as claimed in any of claims 1 to 36.

44, A method as claimed in claim 43 for the treatment of cancer cell proliferation,
Huntingdon disease, or Alzhelmer disease.

45, A method as claimed in claim 43 for the treatment of rheumatoid arthritis.
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46. A method for the selective inhibition of the activity of an aurora kinase enzyme
in macrophages and/or monocytes relative to other cell types, comprising contacting
the enzyme with an amount, effective for such inhibition, of a compound as claimed in
any of claims 1 to 36 wherein Y is a bond, -8(=0), or

-8(=0)2NR3z- wherein R; is hydrogen or optionally subsfituted C,-Cs alkyl.

47. A pharmaceutical composition as claimed in claim 37 which is adapted for
topical administration and wherein, in the compound as claimed in any of claims 1 to
36, Ry is linked to the carbon atom to which it is attached through a methylene radical
—CH;-.



