| RK-Beta Serine-Threonine Protein Klnase Inhibitors
This invention relates to thiophene carboxam des
characterised by the presence in the nol ecule of an
am no acid ester group, to conpositions containing
them to processes for their breparation and to their
use in nedicine as KK inhibitors for the treatnent of
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attractive target for nodulation of immune function
and hence the devel opnent of drugs for the treatnent
of auto-inmune di seases, Brief Description of the
Invention This invention nmakes avail able a cl ass of

t hi ophene car boxani des whi ch are potent and sel ective
inhibitors of KK isofornms, particularly |IKKp. The
conpounds are thus of use in nedicine, for exanple in
the treatnent of a variety of proliferative di sease
states, such as conditions related to the
hyperactivity of I1KK, as well as di seases nodul at ed,
by the NF-kB cascade. In addition, the conpounds of



acid group; R2 is the side chain of a natural or
non-natural al pha amno acid; Y is a bond, -C(=0)-,
-S(=0)2-, -C(=0)0-, -C(=0)NR3-, -C(=5)-NR3, NR3 or
- S(. 0)2NR3 wherein R3 is hydrogen or optionally
substituted 01-C6 al kyl; Llyis a divalent radical of
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i nfl ammat ory di sease, part|cularly t hose nenti oned
above in whichl;g es FC|aIIy | KKP, activity plays a
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As used herein, the term"(Ca-Cb)al kyl" wherein a and
b are integers refers to a straight or branched chain
al kyl radical having froma to b carbon atons. Thus
when a is 1 and b is 6, for exanple, the termincludes
met hyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, t-butyl, n-pentyl and n-hexyl. As used
herein the term "di val ent (Ca-Cb)al kyl ene radical"
wherein a and b are integers refers to a saturated
hydr ocar bon chain having froma to b carbon atons and
two unsatisfied val ences. As used herein the term
"(Ca-Ch)al kenyl" wherein a and b are integers refers
to a straight or branched chain al kenyl noiety having
froma to b carbon atons having at | east one double
bond of either E or Z stereochem stry where
applicable. The termincludes, for exanple, vinyl,
allyl, 1- and 2-butenyl and 2-nethyl -2-propenyl.



As used herein the term"dival ent (Ca-Cb)al kenyl ene
radi cal " nmeans a hydrocarbon chain having froma to b
carbon atons, at |east one double bond, and two
unsatisfied val ences. As used herein the term

"(Ca-Cb)al kynyl " wherein a:pnd b are integers refers
to straight chain or branchHed chai n hydrocarbon groups
havi ng from a© NEar bon at onms and havi ngpi n addi tion
one triple bond.l This termwould inchude fo\ exanpl e,
et hynyl , R1- pr opy 1- and 2-butynyl™® NH,

2- et hyl - 2-pentynyl, 3- 4-
pentynyl , 3- hexynyl ,
hexymy rein the tg NH
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heteroaryl"” refers to a nono-, bi- or tri-cyclic
APWfat i ¢ radi cal cont ai ni ng one or nore heteroatons
selected fromS, N and 0, and includes radicals having
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A "dival ent phenyl ene, pyridinyl ene, pyrinidinylene
or pyrazinylene radical" is a benzene, pyridine,
pyrimdine or pyrazine ring, with two unsatisfied
val enci es, and includes 1, 3- phenyl ene, 1, 4-phenyl ene,
and the followi ng: Unless otherwi se specified in the
context in which it occurs, the term"substituted" as
applied to any noi ety herein neans substituted with up
to four conpatible substituents, each of which
i ndependently may be, for exanple, (Cl-C6)alkyl, (C1-



The substituent R7 R7 is hydrogen or optionally
substituted (Cl-C6)al kyl, such as nethyl, ethyl or n-
or iso-propyl. Currently preferred is when R7 is
hydrogen. The ring A . Ring Ais an optionally
substituted divalent aryl of heteropryl ring of 5-13
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The amino acid side chain R2 in Z Subject to the
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i ntracel | ul ar carboxyl esterase enzynes, the identity
of the side chain group R2 is not critical for
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sel ecti ve conpounds, side chai ns such as valine,
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Atylcysgine, praoheamenylalanine, leucine and phenylglycine are preferred.

Examples of amino acid side chains include

(C4-Cslalkyl, phenyl, 2,- 3-, or 4-hydroxypheny!, 2,- 3, or 4-methoxyphenyl, 2,-
3-, or 4-pyridylmethyl, benzyl, phenylethyl, 2-, 3-, or 4-hydroxybenzyl, 2,- 3-,
or 4-benzyloxybenzyl, 2,- 3-, or 4- (C4-Celalkoxybenzyl, and benzyloxy({C,-Cealkyl)-



Schene. 2 illustrates an alternative synthesis to these
phenyl substituted thiophene anal ogues. Schene 2
Scherme 3 illustrates the synthesis to substituted
phenyl |inker thiophene anal ogues. 24 Schene 4
illustrates the synthesis tog,extended |inker thiophene
anal ogues. Ris . bispinaco}atodlboron Pd012( dppf)
YOHetres 5 and 6 illustrate the synthesis to extended
oxygen |inked 't hi ophene ' anal ogues. 25 Br 1.-Wl

{he c%grggteﬁs]fr% gow of a natural oo amino acid, in which any functional group may

be protecied;

groups -[Ak],R+s where Alk is a (Ci-Celalky! or (C,-Cg)alkenyl group optionally
interrupted by one or more ~O-, or -S- atoms or -N(Ry7)- groups {where Ry is a
hydrogen atom or a {C¢-Ce)alky! group], n is 0 or 1, and Ry is an optionally
substituted cycloalkyl or cycloalkenyl group; '

a benzyl group substituted in the phenyl ring by a group of formula -OCH,CORg
where R4 is hydroxyl, amino, (C4-Cg)alkoxy, phenyl{C4-Cg)alkoxy, (C4-Cg)alkylamino,
di{{C4-Ce)alkyl)amino, phenyl(Cs-Cs)alkylamino, the residue of an amino acid or acid
halide, ester or amide derivative thereof, said residue being finked via an amide
bond, said amino acld being selected from'glycine, o or § alanine, valine, leucine,
isoleucine, phenylalanine, tyrosine, tryptophan, serine, threonine, cysteine,
methionine, asparagine, glutamine, lysine, histidine, arginine, glutamic acid, and
aspartic acid;

a heterocyclic(C4-Ce)alkyl group, either being unsubstituted or mono- or di-
substituted in the heterocyclic ring with halo, nitro, carboxy, (Cs-Ce)alkoxy, cyano,
(Ci-Cslalkanoyl, trifluoromethyl (C4-Cglalkyl, hydroxy, formyl, amino, (Cy-
Cslalkylamino, di-(Cq-Cglalkylamino, mercapto, {C-Cs)alkylthio, hydroxy(C:-Ce)alkyl,
mercapto{C-Cqlalky! or (C4-Cglalkylphenyimethyl; and

a group -CR;RyR; in which:

each of R,, Ry, and R, is independently hydrogen, (Cs-Cglalkyl, (C,-Celalkenyl,
(Cz-Ce)altkynyl, phenyl(C-Cg)alkyl, (Cs-Caloycloalkyl; or

R. is hydrogen and R, and R, are independently pheny! or heteroaryl such as
pyridyl; or

R. is hydrogen, (C1-Cs)alkyl, (Co-Csalkenyl, (C2-Ce)atkynyl, phenyl{Cq-
Cglalkyl, or (C3-Cg)eycloalkyl, and R, and Ry, together with the carbon atom to
which they are attached form a 3 to 8 membered cycloalkyt ora 5-to 6-

membered heterocyclic ring; or



Ri 6 Scheme 6 Schenme 7 illustrates the synthesis of
al ternative al kene |inker thiophene anal ogues
d'AadyNH 00 (60020 a kr O NH2 NH2 NH TFNDCM
NN'C-1 H2N ,'0\--A-0 RR HZN Ry Schene 7
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R., R, and R, together with the carbon atom to which they are atfached form

a tricyclic ring (for example adamantyl}); or

R, and R, are each independently (C+-Cg)alkyl; (Co-Ce)alkenyl, (Ca-Ce)alkynyl,
phenyl(Ci-Ce)alkyl, or a group as defined for R; below other than hydrogen, or
R, and R, together with the carbon atom to which they are aftached form a
cycloalkyl or heterocyclic ring, and R is hydrogen, -OH, -SH, halogen, -CN, -
CO,H, (C1-Cy)perfluoroalkyl, -CH,OH, -CO4(Cy-Coalkyt, -O(C1-Cglatkyt, -
O(C-Co)alkenyl, -S(C1-Cs)alkyl, -SO(C+-Celalkyl, -SO(C4-Ce) alkyl, -S(Cy~
Ce)alkenyl, -SO{Co-Csalkenyl, -SOx(Cz-Cs)alkenyl or a group -Q-W wherein Q
represents a bond or -O-, -8~, -80- or -0y~ and W represents a phenyl,
phenylalkyl, (Ca-Cg)eycloalkyl, {Cs-Ce)cycloalkylaliyl, (C4-Cs)eycioalkenyl, (Csr
Cs)oycloatkenylalkyl, heteroaryl or heteroarylalkyl group, which group W may
optionally be substituted by one or more substituents independently selected
from, hydroxyl, halogen, -CN, -CO;H, -CO(C1-Cg)alkyl, -CONHa, ~CONH({Cy-
Cs)alkyl, “CONH(C4-Cgalkyl), -CHO, ~CH0H, (C+-Cy)perfluoroalkyl, -O(Cq-
Celalkyl, -S(C-Cylalkyl, -SO(C-Colalkyl, ~SO(C+Cs)alkyl, -NOz, NH, -
NH(C1-Cg)alkyl, -N{(C4-Ce)alkyl)z, -NHCO(C1-Ce)alkyl, (C4-Colalkyl, {Co-
Co)alkenyl, (Co-Cgalikynyl, (Cs-Cg)eycloalkyl, (C4-Cg)cycloalkenyl, phenyl or
benzyl.

Examples of particular R; groups include hydrogen (the glycine “slde chain”), benzyl,
phenyl, cyclohexylmethyl, cyclohexyl, pyridin-3-ylmethyl, tert-butoxymethyl, iso-butyl,
sec-butyl, teri-butyl, 1-benzyithio-1-methylethyl, 1-methyithio-1-methylethyl, 1-
mercapto-1-methylethyl, and phenylethyl. Presently preferred R, groups include
phenyl, benzyl, iso-butyl, cyclohexyl and t-butoxymethyl.

~ For compounds of the invention which are to be administered systemically, esters
.with a slow rate of carboxylesterase cleavage are preferred, since they are less
susceptible to pre-systemic metabolism, Their ability to reach their target tissue intact
is therefore increased, and the ester can be converted inside the cells of the target
fissue into the acid product. However, for local administration, where the ester is
either directly applied to the target tissue or directed there by, for example, inhalation,
it will often be desirable that the ester has a rapid rate of esterase cleavage, to
minimise systemic exposure and consequent unwanted side effects. in the
compounds of this invention, if the carbon adjacent to the alpha carbon of the alpha



26 Schene 8 illustrates an alternative synthesis to
the al kene |inker thiophene anal ogues. Schene 8 Schene
9 illustrates the synthesis of phenyl substituted
extended |inker thiophene anal ogues. Internediate 1lla
Exanpl e 22 Schenme 9 Interrreg' ates Interrredi ate 1

5- Brono- 2- (car banovl am no) t hi ophene- 3- car gr&anm de
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aabioli 68 mwnrerrrﬁnw\atazn@gmcbrer@aﬁw BEY e GeEE RIGUBous
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et her 0O mM) was added and the m xture
stirred for a further 30 m nutes. The resultant _
S ERNENSI6 Be WBBd S thedisachtd ofithaminnatidesteFmotifrdestringd

GhRLE Jvﬁhr'i‘% o, %Byl
d5ie el Gahe HeCien LA ARFrg e AGSIls bty <1 2
a8Binfuiatibin wrthm thep@l) of amtive carboxylic acid hydrolysrs product) are best
achieved when the linkage between the amino acid ester motif and the rest of the

molecule is not a substrate for peptidase activity within the cell, which might result in
cleavage of the amino acid from the molecule. Of course, stability to intraceliular
peptidases is easily tested by incubating the compound with disrupted cell contents,

and analysing for any such cleavage.

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

z may be G or 1;

In the radical L', examples of Alk’ and Alk® radicals, when present, include
—CH,-, ~CH,CHa-, ~CH5CHyCHy=, —CH,CHaCHCHy-, ~CH=CH-,
—~CH=CHCH,~, ~CH,CH=CH-, CH,CH=CHCH,—C&C-, -CECCHy-, CH,C=C-,
and CH,C=CCH,. Additional examples of Alk' and Alk? include ~CHW-,
~CHoCHW-, —CHCHWCH,-, ~CHCHWCH(CHs)-, ~CHWCHRCH,-,
—CHWCH,CHWCH,-, and “WCH;CH.- where W is —O-, -S-, -NH-~,
~N(CHs)-, or —CHaCHN(CH,CH,OH)CHo-. Further examples of Alk" and Alk?
| include divalent cyclopropyl, cyclopentyl and cyclohexyl radicals.



Internedi ates 3a-31 Preparation of amno acid esters
Route I. Route U. 30 Synthesis of conpounds
outlined in List 1 Route I (exenplified for

I nternedi ate 3e) Stage 1 - Ester formation To a

sol ution of

(S)-2-fert-butox arb | am no X lsoni ¢
aci d A5 agd A'i‘9WE 'ﬁﬁ@?ﬁn f’%’ %bfé’@nﬁ?(?%&%% %@i %ggadded
cycl oentianotc(CBlLg-, ot in elfer bBentativh)-CHEOMCHat, GBC(Crel37
mol ) and finally DVAP (237 ng, 1.94 mmol). The :
reaction mxture was warned to RT and stirred for 18
hr. The' BiEN néssO, casetleestione oideaad p & hitheradicdlitar oil .

Thi s 8% cHBHREREGpRFEIEaIDsIake En@pethEOming Ehether,
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d 799m 1 NMVR
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am n Cl O X or 1
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or angg, Qlibms Hp 1&13W@§uﬂsf1ﬂu¥eﬁrlﬁlt%Fésléhﬂyfbr&bé%@d fobe@inugbstituted,

white eci pitate her, was

to g wgoieﬁ@%aé%%@ﬂéa o ety =it oG HE S8 beifhs Bt Affpo
659 .1inkH NVR (300MHz - d6- DMSO) 5; 8.45 (3H, hr s),

5.22 (1H, t), 3.28 (1H, d), 1.95- 1 50 (10H, hr m,
1.30-0.90 (911, hr m. 31 Stage

( 1S) - Bhér presepe@ meydey fpr oxaoinis f d;bﬁ@ﬁ?l’*@”ﬁ'aﬂ%‘m“ﬁ'* 'um 4-
”fEt ?ééﬂ %E?oﬁgﬂle Jperat 8r c(ybl@ﬁ&( F‘@Qslcé!t @r aGbno-T6r bacyidlzcmr r y
o yCI ne

) inh_ ¢
(150 t§r0 C@?&&éwaé’v‘@ﬁ&g%%%?%@ Sé'ﬁhﬁ?x‘%%'%‘ rhml)
and ppib&kLeNansifmftg, taiehd, dreyd@ylgadiés. 4 nmol ). The
reactlon was fitted with a Dean-Stark receiver and
heated to 135C for conplete di s;ol ution. After 12 hr,
the ravtiecmbedinantoiidts ineentan |Lbap RRGP fpyiaed with n being 1.
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?2&2 é’izﬁ %Defg'c%'ﬁ’;ﬁ[k ?nd(g%k ggefba%ﬁ_rﬁ rﬁ%y lge; é'cted'ﬁom 7C|Jtzl

1. 87- 1CBEH,8HNd ncszmhné:l—boande@pm@pwgerqtm)aya{?rﬁ Cﬁﬁéuf@m
esters of the above internedi ates can be prepared in a
sim lar nmanner to shown above, starting fromthe

rel evant gomher ci aII 3 aQni No aci dsg b~
addi ti-gAE t heGeprre i b i PRERAY | ?wg{
tert-butyh_esters are\eonherci aI | yw=wi@i | abl e and

used directly where appropriate. Intenedi ate 4a

Cvcl opentyl N434di hydr oxyboryl ) benzyl|-L-1eucinate

0,1(,?NC 8 H
wherein E and G are independently CH or N,




OH B.OH The synthesis of Internediate 4a follows the
synthetic route shown in Schene 2. To a solution of
Internmediate 3a (244.6 ng, 1.227 mmol) and

(3-fornyl phenyl) boronic acid (184 ng, 1.227 mmol) in
DCM (10 m ) was added NaBH(%Ac)S (780 ng, 3.68 mmol)
in portions over 20 m nutes:” The reaction was stirred
at RThbdinkgdehs rafresentsigicot, {GHR)-t-BE:21 ed¥R{CHTO ISR
was DO;Q\E@%U}NPQ 1MyG =6 R0 ofg)= @)mhmﬁer\é@m%dmstare DCM
(50 rtl & aqueous’ hase was %%1\3? Ilse‘gyI rP thyl
Wi 1 h InGSHEXEPn iy BYCESREP 4 PRI AL 45rfe 8 aST'H% y
conbigigehypr gani ¢ extracts were dried over rragneS| um
sul phat e and the sol vent renoved. The product (270.3
ng, 0.811 mmol, 32 66.1%yield) was isolated as a

col oUTediskadeodin moti-C(a@), BED)us ed=AT-eS(FPNROVS:

m 3ﬁl‘$£ WFgl LN &ﬁeéﬂ -Eb 4‘@%3— whereln Rs Is hydrogen or
13- (f Q C ent vI 0x0-1
- phenw;aépmﬂv |satrﬁt?§%ﬁ t%ﬂ”)yb ﬂSWEﬂS%W Meid  cm The

synthesis to Intermedl ate 4b foIIovvs a simlar

3" her il B9 anfyeant 7 WA # bt po B BB e
[ 34{ Mi)d dsteyed ObEHRR HNIEYE |nd<pé|tﬂ P girw Jorgaining X by the
Oxoe! LA oL iRk Mg behieRud Lbmeon ¢ acid B O

cy0"r esis to Internmediate 4c follows a
simlar synthetic route for Intermediate 4a using

:n:er, dﬁ@%;gré@ Tés%@ﬁz@ﬂ@wd%ofth@ﬁ@enfdnltf@@@d:{:d%l—ﬂ
nt er nedi at e
Ost er RsGiviH: Y\‘I-LP%A@&"& gsrﬁfi%eéjrf&oﬁrﬂ/ FE?SF{‘P’)H& Hz%eri nat e

za (YRR,OHNH—-{CH,).0-, and R{R,;CHNH-- CHZCH =CHCH,-, whereinais 1, 2, 3,
4 0r5.

in other compdunds of the invention RyR,CHNH-Y-L'X'-(CH,).-, is selected
from: R1RQCHNH802-, R1RQCHNHCO-,

R,R,CHNH—(CHy); - —CN—“ (CHylos
R1R20HNH-—;-(CH2)G|1—<:\/N---(CH2)0'1 "—ﬁ+
R1RZCHNH~(CH2)OI1. ‘Q—— (CHo)on 3
RR,CHNH—(CHy)q 1 ‘@—(CHQ)O,,——M—k



BAOH The synthesis to Internediate 4d follows a
simlar synthetic route for Internedi ate 4a using
Intermediate 3f in Scheme 2. LCVS: niz 364 [MH] 4. 33
I nternedi ate 4e Cycl onentyl

O-tert-butyl-N13-(di hydroxyfporanyl ) benzyl 1- L- threoni

nate The synthesis to In 4ef 0 ;
SreAP &PMBSHTER 8L 1 TVEUICR T TS P o crb g e sate
NpkigsdTRddratee adgsoivat&cheme 2. LCMS: miz 322 [M1-H .
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(BptceuerBanse osmeibhm@-memwhamhn@povmi ARCRY OV FEARICARGRT
%elaa%céng n%XI? éQb @H%r Segn]c'érs”gastﬁo c%?tﬁwgrﬂéﬁéérs anaplastic

s[pl naco ) % g%Z%EpRQf
plm@ewgogngmgm t@hmtqm%wa'tlﬁaﬁ%\%ma?ﬁﬂa%% s @8
?heﬁu%?mr%nﬁ\@%s@f%@@cﬁnm%@%owbl datfdaé@l,)CramTCb tibense,
reacti on vessel
plegiatiyedielith Rhrapia 0%@%‘{% ik ge&?% by B sgierosis
8Qodies, AtopieyEinaatiibt @aft Qerlamnmst gmmrtshﬁerd@éwuéd
E duc&)sug addition to residual starting material. The

WaCt "6 Vas 1eft at 80C for a further 3 hrs. The
reaction mxture was cooled to RT and poured into

ad S‘ngfolxgdém:rbth wiiBR tHanQ@HEdn ivasnceiet andyad prédaoecEb20 and
gdn?m%?remnnbey any rc%te consrs?ent with their pharmacokinetic properties. The
orally administrable compositions may be in the form of tablets, capsules, powders,
granules, lozenges, liquid or gel preparations, such as oral, topical, or sterile
parenteral solutions or suspensions. Tablets and capsules for oral administration
may be in unit dose presentation form, and may contain conventional excipients such
as binding agents, for example syrup, acacia, gelatin, sorbitol, tragacanth, or
polyvinyl-pyrrolidone; fillers for example lactose, sugar, maize-_'starch, calcium
phosphate, sorbitol or glycine; tabletling lubricaht, 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, agueous or oily suspensions,
solutions, emulsions, syrups or elixirs, or may be presented as a dry product for
reconstitution with water or other suitable vehicle before use. Such liquid
preparations may contain conventional additives such as suspending agents, for
example sorbitol, syrup, methyl cellulose, glucose syrup, gelatin hydrogenated edible
fats; emulsifying agents, for example lecithin, sorbitan monooleats, or acacia; non-
agueous vehicles (which may include edible oits), for example almond oil,
fractionated coconut oil, oify esters such as glycerine, propylene glycol, or ethyl



extracts were washed with water and brine, dried over
magnesi um sul phate and the sol vent renoved. The
residue was purified by colum chronat ography el uting
with 10-20% Et OAc in hexanes to yield 150 ng of a
colourless oil. Further puri f7| cation by capture and
rel ease on SCX gave 62 d 131 mmol, 7.4%yi el d.
BERE!; mger\ngﬁp)es[ pn(ampm@ethyl or propyl p-hydroxybenzoate or sorbic
aSY; d(taBranEondetibha Hevdiang ¥ @BulRy aderet hyl - Pent anoi
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washed with water (x 3) and brine, dried (M804),
filtered and evaporated in vacuo to give a dark oily
residue 467.2 ng. The dark residue was purified by
col umm chromat ography eluting with 10% Et OAc in
hexanes to give the product as a colourless oil 223 ng
(62 %9. LCVMS: niz 430 [MtHIt The
(S)-2-[2-(4-Brono-phenyl) -ethyl am no] - 4- net hyl - pent ano



Synt hesi sed via anal ogous nethods to Internediate 6a,
usi ng 4- brono- 3-chl or ophenyl acet al dehyde i n Schene 4.
LCVS: rritz 464 [MtHt I nternedi ate 6¢c Cycl opentyl
N-{243-(4,4,5,5-tetramet hyl -1, 3, 2- di oxabor ol an- 2-
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amino acid derivatives of formula (IA) or (IB), tautomers thereof or pharmaceutically
acceptable salts, N-oxides, hydrates or solvates thereof therefore typically further
comprise a cytotoxic, an HDAC inhibitor, a kinase inhibitor, an aminopéptidase
inhibitor and/or a monoclonal antibody. ,

Further, the present invention provides a pharmaceutical composition

comprising: |

(a) an amino acid derivative of formula (IA) or (IB), or a pharmaceutically
acceptable salt, N-oxide, hydrate or solvate thereof;

(b) a cytotoxic agent, an HDAC inhibitor, a kinase inhibitor, an
aminopeptidase inhibitor, a protease inhibitor, a bel-2 antagonist, an
inhibitor of mTor and/or a monoclonal antibody; and

(¢) a pharmaceutically acceptable carrier or diluent.

Also provided is a product comprising:
(a) an amino acid derivative of formula (1A} or (1B}, or a pharmaceutically
acceptable salt, N-oxide, hydrate or solvate thereof; and
(b) a cytotoxic agent, an HDAC inhibitor, a kinase inhibitor, an
aminopeptidase inhibitor, a protease inhibitor, a bel-2 antagonist, an
inhibitor of mTor and/or a monoclonal antibody,
for the separate,' simultaneous or sequential use in the treatment of the human or
animal body.
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Synt hesi sed vi a anal ogous nethods to Internedi ate 6a,
usi ng 3- bronophenyl acet al dehyde and I nternedi ate 3g
in Schenme 4. LCMS: mz 474 [VHt. Internediate 7a
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44, 6% yreld. LCVMS: nmz 412 and 414 [ MtH] . The

3- (4- Brono- phenoxy) propi onal dehyde was prepared as
Pl ovghtidreddabove, the compounds with which the invention is concerned are
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I n stirring at ST for 1
ﬁ@g?’ﬁ’%&rﬁgé{gﬁ@%@g °%58§3¢42§be conplete by TLC (20%
Et OAc i n hexanes). The m xture was poured onto water
AbBrexdiionst ed with ether. The conbined organic | ayers
were washed with 2M NaOH, water and brine, dried over
magnesi um sul phate, filtered and evaporated in vacuo.
Wlee:l}-d— Fne(haﬁg! 1.833 mol, 33.4%vyield. The

,g;ar phenoxy) propyl k[ 1, 3] cl i oxol ane was
re ared as shown below. To a m xture of 4-bronophenol
(EifaAcg—eml@ewﬁal) TBAI (0.813g. 5.78 mmol) and K2003
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poured onto 2M NaCH and extracted with ether. The
conmbi ned organic |ayers were washed with further 2M
39 NaOH, IM HCl (x 2), water (x 2) and brine. After
dryi ng over magnesi um sul phate, filtration and
evaporation in vacua, the residue was absorbed onto
silica and subjected to colum chromatography el uting
with 6% EtOAc in hexanes to give a white solid. Yield
= 12.5g. 43.5 mmol, 75%vyield. Internediate 7b



The synthetic route to Internediate 8a is shown in

Schenme 6. To a m xture of

(S) - 245- (4- Bronp- phenoxy) - pent yl am no] - 4- met hyl - pent an

oic acid cycl opentyl ester (0.63g. 1.430 mmol),

Bi s[ pi nacol at oj di boron (0.9Q8g. 3.58 mmol),

PdOlZ(_dppf? (0.105 g, 0.143 mmol) and KOAc (0.351 g,

BDMEg= difsthy! 418% added DMSO (5 nmi). The nixture was

pursaed amdity siifoxiegen and pl aced in a preheated oil

JB%}E’@% 8%& .Afteri heating for 4 hrs the reaction was
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%%&Sr%hw %g)d. The

- Brono- 4-(5-chl or o- pent yl oxy) - benzene was prepared
G agraM$)nil ar procedure to the synthesis of
3= tfinPEA- phenoxy) - propyl] - [ 1, 3] di oxol ane al r eady
descri bed above. LCVS purity 95% m z 440 and 442
[MAE)P'%t er medi ate 8b Cycl opent yl
Narboid3mitliddoda(©- 4- (4, 4,5, 5-tetranet hyl- 1, 3, 2-
ga‘?é%Q&FaQJa@”' 2-yli phenoxyl pentyl | -L-Ieucinate

ynt hesi sed via anal ogous nethods to Internediate 8a,
UEIMI)= higBrog =N mogc?uom@fsg BANEMBSHRREYIBRY) - benzene
iNMREhRERaOma rd@bfidricy 98% nfz 522 [MrH t.
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and left to stir overnight. The reaction m xture was
partitioned between ether and water. The aqueous | ayer
was extracted with a further portion of ether. The
conbi ned organic |ayers were washed with brine, dried
over MgSO4 and concentrated in vacuo to afford a brown
residue. The residue was purified by colum

chromat ography, eluting with 5% ethyl acetate in

i sohexane. The required product was isolated as a




Cycl opentyl Nallyl-L-leucinate (2 g, 8.36 mml) and
Boc- anhydride (1.824 g, 8.36 mmol) were added toget her
in a vial which was then capped with a septum The
reaction mxture was left to stir overnight. The
reaction m xture was partitg ned betmeen et her and
wat er. The organi ¢ phase wa mashed se ntlgél g&kg
adetanritiile / § 4Puammeria REMEEdoraTRE g oNe 10dPIN PG m%@
@ﬂgmgggggﬂhhated in vacua to afford a col ourl ess oi
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were added to a solution of tert-butyl
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Hoenghepted at 80 C for 3 hours. The reaction was
E%ﬁ?e%ﬁonto water (50 m) and the product extracted
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dedceited MyGQA)sirarnchdiions @uzwlactmmstry tpzourle the relevant aoronate
nfPnd Biate
B e B B e B
ih i-hexane to give a yellom10|l (0.62 g, 1.444 mol,
61.3%vyield). LCVS: mz 430 [ MtH|t The tert-butyl
N- R2E) - 3- (4- br onophenyl ) prop-2-en-1-11] - L-1 euci nate
was prepared as shown below. To a m xture of
(E)-3-(4-Brono-phenyl)-propenal (0.75 g, 3.20 mmol)
and t-butyl-Lleucinate (1.073 g, 4,80 nmol) was added
THF (20 m) followed by -5 g of 4A sieve dust. The
vessel was flushed with nitrogen and placed in a
preheated oil bath at 60 C for 70 m nutes after which
time the reaction was conplete. The m xture was cool ed
in an ice bath and treated with Na(OAc)33H (3.39 g,
15.99 mmol ) in a single portion. After stirring for 30
m nutes, water (1 ml) and MeOH (3 m) was added to aid
solubility. After stirring for another 40 m nutes the
reacti on was judged to be conplete by TLC (20% Et OAc
in hexanes). 1MHCI (50 nil) was added to the m xture
and the m xture was then poured onto sat. NaHCO3 and
extracted with ether. The conbi ned organic extracts
were dried over magnesi um sul phate, filtered and
evaporated in vacua before purification by colum
chromat ography eluting with 10 to 20% Et0Ac in
hexanes. Yield =1 g, 2.354 mol, 73.6%yield. LCVE:



The synthetic route to Internediate 9c is simlar to

I nternmedi ate 9b using Internediate 3c in Schene 8.
LCVS: niz 462 [MHH]. Internediate 9d cycl opentyl

(2S) - cyci ohexyl (U2E) - 3-1444,4,5,5-tetramethvl 1, 3, 2-di o
xabor ol an- 2-yl | Phenvl 1prop- 35 en- 1-yl} am no) et hanoat e
The synthetic route to Internmediate 9d is simlar to

Internediate 9b usgng Intergedi ate 3egn Schene B,yy
LCNE: 268 fowl 4, 45 AR synt hetlic rout %—ﬁ :
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Internedi ate 91 tert-butvl ' HN
N- G2E) - 34444, 4,5, 5-tetranet hyl - 1, 3, 2- di oxabor oL an-
VI ) Dhenvl | grog-2-en-1-yl1}-D-leucinate The synthetic
route to Internediate 91 is simlar to Interned|ate 9b
usi ng cycl opentyl -D-leucinate in Schenme 8. LCVS| _ni A
442 [ M+H 4. Internedi ate 9g Stage 3
tert-butvl(2S)-cycl ohexvl(412E)-3-14-(4 4
5,5-tetranethyl-1, 3, 2-
_di oxabor ol an- 2-VI') Phenvl 1prog- 2- en- 1- vl | am noi et hanoat
e The synthetic route to Internediate 99 is siN.|ar
to I ntermedi ate,9b usingehnt er diNgte 3h in Sc &
: [WHrGV@%Inte dirdte 9h (,y%l Y
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Scheme 1

Scheme.2 illustrates an alternative synthesis to these phenyl substituted thicphene

analogues.



The synthetic route to Internmediate 99 is simlar to
I nternmedi ate 9b using Internediate 3g in Schene 8.
LCVS: nfz 486 [I\/H—|]. Intermedi ate 10 Cycl opentyl
N4A( 2E) - 343-(4,4,5,5-tetrarnet hyl-1, 3, 2-
d| oxabor ol an- 2- 1/ 1) phenvl | PLOP- 2-en-1-y1}-L-| eucinate
Oyc cr o The syntheticC route to Intermedlogte 10
s sigylar to Inter medi ate 9a usi 3ebr om)l odgbenzene
|| c eme 7. oMz A PAkHr Qgﬂ Pra
penth H,N
-F2-fl uoro- 5C(4 75, 5-tetranet h\/li!terﬂlgd@t,s@latif
d| oxabor ol an- 2- vf | phenyl ethyll-L-1eucinate 47 The
synthetic route to Internediate 11 a iis sh@gwm in
Schenme 9. Cycl opentyl NH,
N-{2[ 2-f| uor o- 5- br omophenyl tht hyl } - 1" 4l e I\ ate (450
ng, 1.124 mol), Bis-pinacol at odi boro B('42‘38 ng, 1.686
mol ), Pd012(dPI DO (92 ng, 0.112 mmol )l and "pot assi um
acetate (276 ng, 2.81 mmol) were conbi netkrmetiatat dry
vessel and purged with N2. DVSO (3 nl) was added and

the mixture heated at 80 C for 18 hr for conpleim,
reacti on. The m xture was par |@ned bet wegrm Et 20 (50
m) and water (100 m) and t NHThe
aqueous phase was extracted with’s and

t he conbi ned organi ¢ phases washed with brine 2{"3 x 100
m), dried (MgSH4) and ewsapaniest ed i n vacuo to afford
.the crude product as a yellow oil. Purification by
Gohama3 Hhstenat thg syapiugis(ts sUBYUuEAehy! Soites taopbpnadianaiest
t he product (286 rrg, O 511 nmmol , 45.5%vyield) as a

pal e yel | owpoi I H] +, Qécl openty
I\I—{2[2af‘j - Rrfate was
preparg shovvn beI

( 5- br ono- 241 uor ophen )acet al dehyde (O 3 %OAJ) 548

mmol ) was dissolved in DOM (12 m) and trea &4 t h

Internediate 3a (0.719 g, 1.935 nmol ). T eihecsultlng

solution was stirred at RT for 20 m n,

treated with sodiumtriacet oxyborohydri de (1.641 g,

7.74 mmol ) portg onw se. The mxture was s |rJed at

room t ewjﬁﬁmZ WP B LBt rpa The

m xt u{ 8- denehed/ wi t hrat,dMnHCL, et €N nedit r i sed
tion. The m xture was diluted with DCM

(75 n an’&“"t'eﬁa‘esspaﬁ%ses separated. The aqueous phase

was extracted, wth (25 m ) and the conbi ned
organi ¢ phase wadhed with NaHCOB sol ution (100
m) and Q s e br 4, dried (MgJSO4) and evapor at ed

in vacuo to affor th\eocrude product as a yellow oil.
Purification by coftfhm chromatography (5%
Et 0Ac/ i sohexahe)'grf@rted t he product (450 ng, (1877
nol , 56.6%yield) a a pale yellowoil. mz 400%
[ MtH] . (5-br ono\-l\ﬁ-fl phenyl ) acet al dehydey wa {
prepared as sh low. A solution

3 ?molj\:)

4 br Ndor
D@ﬁ@( e}%d dr opwi se d@é%so mn tobh o

sol ution of |lead te 2ra acetate (1. 434g 3.23 mmmol) in
TFA (5 M) at 0 C. The m %thePe3was then allowed to
warmto roomtenperature and stirred for 1.5 hr. TLC
anal ysi s suggested inconplete reaction so the m xture
was stirred at RT for 18 hr. The m xture was poured
onto water (50 m) and stirred for 10 m nutes, then
extracted with DCM (50 m ). The organi c phase was
washed wi th NaHCO3 solution (100 m ), brine (100 m),
dried (MgSO4) and 48 evaporated in vacuo to give the
crude product as a yellow oil. Purification by colum
chr omat ogr aphy (0-5% Et OAc/i sohexane) afforded the
product (336 ng, 1.548 mml, 47.9 %yield) as a pale
yellow oil. 4-brono-2-ethenyl-1-fluorobenzene was
prepared as shown bel ow.




Met hyl triphenyl phosphoni um brom de (6.60 g, 18.47
mol) in THF (40 m) was treated dropwi se with 1M
LIHVDS (18.47 m, 18.47 mmol) at -10 C and the
resulting solution stirred at this tenperature for 30
mn, then cooled to -78 C‘iﬂé;sol ution of 5-

I e e T e S

ure was
stirred at -78 C for 10 mn, then allowed to warm Ogr
roomtenperature an t|rredNafBe(DAca further o3 hrs.
m xt ug@ posr equ% t'éT“‘(’ZUO‘Tﬂ) r ct
i nt @480 ane (2 X The conbi ned orggani ¢ Ry
phases wer efRwashed wth br| ne (200 M), dried (MSH4)
and evaporated in vacuo to afford the crude pfoduct.
‘Purification by columm chronmat ography aff or ded titeirgolatodiboron
product (1.34g. 3.33 muol, 27.1%yield) as a ¢l Edhiderh
colourless oil. Internediate 11b Cycl opent vl
N-(242-met hyl - 5- (4,4,5,5-tetranmet hvl -1, 3, 2-
di oxabor ol an- 2- q:)he ethvll - L | euci nat e
synt hesi s of Int dlétel SS|mIar to

| nt er medi at e . \Ag 5; brom) g‘ﬁgr
[ m 444 [i—i% Int ate 1lc

vi© NaR42- e oPo 544
di oxabdy ol an- 2-®@phenyl | et hys: kreuci nat e M@méFhfeEGa'ﬁb
synthesis of Internediate 1lc |H$,\l mlar to
I ntermedi ate 11a using 5-bronp-2- chl orobenzal dehyde
in Schene 9. LOCMS: mz 464 [N Exanpl es The -
foll owi ng exanpl es il | ustratsnhthes preparati on of the
speci fic conmpounds of the invention, and the | KK
Soidris DEM Pliepetd the syrtiealsao exteRaanpiygerlinkye thipbensy |
%2% - (4444- car banov1- 5- (car banovl am no) - 2-

A?8HF°1 benzyl | ami no) (phenyl )acetate LG/ MS puri ty

05% 1z 49 [ ,@1\ 1H N07|\/R(4oog4Hz DVBO-d6), 8: &1.0
(1H,s)r@(,), 2@

=8 8HE) ~Y. 46 (@b, d, 032873 7.5-7. 3(°§H/2

(2H, s), 5.% (1H m), 4.2 (1H ¥ 3.6 (2H s),

(1H, s), 1.9-1.4 (8H, nm. To a solution of '
. 5- (4- For nyl - phenyl ) - 2- ur ei do- t hi ophene-Bk charh i’f‘ﬂ“i%"’“

ScRene.. 9.
24etramet hvR-1,3, 2-

~acid amde (Internediate 2) (0.15 g, 0.518 ) and
I ntermedi ate 3c(0.227 95%. 037 mmol) in ar
t et rahydr of ur an (4 X

nder nitrpegenowas add
DI PEA @ n’r‘rﬁP‘f}f“"&?ﬁ’lﬂ"mﬂi@* fi oA Pe

stir f Sﬂmﬁwut e be Or e bdogup@ddi ti on acetic agi‘*
(1.5 m). Aft G}:Eern&tialteﬁralﬂng for a further 10 m nut es,

MP- CNBH3 (0. 665 g, 1 556 Mol ) was added and the
reaction left to stiy,at roomtenperature for 1.5
hours, then,ov rm/@{ "The MP-CNBH3 was washed with

- dichl or on‘e "Han conmbi ned washings and filtrate
wer e concentrated |ﬁan80uo The residue was taken up
in the m ni num/ volhgmetzef nethanol and passed down a 5
g SCX colum, e¢luting the product with 1% ammonia in
nmet hanol . The crude pro . was purified by colum

chr omat ogr aphy el utin ith 3:2 ethyl

acet . icsohexane ,N}99% . The follow ng exanpl es
wer e ga~noavsi mbaf ranner to Exanple 1. 50 °
Exanpl e 2 cl opentyf‘*‘

N44- 1- 4- car banoyl - 5- ( car lzameisam no) - 2-

t hi enyi | benzyl )-L-1eucinate From Internediate 2 and
I nternedi ate 3a.




LC/MS purity 99% mz 473 [MrHt 1H NVR (400 Mz,
DMSO-d6), 5: 10.9 (1H, s), 7.7 (1H, s), 7.62 (2H, br
s), 7.46 (2H, d, J=8.3Hz), 7.25 (2H, d, J=8.3Hz), 7.0
(2H, br s), 5.1 (1H m), 3.72 (1H .d, J=13.7Hz), 3.53
(1H, d, J=12.9Hz), 310(1H t, J=7.1Hz), 1.80-1.71

(3H, m, 1.68-1.33(8H, 581(3H d, J= 87Hz)
0.78(3H, d, J= biz) /\Ex*a—rrpée 3 Cycl open
N4444- car bam) - (carbampyl am goy-2~¢

thi envi | benZ{1} -} pheh§®al ani nate  From | nter nedi at e
2 and Internediaté€ 3d. LC/MS purity 98% m z. 507
[ MFH . 1H NVR (400 MHz, DMBO-d6), 5: 10,9 (1M, s), 7.7

(111, s), 7.62 (2H br s) 7. 46 (2H (akgwaigs: " 7. 25
(2H, d, J=8.3Hz), 7. , 7.0 (2H, bt 4), 5.0
(1H m, 3.72 (1H.di.%=13. 7Hz), 3.58 (1H d br
ﬁ *\9\31;5 U:Qi ,WW@W@H QQ W ,ﬂ%g
80 Toad Jandy 2H, 01 1.33" (6hR,
QICI opéntyl

(2R) ({4%%“8'%{?55 aftov1- 5-( car banoyl ani no) - 2-

t hi enyl | ben 7y| } no)(phenyfl acetate 51 From
Internpgdi.ate 2 ,4nd™ nternmediate 3c (R) isomer. LC NS
purity 95/0] & 3 [MH . 1H NI\/R (400 MHz, DMSO- d6),
5. 11.0(1H, ) u]q (2H, d, J= 8'4Hz), 7.62 (2H, br
s), 7.4 (2H 8. 7Hzyp, 7.5-7.3 (7H, m, 7.0 (2H, br
s), 5.15 (1H, "‘ni““"’““if 43 (tM3, s), 3.7 (2H s), 3.1 (1H
s), 1.9-1.4 (81 1, my anple 5 Cycl opent vl
(29).1(4-14-carba r banoyl am no) - 2-

t hi x%e'mr’a i t hvbacet at e From
Intermedi'ate 2 and Iﬁ%ermsdl ate 3b. LC Ms purity 93%
mz 543 [MtH[t 1H NVR (408hivhes DMVBO-d6), 6: 11.0 (1H,
s), 7.8 (4H m, 7.69 (1H ), 7.65 (2H bra),

BoifBad? WBst(eas, therpyntis® of 2Rernafive aikers iyiey thiophes qrpjqgues
bra), 6.9 (2H, bra), 5 15 (1H, m, 4.43 (14,_s), 3.7
(2H, s), 3.1 (1H s), 1.92 1.4 (8H n). Exafple 6

.Cycl opefiivlf . A Q\ o (B0 ¥°

N- (444- cai®apoy 1-5- (Carbafio | &M noy =27 13-

chl or obenzyl 1 -L-1eucinate 52 added DI\/E un&er;“ N2. The
reaction mxture was stirred and 1 m of an a/&raus

sodi um bi carbonat e sol uti on added. The #@agti vi al
was placed in a preheated oil bath at 8000. AfteRy
hrs, analysis she conmpl ete conversio otthe

deS| red p dcyct i on m xturecool ed
pour @l df ext r dgtetedont o ch\r ?T‘tbﬂ%i
conbi ned rganl C eXgract spdm@§,hed w t Fi

before dryhnge.@ver magnesi um sul phate. The product was
purified by|col upms,chr omat ography eluting with 3-5%
MeOH : |g(p@(;Mtg@e 37.5 ng, 0.072 mmol, 57.8%yi el d.
LCMB purity {989 pa.z 507/509 [ M+H]. 1H NVR (400 MHz,
DVBO- c15), 6: 1009 (1H, s), 7.7 (1H s), 7.62 (2H, br
s), 7.44 (2H, "§™FL8. 7Hz), 7.29 (1H, s), 7.0(2H, Jr
s), 5.1 (1H, rr) 3.72 (1H, d, J=13.7Hz), 3.53 (2H-wd,
J=12. 9Hz NHJ=7.1Hz), 1.80- 1.7 N M,
1.68- 1 3 (6H ( 8. FHz) ,

L 6t b Mool 258 3G

N-{ 444 banbv I- R fear Bamovl ani no) - 28t hi env11-"2-
net hyl benzyl}- L- 1 euci nate Synt hesised via a simlar
procedure to Exanple 6 ¥8™d | nternedi ate 5b.

H,N



LCVS purity 99 % mz 487 [ MrH . 1H NWVR (400 MHz,
DVS0),45: 11.0 (1H, s), 7.7 (1H, s), 7.7 (1H, br s),
7.3 (3H m, 7.2 (1H d, J 7.7Hz), 7.0 (2H, br s),
5.1 (1H, m, 3.7 (1H d, J 13.1Hz), 3.5 (1H, d, J =
13.1Hz), 3.1 (1H br s) 3. 96(1H br s), 2.3 (3H, s),
1.8 2H n, 6 (7H, H dJ =
%crern&e)B i l@ﬁtrete(s@h altgrnative S@nférﬁé to(‘@%lh%leé’”éef&eﬁg*@{}%m yl
Metoglds ear banmov1- 5- (ear banmoyl ani no) - 2-

thienyl | benzyl};: L-1euei nate NH2 NH ONH™ A vi al

cont ai ni ng rakl s(triph phosphl ne) Adi um (99

my, 0.085 fmdl) ekt er me | e do( 22 g, 67854 mmol )
and | nt & " “was pur ged

pdi at€"4a (3
with N2 DVE (dry, X2 m) was added. othe m xture

was added 53 saturated aqueous sol uti @ opg;l*l um
bi carbonate (2.5 m) and the reacti @t uré

heated to 9000 in an oil bath for 4 hrs The mxture
was cooled to RT and?lg%ured into water (50 m) and

extract ed vvlth Et 00 ml The conbi ned org LG
extraéty d wt}f* adc’"’"drl@\ e [dsi um
sul phate reduced to dryness under Vac um The

resi due Wagdskdsbined by col urm chromat ography el uting
with 0-3% MeO |n DCM The desired product (291 ny,
0.573 mmol, 6 1 ,@j d) was isolated as a pale yellow

solid. %p 100% mz 473 [MrH, 472 [MH'. 1H
NVR (400 ?_‘)I\/S()}d) 8: 10.9 (1H, s), 7.7 (1H s),
7.62 (2H, br B), *?“46(1H s), 7.25 (3H, m, 7.0(2H,

br s), 5.1 (1 mermﬁamsO?z (1H, d, J=13.7Hz), 3.53 (2H,
d, J=12.9Hz),'3.10 Mg J=7.1Hz), 1.80- 1.71 (2H,

n, 1,68-1.33 (6 V.0 81 (3H d, J=8.7Hz), 0.78
(2H, 'rlr‘8 Exanpkes 9-15 The foll ow ng exanpl es
were syt hesised in a”Simlar manner to Exanple 8

using a variety of amno acid esters as detailed for
I nternedi ates 4b-4f, ExSAP& Nunber Internediate used

gchelmhg H illhlg’trrraetesl‘the ssyrﬂhjerslrst% pch)er%}? substituted extended linker thiophene
analogues.



cycl opentyl Cyclopentyl (25)-({3[4-carbanpyl-5-

(car banoyl am no) - 2- thi enyl ] benzyl }am no) (

phenyl )acetate 91% purity: mz 493 [ MtH] * 10
4c cyclopentyl Cyclopentyl (2S)-({3- [4-carbanmoyl-5-
(car banoyl am no) - 2- t hi enyl ]zpenzyl I am no) (

cycl ohexyl )acet ate 97% pur i Y n z 499 [I\/H-

54 11 O’D’ _MePPHBr /D’ Pb(OAC) V@’
£

LIHMDS
NaBH(‘OAG);, oilP’ ?

9}% .

{ \ . bispinacolatodiberon O\ .

O n\/\/@/B o - e o “\/D,Br
F PdCi,{dppf} .

Intermediate 11a
G

NH,
‘B
Pd(PPRy), Br NH

8
HNT O

Intermediate 1

0

Q H i
C g NH
S,

Example 22

Scheme 9

Intermediates

Intermediate 1_5-Bromo-2-(carbamoylamino)thiophene-3-carboxamide

o
NH,
I\
Br S NH
O
H,N

The synthesis of Intermediate 1 highlighted by Stages 1-4 in Scheme 1 is detailed
within W003104218.

intermediate 2 2-(Carbamoylamino)-5-(4-formylphenylithiophene-3-

carboxamide



4d cycl opentyl Cyclopentyl O-tert- butyl-N {344-

car banoyl-5- (carbanoyl am no)thi o phen-2-ylibenzyl}4. -
serinate 98% purity: nmlz 503 [ MtH| K, [/ 12*
Exanple 11 + HO cycl opentyl Cycl opentyl N-{3-[4-

car banoyl-5- (carbanoyl am ngkt hi o

phen- 2-yl ] benzyl) - Lseri nate 980/%)

NH,

O S NH
HNT O
To a mixture of 5-bromo-2-(carbamoylamino)thiophene-3-carboxamide (1.0 g, 3.79
mmol), 4-formylphenylboronic acid (0.625 g, 4.17 mmol} and

tetrakis(triphenylphosphine) Pd catalyst (0.438 g, 0.379 mmol) in DME (50 ml) was
added a saturated aquéoﬁs solution of sodium hydrogen carbonate (10 mb. The

reaction vessel was flushed with nitrogen and heated to 80 °C overnight. LCMS

indicated complete consumption of the starting material. The reaction mixture was
concentrated using a rotary evaporator. The resultant dark brown residue was

~ dissolved in DCM (17 ml) and stirred with aqueous 2M sodium hydroxide solution

(8.5 ml) for 20 minutes. Diethy! ether (20 mi) was added and the mixture stirred for a
further 30 minutes. The resultant suspension was sonicated for 2 minutes. Filtration
gave a precipitate, which was washed with hot diethyl ether to give a coloured solid

(440 mg).

LCMS: m/z 288 [M-H]"; m/z 280 [M+H]". ‘

Intermediates 3a-3i Preparation of amino acid esters

Route I,
j)\ Stage 1. cyclopentand! Stage 2
Sk e S ji :
o u O | EDCI, DMAP, DMF HCIfdioxana HEl H N OD
0 . 0
Route i1,

Stage‘! cyclopentanol
HN O+ pTSA, cyciohexane @l

0



purity: mz 447 [ MtH 13 4e cyclopentyl Cycl opentyl
N-{3-[4- carbanpoyl-5- (carbanoylam no)thio
phen-2-ylibenzyl}-Lthreoninate 97% purity: nmlz 461
[ MtH| HO ---SN- H 14 tert-butyl-L- leucinate
tbutyl tert-Butyl N-{3-[4- &&rbanoyl-5-

(car banoyl am no) - 2- thienyl]benzyl}-Lleucinate 96%

PUitbdmeaiBds gtEdarbddtHl 4

O\\//O Q O O
S\OH \\S//
/©/ H N © “OH o
Q
Q

Intermediate 3a Intermediate 3b
\\f/ \\ //
S\
,I: j H N \O I l
Intermediate 3¢ ntermediate 3d

0
0
o
HCI H,N \Q HzNL(( \O
o O

Intermediate 3e Intermediate 3f

O -
O o
’ Nj[ro HN W< HN \Q
2 Is) O
O CJ
Intermediate 3g Intermediate 3h Intermediate 31

List 1



15 41 cycl opentyl Cycl opentyl N-{3-(4carbanoyl-5-
(car banoyl am no)t hi o phen-2-yl]benzyl)-Lvalinate 96%
purity: mz 459.5 [ MtH|

30
Synthesis of compounds outlined in List 1
Route | (exemplified for Intermediate 3e)

Stage 1 — Ester formation

0
A, 0y
0

To a solution of (S)-2-tert-butoxycarbonylamino-3-cyclohexyi-propionic acid (5 g, 19.4
mmol) in DMF (50 ml) at 0°C was added cyclopentanol (8.8 ml, 97.15 mmol), EDCI
(4.09 g, 21.37 mmol) and finally DMAP (237 mg, 1.94 mmol). The reaction mixture
was warmed to RT and stirred for 18 hr. The DMF was removed in vacuo to give a
clear oil. This was separated between water and EtOAc. The organic phase was
dried (MgSQ,) and concentrated in vacuo. The crude extract was purified by column
chromatography (25% EtOAc in heptane) to vield the desired product as a clear oil
(14.87 g. 55%). "H NMR (300 MHz, de-DMS0) &, 7.02 (1H, d), 5.08 (1H, t), 3.76 (1H,
t}, 1.50-1.85 (10H, br m), 1.38 {2H, s}, 1.00-1.25 (8H, br m).

Stage 2 - Cyclopentyl (28)-amino{cyclohexyl)acetate hydrochloride (Intermediate
3e)

0
HCI MoN D
C

Stage 1 product (14.87 g, 45.60 mmoi) was dissolved in DCM (100 ml) and freated
with 4M HCl/dioxane (22.8 ml, 81.38 mmol) and the reaction mixture was stirred at
RT for 24 hr. The crude mixiure was concentrated under reduced pressure o give an
orange oil. This was triturated with Et;0 to give a white precipitate. This was further
washed with Et,0 to give the desired product as a white powder (7.78 g, 65%). H
NMR (300MHz, de-DMSO) 8; 8.45 (3H, br s), 5.22 (1H, 1), 3.28 (1H, d), 1.95-1.50
(10H, br m), 1.30-0.90 (8H, br m).

Route !l (exemplified for Intermediate 3¢)



* Exanpl e 12 was prepared from Exanple 11 using the
experinental procedure shown below. To a sol ution of
Exanple 11 (40 ng, 0.080 mmol) in DCM (2 m) was added
trifluoroacetic acid (0.4 m). The reaction mxture
was |left to stir overnight at, RT. The sol vent was :
renmoved in vacuo and to the resi due was added net hano
Saped driSpe-(erloperlyre )2 a-1-rheaYelsRA M O™ s | oaded
PRYtIRyIRAzSeXuIRPbTMt@R@dlake3gr oduct el uted with 1%
amoni a in nmethanol. The amonia fraction was
concentrated in vacuo to afford an oil to which was

added DCM and i sohexane. A solt+dywas obtai ned and 55
collected by filtration (22 5% vyield). 1H NMR
(400 Mz, DMBO c16), & 011 0 (y s), 7.7 (1H, s), 7.7
(1H, br s), 7.4 (1 33\74 d .3 (2H, m, 7.1
(1H, d), 6.9 (2H ) 05, 1“3‘(‘1H m 8 (1H br s),
3.8 (1H, d) m, 3.2 (14 br , 1.8 (2H, m,

#gza %lg@uo(fgg;rw%gqm@n‘%@apégﬁ%ﬁgﬂlcﬁc%heiane {160 ml) was added

tehéiepentdnph@end} et 1851 Iariol) drelysiohate sulfonia agiddf.92 batgedmol).

‘prdh%alpealcﬂéﬁv'ﬁ%@ eﬁk@g%%éa%%%%rggecegleﬁ MR 1o 135"3@ for com7plete

rﬁ@sglgﬁséﬁmbr tmaseasmrgw et RT ?%@E%tﬁw opitgiion of a
Gt sM‘?ﬁiSTﬁ’elg&tﬁig vk ‘ﬂlﬂ@e%ﬁd"wﬁ%@@@t hEoRc iﬁfore&i&,tmg u’nﬁdetti ‘
ous solutiaq ion heate r
TS PredSie S reme Aok wofd sk Bl PhiSeat WO st
_ INMIR (3G8MERz, {SOMBD) 3; 8B (2Blchni sorB. of (1Hher qubéinGtH m)t?hﬂ (2H
d ing of the
Ia:)gamé%l ayé \/\fWh\A@@'/a%er 3%@ 1rr'1§?1é queﬁﬂe (50 m)
and drying over magnesi um sul phate. Renoval of the
S[(HEV%FesH&%{g [ROMEIRE AL TBUFL cgaNe a’ﬂbobé QM@rrﬁédlate§@bh doe
hat was contaninated with triphenyl pho hline WPXLdes oy
mnaf%dda@|56w'a59188%9§t‘%f«'@“@r?&0}1%|S E%ﬁ” %%f@ %‘%”?{B /
wsivaib MBI mravazids 3 Innaidiibn ahe ooraespending Léuvaie amslsPh@nylglycme
[
?%r( %lﬁg}ltegterrsa !a} cBrnﬁ%k" éﬂé% aﬁiﬂ {1@ Eged%%x ﬁgétﬁﬂ)?raenae é)ropnate
give 42 ny (27% of a pal e orange povvder LCVS purity
/253 (b . ~

Q@é?mmlﬁte%7c % : ‘_’ IM‘dZnate
(2H, d,

J87Hz) 729(1H s), ’7}&?(% d, 387Hz) 6. 9( 2H,
(
(

br s), 5.1 (1H, m), 3.10 J=7. 1Hz),
2.6-2.79(4H, n), 1.80-1.7% (3H m, 9 68-1.33 (7H, m,

1.32 (1H, m, O. 81@&—9 3 B-8478 (2H, d,
J=8.8Hz). Ex I ent

I\I-(2444)4-carggpm)§1 %gj/ggngvl armm no) - 2-t hi envi | - 3-
Gk QUAREGNN 1 Prm{él)at‘el-da f@IH)Ws'?Qé %ntf@@c rooY§HeRIIS Seherhei @

si m Far pr oce%ure to Exanple using I'ntermedi ate 6b.
LCMB purity 98% miz 522 [MrH . 1H NMVR (400 Mz,

YR A Gby oBintckheliatd bh (28016 g, 8. 402 himsl) and7(348rn(S’hHBnyﬁ)) ,

.29, (1H, 7 2H,. .d =8.7 6.9
Soed 4p! mg! 182 it ogtilTe i bes 2Rs S Gor g0 mo
B.@0wholf h foBidns myer 2D. 6i8utks. Ihe(rFdtiompvas $tirdR! at B, fomg hr after

%’é‘ Whe geacﬂor?mlﬂ@ waQ pc?ﬁecﬁ i%ﬁlv ﬂ\ﬁi HCF (’5% rﬁl'f'é%d whX P58

NEth Ogralr) ﬁmmew(%@ﬁ%ﬁ%m@mlw@)to ptl 7 with NaHCO; and
temr&ﬁyd wWEheowl b tgovhi. -The |08M5:h9@b@a% Rkiasd §EE dvib@orr

simlar procedur 1 S|n di

T SHrRUPRES 20 e so TARTETRAY, TG PO Ao T B e 1 o,
DVSO-d6), 6: 11.0 (1H, s), 77 1H s), 7.7 (11-1, br
s), 7.3 (4H, m, 7.1 (1H d, J : 7.4Hz), 7.0 (2H, br
s), 5.1 (1H m, 3.2 (1H, br s), 3.0 (1H, br s), 2.7
(4H, m, 1.8 (2H, m, 1.6 (7H, m, 1.3 (2H, m, 0.9
(3H, d J = 6.6Hz), 0.8 (3H, d J = 6.6Hz). The

foll owi ng exanpl es were synthesised in a simlar

manner to Exanple 18 using a variety of am no acid
esters as detailed for Internedi ate 6d-61.



57 Exanpl e Nunmber Internedi ate used Rn Rm Nane LCMVS
purity 19 6d cycl opentyl Cyclopentyl (2S)-[(2-
{344- car banoyl-5- (carbanoyl am no) - 2-

t hi enyl ] phenyl } et hyl ) a m noRphenypacetate 98% purity:
m z 507 [ MitH| ' 12

66.1% vield) was isolated as a colourless foamy solid and was used directly.
LCMS: m/z 334 [M+HY".

Intermediate 4b [3-({I(1 S)-Z-jczclogentyioxy]-z-oxo-'l “

phenvlethvl]a}mino}methvl)phenvl}boronic acid

| @ - OH
.G/Ojfﬁ,\@/BHOH

The synthesis to Intermediate 4b follows a similar synthetic route for Intermediate

4a ysing Intermediate 3c in Scheme 2.
LCMS: m/z 354 [M+H]".

Intermediate 4¢_[3~{{[(18)-1-cyclohexyl-2-{cyclopentyloxy)-2-

pxoethyilaminotmethyliphenyllboronic acid

R

TP

The synthesis to Intermediate 4¢ follows a similar synthetic route for Intermediate

4a using Intermediate 3e in Scheme 2.
LCMS: miz 360 [M+H]".

Intermediate 4d _(_Ivclonenwl O-tert-butyl-N-[3-(dihydroxyboranyl)benzyil-lL.-

serinate

The synthesis to Intermediate 4d follows a similar synthetic route for intermediate
4a using Intermediate 3f in Scheme 2.
LCMS: m/z 364 [M+H]".



11/ 20 6e cycl opentyl Cycl opentyl
O-tortbutyl-N(2-{3-[4- carbanoyl-5-
(car banoyl ar ni no) - 2- thienyll phenyl}ethyl)- L-serinate
95% purity: mz 517 [ M+H] 4 TN, / 21 6f

33
intermediate 4e_Cyclopentyl O-tert-butyl-N-[3-(dihydroxyboranyl)benzyll-L-

threoninate

The synthesis to Intermediate 4e follows a similar synthetic rouie for Intermediate
4a using Intermediate 3g in Scheme 2,
LCMS: m/z 322 [M+H]".

Intermediate 4f Cvclopentyl N-[3-{dihydroxyboranylibenzyll-L-valinate

7 OH

YN

The synthesis to Intermediate 4f follows a similar synthetic route for Intermediate
4a using Intermediate 3i in Scheme 2.
LCMS: m/z 320 [M+HT".

Intermediate 5a Cyclopentyl N-[3-chioro-4-(4.4.5 5-tetramethyl-1,3,2-
dioxaboroian-2-yl\benzyl]-L-leucinate

P
e s

The synthesis to Infermediate 5a follows the synthetic”route shown in Scheme 3.

To a flask containing (S)-2-(4-Bromo-3-chloro-benzylamino)-4-methyl-pentanoic acid
cyclopentyl ester (715 mg, 1.775 mmol), Bis[pinacolato]diboron (80 mg, 3.55 mmol),
PdCl(dppf) (130 mg, 0.178 mmol) and potassium acetate (348 mg, 3.55 mmol) was
added DMSO (10 ml, dry) and the reaction vessel purged thoroughly with Nz. The
reaction mixture was placed in a preheated oil bath at 80 °C. Analysis after 2 hours
showed the desired product in addition to residual starting material. The reaction was
left at 80 °C for a further 3 hrs. The reaction mixture was cooled to RT and poured
into water (10 mi). The product was extracted into Et,0 and the combined organic



cycl opentyl Cyclopentyl O-tertbutyl-N(24344-

car banoyl-5-, (carbanoyl am no) - 2-

t hi enyf | phenyl | et hyI )- L-threoninate 96% purity: niz
531 [ M+HH] t \; o Exanpl e 22 Cycl opentyl
N-(2.{544-car barmyl 5- (car bapgoyl am no) t hi ophen- 2-

V11-2-fl uoro r1V| et hvb- L-l euci nat e nt hes dv
G Vel s BRI Lt P P A Y STt o R agehfe
Bdivent rérkdBd PTie rbsdddé).@% pumfigd mlqmmﬁnatogmhmmgm

'(Y?%U%%{B%%ggé(xﬁﬁs tg#'{e%{_é‘yﬂzglﬁ)a Tcsuﬁsészrﬁ FQ{I{he? nﬁZat%n by

(caplureandsyicass, ay IQFHave)s2 e, . 181 F-'nm@)T FR YR LS @mfz
9](1H br s), 1.7 (2H, m, 1.6-1.4 (7H, m, 0.8 d),
.8 (3H, d). 58 Exanple 23 Cycl opentyl

N-(2 (544- car banoyl- 5- (car banoyl am no) t hi ophen- 2-

b (R)-2-(ekbyo-Pplrtnybyedylayind)-4kraetbyl-prataroic acid cyclopentyl ester

was prepared as shown below.

To a vial containing 4-bromo-3-chloro-benzaldehyde (0.5 g, 2.278 mmol) and
Intermediate 3a (0.537 g, 2.278 mmo!) was added DCM (10 mi) and stirred at RT for
20 minutes, after which time NaBH{OAc); (1.45 g, 6.83 mmol) was added portion
wise. The reaction was stirred at RT for 2 hrs. The reaction mixture was poured into
2M HCi and extracted with DCM. The aqueous Iayér was neutralised with NaHCO4

- and re-extracted into DCM. The combined organic extracts were washed with water,
dried over magnesium sulphate and solvent removed in vacuo to give 900 mg of a
colourless oil. Analysis by LCMS showed the desired product together with unreacted
Intermediate 3a. The product was purified by column chromatography eluting with
50-100% DCM in hexanes to give 715 mg, 1.243 mmol, 54.5% yield as a colourless
oil. LOMS: m/z 401.8/403.8 [M+H]".

The 4-bromo-3-chloro-benzaldehyde was prepared as shown below.

4-Bromo-3-amino-benzaldehyde (1.39 g, 6.95 mmol) was dissolved in HCI (conc} (15
mil) and treated with sodium nitrite (0.504 g, 7.30 mmol) at 0 °C. The reaction was
stirred for 30 minutes, then left to warm to RT for 30 minutes. The mixture was added
cold to a stirred solution of copper chloride (0.964 g, 9.74 mmol} in HCl (conc) (10 mi)
at RT. The green solution was heated to 60 °C for 45 minutes then allowed to cool.
The reaction mixture was poured into water and extracted into £EtOAc. The combined
organic layers were washed with water, NaHCQ; and brine, dried over magnesium
sulphate and salvent removed in vacuo to givé 1.2 g of a brown cil. The product was
purified by column chromatography eluting with 10% EtOAc in hexanes. Product
isolated as a colour[esé waxy solid (1.061 g, 4.50 mmol, 64.7% yield).

Intermediate 5b Cyclopentyl N-{2-methyl-4-(4.4.5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzyl]-L-leucinate




@ 0 NH Synthesised via a simlar procedure to

Exanpl e 16 using Internediate 11b. LCVS purity 97%
mz 499.4 [MH, 1H NWR (400 MHz, DVMSO-cl1l6), 5: 11.0
(1H, s), 7.7 (2H, br s), 7.3 (2H, br s), 7.2 (1H d),
7,1 (1H, d), 7.0 (2H, br s), . 5.1 (1H m, 3.2 (1H m,
2.7 (4H m, 2.2 (3H, s), 1.8 (1H, m, 1.8 (2H, :
1.6 (7 m, 1.4 (2H, m, 0.9 (3H, d), 0.8 (3H d).
Exanple 24 Cycl opentyl 0

N- (24544- car banoyl- 5- (ca¢ #0 i ophen- 2-

y11- 2-chl or ophenyl| y bi lHI e at Synt hesi sed vi a
a simlar procedt*Jtdc-‘) Examn ¥6 using Internediate
11c. LCMVB purify 96 c/ 8, n12 5 9 5 [MH] 1H NMR (400
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1(0.126 g, O. 479 mmol ) and Pd( PPh3) 4%050 g, 0.044

X
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To a stirred solution of Intermediate 3a (500 mg, 2.509 mmol} and 4-
bromophenylacetaldehyde (510 mg, 2.56 mmol} in DCM (15 ml) under an inert
a'tmosphere at RT, was added NaBH{OAc); (1.595 g, 7.53 mmol) over a period of 20
minutes and stirred at RT for 30 minutes. To the reaction mixture was added 2M HCI
(50ml) and extracted with DCM (50 ml x 2). The DCM layer was dried over MgS8QO,



Exanpl e 27 Cycl opentyl

N- (5- (444- car banoyl- 5- ( car banoyl am no) - 2-

t hi enyl | phenoxy) pentyl)-L-1 euci nate To a m xture of
Internediate 8a (600 ng, 1,231 mml), Internediate 1
(36;1°nmg, 1.231 nmol) and PdgPPh3)4 (142 ng, 0.123

mol ) was added DMVE (8 mil) fter h? add{iﬁu.oFE} Of@\ﬂg
s8¢ tieselantdamasddnoive 9%’9@@33'( @*Yrﬂogou”fsﬁé’o ' KERIPE RS
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E@n@l at 80 C. After 4hrs the reaction was judged to be

: ‘ete by LCVMS. The m xture was diluted with MOH,
absorbed onto silica and subjected to colum
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mmwm;ﬁﬂmﬁgﬂﬂy 100% m z 545 (M+H) 11.
1H NMR (400 MHz, DVSO- d6)), 5 10 91 . H s) 7.60 (1H,

br s), 7.52 (1H, s), 7.38 . 7.23 (1H,
br s), 6.91 (3H, ), 52{( , 3,92 (2H,
t, J=6.4Hz), 3.06 (1H 23 72 - 1.80
(2H, m, 1.65 (3 'Tf& 1. 55 (3H, dd,
J=10.5, 7.Hz), X 106 (3H m . 1 38 (4H, d,

.1=2.9Hz), 1.30 7.3Hz), 0.81 (6H, dd,
ﬁﬂtﬂae&sedﬁ;tﬁé’h‘@)ogo&%%@@b@s ﬁant@rﬁbﬁﬁﬁrﬂay Lising 4-bromo-3-chloro-

car banoyl am no) - 2-t hi enyl | - 3-
@H?W%BW@W&% ggﬁl??‘ﬁ ‘L-leucinate Synthesised via a
$ioMd: arz pajdedilit e t o Exanpl e 27 using | nternedi ate 8b.
LCVG purity 98% mz 580 (MH)+. 1H NVR (400 Mz,
DVSO- d6), 5: 10 97 (1H s) 7. 69 (1h br s),
clrlntgrmechaggﬂqc 1 A{2-[344.2 pathydal. 3. 2-dipxaboro
Re )hlﬁ_%ueﬁn&en), 5 1 (1H m, 4.0 (2H, m, 3.05
1.75 (2H, m, 1.69-1.45 (9H, ,
1.44-1.22 (6H, m), 0.81 (BH,d, J=8.4Hz), 019 (3H, d,

J=8.7Hz). 61 Exanpl e 2 cI opentvl .
N-112E) - 3- {444 15 (car barm I no) - 2-
t hi enyl | phenyl }pi

Synt hesi sed via @ mQ ar

=Brod nat e
proce to Exanple 27
using Internediate 9a. To a sol ufion of cycl opentyl
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[PERRI PR EA eIa By $RiSEh@M94) * (39 ng, 0.065 mmml ) in
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(0.5 nml). The reaction mxture was left to stir at RT
for 2 hrs The reactlon mxture was vvorked up b
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the solvent in vacuo a~p#t e orange s d was obtai ned
(24. 3 ny, 0049 mml? 0/@4 LCVB pufity"100 % ni z
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499.0 [I\/HrHr =86, ~6: 11.0 (1H,
s), 7.7 (1H, s) -6 (c1H W4 (2H, d, J =
83Hz)73(2HdJ 8. 8Hz) 2 (1H, br s), 6.9
1H, m 5.0
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simlar manner 'to Exanple 29 using a variety of
commercially avail abl e nono and di -substituted

4- br onp-i odobenzenes as detailed for Internedi ate 9a
in Schene 7.




62 Exanple Nunber R, Ry Name LCNIS purity 30 2-nethyl
, H Cyclopentyl N[ (2E)-3-{414- carbanoyl-5-

(car banmoyl am no) t hi ophen-2-y1}-

2- met hyl phenyl } prop-2-en-1-yl)- L-leucinate 97%
purity: mz 511.2 [MH 31 é?ﬂ uoro H Cycl opentyl
N-[(2E) 3 {4-[4- carbanoyl-

(I 2 ‘; GenCyelvpenty SN L-DU I"N"{Z"fs (4.4.5.5- tetrameth!l 1,3,2"

?cﬁzﬁ)ld%mﬁ’rm{%gi\&{gm@t%}lﬂﬂsén% L- |eucinate 98%
puri , ) r
Y

Tt

Synthesised via analogous methods to Intermediate 6a, using 3-

bromophenylacetaldehyde and Intermediate 3f in Scheme 4.
LCMS: m/z 460 [M+H]".

Intermediate 6f Cyclopentyl O-tert-butyl-N-{2-[3~ 4.4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl}phenyllethyl}-L-threoninate '

0]
O sy H !
O-/ \an B~g
O

Synthesised via analogous methods to Intermediate 6a, using 3-

- bromophenylacetaldehyde and Intermediate 3¢ in Scheme 4.
LCMS: m/z 474 [M+H]".

intermediate 7a_ Cvyclo

yhphenoxylpropyi}-L-leucinate

(4,4,5,5-tetramethy|-1,3,2-dioxaborolan-2-

B~g

u/\‘/\O

The synthetic route to Intermediate 7a is shown in Scheme 5.

To a mixture of (S)-2-[3-(4-Bromo-phenoxy)-propylaminol-4-methyl-pentanoic acid
cyclopentyl ester (0.37 g, 0.897 mmol), Bis[pinacolatoldiboron (0.684 g, 2.69 mmol),
PdCly(dppf) (0.066 g, 0.090 mmol) and KOAc (0.264 g, 2.69 mmol) was added
DMSO (2 ml). The mixture was purged with nitrogen and placed in a preheated ofi



32 2-chloro H Cyclopentyl N-[(2E)-3-{4-[4-

car banoyl-5- (carbanoyl arni no)t hl ophen-2-yl] -
2-chl orophenyl } prop-2-en-1-y1J- L-leucinate 98%
purity: mz 531 [MH 33 3-nethyl H Cycl Opentyl
N-[(2E)-3-{4-[4- carbanoyl- 5y

%car banmoyl am no%t hl ogahe_n- 2- A- ‘

At BY 1 pnefis 4 F l5-roadinh wes isloed oo remRigielYgded!s: The
paiktireywastodled 18RT Midfhdur@dorde & imbaure oHetBycardpeatdry The
Pale T RRoteES e BRPAIRY &g ang fre combined organics washed vt
Mﬁr@oﬂ)&pﬂdéﬂy&} ptarsningeand Bvgrorating thepsidHawas supjgcted to
R %hroMzfogrdphyidtiM #ih 5 to 10% EtOAG in hexanes. Yield = 0.2 g, 0.435

mmol, 48.5% vield. LCMS: m/z 460 [M+H]".

The (S)-2-[3-(4-Bromo-phenoxy)-propylamino}-4-methyl-pentancic acid cyclopentyl
ester was prepared as shown below., : |

To a solution of Intermediate 3a (0.365 g, 1.833 mmol) and 3-(4-bromo-phenoxy)-
propionaldehyde (0.6 g, 1.833 mmol) in DCM (15 ml) was added NaBH(OAG);
(1.166°g, 5.50 mmol). Upon stirring at RT for 2 hrs the reaction was judged to be

' complete by LC-MS. 1M HCI (10 ml) was added to the reaction mixture and stirred
rapidly for 10 minutes. The mixture was poured onto sat. NaHCO; and extracted
with DCM. The combined organic layers were dried over magnesium sulphate,
filtered and evaporated. The residue was subjected to column chromatography
eluting with 10% EtOAc in hexanes. Yield = 0.375 g, 0.818 mmol, 44.6% yield.
LCMS: m/z 412 and 414 [M+H]",

. The 3-(4-Bromo-phenoxy)-propionaldehyde was prepared as shown below.

2-[3-(4-Bromo-phenoxy)-propyl]-[1,3]dioxolane (1.5 g, 5.49 mmol)-was dissolved in
acetone (15 ml) and treated with water (10 ml), HCI (14.98 mi, 165 mmol) was
added to the solution. Upon stirring at RT for 1 hr the reaction was judged to be
complete by TL.C (20% EtOAc in hexanes). The mixture was poured onto water and
extracted with ether. The combined organic layers were washed with 2M NaOH,
water and brine, dried over magnesium sulphate, filtered and evaporated in vacuo.
Yield = 0.6 g, 1.833 mmol, 33.4% yield.

The 2-[3-(4-Bromo-phenoxy)-propyl]-{1,3]dioxolane was prepared as shown below-.
To a mixture of 4-bromophenol (10 g, 57.8 mmol), TBAI (0.813 ¢, 5.78 mmol) and
K.COs (7.99 g, 57.8 mmot) in DMF (50 ml) was added 2-(3-bromo-propyl)-
[1,3]dioxolane (10.19 mi, 87 mmol). The mixture was placed in a preheated oil bath
at 50 °C for 3 hrs. The mixture was cooled o RT, poured onto 2M NaOH and
extracted with ether. The combined organic layers were washed with further 2M -



35 3-chloro H Cycl opentyl N-[(2E)-3-{4-[4-

car banoyl-5- (carbanoyl am no)t hi ophen-2-y1] -

3-chl orophenyl } prop-2-en-1-yli- L-1leucinate 96%
purity: mz 531.2 [MH 36 2-CF3 H Cycl opentyl

N- R2E) - 3-{444- car banoyl- 5- :
(car banoyl am no) t hi ophen- 2-y3.L - 98% puritjc mz 565.4

[MaQi, TMBC! (x 23 wekariCr Rasddnias: hifter BHEAVppmagnesium sulphate,
&ratiol did-cVaBH@tiO S ac! the residue was absorbed onto silica and
subjected to column chromatography eluting with 6% EtOAc in hexanes to give a

white solid. Yield = 12.5 g, 43.5 mmol, 75% yield.

intermediate 7b_Cyclopentyl N-{3:[3-chloro-4-(4.4,5.5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenoxylpropyl}-L-leucinate

Synthesised via analogous methods to Intermediate 7a, using 4-bromo-3-
chloropheno! in Scheme &,
LCMS: m/z 494 [M+HT".

Intermediate 8a_Cyclopentyl N-{5-[4-(4.4.5 5-tetramethyl-1,3,2-dioxaborolan-2-

vliphenoxylpentyl}-L-leucinate -

O

: B~0
i
O H

The synthetic route to Intermediate 8a is shown in Scheme 6.

To a mixture of (S)-2-[5-(4-Bromo-phenoxy)-pentylamino]-4-methyl-pentanoic acid
cyciopentyl ester (0.63 g, 1.430 mmol), Bis[pinacolato]diboron {0.908 g, 3.58 mmol),
PdCl{dppf) (0.105 g, 0.143 mmol) and KOA¢ (0.351 g, 3.58 mmeol) was added
DMSO (5 ml). The mixture was purged with nitrogen and placed in a preheated oil
bath at 80 °C. After heating for 4 hrs the reaction was judged to be complete by LC-
MS. The mixture was poured onto water and extracted with ether. The combined
organics were washed with water (x 3) and brine, dried (MgS8Q,), filtered and

evaporated under reduced pressure, and subjected to column chromatography
eluting with 10% EtOAc in hexanes. Yield = 0.61 g, 1.214 mmol, 85% yield. LCMS8



2-fluoro 5-fluoro Cyclopentyl N R2E)-3-{444-

car banoyl-5- (carbanoyl am no)t hi ophen-2-y11-

2, 5-di fl uorophenyl } prop-2-en-1- yfl-L-1eucinate 98%
purity: mz 533.4 [MH 38 2-fluoro 6-fluoro

Cycl opentyl N[ (2E)-3-{4-[4-,farbanoyl-5-

(car banoyl am no) t hi ophen-2-yl 1-

PUBYR7TA: BvF HSHNRYEY ProP- 2-en-1- yl 1 -L-1eucinate' 100%
purity: mz .533.4 [MH 39 3-CF3 H Cycl opentyl

?#@Eﬁ%%éﬂﬁhg v 8—;%3 ripo%g)?ﬁ/eerlﬁyga:nliricj]ft—methyl—pentanoic acid cyclopentyl
Ssler miaé breoptsres BYydypbabow: } prop- 2- en-1-y1)-L-l euci nate
97% purity: mz 565.4

DIPEA (2.2 ml, 13.01 mmol) was added to & rﬁixture of Intermediate 3a (2.3 g, 9.76
mmol) and TBAI (0.458 g, 3.25 mmol) in DMF (5 ml). A solution of 1-Bromo-4-(5-
chloro-pentyloxy)-benzene (0.903 g, 3.25 mmot) in DMF (2 ml) was added to the
mixture and placed in a preheated oil bath at 95 °C. The mixture was stirred
overnight. LC-MS indicated ~60 % conversion. The mixture was poured onto water
and extracted with ether and the combined organic layers washed with sat. NaHCO;,
water (x 2) and brine. After drying (MgSQ,) and evaporation under reduced pressure,
the residue was subjected to column chromatography eluting with 10 to 15% EtOAc
in hexanes. Yield = 0.64 g, 1.381 mmol, 42.5% yield.

The 1-Bromo-4-(5-chloro-pentyloxy)-benzene was prepared via a similar procedure
to the synthesis of 2-[3-(4-Bromo-phenoxy)-propyl]-{1,3]dioxclane already described
above. LCMS purity 95%: m/z 440 and 442 [M+H]".

intermediate 8b Cyclopentyl N-{5-[3-chloro-4-(4.4,5,5-tetramethyl-1,3,2-
dioxaboroian-2-yl)phenoxylpentyl}-t -leucinate

Synthesised via analogous methods to Intermediate 8a, using 1-Bromo-2-chloro-4-
(8-chloro-pentyloxy)-benzene in Scheme 8.
LCMS purity 98%: m/z 522 [M+H]".

Intermediate 9a_Cyclopentyl N-(ferf-butoxycarbonyl}-N-{(2E£)-3-[4-{4,4,5,5~
tetramethyl-1,3.2-dioxaborolan-2-yliphenyllprop-2-en-1-yf}-L.-leucinate




[MH 40 2-nethyl 6- nethyl Cycl opentyl
N-[(28)-3-{444- carbanoyl-5-

(car banmoyl am no) t hi ophen-2-11] -

2, 6-di net hyl phenyl } prop-2-en-1- yli-L-1eucinate 96%
purity: mz 525 [MH ExamPI es 41-48 The fol |l ow ng
exanpl es were synthesised in a simlar manner to

Exanpl e 27 using a varjety of am no j.d esters as
detailed for Internedirat’es 9b-9h ino 8. 64
Exanpl e Nunber Interrche i\?be used R.BELN™ Name LCVS

The synthetic route to Intermediate 9a is shown in Scheme 7.

A mixture of cyclopentyl N-{(2E)-3-(4-bromophenyl)prop-2-en-1-yi}-N-(tert-
butoxycarbonyl)-L-leucinate (204 mg, 0.413 mmol), Bis[pinacolatoldiboron (157 mg,
0.619 mmo}), potassium acetate (60.7 mg, 0.619 mmol) and PdCEz(dppf)_ (16.85 mg,
0.021 mmol) were suspended in DMSO (1.6 ml} and purged with nitrogen. The
reaction mixture was heated to an oil bath temperature of 50 °C and left fo stir
overnight, The reaction mixture was partitioned between ether and water. The
aqueous layer was extracted with a further portion of ether. The combined organic
layers were washed with brine, dried over MgSO, and concentrated in vacuo to
afford a brown residue. The residue was purified by column chromatography, eluting
with 5% ethyl acetate in isohexane. The required product was isolated as a clear
colourless oil (102 mg, 0.188 mmol, 46%). LCMS purity 100%: m/z 542.1 [M+H]".

The cyclopentyl N-[(2E)-3-(4-bromophenyl)prop-2-en-1-yl]-N-(tert-butoxycarbonyl)-L-

leucinate was prepared as shown below.

A mixture of cyclopentyl N-allyl-N-(fert-butoxycarbonyl)-L-leucinate (1 g, 2.95 mmol),
4-Bromo-lodobenzene (0.817 g, 3.24 mmol), palladium(l1) acetate (0.066 g, 0.295
mmot), TBAI (1.197 g, 3.24 mmol) and sodium bicarbonate (0.742 g, 8.84 mmol) was
suspended in dry acetonitrile (10 ml). The mixture was purged with nitrogen and
placed in a preheated oil bath at 70 °C. The reaction was left to stir for 2 hrs. LCMS
confirmed incomplete reaction so a further 3 mg of palladium(il} acetate was added
to the reaction mixture. After a further 3 hrs, the reaction mixture was left to stand
and cool to RT. The crude reaction mixture was diluted with acetonitrile and
adsorbed onto silica before column chromatography, eluting with 5% ethyl acetate in
isohexane. The required product was isclated as a colourless oil {220 mg, 0.445
mmol, 15% yield). LCMS purity 100%: m/z 494.0, 496.0 [M+H]".



purity 41 9c¢ cyclopentyl Cycl opentyl
(2S)-{[(2E)-34414- carbanoyl-5- . (carbanoyl am no) - 2-
t hi enyl | phenyl } prop-2-en-1- yl]am no}(phenyl)acet ate
97% purity: mz 519 42 9b tbutyl tett-butyl
N-[ (2E)-3-{4-[4- carbanoyl- %9 (carbanoyl am no) - 2-

bﬂ'? i%{,]%(/al.p]eﬁg@ﬁ%&%%&&%éﬁ%ﬂ):L~I|éfulit?alfé: {Nra@ﬁr%pgr%g %s shown

below.

Cyclopentyl N-altyl-L-leucinate (2 g, 8.36 mmol) and Boc-anhydride (1.824 g, 8.36
mrmol) were added together in a vial which was then capped with a septum. The
reaction mixture was left to stir overnight. "I'he reaction mixture was partitioned
between ether and water. The organic phase was washed sequentially with TM HCl,
saturated NaHCO; and brine, dried over MgSQ, and concentrated in vacuo to afford
a colourless oil (2.66 g, 7.84 mmol, 94%). LCMS purity 100%: m/z 340.2 IM+HT.

The cyclopentyl N-allyl-L-leucinate was prepared as shown below.

A suspension of lithium hydroxide hydrate (2.72 g, 64.7 mmol) and 4A sieve dust (15
g) were stirred in DMF (150 ml) for 20minutes. Intermediate 3a (free base) {6 g,
30.1 mmol) was added and stirring continued for 40 minutes. Altyl bromide (3.13 mi,
36.1 mmol) was then added and the mixture stirred overnight at RT. LCMS showed
the formation of product with some di-alkylated product. The mixture was filtered,
poured onto water and extracted (x 3) with ether. The combined organic layers were
washed with water (x 3) and brine, dried over magnesium sulphate, filtered and
evaporated in vacuo. The residue was subjected to column chromatography eluting
with 5% EtQAG in hexanes. The product was isolated as a colourless oil, Yield = 4.34
g, 18.13 mmol, 60.2% vield. LCMS: m/z 240.1 [M+H]".

Intermediate Ob tert-butyl N-{(2E)-3-[4-{4.4,5,5-tetramethyi-1,3,2-dioxaborolan-
2-yliphenyllprop-2-en-1-yf}-L-leucinate

The synthetic route to Intermediate 9b is shown in Scheme 8.

Bispinacolatodiboron (0.897 g, 3.53 mmol), PdCly(dppf) (0.120 g, 0.165 mmol) and
KOAG (0.347 g, 3.53 mmol) were added to a solution of tert-butyl N-[{(2E)-3-(4-
bromophenyl)prop-2-en-1-yll-L-leucinate (0.9 g, 2.354 mmol) in DMSO (5 ml) and the



43 9e cycl opentyl Cyclopentyl O-tert-butyl-N

[(2E) - 3-{4-[4-carbanoyl-5- (carbanpoyl am no)t hi ophen- 2-
yl ] phenyl } prop-2-en-1-y11-1.- serinate 100% purity:
mz 529 [ MtH| / .44 9d cycl opentyl Cycl opentyl
(29)-{[(2E)-3-{444- car bamagl- 5-

(car bamoyl am ngf) t hi oPhen- 2- %/I ] phenyl ) prop-2-en-1-
jlagavisisjsardapiiny i iRy ENeBEYRIWasyherhpeptasial 5P R 9
3 hours. The reaction was poured onto water (50 ml) and the product extracted with
EtOAc (2 x50 mi). The combined organics were then washed with water (2 x 25 mi)
and brine (25 ml), dried (MgSO,) and concentrated in vacuo to give a black oil. The
crude material was purified by column chromatography and the product eluted with
10% EtOAc in i-hexane fo give a yellow oil. (0.62 g, 1.444 mmol, 61.3% yield).

LCMS: m/z 430 [M+H]".

The tert-butyl N-[(2E)-3-(4-bromophenyl)prop-2-en-1-yi}-L-leucinate was prepared as
shown below.

To a mixture of (E)—3-(4—Brorho-pheny[)-propenal (0.75 g,' 3.20 mmol) and t-butyl-L-
leucinate (1.073 g, 4.80 mmol) was added THF (20 ml) followed by ~5 g of 4A sieve
dust. The vessel was flushed with nitrogen and placed in a preheated oil bath at 60
°C for 70 minutes after which time the reaction was complete. The mixture was

. cooled in an ice bath and treated with Na(OAc)sBH (3.39 g, 15.88 mmol} in a single
portion. After stirring for 30 minutes, water (1 mt) and MeOH (3 ml) was added to aid
solubllity. After stirring for another 40 minutes the reaction was judged to be complete
by TLC (20% EtOAc in hexanes). 1M HCI (80 ml) was added to the mixture and the
mixture was then poured onto sat. NaHCO; and extracted with ether. The combined
organic extracts were dried over magnesium sulphate, fillered and evaporated in
vacuo before purification by column chromatography eluting with 10 to 20% EtOAc in
hexanes. Yield = 1 g, 2.354 mmol, 73.6% yield. LCMS: m/z 382 [M+H]"

The (E)-3-(4-Bromo-phenyl)-propenal was prepared as shown below.

To a solution of (E)-3-(4-Bromo-phenyl)-prop-2-en-1-ol (1 g, 4.68 mmol) in DME (20
mi) was added manganese dioxide (8.16 g, 94 mmol). After stiring at RT for 1 hr the
reaction was judged to be complete by TLC (20% EfOAc in hexanes). The mixture
was filtered through a pad of celite, washing with DME (2 x 15 ml). After evaporation
in vacuo a colourless solid was obtained. Yield = 0.95 g, 4.50 mmol, 96% yield.

The (E)-3-(4-Bromo-phenyl)-prop-2-en-1-of was prepared as shown below.
To a solution of (E)-3-(4-Bromo-phenyl}-acrylic acid ethyl ester (13.5 g, 52.9 mmol)

under nitrogen at -78 °C was added dropwise DIBAL in toluene (159 ml, 158 mmoi)
over 1 hr. After the addition, the solution was stirred for a further 1hr at the same



45 9g O tbutyl tert-butyl (2S)-{[(2E)-3-{4-[4-

car banoyl-5- (carbanoyl am no)t hi ophen- 2-

yl ] phenyl | prop-2-en-1- yl]am no}(cycl ohexypet hanoat e
95% purity: mz 511 [MHt 46 of cycl opentyl

Cycl opentyl N-[(2E)-3-{4-[4-g4carbanoyl- 5-

Cq?;é%%ﬁ?%r@%%ﬂbﬁ{eg Eoyh:\l_/aerrﬁ%tli I%%r}%rll\;% Eﬂrn%?e's.zﬁ R0l was
added dropwise while the reaction mixture warmed fo RT. After rapidiy stirring for 30
minutes at RT, EtOAc (500 mi) was added and the organic layer coliected, The
aqueous layer was extracted with further EtOAc. The combined organié phases
were washed with further 1 HCI and brine, dried over magnesium sulphate, filtered
and evaporated in vacuo. The residue was triturated from hexanes (100 mi) to give a

white solid, collected by filiration and washed with hexanes (200 ml). Yield = 9.8 g,
46.0 mmol, 87% vield.

Intermedjate 9¢_Cyclopentyl (25)-phenyi({(2E)-3-[4-(4,4,5,5-tetramethy(-1,3,2-
dioxaboroian-2-yl)phenyliprop-2-en-1-yl}aminglethanoate
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The synthetic route to Intermediate 9c is similar to Intermediate 9b using
Intermediate 3c in Scheme 8.
LCMS: m/z 462 [M+H]*.

~ Intermediate 9d_cyclopentyl 28)-cyclohexyi({(2E)-3-[4-(4.4,5,5-tetramethyl-
1,3.2-dioxaborolan-2-yl}phenyllprop-2-en-1-yl}amino)ethanoate
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The synthetic route to Intermediate 9d is similar {o Intermediate 9b using
Intermediate 3e in Scheme 8,
LCMS: m/z 468 [M+H]".

intermediate 9e Cyclopentyl O-fert-butyl-N-{{2 F}.3-[4-(4.4.5.5-tetramethyl-1,3,2~
dioxaborolan-2-yi}phenyllprop-2-en-1-yi}-L-serinate




47 9h cycl opentyl Cycl opentyl O4ert-butyl-N

[(2E) - 3-{4-{4-carbanoyl-5- (carbanoyl am no)t hi ophen- 2-
yl ] phenyl } prop-2-en-1-y1R- 97% purity: niz 543 65
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The synthetic route to Intermediate 9e is similar to Intermediate 9b using
Intermediate 3f in Scheme 8.
LCMS: miz 472 [M+H]".

Intermediate 9f fert-butyl N-{{2E)-3-[4-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yvhphenyijprop-2-en-1-yl}-D-leucinate

The synthetic routs to Intermediate 9f is similar to Intermediate 9b using
cyclopentyl-D-leucinate in Scheme 8.
LCMS: m/z 442 [M+H]",

Intermediate 9q fert-butyl(2S)-cyclohexyl({{2E)-3-[4-(4,4,5.5-tetramethyl-1,3,2-
dioxaborolan-2-yi)phenyl]prop-2-en-1-yl}aminolethanoate
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The synthetic route to Intermediate 99 is similar to Intermediate 9b using
Intermediate 3h in Scheme 8.
LCMS: m/z 468 [M+HT".



fTh 48 Exanple 47 cycl opentyl Cycl opentyl
N-[(2E)-3-{4-[4- carbanoyl-5-

(car banmoyl am no) t hl ophen- 2-

yl ] phenyl } prop-2-en-1-y11l-L- threoninate 98% purity:
mz 485 [MHL HO jr:'"".. 44 Exanpl e 49

The synthetic route to Intermediate 8g is similar to Intermediate 9b using
Intermediate 3g in Scheme &
LCMS: miz 486 [M-+H]".

Iintermediate 10_Cyclopentyl N-{(2E)-3-[3-(4,4,5,5-tetramethyl-1.3.2-
dioxaborolan-2-yl)phenyllprop-2-en-1-yl}-L -leucinate
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The synthetic route to Intermediate 10 is similar to Infermediate 9a using 3-bromo-

jodobenzene in Scheme 7.
LCMS: m/z 442 [M+H]".

Intermediate 11a_Cyclopentyl N-{2-[2-fluoro-5-(4,4,5 5-tetramethyi-1,3,2-
dioxaborolan-2-yliphenyliethyl}-L-leucinate




Synthesised via a simlar procedure to Exanple 16
using Internediate 10. LCVS purity 98% m z 499.2

[ Mt1-11+, 1H NMR (400 MHz, DMBO-d5), 8: 11.0 (1H, s),
7.7 (1H, s), 7.6 (1H br s), 7.5 (1H s), 7.3 (3H m,
72(1Hn)69(2Hbrs)65(1Hd)63(1Hn)
50 (1H m. 3.3 (1H m, 3.9 (1H m, (1H br s).
J"i_‘hss(rzwlctsm%etqlnverme@atema !fnfhown iaSE@me%, b.8 (6H,
M. NVR data Exanpl e Nunber NWVR assignnent 9 1H NWR
C4010pdvitia N-PNBOuGHE S bréimodhbn Rleltll)-Lsipycinate (460 kg, $)124 mmol),
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aessi@m@cetete, (279 Mg 12.81 mmgl CBFe cqmbmej_ﬂon iHrN@RSE(' éo@wsﬁd
Wﬁ'@f d@&nsoﬁs néiw& a(d&b& aifd the fidureHalated bt 807 o7fo( ¢ for
§5>mpt?telreec1qqn mlétuga vtazsl_;partgzongcj bet‘ggﬂnfti(&' son;;m a%cs g'a:%iaoo
Idr)i ar&i the b%dg:s d¥pardted® Thé Hquedus pRas® WdsHxtra@ed witiel,O (2 x 25
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fend g)/apOTate,d MMacucstp affgrdAhg drile prpduct agayeliaw of) Purﬁlcgtlwm
g)nlum? A gngShyS(%-ﬂ %‘% @Oﬁélﬁohéﬁanef’af@rdea khe StbducB (286 (rrildﬂ,

1 nﬁ‘ro! &5 ’é%o@iki’) agpp @zfe“%P'NW 6%@‘ , le\/rsO d6) .
5. 11.0 (1H, s), 7.7 (1H, s), 7.7 (1H, br s), 7.4 (1H,

7.4 (
éﬂ%va'ogeﬁ*w&E%,-wﬂ%é?mf-%rohﬂe"@e@i} e
melowd. 2 (1H, br s), 1,8 (2H, , 1.6-1.4 (OH, rr) 13
1H NVMR (400 MHz, DI\/BOdG) 5: 110(1H s), 7.7 (1H,
s), 7.7(1H, br 3 é 'g_‘

-bromor (lgqqopwy @e@ld@bﬁe B33 i 1 B4y (@l,)lwaﬁ,)dlssgrlv%j(ltl %QM
b1 21) abd Frebi@tlwitMInterdndlidtd Ba (@719 2. 103 HhnolhThs yesulting
(s.%l'dtionn%és e bt F%‘?ol_rl’ZOrnih, arid thdritdatwith sodium
triacetoxyborohydride (1.641 g, 7.74 mmol) portionwise. The mixture was stirred at
room temperature for 2 hr for complete reaction. The mixture was quenched with 1 M
HCI, then neutralised with NaHCOs solution. The mixture was diluted with DCM (75
ml) and the phases separated. The aqueous phase was exiracted with DCM (25 mi)
and the combined organic phases were washed with NaHCOj3 solution (100 mi) and
brine (100 ml), dried (MgSQ4) and evaporated in vacuo to afford the crude product as
a yellow oil. Purification by column chromatography (5% EtOAc/isohexane} afforded
the product (450 mg, 0.877 mmol, 56.6% yield) as a pale yellow oil. m/z 400 [M+HT"

(5-bromo-2-fluorophenyl)acetaldehyde was prepared as shown below.

A solution of 4-bromo-2-e{henyl-1—fluorobenzene (1.3 ¢, 3.23 mmol) in DCM (10 mi)
was added dropwise over 30 min to a solution of lead tetra-acetate (1.434 g, 3.23
mmol) in TFA (5 ml) at 0 °C. The mixture was then allowed to warm to room
temperature and stirred for 1.5 hr. TLC analysis suggested incomplete reaction so
the mixture was stirred at RT for 18 hr. The mix{ure was poured onto water (50 ml)
and stirred for 10 minutes, then extracted with DCM (50 ml). The organic phase was
 washed with NaHCQ, solution (160 ml), brine (100 mi), dried (MgSQ,) and



14 1H NWVR (40 |sz DMBO-d6), 6:11,0 (1H s), 7.7(2K
s), 7,5 (1.H br s), 7.4(1K d, J = 7.8Hz), 7.3 (2H,
m, 7.2 (1H, d .Y =7.3H ), 7.0 (2H, br s), 38
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The synthesis of Intermediate 11b is similar to Intermediate 11a using 5-bromo-2-

methylbenzaldehyde in Scheme 9. LCMS: m/z 444 [M+H]".

Intermediate 11c Cyclopentyl N-{2-[2-chloro-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yliphenvllethvi}-L-leucinate
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32 1H NMR (400 MHz, DMBO-d5), 5: 11.0 (11-1, s),
7.8(1K, s), 7.7(1H, d), 7.7 (1H, br s), 7.5 (1H, d),
7.4 (1H, dd), 7.4 (1H, br s), 7.0 (2H br s), 6.8 (1H,
d) 6.3 (1H m, 5.1 (1H m, 3.4 (1H m, 32(2H
m, 2.2 (1H, br s), 1.8 (2H4gm, 1.6 (7H, m, 1.4 (2H,
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2.1 (1H, br s), 1.8 (2H, m,,2.6 (7H m, 1.4 (2H m,
0.9 (3H, d), 9.8 (3H, d). 35 1H NMR (400 MHz, DNVBO45),
5: 11.0 (1/1, s), 7.8 (ligxalpies). 7. 7(1K, s), 7.5(2K,
m, 7.4 (1H, d), 7.3 (1H, Dbr s), 7.9 (2H, br s), 6.5
(1H, d), 6.4 (1H m, 5.1 (1H, m, 3.4(1K, m, 3.2
(T2 foliovingZ2xampidéllusiratesthe plep8ratidHpf thg spebifie comphungp of the 4
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(3H d) 37 11- 1 NVR (400 MHz, DVBO4Q), 5: 11.1 (111,
s), 7.9 (1H, s),7.7 (1H, br s) 7.6
dd), 7.4 (1H, @) o7.0 (2H, br
(1H m, 5.1 ( |
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(3H, d), 0.8 (3H d),
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~(6,6(1K, d), 6.5
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38 1H ( 2 NHDVBO- d65,  5:
11,0 (1H, s), 7.9 ), 7.6 (1 k, bis), 4( 1K, br
s), 7.2 (2H, m, 7, H br s), 70(11I br s), 6.5
(2H, m, 5.1 (1H, m, 3.4(1K m, 3.2(2K in), 2,2 OH
mo;m pufity®6ZHM/2993 [W+B]*( FHIMR)(400 Mtz RMSOkar), 01190 (18Hs),
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g ti?’ahg&ﬁfu % 45 mp{?n?eé%%“ i@:asn%da%détﬁﬁb@?gﬂ%w 8.4y (r%r%z)
(azmthmr)eact@ngef( te i fer) § minuges(befgre He agiplition o8 a@eglﬂaciﬁ) (1.5 @ig
(A?tlé'r stmn’bg fbr 4Rk '10'91189&9 MB@NEQ’% 0 @6§g (3kb6 rﬁﬁwoll%&s Lted
-ﬁnqi tI(equact@p llefgt)a stirat Sqom @ntpfmipremr 1. %h@}r? étpqan 3, rrgght S%\
MHCNEH, was JrabHdd, wem)d;ctﬁ)r&%eth&rhé am) the 4oRbicddHyastingsand
(ﬂ%rate weresc%hcentrate% in'vi Th@rea:due was taken up in the minimum
volume of methanol and passed down a 5 g SCX column, eluting the product with 1%
ammonia in methanol. The crude product was purified by column chromatography
eluting with 3:2 ethyl acefate:isohexane (V6 mg, 48%).

The following examples were prepared in a similar manner to Example 1,



1H NMVR (400 MHz, DMBO-d6), 5: 11.0 (1H s), 7.7 (1H
s), 7.6 (1H, br s), 7.5 (2H, d), 7.4 (2H d), 7.3 (1H,
br s), 7.0 (2H, br s), 6.5 (1H, d), 6.3(1Kl m), 5.1
(1H, 3.5 (1H, m, 3.4 (1H m, 3.3 (1H m, 3.2
(2H,
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m, 3.2 (1H m), 2.9 (2H, br s), 1.9¢l.5(13K, m),
1.2-0.9 (6H, m. 45 1H NVR (460 Mz, d6), 5: 11.0
(11-1,.%), 7, H s), 25 (2H, d)
7.4 (2H, d), 7\32 (1 br s), 6.5(1K
d), 6.2 (1H, 30 2.8 (1H, br
s), 1.9 (1H br s), - nfh (9H, s). 46
1H NMR (400 MHz, DNMBON{6), ., S)? 7.7 (1H,

s), 7.6 (1H, br s), 7.% (2H, d), 7.4(2K d), 7.3 (1H,
br s), 7.0 (2H, br s), 6.5 (1H, d) 6.25 (1H, m, 5.1
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(88,8HE). 48 1H NMR (400 Mz, DVBO-d6), 5: 11.0(1KL s),
7.7 (1H, s), 76(1H br s), 7.5 (2H, d), 7.4 (2H d),

7.3 (1H bra). 2H bra). . 6.27 (1H
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t hi enyl | benzyl } am no) ( phenyl ) acetate (Exanple 1) (50
ng, 102 pnol) in tetrahydrofuran (1 m) was added 1.0M

ok 1A¥rhBdiad? aid Inkdthepiz®d 3d. The reacti on was stirred

ety Soqte ST BRI il Aoz DURD-Fa R0 ¥88 dinf

the (1eag t7iaan2Helrts),t7odesRHr d, alF81836lam7t28rpidr dit/ai.8Hz), 7.21 (5H,

t e n t
e @R s Bl YA ?“§§ gl E’péé"i“f“"da?ef? S
vay, @dd’e&@(ﬂd @Ché B8yt 2 ddadSoitzy PLEY pl4-himedl 88
Thes &8, hg. was col l ected by filtration and washed
sequent i al | y with water, ethanol and diethyl ether

bef ore dryi ng under reduced pressure (26 ng, 60% . The

f Exanasé BoCycianmltdd2 Rl € [Heapamedl-$-(casbanoglammoi@nner
Bic A0l ShimolBERyIEGRESAT Y, e cOmpounds vere

C to achieve good purity.
Exanpl e 51

N- { 444- Car banov1- 54car banovl am no) - 2-t hi envl 1benzvl). 1
.-leucine O



70 From Exanple 3. LC/ M5 purity 98% mz 439 [ MtHr.
Exanpl e 53 (2R)-({444- Car banoyl- 5- ( car banoyl am no) - 2-

t hi enyl | benzyl | am naphenyl | acetic acid From Exanpl e
4. LC/ M5 purity 95% mz 425 [ MtHt Exanpl e 54

(29) - (0-14- Car banoy1- 5- (car bgnmoyl ami no) - 2-

t hi enpl | benzvl | am no) ( 2- napht hyl )acetic acid From
Exanple 5. LC/MS purity 98% mz 47 M+Hr . Exanpl e 55
N-{444- car banp uq\?(car banoyl ami no) - 2/t v | - 3-chl oro

benzvl)- L-le ple 6. LC/MS purity
98% niz 508 [ M+

N-{4- (4-carbanovl-5 '- am no) - 24t hi envll-2-meth
vl benzyl )- L-1euci n From Exanpl &77. N‘ﬂQ\/B purity
92 % mz 417 [MH] anpl e 57

N43- 14- Car banoyl- 5- r banovl ani no) - 2-t hi envl | benzyl | -

|'From llln’cermed:ate 2 and Intermediate 3¢ (R) isomer.

LLC/MS purity 95%, m/z 493 [M+H]". 'H NMR (400 MHz, DMSO-de), &: 11.0 (1H, s),
7.8 (2H, d, J= 8.4Hz), 7.62 (2H, br s), 7.4 (2H, d, J=8.7Hz), 7.5-7.3 (7H, m), 7.0 (2H,
bré), 5.15 (1H, m), 4.43 (1H, ), 3.7 (2H, s), 3.1 (1H, 8), 1.9-1.4 (8H, m).

Example 5 Cyclopentyl (25)-({4-[4-carbamoyl-5-(carbamoylaming)-2-

thienyllbenzyllamino){2-naphthyl)acetate

From Intermediate 2 and Intermediate 3b.

LC/MS purity 93%, m/z 543 [M+H]". '"H NMR (400 MHz, DMSO-ds), &: 11.0 (1H, s),
7.8 (4H, m), 7.69 (1H, s), 7.65 (2.H' brs), 7.65-7.43 (51, m), 7.3 (2H, d, J=13.4Hz)},
7.26 (1H, br s), 6.9 (2H, br s), 5.15 (1H, m), 4.43 (1H, s}, 3.7 (2H, s), 3.1 (1H, s}, 1.9-
1.4 (8H, m). '

Example 6 Cyclopentyl N-{4~[4-carbamov§-5-(carbamovlaminc)-Z_—thienvﬂ-3-
chiorobenzyl}-L-feucinate

Q

i —NH,
Q . Y
NH

0 H s By

To a vial containing Intermediate 5a (62 mg, 0.138 mmol), Intermediate 1 {33.1 mg,
0.125 mmol) and tetrakis(triphenylphosphine)paltadium {14.48 mg, 0.013 mmol) was



O The followi ng exanples were prepared in a simlar
manner to Exanple 50. \Were necessary, the conpounds
were purified by preparative HPLC to achi eve good
purity. 72 Exanple Nunber Exanple used Rn Name LU S

purity 58 9 (28)-({3[4-carbmmoyl-5-

(a%Q%) BFMEVJn%QF l'[l] h%rg{#t,% %ﬂ%hr’e%r#zs\{z 1%@5%% @‘%n a@ueous

aceti
sodium bucarbonate so]u’uon added The reaction vial was placed in a preheatsd oil

bath at 80 °C. After 2 hrs, analysis showed complete conversion to the desired
product. Reaction mixture cooled to RT and poured into water, extracted into E{OAc
and the combined organic extracts washed with water/brine before drying over
magnesium sulphate. The product was purified by column chromatography eluting
with 3-5% MeOH in DCM to give 37.5 mg, 0.072 mmol, 57.8% yield.

LCMS purity 98%: m/z 507/509 [M+H]". "H NMR (400 MHz, DMSO-dg), & 10.9 (1H,
8), 7.7 (1H, 8), 7.62 (2H, br s}, 7.44 (2H, d, J=8.7Hz), 7.28 (1H, 8), 7.0(2H, br s), 5.1
(1H, m), 3.72 (1H, d, J=13.7Hz), 3.53 (2H, d, J=12.9Hz)}, 3.10 (TH, t, J=7.1Hz), 1.80-
1.71 (2H, m), 1.68-1.33 (6H, m), 0.81 (3H, d, J=8.7Hz), 0.78 (2H, d, J=8.8Hz).

Example 7 Cyclopentyl N-{4-[4-carbamoyl-5-(carbamoyilamino}-2-thienyl]-2-

methylbenzyl}-L-leucinate

ZT

Synthesised via a similar procedure fo Example 6 using Intermediate 5b.

- LCMS purity 99 %, miz 487 [M+H]". 'H NMR (400 MHz, DMSOQ), & 11.0 (1H, s}, 7.7
(1H, s), 7.7 (1H, bf s), 7.3 (3H, m), 7.2 (1H, d, J = 7.7Hz), 7.0 (2H, br 8), 5.1 (1H, m),
3.7 (1H, d, J = 13.1Hz), 3.5 (1H, d, J = 13.1Hz), 3.1 (1H, br s), 3.0 (1H, br s}, 2.3 (3H,
s), 1.8 (2H, m), 1.6 (TH, m}, 1.4 (2H, m), 0.9 (3H, d J = 6.6Hz), 0.8 (3H, d J = 6.6Hz).

Example 8 Cyclopentyl N-{3-[4-carbamoyl-5-(carbamoylamino)-2-

thienvl]benzvl}-L-Ieucinate

S

A vial containing tetrakis(triphenylphosphine)patladium (99 mg, 0.085 mmol),
Intermediate 1 (22 mg, 0.854 mmol} and Intermediate 4a (313 mg, 0.932 mmol)
was purged with N, and DME (dry, 12 ml) was added. To the mixture was added a



(28)-({3-[4-carbanoyl-5- (carbanoylam no)- 2-

t hi enyl ] benzygam no) (cyc | ohexyl)acetic acid 94%
purity: mz 431 [ M+1-1]+ 60 11
O-tert-butyl-N{3-[4- carbanoyl-5-

(car banmoyl am no) t hi ophe n- 2-%I i benzyl}-L-serine 100%
purity: mz 435 [ MtHr =~ He, . ,
saturatéd agqueous solution of sodium bicarbonate (2.5 ml) and the reaction mixture
was heated to 90 °C in an oil bath for 4 hrs. The mixture was cooled to RT and
poured into water (50 ml} and extracted with EtOAc (100 ml). The combined organic
extracts were washed with brine, dried over magnesium sulphate and reduced to
dryness under vacuum. The residue was purified by column chromatography eluting
with 0-3% MeOH in DCM. The desired product (291 mg, 0.573 mmol, 67.1%yield)
was isolated as a pale ysllow solid. -

LCMS purity 100%: m/z 473 [M+H]", 472 [M-H]". "H NMR (400 MHz, DMSO-dj), &:
10.9 (1H, 8), 7.7 (1H, 8), 7.62 (2H, br s), 7.46 (1H, s}, 7.25 (3H, m}, 7.0(2H, br s}, 5.1
(1H, m), 3.72 (1H, d, J=13.7Hz), 3.53 (2H, d, J=12.9Hz), 3.10 (1H, t, J=7.1Hz), 1.80-

1.71(2H, m), 1.68-1.33 (6H, m}, 0.81 (3H, d, J=8,7Hz), 0.78 (2H, d, J=8.8HZ).

Examples 9-15

The following examples weré synthesised in a similar manner to Example 8 using a
variety of amino acid esters as detailed for Intermediates 4b-4f,

o NH,

H
»\(N I\
Rmmo S NH

Rn J\

07 "NH,
Exampie | Intermediate LCMS
Ry . Rm Name .
Number used purity
Cyclopentyl (28)-({3-
yclopentyt (23)-({ 91%
[4-carbamoyl-5- )
) purity:
9 4b cyclopentyl | {(carbamoylamino)-2-
. thienvllo Bamino)( m/z 493
ienyilbenzyl}amino
yilbenzy MeH
phenyl)acetate
Cyclopentyl (2S)~({3-
yelopentyl (28)-({ 7%
. [4-carbamoyl-5- .
. purity:
10 4c cyclopentyl | (carbamoylamino)-2-
thienyllb Jamino)( m/z 499
ienyllbenzyllamino
Y Yy M+H]'
cyclohexyl)acetate




61 13 N-{3-(4-carbanoyl-5-

(car banmoyl am no) t hi ophe

n-2-yl]lbenzyll-L- threonine 97%purity: mz 393 [ MtHr

HO 1> H

62 15 Cycl opentyl

N (344-

car banoyl- 5-

(car banmoyl am no) t hi ophe n-2-yl ] benzyl)-L-valine 91%

purity: mz 391 [WHt 54
Cyclopentyl O-tert-
butyl-N-{3-[4- 98%
11 ad Oj ' | " carbamoyl-5- purity:
cyclopen
/{\ yelopsnty (carbamoylaminojthic | m/z 503
phen-2-ylibenzyi}-L- [M+H]*
serinate
Cycl tyl N-{3-[4-
yclopentyl N-{3- 98%
carbamoyl-5- .
12 Example 11 J cyclopentyl | (carbamoylamino)thio purly:
P HO yelopeny hen-2 Ei DL m/fz 447
en-2-ylfbenzyl}-L-
P j vii Yy [MH]'
serinate
“Cyclopentyl N-{3-[4~
yclopentyl N-{3-[ 97%
carbamoyl-b- .
13 4e i cyclopentyl | (carbamo [amiﬁo)thio purly:
HO H yelopenty hom.2 Ii) B m/z 461
en-2-yljbenzyl}-1.-
p yl_ y [M+HT
threoninate
tert-Butyl N-{3-[4-
yl N-{3-] 96%
carbamoyl-5- i
tert-butyl-L- ] purity:
14 . tbutyl {(carbamoylamino)-2-
leucinate hienyilbenzyl L m/z 461
ien -L-
.y y IM+H]?
lsucinate
Cyclopentyl N-{3-[4-
yclopentyl N-{3-[ 96%
carbamoyl-5- .
15 4f eyclopentyl | (carbamoylamino)thio punity
i yelopenty o2 H}L Bl m/z 459.5
en-2-yllbenzyl}-L-
Y Y y M+

valinate

* Example 12 was prepared from Example 11 using the experimental procedure

shown below.

To a solution of Example 11 (40 mg, 0.080 mmol) in DCM (2 ml) was added

trifluoroacetic acid (0.4 ml). The reaction mixture was left to stir avernight at RT. The

solvent was removed in vacuo and to the residue was added methanol and 2 drops

of acetic acid. The solution was loaded onto an SCX column and the product eluted

with 1% ammonia in methanol. The ammonia fraction was concentrated in vacuo to

afford an oll to which was added DCM and isohexane. A solid was obtained and




Exanpl e 63

N42-{444. Car banoyl - 5- ccar banoyl am no) - 2-t hi enyl 1phenyl

| ethyl)- L-1Ieucine 73 Exanpl e 64

N- (24444- Car banoyl- 5- (car banovl am no) - 2-t hi env11- 3-

chl orophem |l ethyl)-L-1eucin From Exanpl e 17.

LC/MS purity 98% miz 522 | r. Exanple 65

Noietqdyfitedpn Erova S8 %(Mebanov| ani no) - 2-
t*hlz@x@@%of%hﬁﬂ@%% QpveIn ler7('1ﬁuéb' iz wfrs@nﬁ feqwe 8, 22(1H, s),
NaB UL F), 7@%%%@;/91153'(%%% egr@vl %fn% n%)1 rrg""t'”ﬁ} &/l e s). 3.8
qhkonopbenxy) PR opy by s)-1seei me 16roameExanpl e 26. LG/ MB
purity 100% mz 552 [M+H. Exanple 67

N45{ 444 Car barmvl 5 (car barmvl ani no) 2

PR T U T

car banovl ami no) - 2-t hi env11- 3-
chl or ophenoxyl pentyl)-L-1euci ne From K
purity 98% nfz 580 [ MrHr. Exanple 69

N- 112E1- 344- 14- Car banov1-5-(ca yT@m no) - 2-
t hi envl | phen\@opoz en- 1- y1 B
0 A

A vial charged with Intermediate 6a (153 mg, 0.356 mmol}, Intermediate 1 (86 mg,
0.324 mmol) and Pd(PPha)s (37.4 mg, 0.032 mmol) was purged with nitrogen. DME
(6 ml, dry) was added along with NaHCOj, (1.0 ml, saturated aqueous solution) and
the reaction heated at 80 °C for 3 hr, The reaction mixture was cooled to RT and
poured into water (50 mi). Extraction of the product with EtQAc (2 x 40 ml) was
followed by the washing of the organic layers with water (50 ml) and brine (50 ml)
and drying over magnesium sulphate. Removal of the solvent under reduced
pressure gave a brown oily solid that was contaminated with friphenylphosphine
oxide. Purification by capture and release on SCX (eluting with MeOH) gave 53 mg
of an oran;ge oil that was only 70% pure. The product was purified by column
chromatography eluting with EtOA¢ 50 % in hexanes to give 42 mg (27%) of a pale
orange powder. ' '

LCMS purity 96%: m/z 487 [M+H]"; 485 [M-H]". "H NMR (400 MHz, DMSO-dg), &
10.9 (1H, s), 7.8 (2H, 8), 7.44 {2H, d, J=8.7Hz), 7.29 (1H, s), 7.23 (2H, d, J=8.7Hz),
6.9 (2H, brs), 5.1 (1H, m), 3.10 (1H, 1, J=7.1Hz), 2.6-2.79 (4H, m), 1.80-1.71 (3H, m),
1.68 -1.33 (7H, m), 1.32 (1H, m), 0.81 (3H, d, J=8.7Hz), 0.78 (2H, d, J=8.8Hz).

Example 17_Cyclopentyl N-(2-{4-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]-3-
chlorophenyliethyl)-L-leucinate




From Exampl e 29. LCVS purity 100% mz 431.0 [ M+H, 1H
NVR (400 MHz, DMBO-c16), 8: 11.0 (1H, s), 7.7 (1H, s),
7.6 (1H, br s), 7.5 (2H, d, = 8.3 Hz), 7.4 (2H, d, =
8.3 Hz), 7.3 (1H, br s), 7.0 (2H, br s), 6.6 (1H, d, J
= 16,1 Hz), 6.2 (1H m, 3.%41H m, 3.3 (2H m, 1.8
(1H m, 1.4 (2H nm, 0.8 (6H m. Th%follovving
exanpl es were prepared in a simlar ngh to Exanpl e

P

-

50. Where necessary, the conpoupds were ified by
preparative HPLC to_achi eve good pyfi 5

Exanpl e Nunb@a | e HISEd 5 NEOVS purity 70
30 2- nethyl o N

O)\NH2
Synthesised via a similar procedure to Example 16 using Intermediate 6b.
LCMS purity 98%: m/z 522 [M+H]". "H NMR (400 MHz, DMSO-dg), 8: 10.9 (1H, s),
7.8 (2H, s), 7.42 (1H, s), 7.29 (1H, 8), 7.23 (2H, d, J=8.7Hz), 6.9 (2H, br s}, 5.1 {(1H,
m), 3.10 (1H, t, J=7.1Hz), 2.6-2.79 (4H, m), 1.80-1.71 (3H, m), 1.68-1.33 (7H, m),
1.32 (1H, m), 0.81 (3H, d, J=8.7Hz), 0.78 (2H, d, J=8.8Mz).

Example 18 Cyclopentyt N-{2-{3-[4-carbamoyl-5-(carbamoylamino)-2-
thienyllphenvliethyl)-L-leucinate

Ny

O

ZT
=
I

M

Synthesised via a similar procedure to Example 16 using intermediate 6c.

LCMS purity 99 %, m/z 487 [M+H]". "H NMR (400 MHz, DMSO-dg), & 11.0 (1H, s),
7.7 (1H, 8), 7.7 (1H, brs), 7.3 (4H, m), 7.1 (1H, d, J = 7.4Hz), 7.0 (2H, br s}, 5.1 (1H,
m), 3.2 (1H, br s), 3.0 (1H, brs), 2.7 (4H, m), 1.8 (2K, m), 1.6 (7H, m), 1.3 (2H, m),
0.9 (3H, d J = 6.6Hz}), 0.8 (3H, d J = 6.6Hz).

The following examples were synthesised in a similar manner to Example 18 using a
varlety of amino acid esters as detailed for Intermediate 6d-6f.

Rm, H
Rn / \



N-

2-
pu
N-
2-

purity:

[(2
yl]
rity:
1(2
yl']
r

N- R2E) - 3-{ 4[ 4- car banoy1- 5-

E) - 3- {4[ 4- car banpy1- 5-
- 2- et hyl phenyl | prop- 2-

mz 445 [M+Hr 71 31 2- fluoro H

rn/z 449 [

E) - 3- (4[ 4- car banoy1- 5-
- 2-fl uor ophenyl } prop- 2-

M-Hr 72

32 2-

98%

(car banmoyl am no) t hi ophen-
en-1-yl)-L-1eucine .

93%

(car banmoyl am no) t hl ophen-
+n-1-y-L-1euci ne
chloro H

(car banoyl am no) t hi ophen-

ZEXahpid | GheanegbenyT } propf 2- en-1-\1J-L-Teucine 91%LCMS
Kﬁ{"lf‘%‘j g1z 466 [ MrH B 73] 33 B meflhyl HMName purlty
. - -(h'f -carpanmoyl-5- (carbdnoyl am no)thi ophen-
2-y11-3-methyl phenyl ) propt 2- en- 1- y XRclopesyieS)-188% 98%
purity: \mz 445 [MH 74 | {3-{4-carbamoy!-5- ouriy:
‘ 19 6d 6 cyclopentyl | (carbamoylamino)-2- iz 507
thienyl]phenyl}ethy!}a T
mino](phenyl)acetate
Cyclopentyl O—zfertn
butyl-N-(2-{3-[4- 95%
20 6o C—):‘— cyciopenty] carbamoyl-5- purity:
/‘\ (carbamoylamino)-2- miz 517
thienyllphenylethyl)- [M+H]"
L-serinate
Cyclopenty! O-tert-
bugyl-N-(2-{3-[4- 96%
- carbamoyl-5- purity:
21 of /T\H cyclopenty (carbamoyiamino)-é-l m/z 531
thienyljphenyl}ethyl)- [M+H]"
L-threoninate

Example 22 Cyclopenty] N-(2-{5-[4-carbamoyl-5-(carbamoylamino)thiophen-2-

yl]-z-fluoroph_envl}ethvl')-l;-leucinate

Synthesised via a similar procedure to Example 16 using Intermediate 11a.

ZXL

LCMS purity 100 %, m/z 505 [M+H]*, ‘H NMR (400 MHz, DMSO-dg), &: 11.0 (1H, s),
7.6 (2H, br s), 7.4 (1H, m), 7.3 (1H, m), 7.3 (1H, m), 7.1 (1H, t), 6.9 (2H, br s), 5.0
(1H, m), 3.1 (1H, s), 2.7-2.5 (4H, m), 1.9 (1H, br s), 1.7 (2H, m), 1.6-1.4 (7H, m), 0.8
(3H, d), 0.8 (3H, d).




34 3- fluoro H N-(2E)-3-{4[4-carbanoyl-5-

(car banoyl am no) t hi ophen- 2-yl)-3-fl uorophenyl } prop- 2-
en-1-yll-L-leucine 91%purity: mz 449 [MH 4 75 35
3- chloro H N-[(2E)-3-(4{4-carbanmoy1l-5-

(car barmoyl ami no) t hi ophen- 2- 5@1] 3-chl or ophenyl | pr op- 2-

gi éarﬂgﬁoh%moith?éph%ﬁ 2=

Synthesised via a similar procedure fo Example 16 using intermediate 11b.
LCM'S'purity 97 %, miz 499.4 [M-HT, "H NMR (400 MHz, DMSO-dg), & 11.0 {iH, s},
7.7 (2H, brs), 7.3 (2H, brs), 7.2 (1H, d), 7.1 (1H,.d), 7.0 (2H, br s}, 5.1 (1H, m), 3.2
(1H, m), 2.7 (4H, m}), 2.2 (3H, s), 1.9 (1H, m) 1.8 (2H, m), 1 6 {7H, m), 1.4 (2H, m),
0.9 (3H, d), 0.8 (3H, d).

Example 24 Cyclopentyl N-(2-{5-[4-carbamoyl-5-(carbamoylaminolthiophen-2-

yil-2-chlorophenyliethyl)-L-leucinate

on ]

o

st

Cl
07 NH,

Synthesised via a similar procedure to Example 16 using Intermediate 11c.

LCMS purily 96 %, m/z 519.5 [M-H], "H NMR (400 MHz, DMSO-dg), 8: 11.0 (1H, s),
7.7 (1H, s), 7.7 (1H, brs), 7.5 (1H, d), 7.4 (1H, d), 7.4 (1H, dd), 7.3 (1H, br s), 7.0
(2H, brs), 5.1 (1H. M), 3.2 (1H, m), 2.8 {3H, m), 2.6 (1H, m), 2.0 (1H, br s}, 1.8 (2H,
m), 1.6 (7H, m), 1.3 (2H, m), 0.9 (3H, d), 0.8 (2H, m), 0.8 (3H, d).

Example 25 Cyclopentyl N-(3-{4-[4-carbamoyl-5-(carbamoylaming)-2-

thienyllphenoxylpropyvil-L-leucinate




(trifluoronethyl)phenyl}prop- 2-en-1-y1R-|eucine
[MtHt 77 37 2- fluoro 5- fluor

N-[ (2E) - 3-{4[ 4- car banpby1-5- (carbanoyl am no)t hi ophen-
2-y11-2,5-di fl uorophenyl } prop- 2-en-1-yli-L-Ieucine
90% purity: m'z 467 [MrH 78588 2- fluoro 6- fluoro

N R2E) - 3-{4[ 4- car banoy1-5- (carbanoyl a
2-yl)-2,6-di fluorophenyl | prop- 2-en-1-y
93% purity: mz 467 [MH 79 39 3-CF3

no) t hi ophen-
-h-leucine

To a mixture of Intermediate 7a (0.2 g, 0.435 mmol), Intermediate 1 (0.126 g, 0.479
mmol) and Pd(PPhs); (0.050 g, 0.044 mmol) was added DME (5 ml) followed by 2 mt
of a saturated solution of NaHCQs. The mixture was purged with nitrogen and
placed in a pre-heated oil bath at 80 °C. Upon stirring at this temperature for 3 hrs
the reaction was judged to be complete by LC-MS. The mixture was cooled to RT,
diluted with MeOH and absorbed onto silica. The residue was subjected to column
chromatography eluting with 3 to 4 % MeOH in DCM. The material was then
subjected to SCX capture and release. Yield = 0.11 g, 0.213 mmol, 48.8% yield.
L.CMS purity 100%: m/z 517 (M+H)'; 515 (M-H)". "H NMR (400 MHz, DMSO-ds),
8:10.91 (1H, ), 7.61 (1H, brs), 7.52 (1H, s), 7.38 (2H, d, J=8.8Hz), 7.24 (1H, br s},
6.90 (3M, d, J=8.8Hz), 5.05 (1H, t, J=5.9Hz), 3.98 (2H, t, J =6.4Hz), 3.07 (1H, br s),
2.61 (1H, t, J=6.6Hz), 1.70 - 1.83 (4H, m), 1.49 - 1.61 (6H, m), 1.32 (2H, {, J=7.1Hz),
0.81 (6H, dd, J=12.0, 6.6Hz).

Example 26 Cyclopentyl N-(3-{4-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]-3-

chloro henox ropvi}-L-leucinate

Q
ol NH,
- / \
QS e
N o
o) H 0% " NH,

Synthesised via a similar procedure to Example 25 using Intermediate 7b.

LCMS purity 98%: m/z 552 (M+H)". 'H NMR (400 MHz, DMSO-dg), & 10.98 (1H, s),
7.61 (.1H, brs), 7.49 (1H, s), 7.41 (1H, d, J=8.8Hz), 7.27 (1H, brs), 7.07(1H, m), 6.9
(2H, m), 5.08 (1H, m), 4.07 {(2H, m), 3.05 (1H, m), 2.6 (1H, m), 1.8 (4H, m), 1.60-1.48
(7TH, m), 1.3 (2H, m), 0.81 (3H ,d, J=8.4Hz), 0.79 (3H, d, J=8.7THz).



H N[ (2E) - 3-{444- car banoy1- 5-
(car banoyl am no) t hi ophen2-y11- 3-
(trifluoromnethyl)phenyll prop2-en-1-yl1l]-1..-1eucine
96% purity: mz 499 [MH 80 40 2- nethyl 6- nethyl
QICI opentyl N-[(2E)-3- {444 gﬁrbarmyl 5-

| -

enytiohe 2 inat&i ng exanpl es were prepared in
a sini I ar manner to Exanpl e 50. Were necggssary, the

conpounds were purified by preparative HP
good purity. Exanpl e Nurber

O
R N
L AT T

To a mixture of Intermediate 8a (600 mg, 1.231 mmal}, Intermediate 1 (361 mg,
1.231 mmol) and Pd(PPhs)s (142 mg, 0,123 mmol) was added DME (8 ml). After the
addition of a saturated solution of NaHCOj; (3 ml), the mixture was purged with
nitrogen and placed in a preheated oil bath at 80 °C. After 4hrs the reaction was
judged to be complete by LCMS. The mixture was difuted with MeOH, absorbed
onto silica and subjected to column chromatography eluting with 3 to 5% MeOH in
DCM. The product was isolated after evaporation (0.305 g, 0.543 mmol, 44.1%
yield).

LCMS purity 100%: mfz 545 (M+H)*. TH NMR (400 MHz, DMSO-ds), & 10.91 (1H, s),
7.60 (1H, brs), 7.52 (1H, s), 7.38 (2H, d, J=8.8Hz), 7.23 (1H, br s), 6.91 (3H, m),
5.06 (1H, t, J=6.1Hz), 3.92 (2H, {, J=6.4Hz), 3.06 (1H, m), 2.34(1H, m), 1.72 - 1.80
(ZH, m), 1.65 (3H, dd, J=10.5, 8.1Hz), 1.55 (3H, dd, J=10.5, 7.Hz), 1.50 - 1.61 (3H,
m), 1.38 (4H, d, J=2.9Hz), 1.30 (3H, t, J=7.3Hz), 0.81 (6H, dd, J=11.0, 6.6Hz).

Example 28 Cyclopentyl N-(5-{4-[4-carbamoyi-5-(carbamoylamino)-2-thienyl]-3-

chiorophenoxyipentvl}-L-ieucinate

Cl

O NH
N WY S
< lo N o PN

Synthesised via a similar procedure to Example 27 using Intermediate 8b.

LCMS purity 98%: m/z 580 (M+H)*. "H NMR (400 MHz, DMSO-dg), &: 10.97 (1H, s),
7.69 (1h, brg), 7.45 (1H, s), 7.4 (1H, d, J=13Hz), 7.23 (1H, brs), 7.05 (1H, d, J=
8.5Hz), 6.9 (3H, m), 5.1 (1H, m), 4.0 (2H, m), 3.05 (1H,m), 2.3(1H, m), 1.75 (2H, m),
1.69-1.45 (9H, m), 1.44-1.22 (6H, m), 0.81 (3H ,d, J=8.4Hz), 0.7 (3H, d, J=8.7Hz).



Exanpl e used Rr, Nane LCMVS purity ,81 41
(2S)-{[(2E)-3-{444- carbanoyl-5- 90% purity: nfz 451
[ MbH 77 (car banmoyl am no) - 2-

t hi enyl ) phenyl } prop- 2-en-1- vyijam no}(phenyl)acetic
acid I d< 61

Example 29 Cyclopenty] N-[{2E)-3~{4-[4-carbamoyi-5-(carbamoylamino}-2-
thienyilphenyi}prop-2-en-1-yl]-L-leucinate

Q
Q 0 NHz
0
t g7 N
~
©” "NH

2

Synthesised via a similar procedure to Example 27 using Intermediate 9a.

To a solution of cyclopentyl N—(tert—butoxycarbonyl)—N-[(2E)-S-{4-[4-carbamoyl-5—
(carbamoylamino)thiophen-2-yljphenyl}prop-2-en-1-yl]-L-leucinate (Intermediate 9a)
(39 mg, 0.065 mmol} in dichloromethane (1 ml) was added trifluoroacetic acid (0.5
mi). The reaction mixture was left to stir at RT for 2 hrs. The reaction mixture was
worked up by removal of the solvents in vacuo. The residue was diluted with
methanol and captured by SCX chromatography, eluting the product with ammonia in
methanol. The ammonia fractions were concentrated in vacuo to afford an oily
residue. This was taken up in dichloromethane and isohexane added. After removal
of the solvent in vacuo a pale orange solid was obtained (24.3 mg, 0.048 mmol,
75%). :

© LCMS purity 100 %, m/z 499.0 [M+H]", "H NMR (400 MHz, DMSO-de), 8: 11.0 (1H,
s), 7.7 (1H, 8), 7.6 (1H, brs), 7.4 (2H, d, J = 8.3Hz), 7.3 (2H, d, J = 8.8Hz), 7.2 (1H,
brs), 6.9 (2H, brs), 6.4 (1H, d, J = 16.7Hz), 6.2 (1H, m), 5.0 (1H, m), 3.3 (1H, H), 3.2
(2H, m), 1.8-1.7 (2H, m}, 1.6-1.5 (7H, m), 1.3 (2H, m}, 0.8 (6H, m).

Examples 30-40

The following examples were synthesised in a similar manner to Example 29 using a
variety of commercially available mono and di-substituted 4-bromo-iodobenzenes as
detailed for Intermediate 9a in Scheme 7.




82 43

"n O-tert-butyl-N[(2E)-3-{444-

(car banoyl am no) t hi ophen- 2-
yl ] phenyl } prop-2-en-1-yll-Lserine 98% purity: mz 461

[ MtHr

Hn

83 44

(25)-{[ (2E) : 3-{444-

car banoy1- 5-

car banoy1- 5-

(car banmoyl am no) t hi ophen- 2- gl i phenyl } prop- 2-en-1-
yl ] am nol (cycl ohexypet hanoi ¢ acid 96% purity: mz 456

[ MtHr
Example LCMS
R« Ry Name .
Number purity
Cyclopentyl N-[(2E)-3-{4-[4-
carbamoyl-5- 97% purity:
30 2-methyl | H | (carbamoylamino)thiophen-2-yl}- | miz 511.2
2-methylphenyl}prop-2-en-1-yl]- [M-H]*
L-leucinate
Cyclopentyl N-[(2F)-3-{4-[4-
carbamoyl-5- 98% purity:
3t 2-fluoro H (carbamoylamino)thiophen-2-yll- | m/z 515.2
2-fluorophenyl}prop-2-en-1-yl]-L- [M-HI*
leucinats
Cyclopentyl N-[(2E)-3-{4-[4-
carbamoyl-5- 98% purity:
32 2-chloro H (carbamoylamino)thiophen-2-yi}- m/z 531
2-chlorophenyl}prop-2-en-1 yiJ- IM-HT
L-leucinate
Cyclopentyl N-[(2E)-3-{4-[4-
carbamoyl-5- 99% purity:
33 3-methyl H (carbamoylamino)thiophen-2-yi]- m/z 513
3-methylphenyl}prop-2-en-1-yl]- [M+H]*
L-leucinate
Cyclopentyl N-[{2E)-3-{4-[4- ,
carbamoy!-5- 94% purity:
34 3fluoro H | (carbamoylamino)thiophen-2-yil- | m/z 515.3
3-fluorophenyl}prop-2-en-1-yll-L.- M-HJ
leucinate '
Cyclopentyl N-[(2E)-3-{4-[4-
carbamoyl-5- 96% purity:
35 3-chloro M (carbamoylamino)thiophen-2-yl}- | m/z 531.2
3-chlorophenyl}prop-2-en-1-yl]- [M-H]"
L-leucinate
Cyclopentyl N-[(2E)-3-{4-[4~ 98% purity:
36 2-CF3 H carbamoyi-5- miz 565.4
[M-H]

(carbamoylamino)thiophen-2-yl}-




84 46

N- R2E) - 3- { 444- car banoy1- 5-

(car banmoyl am no) - 2-

t hi enyl | phenyl } prop-2-en-1- yl]-D-1eucine 99% purity:
mz 431 [ M+Hf
O-tert-butyl-N (2E)-3-{444-car banoyl- 5-
(car banoyl am no) t hi ophen-2- ¢

N

85 47

Cycl opent VI

reonine.- 004 n

4

vl inhenv
7 L) 4

lL.bropn-2-en-1-
| i ™ =

yr

| oLt

.t
)

475 [ MeH) t T o-(Eiuorometnyphenyljgrop-2- 1 7 2
en-1-yl]-L-leucinate
Cyclopentyl N-[(2E)-3-{4-]4-
carbamoyl-5- 98% purity:
37 2-fluoro 5-fluoro | (carbamoylamino)thiophen-2-yll- | m/z 533.4
2,5-difluorophenyl}prop-2-en-1- M-HI'
yl]-L-leucinate
Cyclopentyl N-[{(2£)-3-{4-[4- 100%
carbamoyi-5- .
, purity: m/z
38 2-fluoro 6-fluoro | (carbamoylamino)thiophen-2-yl}- . s334
2.6-difluorophenyi}prop-2-en-1- IMH
yll-L-leucinate _
Cyclopentyl N-[(2E)-3-{4-{4-
carbamoyl-5- 97% purity:
39 3-CF; H (carbamoylamino)thiophen-2-yl}- | m/z 565.4
3-(trifluoromethyl)phenyl}prop-2- (M-H]*
en-1-yl}-L-leucinate
Cyclopentyl N-[(2E})-3-{4-[4~
| 6 carbamoyl-5- 96% purity:
40 2-methyl methyl {carbamoylamino)thiophen-2-yl]- m/z 525
2,6-dimethylphenyl}prop-2-en-1- [M-HY
yl]-L-leucinate

Examples 41-48

The following examples were synthesised in a similar manner to Example 27 using a

variety of amino acid esters as detailed for Intermediates 9b-2h in Scheme 8.

Rm

O

£
ZX




NT/ 86 48 Cycl opentyl N R2E)-3-{444- carbanoyl- 5-
(car banoyl am no) t hi ophen- 2-

yl ] phenyl } prop-2-en-1-yl |l -Lthreonine 98% purity: mz
419 [MH] Evr O Exanpl e 87

N- (24344- car banoyl- 5- (car bagpyl am no) - 2- t hi enyl | phenyl

et !\v/!AK! aLlol-na

Example | Intermediate LCMS
Rn Rm Name )

Number used purity
Cyclopentyl (28)-{[{2E)-3-{4-14- | 97%

carbamoyl-5- purity:

41 9¢ . cyclopentyl | {carbamoylamino)-2- m/z
'thienyl]phenyl}prop—z-en-1- 519

yllamino}{phenyhacetate M+H]"

tert-butyl N-[(2E)-3-{4-{4~ 99%

carbamoyl-5- purity:

42 9b tbutyl {carbamoylamino)-2- | miz
?7 thienylphenyl}prop-2-en-1-yl}- 487

L-leucinate [M+H]

Cyclopentyl O-tert-butyl-N- 100%

“ [(2E)-3-{4-[4-carbamoyl-5- purity:

43 9e O‘Jd oyclopentyl | (carbamoylamino)thiophen-2- miz
/i\ yilphenyl}prop-2-en-1-ylj-L- 529

serinate [M+H]

Cyclopentyl (28)-{[(2E)-3-{4-[4- | 99%

carbamoyl-5- purity:

44 9d cyclopentyl | (carbamoylamino)thiophen-2- m/z
' yllphenyl}prop-2-en-1- 525

yijamino}{cyclohexyl)ethanoate | IM+H]"

tert-butyl (28)-{[(2E)-3~{4-[4- 5%

carbamovl-5- purity:

45 9g tbutyl (carbamoyiamino)thiopheﬁ~2- m/z
yllphenyliprop-2-en-1- 511

yllamino}{cyclohexyl)ethanoate | [M-H}*

Cyclopentyl N-[(2E)-3-{4-[4- 7%

carbamoyi-5- purity:

46 of —i cyclopentyl | {carbamoylamino)-2- miz
Y thienyilphenyl}prop-2-en-1i-yi}- 497

' D-leucinate IM-H]*

Cyclopentyl O-tert-butyl-N- 97%

47 oh eyclopentyl [(2E)-3~{4-[4.-Cjc1rbam‘oyl~5— purity:
(carbamoylamino)thiophen-2- m/z

yllphenyliprop-2-en-1-yll-L- 543




78 From Exanpl e 18.

LCVS purity 98%

mz 417 [MHt

The follow ng exanpl es were synthesised in a simlar

manner to Exanpl e 87.

Name LCMS purity 88 19

car banoy1- 5-

(car banmoyl am no

Exanpl e Number
Cycl opent yl

%1_env| lacetic acid 99%

Exanpl e used R,
(2S)-{(2-{344-

hienyl | phenyl }ethyl)an nol ( .
burity: |mz 437 (M H[] % threoninate [M+H]
1

Cyclopentyl N-[(2E]-3-{4-[4~ 98%

carbamoyl-5- purity:

43 Example 47 |. t cyclopenty! | (carbamoylamino)thiophen-2- m/z

HO™ yllphenyl}prop-2-en-1-yl-L- 485
threoninate [M-H1

Example 49 Cyclopentyl N-[(2£)-3-{3-[4-carbamoyl-5-{carbamoylamino}-2-

thienyllphenyl}prop-2-en-1-yil-L-Jeucinate

Synthesised via a similar procedure to Example 16 using Intermediate 10.

LCMS purity 98 %, m/z 499.2 [M+H]", "H NMR (400 MHz, DMSO-dg), & 11.0 (1H, s),
7.7 (1H, s), 7.6 (1H, br s), 7.5 (1H, 8), 7.3 (3H, m), 7.2 (1H, m), 6.9 (2H, br s), 6.5
(1H, d), 6.3 (1H, m}, 5.0 (1M, m), 3.3 (1H, m), 3.2 (1H, m), 2.1

bm), 1.7-1.5 (7H, m), 1.4 (2H, m), 0.8 (6H, m).

(1H, br 8), 1.8 (2H,

NMR data
Example
Number NMR assignment
"H NMR (400 MHz, DMSO-dp), 8: 11.0 (1H, s}, 7.7 (1H, s), 7.7 (1H, br
9 8), 7.4 (1H, s), 7.4-7.2 (7H, m), 7.1 (1H, d), 6.9 (2H, br s), 5.0 (1H, m)
4.2 (1H, d), 3.6 (2H, bd), 3.0 (1H, m), 1.8-1.3 (8H, m).
| "TH NMR (400 MHz, DMSO-dg), 8: 11.0 (1H, 8), 7.7 (1H, s), 7.7 {(1H, br
10 s), 7.4 (1H, 8), 7.4 (1H, d), 7.3 (1H, t), 7.3 (1H, brs), 7.1 (1H, d), 6.9

(2H, br s), 5.0 (1H, m), 3.8 (1H, d), 3.5 (1H, d), 2.8 (1H, m), 2.3 (1H,




89 20 Cycl opentyl O-tert-butyl-N(2-
(344- car banoyl-5- (carbanoyl am no) - 2-
hi enyl ] phenyget hyl )-L-serine 91% purity: mz 449 [ MtHr

/

Exanpl e 90

N42-{544 car barmyl S—(car bamgy| am no)th| ophen 2-y11. 2-

amml.o 22

(il upllc

I I \JIII I_I\MII L~ (==

%)11“9 (ﬁﬁnﬂsﬂ?ﬁaq‘éﬁﬂ fﬁ;(anm e 92 Cycl opent yl

purit

11

N4 24544- caﬁbumwmgrwﬁzanmww &) Hhe)ophetH 23, 7.7 (1H, br

VI 1- 2-chl boopRei!d 8LoMb) af 71848  RF 79 (N6 0 (2, brs), 5.0

(1H, m), 3.8 (1H, d), 3.6 (1H, d), 3.4 (2H, m), 3.2 (1H, brs), 1.8 (2H,
m), 1.7-1.5 (6H, m), 1.0 (9H, s).

12

"H NMR (400 MHz, DMSO-dy), 6: 11.0 (1H, s), 7.7 (1H, s), 7.7 (1H, br
s), 7.4 (1H, s), 7.4 (1H, d), 7.3 (2H, m), 7.1 (1H, d), 6.9 (2H, br ), 5.1
(1H, m), 4.8 (1H, brs), 3.8 (1H, d), 3.6 (3H, m), 3.2 (1H, br s), 1.8 (2H,
m), 1.6-1.4 (6H, m).

13

"H NMR (400 MHz, DMSO-dy), 5: 11.0 (1H, 8), 7.7 (1H, s, 7.7 (1H, br
s), 7.4 (1H, 8), 7.4 (1H, d), 7.3 (2H, m), 7.1 (1H, d), 6.9 (2H, brs), 5.0

(1H, m), 4.8 (1H, br's), 3.8 (2H, m), 3.6 (1H, d), 2.9 (1H, br s), 1.8 (2H,
m), 1.6-1.4 (6H, m), 1.1 (3H, d).

14

"H NMR (400 MHz, DMSO-~dg), &: 11.0 (1H, s), 7.7 (2H, s), 7.5 (1H, br
s), 7.4 (1H, d, J = 7.8Hz), 7.3 (2H, m), 7.2 (1H, d, J = 7.3Hz ), 7.0 (2H,
brs), 3.8 (1H, d), 3.6 (1H, d), 3.0 (1H, 1), 2.5 (2M, m), 1.8 (1H, septet),
1.4 (9H, s), 1.4 (1H, m), 0.8 (3H, d, J = 6.6Hz), 0.8 (3H, d, J = 6.6Hz2),

15

"H NMR (400 MHz, DMSO-dg), 8: 11,0 (1H, 8, 7.7 (2H, br s), 7.4 (1H,
§), 7.3 (1H, d), 7.2 (1H, 1), 7.1 (1H, d), 6.9 (2H, br s), 5.0 (1H, m), 3.7
(1H, d), 3.5 (1H, d), 2.8 (1H, brs), 2.3 (1H, brs), 1.8 (3H, m), 1.6-1.4

‘ (6H, m), 0.8 (64, m).

19

"M NMR (400 MHz, DMSO-ds), 8: 11.0 (1H, s), 7.7 (1H, ), 7.6 (1H, br
s), 7.3-7.2 (8H, m), 7.0 (1H, d), 7.0 (2H, brs), 5.0 (1H, m), 4.3 (1H, s),
2.8-2.6 (4H, m), 1.8-1.6 (2H, m), 1.6-1.2 (6H, m).

20

"H NMR (400 MHz, DMSO-dg), & 11.0 (1H, s), 7.7 (1H, s), 7.7 (1H, br
s), 7.3 (4H, m}, 7.0 (1H, d), 6.9 (2H, brs), 5.0 (1H, m), 3.4 (1H, m), 3.3
(1H, m), 3.2 (1H, brs), 2.8 (1H, m), 2.6 (3H, m), 1.8 (1H, br s), 1.7 (2H,
m), 1.6-1.4 (6H, m), 1.0 (9H, s).

21

"H NMR (400 MHz, DMSO-d5), & 11.0 (1H, s), 7.7 (1H, 8, 7.6 (1H, br
$), 7.3 (4H, m), 7.0 (1H, d), 6.9 (2H, br s), 5.0 (1H, m), 3.8 (1H, m), 3.0
(1H, brs), 2.7 (1H, m), 2.6 (2H, m), 2.5 (1H, m), 1.8 (2H, m), 1.6-1.4
(6H, m), 1.1 (3H, d), 1.0 (9H, s).

30

"H NMR (400 MHz, DMSO-ds), & 11.0 (1R, s), 7.7 (1H, 8), 7.7 (1H, br
s), 7.5 (1H, d), 7.3 (1H, d), 7.3 (2H, br s, 7.0 (2H, brs), 6.7 (1H, d), 6.1
(TH, m}, 5.1 (1H, m), 3.4 (1H, m), 3.2 (2H, m), 3.0 (1H, br s), 2.3 (3H,




Exanpl e 93

N- 1( 2E) - 34344- car banoy1- 5- (car banoyl am no) - 2-

t hi enyl | phenvi } prop-2-en-1-v11-L-1eucine From
Exanple 49. LC M5 purity 90% niz 431 [ MHH]t
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81 Whol e bl'ood was taken by venous puncture using
hepari ni sed vacut ai ners (Becton Di ckinson) and dil uted
in an equal volunme of RPM 1640 tissue culture nedia
(Sigma). 100plwas plated in V-bottoned 96 well tissue
culture treated plates. 2hrs after the addition of the
i nhibitor in 100pl of RPM 1640 nedia, the bl ood was
stimulated with LPS (E coil strain 00535, Signa) at a
final concentration of 100Ong/ ml and i ncubated at 37 'C
in 5% CO2 for 6hrs. TNF-a |levels were neasured from
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3.4 (1M, m), 3.2 (3H, m), 2.3 (6H, s), 2.2 (1H, br s), 1.8 (2H, m), 1.6
(7H, m), 1.4 (2H, m), 0.9 (3H, d), 0.8 (3H, d).

41

*H NMR (400 MHz, DMSO=ds), &: 11.0 (1H, s), 7.7 (1H, 8), 7.7 (1H, br ~
s), 7.5-7.3 (10H, m), 7.0 (2H, br s), 6.5 (1H, d), 6:3 {1H, m), 5.07 (1H,
m), 4.3 (1H, m), 3.3 (2H, br s), 1.8-1.4 (8H, m).

43

TH NMR (400 MHz, DMSO-de), &: 11.0 (1H, 8), 7.7 (1H, s), 7.6 (1H, br
8), 7.5 (2H, d), 7.4 (2H, d), 7.3 (tH, brs), 7.0 (2H, brs), 6.5 (1H, d),
6.3 (1H, m), 5.1 (1K, m), 3.5 {1H, m), 3.4 (1H, m), 3.3 (1H, m), 3.2 (2H,
m), 1.8-1.50 (8H, m), 1.09 (94, s).

44

TH NMR (400 MHz, DMSO-dp), 3 11.0 (1K, s), 7.8 (1H, s), 7.7 (1H, br
8), 7.5 (2H, d), 7.4 (2H, d), 7.3 (1H, brs), 7.0 (2H, brs), 6.5 (1H, d),
6.3 (1H, m), 5.1 (1H, m), 3.2 (1H, m), 2.9 (2K, br s), 1.9-1.5 (13H, m),
1,2-0.9 (6H, m),

45

TH NMR (400 MHz, DMSO-0g), & 11.0 (1H, 8}, 7.3 (1H, 8), 7.7 (1H, br
s), 7.5 (2H, d), 7.4 (2H, ), 7.32 (1H, brs), 7.0 (2H, br s), 6.5 (1H, d),
6.2 (1H, m), 3.4 (1H, m), 3.2 (1H, m), 2.8 (1H, brs), 1.9 (1H, brs), 1.8-

1.5 (10H, m), 1.4 (9H, s). -

46

TH NMR (400 MHz, DMSO-dg), & 11.0 (1H, s, 7.7 (1H, s), 7.6 (1H, br
s), 7.5 (2H, d), 7.4 (2H, d), 7.3 (1H, br s), 7.0 (2H, br s), 6.5 (1H, d),
6.25 (1H, m}, 5.1 (1H, m), 3.3 (1H, m), 3.2 (2H, m), 1.7 (1H, sep), 1.87-
1.5 (8H, m), 1.4 (2H, m), 0.9 (3H, d), 0.8 (3H, d).

47

TH NMR (400 MHz, DMSO-dg), & 11.0 (1H, s), 7.7 (1H, s), 7.6 (1H, br
s), 7.5 (2H, d), 7.4 (2H, d), 7.32 (1H, brs), 7.0 (2H, brs), 6.5 (1H, d),
8.3 (1H, m), 5.1 (1H, m), 8. 9 (1H, m), 3.3 (1H, m), 3.2 (1H, m), 3.1
(1M, brs), 1.8-1.5 (8H, m), 1.1 (3H, d), 1.09 (9H, s).

48

H NMR (400 MHz, DMSO-dg), & 11.0 (1H, 8%, 7.7 (1M, 5), 7.6 (1H, br
s), 7.5 (2H, d), 7.4 (2H, d), 7.3 (1H, brs), 7.0 (2H, br s), 6.5 (1H, d),
6.27 (1H, m), 5.1 (1H, m), 4.7 (1H, br s), 3.8 (1H, m), 3.4 (1H, m), 3.2
(1H, m), 3.0 (1H, m),1.8-1.5 (8H, m), 1.1 (3H, d).

Example 50 (28)-({4-[4-carbamoyi-5-(carbamoylamino}«2-

thienvyilbenzyllamineo)phenyhacetic acid
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NH,
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HO N S NH
O NH

LC/MS purity 96%, miz 425 [M+H]', 'H NMR (400 MHz, DMSO-ds), & 11.0 (1H, br s),
7.7 (1H, s), 7.6 (1H, brs), 7.5 (2H, m), 7.4-7.3 (8H, m), 6.9 (2H, m), 4.2 (1H, s), 3.7
(2H, q, J=13.9 and 6.6Hz). :

To a solution of cyclopentyl (28)-({4-[4-carbamoyl-5-(carbamoylamino)-2-
thienyl]benzyllamino)(phenyl)acetate (Example 1) (50 mg, 102 pmol) in
tetrahydrofuran (1 m!) was added 1.0M ag LiOH (0.508 ml, 508 pymol). The reaction
was stirred at an oll bath temperature of 40 °C. After 4 hours LCMS indicated 90%
completion, The heating was removed and the reaction left to stir at room
temperature overnight. The solvent was removed in vacuo and to the residue was
added water (2 mt). 5 drops of acetic acid was added to the solution and a solid
precipitated, The solid was collected by filtration and washed sequentially with water,
ethanol and diethy! ether before drying under reduced pressure (26 mg, 60%).

The following examples were prepared in a similar manner to Example 50. Where
necessary, the compounds were purified by preparative HPLC to achieve good

purify.

Examuple 51 N-{4-]4-Carbamovyl-5-(carbamoyiamino)-2-thienyllbenzyi}-L-leucine

o
NH,
e AN
HO ¥ s~ NH
07 ™ NH,

From Example 2. LC/MS purity 99%, m/z 405 [M+HT".

Example 52 N-{4-[4-Carbamoyl-5-(carbamoylamino}-2-thienylibenzyl}-L -
phenvlalanine
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From Example 3. LC/MS purity 98%, m/z 438 [M+H].

Example 53 (2R)-{{4-[4-Carbamoyl-5-(carbamoylamino}-2-
thienyllbenzyllamino)(phenyhacetic acid

0
NH,

0 a
oL _K s” NH
: ’ 0P

From Example 4. LC/MS purity 95%, m/z 425 [M+H]".

2

Example 54 (28)-({4-[4-Carbamoyl-5-{carbamoylamino)-2-
thienylibenzyllamino)(2-naphthylhacetic acid

X
O
ZT

From Example 5. L.C/MS purity 98%, m/z 475 [M+H]".

Example 55 N-{4-[4-carbamoyi-5-(carbamoylamino)-2-thienyl]-3-chiorobenzyi}-
L-leucine
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Q
cl NH,
0o ’ 7\
HO N g” hH
07 "NH,

From Example 6. LC/MS purity 98%, m/z 508 [M+H]".

Example 56 N-{4-[4-carbamoy!-5-(carbamoylamino)-2-thienyil-2-methylbenzyl}-
L-leucine

)
NH,

g7 ~NH
07 NH,

2T

HO

- From Example 7. LCMS purity 92 %, m/z 417 IM-H]".

Example 57 N-{3-r4-CaLl3amgvl-5-(carbamoyianiino)-g-thienvlTbensz}—L-!eucine

2 H
Ho” [\

From Example 8. LC/MS purity 98%, m/z 405 [M+H]".

The following examples were prepared in a similar manner to Example 50. Where
necessary; the compounds were purified by preparative HPLC to achieve good

purity.
Q
QO H N,
»\(N B
HO
Rr > A
07 "NH,
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Example Example ‘
R, Name LCMS purity
Number used
28)4{3-[4-carbamoyi-5-
E }b({ {I ) )2y 96% purity:
carbamoylaming)-2-
58 9 thienyllb Y hamino)(ph m/z 425
ienyljbenzyllamino
Yy . y. p (M+H
enyl)acetic acid
28)-({3-f4-carbamoyl-5-
(2SM{3 _ Y 94% purity:
(carbamoylamino)-2-
59 10 thienylib jamino)( m/z 431
ienylibenzyt}amino){cyc
LTANRIIYE ] ey
‘ lohexylacetic acid
O-tert-butyl-N-{3-[4- .
_j__ 100% purity:
‘ carbamoyl-5-
60 11 0 . ] . m/z 435
(carbamoylamino)}thiophe .
. ' [M+H]
n-2-yljbenzyl}-L-serine -
) N-{3-[4-carbamoyl-5-
g , Y _ Q7% purlty:
(carbamoylamino)thiophe
61 13 o 2yl L mfz 393
: n-2-yithenzyl}L-
M y‘ Y M+H]"
threonine
Cyclopentyl N-{3-[4- °
yolopentyl N-{3-{ 91% purity:
carbamoyl-5-~
62 15 ) . m/z 391
{ _ (carbamoylamino)thiophe "
[M+H]

n-2-ylibenzyl}-L-valine

Example 63 N-(2-{4-T4-Carbamoyl-5-{carhamoylamino)-2-thienyi]phenyl}ethyl)-

L_Jeucine

HO

=X

From Example 16. L.C/MS purity 96%, m/z 487 [M+H]".
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Example 64 N-(2-{4-[4-Carbamoy!-5-(carbamoylamino)-2-thienyl]-3-
chlorophenyliethyl}-L-leucine

0

ol NH,

| g~ "NH
HO 0% “NH

=T

2

From Example 17. LC/MS purity 98%, m/z 522 [M+H]".

Example 65_N-{3-{4-[4-Carbamoyi-5-(carbamoylamino)-2~

thienyilphenoxylpropyl)-L-leucine

Q
NH,
O [ NH
S
N/\"/\O )\
HO H 0% "NH,

From Example 25. LC/MS purity 100%, m/z 517 [M+H]".

Example 66 N-(3-{4-[4-Carbamoyl-5-(carbamoylamino}-2-thienyl]-3-

chlorophenoxylpropyl)-L-leucine

Q
Ct NHz
7\
@] g NH
N/\//\O
HO H O NH2

From Exampie 26. LC/MS purity 100%, m/z 552 [M+H]".

Example 67 N-{5-{4-[4-Carbamoyl-5-{carbamovlamino)-2-

thienyllphenoxy}pentyl)-L-leucine
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Q
NH,
/ \
O~ g~ ~NH
N 0
HO H 0% NH,

From Example 27. LC/MS purity 100%, m/z 545 [M+HJ".

Example 68 N-(5-{4-[4-Carbamoyl-5-{carbamoylamino)-2-thienyll-3-
chiorophenoxylpentyl]-L-lsucine

HO H

From Example 28. L.C/MS purity 98%, m/z 580 [M+H]*.

Example 69 N-[(2E}-3-{4-[4-Carbamoyl-5-(carbamoylamino)-2-
thienyllphenyllprop-2-en-1-ylj-L-leucine

HO

2T

From Example 29. LCMS purity 100 %, m/z 431,0 [M+H]", "H NMR (400 MHz,
DMSO-dg), 8 11.0 (1H, 8), 7.7 (1H, 8), 7.6 (1H, br 8), 7.5 (2H, d, J = 8.3 Hz), 7.4 (2H,
d, J =8.3 Hz), 7.3 (1H, br 8), 7.0 (2H, br ), 6.6 (1H, d, J = 16,1 Hz), 6.2 (1H, m), 3.5
(1H, m), 3.3 (2H, m), 1.8 (1H, m), 1.4 (2H, m), 0.8 (BH, m). |

The following examples were prepared in a similar manner to Example 50, Where
necessary, the compounds were purified by preparative HPLC to achieve good

purity,



NT NT 41 B 42 A C 43 A NT B 44 A NT C 45 A NT C 46
A
N
Exampie Example ] LCMS
Ry Ry Name .
Number used purity
N-[(2E)-3-{4-[4-carbamoyl-5- 93%
70 30 2- H (carbamoylamino)thiophen- purity:
methyl 2-yi}-2-methylphenyl}prop-2- | m/z 445
en-1-yi-L-deucine [M+HT,
N-[(2E)-3-{4-[4-carbamoyl-&- 98%
71 31 2 Y {carbamoylamino)thiophen- purity:
fluoro 2-yl}-2-flucrophenyl}prop-2- | m/z 449
en-1-yl]-L-leucine [M+H]*
N-[(2E)-3-{4-[4-carbamoyl-5- 91%
72 32 2- " {carbamoylamino)thiophen-- purity:
chloro 2-yl)-2-chlorophenyl}prop-2- | m/z 466
en-1-yi}-L-leucine IM+HT"
' N-[(2E)-3-{4-[4-carbamoyl-5~ 98%
73 33 3- H {carbamoylaminojthiophen- } purity:
methyl 2-yil-3-methylphenyllprop-2- | miz 445
en-1-yll-L-leucine [M+HT"
N-[{2E)-3-{4-[4-carbamoy!-5- 91%
74 4 3- H {carbamoylamino)thiophen- purity:
fluoro 2-yl}-3-fluorophenyl}prop-2- m/z 449
en-1-yi]-L-leucine [M+H]"
N-{(2E)-3-{4-[4-carbamoyl-5- 95%
75 a5 3- H (carbamoylamino)}thiophen- purity:
chloro 2-yl}-3-chiorophenybiprop-2- | m/z 466
en-1-yl]-L-leucine IMHHTT
N-[(2E)-3-{4-{4-carbamoyl-5- 95%
76 36 2-CF; H {carbamoylamino)thiophen- purity:
2-yl]-2- m/z 499




NT B 47 NT NT 48 NT NT B 49 A A 50 ANT ,NT 51 ANT

NT 52 A
76
(trifluoromethylphenyliprop- | [M+H]"
2-en-1-yl]-L-eucine
N-{(2E)-3-{4-[4-carbamoyl-5- 90%
77 37 2- 5- (carbamoylamino)thiophen- purity:
fluorc | fluoro | 2-yl]-2,5-diflucrophenyl}prop- | mfz 467
2-en-1-yl]-L-leucine IM+HT"
N-[(2E)-3-{4-[4-carbamoyl-5- 93%
18 38 2- 6- (carbamaylamino)thiophen- purity:
fluoro | fluoro | 2-yiJ-2,6-diflucrophenyl}prop- | m/z 467
2-en-1-yl]-L-leucine IM+H]?
N-[(2E)-3-{4-]4-carbamoy}-5- '
96%
(carbamoylamino)thiophen- N
purity.
79 39 3-CF; H 2-yl]-3-
' (trifluoromethyl)phenyl}prop- m/z 499
, - MHHS
2-en-1-yl]-L-leucine ‘
Cyclopentyl N-[(2E)-3-{4-[4-
carbamoyl-5~ 88%
80 40 2- 6- (carbamoylamino)thiophen- purity:
methyt | methyl | 2-yl]-2,6- miz 459
: dimethylphenyl}prop-2-en-1- | [M+H]

yij-L-leucine

The following examples were prepared in a similar manner to Example 50. Where

necessary, the compounds were purified by preparative HPLC to achieve good

purity,
6]
NH,
HO H / \
N g~ ~NH
=% )\
07 NH,
Example | Example R N LOMS purit
n ame
Number used purity
81 41 (28)-{[{2£)-3-{4-[4- 1 90% purity: m/z
' carbamayi-5- 451 [M+H]*
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B ‘ ' (carbamoylamino)-2-
6 thienyljphenyl}prop-2-en-1-

yllamino}{phenyl)acetic acid

O-tert-butyl-N-[(2E)-3-{4-{4-

carbamoyi-5-
4 98% purity: m/z

82 43 .
461 [M+H]"

(carbamoylamino)thiophen-2-
yl]phenyl}prop—z-en-“l -y~

serine

(28)-{[(2E)-3-{4-14-
carbamoyl-5-

1 (carbamoylaminoYthiophen-2- | 96% purity: m/z
yllphenyl}prop-2-en-1- 456 [M+H]
yllamino}{cyclohexyhethanoic

83 44

OF |7

acid

N-{(2£)-3-{4-[4-carbamoyl-5-
(carbamoylamino)-2- 99% purity: m/z
| thienyllphenyl}prop-2-en-1- 431 [M+HY"

yll-D-leucine '

84 46

Cyclopentyl O-tert-butyi-N-
[(2F)-3-{4-[4-carbamoyl-5-
85 47 0 {carbamoylamino)thiophen-2-
vilphenyl}prop-2-en-1-yl}-L-
threonine

80% purity: m/z
475 [M+H]"

=

%_I

Cyclopentyl N-[(2£)-3-{4-[4-
carbamoyl-5-

. ) , 98% purity: m/z
86 48 {carbamoylamino)thiophen-2-

419 {M-HT*

X
o
T i

yllphenyl}prop-2-en-1-yl]-L.-
threonine

Example 87 N-(2-{3-[4-carbamoyl-5-(carbamoylamino)-2-thienyliphenyliethyl)-L.-
leucine

N
HO I\
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From Example 18. LCMS purity 98 %, m/z 417 [M-HT".

NT NT 62 NT

The following exampies were synthesised in a similar manner to Example 87.

Y 0
Ho#“ NH,
- Rn I\
g” NH
07 "NH,
Example Example .
Ry Name LCMS purity
Number used
Cyclopenty! (28)—{(2—{3-[47
carbamoyl-5- 99% purity.
88 19 (carbamoylamino)-2- mifz 437 [M-
thienyllphenyllethytyamine)l(ph H1*
enylacetic acid
Cyclopentyl O-tert-butyl-N-(2-
3y;°p r;y e PRHZ 1 gt0s purity:
-[4-carbamoyl-5-
89 20 Oj S Y iz 449
: (carbamoylamino)-2- N
AN (M+H]

thienyllphenyljethyl)-L-serine

—

Example 90 N-(2-{5-[4-carbamoyl-5-(carbamoylamino}thiophen-2-yl]-2-
fluerophenyilethyi)-L-leucine

O Q
HoX K NH,
S
s
F :
O)\NHQ

From Example 22. LCMS purity 97 %, m/z 435 [M-HT".

Example 91 Cyclopentyl N«(2-{5-[4-.carbamoyl-5-{carbamoylaminojthiophen-2-

yil-2-methylphenvllethyl)-L-eucine
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e O
HO H NH,
/\NH
8
o)\NH2

From Example 23. LCMS purity 98 %, m/z 431 [M-H]"

Example 92 Cyclopentyl N-(2-{5-[4-carbamoyl-5-(carbamoylamino}thiophen-2.
yll-2-chlorophenyliethyh-L-leucine '

Q
HO H NH,
/ \ \H
S
ol A
0”7 "NH,

From Example 24. LCMS purity 87 %, m/z 451 [M-H]".

Exampie 93 N-I(2E)-3-{3-[4-carbamoy!-5-(carbamoylamino)-2-
thienyllphenyliprop-2-en-1-yli-L-leucine

From Example 49. LC/MS purity 90%, m/z 431 [M+H]".

Measurement of Biological Activity

IKKB Enzyme Assay

The ability of compounds to inhibit IKKB kinase activity was measured in an assay
performed by Invitrogen (Paisley, UK). The Z-LYTE™ hiochemical assay employs a
fluorescence-based, coupled-enzyme format and is based on the differential
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sensitivity of phosphorylated and non-phosphorylated peptides to proteolytic
cleavage. The peptide substrate is labelled with two fluorophores—one at each
end—that make up a FRET pair. In the primary reaction, the kinase transfers the
gamma-phosphate of ATP to a single serine or threonine residue in a synthetic
FRET-peptide. In the secondary reaction, a site-specific protease recognizes and
cleaves non-phosphorylated FRET-peptides. Phosphorylation of FRET-peptides
suppresses cleavage by the Development Reagent. Cleavage disrupts FRET
between the donor (i.e., coumarin) and acceptor (i.e. fluorescein) fluorophores on the
FRET-peptide, whereas uncleaved, phosphorylated FRET-peptides maintain FRET.
A radiometric method, which calculates the ratio (the Emission Ratio) of donor
emission to acceptor emission after excitation of the donor fluorophore at 400nm, is

used to quantitate reaction progress.

The final 10uL Kinase Reaction consists of 0.9-8.0ng IKBKB (lKKIS), 2uM Ser/Thr 05
Peptide and ATP in 50mM HEPES pH 7.5, 0.01% BRIJ-35, 10mM MgCl, TmM
EGTA. The assay is performed at an ATP concentration at, or ¢lose o the Km. After
the 80 minute Kinase Reaction incubation at room temperature, Sul. of a 1:128 '
dilution of Development Reagent is added. The assay plate is incubated for a further
60 minutes at room temperature and read on a fluorescence plate reader.

Duplicate data points are generated from a 1/3 log dilution series of a stock solution
of test compound in DMSQ. ‘Nine dilutions steps are made from a top concentration
of 10uM, and a 'no compound' blank is included. Data is collected and analysed
using XLfif software from IDBS. The dose response curve is curve fitted 1o model
number 205 (sigmoidal dose-response model). . From the curve generated, the
concentration glving 50% inhibition is determined and reported.

LPS-stimulation of THP-1 cells

THP-1 cells were plated in 100u! at a density of 4 x 10° celis/well in V-bottomed 96
well tissue culture treated plates and incﬁbated at 37°C in 5% CO, foriéhrs, 2hrs
after the addition of the inhibitor in 100l of tissue culture media, the cells were
stimulated with LPS (£ coff strain 005:85, Sigma) at a final concentration of 1ug/m!
and incubated at 37°C in 5% CO, for 6hrs. TNF-a levels were measured from celfi-
free supernatants by sandwich ELISA (R&D Systems #QTAO0B)

LPS-stimulation of human whole blood
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Whole blood was taken by venous puncture using heparinised vacutainers (Becton
Dickinson) and diluted in an equal volume of RPMI1640 tissue culture media
(Sigma). 100wl was plated in V-bottomed 96 well tissue culture treated plates. 2hrs
after the addition of the inhibitor in 100ul of RPMi1640 media, the blood was
stimulated with LPS (E coli strain 005:B5, Sigma) at a final concentration of 100ng/mi
and incubated at 37 "C in 5% CO, for 6hrs. TNF-a levels were measured from cell-

free supernatants by sandwich ELISA (R&D Systems #QTA00B)

I'CSO values were allocated to one of three ranges as follows:
Range A: 1IC50 < 1000nM '
Range B: 1000nM < {C50 <5000nM

Range C: IC50 >5000nM

NT = not tested

Results Table

.. Inhibitor activity Inhibitor activity
Example Inhibitor activity
versus THP-1 TNFa | versus human whole
Number versus KK
release blood TNFu release
1 B B B
2 A C B
3 G C NT
4 A C B
5 C C NT
6 A C NT
7 A B NT,
8 A A B
9 A A B
10 B A B
11 A B B
12 A NT A
13 A A A
14 A A B
15 NT NT B
16 B B NT
17 B Cc NT
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NT NT Broken Cell Carboxyl esterase Assay Any given
conpound of the present invention wherein RL is an
ester group, may be tested to determ ne whether it
meets the requirement that it be hydrolysed by
intracel lul ar esterases, by4testing in the follow ng

assgy. Pneparatign of Cell extraxrt U937 or HCT ]I\IIB

I
tunour cells (~_109) were—washeg-n—4—vottumes—of

7 NT
Dul8eccos PBS (Nl litre)| and peNTet ed_at [525 g for 10

mMTpRT 4¢. This mas repelated twihge and the fi nalNtel |

pell et—was—resugpentded—tn—35nt g —cotdfromogenigy g
buf¥ler (Trizma mM_ Nad 130 M Cad2{0 5.nMpH-7.0

at @50). |Homogedit es were prepa™dd by nitlrogen

uavg:}kari g 700—RsT—for—B0 T qF 4C) . THe honobgenat e
ept jon _ice_and_suppl enent ed. with-a-cocktait—of
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After clarification of the cell homogenate by centrifugation at 525 g for 10 min, the
resulting supernatant was used as a source of esterase activity and was stored at -80

°C until }equired.

Measurement of ester cleavage

Hydrolysis of esters to the corresponding carboxylic acids can be measured using
the cell extract, prepared as above. To this effect cell extract (~30 yg / total assay
volume of 0.5 ml) was incubated at 37°C in a Tris- HCI 25 mM, 125 mM NaCl buffer,
pH 7.5 at 25 'C. At zero time the ester (substrate) was then added at a final
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Preparation of am no aster conjugate W?2006117552 a-e
um * . * H, -CH2CH20- 100-1000 */ \NHOH q , HP 014
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concentration of 2.5 ].LM and the samples were incubated at 37°C for the appropriate
time (usually O or 80 min). Reactions were stopped by the addition of 3 x volumes of
acetomtrule For zero time samples the acetonitrile was added prior to the ester
compound. After centrifugation at 12000 g for 5 min, samples were analysed for the
ester and its corresponding carboxylic acid at room temperature by LCMS (Sciex APl
3000, HP1100 binary pump, CTC PAL). Chromatography was based on an AcCN
(75x2.1mm) column and a mobile phase of 5-95 % acetonitrile in water /0.1 % formic

acid.

Table 1 presents data showing that several amino acld ester motifs, conjugated to
various intracellular enzyme inhibitors by several different linker chemistries are all
hydrolysed by intraceilular carboxyesierases to the corresponding acid,
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Claims:

1. A compound of formula (1A) or {IB), or a salt, N-oxide, hydrate or solvate
thereof;

wherein

Ry is hydrogen or optionally substituted (C;-Cg)alkyl;

ring A is an optionally substituted aryl or heteroaryl ring of 5-13 ring atoms;
Z is (a) a radical of formula R{R;CHNH-Y-L"'-X'-{CH,),- wherein:

R, is an ester group which is
hydrolysable by one or more intracellular esterase 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)-, -§(=0),-, -C(=0)O-, -C(=0)NRa-, -C(=S)-NR3, -C(=NH)-
NRj or -8(=0):NR3- wherein R; is hydrogen or optionally substituted C,-Cg
alkyi;

1! is a divalent radical of formula —(Alk')m(Q)-(AlK?),- Wherein

m, n and p are independently 0 or 1,
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88
Q is (i) an optionally substituted divalent mono- or bicyclic carbocyclic

or heterocyclic radical having & - 13 ring members, or (i), in the case
where p is 0, a divalent radical of formula ~Q'-X?- wherein X* is -O-, -
S- or NR- wherein R* is hydrogen or optionally substituted C+-Cs
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
C4-C; cycloalkyl radicals, or optionally substituted straight or branched,
C,-Cs alkylene, C,-C, alkenylene, or C;-Cg alkynylene radicals which
ray optionally contain or terminate in an ether (~O-), thioether (-S-) or
amino (—~NRA-) link wherein R* is hydrogen or optionally substituted
C.1-Cs alkyl;

X' is a bond, ~C(=0)-; or -8(=0)~ ~NR4C(=0)-, -C(=0)NRy-,
~NRC(=0)-NRj5- , -NR;S(=0)z-, or -S(=0)NR4- wherein R4 and Rg are
independently hydrogen or optionally substituted C4-Cg alkyl; and
zisOor1l.

A compound as claimed in claim 1 wherein R; is hydrogen.

A compound as claimed in claim 1 or ¢laim 2 wherein ring A is optionally

substituted 1,4-phenylene or 1,3-phenylene.

4.

A compound as claimed in any of the preceding claims wherein optional

 substituents in ring A are selected from, fluoro, chloro, methyl, and trifluoromethyl.

5.

A compound as claimed in any of the preceding claims wherein R is an ester
group of formula {C=0)OR.4 wherein Rqg is RgRgR40C- whereln

(i Re is hydrogen or optionally substituted (C«;qu)aIkyl-(Z1 Ya-l(Cy-
Ca)alkylly- or (Co-Ca)atkenyl-(Z")s-1(C1-Cadalkylly- wherein a and b are
independently 0 or 1 and 2t is ~0O-, -S-, or =NR4y- wherein Rq4 is hydrogen or
(C1-Ca)alkyl; and R and Ry are independently hydrogen or {C4-Csalkyl-;



Table "1 87 Cains: 1. A conpound of formula (1A) or
(IB), or a salt, N-oxide, hydrate or solvate thereof:
wherein R7 is hydrogen or optionally substituted
(Cl-Co6)alkyl; ring Ais an optionally substituted aryl
or heteroaryl ring of 5-13 Bfng atons; Z is (a) a
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Abrk&RYI @RRihyRMifeétY0 oahbiphineaayfatk gaup. Whi ch may.
optional ly contain or termnate in an ether (-0-),

thioether (-S-) or amno (-NRA-) link wherein RAis
hydr oy esmpsund pis |cmrmaéd iy asyubfsdianmun dul4 @her€d R ik wlcyciofientys or
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and R5 are independently hydr ogen or optionally

§UbSt A bathSslinGhs GRinddSY biny 8 Breb&dify Qdimé wherein R, is
cyclohexylmethyl, cyclohexyl, pyridin-3-yimethyl, sec-butyl, tert-butyi, 1-—benzylthid-1-
methylethyl, 1-methylthio-1-methylethyl, or 1-mercapto-1-methylethyi.

9, A compound as claimed in any of claims 1 fo 6 wherein R; is phenyl, benzyi,
phenylethyl, cyclohexyl, tert-butoxymethyl or iso-butyl.

10. A compound as claimed in any of the preceding claims wherein the radical
RiR2CHNH-Y-L"X"-(CH,).~ is selected from RyRzCHNH—(CHz)a-,
R1R,CHNH~(CH,).0-, and RyR,CHNH-CH,CH=CHCH,-, whereinais 1,2, 3, 4 or &.

11, A compound as claimed in claim 1 selected from the group consisting of

Cyclopentyl N-{4-[4-carbamoyl-5-(carbamoylamino)-2-thienyljbenzyl}-L-
leucinate,



2. A compound as clainmed in claim1 wherein R7 is
hydrogen. 3. A conpound as clainmed in claim1l or
claim2 whereinring Ais optionally substituted

1, 4- phenyl ene or 1, 3-phenylene. 4. A conpound as
claimed in any of the preceding clainms wherein
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fl uor aucbteor o, nethyl, and trifluoronethyl. 5. A
conpound as clainmed in any of the preceding clains
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exci pients. 13. The use of a conpound as clainmed in
any of clainms 1 to 11 in the preparation of a
conposition for treatnent of neoplastic/proliferative,
i mune or inflamuatory disease. 14. The use as
claimed in claim13 for the treatnment of cancer cel
proliferation. 15. The use as clained in claim13 for
the treatnent of rheumatoid arthritis, psoriasis,
i nfl ammat ory bowel disease, Crohn's disease,
ul cerative colitis, chronic obstructive pul nonary
di sease, asthma, nultiple sclerosis, diabetes, atopic
dermatitis, graft versus host disease, or systemc
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