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1f12f11 flI -1 D AV' WD 2009/ 074829 PCT/ GB2008/ 051173
10241 alNOYENCOVPOUNDS 010 The present invention relates to
w@epbiotasko nitril es, processes for their preparBCi/GB2008/051173
phar maceuti cal conpositions containing themand their
use in therapy. 5 Dipeptidyl peptidase | (DPPlI; EC
3.4.14.1), also known as cathepsin C, is a | ysosonal
cystei ne protease belonging to the papain famly
havi ng a nol ecul ar wei ght of 200 kDa. DPPI was first

di scovered by Gut meQodid, EoMPOUNDSH4G (JIBi ol Chem
174, 851-858); however, the cDNA of the human enzyne

was first described |n 1995 (Parls et al. 1995, FEBS

T5b RisSR AN Fles o TRty R, BResss g flsp Hapision.
phar@QR&utEhi agnpzfsufo@y &om@hamgl tﬁah aB8l EHe 158 in BREIHysubuni t i s
conposed of an N-ter a heavy chain and

ipangHy! m&ﬁaﬁe(l rb@ﬂ’thEQe@ 4a1I4 l)ag%knoym ¥ catlysppin Q702 lysosomal

cyst%rlég épott?aéés' ggﬁéh%mngﬁda 1:%13 é)%%aﬁ‘? @%}1 \P; H&ES\JU?{%% %(rho?@&efag ?\%@)‘[{ bf200 kDa.
DPPI ivas firstaiidosqb &b GubRR arcefratonsied 94&@13@}@7@1 M, 851-858);
the N-term nal, end eptlde '

d d f f pol
howg{ipggf@? '5931?* ol O hyreagnepRCrs Eist %SC&@%@%%Q%‘@@&@ @lleé?% FEBS
Lettt R 3.}2)@ %'36 9% gbﬁ{%ﬁ{b%ﬁaf t%‘g E%%/a!’@ fdnii1 }ﬁgﬂé gymltlonal asa

protein degra ation, al so I ons
tetragmez yauesistng dfefoacidentital rbuofts. Hyclasubupitsecompgospd of @adesrminal

oGP SRR AT © TP RIS DENY & A N b Boier 110 21626-

21631ypt ase) and neutrophils (cathepsin G and el astase).
Mast cells are found in many tissues but are present
IDP P i secometitunivgty exisressicd mgmtahyétlmeemth rh@hestl 16‘{’€ﬂfhlnr191$8 didney, liver

anc iy DK TS R Pl R o R BB N Bl E R aggptyvepice
subs&i@tek SvithabreaddGRBificHLNREédn€data Thdrelt thh’tﬂ%md%béiﬂg an important enzyme
expresses only tryptase, and the MC-type, which

in 13’é&%9f“@é pedeip é?%fatifft}%‘t RERI alsel ﬁaﬁyﬁlwsaé a 11%{ onaYmA & the getivation of
e SBT3 SR Pl A1 S0l gprymes o

B), magdelid (chi@aderundkiyptadeichndorejoytils (eathchsinph asé clastdse).

chymase appear .to be .inp oe;tant 25 medi ators of
M%}S&? fsary Oél@%%@a%ewas HhAET RESREN! H) Feeebuplery plong the

epltﬁ&f gﬁﬂ%‘bﬂﬁe bo@ sci&ﬁ't% 1&%@%0%@ stromtest%nal tract. In

secr Neut r'op aya r|t|ca role inh
humde, éwe &/pag af mest qehwhaj/lertgelp atehofyehsThe Neygter wptuhl espms@s only

tryp&éOduégllf Mﬁit-ttélg?e ee%arésrsgs\l\()o%ﬂg atrasee afmléil c! rnase uf’n%urnans the T-
type mast cells are located primarily in alveolar tissue and intestinal mucosa while the TC-
type cells predominate in skin and conjunctiva. Tryptase and chymase appear to be important
mediators of allergic diseases, being involved in processes of inflammation,
bronchoconstriction and mucus secretion.

Neutrophils play a critical role in host defence against invading pathogens.
Neutrophils are produced in the bone marrow and are fully mature when released into the
circulation to take up their role as the first line of cellular defence. Pro-inflammatory
mediators and chemotactic attractants activate neutrophils and draw them to the site of
infection, where they act to engulf bacteria by phagocytosis, assaulting them with an arsenal

of anti-bacterial compounds that use both oxidative and non-oxidative methods of attack. The
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circulation to take up their role as the first |ine of
1wl ivban def ence. Pro-inflammatory 30 nedi ators and
WEhb@aot4et i c attractants activate neutrophil s POHGHR@S/051173
themto the site of infection, where they act to
engul f bacteria by phagocytosis, assaulting themwth
an arsenal of anti-bacterial conpounds that use both
oxi dative and non-oxi dative methods of attack. The
1f12f11 flI -1 D AV' WD 2009/ 074829 PCT/ GB2008/ 051173
powgrf@loééﬁﬁé Efote%@é IREr PRt 82%Re, 1@ %H& bPMBLd arftl-BRt@RE corhPounds that are
one of ose anti-bacteri al ounds that are
cleady @H/iol‘ﬁﬁdllm deitspythg hacigaat Myirm}l attascilarcladeest intspthe phagolysome
surr?tﬁlgml%atg? %g’raé%aglﬁﬁ%emic@ﬁ rtogg rdg & ea;lg%s o%%g‘gg?ﬁhgf cialilsr‘ga(ljse Nable to
attad}i&ld& btﬂt@hmbnﬁirah%tp&&&nl @m’pm €n gﬁm-ﬁégaﬁ%(bid’ﬂﬁlep UelBIng to directly kill
nmbrane protein, A, gram negative bacteri a,
the m&%eﬁ by deeigiling dis Wﬂkbfﬁme as tNﬁlé ap gnabbige athey aptegreenial gompounds
r I I
to g?!é% ﬁ%%g{]'%stﬁg ?ath en\r’]\qg ggéggigﬁ ?%mtr pat ﬂ%g é’%&tﬂe}]&ﬁ%tc&rs oﬂ{er anti
bactaddicbmpoundsectinvoriniglthah ashamectim@yprokutides aae siscinddiee states, such
anti- bacterial conpounds, converting them from
aSﬁFﬁﬁ@FhV@mpro peptides into their active states, such
8%t hQltro ?ﬁfl I%Pdkﬂag:é éjdnnarls c%hsé‘l?r’df)feﬁﬁ i 1tselllc%§t fi‘ orfeHT tl"i’é 1§185t
cause pro is one of e nost
destdesve ercayinge nethlzjoné$, Wlth thkh eambayty O\ﬁ/degradlhg emaapaljullar tn;atrlx proteins

e TN S e A ST e (e
throfm®6 @B @IS Ju@%ma@taﬁmndrcﬁmﬁl and Kyrpa¥RRmpetdls fincludig
surfactant and cadheri ns) key pl'asma proteins

coagilation @il ngmpbmgufaatorrs; ﬂnawaoglohtphm frereral pageasesand protease

t d_prot.es
i PP SO Bl o et B i Drors, such s -

antit®y}00 ﬁ@%re@ﬁﬁ?@tﬁ@ Gctivif}l dHink Bt SphilSiEasas H%lwe‘v& at inflammatory
antitrypsin, ghtly re ulate the activity of

sitespaeitop ﬁuelaS@Bfagtaébeto e gulation, andlbmcatmmgmﬂ%ted ¥ careinduce the

rele S 0L bR Rl 7P Pt B TRECR LR R o

acut gl iffubyd NIB&OEWenGihp ik hB g Slefmd€ Rgaisst inTe@ldneykdcRrairthagocyte
interleukin-8, leading to acute lung injury. It can

surfwéﬁpqpf%%md %gmngeh@ﬁ@ﬁmg@ 5le gstlllpﬁfag@[ byoits @yolvernent in the tissue

destﬁl%ggﬁgﬁdq&ﬂggl%?ﬁ%}ﬁ&t cﬁ#?ét@r‘fs% fuf gx%? s%%a?égdmgﬁl@gl:%eﬂ&edltary

ts negative role 1s illustrat I hvo
emphyental, slgueic 20sttasive q:bﬁlrmmmdndeasﬂfdyaﬂimﬁlbﬂom ddulttrespiratory distress
characteri.se n rous dlsgases H Hdlng heredi tary

SYNAERFry SR IO EIRFBHYIEN BBYY ARE FRAARIF ABRENY ~di sease,

TYStli§ st?dr@re‘%deﬁce 24ulibtisf jt4Rt08 %hﬁhisterv@iﬁ?a nSAD F st cell

i schem c-reperfusion Injury and rheunatoid arthritis.
mediphet dlergc.smonglapiiat ent e flagsoeoratdisegscs s Vipt fastehamgutrophil
elast%?e}f ggtﬁgps% &hana p?ol'{g;%ga{se%falso seerncto Ip&ay significant roles in these types of
diseases point to DPPI being a valid therapeutic target due to its central role in activating
these proteases (Adkison et al. 2002, J Clin Invest, 109, 363-271; Pham et al. 2004, J
Immunol, 173,7277-7281).

In accordance with the present invention, there is therefore provided a compound of

formula (1)
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medi ated al l ergi c, imunol ogical and inflammtory
1ma@inseases. The fact that neutrophil 25 el astase,
w@2abepsen G and protei nease 3 al so seem to plBgI/GB2008/051173
significant roles in these types of diseases point to
DPPI being a valid therapeutic target due to its
central role in activating 3these proteases (Adkison
et al. 2002, J din Invest, 109, 363-271; Phamet al.
2004, J Immunol, 173, 7277-7281). In accordance with
the present invention, there is t erefo provi ded a
conpound of 30 fornula (IQ)1f32n| ' AXI" WO
2009/ 074829 PCT/ GB3908/ 051173R H 0 X2 N N
CNg'\B (Rl)y 1 N _ )
I ndependent |y represen N2, SCEN 4 5
represents_a, netfiyl ene rpﬁp Hy represents 0, 1 or 2;

each Rl i Bebend ntly gfpresents hal ogen, hydroxyl,

car boxyl, cyan, Cl- C6 al koxy,
trifluoromethyl, R7 C(O) NR6R7 NR6aC(O) R7a SHEINRGR7
, NR6aSO02R7a or S(OnR8 and Rl is optionally
substituted with hydroxy, halogen or 10 Cl-C6 al koxy;
wheR&n r epresents a hydrogen aton1or a Cl-C6 al kyl group
optionally substituted b | east one substituent
§en%%@@ﬁmrydﬁ¥ﬁﬁpﬁdbﬁ 2, fbxyl car boxyl, cyan
tni f1 uorometh Cl-C6 al kyl, C3- CB cycl oal kyl
RE‘LTGS@@(S@INR%{WI@%WSC(O) R14 SOPNRLS5R16 NRL7SO2R18
and § ? is R3 represents a hydrogen atom or a
éiqége cﬁgoup optional ly substituted by at |east

Y T e T
Co alk yo%'y?t?fﬂﬁ%Lome'k'lf*y%015%%@‘80'3'1@%3R2SNQR%“(CSS’ TG NRER RS 0,R 7
or S(O)mR and R is optionally substituted with hydroxy, halogen or
C1-C¢ alkoxy;

R2 represents a hydrogen atom or a C1-Cg alkyl group optionally substituted by at least
one substituent selected from halogen, hydroxyl, carboxyl, cyano, trifluoromethyl, C1-Cg
alkyl, C3- c6 eycloalkyl, NR'R', ccomnr''R", NRPco)R", so,nrR'®,

NR SOzR and S(O)pR ;

R3 represents a hydrogen atom or a C1-Cg alkyl group optionally substituted by at least
one substituent selected from halogen, hydroxyl, carboxyl, cyano, trifluoromethyl, C1-Cg
alkyl, C3-Cg cycloalkyl, NR*'R*!, C(OINR™R®, NR**C(O)R?, SO,NR*RY,

NR SOzR and S(O)qR ,

R4 represents a hydrogen atom or a C1-Cg alkyl group optionally substituted by at least
one substituent selected from halogen, hydroxyl, carboxyl, cyano, trifluoromethyl, C1-Cg
alkyl, C3- c6 cycloalkyl, NR3 'R*% ccomrrR*M, NRPcoR*, s0,NRPR®,

NR SOzR and S(O)rR ,
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NR28S02R29 and S(O) gR30, R4 represents a hydrogen atom
1m@m_ep §aC6 al kyl group optionally substituted by at
WO 2®9074820 one substituent sel ected from hal ogeeil/GB2008/051173

hydr oxyl, carboxyl, cyan, trifluoronethyl, Cl-C6

al kyl, C3-C6 cycl oal kyl, NR31R32 C( O NR33R34

NR35C( O) R36 SO2NR37R38 NR3§S02R40 and S(OrR41,

1f-2ni n_i D AXI" WD 2009/ 074829 PCT/ GB2008/ 051173 4

RS represents a hydrogen atomor a Cl-C6 al kyl group

| b d b
RE e ga Yo B ?é.ﬁnt ko By a‘é&&?yal oyt %%ﬁ*’ 1l by at cas

trifluoromethy Cl-C6 alkyl OchcIo
one NyRsBRD! O eSO s dRC el 7 skpvdhe B0, RidboisoRatest. C1-Co
and S(OtR52, or and R4 et he, w th-t he caro
alkyht Gy stopciniksh NROR ar €(QINAA o, mﬁ?e@@)&%asogNR“@Rﬁb
5@ycl og)lropyl ri ng, or R4 and R5 together with the
NRCSOBRN atdBIO)®R Whbeh they are attached forma
saturated or unsaturated, 3- to 6-nenbered

RALRORIGh @y iEHE LABYE hions'th 906 ael eI fiBsent o
optionally substituted with at |east” one substituent

cyclsllglopyltlﬁ{g bf om hal ogen, hydroxyl, carboxyl and 10 Cl-C6
A and B each independently represent a 5- to
-aﬁéﬂkb&b@iharvﬁt‘mﬂhb Carbbmgtosy®telnith drliaenatdclied form a saturated or
conprising at |east one ring heteroatom sel ected from
unsatirgfedgerip 6emgmgesrcd nfdboczwlip luhgterohgclicirngg \&;lyisll eng beiyrbg optionally

B T L N M A A L S
it cyan, mercapto, C3-C6 cycl oal kyl , C2 06 i's
Cr- %%%%I trifluoromethyl, Cl-C6 al koxy, -

8 S S AL bt R gy

optiGRANREARGRIng NREASOARGIAZ hSctd)avdrb S¢lccad frbﬁ]trﬁﬁ‘ogen boygen and

sulpgyrg&%r{gggrétget o OC%HEO%L]%}(XL@GS‘%F 2 ox?fe@étpon(el subgfjtpent selected from
0 ally su iLtuted b dro

halog ARBR B Pr Ot BTG A n’{%ame §6 E CYPl%a?ﬁyangz-%

v each mdeg1 ndent |y represent 0,
Y

alkepdp teBeqipme bo@d'c6éiﬁ<%i(y§erp®?lk3élﬁﬁfybﬁwl zﬁlo@@ alls,@ca@@zyloxy,

NR , C(ONR
C1-Cs alkoxycarbonyl -NR53R54 -C(O)NRSSR56 NR C(O)R SOzNR59R60

NR SOzR , S(O)VR , saturated 4- to 7-membered heterocyclyloxy, benzyloxy, Ci-
Cg alkylpiperazinyl and a C;-Cg alkyl group (itself optionally substituted by hydroxyl, C{-Cg

alkoxy, NR64R65, phenyl or morpholinyl);
m, p, q, 1, t and v each independently represent 0, 1 or 2;

X2 represents a bond, an oxygen or sulphur atom, SO, SO», NR66, C(O)NR66
66 66 66
NR "C(0), SOp)NR 7, NR " "SOj, C-Cj alkyl, ethenyl or ethynyl;
R6 and R7 each independently represent hydrogen, Ci-Cg alkyl or C3-Cg cycloalkyl, or

R6 and R7 together with the nitrogen atom to which they are attached form a 4- to 7-

membered saturated heterocyclic ring;
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X NR66C(O), SO02NR66, NR66S02, Cl-C3 al kyl, ethenyl or
1metochymyln R6 and R7 each i ndependently represent
woyapogsey Cl-C6 al kyl or C3-C6 cycl oal kyl, orPCR6B21wd/051173

R7 together with the nitrogen atomto which they are

attached forma 4- to 7 25 nenbered saturated

heterocyclic ring; 1fl2nl nsi D AXI" WD 2009/ 074829

PCT/ GB2008/ 051173 5 RO and R10 each i ndependently

represent hydrogen, Cl-C6 al kyl or C3-C6 cycl oal kyl,

[ and RLO .t th ith.th it t t [
R o Cadh BerRa T retfeleht hionta (ORER BT Ot g oatis
beterogyclic ring, RL1 and R12 each_independent]y
or Ry apd BsetgeHighvégahe nitspeessatamyy whigh they et aktpelicd fpipg p 4- to 7-
1 R12 t th ith th it t t
e oY BB RV ORI form a 4. to 7. penbered
at & het. | ' L R1 d
RnotbERacHTy B Calf L BaRofR CR oy op/ s pyslostio
or Ry G R PP Y e {hodh BORPSRT G PB e 45 afished Form £4-to 7-

mber ed t ed. het i ing; 10 R0 and R21
mer b OB CHUERERS g esent hydr ogan, O -G8 al kyl or
5C6, gy¥el oal.kyl R20 1 toget ith th
bt PahE SRBms sl e i aden Pyl bh GCg gycloalky.
75 nenbered saturated heterocyclic rjng; R22 and R23
or Re gl Ry dlegetheteniith {herdispgeasiqm ity whtsgdhey as atgrehgdl kgrm 3y¢- to 7-
- | opal kyl , ..or R22 and R23 togeth ith th
me”%f%ﬁﬁ%g%&g%e%w%o%}gthe;mare attggﬁede; o\rMm a 4- eto
2P b d t d het i i Ng; 6 d-.R27
noind RoepisfandPriiPls Pkl R estye s 1-CRagY g Ryircofveloayl
8- Cb | oal ky] , ~ R26 and R27. th ith th
or Ry ﬁt}do%g%%gg 7 ‘t);léh mﬁﬁfﬁogqae@g}a F%WQ%Ci‘ggfere%ig %6%% thme% % to7-
7- rren’ﬁgreg saturated heterocyclic ring; R31 and R32
member! SHEUPL ATEIREY '8 esent  hydrogen, C - 06 al kyl or
206, 69%1 oal.kyl 2 R31 R32 t i th-th
b PRy Sl e A P oGS PBFT ob' Gl fetoation
7 nper ed turated het lic rjing; R33 R34
o Re il RndioBeHaRI {Perbsiesciam iy uhihahey ey seshas kym bf-© 7-
mem%ge}e%tssatcl%gtleg ﬁletlélyolcyclic ring;

R26 and R27 cach independently represent hydrogen, C1-Cg alkyl or C3-Cgq cycloalkyl,
or R26 and R27 together with the nitrogen atom to which they are attached form a 4- to 7-
membered saturated heterocyclic ring;

R31 and R32 cach independently represent hydrogen, C-Cg alkyl or C3-Cgq cycloalkyl,
or R31 and R32 together with the nitrogen atom to which they are attached form a 4- to 7-
membered saturated heterocyclic ring;

R33 and R34 cach independently represent hydrogen, C-Cg alkyl or C3-Cgq cycloalkyl,

4 . . .
or R33 and R3 together with the nitrogen atom to which they are attached form a 4- to 7-

membered saturated heterocyclic ring;
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or R33 and R34 together wth the nitrogen atomto
1nmwi cvwthey are attached forma 4- to 7- nenbered
w@ad0a0a8ed heterocyclic ring; 1fl2nl n_i D AXIPCTAGB2008/051173
2009/ 074829 PCT/ GB2008/ 051173 6 R37 and R38 each
i ndependent|ly represent hydrogen, CI-C6 al kyl or C3-C6
cycloal kyl, or R37 and R38together with the nitrogen
atomto which they are attached forma 4- to 7-
menber ed sat urat ed heterocycl ic ring; R42 and R43 each

?@aeﬁiﬁﬁzﬁg&@%ﬁr%ﬁ%ﬁ A B G vV p2Cx Tl Soatir,

mt ogen atomto which they are attached forma 4- to

orR7._a elogetherawith ﬁxeéatrwpeaﬁ% yeMhtchtheypre pitachgd formus4- to 7-
ch i nde dentlé/1 resent hydrogen, Cl-C6 al kyl or
aEV%tEEBT’tE’SﬂCy lcorr1 33{44 and R45 together with the
42 #3 t tt
?\ HEFRer SRR ARREY r e Rt KECs BV RAE Gt Setoation,

axpjw i ndependent |y represent hydroge al kyl
or Ror 2 Rcetog Frgwﬂk&he nitr %%en%&%n &whnﬁé Wg@@ﬁ@#eﬁqrﬁl 3 ?ﬁeto 7-
rogen ich they are attached forma 4- to
me"{;)-erer?eﬁﬁ’é?t %Bgtglfoﬁ?’ Cerbng’let e)r/ocycl | c ring; R53 and R54
a¢h | pdepe resent. h
%g ad e tay D e S PSR S e B k%ysﬁ% Eycloalkyl,

ytrogen atomto which they are attached forma 4-

or R7 a%d n9estBer with medtﬂé%gqae%t%? Geyaicndhey aig; attfi@sd a‘ﬁal e%ﬁto 7-
h ind dent | t hyd Cl-C6 al kyl
enit el By AT kPl iies and 266 Coget her wi th the

?\48 b e SRRl riPEalhRrRicT ECe MBHR ¢ g Scloation

each imdependent|y represent hydro Cl-C6 al kyl or
or Re3anggR ¢ yiopefhpikyith t hepptrogenptem %Whﬁgéh%@”e@ﬁ@he%quﬁl 4 fieto 7-

mef*?ﬂ@%ﬂ%ﬁg?tséﬁgts@avé‘h Uihet of ocyel (¢ i ng fpegimaﬁd%?
Bl Byehs @%‘p'@’fde&ﬁ? IR g e P Qe Sycloatio
t

B3 emat to ich they are ached forma 4- to
orR7_a efogst %ra‘i."ﬁl? ﬁ@éatrwﬁ%%wﬁw theygere atached forp a 4-to 7-

meml%ered saturated heterocyclic ring;

R55 and R56 cach independently represent hydrogen, C1-Cg alkyl or C3-Cgq cycloalkyl,

55 56 . . .
or R"" and R together with the nitrogen atom to which they are attached form a 4- to 7-
membered saturated heterocyclic ring;

> and R60 cach independently represent hydrogen, C;-Cg alkyl or C3-Cg cycloalkyl,

59 60 . . .
or R"" and R together with the nitrogen atom to which they are attached form a 4- to 7-
membered saturated heterocyclic ring;

R64 and R65 cach independently represent hydrogen, C;-Cg alkyl or C3-Cg cycloalkyl,

4 . . .
or R6 and R65 together with the nitrogen atom to which they are attached form a 4- to 7-

membered saturated heterocyclic ring;



WO 2009/ 074829 PCT/ GB2008/ 051173 7 each group R6a R7a
103 RL8vR14 R17 R18 R19 R24 R25 R28 R29 R30 R35 R36
wWE20h0414869% 750, 515257586162 63 R, R R R R R PCT/GB2008/051173

R R R R R R andR i ndependently represents a hydrogen

atomor a Cl-C6 al kyl or C3-C6 cycl oal kyl group; and

R66 represents a hydrogen atomor a Cl-C6 al kyl group

or 5 a pharmaceutically acceptable salt thereof. In

the context of the present specification, unless

ot her w sg6st gah am aldkyll7 qyisal kenyh _Buhdsijendd 35 36
a%c&ﬁaowﬁan‘%wﬁﬁ%w | K ylcﬁrm et i’nRa’guUsl{itgemR R,
39graup4mayusbest i searsior 52 braanched.s1 Exa@npl ess3of Cl- CG6

R &K kyR' grbupk) mbi etk eski ndt udk ik hyk, BT , mespgPnty
2-met hyl -1 -propyl, 2-nmethyl-2-propyl,

representstathyidrdgeh atoph or 8Cpkicralkyll otb (g, cyRloatkyhgious; angl
b%gyl, 2,2-dimethyl -1-propyl, 2--nmethyl-pentyl,
B- medphgskends apgttogen atbnivet H¢| -Ug-aplenteydup; or
2-nmet hyl - 2-pentyl, 3-nmethyl-2-pentyl,

a phdmmestitydall apeptaple, sa tRerddofret hyl - | - but yl ,

- di thyl -1 -butyl, -et.hyl-1-Db | ,. n-butyl,
7 B SO Yt RS PeRiGHRT ynless Bkt Rt g pikeny!
subsBRRnNgBEY Bl an HXANGY B&n9f mERHTR @Au%mém%?&%éﬁl@é Bhda®or

i nclude ethenyl, propenyl, "1-butenyl, but enyl ,
branbhdie MEx@fples oF-he®gall grdupy/iabieaed Bodide methlyl, ethyl, propyl,
1, 3-pentadienyl, is 1,4-pentadienyl and 1I-hexadienyl.

2-mShyti- 1-prdpy], ZmealPHeropylgRempthpbi -®utyl mBymdleyl} i-bagl, Bmethyl-3-
ranched. anpl es_of C1-C6 al kyl ene groups/ noi eties
butﬁ@?rﬁr@%ﬁﬂ% , 2§Wﬁ§ﬂyl§ﬁ%‘}tylm -%ngvf'éﬁ’é?tyﬁ- Hinndrepentyl,
2-mQnPENLYAENS-meliy8Xeh 184t FRIIYLRIIN Yl £Bfncthyl-1-butyl
]ngiﬁ%thgﬁgfﬁa?gng; §¥2$giné%ﬁ€fet%§ﬁ%hef Hfivethyl-1-butyl,

3.3-dinethyH1eityll @rathyl2t-betyhyh-butyls| solmityll terz-Rutydr n-pentyl, isopentyl,
3-net hyl propyl ene and 1-, 2- or 3-ethylpropylene. 20 A

neor@8tyben¢ ydicwel IBxamgles wp CoLealkgrull gruppyiojcticy oichisigtoyticnyl,
cycl opentyl or cycl ohexyl Wiere, for exa

roup. le,
proprBy laddbutgyho? thutcdith, e%@@ﬁte@?cii%sermhk VB -Ryitashignybr l,ggxeﬁtadlenyl,
1,4- &Q{G%ﬁ“ 2 1-3g8ncyc! oal kyl group, the alkyl or
’ cloa fp j

y gr oups y be the same as, or different
: _ u ]
L SRR o B e PRAVE! P e af v

alkyRfe @Foupdndidiys ditdudhet lche, ol @HeNn - PeopTRine, ﬁbﬂtﬂ'lén\épnégentylene,
ring heteroatons: the nitrogen ring atomto which

n-heaplgnR7 -wethriethydens, Reactiaylethzicnadhedinatiylethyiconal-¢thylathylene, 2-
ethy iy 1Q9C T 9 o PXNEGR 1Hlop R & 11538 L propy e
A C3-Cgq4 cycloalkyl group is a cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl group.

Where, for example, R6 and R7 both represent a C1-Cg alkyl group or both represent a

C3-Cg cycloalkyl group, the alkyl or cycloalkyl groups may be the same as, or different from,
one another.

A 4-to 7-membered saturated heterocyclic ring as defined, for example, in R6 and R7 or

20 21 . . . . . .
R and R will contain no more than two ring heteroatoms: the nitrogen ring atom to which

R6 and R7 or R20 and R21 are attached and optionally a nitrogen or oxygen ring atom.
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WD 2009/ 074829 PCT/ GB2008/ 051173 8 A saturated 4- to
1mvorewrivened het er ocycl yl oxy substituent group (as
waledovoa@29n A or B) w il contain at |east onePCT/6§2008/051173
het er oat om sel ected from nitrogen, oxygen and sul phur,
and preferably contains a single nitrogen ring atom
Wien R4 and R5 together forgna saturated or
unsaturated, 3- to 6-nmenbered carbocyclic 5 or
heterocyclic ring, it should be understood that the
A HerRY 4bg ﬁﬁfeﬁ&féd%e%ﬂ%ﬂﬂ&l}ﬁﬁbﬂﬁherﬁ%}ouﬂ (d$ b¥fined in A or B)
unsaturated. A heterocylicC rin contain at | east
will gpretain; af @eahtectn@ rowthetaredbacstiedief %@m niffioger gangenasnylgalphur, and
avoi dance of doubt, it should be

prerAt TS BN S pQEeEH e B ns of ‘the. et er ooyl i ¢
' WS 1 dflg’:r {ua%{at%er( %O}m%rsgturllﬁ%d élnlan%gﬁil%%é 9. 't%g-lgliébgrgoﬁaesd carbocyclic

unsta Ie str ures or an

or h@PRc bRt a% fWRstl by %ﬂ&ersﬂogd ﬁfa?ﬁﬁ'}hr%erﬁ% rthil &Girdt&d but not

any suit e ring atom provid tin
fullycmspml:aﬁdi i & hatocyhs tiapmell chiitein s hoastodneringdictarpitemnyselected from

u n fo llLa (1) is described as being optionally
n”“%ﬁ §BV @H{QM#HWAII be appreciated that the noiety or
GHPHR aVBMaRe FidbliSY it YRGHEBE Lhdkr§BoPhat SRS EhidhESK RY

one or nore of the specified substituents. It will be

hetemml&mmsed forada ¢Iharcmgtringgndicd tqamgluﬁgpgﬁ@blgstructures or any O-0,

05 Yeprehitiy Tiabt »ErRHE TR0 oS e e amoatiplsring som
prov@dedttl‘i@rdsﬁl‘t’lﬁgbbl@[ﬂouﬂd ik 800unslabty. 2 part i CU| arI y 2. X1
represents a net hyl ene (-CH

-)
sehemisel MRSt prasAwR @lrforlvuhaél)os derﬁanoétSH@rrng optionally

subsflfﬂg%g iltrr‘](g?lt IS gfe%la%ed%ﬁgt R mro?qu grs g@hﬁ ggfl?l b%%‘?tﬂﬁt(%sgbst tuted or

rine, brom ne ne)
substiautdbbxy bne @yradre oﬂiihe@amﬁed Gibsdiensr IGEHIGR: ?fplplqc[ate((bthgt the number
i sopropy

and f@ﬁ%ﬁﬂl&t@ﬁw wilk ‘fﬂr Pq%te&éﬁ@;w 0 %Wl%stﬁgéa%lv;uyn'd’eﬁtaé& cogpbinations.
lafBmbMim&le c@%h@ln%@ﬂ(ﬂong f 190 lnﬁlj] %éﬁfl’cgﬁﬂp oxy,

n- propoxy, | sopropoxy, n-butoxy, I sobutdxy,

yéqé¥g§%gﬁynmﬂlpﬁgkgxy %%Dﬁbhexoxy) trifluoronethyl,
O NR6R7, 'NR6aC({ O)R7a, SO2NR6R7, NR6aSO2R7a

Maﬁé@m’m’&enﬁc&twln@eﬁlcﬁﬂp@m ment, y is 1 and Rl
represents hydroxyl. R2 Hepresents a hydrogen atom or

n Glothd enmboditlent4y; isdran@R G2piebdayd hado gpufe geflgorindetiiytine, bromine
ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
or idd@feh,- Rydrkyl, RameRY1Y lcyfo, & hexydr)C 00),iRgleyalkyl (e.g. methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, fert-butyl, n-pentyl or n-hexyl),
C1-Cg, or C1-Cy, or C1-Cy alkoxy (e.g. methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
isobutoxy, tert-butoxy, n-pentoxy or n-hexoxy), trifluoromethyl, NR6R7, C(O)NR6R7,

NR®CoR™, $0,NR°R7, NR®*S0,R" or S(0),R®

. . 1
In one embodiment, y is 1 and R represents hydroxyl.

2
R represents a hydrogen atom or a C;-Cg, or C(-Cy4, or C{-C» alkyl group (e.g. methyl,

ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl or n-hexyl) optionally

substituted by at least one substituent (e.g. one, two, three or four substituents independently)
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substituted by at |east one substituent (e.g. one,
1m4amo1p bhnee or four substituents independently)
wQat@mn14820 i DAV' WO 2009/ 074829 PCT/ GB2008/ 051 17Gr/G82008/051173
sel ected from hal ogen (e.g. fluorine, chlorine,

brom ne or iodine), hydroxyl, carboxyl, cyan,
trifluoronethyl, CI-C6, or € -C4, or Cl-C2 al kyl (e.g.
nmet hyl, ethyl, n-propyl, isopropyl, n-butyl,

i sobutyl, tent-butyl, n-pentyl or n-hexyl), C3-C6

1&&&&@&'1&% LGy l@wrﬁ@ hloneS bRIMhe &r fodfl 1061‘6 ]
selo@UE O HiXdeca By &1 ARIORY hiofint bRihe &1 Rdfled Rl Obarboxyl,

cyanldE#RRZRA&hpn d 15(?90@ RL9C ), or @n-ediRgl @%nfneﬂ%teﬂ@l, n-propyl,

i nvention, R2 represents a hydrogen atom

isop@l%@/[ %Slﬁ{fils s@bﬁ’%ﬁ Eé}%lgﬁ‘ta?tn%gnﬁn o?nGHexﬁ? cH! rC6qucB%}kyP(cyclopropyl

vl SRl Bty Sl R S

substig uent7 (e.gs on twoeg three or four substituents
SO2NRdebenddhi | ﬂﬁoag%ﬁggbgd fron1ha|ogen (e.qg.

fluorine, chlorine, brom ge or iodine hydr oxyl ,
tmaboxbhodimentefrihe ﬁlw'rzlﬁtiqmoRonmrhg@ms adiyd@ezenatontl - C4, or

-C2 al kyl (e.g. nethyl, ethyl, n-propyl, isopropyl,
R beyirgdents ssipllud gein,atdre ot a QYtEd, or 01 {&HN1YC @ allsi exotlp) (e.g. methyl,
C3-C6 cycl oal kyl (cyclopropyl, <c¢ clobut 1 ¢c clo ent 1

ethybm-jropylotsepropy INRIORA lis @) INRR2IRRS, N@Zm@( @) iRABxy!) optionally

subs G st P R R E B s Raise B2 it SR ifsis dpdspendently)

sele@té@ﬁbm%ldg%ﬁr( C%eﬂl‘ﬁo%n@ MR BRONAhO B féﬁm@) Qlly&&(yloearboxyl
4, or C- al kyl group (e.g. nethyl, ‘et

cyaﬂ@r HIMRRYdmeth$IO AT 00Y, or 0=OMloy IC;-C sakt (¢, meit elﬁﬁyﬂ,yd-propyl
n-pentyl or n-hexyl) optlonally substltuted by

1sop{ogagf'tnlﬁﬁ§l %Hglﬁ 1 bRy ﬁ%ﬂtﬂgg ehtgt e&p FF rﬂe\:ﬁ/@ oafkgyfcyclopropyl

stituents depend

orohfif e AT R S IR
r 26l 31CA, og  Cl-262 q?l @i)q&(j@ g. nret hyl, ethyl,

SO2NFpr%pyYNR»ﬁ§%ﬁ?oﬁ9 tyl, |sobutyl tent-butyl,
n- pent or n-hexyl), C3-66 cycloalkyl (cyclopropyl

&n a0 ob dlment lthe wventiongR™ ecrpbsshise HydNRID R8I
O NR33R34 NR35C(0O) R36 S02NR37R38, NR39802R40 and

8( @prRékhtsl ahyainogentatsh oeaC | af g, bh € 1Gy enCi @h, allR4 group (c.g. methyl,
represents a hydrogen atom 25 R5 represents a '
ethyhyeprogghisapronylo n-tatyd] is@8ity loterhutga n-pentyCor ﬁ;hegyl)(gptlonally

subsﬁmg?ff]gpf at lgas% et Sfl'[ﬂ.lglﬁt(g éu‘?% txﬁﬁ?ﬁ%ﬁ Pg,f ug gul?%Pﬁxg%;llydependently)

sele@Bd FroAallogen (c.g. fluorine, chlorine, bromine or iodine), hydroxyl, carboxyl,
cyano, trifluoromethyl, C;-Cg, or C1-Cy4, or C{-Cy alkyl (e.g. methyl, ethyl, n-propyl,

isopropyl, n-butyl, isobutyl, zert-butyl, n-pentyl or n-hexyl), C3-C¢ cycloalkyl (cyclopropyl,

cyclobutyl, cyclopentyl or cyclohexyl), NR31R32 C(O)NR33R34 NR C(O)R

s0,NRYR*®, NR*50,R™ and s(0)R™!

. . . 4
In an embodiment of the invention, R " represents a hydrogen atom.

R5 represents a hydrogen atom or a C1-Cg, or C1-Cy4, or C1-C alkyl group (e.g. methyl,

ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl or n-hexyl) optionally
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1f12f11 f1-1 D AV' WO 2009/ 074829 PCT/ GB2008/ 051173

1md@ 1swpot i tuted by at | east one substituent (e.g. one,

W@ awo/0r48eee or four substituents independent!| yPCT/GB2008/051173
sel ected from hal ogen (e.g. fluorine, chlorine,

brom ne or iodine), hydroxyl, carboxyl, cyano,
trifluoronethyl, CI-C6, or (§-C4, or Cl-C2 al kyl (e.g.
nmet hyl, ethyl, n-propyl, isopropyl, n-butyl,

i sobutyl, tent-butyl, n-pentyl or n-hexyl), C3-C6

subsEMAEPRY) Kibast SNCPRA@BM! (e gSorky BV @ RRMeY br fouY ShiRBRRhMin®pendently)
cycl ohiexyl ), NRAZRA3 OO NRAARAS NRABC(O) RA7 >

sele@od fupand R en IIRE 08O Z RS 1 chderincspomiRs or jodingn kyesoxiil nearboxyl,
of the invention, R5 represents a hydrogen atom

cyangy, trffuesametbyly C1rGe.ax & 1Fd4. 106 §atFoot ki (18- psthyb gttydm-propyl,
atons to which they are attached represent a

isopopy|, mpruwgy Isobutpl ferobutifl napeaityRor hdgeyiheC 33l ¢t dyctoakkyl (cyclopropyl,

carbon atomto which they are jo attached_forma
cyclSRILYr, Y @shedtyl @ﬂayadlweapg,dNPS‘-zR“%-C(@mm“pRgs_-,nmg%m(@;R‘”,
car o%gcllc or heterocyclic ring which ring may be
)

e etal |y Sil p¥%h at | east one substituent
SO,8RE RIS NIRRT L BOJk

r substituents independently)

el ected..fromhal ogen. (e,§. fluorine,, chlorine,

BhREeR Y R BT SE R e MR G el - 5, o
Cl-C4, or A-C2 al kyl (e.g. methyl, ethyl, n-propyl,
AEERERSY, RnamlRy Fqgeﬂ@bwgﬁhe, carlay Aty {0 Which Sheyrat aigiched
n-hexyl). is A and B, eachsindependently represent a 5-

represeniGa cytcopropyl 8ing, @-R oand1- tegather with dreoadidnctomitggyhich they are
systemoptionally conprising at |east one rin

attaghed &raht svipEedgr upyeiratedo’-, fhpeer Gimergred qarlwgyclic or heterocyclic

. . i . t r 1. ,
i L AL oL PARSRISS I B SELE AT SRR, app oo
thres sibstifut ik el chyndantly esaiictod ieons bidsgért (¢anfludeng chloni@e, bromine or
two, three or four substituents independently)
1odiz®) bgdredylf rcarbo29l had €Hey,(0e Cg-C4, lou € iCreglkydHE.@r mathyl, ethyl,
bromi ne or iodine), carboxyl, hydroxyl, oxo (=0,
n-prapytly igoprepyley-dutyL.isabtwapt or1kagyl, n-pentyl or n-hexyl).

A and B each independently represent a 5- or 6- to 7-, 8-, 9- or 10-membered aromatic
ring system optionally comprising at least one ring heteroatom (e.g. one, two, three or four
ring heteroatoms independently selected from nitrogen, oxygen and sulphur), the ring system
being optionally substituted by at least one substituent (e.g. one, two, three or four
substituents independently) selected from
halogen (e.g. fluorine, chlorine, bromine or iodine),
carboxyl,
hydroxyl,
oxo (=0),
nitro,
cyano,

mercapto (=S),

C3-C¢ cycloalkyl (cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl),
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C3-C6 cycl oal kyl (cycl opropyl, cyclobutyl, cyclopentyl
1m@m cysvohexyl ), 1fl2nl n_i D AXI" WD 2009/ 074829
wWEINAEBBRD8/ 051173 11 (C2-C6 or C2-CA al kenyl PCEGBR008H51173

et henyl, prop-I-enyl, prop-2-enyl, but-Il-enyl, pent-

| - enyl, hex-l-enyl or 2-nethyl-pent-2-enyl),

trifluoronethyl, C-C6, orifCl-C4, or Cl-C2 al koxy

(e.g. methoxy, ethoxy, n-propoxy, isopropoxy,

n- but oxy, 5 isobutoxy, tert-butoxy, n-pentoxy or

-h Cl - - Cl-C2 al kyl b I
O SRR TRL RIS ?%ﬁ?@%?lgsw} Pro%-i%?ﬁ?“bugg-yenﬂ; pent-1-
n carpon , N-Du carpon )
cny! LK TRV E R ot pEREE BN 2 o vl carbony

car bonyl, | car bonyl ,
trifluorpathyl, car bonyl or n-hexyl carbonyl), C-C6, or C -C4,
or Cl-C2 al kyl carbonyl oxy (e.g. nethyl carbonyl oxy,

C1-@©4, loy Cg & on¢h Eoyalkoxyd eig: prethoxy caindxynydpoogyoxy, isopropoxy, n-butoxy,
~_isopropyl car bonyl oxy, n-butyl carbonyl oxy,
isobitospuestbesriyompenieyy or p-dexoxdylt yl car bonyl oxy,

n- pent yl car bonyl oxy or n-hexylcarbonyloxyg, or

Cl - Co,
C1-@1, ok -(or ocf1-€2 dienhent boaymnethe cerbome: ¢oxlgedemdny |
n-prgég%?%%giggg%lg@ﬂ%gﬁgq&iggﬁ%&Grg%%g%]:qi;;p"butylcarbonyl, tert-butylcarbonyl,

_penBRLLI XY 624 bordy#), t - but oxycar bonyl
npenggenﬁgﬁycarbgﬁﬁ%ﬂo?3ﬁ{hexoxycarbonyl), i s - NRb3R54

-C ey x X
SR 80 Sl Gues e G A Rarer agy bonyiony.

n-pro@fledrbenstdl, Bsproplegrbodyldky ob@lcadRnydkNiifebutylcarbonyloxy,
het er ocycl yl oxy such_ as pyrrolidinyl ox ?, benzyl oxy,
tert-pytytogrbogylogy . repentyicatbpuytox apig-hex e botyisay)o e. g.
net hyl pi perazinyl) and 25 a CI-C6, or Cl-C4, or Cl-C2
C1-Geg» L@yh&ﬂ, gt Cw&zmll%que%rhg)w,l (ﬁgpm%mcar@@ﬁk &fhpKycarbonyl,
n-prgﬁokggltcXrlb’onylll,slfs)glyrtogéiycarbonyl, n-butoxycarbonyl, isobutoxycarbonyl,

tert-butoxycarbonyl, n-pentoxycarbonyl or n-hexoxycarbonyl),

_NR53R54,

_C(O)NR™R®®,

NRC(O)R™®,

so,NRRY,

NR®'s0,R®,
S(OWR™,
saturated 4- to 7-membered heterocyclyloxy (e.g. a nitrogen —containing heterocyclyloxy such

as pyrrolidinyloxy),

benzyloxy,

C1-Cg, or C1-Cy, or C1-Cy alkylpiperazinyl (e.g. methylpiperazinyl) and

a C1-Cg, or C1-Cy, or C1-C» alkyl (e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
tert-butyl, n-pentyl or n-hexyl) group (itself optionally substituted by hydroxyl, NR64R65,

phenyl or morpholinyl).
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tert-butyl, n-pentyl or n-hexyl) group (itself
1moptivmahl y substituted by hydroxyl, NR64R65 > phenyl
wW@e00a07482m! i nyl ). 1f12f11 fl-1 D AV' WO 2009/ OF@BE&82008/051173
PCT/ GB2008/ 051173 12 The 5- to | O-nmenbered aromatic
ring systemin A or B may be carbocylic or
heterocyclic. Exanples of spptable ring systens, which
may be nonocyclic or polycyclic (e.g. bicyclic or
tricyclic) where the two or nore rings (at |east one
The WhicCT)- 3 mBERAREd At AN sybaLELA bPBlnAeH QR RK1i8BF €
of phenyl, naphthyl, benzo uranyl, benzothienyl, 1,3 5
hetetgstiglidi Eymlp}trs of’ Eumhda@m@ 6l storah whlch rsaybé mehoeyglic or polycyclic
dro ui nol i
(e PGS e dFRsrRiSRiok Rt B ity ons ahybichss ppmetio) are
ﬁJsea 1ﬂcldd@&1¢d SNBSZOf PAEHN naplﬁl@lnaétﬁ’lofﬁyﬂlyl benzothlenyl 1,3-
4- tetrahydrqu|nazoI|nyI i ndazol y
benq«pgkgafph@,r ﬂ,&r poctlgxa@y , 115(3@11@%@{,{{ fﬂpfm }n,yw 1 2-dihydroquinolinyl,

1,2,%?:—26"[{}1?1%&1{0@%{ ﬁf;/)ay |2)31d1§ydrob%nzlgxaznéyl 3,4- dlhgdrobecflz]oiil?z’myl,
qumiamimlyll ,NyR3, ébetrzhﬁhmignnﬂzplmylb emmlgi ﬁzadplhﬂigndmy:tt (oxyll, 2?
TG TS e
1ndo‘ﬁﬁ$1d '(}%Eﬁkcﬂazo Px%%t:ﬁ azol:yf5 O%Hir% o&l)ﬂlohﬂy? oﬁglﬁiﬂla}'ﬁyl,

zinyl, hladlazo y
2,3- dlhy(&pbd:tybfuranyﬁ,dpylykqul sgylrmﬂmyl,y thlazohdlnyl indanyl, thienyl, oxadiazolyl,

oxaz& '% Jpns 8402%%'19’11) @P{i?ai S, g?’ %hazp rl: ?2%{3(}‘{( ' furdtyy thiazolyl,
indolyRt mmloy;h 2 PYdihfdrBdbind® Zfﬂluusizowl pyrimig@zald-di nyl
azalndoly , thieno[2,3-Db pyri di nyl |

dlhyﬂmperﬁa{uimsL Biepxiraddzalil, trtaﬁplehoi[eiza@lyls pbl}ldlmwh ocbxaﬁgllldmyl
1m1dﬁ%orﬁfi)ny?,é glz%rlldotl\@e Q%lelﬁog%%g}]gﬁndln 1%{1]0 t3hb pgraziné/ thleno[2 3-

b]quiiitting ) ebemﬁazdlyl patizazedoyihyl dthUeﬂidiMhzohnlyndOl yl,
oxazol 3U|nollnyl pyri mdinyl, thienyl,
Qresferd@%wp BencBRAdd frpmiatig ring systeme s HEA PBYA pytazolyl, pyridinyl,

- n b I d n

indofy QL Sl cliny D ERAIRAT, b, 2RCaRFRER DL RERL

dihydtebeytoxaringl, bé&&otlnazaniylghrdmdxmhfhylaﬁdtﬂmmthmeasiinyd).n B
represents a 5- to 10-nenbered aronatlﬁgrlng system

Sbt eREPFPeRMHIRG WVRY W e TEPTEEINSS 3 PRGYRERZ 0at ons

Hﬁ%@rﬁﬂ&ﬁﬂfehﬁ’oﬁﬁé RS Rh qubreﬁEnttsr £, 1 0¥ L68e@Bdmatic ring
sul phur, the ring system being optionally substituted

systéyy oatloﬂaélasbmpnemg subst twcumlg he(tetogtomsnadeptemd):ntlvhr:leetecb from

mtrqugﬁ god%ggns %ﬁ%ﬁi}w hag}g Mefm %éﬁls)tel%&e t eglb%llrn?t%l bzﬁt legﬁl one
substlireh2(cd). bAX Wb thebe JFEG R Ystituents independently) selected from

halogen, carboxyl, hydroxyl, cyano, Ci-Cg, or C{-Cy, or C1-Cy alkoxy (e.g. methoxy,
ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, tert-butoxy, n-pentoxy or n-hexoxy),

NRVR™, _c(oNR* R, NRYC(O)R™®, S0,NRVRY, 5(0),R%, pyrrolidinyloxy,

benzyloxy, methylpiperazinyl and a C{-Cg, or C{-Cy, or C1-Cy alkyl (e.g. methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, fert-butyl, n-pentyl or n-hexyl) group (itself optionally

substituted by hydroxyl, C;-Cg alkoxy, NR64R65, phenyl or morpholinyl).
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25 et hoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy,
1mdwy te lpuhoxy, n-pentoxy or n-hexoxy), 5354 55 R 56 NR
WOI@IWMREB SO NREIR60 R63 -NR R n > _C(O NR 2 PCBGB008/051173

PYrrolidi Yl oxY, benzyloxy, nethylpiperazinyl and a

Cl-C6, or C-C4, or Cl-C2 alkyl (e.g. nmethyl, ethyl,

n- propyl, isopropyl, n-butyj3 isobutyl, tent-butyl,

n-pentyl or n-hexyl) group (itself optionally 64

substituted by hydroxyl, Cl1-C6 al koxy, NRR , phenyl

NeRYHtIRE chBsARRKI d¥the 1nv$i‘1t4c%i‘ Blre?@lfeséntpa AMVio lmnernbered aromatic ring

2009/ 074829 PCT/G82008/051173 In a further
Syst@rrmp@mwélmcomrlslhe onpYERYd BRG h@@m@ﬁ@n@seéﬂpsn@@nﬂy stlgcted from

nbere mat tem Q
nitrog i 5 B M R b E bl M B ERBRMP Ry fiufGTBL GRL Mo or
thred §ubRlituBh @A dcaty gaecteénBomUlORIE, cﬁlbﬁné | @byt Bybroxyl,
bei ng optionally substituted by one, or three

cyamdylTSEC HROLS (d.4 denendasti-yropety9c tNE ?R one il NOTipg),
chlorlne car boxyl, hydroxyl, 5 cyano Cl C3 al koxy

(d%( O NR5 %EYQ?H? Om@%w{m& O N( c@h )2) . %. %\leﬁg@db Aoy
802&]?{0 F\?Qg% %CH%%?Og@U%%%% %Cg{);’r §%§g€'ﬁ%)b)xp¥rrohdlnyloxy,
ben%rgqxp(y :n?e)ft%)flﬁg)garz%lyf) Bg r(g}pb ky? (Fel- ﬂlnglﬁ ethglbgliép}:pgw ), the alkyl

%é% g itsel f being optlonally substituted by hydroxylgs
subsfatcHbsapup N figag prtiqpally sultgutest biphysliexidi me oxthERwR (e.g
nmor pholinyl. In a still further enbodi nent B

‘NHanmpmmmné phenylor pymaalbhytl , pyridi nyl, indolyl
oxazolyl qui nol i nyl pyrlnldlnyl t hi enyl,
In @sli ﬁyﬂmbg@h(z(bmm lﬁyq:presents phenyl pyrazolyl, pyridinyl, indolyl,
bhenz and

dr l,i
oxazQ eﬁz%lfllrlléﬁ irglpyrly 1 1ng ﬂ¥ ytl)%f %)ilay%i%beg%/oxazmyl ‘onal 1y

n

3,4-Giih&obénroeskil), bentxatdMhyDiind Wn@@thﬁllibﬁﬁylfeb)@mmmch may be

I ndependent |y selected fromfluorine, is chlorine
optl(@mll@@gl?,qtltutﬁ@,éy BREs[tO @ygﬁ@e substtuengs g}d@g@g&de{r@ @elecﬁ%{ Iﬁ@g@ﬁuorme

- NR53R54 e. N 2 O NR55R56 4
chlopge,g % Hgy(gpxxl:( @M )glk&%%) ) yE:((g n?;propoxy NRVR®
SO02MRZYR60 (e.g. SO2N( CH3 S( @,VR63 g

(c.g. (M(Céis)SCHQ(@}NISOBCZ k5. C(OpyHp of C(;LD)N( 92) Dehz GOW/, (.8

nethylplperaz and Cl-C3 alkyl (e.g. nethyl or

NHOQCoRY,| SOzNRheR al(kyl SOuNETH )N S(OyyRUcigt S€EHE ®eSMdHHs),
optionally substituted by hydroxyl, NR64R65 (e.g.

pyrrolidinyloxy, benzyloxy, methylpiperazinyl and Ci-Cj3 alkyl (e.g. methyl or n-propyl),

the alkyl substituent group itself being optionally substituted by hydroxyl, NR 4R65 (eg

NH; or piperidine), phenyl or morpholinyl.

. . . 2
In an embodiment of the invention, X represents a bond.

In an embodiment of the invention,

n represents 0, 1 or 2;

1
X represents a methylene group;
y represents 0 or 1;

1
R represents hydroxyl;

2
R represents a hydrogen atom;
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20 NH2 or piperidine), phenyl or norpholinyl. In an
1memboelavent of the invention, X2 represents a bond. In
waeooensed nent of the invention, n represents BCT/GBR008/051173

2; Xl represents a nethylene group; 25 vy represents O

or 1; Rl represents hydroxyl; R2 represents a hydrogen

atom 1f-2ni n_i D AXI" WO £009/ 074829

PCT/ GB2008/ 051173 14 R3 represents a hydrogen atom

R4 represents a hydrogen atom R5 represents a

ydro en, at.0 epresents phenyl; 5 B represents a
g‘r93'$ﬁm Q#QQ%ﬂ}a?%%mtlc ring systemoptionally
canprising one or two ring heteroatons independently
ReFRRIEEHSTY A Og0 2% BN, oxygen and sul phur, the ring
system being optionally substituted by one, two or
Rhremessnisst itdnegensitamdependent | y sel ected from
fluorine, chlorine, carboxyl, hydroxyl, cyan, Cl-C3
A 1epseyentnplezd. 2 C(0) NH2, C(O)N(CHS)Z NHC( O) CH3,

BRI 25, S SR LR S i e neor v
ring chpte'ram&hd mdspﬂnﬂéntt}lﬂdﬂdtddyfrdm dftmgyh,,oxygm ditﬁb(%lph‘ﬁﬂ&he ring system
i peridine, phenyl or I|n ; and resent
bemg optieRallysrbivied %zsfm%de §° Yos %‘wsntﬁ Fﬂféﬁ?l‘r({?ﬁ y selectedfrom

ﬂuor(lgs c#ﬁ'«zrgg <HRPRL GiElsPhi piety 143 Yedibdiny1 ) pi p
i di ne-2-carboxam d

C(Oal\ﬁ)ig mﬁ(@@i(CﬁmaNHﬁﬁol@m (%@p@(@%)b PCHzmsbiibi priepkdinyloxy,
| -4-yl)ethyl)piperidine-2- carboxam de,

benzyB)xyNnidtiB)lpipefabingheny | C 4Cy ladkeyl (itsykflmpﬁd)ﬂ@l!lly)sp’ysﬁtmbdi ty hgdroxyl,
2-carboxam de, (S)-N-((S)-2-(4-(l -Benzyl-

metﬁdx@)’ﬁ‘ﬂl@'plﬁeridlﬂ@ﬂﬁﬂﬁw o ny IRy hnd pi per i dl ne-2-carb

oxam d

&ékeﬁkdﬁﬁaagbd&$ Car banoyl bi phenyl - 4-yl ) - 1-cyanoet hyl)

pl per i car boxami de,
Examples of compounds of the invention include:

(8)-N-((S)-2-(3'-Chlorobiphenyl-4-yl)-1-cyanoethyl)piperidine-2-carboxamide,
(8)-N-((S)-1-Cyano-2-(3'-(piperidin-1-ylmethyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide,

(8)-N-((S)-2-(biphenyl-4-yl)-1-cyanoethyl)pyrrolidine-2-carboxamide,
(8)-N-((S)-2-(4-(1-Benzyl-1H-pyrazol-4-yl)phenyl)-1-cyanoethyl)-piperidine-2-carboxamide,
(8)-N-((S)-2-(4'-Carbamoylbiphenyl-4-yl)-1-cyanoethyl)piperidine-2-carboxamide,
(8)-N-((S)-1-Cyano-2-(3'-cyanobiphenyl-4-yl)ethyl)piperidine-2-carboxamide,
(8)-N-((S)-2-(3'-(Aminomethyl)biphenyl-4-yl)-1-cyanoethyl)piperidine-2-carboxamide,
(8)-N-((S)-2-(3'-Acetamidobiphenyl-4-yl)-1-cyanoethyl)piperidine-2-carboxamide,
(8)-N-((S)-1-Cyano-2-(4'-(morpholinomethyl)biphenyl-4-yl)ethyl)piperidine-2-carboxamide,
(8)-N-((8)-1-Cyano-2-(4-(pyridin-3-yl)phenyl)ethyl)piperidine-2-carboxamide,
(8)-N-((S)-1-Cyano-2-(4'-hydroxy-2'-methylbiphenyl-4-yl)ethyl)piperidine-2-carboxamide,
4'-((8)-2-Cyano-2-((S)-piperidine-2-carboxamido)ethyl)biphenyl-3-carboxylic acid,
(8)-N-((S)-1-Cyano-2-(2'-((R)-pyrrolidin-3-yloxy)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide,

(8)-N-((S)-2-(4-(1H-Indol-2-yl)phenyl)-1-cyanoethyl)piperidine-2-carboxamide,
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20
102418) +tIN(QS) - 1- Cyano- 2- (3' - cyanobi phenyl - 4-yl ) et hyl ) pi pe
WO @9Be829 car boxam de, PCT/GB2008/051173
(S)-N((S)-2-(3" - (Am nonet hyl ) bi phenyl -4-yl)-1-cyanoet
hyl ) pi peri di ne- 2- car boxam de,
(S)-N((S)-2-(3" -Acet am dobjphenyl -4-yl)-1-cyanoet hyl )
pi peri di ne- 2- car boxam de,
(S)-N-((S)-1-Cyano- 2-(4' - (norphol i nonet hyl ) bi phenyl - 4-
(2S)WI@R’PY1%%@Q C&/%&ﬁo%‘tﬁﬁfeﬁ?%@-@l) zl]plperldlne -2-carboxamide,

ano ridin- hen et hyl i
Plpe@ﬂi@r%earbomm@gmmghenzlgg )gll 1-cyano- ethy?)parm g Jethyl)pip

(28, eIt\IR-ﬁ)SZS tﬁ% e%glaﬁ éllil %%1188 !}Ii( éy(i??oxypyrrho){ldlne@cargoxamlé{e
(R)-H- ((S)éﬁlllvlﬁhéﬁyyan%’zi(c§aﬁ)oem T gblidRre2-cabbanddt,do) et hyl )

bi phenyl - 3- car boxyl | ¢
(S)-N ¢539n]o CyanpR-(3(+ emmbgpﬁlﬁ@rlrﬁdylﬁet@yliqZ@&é&)l%%ﬁébwmdey| Yeth

T O P e R R Enost s Db b Ay heridinecs
carbokateide 1f - 2ni n_i D AXI" WD 2009/ 074829

(2S)§)TCI(/11§1§20 8/11?52(%%*713%@%ﬁ%ﬁl§4§stl)ﬁh%w§aet(‘wllmpf@ﬁlm2mﬁrwam%e

P X
(2S) -[glg?)hen l‘ﬂbiﬁm -(3F ﬁl@tﬁglsglféeltﬁfrl] eﬁ?f;ﬁf%’ﬁg 1:tRyB6ib&idine-2-carboxamide,

LB mjaa@oarHz@elmspmwenﬁ)pmyummmmmg carbbaide.
r I N ar DoOx
SRR nd S B Greagp e Fyhen U hweipridise-rcasoriaidie

(25): I@f'[@lﬁ?@@( 'ﬁbdﬁ[4 &- rnethoxyphenyl)phenyllllethyl plperldlne 2-carboxamide,
0-2-(3-c anoblﬁ en yl)ethyl)azet

29 [ﬁé’) g((&}@mb@xénﬁld@ethykpggyzo]\ﬂ{y )phenyl ethyl]plperldlne 2 carboxarmde,

(2S)%2I M}ir?ﬁ‘) an | lgldrrmt h &gﬂettng]é}%ﬁr?%ll]lp perl Xll ]2

cmb&amﬁmgyano 2- (4 1 2 oxazol 4 yl phenyl ) et hyl ] pi peri di ne
-2-carboxan1de éZS -hkhéé o ,
29)dy-laSegdAd3pzp . Jidonel fry Irhanylidyy pre iy pReiding-2-carboxamide,

25 RS B e SR s et pary oo
Q2SN 4pi 1p@1 + Ty ane-2Mec@r fhaorast-geny inZH) oxiN-pHehyl)phenyl Jethyl piperidine-2-

S) - 1- Cyano- 2-[ 4- (4- cyanophenyl ) phenyl ] et hyl ] pi peri di ne
carbozamidehoxani de,  (2S)- N-[ (1

(2S)§%I %@Fﬁg af\mdJ (- (B4reeeb . m%xﬁbggg ’}Shén?/g)g?%(ﬂl\%l][e%hifl]piperidine-}

I peridi he-2-car boxam
carb&yanmid€yano- 2- [ 4- (| nethylpyrazol-4-y|)pheny|]

(2S)§§ Téﬁ'sgf'a oo ‘?r@e@ FE Tt SEhIE )BBéffZ%%ﬁg@ﬁleﬁﬂié‘ﬁﬁ ~garboxarnide,
258y Jﬂ%'&'}-@ L(%ﬁlﬁz o (1224 -HEn &R PKEHT P Beny B8 Dipetitihe-2-carboxamide,
(2S)dﬂ 156(1& 2 4B Stre ylﬂh%lyﬁhhﬁnefﬂij@p@hﬁlmlmﬂm%%ﬁ@bﬂmlde
55T S - gost s S
yDpednyyleihpi]pgetidinse-crisaahidan de,
(28)-N-[(15)-2-[4-[4-(Aminomethyl)phenyl|phenyl]-1-cyano-ethyl]piperidine-2-carboxamide,
(25)-N-[(185)-1-Cyano-2-[4-(2-dimethylaminopyrimidin-5-yl)phenyl]ethyl]piperidine-2-
carboxamide,
(25)-N-[(185)-1-Cyano-2-[4-(4-methylthiophen-3-yl)phenyl]ethyl]piperidine-2-carboxamide,
(25)-N-[(15)-1-Cyano-2-[4-(3-fluoro-4-propoxy-phenyl)phenyl]ethyl|piperidine-2-

carboxamide,
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(25)-N-[(1

1m@)n-i1» Qy@ano- 2- [ 4- (4-f | uor o- 2- phenyl net hoxy- phenyl ) pheny

WO @482 peri di ne- 2- carboxam de, 20 (2S)- N-P¢T/GB2008/051173

S) - 1- Cyano- 2- [ 4- (3-fl uor o- 4- met hoxy- phenyl ) phenyl ] et hy
| ] pi peridine-2- carboxam de, (2S)-N-[(1
S) - 1- Cyano- 2-[ 4- ( 3, 4- di net hpxyphenyl ) phenyl ] et hyl ] pi pe
ridi ne-2-carboxamde, (2S)-N[(1
S) - 1- Cyano- 2- [ 4- ( 2, 4- di net hoxyphenyl ) phenyl ] et hyl ] pi pe

2.5)EN 4 1891 2= b bopamLgleth i -ylphenyl]ethyl|piperidine-2-carboxamide,
RCRA PR H - s S S e
29)iNHl(1)-2= bexkni2dacthypgrazol-3-yl)phenyl]ethyl]piperidine-2-carboxamide,

90BN LA (a0 Bl oS5 SRS R RYS h Oh i e,
carbykérﬁiiae,nyl ] et hyl ] pi peri di ne-2-carboxam de, (2S)-N[(1

S) - 2;&&4-&& 4- ( Ami nonet hyl ) phenyl ] Ehenyl ]1- 1 L
(28)-Ndrdr! e ¥pp2plperethy Ind fonytarpdkdmhgayDphepg)ethyligiperidine-2-
Carb?)&@déir‘?%- 2-[ 4- (2- di met hyl ami nopyri m di n-5-yl ) phenyl ]

(25)et-hgilS)-pi @b di- fFe32>-d idhb e X-amititey-[@@nyl)phenyl]ethyl]piperidine-2-
(2S)-N-[(1S)-1-Cyano-2-[ 4- (4- et hyl t hi ophen- 3-yl ) pheny
carbpaahidg | pi peri di ne- 2- car boxani de,  (2S)-N-[(1 S)-|

- - f _4- N o
oI L AR RO,
carb@Q8ile,74829 PCT/ GB2008/ 051173 16 (2S5)-N-[(1

-1- -2-14-(2- h i di n- 3- vl J hyl] pi
BT ez Ul G P B ing T S ipb oL
carb®Xankid€yano- 2- [ 4- (2- met hyl pyrazol - 3-yl ) phenyl ]
et ha/ll pi peri di ne- 2- car boxam de, 28)_-:;!—%0 S
289y égwn2=2[-w-ﬁ68(-4(m¢thﬁh>mﬁmm-ﬂ; yliskesliphopsdeypiperidine-
2_Caqjté)h ]I_nkfi peridi ne-2- carboxam de, 5

E §§- ef (1'S)-1-Cyano- 2-[ 4- (4-ethyl sul fonyl -2- et hyl - ph
(2S)le-)£d I)S'K-ll_] f@%ﬁhb@t- Py (2l dp&tyipt eme)pBenyd Pt A}pastridene-2-carboxamide,
298y TSty drione-y deqingingt pinpsredb I heRpPYEdRy |

(el LO_nemn2- ' ~ - :
o R M AR 2gppoamise
(25)eX-iflIS)-p+ @embi- FeC22phenglneslidxyp heriytipher(y2S)hyNpiretidine-2-carboxamide,
LA A T R AT R N
(8)-N-((S)-1-Cyano-2-(4-(6-cyanopyridin-3-yl)phenyl)ethyl)piperidine-2-carboxamide,
(8)-N-((S)-1-Cyano-2-(4-(3-(2-hydroxyethyl)-2-0x0-2,3-dihydrobenzo[d]thiazol-5-
yl)phenyl)ethyl)piperidine-2-carboxamide,
(8)-N-((S)-1-cyano-2-(4-(3-(2-methoxyethyl)-2-0x0-2,3-dihydrobenzo[d]thiazol-5-
yl)phenyl)ethyl)piperidine-2-carboxamide,
(8)-N-((S)-1-Cyano-2-(4'-cyano-3'-fluorobiphenyl-4-yl)ethyl)piperidine-2-carboxamide,
(8)-N-((S)-1-Cyano-2-(4’-cyano-3’-(methylthio)biphenyl-4-yl)ethyl)-piperidine-2-
carboxamide,
(8)-N-((S)-1-Cyano-2-(4’-cyano-3’-(methylsulfonyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide,
(8)-N-((S)-1-Cyano-2-(4'-cyano-3'-(cthylsulfonyl)biphenyl-4-yl)ethyl)piperidine-2-

carboxamide,
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(25)-N-[ (I

1m@)n-1» Qy@ano- 2- [ 4-[ 6- (4- met hyl pi perazin-1-yl)pyridin-3-y

WO ppbemged et hyl ]| pi peridi ne- 2-car boxam de, i SPCT/GB2008/051173
(25)-N-[ (I
S) - 1- Cyano- 2- [ 4- ( 2- hydr oxyphenyl ) phenyl ] et hyl ] pi peri di
ne- 2- car boxam de, (2S)-N[{7
S) - 1- Cyano- 2- (4- qui nol i n- 8-yl phenyl ) et hyl ] pi peri di ne-2
-carboxam de, (2S)-N-[(!I

(S)- 1$-)(|§1 QE?E‘&)‘ gﬁ 4vhro- B%My@ﬂ%ﬁ&@@?l%?l - yl)ethyl)plperldlne 2-

] pi peri di né- 2- car boxam de
cmbeqmnméyano 2-[ 4- (2- phenylnethoxyphenyl)phenyl]

(2S)§\I Izéé S]&%I (ﬁeéir%l 15{10?%3'?@{ %}}I)fs&l@nyg brl,ph%na)-éi %lp[l( wa]ng%tmjl )ﬁ)lBer‘IEgme -2-

cmbaﬁmﬂmse 2- car boxam de,

SN §1,§|)~ée(|2ya@pn?e é”cgalquéi@ﬁ]@&%??ﬁ%éa‘i'ol i Sbigng )

YDG%§p§%%%%§%§§”ﬁ%?ﬂﬁm§}gf gS ( 2- hydr oxyet hyl ) - 2- oxo- 2, 3-

(S)-N¥(IPhie oydnp X-EBy ey pripé1-(mkithg thide Yo gphb oy advy Wethyl)piperidine-2-
S }Eé((S)-l-cyano-Z-(4-(3
carbox&miget hoxyet hyl ) - 2- oxo- 2, 3- di hydr obenzo [d]t hi azol - 5-
Nlphe b Iyl 'Y s
SRR e s s e
carbexdmidypi peri di ne- 2- carboxanlde

(RS BF R Gr TAng SR SH Bl

ano-2-(4' -c -3
yl)e&?rcmﬁﬁgu fpeﬁ&heg%&enylﬂm?yl ) et h§/|)p| eri di ne-2-

(S)- lﬁf((ﬂadxgmm2 (@{)3 rnethyl 2-0x0-2,3-dihydrobenzo[d]thiazol-5-
gyano- 3' - (et hyl sul fonyl) bi phe
pr%@ ¥%ﬁ§' %?H?P %ﬂ%%??‘?%% ’2- carboxam de, 1fl2nl n_i D

(25)AXI{(1 ND-CONR DJABR L. dRGTI B3P 61 D78enzisbthiazol-5-
Cyano- 2- (4' -cyano-3' - (propyl sul fonyl ) bi ph
yl)p@xw}cmyﬁm)r@flﬁwe)%%b%amlﬁ@ 2- carboxam de, (2S)-N-((|
|-4-yl)-1
(S)- @(@ 16, n%ag @‘f‘?é%‘%%?#e&@%’é?ﬁﬁ”gﬂ%li Biphsayl - 4-yl) -
yl)pnas))emyopipsmdmeay@mmznﬁene cyano- 3' - ( 2- rret hyl -1 Hi mi da

(2&@}?%{4@3 %Jgal}tggf Y raetvkd pdigsidp ded-dihydro-1,2-benzisothiazol-5-
ynpﬂé%g%h&gﬁﬁm§€g¥gﬂgﬁg?&ﬁmg??gﬁﬂgl?plperldlne 2-
(S)-Nd(Deoxapamdel-(4'-cthylbiphenyl-4-yl)ethyl)piperidine-2-carboxamide trifluoroacetate,
(8)-N-((S)-1-Cyano-2-(4'-(N-methylsulfamoyl)biphenyl-4-yl)ethyl)piperidine-2-carboxamide
trifluoroacetate,
(8)-N-((S)-2-(4'-(Azetidin-1-ylsulfonyl)biphenyl-4-yl)-1-cyanoethyl)piperidine-2-
carboxamide trifluoroacetate,
(8)-N-((S)-1-Cyano-2-(4'-(N-(2-hydroxyethyl)sulfamoyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide,
(8)-N-((S)-1-Cyano-2-(4'-(methylcarbamoyl)biphenyl-4-yl)ethyl)piperidine-2-carboxamide
trifluoroacetate,
(8)-N-((S)-1-Cyano-2-(4'-(pyrrolidine-1-carbonyl)biphenyl-4-yl)ethyl)piperidine-2-

carboxamide trifluoroacetate,
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(S)-N((S)-1-Cyano-2-(3' -cyano-4'-(met hyl sul fonyl) bi ph
1m@emyie doail ) et hyl ) pi peri di ne-2- i o carboxam de,
W@ 3)09024829 But yl PCT/GB2008/051173
2-((S)-1-cyano-2-(3' -cyano-4'-(propyl sul fonyl) bi phenyl
-4- yl)ethyl carbanoyl ) pi peri di ne-1-car boxyl at e,
(S)-N((S)-1-Cyano-2-(4-(3-m&et hyl - 2- oxo- 2, 3- di hydr oben
zo [d]thiazol -
yl) phenyl ) et hyl ) pi peri di ne- 2- car boxanmi de, is
(S)- I(I%@) INSZRRSECE (@fﬁéﬁﬁ’ylﬁrpkfﬁ’zﬁé e bei Bt nyd=AL Hydy Opipertdine-2-

benzi sot hi azol -5- vyl
carbexdnyidy piifhearpatictsés, 2- car boxani de,

(S)-lf]-% 52}\1; ﬁ*&g?zo-%-(&f cyanopﬂeny )pyrlc)ﬁn 33 ylﬁletgyls}}{pendln %grbzo%nblﬂde

tnﬂuhaaﬁamgl)ethyl)plperldlne 2-carboxam de, (29)-N {(1
ano- 2-[4-(2-net hyl -1, 1-di oxi do- 2, 3-di hydro-1, 2-
(S)- lﬂé@rl YHI09-&0-(35 cg@lophenyl)pyrldln -3-yl)ethyl)piperidine-2-carboxamide

| ] et hyl d 2- b d
tnﬂ%%gg%ﬁg%s%?1-¥y£gngrk45?:thyfg{pgéﬁg}-i-yl)ethyl)pipe
(S)- NJ}((ﬁ')nle€?anba1-b@(@ihjldiﬁxﬁp‘ﬁeﬁjrlbwmﬁlﬁéfy&l)eleh%yl)pipelridlne-2 carboxarmde
-(4" - (N- et ul ta )
(S-S ek bt el O Aca bbb R ey DY i bADar R peridine.2

carbggmlu'e M@orgac(eflate (Azetidin- |
-yl 'sul fonyl ) bi phényl - 4-yl ) - 1- cyanoet hyl ) pi peri di ne- 2-

()-8 (D &r-(foidatihlde- ﬁ-l(dIfrIlelﬂQdcaatbzen%ﬂ)phenyl)pyrldm 3-yD)-1-

2- hyd t hyl ) sul f |
cyanR DR G T H i T BE B L o o He )
(S)-NASN-C{ano-21 &ﬁﬁro;’mﬁéth%m@ﬁ&M Q%{I}rélﬁmiﬂeﬁuﬁfé@b’a{rb&%mde

| ') ethyl plper I ne- 2- carboxam de oroacet ate
tﬁﬂquawﬁﬁqS»-l-Cyano 2-(4' - (pyrrolidine-I-carbonyl)biphe

L e SRS S >
carbBGidB2ODH O thls3 18

(5N Gl lohymsT-SH 7o 2k ey Iy G HBopy Piperdine. -
CMbggggﬁé@?%%g-%%h%éggggﬁgﬁsﬁgSyrfg?nNé(§FgéLhyl)p|perlm
(S)-N€(9-lc@yhox2i3 ' d2-cyhndctt ylarliomont biphenyl-4-yl)ethyl)piperidine-2-
carboxamide,
(8)-N-((S)-2-(3'-(2-amino-2-oxocthyl)biphenyl-4-yl)-1-cyanoethyl)piperidine-2-carboxamide
trifluoroacetate,
(8)-N-((S)-1-Cyano-2-(3'-(N,N-dimethylsulfamoyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide trifluoroacetate,
(8)-N-((S)-1-Cyano-2-(3'-(pyrrolidin-1-ylsulfonyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide trifluoroacetate,
(8)-N-((S)-1-Cyano-2-(3'-(methylsulfonamidomethyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide trifluoroacetate,
(8)-N-((S)-2-(3'-(Acetamidomethyl)biphenyl-4-yl)-1-cyanoethyl)-piperidine-2-carboxamide
trifluoroacetate,
(8)-N-((S)-1-Cyano-2-(4'-(4-cyanopiperidin-1-ylsulfonyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide trifluoroacetate,

(8)-N-((S)-1-Cyano-2-(4'-(morpholinosulfonyl)biphenyl-4-yl)ethyl)piperidine-2-carboxamide
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S
102418) +t N QOS) - | - Cyano- 2- (6- ( 3- cyanophenyl ) pyri di n-3-yl) et
whgi0pp748eq i di ne- 2- car boxam de trifl uoroacet at BCT/GB2008/051173
(9)-N-((9)-] o -
- Cyano- 2- (6- ( 2- hydr oxyphenyl ) pyri di n-3-yl ) et hyl ) pi peri
di ne- 2-carboxam de, (S)-N{(S)-I
- Cyano- 2- (6- (4- (N, N-di net hyl sul f anoyl ) phenyl ) pyri di n- 3
-yl)ethyl)pi peridine-2- carboxam de trifl uoroacetate,

trlﬂlid?oacetate
é 6 (3-Chl oro-5- (di net hyl car banoyl ) phenyl )
(S)- l}ixﬁfS)dh y@oﬂx 1(4- mqrmdple)ﬁWm) bivppelforyil Replrngad-ybgrd )pigeridine-2-

arb rnI 49! %eg ag
carbpgm ﬂ?(@jo‘lcéy 10- 2- (4' - (trifluoromet hyl ) bi phenyl - 4-y
(S)- N)(@)HVC}MOPE-H-@}-%t@d&%@%&%l@ﬁroﬂehké[ﬁ]&ﬁﬂﬂ@et at e,

) - 1- Cyano (3" - (piperidine-
yl)ph%&)s@ﬁfbpwﬁnélﬁéﬁwarw & hyl ) pi peridine-2- is

AR e S L e e e S A P R
yl)plyény@embz))pipbyﬂlhmzp@mcddaﬁﬁdez car boxam de
trlflugroac

(NSO yp St by rinsthal LoD SPURRTAILIEEI ) bi phen

D, car boxam de,
yl)p%{éél)yﬁﬁl%hb’()g EMHI)HQz %%cgilr%ﬂﬁ%ezz oxoet hyl ) bi phenyl 4-yl)-1-

(S)-Ny(éﬁﬁdeleiO}b{ﬁb& -{Zhydyo2yatiay 3 @s0ani 20 dihtydrdbkuam] dltu ezodtbe
S) - S)-1-. n02 N, N- di met hyl sul f anoyl ) bi phen
YI)P@‘FPYE%%%PW?% o Wéd( carlboxamydeu ybbre
L - X
SIS B Gmabphenyl-3ethyppigeridine Zcaboxamide i o

tl‘lﬂlmwceﬁﬂifyl ) et hyl ) pi peri di ne- 2 25 car boxani de

I Py
S FYO EL T B Gmponed-y e yballprolbinienslAony ity brpjpercine-
2- caﬁfb&k?lﬁﬁ’deﬁhﬂﬁbliﬁ)ﬁbétﬂbperl di ne-2- carboxani de
ri uor oace

(S)-NEON-Cyapoe-2(¢-@heprsafomDabert sy BinsHdmgt2-garhoyamidey o
(S)-Iggﬁté?ﬂe)h@ya&& b &t GRRROX AT e oplob i HNBEARREL Hafhoxamide

tnﬂl(o‘ioaohkate(,S) 1- Cyano- 2- (4' - (4-cyanopi peridi n-1 -yl sul fony
car boxam de

(S)- ]%I?(E lflf) 2@? % éé& g@é!?t)gientl lguq%oggf){)lpilenyl 4_-yl) 1 cyanocyclopropyl)p1per1d1ne-2-
carb6§)mlu'e M@or&ac@ﬁ@@o 2- (4" - (ror phol i nosul f onyl) bi phenyl -
4-yl)ethyl) pi peri'di ne-2-carboxanide 1fl2nl n_i D AXI"
(S)-MO 20060y 01043 28-(POTO ERRONSY 0B ph AR 1-4-y1)ethyl)piperidine-2-carboxamide,
(8)-N-((S)-1-Cyano-2-(4'-(methylsulfonyl)biphenyl-4-yl)ethyl)piperidine-2-carboxamide,
((28)-N-(1-Cyano-2-(4'-(4-ethylpiperazin-1-ylsulfonyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide ditrifluoroacctate,
(25)-N-(1-Cyano-2-(4'-(4-methyl-1,4-diazepan-1-ylsulfonyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide ditrifluoroacctate,
(8)-N-((S)-1-Cyano-2-(3'-(morpholinomethyl)biphenyl-4-yl)ethyl)piperidine-2-carboxamide
ditrifluoroacetate, or
(8)-N-((S)-1-Cyano-2-(4-(1,2,3,4-tetrahydroisoquinolin-6-yl)phenyl)ethyl)piperidine-2-
carboxamide ditrifluoroacetate

and pharmaceutically acceptable salts of any one thereof.
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19 trifluoroacetate,
10241B) +IN(OS) - 1- Cyano- 2- (4' - (4- et hyl pi perazin- |
WO iosirfsenyl ) bi phenyl - 4-yl ) et hyl ) pi peri di ne- 2-PCT/GB2008/051173
carboxam de trifluoroacetate, (S)-N((S)-I
- Cyano- 2- (4- ( 3- et hyl - 2- oxo- 2, 3-di hydr obenzo
[ d] oxazol -5- 5 20
yl ) phenyl ) et hyl ) pi peri di ne- 2-carboxam de, (S)-N-((S)-I
- Cyano- 2- (4- (3- (2- met hoxyet hyl ) - 2- oxo- 2, 3- di hydr obenzo
[tdho@rMaz Hordd-that cach of the chemical compounds listed above represents a
yl ) phenyl ) et hyl ) pi peri di ne- 2- car boxam de,
partlpg;;r ard ihdypandent aspect of the invention.
El"@f ?ﬂegglﬁgéx?eé%ig’ﬁ AR {)fo%_icpe)s(%_p‘%dc%ésd%? ¥hderp%*ejp%ge%t?on of a compound of
fornitild @neny piLinbydutiphlBeidceptasic 2al€ tich@dX agiiéfthediaBove which comprises
(S)-N((S)-I-Cyano-2-(4-(3-(2-hydroxyet hyl)-2-o0xo- 2, 3-
reacngy apHpaHAST dPma bl - 6-
yl ) phenyl ) et hyl ) pi peri di ng- 2- carboxam de,
(S)-N-((9)-] R R
- Cyano- 2- (4' - cyanobilg Xyl) e%zyl ) pi peri di ne-2-car
boxam de trifluoroacet , N
(S)-N-((S)-1- Cyano2N(2' - mn’%‘rret hyB) - 3' - (met hyl sul fo
nyl ) bi phenyl - 4-yl ) efhyl ) - pi peri di ne- 1®I)2- car boxam de
trifluoroacetate,
(S)-N-((S)-1-Cyano- 2- (4- (phenyl sul fonyl ) phenyl)ethyl)p

i perBdife-52-carboxam de . .
whetey Ry (e AR Sipatio o0y fined dy SrBisiab g i scqmaupd g prmul
(III)r opyl ) pi peri di ne-2-carboxanide trifluoroacetate,
(S)-N((1R 2R)-2- (4" -(Azetidin- |
-yl sul fonyl ) bi phenyl - 4pP@ ) - 1- cyanocycl opr opyl ) pi peri di
ne-2- 20 carboxanide trifl| uoroacddat e,
(S)-N((S)-1-Cyano-2-(4'- [ onet hoxy) bi phenyl - 4-
yl ) et hyl) pi peri di ne-2-car )
(S)-N-((S)-1-Cyano-2-(4/- (et syl fQH/I ) bi phenyl - 4-yl
)ethyl)piperidinQQZ m de,R™((2S)- N (I
- Qyano- 2- (4' - (4- th{yl pi per azi/yﬁ-1 I
-yl sul fonyl') bi phenyl - 4(@H.gt"hyl ) pi peri dhﬂss- 2-
carboxam de ditrifluoroacetate, 25
(2S)-N-(1-Cyano-2-(4'-(4-nmethyl -1, 4-di azepan-| -yl sulfo
nyl ) bi phenyl - 4-yl ) et hyl) pi peri di pe- 2-1 car Qoxarri de
whefbit PGf r¢pRéeasetmb®cting group and n, X, y, R* and R are as defined in formula
(S)-N-((S)-1-Cyano-2-(3' - (norphol i nonmet hyl ) bi phenyl - 4-
(I), anld)ogtibyd)ypthpeafteticasyheoat boxammae of dhd fol Ibving raceiuatse,

‘ ?‘ré}v-eﬁirtg(asiqfﬁp%yﬂﬁéfwﬁ (Dyingo anoghqr comppynd ofi foBRHe ABI i n
. 1N PRSLIEERY bloRpPer i di ne- 2-

e forming a pharmaceutically acceptable salt.

The process of the invention is conveniently carried out in the presence of a base such
as diisopropylethylamine or tricthylamine and an activating agent such as a “uronium”
reagent (for example, 2-(1-H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
tetrafluoroborate) or a dehydrating agent (for example, propane phosphonic acid anhydride).
The reaction is conveniently carried out in an organic solvent such as N,N-dimethylformamide
or tetrahydrofuran at a temperature, for example, in the range from 20°C to 100 °C, in
particular at ambient temperature (25°C).

Compounds of formula (IT) may be prepared by contacting a compound of formula (IV)



30 carboxam de ditrifluoroacetate and pharmaceutically
1m@ecepbabl e salts of any one thereof. 1f-2ni fl-1 D
WOX109/0748292009/ 074829 PCT/ GB2008/ 051173 20 | tPCHOoBR@S/051173

be noted that each of the chem cal conpounds |isted

above represents a particular and i ndependent aspect

of the invention. The presemt invention further

provi des a process for the preparation of a conpound

of formula (1) or a pharnaceutically acceptable salt

t hereof as defined above i ch rises 5 reacting a
conpound of formula ( X2 H2NCNAB
(I'1) wherein R3, R4, A 22 and,B are as defined

in f | I oY 1) PGL
IOn NobzuggngI?GﬁltN(CH N (T vﬁgreln(PGl)

represents a protectiil) group and n, Xl( , R and Rz
are as defined in formula (1), and optronally

j |
T R P
and B¢ Qse&efﬁl‘émﬁpfﬂ?ﬁu%f(llf) o fikih @ul(dble rehSent E@f@dﬂv@ %eaﬁxtectlng group
protecting groups formng a pharngceutica

PG,aGERaaI EofSAlulitabERERHOG EStniOhiciihe i nventi on i's
conveniently carried out in the presence of a base

TYRouAd dHbHARS PRY i ﬁ WYk RE B%tl‘rirfe'p?és&)[t Zﬁf{eﬁ?f %&% Al x>

actlvatl ng agent "such as a "uroniu rea

repr@s’éﬁﬂﬁl Yond may be prepared by reactlnf a cornpound of formula ﬁV)
2- (I -F#benzotrlazole-l-y , 3-tetranmet hyl uroni um

RA R5
R3 |
PG,~_
V)

wherein PGy, R3, R4 and R5 are as defined in formula (IV), with a compound of formula (VI)

B
HO \©

(VD)
in the presence of a catalyst such as bis[bis(1,2-diphenylphosphino)ethane]palladium (0) and

or an ester thereof

a base such as potassium carbonate. The reaction is conveniently carried out in a solvent such
as dioxane/water mixture at a temperature, for example, in the range from 20°C to 100°C,
particularly at 75°C.

Compounds of formula (V) may be prepared from a compound of formula (VII)

(VII)
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20 tetrafluoroborate) or a dehydrating agent (for
1m@anpien propane phosphonic acid anhydride). The
WO 2@e0T48e9 i s conveniently carried out in an orR@nG82008/051173
sol vent such as N, N-di net hyl f ormam de or
tetrahydrofuran at a tenperature, for exanple, in the
range from20C to 100 C, im2particular at anbi ent
tenperature (25C). Conpounds of formula (I1) rray be
prepared by cont act| ng a conpound of formula (IV)

in whigh ¥ Be Rs B peafR ARG RO 1. (505 SARHR AT e

proce@?{e? gos %ef(%/e%g&% gh@ ?; 51{] g{gﬂi&gﬁ? ﬁﬁeﬁnﬁg w1‘% (ns&hoxg Jb%lylsulfamoyl)trl-

cthyhsmaehiunehlydroxitiorwihitiacdn be prepartdirasisiuiitiatlcehyl @age ahd trethyl
renmpve the protecti ng group P&2. An exanple of a
chlogaspifamylearbaragierip 2isglveat wick 2aPCM ata easEMgn Bre range from -20°C
d ich A and B both represent a phenyl
toz%%’u%ﬁ%%ﬁglp% dr%edg'rqesents a bond may be prepared by
r e@otripognds cfdomauln v mhobeptepated)byRdading aR3nipGand\ofrmula
HM wherein P&, R3, R4 and R5 are as defined in
VilPor mul a (1V), with a conmpound of formula (VI) or an
ester thereof OH | HOB ---a 10 (VI) in the presence
of a catalyst such as
bi s[ bi s(1, 2-di phenyl phq;§h| nopét hane] pal | adi um (0) and
a base such as potg&s' s e. Yhe reaction is
conveniently carri s kch as
di oxane/ vvaterP(ﬁQ)@(ur N_a tenps for exanple,
in the range from N)Cto OQG)OH

(VII)

in which PGy, R3, R4 and R5 are as defined in formula (VII), with an aqueous ammonia
solution, using standard literature procedures for the formation of an amide, for example, in
the presence of a base such as N-ethyl-morpholine and an activating agent such as a
“uronium” reagent (for example, 2-(1-H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
tetrafluoroborate). The reaction is conveniently carried out in an organic solvent such as N,N-
dimethylformamide, at a temperature in the range from -20°C to 100°C, for example at 0°C.

Compounds of formula (VIII) are either commercially available, are known in the
literature (e.g. from Tetrahedron: Asymmetry, 1998, 9, 503) or may be prepared using known
techniques.

Other compounds of formula (IV) in which one or both of A and B represent a

2 .
heteroaryl group and X represents a bond may be prepared by reacting a compound of

formula (X)
4 5

. R R
R A-L

N C(0)O-C,-C alkyl
X)

. . 4 .
in which PGy, R3, R and R5 are as defined in formula (IV), A’ represents an aryl or

1 . .
heteroaryl group and L represents a leaving group such as halogen, with a compound of
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15

particularly at 75C. is Conpounds of fornmula (V) may
1mda pe epar ed froma conpound of formula (VII) R4 RS R3
WESRIMNMBLO) NH 2 H (VI1) 1f12f11 f1-1 D AV WO PCT/GB2008/051173

2009/ 074829 PCT/ GB2008/ 051173 22 in which P&, RS,

R4 and R5 are as defined in fornmula (V), using

standard literature procedages for the dehydration of

an am de, for exanple with

(mat hoxycar bonyl sul famoyl )tri- ethyl ammni um

formfy (RO Bl Gl e BRITT ERRBRB2h Frhoriet hilmea! eopp to form

DCM at a tenperature in the range
aco Pgl%ww%nﬁ@g?)éﬁ% C, for exanple at 0 C. Conpounds of

formula (VI1) may be er%Gared[% reacting a conpound

of formula (VIIl) R4 NC(O)C]—|H(VIII) i 0

in which PR, R3, &'aB'defined in formula

(VI1), with aP@gueou nia_ solution, using

st andar d IiteratureH)rocechGQ%Oqu Cyalkybr mation of an

am de, for exanple,ln the presence of a([)g ase such as

N- et hyl - nor phol i ne and an activati ng agent such as a

in WhiéhCPG m3 R auserAt’ ahdl B afXAMRtifBed above. Compounds of formula (XII) can

2-(1- “benzotri azol e- 1-yl)-1,1, 3, 3-tetramet hyl uroni um

thenttetdoaidrtedrto bompdweds oTﬁﬁ’nfudia?(CIVD bn ptcﬁsessemm&rwmmtthy art, for example,
carried out in an organic_solvent such
as degcredhi QlWﬂaMedeChea'e Lgry W &t 1008 oF Ru?lh%leﬁi 5I$9Peatw dypplication
No. %@?ﬁ?g 00C, for exanple at 0C. Conpounds of formula
are either coomercially available, are known in
t h@he brdsetrtam;ﬁnaoﬁ ﬁlrgler pmrdei'eiprmieeﬁfoo the phspamatetnrof,a compound of

forrnu? 8) oréd pha ceutlca )}’ acceptg‘tr) %glt ﬁlereo gefk negwgove which comprises

reacting a compound of formula (XIII)

4 5
] o s R\ _R 2
N A~ X

R g =2 C(O)NH
y 1
X
(CHZ)n

. 1 .2 4 . .
wherein A, B, Xl, y,n,R R, R3, R and R5 are as defined above, using standard literature

A

Iz

(XI1I)

procedures for the dehydration of an amide, for example with (methoxycarbonylsulfamoyl)tri-
ethyl ammonium hydroxide, which can be prepared in situ with triethylamine and methyl
chlorosulfonylcarbamate, in a solvent such as DCM at a temperature in the range from -20°C
to 25 °C, for example at 0 °C.

A compound of formula (XIII) in which X2 represents a bond may be prepared by

reacting a compound of formula (XIV)



techni ques. Ot her conmpounds of formula (IV) in which
1momeiwrvdot h of A and B represent a 20 heteroaryl
wQ@e@op74sed X2 represents a bond may be prepar eBlChgB2008/051173

reacting a conpound of formula (X) R3S RA RS A -L1

P&N C(O O C-Coalkyl H(X) in which P&, R3, R4 and

R5 are as defined in fornmuly (1V), A represents an

aryl or heteroaryl group and L1 represents a |eaving

group such as hal ogen, with a conpound of 1f12f11 fl-1

D AV' WD 2009/ 074829 PCT/ GB20Q8/ Q51173 23 formula

(VI) or formula (XI), B - B( in mhié§1 B'
represents a heteroary U und of
A - @ a-!BN

formula (XI1) B4 R5

C(O O d -Coal k H

A" and B' are/as 0 ormul a

(XI'1) can 5 fhen be pﬁwekted CECHgEﬂpunds of orml a

own in the art, for exanple, as
descri be orel Med. Chem Lett. 2002, 12, 3059
or Publlshe Pat ent Application No. 2007/009@&36)
The present invention further provides a process for

Wlthtahl@hﬁ? epfran A \OF in g oudrfingtl as frofosgble (1) or a
pharmmaceutically acceptable salt thereof as defined
above which conprises io reacting a conpound of
formula (XIl1l) RA RS FEﬁ}Eﬁylxzcxv)

whi ch PGZ\ R3 R4, RS,

in the presence of a catalyst such as bis[bis(1,2-diphenylphosphino)ethane]palladium (0) and
a base such as potassium carbonate. The reaction is conveniently carried out in a solvent such
as dioxane/water mixture at a temperature, for example, in the range from 20°C to 100°C,
particularly at 75 °C.

10 A compound of formula (XIV) may be prepared by reacting a compound of formula
(XVD) with 4,4,4',4'5,5,5',5'-octamethyl-2,2'-bi(1,3,2-dioxaborolane) in the presence of a
suitable catalyst such as 1,1'-bis(diphenylphosphino)ferrocene-palladium(Il)dichloride DCM
complex and 1,1'-bis(diphenylphosphino)ferrocene, with a suitable base such as potassium
acetate, in a solvent such as dimethylsulfoxide at a temperature in the range 60 °C to 100 °C,

15 for example at 80 °C.

H
& N
R { 1R2 H  C(O)NH,
y
X

(CHZ)n (XVI)

A compound of formula (XVI) may be prepared by reacting a compound of formula

(XVIID)
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NA--11-1 BfIR HCONHR2 (R)y (CH)n (XII1)
1nmwimereinA; B, Xi, y, n, R, R2, R3, R4 and R5 are as
waledovnag2above, using standard literature proR€HGB2E®S/051173

for the dehydration of an am de, for exanple with

(et hoxycar bonyl sul fanmoyl )tri is ethyl ammoni um

hydr oxi de, which can be prepared in situ with

triethylam ne and nmethyl chl orosul fonyl carbamate, in

a solvent such as DCM at a tenperature in the range

from-20C to 25 C, for @x?{sple at 0 C. A compound of

formula (XII1) in whi cfiR epresents a bond may be

prepared by reacting3 And of formula (XIV)

1f-2ni n_i D AXI" 097074829 | i&§T/ GB2008/ 051173 24

4 R 0 R3RABO HN (Rl) 1 R HCONHR ~

(CH2)" (XIV) withHaNhalvde of fornmula (XV) in which B

is defined as in fof mul a Q(Q)WHgr/ | &XV)[ 5in the

presence of a catal yst such as Vi)
with 'O%Q&ngdynmhe(?m phosphi no) et hane] pal | adi um (0) and

a base such as potassium carbonate. The reaction is

conveniently carried oIBG1i n a solyent such as

di oxane/water m xture at ture, for exanple,

in the range from20C to rticularly at 75 C

10 A conpound of formula y SHJrepared by
reacting a corrpoungl of For mul 2
(R >y4</v ¥

(CH,),

(111

in the presence of a base such as diisopropylethylamine or triethylamine and a dehydrating
agent (for example, propane phosphonic acid anhydride). The reaction is conveniently carried
out in an organic solvent such as N,N-dimethylformamide or tetrahydrofuran at a temperature,
for example, in the range from 20 °C to 100 °C, in particular at ambient temperature (25 °C).

Compounds of formula (XVII) may be prepared by reacting a compound of formula

(XVIII)
4 5
R RA _/Br
PG,~_
” C(O)OH

(XVIII)
in which PGy, R3, R4 and R5 are as defined in formula (VII), with an aqueous ammonia
solution, using standard literature procedures for the formation of an amide, for example, in
the presence of a base such as N-ethyl-morpholine and an activating agent such as a
“uronium” reagent (for example, 2-(1-H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
tetrafluoroborate). The reaction is conveniently carried out in an organic solvent such as N,N-

dimethylformamide, at a temperature in the range from -20°C to 100°C, for example at 0°C.
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(XVI) with

1mandydoyd’ |55 5" |5 -octanet hyl -2, 2" -bi (1, 3, 2-di oxaboro

wo 200074829 t he presence of a suitabl e catal ystPGUCB2@S/051173
1, 1' - bi s(di phenyl phosphi no) ferrocene-pal | adi un{I1)dich
| oride DCM conpl ex and
1, 1" - bi s(di phenyl phosphi no)igerrocene, with a suitable
base such as potassium acetate, in a solvent such as
di met hyl sul foxi de at a tenperature in the range 60 C

}\I? /Cé%oﬁhds df'ff%l(frﬁﬂa Wﬁﬂmr@gl _e;( ?Qr?ﬁ:rerd?alﬂr B%ﬂ?olé\ ar&ikfdvih in the
r |

litergtoredegn troof 7 efti@dlﬁdnoa Axonmyetayg 9B Jpb aqré@hykhﬁ mrepeeed wgng known

tech conpound of formula (XVII) 1f-2ni n_i D AXI" WO

chB989r 074829 PCT/ GB2008/ 051173 25 R4 RS R3 A /Br H 2

o ih Tty )l Ay EREPRYOAS oAU Al bHAR™ may b

PrerbiR gt A CARFA L ARdP I BRYAFRURT HoPBgah e AL P ok - A and B

propane phosphoni c_aci d anhydride). The reagglon
arc asalelined @rformula AV Xd represcnithoxyecar wimius o5 DRy en¥ r@mﬂqnts O-alkyl
as N, N-di nethyl formagi de or tetrahydrofuran at a

(c.gt@utibatydt, Meor NHy and L represents a leaving group (e.g. halogen):

(IV)
Reaction Scheme 1

Compounds of formula (IV) can be obtained from those of formula (XX) (step (i1),
Reaction Scheme 1) using methods outlined above for the formation of compounds of formula
(V). In turn, compounds of formula (XX) can be obtained from those of formula (XIX) by
displacement under thermal conditions, if necessary, with a catalyst such as palladium(0) with
the appropriate alcohol, amine or thiol (step (i), Reaction Scheme 1). For X*=0,Nor S,
examples of such transformations are known in the literature and are described in Org. Lett.
2002, 4, 2885; J. Am. Chem. Soc 1999, 121, 4369; Curr. Org. Chem. 2004, 8, 1235; J. Med.
Chem. 2005, 48, 4254 and references therein. Alternatively, compounds of formula (XX),
where X? represents O or N, can be prepared from compounds of formula (XIX), where L

represents OH or NH,, with the corresponding boronic acids of formula (VI) or (XI).



for exanple, in the range from20 Cto 100 C, in

1mpav t» ouhar at anbi ent tenperature (25 C). Conpounds of

wo croar42 XVI 1) nmay be prepared by reacting a POHEe89d/051173
of formula 10 (XVIIl) R4 R5 R3 /1/Br NP&'-~ A H
CCOOH (XVIIl1) in which PG, R3, R4 and R5 are as
defined in formula (VII), wth an aqueous anmoni a
solution, using standard literature procedures for the
formation of an amide, for exanple, in is the presence

Exaflc8 P83 ECrieintoMNaRldN kdRmRRehd ItSradlte (8B Méaamém Lett.
agent such as a "uronium reagent (for exanple

2008-16163Hen oL r | Bo0Y; 2, )668). 1o Smportndt b ﬁ!WPﬁhl Which X°
tetrafl uor oborate) . The reaction is convenient

repr&@hfs! hy ) or%m ny%@ PRI Fors Bl &%sﬁdﬁﬁﬁgﬁtﬁm&h& com ound of

I met t a tenperature In e range rom

fow&%ﬂggﬁs@%@%ﬁ%&%% SishoRgid g misetigPx{ding Rent such

formglla (VI11) are either commercially available, are

s asOgAEn in the literature (e.g. from Tetrahedron:
Asymmetry, 1998, 9, 503) or nay be prepared using
known techniques. Conpounds of formula (IV) in which
X2 represents oxygen, sul plgr or NR66 may be 5

prepared as described int e foll ow g tq i on.schene
1 in which P&, R3, R4, #R5, N - (5pY %%IE“P'?nedln
fornula(l\/) X represents oxy@e % ‘(?L NR 66, Y
RY epresents O al kyls (e.g. Ot ang L2
pr egent sStep (leav gr oup (e.E. haI oge h R R5X 4 RS
HOR3I AL - B2 20T R3g AX%\B B+ PGZN \2 Y HoH (t-Butyl or benzyl)
(XIX) 0 (XX )
(XXI) (XXI1) step (ii)

(XXIV)

step (iii)

step (v) ,-B
via (IV) e O- (t-butyl or benzyl)
(1 (XXVI)

Reaction Scheme 2

10
Compounds of formula (IT) in which X* is C(O)NR®®, NR®®C(0), S0,NR®®, NR®50,,

C1-Cz alkyl, ethenyl, or ethynyl may be prepared via alternative methodology shown in

Reaction Scheme 2. Compounds of formula (IT) can be formed from those of formula
(XXVI) (step (v)) using methods outlined above for the formation of compounds of formula
15 (V). Compounds of formula (XXVI) can be accessed (step (iv)) from deprotection of the
ester group in the compound of formula (XXV) with lithium hydroxide in aqueous THF.
Compounds of formula (XXV) can be accessed from compounds of formula (XXIV) by a

protecting group exchange via deprotection of the diphenylmethylene imine group with
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RA RS RBAX2-B PR~-NHCOCN (1V) 10 Reaction Schene
1mdanCormpoonds of fornula (1V) can be obtained fromthose
w@pooboT4829 a (XX) (step (ii), Reaction Schene BT/GBR09§/051173

met hods outlined above for the formation of conpounds

of formula (V). In turn, conmpounds of formnula (XX)

can be obtained fromthose z§ fornmula (XIX) by 15

di spl acenment under thermal conditions, if necessary,

with a catal yst such as palladium0) with the

aqucdRP ERIE A Al FoROWENBY pro@é&ﬁ@w@ﬂh al é'fb@é sdcﬁta@ Rert-bhtoxycarbonyl.
Reacti on Schene 1) 0, S, exanples of

Commuhda GETuL @Kﬂﬁh@ndreeacm@@mwﬁh mdﬂ@dblqgam@ﬂlame agypgmetric

oo Zr B REEL B0 g o 8bng o o ER ey tccoophit
of fokddk (XK1t exaebRIThs @é@@ﬁbed“lﬁ ,Syﬁféﬂé()ﬂéﬂ d26efTak ereesphilic
thereln Alternatlvely, ounds of formula (XX), 20

comppigids okEorpaly @SB svk@reoﬁo oF gRarpple m@b@n@wlfw@m

AR 1 A 8 T
alcohMl riloieﬁy i ch))mpﬂ)ﬁncﬂfurmﬁla-(l()ﬂ) At & a\ﬁ@le’iﬂﬁ)ﬁfeﬂi}ds 28 ording to Houben-

Weyl Meipdes Gisaincien Ciieie. 3 BPBRIG NG 4 B dorigne-Reges Eibmt” Bd. oo

927 b@@ tCom&QQélsw%QDr Gl ﬁ"'ran%forgaﬂonscﬁeéﬁld@&qanctyo%al reparations,
ful & 8

Compounds of for In which” X2 represen
VCId Pu@@@emal;%ael“pﬁcbgm éd3¢3|68) and KeOrm Clhewpwﬂdl, A6, 3044 45.
thi oether conpound of fopmula (ly) in which X2

Compepndsserfoamela K&Kb)rlntyxhldx?(dast(i?@NRM ferg. dewahadapt betr. 2002, 43,
OX|d|?|ng agent such 5 as Oxone Ph Ph"JN O -

722101 NBRILGO (o, Dendilion [RE0036 48, HIORE SDNRK (k). 4R5 ~
step (i) RR R2 Ph A X2, B HO A XB LGAX~B Ph~N O -

wOLbodouk594(RN))PRR %02 (e.g. Bioorganic Med. Chem. 2007, 15, 2156, Bioorganic

Med. Chem. 1998, 6, 15), C1-Cj alkyl (e.g. J. Org. Chem. 2001, 66, 2874; Chem. Commun.

2004, 3, 316; US 2007/0066820(A1); WO 2006/057870(A1); J. Org. Chem. 1984, 49, 1607),
ethenyl (e.g. J. Org. Chem. 2005, 70, 6066, Chem. Commun. 2004, 3, 316); or ethynyl (e.g.
WO 2007/071766(A2,A3)) are known in the literature where their preparations are described.

Compounds of formula (IV) in which R3 and R4 together with the carbon atoms to which

they are attached represent a cyclopropyl ring are known, for example, from
WO 2007/012180.
Compounds of formulae (VI), (X) and (XI) are either commercially available, are
known in the literature or may be prepared using known techniques.
It will be appreciated by those skilled in the art that in the processes of the present
invention certain functional groups such as hydroxyl or amino groups in the reagents may
need to be protected by protecting groups. Thus, the preparation of the compounds of formula

(I) may involve, at an appropriate stage, the removal of one or more protecting groups.

The protection and deprotection of functional groups is described in 'Protective Groups in
Organic Chemistry', edited by J.W.F. McOmie, Plenum Press (1973) and 'Protective Groups
in Organic Synthesis', 3" edition, T.W. Greene and P.G.M. Wuts, Wiley-Interscience (1999).
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(XXI) (XXI'1) step (ii) RB O (XXIV) step (iii) 555
1R P 2vB RAR A B 4R RX step (v) "X2- step (iv) R
WQO2002/0B1I8PNN via (1V) PG~N 3 OH PQ2~N O (t - be@H/GB008/051173
benzyl) H R HRO (11) (XXVI) (XXV) Reaction Schenme 2
10 Conpounds of formula (I1) in which X2 is C(O) NR66,
NR66C(O), S02NR66, NR66S02,29 Cl -C3 al kyl, ethenyl, or
et hynyl may be prepared via alternative nethodol ogy
shown in Reaction Scheme 2. Conpounds of formula (I1)

Tas c@ﬁpiﬁlﬁfd@%@ fcfrﬁﬁ[ﬁ (‘IPQ&ﬁze %{a B%chSH{zéhed(tWhhrrﬁa%E@t&a(ly )a%ceptable
usi ng met hods outl i ned above for the formati on of

salt horpodumefsrably ¢Ib¢omdj4lchilﬁ1@ falpsuclcanpbydrdehloidd, bydnabepmide,

tnﬂléqfroe%clg ate, é@pga?[e Sa?e a %tg pfg&;s a?t%1 &Iflagor%% gélnﬁ;uf ! Fa(:g%kgvfltrate

pynmﬁehsdcbﬁlateuasta‘wa rrﬁe«h@;&sulﬁh@ﬁlw@@%tomﬁesulﬁwm&unds of
formula ( be accessed from conmpounds of

f ol P@mpmx%pf fymalafd bansrhargacgpdeplyesespiiie sals ghereof may exist

s PR b R, B0 o TR SR e bRy fhveion

encod@assy utiaush szjltatéd:foamisd fol | owed by prot ection with a
roup S 9%&? tert-but oxycarbaonyl npounds of
8FI1PBP Y ulg af?ecaaabéégg@aswgﬂﬁ S%?%%?a%ﬂr@gfg)rms It will be

undé#tkl)ﬁl HaPthe QW&HEﬁ Eﬁ&)m bas @id s@ '8? Eﬁ ?e&rlﬁgcﬁ% 3)%1(%1 ?Pt)lcaw,lstoaners

ation of a glycine iImne of
(incladinglaeoprsomhrsb ef thefcofmppundsaf @ﬁﬂuﬂa) (I) &gt mestanepthereod sncluding

described | nlett 004 3 ectrophilic.5
rece iR LT FUPRETSETRRNIS EP GIEIOrE gpPiskahe aresen
inveRtié®! Eﬁﬁﬁ%ﬁh'eﬁ@eﬂ@tﬁm fd¥Bls fa@@@a’m&m%aa@u@a hal i de (for
exanpl e brom de) can be accessed from activati on of

ilhe compawdodf fevnesa ¢1) pnd ﬁlenf @hﬁ@@ﬁ@ltmlﬂmceptébkwylts htgg activity as
phar&acé‘ﬁw&lgﬁé rprarleé]crﬁ?ar as ia% { rs 1P?Htllzglgy)?p61da%l aeclt%ll}/b eanﬁ ghus may be
used];ﬁgléle trédtfefchf; Pp.

1. respiratory tract: obstructive diseases of the airways including: asthma, including
bronchial, allergic, intrinsic, extrinsic, exercise-induced, drug-induced (including aspirin and
NSAID-induced) and dust-induced asthma, both intermittent and persistent and of all
severities, and other causes of airway hyper-responsiveness; chronic obstructive pulmonary
disease (COPD); bronchitis, including infectious and eosinophilic bronchitis; emphysema;
bronchiectasis; cystic fibrosis; sarcoidosis; farmer’s lung and related discases;
hypersensitivity pneumonitis; lung fibrosis, including cryptogenic fibrosing alveolitis,
idiopathic interstitial pneumonias, fibrosis complicating anti-neoplastic therapy and chronic
infection, including tuberculosis and aspergillosis and other fungal infections; complications
of lung transplantation; vasculitic and thrombotic disorders of the lung vasculature, and
pulmonary hypertension; antitussive activity including treatment of chronic cough associated
with inflammatory and secretory conditions of the airways, and iatrogenic cough; acute and
chronic rhinitis including rhinitis medicamentosa, and vasomotor rhinitis; perennial and
scasonal allergic rhinitis including rhinitis nervosa (hay fever); nasal polyposis; acute viral
infection including the common cold, and infection due to respiratory syncytial virus,

influenza, coronavirus (including SARS) and adenovirus;
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927-939; Conprehensive Organic Transformations. A

1m@ui dewo functional group preparations, io VCH

weuvossey s 1989, 1st Ed., pp. 353-363 and J. EXTHGB2008/051173
Chem 1971, 36, 3044-45. Conpounds of formula (XXI)
in which X2 is CONRG66(e.g. Tetrahedron Lett. 2002, 43,
7221), NR66CO (e.g. Tetrahesiyon Lett. 2005, 46, 8401),
SO2NR66 (e.g. W?2006038594(Al)), NR66S02 (e.g.
Bi oorgani c Med. Chem 2007, 15, 2156, Bioorganic Med.

2. %ﬁ%soﬁgﬁgaatglc Q:e"_ﬁnatlﬁg- c@ﬁtaé‘{I d¥hati®s & otHer e@&nat@ked&‘matoses and
2001, 66 Commun. is 2004, 3, 31

delap@bpo @ﬁmm@m)ty rwlszm @hxztgmmlmtgdermant@r, gebomhemc dermatitis,

49,..1607 th
dermf’ag%s %16 gtlfoaxllésml 61861 rm% X gy%%ﬂ sg’l%ros%s_l_eg agrogllnc% t%/oﬁ%/rfna gangrenosum,
skin (s€rc@id, dM€did Btk QAATERA s AT phag I8, béiﬂ[ylﬂg(blﬂ dpi@rmolysis bullosa,

literature where their preparations are descri bed.
urticafapagingderst, VRerutines, taxg CTyHcss CHagouROSMeDhiFak plppecia arcata,
rnalé"%&t?ééﬁs E%tdﬁgsg ?}Oﬁe@’% ggﬁdrf)ﬁ]le V\’Weﬁéa]rr Ceﬂll%ﬁ Ovm%&glﬁlg eae‘}gtﬂg?a multiforme;
celhﬂﬂﬂﬂb(ﬁﬁ) 1ﬂf&t12}@&ﬁﬂ @&12 h&@ctn@pm)mummgs Oﬁtaﬁémm]ljlrﬁ]ﬁllc(rl\éls) non-melanoma

(X) and, (Xl)  ar her comTerC|a |y vall a
Skml@ﬁ%%ﬁ apchothgldysp aé'frl%\ Sieas: gy 5%5; %fusé‘%P %BXW?W
empglgﬁgml ques. It will be appreci at ed by those skilled in

he art that in the processes of the present
3. leynsehlephantxsecmmmtifxiiﬂisciulbkudwg gronps alsdmtmdgllhggikr mmnctivitis
am no the r ea(gent s may 25 need

or
iritsp oy PR g T E%%e&te% BTGBt 8UOFR ne,tdﬁ%enﬁraéﬁs Phinflggpmatory
dlsoﬁferst ﬁ&cﬁﬁ?ﬂﬁ%ﬁ‘& SphthQTHY Achiding SFPpattRMO byhalditi@Rarcoidosis;
ppropriate sta t he renoval of "one or nore
lnfefpitom? alydieg glraiu%smgafrhed bwﬁ@r@él i on and deprotection of
4, é@m oturl(l)lg%lh e%%rhrlttlls mcludu&# %n e&stg[ (ij 3nt€@]§¥n%t Ct I %tlg n%ﬁgrotlc
synd?éﬁ@ Scy@tlt@sﬁﬁ):ludﬁl@ aBﬁt@taﬁ@bhﬁbﬁlc@itﬁbh@ﬁtla@@ysltlﬁs i QHOhSer’s ulcer; acute
Synthesis', 3rd edition, T, W Geene and P.GM Wits,
and wrpw urethitis prestadiais( cpad dymitipt qarhemitis pnd salpngiys; wyo-vaginitis;
9 onpounds of
Py P e SRR DR oty RS
5. phegraficgedtionabduye aﬁbc&mbrab fdlossahg, fohemeple, tpnglartalwinyof kidney,
an. aci d dition salt such as hydro ori de
hearhiyFl B}f@pﬁ%@ MaRPY £ i PIRERAAAT Oﬂ%ung%&oé ragpsigRaRTeshronic graft
versBSRiRliReaskUnarate, nmleate, tartrate, lactate,

citrate, pyruvate, succi nate, oxalate, o
6. nﬁmhautesmhptme rad ellfcrglcphsomdieuen@maihrpg‘udmmmtouﬁarﬁfhms irritable bowel

sy RRR o A loap & e Bplashs. B i8R LERSRT Hitoaborhymgis. Graves
disc@¢aNBbiSoMY disedseddiaBdesBENlinASidipahiy Ak &Hbd QidPaenia parpube

pr esent i nventi on
eosinophilic fasciitis, hyper-IgE syndrome, antiphospholipid syndrome and Sazary syndrome;

7. oncology: treatment of common cancers including prostate, breast, lung, ovarian,
pancreatic, bowel and colon, stomach, skin and brain tumors and malignancies affecting the
bone marrow (including the leukaemias) and lymphoproliferative systems, such as Hodgkin’s
and non-Hodgkin’s lymphoma; including the prevention and treatment of metastatic disease
and tumour recurrences, and parancoplastic syndromes; and,

8. infectious discases: virus diseases such as genital warts, common warts, plantar warts,
hepatitis B, hepatitis C, herpes simplex virus, molluscum contagiosum, variola, human

immunodeficiency virus (HIV), human papilloma virus (HPV), cytomegalovirus (CMV),
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enconpasses all such solvated fornms. Conpounds of
1mdormeiban( 1) are capable of existing in stereoisoneric
WO o00a®748k4 Wi | | be understood that the inventP@GRGB2008/051173
enconpasses the use of all geonetric and optica
isonmers io (including atropisoners) of the conpounds
of formula (1) and m xtures3t hereof including
racemates. The use of tautonmers and m xtures thereof
al so forman aspect of the present invention.
vand%ma%st@mmsg&ﬂzw R ST A RNifs P bil G ATih iy eS8 ipaRdinfluenza;
he conpounds of formula (1) and their
bactpthéﬂ dirgeses tsuczi)aasnyb@i@tdefp@ @rbi @ygtwat:t@rlhmm,tlﬁmbsyy ofler infectious
dlse%e% ng0§§ un%% &5 %ea%‘ Se‘ﬁﬁ? (fla Vca{lg/ e‘? alﬁg&tgxﬁl Cﬁ%glto%occal rgemngltls
pnelts®Sstidicaihie ¢ gylﬁ@épﬂﬁﬂios@fhlst@plaﬁrﬁﬁiﬂ i@l mok B Ctirypanosome infection
obstructjve diseases of the ai rways including: asthna,
and jeibma@iasy- bronchial, allergic, intrinsic, extrinsic,

L5590 g PRSP ABTIP il

acceiptably saltttheadf sahdrepeesirs defitedafotuwefinaldrapyseveri ti es,

and ot her causes of airway hyper-r nsj veness;
Eht BHET BHSEY H&nrwntplawfﬁwarwmzée%ﬁ %fs@ g eepmgpnd of formula (1) or

a phmgwﬂictal@ acéeﬁ_gdlb%aﬁghér% th'ef%‘t’tfbe?d"rg d@ﬁﬁédﬁﬁ@l‘i@ thfufacture of a

bronchitis hysens; ronchi ectasis; cystic
medfdabreosios pssiartboipiosi s; farmer's |ung and related

7 B gereie ofdkF Bianeth sereyieberihe emnsisestisg 5P Jasdidep grophylaxis”

unlehéjﬂh@&altr@bﬂecifﬁtlﬁ&%&ﬁdﬂsQJ) tHRNRSHIMH! a%he tdrhRraRtaeutic” and
npllcatlng anti-neoplastic t erapy and chronic

"theframléieqallm Shquldcbq}mnﬁfg‘uﬁtdme@rdmg&| s and aspergil | 03| s
PSSk hlesrl L une%?edt Bf eCIItIC Olgﬁy G h{o L It Qt%nezé ofo ersons Q%ho have
éhg nt &t SBUITY nd Otic

on; 'vas graers

suff@td b @ﬁevhou’s@pisa&@w at we%theﬁl'ﬁ}d;e c@wld@&afoyoefhy mﬂéasmsmmf the
antitussive activity including treatnent of chronic
discass 94 ﬁ%@%@:maﬂ@érwrw Regsonp g rashﬁftd@rvg‘/loalﬁa aguagtpcatas dipcase or

concﬁﬁg&gé%% 18£lu ﬁé’é@}’ ﬁr Hl?tﬁfyo(%ftlﬂé fisSRHIGR corﬁﬁ‘t%n? or those

ic r |m
whorhadé beomeid¢rodaed b@rgénmasmmtgzm scﬂeemng tshe petiewailyabusagdible to

easonal lergic rhinitis including rhinitis nervosa
e“%%%9gq€6%¥?$3%é§8¢‘BBlyp05|s acute viral 30 infection

gzingdll B9 HNSnERIAR HGRE Frveiiish dnﬁfl&ﬁﬁé PirAY€eikiRally acceptable

piratory syncytial virus, influenza, coronavirus
salts() mag |bgdisedyinSARSpatenedt (afdaeﬂimw {sush as:]_‘tﬁro@cphlalnaller@cA)(tri‘nsmg):xtrlnsw

or d!.éﬁ? %‘1074829 Pzil(%y %glglg %% glg%t]éaag? ﬁ%ﬁl}n? %fgr >fanaﬁlﬁ Eaig astﬁrna ot airways

hyp&firémﬁleéifes@?rm&§ 8BstriRfde pﬂﬁi@%@%ﬁe\é@@(COPD) or allergic rhinitis.
g%persen5|t|V|ty reacti ons; phyto- and

pinydatiomalse providss b oratimskdfdregtingror mdugmg the risk of, an obstructive

airways disease or condition (e.g. asthma or COPD) which comprises administering to a
patient in need thereof a therapeutically effective amount of a compound of formula (I) or a

pharmaceutically acceptable salt thereof as hereinbefore defined.

For the above-mentioned therapeutic uses the dosage administered will, of course, vary with
the compound employed, the mode of administration, the treatment desired and the disorder
indicated. For example, the daily dosage of the compound of the invention, if inhaled, may be

in the range from 0.05 micrograms per kilogram body weight (ug/kg) to 100 micrograms per
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dermatitis herpetiforms, lichen planus, |ichen

1meel ew wens et atrophi ca, pyoderma gangrenosum skin

W@ 2000074829 di scoi d | upus eryt hemat osus, penphi geGT/GB2008/051173
penphi goi d, epidernolysis bullosa, s urticaria,
angi oedema, vasculitides, toxic erythenmas, cutaneous
eosi nophilias, alopecia aregga, nale-pattern
bal dness, Sweet's syndrone, Wber-Christian syndrone,
erythema multiforme; cellulitis, both infective and

kilof@Rrt P%&élgﬁt%ptg/ﬁgﬁ M 1Bdthdtiviesy, ¢tthe B&ﬁb’@uﬂdy@ BiARSered orally, then the
non- mel anorma ~ skin cancer and ot her dysplastic

daily é@agfn ef thd cogpoyrdefebe tiveiaenay bl the range flioxeel 04 migrograms per

kllogrrﬁu él?lnﬁws 1%13 I(%%g)atpﬁgﬁ &mﬁ %g? Ir)elgltlﬁllégra, OQJ)&Iynv%llgHt (trng§kg)
B8 o péUnds bf Formuld (I} rfl plﬁﬁhﬁfehﬂéal@%c@ﬁﬂﬂ@ﬁdl@ lthereof may be used
uveitis; choroiditis; autoinmune, degenerative or

on theuf e witheenerallp be efwinistesd i g foreof ephataaceutical composition

X

R R AT

pharbact@ically acoféptagkmdjlmaﬁu daugnt on @phen t(tcmvlemtmdnaﬁpﬂmgedures for the
interstitial Ogﬁ@uﬁnerulonephrltls nephrotic is

seleQ{ARding pEsPaEAren; Hohsamagsubed] fermatf i qos emgscribed in, for
exatﬁ]?]l@t '%§1tdla¥c'e§1.jlc)alsc YEild §cishcaid dekle{géqrorﬁ D@gﬁr 54 MCE' L RultdA @hurchill

ronic urethritis, prostatitis, epid
Lhdmgﬁh@rﬂ@&% and salplngltls vul vo-vagi nitis;

e' s di se erectile nction (both | e .
DRHC R R SR e Gt drion QL Phican feb s Bl
pref&ﬁblly(b%ﬁbglse from EIRIIRYw (pRNERL B WAl IhoN nfdke Kicegily from 0.05 to
heart, liver, lun bone nmarrow,” skin or cornea or

80 %wl Stlélvmwg m¢f©@blyc e U)stpdﬁ %m anghgVeRi morg pm‘fmblz(from 0.10to 50
Y%w dﬁrac%’l Y 1 edl q]% gapse?denﬁ esob Wel ﬁybeil%g ! %sed on ?on[dl ctonmom off.

I SOr I'nc g r rrri

b‘ﬁw@feserﬁ)ﬂi\\iﬂhﬁﬁﬂ als6 YEdvedds @ ﬂhuﬁhkﬁce&tﬁddl b@rﬁpési)t‘idiﬁcompnsmg a
multiple sclerosis, Hashinoto's thgr0|d|t|s
¢lspia

comgpg@agféorrmda (13 R8 @h@m@é%@allﬂ B ke sgiéthargqias herelnbefore defined
n aéﬁ?&%&f \pltﬁ a ng%g%?tﬁétaﬁg gg&g&bfél’gdw g'h dﬁ&%t 3P Qﬁj(rjllef ¢

asciltirs, ospholI pi
FYa drvemeorafudthSapgrarides y prhicossefpr th2 preparadioa@if agitarmaceutical

treat ne of commo ancer.s includi ng prostate,
COMPBPHAHURL C Lo 1 t?*a HYy SnigRmmW la‘ﬁ COMBEBRSIRIFINER CON 3%@%%@ or a

phar?ﬁa@@iﬁfégﬂy §5degtaﬁfé%ap e b flal MY ShbRRA . BB ANAREA Eﬁae rmaceutically

affecting th bone marrow (including the |eu m as)
aamambkhymphopdduﬁﬁeramiwe syst ens, such as Hodgkin's

3?}8 pF ﬁg&f‘ S %{{55? g{érl?@e &ECl ud gre é;gce:atlgrné el tlhe Skin or to the
lung’ AT ABREES in ERToRA AR EONradhd, SolaMbsY, %[5?@1151ﬁﬁdhep3ﬁl&roalkane

i nfecti ous di seases: Virus di seases s as gen|tal
(HFM peresols et pasvidestorprlations, favxample, ﬁ?é@atatlpnsmshe inhaler device

know ? {hetllu%u%al Qr&%ystémﬂcgingxe é’ 'bmal a nlgt%"tlon n the forrn of tablets,
cont agl osum ari o I Cl ency Vi
capsutds yruplp@nddpaupi grhmites; bt by parchidygl admymsifmga |110tlierﬂiﬁrn of a sterile
solution, suspension or emulsion for injection (including intravenous, subcutancous,
intramuscular, intravascular or infusion); or by rectal administration in the form of
suppositories.
Dry powder formulations and pressurized HFA aerosols of the compounds of the

invention (that is, compounds of formula (I) and pharmaceutically acceptable salts thereof)

may be administered by oral or nasal inhalation. For inhalation, the compound is desirably
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1f12f11 flI -1 D AV' WO 2009/ 074829 PCT/ GB2008/ 051173
1m@h iwswancel | a zoster virus (VZV), rhinovirus,

W@eo®nowseus, coronavirus, influenza, para-inf|RenG82008/051173
bacterial di seases such as tubercul osis and
mycobacteri um avium |eprosy; other infectious
di seases, such as fungal dizeases, chlanydi a, candi da,
aspergillus, cryptococcal meningitis, pneunocystis
carnii, cryptosporidiosis, histoplasnosis,

ﬁneﬁr%ﬁﬁé(ﬁsﬁ’i@ﬁ&ly HIWRANGEPEBNd PleRGidIPRas PrRSmedian diameter of less
ei shmani asi s.” Thus, the present invention provides a
thancl@npotomoketees (fuod,rmb angyl Ye suspeadphar propeltant elittyre with the assistance
acceptabl e salt thereof as hereinbefore defined for
of a desperisantt fush apy Cotpodattyintider salsthersof, (fonexgnplseaitic acid), a bile
i nvention provides the use of a_conpound of fornula
salt, @phogrholipide pya piirsmgehagide 3 pealearpraasl & pobyethoxplateslgnurfaetant, or
' £ i manufacture of a io
Oﬂwﬁggﬁggggﬁggﬁ%%ﬁﬁ4%§gﬁh#ﬁ§%§py. In the context of the
phe lsengpoﬁmle o'fﬂiedlﬁténﬁbn rﬂalyelllstoéfemd;r;tiﬂiefeﬁdmyby @J;—:eﬁl@fof a dry powder
.. includes "prophylaxis" wunless there are specific
mhai%dﬂ@alflh@ﬁfsmﬁﬁb@? AN ARyt dppl élleh@ng Ry LgFiedth actuated dry
powdBdnhajter apeuti cal l'y” should be construed
accordingly. Prophylaxis is expected to be
Pae tpossibitityl iy to mlixetharfinetyodivided tompourentf tif inpentmonsitivin carrier
have .is suffered a previqus i sode of, .or, are
subsSE R SETRY & Bt 6 BV RECHEP duiGet 1IFiol ¥ anpthgr polyol.

Suitfll18 8ASBrsUre GRAL, tdr@RahpledeRd, @ucoRE kSPRSsc@meldzflscOfactitol,
devel oping a particul ar disease or condition

maltgfeh &iehdlbse, bursosedmantitdeanidepidrely Altérantively Hiedtnehydigided hempound

i sease.or condition t hose o_have been .. .
R 3R adn ] GuiERe (e PR S BTG Frdippensed ino hard
gelafid Edpsul@richoh SoHSARRL IR destred deRR\EHQRIdAge bhapslingease or

condition, 20 In particular, the conpounds of the

ARoEE posibiiitds todiraersp Agrfigeedivided PPy deidatopiphgyiee which break up

. [[e I
e M L T
resca®irtufa, mpdadésednhzasn foreRamplccthar kriommeisehalerbabkailbyTen (fhich a

exanple late asth or air

: Mays . : o
dosifg BRi MekEhdsiey § }’V,hlcélﬁ\ﬁl\@}ﬁldl_ﬂ@ﬂf‘é’t ide PgehUV it yystom the
activilif ﬁl%nﬁ %@r vAthod} 4 @z{rﬁlflcsdbgﬂaﬂéet, isSdeliVB&d kit ﬁ)taﬁ@[ﬁ.
al so provides a nethod of treating, or reducing the
Fosdrabidmiamtreber thecbimpeund®dt the myvaysomdinge bs edrorxed with an adjuvant
condi tion (e st hma .or COPD). ich.conprise
or a gaguict, ifgrt eécla%wbeg, Ea&?q&e, s&gﬁa&o&g, qor%lwid,;taaqlﬂtgﬁ éfloqltargh,%or example, potato
stardhN 86 ARBMEH SralhplofdcliBcd tRIARNRMNatRE; AbiaaSPRI#RAatble, gelatine or
formula (1) or a ghaynaceutlcally acceptable salt

polywhwinsetfolidendy and/ond antdfef cxanple, magnesium stearate, calcium stearate,

polyethylene glycol, a wax, paraffin, and the like, and then compressed into tablets. If coated
tablets are required, the cores, prepared as described above, may be coated with a
concentrated sugar solution which may contain, for example, gum arabic, gelatine, talcum and
titanium dioxide. Alternatively, the tablet may be coated with a suitable polymer dissolved in
a readily volatile organic solvent.

For the preparation of soft gelatine capsules, the compound of the invention may be
admixed with, for example, a vegetable oil or polyethylene glycol. Hard gelatine capsules

may contain granules of the compound using either the above-mentioned excipients for
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For the above-nentioned therapeutic uses the dosage
1m@amimoehered wll, of course, vary with 30 the
W@ orvopomsed enpl oyed, the node of admi ni strati onPCT/682008/051173
treatnment desired and the disorder indicated. For
exanpl e, the daily dosage of the conmpound of the
invention, if inhaled, may % in the range from 0. 05
m crogranms per kil ogram body wei ght (g/kg) to 100
m crogranms per 1f-2ni n_i D AXI" WD 2009/ 074829
tabldTCTA (B2RARY Badhisdlid 3&rmutitl A9 baMcRethpowed Shthe (18/ckB3n may be filled
Alternatively, if the conpound is adm nistered orally,
into hivelrgelaiige capsulop. dosage of the conpound of the
invention e in the range from Q.01 micrograns per.
REEPRRsOR GEptleni g Ao bEBEh ot B SHERE TRurRRlons, for
exarkple O@NAIBND e6htainBipdhé cdiifduad)of thdiaveIBAOHE Bsladte Bafigitlgar and a
(1) and pharmaceutically acceptable salts thereof may

miX{yee (!)fseé]@anog Wrt glzrgrolband morylons gly%r@ptgmayy pech liquid preparations
s AL SUSERL L S BEERESME ltgp oo o
a thitketing/gzchhigr @biiremtipidns linowass tlaisatkidinod w 4h a
har maceutj cal | y acceptabl e adj uvant,_ dil ue or i
d5F pr@pounds RY Bt MeaPn .@afclén@mu%%oftfﬂ@mﬂg 60 a6 pmaceutically
oA LB PPYULMABL OAIBRULLERL s compcs s
for th¢Phreatmeuieeftthe albaecofitheoBei ence of Dosage Form

si.gns’”. . Aul ton, Churchill .iaq, Livingstone,

84! %?}b%f@%@?ﬂeﬁ SIS S OdRHOR YT PRIET %ﬁ?rewecompound of
the iIRNEHIFRGR W iph&RdhacC@MRPSrhpRRioM drifornfI 8 R RRAPHsERMEIn§RDund of the
- from0.05 to 99 %w (per cent by weight), nore ' '
inveptiert wragdpliyisteredreoocBntly or 8@1ugsiiallytdr|as aombingd grepatdsiop with
anotP%rqg]ﬁrgp%}g\},ctag?rﬁgoE :af/%\%/nétg :}ogrgtr%\eé 7 Igaét:]me?ne o rneegoz {ngoglﬁ g glrggcrongé)lti%gs listed.

wepgtitulbefaighdasatheib e RlflabOMIES| dide@ses siich akNBut not restricted to)
present invention al so provides a_pharpmaceuti cal .
rheugsiié arthiiteh ostepdsthridis reptiana, aBersiruiniay. choniaAbstrpetivegplgonary
s RSCTMER LEALLI QSRR AR, SAL HIRLSE Bpouns o e nvention
mayfikaombiedtwidathk Yolkociep hghite nadjsteva@idil, andiihfi@nmamiry agents

carrier, The invention further provides r s for .
(hergipafigs NRD insthdare Rpstrdgohie éml?-eaygene%frfgggé- P oSt hivicor
. I o . . .
w8 B RN 58841008 GRSt mch
as narirexao fludhsprhfemefenbprotame ketepionedandi ibtprafen, fenamates such as

LN T X -
salic3hdsniush 8¢ &firtmplctatiby COX-a - inkiBitdr esuek b nRloxi@nd, RElecoxib,

Nung and/or airways) in the form e.g., of creans,
rofeeyilytviabsiesoxib.umaresprihspargeopttadnduseracoixkaney clo-oxygenase inhibiting
nitric oxide donors (CINODs); glucocorticosteroids (whether administered by topical, oral,
intramuscular, intravenous, or intra-articular routes); methotrexate; leflunomide;
hydroxychloroquine; d-penicillamine; auranofin or other parenteral or oral gold preparations;
analgesics; diacerein; intra-articular therapies such as hyaluronic acid derivatives; and
nutritional supplements such as glucosamine.

The present invention still further relates to the combination of a compound of the

invention together with a cytokine or agonist or antagonist of cytokine function, (including

agents which act on cytokine signalling pathways such as modulators of the SOCS system)
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(HFA) aerosols and dry powder formulations, for
1meampien fornmul ations in the inhal er device 25 known
wW@egoovlesTur buhal er (r); or systemically, e.g. bRCODG&R008/051173

adm nistration in the formof tablets, capsules,

syrups, powders or granules; or by parentera

admnistration in the formz§ a sterile solution,

suspensi on or enulsion for injection (including

i ntravenous, subcutaneous, intranuscul ar,

inclidibg ﬁﬁﬂ@-cb@tﬁf aft] gdrﬂ&h'—ﬁﬂlt@ﬁéron@ rlnﬁﬂlnflﬁ&tg%wth factor type I (IGF-1),
adm nistration in the form of suppositories. g

Dry
mter]b@#@tér(ﬂﬁ)onﬂudlag ilbht Hhangiderdawkizaniagdnnte@riokibiters ghch as

d t t hat i
analgif i G D5 siansivas bt LRy bhER spithis EREERE Sonodonal
antlﬁda%SQQr)exarﬂﬁbé iREixARAD; AHATREAEL, BYd OH-8 7)) aRBIAF receptor antagonists
i nhal'ation. For inhal’ation, the compound is desirably

inclydinginrmundglobulip matcus (S000ISCTARS DA EBRORSIBT-FRIZht agents

o C33 f%pe{ .divided. The finely divided conpound
u}HPéFg lhas a mass nedi an di aneter of less than 10

M SddcT the Snvichlion Bldted@Y doentnigidaneedompoandsane iﬂvaﬂﬂion with a
m xture with the assistance of a dispersant, suc

mongclogal@pibedyt texgcipg B-lymphgcytes hawch s COROEFi el MRA "AILIGR and

| {5y @ phospholipid, an alkyl
T‘L@&ﬁ&ﬁgﬁﬁd§fLAﬂlg %ﬁN%g?%a ed or pol yet hoxyl at ed
Jte bwsétamﬁvenﬁbn Stilb furehier mﬂmemtacbmtomlahht)onaﬁ@amhthed of the

di.s er ant he conmpounds of th nventi on may al so be
mveaa?ﬁ Wit @é?‘éddl B HeARROBINC Fegpipr gla\x&@m Su(ihrﬂ%é‘Pé‘Ptag@r‘Hét of CCRI,

cchn 1@2’A '@‘Rﬁ? GRS A R4 U CRs bk EORE Gﬁf‘l@'@drgeﬁé@mo and

at’h act’'uated dry’ powder i nh
CCRolds(:ﬁortthda Ct@ Firsily)oCHGR I, BXGRY eﬂ)gcm VG NER4 oA EIERS 6fbr the C-X-C

t he i O t i 0 substance, for

fam&(} %?% ntgﬁw 88‘? é%n“b'ol ysacchari de, a sugar
ghe QMént 11Wenﬁ81‘i’ﬁi}ﬁfer ROAtYPlo-the Rthbidtich &Y ddn§fotin@bEthe invention
sugars, for exanple, |actose, glucose, raffinose,

withrpgl lelzﬂbttms@f, mitEs mettfdlol)rotmle I(MM)]PS) itq.eha tosraclysins rﬂm@llagenases

and %%Latﬁﬁ%s.esﬁgsxx%f as Cagg{egglla%ge; egﬁéctl% N, ré/ollﬁ%enta(si%gwéy coﬁagenase-2
(MMIRBY €611 Fenbss: B (NBIP-83 )5 trdafel déis Aemede-3)néteonhdysin-2 (MMP-10), and
gel ati ne capsul es, each containing the desired dose of

Stromﬁlémac& (MMPCbnysad MMPr% g 2 pislefmig agents puchiag doxycycline.
E‘Elg gﬁé%ntﬁ@%ntlbﬁ] '531!11}’ dﬁh\éf %‘Fﬁesﬂ%‘@ﬂe&éoﬂlﬁh g&%ﬁ?ﬁ?@/ﬂh& Hf the

ng t en ation proce ur
inveﬁ'@diteaim eakotpondi@bsymhesisantiibitdre 8-lipok gecdnhe: (@ FIL(Q) 1nh1b1tor or 5-
reservoir of a nthldgpe i nhal.er, for

xanp t
lipokgesuredstiyHoe ParBurEFP) PYREsh b a2 e T RPE fenleuton;
tepoggﬁtﬁ bbb e79qi ¢§ ' Alﬁ%ttd@?% 1 V‘A"NC(B Jubstithen)- ihmleﬁg 2B if€fonamide;

pati ent. hi's systemt
2,6- d1 tert-butylphenolhydrazones a rnethoxytetrahydropyrans such as Zeneca ZD-2138; the

compound SB-210661; a pyridinyl-substituted 2-cyanonaphthalene compound such as L-
739,010; a 2-cyanoquinoline compound such as L.-746,530; or an indole or quinoline
compound such as MK-591, MK-886, and BAY x 1005.

The present invention further relates to the combination of a compound of the invention
and a receptor antagonist for leukotrienes (LT) B4, LTC4, LTD4, and LTE4 selected from the
group consisting of the phenothiazin-3-1s such as L-651,392; amidino compounds such as

CGS-25019c; benzoxalamines such as ontazolast; benzenecarboximidamides such as BIIL
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active ingredient, with or without a carrier
1mewbee smoe, is delivered to the patient. 20 For oral
wWa@elepar4sey ati on t he conpound of the invention P&E/GB2008/051173
adm xed with an adjuvant or a carrier, for exanple,
| act ose, saccharose, sorbitol, mannitol; a starch, for
exanpl e, potato starch, cozgn starch or anyl opectin; a
cellul ose derivative; a binder, for exanple, gelatine
or polyvinyl pyrrolidone; and/or a lubricant, for

284@6@%H%omﬁ5@&%%hé%§£a@%lﬁ1ﬁ&s@aab“&ﬁéa@t' Hahelgase I%nlukast verlukast
et hyl ene glycol, a wax, araffin, and t i ke

(MKaﬁva)t R@nl%@ﬁpl?\éééé%l 3, trtlkuk@%lﬁ@@t’sﬂﬂ 15A% ond Bé\Y 23 I 95.

ets are regui, core I red as describ
AR08 bS8 B! (e dle s RhPRRLE g Fo0Ad BF8
1nveﬁﬁdnu&ﬂmpw&l@pﬁdulwmqm@) Mhibiesr sexPIg metg?lxrahmmhe éncluding
gel atine, talcumand titanium dioxide ternativel

theovhséllv%mde%mwaph%bnee aaeleetiva RIAE ssosumieinkibyer ipwding a PDE4
lnhﬂ?FOzsdﬁllMﬁgltdrrbf tl?e fPBI')EQQ} A bh fad %1%2 &:f ?D%%lt \é:nt . For

preparation o el’at'ne ca
Crherpmsﬁd imfentibe furﬂmemlatmOrthey cchﬁbma@ormfm ooem:bo\uhdi bf thie@iivention
a vegetable oil, or polyethyle ddne

and @é}smlﬁéwgdsrs?e@éor AHEARORISHTUAR A4S BTN r%)tﬁdlflﬁ eslorata
fexofQIBRUNG NSIHS, t%ff%ﬁ‘eﬁﬁnet R&-ARBKE A BN hONESH BB tiRE eNt S
for 1f12t11 fI”’ WO 2009/ 074829
chloﬁ@?ﬁ@ﬁ@@%@ﬁlﬁﬂlﬁ&ne%chzmml aetnsizoladtee; dppduei dradly, topically or
sem é{ olid formul ati ons of the conpound of the
parepictAllyt i on may be filled into hard gel atine capsul es.

lph 8 Yo BRALBE b0 furfhef re®téd toARPEIRhARIN dTaYcoRfhouRd bhe
formof syrups or suspensions, for exanple, solutions

invenien arid prgtaniminypimbhited (s9th ehemeproznie) i, gasteprbiertayrcstamine
su nd a 5 mxture of ethanol, water,

a
typetzerec%tora%arganpr opyl ene glycol. Optional I y such liquid

Mhe pask it iR tioR YurtRP EakitBs ©ahOtdrhhigatdgesttaSconigoad®Bf thdgGnvention
agents, _sacchari ne_and/ or carboxynethyl cellul ose as a
and pihptRetiiN g T Higdnstamincdyniet ress@iPhi ent s known to t hose

%b bShlifld EBn FtTPﬁm&%f‘R?%iﬁ% il %‘E@néﬁb\ﬁe&{a! C%Prm%uf@gfthe

conpou n and Fmaceuti ca
inveaﬁmeqntdadli aﬂp]&al/hﬁ)hh-li&rde@fo):ep‘tmya@h&t)vmc@dmdmmtympedlonmmetlc
conjunction w th other conpounds Ysed o for quierme

ageqtfseale AvPoPBihexHEing JIRYIEBHHIC PRy Pf‘?TP?élo PNBH P
pseutdggﬁh%ﬁﬁﬁ@ nfaﬂﬁézgﬁﬁe ﬁﬂr@éh@osfléeooﬁgﬂabﬂhb ADdHPRIbARE, 8&rahydrozoline

wherein a conpound 'of the [nvention or”a
hydoblaoriee elutqnmazobocmmthlond&; rtraﬁxamhnea’(tyldmwhtomm Fsing a

ent ion is adm nistered
ethy@l?n%ﬁl?erp it QY%PCIQ entially or as a combined

The PAsattiidfenvibh hurth%f‘ ikl totthe ERsiHAh AU mRund8EHeSavention

for the treatment of one or nore of the conditions
and pp antiedolinergic agents including muscarinic receptor (M1, M2, and M3) antagonist
such as atropine, hyoscine, glycopyrrrolate, ipratropium bromide, tiotropium bromide,
oxitropium bromide, pirenzepine or telenzepine.

The present invention still further relates to the combination of a compound of the
invention and a beta-adrenoreceptor agonist (including beta receptor subtypes 1-4) such as
isoprenaline, salbutamol, formoterol, salmeterol, terbutaline, orciprenaline, bitolterol
mesylate, or pirbuterol, or a chiral enantiomer thereof.

The present invention further relates to the combination of a compound of the invention

and a chromone, such as sodium cromoglycate or nedocromil sodium.
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is In particular, for the treatnment of the
1mamnf j@amvat ory di seases such as (but not restricted to)
WO b@anresed d arthritis, osteoarthritis, asthm,PEl/GB2@BO51173
rhinitis, chronic obstructive pul nonary disease
(COPD), psoriasis, and inflammtory bowel disease, the
conpounds of the invention 3may be conbined with the
foll owi ng agents: non-steroidal anti-inflamatory
agents (hereinafter NSAIDs) including non-selective
%€ bRsOUNDRAASE sttDMrrthef rfdS 18 thOGibih&ich AW WRRIoRY of the
applied topically or systemcally (such as piroxicam
invegiien vith naducopertigpidnsushas iflysiseliddh trla@gplmdpmq)a@@tpmde beclomethasone
dlpr?l)elﬂ%aﬁ%%r gsg)glkdﬁ ﬁgt(i) a%ér{egﬁg%%gatlto pcrlc csop i go%éll%q%g&asr?ne Riroate.
Ut brgat invnaph 0Raee RdatePIthZ @érﬁlﬁlﬁ&tlcﬁi«&i’h @$npound of the invention

phenyl but azone, salicylates such as aspir
Wlths?éll agent that neEUEiey HARAGAT BPENQRSTEEDA SHeh %%g%?

its gf:eg%(ﬂtl?nve 81f1 ?t 1P ﬁirﬁl’er %e)ﬂtgset‘BQF opomlglﬂﬁ?c[nocﬁﬁxdoﬁlp&u?cli ?15 the

coxi b and etori coxi oxygenase in
inveRBomiolgtther with de irdonos g oGuTinNGDsyr;Ig gtapamon bt eositeg@iid®r antibody

ether adm ni stered_b opi cal ,
mochuig@lp&ﬁ&&@ml% suche Ry Al r Bl P%ﬁ%}%f{l%béul ar
i)?@%%nt 115%&1‘3915 RfdRE ?elatk@tfo tH{‘?a SthiGation of a con%pound of the invention

oxychl or oqul ne; peni Ci m ne;, auranorin or
and @mdﬁber Spm:mmt (Ertalblcaily qrpéilled gmtll-dlftﬁnﬁpapat agens puch as thalidomide or a

ana cer, intra- a ticular therapies such
deri R FF i ohi<Cna 8 TBRYREr SROMng Cnut r t | ona

TUP BFRER e nfibe Bl fur@let A& Mo NRe C&leﬁmmmﬁsc%mpound of the

invention still further relates to the conbi nati on of

invegtieoamsoimebivdtionhef ammeaitcwbutmta@g eulfenyridincrsueh assubfepatezine,

mes qazm‘? %n safazfgi Iato s%? I’%Ilns ! o 1trn ltn?ol%ll nd9 a{tg nCt Ients 5 c[h as the
( agent’s At OV Srgnar

ﬂno@ﬁﬁﬁmays such as nDduIators of the SOCS system
1f12f11 1 -1 DAY WO 2009/ 074829 PCT/ GB2008/ 051173
3 prosentipyongon fgther relyet tg-the gerabigatinpeef agosioapgakthe invention

togeﬂ{é? W1 Iy a.lnhgao?ﬁf %)%gb ?1?%1' t}%éﬁfc tlin Qibl%atfki)e a tetracycline, a macrolide,

nt er [ euki ns
a betaﬁhetamem Iﬁluaroqnmagmm mbmmdazbwh hid uihared aﬂulmd‘glﬁs)mde an antiviral

anaki nDur necrosi s, factor al pha (TNF-a
agenjt il %wc dhfapeiclayir, Vmﬁl%ﬁfogm pvir, afﬁ@f%a.a&antadlne

nma&rlta‘aﬁneeﬁﬁémhﬁ AaRfhhvit ﬂﬁposeﬁ&irﬁé\l’l gﬁgbeas%rlﬁihl% s%ZQ)ls Mashavir,

réceptor antagonists 5 incl'udi ng i nmunogl obuli n
nelfimaViegttbesy/ix, gmt:i:aqamamraenm[cdmgtd)e raywuse transcriptase inhibitor such as

.| ow I I ht t | ]ine.
didep B T e D e 0 TG S g rlelcbrpoverse
tran@ri ?&@pﬁﬂmqto@fsudhm ﬂe{h\f@@ﬁé cditdhza nonocl onal

I body targeting B-Lynphocytes (such as CD20

@ he preseapyentivRatila furtheRredaies toThe gambioetianess a compagng gf the

inver'{lé’l é\{? and1 a carél)ovascular agent such as a calcium channel blocker, a beta-adrenoceptor
blocker, an angiotensin-converting enzyme (ACE) inhibitor, an angiotensin-2 receptor
antagonist; a lipid lowering agent such as a statin or a fibrate; a modulator of blood cell
morphology such as pentoxyfylline; thrombolytic, or an anticoagulant such as a platelet
aggregation inhibitor.

The present invention further relates to the combination of a compound of the invention
and a CNS agent such as an antidepressant (such as sertraline), an anti-Parkinsonian drug

(such as deprenyl, L-dopa, ropinirole, pramipexole, a MAOB inhibitor such as selegine and
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10 The present invention still further relates to the
1m@enie mahi on of a conmpound of the invention with a
worewahaeey of chenoki ne receptor function suchP@EGBR008/051173

ant agoni st of CCR1, CCR2, CCR2A, CCR2B, CCR3, CCR4,

CCR5, CCR6, CCR7, CCR8, CCR9, CCR10 and CCR11 (for

the C-C famly); CXCRL, CXC/2, CXCR3, CXCR4 and CXCR5

(for the CGX-C famly) and CX3CRL for the G X3-C

famly. is The present invention further relates to
rasafilific, GOIRA A0 Sfchdhs ¢AMREWRdA OfinkiBRod, ﬁ‘d%ﬂlﬁ@ red@tékté inhibitor,

an inhibitor of matrix netalloprotease
an NMP Asantagenis{ g menting Rgowish & égmg@ ggonig eg ap m:hlbltor of neuronal nitric

Oxldg Syﬁ%éagsgﬁ}géh ilnf? %eﬁner %ﬁg aagg gnéﬂ)ezi?pec IS@%I’H}/HG tacrlne a COX-
2 1n1ﬁ61téra§ﬁi@@1&6fy3hl(d\6‘tﬁnétﬁfona€d r omel ysin-1 (MwP- 3)

stronelysin-2 (MW-10), and stronelysin-3 (MW ()i

Zhe prowmitanvengomnm] futhiop Fréatercioribe eryelipationediy gganpound of the

1nveﬁg SYEld %%ﬁﬁ)p th-gﬁ:gal BF BC DY Eb AP Bﬁ%}, %JrChIa‘E réltcgr?&ally or

ates t € COo on o a conp
perlpmzdnzt-acmmg anglgesid efuk@tammaenﬁl cbploﬁlmtdhﬁsatﬁzeitlndﬂ:&ﬂ) Jtaarbamazepine,
5- ygenase (5-LO |nh|b|t r or genase
thﬁ@ﬂpv%éﬂﬁ@V Po¥@ Wﬂﬁﬁﬂﬂb?eﬁh? 6%%?%@*%%%%“&%m“* paracetamol, or a
non- %ie!rcﬁéﬂél%ﬂn i ind8bry it euton;  tepoxal in;
9175; Abbot t-85761; a
IIIhé 5Pescttt3m\relnt1t>e t)rthich rabqih%ﬂweh@(ahlkiyhtmﬂ dfon@mysend of the invention

,6-di-tert-b heno dra zone
togcfsf W&i@ﬁp@mﬂa ”@?8&9% SRR BBl ighaledgesd angasthesis agent
sucmmumneiﬁr%&%ﬁve theRYE dl nyl substituted

2- cyanonapht hal ene conpound such as L- 739,010; a

A wqu pﬁmeum@sewﬁp@mm cayehio &s uﬁedm&os@matlon vafh an anti-
osteoapo(go%%ﬁgent %B@m nl?omlroggleourrl]t:jsrlll\%/en {agonmg( e g a 'bi %sﬁt&onate such as
aleni®nhfde conbi nati on of a conmpound of the invention and

a receptor antagonist for |eukotrienes (LT) B4, LTCA

ITronresgirdnyentian sidl Buthepralstemiothrcompngia g aconyioynd athe

1nveﬁ€101{ Qg tggre&}ﬂfl E @)Zﬂr%)é%e é@l&?lgglh (1@ létel@?%vtl%g Al KIWQF ) antagonist;

SucC nzoxal am n SucC
(ii1) ﬁmﬁlediirasinyeﬂmag zﬂmnmﬁﬁﬁx inthitd &om (@ MRIZH i@tgbiBirl (v) adhesion
1f - 2nj i .D AXI 009/ 074829 PCT/ GB2008/ 05117 36
mol%lkﬂ IQE@HO%HC%H%XM agt?(gﬂméts% ) £3thensiia §YID kapasg kapdbitor such as

an uﬁﬁ’gﬁcﬁlo'f' §ﬁ§§me Rinad! BtV e, qgl@ﬁ&r M(Achﬁ‘%%m le Geﬁtlmb or
Ro- 245913, i ral ukast (CGP Bnd” BAY X

Irnat?tmb @esﬂa@),par esieat threppemt kinasc<suchlas o mlhlstorroé haﬂAB kmase such as
p38, dﬂﬁ%&%‘g‘gﬁn alteaesggs g ?r%b%? %:‘ (gri atq%patlsg E%Y&)lege\éielgtcle y&e regulatlon
T B e GBI R oo, 0
kinipReiulrdii ray BasubBE4eceptor antagonist; (x) anti-gout agent, for example colchicine;
(x1) xanthine oxidase inhibitor, for example allopurinol; (xii) uricosuric agent, for example
probenecid, sulfinpyrazone or benzbromarone; (xiii) growth hormone secretagogue; (xiv)
transforming growth factor (TGFp); (xv) platelet-derived growth factor (PDGF); (xvi)
fibroblast growth factor for example basic fibroblast growth factor (bFGF); (xvii) granulocyte
macrophage colony stimulating factor (GM-CSF); (xviii) capsaicin cream; (xix) tachykinin
NK.subl. or NK.sub3. receptor antagonist such as NKP-608C, SB-233412 (talnetant) or D-
4418; (xx) elastase inhibitor such as UT-77 or ZD-0892; (xx1) TNF-alpha converting enzyme

inhibitor (TACE); (xxii) induced nitric oxide synthase (iNOS) inhibitor; (xxiii)
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i nhibitor an inhibitor of the isoform PDE4D, or an
1mamhiwavor of PDES. The present invention further
WO 2000086829 0 t he conbi nati on of a conpound of tPE&I/GB2008/051173

invention and a histam ne type 1 receptor antagoni st

such as cetirizine, |oratadi ne, desloratadine,

f exof enadi ne, acrivastine, 3e¢rfenadi ne, astem zol e

azel astine, |evocabastine, io chlorpheniram ne,

promet hazi ne, cyclizine, or mzol astine; applied
cherﬁée@ﬂré&anttréb@?@@hbﬁloﬁf ouPRORRLRIRpIcYsed UACTHI 88BN {such as a CRTH2

i nvention still furé%er relates to the conbi nati on of
antagorg g hi sxim dlindibiton ef P3Fivexi)iagentanetivdatipgdhofungiierpof Toll-like receptors

LR PR font B{f50-8% BTER A6 Bl OSSR Gt o

inhibito¢ &f tra@eribtiod hRtor aefivaities stéh 4sheFignrInat SDATSS ordxxviii) a
compound of the invention and an antagoni st of the
glucpeagtieifl feccpippagenistecept or . The present invention stil

I .
AR ST ol BRI L et Ty FRTRR BBl for the
treata@ano SCOVBS attlons br albdrgic reiviitiabhosdmpdind of dgremnila (I3 uch
as propyl hexedrjne, phenyl ephrin
pharaﬁ@ﬁmcaﬁb a%ﬁaﬁaé ' Ié,theéiﬂ}éa Rpisbofie gefinsdsagras Py mere agents
: ' ochl ori de, oxynetazoline
HKEE?E%%% F%gﬁggggﬁétrahydrozoline hydr ochl ori de,
«y haoeistezadalngudogdnrohl rocdpther, (GR-soepzot) iapenist;
hydrochl ori de or et hyl norepi nephrine hydrochl ori de.
T he spleeiserl) ddnerentptomnagonrst verh nematapmt¢rendlhisoproterenol,
conbi nati on of a conpound of the invention and an '
antsoprrapiine plputcrelgeattwamele fargiotmo s materali erruédmgt @eiprenaline,
( Mbitol'%g’ol I%Qﬁ'l?h/g ) ir%ﬂ{e?(?ooq Iil’?({a,catg 0 )Such as atropi ne,
hyoscihe, ¢ ycdﬁ@rrro ate, rprattopi um brom de,
¢ i QtphosphedicbieRE HmibiRx (Such RS ¥ PDIBIGRKiBRer)PI I enzepi ne or
tel enzepi ne. The present invention still further
¢ eharasase onhibigord irehi as atnicowopdfil dastasreo ond ometalleprotecase MMP-12
in%ﬁﬂ@}%- and a bet a-adrenoreceptor agonist (including
betH et ptor subtypes 1-4) such as isoprenaline,
& akuica®ticoidor ot erol , sal meterol, terbutaline,
orciprenaline, bitolterol 30 nesylate, or pirbuterol
or apagtdhodhergiwaagentorer t hereof . The present invention

further relates to the conhi nation of a ound of }
 he T BT emEnt Nessan binenon (e s S LTRSS or Shtagonisty
crgppgl ycate or nedocrom | sodium 1f-2ni n_i D AXI"

WO 2009/ 074829 PCT/ GB2008/ 051173 37

¢ an inhibitor of kinase function (such as the kinases p38 or IKK).

The invention also provides a pharmaceutical product comprising, in combination, a
preparation of a first active ingredient which is a compound of formula (I) or a
pharmaceutically acceptable salt thereof as hereinbefore defined, and a preparation of a
second active ingredient which is

e anon-steroidal glucocorticoid receptor (GR-receptor) agonist;
e aselective By adrenoceptor agonist;

e aphosphodiesterase inhibitor;
e aprotease inhibitor;

e aglucocorticoid;



The present invention still further relates to the
1m@enie mahi on of a conpound of the invention with a
w@kweoTsee i coi d, such as flunisolide, trianti nPCDG82008/051173
acet oni de, becl onet hasone di propi onate, budesoni de,
fluticasone propionate, ciclesonide or nonetasone
furoate. The present inventqpn further relates to the
conmbi nation of a conpound of the invention 5 with an
agent that nodul ates a nucl ear hornone receptor such
&S o PRARSoliff8icRIpegeNt i nvention still further relates
to the conbination of a conpound of the invention
¢ ogeidunfatov dfithemokinmnvopgtioo Awlction;(dig) or | g preparation
or an antagani st or antibody nodulating Ig function
& ueh dubi of kingge {ungliorex anpi e onal i zumab) . The present
I ' rther : onbi nation of a
1br%%%%%%ﬁ%£8%ﬂ?ﬁgﬁfﬁ§ ﬁ?#gﬁﬁ%?éﬁgﬁ%ganother system c or
5 topical ly-applied anti-inflanmatory agent, such as
hal i dom de or a derivat.ive thereof, a retinaqid, :
PHBE SFPSH RAINUPHANARY dos it [eBRTEHRE f RFBATEFEH Ok# fifst active
ingréHEdtR@TicH Bladlogholifd bMreRRRNR  fharRcedti GAYTREMRLX salt thereof as
the invention and conbi nations of am nosalicyl ates
heregbgfose e fapyr andi spreparetiornsf ssscorbadtiaz ingsedicntedattasi ne,

bal sal azi de,, and ol sal azi ne; di nonodul at or
SRR G vGoRertaid et CRseochiG agpiistent
ion further relates.to the conbi nati on of a

¢ o sorirg haRealEnfEoBRt Cogot her v th an

—_
<

9ntigac eriql a e%;.§uph as a penicillin derivative, a
asphpdiesterase mhibi oF;
t ef PARYE I'ne,” a nmacrolide, a beta-lactam a

é | upraestenglipmg; Metroni dazole, an inhal ed
am nogl ycosi de; an antiviral agent including

acyeluecerticéidhei cl ovir, val aciclovir, ganciclovir,
ci dof ovi.r,. amant adi ne, 20 ri mantadi ne, ribavirin,
% afAARVANCIBHEH8EM s amavi r; a prot ease i nhibitor such
15 ﬁsahﬂﬁhﬂ%&%ﬁkhmﬂ@ﬁhbﬁﬁ%b&rﬁﬁkﬁ&ﬂ@&'F’ anq saqui navir
a nucl eosi de reverse transcri ptase inhibitor such as
di dandsbire of kanaso/fudctiey; st avudi ne, zal citabi ne or
zi dovudi ne;  or. a non-nucleosjge reverse .transcriptase
Pr S@P%{@Ferag

and RPN FOTS e HMHYtARRAyS r AT FANISHHONSH diepeparations

to a bAWV@PTId QR $hdrbdr, further relates to the conbination of
a compound of the 25 invention and a cardi ovascul ar

agent such as a cal ci um channel bl ocker, a
et a- adrengcept or .. bl ocker, an .angi otensi n-converti.n
o Aol TR iR st A5, b ko3P ShEbFASoT B AN Shing
ther@gduAg O84S For te fréddinend (I\We deh oG] S siGRbRSagdntS il de: OF
a fibrate; a nodul ator of bl ood cell nDrphoIog%_such
(1) ap gniuakisxavplantipeoplaste dsairycombinsition thegenf ssomed Inamedical

B
nitro@En anustang) ensighabdn, thierdantbueilf busnlphan or a nitrosourea); an antimetabolite

25 (for example an antifolate such as a fluoropyrimidine like 5-fluorouracil or tegafur,
raltitrexed, methotrexate, cytosine arabinoside, hydroxyurea, gemcitabine or paclitaxel); an
antitumour antibiotic (for example an anthracycline such as adriamycin, bleomycin,
doxorubicin, daunomycin, epirubicin, idarubicin, mitomycin-C, dactinomycin or
mithramycin); an antimitotic agent (for example a vinca alkaloid such as vincristine,

30 vinblastine, vindesine or vinorelbine, or a taxoid such as taxol or taxotere); or a topoisomerase
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and a CNS agent such as an antidepressant (such as
1meer tw ®nne), an anti-Parki nsonian drug (such as
waele@eemse9 L-dopa, ropinirole, pram pexole, a REDBB2008/051173
i nhi bitor such as selegine and 1f12f11 fl -1 D AV' WD
2009/ 074829 PCT/ GB2008/ 051173 38 rasagiline, a conP
i nhibitor such as tasmar, ag A-2 inhibitor, a dopam ne
reupt ake inhibitor, an NVDA antagonist, a nicotine
agoni st, a dopam ne agoni st or an inhibitor of
inhi B R @k arfiple Tah @ pipBUb K 1SR R s c@®bodidle, teniposide, amsacrine,
anti-Al zhei ner's drug such as donepezil, rivastigm ne,
tomﬁ%@mphécmnp@ﬁkwmz i nhi bitor, propentofylllne or
f.onat e. esentegz ventlon t||

(i1) a Ce}it%&t%t]sc atggn‘[t ngh & %gnﬁ f,ta% of e%%ﬂ% ﬁlao%fenu{%emlfene raloxifene,

drold)mecﬁe ok loRMEn&N a@@@ﬁbg&ﬁfec&ﬂt@r dldvaafelgamor @for @gathfle Giilvestrant),
chronic pal n, Suc as a central

an apfésnidgneen Afor pxaeple ﬂ@g:aaﬁean@ésﬂléa@f%r niggtamsieor sHPIgfITICRCetate), a
t ne, . j .

LHPﬁ—ﬁ 89@%1}{?[ o'r \rLg{a%I_E gécgﬁlgtz(for%%lﬁﬁgg%g&bl%? rl]eeulpp&gfﬁ}( Bloblﬂerehn), a

pro g@ﬂtbgetd(é@f eﬁ@ﬁ@iﬁ magsnbk eB:;etapﬁI acabmanke inbibit@r (for example as
non-steroi dal anti-inflammatory agent. 10 The present

anasfrRgalat P BOPOIG VP HEP or0E CETBRS4NG) P BBIBPRAL FFedsFiase Such as

fina& & ound of the invention together with a
parenterally or topically-applied (including inhaled)

(iii) hoegdnt amadsihhidits carrgeddl ingasidh @sr dxhgptecamprlloprogeinase inhibitor
derjvative thﬁreof A conp %nd of the present

like REHPIbH EHANEIOEOHEOKERY NFHBARTIHAHTHA PFHOHnction);

(iv) &Y ihibifdF BF ?dc?orqgﬁﬁfon' f&)?le p}ﬂg néa% lﬁg%ﬂﬁ aﬂﬂﬁcﬂfy (for example

such as ra ene or a bi phos
the amltleartﬂvbmatbedy Tﬂaaupnmbe ot thernuertbdmnsibody cdturitiab r[C225]) a farnesyl

rel ates..to the conbinati of ac nd of the .
trangfRrgs R HOR GJRINKE NoRIRIDIRF pF ¢ SRAREOPK kil jnhibitor, an
inhiitdr)of Bl cAdp@lcBinaBgbiviatacod findity @br &BMple @rﬂE@gerhﬁﬂ%l tyrosme kinase

(iii) interleukin converting enzyme (ICE) inhibi
inhilfitoy su¢hsON(31ehio- ﬂd’ruor@h)%nﬂdﬁ gnvptbaxy-ribecul e

ibitors includi VLA- ath
morg il bioBh b i P Er LB IR N i RS 6.7
bls(l-ﬁfeﬂﬁixgiéth&y’)Q@ﬁaio'huahalﬁﬁleQéﬂiotlﬂﬂb KOSIIAKS 0P b- aM@ﬁmﬂ‘d@fN (3-chloro-
nple Gefitinib or Imatinib nesylate), a ser

4- ﬂltoﬁ@lé)@ﬁ}’lﬁrg (RrRampholinapsepoxy ) N azalii-pangpe (1 1&3ﬁ/blpan<mhﬁ§f@r of the
platecl&c(rérl% d oR%&h fa]cwﬁ %fl?t(ﬁrl an i Fl’llgﬁéteof%he R foc?! rg?{)\z/{h@(ﬁtor family;

or a se Tnvolved ih cel cycle reg
(v) aaandangibgenickeeandehts kharatizh inlivitd thy effbcis 06 easbular endothelial

growtnggcr‘g%a%%w%ggﬁé%ég% gl{l]tggfgsgh glﬁb t]gqhal %e)ggrgwfh} ab‘%a?nt?b%%%

bevA#SHb, § QmBRAIRER1d:04 FWE 982288 KD b7)5803 41108 97/32856 or WO
oxi dase inhibitor, for exanple allopurinol; (xii)

98/13B $Dosa q:qmmadtthat faork sstyaanpitler mechanism (for exarnple linomide, an

inhibitor of integrin awv33 function or an angiostatin);

(vi) a vascular damaging agent such as combretastatin A4, or a compound disclosed in WO

99/02166, WO 00/40529, WO 00/41669, WO 01/92224, WO 02/04434 or WO 02/08213;

(vil) an agent used in antisense therapy, for example one directed to one of the targets listed

above, such as ISIS 2503, an anti-ras antisense;

(viil) an agent used in a gene therapy approach, for example approaches to replace aberrant

genes such as aberrant p53 or aberrant BRCA1 or BRCA2, GDEPT (gene-directed enzyme

pro-drug therapy) approaches such as those using cytosine deaminase, thymidine kinase or a
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probeneci d, sulfinpyrazone or benzbromarone; (xiii)
1m@move kwhor none secr et agogue; (xiv) transform ng
w@e@nomstact or (TGH(3); (xv) platel et-derived PEDGBR008/051173
factor (PDGF); (xvi) fibroblast gromh factor for
exanpl e basic fibroblast growh factor (bFGF); (xvii)
granul ocyte nacrophage colgny stinulating factor
(GWCSF); (xviii) capsaicin cream (xix) tachykinin 30
NK. subl . or NK. sub3. receptor antagonist such as
bactMHdP n&EEEduchiBe 3AAIarld HpRALRRIY iRtredse parithBiolér¥de to chemotherapy
el astase i nhibitor such as UT-77 or ZD 0892; (xxi)
or ridmﬁhqamhwb@ﬁveﬂtnﬁﬂ@ r@mtyn@ gqnn hasiyopr (TACE) ; (xxii)
i.tric oxid

hi, bi t
(ix) an. ? en?}lse 4 30 irﬁ}mfupotﬁlara GIRJ&. P ]%?I; ?#f‘?fg%@lex Vo and in-vivo

appﬁ@ﬂeﬁﬁzﬁ@%wh@ TBmuB&zentdM§oIPhti érd At cells, such as transfection with
receptor-honnlo ous mnol ecul e expressed on TH2 cell s,

cytokige pclSs ant@mqlazl 2 dntelgen dtoy grawlacyte-magipphiags coleny stimulating
factdt Sépéar 30%%3 to"’l%%%l é'? Sg{l/ nglérg%e pt%%%lgﬂ{%%tsfng'ﬁaﬁ%tﬁégg Cr{lﬁlluh? cells such

as cﬁﬁkmwﬂaﬂﬁégbdz dereleieiptcolls approbhcles uBﬂg(Zyto((m)éWam}fected tumour cell
i nhj bi tor. of transcr;gélon factor activation such as

lines\preggppygsphesgising pRttgdiogpiq satipofies- a 5 gl ucocorti coi d
r effﬁmtﬂirenﬁ‘&p&}ilﬁﬁow be 1lﬁls{r¥1'trea lB? F[heaﬁ)ﬁg&ﬁngtrﬂ)% lﬂﬁﬁﬁg I'Etxarn les n
i nvention provides a conbination (for “exanple

whidhy, eslessestatedbthOOBE;: ast hma or aIIerglc rhinitis) of a

() wHER B R FE MM et S i BE AR SEE SRt pramor dingnostic
prot&iie gRkn PHHts3LL HiBion(PSIBPRRMCB I dtaRb@GTREnd (ToNE) &kin ifiternal

non- ster0|dal | ucocorticoid receptor (GR-receptor)
stan@egdmeéftnmneai a éSQMHZ\ﬂé 4@QMP£¥drserrgj¢€égdﬁlmn0a@eHﬂ\é$ (@DeﬁOCDs) or
cDAS A Q%h%f 10 |so {Srenol i soprenal i ne,
ar Bu ero P ornbterol sal neterol,
(i) theysBpédatal (MS) v@d‘r@ r \@ﬁl&l boh BEctrOIbbﬁdﬂé}t 6 T cle@eyl \@ﬂt@ in the chemical
pirbuterol or_ indacaterol); a phosphodiesterase,
ionisagiap KD arodesising adirest PIRANE MY Micye indigated ipsHstiongwas cffected
[
by e erclgbﬁtqr ag rogtsgg&h(%& %Ugﬂ'hgﬁg g%etsﬁlr?%qu@al%mgafoﬁ (APCI), or
mulmhudmmnrsamm adpmbantiandt ERebrisweiogiaad AdP€rt Whe& values for m/z are
. nndul&@» f. chenpki.n receptor function H
gIvepygse g@B olpn%lw ]éf&d 1gett§t the PRESDL Higss are reporte

quoted are the positive or negative mass ions: [M]", [M+H] or [M-H];

nd tﬁe mass 1ons

(ii1) the title and sub-title compounds of the examples and preparations were named using the
IUPAC name program Struct=Name 9.0.7 from CambridgeSoft Corporation.

(iv) unless stated otherwise, reverse phase HPLC was conducted using a Symmetry®,
NovaPak® or Xterra® reverse phase silica column, all available from Waters Corp.; and

(vi) the following abbreviations are used:

AIBN 2,2’-Azobisisobutyronitrile

Burgess reagent Methyl (carboxysulfamoyl)triethyl ammonium

hydroxide inner salt

CbzCl Benzyloxycarbonylchloride
d Day(s)




an inhibitor of kinase function (such as the kinases

1M P81 wEvhKK) .
W@ baparseut i ¢

The invention also provides a
al product conpri sing,

i n combi naRCDGB2@S/051173

preparation of a first active ingredient which is a

compound of
acceptable s

formula (1) or a 25 pharmaceutically

alt thereof as 4gpreinbefore defined, an

d a

preparation of a second active ingredient whichis a
non- st eroi dal gl ucocorticoid receptor (GR-receptor)

pagoni st; a selmefibNRfane adr enoceptor agonist; a
phosphodi estlerase inhibitor: 30 a protease

DiCMhi bi t or ; dD@hum@ndthEO|d 1f12f11 fl -1 DAV' WO
0“““/“74829 f‘D')n IOSJ.J.I CI.II CI.IIL I \JhUI I Ilel \‘JI A3

D§H§nt, a nodwwépu cthy H@ﬂ@ﬁﬁ%?ne receptor function; or

DS NNi DT Tor | BfmEhy1aiRokHACTT ON; Tor sinul taneous,
sequential or separate use in thera 5 In another

gaspect, the |Gmmmﬁ)on provides a kit conpr|5|ng a
nronar At 1 ~n FaY H ot H pava I nt oh FaY
|J| C'Jul AT T U1 \vJ LN IQL UL’LI VC I IIUI Cul CIIL V II L;II IQ (@8

hconmpound of %?Wﬁpa (1) or a pharmaceutically

HAgGEPL abl € S 1}‘1 r’)’eA%En jaZdRN ?IP P§I307. ‘c’etl%ﬁ{fekaﬁﬁomﬂﬂld
a preparation second act1ve 1 ngrédi ent ichis
a non- ster0|daka@hmnpmmphuc0|d receptor (GR receptor)

FBRSC phodi ot PhB IR (oA Om s P Ea AT e D! ¢ or

H?L@'UCOCOII'Cﬂgﬁﬁgﬂﬁﬂnﬂﬂkﬂﬁﬁﬁkmﬂﬁﬁ&b gﬂ@”t s a
nodul at or of| ch ki ne receptor func an

Hunigi oB4ser of Bna&m@nmmmﬁmmuw(EdhﬂA)nstructlons for the
cirmilt ananiic coniant 1 oennar at N A trAati An ~f

LENS pr ;;;;’;; gquidc }o‘rhé‘t'ography-"rf{a“s's spectroscopy

min Minute(s)

mL Millilitre(s)

n-BulLi n-Butyllithitum

NMP 1-Methylpyrrolidin-2-one

RPHPLC Reverse phase high performance liquid chromatography

RT Room temperature

SCX Strong cation exchange resin

TBAF Tetrabutylammonium fluoride

TBTU O-(Benzotriazol-1-yl)-N,N,N’ N’-tetramethyluronium

tetrafluoroborate

TEA Triethylamine

TFA Trifluoroacetic acid

THF THF

Intermediate 1: tert-Butyl (25)-2-({[(15)-1-cyano-2-(4-iodophenyl)ethyl]amino}-

carbonyl)piperidine-

1-carboxylate
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15

to a patient in need thereof. 20 A conpound of the
1mamwvemtvon can al so be used in conbination with an
cancer, for exanple suitable agents include: (i) an
antiproliferative/antineoplastic drug or a conbination
al kyl ati ng agent (for exanple cis-platin, carboplatin,
cycl ophospham de, nitrogen nustard, nel phal an,
antinetabolite 25 (f npl e an an%%folate such as a
fluoropyrimdine |ik 5 f uor?%raci r tegafur,
EﬂAﬂgg;rabinoside,
hydr oxyur ea, gentiftab
antitunour anti blewWN /zhp @xanp arm@nt hracycl i ne
cin,
daunonyci n, epirubicin, idar ub| ci n, nmyci n- C,
dacti nomycin or nithranycin); an antrmtdti c agent
a) NiartyBatoxy prsbonpil hdréedond- )arhenylplgnekmidee, or a taxoid
such as taxol or taxotere); or a topoisonerase 1f12f11
inhibitor (for exa e n epi podophyl | ot oxi n such as
et oposi de, teni posi dg] cring, topotecan or a
anti oestrogen (for exaﬁgre XINHH torem f ene,
ral oxi fene, droloxifenel or |odoxyfene) an oestrogen
an anti androgen (for exanple Dbi am de, flutam de,
ni |l utam de or cyproterone acet af LHRH ant agoni st
erelin pr gen megestro
N-(f%réi?t%%ﬁca‘)baﬂya% Tl RE fﬂ ?xtrgffpedé% pamggy, 1998, 9, 503]
(12. W%ﬁgé@é@éo@vedllﬁﬁw Siﬁ) nﬂé?éxﬁizt%'tﬁe féfsul%g g@lﬁﬁ@ﬂ‘%}as QJdea'N cthyl-
moq@hqhn): (&8 nalglermd Zf\ﬁl—HFbenmtrlbml@-lqéht @13, k@ltﬂamemya'gomnm
or..e l.e tal |l gpr ot ei nase inhi
tetra TR R 05t T isp SR G Hoo RGBS G for 05 b
growt h factor function, for exanple: a growh factor
allowert folreahh Ipbmrtempaapllr@ovdrmgha dhe recthtmartichoapoured into water
title kbmpSErd (MD30) 9k vRfite@oBES | N€/ t hr eoni ne ki nase
inhitbitor, an is inhibitor of the epidermal growth
Hz, SH'338 (s, 1H), 6.80 (d,J = 8.7 Hz, 1H), 4.10 - 4.00 (m, 1H),2.94 - 2.86 (m, 1H),
2.73 -2.62 (m, 1H), 1.30 (s, 9H)

WwW@20080748¢0 t herapeutic agent for the treatnentPOf/GB2008/051173
t hereof, as used in nedical44 oncol ogy, such as an
chl oranmbuci |, busul ph or a nitrosourea); an
raltitrexed, nmethotre
pacl itaxel); an
such as adri anycin, Ieo cin, do
(for exanple a vinca al kal oid such as vincristine, 30
fl -1 D AV" WD 2009/ 074829 PCT/ GB2008/ 051173 41
canptothecin); (ii) aocyt tatijc agent such as an
recept or down regulatorclfor ke fulvestrant), 5
or LHRH agoni st (for exanple gose elinI | euprorelin or
Itor of ba-reductase” such sterid
then@6bic¥ @ OPCT RGERIS arinttHed #3‘5@4) 3.4 ﬂnl% wal all I BHHRY mBrure was
mab, .or the anti-erbb 1 cet yxi. :
(300 b5 D B Brcig s e St Sk B b iR She g g the sub-
'H NMBt(399. PlﬂthHIZ dpIMELARY.@ @n./ EG-ROEZzaM), . 30y(s.08HNe .07 (d, /= 8.3
m/z 389 [M-H|
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i nhi bi tor such as

1n2iN 89 ohhor 0- 4- f | uor ophenyl ) - 7- met hoxy- 6- ( 3-

worgroplaoisenopr opoxy) qui nazol i n-4-am ne (gefi ti NPET/GB2008/051173
AZD1839), N-(3-ethynyl phenyl)-6, 7-
bi s(2- met hoxyet hoxy) qui nazol i n-4-am ne (erlotinib,
CSl -774) or 6-acryl am do- N-483- chl or o-
4-f | uorophenyl)-7-(3-nor phol i nopropoxy) qui nazol i n-4-am
ine (Cl 1033)), an inhibitor of the 20

b) 435@5 %)%heggﬁlaﬁﬁg@&@m h factor famly, or an inhibitor

e hepatocyte growth factor famly; (v) an

antlanglogenlc agent such asQone which inhibits the
effects of vascul ar en EE;Lﬂg;negromﬁh factor (for
exanpl e the antl-vascu hd lial cell growh
factor anti body bevaC|zumab a onpound di scl osed in
WO 97/ 22596, WD 97/30035, W
98/ 13354), or a conpound tha s by anot her
mechani sm (for exanple |inomy a0 25 inhibitor of
integrin av(33 function or an anhgiodtatin); (vi) a
vascul ar damagi ng agfnt such as conbretastatln A4,

N-(rgrrE3tpoisadony Edradestl i thopralaggropdse. 249 Wiy dsgbgd H%CM (20
mL)%ﬁ% 82206 O 9ddatT FX%@%&%%ATGQ&IOMIQ Q%;g-ghrreid at room

(vii) an agent used In | sense therapy, for exanple
tempmaiuﬂ:g foe@tfehi thteo coneenthtet] he dtyacgyatnded iedted pr@;bweThcsa:ruhe

n,anti Viii
e R ed o o R DR % By S SaRae GF P washed off
with8PP eaLRESoft DCHERIBBEhARRA! théMthe cﬁﬁﬂ& v%!é:au@a vARET 08 Bfmonia in
p53 or aberrant BRCAL or BRCA2 (gene-directed
methamply fbuenp fromghe @atnehwra&prw)celatw%M@ess trcivethetfhapdmse of the sub-
ine se, thym dine kinase or a 1f-2n

0
“ﬂeﬁo‘?lp‘%"}géé%aﬁv /SB 829 PCT/ GB2008/ 051173 42

'H NMIRE(@09 8147 RIHZ, ABASMSTASE . @ﬁszaﬁn de z@@c h@ﬁ $.04 (dt,J=8.7,
I NCr ease patlent tol erance to chenot erap

2.1 Haditbt 68t épylBud32as . Afulm,i L), AP4r(ddi bt é&éeS géihze 1H), 2.60 - 2.53
r . (i x) an agent used in an i mrunot herapeutic

(m, gEﬁ gg%& %&Qr exanpl e ex-vivo and in-vivo approaches

nyzgglpmgﬂgase t he i mmunogenicity of patient tunour

cells, such as transfection with 5 cytokines such as
interleukin 2, interleukin 4 or granul ocyte-nmacrophage

c) (5‘3[19 t}gtrgle@gi/?tdhl% § 2 tlc’édéopl&%ﬁﬁf P3 gﬁ%P %g/ dp%?‘t%%?oﬁle)plpendlne 1-

cmb@ﬁ%h& such as cytokine- transfected dendritic cells,
approaches usi ng cytoki ne-transfected tunour cel
| i nes and approaches using anti-idiotypic antibodies.
The invention will nowdpe illustrated by the follow ng
non-limting Exanpl eg i [ [
ot herw se:

4-lodo-(L)-phenylalaninamide (2 g), (25)-1-(tert-butoxycarbonyl)piperidine-2-carboxylic acid
(2.4 g) and diisopropylethylamine (3 mL) were dissolved in DMF (10 mL) and to the solution
was added 2-(1-H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate (3.3 g).

The reaction mixture was stirred at room temperature overnight. The reaction mixture was
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(i) when given, 1H NVR data is quoted and is in the
1n2dr e oindel t a val ues for maj or diagnostic protons,
w@rooen748e0 parts per mllion (ppm relative to PCT/GB2008/051173

tetranmethyl silane (TM5) as an internal standard,

determ ned at 300MHz or 400MHz using perdeuterio

d6- DMSO (CD3S0OCD3) or CDClge as the sol vent unl ess

otherwi se stated; is (ii) mass spectra (MS) were run

with an electron energy of 70 electron volts in the
dilu@BSMICAtthyl @Rr3200 AIN.) tiehn)wdTRELwHE WABerf2 S ff! ?En@?ﬁﬁ’ﬂbSM&QSO mL).

probe. Were indicated ionisation was effec
The ergaoics ospe diyed oer swehemum Bdfate, diltemdm@mo)eﬁwratﬂdes g@euw. Crude

et A 3560 28k AFFbio e RSO Bl e
tltlefc@ﬂhpﬂﬁrﬁi @rss g)ak ¥eovil. general ly only ions which indicate
parent nass are reported, and the mass ions 20

H NMBt(é%9 afeMtie CﬂRElB)t?i 7/é3 o, degati k8 Hm%H),l%%s(dd[M\S 6, 2.0 Hz,

1) iR S HD- Sl Bl 3 B2 oo g il (rurilly 3.90-

3. 78U, NG, BE 5 - 13W0AE, NZE 2pI30gy, NSt EH§3t2'LNaJTB1£(rQ THD,F 1068 - 1.43 (m,
Canbri dgeSoft Corporation. (iv) unless stated
14Hpt her wi se, reverse phase HPLC was conducted using a
NovaPak(r) or Xterra(r) reverse phase
m/zsrﬂj@ %gﬁiﬂm all available fromWaters Corp.; and
25 (vi) the foI | ow ng abbreviati ons are used: AIBN

, Azobi but yr oni. t u rea ent Net hyl
d) G%hf%rﬁ%&x%ﬁ?him%%@@ﬁ%%s Bmea mﬁﬂnwboxylate
salt Cbzd Benzyl oxycarbonyl chl ori de d Day(s) 1f-2ni
n_i D AXI" WD 2009/ 074829 PCT/ GB2008/ 051173 43 DCE
1, 2- Di chl or oet hane _chl or onet hane DMF
N, N- Di net hyl f or mam d O Dipet hyl \sul foxi de g

Gran(s) h Hour(s) (1 7- enzotriazol - |
met hid ur oYy um

-yl)-1,1,3,3-tetr
/g O <
I

(8)-tert-Butyl 2-((S)-1-amino-3-(4-iodophenyl)-1-oxopropan-2-ylcarbamoyl)piperidine-1-
carboxylate (2.88 g) was dissolved in DCM (40 mL) and to the solution was added

(methoxycarbonylsulfamoyl)triethyl ammonium hydroxide (3.42 g). The reaction mixture was
stirred under nitrogen, at room temperature overnight, then concentrated in vacuo. Crude
material was purified by flash silica chromatography eluting with 20% ethyl acetate in
isohexane to give the title compound (2.7 g) as a white solid.

'H NMR (299.946 MHz, CDCl3) & 7.68 (dt, J = 8.6, 2.0 Hz, 2H), 7.02 - 6.99 (m, 2H), 6.54 (s,
1H), 5.20 - 5.08 (m, 1H), 4.68 (s, 1H), 3.94 (s, 1H), 3.15-2.96 (m, 2H), 2.49 - 2.32 (m,
1H),2.24 -2.14 (m, 1H), 1.67 - 1.32 (m, 14H).

m/z 482 [M-H]
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hexaf | uor ophosphate HM N Argonaut Isolute (r)
1ma@inatwmaoeous earth cartridge HPLC Hi gh performance
WO p@abdsehr omat ogr aphy Huni g'' s Base PCT/GB2008/051173
Di i sopropyl et hyl ami ne (DI PEA) LCMS Li quid
chr omat ogr aphy- nmass spectroscopy mn Mnute(s) nL
MIlilitre(s) n-BuLi n-Butytlithium NW
1- Met hyl pyrrolidin-2-one RPHPLC Reverse phase high
performance |iquid chromatography RT Room tenperature

InteSR¥ditd £N&) 215 -Anif s DANSSefhe BbibheABAE carbonitril
L) i it 2 MG e BbIphed A carbonitrile

O (Benzotriazol -1 -yl)-N N NN -tetranethyl uronium
tetrafl uoroborate Téiz'\l\hlxj/e%%yl am ne TFA
Trifluoroacetic acid THE THE Internedi ate 1:

tent - But yl
(2S9)-2-({[ (I S)-1-cyano-2-(
car bonyl ) pi peri di ne-1| - car boxyra 2ni n_i D AXI" WD
2009/ 074829 PCT/ GB2008/ 051173 44 N 0 OO a)

N- (tert-But oxycarbonyl)-4-iodo- ( Ly phenyl al ani nam de X
ON,A OY NH2

dophenyl ) et hyl ] am no} -

Triethylamine (43.2 mL) in DCM (150 mL) was stirred, under nitrogen, in a cold water bath
and methyl chlorosulfonylcarbamate (21.01 g) in DCM (200 mL) was added dropwise. Once
addition was complete, the cold water bath was removed and the mixture was stirred at room
temperature for 30 min. (S)-tert-Butyl 1-amino-3-(4-iodophenyl)-1-oxopropan-2-ylcarbamate
(18.9 g) was added and the mixture was stirred at room temperature for 18 h. The mixture
was washed with water and brine then dried over magnesium sulfate, filtered and
concentrated in vacuo. The crude product was purified by flash silica chromatography, eluting
with 20% ethyl acetate in isohexane. Pure fractions were evaporated to dryness to afford (S)-
tert-butyl 1-cyano-2-(4-iodophenyl)ethylcarbamate (16.46g).

'H NMR (299.946 MHz, CDCl3) & 7.70 (dt, J = 8.7, 2.1 Hz, 2H), 7.03 (d, J = 8.1 Hz, 2H),
4.89 - 4.67 (m, 2H), 3.02 (m, 2H), 1.44 (s, 9H).

b) (S)-tert-Butyl 1-cyano-2-(3'-cyanobiphenyl-4-yl)ethylcarbamate
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O 5 N (tert-Butoxycarbonyl)-4-iodo-(L)-phenyl al ani ne

1m4ihetw shodr on: Asymmetry, 1998, 9, 503] (12.73 g) was

wale@or4sed in DVF (120 nl) and to the resulti NRCT/GB2008/051173
solution was added N-ethyl- norpholine (6.2 nL) and
2-(1-H benzotriazole-1-yl)-1,1,3,3-tetranet hyl uroni um
tetrafl uoroborate (10.45 g)48 The reaction m xture was
stirred at roomtenperature for 0.5 h then cooled to
0 C. Aqueous anmonia (35% 3.6 nL) was added and the
mxtwevms|oaHomﬂtowemyNomntamaaune
overni ght. The reacti® x\yré?mas poured into water
(800 n.) and the?2>Ft|p ate that forned was renoved
by filtration and drledjto RV

e the sub- title
conmpound (10.3 g) as a white gplid] iH NVR (299. 947
: 7.36 (s, 1H),
I

MHz, d6-DVMBO) 6 7.62 (d, J= 8
7.07 (d, J= 8.3 Hz, 2H), 7.01 T¥, .80 (d, J

8.7 Hz, 1 H), 4.10 - 4.00 (m 1H), 2.86 (m

H, is 2.73-2.62(m 1H), 1.30 (s, 9H z 389 [MH
1f-2ni n_i D AXI" WD 2009/ 074829 PCT/ GB2008/ 051173 45
b) 4-1o0do-(L)-phenyl al ani nam de O H2N{['A NH2

N- (tert-Butoxycarbonyl)-4-iodo-(L)-phelNyl al ani nani de
(4.24 g) was dissolved in DCM (20 nlL) and to the
sol ution was added TFA (20 nL). The reaction m xture

A sl Rl Ry B8 2id STPELE (b O e A 020
iodophergé)ctiptearbaatatoiay) m&ﬂi me[lsls( lohdqxb\emyiph)osgmnS)Qé(thane]palladlum (0)

rtridge bas rites were ed. off wth
(0. 2‘i3a Y %%We?ﬁ% f@%}w ARrAs, S“frﬁ%#art lﬂem@aﬁtsao 18’@8 of potassium

carbwﬁeﬁe @ 1 efinW it (@s@%Le)'Wé%erﬁed thd ﬂﬂ@?&ﬁﬁﬁl{g sofati¥g Q\tas sﬁﬁ’@ﬂ at 75 °C
he latter was concentrated to dryness to give t

for 3‘ In. %et@agbdmlxmm@wgmpourtd inte wenpontaidingdryg aad eatrwmd ‘erlth cthyl

acetistgnl(i g'l&b glg {0 132_1}9169(1 gr%Z%l&s \(\fa{e W%S%V\)-yth sa‘rélra?ed’_}%rm X 50 mL),
dric® o4 sb§ium su'l'ﬂate ad3dsorb&d @fto 6ilica .| THd crude [Fdud dvas urlﬁed by flash

13.4, 5.1 H, | H, 2.60 - 2.53 (m 1 1.68
silicg pt}rornatography, eluting with 20 % cthyl acetate in isohexane. Pure ractlons were

evaporated to dryness to afford (S)-tert-butyl 1-cyano-2-(3'-cyanobiphenyl-4-
yl)ethylcarbamate (8.42 g) as a pale yellow solid.

'"H NMR (399.824 MHz, CDCl) & 7.86 (s, 1H), 7.80 (dt, J = 7.9, 1.3 Hz, 1H), 7.65 (dt, J =
7.7, 1.2 Hz, 1H), 7.59 - 7.53 (m, 3H), 7.41 (d, J = 7.9 Hz, 2H), 4.94 - 4.74 (m, 2H), 3.17 (dd,
J=13.7,58 Hz, 1H), 3.11 (dd, J = 13.7, 7.0 Hz, 1H), 1.45 (s, 9H).

¢) (5)-4'-(2-Amino-2-cyanoethyl)biphenyl-3-carbonitrile
N

HN._Z
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mz 291 [MtH + is ¢) (S)-tent-Butyl
1m&n (Bypwh- am no- 3- (4-i odophenyl ) -1 - oxopr opan- 2-yl car bam
W@900ppo748e9 i di ne-1 - carboxylate O H N Y N NH2 POI/GBR008/051173
4-1o0do- (L) - phenyl al ani nam de (2 @),
(2S)-1-(tent-butoxycarbonyl) pi peri di ne-2-carboxylic
acid 20 (2.4 g) and diisopgopyl ethylamne (3 nL) were
di ssolved in DMF (10 nL) and to the solution was
added
A s@pédsrdﬁmgmwmﬁoj sydn-o;d 13*-bydnoBiphehAt4-an@h PhiBE AR YRY o) in
tetrafl uoroborate . % he reacti on m Xxture was

formye peid €H00amLy W@Mttl‘éfﬁbmdéte@ﬁeé t@§@ PG fayH0. mimhEhe sadtifeomas

2009/ 074829
condBpifi SR P st uadmheeRor Wi iR SRR A k) g dgpded on
to aﬂT’é() g Saencarasriae dT v 1hfbu%b§ﬁzet(e%héﬂ-ﬁhr@[gﬁ voiEH methaAx (26®mL) and

The organlcs were dried over nagne5|un1sulfate

dlSCMﬂP@ ehe predigt wanelaredrathe BN imethamelip ammope( 1 5P rdghgad cyigporated in

T s B D O B AR, Mo
afforiS(Saa'-(Bi-hmin- Awaﬂwahyg&gh&%mazbon@a@:l@)szag)? 63 (dd

'H 32332?%9%@%%’092@)’8?835 778 g 06768 il 1 11, (g, 7.60 -
7.52 (§n 31H)|'|)7’43‘O}d7J7 81‘&{26%}1()'11 03ty 94%1'11901H)i§1§83((m(n1 iﬁzy 1.73 - 1.63

(m, (Zhi) | H, 1. 68 - 1 43 (m 14H) . mz 401 [ M BOC+H] +
10 d) (S)-tent-Butyl
2-((S)-I-cyano-2-(4-iodophenyl) et hyl car banoyl ) pi peri di

InteP@elia€e8 0@ 2L &fnfno-81 M%@Imeﬁ%fl@]ﬁ)optaﬁéﬁltﬁétw 2-((9- |
-am no- 3 4- |odophenyl
-oxopropan 2- ylcarbanoyl)plperldlne- Il - is
carboxyl ate (2.88 g) was dlssokyed in DCM (40 nL) and
to the solution was add
(nethoxycarbonylsquann@I rlethyl amoni um hydr oxi de

(3.42 g). The reaction n1x€ure:mas
I

(S)-tert-Butyl 1-cyano-2-(4-iodophenyl)ethylcarbamate (1.4 g) and formic acid (3 mL) were

combined and heated at 50 °C for 10 min. Solvent was removed in vacuo and crude material
was loaded onto an SCX cartridge. Non-basic impurities were washed off with methanol, then
product was eluted with 10% ammonia in methanol. Solvent was removed in vacuo to give
(S)-2-amino-3-(4-iodophenyl)propanenitrile (0.900 g).

'H NMR (399.826 MHz, d6-DMSOQ) & 7.68 (d, J = 8.2 Hz, 2H), 7.11 (d, J = 8.2 Hz, 2H), 3.93
(dd,J=17.9, 6.9 Hz, 1H), 3.39 - 3.28 (m, 2H), 2.92 - 2.80 (m, 2H).



5

10

15

stirred under nitrogen, at room tenperature overnight,

1mdterp voncentrated in vacuo. Crude naterial was
wEeoohiesed by flash silica chromatography el utiPQr/aBRiws/ 051173

20% et hyl acetate in isohexane to give the title

conmpound (2.7 g) as a white solid. 20 i H NVR (299. 946

MHz, CDCl3) 6 7.68 (dt, J=46, 2.0 Hz, 2H), 7.02 -

6.99 (m 2H), 6.54 (s, | H, 520 - 508 (m | H),

4.68 (s, I H, 3.94 (s, I H, 3.15 - 2.96 (m 2H),
Intefmidiate £ (%%térFfBu Zﬁw-h}}(éflzgan% ? (%ﬁf)(ﬂmb ﬁfﬂuor&blﬁﬁenylh 32
~(m TI4H).
yl)emwbwme,@lQmPMdmzbwmsmm 47 Inter rredl ate 2

(S)-4"-(2- Am no- 2- cyanoet hyl ) bi phenyl - 3- caﬂponltrlle

HZN NN a) (S)-tent-Butyl Z

1-cyan-2- (4-i odophenyl) et hyl car bang

- ~1 Triethylamne (43.2 nlL)_i

stirred, under nitrogen, in erFbath and

met hyl chl or osul f onyl car banyg

n.) was added dropw $B.

the cold water bath

stirred at roo

(S)-tent-Buty

1-am no-3-(4-i0

(18.9 g) was added a ﬁ7ﬁ: m xture was stirred at room

tenperature for 18 h.OThe xture was washed with

wat er and brine then dried over magnesi um sul f at e,

filtered and concentrated in vacuo. The crude product

urified by ash sjljca. chromatograp el uting
) (W Bl et app° st sane P rbeatel- bR BLckogEitons
were evaporated to dryness to afford (S) 1y tent-butyl
1-cyan-2- (4-iodophenyl) et hyl car banmate 6746g). i H NWR
(299.946 MHz, CDC13) 6 7.70 (dt, 7, 2.1 Hz, 2H)
7.03 (d, J = 8.1 Hz, 2H

e¢noved and the m xture was
e for 30 m n.

oxopropan 2-yl car bamat e

NN

A solution of 4-cyano-3-fluorophenylboronic acid (0.736 g) dissolved in dioxane (10 mL) was
added to a stirred solution of (S)-fert-butyl 1-cyano-2-(4-iodophenyl)ethylcarbamate (1.51 g)
and bis[bis(1,2-diphenylphosphino)ecthane]palladium (0) (0.037 g) in dioxane (20 mL) under
nitrogen. The resulting mixture was stirred for 10 min. A solution of potassium carbonate
(1.121 g) in water (5 mL) was added and the resulting solution was stirred at 75 °C for 3 h.
The cooled mixture was evaporated to dryness. The residue was taken up in ethyl acetate (150
mL) and washed with saturated brine (3 x 50 mL), dried over sodium sulfate and adsorbed
onto silica. The crude product was purified by flash silica chromatography, eluting with 20 %
cthyl acetate in isohexane. Pure fractions were evaporated to dryness to afford the subtitle
compound as a colourless solid (0.568 g).

'H NMR (299.946 MHz, CDCls) & 7.70 (dd, J = 8.0, 6.6 Hz, 1H), 7.59 (dt, ] = 8.4, 2.0 Hz,
2H), 7.49 (d, J = 1.5 Hz, 1H), 7.45 (dd, J = 6.2, 1.6 Hz, 1H), 7.42 (d, ] = 8.8 Hz, 2H), 4.94 -
4.76 (m, 2H), 3.23 - 3.06 (m, 2H), 1.45 (s, 9H)
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4.89 - 4.67 (m 2H), 3.02 (m 2H), 1.44 (s, 9H . b)
1m{198) +1b sh- But y|
wa2e@yans2e (3' - cyanobi phenyl - 4-yl ) et hyl car banmat BCT/GB2008/051173
n_i D AXI" WD 2009/ 074829 PCT/ GB2008/ 051173 48 CQu NN
I ON A solution of 3-cyanophenyl boronic acid (4.74
g , (S)-tent-butyl 1-cyanosg- (4-
i odophenyl ) et hyl carbamate (10 g) and
bi s[ bi s(1, 2-di phenyl phosphi no) - et hane] pal | adi um (0) 5
(0.243 g) in dioxane (100 nmL) under nitrogen, was
stirred for 10 mn. A solution of potassium carbonate
b) (YA 43 Agyinp3-gpanesthy3§-thioroviplenabtdesdrbantrilche resul ti ng
solution was stirred at 75 C for 3 h. ﬁhe cool ed
m xture was poured into water copiai pgAg brine and
50 nL). The

extracted with ethyl acetate (r

conmbi ned organi cs were washed W aturated brine (3

x 50 mL), dried over sogi uvSul *at e 'Rnd adsorbed onto

silica. The crude produc a$ purified by flash io

silica chromat ography,gel¥ing with 20 % et hyl acetate

in isohexane. Pure frdctions were evaporated to

dryness to affordy {~-tesl-butyl

1-cyano-2-(3'-cyand%ipheﬁMN-4- yl ) et hyl carbamate (8. 42

g) as a pale yellow solid. iH NW (399.824 M1z, CDC13)
(S)-grrB@pl [-syanpr-(4'2y8®-3 dluorgbiphepyb4-yhethylgarbamdfe (075895) was

s el fnP g0 9 o ST B g

evapfﬁatdd, ?is}igl.v&?d irﬁngﬁtbhbrﬁol)aﬁ&l)lpplﬁed]t& a(10dy SAX=olsan! Thé cOlubth, was

L. S, . C) . .

Wasle%)wuh methapgl; then duted avidiet 4vg pymrgpiretynetancd, herileate pas
;1 D AV' WD 2009/ 074829

evq%g%%%ga%%%§%§%%$§&5%g A suspension of (S)-tent-butyl

'H NMBy(399.824 BIHz; yANcIbi phédydd, 4=y8..et hidzc B h Aot (dt, (8- %13 9).9 Hz,

om) Py (R I B9 ALE I8 Th) 48S 841 S8 A% (RRY 2% 12Phz, 1),

4.02 -3.96 (m, 1H),3.15 - 3.05 (m, 2H), 1.66 (s, 2H)

¢) (S)-tert-Butyl 2-((S)-1-cyano-2-(4'-cyano-3'-fluorobiphenyl-4-yl)ethylcarbamoyl)-

piperidine-1-carboxylate

A 50 % solution of propane phosphonic acid anhydride (0.964 g) (T3P) in DMF was added to
a stirred solution of (S)-1-(fert-butoxycarbonyl)piperidine-2-carboxylic acid (0.290 g), (S)-4'-
(2-amino-2-cyanoethyl)-3-fluorobiphenyl-4-carbonitrile (0.335 g) and triethylamine (0.880
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concentrated in vacuo. The crude material was

1mainsewkwoed i n nmet hanol (10 nL) and | oaded on to an 50

WQ2@@R74829 t ri dge. The inpurities were washed tPCDGHR008/051173
wi th nmethanol (100 nL) and 5 discarded. The product
was eluted with I N nethanolic anmonia (150 nL) and
evaporated in vacuo. The rgsidue was further purified
by flash chronat ography, eluting with ethyl acetate to
afford

mL)(HSbMF (j arL?@& 0oc 276y %Ql%ﬁlg)éb]hﬁbﬁ’ a@@ uﬂo\;?»ec%r\@a}ﬁi terT &nd stirred
(3 H NVR (299. 946 Mz, 13)

for ](Srh "qua)mlxtpreﬁwas( peuredinto water a11d llrlmqandj[[hp mlxituﬁoextraqteg with ethyl

acet%tﬁ) Thegclzrg%mcs gerggva(sﬁ%d_ ‘ﬁ&& satEraiiegzol_I}nf é%ods ailg eafﬁg)ori . The crude
produbt wismatifRUSyIlash silica chrornatography, eluting w1th 30% cthyl acetate 1n

(S)-2-Am no-3-(4-iodophenyl ) propanenjtril H2N N 1
1sohg>51n§ Sjure ér,art:‘u%tqure evaporate to ryness to afford (S) tert-butyl 2- ((S) 1 -cyano-

eSS AR OR LGSR by 08 s ot
sohcf@)r44BOg)m n. SoI vent was renoved in vacuo and cr ude
mater|

'Y BbE s Vi STRISHRG 70 TR ol B Aoy Las Hor T He: 2D, 7.46 (¢,
=38, Pmdm} 7was. el rﬁdmb t5“2610§/q9m{0f11H§ 4, *ﬂz ”E%%ﬂo'lﬂ) 4.04 - 3.88 (m,

Sol Vent was renmpbved i'n vacuo to
1H) ()2 23 Alri(mo 28D ( 258 eaépmenym)pz@paaelm (m i 219), (699005 %gm, 4H),
145% (399.826 Mz, d6-DMBO) 6 7.68 (d, J= 8.2 Hz,
A4y N 11 (d, 3= 8.2 Hz, 2H), 3.93 (dd, J= 7.9, 6.9

Hz, 1H), 3.39 - 3.28 (m 2H), 2.92 - 2.80 (m 2H).

1f-2ni n_i D AXI" WD 2009/ 074829 PCT/ GB2008/ 051173 50
Intermediatedli at e 4:

o BT G AR R
carbox{@datdN HN O
Br

a) (S)-tert-Butyl 2-amino-3-(6-bromopyridin-3-yl)propanoate

\Br

~N

o)
H,N ﬁ/
o)

Prepared according to the procedures detailed in Patent W0O2006/127948.
To a slurry of 2-bromo-5-methylpyridine (10.29 g) and N-bromosuccinimide (5.32 g) in
carbon tetrachloride (150 mL) was added AIBN (200 mg) and the reaction vessel was purged

with nitrogen. The reaction mixture was heated, under reflux, for 1.5 h then allowed to cool
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O 5a) (S)-tent-Buty
1mdscy@amon2- (4' - cyano- 3' - fl uor obi phenyl - 4-yl ) et hyl car bam
W@ae@9I/oNsey -, ZF 40 0 N H N A sol ution of PCT/GB2008/051173
4- cyano- 3-f | uor ophenyl boronic acid (0.736 g) dissolved
in dioxane (10 nL) was added to a stirred solution of
(S)-tent-butyl 1-cyano-2-(4s3 odophenyl)ethyl carbamate
(1.51 g) and
bi s[ bi s( 1, 2-di phenyl phosphi no) et hane] pal | adi um (0)
to rdoth @hpethturk NTIH RXAREA rhigRir&ivhs HRERH ah@tHY 1@ ks cdR&ntrated in
resultlng m xture was stirred for 10 mn. A solution
i

vacugfto gitcads Bionra- @ébrbmateéhyl)(pynslm (¢ p)- i Thisnéagsthef Sithl Jeridegyl 2-

e T IS T

yl)nﬁﬂwlﬂ)eﬁ-ﬁanﬂﬁ’a@entﬁlrﬂéigylmSv1ﬁﬁkleﬁzdﬁﬁlbhd?cb‘[bY|2 cﬁﬁa&feaﬁr@mlde (1.073 g)

L) with saturated brine g 0Om),

was drSﬁ@ae%melPC%&OQ sk And dhesdwiPratiaoionkd o ort o smqi@rélatrogen 2-tert-
LU by 15l

Butygﬁ‘ﬁgﬁét (ggtrhgfa:}gltf&ti ?hr?ggfﬁ El:%S% %’/3 & ﬂﬁﬁ{)gp&alglgltle QS rnL%]was added

dropvdeh@xa b eninRud ﬁlefrﬁﬁmrb oS stiedateVa ﬁdrfat @d then dioyressreach RT

to afford the subtitle conpound as a col ourl ess sol
overmghg él"éleﬁactlpp.lnmre( ‘ggsgcog]&gnqp zn@g@i@,z}ndg)&ytltme(@)atweﬁn cthyl
acet@te gnd ?raf%r I"Fhe &1@1 ac&al%%va&%ashe]d W1t§ gdne %:l‘lgd 'g%%r mgé'rl)esmrn sulfate,
ﬁltelfcdl-d)ld cﬂn%ﬁtr@tdd m]vazsua Hld-izlateﬁa-l)qbtdin@ﬂ (S)-tr @ity lrp- (621bﬂ)3m0pyr1d1n 3-

yl)-éﬁ%é}%yﬁ%%%l%p@@ P]%gai%éjag)ggﬁ &%ao%ved 1n—"Il HIPU%XmL) and to the

solufis) wés a&d%d/amle <ama é” ?memw 07530l ¥RE ARRREM stifre@ idRously for

nitrile N ent - Buty
6 h thewg mgntzatmmwam @ndaloadfrdmt@blil §ﬁé<nf§ﬂlrm4ig§/ IBI@tqagmd%@r wasmvashed
w1thhwae[%:r(tg {neg%)l@\/\?’ pT 131&' vga{se tecli] w1t%rlral’/c am onla 1n mmfﬂanop q"he

& cool ed’ m x
solvemapBrrahetkd #hase) M%dvd ﬂhe@eﬂs kiaaebmpachdapl g)ed t o a 10
g SCX col umm. The col um was washed w th net hanol
m/z 8QHA0RINtHd with 10% ammonia i n met hanol . The el uate
was evaporated to give a solid (0.3359g).

b) (S)-2-Amino-3-(6-bromopyridin-3-yl)propanoic acid

Br

7\

OH

H,N

O
(S)-tert-Butyl 2-amino-3-(6-bromopyridin-3-yl)propanoate (4 g) was dissolved in DCM (20
mL) and the solution obtained was treated with TFA (20 mL). The mixture was stirred for 0.5
h, concentrated in vacuo, azeotroping with toluene, and loaded onto an NH»-silica cartridge.
Non acidic impurities were eluted with acetonitrile, then the desired product was eluted with
10% acetic acid in acetonitrile. Solvent was removed in vacuo to give the sub-title compound

2.5¢).
m/z 245/257 [M+H]"
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1H NWR (399.824 MHz, CDC13) 6 7.69 (dd, J = 8.2, 6.7
1nn 1l ey 7.58 (dt, J = 8.3, 1.9 Hz, 1o 2H), 7.47 (dd,
WQ@2009874829 1. 7 Hz, 1H), 7.44 (d, J = 8.0 Hz, 2HyCT/GBA®S/051173

(dd, J =10.1, 1.4 Hz, 1H, 4.02 - 3.96 (m | H),

3.15 - 3.05 (m 2H), 1.66 (s, 2H) c) (S)-tent-Butyl

2-((S)-Il-cyano-2-(4'-cyano-& - fl uor obi phenyl - 4-yl ) et hy

| car banmoyl )- piperidine- | -carboxylate N F N HN

"rO- 15 0 A 50 % solution of propane phosphonic acid

anhydride (0.964 g) (T3P) in DMF was added to a

stirred sol ution of
¢) (Y)Sy(61Braneantyridin-dx)catborpioxyrpbendimmolpropanomsxaid ¢

acid (0.290 g), (S)-4'- Br

(2-am no- 2- cyanoet hyl ) - 3-f | uor oby -4-carbonitrile

(0.335 g) and triethylam ne (0.880 11~ 2ni ni DAX"

WD 2009/ 074829 PCT/ GB2008/ 051123x52N nm.) in DWF (3

m) at 0 C. The resulting sol §tion was all owed to warm

to RT and stirred flr 18 h. e Nkt ure was poured

into water and brife\add t m Xtf'ure extracted with
ethyl acetate. The organi d3 wert washed with
saturated brine, dried and evapofated. The crude

A SRR 2R b hapY S Foph e SO E7R wPHH e 20 mL)
was toaled tooh¥C wed eodava hodrakrid (11 91591 minads) wo atitdfadlowed by di-rert-

t - but (S)
butY§_>ds Igarbe o Gb%u %mL? ﬂﬁp&r@a&.%iaﬁ €H§/"Iure4W§/5I Stetodyt @at Habl e ah & T for 2
h. Thd }_}Silji N Tﬂe %tﬁﬁ%ﬂl&ﬁﬁ@\&/@? cl?ecEQd Q&Jirﬁrgﬁ%t téﬁhb "3¥ (agdﬁ%l?f 093 drop of

sodlumd)hydﬁhxﬁk ((1 M) Sol:veﬂt vVasI-ﬂzmox’de) in v%cz%at(ddhe desidue 8vaR pblza,tloned

betwg}_% gthﬂﬁlcefat?_ﬂn(? \Xatéﬂﬁ“ h% g‘%é% \Yaﬁﬁ)roqggn %_BIKI 3133 \zgﬁ%l\%hﬁ%ochlonc acid

and fﬂdué-’t"\%s cktraged w@th%y(l m:etétéb Th@etl%ﬁ avetdte as(Wsh@dvith brine, dried

.69 - 1.58 (m 4H), 5 (s, 9H". Internediate 5
over(r)gnesinem Bifeig) ﬁlttre@mdz cqrsemmdawfapm - @vy th)e-smbégt/lg iso@mpound
(l‘ggg‘car banoyl ) pi peri di ne-1I -

'H NMR (399.826 MHz, d6-DMSQ) & 8.25 (d, J =2.1 Hz, 1H), 7.64 (dd, T = 8.2, 2.3 Hz, 1H),
7.57 (d,J=8.2Hz, 1H), 7.19 (d, J = 8.5 Hz, 1H), 4.16 - 4.09 (m, 1H), 3.08 - 3.01 (m, 1H),
2.84-2.76 (m, 1H), 1.30 (s, 9H) 1 resonance missing (acid).

d) (S)-tert-Butyl 1-amino-3-(6-bromopyridin-3-yl)-1-oxopropan-2-ylcarbamate
Br

(S)-3-(6-Bromopyridin-3-yl)-2-(fert-butoxycarbonylamino)propanoic acid (1.72 g), N-
ethylmorpholine (1.261 mL) and TBTU (2.4 g) were combined in DMF (5 mL) and the
solution was stirred, at room temperature for 0.5 h then it was cooled to 0 °C. Aqueous 880

ammonia (0.827 mL) was added and the mixture was allowed to reach RT overnight. The
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is carboxylate Br Y- OOON Y HN a) (S)-tent-Butyl
1m@nane moa3- ( 6- br onopyri di n-3-yl ) propanoate Br N H2N O
w@20020748eepar ed according to the procedures dePEli/GBA0BNS1173

Pat ent W)2006/127948. To a slurry of

2- br ono- 5- net hyl pyri di ne (10.29 g) and

N- br onmosucci nimde (5.32 g)s§n carbon tetrachloride

(150 nL) was added AIBN (200 ng) and the reaction

vessel was purged wth nitrogen. The reaction m xture
reacHE® it atc8ths dilﬂl@&lrwiﬂﬁgﬂhy%acefa% whsRedWw i GAtcakHcaWeR e @ied over

cool 1f-2ni _n_i D AXI" WO 2009/ 074829
magp@umkﬁ@a/fdm@@ld mcertt@tqdao my¢Lentp et the sub-fecompound (1.5 g).

&) (séga 8}’1‘%? g{{‘é wrﬁom(}%ﬁlﬁg )g)?oé%%%%andj the filtrate was

2- br ono- 5- (br ononet hyl ) pyri di (4. B). This, together

with tent-butyl 2- (diphenyl eneam no) acet at e

(4.71 g) and (2S,4S,5R)-2-((R) -al] yl oxy(qui nolin-4-

yl) met hyl ) - 1- (ant hr acen- 9- yl')-5-vinyl-I-azoni abi

cyclo[ 2. 2. 2] octane brom dq (1. 073 g) 5 was dissol ved

in DCM (100 nl) anthIe t ih,was cooled to -78 C

under nitrogen. 2-ter 2N

But yl i m no- 2-di et hyl am no- 1,3- di et hyl - per hydro- 1, 3, 2-

di azaphosphorine (5 nL) was added dropw se over 5 mn
(S)-mreButhe] -piniid3-€6-besngtyiridire 8-yt 1 -oX&repdne-yleatbatrtaen(1.5 g) was

STt P e B ER) S A
was \%ﬁl‘? for BCER ﬁﬁgﬁ BRI WaL8 T vdaE, ey Irlla@é}?dtl akg d*@?@ é[@ﬁr}ﬁgthanol

brine, dried over magnesium sul fate, I tered
and badedcorcen tSICéi eqditridge VidenrbasiTimepurtitcs miced wwsdmedt pffedith methanol, then

S) - - 6-b
pr"‘@‘F‘; i R Ch bRy PR R eT pkine e g pompaund (10 0.
'H NfMﬁS(@by gk MHJHEJM%O%)S g, jet f‘ﬁz ﬁ@j #tGO$HdWa58 2,2.6 Hz, 1H),

citric acid ( I n vvater he m xt ure
755\/(/5[,31 ’SBIQrHEdeL z;az(mslfgf) 6(98 (s, 1H), 3. 37 327 (rn 1H), 2.86 (dd, J = 13.6,

5.1 Hz, 1H), 2.62 (dd, J = 13.6, 8.2 Hz, 1H), 1.91 (s, 2H)

f) (S)-tert-Butyl 2-((S)-1-amino-3-(6-bromopyridin-3-yl)-1-oxopropan-2-
ylcarbamoyl)piperidine-1-carboxylate

(S)-2-Amino-3-(6-bromopyridin-3-yl)propanamide (1 g), (S)-1-(zert-
butoxycarbonyl)piperidine-2-carboxylic acid (0.939 g) and triethylamine (2.86 mL) in DMF
(3 mL) were stirred under nitrogen at 0 °C. 2,4,6-Tripropyl-1,3,5,2,4,6-trioxatriphosorinan-
2,4,6-trioxide (3.13 g) was added and stirring at 0 °C was continued for 1 h. The reaction

mixture was allowed to reach RT then it was diluted with ethyl acetate, washed with water



6 h then concentrated in vacuo and | oaded onto an SCX
1m@ar twodge. The cartridge was washed wth water then
woreaobamnsk9? The product was el uted with 10% amBeii/&@BR098/051173

met hanol . The is solvent was renobved in vacuo to give

the sub-title compound (4.0 g). mz 301/303 [ MtH] + b)

(S)-2-Am no- 3- (6- br onopyri dgg- 3-yl ) propanoi c acid Br

NOH H2N 20 O (S)-tent-Butyl

2- am no- 3- (6- bronopyri di n-3-yl ) propanoate (4 g) was
and FHRSQquedial]p, dXM dvéPma suﬁhﬁ‘ cultRe 3RlddtdnaroRRBLRE vacuo to

was treated wWith TFA ( 0nm). The m xture was stirred
givefty sub-title ¢pmpeond €hv4Gigked i n vacuo, azeotroping with

tQl d | oaded onto an NH2-silica cartridge. Non
m/zag'gis}cﬁ%zﬁv[n%gri ties were eluted with acetonitrile, then

the desired product vvas el ut ed vvith 25 10% acetic acid

acetonitrile. nt was in vacuo to give
g) (S)rfértsﬁyéyltz ((Sk2dérbﬁ@nﬁwrldem3wlb} cymoz%ﬂ%m@@mlmwme 1-
carbd ylgtgl n_i D AXI" WD 2009/074829 PCT/ GB2008/ 051173 54
C

(S)-3-(6-Bromopyridin3-yl)-2-(te
o) propanoic acid Br O O
(S)-2-am no-3-(6-pyonmogyridin-3-lyl ) pnppanoic acid (2.4
g) in dioxane (20 50nas ol to 0 C and sodi um
hydr oxi de (19.59 niL, 1I\/p vvas dded foll owed by di-tert
but yl di car bonate ( Keactl on m xture was
stirred at 0 C for 1hther|_|at fjor 2

<butBrxycar bonyl ani n
H Ol Aslurry of

Triethylamine (3.46 mL) in DCM (5 mL) was stirred under nitrogen and to the solution was
added a solution of methyl chlorosulfonylcarbamate (1.658 g) in DCM (5 mL). The mixture
was stirred at room temperature for 15 min then a solution of (S)-fert-butyl 2-((S)-1-amino-3-
(6-bromopyridin-3-yl)-1-oxopropan-2-ylcarbamoyl)piperidine-1-carboxylate (1.74 g) in DCM
(5 mL) was added. Stirring was continued overnight. The reaction mixture was washed with
water then brine, dried over magnesium sulfate, filtered and concentrated in vacuo. Crude
product was purified by flash silica chromatography eluting with 40% ecthyl acetate in
isohexane to give the title compound (1.2 g) as a white solid.

'H NMR (299.947 MHz, d6-DMSO0) & 8.64 (d, J = 7.9 Hz, 1H), 8.31 - 8.27 (m, 1H), 7.73 -
7.66 (m, 1H), 7.61 (d,J=8.3 Hz, 1H), 5.16 - 5.07 (m, 1H), 4.58 - 4.33 (m, 1H), 3.80 - 3.69
(m, 1H), 3.23-3.11 (m, 2H), 2.88 -2.77 (m, 1H), 1.96 - 1.86 (m, 1H), 1.58 - 1.20 (m,
13H), 1.06 - 0.90 (m, 1H)



10

15

h. The pH of the reaction m xture was checked and
1mdmowylnt 0 pHY by addition of a drop of sodium
whyapoxdsee (1M . Sol vent was renpved in vacuo BCHGBR@S/051173
residue was partitioned between ethyl acetate and
water. The water was brought to pH 2-3 with 2M
hydrochloric acid i o and prgduct was extracted wth
ethyl acetate. The ethyl acetate was washed with
brine, dried over magnesiumsulfate, filtered and
Intef@ a £ conpound
_en@%%g? t@)dteher? (ﬂmlq; Z—Q41b|i‘6m§DkJ/Beﬂylf618 SoTP g -
(megloxymbonﬂ)cych)mqu(lqubamoyl)glmrunn@lmrb%ﬂate 7.57 (d,
J 8.2 Hz, I H, 7.19 (d, J 8.5, I H, 416 -
4.09 (m I H, 3.08 - 3.01 (n1 Il H/is 2.84 - 2.76
(m 1H), 1.30 (s, 9H) 1 resonanc sing (acid). d)
(S)-tent-Butyl
1- am no- 3- ( 6- br onopyri di pr opan- 2-yl car bam

t - but oxycar bonyl am n
o)propanoic acid (1.72]9), | mor phol i ne (1.261
nm) and TBTU (2.4 9)q din DW (5 nL) and
the solution was stlrre ropmtenperature for 0.5
h then it was cooled to - Aqueous 880 ammoni a
(0.827 nL) was added and t\he m xture was all owed to

ach RT overni The 1f-2ni n_i D AXI" WD

2) Séﬁ(ﬁgv)@?la@alz@llm?éézb@mf%if?@oxasvs 4.0€i¥¢i on nixture
was diluted with ethy, acetate, washed with water then
brine, dried over magneg ulfate, filtered and
concentrated in vacuo to the sub-title conmpound
(1.59). e X _
(S)-2-Am no- 3- (6-bronopyridin-3fyl)propanam de Br N
H2N NH2 O O O

A mixture of N,N,N-trimethylhexadecan-1-aminium bromide (15.76 g), 4-
bromobenzaldehyde (80 g) and 2,2-dimethyl-1,3-dioxane-4,6-dione (68.6 g) was heated and

stirred at 60 °C for 1 h, during which time a solid precipitated from solution. The mixture was

allowed to cool to room temperature. The solid was collected by filtration and washed with
cold water (600 mL). dried in vacuo at 50 °C to give 5-(4-bromobenzylidene)-2,2-dimethyl-
1,3-dioxane-4,6-dione (108 g) as a colourless solid.
'H NMR (299.946 MHz, CDCL3) & 8.35 (s, 1H), 7.94 (dd, J = 8.6, 1.2 Hz, 2H), 7.63 (d, J =
15.5 Hz, 2H), 1.85 (s, 6H).
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5 (S)-tent-Butyl
1m2dnane moa3- ( 6- br onopyri di n-3-yl ) -1 - oxopropan- 2-yl car bam
W@e@®90248%9 g) was di ssolved in DCM (20 nmL) and POI/GB2008/051173
sol ution was added TFA (10 nlL). The reaction m xture
was stirred for 0.5 h then concentrated in vacuo.
Crude material was dissolvesgin nethanol and | oaded
onto an SCX cartridge. Non-basic inpurities were
washed of f with methanol, then product was eluted
b) 1%41BroH8 @1?!556 16-Qirhé&th 5'7‘@'&94&15 i[9k YRtdnber Sdlmbi t] e
) A(I:@’?)rrpounléfa1 . |0lee H NVR (%9& X , d6-DVBO 6
8.22 (d, J:21Hz Bri) O(dd,J:8.2, 2.6 Hz,
1H), 7.55 (d, J =82 H 7.32 (s, 1H), 6.98 (s,
1H), 3.37 - 3.27 (m 1H) = 13.6, 5.1 Hz,
I H, 2.62 (dd, J = 13.6, H, 1.91 (s, 2H
f) (S)-tent-Butyl
2-((S)-I-am no-3-(6-bronop A1) -1 - oxopr opan- 2-
15 yl car banoyl ) pi peri di ne- | -c rbo yI ate Br 0Y0O O C

0,"\k H N O
(S)-2- Ami no- 3- (6- bronopyri di n%l\) propanami de (1 g),
(S)-I1-(tert 20 but oxycarbonyl) pi peri di ne-2-carboxylic

To aawiottd(s01udidA o@ﬁ-(anjdomob@twydeanj -P8-diRde @613}y dioxanBMES-d{oBe (1.48 g)

. re stj d under, nitrogen

in D%@@e ) i}roo%yf s gg%dz YdrgpYise aﬁé&flpp BRESFdrrghtion of the

dim&h s SokEdi@HL rg@th§§del§orﬁ)somﬁ1 Reiad (v 11§Bﬂl)r('()'2@9 g?t 0C
was cont i nued . The reaction m xture

trimethj lswkekangim guhcha (nm 5@@ m DM e L) a,ttredmw:mperemlkw [Upon

acet at shed with water 1f-2ni, n i | " )
comfsBes bEsiSTTET kg olP oid 4 fBueRmratyt 1o 8 fither 20 min. The
mix@EIWeNTheR bArkfull§ éioﬁfiedQ)\ﬁ&I a SRBBS1xHre 98l deAt Rer dnld| ki @ebtate. The
and concentrated in vacuo to give the sub-title

crudg prysghwag axtrag@d dyto eyt agase.3saphpdwell with sgjurated brine and dried
over.(zs_g%l%lgfgugf_'a ‘Fﬁlrratlon and. eafagorgtloti §avle_tlc1:e %rrlllgee ngpgta"rf%lg rsr%rgllpse IC})vas then
recryseisedi frgn h-rm@&ﬂf@@ﬁ(e}thﬁtaem&‘e isdB¥é&ur@ (B: 1N to give the subtitle compound
(0.670 g) as a colourless solid.

'H NMR (299.946 MHz, CDCL3) & 7.48 (d, J = 8.3 Hz, 2H), 7.20 (d, J = 8.5 Hz, 2H), 3.39 (t,
J=9.4Hz, 1H), 2.63 (dd, J =9.3,4.9 Hz, 1H), 2.55 (ddd, ] =9.5, 4.9, 0.6 Hz, 1H), 1.73 (d, J
=9.8 Hz, 6H).

¢) (E)-2-(4-Bromophenyl)-1-(methoxycarbonyl)cyclopropanecarboxylic acid

Br
To a suspension of 1-(4-bromophenyl)-6,6-dimethyl-5,7-dioxaspiro[2.5]octane-4,8-dione
(0.437 g) in methanol (5 mL) was added a stock solution (10 mL) prepared from potassium
hydroxide (0.75 g) in methanol (100 mL). Upon addition a clear solution ensued and this

mixture was stirred for 1 h. The mixture was evaporated to dryness and the residue taken up
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HN Triethylamne (3.46 nL) in DCM (5 nL) was stirred
1mamder vt r ogen and to the solution was added a
waatoani4sew of net hyl chl orosul fonyl car bamat e ( IPGHE6BY08/051173

in DCM (5 mL). The mixture io was stirred at room

tenperature for 15 mn then a solution of

(S)-tent-butyl 2-((S)-1-am smp- 3-

(6-bromopyridi n-3-yl)-I-oxopropan-2-yl car banmoyl ) pi peri

di ne-| -carboxylate (1.74 g) in DCM (5 nL) was added.

into Mfakdr! fildGe NRAR] GOR HHTU B Q¥RBIdUNd to DRE3 b aftddaniokioftiv e
was washed with water then brine, dried over

hyduealjatie peith Bid ¢ilst precipitite svas ¢xmartedciotroeshylragetets and dvigd gwer sodium

sulfa%] :tgﬁrg%lgré P%cg%@apgfa%{)g uav%lhe u‘t&é}ﬁfcgfx}%?g}l% L e? S;bt @ as 2 cogourless gum.
'H NMPJ(@WB% MHzg &!;Fjw uptde J&OSVPOZJMIZENS)? 7903 (gSJ a 8(5 Hz, 2H),

white solid. 299.947 Mz, d6- DVBO)
3.875,=3H),9.24(t. lelfsz,SH)fZ%Qdﬁ I mS.8.19)Q Hz. 173), 21?3 (86 J(7P.5, 4.9 Hz,

) =83 H, 1H), 5.16 - 5.07 1
IH)’f%e-so%%éd?Sﬁ?t 1H) . 3.80 AN (m 1H),3.(r2n3-3.H)11

(m 2H) 2.88-2.77 (m 1H), 1.96-1.86(m
1}—]2/’ 8-1.20(m 13H), 1.06 - 0.90 (m 1H) 20 1f-2ni

d) (%- e!bymm-bmmgylaﬁz(senglﬁ@w@@@@maq)w@wwanecarboxylatete
I nternmedi ate 6:
(S)-tent-Butyl 2-( (1R, 2R) - 2-(4- bronophenyl ) - 1-
(et hoxycar bonyl ) cyclBrg ’ i di
boxylate Br HNN 00O
5- (4- Bronobenzyl i dene) - 2
one Br OO0 5

A-- |1 a)
et hyl - 1, 3-di oxane- 4, 6-di

A mixture of diphenyl phosphorazidate (7.59 g), 2-(4-bromophenyl)-1-
(methoxycarbonyl)cyclopropanecarboxylic acid (7.5 g), triethylamine (3.84 mL) in a mixture
of toluene (300 mL) and tert-butanol (300 mL) was heated at 85 °C for 10 h. The mixture was
diluted with water and the mixture was extracted with ether, washed with 5% aqueous citric
acid, followed by saturated sodium hydrogen carbonate solution and dried over magnesium
sulfate. The crude product was purified by flash silica chromatography, eluting with 1 : 1
diethyl ether / isohexane. Pure fractions were evaporated to dryness to afford methyl 2-(4-
bromophenyl)-1-(tert-butoxycarbonylamino)cyclo-propanecarboxylate (4.60 g) as a
colourless solid.

'H NMR (399.824 MHz, CDCl3) & 7.43 (dt, J = 8.8, 2.2 Hz, 2H), 7.06 (d, J = 8.5 Hz, 2H),
4.58 (s, 1H), 3.78 (s, 3H),2.92 (t,J = 8.8 Hz, IH), 2.13 -2.02 (m, 1H), 1.75-1.65 (m, 1H),
1.35 (s, 9H).
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A mxture of N, N, N-trinmethyl hexadecan-|-am ni um
1n2dmone sen( 15. 76 g), 4- bronobenzal dehyde (80 g) and
WQ2@9a74824 hyl - 1, 3- di oxane- 4, 6-di one (68.6 g) wWeGSI/b8ai08651173
and stirred at 60 Cfor 1 h, during which tine a
solid precipitated fromsolution. The m xture was 10
allowed to cool to roomtenggerature. The solid was
collected by filtration and washed with cold water
(600 n.). dried in vacuo at 50 C to give
€ =NIéthbI ARRENZY L LesRGeRy eyl tcarboxylate hydrochloride
)(2? d?oxane 4, é di one (10§3@;ﬁ§§m§ coloarleéé solid.
1H NVR (299. 946 MHz, Qs, 1H), 7.94 (dd,
J =8.6, 1.2 Hz, ZFD 15.5 Hz, 2H), 1.85
(s 6H). 15 1f- oni
PCT/ GB2008/ 051173 58 & H.N
1-(4- Bronnphenyl) 6, 6- di met hyl 25, 7- di oxaspi ro[ 2. 5] oct a

o Bl BRI PyEme e ST Ry PR idsnhoencly
propgn@ca(bbx&&t@%)l 2t3: go) 1%x?1§@gr@11ﬁdL)siw?ﬁclﬁig¢4?ﬁtlﬁdc@n lelloride in
o WP SHoH G BT ™ S STOR ) T e e was
evaﬁo?at@d lod D'\%ﬁ)esg el ﬂ])e’resﬂl[é Rl SHInf QAP é’ﬂl’f@r 199148 YedgeBAd. This

room tenperature. Upon
was coldwlt@tandrdmﬂ ttadfﬂ'mtdltbmsu‘timde wompoendidisl6dtg)rred at this

' NERSEk2E Bk R SR &, K740 T SR s 7w

3H)) £67 (;iﬂf% g 18 hY'97aqe§93(h€ 2He  crude product was

extracted into fhy acetate, washed wel|l with
saturated brine and dried i o over sodium sul fate.

D i B AT AR S a8 S BReini xt wr e of

cyclslsxlawlc%s&aﬁ?plg&ﬁmﬁecmrb@;’z yihle tO give the subtitle
ound as a col ourl ess §oI|d i H NVR

w

(299 946 |sz CDCLS) 6 7.48 (d, Br3 Hz, 2H), 7.20
(d, J = 8.5 Hz, 2H), 3.39 (t, d. 4 Hz, 1H), 2.63
(dd, J = 9.3, 4.9 Hz, 1H), 2.55( J =09.5 4.9,
0.6 Hz, 1H), 1.73 (d 15 = 9. & 6H) . c)

(E) - 2- (4- Bronophenyl() - 1- netquyc- yenyl ) cycl opr opanec

arboxylic acid
N
PN
O @)

To a solution of (S)-1-(fert-butoxycarbonyl)piperidine-2-carboxylic acid (0.116 g) in DMF
(10 mL) was added Hunig's Base (0.240 mL) followed by HATU (0.192 g). The mixture was
allowed to stir at room temp for 10 min. To this solution was added in one portion (Z)-methyl
1-amino-2-(4-bromophenyl)cyclopropanecarboxylate hydrochloride (0.140 g) and the mixture
stirred overnight. The mixture was evaporated to dryness, the residue extracted into ether and
washed well with water and brine, then dried over sodium sulfate. The crude product was
purified by flash silica chromatography, eluting with 50% diethyl ether/ isohexane to give two

diastereomers. Pure fractions were evaporated to dryness to afford the title compound (0.052

g).
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0O OOOH Br 20 To a suspension of
1mds( dp wonophenyl ) - 6, 6- di met hyl -5, 7- di oxaspi ro[ 2. 5] octa
wmmeeod/odssed one (0.437 g) in nmethanol (5 nL) waBCHGHB2WSA51173
stock solution (10 nlL) prepared from potassi um
hydroxide (0.75 g) in nmethanol (100 nL). Upon addition
a clear solution ensued andgthis m xture was stirred
for 1 h. The m xture was evaporated to dryness and the
resi due taken up 1f12f11 fl-1 D AV' WD 2009/ 074829
'H NAER/ @@@@M@g 46DmBH) i1 (At r7.26 [dd $=e0 ARD fihefl), 4.32 (s,
the filtrate was acidified to pH 3 by the addition of
1H) |72 hy a2 amhl4dh)) T 1Gel@4 (hel i 2y 8 it éeidsiq Hrzelygd.80 - 1.53 (m, 3H),
144qﬁ1t¢3a§]tée?l into ethyl acetate and dried over sodium
sk 4% I8t ration and evaporation gave the subtitle
conpound (0.350 g) as a colourless gum 'H NWR
(399.824 MHz, CDC13) 6 7.42 (dd, J = 8.7, 2.1 Hz, 2H),
Noteg onFsgignmantof8tefedehemphly, s 3.87 (s, 3H), 3.26 (t, J =
9.1 Hz, 1H), 2.43 (dd, J = 8.8, 5.0 Hz, 1H), 2.18 (dd,
J =9.5 4.9 Hz, 1 H), acid resonance absent. d)
The 6#}cobkérhi¥iry of Intermediate 6 was assigned by derivatisation to known compounds
4- br onophenyl ) - 1- (t ent - but oxycar bon¥l am no) cycl opro

2-
[Mapj@lfieGaKb@W, Bk ;étéfnn_BF, (GarlegmHo Synthesis pftagr Aiagicxeogiesicsnkephaling
1nco§io?%ﬁ%¥égﬁ§gﬁozy&yﬁl§e$@a%ﬁ& 9}'72"61’5’[%2‘1'91)1621 Journal of Peptide & Protein
Resdaneit 1086y Q8(4H)pB3yrHoy.cl opr opanecar boxylic acid (7.5 g),

triethylamne (3.84 nL) in a mxture of toluene (300
m.) and tert-butanol (300 nL) was heated at 85 C for

S)-bfk-Butyl BRIR XRYLE Q4G moPh bR -m'htbx?@% d the
®) mptxtwye \?\gs exrrgct edm\?ﬁt hﬁ&emér ,e wa helgfo\s\l?ph 5%
cyclapropylcarbamopylgpiperidinied -cfrblokylaeed by sat urated sodi um
hydr ogen car bonate sol ution and dri&d over magnesi um
|

sul fate. The crude product was puri "ed by flash
silica chromatography, eluting wthyl : 1 diethyl

ether / isohexane. Purg fractiong e evaporated to
dryness to afford nethyl 2-(4|_-|
N
N
o)
oio |

a) (1R,2R)-Methyl 1-amino-2-(4-bromophenyl)cyclopropanecarboxylate hydrochloride

b) (1S,2S)-Methyl 1-amino-2-(4-bromophenyl)cyclopropanecarboxylate hydrochloride

Br Br

(2)-Methyl 1-amino-2-(4-bromophenyl)cyclopropanecarboxylate hydrochloride racemate (1.3
g) was separated using a CHIRALPAK AD-H column eluting with neat methanol to give the

two individual enantiomers with unassigned stereochemistry.



br onophenyl ) - 1- (tert-butoxycarbonyl am no) cycl o- pr opane
1m@ar mxyhate (4.60 g) as a colourless solid. 20 'H NWR
W@ 399/08829 MHz, CDCl3) 6 7.43 (dt, J= 8.8, 2.2 PZI/GBR)0S/051173
7.06 (d, J= 8.5 Hz, 2H), 4.58 (s, 1H), 3.78 (s, 3H
2.92 (t, J =88 Hz, 1 H, 2.13 - 2.02 (m 1H), 1.75 -
1.65 (m I H, 1.35 (s, 9H2 1f-2ni n_i D AXI" WO
2009/ 074829 PCT/ GB2008/ 051173 60 e) (Z)-Met hyl
1- am no- 2- (4- bronophenyl ) cycl opr opanecar boxyl at e

Sam?}éctbpgﬁlfa@ Phﬁ@ 92,963 afdl sankfAdN(ah B62190( 1817990 o@Er enantiomer).
2- (4- bronophenyl )-1-(tent- butoxycarbonylan1no)cyclo-

» (X ARERGERI LRP e qurruRtob et 858 ane ool ut'on

(10 n.) and the m xturg allowed to stand for 1 h at
RT. The m xture was orat ed {p dryness and the
residue triturated di et hyl

solid. This was colle¢t :

¢t her to give a beige
Nedto afford the

subtitle conpound (0.161H)). (399 826 MHz,
d6-DVBSO) 6 8.72 (s, 3H), 7.47 (MH = 63.6, 8.2 Hz,
4H), 3.78 (s, 3H), 3.02 (t, §1Hz 1H), 1.97 -

5 1.89 (m ZFD 10 f) (S)-tent- Butyl
2-((1R 2R) - 2- (4- br onophenyl ) - 1- (et hoxycar bonyl
A mppericp £ bpy Re-arataid yinyipp rbipm@phemb)ﬁb@mm@car pxyllate N
hydr%glglgﬁ}% 8 tm%)uatng )2}@%1(?1 Orlgﬁoirll: c)%nbo% élO‘VP g47 %rng‘)Sl inm ethlanol (20 mL) was
stirr@Catd fdd ol hodagen for V. The éalﬂyﬁtk?as\d@ﬁo%iﬂ@dﬁlﬁuﬁblg aigd the filtrate

evag%?@sg@ecm(ogir%s rrTlee rfes(ildlllemev%g pBI)‘{ﬁgdlA J}P pr(egar:!ait%\%e lgILLCTorLea Phenomenex

10 Gemini column using a 95-5% gradient of aqueous 0.1% ammonia in acetonitrile as eluent.
The fractions containing the desired compound were evaporated to dryness to afford (1R,2R)-
methyl 1-amino-2-phenylcyclopropanecarboxylate (18 mg) as a colourless oil.
'H NMR (399.824 MHz, CDCl3) § 7.35 - 7.22 (m, 5H), 3.77 (s, 3H),2.83 (dd, J=9.4,7.8
Hz, 1H), 1.84 (dd, J =9.7, 4.9 Hz, 1H), 1.57 (s, 2H), 1.44 (dd, J=7.6, 5.0 Hz, 1H).

15

b) (1R,2R)-1-Amino-2-phenylcyclopropanecarboxylic acid hydrochloride

0O

OH

NH,

A mixture of (1R,2R)-methyl 1-amino-2-phenylcyclopropanecarboxylate (14 mg), water (4
mL) and hydrochloric acid (37% w/v, 6 mL) was heated under reflux for 6 h. The mixture was
20 evaporated to dryness, triturated with diethyl ether and the solid collected and dried to give
the subtitle compound (14 mg) as a colourless solid.
Optical Rotation: [a]D = +82.23 at 589 nm, solvent water, c=1.362 g/mL
Chiral purity 86.21% (contains 13.79% (18S,2S) enantiomer)
'H NMR (399.825 MHz, D,0) & 7.50 - 7.40 (m, 5H), 3.27 (t, ] = 9.1 Hz, 1H), 2.05 (dd, J =
25 9.9, 6.8 Hz, 1H), 1.90 (t, J = 7.6 Hz, 1H).
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allowed to stir at roomtenp for 10 min. To this
1meel ue von was added in one portion (Z)-nethyl
WA 20829 - ( 4- br omophenyl ) cycl opr opanecar boxy| BEEGB2008/051173

hydrochl ori de (0.140 g) and the m xture stirred

overni ght. The m xture was evaporated to dryness, the

resi due extracted into etheg3 and washed well wth

wat er and brine, then dried over sodiumsul fate. The

crude product was 20 purified by flash silica
LitefRROTRLOLABNY+ 1) (WLb POwichh S0% di ethyl ether/ -

I sohexane to give two dla tereonmers. Pure fractions
MapaBr, € . apoa.di e Stanonar Chass H. oSﬁﬁh@imﬁfhm{ diagt¢reomeric enkephalins

. compound (0. 05 1f.12f 11 f| - AV" 2009/,074829
incoROTT R 0BPIRTT A P M 2 T P T SNy
Resegzr&ﬂ-liﬁ 2%?) 317%@ (dd, J =79.7, 8.2 Hz, 4H), 4.32

3.52 (m 4H) 3.10 - 2.94 (m 1H),
278(tJ=286Hz 1H) 80-153(m3H) 1. 44

on_ass
Conigplpg forpiin S o 1 B EPCRRBIT L TRE Mhearsaesg apsigned the
(1R PR staDLiginestry derlvatlsatlon to known conpounds
[ Mapelli, C; Kinmura, H ; Stamrer, Charles H
Synt hesis of four diastereoneric enkephallns

I NG I onal
(SR B Y L SRR TR P R0 BB
carb3vh@yP@peridine-1-carboxylate

(S)-tent-ButyI2-((1R,2R)-2-(4-bronnpq§nyl)-1-(nethoxyc

ar bonyl ) - r

cycl opropyl car banoyl ) pi peri di ne-1 - oxylate Br H N
NOOOOO 15 a) (1R 2R - Methyl
1- am no- 2- (4- br onophe Jeycl opro ar boxyl at e

hydrochloride b) (1S,2S)-Meth
1- am no- 2- (4- br onophen
hydrochloride Br Br O

opanecar boxyl at e

To a solution of (S)-1-(fert-butoxycarbonyl)piperidine-2-carboxylic acid (9.05 mg) in DMF (3
mL) was added Hunig's Base (0.019 mL) followed by HATU (15 mg). The mixture was
allowed to stir at room temp for 10 min. To this solution was added in one portion (1R,2R)-
methyl 1-amino-2-(4-bromophenyl)cyclopropanecarboxylate hydrochloride (11 mg) and the
mixture was stirred overnight. The mixture was evaporated to dryness, the residue extracted
into diethyl ether and washed well with water and brine, then dried over sodium sulfate. The
sample was passed through a small silica plug/ eluting with diethyl ether to give (S)-terz-butyl
2-((1R,2R)-2-(4-bromophenyl)-1-(methoxycarbonyl)cyclopropylcarbamoyl)piperidine-1-
carboxylate (6 mg) as a colourless oil.

NMR and TLC corresponds with Intermediate 6 therefore Intermediate 6 can be assigned

(1R,2R) stereochemistry.
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15

HOH NH2 NH2 20 (Z)- Methyl
1m2dnane mon2- (4- br onophenyl ) cycl opr opanecar boxyl at e
WoydpoTdseor i de racemate (1.3 g) was separ at ed BSI/O§2@8/051173
CHI RALPAK AD-H colum eluting with neat nethanol to
give the two individual enantioners wth unassigned
stereochem stry. 1f-2ni n_ig AXI" WO 2009/ 074829
PCT/ GB2008/ 051173 62 Sanple (b) chiral purity 97.96%
and sanple (a) 86.21% (13. 79% ot her enanti onmer). a)

Intefth@d AR 7{35)%t.ﬂut§mms2zsfslze% iRy g@qoecar boxyl at e

A m xture
(medwamarbonylmcmmﬂnﬂhmmw)@imnbwh@@abm&m ate
hydrochl oride (120 ng) and pal | adi unpon carbon (10%
(47.3 mg) in nmethanol (20 nmL) was sfirred at 5 bar of

hydrogen for 48 h. The catal yst was-yenoved by
filtration and the filtrate evad to dryness.

The residue was puri by prepa e HPLC on a
Phenonmenex 1o Gem ni m ygi ng ¥ 95-5% gradi ent of
aqueous 0. 1% amoni ajn Jtrl:l e as eluent. The
fractions containing thhe d&i r éec¢onpound were
evaporated to dryness (1R 2R) - net hyl
1- am no- 2- phenyl cyc pxylate (18 ng) as a
colourless oil. 1H NWR (399. 824 I‘1/Hz CDC13) 6 7.35 -
7.22 (m 5H), 3.77 (s, —~2.83(dd, J =9.4, 7.8
Hz, | H, 1.84 (dd, J = 9\7, 4.9 Hz, | H), 1.57 (s,
2H) , 144(dd J:7.6,50HzIH).15b)

Obtgingd foegn Intepnediase 8, gty cycl opr opanecar boxyl i ¢ aci d

1 NME 368695 MIS.. ab-588) ™% (s, 1), 739 (d, 7=8.2 Hz, 2H), 7.13 (d, T = 8.5
Hz, 2H), 440 (s, 1H),3.70 (s, 1H), 3.63 (s, 3H), 2.98 (t, ] = 8.7 Hz, 1H), 2.67 (t, ] = 12.1
Hz, 1H), 1.87 (d, ] = 13.1 Hz, 1H), 1.82 - 1.67 (m, 2H), 1.46 - 0.99 (m, 14H).

Intermediate 8: (1R,2R)-2-(4-Bromophenyl)-1-((S)-1-(zert-butoxycarbonyl)piperidine-2-

carboxamido)cyclopropanecarboxylic acid

Br

To a stirred solution of (S)-fert-butyl 2-((1R,2R)-2-(4-bromophenyl)-1-(methoxycarbonyl)-
cyclopropylcarbamoyl)piperidine-1-carboxylate (3 g) in THF (45 mL) and water (30 mL) was
added lithtum hydroxide monohydrate (0.298 g). The mixture was stirred at RT for 2 h. The
mixture was partitioned between 0.1 N HCl(aq) and ethyl acetate, and the aqueous phase was

extracted twice more with ethyl acetate. The combined organic phases were dried over
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A m xture of (1R 2R)-nethyl

1mdsnane mon2- phenyl cycl opr opanecar boxyl ate (14 ng), water

w@ 200940t4829nd hydrochloric acid (37% w v, 6 nlL)P@EEB2008/051173
heated under reflux for 6 h. The m xture was 20
evaporated to dryness, triturated with diethyl ether
and the solid collected andgglried to give the subtitle
compound (14 ng) as a colourless solid. Optical
Rotation: [a]D = +82.23 at 589 nm solvent water,

sodlﬁm]suﬁﬁgtegﬁﬁéred Ghd EHceidted ¥, @@u@%’fbé&‘@tﬁ@ at1e @or;iéelﬁl%q@ ©Ob g)asa
S,2S) enantionmer) 1H NWR (399. 825 I\/Hz

whitg saldd.(m 5H), 3.27 (t, J = 9.1 Hz, 205(dd J =

' ingpda s Suaiiie Sydartasty 7%@@“%75%1%%) 743-

7. 353&1 2}!{} @fl@t(&lfﬁ— Ealf%e 2H)a4 ms ("s *0151@) QICﬂst 70 5%9%7/4 3.66 (m, 0.5H),

hesi's
3.630f3. 330@11 aﬁag,tzewe@néﬁ)cz @%kép&ﬁz{m, rﬂsH) zﬁéorzgﬁsr(m,.mgH) 258 -2.49

i BRSO VPR N LTS8 AU B81s T 121

0.82QaYPE ), Mg 1 r@ikalrk 6frotahdts to literature this sanple and
forner E@ecursors were assigned the (1R 2R

m/z §YleB@be Hdhi-siory36% SYL-Hent 4@l 2- ((1
R, 2R) - 2- (4- bronophenyl ) - 1- ( met hoxycar bonyl ) cycl opr opyl
- 10 carbanoyl ) pi peridine-1-carboxylate Br HCNN O
InteBmelliafe 9’:— {S)HertBuwtyb D (R, 2R)-24(4-bromophenyl)-1-carbamoyl-
(S)-1-(tent-butoxycar bonyl ) pi per| di ne- 2- car boxyl e
cyd%'i"’c!i’ylcgrb‘!}n?rﬂ?l’lpﬁnw leearbggylaigas added Huni g' s Base
(0.019 nL) followed by HATU (15 ng) g, The m xture was
allowed to stir at roomtenp for 10/mn. To this
solution was added in one portio R, 2R) is nethyl
1- am no- 2- (4- br onophe cycl oprg gcar boxyl at e
hydrochl oride (11 ng] an the'_|

(1R,2R)-2-(4-Bromophenyl)-1-((S)-1-(tert-butoxycarbonyl)piperidine-2-
carboxamido)cyclopropanecarboxylic acid (3 g) was dissolved in DMF (17 mL) and to the
solution was added N-ethylmorpholine (1.219 mL) followed by TBTU (3.09 g). The reaction
mixture was stirred at RT for 20 min then it was cooled to 0 °C. Aqueous ammonia (1.461
mL) was added and the mixture was allowed to reach RT over 1 h. The reaction appeared to
have proceeded ~70%, so it was left to stir for a further 2 h. LCMS showed little change so
further TBTU (400 mg) and ammonia (0.3 mL) were added, and the mixture stirred for a
further 2 h. The reaction mixture was partitioned between ethyl acetate and diluted brine, and
reextracted into ethyl acetate twice more. The combined organic phases were dried over
sodium sulfate, filtered and concentrated in vacuo to afford the title compound (2.75 g) as a

pale gum.

m/z [M-BOC+H]+ = 366, 368.
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m xture was stirred overnight. The m xture was
1memapeoaned to dryness, the residue extracted into
waelc@viayds2et her and washed well with water and PCT/6G82008/051173

then dried over sodiumsulfate. The sanple was passed

through a small silica plug/ eluting wth diethyl

ether to give (S)-tent-butyée 2-((1

R 2R) - 2- (4- br onophenyl ) - 1- (met hoxycar bonyl ) cycl opr opyl

car banmoyl ) pi peridine- | 20 carboxylate (6 ng) as a
IntefRle@iatd £6S(Hike-BNYR AARIUS-£-HESREpRyY-{-h
— Internediate 6 therefore Internedi ate 6 can be
cyangsyclgprapylqarPampy)piperidinghboahoxylate f 12f 11 f1-1 D AV

WO 2009/ 074829 PCT/ GB2008/ 051173 64 Internediate 7:

(S)-tent-Butyl 2-((1S, 2S)-2-(4-bronophenyl)-1-

(et hoxycar bonyl ) cycl opr opyl car banoWr) pi peri di ne-1-car

boxylate Br HNN O O OO O A- ot ai ned from

Internediate 6, step (f). 5 1H N

d6-DVBSO) 6 7.77 (s, 1 :

7.13 (d, J = 8.5 Hz, , 4.40 ( H, 3.70 (s, |

H, 3.63 (s, 3H), 2. J

J =12.1 Hz, | H),

. J 3.1 Hz, | H, 1.82 -
1.67 (m 2H), 1.46 - 0499 ( 4H) . Internedi ate 8:
(1R, 2R) - 2- ( 4- Br onopheny| 1-(g$)-1-(tent-but oxycar bony
| ) pi peridine-2- io carboxam do)cycl opr opanecar boxylic
acid Br HNN OOO 0 a stirred solution of
(S)-tent-butyl

Tt AR 0 s BTSN ST ARASANo pr e
and fiethy( dilorvsil famydicanktneate (306 glyasvakled portionwise. Once addition was
complete, the cold water bath was removed and the mixture was stirred at room temperature
for 30 min. (S)-tert-Butyl 2-((1R,2R)-2-(4-bromophenyl)-1-
carbamoylcyclopropylcarbamoyl)piperidine-1-carboxylate (2.75 g) in DCM (60 mL) was
added dropwise and the mixture was stirred at RT for 18 h. The mixture was washed with
water and brine then dried over magnesium sulfate, filtered and concentrated in vacuo. The
crude product was purified by flash silica chromatography, eluting with 1: 2 through 1 : 1
cthyl acetate in isohexane. Appropriate fractions were concentrated in vacuo to yield the title
compound (2.2 g) as a colourless gum.

'H NMR (399.826 MHz, d6-DMS0) & 8.44 (s, 1H), 7.46 (d, J = 8.2 Hz, 2H), 7.18 (d, ] = 8.5
Hz, 2H), 4.46 - 4.30 (m, 1H), 3.71 -3.53 (m, 1H), 3.05 (t, J =9.1 Hz, 2H), 2.44 - 2.29 (m,
1H), 1.97 (d,J =9.4 Hz, 2H), 1.77 (d, J = 13.8 Hz, 1H), 1.40 - 1.26 (m, 10H), 1.17 (t,J=7.7
Hz, 2H), 0.79 - 0.66 (m, 1H).

m/z [M-BOC+H]+ = 348, 350; [M-H]- = 446, 448.



i's added |ithium hydroxi de nonohydrate (0.298 g). The
1mminxteicenwas stirred at RT for 2 h. The m xture was
weamvhr4sened between 0.1 N HCl(aq) and et hyl aR€r/aBe(08/051173

and the aqueous phase was extracted twice nore with

ethyl acetate. The conbi ned organi c phases were dried

over 1f12f11 fl-1 D AV' WO 009/ 074829

PCT/ GB2008/ 051173 65 sodi um sul phate, filtered and

concentrated in vacuo to |leave the title conpound

Inte('l%eaﬁtegh aﬁzrﬁBu@‘i‘ Eiﬁ Zﬁgl)[dlg')7 llcgaml}@-(@qggolﬁ?e?.yggﬁ?ds] ftmino}-

carh»nsﬂplpewdimelcarlwy(aw 2H), 7.13 (d, J = 6.4 Hz, 2H),
4.46 (s, 0.5H), 4.34 (s, _0.5H), 3.74 - 3.66 (m 0.5H)
s 3.63 - 3.53 (m 0.5 1H), 2.99 - 2.89 (m
1H, 2.74 - 2.63 (m - 249 (m 0.5H)
1.89 - 1.82 (m 1H), “2H), 1.37 (s,
4.5H), 1.27 (s, 4.5 : 0.82 (m 4H; 1: 1
m xture of rotamner 367, 369; [MH) -
= 465, 467. io InfeAn®di at@ 9:
(S)-tent-Butyl 2- ( (1R, 2R) - 2- (4- br onog
- cycl opropyl car banoyl ) pi peri di ne-1| - Ca
NN 0000 NHZz A (1
R, 2R) - 2- (4- Bromophenyl ) - 1- ((S)-1-(tentlbutoxycarbonyl)
plperldlne 2- arbox md opr gpanecar boxyl i cid

Preparcdgalpgausly tos i petho %r%&t?ﬂﬁ%f g davtprgng oy §-(rert-

5 buto§9$a%d -moa@?}%ﬁe&lﬁﬁﬁﬁé npyRBRLL Be whichdd 8edthibed in Patent

follo 3.709 The reaction m xture was

W03@05|06&%143at RT for 20 min then it was cooled to 0 C.
Aqueous amonia (1.461 nl) was added and the m xture
was allowed to reach RT over 1 h. The reaction
appeared to have proceeded -70% so it was left to
stir for a further 2 h. LCVM5 showed |ittle change so
further TBTU (400 ng) and ammonia (0.3 nL) were added,
and the mxture stirred for a 20 further 2 h. The

reaction mxture was partitioned between ethyl acetate
and diluted brine, and

) - 1- car banoy
boxyl ate Br H



reextracted into ethyl acetate twi ce nore. The
1m@eniw med or gani ¢ phases were dried over sodium
waeopares29 filtered and concentrated in vacuo tRCEEGBR00E051173
the title conmpound (2.75 g) as a pale gum mz
[ MBOC+H] + = 366, 368. 25 1f-2ni n_i D AXI" WD
2009/ 074829 PCT/ GB2008/ 0511¢8 66 Intermedi ate 10:
(S)-tent-Butyl 2-( (1R, 2R) - 2-(4- bronophenyl ) - 1-
cyanocycl opr opyl car banoyl ) pi peri di ne-1 -carboxyl ate Br
Exallphts N O ~10 O A-- N5 Triethylamne (5.26 nL) in DCM
m.) was stirred, under nitrogen, in a cold water
bath and met hyl chl orosul fonyl carbamate (2.56 g) was
hda@dagd portionwi se. Once addition was conplete, the
8 wat er bath was renoved and the m xture was

Exaﬁipjlé Iemat-((smrmt-e:mbbtph@ﬁ 1-4-91)- ﬁ@ydﬂo@thyl)plll)erldlne-Z -carbox-
5

10

15

20

-t ent - But 2-((1R 2R) - 2- (4- br onophenyl)
ami %ﬂ%%W®?F@V%%opropylcarbanDyI)plperldlne | - car boxyl at e
(2.75 g) in DM (
m xture was stirfed

Q0 nL) was io added dropw se and the
t RT for 18 h. The m xture was
dri ed over nmagnhesi um
C ted in vacuo. The
ied by flash silica

R 1: through 1 : 1 ethyl

sul fate, filtere
crude product was Hpuri
chromat ography, elutin® wt :
acetate in i sohexane. Appropri racti ons were
concentrated in vacuo to yield [ conpound
(2.2 g) as a colourless gum is MR ((399. 826 MHz,
d6-DVSO) 6 8.44 (s, 1H), 7.46 (d,
7.18 (d, J = 8.5 Hz, 2H), 4.46 -
3.53 (m 1H), 3.05 (t, J = 9.1 Hz, ZFD :
(m I H, 1.97 (d, J = 9.4 Hz, ZFD 1.7¢1 (d, J =

Hz, I H, 1.40 - 1.26 (m 1OFD 1.17 (t, J =7.7 Hz,
2H), 0.79 - 0.66 (m 1H).

(8)-tert-Butyl 2-((S)-1-cyano-2-(4-iodophenyl)ethylcarbamoyl)piperidine-1-carboxylate (0.15
g) and bis[bis(1,2-diphenylphosphino)ethane]palladium(0) (2.80 mg) were dissolved in THF

4. 30

(2.5 mL) and stirred under nitrogen. 3-Chlorophenylboronic acid (0.063 g) in methanol (0.5
mL) was added and the mixture was stirred, at room temperature, for 10 min. Potassium
carbonate (2M, 0.310 mL) was added and the reaction mixture was heated at 75 °C overnight.
The crude reaction mixture was poured onto an Isolute® HM-N cartridge and product was
eluted with DCM. The DCM was removed by evaporation under reduced pressure and the
residue was dissolved in formic acid (5 mL). The acidic solution was heated at 50 °C for 0.5 h
then concentrated in vacuo. The crude material was dissolved in methanol (5 mL) and loaded
on to a 10g SCX cartridge. The impurities were washed through with methanol (200 mL) and
discarded. The product was eluted with 1N methanolic ammonia (200 mL) and evaporated in
vacuo to give a white solid. This was purified by preparative HPLC on a Waters X-Bridge
column using a 95-5% gradient of aqueous 0.1% TFA in acetonitrile as eluent. The fractions
containing the desired compound were evaporated to dryness to afford the TFA salt of the title

compound (0.07g) as a white solid.
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15

20

mz [ MBOC+H] + = 348, 350; [MH - = 446, 448. 20
1n2dfal2d WInf| -1 D AV' WD 2009/ 074829 PCT/ GB2008/ 051173
W@70090m829 medi ate 12: tent-Butyl PCT/GB2008/051173
(2S)-2-({[(1S)-1-cyano-2-(3-iodophenyl)ethyl]am no}-
car bonyl ) pi peri dine-|-carboxylate NN NO OO
Prepar ed anal ogously to theggret hod used for
Intermediate 1, starting fromN-(tert 5
but oxycar bonyl ) - 3-i odo- (L) - phenyl al ani ne, a synthesis
r [ 20 4 2
HWR\I@W%\‘; M\/}%eggcl)%l?% g% /GBZOOS/%%%??% %69831(& iﬁ)‘Lg 83
8.67TExmnide 3. 7Metddnl, 4tnMd3e 7139 (m, 4H), 5.06 (q,J = 75 Hz, 1H), 3.83 - 3.72

o ST ol 0 R

m/z 968 [M+H)" (S)-tent-Butyl
2-({8) - 1- cyano- 2- (4-i odophenyl ) et hyl car banoyl ) pi peri di
ne-1|-carboxylate (0.15 g¢g) and
Me tFi Egbi s(1, 2-di phenyl phosphi no) et hane] pal | adi un( 0)
O ng) were dissolved in THEio (2.5 nL) and
Exafifplé 2 68)-MN(8)-1°C zﬁfbg ' {dei-aphaRm 1-aci d
e@) (t%‘y met anoF{ZO@Ev(ganL) \%gs ad’ggfdﬂmr:ﬁd/ t he
yhe J()Pmeél 2-garhoxamide di-prédugroaegiateat ure, for 10 min.
Pot assi um

Ir=z

(8)-tert-Butyl 2-((S)-1-cyano-2-(4-iodophenyl)ethylcarbamoyl)piperidine-1-carboxylate
(0.150 g) and bis[bis(1,2-diphenylphosphino)ethane]palladium (0) (2.80 mg) were dissolved
in dioxane (5.0 mL) and stirred under nitrogen. 1-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)benzyl)piperidine hydrochloride (0.157 g) was added and the mixture was stirred, at
room temperature, for 10 min. Potassium carbonate (2 M, 0.466 mL) was added and the
reaction mixture was heated at 75 °C overnight. The crude reaction mixture was poured onto
an Isolute HM-N cartridge and the product was eluted with DCM. The DCM was removed by
evaporation under reduced pressure and the crude residue was dissolved in formic acid (5
mL). This acidic solution was heated at 50 °C for 0.5 h then concentrated in vacuo. The crude
product was purified by RPHPLC on a Sunfire column using a 95-5% gradient of aqueous
0.1% TFA in acetonitrile as eluent. The fractions containing the desired compound were
evaporated to dryness to afford the TFA salt of the title compound (0.06 g) as a white solid.
'H NMR (399.826 MHz, d6-DMS0) § 9.73 (s, 1H), 9.38 (d, J= 6.9 Hz, 1H), 9.09 - 9.02 (m,
1H), 8.82 - 8.73 (m, 1H), 7.83 (s, 1H), 7.77 (d, J=8.2 Hz, 1H), 7.70 - 7.66 (m, 2H), 7.56 (t,



10

15

carbonate (2M 0.3 10 nL) was added and the reaction
1nmminxtwioenwas heated at 75 C overnight. The crude
WO e@on748e9 m xt ure was poured onto an |sol ut e( rRCFHABRO08/051173
cartridge and product was eluted with DCM The DCM
was renoved by evaporation under reduced pressure and
the is residue was dissolveghin formc acid (5 nL).
The acidic solution was heated at 50 C for 0.5 h then
concentrated in vacuo. The crude material was
J =" $pONMEd 300 7 ngh),(s 14 Headadl 4. P dt 9=a. H), 3.83 -
SCX (’:ar?’(rj]i sdmemi'rﬁ’ ?rr%’uf?ﬂe)éé&\r/@re MSEed%?%ughélme’?zr] 383
3.75ret hlelrh)oBSéZg,ol il }.8atad 2Hai B24r 348 (mTRéED)p? 86uét8owas 3H), 2.10 -

| ut ioth -l t [,c ni 200 L) and
2.04 %p@%ayég'ilnﬁ @cﬁ@f?oﬁgilmmﬁlﬁﬂ solid. This was
n/z pni[hM+ag] by preparative HPLC on a Waters X-Bridge 20
colum using a 95-5% gradi ent of aqueous 0.1% TFA in
acetonitrile as eluent. The fractions containing the
hdaﬂﬁ&%red conpound were evaporated to dryness to afford
e TFA salt of the title conmpound (0.07g) as a white
Exaaql¢ 8k (S)HN-A8)-2ABip R2nAKH-y DD c it kya} B2 Polidine-2-carboxamide
PCT/ GB2008/ 051173 69 i H NVWR (299.947 Mz, d6-DWVSO) 6
9.30 (d, J =6.9 Hz, 1H), 9.03 - 8.9y 1H), 8.83 -

8.67 (m 1H), 7.75 - 7.62 (m 4H), 7 7.39 (m
4H), 5.06 (g, J = 7.5 Hz, 1H),REI 3772 (m 2H),
3.00 - 2.86 (m | H, 2.09 - 2 (m | H, 1.81 -

1.41 (m 6H) mz 368 |
(S)-N((S)-1-Cyano-2-(
| -4- yl)ethyl) pi peridi
di-trifluoroacetate
(S)-tent-Butyl NH
2-((S)-I-cyano-2-(4-iodophenyl) et hyl car banoyl ) pi peri di

a) (een-tadylizei§)-at(biph¢wyl-450)-dcyametthylcarbamoyl)pyrrolidine-1-carboxylate
bi s[ bi s(1, 2-di phenyl phosphi no) et hane] pal | adi um ( 0)
(2.80 ng) were dissolved in dioxane \
stirred under nitrogen.
1-(3-(4,4,5,5-tetranmethyl -1, 3, dhexabsr ol an-

z¥hod 2 Exanple 2:

A solution of propane phosphonic acid anhydride (T3P, 50% in DMF, 344 mg) was added to
a stirred solution of (S)-2-amino-3-(biphenyl-4-yl)propanenitrile (100 mg), N-ztert-
butoxycarbonyl-(L)-proline (107 mg) and triethylamine (0.314 mL) in DMF (3 mL) at 20 °C.
The resulting solution was stirred at 20 °C for 1 hour. Water (15 mL) was added and the
mixture extracted with ethyl acetate (3 x 5 mL). The organics were washed with saturated

brine (5 x 5 mL), dried over sodium sulfate and evaporated to afford the subtitle compound

(178 mg).
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2-yl)benzyl) pi peridi ne hydrochloride (0.157 g) was
1m@udesivand the m xture was stirred, at room
wao ewperaeure, for 10 min. Potassi um carbonat e FQI/NB2008/051173
0.466 nL) was added and the is reaction m xture was
heated at 75 C overnight. The crude reaction mxture
was poured onto an IsoluteyHM N cartridge and the
product was eluted with DCM The DCM was renoved by
evaporation under reduced pressure and the crude

'H NRI (dyeox@sirg, e3¢ 1vesty 60 - ﬁqmr(hpozﬂg 4.485 7 41, 211'11) $.39-7.29 (m,

acidic solution was heated at for 0.5

3H)£i)2%e§10f‘r amed H)nd Jaedd 8 (MhelFor 346 - 3pBdeu CZH)wé§2p@rQ4f (nad2H),

25258 G o5 o AR R ST, ) 2 2s el uen - e

fractions cont a| ning the desired conpound were
evapor at ed dryness to afford the TFA salt of the

b) (S»M(@)&(ﬁ}@laﬁwl ¢olbb-cygnogthypyrpkidingdtgaghoxamigenyR
(399.826 MHz, d6-DMSO) 6 9.73 (s, 1H), . 9.38 (d, J=6.9
Hz, 1H), 9.09 - 9.02 (m 1H), 8.82
7.83 (s, 1H), 7.77 (d, J=8.2 Hz
2H), 7.56 (t, 1f-2ni n_i D AX ‘ 97074829
PCT/ GB2008/ 051173 70 J= 7.7 Il H, 7.50 - 7.43
(m 3H), 5.05 (q, J=7.¢ H M, 4.35 (d, J= 4.9 Hz,
2H), 3.83 - 3.75 (m 1H), 3136 (d, J= 11.8 Hz, 2H),
3.27 - 3.18 (m 3K N\Z 286 (m 3H), 2.10 - 2.04
(m 1H), 1.86 - 1\75/(m K¥H), N3 - 1.31 (m 8H) mz
431 [MrH + 5 Met hodNB Exanpl e 3:
(S)-N-((S)-2- (Bi phenyl - 4-yl)-1-cyanoet hyl ) pyrrol i di ne-
2-carboxamide O &NH Fi N a) (S)-tent-Butyl

A s&ut(cﬁ@f(g) kebi- sm?m (59 zy(h)phéﬁqyzﬁ?gqt%mhséﬁﬁ@%ymﬁwr@mme 1-

di ne-1 -car box ate 0 A sol ution of
carbpxxiptar(&&)mgkphf@nm agtst (@ rahhyaly $taeed(ang heatsdes 3 (DfgiE 10 min. The

solvg’lﬁd{)vag%)vaporateg dﬂle cru(?e material was dissolved in methanol (2 mL) and loaded on

to a 10g SCX cartridge. The impurities were washed through with methanol (20 mL) and
discarded. The product was eluted with 0.7 N methanolic ammonia (15 mL) and evaporated in
vacuo. The residue was triturated with ethyl acetate (3 mL) and the solid collected, washed
with a little ethyl acetate and dried to afford the title compound (92 mg).

'H NMR (399.826 MHz, d6-DMSOQ) 3 8.64 (d, I = 8.6 Hz, 1H), 7.66 - 7.58 (m, 4H), 7.46 (t, ]
=7.6 Hz, 2H), 7.38 - 7.33 (m, 3H), 5.05-4.97 (m, 1H), 3.53 (m, 1H), 3.20 (d, J=7.8 Hz,
2H), 2.95 -2.85 (m, 1H), 2.81 (m, 1H), 2.67 (m, 1H), 1.82 (m, 1H), 1.53 - 1.31 (m, 3H).



a stirred solution of
102418) +2xvani no- 3- (bi phenyl - 4-yl ) propanenitrile (100 ny),
WORGeNT4829ut oxycar bonyl - (L) -proline (107 ng) ardI/GB2008/051173

triethylamne (0.314 nL) in DMV (3 nL) at 20 C. The

resulting solution was stirred at 20 C for 1 hour.

Water (15 nL) was added andyz he is m xture extracted

with ethyl acetate (3 x 5 nL). The organics were

washed with saturated brine (5 x 5 nL), dried over

9. t - -

ExA 052 At OISOy ipeiain
2-caplpTyapEde vgflosopzatate71 i H NMR (299. 946 MHz, CDC13) 6

7.60 - 7.54 (m 4H), 7.48 - 7.41 (m 2H), 7.39 - 7.29

(m 3H), 5.27 - 5.04 (m 1%0, 4.33 - 4.18 (m 1H),

3.56 - 3.23 2H), 3.22 - 3.04 (m 2H), 2.52 - 2.06

(m 1H), 1.92 - X.68 (m 3H) 1.45 (s, 9H). 5 b)
(S)-N-((9)- i bhen ‘Fi;ygﬁ - cyanoet hyl ) pyrrol i di ne-
N A sol ution of

2- car boxam depN
(S)-tent-butyH
2- ((S) - 2- (bi phenyl O4-y]
di ne-| - carboxylate (178 i
stirred and heated at 50 G
was evaporated. The crude nmaferia \
nmet hanol (2 nlL) and | oaded on to g Qg
The inpurities were washed through Wth ng
m.) and discarded. The product was el uté

anoet hyl car banoyl ) pyrr ol
formc acid (5 nL) was
The o0 sol vent
di ssolved in

The residue was triturated with eth acetate (3 ﬁ

s Prepared biyrePreetss andlegqusde g progeshdescriby lﬁ Methpd {4 Bxammy

oSS L R B T AR BRI AR 1 w0

8. 658(n5 1m 812'7|)(d J~ @@ Hz, 71(}§87 QED(d A4 6]{246H6t7 56- 750(m6 2H), 7.37 -

7. 243(n537fé)mS 3&}(9 21':1,) 2(94( -t 97J(m-, Ty 3|~&0 3. i fm, 2%9,53 24 53,88 (m, 3H),
1 7 82 1

2 971%%61@’11@% 19 ras%’%’lfl%%’q 8¢ M 4@5%?%1)\@ (20m09/ 5074829

10 nﬂz@ﬁﬂﬂﬂBﬂ@bS/OSll?B 72 Exanple 4:
(S)-N-((S)-2-(4-(1-Benzyl - 1H pyrazol - 4-yl ) phenyl ) -1-cy
anoet hyl ) - pi peri di ne- 2-carboxam de trifl uoroacetate

Example 5: (5)-N-((5)-2-(4'-Carbamoylbiphenyl-4-yl)-1-cyanoethyl)piperidine-2-

carboxamide trifluoroacetate

Ir=z

15 Prepared by a process analogous to the process described in Method 2, Example 2.
'H NMR (399.826 MHz, d6-DMS0) § 9.31 (d, J = 7.2 Hz, 1H), 9.01 - 8.95 (m, 1H), 8.80 -
8.69 (m, 1H), 8.02 (s, 1H), 7.97 (d, J=8.5 Hz, 2H), 7.77 - 7.70 (m, 4H), 7.44 (d, J = 8.2 Hz,



10

NN NCH= ON Ni 5 Prepared by a process
1m@maiwgons to the process described in Method 1,
WE@aPr4829.. i H NVR (399. 826 MHz, d6-DVSO) 6 9.PRP6GI/G#2008/651173
7.4 Hz, 1H), 9.00 - 8.83 (m 1H), 8.80 - 8.65 (m 1H),
8.27 (d, J= 3.8 Hz, 1H), 7.91 (d, J= 4.6 Hz, 1H), 7.56
- 7.50 (m 2H), 7.37 - 7.247{m 7H), 5.34 (s, 2H
5.04 - 4.97 (m 1H, 3.80 - 3.71 (m 1H, 3.24 - 3.00
(m 3H, 2.97 - 2.86 (m 1H, 2.10 - 2.02 (m 1H),
2H),17§@?\s|3 1%1%4906 EQA J5H) 5iH, rer?, A § M+ 251;5,6‘31@6 €337 (m, 2H), 2.98 -
(S)- (é ) - 2- (4" - Car banmoy[ bi phenyl -4%yl Y-"1- cyanoet hyl )
2.87dpeltiDd 2 Me{(2-) Tt Bdlantel .8} 1 { HiomoatBt ate fIHN N H O

is Prepared by a process anal ogous to the
nﬂzg&%gggg]described in Method 2, Example 2. 1H NMR

Exam3396 539 NiE)-16Gy 4adS0| 3 ' ydnoBiphenyl-l-7)eth¥l)piperidine,2-
9.01 - 8.95 (m 1H), 8.80 - 8.69 (m | , 8.02 (s, |

carhgramjdotriflyprogcetatg 5 Hz  2H), 7.77 - 7.70 (m 4H),
7.44 (d, J = 8.2 1f-2ni n_i D AXI" WD 2009/ 074829
PCT/ GB2008/ 0511 , 7.39 (s, 1H), 5.06 (q, J =
7.5 Hz, 1H), 3.82 - B.73Hm N 3.26 - 3.17 (m 2H)
2.98 - 2.87 (m , 77J =12.8 Hz, | H, 1.81
- 1.44 (m 5H) m 4 377|[ MrHE+ Exanpl e 6:
(S)-N((S)-1-Cyano-2-(8 -cy.-ob':\fnyl-4-yl)ethyl)pipe
ridine-2- 5 carboxamde trifl

[
N

Prepared by a process analogous to the process described in Method 2, Example 2.

'H NMR (299.947 MHz, d6-DMS0) $ 9.31 (d, J = 7.3 Hz, 1H), 9.02 - 8.90 (m, 1H), 8.83 -
8.71 (m, 1H), 8.17 (s, 1H), 8.04 (d, J=7.9 Hz, 1H), 7.84 (d, J=7.5 Hz, 1H), 7.78 - 7.64 (m,
3H), 7.46 (d, J = 8.1 Hz, 2H), 5.07 (q, J = 7.4 Hz, 1H), 3.83 - 3.71 (m, 1H),3.21(d,J=7.1
Hz, 3H), 2.98 - 2.86 (m, 1H), 2.10 - 2.01 (m, 1H), 1.81 - 1.42 (m, 5H)

m/z 359 [M+H]"
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NN NCOC-~r H=0 N Prepared by a process anal ogous
1m4wm tevpr ocess described in Method 2, Exanple 2. 1H
WORMRIN28% 947 MHz, d6-DVMSO) 6 9.31 (d, J = 7. 3P¢®/GBLEB/051173

9.02 - 8.90 (m 1H), 8.83 - 8.71 (m | H), 8.17 (s, |

H, 804 (d, J =7.9Hz, | H, 7.84 (d, J =7.5 Hz, |

H, 7.78 - 7.64 (m 10 3H747.46 (d, J = 8.1 Hz, 2H)

5 07 (q, J =7.4 H, 1H), 3.83 - 3.71 (m 1H), 3.21

= 7.1 H, 3H), 2.98 - 2.86 (m 1H), 2.10 - 2.01

i . | PP TP
—“&Dﬂk& R REp A A Beriine 2
carl@xa editrifluoroacetate
(S)- N—((S) 2- (3" - (Am nonet hyl ) bi phenyl -4-yl) - 1- cyanoet
hyl)p| peri d| ne- 2- carboxam de ditrifluoroacetate H//
‘ 5 Prepared by a process anal ogous
i bed,in Method 1, Exanple 1. 1H
6- DVBY) 6 7 (d, J =7.2 Hz, 1H),
8¢ \/9%7 (m 1H), 8.34 - 8.22
7.7; - 7.65 (m 3H), 7.52 (t, J
, 5.16 - 5.01 (m |

to t he process
NMR (399. 826
9.09 - 8.92 (m
(m 3H), 7.80 (s,H1H),
=7.7H, | H, 7.47 07.4

H) , 4.12(d, J =5.4 H, 2H),]||3. 3.75 (m 1 H),
3.26 - 3.18 (m 3H), 2.98 - 2.09 - 2.03
(m 1H), 1.81 - 1.41 (m 5H) 10"mz M+H] + Exanpl e

8:
(S)-N((S)-2-(3" -Acet am dobi phenyl -
pi peri di ne-2- carboxami de trifluoroace

- 1- cyanoet hyl )
ate NN N O -

Prepared by a process analogous to the process described in Method 1, Example 1.

'H NMR (399.826 MHz, d6-DMS0) & 9.37 (d, J = 7.2 Hz, 1H), 9.09 - 8.92 (m, 1H), 8.84 -
8.67 (m, 1H), 8.34 - 8.22 (m, 3H), 7.80 (s, 1H), 7.71 - 7.65 (m, 3H), 7.52 (t, J = 7.7 Hz,
1H), 7.47 - 7.42 (m, 3H), 5.16 - 5.01 (m, 1H),4.12 (d, J = 5.4 Hz, 2H), 3.83 - 3.75 (m, 1H),
326 -3.18 (m, 3H),2.98 -2.87 (m, 1H),2.09 -2.03 (m, 1H), 1.81 - 1.41 (m, 5H)
m/z 362 [M+H]"

Example 8: (8)-N-((5)-2-(3'-Acetamidobiphenyl-4-yl)-1-cyanoethyl)piperidine-2-

carboxamide trifluoroacetate

Ir=z
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OONH 15 1f-2ni n_i D AXI" WD 2009/ 074829

10MAAGTIeB2008/ 051173 75 Prepared by a process anal ogous

WO 0ovla8py ocess described in Method 2, Exanpl ePQI/GBRH08/051173
NVR (399.826 MHz, d6-DVSO) 6 10.04 (s, 1H), 9.29 (d, J
=7.2 H, 1H), 9.00 - 8.94 (m | H), 8.80 - 870 (m
I H, 7.96 (s, | H, 7.58 (8 J =8.2 Hz, 2H), 7.48
(d, J =85 Hz, I H, 7.43 - 7.35 (m 3H), 7.31 (d, J
= 7.7 H, 1H), 5.06 (q, J = 7.4 Hz, 1H), 3.82 - 3.74

Prep%f@d b1y"5) pzroce%s gnﬁégo%s 3o e éfrﬂéesé?’h'gscrl‘%e@lﬁ hﬁtﬁo@i Eiﬁmplé’@
"H NWRHpS9.ExaNpiz - DMSO) 510.04 (s, 1H),9.29 (d,J=7.2 Hz lH) 9.00 - 8.94 (m,

1H>ﬁ%<ef“%9 i g EORE 30 TR b RPN ISLE LR s

743N7|'!5§(m031=1)73(1'\{)d Jkg, ﬂ{zpﬁﬁp@m@qu 64&119%1333 82 -3.74 (m, 1H),
anal ogous to the process descri ed I n

3.25dplre, 3_H) |2|-98N|\2?81 6991826 0=2. Oaﬁle’Q'ﬁD)l 30 9136 (el ,SH)
9.10 - 9.00 (m 1H), 8.84 - 8.70 (m
m/z’ir%,[l\%?ﬁ% (d. J = 8.2 He, 2I(—|), o (d, J =8.2 I(—|z
2. 7.5 (d_ 3 82Hz 24 7,44 (d I =85 H
2H), 5.08 - 5.02 4.39 (s, 2K 4.02 -
_m_Hxa HS)-N3 (8% 1- CE‘HPGZ (h(m@phﬂl}nometgs )biphepyl-4- vﬂ)etilmy)plperldme-

“"?Rﬁ-’%““dﬁf‘%ﬁ%‘ﬁm%ﬁ D A\/' {,\0123395 0m7425% Mz 433

PCT/ GB2008/ 051 76 Exanple 10:
(S)-N-((S)-1-Pyan -2-(4H-(pyri N n- 3-yl ) phenyl ) et hyl ) pi p
eri di ne- 2- N =

N :

H

N
(]
Prepared by a process analogous to the process described in Method 1, Example 1.
'H NMR (399.826 MHz, d6-DMS0) & 9.36 (d, J = 7.2 Hz, 1H), 9.10 - 9.00 (m, 1H), 8.84 -
8.70 (m, 1H), 7.79 (d, J = 8.2 Hz, 2H), 7.70 (d, J = 8.2 Hz, 2H), 7.59 (d, ] = 8.2 Hz, 2H), 7.44
(d, J=8.5Hz, 2H), 5.08 - 5.02 (m, 1H), 4.39 (s, 2H), 4.02 - 3.59 (m, 5H), 3.33 - 3.10 (m,

7H), 2.98 - 2.87 (m, 1H), 2.10-2.03 (m, 1H), 1.81 - 1.44 (m, 5H)
m/z 433 [M+H]"
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carboxam de trifluoroacetate NN NH= ON Prepared

1n2dn_ e pyocess anal ogous to the process described in

wOoRMbOTHE2Y Exanple 1. 5 1H NVR (399. 826 MHz, dBcDVB@)08651173

9.40 - 9.29 (m 1H), 9.01 - 8.87 (m 2H), 8.80 - 8.66

(m 1H), 861 (dd, J =4.9, 1.5 Hz, 1 H), 8.17 (dt,

=8.1, 1.9 H, 1H, 7.73 (16 J = 7.9 Hz, 2H), 7.56

(dd, J=7.9 4.9 Hz, 1H), 7.49 - 7.44 (m 2H), 5.19
5.04 (m 1H), 3.82 - 3.74 (m 1H), 3.28-3.09 (m

e £0: Q&'&-& &%@y:ﬂi‘ﬂ)z -¢4- &grr?mﬂ% }(lfﬁheilﬂ)eﬁayﬁﬂtp]erl%ﬂ’néfn

J

carl(osynudq(rg)uoro@g@w@ 2- (4' hydr oxy 2' met hyl bi phenyl - 4-y

| ) et hyl ) pi peridine- 2-carboxam de trifluoroacetate

fILHHN NH= Prepared by a process anal ogous
to the process bed H n l\/b d 1, Exanple 1. is 1H
NMR (399. 826 , 6 40 - 9.34 (m 1H), 9.30

(d, J = 7.2 Hz, 1
(m 1H), 7.33 (d, J =82
2H), 6.98 (d, J = 8.2 Hz, 1
5.06 - 4.98 (m 1H), 3.81 - 3.
(m 3H), 2.99 - 2.88 (m 1H), ), 2.05 -
1.99 (m 1H), 1.79 - 1.43 (m 5H mz 364[MH—|]
1f-2ni n_i D AXI" WD 2009/ 074829 PCT/
Exanpl e 12:

L 7.27 - 7.21 (m
70 - 6.63 (m 2H),

N

oJo2 -18.93 (m 1H), 8.81 - 8.70
\

3.26 - 3.16

SB29608/ 051173 77

Prepé%egﬂé/ﬁg y}fr%gé?é o gouks (PMieb&s! fldfp&r HARREAT BLGHEY!)

'"HNMR (399.826 MHz, d6-DMSO) 8 9.40 - 9.29 (m, 1H), 9.01 - 8.87 (m, 2H), 8.80 - 8.66
(m, 1H), 8.61 (dd,J=4.9, 1.5 Hz, 1H), 8.17 (dt, J = 8.1, 1.9 Hz, 1H), 7.73 (t, J = 7.9 Hz, 2H),
7.56 (dd, J=7.9, 4.9 Hz, 1H), 7.49 - 7.44 (m, 2H), 5.19 - 5.04 (m, 1H), 3.82 - 3.74 (m, 1H),

3.28 -3.09 (m, 2H), 2.98 - 2.87 (m, 1H), 2.09 - 2.03 (m, 1H), 1.94 - 1.22 (m, 6H)

m/z 335 [M+H]"

Example 11: (5)-N-((5)-1-Cyano-2-(4'-hydroxy-2'-methylbiphenyl-4-yl)ethyl)piperidine-

2-carboxamide trifluoroacetate

Ir=z

- C
OH

Prepared by a process analogous to the process described in Method 1, Example 1.

'"H NMR (399.826 MHz, d6-DMSO0) § 9.40 - 9.34 (m, 1H), 9.30 (d, J = 7.2 Hz, 1H), 9.02 -
8.93 (m, 1H), 8.81-8.70 (m, 1H), 7.33 (d,J = 8.2 Hz, 2H), 7.27 - 7.21 (m, 2H), 6.98 (d, J =
8.2 Hz, 1H), 6.70 - 6.63 (m, 2H), 5.06 - 4.98 (m, 1H), 3.81-3.73 (m, 1H), 3.26 - 3.16 (m,

3H),2.99 - 2.88 (m, 1H), 2.15 (s, 3H), 2.05-1.99 (m, 1H), 1.79 - 1.43 (m, 5H)
m/z 364 [M+H]"



carboxylic acid trifluoroacetate NN NH= OHO OS5

1mdmepared by a process anal ogous to the process

walemeni4sed in Method 1, Exanple 1. i H NVR (399p@R6BMAS/051173
dé-DVsSO) 6 9.24 (1H, d), 8.18 (1H, s), 7.97 - 7.89
(2H, m, 7.72 - 7.66 (2H, m, 7.60 (1H, t), 7.44 (2H
d), 5.07 (1H, q), 3.76 - 3.9 (1H, m, 3.37 - 3.14
(5H m, 2.95 - 2.83 (1H, m, 2.06 - 1.98 (1H m,
1.79 - 1.41 (5H, m. mz 378 [MH + 10 Exanple 13:
(S)-N-((S)-1-Cyano-2-(2'-((R) -pyrrolidin-3-yl oxy) bi phe
nyl -4- yl)ethyl)piperidine-2-carboxanm de

Lamnl_«r_Ll | 4D €y an e 2+(L8)-pip @)idine-2-carboxanjdo)¢thp)biphenyl-3-

Prepare a_pr ss anal ogous to the process
caﬂggg ?agg&“hﬁong %@32 Exanple 2. 1f-2ni n_i D AXI" WO
2009/ 074829 PCT/ 008/ 051173 78 [ H NI\/R (399. 826

MHz, d6-DMBO) 6 (9. 40) (d, Hz, 9.21 - 9.01
H . 7/ -7, 46(m 2H), 7.39 -
2H), 5.08-4.98(m 2H),

(m 3H), 8.86 -
7.32 (m 4H), 7. .

3.84 - 3.76 (m 1M, 3156 -:3.08 (m 6H) 2.98 - 2.87
(m 1H), 2.21 - 2.11 (@ 1HN Q9 - 1.98 (m 2H),
1.80 - 1.45 (m 6H) 5 mz 417

HO O
s Prepared by a process analogous to the process described in Method 1, Example 1.
'H NMR (399.826 MHz, d6-DMS0) § 9.24 (1H, d), 8.18 (1H, s), 7.97 - 7.89 (2H, m), 7.72 -
7.66 (2H, m), 7.60 (1H, t), 7.44 (2H, d), 5.07 (1H, q), 3.76 - 3.69 (1H, m), 3.37 - 3.14 (5H,
m), 2.95 - 2.83 (1H, m), 2.06 - 1.98 (1H, m), 1.79 - 1.41 (5H, m).
m/z 378 [M+H]
10
Example 13: (5)-N-((5)-1-Cyano-2-(2'-((R)-pyrrolidin-3-yloxy)biphenyl-4-

vDethyl)piperidine-2-carboxamide ditrifluoroacetate

Ir=z

Prepared by a process analogous to the process described in Method 2, Example 2.



10

15

Exanpl e 14:
102418) +tIN(QS) - 2- (4- (1H 1 ndol - 2-yl ) phenyl ) - 1- cyanoet hyl ) pi
WEeeomi4ses 2- carboxami de trifluoroacetate N CPCI/EBDORI051173
H 10 Prepared by a process anal ogous to the process
described in Method 2, Exanple 2. 1H NWR (399. 826 Mz,
dé-DVMSO) 6 11.51 (s, 1H), 987 - 9.26 (m 1H), 8.94 -
8.68 (m
2H), 7.82(t, J=8.5Hz, 2H), 7. 52(d, J=7. 7THz, 1H), 7. 42-7. 37(m

HI\%‘R (359 %@6 MHZ *216‘DMS@% shz40 (:d 7. §H991f§} 2. 21 @ (71 Qn FBH) 8.86 -
8. 70:-(nsﬂH) 3 5245 746 (m 2ELHY, 393 /i) em 341115 7(113 7398 (m,zzH@, 508 . 4.98 (m,

2 3 8P 06 e 308 23,084 dTadR a8 aenoioradg T G 1),

2.090PGT9HL 0981 AFpl7B45 (1, cByanpl e 150
(25)-N-T(1S)-1- Cyano-2- (3' - met hoxybi phenyl - 4-yl ) et yI]
m/z AL pBEYIild] ne- 2- carboxamide trifluoroacetate NN N H O
- ~ O 5 Prepared by a process anal ogous to the
process described in Method 1, Exanple 1. iH NWR
1828)-M- - d61-231)pRkhyli)-cydnSthyt eﬁﬂiﬂe-z-
g N R SR A LT A
carlmxegllﬂlelﬂlﬂlmm@‘)etats 85 (3H s), 3. 45 (1H br s),
3.19-3.00 (3H, m, 2.11- 1.50 (6H, n). mz 364 [ M+H] +

Iz
[

N
H

Prepared by a process analogous to the process described in Method 2, Example 2.

'H NMR (399.826 MHz, d6-DMS0) § 11.51 (s, 1H), 9.37 - 9.26 (m, 1H), 8.94 - 8.68 (m,
2H), 7.82 (t, ] = 8.5 Hz, 2H), 7.52 (d, J = 7.7 Hz, 1H), 7.42 - 7.37 (m, 3H), 7.10 (t, J=7.2
Hz, 1H), 6.99 (t,J=7.0 Hz, 1H), 6.91 (d, J = 1.5 Hz, 1H), 5.18 - 5.03 (m, 1H), 3.81-3.75
(m, 1H), 3.25-3.16 (m, 3H),2.96 - 2.88 (m, 1H), 2.08 -2.03 (m, 1H), 1.80 - 1.23 (m, 5H)
m/z 373 [M+H]"



10

15

10 Exanpl e 16: Piperidi ne-2-carboxylic acid
1m41- o phonyl - 4-yl -1 -cyano-ethyl)-amde NN NC H O
wer@parsse by a process anal ogous to the procesBCT/GB2008/051173
described in Method 1, Exanple 1. is 1H NWVR (399. 826
MHz, d6-DMSO) 6 9.23 (d, J = 10.3 Hz, 1H), 7.65 - 7.61
(m 4H), 7.46 - 7.40 (m 4H9 7.39 - 7.33 (m 1H),
5.01 (q, J = 7.5 Hz, 1H), 4.29 (s, 1FD, 3.80 (d, J =
13.6 Hz,1H),3.28-3.19 (m 3H),2.96-2.89 (m
Dle ts: A(QSﬁMﬁﬁy)gﬂFyahl}qz?@l\i;rDeZg oé'glg%ﬂﬂl EUrDyl)eﬂhﬁ]Qiperidi(}éz-
awbwmmﬂﬁm@ﬂ@nnsamﬂ@e 80 mz [MHH + = 334 Exanpl e 17
(2S,4R) -N-((S)-2-(Bi phenyl - 4- yI) 1- cyanoet hyl ) - 4- hydro
xypyrrolidine-2- carboxam de 5 HOs,. N NHHN
Prepared by a progeess anal ogous to the process

descri bed in Mt nple .
(b| nyI 4-yl)-1-cyanoet hy
ro I ne- 10 1-carboxylate 1H

(2S, 4R) -t ent - But
| car banoyl ) - 4- hy dpngX

6 ? 59 - 7.54 (m 4H), 7.47 -
5.21 - 5.07 (m

NVR (399. 824 Mz, HC:DCl

7.42 (m 2H), 7.38 - 1

1H), 4.40 (t, J =6.7 He, 2H), 334(m 2H)
, 2.03 -

1.46 (s,

3.20 - 3.06 (m 2H), 2.63 -
1.92 (m | H), 1.59 (d, J = 3.

9H). b)

(2S, 4R) - N- ((S) - 2- (Bi phenyl - 4-yl ) -1 - cyangét hyl ) - 4- hydr o

xypyrrolidine-2-carboxam de 15

Prepared by a process analogous to the process described in Method 1, Example 1.

'H NMR (399.826 MHz, CD40D) & 7.53 (2H, d), 7.33-7.29 (4H, m), 7.14-7.08 (2H, m), 6.88
(1H, d), 4.89 (1H, br s), 4.05 (1H, br s), 3.85 (3H, s), 3.45 (1H, br s), 3.19-3.00 (3H, m), 2.11-
1.50 (6H, m).

m/z 364 [M+H]"

Example 16: Piperidine-2-carboxylic acid (2-biphenyl-4-yl-1-cyano-ethyl)-amide

Ir=z
1n

Prepared by a process analogous to the process described in Method 1, Example 1.

'H NMR (399.826 MHz, d6-DMS0) & 9.23 (d, J = 10.3 Hz, 1H), 7.65 - 7.61 (m, 4H), 7.46 -
7.40 (m, 4H), 7.39 - 7.33 (m, 1H), 5.01 (q,J=7.5 Hz, 1H), 4.29 (s, 1H), 3.80(d,J=13.6
Hz, 1H), 3.28 - 3.19 (m, 3H), 2.96 -2.89 (m, 1H),2.49 (t,J=2.6 Hz, 2H), 2.11 - 2.07 (m,
1H), 1.80 - 1.45 (m, 3H)



10

15

20

1H NMR (399. 826 MHz, d6- DVSO) 8.6 J
1n2did) 1o W62 (m 4H), 7.46 (t, J 7.6 Hz, 2H), 7.35 (m
W@R)09/058R0 (m 1H), 4.59 (d, J = 3.3 Hz, 1H), BCD@BE¢®S/051173

1H, 3.69 (t, J =8.2 Hz, | H, 3.19 (d, J = 7.7 Hz,

2H), 3.16 - 2.98 (m | H, 2.69 (m 2H), 1.81 (m |
, 1.3 (m | H 20 1f-2ngon_i D AXI" WD 2009/ 074829

PCT/ GB2008/ 051173 81 Exanple 19:

(S)-N-((S)-1-Cyano-2- (3" -cyanobi phenyl - 4-yl ) et hyl ) azet
m/z [Mi+pg: 2334arboxanide N O EN H Fi N Prepared by a

process anal ogous to the process descri bed in Met hod

3, Exarrple3u5|ng 5 Internediate 2. a)

Exaplle LTS A6 RN FANE) dap PSRN Pt rdldne 2

carfo3@fmi®24 MHz, CDCL3) 6 7.84 (td, J—15 0.1 He,
1H), 7.80 (dt, J = 7.8, 1.5 Hz, 1H), 7.64 (dt, J
7.7, 1.4 Hz, 1H), 7.58 - 7.52 (m 3H), 7.40 (d, J

t

= 8.2 Hz,

82Hz 2H), 5.18 - 5.07 (m 1 H, 4. , J =7.9
Hz, H) 3.91 (q, J = 8.2 Hz, dd, J =
13.8, 8.5 Hz, 1 H, 3.24 - 3.12 54 - 2.30
(m 2H), 144(s 9H) is b)

(S)-N-((S)-1-Cyano-2- (3" -cyanobiNheryl - 4-yl ) et hyl ) azet
i di ne-2-carboxam de iH N D9O. 8 6 WVHz, d6-DVBO 6
8.74 (d, J = 8.5 Hz, § 1H), 8.02 (d, J =
7.9 Hz, I H 8 Rz, | H), 7.74 (d, J =
7.7 Hz, 2H), 7.66 H . I H, 7.46 (d, J =
7.7 Hz, 2H), 5.06 (q, I H, 4.12 (t, J =
82Hz, I H), 353(q, J:79Hz I H, 3.26 20 (d,

19 - ‘& H) , 2.4%-2.31 gm
Prepgn,:q)d byla @rgcess in%lq_gqqﬁto the@roq@@@ Q)sarlbredf IBrMﬁQ? Py erample 3.

a) ( zgie) A @tggzn ?(%z t@fy R1C1. S?l? '11?%3[5%@?@1?%?éﬁoﬁ)-MIBJd}o;%%ondme-
1- cartmxgkakﬁenyl ) et hyl car banDyI ) pi peri di ne-1|-carboxyl ate

1 3 I n_dj 3 .2

HEEOERE: MK S D S8 e and Barn liurdi iy 32 731 (m
3H)M 1 w897 addadnando the=reesHL Mg 3.41 - 3.34 (m, 2H), 3.20 - 3.06 (m, 2H),
2.63-2.51 (m, 1H),2.03 - 1.92 (m, 1H), 1.59 (d, J = 3.8 Hz, 1H), 1.46 (s, 9H).

b) (2S,4R)-N-((S)-2-(Biphenyl-4-yl)-1-cyanoethyl)-4-hydroxypyrrolidine-2-carboxamide

'"H NMR (399.826 MHz, d6-DMSO) & 8.67 (d, J = 8.2 Hz, 1H), 7.62 (m, 4H), 7.46 (t, J = 7.6
Hz, 2H), 7.35 (m, 3H), 5.01 (m, 1H), 4.59 (d, J = 3.3 Hz, 1H), 4.02 (s, 1H), 3.69 (t, ] =8.2
Hz, 1H), 3.19 (d,J = 7.7 Hz, 2H), 3.16 - 2.98 (m, 1H), 2.69 (m, 2H), 1.81 (m, 1H), 1.31 (m,
1H)



10

15

20

25

1f12nl n_i D AXI" WD 2009/ 074829 PCT/ GB2008/ 051173 82
1nmminxiwioee were stirred for 10 min. An aqueous sol ution
W@R00pOT42%i um car bonate (2M 0.3 nL) was addePCHOB2G0R©51173

reaction m xtures were heated at 75 C overnight. After

cooling to room tenperature, each reaction m xture
was poured onto an Isolute ¢4 N cartri dge and the
crude product was eluted with DCM The DCM was

evapor at ed under reduced pressure and to each 5

L - i -
R R Sbiber -yl AR MU
carhoxamiden renoved in vacuo. Di nethyl sul foxide (0.5 nlL)

was added to each of the residues anﬁ t he crude
solutions fornmed were purified by masg directed RPHPLC

on an Atlantis C 18 M5 30mm col um usging a 95-05%

gradi ent of aqueous 0.1% TFA in acetopitrile as

eluent. The fractions containing thg degired conpound
were evaporated to dryness to affor ) 9 t he conpounds

in Table 1 below. ifl12nl n_i A Wo~2009/ 074829

PCT/ GB2008/ 051173 83 Table ppral | el synt hesi s

conpounds Ex. Nane Strgct ur No. 20

(2S)-N-[(1S)-1I-Cyano- H+ 2-[4-[4- NN

(di met hyl sul f anoyl Nyl ] phenyl ] et hyl ] pi peri

di ne- 2- car boxam d acetate C N 21

(2S)-N-[(1S)-1-Cy H325[ M+rH] + 2-(4-1, 2-oxazol -4- N

Prepared by a process analogous to the process described in Method 3, Example 3 using

Intermediate 2.

a) (S)-tert-Butyl 2-((S)-1-cyano-2-(3'-cyanobiphenyl-4-yl)ethylcarbamoyl)azetidine-1-

carboxylate

'H NMR (399.824 MHz, CDCL:) § 7.84 (td, J= 1.5, -0.1 Hz, 1H), 7.80 (dt, J= 7.8, 1.5 Hz,
1H), 7.64 (dt, J=7.7, 1.4 Hz, 1H), 7.58 - 7.52 (m, 3H), 7.40 (d, J = 8.2 Hz, 2H), 5.18 - 5.07
(m, 1H), 4.67 (t,J = 7.9 Hz, 1H), 3.91 (q, J= 8.2 Hz, 1H), 3.72 (dd, ] = 13.8, 8.5 Hz, 1H),
3.24-3.12 (m, 2H), 2.54 - 2.30 (m, 2H), 1.44 (s, 9H)

b) (S)-N-((S)-1-Cyano-2-(3'-cyanobiphenyl-4-yl)ethyl)azetidine-2-carboxamide

'H NMR (399.826 MHz, d6-DMSO0) 5 8.74 (d, J = 8.5 Hz, 1H), 8.15 (s, 1H), 8.02(d,J=7.9
Hz, 1H), 7.82 (d,J = 7.4 Hz, 1H), 7.74 (d, J = 7.7 Hz, 2H), 7.66 (t, ] = 7.7 Hz, 1H), 7.46 (d, J
=7.7 Hz, 2H), 5.06 (q, J = 7.9 Hz, 1H), 4.12 (t, ]= 8.2 Hz, 1H), 3.53 (q, J = 7.9 Hz, 1H), 3.26
(d,J=7.7Hz, 2H), 3.19 - 3.11 (m, 1H),2.43-2.31 (m, 2H), 1.92 - 1.81 (m, 1H)

Method 4 for parallel synthesis

To each boronic acid or ester (0.4 mmol) was added (S)-tert-butyl 2-((S)-1-cyano-2-(4-
iodophenyl)ethylcarbamoyl)piperidine-1-carboxylate (0.31 mmol) in dioxane (3 mL).
Bis[bis(1,2-diphenylphosphino)ethane]palladium (0) (2 mg) was added and the resulting



yl phenyl ) ethyl ] pi peridi H O = ne-2-carboxam de
1mamnfp monoacetate N 22 (2S)-N-[(1S)-1-Cyano- 380[ MtH| +
WOR09R74829 (3 N O nethyl sul fanyl phenyl)p H O PCT/GB2008/051173
henyl ] et hyl ] pi peri di ne- 2-carboxani de trifl uoroacetate
IS 23 (2S)-N-[(1S)-|-Cyano- 350[ M+tHI+ NN 2-[4-(4 N
0 hydroxyphenyl ) phenyl] H$ ethyl]piperidine-2-
carboxam de / OH trifluoroacetate if12nl n_i D AXI"
WD 2009/ 074829 PCT/ GB2008/ 051173 84 Ex. Nane

mixtebdsWedrd 5@l for NY min 24n eARbudsdlltiondf phrds¥idRtcarRAld\M, 9.3 mL)

was added and the reaction mixtures were heated at 75 °C overnight. After cooling to room
temperature, each reaction mixture was poured onto an Isolute HM-N cartridge and the crude
product was eluted with DCM. The DCM was evaporated under reduced pressure and to each
s residue was added formic acid (2 mL). The solutions formed were heated at 50 °C for 1 h.
The formic acid was then removed in vacuo. Dimethylsulfoxide (0.5 mL) was added to each
of the residues and the crude solutions formed were purified by mass directed RPHPLC on an
Atlantis C18 MS 30mm column using a 95-05% gradient of aqueous 0.1% TFA in acetonitrile
as cluent. The fractions containing the desired compound were evaporated to dryness to afford

10 the compounds in Table 1 below.



NN 2-[4-(4 N'y C cyanophenyl)phenyl]eth HO
1n2yia] pp peni di ne- 2 carboxam de trifluoroacetate v~N 25
W@ 28pHONSEL 1S) - | - Cyano- 364 MtH| + NN 2-[ 4- (4 NPEIVGBR008/051173
met hoxyphenyl ) phenyl] H O ethyl] pi peri di ne-2-
carboxam de trifluoroacetate O 26
(2S)-N-[(1S)-1-Cyano- 338[ M3H] +
2-[4-(1-nmethyl pyrazol- NNN 0 4- HO
yl ) phenyl ] et hyl ] pi peri di ne-2-carboxam de N-
Tabt: bhUREINAAALAL Eodbodlls (25) -N- [ (1S) -1 - Cyano-  392[ MrH +

2-T4-T4-(3 hydroxypropyl)phenyl] H O phenyl]
Ex. eNhyie] pi peri di ne | Structure m/z
No.
20 | (285)-N-[(15)-1-Cyano- 441[M+H]"
H N
2-[4-[4- N z
(dimethylsulfamoyl)phe | " & %
nyl]phenyl]ethyl]piperi O
dine-2-carboxamide O o
trifluoroacetate S:N/
o
21 | (285)-N-[(15)-1-Cyano- 325[M+H]"
H N
2-(4-1,2- 1-4- N =
(4-1,2-0xazo \ \/
ylphenyl)ethyl]piperidi H &
ne-2-carboxamide
: =
trifluoroacetate O
=N
22 | (25)-N-[(15)-1-Cyano- 380[M+H]"
H =N
2-[4-(3- N ~
methylsulfanylphenyl)p H o) :
henyl]ethyl]piperidine- O
2-carboxamide O
trifluoroacetate
/S
23 | (285)-N-[(15)-1-Cyano- 350[M+H]"
H N
2-[4-(4- =
[4-( N N\/
hydroxyphenyl)phenyl] H o) 2
ethyl]piperidine-2- O
carboxamide O
trifluoroacetate OH




-2-carboxam de trifluoroacetate OHifl12nl n_i D AXI"

10D 2008N074829 PCT/ GB2008/ 051173 85 Ex. Nane

w@eraot43ee mz No. 28 (2S)-N-[(1S)-2-(4- 378 MHHAB2008/051173
Benzo[ 1, 3] di oxol -5- N NN H vyl phenyl)-1l-cyano O =
et hyl ] pi peridine-2 O carboxam de trifluoroacetate
(2S)-N-[(1S)-1-Cyano- 370[ M+ NN 2-[4-(3,4 C H
di fl uorophenyl ) phenyl] O = ethyl]piperidine-2- F
carboxam de F trifluoroacetate 30

29

Ex. (R [ (IS) - I- Vatrudais WH +  2-[4- (4-TTUOT 0- /BN
No.
24 | (285)-N-[(15)-1-Cyano- 359[M+H]"
H N
2-[4-(4- =z
[4-( (Nj\'rNJ
cyanophenyl)phenyl]eth H o :
yl]piperidine-2- O
carboxamide O
trifluoroacetate \\N
25 | (28)-N-[(15)-1-Cyano- 364[M+H]
H =N
-[4-(4- 2
2-[4-(4 Q\(N\/
methoxyphenyl)phenyl] H o) :
ethyl]piperidine-2- O
carboxamide O
trifluoroacetate (|3
26 | (285)-N-[(15)-1-Cyano- 338[M+H]"
H __N
-[4-(1- - 4
2-[4-(1-methylpyrazol (NjﬁrN\/
4- H o :
yl)phenyl]ethyl]piperidi
ne-2-carboxamide = N—
N
trifluoroacetate
27 | (285)-N-[(15)-1-Cyano- 392[M+H]"
H =N
2-[4-[4-(3- =
[4-[4-(3 (Nj\(N\/
hydroxypropyl)phenyl] H o) :
phenyl]ethyl]piperidine O
-2-carboxamide O
trifluoroacetate
OH




H phenyl net hoxy O =

phenyl ) phenyl] ethyl]pip

1me_ o men2- car boxamde "~ O 0 F trifluoroacetate 31
W@ 28pHONSE( 1S) - | - Cyano- 382 MtH| +  2-[ 4- ( 3- f | uoPOF/GB2(N8/051173
fIHN H nethoxy O = phenyl)phenyl] ethyl]pip F

eri di ne-2-carboxam de trifl
D AXI"
Structure m z No.

uoroacetate O 1 ifl1l2nl n_i

WD 2009/ 074829 PCT/ GB2008/ 051173 86 Ex. Nane
32 (29)-

N[ (I S)-1-Cyano- 394 MkH] +

NN 2-[4-(3,4 N C~y dinethoxyphenyl)phen HO yl]

Ex. PNBiiel P! peridine- 2 gerycture m/z
No.
28 | (285)-N-[(15)-2-(4- 378[M+H]"
Benzo[1,3]dioxol-5- (Nj\'(ﬁ\///'“
ylphenyl)-1-cyano- H § &
ethyl]piperidine-2- O
carboxamide O >
trifluoroacetate ©
29 | (285)-N-[(15)-1-Cyano- 370[M+H]"
2-[4-(3,4- Q\(H\///N
difluorophenyl)phenyl] H 0 :
ethyl]piperidine-2- F
carboxamide O
trifluoroacetate F
30 | (25)-N-[(15)-1-Cyano- 458[M+H]"
2-[4~(4-fluoro-2- Q\(H\///N
phenylmethoxy- H o) : o
phenyl)phenyl]ethyl]pip O
eridine-2-carboxamide O
trifluoroacetate F
31 | (25)-N-[(15)-1-Cyano- 382[M+H]"
2-[4-(3-fluoro-4- Q\(HJ//N
methoxy- H o) :
phenyl)phenyl]ethyl]pip F
eridine-2-carboxamide O
trifluoroacetate (|)




carboxam de trifluoroacetate 0 33 (2S)-N-[ (!

1m@)-i» &ano- 394 MktH + NN 2-[4-(2,4 N O

walrewennszyphenyl ) phen H O\ 0 yl] ethyl]pi perpdi/o82@8/051173
carboxam de / trifluoroacetate 0 34
(2S)-N-[(1S)-2-[4-(3- 377[ MtH] + Car banoyl phenyl ) phen
N NN (~y yl]-I-cyan- H O g4 hyl]piperidine-2-
carboxam de trifluoroacetate HZN 0 35 (2S)-N-[ (I
S)-1-Cyano- 392[M+tH + NN 2-[4-(2,5 N (~y

Ex.
No.

ONQKRDPI CYyCl o] 4. 4.0
yl ) phenyl ] et hyl ] pi

I$tea&ure O

-/7,9, 1 1-tr1en-8

peri di

ne- 2-car boxam de 0

m/z

32

(28)-N-[(185)-1-Cyano-

2-[4-(3,4- N _Z

dimethoxyphenyl)phen o :

Iz

yl]ethyl]piperidine-2-
carboxamide

trifluoroacetate |

394[M+H]"

33

(28)-N-[(185)-1-Cyano-
2-[4-(2,4-

Ir=z

dimethoxyphenyl)phen 0
yl]ethyl]piperidine-2-
carboxamide

trifluoroacetate

394[M+H]"

34

(28)-N-[(15)-2-[4-(3-
Carbamoylphenyl)phen NJ//
yl]-1-cyano- o)

Iz

ethyl]piperidine-2-
carboxamide

trifluoroacetate

377[M+H]"

35

(28)-N-[(185)-1-Cyano-

2-[4-(2,5- No_Z

dioxabicyclo[4.4.0]deca o)
-7,9,11-trien-8-

Ir=

yl)phenyl]ethyl]piperidi

ne-2-carboxamide

trifluoroacetate

392[M+H]"




OJ trifluoroacetate ifl12nl n_i D AXI" WD 2009/ 074829
102AGTeB2008/ 051173 87 Ex. Name Structure miz No. 36
W@ 28pAONSEL 1S) - 2-[ 4- [ 4- 363[ MtH] + ( Ami nonet hy| P@HEB00B/051173

N NN phenyl]-1-cyano- H O ethyl]piperidine-2-

carboxam de trifluoroacetate NH2 37

(2S)-N-[(1S)-I-Cyano- 379[MH + 2-[4-(2 NNN

di met hyl am nopyrimdi HOn-5 N

yl ) phenyl ] et hyl ] pi peri di ne-2-carboxam de N

Ex. [RhhfeUor 0acet af € J&dgqlrd™ [ (1S) -1-Cyano- 354] WrH,
P-[4-(4- NN nethylthiophen-3- HO
No. Il )phenyl Jethyl ] pijperidi ne-2-carboxan de

v

36 TS NRISResisie 363[M+H]
(Aminomethyl)phenyl] N\_///
phenyl]-1-cyano- o

ethyl]piperidine-2- O
carboxamide O

trifluoroacetate

Iz

NH

37 | (25)-N-[(15)-1-Cyano- 379[M+H]"

2-[4-(2- N_Z

dimethylaminopyrimidi o) :

Ir=z

n-5-
yl)phenyl]ethyl]piperidi |
ne-2-carboxamide N ITI

trifluoroacetate

38 | (25)-N-[(1S)-1-Cyano- 354[M+H]"

2-[4-(4- N_Z

methylthiophen-3- o E

Iz

yl)phenyl]ethyl]piperidi
ne-2-carboxamide

trifluoroacetate

39 | (25)-N-[(15)-1-Cyano- 410[M+H]"
2-[4~(3-fluoro-4- No_Z
propoxy- o

phenyl)phenyl]ethyl]pip O

F
eridine-2-carboxamide O
trifluoroacetate OH

Iz




39 (25)-N-[(1S)-I-Cyano- 410[ MtH] + 2-[4-(3-fluoro-4-
1mMNaf jiHNpr opoxy- H O phenyl ) phenyl] ethyl]pip F
w@eiodiomus2®- car boxanmi de O trifluoroacetate if12¢l/GB2008051173

AXI" WD 2009/ 074829 PCT/ GB2008/ 051173 88 Ex. Nane
Structure mz No. 40 (2S)-N[(l S)-1-Cyano- 365[ M+H] +
2-[4-(2- NNH nethoxypyriggn-3 O
yl ) phenyl ] et hyl ] pi peri di ne-2-carboxam de
trifluoroacetate o N 41 (2S)-N-[(l S)-1-Cyano-
Ex. Pxgm¥tH +  2-[4-(3-gphaurPyrazol- N NN s- HO m/z
yl ) phenyl J et hyl ] pijperidi N ne-2-carboxam de N
No. frifluoroacetate 42 (2S)-N-[(l S)-1-Cyano- 405[ MrH] +
D_I A I3 N N
40  [(2S)-N-[(18)-1-Cyano- 365[M+H]
H =N
_[4-(2- Z
2-[4-(2 \ N\/
methoxypyridin-3- H o) :
yl)phenyl]ethyl]piperidi
X
ne-2-carboxamide
~ /
trifluoroacetate 0 N
41 | (25)-N-[(15)-1-Cyano- 338[M+H]"
H N
-[4-(2- - 4
2-[4-(2-methylpyrazol \ N\/
3- H 8§
yDphenyl]ethyl]piperidi N/
ne-2-carboxamide \ /\N
trifluoroacetate
42 | (25)-N-[(15)-1-Cyano- 405[M+H]"
H =N
_[4-[3- Z
2-[4-[3 y N\/
(dimethylcarbamoyl)ph H o) 2
enyl]phenyl]ethyl]piper O
idine-2-carboxamide O
trifluoroacetate
SN0
|
43 | (25)-N-[(15)-1-Cyano- 440[M+H]"
H N
-[4-(4- 2- 4
2-[4-(4-cthylsulfonyl-2 N N \/
methyl- H o) :
phenyl)phenyl]ethyl]pip O
eridine-2-carboxamide O 0
/7
trifluoroacetate 7
o)




(di met hyl car banoyl )ph H O enyl ] phenyl ] et hyl ] pi per

1mauhrexAacar boxam de trifluoroacetate N O 43

W@ 28NS | S)-1- Cyano- 440[ MtH] + PCT/GB2008/051173

2-[4-(4-ethylsulfonyl-2- NNN Cnethyl- HO
phenyl ) phenyl] ethyl]pip eridine-2-carboxam de o
trifluoroacetate o ifl12nl ngg D AXI" WO 2009/ 074829
PCT/ GB2008/ 051173 89 Ex. Name Structure mz No. 44
(2S)-N-[ (I S)-1-Cyano- 400[ M+H] +

Ex. PNhffiel 3, 5- 01 T 1 UOT O-GrrudWird €L NOXY- H O phenyl) phepyl]
ethyl ]pip F eridijne-2-carboxamde O trifluoroacetate

No. F 45 (29 -NJ[(l 8)-1-Cyano- 364[ M+H] +

44 | (285)-N-[(15)-1-Cyano- 400[M+H]"
2-[4-(3,5-difluoro-2-

Iz

methoxy-
phenyl)phenyl]ethyl]pip
eridine-2-carboxamide

trifluoroacetate

45 (28)-N-[(185)-1-Cyano-
2-[4-[3-

364[M+H]"

Iz

(hydroxymethyl)phenyl
Iphenyl]ethyl]piperidin
e-2-carboxamide

trifluoroacetate

46 (28)-N-[(185)-1-Cyano-
2-[4-(2-

366[M+H]"

Iz

methoxypyrimidin-5-
yl)phenyl]ethyl]piperidi
ne-2-carboxamide

trifluoroacetate

47 | (285)-N-[(18)-1-Cyano- 433[M+H]"

2-[4-[6-(4- N\_///

methylpiperazin-1- o :

Ir=z

yl)pyridin-3-
yl]phenyl]ethyl]piperidi |

ne-2-carboxamide @

trifluoroacetate




1njphemybqet hyl ] pi peridin
wo eioblomsepacet ate HO 46 (2S)-N-[ (I
2-[4-(2 NN N O nethoxypyrimdin-5- HO

2-[4-[3 NN N-'y

366[ M+H] +
yl) phenyl ] et hyl ] pi

trifluoroacetate N~O 47 (24 -N-[ (I

C (hydroxynet hyl ) phenyl
e- 2-car boxam de

peridi N ne-2-carboxam de

S) - 1- Cyano-

H O

S) - 1- CyanoPCT/GB2008/051173

433[ MMH + N fIHN 2-[4-[6-(4- nethyl piperazin-1- HO
yl)pyridin-3- on yl]phenyl]ethyl]piperidi
Ex. ngag,-ecar boxam de N S\Jrﬁ&hf-é uoroacetate N I112nl n__hl/P
No. AXI " WD 2009/ 074829 PCT/ GB2008/ 051173 90
48 | (25)-N-[(185)-1-Cyano- 350[M+H]"
2-[4-(2- (Nj\'(ﬁ\///'“
hydroxyphenyl)phenyl] H o 8§
ethyl]piperidine-2- O "
carboxamide O
trifluoroacetate
49 | (25)-N-[(15)-1-Cyano- 385[M+H]"
2-(4-quinolin-8- (Nj\n/
ylphenyl)ethyl]piperidi Ho 8
ne-2-carboxamide
trifluoroacetate
50 | (25)-N-[(1S)-1-Cyano- 348[M+H]"
2-[4-(2-
methylphenyl)phenyl]et (Hj\ér
hyl]piperidine-2-
carboxamide
trifluoroacetate
51 | (28)-N-[(15)-1-Cyano- 440[M+H]"

2-[4-(2-
phenylmethoxyphenyl)
phenyl]ethyl]piperidine
-2-carboxamide

trifluoroacetate

Ir=z
o
ZT
\




Ex. Name Structure

m z No.

48 (2S)-N-[ (I S)-1-Cyano-

1mB30{wWeHh+ 2-[4-(2 NN N C hydroxyphenyl)phenyl] H o

we@ellor4seperi di ne- 2-
49 (2S)-N-[(I S)-1-

NN vyl phenyl)ethyl ] pi peri di
N, 50 (28)-N-[(l S)-1-Cyano-

348 MFHI + 2-[4-(2 N N m O ethyl phenyl)phenyl]et Ho
hyl ] pi peri di ne-2 carboxam de trifluoroacetate 51

trifluoroacetate 7

OH carboxam de trifl uor oBRCEGBL@S/051173
Cyano- 385[ M+H + 2-(4-quinolin-8-

H o = ne-2-carboxam de

Ex. [KameN[ (I S5)-1-Cy
phenyl met hoxypheny,
No.

aB‘?ti’uctﬁf*é)l MR+ N TT(HN 2-14-(Zm/y

) 0 =

phenyl ] ethyl] pi peri di ne

52 (28)-N-[(185)-1-Cyano-
2-[4-(2-methylpyridin-
3-
yl)phenyl]ethyl]piperidi
ne-2-carboxamide

trifluoroacetate

349[M+H]"

Example 53: (S)-N-((S)-1-Cyano-2-(4-(6-cyanopyridin-3-yl)phenyl)ethyl)piperidine-2-

carboxamide

CN

a) (S)-tert-Butyl 2-((S)-1-amino-1-o0x0-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)phenyl)propan-2-ylcarbamoyl)piperidine-1-carboxylate

B~o

0
NH
N
@)H
NWQ o
I




10

15

20

-2-carboxam de trifluoroacetate 1f12ni n_i D AXI" WO
10220008 874829 PCT/ GB2008/ 051173 91 Ex. Nanme Structure
WOR@IRD829 52 (2S)-N-[ (I S)-1-Cyano- 349[ M+rH] + PCT/GB2008/051173

2-[4-(2-methylpyridin- NNN C 3- Ho

yl) phenyl ] et hyl ] pi peridi ~N ne-2-carboxam de

trifluoroacetate Exanple 5@

(S)-N-((S)-1-Cyano-2-(4-(6-cyanopyridi n-3-yl)phenyl)et

hyl ) pi peri di ne-2- carboxamde CN N O C?NHHN 5 a)

11" B@(dl@ﬁéﬂfdlﬁi&fmlno)ferrocene EO 097 4g) and 1 1 bls(dlphenylphosphlno)ferrocene-
ani no- 1 - oxo- 3- 5-tetramefhyl -1, 3,2-d
pall&d@u@@{)d@h@mﬂg DCM complex (0. 141 g) were stirred in dry d1rnethylsulfox1de (5

rnL)){m)d {}Xg)&go ?ﬁlmmutgs %a{agsqlqgly c%t%%e'[t‘f rOlQIgB1 ?Sﬂ terf f)l?[of(é/ ((%t) 1-
amino-3-(4-iodophenyl)-1-oxopropan-2-ylcarbamoyl)piperidine-1-carboxylate (1.73 g)
dissolved in dry DMSO (5 mL) and 4,4,4'4',5,5,5',5'-octamethyl-2,2'-bi(1,3,2-dioxaborolane)
(1.165 g) were added and the reaction was heated at 80 °C overnight. The reaction mixture
was cooled, diluted with water and extracted with ethyl acetate. The extracts were washed
with brine then dried and evaporated. The crude material was purified by flash silica
chromatography, eluting with ethyl acetate to give the subtitle compound as a colourless foam
(1.28 g).

'H NMR (399.824 MHz, CDCl3) & 7.75 (d, J = 7.9 Hz, 2H), 7.24 (d, J = 7.9 Hz, 2H), 6.48 -
6.39 (m, 1H), 5.30 - 5.23 (m, 1H),4.72 (q, /= 7.6 Hz, 1H), 4.67 - 4.62 (m, 1H), 3.22 -3.14
(m, 1H), 3.13-3.06 (m, 1H), 2.48 - 2.36 (m, 1H), 2.25-2.18 (m, 1H), 1.53 - 1.45 (m, 4H),
1.42 (s, 9H), 1.33 (s, 12H).

m/z [M-BOC+H]" =402.

b) (S)-tert-Butyl 2-((S)-1-amino-3-(4-(6-cyanopyridin-3-yl)phenyl)-1-oxopropan-2-
ylcarbamoyl)piperidine-1-carboxylate

CN

A solution of (S)-tert-butyl 2-((S)-1-amino-1-oxo0-3-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)propan-2-ylcarbamoyl)piperidine-1-carboxylate (0.150 g) in
dioxane (1 mL) was added to a stirred solution of 5-bromopicolinonitrile (0.055 g) and

bis[bis(1,2-diphenylphosphino)ethane]palladium (0) (0.003 g) in dioxane (1 mL) under
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CNNH2 NHOOO 1f-2ni n_i D AXI" WD 2009/ 074829

102AG@THEBR2O08/ 051173 92

wa2094Bi8e{ di phenyl phosphi no) ferrocene (0.097 ghCEHGH2008/051173

1,1' - bi s(di phenyl phosphi no) ferrocene-
pal | adi un(11)dichl ori de DCM conpl ex (0.141 g) were
stirred in dry dinethylsul fgxide (5 nL) under
nitrogen for 10 m nutes. Potassium acetate (1.016 ),
(S)-tent-butyl 2-((S)-1-

mm%eh nnre%eélﬂmmgmﬂ@nxyds)snhe@ XGPIARAN A%owtfaﬁro@qma/slsmai &@Eonate

di ne-1-car boxyl ate (?) 5 dissolved in dry DVS
(0. lzélsg)m)waéﬁdo 75 mL) was added and the resulting solution was stirred at 75 °C for 16

.t e s 2o e o BEL B M e B U TR o

and Wagicddviat saB@ated OVias, Nirdd toverldddiung ad Fat®©mh dadsbibe e onMShca The
cool ed, dil uted with water and extracted with eth

cmdﬁ@&dalpbwasnmlf@ﬂthygl%h sikisp ehigasieegaphug eINting Wia 3t: Hefﬁhyl acetate/
1sohg1§/a!n1$?j ﬁbdfrfﬁ\f%ﬁg n%éw%d% E%e%ﬁh %ffiofed th@?ﬁbtﬁférdoﬁp%gnd (0.113

I'ca ogra
g). acetate to give the subtltl e corrpound as a col ourI ess
99 82 6 7.75
'R (o) S48 gl o7 3603 (e i T 3y & tagg 0. 737 731
(m, @Pﬁ%ﬁ%d 'J—H)SH_% ?ﬁész@ 25'33(6;}31 th‘M 7 18321&1 1#17 375EI§S 3H),
3.263.3181 (mBZHB Z(th 2.304m, ZH%@ 26 22. 38(1@m1H) Hy6 - 24Q5rn- 2H), 1.43 (s,
1.53 - 1.45 (m 4 1.42 (s, 9
9H)’il %@'Sgg(lilzzgﬂ) is mz [MBO(C+|—|] +H):402. b) ( ki
m/z (M BOERH] By 3
-((S)-1-am no- 3- (4-(6-cyanopyridi n-3-yl) phenyl) -1 -oxo
propan-2- yl carbanoyl ) pi peridine- | -carboxylate CN N

c) (Sg-té\llflf%utﬁlg-d_(g)c-)l -cdya(l)no-3-94-(6-cyanopyridin-3 -yDphenyl)ethylcarbamoyl)-

piperidine-1-carboxylate

0O

N QN

N0
r
O

Triethylamine (0.209 mL) was stirred in DCM (5 mL), under nitrogen, in a cold water bath
and methyl chlorosulfonylcarbamate (0.102 g) was added. The cold water bath was removed
and the mixture was stirred at room temperature for 30 min. A solution of (S)-tert-butyl 2-
((S)-1-amino-3-(4-(6-cyanopyridin-3-yl)phenyl)-1-oxopropan-2-ylcarbamoyl)piperidine-1-
carboxylate (0.112g) in DCM (5 mL) was added to the above mixture, and the resulting

suspension was stirred at RT for 18 h. The mixture was washed with water and brine then

dried and concentrated in vacuo. The residue was purified by flash silica chromatography



A solution of (S)-tent-butyl
1M & (Bywd- am no- | - oxo-3-(4-(4,4,5,5-tetranet hyl -1, 3, 2-
waelr@ranseol an- 2- yl ) phenyl ) propan- 2- yl car banoy| B@i/e8e008/051173
ne-1|-carboxylate (0.150 g) in dioxane (1 nL) was
added to a stirred solution of 5-bronopicolinonitrile
(0.055 g) and 94
bi s[ bi s( 1, 2-di phenyl phosphi no) et hane] pal | adi um (0)
(0.003 g) in dioxane (1 nmL) under 1f-2ni n_i D AXI" WD
elun%QQ@{hOﬁﬂ/S Sy PeblBRAMH Q16 FivIBe S%tftfe%ﬁﬁouﬂa"@s a foam (0.074
resulting m xture was stirred for sol ution
g). of potassium carbonate (0.124 g) in water (0.75 niL)
d and the resulting solution was stirred at 75
zp@ﬁgf—ﬂgg h. The cooled m xture was evaporated to
dryness The residue was taken up in ethyl acetate
d washed with saturated brine, dried over sodium
d) (Ss)d}I 16D -arenoadrébf trexrnenyiadiai 3 ylephenyineih g piperiing 2 wagheramide
was purified by flash silica chromatographyy el uting
wth 3 : 1 ethyl acetate/ isohexaneg). Rdare fractions

were evaporated to dryness to affor% the subtitle

conmpound (0.113 g). iH NVR (398 CDC13) 6
7.56 - 7.52 (m 2H), 7.48 (d 1H), 7.37 -
7.31 (m 3H), 7.18 (d, J = 5.40 - 5.30

(m 1H), 4.70 - 4.63Qm (s, 3H) io 3.26 -
3.11 (m 2H), 2.51 - 2. 2.26 - 2.18 (m
1H), 1.56 - 1.46 43 (s, 9H), 1.41 - 1.28
(m 4H). mz [[MB -wﬂ*1378 N)(S)tem-BMyI
2-((S)-1-cyano WH(6- cyanopyri di n- 3-yl ) phenyl ) et hyl ¢
arbanoyl )- is piperidine-|l-carboxylate CN N O CHN
N O O Triethylamne (0.209 nL) was stirred in DCM (5
under nitrogen, in a cold water bath and nethy

(S)- @ﬁ“r%lﬁ%b%rl(@sdﬁyqyea@Jaa(ﬂv(ééye@pws_im@-ym&erbz@@@dlcaqh@@loa&)rmperldme-
l-ca}fl‘%og(ﬁ]f | e@pdg ﬁ@ﬁr} g gcg%( )RA&? hgg[t&! 5’%5%) g?f%r %6 h{lﬁ.eﬂle%lxture
was e&pokead, dinddlykd th rnethanol and applied to a 10g SCX column. The column was
washed with methanol then eluted with 10% ammonia in methanol. The eluate was
evaporated. The residue was triturated with isopropanol and the solid collected, washed with a
little isopropanol and diethyl ether then dried to leave the title compound as a solid (0.048 g).
'H NMR (499.914 MHz, d6-DMSO0) § 9.10 (d, J = 1.3 Hz, 1H), 8.52 (d, /= 7.4 Hz, 1H), 8.35
(dd, /=8.2,2.2 Hz, 1H), 8.12 (d, /= 8.0 Hz, 1H), 7.82 (d, /= 8.0 Hz, 2H), 7.48 (d, /=8.0
Hz, 2H), 5.08 - 5.00 (m, 1H), 3.26 - 3.15 (m, 3H), 3.06 (d,/J=8.4 Hz, 1H),2.78 (d, /=124
Hz, 1H), 2.47 - 2.43 (m, 2H),2.30 -2.14 (m, 1H), 1.58 (d, /=9.0 Hz, 2H), 1.41 (d, /= 14.4
Hz, 1H), 1.35-1.18 (m, 1H).

m/z [M+H]" =378.
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1mM41(0S)e kvam no- 3- (4- (6- cyanopyri di n- 3-yl ) phenyl ) - | - oxopr

W@ p@nAO24899 car banoyl ) pi peri di ne-1- carboxyl at e POI/GB2@p/051173
in DCM (5 nmL) was added to the above m xture, and the
resulting suspension was stirred at RT for 18 h. The
m xture was washed with wates and brine then dried
and concentrated in vacuo. The residue was purified by
flash silica chromatography 1f-2ni n_i D AXI" WD

Exa&ﬁ%e e3$aﬂ%éﬁ&ﬂ((gﬁifc%%gwfﬁéléﬂﬁyd&ﬁyetﬁ Hhleep-nsih 30%
(S)-N-((S)-I-Cyano-2-(4-(6-cyanopyridin-3-yl)phenyl)et
-cyano- 2- (4- (6- cyanopyri di Rt hyl car banoyl
was evapor at ed, di&solvgd i n”net hanol and appljed to a
was evaporated. The nésiddé\mas triturated with
| eave the title conpound as a solid (0.048 g). iH NW

acetate in’isohexane to give the subtitle
dihyglsphenzetil] iazol SoehpliedyDthyDpjperidine-2inrlloxamidg. 5 d)
hyl ) pi peri di ne- 2- car boxam de CN ZNH N N
(S)-tent-Butyl 2-((S)-I O
SRS N ' F
) - pi peridi ne- 1-carboxyl at|e 074 g) informc acid
(3 m) was heated at 50 C 10 mn. The mxture io
| Og SCX columm. Tlge cofum was washed with t hano
then el uted vt fmrika i n nethanol . The el uate
i sopropanol ~and-MHe solid coll ected, washed with a
little isopropanol and diethyl ether then dried to
(499.914 MHz, d6-DVMSO) 6 9.10 (d, J= 1.3 Hz, 1H), 8.52
a) 5-Bdomg3-@-lydepxyctls))begzopdlthigzol dtBH one 8.2, 2.2 Hz, 1

H, 8.12 (d, J = 8.0 Hz, L H, 7.82 (d, J = 8.0 Hz,
2H), 7.48 (d, J = 8.0 255,08 - 5.00 (m 1H),
3.26 - 3.15 (m 3H), 3.0p J=)8=@ Hz, 1H), 2.78 (d,
J=12.4 Hz, 1 H), 2??1 AS~(m 2H), 2.3 0 - 2.14
J = 14

(m 1H, 1.58(d, $'=9.0 Hz, \2H), 1.41 (d, J = 14.4
Hz, 1H), 1.35 - 1.18 (m 1H. m z-hMH + =378. 20
1f-2ni n_i D AXI" WD 2009/074829 PQT(GB2008/ 051173

5-Bromobenzo[d]thiazol-2(3H)-one (1 g) and potassium carbonate (1.5 g) were stirred in
DMF (7 mL) at room temperature and 2-bromoethanol (0.4 mL) added. The mixture was
stirred for 48 h. The mixture was poured onto water and acidified with dilute hydrochloric
acid and extracted with ethyl acetate. The extracts were washed with dilute hydrochloric acid,
water and brine then dried over sodium sulfate and evaporated. Purification by flash silica
chromatography eluting with 25% ethyl acetate in isohexane afforded the subtitle compound
as a colourless solid (0.540 g).

'H NMR (399.826 MHz, d6-DMS0) 3 7.64 (d, J = 1.8 Hz, 1H), 7.61 (d, J = 8.5 Hz, 1H), 7.36
(dd, J=8.5,1.8 Hz, 1H), 491 (t,J = 5.8 Hz, 1H), 4.01 (t, J = 5.5 Hz, 2H), 3.64 (q, J = 5.6 Hz,
2H).

b) (S)-N-((S)-1-Cyano-2-(4-(3-(2-hydroxyethyl)-2-0x0-2,3-dihydrobenzo[d]thiazol-5-
yl)phenyl)ethyl)piperidine-2-carboxamide

Prepared by method of Example 53 using 5-bromo-3-(2-hydroxyethyl)benzo[d]thiazol-2(3H)-

one to give the title compound as a colourless solid.



95 Exanple 54:
102418) +tN(QS) - 1- Cyano- 2- (4- (3- (2- hydr oxyet hyl ) - 2- oxo0- 2, 3
WalRtvyar4sRenzo [ d] PCT/GB2008/051173
t hi azol - 5-yl ) phenyl ) et hyl ) pi peri di ne- 2- car boxanm de S
>>=O0N OCH HNNH 5 a)
5- Br onp- 3- ( 2- hydr oxyet hyl ) bggrzo[ d] t hi azol -2(3H)-one S
>==0 Br N HOH 5-Bronobenzo[d]thiazol-2(3H)-one (1 g)
and potassium carbonate (1.5 g) were stirred in DW

'H NMRP(B% 8b6 MIPANdL SIS DU, 5384 11212 tmmgetl I%f:\;'m'DHZ( By 9mk)- 8.67 (m,

dded. The mixture was stirred he m xture

1H) vVaé4 poaP éat, Ghbo7 ddtdsk T artlS.ac] Hief 1Y 7vist(d, blr Bz, 2H), 7.05 (d J=

o5 TR0 d 203 dutets G E R I FuRockDofes -2 3 en. an,

2.98aQ).gb (mWaHIE 2.8 0T (Mg 1Hhens dr i .ed (ay eH)soud umes Y ats, 1.64 -
and evagorated Purification by flash silica
5 153&ﬁ%oﬂﬁk geapgHt? @sutlilhg with 25% et hyl acetate in
nﬂzL apg afforded the subtitle compound as a
olourless solid (0.540 g). iH NWR (399.826 Mz,
d6-DWBC» 6 7.64 (d, J =1.8 Hz, 1H), 7.61 (d, J = 8.5
Hz, 1H). 7. 15 (dd, J.=.8.5. 1.8 Hz, | 4.91 (t,
Exapitie SUSKE-(P-1yS b0 G143 gncthexisnpll 2 0k 62° (g, )
dih ébél thi2sd:5-Mphenylethyl)piperidine-2-
RERHE 'l%i ajfﬁéﬁ SRS PR TS A oxo- 2.5
10 i hydr obenzo i azol - 5-
yl') phenyl ) et hyl) pi peri di ne-2- car boxamn de 20 Prepared
by net hod of Exanple 53 using S
5- br onp- 3- (2- hydr oxyet hyl ) benzo[ d

to give the title conpound']
O

NH

zoI>#(C3H)- one
s solid.

\\\O\

I=
/)
=z

a) 5-Bromo-3-(2-methoxyethyl)benzo[d]thiazol-2(3H)-one
S
o
Br N\\\

O—

15
5-Bromobenzo[d]thiazol-2(3H)-one (1 g) and potassium carbonate (1.502 g) were stirred in

DMF (7 mL) at room temperature and 1-bromo-2-methoxyethane (0.408 mL) was added. The
mixture was stirred for 24 h. The mixture was poured onto water and extracted with ethyl
acetate. The extracts were washed with dilute hydrochloric acid, water and brine then dried

20 over sodium sulfate and evaporated. Purification by flash silica chromatography eluting with

10% ethyl acetate in isohexane afforded the subtitle compound as a colourless solid (0.73 g).
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1f-2ni n_i D AXI" WD 2009/ 074829 PCT/ GB2008/ 051173 96
1n2did_NWVR/O399. 826 MHz, d6-DMSO) 6 10.65 (s, 1H), 9.30
W@ 2009d74829. 2 Hz, 1H), 9.03 - 8.67 (m 1H), 7.BaI/6B7008051173

(m 3H), 7.49 (dd, J = 8.5, 2.1 Hz, 1H), 7.38 (d, J =

8.2 Hz, 2H), 7.05 (d, J = 85 Hz, I H, 503 (q, J =

7.4 Hz, | H, 3.81 - 3.72 (o | H), 3.50 (s, 2H), 3.25

- 313 (m 4H, 2.98 - 2.86 (m | H, 2.09 - 2.01 (m

| H, 1.81 - 1.74 (m | H, 1.73 - 1.65 (m | H), 1.64

H}@\ﬂ{(@% émMm) CDCI9257.36 @3 < o 1), M- 1 M ldh 2882409 (1, 1 =

5.5 fdsﬂﬂ%%égﬁa 1=cyaha, 2H), 4-3¢3s,( 3H)et hoxyet hyl ) - 2- oxo- 2, 3-
di hydr obenzo [d]
t hi azol - 5-yl ) phenyl ) et hyl ) pi peri di ne- 2-car boxam de 10

b) (S§-N°’EES§)-1 &‘jla@om_ (AN3N2-Hydibxyathyl)-2-oxo-2,3-dihydrobenzo[d]thiazol-5-
-(2- met oxyet hyl") benzo[ d]t hi azol - 2(3H)-one S

yl)pmtzethm)pme@imeﬁsc% Bre¥dbenzo[ d] t hi azol - 2(3H)-one (1
g) and potassium carbonate (1.502 g) were stirred in
DMF (7 nmlL) at roomtenperature and
Prep]lrd@lrhyr‘maHeleBf Bratyet Baneing G- B0Mord-)2-mathoageryl )behhe d|thiazol-2(3H)-
xture was stl{él%fd for 24 h. Ee m xture was poured
one (i (ISkIe CRRORR] e elerist ol hyl acetate. The

'qH WR“(@% 824WATEZ, %ﬁﬁﬁ@oﬁ" REbY '(Jl,litéeﬂbfﬂz[ ‘?PI')‘,' 064 g 8§ i(ﬁ?l; 1H), 8.81 -
wat er and brine then dried

8.70 (m, 1H),7.75-7.68 (m, 3H), 7.63 (s, 1H), 7.50 (dd, J=8.2, 1.5 Hz, 1H), 7.44 (d,J =

8.2 Hz, 1H), 5.06 (q, J = 7.5 Hz, 1H), 4.24 (t, J = 5.3 Hz, 2H), 3.81 - 3.73 (m, 1H), 3.65 (t,J

=5.3 Hz, 2H), 3.24 (s, 3H), 3.22-3.17 (m, 3H), 2.99 - 2.87 (m, 1H), 2.10 - 2.03 (m, 1H),

1.81 - 1.74 (m, 1H), 1.73 - 1.66 (m, 1H), 1.65 - 1.44 (m, 3H).

m/z [M+H]" =465.

Example 56: (S)-N-((S)-1-Cyano-2-(4'-cyano-3'-fluorobiphenyl-4-yl)ethyl)piperidine-2-

carboxamide

N
H N

NH
Prepared from Intermediate 4 by method analogous to Example 53(d).
'H NMR (399.826 MHz, d6-DMSO) & 8.51 (d, J = 7.7 Hz, 1H), 8.00 (t, J = 7.6 Hz, 1H), 7.89
(dd,J=11.1, 1.4 Hz, 1H), 7.81 - 7.73 (m, 3H), 7.45 (d, J = 8.2 Hz, 2H), 5.07 - 4.99 (m, 1H),
3.26 -3.14 (m, 2H), 3.09 - 3.03 (m, 1H),2.81-2.75 (m, 1H),2.49-2.42 (m, 1H), 1.63 -
1.54 (m, 2H), 1.46 - 1.36 (m, 1H), 1.36 - 1.18 (m, 3H).
m/z [M+H]" =377.



20 over sodium sul fate and evaporated. Purification by
1m2didnasmvenl i ca chromat ography eluting with 10% et hyl
wWae@varss29 n i sohexane afforded the subtitle coP@DGBA08S51173
a colourless solid (0.73 g). 1f-2ni n_i D AXI" WD
2009/ 074829 PCT/ GB2008/ 051173 97 1H NWR (399. 824
MHz, CDCl13) 6 7.36 (t, J =980 Hz, 1H), 7.28 - 7.26
(m 2H), 4.09 (t, J = 55 Hz, 2H), 3.68 (t, J =5.5
Hz, 2H), 3.34 (s, 3H). b)
@hﬂe B (EPN- {(sfwya%n(ﬁgﬁBcgaaoby.%@myﬁhmbi)ph%nﬁmyﬁeﬁyﬁ-
[ robenzo t hi‘azol -
Plpeyi(blp‘t’réwy‘lrl)@tah}lﬂ?pl peri di ne- 2- car boxani de Prepared by
met hod of Exanpl e 53 using
5- br ono- 3- ( 2- met hoxyet hyl ) benzo[ d] t
to give the title conpound as a col NeSs solid. 1H
NMR (399. 826 MHz, d6DI\/BO)6929( = 7.4 Hz, 1H),
8.96 - 8.88 (m 1H), 8.81 - 22 @/775-
7.68 (m 3H), 7.63 (s, 1H), (dd, J 8.2, 1.5 Hz,
1H), 7.44 (d, J = 8.2 Hz, .06(q,J:75Hz
| H), 4.24 (t, J = 3 3.73 (m | H),
3.65 (t, J = 3H), 3.22 - 3.17
(m 3H), 2.99 [\(] : 2.03 (m 1H),
1.81 - 1.74 ( 1H73 - TN66 (m 1H), 1.65 - 1.44
(m 3H). nlz =465. 15 Exanpl e 56:
(S)-N-((S)-1- Q/ano 2-(4' -cyano-3' -fl uorobi phenyl -4-yl)
et hyl ) pi peri di ne-2- carboxamde N F NN NH Pr epar ed
om | nternedi ate 4 bX t hod anal ogous to Exa
5 a) (Sasffrd)Buty}o? qM-Aioseno3 89’ s%nwﬁlz (meyIthirgeyphenyd: 45311)%y10%1bm0y1)
Hz 00 (t, J =7.6 H,, 1H), 7.89 (dd, J =
plpezdlzleﬂzcarﬂd_}gyla}@ 7'81 - 7.73 (m 3H), 7.45 (d, J =
8.2 Hz, 2H), 507- 4.99 (m 1H), 3.26 - 3.14 (m
2H) , 3.09-3.03(m I H, 2.81 - 2.75 (m | , 2.49
-2.42 (m | H, 1.63 - 1.54 (m 2H), 1.46 =~#71.36 (m
1H, 1.36 - 1.18 (m 3H. mz [ MH] + g

A solution of Intermediate 4 (0.250 g) and sodium methanethiolate (0.0368 g) in DMSO (1

10 mL) was heated in the microwave for 1 min at 100 °C. The mixture was diluted with water
and brine and extracted with ethyl acetate. The extracts were washed with brine then dried
over sodium sulfate and evaporated to leave a foam. Purification by flash silica
chromatography cluting with 30% ecthyl acetate in isohexane afforded the sub-title compound
as a solid (0.215 g).

15 m/z [M-H] =503.
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15

25 1f12f11 f1 -1 D AV' WD 2009/ 074829
102MAG@T 82008/ 051173 98 Exanpl e 57:
W@ B)09MF48LSB) - 1- Cyano- 2- (4' - cyano- 3' - (net hyl t hi ob@T/cB20vgI051173
-4-yl)ethyl)- piperidine-2-carboxamde N SOCN NH
5 a)
(S)-tent-Butyl 2-((S)-I-cyane®-(4'-cyan-3' - (nethylthio)
bi phenyl - 4-yl ) et hyl car banoyl ) - pi peri di ne-
-carboxylate N ONN N O O A solution of
d L -
b) (S)rmgsgﬂ C;a\é& fa{)ws%&%ls g(}neﬁgdthﬁgmg%ﬁﬁﬂey;?e%@ﬁﬁ?l%rﬁﬁ& 2
Cmbﬁx%ﬁ@ﬁave for 1 min at 100 C The ni xture was dil uted
with water and brine and extracted with ethyl acetate.
The extracts were washed with brine then dried over
(S)-eAMBWM Buishat&ansd- (QV@FQQ{)@'! @ﬁethﬁltﬁlsﬁ)\{lﬁleﬁylf @-@[)bthylcarbamoyl)
Purification by flash silica romat ogr aphy

pipejifing- I3gwbetaie Wae eenyiceed Hsing 6%&%&@@%@%@@&%16 - 53 (d) to the
| s a solid (0.215 is mz
“ﬂeﬁﬁ}ﬁ‘ﬁﬁ’ﬁ&d B SSRGS 2 5oL 7 U 50007 74539
H}H@R/(w@%mmﬂmmse)) 9.29 (d,J = 7.2 Hz, 1H), 9.01 - 8.69 (m, 1H), 7.88 (d,
(S thylth ) bi phenyl -
1= A S LT SFe . EAF S PN RS i, o7
(q, J=7.4 Hz, 1H), 3.82 - 3.71 (m, 2H), 3.28 - 3.17 (m, 3H), 2.98 - 2.86 (m, 1H), 2.70 (s,
3H),2.10 - 2.00 (m, 1H), 1.82 - 1.74 (m, 1H), 1.73 - 1.65 (m, 1H), 1.64 - 1.42 (m, 2H).
m/z [M+H]" =405.

Example 58: (S)-N-((S)-1-Cyano-2-(4’-cyano-3’-(methylsulfonyl)biphenyl-4-
yvDethyl)piperidine-2-carboxamide

N
H
NH

a) (S)-tert-Butyl 2-((S)-1-cyano-2-(4'-cyano-3'-(methylsulfonyl)biphenyl-4-
yl)ethylcarbamoyl)piperidine-1-carboxylate
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20

(S)-tent-Butyl 2-((S)-1-cyan-2-(4'-cyan-3'-(nethylthio)
1mdinpheeyh- 4-y| ) et hyl car banoyl )- 5
wperpenigene- | - car boxyl ate was converted usi ng BCTYeBR®E/051173
anal ogous to Exanple 53(d) to the title conpound as a
colourless solid. 1H NWVR (399.826 M1z, d6-DMSO 6 9.29

(d, J =7.2 Hz, 1H), 9.01 -1® 69 (m 1H), 7.88 (d, J
= 7.9 Hz, 1H), 7.78 (t, J = 7.8 Hz, 2H), 7.64 - 7.56
(m 2H), 7.47 (d, J = 8.2 Hz, 2H), 5.07 (g, J = 7.4
Hz, 1H), 3.82 - 3.71 (m 2H), 3.28 - 3.17 (Jy 3H),
2.98 - 2.86 (m 1H), 2.70 (s, 1o 3 L1687~ 2.00 (m
| H, 1.82 - 1.74 (m | H, 1.73 - (m | H, 1.64

- 1.42 (m 2H. mz [ MH + =405.
(S)-N-((S)-1-Cyano-2-(4'-cya 3
enyl -4- yl)ethyl)piperidine
NH a)

(S)-tent-Butyl 2-((9S)
nyl ) bi phenyl - 4-
yl ) et hyl car bajfroyl )1pi pegc?i ne&x - carboxyl ate 1f-2ni n_i
D AXI" WO 2009/ 07429 / cB2Obs/ 051173 100 N O O
HNNO O 3- orT nzoic acid (0.151 g) was
added to a solution lof (S)\tent-butyl 2-((S)-1-

cyano- 2- (4' - cyano- 3'0( nmet hyl t hi 0) bi phenyl - 4-yl ) et hyl ca
r banmoyl ) pi peri dj ne-| - carboxyl at e

0.103 in 0
3-Chipppgioxgbazasgettd 15 & e aGees 8 taiSl(aP{élan 2T gwed 21601
L e e e e e e R
(0.10eg ailni BOM (20 enls)ait Ot°Caind thwamerturarvehsstifraed atda@iovdrdi tedvarm to room

over sodium sul fate, and, evaporated. . . . .
temp overmgﬁt. 'The mix turd was washed Wit psaturate sodium bicarbonate solution, sodium

e 58:
‘ yIsil f onyl ) bi ph
boxani dg/ 1\5 N OONN

OI -cypn-2-(4' -cyan-3' - (nmet hyl sul fo

metabisulfite solution, water and brine then dried over sodium sulfate, and evaporated.
Purification by flash chromatography eluting with 30% ecthyl acetate in isohexane afforded the
subtitle compound as a colourless solid (58 mg).

'H NMR (399.824 MHz, CDCl3) & 8.40 (dd, J=4.6, 1.5 Hz, 1H), 8.02 - 7.92 (m, 2H), 7.65
(d, J=8.5Hz, 2H), 7.44 (d, ] = 8.2 Hz, 2H), 5.25 - 5.14 (m, 1H), 4.75 - 4.66 (m, 1H), 4.06 -
3.90 (m, 1H), 3.33 (s, 3H), 3.18 (d, J=7.2 Hz, 2H), 2.61 - 2.42 (m, 1H),2.27 -2.15 (m,
1H), 1.68 - 1.49 (m, 4H), 1.45 (s, 9H), 1.42 - 1.30 (m, 2H).

b) (S)-N-((S)-1-cyano-2-(4'-cyano-3'-(methylsulfonyl)biphenyl-4-yl)ethyl)piperidine-2-

carboxamide

Prepared using (S)-tert-butyl 2-((S)-1-cyano-2-(4'-cyano-3'-(methylsulfonyl)biphenyl-4-
yl)ethylcarbamoyl)piperidine-1-carboxylate by a method analogous to Example 53(d)

'H NMR (399.826 MHz, d6-DMSO) & 8.52 (d, J = 6.9 Hz, 1H), 8.30 (d, ] = 1.3 Hz, 1H), 8.27
-8.20 (m, 2H), 7.82 (d, J=8.2 Hz, 2H), 7.49 (d, J = 8.2 Hz, 2H), 5.09 - 5.01 (m, 1H), 3.46
(s, 3H),3.27-3.16 (m, 2H), 3.10 - 3.03 (m, 1H), 2.82-2.75 (m, 1H), 2.48 -2.42 (m, 1H),
1.61 -1.54 (m, 2H), 1.45-1.37 (m, 1H), 1.37-1.17 (m, 3H).

m/z [M+H]'" =437.



Purification by flash chromatography eluting with 30%
1metohyd vaoet at e i n i sohexane afforded the subtitle
W@ropomsed as a col ourless solid (58 ng). i H NMRCT/GB2008/051173

(399.824 MHz, CDC13) 6 8.40 (dd, J = 4.6, 1.5 Hz, 1H)

8.02 - 7.92 (m 2H), 7.65 io (d, J =8.5 Hz, 2H)

7.44 (d, J = 8.2 Hz, 2H), 51@5 - 5.14 (m | H), 4.75 -

4.66 (m | H, 4.06 - 3.90 (m 1H), 3.33 (s, 3H), 3.18

(d J =7.2 Hz, 2H), 2.61 - 2.42 (m 1H), 2.27 - 2.15

le 59*6‘5) Nﬂ-_é(ﬁﬁlicyl&ni‘)% {4y dhd-3'-letiastifonyBiphehy4- -

yl)em))PW((m)e-l-cemnﬂd€4 - cyano- 3' - (et hyl sul fonyl ) bi ph
enyl -4-yl)ethyl)piperidine-2- is carboxaniqf Pr epar ed
using (S)-tent-butyl =
fonyl ) bi phenyl
poxyl ate by a
KVRc(399. 826 MHz,
N(d, J =1.3

2-((S)-1-cyano-2-(4' -cyano-3' - (ne
-4- yI)ethyIcarbanDyI)plperldlne-

d6-DVBO) 6 8.52 (d, J =

Hz, 1H), 8.27 20 - 8.20 O =82 H,
2H), 7.49 (d, J 2 Ha 5.01 (m | H),

3.46 (s, 3H), 3.03 (m |
H, 2.82 - , | H, 1.61

. N .
- 1.54 (m I—|),145H137Nm1|—|) 1.37 - 1.17 (m
. + BNB7 1f-2ni n_i D AXI" WD 2009/ 074829
PCT/ GB2008/ 051173 101 Exanpl e 59:

Prep(a&)d Y- 1h&hod afdlagmrs 2o E4amplgdigo- 3' - (et hyl sul fonyl ) bi phe
yl ) pi peri di ne-2-car boxam de N ~

H W& @)ﬂ%@% EoPBPED A &6 by -4d (ﬁbt%dgéﬁalgo?g?daé %%) 781(d,J=

| 5 8 , 6 )
8.5 Ig%‘jz';ﬁ ?45%1 J %b‘%ﬂ\’_ﬁfﬂg@& ?61%’1@%?&’?@ 437.2}&8_2%1),3.28
3.16Hm, ma)sov 4904((@1 IHE2&12 2Hz4 (i2H H),3.309- 218101 1My 1.57 (d, ] =

10310, 2E; P24 ( F37tm 16051552 1.?25')(’m, 592121 1, 1= 7.4 1z, 30,

m/z [M+H]'" =451.

Example 60: (S)-N-((S)-1-Cyano-2-(4'-cyano-3'-(propylsulfonyl)biphenyl-4-
yvDethyl)piperidine-2-carboxamide

NH

Prepared by a method analogous to Example 58.
'H NMR (399.826 MHz, d6-DMSO0) & 8.63 (d, J = 7.2 Hz, 1H), 8.28 - 8.20 (m, 4H), 7.82 (d,
J=8.2 Hz, 2H), 7.50 (d, J = 8.2 Hz, 2H), 5.09 - 5.02 (m, 1H), 3.55 - 3.50 (m, 2H), 3.28 -



3.16 (m 3H), 3.09 - 3.04 (m | H, 2.81 - 2.74 (m |
1mn 12w3h - 2.18 (m | H, 1.57 (d, J = 10.3 Hz, 2H),
w@2004/074829 37 (m 1H), 1.37 - 1.23 (m 2H), 1.28CT/GB2W8H51173

7.4 Hz, 3H). mz [MH + =451. 10 Exanple 60:

(S)-N((S)-1-Cyano-2-(4'-cyano-3' - (propyl sul fonyl) bi ph

enyl -4- yl)ethyl)piperidinet@ carboxamide N O ON ~\N

NH is Prepared by a nethod anal ogous to Exanple 58. 1H

NVR (399.826 MHz, d6-DMSO) 6 8.63 (d, J = 7.2 Hz, 1H),

3. 199(n1283H) 8. 160 3(m (ng::%H) 3. 8%2 A (manI) g. 7&#256 ?thD 4H3 15@8 1.40 (m,
lH)(lno38 2H,<21 (@, 281) Q.P7 ptnd r74H@3£H<)| WD 2009/ 074829
nﬂzE]ﬁ}chfB‘z /051173 102 3.19 (m 3H), 3.19 - 3.12 (m
- 2.79 (m 1H), 1.72 - 1.56 (m 4H), 1.48 -
1.40 (m 1H), 1.38 - 1.21 (m 3H), 0.97 (t, J = 7.4

Hz, 3H). nz £SM+H]+ =465. 5 Exanple 61: .
s Exappdg 61y 29Ny (38)%(4' Canbamoyl-3 3(methglspifinylybiphapyl-tiydhn

I peridi ne-2-carboxam de 0 NH2
cya 4“@]}9& ﬁh}mﬁlﬁa&?ﬁ%%&d? ert-Butyl
2-((1S)-1-cyano-2-(4' -cyano-3' - (net hyl suldi nyl) bi pheny
| -4- yl)ethyl carbanoyl ) pi peri di ne-1-car bgxyl at e

NH

a) (2S)-tert-Butyl 2-((15)-1-cyano-2-(4'-cyano-3'-(methylsulfinyl)biphenyl-4-
yl)ethylcarbamoyl)piperidine-1-carboxylate

10

3-Chloroperoxybenzoic acid (0.137 g) was added to a solution of (S)-tert-butyl 2-((S)-1-

cyano-2-(4'-cyano-3'-(methylthio)biphenyl-4-yl)ethylcarbamoyl)piperidine-1-carboxylate

(0.140 g) in DCM (20 mL) at 0 °C and the mixture was stirred for 2 h then allowed to warm to
15 RT. The mixture was washed with saturated sodium bicarbonate solution, sodium

metabisulfite solution, water and brine then dried over sodium sulfate and evaporated.
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15

20

I0N I' I O HNNO O 3-Chloroperoxybenzoic acid
1m4@ 13Ywg) was added to a solution of (S)-tent-butyl
WQ2{00/8)48k9 PCT/GB2008/051173
cyano- 2- (4' -cyano- 3' - (et hyl t hi 0) bi phenyl - 4-yl ) et hyl ca
r banoyl ) pi peri di ne-1-carboxylate (0.140 g) in DCM (20
m.) at 0 C and the m xture ygs stirred for 2 h then
allowed to warmto is RT. The m xture was washed with
sat urated sodi um bi carbonate sol ution, sodium

PurifTB4tRRI b3 dsh kRics Shrietla®ipraphtitindneit iP5 0- B@%téﬁ%n a@étht%‘h 1sohexane

over sodium sul fate and evaporated. 1f-2ni
affoxdod 200BuoPsrgRbd KEIR @B2008/ 051173 103 Purlfl catl on by

I!Iaﬁ _si)ica chromatography eluting with 30-50% et hyl
m/ZL e Etéll(‘lf‘n i sohexane afforded a colourless solid

(0.08 g). n’iz [I\/H—I] - =519, 5b)
ﬁt (g é‘s t hyl sul finyl)bip
b) BN} 21T AT GBIoNy by G eI Db a B oAt bpiperidine-

n of (2S)-tert-butyl
20%&4{%&] -1l-cyan-2-(4'-cyan-3' - (net hyl sul fi nyl) bi phenyl -

4- yl)ethyl carbanoyl ) pi peri di ne-1-carboxylate (0.08 g)
for acid (2 nl) was stirred an i 0 heated at 50
A saiago ] B R-Sure- T St FreBried B Ar s e B ey 14-
yl)e%glcarﬂam%?ﬁgﬁrl%ﬁ% ?g@a&r‘t\),a&?ﬁdt&gi/o A W@&Iﬁﬂ@m Tt ﬁarﬁre% ﬁﬁagl%ras stlrred and
heated ateft0e’Cas 1@ wap.oftetreck turn ovas keapoesedaral afipsisdtove tilg S\CX colurnn

The e3P et oot st e Wit (Bl Bptpino. The

eluaférw@s%v@y&ateaagaqfd e SUiERIRd in %?t&ﬁaﬁ@!tdn@ Dr&YpiRR¥dRNh dicthyl
usi ng aqueous 0.1 % TFA afforded the major product as

cthey Thg|solig vas golle@@dgwmh@d (othodigthg) cthérianpigRed gg@ BEmCHH sulfate.
Pun%%tl%l}{g)oéﬁs[@l—(lﬁé %ﬁl&lg aﬂqu)u's_é 12/‘) lT%DA a]fg)rgeéig tFe maﬂorl_q)m(?ug ggla colourless
sohc(@!lOZJ]g? H, 7.93 (d, J =7.9 Hz, | H, 7.77
HT\§MR (399.826 MHz, d6-DMSO) $ 9.28 (d, J =7.2 Hz, 1H), 9.01 — 8.67 (m, 1H), 8.35(t,
J=19Hz, 1H), 8.32 (s, 1H), 8.01 (d,J=7.9 Hz, 1H), 7.93 (d,J =7.9 Hz, 1H), 7.77 (d, J =
7.7 Hz, 2H), 7.73 (s, 1H), 7.49 (d, J = 8.2 Hz, 2H), 5.13 - 5.05 (m, 1H), 3.82 —3.73 (m,
2H), 3.29 - 3.16 (m, 2H), 3.00 —2.87 (m, 1H), 2.82 (s, 3H), 2.06 (d,J=11.5 Hz, 1H), 1.78
(d,J=11.8 Hz, 1H), 1.69 (d, J = 12.6 Hz, 1H), 1.65 — 1.42 (m, 3H).
m/z [M+H]" =439.
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7.7 Hz, 2H), 7.73 (s, | H), 7.49 (d, J = 8.2 Hz, 2H),
1MmEoalgowsd, 05 (m | H), 3.82 - 3.73 (m 2H), 3.29 - 3.16
W@ Pq09arH829 3.00 - 2.87 (m 1H), 2.82 (s, 3H), 2POUBGBL08D51173
= 11.5 Hz, 1H), 1.78 20 (d, J = 11.8 Hz, 1H), 1.69
(d, J = 12.6 Hz, 1H), 1.65 - 1.42 (m 3H). mz [MH +
=439. 1f12f11 fl-1 D AV' WO @009/ 074829
PCT/ GB2008/ 051173 104 Exanple 62:
(2S)-N-((1S)-1-Cyano-2-(4'-cyano-3' -(2-nethyl -i Himda
Exa‘?{lﬁjle 52:Y(h?i?]NmﬁS)yi-CgﬁnUle(ﬂuﬂyiﬂoOB PELIndiHYE-1 2L ﬁﬁmaeeqanyﬁsiphenyl-
N a) (2S)-tert-Butyl
4-ylrtliyDigperiding 2renrboxamidey ano- 3' - (2- et hyl -i H-i mi dazol -
-yl ) bi phenyl -4- 5
yl ) et hyl car bamoyl ) pi peri di ne-1 - carboxyl at eZN" N4~ N
HN NO O A solution of Internedia 0.1 g) and
2-met hyl - 1Hi m dazol e (0. 086 g) in

heated in the m crowave for \ating
was continued at 150 C for 3 N
2-met hyl -1H i m dazol e (0.0 Mas added a eating

continued at 150 C f& iof40 nin. The m xture was

concentrated in vacyg. Pulification by flash silica
chromat ogr aphy; ePlting wth.80% et hyl acetate in

i sohexane, afforded thdl 'subt TYMe conmpound as a solid
(0.116 ). 2 VM| + =539, is b)

(2S)-N-((1S)-1-Cyano-2-(4'-cyano-3' -(2-nethyl -i Himda
a) (28¢tert-Bukyl i@ R Lyaho-2-(4’-cyano-3’-(2-methyl-1H-imidazol-1-yl)biphenyl-4-

yl)ethylcarbamoyl)piperidine-1-carboxylate

4N

S

A solution of Intermediate 4 (0.1 g) and 2-methyl-1H-imidazole (0.086 g) in NMP (200 uL)
was heated in the microwave for 5 min at 150 °C. Heating was continued at 150 °C for 35
min. Further 2-methyl-1H-imidazole (0.02 g) was added and heating continued at 150 °C for
40 min. The mixture was concentrated in vacuo. Purification by flash silica chromatography,
eluting with 80% ethyl acetate in isohexane, afforded the subtitle compound as a solid (0.116

g).
m/z [M+H]" =539.

b) (2S)-N-((1S)-1-Cyano-2-(4’-cyano-3’-(2-methyl-1H-imidazol-1-yl)biphenyl-4-
ylethyl)piperidine-2-carboxamide
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yl) et hyl) pi peridi ne-2-carboxam de 1f-2ni n_i D AXI" WD
10220008 674829 PCT/ GB2008/ 051173 105 Prepared using
W@ 28pA0t48ee - but yl 2- ((I S) - 1-cyan- 2- (4' - cyan- 3' - (PETEBR0PBAS51173
| Him dazol -1 -
yl ) bi phenyl - 4-yl ) et hyl car banoyl ) pi peri di ne- | - car boxyl a
te by a nethod anal ogous tojgxanple 53(d). 'H NWR
(399.826 MHz, d6-DMSO) 6 9.47 - 9.32 (m 1H), 9.07 -
8.64 (m 1H), 8.31 - 8.24 5 (m 2H), 8.22 - 8.16 (m

Prepllﬁl)dausﬁrgQQSX ?Wt-ﬂﬁ'ﬂ}l’ 2- Z(lggl chncﬁi -4 ’m):ya%BDS, gan?é%h}(lslaH ildﬂ)dazol 1-

yl)b](phpn}{[ﬂ)-yl)@hgg_arbargoﬂ_l 1pemd113|—|) -ca@ogﬁate by asmlet@mi anaglq;gous to Example
53(d§ 54 (s, 3H), 2.09 - 1.89 (m 1H, 1.81 - 1.37 (m

H. mz [ MtH + = 439 i o Exanpl e 63:
"H NMBR- (595( 856 er}zcmamMSo() 3. wa@oarzél(m (H&) b}dﬁhg 64 mlpnelr)yg 31-8.24

%) erldlneZCarb
(m, 3}1)55212 dé- 125()(%; Hhy BtHi(®) Héhﬂo%iﬂﬁﬁﬂémmﬂ)g 7§(S$oldi)uﬁ155 7.47

o. h n
in. SRR 100 B LARE) yoediosh L3 QUULipRah 234
1H),ah$H sheHyl X09ir-d &) (ni,r &d), 141 -ek07 ey SH)as noted. After
irring.for 90 mn, water was added and the solid
WZfMéH]prgé?pl tated was coll ected, washed with water and

dried at 50 C under vacuumto Ieave the subtitle
conmpound as an off-white solid (0.52 g). 'H NWMR

Exa(3006B6)-M-4S)-118yDAMBER)(3 6 nbed @netBykthia)hiphinyl-#H) |
99 (dd. J.= 86, 1.9 H,, 20 1H), 7.25 (d, J = 8.5
yl)eéwﬁpmqr?‘%%fa?wawe 1fi2ni ni DAXI" WO

2009/ 074829 PCT/ GB2008/ 051173 106 I S\

O I

NH

i

a) 5-lodo-2-(methylthio)benzonitrile

Y4
p

S

Sodium thiomethoxide (0.142 g) was added to a solution of 2-fluoro-5-iodobenzonitrile (0.5
g) in DMSO (1 mL) and the mixture stirred. An exotherm was noted. After stirring for 90
min, water was added and the solid that precipitated was collected, washed with water and
dried at 50 °C under vacuum to leave the subtitle compound as an off-white solid (0.52 g).

'"H NMR (399.826 MHz, d6-DMSO) & 8.16 (d, J =2.1 Hz, 1H), 7.99 (dd, J = 8.6, 1.9 Hz,

20 1H),7.25(d, J = 8.5 Hz, 1H), 2.57 (s, 3H).



b)
102418) t N QOS) - 1- Cyano- 2- (3' -cyan-4' - (et hyl t hi o) bi phenyl -
wa 2000288091 ) pi peri di ne-2- car boxamn de Prepar edPCBEGBU08/051173
5-i0do- 2- (et hyl t hi o) benzonitrile by a nethod
anal ogous to Exanple 53. 5 1H NWMR (399. 826 Mz,
dé-DVMSO) 6 8.51 (d, J = 7.9¢¢, 1H, 8.12 (d, J = 2.1
Hz, 1H), 7.98 (dd, J =8.5, 2.1 Hz, 1H), 7.71 (d, J =
8.2 Hz, 2H), 7.55 (d, J 8.5 Hz, 1H), 7.40 (d, J =
ethyR

b) (% }2-((52'21,-@%2 gz Q?aﬁo 4. hldgbl?)lenﬁ ﬁﬂ)ahﬁ)gl_ger{dme-z-

carbpvamlzleﬁs (s, 3H), 2.47 - 2. 42 (m | H, 1.59 (d, J =
10.3 Hz, 2H), 1.42 (d, J = 10.8 Hz, | H, 1.36 - 1.17
(m 3H) io mz [ MH + =405. Exanpl e 64:

Prepa@d-u¥in(5Slodd2CradRy 18rid)BenAyar Rty al&lmbwhaugcmmy EXBinpla 53.

| -4 et hyl eri di ne-2-carboxanide OO \\ //
5 HNMé( 9\98%%4 y?&wg ) 38.51(d,J=79 Hz, 1H)812(dJ 2.1 Hz, 1H), 7.98

- ¥ f nyl) Qe Nk _
(ad, goﬁﬁ %%H%Fﬁg 0730 Z)E)(ﬁwezt‘ﬁ1 %ﬁi’ %Eééf?oﬁllgtsﬁi%gli 87%0 (B’J 82
Hz, 2H),B30Md {(4.97 (vh) 1HY, 1245 Na2 (inr eal)eﬁlo WB 10D (m, lH) 279 (d,J=12.6 Hz,
3- chl oroperoxyhenzoi c _aci d 73 and t m xture
10 36T o tBesir aHe (3 B | TRE 7 L0 QHE Al ka1 Gh ot W Hes 1)
136BGM2nd ygghed with saturated sodi um bi car bonat e
solution, 1If-2ni n_i D AXI" WD 2009/ 074829
10 m/z PEFHEB24WB/ 051173 107 sodi um et abi sul phit e
solution, water and brine then dried over sodium
sul fate and evaporated to | eave the subtitle conpound

IE6LABRN- g(Sﬂ Ghioh-(P- cg,zmg)p (,hg{hguﬁlfﬁﬁﬁgbiﬁgié‘n_}mgzé
yl)etilyt)pi-p;erldiwz carboxamlde ' = 0.9,

7
8.

I=
/

NH

15 a) 5-lodo-2-(methylsulfonyl)benzonitrile

Y4

~1%o

O
A solution of 5-iodo-2-(methylthio)benzonitrile (0.3 g) in DCM (10 mL) at 0 °C was treated
with 3-chloroperoxybenzoic acid (0.733 g) and the mixture stirred overnight at RT. The

mixture was diluted with DCM and washed with saturated sodium bicarbonate solution,



7.89

WM20094748P9 et hy
usi ng 5-i odo- 2-

(d, J =8 , 1H), 3.27 (s, 3H). 5 b)

i peri di ne-2- carboxam de PrepRCEGB2008/051173
met hyl sul f onyl ) benzonitrile by a

.2 Hz
102418) +tN(QS) - 1- Cyano- 2- (3' - cyan-4' - (net hyl sul fonyl ) bi phe
I)? pe

nmet hod anal ogous to Exanple 53. i0o iH NVR (399. 826

VHz,

d6-DMBO) 6 8.57 - 8.521¢0m 1H), 8.51 (d, J = 1.8

Hz, 1H), 8.28 (dd, J = 8.3, 1.9 H, 1H), 8.17 (d, J =
8.2 Hz, 1H), 7.84 (d, J = 8.2 Hz, 2H), 7.48 (d, J =

sodlﬁmgnetﬁﬁsulgllﬂie so'l_htﬁy% Wa{ér Qﬂd Bﬁ'ﬂe ﬂikﬁ drid 6\76r @§dlu§hﬂﬂfat(% 8@

5 (m

evapbK) ted Q) lﬂ,zgve.thQ sutgltl(: mpmppynd as, aa@lourlpsgg@h(dr{p 22y, 1.46 -

Hhﬁ\gf@@g’g%p@{zegﬁ(ﬁ@ s%ezgzt(dBf‘l 1 50, 1S Tk Zad Y 3 757 1z, 1),

789Zd(1£%:ﬂH§MQDO327(§ 3¢y ano- 4' (propylsulfonyl)blphenyl
-4- yl)ethyl carbanoyl ) pi peri di ne-I-carboxylate O ON
> HN CN ?H 20 a) 5-1o0do-2-(propylthio)benzonitrile N

) (a3 0k B (PR R o %gﬁfe%%béﬁ >

carb()ﬁeﬁﬂ1d824 MHz, CDC13) 6 7.88 (d, J = 2.1 Hz, 7.78

(dd,
3. 00

J =85 18H, 1H, 7.11 (d, J = 85Hz 1H),
© 2.95 (m 2H), 1.76 - 1.66 (m 2H), 1.06 (t. J =

Prep?n’e? d"ﬁrg Biddo-2- énaﬁylgﬁongﬁ%nz@ﬂftﬂfe by a metho analo%louls to E;arnple 53.

-1 -am no- 3- I 't hio)

10 HNMR—(GQ%&@N&M 26-BMSE) b&&ﬁ?fl—ﬁrm[(em]d{)n& 51|(d ST o, 1H), 828
(dd, TSR ROXY B Bife FNa, 1= 8.2 Hz 1H), 7.84 (d, T = 8.2 Hz, 2H), 7.48 (d, ] = 8.2
Hz, 2H), 5.00 - 5.01 (m, 1H), 3.42 (s, 3H), 3.25 - 3.18 (m, 2H), 3.11 - 3.05 (m, 1H), 2.82 -
275 (m, 1H),2.48 - 2.43 (m, 1H), 1.63 - 1.5 (m, 2H), 1.46 - 1.37 (m, 1H), 1.37 - 1.18 (m,

3H).

15 m/z [M+H] =437.

Example 65: (S)-fert-Butyl 2-((S)-1-cyano-2-(3'-cyano-4'-(propylsulfonyl)biphenyl-4-

yDethylcarbamoyl)piperidine-1-carboxylate

\ 7/
O S\/\
NV
(T
O

I=
4

NH

20 a) 5-lodo-2-(propylthio)benzonitrile
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N NH OOO Prepared by the nethod of Exanple
1Mm&A ) xwnmz [MH - = 549. 10 c) (S)-tent-Butyl
WQ@2(008)48L9 cyan- 2- (3' -cyan-4' - (propyl t hi 0) bi phePgT/682008/051173

yl) et hyl car banoyl ) pi peri di ne-|-carboxylate N HN N O

O Prepared by the nmethod of Exanple 53(c). 15 mz

[MH- =531. 1f-2ni n_i Df¢" W 2009/ 074829

PCT/ GB2008/ 051173 109 d) (S)-tent-Butyl

2-((S)-1-cyano-2-(3' -cyano-4'-(propyl sul fonyl) bi phenyl
prepapgdwm@hﬁmogq;f@%@@(@erl di ne-1 -carboxylate O O \\

| oroper oxybenzoic acid (0.171 Q)

'H NMB (39982 MiTa Gl lukd bﬁS(xa J(=S) A themtl Hpit. Y8 (d@s { €8)5,11. 85Hz 1H),

1l St et ol 253 EhAbat o 1E b2 Yok b 31 .

m.) stirred in an ice bath. After 1 h the m xture was
warmed to RT and stirred overnight. The solution was

b) (Snerstiddityli 3-((S y-dtanrine-Sd 3 sadinort -fnrepy! homaipherydt4ayl)-dmgxopropan-2-

ylcarbamoyl)piperidine-1-carboxylate

S

Prepared by the method of Example 53(b).
m/z [M-H] = 549.

¢) (S)-tert-Butyl 2-((S)-1-cyano-2-(3'-cyano-4'-(propylthio)biphenyl-4-
yl)ethylcarbamoyl)piperidine-1-carboxylate

Prepared by the method of Example 53(c).

15 m/z [M-H] = 531.



10

15

20

sodi um net abi sul phite solution and brine then dried
1monverp sodi um sul fate and evaporated. Purification by
WO b@sh74829 i ca chromat ogr aphy, eluting wth 30%€r/GBR008/051173
acetate in isohexane 10 afforded the subtitle
conpound as a colourless film (101 nmg). mMz [MH)-
=563. e) (S)-tent-butyl 109
2-((S)-1-cyan-2-(3' -cyan-4' - (propyl sul fonyl) bi phenyl
- yl)ethyl carbanoyl ) pi peri di ne-1-car boxyl at e
[ 8,
d) (2 r@mﬁﬁﬁh %5 mf&ga@a b%ﬁ (%/falé&)éro(ﬁ%@lsﬁ%ﬁ}l%bléﬁéﬂ?"}@-
yDe yEalfhzmoprlpelsdla%I(@dooxylafe 8.2, 1.8 Hz, 8.14 (
8.5 Hz, 1H), 7.85 (d, J = 82Hz§;l/?748(d
:7.9Hz,2H), 5.09 - 5.00 (m 1H ( J
Hz, 2H), 3.25 - 3.18 (m 3H), 13
1H), 20 2.83 (d, J = 12.6 Hz, :
4H), 1.49 - 1.39 (m 1H), 2 (m 3H),
(t, J =7.4 H, 3H. mz ] i
AXI" WD 2009/ 074829 PCT/ 2008/ 051173 11(*)\l Tabl e 2:
Further exanpl es pyepared ac€ording to the nethod of
Exanpl e 53. Ex. nme Sffructure NMR mz [MH + 66
(S)- N-((S)-I 399. 826 MHz, 421 N
Cyano- 2- (4-( 3- o) 8.60 - 8.49 nethyl-2-o0xo0-
NH HN (m 7 77H (m 2,3- 3H), 7.57 (d, J
= 1.5 Hz, ydr 7.51 (dd, J = 8.2,
thiazol -5- 1.5 Hz 1H) 42(d J = yl)phenyl)ethyl)
8.2 Hz, 2H), 5.06Q 4. pi peridine-2- (m 1H), 3.49

3- Clglofoper%'g(ybenzmc Tt r&) q‘?l ?fg) ZV%as_ a(i%de:(ll to(a{nsol%%_l%ﬁ o%' (%f'—tert-butyl 2-((S)-1-
cyano-2-(3'-cyano-4'-(propylthio)biphenyl-4-yl)ethylcarbamoyl)piperidine- 1 -carboxylate)
(0.123 g) in DCM (5 mL) stirred in an ice bath. After 1 h the mixture was warmed to RT and

d,
,J
7.7

stirred overnight. The solution was washed with saturated sodium bicarbonate solution,
sodium metabisulphite solution and brine then dried over sodium sulfate and evaporated.
Purification by flash silica chromatography, cluting with 30% ethyl acetate in isohexane
afforded the subtitle compound as a colourless film (101 mg).

m/z [M-H] =563.

e) (S)-tert-butyl 2-((S)-1-cyano-2-(3'-cyano-4'-(propylsulfonyl)biphenyl-4-
yl)ethylcarbamoyl)piperidine-1-carboxylate

Prepared by the method of Example 53(d).

'H NMR (399.826 MHz, d6-DMSO) & 8.60 (s, 1H), 8.51 (d, J=1.5 Hz, 1H), 8.28 (dd, J =
8.2, 1.8 Hz, 1H), 8.14 (d, J = 8.5 Hz, 1H), 7.85 (d, J = 8.2 Hz, 2H), 7.48 (d, J = 7.9 Hz, 2H),
5.09 -5.00 (m, 1H), 3.48 (t,J=7.7 Hz, 2H), 3.25 - 3.18 (m, 3H), 3.13 (d, J =8.7 Hz, 1H),
2.83(d,J=12.6 Hz, 1H), 1.72 - 1.56 (m, 4H), 1.49 - 1.39 (m, 1H), 1.36 - 1.21 (m, 3H), 0.97
(t,J=7.4 Hz, 3H).

m/z [M+H]" =465.



-3.08(m 1H),2.85- 2.78 (m 1H), 1.66 - 1.56 (m 2H),

1r2dandyo s, 39 (m 1H), 1.36 - 1.20 (m 4H) 67

W@ 28pAON8E{ 1S)-1- P H NWVR (399. 826 MHz, 425 NHCT/GB2008/051173
Cyano-2-[4- d6-DVsO 6 8.52 (d, J = (1, 1-dioxido-
7.7 Hz, | H, 7.90 - 7.79 e~~, 2,3-dihydro-1,2- NHH
N(m 4H), 7.70 (d, J = 8.51100enzi sot hi azol - Hz, 2H),
7.44 (d, J =8.2 5- Hz, 2H), 507 - 4.99 (m
yl)phenyl]ethyl} 1H), 4.45 (s, 2H), 3.29

TablRI2P ?ﬁftlﬂi’érr&ar%bleﬁ Srepatat acérdeto aleltﬂetﬁ&i of EANX 381 de

SH, 3.10 - 3.06 (m | H, 2.82 - 2.75 (m I . 1.59
(d, J:115Hz 5H), 1.46 - 1.37 (m 1H), 1.37 -
4 ||| Ol_l) J.I 2||| || | D II‘\\XI = WO nnOgIl 074829
Ex c* @52008/ 051157“3” g £y Name Rt ure NVR ni z| ™2

MrH + 68 (S))- )-|- NTo 1 H NMR (399.826 Mz, | f@ku]*

1

P

[ N-((

Cyano-2-(4-(3-1 s d6-DMSQ) 6 10 65 (s 0 ox0-3 4- NN N
N —_—

8

7

66 N SH)N-(@)de (d, J = 7.2 *dio Hy HrOMRH399. 826 Midz,08421
EfadD-(d- - begzoi ‘ thil 46 8fis0) 5 80 (8ue 3 -
methyl-2-oxo- @:L NNy (m, 1H), 7.76 - 7.70 (m,

2,3- 3H), 7.57 (d, J = 1.5 Hz,
dihydrobenzo[d] 1H), 7.51 (dd, J = 8.2,
thiazol-5- 1.5 Hz, 1H), 7.42 (d, J =
yl)phenyl)ethyl) 8.2 Hz, 2H), 5.06 - 4.97
piperidine-2- (m, 1H), 3.49 (s, 3H),
carboxamide 3.22-3.15(m, 2H), 3.14

-3.08 (m, 1H),2.85 -
2.78 (m, 1H), 1.66 - 1.56
(m, 2H), 1.47 - 1.39 (m,
1H), 1.36 - 1.20 (m, 4H)

'HNMR (399.826 MHz, | 425
d6-DMSO0) § 8.52 (d, J =
7.7 Hz, 1H), 7.90 - 7.79

(m, 4H),7.70 (d,T=8.5

67 | (25)-N-{(1S)-1-
Cyano-2-[4-
(1,1-dioxido-
2,3-dihydro-1,2-

benzisothiazol- Hz, 2H), 7.44 (d,J =8.2
5- Hz, 2H), 5.07 - 4.99 (m,
yl)phenyl]ethyl} 1H), 4.45 (s, 2H), 3.29
piperidine-2- (s, 1H),3.25-3.14 (m,
carboxamide 2H), 3.10 - 3.06 (m, 1H),

2.82-2.75 (m, 1H), 1.59
(d,J=11.5Hz, 2H), 1.46
- 1.37 (m, 1H), 1.37 -
1.19 (m, 3H)




azin-7- (dd, J = 8.5, 2.1 Hz, 1H), vyl)phenyl)ethyl)
1Mma3Bo pdn J = 8.2 Hz, 2H), piperidine-2- 7.05 (d, J =
W@2®9Miz4829H) , car boxam de 5.03 (g, J = 7.4 HzPCT/GBQ08/051173

3.81 - 3.72 (m 1H), 3.50 (s, 2H), 3.25 - 3.13 (m

4H), 2.98 - 2.86 (m 1H), 2.09 - 2.01 (m | H, 1.81

- 174 (m | H, 1.73 - 1.6p1(m 1H), 1.64 - 1.53 (m

1H), 1.52 - 1.43 (m | H) 69 2S)-N-{(1S)-1- iHNW
(399. 826 MHz, 439 N Cyano-2-[4-(2- d6-DVBO) 6 8.52 (d,
ExJ| Nand@®t hyl - 1, shuctube 8- 1 Hz, T vR/- 93 (d, J = Hpyy
~\N dioxido-2,13- N7.9 Hz, 1H), 789-784 .
d hydro-l, 2- ( 1 ( [M+H]
bERZHSO of 7 AA—{(th b2t
NI T
2Hy %anopl-mi@ idi (dr@lnﬁdslb)eﬁo]és(zs
car boxam de - (s, 3 .75
(mpxolm 2. 48 168, .80 EduJ 7.2 Ha, /-\>(I "
WO,.20 4829 ] 1
i e 115803 Se7 B,
benzo[b][1,4]thi 7.64 - 7.60 (m, 3H), 7.49
azin-7- (dd, J=8.5,2.1 Hz, 1H),
yDphenyl)ethyl) 7.38 (d, J = 8.2 Hz, 2H),
piperidine-2- 7.05 (d, J=8.5 Hz, 1H),
carboxamide 5.03(q,J=7.4Hz, 1H),

3.81-3.72 (m, 1H), 3.50
(s, 2H),3.25 -3.13 (m,
4H), 2.98 - 2.86 (m, 1H),
2.09-2.01 (m, 1H), 1.81
-1.74 (m, 1H), 1.73 -
1.65 (m, 1H), 1.64 - 1.53
(m, 1H), 1.52 - 1.43 (m,
1H)

'HNMR (399.826 MHz, | 439
d6-DMSO0) & 8.52 (d, J =

69 | 25)-N-{(15)-1-
Cyano-2-[4-(2-

methyl-1,1- 8.1 Hz, 1H),7.93(d,J =
dioxido-2,3- 7.9 Hz, 1H), 7.89 - 7.84
dihydro-1,2- (m, 2H), 7.71 (d,J=8.2
benzisothiazol- Hz, 2H), 7.44 (d,J =8.2
5- Hz, 2H), 5.03 (q,J = 6.9
yl)phenyl]ethyl} Hz, 1H), 4.45 (s, 2H),
piperidine-2- 3.25-3.15(m, 2H), 3.11
carboxamide -3.05 (m, 1H), 2.84 (s,

3H),2.82 -2.75 (m, 1H),
2.48 -2.43 (m, 1H), 1.63




5

10

[MtH + - 1.54 (m 2H), 1.45 1.38 (m 1H),1.37-1.18
1m{m 1 8ynExanpl e 70:

W@ 3)09MF488E) - 1- Cyano- 2- (4' - et hyl bi phenyl - 4-yl ) er¢H/GBRI0RO51173
ri di ne-2- carboxam de trifluoroacetate HN NHO 5
Prepared by a process anal ogous to that described in
Met hod 2 Exanple 2 using (S ent-butyl
2-((S)-1-cyano- 2-(4-i odophenyl) et hyl car barmoyl ) pi peri di
ne-| -carboxyl ate and 4- ethyl phenyl boronic acid. iH

EX a9 76 Neieu fGrDVSC] © B SE 45 (M 2 o]
-1 7.55 (m 4H)|, 6 (d, J- 8.2|Hz, 2H), 7.29 (d, J=
82 Hz, 2H), 504-494 (m 1H), 321- 312 (m ?[’b/l,"'H]Jr
I UO \UU, J = | .L L.U iz, Z \lll
1H), 2.64 (q. [J = 7.6 Hz, 2H), 4- ﬁ@%‘iﬁrﬁ%
1166 1.55 (m| 2H), 1.45 - 1.38 (]mg%tblH)'l. 13 - ]‘ﬂg 18
(m 6H. mnz|[362 [MH + 1f-2ni |[ni D AXIY WD
2009/ 074829 PQT/ GB2008/ 051173 118, ¥lanpl e 71:
CS=NA(Sy=1FCyano-—2-(4=(N-nethytsut-fanoyt)biphenyt==

- yl)ethyl)pi peridi ne-2-carboxam de trifl uoroacetate H
ExaMpl&Npg¥ (S)-N-@S 1-Cyado=2N4'-ethylbiphenyl-4-yl)ethyl)piperidine-2-

carboxamide trifluoroacetate

Prepared by a process analogous to that described in Method 2 Example 2 using (S)-fert-butyl
2-((S)-1-cyano-2-(4-iodophenyl)ethylcarbamoyl)piperidine-1-carboxylate and 4-
ethylphenylboronic acid.

'H NMR (399.826 MHz, d6-DMS0) 5 8.58 - 8.48 (m, 2H), 7.61 - 7.55 (m, 4H), 7.36 (d, J =
8.2 Hz, 2H), 7.29 (d, /= 8.2 Hz, 2H), 5.04 - 4.94 (m, 1H), 3.21 -3.12 (m, 2H), 3.08 (dd, J=
9.2,2.6 Hz, 2H), 2.82 - 2.76 (m, 1H), 2.64 (q,J="7.6 Hz, 2H), 2.53 - 2.44 (m, 1H), 1.66 -
1.55 (m, 2H), 1.45-1.38 (m, 1H), 1.34-1.18 (m, 6H).

m/z 362 [M+H]"
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15

5 Prepared by a process anal ogous to that described in
1n2idat twevA Exanple 2 using (S)-tent-butyl
WQ2{008)4829 cyano- 2- (4-1 odophenyl ) et hyl car banoy| p@i/e8e0di051173
ne-1|-carboxyl ate and 4- (N
met hyl sul f anoyl ) phenyl boroni c acid. 1H NVR (399. 826
MHz, d6-DMSO) 6 9.32 (d, J=118 2 Hz, 1H), 9.02 - 8.94
(m 1H), 8.80 - 8.71 (m 1H), 7.90 (dd, J= 6.7, 2.1
Hz, 2H), 7.85 (dd, J= 6.7, 2.1 Hz, 2H), 7.74 (d, J=
Exaﬁr%i’_e 71'|=C(SB‘-|N ((@)ﬂl C)7&n532 gD-ZN%e{Hﬁsu oyf)bi;ﬁne H¥154D49(7 m
yl)eﬂly!?ml(emdmw-cazbmn(lde trjBuarogcedate 3H) 2 08 - 2.02 (m
1H), 1.80 - 1.74 (m 1H), 172-166(m1H),1.62-
1.44 (m 3H). mz 427 [MH + 15 1f-2ni ni D AXI" WO
2009/ 074829 P 682008/051173 114 Exanple 72:

(S)-N((S)-2-(4" - Azetldln 1-yl sul fonyl) bi phenyl - 4-yl)
eri r’li%e'grboxam' de
-HO OS\N \:D 5 Prepared by

-1- cyanoet hyl ) pi
trifluoroaceta
a process anal dtjous ‘to t hat described in Method 2
Exanpl e 2 usi ng (S)Q(ent-
2-((S)-1-cyano-2-(4-iodophe
ne-1|-carboxyl ate and 4- (N
nmet hyl sul f anoyl ) phenyl bor oni ¢ aci d
MHz, d6-DMSO) 6 9.31 (d, J= 7.2 Hz 9001- 8.92
(m 1H), 8.81 - 8.70 (m 1H), 7.99 ] Js:67 1.8
Hz, 2H), 7.88 (d, J= 8.5 Hz, 2H), 7. 78 béi NH 8.2 Hz,
i 0 2H),7.48(d,J:8. 2Hz, 2H), 5. 11-5. 04(m |
1H), 3.82-3.67(m 5H),3.25-3.19(m 3H), 2.97-2.86(m
Prephtdd, by2a P8cess Andd c(Lmto 8l ddscBBedlinAétibd 3 Hxamilez2 4583 (S)-tert-butyl
MH + 1f - 2ni n | D AXI" WD 2009/ 074829
2-((Pererprab§)-wdenicnylethylcarbamoyl)piperidine-1-carboxylate and 4-(N-

methylsulfamoyl)phenylboronic acid.

'H NMR (399.826 MHz, d6-DMS0) § 9.32 (d, J = 7.2 Hz, 1H), 9.02 - 8.94 (m, 1H), 8.80 -
8.71 (m, 1H), 7.90 (dd, /= 6.7, 2.1 Hz, 2H), 7.85 (dd, /= 6.7, 2.1 Hz, 2H), 7.74 (d, J=8.5
Hz, 2H), 7.53 - 7.45 (m, 3H), 5.10 - 5.04 (m, 1H), 3.81 -3.74 (m, 1H), 3.25-3.19 (m, 3H),
2.97-2.87 (m, 1H),2.45(d,J=4.9 Hz, 3H), 2.08 - 2.02 (m, 1H), 1.80 - 1.74 (m, 1H), 1.72
- 1.66 (m, 1H), 1.62 - 1.44 (m, 3H).

m/z 427 [M+H]"

et hyl car banoyl ) pi peri di
NVR (399. 826
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115 Exanple 73:
102418) +tIN((OS) - 1- Cyano- 2- (4' - (N- (2- hydr oxyet hyl ) sul f anoyl )
wheEhemses 4- yl ) et hyl) pi peri di ne-2- car boxam deP@)/ER2008/051173
HONH OH 5
(S)-tent-Butyl 2-((S)-1-cyano-2-(4-iodophenyl)ethylcarb
anoyl ) pi peri di ne-1-carboxylpt4e (0.15 g) and
bi s[ 1, 2- bi s(di phenyl phosphi no) et hane] pal | adi um ( 0)
(2 80 ng, 3.10 gnol) were added to dioxane (3 nL) and
&r1.2s4 t\eas)-bl(hwﬂeﬁaimﬂywuhmh% ugﬁwyﬁu pylhitanoyl) - p
eny oronic acid was” added to he m xture
cyangetlol) piperidine- wboxmmeanﬂeprwcﬂa@en, for 10 nin.
Pot assi um car bonate (2M sol ution) (0.310 nL) was added
and the reaction mxture was io heated at 75 C for 3

h. The reacti I| m xt ure was poured onto a Isolute HW N

cartridge a was eluted with DCM Sol vent
nd t resi due was dissolved in
THE (5 nL). solution was cooled in an

was renoved

i ce-bath and FBAF 1M sel ution in THF, 0.626 nL) was

added and stirring ded for 2 h. The reaction

m xture was concentrat ed acuo and di ssolved in

formc acid (5 nL). The re [

is at 50 C for 10 mn. The réacti

concentrated in vacuo, dissolved thﬁ ol and

| oaded onto an SCX cartridge. Non- ghpurities

were washed of f with nethanol then the/deNi7ed

conpound was eluted with 10% amoni a iIr net ol .

Sol vent was renoved in vacuo to give the title
Prep@mdln@l.ﬂ‘qﬁiroé&s @2dogus td HalWRc{iBEPiIn8V 6thbiH2 Exdﬁrp[él\ﬁ@m@(S) tert-butyl

d,
2- ((%)Ol -8y2510|-_%(4 gq))phep%gthy{carbjmogl)glpF:Edlnq_ﬂ)carbpxﬂgte( épd 4}T(:N

01 1 4.72 - 4.67 I
met@l)ls?ulf"'ﬁloIgfﬁeny?ooQ&H]c aélq') ,(2m92 l('?j s e I(mH),

HNM82(39918261M}& 216HZMSQ)I)1)6 9 2L @8.1 g22) BI& (Iﬂ) 91111) 8 92 (ZH 1H), 8.81 -
8. 701 1Fi)m,1@9 (dg, .]306 7n} 8 n?f 882&? Jir 3 5 BZA%{) 7\,@ (d J=82Hz,
2H),2ﬁ9§((9348829PP,CI%IE%?HQ%QMEY 311) 5L - 3.67 (m, 5H), 3.25-3.19 (m, 3H),
2.97-2.86 (m, 1H),2.08 - 1.97 (m, 3H), 1.80 - 1.43 (m, 5H).

m/z 453 [M+H]"

xture was
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mz 457 [ MtH] + Exanpl e 74:
102418) +t N (S) - 1- Cyano- 2- (4' - (et hyl car banoyl ) bi phenyl - 4-y
WO 2@vlay482Ppi peri di ne- 2-carboxam de trifl uor oacRCHGB2®8/051173
N H OHHN
-((S)-2-((S)-1-(tent-Butoxycarbonyl) pi peri di ne-2-car
boxam do) - 2- cyanoet hyl ) bi phessyl - 4- carboxylic acid
(0.08 g), nethylam ne hydrochloride (0.0 11 g) and
triethylamne (0.140 nL) io in DVF (3 nmL) were
Exaﬁﬂj‘lé 73"}?# SIRARK)- Tl@}Va‘i’lgﬁl&@-zNo(ZQIydroxyethyl)sulfamoyl)blphenyl -4-
ripropyl-1,3
yl)ethyi)omldnpﬂwé@@rbmmlﬂe4 6-trioxide (0.128 g) was added
and stirring at_roomtenperature continued overnight.
The m xture wds tyluted with ethyl acetate, washed
Wth water t ri ne dri over magnesi um sul fate,
filtered and ¢ vacuo. The crude product
was di ssol ved i fo mc acid (3 m.) and the solution

was heated at 50 C ©or 035 h,Jhe is reaction mixture
was concentrated in vacuo @ crude product was

purified by preparative HH 9 a Sunfl re colum
usi ng a 95-5% gradi ent of aqueous~P7 I3 TFA in

acetonitrile as eluent. The fract conpai ni ng the
desi red conpound were evaporated to.deyneds to afford
the title conmpound (0.012 g) as a white gotjgy iH NMR
(399.826 MHz, d6-DMBO) 6 9.28 (d, J = 72 , 1H),

9.00 - 8.90 (m 1H), 8.81 - 20 8.69 (m | M, 8.50 -
8.45 (m | H), 7.93 (d, J = 8.5 Hz, 2H), [/.79 - 7.69
(m 4H), 7.44 (d, J = 8.2 Hz, 2H), 5.10@H5.03 (m

1H),3.81-3.73 (m 1H),3.25-3.17 (m 3H), 2.98-2.87 (m
| H, 2.80 (d, J = 4.4 Hz, 3H), 2.09 - 2.03 (m | H),

1.81 - 1.74 (m | ,,1.72 - 1.66 (m | H, .1.64 -
(S)-rerizButy3-(Gppl _-cy,q;pg—2%110g%hpmyl)etl@écqg)argwl)mgqud@emarbmlate (0.15
2) ar?(pﬁgflQzﬁﬁ&ﬁplﬁg{p%(ﬂ%Qﬁgnjeﬁ)’alladium (0) (2.80 mg, 3.10 umol) were added
to dioxane (3 mL) and 4-(N-(2-(zert-butyldimethylsilyloxy)ethyl)sulfamoyl)-phenylboronic
acid (0.167 g) was added to the mixture which was then stirred, under nitrogen, for 10 min.
Potassium carbonate (2M solution) (0.310 mL) was added and the reaction mixture was
heated at 75 °C for 3 h. The reaction mixture was poured onto a Isolute HM-N cartridge and
product was cluted with DCM. Solvent was removed in vacuo and the residue was dissolved
in THF (5 mL). The resulting solution was cooled in an ice-bath and TBAF (1M solution in
THF, 0.626 mL) was added and stirring was continued for 2 h. The reaction mixture was
concentrated in vacuo and dissolved in formic acid (5 mL). The resulting solution was heated
at 50 °C for 10 min. The reaction mixture was concentrated in vacuo, dissolved in methanol
and loaded onto an SCX cartridge. Non-basic impurities were washed off with methanol then
the desired compound was cluted with 10% ammonia in methanol. Solvent was removed in
vacuo to give the title compound (0.025 g).

'H NMR (399.826 MHz, d6-DMS0) & 8.81 - 8.73 (m, 1H), 7.90 - 7.84 (m, 4H), 7.72 (d, J =
8.5 Hz, 2H), 7.65 (t, J= 5.9 Hz, 1H), 7.44 (d, /= 8.2 Hz, 2H), 5.08 - 5.01 (m, 1H),4.72 -
4.67 (m, 1H), 3.41-3.15 (m, 6H),2.92 (d,/=11.8 Hz, 1H), 2.82 (q, /= 6.2 Hz, 2H), 2.68 -
2.58 (m, 1H), 1.77 - 1.71 (m, 1H), 1.67 - 1.62 (m, 1H), 1.53 - 1.48 (m, 1H), 1.40 - 1.30 (m,
3H).
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117 Exanple 75:
102418) +tIN((S) - 1- Cyano- 2- (4' - (pyrrolidine-|-carbonyl) bi phe
wWm 2009474899 ) et hyl ) pi peri di ne- 2- car boxam de PCT/GB2008/051173
trifluoroacetate ON OH N Prepared by a process
anal ogous to that described in Exanple 74 using
-((9)-2-((5)-1-(tert- 5 116
but oxycar bonyl ) pi peri di ne- 2- car boxam do) - 2- cyanoet hyl)
bi phenyl - 4- car boxylic acid, 2,4,6-
m/z UsTpeRyl- 1, 3,5, 2, 4, 6-trioxatri phosorinan-2, 4, 6-tri oxi
de, triethylam ne and pyrrolidine. 1H NNR (399. 826
MHz, d6-DMSO) 6 9.27 (d, J = 7.2 Hz, 9.00 - 8.87

&'Bé% ft 215)-&-&%3 1 ?}igllzno-é-% (@Wéc%rﬁgm}yﬁbg)%gﬂﬁ-yg%hyl)plperldme-

2ca5b&&m1d5tﬁﬁu6fﬂacé—t|die 3.80 - 3.41 (m 5H), 3.25 -
(m 3H), 2.98 - 2.86 (m 1H), 2.08 - 2.02 (m 1o 1H)
1.91 - 1.46 (m 9H). mz 431 [ MH] + Exanpl e 76:
(S)-N-((S)-1-Cyano-2-(4'-(4-nethyl pi peragj ne-I -carbony
[ ) bi phenyl -4- yl)ethyl)pi peri di ne-2-carb@xam de
trifluoroacetate 15 ON OH N\ 'Afll’fl-l D
AV' WD 2009/ 074829 PCT/ GB2008/ 051 118 repar ed by
a process anal ogous to tha n nple 74
using 4'-((S)-2-((9)-1- (te

bi phenyl - 4- carboxyubc ac d, , 6-
tripropyl-1, 3,8, 2, - oxatrlphosorlnan 2,4,6-trioxi
de, trlethyl e 8 thylplpera2|ne

4'-((S)-2-((S)-1-(tert-Butoxycarbonyl)piperidine-2-carboxamido)-2-cyanoethyl)biphenyl-4-
carboxylic acid (0.08 g), methylamine hydrochloride (0.011 g) and triethylamine (0.140 mL)
in DMF (3 mL) were stirred under nitrogen at 0 °C. 2,4,6-Tripropyl-1,3,5,2,4,6-
trioxatriphosorinan-2,4,6-trioxide (0.128 g) was added and stirring at room temperature
continued overnight. The mixture was diluted with ethyl acetate, washed with water then
brine, dried over magnesium sulfate, filtered and concentrated in vacuo. The crude product
was dissolved in formic acid (3 mL) and the solution was heated at 50 °C for 0.5 h. The
reaction mixture was concentrated in vacuo and the crude product was purified by preparative
HPLC on a Sunfire column using a 95-5% gradient of aqueous 0.1% TFA in acetonitrile as
cluent. The fractions containing the desired compound were evaporated to dryness to afford
the title compound (0.012 g) as a white solid.

'H NMR (399.826 MHz, d6-DMS0) & 9.28 (d, J = 7.2 Hz, 1H), 9.00 - 8.90 (m, 1H), 8.81 -
8.69 (m, 1H), 8.50 - 8.45 (m, 1H), 7.93 (d, J = 8.5 Hz, 2H), 7.79 - 7.69 (m, 4H), 7.44 (d,J =
8.2 Hz, 2H), 5.10 - 5.03 (m, 1H), 3.81 -3.73 (m, 1H), 3.25-3.17 (m, 3H), 2.98 - 2.87 (m,
1H), 2.80 (d, J =4.4 Hz, 3H), 2.09 - 2.03 (m, 1H), 1.81-1.74 (m, 1H), 1.72 - 1.66 (m, 1H),
1.64 - 1.42 (m, 3H).

m/z 391 [M+H]"
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i HNVMR (399.826 M1z, d6-DMsO) 6 9.32 (d, J = 7.2 Hz,
1n2did i pwd4 - 8.95 (m 1H), 8.83 5 8.70 (m 1H), 7.78
W@ 2009d74828. 2 Hz, 2H), 7.71 (d, J = 8. 2 Hz, 2H)PCTIGBZ008/051173
(d, J =8.2 Hz, 2H), 7.45 (d, J 82Hz 2H), 5.09 -
5,02 (m 1H), 3.82 - 3.74 (m 1H), 3.26 - 3.06 (m

8H), 2.99 - 2.87 (m 1H, 2188 (s, 3H, 2.09 - 2.03
(m 1H), 1.81 - 1.43 (m 8H). mz 460 [MtH + io
Exanpl e 77:
e 1% (FN-ASPYANA-L b v namencanbb R bihn:4d )
y pr peri di ne-2- carboxam de trifluoroacetate TIHN N
yDetyDplpexiding-2garkaxamide triflwersasetateal ogous to t hat
described in Method 2 Exanple 2 using (6) tent - but yl
'S
2-((S)-2-(6-bromopyridin-3-yl)-1- S
i peridi ne-1-carboxyl ate (Interrre
4- cyanophenyl boroni c acid. |
d6-DVBO) 6 9.31 (d, J =
1H), 8.80 - 8.64 (m 2H) ,

| car banoyl ) p

, 8.98 - 8.84 (m
8.26 (m 2H), 8.11

(d, J =85 Hz, ,7 d~J = 8.5 Hz, 2H), 7.92
(dd, J = 8.2,H 21 $H, 520 - 514 (m | H), 3.82
-3.74(m | o 3.16 (m 3H), 2.97 20 - 2.85
(m 1H), 2.08 - 01N(m ), 1.80 - 1.39 (m 5H).

mz 360 [MiH] + 3f-2nf" n_i DYAXI" WD 2009/ 074829

PCT/ GB2008/ 05¢173 119 Exanple 78:

S-N((S)-1- 2- 3- h I di
Pren(aggd)bd agéfra%?fﬁ ﬁ@%/lggoq@ a9 %@k é%cg eac{] lglﬁ?m%%l% {éﬁlc g 8- Q&S)ﬁ ﬂlﬁ) 1-(tert-

buto&'ycalfb&)ly'l\jp{};erldlneQ-carboxarn1do)-2-cyanoethyl)b1phenyl-4-carboxyhc acid, 2,4,6-
tripropyl-1,3,5,2,4,6-trioxatriphosorinan-2,4,6-trioxide, tricthylamine and pyrrolidine.

'H NMR (399.826 MHz, d6-DMS0)  9.27 (d, J = 7.2 Hz, 1H), 9.00 - 8.87 (m, 1H), 8.80 -
8.69 (m, 1H), 7.74 - 7.68 (m, 4H), 7.61 (d, J = 8.5 Hz, 2H), 7.43 (d, J = 8.2 Hz, 2H), 5.09 -
5.03 (m, 1H), 3.80 - 3.41 (m, 5H), 3.25-3.18 (m, 3H), 2.98 - 2.86 (m, 1H), 2.08 - 2.02 (m,
1H), 1.91 - 1.46 (m, 9H).

m/z 431 [M+H]"

Example 76: (S)-N-((S)-1-Cyano-2-(4'-(4-methylpiperazine-1-carbonyl)biphenyl-4-

yDethyl)piperidine-2-carboxamide trifluoroacetate
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5 Prepared by a process anal ogous to that described in
1n2idat twevA Exanple 2 using (S)-tent-butyl
WQ2{008)4829 ( 6- br onopyri di n- 3-yl ) -1 - cyanoet hyl caPGEGBI0B051173
i peridi ne-1-carboxylate and 3- cyanophenyl boronic
acid. 1H NWR (399.826 MHz, d6-DVMSO) 6 9.32 (d, J = 7.2
Hz, 1H), 8.99 - 8.84 (m 1H188.81 - 8.67 (m | H),
863(3 Il H, 852 (d, J =1.5Hz, I H, 845 (dt, J
8.1, 1.4 Hz, | H), 811 (d, J 10 =8.2 Hz, | H),

Prepﬁre%zog/(é;%oce]ss anzﬁo%’brlﬁslo alaHaescﬁBQd 1n7Ex7cl§1fﬁé 74 dsirmg 4'-(@S H-((Sh-1-(zert-
buto]gygar@@g)pg)emg(nm2 moxamligqv) 2- cgan@gthy})’plp ﬁ)ylgﬂr -@gbaxyti eeid, 2.4.6-

s S i et hiserd B dgu oA T by gl fiplperacine

'H NMR (399.826 MHz, d6-DMSO) 8 9.32 (d, I = 7.2 Hz, 1H), 9.04 - 8.95 (m, 1H), 8.83 -
(S)-N((9)-1-Cyano- 2- 26 (2- hydr oxyphenyl’) pyri di n- 3-y
8-706(ﬂhylf}1)p7{3§r(d,d]| T82Hz,@ihboxhd.de §.2 Hy, 2N),H.10 (W, OA 82 Hz, 2H), 7.45

@ e ERAlE SHE R RO TS R &2 82t B ) 2 285 ST 44D, 2.0

2872tn{,( JZJ&GQS oIy onms; yH),-118 IcypapahhgH ?ar banmoyl ) p
eridi ne-I-carboxylate and 2- hydroxyphenyl boronic
nﬂz iOdM+HJ NVR (399.826 MHz, d6-DVMBO) 6 8.62 - 8.54 (m
8.52 (d, J = 2.1 Hz, 1H), 8.18 (d, J = 8.7 Hz,
1H) 8.02 - 7.93 (m 2H), 7.30 (dd, J = 15.4, 1.5 Hz,
xaii_iﬂ!e TR (Sﬁ-N-—((S) 8L (amo-2(6-(4- cﬁ@pﬂanyl)[@frﬁﬁn(&F[yl)elthj'l)plperldlne-z-
& J =7.9H, | H, 3.05 (dd, J = Hz,
cafhoxr‘ibm ofriifporogcerate my  1H), 2.54 - 2. 43 (m 5H) 1 57
- 1.49 (m 1H), 1.43 - 1.37 (m 1H), 1.32 - 1.14 (m
3H). m z 351 [ MtH] + Exanpl e 80:
(S)-N-((S)-1- 0- 2- (6- (4- (N, N-di net hyl sul f anoyl ) phen

Prepared by a process analogous to that described in Method 2 Example 2 using (S)-fert-butyl
2-((S)-2-(6-bromopyridin-3-yl)-1-cyanoethylcarbamoyl)piperidine-1-carboxylate
(Intermediate 5) and 4-cyanophenylboronic acid.

'H NMR (399.826 MHz, d6-DMS0) § 9.31 (d, J = 7.4 Hz, 1H), 8.98 - 8.84 (m, 1H), 8.80 -
8.64 (m, 2H), 8.32 - 8.26 (m, 2H), 8.11 (d, J = 8.5 Hz, 1H), 7.97 (d, J = 8.5 Hz, 2H), 7.92
(dd, J=8.2,2.1 Hz, 1H), 520 - 5.14 (m, 1H), 3.82-3.74 (m, 1H), 3.29 -3.16 (m, 3H), 2.97
-2.85(m, 1H), 2.08 - 2.01 (m, 1H), 1.80 - 1.39 (m, 5H).

m/z 360 [M+H]'
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HN Nom NHONN O 1f-2ni n_i D AXI" WD
1mER00008 &/A829 PCT/ GB2008/ 051173 121 Prepared by a
w@e@eess2anal ogous to that described i n Met hodPQI/GB2008/051173

Exanple 2 using (S)-tent-butyl

2-((S)-2-(6-bronmopyridi n-3-yl)-1-cyanoet hyl car banmoyl ) p

i peridine-I|-carboxylate andiy, N- di net hyl -4-(4,4,5,5

-tetranet hyl -

1, 3, 2- di oxabor ol an- 2-yl ) benzenesul f onam de. i H NVMR
o O o (G Fexthgbfenybpriid el hpipertdine-2
carhioxpmddy trifuorpacet®te06 (m 1H), 7.92 (dd, J = 14.9, 2.3

Hz, 1H), 7.86 (d, J = 7.7 Hz, 2H), 5.26 - 5.14 (m

1H), 3. 33-3. 15(m¢73 2.97 - 2.84 (m 1H),2.68- 2.63

(m 6H), 2.07 -|2.01|(m HH), O - 1.74 (m 1H),

1.73 - 1.40 (m . M H + i o Exanpl e 81:

(S)-N-((S)-2-(6-( ro- 52 ( di net hyl car banoyl ) phenyl)

pyri di n-3-yl)-1- cyano€& hyl kpi pekd di ne- 2- car boxam de

trifluoroacetate ONCI ONBH"' "N N Prepared by a

process anal ogous to that described in Method 2

Exanple 2 using (S)-tent-butyl

2-((S)-2-(6-Dbronmopyridin-3-yl)-1l-cyan

i peridine-I|-carboxylate and 3 25

chl or o- 5- (di net hyl car banoyl ) phenyl boronj c aci d.

Product isolated as a 7 : 3 m xture of H

N

| car bamoyl ) p

Prepared by a process analogous to that described in Method 2 Example 2 using (S)-fert-butyl
2-((S)-2-(6-bromopyridin-3-yl)-1-cyanoethylcarbamoyl)piperidine-1-carboxylate and 3-
cyanophenylboronic acid.

'H NMR (399.826 MHz, d6-DMS0) & 9.32 (d, J = 7.2 Hz, 1H), 8.99 - 8.84 (m, 1H), 8.81 -
8.67 (m, 1H), 8.63 (s, 1H), 8.52 (d,J=1.5Hz, 1H), 8.45 (dt,J=8.1, 1.4 Hz, 1H), 8.11 (d, J
=8.2Hz, 1H), 7.92 (dd, J = 8.3, 1.9 Hz, 2H), 7.72 (t, J = 7.9 Hz, 1H), 5.20 - 5.13 (m, 1H),
3.83-3.74 (m, 1H), 3.28 -3.16 (m, 3H), 2.97 - 2.85 (m, 1H),2.08 - 2.01 (m, 1H), 1.80 -
1.40 (m, 5H).

m/z 360 [M+H]"



10

15

di astereoners at the aninonitrile nethine. i H NVR
1022900 IR MHz, d6-DVSO) 6 9.37 (d, J = 8.1 Hz, 0.3H),
wWO@208/074829J = 7.3 Hz, 0.7H), 8.95 - 8.66 (m P¢H/GBAN0BA51173

(s, I H, 823 - 8.18 (m | H, 815 - 8.04 (m 2H),

7.93 - 7.85 (m 1H), 7.54 (s, 1H), 5.27 - 5.11 (m

1H), 3.86 - 3.70 (m 2H), 31W - 3.12 (m 3H), 3.02

(s, 20 3H), 2.93 (s, 3H), 2.09 - 1.86 (m 1H), 1.82 -

.38 (m 4H), 1.31 - 1.20 (m 1H). mz [MH + = 440,

%75 I\(BgN;((S -4 aélgjg% ?& ]%ﬂjox ZeQBQXLrTiglil}ei\@g?:ethyl)piperidine-2-

carhogpmigg ( S) - 1- Q/ano- 2-(4' -(trifluoromethyl)bi phenyl -4-y
| ) et hyl) pi peridi ne-2- carboxam de trifluoroacetate F F
F OHN 5 Prepared by a process anal ogous to that
described in Mt 2 Exanple 2 using (S)-tent-butyl
2-((S)-1-cyan-2{(4-ivpdop nyI ) et hyI car banoyl ) pi peri din
e-|-carboxylateland 4- (tyif N et hyl ) phenyl bor oni c
acid. 1H NWVR (399. -DMBO 6 9.29 (d, J =7.2

Hz, 1H), 8.98 - 8MB9 (M 1H}, 8. 80 10 8.70 (m 1H),
7.90 (d, J = 8.2 H, 2F), 78 Bi5 He, 2H),
7.74 (d, J = 8.2 Hz, 2H), 7. O 2H)
5.07 (q. J =7.5 H, | H), 3.8 72 Am 2H), 3.25 -
3.15 (m 2H), 2.99 - 2.86 (m 1 2.01 (m
1H), 1.81 - 1.38 (m 5H). mz [M+H]+ S [MH - =

400. 15 1fl2nl n_i D AXI" V\D2009/ 074%
PCT/ GB2008/ 051173 123 Exa
Prepagyd-by- o freyess amyegmys 2o (hat df(ssrnlg@r nndﬂﬁtéoqi 2 Exepoteyd Yonpiierfers-butyl

2-((%|-2-66-bromopyr1dln-3 -yl)-1-cyanoethylcarbamoyl)piperidine-1-carboxylate and 2-
hydroxyphenylboronic acid.

'H NMR (399.826 MHz, d6-DMSO0) 3 8.62 - 8.54 (m, 1H), 8.52 (d, J=2.1 Hz, 1H), 8.18 (d,
J=8.7Hz, 1H), 8.02 - 7.93 (m, 2H), 7.30 (dd, J = 15.4, 1.5 Hz, 1H), 6.94 - 6.89 (m, 2H),
5.17-5.09 (m, 1H),3.25(d,J=7.9 Hz, 1H), 3.05 (dd, J =9.5, 2.8 Hz, 1H), 2.79 - 2.74 (m,
1H), 2.54 - 2.43 (m, 5H), 1.57 - 1.49 (m, 1H), 1.43 - 1.37 (m, 1H), 1.32 - 1.14 (m, 3H).
m/z 351 [M+H]

Example 80: (S)-N-((S)-1-Cyano-2-(6-(4-(N,N-dimethylsulfamoyl)phenyl)pyridin-3-

yDethyl)piperidine-2-carboxamide trifluoroacetate

H N
N N~
H =
o - NN
| _
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15

20

yl) et hyl) pi peridi ne-2-carboxanm de trifluoroacetate ON
1mMQ@aHi NS Prepared by a process anal ogous to that
walemeni4sed i n Method 2 Exanple 2 using (S)-tenecbGBN08/051173

2-((S)-I-cyano-2-(4-iodophenyl) et hyl car banoyl ) pi peri di

ne-1| -carboxyl ate and 3-(pi peri di ne-

1- car bonyl ) phenyl boronic acid. 1H NMR (399. 826 Mz,

dé-DVMSO) 6 9.29 (d, J = 7.2 Hz, 1H), 9.00 - 8.91 (m

1H, 8.81 - 869 (m I H), 7.74 (dd, J = 7.8, 1.2 Hz,
Preplarel'd)by a 3p1@8656 gnaldgious 8o thatldescAbdd inMEBod 2Ex§ﬂnp(en2 us]in%?_?)) -tert-butyl

2- ((S7) 23-56 b@mqpyﬂdm -5ybel - C}@H))ethslc@l@a@qylgglperl(hn@lmrboxy}q)e and N,N-

dlrn%hyil A- Eéf 4 Sé_betra]?etg;fﬁf 3%1@Xa(br%roq 'Y%bﬁn%f%ngul%}_%? d% 34 -
HNIMR (399. g%lM_}iz 46- HM\SO}S@)B»I ;2%1:%;14@ 445, & .- 17), 8.78 -

8. 62?@/@2668/—@531)1(713 211)23 12E>8a0ﬁ3(ne, 8d), 7.92 (dd J=14.9,2.3 Hz, 1H), 7.86

@ 357 3 LR ST AR dPhe? 3T 3R Gt e 072 TR ! AF D -

2. 63t(h1 fdrpL @acet@t @, HHP1NOY N4 @, Q1 13N 1.50 EPhelSHD ed by
process anal ogous to that described in Method
m/z Ef‘k‘ar{M‘Léﬂz using (S)-tent-butyl
2-((S)-I-cyano-2-(4-iodophenyl) et hyl car banoyl ) pi peri di
ne-1| -carboxyl ate and 3-(thiazol -
Exapipt@8 haSp-N-((S Ay (B-arlorcS-gdintkthylcarbamoyl)phenyl)pyridin-3-yl)-1-

cyanoethyl)piperidine-2-carboxamide trifluoroacetate

O N

= Cl

Prepared by a process analogous to that described in Method 2 Example 2 using (S)-fert-butyl
2-((S)-2-(6-bromopyridin-3-yl)-1-cyanoethylcarbamoyl)piperidine-1-carboxylate and 3-
chloro-5-(dimethylcarbamoyl)phenylboronic acid. Product isolated as a 7 : 3 mixture of
diastereomers at the aminonitrile methine.

'H NMR (299.947 MHz, d6-DMS0) § 9.37 (d, J = 8.1 Hz, 0.3H), 9.28 (d, J = 7.3 Hz, 0.7H),
8.95 - 8.66 (m, 2H), 8.62 (s, 1H), 8.23 - 8.18 (m, 1H), 8.15 - 8.04 (m, 2H), 7.93 - 7.85 (m,
1H), 7.54 (s, 1H), 5.27-5.11 (m, 1H), 3.86 - 3.70 (m, 2H), 3.31 - 3.12 (m, 3H), 3.02 (s,
3H), 2.93 (s, 3H), 2.09 - 1.86 (m, 1H), 1.82 - 1.38 (m, 4H), 1.31 - 1.20 (m, 1H).

m/z [M+H]+ = 440, 442; [M-H]- = 438, 440.
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15

1H NMR (399.826 MHz, d6-DVSO) 6 9.31 (d, J = 7.4 Hz,
1maditd) o0l - 8.91 (m 1H), 8.82 10 8.69 (m 1 H),

wW@2008/074829 41 (m 1 H), 8.06 (d, J = 7 7 Hz, 1 MYT/GB2®3/051173

(d, J =7.9 H, 1LH, 7.82 (d, J = 8.5 H, 2H), 7.65

(t, J =7.8Hz, | H, 7.59 (d, J=36Hz | H), 7.47

(d, J =82H, 2H, 7.31{x J =23.6 Hz, 1H), 5.08

(q, J=7.4 H, 1H), 3.83 - 3.71 (m 2H), 3.27 - 3.18

3H) 2.99 - 2.86 (m 1H, 2.11 - 2.01 (m 1H),

—I%—Exai’" 12, 82T Clo T A gl Fbiperdine 2
carb_‘[ggmﬂ@@ﬂiﬂqog@tate

(S)-N((S)-1-Cyano-2-(3' -(2-cyanoet hyl car banoyl ) bi phen
yl -4- yl)ethyl)piperidine-2-carboxamde HN HHNN 5
Prepared by a process anal ogous to that d@scribed in
Met hod 2 Exanple 2 using (S)-tent-butyl F
2-((S)-I-cyano-2-(4-iodophenyl) et hylL#
ne-1| -carboxyl ate and 3-(2-

NVR appear ed

cyanoet hyl car banoyl ) phenyl borgnj c_as
to show t he product was a f ase. io i HNWR
\ )

oy ) pi peri di

(500.303 Mz, d6-DVEO) 6 9. .94 (m 1H), 8.56 -

8.48 (m 1H), 8.12 (@, | 47, ¥84 (dd, J = 8.0, 2.1

Hz, 2H), 7.69 (H, J E 8. FHz, 2H), 7.57 (t, J = 7.5

He. | H), 7.43- ~Q 2H), 5.06 - 4.98 (m

1H), 3.53 (q, . , 28N\ 3.21 - 3.16 (m 2H),

3.09 - 3.05 ( 2.80 - 2.77 (m 1H), 2.80 (t, J =

6.7 Hz, 2H), 1.%2 - 1.56 (m 2H), 1.44 - 1.20 (m

6H). 15 mz [MtH + = 430; [MH - = 428. Exanpl e 86:

(S)-N-((S)-2-(3" -(2-am no- 2- oxoet hyl ) bi phenyl -4-yl) - 1-
Prepaycalrtget rpbdsp apdogalisne that dasctibedain Methdd R fHxamptal edimg €S )Herr-butyl

H2 NO_H
2-((S)-1 -cyano-2-(4-1N0dophenyl)ethylcarbarnoyl)piperidine- I-carboxylate and 4-

(trifluoromethyl)phenylboronic acid.

'H NMR (399.826 MHz, d6-DMS0) § 9.29 (d, J = 7.2 Hz, 1H), 8.98 - 8.89 (m, 1H), 8.80 -
8.70 (m, 1H), 7.90 (d, J = 8.2 Hz, 2H), 7.82 (d, ] =8.5 Hz, 2H), 7.74 (d, ] = 8.2 Hz, 2H), 7.47
(d, J=8.5Hz, 2H), 5.07 (g, J=7.5 Hz, 1H), 3.82 - 3.72 (m, 2H), 3.25 - 3.15 (m, 2H), 2.99 -
2.86 (m, 1H),2.09-2.01 (m, 1H), 1.81 - 1.38 (m, 5H).

m/z [M+H]+ = 402; [M-H]- = 400.



20 1f-2ni n_i D AXI" WO 2009/ 074829 PCT/ GB2008/ 051173
1md@61o Byepared by a process anal ogous to that described
WO poobiet4sed 2 Exanple 2 using (S)-tent-butyl PCT/GB2008/051173
2-((S)-1-cyan-2-(4-i odophenyl ) et hyl car banoyl ) pi peri di n
e-|1-carboxylate and 2-(3 -(4,4,5,5 - tetranethyl -
1, 3, 2-di oxaborol an- 2-yl ) phepd ) acet am de. i H NVR
(399.826 MHz, d6-DVMBO) 6 9.32 (d, J = 7.4 Hz, 1H),
9.05 - 8.98 (m 1H, 8.82 58.70 (m 1H), 7.62 (d, J

Eﬂ(@é&@i@% NZR%I—& 1-7C}5d510(§-(73 ikgﬁperlﬁiﬁl-'caﬂbo'i’n&z)f)mheéﬁ4_ 7.42

yl)eml)pmmdrnesmzrquamlde giflgorogcetateH) | 5. 05 (q, J = 7. 5
Hz, | H, 3.83 - 3.74 (m 1H), 3.45 (s, H) .25
3.16 (m 3H), 2.98 - 2.86 (m 1H), 2.08~ 2(
1H), 1.81 - 1.40 (m 5H). n’iz[M+|—%+: 91; [MH- =
389. io0 Exanple 87: N
(S)-N-((S)-1-Cyano-2-(3" - (N, N-di met hy| sul famoyl ) bi phen
yl -4- yl)ethyl)pi peridine-2-carboxa

ppared by a
bt hod 2

2-((S)-I-cyan-2-(4- |odophen
e-| - carboxyl ate and (N, N
dlnethylsulfanDHI)pHELylonronic acid. iH NWR (399. 826
MHz, d6-DMSO) 6NQ. 33 d_= 7.2 Hz, 1H), 9.05 - 8.97
(m 1H), 8.81f- 871 ( )y, 8.05 - 8.00 (m | H,
7.90 (s, | H}| 7. 80 - 69 (mNaH), 7.47 (d, J = 8.2
= 7.4 Hz, I H, 3.83 - 3.73 (m |

yl car banmoyl ) pi peridin

Hz, 2H), 5.0
H. 3.26 - 3.15 (m 3H) 2.99' - 2.87 (m | H, 20 2.66
(s, 6H), 2.09 - 2.02 (m 1H), 1.81 - 1.42 (m 5H).

Prepgifﬁzsiéycl\é;ﬁ% gﬁg ﬁ’é#‘% %%% %@a& %{Sf%egd inNichBY 2 rii—xample@(us"mé/\@)-tert-butyl
2-((S)-1-cyano-2-(4-iodophenyl)ethylcarbamoyl)piperidine-1-carboxylate and 3-(piperidine-
1-carbonyl)phenylboronic acid.

'H NMR (399.826 MHz, d6-DMS0) § 9.29 (d, J = 7.2 Hz, 1H), 9.00 - 8.91 (m, 1H), 8.81 -
8.69 (m, 1H),7.74 (dd, J=7.8, 1.2 Hz, 1H), 7.69 (d, J = 8.2 Hz, 2H), 7.63 - 7.61 (m, 1H),
7.53 (t,J="7.7 Hz, 1H), 7.43 (d, ] = 8.2 Hz, 2H), 7.35 (d, J = 7.5 Hz, 1H), 5.06 (q, J = 7.5 Hz,
1H), 3.77 (t, J = 10.5 Hz, 1H), 3.64 - 3.55 (m, 2H), 3.34 - 3.17 (m, 5H), 2.97 - 2.87 (m, 1H),
2.08 -2.02 (m, 1H), 1.81 - 1.40 (m, 11H).

m/z [M+H]+ = 445; [M-H]- = 443.
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15

127 Exanpl e 88:

102418) +t N QS) - 1- Cyano- 2- (3" - (pyrrolidin-1-ylsul fonyl)bi ph

w@popbAM829/1 ) et hyl ) pi peri di ne- 2- car boxam de PCT/GB2008/051173
trifluoroacetate COSAN OO OHII NN HN
Prepared by a process anal ogous to that described in
Met hod 2 Exanple 2 using (S24 ent-butyl 5
2-((S)-I-cyano-2-(4-iodophenyl) et hyl car barmoyl ) pi peri di
ne-1|-carboxyl ate and 3-(pyrrolidin-

Exa 44| N hiRk12- Mz,

BB A

yDethy)pii@ritdne-2garioxamide tnifluo@acetatedm J = 7.7 Hz, | H),
7.96 - 7.94 (m | H, 7.81 (dm J =8.1 Hz, | H), 7.76
- 7.71 (m 3H), 7.47 (d, J =8.2 Hz, 2H), 5.07 (q, J =
7.4 Hz, 1H), 3.83 - 3.73 (m 1H), 3.27H 10 3.14 (m
7H),2.97-2.87 (m 1H),2.08-2.02 (@ L < 1. 44 (m
9H). mz [M+H + = 467; [MH - = 465 Ex np
(S)-N-((S)-1-Cyano-2-(3" -(nethyl sul fonam g thyl)bi ph

enyl -4- yl)ethyl)piperidine-2-carl de
trifluoroacetate H NS OO NN 15 Prepared by
a process anal ogous to tha | bed”in Method 2

Exanple 2 using (S)-tent-b
2-((S)-1-cyan-2-(4- |odoph-
e-| - car boxyl at

(nethylsulfonaﬁldo

hyl car banoyl ) pi peridin

hylrohenylboronlc aci d.

Prepared by a process analogous to that described in Method 2 Example 2 using (S)-fert-butyl

2-((S)-1-cyano-2-(4-iodophenyl)ethylcarbamoyl)piperidine-1-carboxylate and 3-(thiazol-2-
ylcarbamoyl)phenylboronic acid.

'H NMR (399.826 MHz, d6-DMS0) § 9.31 (d, J = 7.4 Hz, 1H), 9.01 - 8.91 (m, 1H), 8.82 -
8.69 (m, 1H), 8.46 - 8.41 (m, 1H), 8.06 (d,J=7.7 Hz, 1H), 7.95 (d,J = 7.9 Hz, 1H), 7.82 (d,
J=8.5Hz, 2H), 7.65 (t,J = 7.8 Hz, 1H), 7.59 (d, J = 3.6 Hz, 1H), 7.47 (d, ] = 8.2 Hz, 2H),
731(d,J=3.6Hz, 1H), 5.08 (q, J = 7.4 Hz, 1H), 3.83 - 3.71 (m, 2H), 3.27 - 3.18 (m, 3H),
299 -2.86 (m, 1H),2.11-2.01 (m, 1H), 1.82-1.42 (m, 5H).

m/z [M+H]+ = 460; [M-H]- = 458.
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15

20

1f-2ni n_i D AXI" WD 2009/ 074829 PCT/ GB2008/ 051173
102d@81» BFhNVR (399. 826 MHz, d6-DMSO) 6 9.29 (d, J = 7.4
WO20090H829 9. 00 - 8.91 (m 1H), 8.81 - 8.68 (mPAFEB2008/051173

7.67 - 7.54 (m 5H), 7.47 - 7.39 (m 3H), 7.34 (d, J =

7.7 Hz, 1H), 5.06 (q, J = 7.4 Hz, 1H), 4.23 (d, J =

6.2 Hz, 2H), 3.82 - 3.73 (m2slH), 3.26 - 3.17 (m 3H),

2.98 - 2.89 (m 1H), 2.89 (s, 3H), 2.08 - 2.02 (m

1w 1.80 - 1.43 (m 5H). 5 mz [MH + = 441; [MH - =

O O Coanear Srisyanserhygarbamosbbiphenyt-d-
yl)eﬂkv@pmﬂrmupﬂ pearkiixamide- car boxam de trifluoroacetate H

NO HON HN 10 Prepared by a process anal ogous to

that described in Method 2 Exanple 2 using

(S)-tent-butyl

2-((S)-I-cyan-2-(4-iodophenyl) et

e-1-carboxyl ate and 3- (acefam dQn

ar barmoyl ) pi peridin
I)p nyl bor oni c

acid. iH NVR (399.826 Mk (d, J =7.2
Hz, 1H), 8.99 - 8.91 (m . isl8.69 (m 1H),
8.38 (t, J = 5.8 H, (d, J F¥5 Hz, 2H),
7.55 - 750( 2%\, 38 (m 3H), |7.25 (d, J =
7.7 He, OQ\\q 1H), 4.31 (d, J =

5.9 Hz, 2H) -N3. 7 1H) 3.25 -
3H), 2.98 - (mHlH) 2.°08 - 2.01 (m 1H) N71. 88
(s, 3H), 1. - 1.43 (m 5H). mz [ MH + = 405;
[MH- = 403. 20 1f - 2ni n_i D AXI" WD 2009/074829
PCT/ GB2008/ 051173
Prepared by a process analogous to that described in Method 2 Example 2 using (S)-fert-butyl

P

2-((S)-1-cyano-2-(4-iodophenyl)ethylcarbamoyl)piperidine-1-carboxylate and 3-(2-
cyanoethylcarbamoyl)phenylboronic acid. NMR appeared to show the product was a free
base.

'H NMR (500.303 MHz, d6-DMS0) 3 9.00 - 8.94 (m, 1H), 8.56 - 8.48 (m, 1H), 8.12 (s,
1H), 7.84 (dd, J = 8.0, 2.1 Hz, 2H), 7.69 (d, J = 8.3 Hz, 2H), 7.57 (t,J = 7.5 Hz, 1H), 7.43 (d,
J=7.9 Hz, 2H), 5.06 - 498 (m, 1H), 3.53 (q, J = 6.4 Hz, 2H), 3.21 - 3.16 (m, 2H), 3.09 -
3.05 (m, 1H), 2.80 -2.77 (m, 1H), 2.80 (t, J=6.7 Hz, 2H), 1.62 - 1.56 (m, 2H), 1.44 - 1.20
(m, 6H).

m/z [M+H]+ = 430; [M-H]- = 428.

Example 86: (S)-N-((S)-2-(3'-(2-amino-2-oxoethyl)biphenyl-4-yl)-1-

cyanoethyl)piperidine-2-carboxamide trifluoroacetate
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129 Exanple 91:

102418) +t N QS) - 1- Cyano- 2- (4' - (4- cyanopi peri di n-1-yl sul f ony

wo 2iwophsey| - 4- yl) et hyl ) pi peridi ne-2- car boxam B&r/GB2008/051173
trifluoroacetate 0 0 S NN O HHNJ5 Prepared by a
process anal ogous to that described in Method 2
Exanple 2 using (S)-tent-but)
2-((S)-1-cyano- 2-(4-i odophenyl) et hyl car barmoyl ) pi peri di
ne-1| -carboxyl ate and 4-(4-

Prepadnsd ﬂ%&ésg 'aﬁ!albgdds%‘ tHapaa/slcm&@wwb@w&aﬁ@ledz diRg (S)-tert-butyl

turn prepared from 2 -brormgheny

2-((‘Wet-hydno2 (34 @dgp@hnaiaatbal@@rb@mm pl@@@@nwlﬁ@rhqzytawﬁeande?t -Hoth.4.5.5-

04 399. 826 Mz,
tetra%t%gi g Qfotaa‘?zl'é?g&}e?yéaﬁﬁzaml , 8.97 - 8.87 (m
'H NIMR (369 88 M}@zé%f[ﬁwm% i) (d7J 9(57 4 He, }]H)- 98}58 g8 %ZHIH) 8.82 -

8. 70‘,(rm71H)( 2.624d3 888 Hiz 2H;),L15 55 es o) &; 533 7_507(rr8 m) 7142@1,,J 8.6 Hz,

2H) 37”?81%31 23N, s (gf’r{ 3§%H 6.8 (3 g'ga)( 3109(1%@145 278%;, 1n),

383m!3274MtH_1H 3.808; 2035 - 31604, 35, FIQNDIRE (8¢ :1H), 2.08 - 2.02 (m,
Z)S 1- Cyano- 2- (4' - (nor phol i nosul f onyl ) bi phenyl -
1H)4]- &/’f}é 4 YhDper i di ne- 2- carboxanide trifl uoroacetate
\ | HyyJ _ 1f-2ni n_i D AXI" WD 2009/ 074829
WZ@%‘%F&%Z%&] @%ﬁgﬂg?so Prepared as a 7 : 3 (S) / (R
m xture of diastereoners at the amnonitrile nethine

by a 'P ocess
Exaniple 87: (S)-N-((S)-1-Cyano-2-(3'-(N,N-dimethylsulfamoyl)biphenyl-4-

|
‘ S/N\
/RN
O O
O

yDethyl)piperidine-2-carboxamide trifluoroacetate

Prepared by a process analogous to that described in Method 2 Example 2 using (S)-fert-butyl
2-((S)-1-cyano-2-(4-iodophenyl)ethylcarbamoyl)piperidine-1-carboxylate and 3-(N,N-
dimethylsulfamoyl)phenylboronic acid.

'H NMR (399.826 MHz, d6-DMS0) § 9.33 (d, J = 7.2 Hz, 1H), 9.05 - 8.97 (m, 1H), 881 -
8.71 (m, 1H), 8.05 - 8.00 (m, 1H), 7.90 (s, 1H), 7.80 - 7.69 (m, 4H), 7.47 (d, J = 8.2 Hz,
2H), 5.07 (q,J = 7.4 Hz, 1H), 3.83 - 3.73 (m, 1H), 3.26 - 3.15 (m, 3H), 2.99 - 2.87 (m, 1H),
2.66 (s, 6H),2.09-2.02 (m, 1H), 1.81 - 1.42 (m, 5H).

m/z [M+H]+ = 441; [M-H]- = 439.



anal ogous to that described in Method 2 Exanple 2
1mami ywWS) -tent - butyl 2-((S)-1-cyano-2-(4-
w0 owophsey| ) et hyl car banoyl ) pi peri di ne-1 - car boxRCEHGB2@AM51173
4 5 (nor phol i nosul fonyl ) phenyl boronic acid. 1H NWR
(399.826 MHz, d6-DVMSO) 6 9.29 (d, J = 7.4 Hz, 1H)
8.97 - 8.84 (m 1H), 8.79 - 164 (m 1H), 7.97 - 7.94
(n1 2H), 7.83 - 7.73 (m 4H), 7.49 - 7.45 (m 2H
.08 (q, J =7.5 Hz, I H, 3.82 - 3.72 (m | H), 3 67

Exam$3_e 8% (SgN e(st) 1- C%ra%@ 2-&33 (ﬂﬁr&mlﬁ%lsuﬁoﬁﬂl)blgﬂel%ﬁ

yl)e{hwl)pqpertdlmeag-caﬂxgwpuée ggﬂuoroacetate
(S)-N-((S)-1-Cyano-2-(4'-(4-nethyl pi perazi n-1-yl sul fon

yl ) bi phenyl - 4- yl)ethyl) pi peri di ar bo 1 de
dh i bed in

trifluoroacetate OO \\ // S\N
ent - bUt y|// N\

Prepared by a process anal
Met hod 2 Exanpl e 2 using

i phe et hyl c4Pb&hoyl ) pi peri di
ne-| - car boxyl d 1- -4-(4-

(4,4,5,5-tetr net\ | - , 2- di oxabor ol an- 2-yl ) phenyl su

fonyl ) pi per azi 1HN -399. 826 MHz, d6-DMSO 6 9. 37

(d, J:7.2w1H),H9.04 o J =9.7 Hz, 1H), 8.77

20 (d, J = .3 Hz, 1H), 7.98 (d, J = 8.4 Hz, 2H)

7.85 (d, J =8.4 Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H),
Prepﬁreﬂgoy(djprodes‘ afaldgdug to @) desoribod 1&1Q\/Iet~ﬁod:2Ex4mWe 2 ﬂ,shhg (S) tert-butyl

5 2- (@)dl gylane 2r(>448>dpehe F?)ﬁ}lylczrbmtoyai)]lpémglneé qygaqxdi_bevtgand 3tipysrolidin-

'ylgl‘lﬁfoﬂkll)@?f?/ﬁ’8§%ﬁ ack Ozt()glg/ og?szgmpzdg cl\gguogsf 022(1573 2
'H NMIR (399.826 MHz, d6-DMSO) 8 9.31 (d, J = 7.2 Hz, 1H), 9.00 - 8.93 (m, 1H), 8.79 -
8.71 (m, 1H), 8.01 (dm, J = 7.7 Hz, 1H), 7.96 - 7.94 (m, 1H), 7.81 (dm, J = 8.1 Hz, 1H), 7.76
~7.71 (m, 3H), 7.47 (d,J = 8.2 Hz, 2H), 5.07 (¢, J = 7.4 Hz, 1H), 3.83 - 3.73 (m, 1H), 3.27 -
10 3.14 (m, 7H),2.97 - 2.87 (m, 1H), 2.08 - 2.02 (m, 1H), 1.80 - 1.44 (m, 9H).

m/z [M+HJ+ = 467; [M-H]- = 465.

Example 89: (S)-N-((S)-1-Cyano-2-(3'-(methylsulfonamidomethyl)biphenyl-4-

yDethyl)piperidine-2-carboxamide trifluoroacetate

15

Prepared by a process analogous to that described in Method 2 Example 2 using (S)-fert-butyl
2-((S)-1-cyano-2-(4-iodophenyl)ethylcarbamoyl)piperidine-1-carboxylate and 3-
(methylsulfonamidomethyl)phenylboronic acid.
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Exanpl e 96:

102418) +t N (S) - 1- Cyano- 2- (4- ( 3- net hyl - 2- oxo- 2, 3-di hydr oben

waQ ejodpossax ol - 5- PCT/GB2008/051173

yl) phenyl ) et hyl ) pi peri di ne-2-carboxanmide NN NH = O
I~NO Oa) (95-
tent-Butyl 2-((S)-I|-am no-3-{2% (3-net hyl - 2- oxo- 2, 3-di hy
dr obenzo[ d] oxazol -5- 5
yl ) phenyl ) -1 -oxopropan-2-yl car banoyl ) pi peri di ne-I-carb

'H Ix?gk' (?g%tg% hf{}'{é\'d%*' LI035 2RO N HY, fH)ToMUred Ofm, 1H), 8.81 -

8.682n1, (15)); 16§m7rﬁ§L(Im oXd), 3474130 &, 538),t7e34 @k thyl Hi, 3]1)25.06 (q, J =

7.4 L EB0Z L8 2 X PEI o7 950 241,25 LaTYl L PLRETA G g
(m, hmf@w(ﬁ@m}’%bgﬂafdzcthpxﬁ?ﬁh%@( 3Hz @nesypl. 4 ng),

m/z GVirBt hy 4l h V)R ost3i no-i cP] f errocene] di chl oro
pal | adium (7.34 ng) and potassium carbonate (93 np)
in acetonitrile (0.7 nL) and water (0.35 nlL) was
Exafifplé wctsy.N 15) @(BO(A&tmldomhﬁmlpﬁmylmﬁ) u&tyaﬁ@éihymplpendme-
vacuo and the residue was purified by flash sil
2-caghoxwide drillpproage@id ng with 1 : 1 isohexane / acetone
to give the subtitle conpound (112 ng). is 1H NWR

(300 MHz, CDC13) 6 7.51 (d, J= 8 C 2H), 7.32 (d,
J= 8.1 Hz, 2H), 7.28 - 7.22 7.1 (s, | H,
6.56 (d, J= 8.1 Hz, | H), 61 H), 5.45

1H), 4.70 - 4,63 (m
(s, 3H), 3.28- 3.08

(s, I H, 4.78 (t, J=
1H), 3.91 - 3.75 (Om 1H)
(m 2H), 2.4

Prepared by a process analogous to that described in Method 2 Example 2 using (S)-fert-butyl
2-((S)-1-cyano-2-(4-iodophenyl)ethylcarbamoyl)piperidine-1-carboxylate and 3-
(acetamidomethyl)phenylboronic acid.

'H NMR (399.826 MHz, d6-DMS0) & 9.28 (d, J = 7.2 Hz, 1H), 8.99 - 8.91 (m, 1H), 8.80 -
8.69 (m, 1H), 8.38 (t,J=5.8 Hz, 1H), 7.62 (d, J = 8.5 Hz, 2H), 7.55 - 7.50 (m, 2H), 7.44 -
7.38 (m, 3H), 7.25(d,J=7.7 Hz, 1H), 5.05 (q, J = 7.5 Hz, 1H), 4.31 (d, J = 5.9 Hz, 2H), 3.81
-3.72 (m, 1H), 3.25-3.16 (m, 3H), 2.98 - 2.87 (m, 1H), 2.08 - 2.01 (m, 1H), 1.88 (s, 3H),
1.80 - 1.43 (m, 5H).

m/z [M+H]+ = 405; [M-H]- = 403.
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2.30 (m 1H), 2.17 (s, 6H), 1.61 - 1.20 (m 9H).
{maddfo-Pmiwvn i D AXI" WD 2009/ 074829 PCT/ GB2008/ 051173

wa3m9/onis2g S) - tent-Butyl PCT/GB2008/051173
2-((S)-I-cyano-2-(4-(3-nethyl -2-oxo0-2, 3-di hydrobenzo[d
] oxazol - 5-

yl ) phenyl ) et hyl car banoyl ) pi p@r i di ne-| - car boxyl ate fl HN
NOOOI / N>== O
( Met hoxycar bonyl sul fanmoyl )tri et hyl anmoni um hydr oxi de,

Exa{ﬂﬁ_@tien ?1:i(?%/—li\l-((gﬁf-@sg))no\l@ﬁl'4M§%Jlﬁper5diﬁ-ﬁ-?isﬂifbn‘i’ﬂ)lﬁﬁhén%)-ﬂ-

yDethyDp@)eridingr? eari®xamida triludnphacetatex o- 2, 3- di hydr obenzo[ d
] oxazol -
5-yl ) phenyl) -1 - oxopr opan- 2-yl car banoyl ) pi peri di ne-1-ca
rboxylate (120 ng) and triethylamn® (0.128 m) in
di chl oromethane (1 nmL) and stirred f
added and the m xture was ext od W
times). The organic |ayers wer

sul fate), evaporated and=pur ed Dy fl ica
chr omat ogr aphy el uting io acetone 1 : [ \|Nsxane
O P

| acetone to give the 3 | e conmpound (87 ng). 1H
NVR (300 Mz, ODC13)¢g6 7.55 (d, J= 8.1 Hz, 2H), 7.38 -
7.20 (m 48, 7[%2( 1H, 5.26 - 5.13 (m 1H), 4.70
(s, 1H), A4 0%~ 38 1H), 3.47 (s, 3H), 3.20 -
3.13 (m [2H),| 2. 58 - 2. (m 1H), 2.28 - 2.14 (m
2H), 1.70~._%*.15 (m 14H). is ¢)
(S)-N((S)-1-Cyano-2-(4-(3-nethyl -2-o0xo-2, 3-di hydroben

PrepaRlddlyQx@a6dss @nalogous to that described in Method 2 Example 2 using (S)-tert-butyl
I ? phenyl ) et hyl ‘2 pi Per i di ne-2-carboxamde flIiNNH= O
2-((% -cyano-2-(4-iodophenyl)ethylcarbamoyl)piperidine-1-carboxylate and 4-(4-

cyanopiperidin-1-ylsulfonyl)phenylboronic acid (in turn prepared from 2-(4-bromophenyl)-6-
methyl-1,3,6,2-dioxazaborocane according to the method in Patent W02004/041833).

'H NMR (399.826 MHz, d6-DMS0)  9.27 (d, J = 7.2 Hz, 1H), 8.97 - 8.87 (m, 1H), 8.80 -
8.68 (m, 1H), 7.95 (d, J = 8.8 Hz, 2H), 7.82 (d, J = 8.8 Hz, 2H), 7.76 (d, J = 8.8 Hz, 2H), 7.47
(d, J=8.8 Hz, 2H), 5.07 (¢, J = 7.8 Hz, 1H), 3.81 - 3.71 (m, 1H), 3.26 - 3.12 (m, 5H), 3.00 -
2.89 (m, 2H), 2.87 - 2.78 (m, 2H), 2.09 - 1.39 (m, 10H).

m/z [M+H]+ = 506; [M-H]- = 504.

Example 94: (S)-N-((S)-1-Cyano-2-(4'-(morpholinosulfonyl)biphenyl-4-

yDethyl)piperidine-2-carboxamide trifluoroacetate
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A solution of (S)- tent-butyl
1M @ (Bywd- cyan- 2- (4- ( 3- met hyl - 2- oxo- 2, 3-
walrdvyar4sRenzo[ d] oxazol - 5-yl ) phenyl ) et hyl car banegT/:BR8051173
i di ne-1-carboxylate (87 ng) in 20 formc acid (1 nl)
was stirred at 50 C for 15 mn. The sol vent was
renmoved in vacuo and 1f-2ni13gi D AXI" WO 2009/ 074829
PCT/ GB2008/ 051173 133 the residue was purified by
flash silica chromatography eluting with 1 : 29
ammonia in nethanol / DCMto give a white solid,
which was triturated with diethyl ether to give t he
Preplarqdl ag a ToohfSou i) magunew)y destezcomers @t tBopinghonitrilg men(em@ process

analgg%lséo %f%?g&bgd]{?lé\a%tbég 2 E‘é{arjlp?e Zq bsn'l% (é)lgg “bu l?té(é) 170%217110 -2-(4-

10dobﬁ&nﬁjdﬁhylcar&ﬁwyl)ﬁlp%ﬁdﬁlm1 ddrhoxydatdnd 5 3H), 3.20 -
H; 3,10 - 3,05 (m 1H) 2.83 - 2.76 (m
(momhphnqsnlshny Dphesgberonicaqd. 1.45 - 1.19 (m 4H). nz

%
R T Mo 500 2 9% (! mdh ey M 481 ) 879
864CtthIH)Ob@ﬂZG’S[ ,-2HP 7.83 - 7.73 (m, 4H) 749 7.45 (m, 2H) 5.08(q,J =75
oxazol - I)phe I eth | ) pi peri di ne-2-carboxam de N,
Hz, M{)ﬁ?@ 2:(@1 d %)(rna H), 3.26 - 316(rn 4H), 2.94 - 288 (m, 4H),
2085_2?2)?(1% @ émtpii(ﬁ]ﬁ ?ﬁbébgpzo[d] oxazol -2(3H)-one O
m/z pMbHdebs3zo[ d] oxazol - 2(3H) -one (2.06 g),
1- br ono- 2- met hoxyet hane (1.085
Example 95: (S)-N-((S)-1-Cyano-2-(4'-(4-methylpiperazin-1-ylsulfonyl)biphenyl-4-

yDethyl)piperidine-2-carboxamide trifluoroacetate

Prepared by a process analogous to that described in Method 2 Example 2 using (S)-fert-butyl
2-((S)-1-cyano-2-(4-iodophenyl)ethylcarbamoyl)piperidine-1-carboxylate and 1-methyl-4-(4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenylsulfonyl)piperazine.

'H NMR (399.826 MHz, d6-DMS0) § 9.37 (d, J = 7.2 Hz, 1H), 9.04 (d, ] = 9.7 Hz, 1H), 8.77
(d,J=10.3 Hz, 1H), 7.98 (d, J = 8.4 Hz, 2H), 7.85 (d, J = 8.4 Hz, 2H), 7.75 (d, J = 8.4 Hz,
2H), 7.49 (d, J = 8.4 Hz, 2H), 5.07 (q, J = 7.4 Hz, 1H), 3.93 - 3.54 (m, 8H),3.23 (t,J=7.2
Hz, 4H), 2.93 (d, J = 10.8 Hz, 1H), 2.79 (s, 3H), 2.06 (d, J =11.3 Hz, 1H), 1.81 - 1.40 (m,
5H).

m/z [M+H]+ = 496.
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nm.) and potassium carbonate (3.99 g) in acetonitrile
1mgbSrwikynwas heated at 60 C for 16 h. Water was added
W@ e@nms29ri xt ure was extracted with ethyl acetBCBGB3008/051173
tinmes). The organic |ayers were dried over magnesi um
sul fate, evaporated and purified by flash silica
chromat ography eluting withifs : 1 i sohexane / acetone
to give the subtitle conmpound (1.359 20 g). 1H NWR
(300 MHz, CDC13) 6 7.28 - 7.18 (m 2H), 7.06 (d, J=
t -
@149@2(8%1”‘0(8) -3- ‘%7an6 2- %4&6:3' ﬁrf?hy%ﬁzoxr?z%'% dniyxcﬁ%béﬁzo[ﬁl]uxazol 5
yl)pnmg)e@lmnﬁpemmambexmm?s 134 Db) (S)- tent-Butyl
2-((S)-I-am no-3-(4-(3-(2-nmet hoxyet hyl)-2-o0xo0-2,3
di hydr obenzo-{ dJNoxazol -5 -yl ) phenyl) -
- oxopropan- 2-yl c rbanﬁyl)p &ridine- | -carboxylate O
HNNNL2 ONQ, b K== O The sub-title
conmpound was eparjed by: the nethod of Exanple 96 step
(a) using 5-bromo-3 5 =
(2- met hoxyet hyl ) benzo[ d] ox¥
(S)-tent-butyl 2-((S)-1-a
(4,4,5,5-tetranet hyl -1, 3, 2- thz , ) I)phenyl)pr
opan- 2-yl car banoyl ) pi peri di ne-| - DX Y | "H NWR
(400 MHz, CDC13) 6 7.52 - 7.48 (M \ZHr,~(35 - 7.21
(m 5H), 6.52 (d, J =18.0 Hz, 1H), 5.42 - 5.33 (m
a) (BHerr-But§L2- 16%n{11613- 3-méth 142(05(0 233 Fih§d@bblzo[ Aokazol-5-
)(% % §(S? , éﬂ 3. 72 (m§ 3H), g.ZJSS (s,
yl)plmyl) Bogdpropay: bzlcerhanwa@)plpmrl@ge =1- CET@Y(%W 9H). c) (9)-
t ent - But yl
2-((S)-1-cyano
dr obenzo[ d] oxarol -
5-yl ) phenyl) et
fIHN N

P(3H) - one ?nd
oxo- 3- (4-

(3-(2- methoxyet hyl ) - 2- oxo- 2, 3-di hy
H

rﬁdine- | -carboxyl ate

N/
(L=
¢!

%

RS

A mixture of (S)-tert-butyl 2-((S)-1-amino-1-oxo-3-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)propan-2-ylcarbamoyl)piperidine-1-carboxylate (113 mg), 5-
bromo-3-methylbenzo[d]oxazol-2(3H)-one (51.4 mg), [1,1'-bis[bis(1,1-
dimethylethyl)phosphino-kP]ferrocene]dichloro palladium (7.34 mg) and potassium
carbonate (93 mg) in acetonitrile (0.7 mL) and water (0.35 mL) was stirred at 75 °C for 2 h.
The solvent was removed in vacuo and the residue was purified by flash silica
chromatography eluting with 1 : 1 isohexane / acetone to give the subtitle compound (112
mg).

q NMR (300 MHz, CDCls) 6 7.51 (d, J=8.1 Hz, 2H), 7.32 (d, /= 8.1 Hz, 2H), 7.28 - 7.22
(m, 2H), 7.11 (s, 1H), 6.56 (d, J= 8.1 Hz, 1H), 6.16 - 6.04 (m, 1H), 5.45 (s, 1H), 4.78 (t, J =
7.3 Hz, 1H), 4.70 - 4.63 (m, 1H), 3.91 - 3.75 (m, 1H), 3.45 (s, 3H), 3.28 - 3.08 (m, 2H), 2.48 -
2.30 (m, 1H), 2.17 (s, 6H), 1.61 - 1.20 (m, 9H).



O OOONO Ois The sub-title conpound was

1mpmepared by the nethod of Exanple 96, step (b) using

W@ 3)9/0t48e4 - butyl 2-((S)-|I PCT/GB2008/051173

-am no- 3- (4- (3- (2- net hoxyet hyl ) - 2- oxo- 2, 3- di hydr obenzo
[ d] oxazol - 5-
yl ) phenyl) - 1- oxopr opan- 2- yl gz banoyl ) pi peri di ne- |
-carboxylate. mlz [MH - = 547. 1f-2ni n_i D AXI" WO
2009/ 074829 PCT/ GB2008/ 051173 135 d)

b) (Eg_s)eTﬁB(n(ygi-'({S‘)@lé’ﬁl‘ﬁo22‘-(4‘-‘(‘3(—1%61@1?1‘-%&8-‘2’5#Qﬂlg)Mﬂo})e@Zo?d‘]Qxa’zzoB-S-

I hydr obenzo[ dl oxazol - 5-

yl)plwn)yﬁh@m;dayb@mw ppepéinedi-erebaxytde boxanide Nv N N C H
=0 ONO'o0 O Asolution of (S)- tent-butyl
2-((S)-1-cyan-2<( 3- (2- net hoxyet hyl ) -2-0x0-2,3 5

di hydr obenzo[ d] oxazpl - SWNI ) et hyl car banoyl ) pi per
i di ne-1-carbox A fornic acid (1 nm) was

stirred atr>5J8\C ﬁ)r 1{} mi n: The sol vent was renoved in
vacuo and e r/igidue was=pur ifl ed by flash silica
chr omat ographyOel ut®ng with 1 2M ammonia in
net hanol / DCMto give, after ur at  on vvi/th di et hyl
ether, the title conmpound (27 wg) asa~ypse yel | ow
solid. 10 1H NMR (400 MHz, d6-DVBO) |b 8.57 - X8=@5 (m
1H), 7.64 (t, J= 8.2 Hz, 3H), 7.39 (th A .6 Hz,
4H), 5.06 - 4.97 (m 1 H), 4.07 (t, J =5.0 Hz, 2H),
(Metho@ycabonykufamol )irethyPadhimodiudithyldfoxide, inner salt (137 mg) was added to

5 asolution of (S)- fert-butyl 2-((S)-1-amino-3-(4-(3-methyl-2-0x0-2,3-dihydrobenzo[d]oxazol-

5-yDphenyl)-1-oxopropan-2-ylcarbamoyl)piperidine-1-carboxylate (120 mg) and
tricthylamine (0.128 ml) in dichloromethane (1 mL) and stirred for 3 h. Water was added and
the mixture was extracted with DCM (3 times). The organic layers were dried over
(magnesium sulfate), evaporated and purified by flash silica chromatography eluting with

10 acetone 1 : 2 isohexane / acetone to give the subtitle compound (87 mg).
q NMR (300 MHz, CDCls) 6 7.55 (d, J = 8.1 Hz, 2H), 7.38 - 7.20 (m, 4H), 7.12 (s, 1H),
5.26 -5.13 (m, 1H), 4.70 (s, 1H), 4.07 - 3.85 (m, 1H), 3.47 (s, 3H), 3.20 - 3.13 (m, 2H), 2.58 -
2.38 (m, 1H), 2.28 - 2.14 (m, 2H), 1.70 - 1.15 (m, 14H).

15 ¢) (S)-N-((S)-1-Cyano-2-(4-(3-methyl-2-0x0-2,3-dihydrobenzo[ d]oxazol-5-
yl)phenyl)ethyl)piperidine-2-carboxamide

Ir=z
Z
\

A solution of (S)- tert-butyl 2-((S)-1-cyano-2-(4-(3-methyl-2-0x0-2,3-
dihydrobenzo[d]oxazol-5-yl)phenyl)ethylcarbamoyl)piperidine-1-carboxylate (87 mg) in

20 formic acid (1 mL) was stirred at 50 °C for 15 min. The solvent was removed in vacuo and
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3H), 3.20 - 3.15 (m 3H), 3.11 - 3.05 (m 2H), 2.79
1ngh 1dwwd2. 3 Hz, 1H), 1.63 - 1.54 (m 2H), 1.46 - 1.19
WO 2090829 m z [ MkH] + = 449. 15 Exanpl e 98: PCT/GB2008/051173
(S)-N-((S)-1-Cyano- 2- (4- (3-net hyl - 2- oxo- 2, 3-di hydr oben
zo[ d] t hi azol - 6-
yI ) phenyl ) et hyl ) pi peri di ne- 1233car boxamide N ( N)-Y N N
= O- ~N1If-2ni n_i DAXI" WO 2009/ 074829
PCT/ GB2008/ 051173 136 a) (S)- tent-Butyl

the r]%S1(1{1e9)vai T dAQsy 3 st 5132 FRloRMkoahyQelwting Wity dpo RemtdiHin

hi azol - 6-

metl;aln))bﬂéﬁM 90-glVQ)8( white pelifl, avhj¢hcwnsotziturgtcyl pvihediptily nasher|to give the title

~r NNH2 OO00S >=0 N The
Comgﬁ%{déﬁé@gﬁrﬁ%hﬁtg q\% prepared by the nethod of
%ngﬂog MﬁzSdéeDMsO) 81§I5ngd(13979m 1B0).Puse(d, J = 82Hz 2sz757 (,

| - am no- | - oxo- 5-t et r amet hyl -
J= Iaiﬁbd)Ha)Waélf& 2131 ;rphﬁ,hw)%r-dlp%@n 1H), 3.40 (s, 3H); 35073 14 (m, 3H),

Rl (it R G R AL BTN

mz(mg]waos,CDCls) 6 7.64 (s, 1H), 7.55 - 7.47 (m 3H),
35-725(m 3H) 7.10 (d, J = 7.5 Hz, 1 H), 6.56
(d, :75Hzl H, 6.15 (s, 1 H, 5.50 (s, 1 H),

E zllrél.slfi)l%f S Erpeghoyethyl)-Zax9;2-diihydropenzold]-

0xaz01-3- ﬂﬁ)l(eﬁyl)aiﬂ)fl)pﬁ)eﬂﬁme Zcﬁfboxamide

a) 5-Bromo-3-(2-methoxyethyl)benzo[d]oxazol-2(3H)-one
O
—o
Br N |
L0

A mixture of 5-bromobenzo[d]oxazol-2(3H)-one (2.06 g), 1-bromo-2-methoxyethane (1.085
mL) and potassium carbonate (3.99 g) in acetonitrile (15 mL) was heated at 60 °C for 16 h.
Water was added and the mixture was extracted with ethyl acetate (3 times). The organic
layers were dried over magnesium sulfate, evaporated and purified by flash silica
chromatography cluting with 5 : 1 isohexane / acetone to give the subtitle compound (1.359
g).

q NMR (300 MHz, CDCls) 6 7.28 - 7.18 (m, 2H), 7.06 (d, J= 16.1 Hz, 1H), 3.97 (t, J=5.1
Hz, 2H), 3.69 (t, /= 5.1 Hz, 2H), 3.36 (s, 3H).



io (m 1H), 2.01 (t, J= 1.4 Hz, 1H), 1.60 - 1.46 (m
1m@id) o a3 (s, 9H), 1.34 - 1.18 (m 1H. b) (9S)-

WO 200AORISLY | PCT/GB2008/051173
2-((S)-I-cyan-2-(4-(3-nmethyl -2-oxo- 2, 3-di hydr obenzo[ d]
t hi azol - 6-

yl ) phenyl ) et hyl car banoyl ) pi gy i di ne-1 - car boxyl ate NN
CN) YO OOS >=0 Nis The sub-title conpound was
prepared by the nethod of Exanple 96, step (b) using

b) ({)Sler-BE I v hmArold-&-¢3-(2-methoxyethyl)-2-0x0-2,3-
)(-)am no- Ag rrrgt hyl - @ ( og(or-ng gx%le h}%lr ooggnzo

dlhyprﬁbpmﬁdblxa -@f})lhﬁh@fwlb)l =oxlopropan-2-ylcarbamoyl)piperidine-1-carboxylate
oXopr opan- 2- ylcarbanDyI)plperldlne | - car boxyl at e.
1f-2ni n_i D 2009/ 07@829 PCT/ GB2008/ 051173

137 1H NMR (300 CBC13) [|6 7.65 - 7.46 (m 4H),

7.39 - 7.22(m \J5,20.5 Hz, | K), 5.25
- 5.13 (m_I| H), 4. 4.65 (M2 H), 4.02 -’%082 (m
| H, 3.52 s%mosH) 33.23w 3.08 (m 2H),/2.54 -
2.37 (m Q7270 2,12 (m

1.79 - (m
15H). 5 ¢)
(S)-N-((S)-1-Cyano-2-(4-(3-nmetH di hydr oben
zo[ d] t hi azol - 6- O
yl ) phenyl ) et hyl ) pi peri di ne- 2- car boxam.g ) Yr LAN H =

O >==0 N The title conmpound was prepared by the

The Hﬁi ﬁﬂéi c@flp(ﬁﬁﬂ'mds@r&ﬁirecﬁl’é}eme (nﬁéthdt&'bﬂ’lg(aﬁ@le 96 &8p (Hubink 5-bromo-3-
&1 | - 2-0x0-2, 3-di hydr obenzo
5 (2- n[eg}qutgy]@b@)@o da,oxazol -2(3H)-one an (S)- tert-butyl 2-((S)-1-amino-1-oxo-3-(4-

(4, 4%‘5) féfk%g!%'@ BWXJ%)Z%H%ZJ l(ng ﬂ?ﬁpeln-%—? ﬁﬁé}ﬂo?f)ﬁbpeﬂdlﬁe 1-
carb8x@éte(d, J = Hz, , 7.69
'H NMR (400 MHz, CDCls) & 7.52 - 7.48 (m, 2H), 7.35 - 7.21 (m, 5H), 6.52 (d, J = 18.0 Hz,
1H), 5.42 - 5.33 (m, 2H), 4.82 - 4.62 (m, 4H), 4.04 (t, = 5.3 Hz, 2H), 3.91 - 3.77 (m, 3H),
10 3.75-3.62 (m, 3H), 3.35 (s, 3H), 3.27 - 3.02 (m, 4H), 1.63 - 1.39 (m, 9H).

¢) (S)- tert-Butyl 2-((S)-1-cyano-2-(4-(3-(2-methoxyethyl)-2-0x0-2,3-dihydrobenzo[d]oxazol-
5-yDphenyl)ethylcarbamoyl)piperidine-1-carboxylate

H\_///N

sl oUle
Cri-

15 The sub-title compound was prepared by the method of Example 96, step (b) using (S)- tert-
butyl 2-((S)-1-amino-3-(4-(3-(2-methoxyethyl)-2-0x0-2,3-dihydrobenzo[ d]oxazol-5-
yl)phenyl)-1-oxopropan-2-ylcarbamoyl)piperidine-1-carboxylate.

m/z [M-H] = 547.



(dd, J= 8.5, 2.1 Hz, 1H), 7.64 (d, J= 8.2 Hz, 2H),
10Mvn38e pdn J= 32.5 Hz, 3H), 5.00 (g, J= 12.3 Hz, 1H
w@2008/0(4829 3H), 3.21 - 3.07 (m 5H), 2.85 - 2. 7ACY/GB2008/051173
1H), 1.65 - 1.56 (m 2H), 1.46 - 1.39 (m 1H), 1.36 -
1.20 (m 3H). is mz [MH + = 421. 1f-2ni n_i D AXl"
WD 2009/ 074829 PCT/ GB2008/ Ofgkl73 138 Exanple 99:
(S)-N((S)-1-Cyano-2-(4-(3-(2-hydroxyet hyl)-2-oxo0-2,3
di hydr obenzo [d]
d) (HNREDL By ¥lo) L(D-Bleoky Sth PEDLHIE 3 2GR RRR AL R azdW. 5-
)(lzl Hqglzz_o _N?J\(%qutS a) _é})-ﬂ?regnt-Butylm
yDpkenyDsthy Dpimatidioc2-qagbqxamige hydr oxyet hyl ) - 2- oxo- 2, 3- di hy
dr obenzo[ d] t hi azol -
6-yl ) phenyl) opr opan- 2-yl car banoyl ) pi peri di ne- |
-carboxyl atel O N NH( NH2 00 S >==0 N\ OH The
subtitle co N 4t ed by the nethod of
Exanpl e 96 steﬁ (a)||usirg (S)-tert- butyl Zgn§8)-l

-amno- | -oxo0-3 -(@-(4,4,5
2-y|)phenz#f£ropan- i 0
oxyl ate an

-tetranmet hyl -1, 3, 2- di oxabo

[
6- br ono- 3- (2- hydr oxyet hyl ) bE o[ @ ol

2-yl car banoyl ) pi peri di ne-|
O

A solution of (S)- tert-butyl 2-((S)-1-cyano-2-(4-(3-(2-methoxyethyl)-2-o0xo0-2,3-

s dihydrobenzo[d]oxazol-5-yl)phenyl)ethylcarbamoyl)piperidine-1-carboxylate (38 mg) in
formic acid (1 mL) was stirred at 50 °C for 10 min. The solvent was removed in vacuo and
the residue was purified by flash silica chromatography eluting with 1 : 24 2M ammonia in
methanol / DCM to give, after trituration with diethyl ether, the title compound (27 mg) as a
pale yellow solid.

0w H NMR (400 MHz, d6-DMSO) 6 8.57 - 8.45 (m, 1H), 7.64 (t, /=8.2 Hz, 3H), 7.39 (d, /=
4.6 Hz, 4H), 5.06 - 4.97 (m, 1H), 4.07 (t,J = 5.0 Hz, 2H), 3.67 (t, /= 5.3 Hz, 2H), 3.25 (s,
3H), 3.20 - 3.15 (m, 3H), 3.11 - 3.05 (m, 2H), 2.79 (d, /= 12.3 Hz, 1H), 1.63 - 1.54 (m, 2H),
1.46 - 1.19 (m, 4H).
m/z [M+H]" = 449.

15
Example 98: (S)-N-((S)-1-Cyano-2-(4-(3-methyl-2-0x0-2,3-dihydrobenzo|d]|thiazol-6-
yDphenyl)ethyl)piperidine-2-carboxamide

Iz



2(3H)-one. Mz [MBOC+tH + = 469. b) (S)- tent-Butyl

102 @200 (Bpwh- ami no- 3- (4- (3-(2-(

wa@ epwomsey | di net hyl si | yl oxy) et hyl ) - 2- oxo- 2, 3- BEI/GB2008/051173
di hydr obenzo[ d] t hi azol - 6-yl ) phenyl ) -1 - oxopr opan- 2-yl ca
r banmoyl ) pi peridi ne-I-carboxylate 1f-2ni n_i D AXI" WD
2009/ 074829 PCT/ GB2008/ 0511y 139 OH NNNH2 O
Q0 S >=0 NO Asolution of (S)- tent-butyl
2-((S)-I-am no-3-(4-(3-(2-hydroxyet hyl)-2-o0xo- 2, 3-

a) (P }&yﬂB@@ﬁmg){ldAﬁlﬁbaszm $36m}édh}pb%%12)3 dihydrobenzo[d]thlazol 6-
- 0X0propan yl car banoy )p|per|d|ne- | -carboxylate

yDplicrs8- hfg)omom2-rylwghamowépmnémpwcaélmxcyiat@e (40.2 ny)
and i mdazole (41.3 ng) in DM (1 nL) 5 was stirred
for 16 h. Furt rt-butyl @y nethylsilyl chloride
(40.2 ng) and | m dagol e . ng) were added and
stirred for 4 and the m xture was
extract ed thrlc tate. The organic

Iayers wer e twDce h wter, conbined, dried
over e5|uamsu(3ate ed and purlfled by
flash S|I|ca chr omat ogr aphy € 2

acetone / isohexane to give the=Subtt eonpound (130

ng) as a colourless gum 10 1H NWVR ( b013) 6
7.69 - 7.52 (m 5H), 7.41 - 7.20 (m>aHy, 658 (d, J=
18.6 Hz, 1 H), 545 (s, 1 H, 4.86 (q, J =\7.3 Hz, 1
H, 4.77 - 4.71 (m 1 H), 422-415(m2,402

The @%Ut}% coméz'éuﬂd {i'é?_lsn%bared %y%lfe fhet:ﬁo& @f E%m Ehos s?ngﬂ) Ustng (S)-tert-
s butydRH((S)el- @gln(osl -0BMHp-(41(4,46)5 (@)ameﬂeqh—tl ﬂﬂdﬂxabomlan 2 yl)phenyl)propan-
2GR IHGTRS: 5t Loryiisige tgry Spmgylbgnapldisao 2K -onc
'H NMR (300 MHz, CDCLy) 5 7.64 (s, 1H), 7.55 - 7.47 (m, 3H), 7.35 - 7.25 (m, 3H), 7.10 (d,
J=17.5Hz, 1H), 6.56 (d, = 7.5 Hz, 1H), 6.15 (s, 1H), 5.50 (s, 1H), 4.80 (q, J = 6.9 Hz, 1H),
470 - 4.64 (m, 1H), 3.91 - 3.75 (m, 1H), 3.51 - 3.46 (m, 3H), 3.28 - 3.08 (m, 2H), 2.48 - 2.30
10 (m, 1H), 2.01 (t, J = 1.4 Hz, 1H), 1.60 - 1.46 (m, 3H), 1.43 (s, 9H), 1.34 - 1.18 (m, 1H).

b) (S)- tert-Butyl 2-((S)-1-cyano-2-(4-(3-methyl-2-0x0-2,3-dihydrobenzo[ d]thiazol-6-
yl)phenyl)ethylcarbamoyl)piperidine-1-carboxylate

15 The sub-title compound was prepared by the method of Example 96, step (b) using (S)- tert-
butyl 2-((S)-1-amino-3-(4-(3-methyl-2-0x0-2,3-dihydrobenzo[d]thiazol-6-yl)phenyl)-1-

oxopropan-2-ylcarbamoyl)piperidine-1-carboxylate.



10

15

di hydr obenzo [d]t hi azol - 6-yl ) phenyl) -1
1magyamoanhyl car banoyl ) pi peri di ne- | -carboxylate 1f-2n
W»m2009074824 " WO 2009/ 074829 PCT/ GB2008/ 051173 RADGBRMORI051173

Y O OO0"-~ S >== NO'S The subtitle compound

was prepared by the nmethod of Exanple 96 step (c)

using (S)- tert- butyl 2-((87!-amno-3-(4-(3-(2-(

t ent - but yl di et hyl si | yl oxy) et hyl ) - 2- oxo- 2, 3-

di hydr obenzo [d]t hi azol - 6-yl ) phenyl)- |
'n PRI TRN S ZBLRRLBE baysow APLReA 9 7127 rﬁa@rzg;xvh RiEy 0.5 Hz.
1H),73.3%- ﬁlh“s (141H)H) 5.3 4. 65(@31}@)n4 02H)3, 82 (411 7191) 34273 41rfm, 3H), 3.23 -

soifly 5l 27 8. Pl 25 bt Balhr Dl 0

2.22 (m 1H), 1.74 - 1.37 (m 15H), O. 89 (s, 9H), 0.02
, 6H). d
c) (93% Nﬂ%é@ygﬂo @Vbﬁ%m@ﬂl@ﬂ(@%%-Id}ldfdmbyezdiy]ﬂ)lamltﬁxo 2, 3-

enzo
yl)p@wéﬁ%ﬁﬁmps&l SBERHER 5. car boxanide NN H Y O
>==0 N\ olution of (S)- tent-butyl
2-((9S)-2- (4 3-(
t ent - but yl di [pet hyl si

ﬁloxy yl)-2-0x0- 2, 3-

di hydr obenzo[ gyt hi I)phenyl)-l-cyanoethylcarbam

oyl ) pi peri di neHI - cai boxyd ate (103 ng) in formc acid

(1 m) was stirred @t 50 e 10 nin. The sol vent was
B

removed in vacuo is and th due was purified by

flash silica chronmatograph gl : 14 2M
ammoni a
=-0]
N
\

The title compound was prepared by the method of Example 96, step (¢) using (S)- fert-butyl
2-((S)-1-cyano-2-(4-(3-methyl-2-0x0-2,3-dihydrobenzo|[d]thiazol-6-
yl)phenyl)ethylcarbamoyl)piperidine-1-carboxylate.

q NMR (400 MHz, d6-DMSO) 6 8.54 (d, /= 7.4 Hz, 1H), 8.00 (d, /= 1.8 Hz, 1H), 7.69
(dd, J=28.5,2.1 Hz, 1H), 7.64 (d, /= 8.2 Hz, 2H), 7.38 (d, /= 32.5 Hz, 3H), 5.00 (¢, /= 12.3
Hz, 1H), 3.48 (s, 3H), 3.21 - 3.07 (m, 5H), 2.85 - 2.77 (m, 1H), 1.65 - 1.56 (m, 2H), 1.46 -
1.39 (m, 1H), 1.36 - 1.20 (m, 3H).

m/z [M+H]" =421.



1f-2ni n_i D AXI" WD 2009/ 074829 PCT/ GB2008/ 051173
1m2dshlio et hanol / DCM to give, after trituration wth

waelr@vhys2®et her, the title conpound (60 ng) as PEI/GBRG08/051173

solid. 1H NMR (400 MHz, d6-DMSO) 6 8.51 (d, J= 33.1
Hz, 1H), 8.00 - 7.95 (m 1H), 7.67 - 7.61 (m 3H),
7.44 (t, J =88 Hz, 1 H, 3B 8 (d, J = 8.2 Hz, 2H),
5,04 - 4.97 (m 1 H), 4.94 (t, J =5.6 5 Hz, 1H),
403(t J=5.5 Hz, 2H), 3.68 (q, J= 5.7 Hz, 2H), 3.17
le 99 (§§31 R'SF& 1@%032 @ﬁg-(i hﬂdroxy@th?l%dzoxol A 2. 1919
dlh}(drlrpbemp[d]thlzqumyll}pheﬂyl)ahyl)mnadme Z_@@rboxamlde
(S)-N((S)-1-Cyano-2-(4'-cyanobi phenyl -3-yl ) et hyl) pi pe
ridine-2- io carboxamde trifluoroacetate N NN 1.100
N H Prepar by a process anal ogous to that
descri bed ifn Mel hod a e 2 using (S)-tent-butyl
2-((S)-1-cyan-24(3- é\o/@g | ) et hyl car banoyl ) pi peridin
e-| -carboxylgye s cyanophenyl boronic acid. iH
NVR (399. 826 HWHz, 6DIE/BO)6930(d J =7.2 Hz, 1H),
9.01 - 8.93 (m 1@ .70 (m 1H), 7.97 - 7.94
(m 2H), 792-788(m 7.75 (s, 1H), 7.68 (d, J

7.9 Hz, | H), 7.49 (t, U =7 | &), 7.39 (d, J
7.4 H, | H, 5.13 (q, JX 7. % 3,79 - 3.71
m 1H), 3.27 - 3.18 (m 3H), 2 2. 85 n 1H),
04 - 1.98 (m 1H, 1.77 - 1.41 (¥ . 20 mz
MrH + = 359. 1f-2ni n_i D AXI" W)zoog/\m;zch

PCT/ GB2008/ 051173 142 Exarrple 101:

5 a) (5& ?e{ t% )g{b) fa)o %ﬂ 5 2‘61?{ &Sﬁhﬁry-iz&%}zgggigquxlggéﬁzfow]tmaml-

-yl}pﬁlbtﬁ}l’l);rd)mxapl@pam-é }N:arbarnoyl)plperldlne 1-carboxylate

(L
\__OH

The subtitle compound was prepared by the method of Example 96 step (a) using (S)-tert-

butyl 2-((S)-1-amino-1-o0x0-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)propan-

10 2-ylcarbamoyl)piperidine-1-carboxylate and 6-bromo-3-(2-hydroxyethyl)benzo[d]thiazol-

2(3H)-one.
m/z [M-BOC+H]" = 469.

b) (S)- tert-Butyl 2-((S)-1-amino-3-(4-(3-(2-( tert-butyldimethylsilyloxy)ethyl)-2-ox0-2,3-

15 dihydrobenzo[d]thiazol-6-yl)phenyl)-1-oxopropan-2-ylcarbamoyl)piperidine-1-carboxylate



OOOHNS5 a) (S)-tent-Buty
1M & (Bypwh- am no- 3- (4' - (cyanonet hyl ) -3' - (et hyl sul f onyl)
wWhbemsees 4-yl ) -1 - PCT/GB2008/051173
oxopr opan- 2-yl car banoyl ) pi peri di ne-1-carboxylate N S
I \( OO O0OO0OIl NO HNH2 io A mxture of
(S)-tent-butyl 139
2-((S)-1-am no-1-o0ox0-3-(4-(4,4,5,5-tetranet hyl -1, 3, 2-
di oxabor ol an- 2-yl ) phenyl ) pr opan- 2- yl car banoyl ) pi peri di
ne- 1- carboxylate (92 nmg), 2-(4-
ul fonyl ) fBenyl )acetonitrile (75 ng),
bis(1,2- bils(di heny“phos hi no) et hane) - pal | adi un( 0)
(8.29 ng, 9. g et 2 >NHpqueous  pot assi um
car bon (th§9 ) i dioxafe (3 nL) was heated at
75 C fg %N héO mi xt ™ e A

€ was poured onto an
| solute HWN cartridge, e g with DCM col l ecting
about 100 nmiL of el uent. was Loncentrat ed
in vacuo to | eave a brown oM. sT die was
purified by flash silica chronaf ohysﬁﬁﬂating W th
ethyl acetate to give the subtitl pdNd as a

white solid (80 ng). mz [ M BOCHH + = 46‘9;\[\MH]- =
9

567. 20 1f-2ni n_i D AXI" WD 2009/ 07482
PCT/ GB2008/ 051173 143 b)

(S)-N—((S)-l-Cyano-Z-(4'-(cyanonethyl)-S‘-(é%rgyfs fo
nyl) bi phenyl - 4- yI)ethyI)piperidine-z-carboxanidj<%
trifluoroacetate N

A solution of (S)- tert-butyl 2-((S)-1-amino-3-(4-(3-(2-hydroxyethyl)-2-0x0-2,3-

dihydrobenzo[d]thiazol-6-yl)phenyl)-1-oxopropan-2-ylcarbamoyl)piperidine-1-carboxylate

(138 mg), tert-butyldimethylsilyl chloride (40.2 mg) and imidazole (41.3 mg) in DMF (1 mL)

was stirred for 16 h. Further tert-butyldimethylsilyl chloride (40.2 mg) and imidazole (41.3

mg) were added and stirred for 4 h. Water was added and the mixture was extracted thrice

with ethyl acetate. The organic layers were washed twice with water, combined, dried over

magnesium sulfate, evaporated and purified by flash silica chromatography eluting with 1 : 2

acetone / isohexane to give the subtitle compound (130 mg) as a colourless gum.

'HNMR (300 MHz, CDCl3) 8 7.69 - 7.52 (m, 5H), 7.41 - 7.20 (m, 6H), 6.58 (d, /= 18.6 Hz,

1H), 5.45 (s, 1H), 4.86 (q, /= 7.3 Hz, 1H), 4.77 - 4.71 (m, 1H), 4.22 - 4.15 (m, 2H), 4.02 (t, J

=5.4Hz, 2H), 3.34 - 3.16 (m, 2H), 3.04 (s, 1H), 2.96 (s, 1H), 1.74 - 1.58 (m, 12H), 0.86 (s,

9H), 0.02 (s, 6H).

¢) (S)- tert-Butyl 2-((S)-2-(4-(3-(2-( tert-butyldimethylsilyloxy)ethyl)-2-0x0-2,3-
dihydrobenzo[d]thiazol-6-yl)phenyl)-1-cyanoethylcarbamoyl)piperidine-1-carboxylate



10

15

~Sy 00 OHNS Triethylamne (0.125 nL) in DCM (2
1n2amo) 1mEenst i rred, under nitrogen, in a cold water bath
warwaeesky| chl orosul fonyl carbamate (61 ng) waBCEHCGH2@S/051173
portionwi se. Once addition was conplete, the cold
wat er bath was renoved and the m xture was stirred at
RT for 30 mn. (S)- tert-Butgg 2-((S)- |
-am no- 3- (4' - (cyanonet hyl ) - 3' - (net hyl sul f onyl ) bi phenyl
-4-yl)-1 -
oxopropan- 2- ykear banoyl ) pi peri di ne- 1- car boxyl ate (80
nmg) in DCM((3 ) was added,io dropw se and the

m xture was[_stirred Et\;&%&'r 18 h. The m xture was
washed wth er ine then dried over magnesium

sul f at filtered land c_oncentrat ed in vacuo. The brown
oi | ' e®in fo

pgci d (5 nL) and heated at
50 C for t hen con ted in vacuo. The
L ¢ % %
%sdi‘c%urm to

resi due was purlfled by R
TFA(Caq)/ MeCN) on a SunFire(T)
give a translucent gumthat was f
di ethyl ether is to leave the tit bbund as a

white solid (27 nmg). iH NWR (399.826 MHz)_d6- DMBO) 6

9.27 (d, J = 7.4 Hz, 1H), 8.98 - 8.88 (m , 8.80 -
8.69 (m 1 H, 818 (d, J =21H, 1H, 840 (dd, J
=7.9, 2.1 Hz, 1 H, 7.81 (d, J = 8.2 Hz, Si’7.
(d, J = 8.2 Hz, 2H), 7.48 (d, J = 8.2 Hz, ZI—D,LS\.Fé
(q, J = 7.4 Hz, 1H), 4.47 (s, 2H), 3.80 - 3.72 (m

1H), 3.38 (s, 3H), 3.25 - 3.18 (m 3H), 2.99 - 2.88
The GubtitleHompdufBwas BreP@red iy the2@ethbll of Ex&iple 9%. s&‘@ ((:)lmsn'fg-l)S) fert-

butybSgEN O e Labint osrdme iy B G- sh-
iy o L9082 R 2L AOERHARL PNt

I peri car
TH NMR (300 MHz, CDCls) 8 7.68 - 7.52 (m, 3H), 7.43 - 7.34 (m, 4H), 5.33 - 5 23 (m, 1H),
479 - 473 (m, 1H), 4.19 (1, J = 5.4 Hz, 2H), 4.02 (t, /= 5.3 Hz, 3H), 3.31 - 3.15 (m, 2H),

2.60 - 2.41 (m, 1H), 2.34 - 2.22 (m, 1H), 1.74 - 1.37 (m, 15H), 0.89 (s, 9H), 0.02 (s, 6H).

d) (S)-N-((S)-1-Cyano-2-(4-(3-(2-hydroxyethyl)-2-o0x0-2,3-dihydrobenzo[d]thiazol-6-
yl)phenyl)ethyl)piperidine-2-carboxamide

Ir=z

A solution of (S)- tert-butyl 2-((S)-2-(4-(3-(2-( tert-butyldimethylsilyloxy)ethyl)-2-0x0-2,3-
dihydrobenzo[d]thiazol-6-yl)phenyl)-1-cyanoethylcarbamoyl)piperidine-1-carboxylate (103
mg) in formic acid (1 ml) was stirred at 50 °C for 10 min. The solvent was removed in vacuo

and the residue was purified by flash silica chromatography eluting with 1 : 14 2M ammonia



5 a) (S)-Methyl
1m&n( temabut oxycar bonyl am no) - 3- (4- (phenyl sul f onyl ) phen
w@kdopoogsanoate O OO0 O'J~ NH O Zinc dust (RIDGB2008/051173
mcron particle size) (0.271 g) and iodine (0.0 16 Q)
were wei ghed into a 3- io neck 100m. round bottoned
flask with a magnetic stirrpgft. The flask was heated
with a heat gun for 10 min, then evacuated and fl ushed
with nitrogen three tinmes and allowed to cool to RT.
in m@!lﬁn%(ﬁq 18 gie) aft@! tHRWGRHnbYitRdRMHyUEhEN tlféftlt(e%o’trfﬁ%hﬁ&' (60 mg) as
2-(tert- but oxycar bonyl am no) - 3- |odopropanoate
a“ﬁg$spthMF (7 m.) were added via syringe to the

' WEIR B Pl st BVRREIRS ST R F S s I B (LTS E 787 -7 61

(m, @ﬁ h’  S-LpRved IPBfPB§(d J=8.2 Hz, 2H), 5,04 - 497(rn 1H), 4.94 (t, J=5.6
(5 6k
ono- 4-( henyl sul fonyl’) benzene (

S Tz, S0 0] < GO AR 3. oh s o P ANl Lieg V3 9 B120880). 3.08 (d. 7

= 8. Q1 2R s A B LBa L Sl bl T R St

m/z WAvHGT £45¢. acid solution and this was extracted
thrice with ethyl acetate. The conbi ned organi c phases
were dried over nagnesiun1su|phate filtered and

Exaﬁlgl:&fﬁﬂ r($ -ﬁg((%@ @&Hﬁ n&@ §gﬁfet% pl%%;fl](?lﬁe-%o
10 carbuixhmide triffludroadetate3 et hyI acet ate / isohexane,
give the subtitle conpound (0.72 g) as a pale bromn
gum 1f-2ni n_i D AXI" WD 2009/ 074829
PCT/ GB2008/ 051143 145 1H NWR (299. 946 MHz, CDCl13) 6
7.94 (d, J =83 E% 7.87 (d J 8.7 Hz, 2H)

7.60 - 7.47 ( (mlH) N3 - 4.93
(m 1H), 4.63 9", 3.19 (dd,
J = 13.6, 5.7 2.98 [H), 1.36 (s,

9H). 5 b) O
(S)-2-(tent-Butoxycarbonyla
phenyl ) propanoic acid OO

3.20 -

3- (4- (phenyl sul fonyl)
0O HON

Prepared by a process analogous to that described in Method 2 Example 2 using (S)-fert-butyl
2-((S)-1-cyano-2-(3-iodophenyl)ethylcarbamoyl)piperidine-1-carboxylate and 4-

15 cyanophenylboronic acid.
'H NMR (399.826 MHz, d6-DMS0) & 9.30 (d, J = 7.2 Hz, 1H), 9.01 - 8.93 (m, 1H), 8.79 -
8.70 (m, 1H), 7.97 - 7.94 (m, 2H), 7.92 - 7.88 (m, 2H), 7.75 (s, 1H), 7.68 (d, J= 7.9 Hz,
1H), 7.49 (t,J=7.7 Hz, 1H), 7.39 (d, J = 7.4 Hz, 1H), 5.13 (q, J = 7.5 Hz, 1H), 3.79 - 3.71 (m,
1H), 3.27 -3.18 (m, 3H),2.97 -2.85 (m, 1H), 2.04-1.98 (m, 1H), 1.77 - 1.41 (m, 5H).

20 m/z [M+H]J+ = 359.
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H O To a stirred solution of (S)-nethyl
1@ temabut oxycar bonyl am no) - 3- (4-

w@ pivesaydssul f onyl ) phenyl ) propanoate (700 ng) i nPAHEBE®MS/051173
m.) and water (10 nL) was added io l|ithium hydroxide
nonohydrate (140 ng). The m xture was stirred at RT
for 2 h. The m xture was par42 ti oned between 0.1 N
HCl(aq) and ethyl acetate, and the aqueous phase was
extracted twice nore with ethyl acetate. The conbi ned

Exaﬁf@ﬂ)lc éBﬁNS@§) -IRYand2-@L(&4RomedRd)-9 lﬁé’th?ﬁﬁifﬁnyl)blphenyl 4-

ered and concéntrated i'n vacuo to | eave

yDethybrpipeddingrdeanbaxgdil trifluoreacetatehi t e sol i d. | s mz
[ MtBu+Hl + = 349; [ M BOC+H] + = 306; = 404. c)
(S)-tent-Buty
1-am no- | - oxo- 3-(4-(phenyl sul f onyl yl)h\dnan 2-ylc
arbamate O O\\ // 4 0 O '
(S)-2-(tent-Butoxycarbonyl
phenyl ) propanoi c acid (67
DVF (8 nl) and to tlt sq on was added

'-nylsulfonyl)
i 50l ved in

N—ethylnnrphoINne Q m.) followed by TBTU (802

ng). The reaE;$23 Nd R stirred at room
tenperature 0 1fH2ni n”N D AXI" WD 2009/ 074829
PCT/ GB2008/ 0 146 mn then it was cooled to OC.
Aqueous amoni a (0.379 nL) was added and the m xture

was allowed to reach roon1tenperature over 1 h The
reaction mxture was left to stir for a furth

a) (Qews BidwedS)- igo ér{én(gﬁawﬁwli he@neﬁB’i@U(OAmbblﬁb%Yéﬁdyl) 1-
A0d th t t d
o 51 i s, e e e

partitioned between 5 ethyl acetate and diluted brine,
and t he agueous phase was extracted into ethyl acetate
twice nore. The conbi ned organi c phase ere dried
over sodium sul phate, filtered and centratgd in
vacuo to yiel pal e gum Thi S ied by flash
silica chromat ography, el ut ith ethyﬁ&acetate to
gi ve the subqbtlecyonpound J) as aocdbourl ess

gum \T/

A mixture of (S)-tert-butyl 2-((S)-1-amino-1-oxo-3-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)propan-2-ylcarbamoyl)piperidine-1-carboxylate (92 mg), 2-(4-
bromo-2-(methylsulfonyl)phenyl)acetonitrile (75 mg), bis(1,2-
bis(diphenylphosphino)ethane)-palladium(0) (8.29 mg, 9.17 umol) and 2 N aqueous
potassium carbonate (0.229 mL) in dioxane (3 mL) was heated at 75 °C for 14 h. The mixture
was poured onto an Isolute HM-N cartridge, eluting with DCM, collecting about 100 mL of
cluent. The eluent was concentrated in vacuo to leave a brown oil. The residue was purified
by flash silica chromatography, eluting with ethyl acetate to give the subtitle compound as a
white solid (80 mg).

m/z [M-BOC+H]+ = 469; [M-H]- = 567.
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i HNVR (399.826 Mz, d6-DMsO) 6 7.93 (d, J = 7.4 Hz
1nm@d) 1o W86 (d, J = 8.2 Hz, 2H), 7.68 io (tm J =
WOH20090H829 7. 60 (t, J = 7.7 Hz, 2H), 7.48 (d, JPEI/BB308/051173
Hz, 2H), 7.37 (s, 1H), 7.04 (s, | H, 6.84 (d, J
Hz, | H), 4.15 - 4.06 (m | H, 3.04 (dd, J
4.2 Hz, | H, 2.80 - 2.71 {48 1H), 1.19 (s, 9H). nlz
[ MBOC+H] + = 305. is d)
(S)-2- Ami no- 3- (4- (phenyl sul fonyl ) phenyl ) propanam de O

b) (s@ 1&(&3) Mgtﬁ% 34 QoyahBnRthSHLT (Bt BulbhRTbifenyl-4-

yDe y Hmﬁ@¢h©@%@ﬂ3nﬁﬂn%vh§n9KQQﬁﬁ©nyI)phenyl)propan 2-
yl carbamate (440 ng) in DCM (10 nL) at 0 C was added
TFA (2.51 nL). The mxture was 20 allowed to warmto
RT and stirred for 1 h. The m xture oncentrat ed
in vacuo and partitioned between $ agyeous
sodi um bi carbonat e and et hyl acetg\ [ o
sodiumsul fate, filtered apd ncentrateg i n vacuo to
| eave the subtitle conpound 5 ny) a§§/ white
solid. mz [MH + D 305; ‘ = 303. e)

I
=
w
~

(S)-tent-Butyly

2-((S)-1-am noN -oxg\S- A-(phenylsulfonyl)phenyl)propa
n- 2- vyl car banoyl )jpi peNi -carboxylate 1f-2ni n_i
D AXI" WD 2009/ 074829 PCT/GB 08/ 051173 147 O O\\
/Il | OYO O\ NH2 H

Triethylamine (0.125 mL) in DCM (2 mL) was stirred, under nitrogen, in a cold water bath
and methyl chlorosulfonylcarbamate (61 mg) was added portionwise. Once addition was
complete, the cold water bath was removed and the mixture was stirred at RT for 30 min. (S)-
tert-Butyl 2-((S)-1-amino-3-(4'-(cyanomethyl)-3'-(methylsulfonyl)biphenyl-4-yl)-1-
oxopropan-2-ylcarbamoyl)piperidine-1-carboxylate (80 mg) in DCM (3 mL) was added
dropwise and the mixture was stirred at RT for 18 h. The mixture was washed with water and
brine then dried over magnesium sulfate, filtered and concentrated in vacuo. The brown oil
was dissolved in formic acid (5 mL) and heated at 50 °C for 15 min, then concentrated in
vacuo. The residue was purified by RPHPLC (95 to 50% 0.1% TFA(aq)/MeCN) on a
SunFire® 30 x 100mm column to give a translucent gum that was triturated with diethyl ether
to leave the title compound as a white solid (27 mg).

'H NMR (399.826 MHz, d6-DMS0)  9.27 (d, J = 7.4 Hz, 1H), 8.98 - 8.88 (m, 1H), 8.80 -
8.69 (m, 1H), 8.18 (d,J=2.1 Hz, 1H), 8.10 (dd, J=7.9, 2.1 Hz, 1H), 7.81 (d, J = 8.2 Hz,
1H), 7.75 (d, J = 8.2 Hz, 2H), 7.48 (d, J = 8.2 Hz, 2H), 5.08 (q, J = 7.4 Hz, 1H), 4.47 (s, 2H),
3.80-3.72 (m, 1H), 3.38 (s, 3H), 3.25-3.18 (m, 3H), 2.99 - 2.88 (m, 1H), 2.08 - 2.02 (m,
1H), 1.81 - 1.42 (m, 5H).

m/z [M+H]+ = 451; [M-H]- = 449.
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O A 50% sol ution of 1-propyl phosphonic acid cyclic
1m@mhyelcvde in DVF (226 ng) was added to 5 a stirred
WG 2009074829 Of PCT/GB2008/051173
(S)-(-)-1-(tent-butoxycarbonyl)-2-pi peridi necarboxylic
acid (81 mg), (9
2-am no- 3- (4- (phenyl sul f onyj44ohenyl ) pr opanam de (90
ng) and triethylamne (0.206 nL) in DWMF (2 nL) at O
C. The resulting solution was stirred at 0 C for 30
Examlﬂ'_et idens 14(8anb2Q SaifoH RAlyeth efifine-
ur erqS)(A)Mm(q‘?.j ter ( Oﬁﬁr?ﬁl)aﬁand s}g)tlﬁlra IZd %]r)llgi%e (30
carhoxpmiggr e added and the mixture was extracted with
ethyl acetate (2 x 50 nL). The conbi ned i o organic
phases were washed with 1 : 1 water/saturated brine (2
x 50 m.), dried over nmagnesium subfabe and the
filtrate was concentrated in vacuo %8 afford a dark
oil contam nated with DMF. Tk pdS pf IRNed by fl ash
silica chromatography, eluti th 1 then 2 : 1
et hyl acetate / isohexane, et hyl acerdte to give

the subtitle comppundj(125fngy) as a brown oil. is nfz
[ M BOCHH] + = 416} M-\\\ﬂu\- =1514. f)
(S)-N-((S)-1I- - phenyl sul f onyl ) phenyl ) et hyl)p

(9)-N- - (4N phe

i peridi ne-2-cafboxamdetrifl Mbroacetate 000 SC OH
H N 20 To a sol #0n of (S)-tent-butyl

2-((S)-1-am no-I|-o0xo-3-(4-(phenyl sul fonyl ) phenyl ) propa
n-2- yl carbanoyl ) pi peri di ne-I|-carboxyl ate (120 ng) and

ri.eth m ne. (0. 130 Ny 4 1f 12f fl-1 D AV'
) (S8 BB R ea P ea b da T byt oo dngaiipere
Burgess reagent (139 ng) in small portions, and the
m xture was stirred at RT for 18 h. The m xture was
diluted with diethyl ether, vvashedow h1: 1 water/
brine then dried over sodium fidltered and
concentrated in vacuo. This @ formc
acid (5 nL) and heated at 50 hen
concentrated in vacuop The purified by
RPHPLC (95 to 50% 0. 1% TFA(aq)/ MeCN) using a
SunFire(r) 30 X HCI:rLN o
H

Zinc dust (<10 micron particle size) (0.271 g) and iodine (0.016 g) were weighed into a 3-
neck 100mL round bottomed flask with a magnetic stirrer. The flask was heated with a heat
gun for 10 min, then evacuated and flushed with nitrogen three times and allowed to cool to
RT. Dry DMF (0.5 mL) followed by a solution of (R)-methyl 2-(tert-butoxycarbonylamino)-
3-iodopropanoate (1.05 g) in DMF (7 mL) were added via syringe to the well-stirred
suspension of zinc dust, and the mixture was cooled to 0 °C and stirred for 30 min. The ice
bath was removed before 1-bromo-4-(phenylsulfonyl)benzene (0.948 g) and
dichlorobis(triphenylphosphine)-palladium(II) (0.090 g) were added, and then the mixture
was heated at 65 °C for 15 h. The cooled mixture was poured into a 2% w/v citric acid
solution and this was extracted thrice with ethyl acetate. The combined organic phases were
dried over magnesium sulphate, filtered and concentrated in vacuo to leave an orange oil. This
was purified by flash silica chromatography, eluting with 1 : 4 to 1 : 3 ethyl acetate /

isohexane, to give the subtitle compound (0.72 g) as a pale brown gum.



colum to give a translucent gumthat was triturated
1n2mwint o eveot hyl ether to | eave the title conmpound (72
worglovass white solid. i H NVR (399.826 MHz, d6PCIVE8?008/051173

9.21 (d, J = 7.2 Hz, 1H), 8.96 - 8.84 (m 1H), 8.78 -

8.65(m I H, 7.99 - 7.91 (m 4H), 7.70 (t, J = 7.8

Hz, | H, 7.63 (t, J =7.8t 2H), 7.55 (d, J io =

8.7 Hz, 2H), 5.08 (g, J =8.0 Hz, 1H), 3.76 - 3.68 (m

1H), 3,28 - 3.16 (m 3H), 2.94 - 2.84 (m 1H), 1.96 -

'H W&Eﬁzé%ﬂ hﬂkHz,Jcﬁélg? 55 3P(d M= 85Dz, 2127 WM&l =8 BA8; 21), 7.60 -
[MH - = 396. Exanple 103:
7.47((8), - M), (1R, 2RpS tmCyldhos5 23 (4.93cfrandH),phehy # 54w, ) By BaP (s, 3H),

r | peridj ne- is 2- oxam de i f|l yoroacetate N
3.1948%,{11 %\I%Br {317?% ?ﬁ) ﬂog'pé%gmbjlﬁa’d‘p%é{?esgiﬂanal ogous to
that described in l\/bt hod 2 Exanple 2 using
Sg! ) -tent-butyl 2-(
5 b)( QRymﬁlﬂm&ma@mﬂhm)ﬁ(ﬂ (Ehemdsyonphplspy ) prpbeno gl pi

peri di ne-|-carboxylate 20 (Internediate 10) and

4- cyanophenyl boronic acid. iH NWR (399. 826 Mz,
d6-DVBSO) 6 9.02 (s, 1H) 8.92 - 8.83 Om 1H), 8.74 -
8.65 (m 1H), 7.95 - 7.89 (m 4H) N .74 (dm J = 8.3
Hz, 2H), 7.37 (dm J : . .57
1f12f11 fl1-1 D AV' WD 2009/ 0 4829 PCT/ (3 8/ 051173

149 (m | H), 3.23 - 2.9 .80 (m |
H, 2.19 (dd, J 10. §, 1.92 - 1.82 (m
2H), 1.76 - 1. m = 371; [MH- =
369. 5 Exanple %204:0

(S)-N((1R 2R) -2- (4" - (Aﬂétl din- 1-yl sul f onyl ) bi phenyl -
-yl)-1- cyanocycl opropyl ) pi petri di ne- 2- car boxam de

oL dtilch UORA8E §F (@)gnghyl(&-(terl}‘l-%ﬁtoxycarbonylarnino)-3 -(4-
(phenylsulfonyl)phenyl)propanoate (700 mg) in THF (15 mL) and water (10 mL) was added
10 lithtum hydroxide monohydrate (140 mg). The mixture was stirred at RT for 2 h. The mixture
was partitioned between 0.1 N HCl(aq) and ethyl acetate, and the aqueous phase was
extracted twice more with ethyl acetate. The combined organic phases were dried over
sodium sulphate, filtered and concentrated in vacuo to leave the subtitle compound (675 mg)

as a white solid.

15 m/z [M-tBu+H]+ = 349; [M-BOC+H]+ = 306; [M-H]- = 404.

¢) (S)-tert-Butyl 1-amino-1-oxo0-3-(4-(phenylsulfonyl)phenyl)propan-2-ylcarbamate

\\ //

@

(S)-2-(tert-Butoxycarbonylamino)-3-(4-(phenylsulfonyl)phenyl)propanoic acid (675 mg) was
20 dissolved in DMF (8 mL) and to the solution was added N-ethylmorpholine (0.316 mL)

followed by TBTU (802 mg). The reaction mixture was stirred at room temperature for 20
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HNN HON Prepared by a process anal ogous to that
1maescew oped in Method 2 Exanple 2 using (S)-tent-butyl
WO 2009/074829 PCT/GB2008/051173
2-((1R, 2R) - 2- (4- br onmophenyl ) - 1- cyanocycl opr opyl car bano
yl) pi peridi ne-1-carboxylate (Internmedi ate 10) and
4- (azetidin-1-yl sul fonyl) phpggyl boronic acid. i HNWR
(399.826 MHz, d6-DMSO) 6 9.02 (s, 1H), 8.90 - 8.82 (m
1H), 8.74 - 8.63 (m 1H), 7.99 (d, J = 8.7 Hz, 2H),

min ?he%at 'évﬁis coble_d 8- O7C HKque%h& arnﬁmﬁ?a (@%79%%) \gas7ad*d|é_si algd'%e rnlxture was
allo‘gedg@ r@mh rpp{)n te@prAtu.re @qu I( mhe gmtlomn@gj[m:e \Qasggft ([mtm fgr a further

2 h. %Q\AS S d(ld[ﬁé 8%“@?‘11%9 El}%ljher I%;‘?ZMOQ}\_‘%%) atlﬂqamnioqq)la (%n;} r(n@) were

addddMikd the 408 stirMdHbr a furdR82 hlTh&fdactiod mRtdXhwas Péititioned between
2009/ 074829 PCT/ GB2008/ 051173 150 Exanpl e 105;

cthy} @yctae prdsfilufeddyintoand (heaqpequs PhissromerHasisd Bitp palceipie twice
mor l"l)‘hét gﬂtﬁ&'d%?édn% ﬂﬁsgs SALREXA T 80 Hum" su%hate, fQrod%nfl

conc(eﬁbratbé M vdBub yo Qte((( S)alt goyiahiois B-ak @uﬁﬁdd)bjﬂ €n3H diledahr@astbgraphy,

di b I )
elutlag e\mhcf‘ﬂa[q%g%wt'egg g{vaﬁl?ftr %&))f( ¥16 3{)59@%4%3 A1) for Felouries gam-

H 1\téirg\l(???Jck)%éolr\r/fe oxy E%éﬂb%% Gl 75t Mg Z(W {5 (S)J_aé'& Hz, 2H), 7.68
(1m,BOU BSSHAINHOA DAL &7 G{4.D81)g] 4V & - 88 Hit BH).ATEY Beatel 04
under a nitr

H)eff %éﬁﬁer%ﬁ HEnBD. s O L dd Fodh e 2. gofh 280 - 271

tl @turgpand the mxture purified by flash silica
(mIOC grato raphy eluting with 30% di ethyl ether in
nﬂz[Mdh@QaHéwLFcBOéfford an oil (200 ng). The oil

d) (S)-2-Amino-3-(4-(phenylsulfonyl)phenyl)propanamide

\W/4
T
HN NH,
O
To a stirred solution of (S)-fert-butyl 1-amino-1-oxo0-3-(4-(phenylsulfonyl)phenyl)propan-2-
ylcarbamate (440 mg) in DCM (10 mL) at 0 °C was added TFA (2.51 mL). The mixture was
allowed to warm to RT and stirred for 1 h. The mixture was concentrated in vacuo and
partitioned between saturated aqueous sodium bicarbonate and ethyl acetate, dried over
sodium sulfate, filtered and concentrated in vacuo to leave the subtitle compound (175 mg) as

a white solid.

m/z [M+H]+ = 305; [M-H]- = 303.

e) (S)-tert-Butyl 2-((S)-1-amino-1-ox0-3-(4-(phenylsulfonyl)phenyl)propan-2-
ylcarbamoyl)piperidine-1-carboxylate



was di ssolved in formc acid (1 nL) and the solution
1mdmpateguno 60C wWith stirring for approximately 10m n.
wab@oosked sol ution was diluted with water (2BCHGB2@AMG51173

made basic w th 0.880 aqueous ammoni a. The m xture

was extracted with diethyl ether (2 x 50 nmL) and the

conbi ned extracts concentratgd to give a solid. The

crude material was purified by flash is silica

chromat ography eluting with acetone to give the title

conmpound (88 ng) as a cream coloured solid. iH NWR

(399. 825 MHz, CDC13 + D20) 6 7.61 - 7.53 (m 4H), 7. 37

(d, 2H), 729( 5.19 (t, | Q3. 26(dd |
3.15 (d, 2H) 286(m| P 61(m|
H), 1.91 - mlH) . 67 1.57 -
1.51 (m 1H) 47- 1.29 (m 20 18 [ MHH] +
1f-2ni n_i 2@P9/ 074823 051173

151 Exanple 106.
(S)-N-((9)-1-Cya - (- 'q§-~ h N, f onyl ) bi phenyl - 4- yI

) et hyl) pi peri di 2% car
(S)-tent-Buty
2-((S)-1-amno-1I -
I oxabor ol an- 2-

yI)phenyI)propan 2- ylcarbannyl)piperidine | - car boxyl at

O
0-3-(4-(4,4,5,5-tetranethyl -1, 3, 2-d

A 58 6820 BY 1 CRIRPORYiB ankydille B DMF (226 mg Was added to
di chl orof 1, bIS |- ert-butyl phosphi no) ferrocene
5 a stltrgdj sani(lqn ()f (66—(-5{1 ﬁgf)‘ -bategydarbonyl)- 2-p1per1d1necarboxyhc aci (%1 mg), (S)-

-anﬁ}% @&j@é%ngﬁﬂ%éoeﬂ ﬂ%;l%grkéfz?nza%ﬂ hné%()[ngl)&t %t(l% a?n)fr?en&) 206 mL) in
DMPi(2 igeno at nIsp If*@[lﬁln@tsomoﬁ;v&fa@ Ktieted &0 %fbr@o%@dhen warmed to
reaction mxture was io purifed by flash silica

roong FIIPEBIGraap Istirred tnruarfgrtwrt&@ sinh W atesdeQ aile apg sapragdcbrine (30 mL)
werd QAP W SIEcLPRRLA (L0105 B0y Prtombina

10 orgah&gdesds We(ré. Sasig)withlhe 1 meaatsammted biting @ WEGmihealried over
purifie flagq silica chronmatography %utln W I h
magagsiym s 9é? a%th@ Upte grag COPENBRISH (E Tecke T2 e el

cont(gﬁﬁma(e]d%tm}\dF s ‘Q%Md@mh\éﬁféa 'cﬁ‘ronfa g‘ﬁl&ya@lhgng with 1:2

and stirred and he at 50 C
then®i niu¢tbypl. acTtate /osdiceehe; geoteihyhacetate to give the subtltle compound (125 mg)

as a brown oil.

15 m/z [M-BOC+H]+ = 416; [M-H]- = 514.

) (S)-N-((S)-1-Cyano-2-(4-(phenylsulfonyl)phenyl)ethyl)piperidine-2-carboxamide

O\\ //
O
g9
N ‘\\\\\U\N S
ool

20 To a solution of (S)-tert-butyl 2-((S)-1-amino-1-oxo0-3-(4-(phenylsulfonyl)phenyl)propan-2-

trifluoroacetate

ylcarbamoyl)piperidine-1-carboxylate (120 mg) and tricthylamine (0.130 mL) in DCM (4
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is mxture was diluted with water (20 nL) and the
1meel ue von made basic with 0.880 aqueous ammonia. The
WO pivenased base was extracted into ethyl acet ap@r/GB2008/051173

25 L), and the extracts dried over nagnesium

sul phate and concentrated. The residue was

recrystallised fromethyl pggetate (1 nL) to afford

the title conmpound (26 ng) as a colourless solid. iH

NMR (399.825 MHz, CDC13 + D20) 6 8.02 (d, 2H), 7.76

rnL)(ans aaﬁad Bﬁr gs 1% end U)3a9 n%g)“iﬁ sﬁl‘a}ll)poﬁﬁ)ng @nzi the %%(Dt{lﬁeawds stirred at RT
for 123 kg?l"l(q'mnqtuqabwas lelg@d_WIQI @gthy( ﬁheqp{)&sheﬂ vggh l: lv&@Zpr/(lmne then

drle(i % st)%un%fqa‘te ﬁ}tg%re aa@drt tlgﬂ%gd "afﬁ? ("Ifﬂl% w@ Molvegbn formic
amd%@ Qﬁl)&ﬁé B2GePaiTs (ﬂﬁ?ﬂ)@&/j @54 kFen cd&gntraﬁé(diiﬁma@u& Ofhic residue was
ylpl erazin- 1élsulfon [ )

punéecbweﬁyﬁi’m%ﬁ)t@é% 0 b ﬁﬁ(aq é&ﬁlﬁ%ﬁa%m se® 30 x 100mm
colug@)tg lgé&ﬁtﬁ?t%%tﬁ)ﬁ\%glﬂtg%nﬂhm whY thitdrafdd Hif &thloet%rl}'o IRve the title

comﬁm(r(d&)mhg;mawlﬁte(sé}idi,odophenyl ) et hyl car banoyl ) pi peri di
e-| - car box

| at 0.2
' NNRHPES 576 M~ DS 00 S8 ik § b gl s 08-Sl B, 875 -
I 4
8'65e(?ﬁyﬁﬂ I|c7)e|)r)a§7§)n1 (?n n%)l)ulﬁrgnéj enyﬁ Po7n?3c(tajc:| 8(%Zf58 7.55(d,J
= 8.?Hzaﬂd) ]pcﬂz%e(qs] M (Cidz,bidnas 668 (3 R, g])}i)é\aﬁ_ng)e 3sléd(m,e3H)3|2c94 284
I n dl gxane and wat er
(m, (lgl Zleﬁq’_ ?t§ﬁ§’é‘r %ﬁ 57% 5:3848}1 At spgere The reaction

m/z I e MRSEC ethggo roomtenperature and purified by
ZWa SI|IC£:I ﬂon&tography, eluting with ethyl

acetate to afford an oil (100 ng). The oil was

Exafuele PUR 8- R2R) - B oeata S anfibinuisniid S hitaiitogp piperidine-

2. camﬁ,ﬁu&ﬁqum&i@em er (15 rTL) and carefully basified
880" aqueous anmmonia. The products were

extract ed into ethyl acetate (30 nlL) and the conbi ned

extracts were dried N
/|
(A -
N
N <
N

Prepared by a process analogous to that described in Method 2 Example 2 using (S)-fert-butyl
2-((1R,2R)-2-(4-bromophenyl)-1-cyanocyclopropylcarbamoyl)piperidine-1-carboxylate
(Intermediate 10) and 4-cyanophenylboronic acid.

'H NMR (399.826 MHz, d6-DMS0)  9.02 (s, 1H), 8.92 - 8.83 (m, 1H), 8.74 - 8.65 (m,
1H), 7.95 - 7.89 (m, 4H), 7.74 (dm, J = 8.3 Hz, 2H), 7.37 (dm, J = 8.7 Hz, 2H), 3.65 - 3.57
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IS over magnesium sul phate, and concentrated to
1mamyeesen The crude product was purified by flash
W@ R00voOA8ehr omat ogr aphy, eluting with acetone tRCHGB00E/051173
a gum (40 ng). The crude product was purified by
preparative HPLC on a Sunfire colum using aqueous 0.1
% TFA in acetonitrile as elq9ent. The fractions
cont ai ni ng the desired conpound were evaporated to
dryness to yield the title conpound as a solid (30
m, 3.29-3Hl 999825 ¢ 320%.16 (d4,38 (@o GWHZ YH 4.92-
(m. T 2.2 i By 0 a e (P55 (4 ,
182C(H5|-®H) 708 1- 45Ln@15l(l)n 0.5H), 4 01 - 3. 90

vz STl a6 T a6t 055175 525%f-(2m gFii),Dséil(len-VD

3.11 (m 8H), 3.05 - 2.91 (m 1H) 2. 86 - 75 (m
2H), 2.10 - 2,00 Sm 0.5H), 93 -
Exampiei104: (SBNy(1R2R 4-@1-@4{“%115141 HSM@WI 4-yl)- -

- 2= 64~ 4- epan-1-yl sul fo
cym%%?}lg%@}?& ijﬁhé? ?é&taﬁéﬁaﬁggwl P%é’agétgger boxam de
ditrifluoroacetate NN NHOOO S NN Prepared by
a process anal ogous to that described in Exanple 107
using (S)-tent-butyl 2-((S)- io
1-cyano-2-(4-iodophenyl)ethylcaKh@%ﬁﬁM i peridine-Il-ca
rboxyl ate and 4-(4-nmethyl- 1, 4-
di azepan- 1-yl sul f onyl ) phenyl bor gatg_aci d. i H NVR
(399.825 MHz, D20) 6 7.97 - 7.84 (M) 4H), 7.77 - 7.69
(m 2H), 7.51 - 7.43 (m 2H), 528 - 5.05 (m 1H
3.917 - 3.74 (m 2H), 3.74 - 3.16/(m 1OH), 3.08 - 2.96

(m 1H), 2.95 (s, 3H). 2.32 19 (m 1H), 2.17 -
2.01 (m 2H). 1.98(}\3';(m
N

Prepared by a process analogous to that described in Method 2 Example 2 using (S)-fert-butyl
2-((1R,2R)-2-(4-bromophenyl)-1-cyanocyclopropylcarbamoyl)piperidine-1-carboxylate
(Intermediate 10) and 4-(azetidin-1-ylsulfonyl)phenylboronic acid.

'H NMR (399.826 MHz, d6-DMS0) & 9.02 (s, 1H), 8.90 - 8.82 (m, 1H), 8.74 - 8.63 (m,

1H), 7.99 (d, J = 8.7 Hz, 2H), 7.88 (d, J = 8.7 Hz, 2H), 7.77 (d, J = 8.7 Hz, 2H), 7.39 (d, J =
9.4 Hz, 2H), 3.74 - 3.66 (m, 4H), 3.65 -3.56 (m, 1H), 3.24 -3.12 (m, 2H), 2.91 - 2.80 (m,
1H), 2.19 (dd, J=10.0, 6.9 Hz, 1H), 2.06 - 1.97 (m, 2H), 1.92 - 1.82 (m, 2H), 1.76 - 1.33 (m,
5H).

m/z [M+H+ = 465; [M-H]- = 463.
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W@ S)09RF48LEB) - 1- Cyano- 2- (3' - (nor phol i nonet hyl ) bi ptEGBRe08/051173
yl ) et hyl) pi peri di ne- 2- car boxam de
ditrifluoroacetateQIL H= O- ~ NO 5
(S)-tent-Butyl 2-((S)-I|-cyanpsg2- (4-i odophenyl ) et hyl carb
anoyl ) pi peri di ne-1-carboxylate (200 ng) and 1,1
bi s(di-tert-butyl phosphino)ferrocene pal |l adi um

Exafli i \ dé&h 104l @ ¥R teat ed

_L)t%]ilﬁ'gg (9)3]\’(-@5') 3 gtzﬁ(gﬁé‘t}hyl gn%ﬁidigl)bolgg%g’}lgl an- 2

yDe9w®panzyh9m%wpﬂmmmnude188 mg) and the m xture was
stirred at roomtenperature for 15 mn under
ni trogen. An aqueous sol ution of potassium carbonate
(2M 0.414 ni s added and o0 the m xture was
stirred for C. After 4 further additions of
1,1 bis(di-t osp )ferrocene pall adi um
dlchlorlde t hen heated for a total of 48 h
The m xture wal eval oratﬁd and ethyl acetate was
added. The resulti darkbrowq m xture was purified
by flash silica chromatogra eluting with 20% et hyl
acetate in isohexane and s 40% et hyl acetate
i n i sohexane contai ning 0.59 ine to give a
colourless is oil. Formc acid (2 as added and
the m xture was heated at 50 C for 0] Taj cool ed
m xture was basified wth 0.880 aqueous a Ia and
extracted with ethyl acetate. The organic |l gyer was
washed with water, dried over sodi um sul ph&te,
filtered and the solvent was evaporated. The

(S)-teer 3ty Tl Sl fcym%ﬁéﬁ@¢qpé§n>63¢ﬂp’rl@|@1ae\fmxl)p@eﬁnim-bﬁarhoxylate (0.2

o). AR O RE D R AP SRR Bl 8. <

(trlﬂﬁmmﬁdtlma@)lﬁﬁngzltbntomdudrtg(am gjeuad r;&dmmffpcaﬂbmham(roel 14 g) were
evaporated to dr afford the tjtle conpound

stirrghangishegied fer 20 Qéf/ 75‘358{ q?loxqqq (AvrL)ggulens gitigasn agpqypheye. The

reac?o@&u(tgre WasTo le?tt{)#(‘)]on% E%npe?at&t% i ’thél'llﬁ!}xturg ipg\?lﬁed By ﬁ§sh silica

chroktmfogtéf)hy e‘l’uttt@ w1t173(3% diethyl2her 11515086x(an¢ toJafford a 0[-112(200 mg). The oil
Was:(li ssozlved m‘florrmc a01d (1 mL) and the solution heated to 60°C with stirring for

approximately 10min. The cooled solution was diluted with water (20 mL) and made basic
with 0.880 aqueous ammonia. The mixture was extracted with diethyl ether (2 x 50 mL) and
the combined extracts concentrated to give a solid. The crude material was purified by flash
silica chromatography eluting with acetone to give the title compound (88 mg) as a cream
coloured solid.

'H NMR (399.825 MHz, CDCl; + D20) 8 7.61 - 7.53 (m, 4H), 7.37 (d, 2H), 7.29 (d, 2H),
5.19 (t, 1H), 3.26 (dd, 1H), 3.15 (d, 2H), 2.93 - 2.86 (m, 1H), 2.69 - 2.61 (m, 1H), 1.91 - 1.82
(m, 1H), 1.75 - 1.67 (m, 1H), 1.57 - 1.51 (m, 1H), 1.47 - 1.29 (m, 3H).

m/z =418 [M+H]"
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WO 2009/ 074829 PCT/ GB2008/ 051173 155 | H), 4.45 (s,
1m@d) ol (d, J = 12.3 Hz, 2H), 3.90 - 3.83 (m | H),
W@2009/0(4829 J = 12.3 Hz, 2H), 3.48 (d, J = 12. 3p¢®/GBAMB/051173

3.43 - 3.18 (m 4H), 3.02 (t, J = 21.7 Hz, 1H), 2.16 -

2.04 (m 1H, 1.99 - 1.82 (m 2H), 1.80 - 1.44 (m

3H) mz 433 [MH + 5 Exanpig 110:

(S)-N((S)-1-Cyano-2-(4-(1, 2, 3, 4-tetrahydroi soqui nolin

-6- yl)phenyl)ethyl)piperidi ne-2-car boxamn de
Exafligié 104: U(‘B‘)-@@((‘ﬂ-qt@yam-(AN-(Hle@l}'f\ll_khlfdl&l)%ilﬂ%&ﬁ@-yli’ﬁéﬂgrl)piperidine-

process anal ogous to that described’in Exanplé 10
2-cayboxagnident - butyl 6- (4, 4,5, 5- tetranethyl -

1, 3, 2- di oxabor ol an- 2-yl ) - 3, 4-di hydr oi soqui nol i ne-2( 1H)

- car boxyl ate t ord the tigltl e conpound (0.01 g) as

a col ourl ess i HAENVR 9.826 MHz, d6-DMSO) 6

x.ﬁ%ﬁ (s,
(

9.30 (d, J = 7™RH 1H), 9.00 - 8.66
(m 1H), 7.68 H7.60 (mi2H), 7.58 - 7.53 (m 2H),

7.44 - 7.39 (m 2H),07.31d. = 7.9 Hz, 1H), s
5.04(qg, J=7.5Hz, 1H), 4. 34- 4. 2I—|) ,3.83-3.72 (m 2H),
3.46 - 3.38 (m 2H), 3.27 8 3H), 3.06 (t, J =
6.2 Hz, 2H), 2.99 - 2.86 (m : - 2.02 (m 1H),
1.81 - 1.22 (m 4H) mz 389 [ MtH| 14-2ni n_i D
AXI" WD 2009/ 074829 PCT/ GB2008/ 0511 1=570OBi ol ogi cal
Assay Fl uorescence assay for reconbi nant hyman (rh)
DPP1 The activity of DPP 1 was determ ned by measuring
the enzymatic rel ease of am nonet hyl

(S)-tert-Butyl 2-((S)-1-amino-1-ox0-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)phenyl)propan-2-ylcarbamoyl)piperidine-1-carboxylate (250 mg), potassium carbonate
(207 mg), dichloro[1,1°-bis(di-tert-butylphosphino)ferrocene]palladium(II) (6.50 mg) and 1-
bromo-4-(methylsulfonyl)benzene (117 mg) in dioxane (10 mL) and water (0.75 mL) were
heated under a nitrogen atmosphere at 75 °C for 20 h. The cooled reaction mixture was
purifed by flash silica chromatography eluting with ethyl acetate to afford a foam (100 mg).
The foam was stirred for 20 h in a mixture of dichloromethane (10 mL) and Burgess' reagent
(135 mg). The reaction mixture was then purified by flash silica chromatography eluting with
cthyl acetate to afford the product as a colourless gum (100 mg). The gum was dissolved in
formic acid (0.5 mL) and stirred and heated at 50 °C for 10 minutes. The cooled reaction
mixture was diluted with water (20 mL) and the solution made basic with 0.880 aqueous
ammonia. The liberated base was extracted into ethyl acetate (2 x 25 mL), and the extracts
dried over magnesium sulphate and concentrated. The residue was recrystallised from ethyl
acetate (1 mL) to afford the title compound (26 mg) as a colourless solid.

'H NMR (399.825 MHz, CDCl; + D,0) § 8.02 (d, 2H), 7.76 (d, 2H), 7.62 (d, 2H), 7.41 (d,
2H), 5.20 (t, 1H), 3.26 (dd, 1H), 3.17 (d, 2H), 3.10 (s, 3H), 2.94 - 2.87 (m, 1H), 2.69 - 2.62
(m, 1H), 1.91 - 1.84 (m, 1H), 1.75 - 1.68 (m, 1H), 1.59 - 1.52 (m, 1H), 1.46 - 1.29 (m, 3H).
m/z =412 [M+H]"



10

15

20

coumarin (AMC) fromthe peptide substrate
1n2gid- G ywAr g- AMC), which |leads to an increase in 5
WO bwonaseence i ntensity at Xex =350nm and Xem BPABCBRA08/051173
The assay was carried out in black 384 well plates in
a final volunme of 501 at 22C. The assay conditions
contained the follow ng: 2(8pM pi perazi ne buffer
pH5. 0; 50nmM NaCl, 5mM DTT; 0.01% (v/v) Triton X- 100;
100M H d y-Arg- AMC and rhDPP1 (-50pM . Potenti al
tlrgri]ﬁ_u ) Of(2S)MRL(8- ('f%ﬂl% AUpyid- et@@@emiﬂlﬁ&lfh@%ﬁmehw -4-
€ assay to give a final coricentration of
yDetbiyBgiperidire-2-sapyixamide ditriflugreficetate on of the
i nhi bitors (highest concentration 10M was tested and
the plC50 determ ned using a 4-paramater |ogistic
equation in on-linear curve fitting routine. A
standard DPP1 i nhi bi t,or (V|@yl sul fone, see bel ow) was
itiye cQntrgiEZin the assay. Routinely,
i nhi bitors weNe pMg-ingUbated with rhDPPI for 30min
prior to the Bddi t on |of the peptide substrate to
start the reaction for Ncher 60min at 22C. After
that the plates is were i ately read in a
fluorescence plate reader™~ &above eni ssion and
excitation wavel engths [nodifi -nuganl CM Cot z,
M5 Koot, G MGQuire, M, Thiel ex D /I;lL@Iig, D &
Powers, JC (2004). Arch Blochen1B|ophy§ é;gi 123-134
9

& McQuire, MJ, Lipsky, PE & Thiele, DL 1 ). Arch
Bi ochem Bi ophys, 295, 280-288]. The results /obtained
are shown in Table 1 below. 20 NH2 O NH Nj nyl
sulfone 1f-2ni n_i D A XI" WD 2009/ 074829

PCT/ GB2008/ 051173 157 Table 1 Conpound of Exfanpl e
DPP1 activity, plCho 1 7.2 2 7.1 36.5 47.5

(8)-tert-Butyl 2-((S)-1-cyano-2-(4-iodophenyl)ethylcarbamoyl)piperidine-1-carboxylate (0.2
g), dichloro[1,1°-bis(di-tert-butylphosphino)ferrocene]palladium(Il) (8.45 mg), 4-(4-
ethylpiperazin-1-ylsulfonyl)phenylboronic acid (0.190 g) and potassium carbonate (0.114 g)
were stirred and heated for 20 h at 80 °C in dioxane (15 mL) and water (0.2 mL) under a
nitrogen atmosphere. The reaction mixture was cooled to room temperature and purified by
flash silica chromatography, eluting with ethyl acetate to afford an oil (100 mg). The oil was
dissolved in formic acid (1 mL) and the solution heated to 50 °C for ~5 minutes. The cooled
solution was diluted with water (15 mL) and carefully basified with '880" aqueous ammonia.
The products were extracted into ethyl acetate (30 mL) and the combined extracts were dried
over magnesium sulphate, and concentrated to dryness. The crude product was purified by
flash silica chromatography, eluting with acetone to afford a gum (40 mg). The crude product
was purified by preparative HPLC on a Sunfire column using aqueous 0.1% TFA in
acetonitrile as eluent. The fractions containing the desired compound were evaporated to
dryness to yield the title compound as a solid (30 mg).

'H NMR (399.825 MHz, D,0) & 7.88 (s, 4H), 7.72 - 7.65 (m, 2H), 7.46 - 7.39 (m, 2H), 5.23 -
5.16 (m, 0.5H), 5.08 - 5.01 (m, 0.5H), 4.01 - 3.90 (m, 2H), 3.87 - 3.77 (m, 1H), 3.67 - 3.56
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57.2 67.2 77.0 86.9 96.8 106.6 11 6.5 12
1MmendioB3n6.1 14 8.1 15 7.0 16 6.9 17 6.7 19 6.7
WQR009/0348291 7.3 22 7.2 23 7.2 24 7.8 25 7.PCT/@882008051173

27 7.2 28 7.0 29 7.0 30 7.0 1ifl2nl n_i DA XI" WO

2009/ 074829 PCT/ GB2008/ 051173 158 Conpound of

Exanpl e DPP1 activity, plC5ms331 6.8

(m, 2H), 3.46 - 3.11 (m, 8H), 3.05 - 2.91 (m, 1H), 2.86 - 2.75 (m, 2H), 2.10 - 2.00 (m, 0.5H),
1.93 - 1.33 (m, 6.5H), 1.24 (t, 3H).
m/z =510 [M+H]"

Example 108: (25)-N-(1-Cyano-2-(4'-(4-methyl-1,4-diazepan-1-ylsulfonyl)biphenyl-4-

vDethyl)piperidine-2-carboxamide ditrifluoroacetate

N
Z

Iz
ZT

Prepared by a process analogous to that described in Example 107 using (S)-tert-butyl 2-((S)-
1-cyano-2-(4-iodophenyl)ethylcarbamoyl)piperidine-1-carboxylate and 4-(4-methyl-1,4-
diazepan-1-ylsulfonyl)phenylboronic acid.

'H NMR (399.825 MHz, D,0) 8 7.97 - 7.84 (m, 4H), 7.77 - 7.69 (m, 2H), 7.51 - 7.43 (m,
2H), 5.28 - 5.05 (m, 1H), 3.91 - 3.74 (m, 2H), 3.74 - 3.16 (m, 10H), 3.08 - 2.96 (m, 1H), 2.95
(s, 3H), 2.32-2.19 (m, 1H), 2.17 - 2.01 (m, 2H), 1.98 - 1.37 (m, 5H).

m/z =510 [M+H]"



5

32 6.8 336.7 346.7 356.6 36 6.6 37 6.5 38 6.5
1MmBR ewn40 6.5 41 6.4 42 6.3 43 6.2 44 6.2 45 6.1
WaLg00S/ 08297 5.9 48 5.8 49 5.7 50 5.7 51 5 FCT/6B2®8851173
53 7.5 54 8.3 558.3 56 80 5785 587.8 59 7.8
60 7.7 1fl2nl n_i DA X"
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Example 109: (S)-N-(($)-1-Cyano-2-(3'-(morpholinomethyl)biphenyl-4-

vDethyl)piperidine-2-carboxamide ditrifluoroacetate

H\///

Ir=z

(8)-tert-Butyl 2-((S)-1-cyano-2-(4-iodophenyl)ethylcarbamoyl)piperidine-1-carboxylate (200
mg) and 1,1 bis(di-tert-butylphosphino)ferrocene palladium dichloride (2.70 mg) in dioxane
(5 mL) were treated with 4-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzyl)morpholine (188 mg) and the mixture was stirred at room temperature for 15 min
under nitrogen. An aqueous solution of potassium carbonate (2M, 0.414 mL) was added and
the mixture was stirred for 18 h at 75 °C. After 4 further additions of 1,1 bis(di-tert-
butylphosphino)ferrocene palladium dichloride the mixture was heated for a total of 48 h.
The mixture was evaporated and ethyl acetate was added. The resulting dark brown mixture
was purified by flash silica chromatography, eluting with 20% ethyl acetate in isohexane and
then with 40% cthyl acetate in isohexane containing 0.5% tricthylamine to give a colourless
oil. Formic acid (2 mL) was added and the mixture was heated at 50 °C for 12 min. The
cooled mixture was basified with 0.880 aqueous ammonia and extracted with ethyl acetate.
The organic layer was washed with water, dried over sodium sulphate, filtered and the solvent
was evaporated. The resulting oil was purified by preparative HPLC on a Waters X-Bridge
column using a 95-5% gradient of aqueous 0.1% TFA in acetonitrile as eluent. The fractions
containing the desired compound were evaporated to dryness to afford the title compound
(0.054g) as a yellow oil.

'H NMR (399.825 MHz, D,0) & 7.82 (d, J = 7.9 Hz, 1H), 7.77 (s, 1H), 7.73 - 7.68 (m, 2H),
7.62 (t,J =78 Hz, 1H), 7.52 (d, J=7.7 Hz, 1H), 7.49 - 7.43 (m, 2H), 5.08 (t, J =7.8 Hz,
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WD 2009/ 074829 PCT/ GB2008/ 051173 159 Conpound of
1mdmeamplenDPPLl activity, plCso0 61 7.4 62 7.8 63 8.1
W®2008/0048265 8.0 66 8.7 67 8.0 68 7.8 69 7.BCT/GB2008/p51173

71 8.2 728.4 7380 747.0 756.7 76 6.8 77 7.5

78 7.0 79 6.5 80 7.5 816.1 828.3 836.7 84 7.6

85 6.9 86 7.1 87 7.3 155

1H), 4.45 (s, 2H), 4.11 (d, J = 12.3 Hz, 2H), 3.90 - 3.83 (m, 1H), 3.79 (t, J = 12.3 Hz, 2H),
3.48 (d, J=12.3 Hz, 3H), 3.43 - 3.18 (m, 4H), 3.02 (t, ] =21.7 Hz, 1H), 2.16 - 2.04 (m, 1H),
1.99 - 1.82 (m, 2H), 1.80 - 1.44 (m, 3H)

m/z 433 [M+H]"

Example 110: (S)-N-(($)-1-Cyano-2-(4-(1,2,3,4-tetrahydroisoquinolin-6-
yDphenyl)ethyl)piperidine-2-carboxamide ditrifluoroacetate

Ir=z

Prepared by a process analogous to that described in Example 109 using tert-butyl 6-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroisoquinoline-2(1H)-carboxylate to afford the
title compound (0.01 g) as a colourless solid.

'H NMR (399.826 MHz, d6-DMS0) 5 9.30 (d, J = 7.2 Hz, 1H), 9.06 (s, 1H), 9.00 - 8.66 (m,
1H), 7.68 - 7.62 (m, 2H), 7.58 - 7.53 (m, 2H), 7.44 - 7.39 (m, 2H), 7.31 (d, J =7.9 Hz, 1H),
5.04 (q,J=7.5Hz, 1H), 4.34 - 429 (m, 2H), 3.83 - 3.72 (m, 2H), 3.46 - 3.38 (m, 2H), 3.27 -
3.14 (m, 3H), 3.06 (t, J = 6.2 Hz, 2H), 2.99 - 2.86 (m, 1H), 2.10 - 2.02 (m, 1H), 1.81 - 1.22
(m, 4H)

m/z 389 [M+H]"
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88 7.2 89 7.2 90 6.9 1fl2nl n_i DA X" WO
102 @G0t 874829 PCT/ GB2008/ 051173 160 Compound of
WEx@or4829OPP1 activity, plCs0 91 7.9 94 7.8 BGI/6B2008/051173
96 8.1 97 7.8 98 7.3 99 7.2 100 6.0 101 7.4 102
5.5 103 6.8 104 7.1 105 7.7 106 7.9 107 8.3 108
7.5 109 6.8 110 6.8 1f-2njsen_i D AXI" WD 2009/ 074829
PCT/ GB2008/ 051173 161 dCains 1. A conpound of
formula (1)

Biological Assay

Fluorescence assayv for recombinant human (rh) DPP1

The activity of DPP1 was determined by measuring the enzymatic release of aminomethyl

coumarin (AMC) from the peptide substrate (H-Gly-Arg-AMC), which leads to an increase in

fluorescence intensity at Aex =350nm and Aem =450nm. The assay was carried out in black
384 well plates in a final volume of 50pl at 22°C. The assay conditions contained the
following: 25mM piperazine buffer pH5.0; 50mM NaCl, 5SmM DTT; 0.01% (v/v) Triton X-

100; 100uM H-Gly-Arg-AMC and thDPP1 (~50pM). Potential inhibitors were made up in

DMSO and then diluted in the assay to give a final concentration of 1% (v/v) DMSO. A 12-
point half-log dilution of the inhibitors (highest concentration 10uM) was tested and the
pIC50 determined using a 4-paramater logistic equation in a non-linear curve fitting routine.
A standard DPP1 inhibitor (vinyl sulfone, see below) was used as a positive control in the
assay. Routinely, inhibitors were pre-incubated with rhDPP1 for 30min prior to the addition

of the peptide substrate to start the reaction for a further 60min at 22°C. After that the plates

were immediately read in a fluorescence plate reader using the above emission and excitation

wavelengths [modified from Kam, CM, Gotz, MG, Koot, G, McGuire, MJ, Thiele, DL,
Hudig, D & Powers, JC (2004). Arch Biochem Biophys, 427, 123-134 & McGuire, MJ,
Lipsky, PE & Thiele, DL (1992). Arch Biochem Biophys, 295, 280-288]. The results

obtained are shown in Table 1 below.

vinyl sulfone



RRS HORZ32 NCNAB 2 (RI)y 1 RHI-x (CH)n (1)
1m&oanpeoenn  n i ndependently represents 0, 1, 2, 3 or 4;
wWX0pepsesent s a et hyl ene group; y represent sSPOI/GB2@8/051173

2; 10 each Rl independently represents hal ogen,

hydr oxyl, carboxyl, cyano, Cl-C6 al kyl, Cl- C6 al koxy,

trifluoronethyl, NR6R7 C(ONBR7 NR6aC(O R7a SO2NR6R7

, NR6aS02R7a or S(OnR8 and Rl is optionally

substituted with hydroxy, halogen or Cl-C6 al koxy; R2

represents a hydrogen at ompgpledy Cl- C6 al kyl group

optionally substituted by at least is one substituent
sel ect edompowndhaf Bysmplehydr oxyl , caﬂ]:RdeactlvuyanIQso
t Huoronet hy: —C1-€c6—al Ir\yl —C3-€C6 C'y'Cl ore r\yl ;
NROR10 C(O) NR1IR12 NR13C(O) R14 SC2NR15R16 R17S02R18
and S{(O pRI9; K3 represents d hydrogen ato;nj or a CI-C6
alkyl group optionally substiltuted by at |east one
substit uent seldect ed from hallogen, hydr oxﬁS car boxyl ,
C aIIU, LI I I I uUI UIICL Ilyl y Cl A 20 al ktyl
cycl oal kyl , NRZOR21 C(O NR22R23 NR24(( O) R;JS SO2NR26R27
2650Z2R29 and (O gR30, 1i-4nt n_1 D AXI "7 N0

2009/ 074829 PCT/ GB2008/ 051173 162 R4 represents a
hydrogen atom dr a Cl-C6 al kyl group opti dml |y
spbsttuted—by—pat—teast—onre—substituent—selected—++rom
hal ogen, hydroxyl, carboxyl, |cyan, triflu rOret hyl ,
a-Tc alkyl, (@-06 cycloal kyl, NR3IR3Z C{{J NR33R34
NR35C(O) R36 SOP2NR37R38 NR393$02R40 and S(O) rR41,

9 6.8

10 6.6

11 6.5

12 6.4

13 6.1

14 8.1

15 7.0

16 6.9

17 6.7

19 6.7

20 7.6

21 7.3

22 7.2

23 7.2

24 7.8

25 7.2

26 7.2

27 7.2

28 7.0

29 7.0

30 7.0
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| east
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one substi tuent

car boxyl ,
C3-C6 cycl oal kyl ,

NR42RA3 C(O) NRAARAS5 NR4AG6C(O) RA7 SO2NR4ABR4A9 NR50S02R51

and S(OtR52, or

cycl opropyl ring, or

R3 and R4 tsggether with the carbon
atons to which they are attached represent a
R4 and R5 together with the

i o

ATDON @b MRbhRd BIESkmpleey ar @

turated or unsaturated, 3-

attac Imq)lf éhrtﬂqt?, pICso
to 6-nenbered

ar bocyclic or3heterocyclic r

|ng whi ch rimgﬁnay be

: : L
el ected fron1?§logen, hydr oX

ot
at | CCI.OL UIIC @%UOLI l UC l

yl, carboxyl d C-C6

Kyl; 1S A angzB each i ndepg
D- nenbered aronmatic ring SyS

ndently reprgsent a o- 10

tem optionally

onpri sing at Béast one ring

heteroaton1sé¥bcted from

T ullu

trogen; oxyUgé st-phut
ptionally substituted by at

. .
] LIIC I I IIU Qy CIII UCI IIU
| east one su&ﬁ

Elrected from Bgl ogen, car box
van, nercapto, C3-C6 cycl oa

|tuent
yI, hydroxyl g

‘ nitro,
kyl, C2-C6 al envl.

riquoronethyB? Cl-Co6 alkoxy

Al v/l car hanvl avv

Cl - C6 al kylécar bonyl

’
M

OO N0 SORDNO 00O

20—(
w arKyr<co &&Ilylul\y, ZU—\

Y

C6 | |/r\vyr\ar|n

a faivi|
CoO—arKO uunlyl 7

(O R58, S02NR5DR60

NR53R54, R55R56, NR57(
eterocvclvloxv

ed 4- to 7-ngered
Cl -C6 al kyl pi perazi nyl

TSO02R62, VR63, saturat
benzyl oxy,

nd a Cl-C6 al k¢l S§

64—65—Cl o

I hyvdr oyl

| f optionally.Substituted

YA/ nhoanvl Ar

LD A= LEA=ZAY AT

Q)

group (it
Drphollnyl) p, q,

A}

d

[»)
LI I W B e ISARDSARD A OT

each |n&%%endently

>0

|

cs

r,
Epresent 0, 14897 27 25 X 2 G
n oxygen or sul phur atom S(

D]

\'
bbb Trepres S a bond,
SA2, NR , O NR

R66C(O), SO2NRE6, NR66S02, (

h\ln\ll - 1§11 2nl P-AXI" \Af

n I

™

C3 al kyl, ethenyl

- or
2009/ 074829

CT/ GB2008/ 051443 163 R6 ar

R7 each |nd%%endently

Epresent nydrggen, Cr-C6 al
I R6 and R7 together with th

~<Q_"”—-Vo

—or C3-C6 oat Kyt
e hitrogen atomto which

hey are attachéed forma 4- t

S*O“U(DZQJ“:QUQJS

o 7- nmenbered.%at urat ed

farnr\yr\l i nn

477

59

48

5.8

49

5.7

50

5.7

51

5.7

52

55

53

7.5

54

8.3

55

8.3

56

8.0

57

8.5

58

7.8

59

7.8

60

7.7
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RO and R10 each independently represent hydrogen,

1024Gln- G5 vahky |

attached forma 4-
het erocyclic ring;
represent hydrogen,

or C3-C6 cycl oal kyl,

wo ogehsed with the nitrogen atomto which t heyPE¥/6€B2008/051173

to 7- nmenbered saturated

R11 and R12 each independently
Cl - C6 ajsdeyl

5 or RO and R10

or C3-C6 cycl oal kyl,

or RI1 and R12 together with the nitrogen atomto
whi ch they are attached forma 4- to 7- nenbered
S Ur alEhmPGhd GFEShmple | NO: [T0 RIS GFIL 48R t?aﬁits
i ndependently represent hydragen, C -C6 al
cycl oal kyl , 061R15 and R16 together wi t h the nltrogen
a LAY IC_y Cll C ClllCl\.al’Cd fUI LILIL Cl 4 0 7
nenber ed saturé%ed het er ocyclfi ¢ ring; R207e d R21 each
i pdependentTy ggpresent hydraggen, CI-Co algkyl or C3-Co
cycloalkyl, or R?20 and R21 tlogether with the nitrogen
atonlto mhich 6hey are attacred forma 4- &b 7 is
|ndependently Eépresent hydrcgen, Cl-C6 alXyl or C3-C6
cycroalkKyl, 0OggRZZ and RZ3 f[ogether wi thgjie nitrogen
atom t o whi ch t%ev are attached forma 4- to 7-
nenbered saturé&fed heterocycllic ring; R26 &nhd R27 each
I relependentty represe”t hyeragen—C—Co—alky—er—C3-C6
cycl oal kyl , 26 or R26 and R27 toget her MAt% th
nftrogen atom which they dre attached f-aggma 4- 1O
7t _nmenbered saturated heterodyclic ring; R31 and R32
epch i ndependefidl y represent |hydrogen, Cl-7C6 al kyl or
B3-C6—eyetoalkyl—orR31and R32 together—wi-th-the

nj trogen aton1?b whi ch they are attached ffor m a 4 to
7 memnper ed saggrateo heteroqyctic ring, j§44n| |
AXI" WD 2009/ 074829 PCT/ GB2008/051173 16 R33 and
R34 each indep&hdently repregent hydrogen,8.&Cl-C6 al kyl
o—3-C6—¢eyecloal kyl—or R33and R34 teogether—with the
nj trogen atom t'd which they are attached ffdtma 4- to
7Fmenbered sayyrateo heterogyctic ring; R and R38
each i ndependently represent |hydrogen, C - al kyl or
C3-C6 cycloal kg, 5 or R37 and R38 togetheg with the
n frngan atomto which fhay are attached forma 4 to
7L menbered saflrated heterodyclic ring; 7-

78 7.0

79 6.5

80 7.5

81 6.1

82 8.3

83 6.7

84 7.6

85 6.9

86 7.1

87 7.3

88 7.2

89 7.2

90 6.9




R42 and R43 each independently represent hydrogen,

1024Gln- G5 vahky |

attached forma 4-

h
r
0

whi ch they are attached forma 4-

*m@mmmmﬂ:om>ﬂsomﬂso-qmo-qmo-m

eterocyclic ring;
epresent hydrogen,
r R4 and R45 together with

or C3-C6 cycl oal kyl,

wo ogehsed with the nitrogen atomto which t heyPE¥/6€B2008/051173

to 7- nmenbered saturated

10 R44 and R45 each independently
Cl - C6 ajduy!

or R42 and R43

or C3-C6 cycl oal kyl,
the nitrogen atomto
to 7- menbered

vcloalkyl, or R53 and R54 t

at ur at@@'mﬁ@ﬁﬁd BE¥Sample’ | N, [R4S anGppIh@ pICs
dependently represent hydragen, Cl-C6 al ky
ycl oal kyl, 091R48 and R49 together with the nltrogen
ArhRaA f A~ A +tn 7
II \.oll IC_y Cll C Cll l Cl\.ol CU T UI III Cl = T
enber ed sat ur &t ed het erocycl|i c ring; R537e d R54 each
ndependent 'y pepresent nhydrqggen, CI-Co algkyl or C3-Co

oget her with the nitrogen

tomto mhich Qﬁey are att ach

ed forma 4- &b 7-

And CA o

REE R Arnh
T\WJJ ™ T\WJU cavTl

fata a¥al ol
IIUCI CU QUL UI FZCU IICL CI UL;)’L;I

.f\ rinﬂ-
T T I 11Y,

ndependent |y present hydragen, Cl-C6 al’kyl or C3-C6
ycloalkyl, 2ggor R55 and RY6 together wii{1 The
trogen atomto which they are attached forma 4- to
menber ed sabairat ed heteroqyclic ring, 5D and R60
ach i”uepende“t!y represent—hydrogen; C6—aHaoH—oer
3- C6 cycloalkﬁ% or R59 and R60 togetheﬁi%ﬁth t he
Trogen atom{@ which they gre attached fgfma 4- tO0
menbered saturated heterodyclic ring; 1f-2ni n_i D

X" WO 2009/ 012829 PCT/ GB20d

E oach 1 ndonandantl v ranrao

8/ 051173 165. 5 R64 and

ant hvudr ogen CcCa a3l kvl
AT T

oo aocTt 1 IIUIL,HL,IIUIL,III. —y LIS S LB SRS
~

r C3-C6 cyclo%JkyI or R64 g

TTTC Ty G ogcTTh 1IN 4

iInd R65 togetﬁ@? with the

trogen atom which they ¢
menber ed sat ur at ed het er og

Ife attached foyma 4- to
vclic ring; each group

pa R7/7a R8 R131(BR14 R17 R18 RI

36—5—R39—R40—R41LR46RA7TRS

9 R4 R25 R2§'R29 R30 R35

0—R51 R52 R57 R58 R61R62

~
A

nd R63 indepelffentiy > > >

>>>>>>Mrepresents

hydrogen at a Cr-C6 al

Ryt—or C3-C6 ctoat Kyt

roup;: and R66 represents alhydrogen atomor a Cl-C6
kyl group; or08a pharmaceutijcal |y acceptald e salt
or anf

TSI C Ut

109

6.8

110

6.8
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io 2. A conmpound according to claim1 wherein nis 2.
1m@a e wonpound according to claiml1l or claim2, wherein
wWXR00w974824 hyl ene. 4. A conpound accordi ng to aPyI/6GB2008f51173
claims 1 to 3, wherein R2 represents a hydrogen 15
atom 5. A compound according to any one of clains 1
to 4, wherein R3, R4 and R5i1@ach represent a hydrogen
atom 20 6. A conpound according to any one of clains
1to 5 wherein A represents phenyl. 7. A conpound
Claigicording to any one of clains 1 to 6, wherein B
represents a 5- to 10- nenbered aromatic ring system
optionally conprising one or two ring heteroatons
i\ndepe n S cted fromnitrogen, oxygen and
L. ?df Pﬁg%?lﬁ & ysten1be|ng optionally 25
substltuted by at | east one substhguentEgelected from
hal ogen, carboxyl, hydroxyD, yan al koxy,
-NR563R54, C(O) NR5FR56, NRH7 02NR§?R60
S(O VR63, pyrrolidN ben (é&
nmet hyl pi per azi nyl /and - Coal Myl (i | optig%ally
substituted1 64 YhYdr o YR%:L al koxY>NRR , phenyl
henyl or ollnyl) fl2nl n_i D AXI"™ WO
2009/ 074829 PCTQ?ﬁ%g 51173 166 8. A conpound
according to cl wherein the aromatic ring bystem
in Bis selected from phenyl, pyrazolyl, pyridinyl,
i ndol yl, oxazol yl, quinolinyl, pyrinidinyl and
whetdim enyl , 9. A conpound according to any one of clains

1to 8, erein presents a bond. 5 10. A
6&%@8%%6%9@6}%@ g BB 1 bei ng:

Chl or obi phenyl - 4-yl)-1-cyanoet hyl [
éf e %@Pﬁl@d@&&gwo phenyl-4-y1)=1-¢y yPIP

ano-2- (3" -(piperidin- |
%pK§4#S blp enyl - 4-yl ) et hyl ) pi peri di ne- 2-

%;hb‘%%(%?g%%g rkt@r reﬂreseqts ﬁal%e‘)n ]l_lydroxx ?rﬁ)orgl cyang, (Ijbcﬁ alkyl, Cy-
Cs aﬁﬁ amﬁ%?wl‘ﬁén@” R aRoot hy G pesPaRoRz: M psozR ™

oxwﬂw

(@)Tma(n@§ -iy opyonatiy spbsrsytEd Wphdigroxy. Balggenagyanoet hyl )

pi peri di ne- 2- car boxam de,
CpQégmbk%(S)-1-Cyano-2-(3'-cyanobiphenyl-4-y|)ethy|)pipe

ri di ne- 2- car boxam de,

R represents a hydrogen atom or a C-Cg alkyl group optionally substituted by at least

one substituent selected from halogen, hydroxyl, carboxyl, cyano, trifluoromethyl, C1-Cg
alkyl, C3- c6 cycloalkyl, NR°R'?, cconr''R'2, NRPcio)R™, s0,NRPR,
NR SOzR and S(O)pR ;

R3 represents a hydrogen atom or a C1-Cg alkyl group optionally substituted by at least
one substituent selected from halogen, hydroxyl, carboxyl, cyano, trifluoromethyl, C1-Cg
alkyl, C3- c6 cycloalkyl, NR2'R*!, c(ONR*™R®, NR*C(0)R?, S0,NR™R?,

NR SOzR and S(O)qR ,
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(S)-N-((S)-2-(3" -(Am nonet hyl ) bi phenyl - 4-yl)-1-cyanoet
1n2dmpl ypper i di ne- 2- car boxam de, 15
W@ B)09MF48LEB) - 2- (3" - Acet am dobi phenyl - 4-yl ) - 1- cyRC€IDEBROPBYS1173
pi peri di ne- 2- car boxami de,
(S)-N-((S)-1-Cyano- 2-(4' - (nor phol i nonet hyl ) bi phenyl - 4-
yl ) et hyl ) pi peri di ne- 2- car boxgam de,
(S)-N((S)-1-Cyano-2-(4-(pyridin-3-yl)phenyl)ethyl)pip
eri di ne- 2- car boxami de,

ﬁ()géﬂﬁﬁ “'}' )%li};d%aeﬁ%}o%ﬁ %gfl Eﬂy@;@Eéfg%oup 0pt1 Hy Elﬂ) fl Mllte_d415§y at least

S) - pi peri di ne- 2- car boxani do) et

one W%H‘@lﬁw se@%grf%&wlpgenachyéroxzb carboxyl, cyano, trlﬂuorornetﬁ/yl C1-Cq

angr 2 (R rrol4{zdi n l o
alkyhycs %méalﬂiyﬁjwp&%u iR e ORI SO TR

1S - N; ( () - 2- (45 (1
NR HSO@HO arﬂi—S(lo))menyl) 1- cyanoet hyl ) pi peri di ne- 2- car boxa
mde (29)-N [(1

R rdsrean: J(d%geﬁ%&daﬁwbuqt@gmkylﬁgrwﬁ @ﬂtﬂ)\ﬁhﬂlﬁ SRRGM IS at least
2- car boxam

Pi peri di ne- 2- car boxyl i ¢ aci

one %L%)éﬁfkl%?te e(:t(eé)f}gén %%18%%12 nl?dp%/z! ?ﬂh&% y’aé%n{)hy Fsuogi)nhetléyl C1-Cq

alky?%é?ay GocpepelSi éﬂ%ﬁ” y %%5{44§42y%e%9 I8 ¢ hSQ2R afne

- cagpoxam de,s
NR S§OBR( (fS)d-SL(ngRanr or (3' - cyanobi phenyl - 4-yl ) et hyl ) azeti d
e- 2- garboxam de, (2S)-N-[(1
& -ahd By dogptiRor [wit] the caiboe titoyrisga Iwﬂminﬂnby pieetgtedreprygscnt a
et hyl ] pi peri di ne-2- car boxam de,
CYC1QIZISPy1MJI[g( 928) 1- Cyano- 2- (4-1, 2- oxazol 4 yl phenyl ) et hyl ]
speri di ne- 2- car boxam de, (28 N-
%) apd &/aﬂgﬁﬂzﬂmﬂ(@e GREDRY RO oariich wre) @iﬁ)@h«;ﬂ. ijorm a saturated or

R LR AU 20 PP A YO,
subsg}uhéltf ﬁgpl'egstbﬂe GbssRUARO g&!&&gf%& IHQl%)Qé/A ]hydroxyl carboxyl and

pi peri di ne-2- car boxam

Ci- %aﬂgqulano 2-[ 4- (4- cyanophenyl ) phenyl ] et hyI ] pi peri di ne
car boxam de, (2S)-N-[ (I

B) anl- K&@hﬂn&aieﬂddlﬁlylfepl’@wﬁywbefbyl O-pB@bYlcH aromatic ring system
et hyl ] pi peri di ne- 2- car boxam de

optiegyally coyppriging af leagtjone gigg myyewltqﬁ éqzlcczte%,fryglﬁgﬁggejn oxygen and
ulp?%&ehm[gpﬁ?é Ll %&gﬁp&%&@ﬁ{ﬂﬁg@? rt(l)e)(a§tporn()eps§/1 3 enr% ;T:]_]ected from
halof) gpyéa}ﬁ&gyl iRt fag;m ?J{@,em?ro, 9%&9%% €39 éycfo(l kyl, C-Cg
alkeg%lg)%rcl’hl(l %gﬁ %'YF? _i&?r%_l?é6hyll<lrle£1%8i§ld (de al‘l%yfcar%onﬁoxy,
4-
Cr- %&ﬂ%@’%ﬁ%@gp}’]d[ MR o bR R R ERO . sonrR”

1- gyano- 2-4;4- (4-f 1 uoro- 2- phenylnethoxy henyl ) pheny
NR | ﬁ@]z“%]&iméiﬂ{ disparated 4- to 7-membered heterocyclyPoxy, benzyloxy,

C1-Cg alkylpiperazinyl and a C-Cg alkyl group (itself optionally substituted by hydroxyl,
C1-Cg alkoxy, NR64R65, phenyl or morpholinyl);
m, p, q, 1, t and v each independently represent 0, 1 or 2;

X2 represents a bond, an oxygen or sulphur atom, SO, SO», NR66, C(O)NR66,

NRCC(0), S0,NR®, NR®®S0,, C|-C; alkyl, cthenyl or cthynyl;
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i 0 carboxam de, (2S)-N-[ (I

1m@)n-i1» Q@ano- 2- [ 4- (3-f | uor o- 4- met hoxy- phenyl ) phenyl ]

w@elhor4seperi di ne- 2- carboxam de, (2S)-N-[ (| PCT/GB2008/051173

S) - 1- Cyano- 2- [ 4- (3, 4- di net hoxyphenyl ) phenyl ] et hyl ] pi pe
ri di ne-2-carboxamde, (2S)-N-[(I
S) - 1- Cyano- 2-[ 4- ( 2, 4- di net hpggyphenyl ) phenyl ] et hyl ] pi pe
ridine-2-carboxamde, is (2S)-N[ (I
S) 2- [ 4- (3- Car banoyl phenyl ) phenyl ] - 1 cyano- et hyl ] pi per

IRQ;lgﬁ nga?}hlngggeglndgﬁ%&%g{eé%fglhg[ir%get& 8} Cg alkyl or C3-Cg cycloalkyl, or
d 9, 11-
R’ ayﬁ )%3 H@%F‘;ﬂllﬂféﬁflhy‘lhf ;Bit&&ep aionptopvhigh sy ans eeached fogn ad-[te 7-

h I h I I
mem?&{ﬁén%t% R b s B e ) (28 - N[ (1
REAIAR 2 Spolipdons ety PsTns Y PRi i G B gy b g5 §a-Lo cyeloatyl,

or Rgteylgél o pe“@? ﬁ?tﬁ&f%égpggrg%géﬁgn 9% tigﬁ)éww}tached f)orrna4 to 7-
di b d 29)-N-[(1 9S-I
memebéy%i"ggp%gtf(ih tépQSV lf?%{géfogfgnpoiy pfwengll ) pLényI %

%t(lf\/é%% bfe%hd%& %4?8@3%%9)?(5%1 hy-odrgée)np I%:é’t %%{ﬁb{ ]%3 %@Wcloalkyl

di ne- th:ar boxani de,

or R 2@}(1 [(ogghen Wity gwdntzogezn atom fehichdhevaare pitashgd f%ﬁb% to 7-
II1et LI di ne- 2- car boxam de, (2S)-N-[(1 S)-
me ”E F(i f rof?ﬂ?llferfl}%l car banoyl ) phenyl ] phenyl ]

15 i b
%éﬁ%ﬁ KA %F%’%?P{?P%dﬁ%é%?cl'\?%%‘%v%ﬁ Syfg eyeloalkyl
k peri di ne- 2- carboxam d ?CB
or R( @}d [ feggpon Wit Higgupogen-afegn o wh B AR Pt 7-
h di 2- b de, 1f-2ni i
enfyehdy G%L%aéw%% BSscr) cazoos os117a 168 T
2%
% )i LG dEpRcpHy aRmeAT NS B G5 Bhghgr - Cocxcloats
di b d
or RS) 2 J plgﬁggét'éerl[ \?vﬂe é“erpgﬁ?qg&?%fmx vl t‘?eﬁ"é}}cﬁ t%emrsf plishgd fapng fqto 7-
er | oxam de, s
me“ﬂf%)d Sﬁl-u[rftle‘éﬁetim@ W8 [ 4-[ 6- (4- net hyl pi perazin-1-yl)p
&QI’Z W R33 ga{cllqg(?e%gn(lenhg¥eIJrQseBtehy(f1j’|0£e% C1-Cg alkyl or C3-Cg cycloalkyl,
or R22 and R23 together with the nitrogen atom to which they are attached form a 4- to 7-

membered saturated heterocyclic ring;

2 2 .
R 6 and R ’ cach independently represent hydrogen, C;-Cg alkyl or C3-Cg cycloalkyl,

26 27 . . .
or R" and R together with the nitrogen atom to which they are attached form a 4- to 7-
membered saturated heterocyclic ring;

R31 and R32 cach independently represent hydrogen, C;-Cg alkyl or C3-Cg cycloalkyl,

1 2 . . .
or R3 and R3 together with the nitrogen atom to which they are attached form a 4- to 7-

membered saturated heterocyclic ring;
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2- carboxam de, (2S)-N-[ (I

1m@)n-1» Qyano- 2- [ 4- ( 2- hydr oxyphenyl ) phenyl ]

w@elhor4seperi di ne- 2- car boxanmi de, (2S)-N-[(1 PCT/GB2008/051173

S) - 1- Cyano- 2- (4- qui nol i n- 8-yl phenyl ) et hyl ] pi peri di ne-2
-carboxam de, (2S)-N-[ (I
S) - 1- Cyano- 2- [ 4- ( 2- net hyl phggayl ) phenyl ]
et hyI ] pi peri di ne-2-carboxam de, io (2S)-N[ (I
S) - Q/ano 2- [ 4- (2- phenyl met hoxyphenyl ) phenyl ] et hyl ] pi

éBi di
g 1?0%%?%5” HET s il Gl e rfppysioaliyl
d 2- b
Rzﬁsglmi\ﬁﬁ tsgg@érogy)lgﬁ g‘le?ﬂ(fqgep@t% Snopishitheyarg atfachsh &31yn § drto 7-
men(t%fg plaf)e“ Qt%éﬁ ?C%?I?gza%d((az hydr oxyet hyl ) - 2- oxo- 2, 3-
%’3%%%% VI VG ﬁ@?%psﬁl%gﬁva?%%&t g s kel or C3-Ce eyeloalyl
Rdl Wob@ﬂﬁé rg&%;?ﬁ ?hgﬁ)éqrog-;:n atorn to %wg eeyt al}e laztacheg foormza 4? to 7-
h di 2- b d
me "%%%éo ‘%@')f‘?g} %ﬁ%ﬁ%lpe” I niyangag E)12(Iaumorgb| phenyl - 4-yl)
?S?XN% P\?:g? f d z)ﬁ%de% % Egp)%s&}glwgr%gen C1-Cg alkyl or C3-Cg cycloalkyl,

4% met hyd t hi o) bi phenyl - 4-yl ) et hyl gl eri di ne- 2-
or Rcaﬁ%&arﬁog%thermlth the'nitrogen atom to which they are attached form a 4- to 7-

"&%ﬁd GBI B sdi el ne. 2. car boxar de )T
?ﬁ/@ aIAd § %a{cﬁ)}%e rﬂ)%epltlg T?Pée% Pléyéﬁ%%e%a:#%é6 a%édony 'd3k-’t§’ Q}gcloalkyl,

1-Cy -2-( I | ) bi ph
or Ren?/q‘d %45§/W0%%@?Wle)tlelﬁé}lﬁT‘%ﬂ%é‘t%n tozwh@g%%%ﬁ%@ hed Yorkna Bto 7-

me“%)ergéi S@H‘%%%P%%%Wh%mg( met hyl sul fi nyI ) bi phenyl - 4-yl)-1

&Y G ik P Reh gl s ose SR BRI € Gk g Ko pyctoatiot,
or R s&n@ﬁtggetli}érc‘ylé% @eglgée%%ﬁ@ #h chﬁéw(%% gﬁ@%?%ﬁ%fn to7-
me%ef% SE IR RESS BT/ ceno0s 081175 160

nyF‘ N RE §ac HI%/e)an%eg 1l e SEBIR o™ g BT 8P LEL Blttoalkyl,
or R>? and R™ together with the nitrogen atom to which they are attached form a 4- to 7-
membered saturated heterocyclic ring;

> and R56 cach independently represent hydrogen, C;-Cg alkyl or C3-Cg cycloalkyl,

55 56 . . .
or R"" and R together with the nitrogen atom to which they are attached form a 4- to 7-
membered saturated heterocyclic ring;

R59 and R60 cach independently represent hydrogen, C;-Cg alkyl or C3-Cg cycloalkyl,

or R59 and R60 together with the nitrogen atom to which they are attached form a 4- to 7-

membered saturated heterocyclic ring;
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car boxam de, (S)-tent-Butyl

1M & (Bywd- cyano- 2- (3' - cyano-4' - (propyl sul f onyl ) bi phenyl

WO 2009974824 hyl car banoyl ) pi peri di ne-1 - car boxyl at BCT/G82008/051173

(S)-N-((S)-1-Cyano- 2- (4- (3-net hyl - 2- oxo- 2, 3-di hydr oben
zo[d] t hi azol -5
yl ) phenyl ) et hyl ) pi peri di ne-ggscar boxam de, (2S)-N {(1
S) - 1- Cyano- 2-[ 4- (1, 1- di oxi do- 2, 3-di hydro-1, 2- benzi soth
i azol -5- yl)phenyl] ethyl}piperidine-2-carboxam de,

ReY ad RO i BRRasRn Ferk Rt o gen CYEE A1GToP TV cycloallyl,

y4 ) phesy! ) et hyl ) pi_per.i di ne- 2- car boxam de, 2S)-N-. {(1
or Rg) and Ry aigether with thepiirogan.afon tovBiendbeysrg agiqhgd fyma 4-to 7-
enzi sot hi azol -5- yl ) phenyl ]
e S Bes Frine SlecBbosan de.
S)- N Ha 17 -12- (W4 - @7 hylBbj, phedyl 526 yR§ es29y] Jpi pé 36
gf?%’i%@éﬁcar]’?bw' e frif ug%/oa et’z{xe’,R K SERIPIRPE R,
39 ($)0- N ( Sb- 140y 300-32- ( 45 - (% med hh sudof amows) bi phenyl - 4
RK1) Bt ) pRpeR di%eag- od¥ boBtamR\ge’Ri sand‘%/é independently
trifluoroacetate, (S)-N-S(S)-Z-(4' -(Azetidin- |
represghis @l Hydrogeh biopheiny C1 4-gyallyyl 10rc Gar aetyllpalkyl geoupdinde- 2-
c% boxam de trifl uoroacetate,
R §fé1§r<és(eﬁ)sa1ry®mﬁﬂaﬂaﬂ(éfacmﬁkw@mwet hyl) sul f anoyl )
bi phenyl - 4-yl ) et hyl ) pi peri di ne-2- carboxam de, 20
a ph@iB)achhtf{daBy adcePiehirosali-tlittof{ met hyl car banoyl ) bi phenyl - 4-y
| ) et hyl) pi peridi ne-2-carboxam de trifluoroacetate,
(S)-N((S)-1-Cyano-2-(4"'-(pyrrolidine- |
2. Acaﬁll%wh)a@do@aiﬁg% cl4my I hefcborh hpd per i di ne- 2-
car boxam de trifl uoroacetate,
(S)-N-((S)-1-Cyano-2-(4' - (4-net hyl pi perazi ne- |
- car bonyl ) bi phenyl - 4-yl ) et hyl ) pi peri di pe-2- 25
3. degameneand decording fuelpigad of shaem 2( 8;“3@@!11(}6 Sys-mgthylene.
- Cyano- 2- (6- (4- cyanophenyl ) pyri di n-3-yl ) et hyl) pi peri di
ne- 2- carboxam de trifluoroacetate, (S)-N-((S)- |

- Cyano- 2- ( 6- (3- cyanophen riding-3:-yl)ethyl)piperidi
4 AR SR 0L e baet 4t & wagrein T HepBeRSt hdrogen
aton{ S)-N-((S)-1-Cyano-2-(6-(2-hydroxyphenyl)pyridin-3-yl)

ét hyl ) pi peri di ne-2-carboxam de, (S)-N-((S)- |

- Cyano- 2- (6- (4- (N, N-di net hyl sul f anoyl ) phenyl ) pyri di n-3

-yl ) et hyl) pi peri di ne- 2- 3 4 5
5. A compound according to any one of claims 1 to 4, wherein R”, R and R~ each represent

a hydrogen atom.
6. A compound according to any one of claims 1 to 5, wherein A represents phenyl.

7. A compound according to any one of claims 1 to 6, wherein B represents a 5- to 10-
membered aromatic ring system optionally comprising one or two ring heteroatoms
independently selected from nitrogen, oxygen and sulphur, the ring system being optionally

substituted by at least one substituent selected from halogen, carboxyl, hydroxyl, cyano,

C|-Cg alkoxy, -NRR, -c(OINR™R®, NR* c(0)R*®, 50,8R*R®, 5(0),R®,

pyrrolidinyloxy, benzyloxy, methylpiperazinyl and C{-Cgalkyl (itself optionally substituted

by hydroxyl, C1-Cg alkoxy, NR64R65, phenyl or morpholinyl).
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carboxam de trifluoroacetate, 1fk2nl n_i D AXI" WO
10220008 874829 PCT/ GB2008/ 051173 170
W@ B)09MF48LB) - 2- ( 6- ( 3- Chl or 0- 5- (di et hyl car banoyP¢pE8R0B)N51173
pyri di n-3-yl)-1- cyanoethyl) pi peri di ne-2- car boxam de
trifluoroacetate,
(S)-N((S)-1-Cyano-2-(4"'-(t166¢ | uor onet hyl ) bi phenyl - 4-y
| ) et hyl) pi peri di ne-2-carboxam de trifluoroacetate, 5
(S) N-((S)-1-Cyano-2- (3" -(piperidine-I|-carbonyl)biphen

8. W comptiuh@bbodrdink REEILRH NewRercinahdMoATAtE8ing system in B is selected from
trifluoroacetate,

pheny$) pyvatqlg) -pyn@yarhomgol(yia'oxezqiylamnolznm ambding i dbihpineh
yl -4-yl)ethyl)piperidine-2- carboxam de
trifluoroacetate,

9. %Sc) E%q%aaﬁc]q @{?@o ar%I ?an%%()zilg(g S,toxgi‘{ér&% J?h%%sgrptk QIBSHd

peri e
(S) N-((S)-2-(3"-(2-am no-2-oxoet hyl ) bi phenyl -4-yl)-1-
cyanoet hyl ) pi peri di ne- 2-carboxam de trifluoroacetate,

10. &‘gomiboam&)aedordi;agltmelaﬁm$bei(n@ N- di met hyl sul f anoyl ) bi phen

(S)-]t%-r((éT%b) gil[%/?l%gfé&y | dll{]? cyanoe %%%(paelrr?dmeQ carboxamide,
(S)- I(I@S)N‘ é&a%)o j—(@(?ﬁb@n&m( 13ym(a%{1}b<ﬁbﬁeﬂyln4Jyt)whwblfp@ﬁ&ﬁhém ph

|- 4-yl) et hyl) pi peri di ne car boxam d
Carbt)xarflllda,or oac et at e,

(S)-lg-ﬁg%)[-\b- t;l?% éltyk 2 pP 6gan(0§thﬁzgp§érro %’Aé?ubf o:%%g]argﬁ)(fm thyl)bi ph

oxa

(S)-XK({FHlu QaB@I 1-€H-pyrazol-4- yl)phenyl) 1 cyanoethyl) p1per1d1ne-2 carboxamide,
cet am donet h bi phenyl - 4-yl)-1-cya

(S NahDR4-Chrtietos Hinhensl- S OBy Do e 2 cabdcamide
SO CL IR Smotinteny 4y eluperide Frearhosg it £ ony

(S)- N)((ﬁ){ﬁhéih{/Amﬂndyﬂle)l@tl}‘lylbbepypéM)dl Dﬁ-nﬂethyapilpelxdlma-d&:arboxarnide,

(S)- 1%%' 'rif@%)cgt%%ﬁ@we@w&ryl)( hbyasnethy ReB e By roPHoAREIR -

(S)- 142} é?{d)) 1CEDH oL Y PG FrlofliHAEnSmERE DOHAGHIS -y 1ty ) R RAREE BB oxamide,
(S)-NHSHN-CyBio- 2 mmoh2 3 (A phé¢md yegtyhpiperiderxcalzcarbdxaptidel| f on
(S)-]%lr(k‘girﬁg?%g%-ﬁég%gé()’d%xgyi‘-)nPeitl?y%iipﬂén@?:ﬁlg};l)e ayrl)%?ﬁ(e?ﬁn%?}carboxarnide,
4'-((8)-2-Cyano-2-((S)-piperidine-2-carboxamido)ethyl)biphenyl-3-carboxylic acid,
(8)-N-((8)-1-Cyano-2-(2'-((R)-pyrrolidin-3-yloxy)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide,
(8)-N-((5)-2-(4-(1H-Indol-2-yl)phenyl)-1-cyanoethyl)piperidine-2-carboxamide,
(25)-N-[(15)-1-cyano-2-(3'-methoxybiphenyl-4-yl)ethyl|piperidine-2-carboxamide,
Piperidine-2-carboxylic acid (2-biphenyl-4-yl-1-cyano-ethyl)-amide,
(25,4R)-N-((S)-2-(biphenyl-4-yl)-1-cyanoethyl)-4-hydroxypyrrolidine-2-carboxamide,
(R)-N-((S)-2-(biphenyl-4-yl)-1-cyanoethyl)thiazolidine-4-carboxamide,
S)-N-((S)-1-cyano-2-(3'-cyanobiphenyl-4-yl)ethyl)azetidine-2-carboxamide,
(25)-N-[(185)-1-Cyano-2-[4-[4-(dimethylsulfamoyl)phenyl]phenyl]ethyl]piperidine-2-
carboxamide,

(28)-N-[(185)-1-Cyano-2-(4-1,2-oxazol-4-ylphenyl)ethyl |piperidine-2-carboxamide,
(28)-N-[(185)-1-Cyano-2-[4-(3-methylsulfanylphenyl)phenyl]ethyl]piperidine-2-carboxamide,
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(S)-N-((S)- | _
1ma@yamovA- (4- ( 3- met hyl - 2- oxo- 2, 3-di hydr obenzo
wQ ajooxased - 5- yl ) phenyl) et hyl) pi peri di ne- 2- car POKGBR@S/051173

(S)-N-((S)- | _
- Cyano- 2- (4- (3- (2- net hoxyet hyl ) - 2- oxo- 2, 3- di hydr obenzo
[d] - oxazol -5 30 167

yl ) phenyl ) et hyl ) pi peri di ne- 2- car boxam de, (S)-N-((S)-
| - Cyano- 2-(4-(3-nethyl-2-o0xo-2, 3-di hydrobenzo

(2S)LN’-][G1‘SD-§ anB-2- |i4 -(4-hydrox gphenyl)phenyl]ethyl]p er1d1ne-2 carboxarmde
enyl’) et hyl ) pi peri carboxam i D

(2S);&§<1[(p15%(2®®97‘26m mammyﬂﬁmﬂmelmme-Z carboxarmde

(2S)C}\§%[;gllg$ g(é%n% 2% 8thg1(y;%1 n)glgphe}{}ql e(%ﬁ}/lﬁlgé/rg(?me?ﬁ %ér%oxarmde

QSN X@B‘?—l]}¢9aﬁbf2}l[4)-(Fll-11ﬂ6tﬁ1§l@|yfbﬁo24-@1@{)B&M}éﬂﬁﬁ]plpendlne-2 carboxarmde
cyanobi phen et hyl ) pi

9Nl i) e B Gy onsprars hat aheny By Ipipetdie. 2

L ((S) - 1-Cyano- 2- (4' - (cyanonet hyl ) - 3" - (et hyl sul fo
Carbg)arsl%ll- phenyl - 4-yl ) et hyl ) - pi peri di ne- 2-carboxam de
(2S)tN-I[¢1LSm-GF(Qe’ﬂx&ltza[(lei]dloxol 5-ylphenyl)-1-cyano-ethyl]piperidine-2-carboxamide,

(2S)T(I§2é{,1%(l g&a-?lga%g&g%ﬁﬁ- rop%@gjrﬁll g%l(lfe%? ]pllgerl]rled?nel-%-gatlr%g!(armde
CRA1- G0 2 (i syanghhphemd, ﬂ%h}ﬁp&f&9ﬂ&ﬁ%lb%cﬁnea-

eri car box ate
carb@@)mﬂe,((lR 2R)-2-(4' - (Azetidin-1-ylsul fonyl) bi phenyl -

(2S)fT‘¥ %lp’i & %@-8 cfl)rx|4) 1%'6&8{(3'1 %henyl)pflelgyﬂeﬁ%ﬁ%{geggineQ-

carbbxamilie ( (S) - 1 Cyano- 2- (4' - (trifl uoronethoxy) bi phenyl - 4-
yl) et hylé;)l peri di ne- 2- car boxam de,
an!

25)(8) (1 ((Spane-2cdfalet- dehﬂxymwmh@nyﬂbﬁwﬂ]pmepﬁ@ﬁ;a crbgiamide,
(25)¢ %Q%’g)lgi‘y ir IZd Lfln@téﬁ d%gelrtlgogixa nﬁl?)ppetgy(l]%@y]]plp(erldlneQ carboxamide,
(285)- NJ[(susb QanB)(birﬁdiﬁJtheﬁyMbﬁ@M]yﬂ k@n@&nhﬂ] dirleS2-carboxamide,

carboxam de ditrifluoroacetate,

(29)- W%lr%l L yano=2¢ -t ﬁl)wpiablquAo[dﬂa(HéwZﬂ oyl rien-s-
yph PRl AR B phedHl s dinydd et hy1 ) pi per i di ne- 2-

uor oacet at e,

2SN C1H-2([&)[ 4 J(A@ﬂﬂﬂﬁﬁetﬁyl()ﬁien&ﬂphqnbm ﬁmetdﬁwl)pmemﬂdﬁmﬂ edrboxamide,
(2S)ty;}1-[(§é5] )ilé}Palnge{ n(?lrneth ?a{n?lg)o(qulmql%m 5- E)pileny %‘[h(gr %ﬁ)tel?itdl%e-}
Carbg@ml%((S) 1- Q/ano 2-(4-(1, 2, 3, 4-tetrahydroi soqui nolin

6-yl ) phenyl ) et hyl ) pi peri di ne-2- car boxani de
(2S)dﬂ-t[(rl|Sb-Il toranaceldatdemethylthiophen-3-yl)phenyl]ethyl]piperidine-2-carboxamide,

(25)-N-[(15)-1-Cyano-2-[4-(3-fluoro-4-propoxy-phenyl)phenyl]ethyl|piperidine-2-
carboxamide,
(28)-N-[(185)-1-Cyano-2-[4-(2-methoxypyridin-3-yl)phenyl]ethyl]piperidine-2-carboxamide,
(25)-N-[(185)-1-Cyano-2-[4-(2-methylpyrazol-3-yl)phenyl]ethyl]piperidine-2-carboxamide,
(25)-N-[(185)-1-Cyano-2-[4-[3-(dimethylcarbamoyl)phenyl]phenyl]ethyl]piperidine-2-
carboxamide,
(25)-N-[(185)-1-Cyano-2-[4-(4-ethylsulfonyl-2-methyl-phenyl)phenyl]ethyl]piperidine-2-
carboxamide,
(28)-N-[(185)-1-Cyano-2-[4-(3,5-difluoro-2-methoxy-phenyl)phenyl]ethyl]piperidine-2-

carboxamide,
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or a pharmaceutically acceptable salt thereof. 11. A
1mpmocesenf or the preparation of a conmpound of fornula
W@ 2009074829 phar maceuti cal ly 25 acceptabl e salt P¢CEGBRG08/051173

as defined in claim1 which conprises reacting a

compound of formula (Il) RA RS R32 H2NCNAB

(1) 1f-2ni n_i D AXI" WD 2{¥¥/ 074829

PCT/ GB2008/ 051173 172 wherein R3, R4, R5, A X2 and

B are as defined in formula (I), with a conpound of

(2S)fI®J’[(fFSb-€} C alnblz)[ﬁ@(h@d%m&h%l){oﬁ@n&l]ﬁheﬂy@%@yﬂngehhl)ne@

wher ei n represents a protecting group an
carbyxarm]deand RZ are as defined in forrrul a (1), and

R e e Y T T

cmbﬁﬂﬁﬂMba (I) into another conpound of formula (1)
r enovi any rotectin roups formng a
(2) Pk i leane o 14y L baddcrmphaipinerazan-) ~yDpyGimss-yphenylethylIpiperidine-
2‘”5&’ eutlcal conposition conprising a conpound of
ornula’(l) as clained in any one of clains 1 to 10

(2S)€N [@ Sph & yaao 4 4i-Qalhtdyo-apheptl pihkey | Rl [pipeeidaet2-tarboxamide,
e ﬁéﬁﬁ%clyoag%én%ulmhrb :ynr?hg%qt Iiﬁsger%%gfgﬁw%ﬁaaraﬁe
<2S)2@'Eﬂ5? e PR PR e AR R PR s Pt
(28)t¥-¢eltS)-h eCrason- (thmlnmﬂub@phmwd)ph@lyrb]@thﬂﬂpweyldnhies?eemboxarnide,
(2S)c}\1 [( 1%5 | eé}%' 52 ﬁl- -rnet%ylpyrldln 3-yl)phenyl]ethyl]piperidine-2-carboxamide,
(S)-N-((S)-1-Cyano-2-(4-(6-cyanopyridin-3-yl)phenyl)ethyl)piperidine-2-carboxamide,
(S)-N-((S)-1-Cyano-2-(4-(3-(2-hydroxyethyl)-2-o0x0-2,3-dihydrobenzo[d]thiazol-5-
yl)phenyl)ethyl)piperidine-2-carboxamide,
(S)-N-((S)-1-cyano-2-(4-(3-(2-methoxyethyl)-2-0x0-2,3-dihydrobenzo[d]thiazol-5-
yl)phenyl)ethyl)piperidine-2-carboxamide,
(S)-N-((S)-1-Cyano-2-(4'-cyano-3'-fluorobiphenyl-4-yl)ethyl)piperidine-2-carboxamide,
(S)-N-((S)-1-Cyano-2-(4’-cyano-3’-(methylthio)biphenyl-4-yl)ethyl)-piperidine-2-
carboxamide,
(S)-N-((S)-1-Cyano-2-(4’-cyano-3’-(methylsulfonyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide,
(S)-N-((S)-1-Cyano-2-(4'-cyano-3'-(ethylsulfonyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide,
(S)-N-((S)-1-Cyano-2-(4'-cyano-3'-(propylsulfonyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide,
(25)-N-((1S)-2-(4'-Carbamoyl-3'-(methylsulfinyl)biphenyl-4-yl)-1-cyanoethyl)piperidine-2-
carboxamide,
(25)-N-((1S)-1-Cyano-2-(4’-cyano-3’-(2-methyl-1H-imidazol-1-yl)biphenyl-4-
yl)ethyl)piperidine-2-carboxamide,
(S)-N-((S)-1-cyano-2-(3’-cyano-4’-(methylthio)biphenyl-4-yl)ethyl)piperidine-2-

carboxamide,
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14. Use of a conmpound of formula (1) as clainmed in any
1momeiwivol ainse 1 to 10 or a 20 pharmaceutically
waecweptskd e salt thereof in the manufacture of PEI/GB2008/051173

medi canment for use in treating asthma, chronic

obstructive pul nonary di sease or allergic rhinitis.

15. A nethod of treating anigstructive airways

di sease in a patient suffering from or at risk of,

sai d di sease, which conprises admnistering to the
(S)-thsr,)erltyanct-m'ag@m-uc?ﬁétuylgtlfo%gﬁ)bl ﬁ_er%ﬁ-@ﬁ[%ﬂ?}l)p}éerﬁline-z-

conpound of formula (1) as clainmed in any one o
carbekamigs, 1 to 10 or a pharmaceutically acceptable salt

b Emrdsd 52 37 RORIRREDP B4

yD)ehoORRP&AyDpiptadiatd 1 acatoxyRse,cl ai med in any one of
claims 1 to 10 or a pharnaceutically acceptable salt
(S)-NHEYebf yant2 dd3 wicthdrieoxyAtdhydihoperlddthiargl-Sel ect ed
. - sthel, ol .l ucocorticoid receptor
yl)p%{gng/%tsh?’%)ﬁlpgﬁglg?ezc{a%(g&%&%’ adrenoceptor agonist; 5
(2S)phigs)oldCesice?-§4-€1, i alvxdidd-0/3-dihpdrps1g2-basssoithifidbist or ;
a glucocorticoid; n anticholinergic agent; a
yl)pmuﬁfiw@plnﬁfldme%%ﬁ?f@ml%eptor function; and 10 an

(S)-NO(K)P1 -C9hnR2b- (i 83383 MBRL R H-benzo[b][1,4]thiazin-7-
yl)phenyl)ethyl)piperidine-2-carboxamide,
2S)-N-{(1S)-1-Cyano-2-[4-(2-methyl-1,1-dioxido-2,3-dihydro-1,2-benzisothiazol-5-

a

yl)phenyl]ethyl} piperidine-2-carboxamide,
(S)-N-((S)-1-Cyano-2-(4'-ethylbiphenyl-4-yl)ethyl)piperidine-2-carboxamide trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(4'-(N-methylsulfamoyl)biphenyl-4-yl)ethyl)piperidine-2-carboxamide
trifluoroacetate,
(S)-N-((S)-2-(4'-(Azetidin-1-ylsulfonyl)biphenyl-4-yl)-1-cyanoethyl)piperidine-2-
carboxamide trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(4'-(N-(2-hydroxyethyl)sulfamoyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide,
(S)-N-((S)-1-Cyano-2-(4'-(methylcarbamoyl)biphenyl-4-yl)ethyl)piperidine-2-carboxamide
trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(4'-(pyrrolidine-1-carbonyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide trifluoroacetate,

(S)-N-((S)-1-Cyano-2-(4'-(4-methylpiperazine- 1 -carbonyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(6-(4-cyanophenyl)pyridin-3-yl)ethyl)piperidine-2-carboxamide
trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(6-(3-cyanophenyl)pyridin-3-yl)ethyl)piperidine-2-carboxamide
trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(6-(2-hydroxyphenyl)pyridin-3-yl)ethyl)piperidine-2-carboxamide,
(S)-N-((S)-1-Cyano-2-(6-(4-(N,N-dimethylsulfamoyl)phenyl)pyridin-3-yl)ethyl)piperidine-2-

carboxamide trifluoroacetate,
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(S)-N-((S)-2-(6-(3-Chloro-5-(dimethylcarbamoyl)phenyl)pyridin-3-yl)-1-
cyanoethyl)piperidine-2-carboxamide trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(4'-(trifluoromethyl)biphenyl-4-yl)ethyl)piperidine-2-carboxamide
trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(3'-(piperidine-1-carbonyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(3'-(thiazol-2-ylcarbamoyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(3'-(2-cyanoethylcarbamoyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide,
(S)-N-((S)-2-(3'-(2-amino-2-oxoethyl)biphenyl-4-yl)-1-cyanoethyl)piperidine-2-carboxamide
trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(3'-(N,N-dimethylsulfamoyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(3'-(pyrrolidin-1-ylsulfonyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(3'-(methylsulfonamidomethyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide trifluoroacetate,
(S)-N-((S)-2-(3'-(Acetamidomethyl)biphenyl-4-yl)-1-cyanoethyl)-piperidine-2-carboxamide
trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(4'-(4-cyanopiperidin-1-ylsulfonyl)biphenyl-4-yl)ethyl)piperidine-2-

carboxamide trifluoroacetate,

(S)-N-((S)-1-Cyano-2-(4'-(morpholinosulfonyl)biphenyl-4-yl)ethyl)piperidine-2-carboxamide

trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(4'-(4-methylpiperazin-1-ylsulfonyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(4-(3-methyl-2-ox0-2,3-dihydrobenzo[ d]oxazol-5-
yl)phenyl)ethyl)piperidine-2-carboxamide,
(S)-N-((S)-1-Cyano-2-(4-(3-(2-methoxyethyl)-2-0x0-2,3-dihydrobenzo[ d]-oxazol-5-
yl)phenyl)ethyl)piperidine-2-carboxamide,
(S)-N-((S)-1-Cyano-2-(4-(3-methyl-2-ox0-2,3-dihydrobenzo[ d]thiazol-6-
yl)phenyl)ethyl)piperidine-2-carboxamide,
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(S)-N-((S)-1-Cyano-2-(4-(3-(2-hydroxyethyl)-2-o0x0-2,3-dihydrobenzo[ d]thiazol-6-
yl)phenyl)ethyl)piperidine-2-carboxamide,
(S)-N-((S)-1-Cyano-2-(4'-cyanobiphenyl-3-yl)ethyl)piperidine-2-carboxamide
trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(4'-(cyanomethyl)-3'-(methylsulfonyl)biphenyl-4-yl)ethyl)-piperidine-
2-carboxamide trifluoroacetate,
(S)-N-((S)-1-Cyano-2-(4-(phenylsulfonyl)phenyl)ethyl)piperidine-2-carboxamide,
(S)-N-((1R,2R)-1-Cyano-2-(4'-cyanobiphenyl-4-yl)cyclopropyl)piperidine-2-carboxamide
trifluoroacetate,
(S)-N-((1R,2R)-2-(4'-(Azetidin-1-ylsulfonyl)biphenyl-4-yl)-1-cyanocyclopropyl)piperidine-2-
carboxamide trifluoroacetate,
(8)-N-((S)-1-Cyano-2-(4'-(trifluoromethoxy)biphenyl-4-yl)ethyl)piperidine-2-carboxamide,
(8)-N-((S)-1-Cyano-2-(4'-(methylsulfonyl)biphenyl-4-yl)ethyl)piperidine-2-carboxamide,
((28)-N-(1-Cyano-2-(4'-(4-ethylpiperazin-1-ylsulfonyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide ditrifluoroacctate,
(25)-N-(1-Cyano-2-(4'-(4-methyl-1,4-diazepan-1-ylsulfonyl)biphenyl-4-yl)ethyl)piperidine-2-
carboxamide ditrifluoroacctate,
(8)-N-((S)-1-Cyano-2-(3'-(morpholinomethyl)biphenyl-4-yl)ethyl)piperidine-2-carboxamide
ditrifluoroacetate, or
(8)-N-((S)-1-Cyano-2-(4-(1,2,3,4-tetrahydroisoquinolin-6-yl)phenyl)ethyl)piperidine-2-
carboxamide ditrifluoroacetate

or a pharmaceutically acceptable salt thereof.

11. A process for the preparation of a compound of formula (I) or a pharmaceutically

acceptable salt thereof as defined in claim 1 which comprises reacting a compound of formula

(In
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wherein R3, R4, RS, A, X2 and B are as defined in formula (I), with a compound of formula

(111)
PG1\ 0
N
A
R R
CH),

(111

. . 1 1 2 .
s wherein PGy represents a protecting group and n, X , y, R" and R are as defined in formula

(I), and optionally thereafter carrying out one or more of the following procedures:
e converting a compound of formula (I) into another compound of formula (T)
e removing any protecting groups
e forming a pharmaceutically acceptable salt.
10
12. A pharmaceutical composition comprising a compound of formula (I) as claimed in any
one of claims 1 to 10 or a pharmaceutically acceptable salt thereof in association with a

pharmaceutically acceptable adjuvant, diluent or carrier.

15 13. A compound of formula (I) as claimed in any one of claims 1 to 10 or a pharmaceutically
acceptable salt thereof for use in treating asthma, chronic obstructive pulmonary disease or

allergic rhinitis.

14.  Use of a compound of formula (I) as claimed in any one of claims 1 to 10 or a
20 pharmaceutically acceptable salt thereof in the manufacture of a medicament for use in

treating asthma, chronic obstructive pulmonary disease or allergic rhinitis.

15. A method of treating an obstructive airways disease in a patient suffering from, or at risk
of, said disease, which comprises administering to the patient a therapeutically effective
25 amount of a compound of formula (I) as claimed in any one of claims 1 to 10 or a

pharmaceutically acceptable salt thereof.
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16. A combination of a compound of formula (I) as claimed in any one of claims 1 to 10 or a
pharmaceutically acceptable salt thereof and one or more agents independently selected from:

e anon-steroidal glucocorticoid receptor agonist;
e aselective By adrenoceptor agonist;

e aphosphodiesterase inhibitor;

e aprotease inhibitor;

e aglucocorticoid,

e an anticholinergic agent;

¢ a modulator of chemokine receptor function; and

e an inhibitor of kinase function .



