WO 20091074575PCT/ EP2008/ 067110 1 Organi ¢ Conpounds This invention relates to
organi ¢ conpounds, their preparation and use as pharmaceuticals. In one
aspect, the WOLWT4ER provi des compounds according to FEFHEPHSO6TIIR R7 " (N
NNNR11 Rio | 4 R3 or solvates, hydrat és or pharmaceutically acceptable salts
t hereof, wherein R is H halogen, Cl-Cs-al kyl, G -Cs-haloal kyl,

Ci - Cs- hal oal koxy, C;-C, 5-car bocy@fﬂ@lig?@m?f)l‘“ﬁ%tro cyano, a C6- CI s- menber ed
aromati c carbocyclic group, or a CI -Cs-al kyl substituted by a C6-C s-nenbered
aromatic car ocycl i C gr oup, , R4 a d R5 are each independently sel ected
fromA and CHYEEVEIRYFe! atgegd OW“‘C%“P‘F?Q PEFP AR 4% wWeahch i ndependent |y
sel ect ed frophadnac®O23066; aryl optionally substituted by one or nore Z groups;
a C3-Co carbocyclic group optionally substituted by one or nore Z groups;
C3-Cl14 heterocyclic group optionally substituted by one or nore Z groups;

Cl - Cs al kyl ptk esradt] ye subsion puivalds bynandragéordgnotoptonhilel i s optional ly
substituted by one or nmore Z groups, a C3-C o carbocyclic group optionally
substituted by one or nore Z gr oups or a C3-Cl14 heterocyclic group optionally
substituted by one or rmbe ZR ps s Or is represented by the forrmula 2:
-(Co-C6 al kyl ene) A-( ﬁo B- (cR12) 1- R22, wherein the al kylene
groups are opti one or nore Z groups; or R6 and 117

t oget her W|ththe Fto toNMTI<[c Mare attached forma 3- to 1 0- nenbered
het erocycl i cr§ro heinérgp c9 group including one or nore further

het er oat ons sel Ect ecNfroPlh N,R'O gnd ® “and the heter ocyclic group being
optionally subsgttuted bg: one or nore, Z groups; SO R'; C6-C s-aromatic
carbocyclic group optionally substi tut ed by one or nore Z groups; a C3-Clo
car bocycl i c grsolyptes, 4y @3teCldphaenaroyldl dcecppbbupltsoptridnahdrgin subst i t ut ed by one
or nore Z grRuy S :

2000/ 074575PCT) EP300E 0 er 110" 5 B m}aﬁgl %C%'SS'SI"QWWCEI Carbwégcr bon atomto
whi ch they a#@uRt'f{tes REHOfOrnt e n@mbﬁréd wnﬁéﬁff’é\a@cjdé@fcw@cwh(él erally!3- to

10- menber ed h@ttﬁn@w%cgcg;rrﬁaﬁberewueomrc@mewelhd@ow oup including one or nore

het er oat ons ected omN, O and rbocy and heterocyclic
groups bei ngﬁo&’l%ﬁ&fj[‘)}/a@lﬁ’b‘é’t P‘Eﬁﬁf'@ﬁ“@yse ﬁ&ég?mﬁ?ﬁ G (gcfraﬂ)lifbs S0212' 6;

G Ci s- ar onat R¢ ReatshRE Red and Fgrnaaacﬁptdepsrmakdty sslui&sltfrchmHeSD{cwé ane or nore Z
groups, a CB%on(mgllle suEslP(t)u(%ydcbyz)negg rorl%Ra Z%rou%s agé%él CDlIebOCpr(, r%llé%g t%nﬁl optionally

substi t ut ed c formula 2;
subsntuted by one or more Z groups C3 Cia heterocycllc group optlonally substltuted

by one or more Z groups; Ci-Cs alkyl optionally substituted by an aryl group which is
optionally substituted by one or more Z groups, a C3-Cio carbocyclic group optionally
substituted by one or more Z groups or a Cs-Ci4 heterocyclic group optionally

substituted by one or more Z groups; or is represented by the formula 2:

-(Co-Cs alkylene)-A-( Co-Cg alkylene)-B-(X-R12)-R22) wherein the alkylene

groups are optionally substituted by one or more Z groups;

or R¢ and R7 together with the atoms to which they are attached form a 3- to 10-
membered heterocyclic group, the heterocyclic group including one or more further
heteroatoms selected from N, O and S, and the heterocyclic group being optionally
substituted by one or more Z groups; SO2R1%; C¢-Cys-aromatic carbocyclic group
optionally substituted by one or more Z groups; a Cs-Cio carbocyclic group; a C3-Cia
heterocyclic group optionally substituted by one or more Z groups; or a group

represented by the formula 2;



or it and 100 together with the carbon atomto which they are attached forma
3- to 10-nenbered carbocyclic or a 3- to 10-nenbered heterocyclic group, the
het erocycl i VGrWYP#HRcl udi ng one or nore heteroat ons sePEFEBRWSHN, 0 and S,
and the carbocyclic and heterocyclic g?oups bei ng optional ly substituted by
one or nore Z roups; SO2R16; C6-Ci s-aromatic carbocyclic group optionally
substi tuted ?fﬁoﬁé RS Fogeiawizh G sarpan atameo ¥hoh theapisoeieiet dorgrotie a C3- CH

het er OCyC||Cl@ﬁl@MQer&péaHQia?dhkMr§w§t101n%ﬂ>€re@lﬁet@ﬂ%@yc%gxﬂ9§ @hedhe@iQYAR; OF a group

repr esent ed ytheforrrula pr 128 an Rﬁtﬁf ‘2@@ ththe carbon atons to
whi ch they aFCURIPEYLABAT rirahgerorigm ol 9&? A€ or a 3- to

10- nenber ed &neﬂsceycmeyﬁd il(ﬂergd’yelll.qurodﬂé®elh§b[ﬁrdﬂﬁl%0dub£1tlgécbb},poﬂeRb@hldﬁh g one or nore
heteroatons sel eC rCO@ ?m%tlc car ogyglcﬁc %roup gptFo%!;lél ?X&ltllltgd gyncgnéhag}?igocyd ic

groups bei ng®'op ionza Py

C6- CA5- ar onampe ZCerpbmscylcﬂn(bo gurlmstpchoptquormﬂ 914$@rbls>tyctlugtedp bgﬂomnle/ or nore Z
groups; a G u@QtQur‘éél’BPQr?eyocflrﬁo(Eeﬂ pCHlBS o@ag%ugleﬁprél%ﬁi Wt)ﬁ@tdr&ugrzoulo optionall'y
substituted by one or nore groups; or a group represented by the fornula 2;
or R and It¢1 R9t9@éé?t'%regetwrwhtthrecadﬁtoar%owwW\aneweytt%bei fafrached forma 3- to

10- nenber edihgtabQE&Y &Ry BE BUP3- hhe- nhbe{belre@w@[lobﬁng%eu thd¥ekdigliyag one or nore
further hetcr oatoms sel ect ed onm N, O %% é:sh ocycl i c group being

nd
optional |y stBYR InERIHiER OB rdEe ?tef%tP'esze BﬁfﬁglNéaéi °C15- ar onat i ¢
car bocyclic @li-@i:tpoh@laﬁd Bi@bdyylicsibgts ibtitig e@l olﬁyllyQiﬂBstﬁItedTW(ﬁllegfoﬁdms a C3-C10
car bocyclic UDgy & p% het er oc cI i ﬁ grr oup_ op tL}/t%s ubstituted by one or
nore Z group u%sr & grotip T epresen 8&” e RRRG ﬁuvlsﬁ Sé' D%l ected from a
bond, -NR' (S@Qr)e ngO(IISOZ)CNFQ\Q caw®m>g¥0tlpm8@®§teqocyctx OpMROptionalyNRI 3C( 0) NR14-,
-NRIBC(O)O : ) t.ed from a bond,
_(C2-Ch al kehy g‘fF%B f%°Q|FT<°3%%}““P§(°Q)“‘gm%p@j“g‘“wa?)} tﬁ%ﬁ’%ﬁlﬁz NHaryl, a
C. 3-Cl4 car b@fc%ﬁcqndévgqgethpr \andthacebmt @Om&twaﬁeﬁhedarnettebeb ghiad- group, t he

het erocycl i cmﬁ]euperkmuugkflg)rQ@etoqro IR el RF R IR P EhERLE&H,LEOM N, 0 and S,
wherein the aryl, carbocyclic and heteroc cll%dgrou ps_are each optionally

subst it ut ed BYIRREIGPE H‘bf‘r‘?é moOrg PEEFHYOMS P Y0743 PEPETPEPF008/ 067110 3 Xi S
sel ected fr O&ﬁlrlébck&fbnﬁdnd hdw&gyﬁlmbups bei(® O )dINRLSsu bstit(t &) one or NRISL( O) -

0) NR15- , 0 and 5;
R ) S ol ect R O %Pwrc b e Oﬁﬁ'&ﬁ%smm%‘g c%necoym oal kyl -
- Cl- C8 al kyl ene-AZoGs; e;CeI(oactaklydcyc;hcgmdp, aa@yCm hetetveycbi grotimeptainkiyl ene,
cycl oal kyl ang..ar ) K S nore Z groups;
R13, RH, R 5&@ tﬁrtgi'?’gé‘? S Egﬁcg’é%g’ﬁ §ébbgF%%#%VJq?r 2 O 0B al kyl ;
R 6 is sel ectrdtd’ firdii' @ectdhsr witkipe atomsyd Wé'nbl thzY 3ce attachtd fayprrbertedO-het er ocycl i ¢

group, the hﬁErﬁB@&M@tér@cka%p' fhe Ihé’c@t'o@}&h@@%u&fnclﬂ@lﬁg ohke&r%(g@-hﬁ)m%r sel ected from
N, 0 and S; |s i nde en entI sel ected from OH, O-aryl, C7-Cl4 aralkyl,

0- C7- CH ar al kgiroatemps epscigd f€§’1“ & 25 ANk Higypere Ry 5@29 koM ORtIBEBiYNRI OR21,
(S02) R20, NRADE(0):RBOoneC OINRZ R2Ds; SNRLOC( ) NRLARLS carBREQC(ER)PRL0, NRIOR21,

C(0)OR19, (C( en, wherej.n the al kyl,

al koxy, aral Vé%ﬂon%ﬁ cf“gfvtgg?yo%ﬁé)rgﬁog\%eéﬁp &@d?féfﬂfgg%ﬂ%ﬁ‘?ui 4“6y one or nore
substi t ucnt shfseb@cli@odprcmmbﬂﬂ,y shiatiogerhy ogk oGAohal gahpsydr aagrduCi - C4 al koxy; 105
and R2 are e i selected fromfl and C-C6 alkyl; R and R' are
each mdepen%ggﬁ &g%gﬁ%gtge ! %omfl Cl-Cs al kyl; 03-Cs cycl oal kyI

al koxy- Cl1- C4Aa<15kly¢ted {r@nadandl- N?ﬁP)S(thSCbMR‘éndB@y sHRSEiQut-ed) W‘one or nore
groups sel ect eghif B4 GorAEKY D, ﬁi{ﬂcﬁj ?éioéi(z‘ (@nddiabagey, (Co-C4 alkyl)- 3-
to 14- menbered heterocycllc grou he erocycil roup incl udi ng one or
nor e het er oab &rig'eded st adord o : a'(befah%rosp :oﬁ&n%ﬁ&w sepst YUt &8 by one or

more groups @eurfacmeohrnr@m halc%e@chcogf@up £U-136 @l Kk mBarel Kk D) GUiCo6 al kyl ;

(Co-Ca al kyl tionally stituted one or S seI ect ed
{rom c1- 08 abRyh et RSy b b G e e gy B s

14- menber ed helt&swhaymlthecargrmnlpncyﬂnhenmmteb@ewa:grb@sgfmm éopichaldi ng one or nor e
het er oat ons S%Ie gg 5, optionally substituted by one or nore
groups sel ecte al kyl and C(0)Cl-C6 al kyl; wherein the

al kyl groups are opt| onaIIy substl tuted by one or nore hal ogen atons, Cl-C4
al koxy, C(0)1 412, C(O)Nfi G -C6 alkyl or C(O)N(Ci -C6 alkyl)2; or R9 and R2
together with the nitrogen atomto which they attached forma 5- to 10-
menber ed heterocyclic group, the heterocyclic group including one or nore
further heteroatons selected fromN, 0 and S, the heterocyclic group being
optionally substituted by one or nore substituents selected from OH, hal ogen;

n or mo’re 9 éfou&%



R2' and R21 are each independently selected fromH, (1.,-05 alkyl and C3-05
cycloal kyl; or R23 and RN together with the nitrogen atomto whi ch they are
attached forh® 209807455 10- menber ed heterocyclic group, oBEFVER¥PIYSIIACI udi ng one
or nore further heteroatons selected ffomN, 0 and S, wherel n the het er ocyclic
group is optionally substituted g{qone or nore Z grou 1 or 2; o and

p are each i Ndepkrabhiomy beadi-NREGER)-f Y BR t'o -(692) anlaRBCi(%) ’OC N’i’\‘or 3; with
t he proviso tlf@tw(ymmfun ISRBC(AD-|-sast, (90@00(%685, C(I'@%;olg&,i sR9, Rl and R' is

ot her than of h nventi o there is vi ded a conpound
according to tﬁéeéﬂFﬁbﬂﬁ g:ega ¥ & Péée“y 75 @&SCB Reloalgyl- 4 ’(38 ' are each
i ndependent | Mk)ﬂeieé(ﬁt(ﬁdycﬂdiemml HindSQR1-0Gherain yhe aiptdnenadidbafkys ubbsirytdibed by one or

nore Z groups; cyclic up optionally substituted by one or
more Z groupat O%Onéiyélsagﬁﬁer%%ﬁ/ GC YT %ﬁpoélﬁgi onal 'y substituted by one or nore

Z groups; (1RPG"“at'kyid lb‘ﬁme@adilh@epsrubstdyiielgtteﬂfrbyHaandaﬁily@s affrybup, a (13-Cm WO
2009/ 074575'3@/555]3%89084%? Jeg %éff:%{yp&% cl. t&lﬂh@MBerQ@Eété? Icyc &ro el tuted by one

or nore Z groups or a e ocyc I C group optiona Stituted by one
or nore Z grlmwpssyche giosp melprliegend ednbyhcthleatbmsm]tcaedzfaomN O and S;

- (CT12) 4- A- (%Mep(@n&%ﬂ]}%%&%cﬂfrﬁg%&%{l%?W‘dc ﬁ 51‘9 14 aFAH%Ihe carbon atom

to which they are attache orm a ere éar or a 3- to

7- menber ed h@t er gy clirGs raupNRY 1210 X BEYRTRS (§Pokp NR&?EMlRﬁOg one or nore

het er oat ons ggl)R&liKd. Nrow Y N}onﬁ.ﬁq\]ﬁw(j@@)[{[zh&p\@ﬁ(z @gy;@f{l@ @@%lhet erocyclic
groups being optlonall substltuted by one or R 6;

C6- Gi s- ar onath'c ChrugeyelNi HO graaﬁbalew Bhagn f}“e§ﬂ<l?féf’ik9ﬁ>t’éﬁl“ﬁi/af6’r?éylor nore Z

grSUps a g BolpsQreatbegyehilyosuBdtidLHy bporQGHniaedsebmaeﬁlslsae@dgbtgn Q);BIh [ o?al I yI ,

substitute one r or a group represented by the formula 2a;

or R9 and Rp%f%?ﬁ%’tqie I\%ﬁ’ﬁ‘y'tzar?g (g;&IBBB(ﬁX’étomto which they are attached forma

3- to 7- I’renhél’aedﬂR@@EMCwﬁhemndﬁntlase&cteﬂdioﬁrHBﬁld)@l’ €dalkgf er ocycli c group, the

P oY el EROLRNR. DL N8RS 0L R S SSE QBLATE SRl efhed fom N 0 and S
c d yC d/ﬁtl on Su

and the carbocyclic an i C groups being bstituted by
one or nore @ gkougs: C490@R1@o C@kmasylawpomlv eulnamltﬁdévy@hf'r @r fg@reewuofpt ionally

substituted Qy.QNEoRAC,MOLEyE (FHQURSKy fhdGBroEdl) (CACLAGYChI 6 19 QMg C3- Cl4
het er ocycli c group optl onal l'y substituted by one or nore Z gr oups or a group

represent ed Byeronelicesug hogrocyic mup HyludeR raget A hiraorhsletdbon at ons to
\9h| Cpmt heé ﬁfr@mﬁu Kﬁﬁm@oﬁt%’nml)asugﬂltﬁt@d By mrmef&dg@uﬁlsaadtmongﬁalage& to

nme ere etero yC ero roup ncj udi n one or nore
het er oat s S&» géf%éﬂl ¥F8&Cﬁﬁﬁb'éﬁg‘yg?éoa¢f&?%ﬁe o= B‘Ef&?éiyi SHL%WH“%[@‘[ erocyclic
groups bei ngoept in@nagrbypsseibsdd fdi édbelkﬂnel GJalmyenZhgb@up@m (S0L212' 6;

C6- C15- ar omat bo cI| opt.i onal bstl tuted. ne .or nore Z
groups; a C3- lbﬁo c5 r g%:{ %ergdg%ltgroc R gt i%}ﬁetmclydw cl'fe ‘XUdglj’p optionally

substituted W]@neeteroawweekztegrprlsh O@nd& qtiowgly selpriesdrity @de bymotee f or mul a 2a;

AC'( 3) SNeR' eCf eﬁro{qflﬁ_l%gk&eﬁ?&#halﬁ%r"&séﬁmyl anciéQ%bt(BHalkyl &rﬁ@g} the dT'JgRSCf)OLnd S Bis

selected fr osfpapswtloa?lﬂrlsubsaﬂmimoeeeawee&v@eﬁwt@%&p ﬁ&oay’cs Cl4
het erocycl i ccgy m}l{a; C(@hﬁm] el SO Sy Sieakyds: 6 optional |y substituted by one

or nore Z gRgg IS se e t ed froma bon R15 5(802 NR15-,
-(S02) - e&%j‘ togeghe 1% IR BE0Y N%jd? they et B> 6-, C(0)0,
oC(0), C( 0) , mBmnell fﬁierocycllc group, the heterocyclic group mcludmg one or more further

heteroatoms selected from N, O and S, the heterocyclic group being optionally

substituted by one or more substituents selected from OH; halogen; aryl; 5- to 10-

membered heterocyclic group including one or more heteroatoms selected from N, O

and S; S(O)r-aryl; $(O),-Cy-Cg alkyl; Ci-Cg alkyl optionally substituted by one or more

halogen atoms; Ci-Cs alkoxy optionally substituted by one or more OH groups or C;-



WO 2009/ 074575PCT/ EP2008/ 067110 6 R12 is selected fromH, Cl -Cs al kyl, C3-Cs
cycloal kyl, C-Cs al kyl- C3-Cs cycloal kyl, Cl14 (4.8 al kyl -ar and aryl

wher ei n t he 8P RPOT4ET5C| oal kyl and aryl groups are opt | oﬁﬁpﬂ/’ YBINIPt ut ed by
one or nore Z groups; R 45 R15 and Ri 7%are each mdependently selected fromH
and C -C6 alkyl; R16 is selected fromCl-Cs al k aryl and a 3- to

14- menber ed ﬁeftl(é%c%h(r‘ ©)9fotipalk ‘V'&ef?“hH@ﬁ@ﬁa%%quvo%’élcéé?séélef‘fr%ﬁ?% aryl ,

%1?; él( 805)710314t%ggé%ybpu&m@?su?as{gu@a 8} kY.L, %1@1 Cocaldkalis IQQC%la?log( XKI 100 (
o SRR AN N E W L L
and hal ogen, SaheCeCalltes( GlzNRPR“aNImI(y,ZNR?mF‘*kzyC; andambgylch@'roams 3are each
optionally sub‘]%tmem ghé%éroc e Aou ’RJ' he§ubstd|lct uent.s s eor;tee from OH, hal ogen,
C, - C4 hal oal K K6 )% P RI9“and’ 00 ar' & each "i“ndependent | y

sel ect ed frohntfHoanlds @M@@framld?lo aiRDS, aind Os(@f edﬂederrihemmh@&n@ﬁchagwyb,, aryl and a
3- Lo 14 menhenadoBRleLOEY fLhindb - ndR fuls St &Rked fLhom Hlaang, O - CB al kyl;
nis 0, 1 or 2; o0 and are eac epen ent y an integer from0'to 6; and g
is 0, 1, 2 owhaeingicrafvt, eyl prdwpsbe adictoptyedic grqugs gre cagh opeestly one of R6, R7,

R8, R9, R an@sRited 8y ONRImdrd@Rcddps;] N @ further embodi nent of the invention as

defined anywhere ove, el ec ed fromH, C 2)d phenyl
where t he ph%%?[‘d ggﬁﬂf‘pea%'“dfﬁef‘%ﬂélr Pyret e it e 3839? @42‘5 éw@ é 'Hor a-

al kyl; and dois an integer from1l to 5 (optlonally 2to4). In a still further
enbodi ment of .t h i,nvention, as defined any\ IS or Cl-C6; and
R8 is sel ect{ézci P Em! qﬁ é%% RV ey é hhceﬁ%y ar%ﬁ{g?hegf%rmagtﬂyl group is
optionally submtmbq;tcélnttdnycydwe;rm nmroealgrlodpsngweemnw furtben hal o and OR24;
(CHZ)ECOOR’ZS G ﬁlll}[fy 1erebNEe jenal Iy

substi t ut ed Y %ﬁ%g%%?%%ﬁs se g@t@?ﬁ%ﬁ O@tggycﬁgc?%k?p é’ghenyl and

( CH2) 1, NHCOR¢ Blfﬁﬂ)hbﬁl]ﬁloml’?z@lz@@llpﬁ,or Cl-C6 alkyl, where the alkyl group is
optional Iy sphstitubed by ito 3 groups selected from OH and OCl-C3 al kyl; R25
is Hor Cl1-C3 alkyl: WD 2009/ 074575P /EP2008/ 0C167110

o and p are ‘each independently an integer from 0 to

qis 0, 1,2 or 3;

with the proviso that when n is 0, at least one of R¢, R7, R, R% R0 and R is other
than H.

In an embodiment of the invention, there is provided a compound according to the

Formula Ia:
6 7
o R\\ RA(FP
cl N N
I X N~< (CH,)n
H = H N7< 9
~N 7 / R
N N N 11 10
R
| | R
H H la
wherein

R¢, R7, R8, R?, R10 and R!! are each independently selected from H; SO,R1¢; aryl
optionally substituted by one or more Z groups; a C;-Cio carbocyclic group optionally
substituted by one or more Z groups; Cs-Ci4 heterocyclic group optionally substituted

by one or more Z groups; Ci-Cs alkyl optionally substituted by an aryl group, a C3-Cio



7eis 0, 1, 2, 3, 4or 5 (optionally 0, 1, 2, 3 or 4); f, g and h arc each

i ndependently an integer froml1l to 4; and i is 1 or 2; or R7 and R8 together
with the carb®A¥UYMt o which they attached forma 5- oPCHEPHEH9EHRd
non-aromati c carbocyclic ring systemor a 5- or 6- nenbered non-aromatic
heterocyclic ring systemcontaining one or nore heteroatons selected fromN, O
and S, the r{aRkPCESHs BEWE OPEHYY BIBEHBIAPY gnesUBRts Lt @ds BY2 bneior nore Z groups;

SOLR16; C6- Chea@bQ Rt dr&uLébhibRAY GhibsGr@dYRnOPE hOR3 &¥uSUBSE ichkt@etdlry one or nore
Z groups; a gg}C1olcaybocycllc group; a C3-C-14 heterocyclic group optionally
substi t ut ed BrElag® more z groups; or a group represented by the formula 2
or 2a. Suitably, the ring systemdefined by R7, ft8 and the carbon to which

they are attached is, optiqgnally substituted by Cl1-C3 al kyl, halo or benzyl.
Optionally, f is £¢§?°§?éﬁﬂa?é¥£§§1 §’or alternatively, g may be 2 or 3.
Additionally or alternatively, h may be 2, 3 or 4. Additionally or

alternativel y,pi,, Wi ' [ c edi, fipitions of f,
Yo RetanllS (Bl wihiftrk DELbITEALALRIK RS GReHA%a TR AR D

g, h and i, each Inition may be conbi ned nmor e ot her

sub- def i ni t i BABbGH wapROgYdiagT bE tedriinHetrdierrcrte spepi thi hawpyclicor the rel evant
vari abl es gi 48t ABAYRe ohdborandEhetdUEbRE Ll RIDGALMRND 10 s tahE tHenvention as defined
anywher e above, kyl or phenyl nd RO together with the

iS F, C6 al ky X oL,RS
carbon at oms“H PV AR PHEYOYSEG A feipoPpHOga. subgIutEE byone Qe ST €d non- ar omat i ¢
car bocycli c grhong; Sy €0 s-@oMatic Arbodyclid grotEbfaeneald, sabhimatcdbpdicor het er ocycl i c
I’! ng system I%O{f]:.tfirgi r]sg.act%?q1or'rrgorc?i heotue'raoét-aq‘é t%elce lt erduf glg)tngnl\h 0 and 5, the
ring systems BSingCUpt iAonart Bt PEUPEH by & CESIPRYP OPHAMY or benzyl. In
a further enbositnehnby ofe drmeré Agents;onagsudednrnededinyhhereulaBeve, R' is H
SOLC1- C6 al kyks Q0 REBRIENY;ih £, [ <TuseTolell he ,isnyention as
defi ned anymﬁérélgbﬁﬁé? §2 éné(%?ﬁg}é&tﬂﬁﬂwkﬁp.€&$§8%6¥%9ﬁ57§5 / EP2008/ 067110
8 Cl or the Meppai¢dcarhocydiy oyhartei/mngimeied hetarotithe @pual thy/heatiedyclB- ( X- 102) , , - 102

and A, B, X gB12inctldidRohddrdorahGedsomieldded ranynhengd hengih. A further aspect
of the invention provides a conpound of For nul wherein [LINKER] is

| . a2 ?2
sel ected froffrtacy s aad hqisrplis sreups Ggng PP ANy RRIUteDDYCEIC F RYyf ene, a 5- to
10- nenber ed ganROSYM!4; Cs-Ql OdtPmatardtboc@NégrduopiiodallyOubRiter Bdoet er ocycl i c
group contai ni ng, one_or 3_,e het er.oat ons §§ gﬁted fromN S, the ring
5§ﬁ e

Jystom el niBar FONE Py SUESETEUT o4 B e 6 Rarit oorogh asgnang
substituted by one or more Z groups; or a group represented by the formula 2a;
or R8 and R? together with the carbon atoms to which they are attached form a 3- to
7-membered cycloalkyl or a 3- to 7-membered heterocyclic group, the heterocyclic
group including one or more heteroatoms selected from N, O and S, and the
carbocyclic and heterocyclic groups being optionally substituted by one or more Z
groups; SO,R'¢; C4-Cys-aromatic carbocyclic group optionally substituted by one or
more Z groups; a C3-Cio carbocyclic group; a Cs-Cia heterocyclic group optionally
substituted by one or more Z groups; or a group represented by the formula 2a;
A is selected from a bond, -NR13(SO3)-, -(SO2)NR 13-, -(SO2)-, -NR13C(O)-, -C(O)NR 13-
, -NRBC(O)NR™-, -NRBC(0)O-, -NR -, C(0)0, OC(O), C(O), O and S;
B is selected from a bond, aryl, a C;-Ci4 carbocyclic group and a Cs-Cy4 heterocyclic
group, wherein the ring systems are optionally substituted by one or more Z groups;
X is selected from a bond, -NR'5(SO;)-, -(SO2)NR5-, -(SO3)-, -NRIC(O)-, -C(O)NR!5-
, -NRBC(O)NR-, -NR5C(O)O-, -NR -, C(O)0O, OC(O), C(O), O and S;



Zi is independently selected fromOH, aryl, O-aryl, benzyl, 0-benzyl, d-C6

al kyl optionally substituted by one or nore OH groups, Cl-C6 al k¥l optionally
substi t ut ed "592%?(8746?5 nmore hal ogen atons, Cl-C6 al koxy SHUEBHAYIY1I8ybstitut ed
by one or nore WO 2009/ 074575PCT/ EP20088/ 067110 9 OH groups or G -C4 al koxy,
NR19( S02) R21, (S02) NR19R20, (S02)R20, NR 9C(0) R20, C(0) NR19R20, NR'C(0) NR2R1s,
NR' C( 0) OR20, RRi1soiRged frem ), alkgl y-Re cyclrlkyl, CoRs alkyln&pCs gloalkidpC-and hal ogen,
wherein Rth, BaRNdrR2Nd &G wakbin g ﬂl@;ﬁ,icpﬁ&lmwmzﬁ-megr&%g@ierbpnzfmyski I'l'ed person
wi |l apprecia e,thi?é the co Qunds of Fornula 2 are dineric fornms of the
conmpounds of SUPYHAGY & P BM9Ics BfHPE yet further enbodi ment of the invention as
defi ned anywRere!abowe] R hereach isdgptiamhitiedlcacd hompolnd @eCalldi;ng to Formul a |

selected fr OR%s is s%lgctga fr(')\lm er%g %f?(g,_'hry%nulg ytylﬂrl}lllyruberéd heteSrocyclic group;
Z is independently selected from OH, aryl, O-aryl, C7-Cy4 aralkyl, O-C7-Ci4 aralkyl,
C1-Cs alkyl, Ci-Cs alkoxy, NR19(SO2)R2L, (SO2)NRI9R2L, (SO2)R20, NRI9C(O)R29,
C(O)NRI?R20, NR1*C(O)NR20R 18, NR19C(O)OR20, NRI°R21, C(O)OR %, C(O)R 2,
SR, OR", oxo, CN, NO», and halogen, wherein the alkyl, alkoxy, aralkyl and aryl
groups are each optionally substituted by one or more substituents selected from OH,
halogen, Ci-Cy4 haloalkyl and C1-Cy4 alkoxy;
R!8, R1 and R2° are each independently selected from H and C;-Cg alkyl;
R2!is selected from Ci-Csg alkyl, aryl and a 3- to 14-membered heterocyclic group;
R22 is selected from H and Ci-Cg alkyl;
nis0,1or2;
o and p are each independently an integer from 0 to 6; and
qis 0, 1,2 or 3;
with the proviso that when n is 0, at least one of R¢, R7, R, R% R and R!! is other

than H.

In a further embodiment of the invention as defined anywhere above, R is selected
from H, C;4-C;s alkyl and (CHa)4-phenyl, where the phenyl group is optionally
substituted by OR23;

R2is H or Ci-C¢ alkyl; and

d is an integer from 1 to S (optionally 2 to 4).

In a still further embodiment of the invention as defined anywhere above, R” is H or
C1-Ce; and

R8 is selected from H, Ci-Cg alkyl; (CHz)ephenyl, where the phenyl group is optionally
substituted by one or more groups selected from halo and OR24; (CH,){COOR?2S;
(CH2)sOC1-Cs alkyl, where the alkyl group is optionally substituted by 1 to 3 groups
selected from OH, C;-C; alkyl and phenyl; and (CH2)\NHCO2(CHa)iphenyl;

R24is H or C;-Cs alkyl, where the alkyl group is optionally substituted by 1 to 3
groups selected from OH and OC;-C; alkyl;

R25 is H or C;-Cs alkyl;
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eis0,1,2,3,4 or S (optionally 0, 1, 2, 3 or 4);

f, g and h are each independently an integer from 1 to 4; and

iis 1 or 2;

or R7 and R3 together with the carbon atom to which they attached form a 5- or 6-
membered non-aromatic carbocyclic ring system or a 5- or 6- membered non-aromatic
heterocyclic ring system containing one or more heteroatoms selected from N, O and S,
the ring systems being optionally substituted by one or more Z groups; SO2R16; C¢-Cys-
aromatic carbocyclic group optionally substituted by one or more Z groups; a C3-Cio
carbocyclic group; a Cs-Cis heterocyclic group optionally substituted by one or more Z
groups; or a group represented by the formula 2 or 2a. Suitably, the ring system
defined by R7, R® and the carbon to which they are attached is optionally substituted
by Ci-Cs alkyl, halo or benzyl.

Optionally, f is 2 or 3. Additionally or alternatively, g may be 2 or 3. Additionally or
alternatively, h may be 2, 3 or 4. Additionally or alternatively, i may be 1. In the
immediately preceding sub-definitions of f, g, h and i, each sub-definition may be
combined with more other sub-definitions or they may be combined with the

definitions for the relevant variables given above.

In a yet further embodiment of the invention as defined anywhere above, R? is H, C;-
Ce alkyl or phenyl;

or R and R? together with the carbon atoms to which they attached form a -, 6- or 7-
membered non-aromatic carbocyclic ring system or a 5-, 6- or 7- membered non-
aromatic heterocyclic ring system containing one or more heteroatoms selected from
N, O and S, the ring systems being optionally substituted by C;-C; alkyl, halo or
benzyl.

In a further embodiment of the invention as defined anywhere above, R!! is H, SO,C;-

Cs alkyl or SO2phenyl.

In a further embodiment of the invention as defined anywhere above, R¢ and R!! are
both H.

A further embodiment of the invention provides a compound according to the formula
1b
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or the formula 1c

30

S
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NH, O HN
N

H2N
Cl

wherein R3 is —A-(Co-Cs alkylene)-B-(X-R12)4-R 22

and A, B, X, R!2, q and R?? are as defined anywhere herein.

A further aspect of the invention provides a compound of Formula 2

H
O

O
(0] HN )\\ N Cl
N N N =z
cl N = [LINKER] H |
N N N N \( ~
H
| _ HN N NH,
(0]
H,N N NH,

2
wherein [LINKER] is selected from Ci-Cg alkylene, Co-Ce alkenylene, C»-Cg
alkynylene, a 5- to 10-membered carbocyclic group, aryl, and a 5- to 10-membered
heterocyclic group containing one or more heteroatoms selected from N, O and S, the

ring systems being optionally substituted by one or more Z! groups; and

Z! is independently selected from OH, aryl, O-aryl, benzyl, O-benzyl, Ci-Cs alkyl
optionally substituted by one or more OH groups, Ci-C¢ alkyl optionally substituted

by one or more halogen atoms, Cy-Cg alkoxy optionally substituted by one or more
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27 28
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OH groups or Ci-Cy4 alkoxy, NR'(SO,)R21, (SO2)NRR20, (SO,)R20, NRC(O)R20,
C(O)NRR20, NRPC(O)NR20R18, NR¥?C(OQ)OR20, NR1¥R21 C(O)OR??, C{(O)R??,
SR, OR, ox0, CN, NO2, and halogen, wherein R18, R1%, R20 and R2! are all as

defined anywhere herein.

The skilled person will appreciate that the compounds of Formula 2 are dimeric forms

of the compounds of formula 1b or 1c.

In a yet further embodiment of the invention as defined anywhere above, there is

provided a compound according to Formula I selected from:

1 0 ., CH,
cl N N CH,
I AN N:<
N
2
H,N N NH, H
o
? 0o,
al N
I S N:<
N
s
H,N N NH, H
3 o CI>H3
cl N N
B
—
H,N N NH,

0
I\ i #T\/V T

24 25
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Definitions WD 2009/ 074575PCT/ EP2008/ 067110 48 Terns used in the

specification have the foll ow ng neani ngs: "Cptlonall¥ substi t ut ed”
means the grd@p’%?8Hétred to can be substituted at one oPCHEFRHYEP | ons by any
one or any conbination of the radicals’|listed thereafter. "optionally

substituted by one or nore Z groups” denotes that the rel evant group may
i ncl ude one or._ nore substituents, each i ndependently selected fromthe groups

i ncl uded withi’fi the definition of Z.[ S, where there are two or nore Z group
substituents, these may be the sanmenNqr_diff t. "Hal o" or "hal ogen", as used
herein, may be fluorine, chlorine, bromn "Cl-Cs-A kyl", as used

herein, denotes straight chain or brancgéd havi ng 1-8 carbon atons. If a

definition is to be amended accgrdingly "Cl -Cs- Al koxy", as used herein,
denot es strai ght chaln or br nct ed xy \having 1-8 carbon atons. If a

di fferent nunber of carpd ied, such as C6 or C3, then the
definition is to be amend accor d S The term "al kyl ene"” denotes a
straight chain or bréahched s&turated hydrocarbon chain containing between 1
and 8 carbon atons. If a different nunber of carbon atons is specified, such
as C6 or C3, seen the definition is to be apegded accordingly. Itand

"am no- Cl - Cs- al koxy" denote am no attached py A nitrogen atomto Cl-Cs-alkyl,
e.g., NH2-(C -05)-, or to G -Cs-al ko ¢. 9. "NH2- (Ct Cs)-0-. If a different
nunber of carbon atons is specified as C6 or C3, then the definition is
to be anmended accordi ngly. " O Cs=A kylanlno" and "di (Cl - Cs-al kyl ) am no"
denote Ct-C8-al kyl, as herei nbefore defi attached by a carbon atomto an

am no group. The CI-CS aIkyL gp@ugi;jg (O Cs-al kyl')am no may be the same or
r

di fferent number of carbon atons is spéz;;Ded such as C6 or C3, then the

NS spe
ingly.

different. If a d|fferent n atons is specified, such as C6 (11.
C3, then the definiti° tONbeH accordingly.

" Am no- (hydr oxy) - G - C8- " denotes arfino attached by a nitrogen atomto
Cl - Cs-al kyl and hydr oxy éttached by an oxygen atomto the sane Cl-Cs-al kyl. If
a different nunber of carbon atons is specified, such as Cs or C3, then the
definition isgo be anmended accordingly. "Cl - Cs- Al kyl carbonyl " and

"Cl - Cs- al koxycarbonyl ", as used herein, d ¢ Cl-Cs-al kyl or Cl-Cs-al koxy,
respectively, as hereinbefore defined, catta d by a W

2009/ 074575PCT/ EP2008/ 067110 49 carbon a p a carbonyl group. If a

di fferent nunber of carbon atons is speci such as C6 or C3, then the
definition is to be anended accordi ngly. " C3- Cs- Cycl oal kyl carbonyl ", as
used herein, denotes C3-Cs-cycloal kyl, as hegei nbefore defined, attached by a
carbon atomto a carbonyl group. If a dlffer nt nunber of carbon atons is
specified, such as C6 or C3, (;heg“ e definition is to be anended accordingly.

Cl N

YT

H,N N NH,

H
N
\
N
N
Y,
m (@]

161



"C7-CH Aral kyl", as used herein, denotes alkyl, e.g., C-C4-alkyl, as

her ei nbef ore defined, substituted by a C6-C o-aromatic carbocyclic group, as
herei n defi NEY200PP74875di f f er ent nunber of carbon atons igcgﬁgwﬁwﬁéﬂ? such as C6
or C3, then the definition is to be anfnded accordingly. "Cl-C

s- Car bocyclic group”, as used herein, denotes a carbocyclic group having 3- to
15-ring carbon_atons that is saturated or partially saturated, such as a C3-
Cs-cycloalkyﬂﬁzExanples of C3-Cis-carbocycl {c \groups include but are not
limted to cyclopropyl, cyclobutyl, cyclopertyl, cyclohcxyl, cycloheptyl or
cyclooctyl or a bicyclic group, such as bicychooctyl, bicyclononyl including

i ndanyl and i ndenyl and bicycl odecyl. If a di ent nunber of carbon atons is

speci fied, such as C6, then t eogzcl iA+Qn i § to be anended accordingly.
"aryl" or "C6-Cis-Ar tie.C | Fic grio
c n

N as used herein, denotes an
aromati c group having 6 | to 15- Vi ngi tons. Exanples of Co-Ci s-aromatic

carbocyclic groups iﬂc ez ~hut are not limaed to, phenyl, phenyl ene,
benzenetriyl, naphthyw, naphtHerne, napht hal enetriyl or anthrylene. If a
di fferent nunber of carbon atons is specified, such as Cu), then the

definition isieBo be anendedOaCGOEEZZ?Iy. Ne4- to S-Menbered heterocyclic
group", "5- to 6- ne @é{ ycli.c ouﬁt;3"3- to 10- nenbered
het erocyclic group", "3} to 14-ne red heterocyclic group”, "4- to

14- menber ed heterocyelicvgroeup” and "5- to 14-nenbered heterocyclic group”,
refers, respectively, to 4- to 8-nmenbered, 5- to 6-nenbered, 3- to 10-
menbered, 3- {Q 14-nmenbered, 4- to 14-nenbered and 5- to 14-nenbered

het erocyclic rings containing at | east oﬁgn'ing het er oat om sel ected fromthe
group consi sting of nitrogen, oxygen and sul phur, which nay be saturat ed,

partially saturated or unsaturated (ar i-6) . The heterocyclic group includes
single ring groups, fused fin —§<23ps\aN ggisggfd groups. Exanples of such
het er ocycl i ¢ groups iﬁﬁL? e," but not FimYed to, furan, pyrrol e,

pyrrohdi ne, pyrazol ey zol e, tridzole, isotriazole, tetrazole,

t hi adi azol e, isothiazole, oxadiazole, pyridine, piperidine, pyrazine, oxazole,
i soxazol e, PYf, zi ne, pyridazine, pyimdine, piperazine, pyrrolidine,
pyrrolidinone, norpholine, triazine, i ne, tetrahyrofuran,

t et rahydr ot hi ophene, WD 2009/ 074575 P2008/ 067110 50 tetrahydrot hi opyran,
tetrahydropyran, 1, 4-di oxane, 1, 4-oxat gN i ndazol e, quinoline, indazole,

i ndol ¢, 8-aza-bicyclol3.2. 11octane or thigzole. A second aspect of the present
i nvention provides for the use of a conpoundg of fornula (1) in any of the

af orenenti oned enbodi nents, in free or pharpaceutically acceptable salt form
for the manufacture of a nmediccament f thg treatnment of an inflammuatory or

allergic condition, t icul Iyl@n inflha tory or obstructive airways
nmpo

di sease or mucosal i An efrbodiAt of the present invention provides
for the use of a co 0 hLornula (I') im any of the aforenentioned

enbodi nents, in free or dﬁarnﬁteutically acceptable salt form for the

manuf acture of a nedicanent for the treatnent of an inflammatory or allergic
condition selected fromcystic fibrosis, primary ciliary dyskinesia, chronic
bronchitis, chronic obstructive pul nonary di sease, asthma, respiratory tract

i nfections, lung carcinoma, xerostom a and keratoconjunctivitis sire. It is
understood that any and all enbodi nents of the present invention may be taken
in conjunction with any other enbodi nent to describe additional enbodi nents of
the present invention. Furthernore, any elenents of an enbodi ment are neant to
be conbined with any and all other elenents fromany of the enbodinments to
descri be additional enbodinents. It is understood by those skilled in the art
t hat conbi nations of substituents where not possible are not an aspect of the
present invention. Throughout this specification and in the clains that
follow, unless the context requires otherw se, the word "conprise", or
variations, such as "conprises" or "conprising”, wll be understood to inply
the inclusion of a stated integer or step or group of integers or steps but
not the exclusion of any other integer or step or group of integers or steps.
Especially preferred specific conpounds of fornmula (1) are those descri bed
hereinafter in the Exanples. The conpounds represented by formula (1) may be
capable of formng acid addition salts, particularly pharmaceutically
acceptabl e acid addition salts. Pharnmaceutically acceptable acid addition
salts of the conmpound of formula (1) include those of WD

P T



52 Conpounds according to Formula | may exist in corresponding tautoneric

forms. Exanples of tautoners include but are not limted to those conpounds

defined in tthe2WP414AE. The conpounds of the invention mB{TERIEYIGTHObot h

unsol vat ed and sol vated fornms. The terth "solvate" is used herein to describe a

nol ecul ar conpl ex conprising the conpound of the invention and one or nore

phar maceutical | y acceptabl e sol vent nolecules, e.g., ethanol. The term

"hydrat e" is]éﬁployed when sai d, sobventi—¢s water. Synthesis Generally,

conpounds according to Formul g\ ¢ e Nt hesi zed by the routes described in
N?ﬁ@tan

Schene 1 and the Exanpl es. N intermediate 1 can be reacted with
internediate 2 in an osganic 'sol ventiNt 0 provi de conmpound 3 which can be

i solated as the free base. The free base can then be converted to a salt form
by treatnment with an apprgpriate acid. Internedi ates can be prepared from

met hods known by those I[led in the art or are commercially avail abl e.
Schene 1 WD 2009/ 074576PCT/ EP2008/ 067110 53 ONH El't RLNNN-13 12R3RI 3 In
Schene 1, R, R2, R3, RE, R5, R6 and lin are as defined above; Y is CFUR8 ; X
is CROR 10; nis 0; and R7, 10, RO and R are also as defined above. For
conpounds where n is°Tjof 2, then the appropriate nethylene or ethylene

I'i nki ng groups are ingexted, between X and Y in the diam ne reactant 2. The
conpounds of Fornul a @ orrmul a 2 above can be prepared according to
conventional routes described in the literature. Compounds of formula (1), in
free form may be converted into salt form and vice versa, in a conventional
manner s under stood by those skilled in the art$ The conpounds in free or salt
formcan be obtained in the form of hydrat e sol vat es contai ning a sol vent

used for crystallisation. Conpounds of for (1) can be recovered from
reaction mxtures and purified in a convent Nemal nmanner. |soners, such as
stereoi soners, may be obtained in a conventijonal nanner, e.g., by fractional
crystallisatign or asymetric synthesis ffomcorrespondingly asymetrically

substituted, e.g., optically actjyv staredigig material s.
| \
H,N N NH,

168 NH,, O HN o)
N
N NyLN
| H
)\(N
HN
cl
O

169 Q
I N
N 7
0 HN N
cl | N\ J\N///\?CN
= o)
HN N NH,



The conpounds of fornula (I) can be prepared, e.g., using the reactions and

t echni ques descri bed bel ow and in the Exanples. The reactions nay be perforned
in a sol ventWapPP8fidate to the reagents and material s BFPEBYPEHEAHY suitabl e
for the transformati ons being effected It will be understood by those skilled
in the art of organic synthesis that the functionality present on the nol ecul e
shoul d be consjstent with the transformations proposed. This will sonetines
require a judﬂﬂent to nodify the order of the synthetic steps or to select one
particul ar process scheme over another P d to obtain a desired conpound
of the invention. The various substituents on the synthetic internediates and
final products shown ~p~the ™ ol | nd7?§act'on schenes can be present in their
fully el aborated forns t hysui't aby & prot@cting groups where required as
under st ood by one skifled i® thg_ayt, or in WO 2009/ 074575PCT/ EP2008/ 067110
54 precursor forns which can\kgfer be el aborated into their final forns by

met hods famliar to one skilled,in the art. The substitucnts can al so be added
at various stages throughout the synthetic sequence or after conpletion of the
synt hetic seqHﬁnce. I'n many cases commonl y used functional group
mani pul ati ons ‘can be use %Oéiggﬁgyggﬁ}o intermedi ate into anot her
internedi ate, or one c fo a\T) into another conpound of formula
(I'). Exanples of such ni pul ati ons are ersion of an ester or a ketone to
an al cohol; conversi ohN offan ester to a e; interconversions of esters,

aci ds and am des; al kyl atd on, acyl ati on and\sul fonyl ati on of al cohols and

am nes; and many ot hers. Substituents can al®$o be added using conmon
reactions, such as al kylation, acylation,i%alogenation or oxidation. Such
mani pul ations are wel | -known in the art, apd many reference works summarize
procedures and nmethods for such mani pul ati gns. Sone reference wor ks which

gi ves exanples and references to the prinmayy literature of organic synthesis
for many functional group mani pul ations, as well as other transformations
commonly used _in the art of organic synthesis are March's O ganic Chem stry,
5th Edition, VVley and Chichester, -Eds) (2001); Conprehensive O ganic
Transformati ons, Larock, Ed., VCH (1989)} Conprehensive O ganic Functional
Goup Transformations, Katritzky et al. eries editors), Perganon (1995); and
Conpr ehensive Organic Synthesis, Trost @ | eming (series editors), Perganon
(1991). It will also be recognized that “8 &r mgj or consideration in the

pl anning of any synthetic route in this fieldN he j udi ci ous choice of the
protecting group used for profectt o) he eac ive functional groups present
in the conpounds descs# bed_i thgé\i ent\ on, tiple protecting groups

wi thin the same mnlecutﬁgcé~ beNcho¥eh_su¢h(t hat each of these protecting
groups can either be r \ wi t hout renovalo of other protecting groups in the
sane nol ecul e, or sevV&ral Nprotecting groups can be renoved using the sane
reacti on step, depending upon the outcone desired. An authoritative account
describing many alternatives to the trained practitioner is Geene and Wit s,
Protective Groups in Organic Synthesis, v@keg and Sons (1999). Pharnacol ogi cal
activity Having regard to their bIockadiejérzBe epi t helial sodi um channel

(ENaC), conpounds of formula (1), in free har maceutical ly acceptable salt
form hereinafter alterpately referred t s ™agents of the invention", are
useful in the treatnenﬁiﬁﬂ condition$ww6icﬁ’respond to the bl ockade of the
epi thelial sodi um chan N iC y reondi ti ons benefiting from mucosa!
hydration. WO 2009/074575PCT/ EP2Q08/J067110 55 Di seases medi ated by bl ockade
of the epithelial sodium chame imcl ude di seases associated with the

regul ation of fluid volunmes across epithelial nenbranes. For exanple, the

vol une of airway surface liquid is a key regul ator of nucociliary clearance
and the mai ntenance of lung health. The bl ockade of the epithelial sodium
channel will pronmote fluid accunul ation on the nucosal side of the airway

epi thel i um t hereby pronoting nucus cl earance and preventing the accunul ati on
of mucus and sputumin respiratory tissues (including |ung airways). Such

di seases include respiratory di seases, such as cystic fibrosis, primary
ciliary dyskincsia, chronic bronchitis, chronic obstructive pul nonary di sease
(COPD), asthmm, respiratory tract infections (acute and chronic; viral and
bacterial) and |ung carci nona. D seases nedi ated by bl ockade of the epithelial
sodi um channel al so i nclude di seases other than respiratory di seases that are
associated wth abnormal fluid regulation across an epithelium perhaps



Epi thelial sodi um channel bl ockers, including the conmpounds of fornula (1),
are al so useful as co-therapeutic agents for use in conbination with other
drug subst ant¥@2'8H%eR as anti-inflammatory, bronchodi| aP6FFP28H7HP st ari ne or
anti-tussive drug substances, partlcuﬁgrly in the treatnment of cystic fibrosis
or obstructive or inflannatory ai rways di seases such as those nentioned

her ei nbef or e, g., as potentlators of therapeutic WO
2009/074575PdﬁﬂEP2008/06 IVI yﬁof such drugs or as a neans of
reduci ng required dos %g i S effects of such drugs. The

epi thel i al sodi um chanpel bl ocker nayobe d wth the other drug substance
in a fixed pharmaceutdcal d6nposition or it y be admi ni stered separately,
before, simultaneously with or after the other drug substance. Accordingly,
the inventionncludes as a further aspect a cqonbination of epithelial sodium
channel bl ocker with osmotic agents (hypePWsOal i ne, dextran, mannitol,
Xylitol) + nodifiers of CF R;lp on N d-type and nutant (correctors +
potentiators), e.g., ThoSe” déser In WO 2007/021982, WD 2006/ 099256, WO
2006/ 127588, WD 2004/, 25, WO 2005/°026137, WO 2005/ 035514, WO 2005/ 075435,
WD 2004/ 111014, WD 2006/ 101740, WD 2004/ 110352, WD 2005/ 120497 and US

2005/ 0176761, .an anti-inflagmatory, bronchodilatory, antihistam ne,
anti-tussive, ‘antibiaotic,or gﬁgﬁgﬁ stance, said epithelial sodium
channel bl ocker and séHE ug sup being in the same or different

phar maceuti cal conposj Sui tabl e antoi i cs include macrohde antibiotics,
e.g., tobramycin (TORITN1). Suitable DNa dr ug substances i ncl ude dornase

al fa (Pul nrozynmetn), a highly-purified solut orF of reconbi nant human

deoxyri bonucl ease I (rhDNase), which selectfﬁéky cl eaves DNA. Dornase alfa is
used to treat cystic fibrosis. Qther useful cbnbinations of epithelial sodium
channel bl ockers with anti-inflammtory drugs are those w th antagoni sts of
chenoki ne recléptors, e.g., CCR 1, CCRx%f\ggﬁ-S, CCR-4, CC.R-5, CCR-6, CCR 7,
CC.R-8, CCR-9 and CCR10, CXCRi, CXCRZ,%EX , CXCR4, CXCR5, particularly CCR-5
ant agoni sts, such as Schering- Pl ough afit agoni sts SC- 351125, 80-1-55700 and
SCH- D, Takeda antagoni sts, such as

N-U4-[[[ 6, 7-di hydr o- 2- (4- et hyl - phenyl ) - enzo- cycl ohept en- 8-

yl ] car bonyl ] am no] phenyl ] - nethylJwtat r ahy - N, N-di met hyl - 2H pyr an- 4- am n-i um
chloride (TAK-770); and qu ap agwhi st s described in USP 6, 166, 037
(particularly clains 1 a 0,8 8 (particularly claim8), WO

00/ 66559 (partlcularl MD 04/ 018425 and WD 04/026873. WO

2009/ 074575PCT/ EP200 067110“%8 Sui tabl e anti-inflanmatory drugs include
steroids, in particular, glucocorticosteroids, such as budesoni de,

becl amet hasongdi propi onatc, fI uii ne Jjpr opi onate, ciclesonide or nometasonc
furoatc, or steroids described§ivn Qg/ﬁigi?,cM[)02/12266, WD 02/ 100879, WO

02/ 00679 (especially those of/Ex les 3, T1,14, 17, 19, 26, 34, 37, 39, 51,
60, 67, 72, 73, 90, 99 andx101), WD 03/ 35 03/ 48181, WD 03/62259, WO
03/ 64445, WO 03/ 72592, WD 04/ 39827 and WD 04/ 66920; non-steroida

gl ucocorticoi d recept agdni sts, such as those described in DE 10261874, WO
00/ 00531, WD 02/1014 O 03/ 82280, WO 03/82787, W) 03/86294, WD 03/104195,
WO 03/101932, WO 04/05229 WO 04/ 18429, WO 04/ 19935 and WO 04/ 26248; |1 T4

ant agoni sts, such as nontcl ukast and zafirlukast; PDE4 inhibitors, such as
cilomlast (Ariflo(r) d axoSmthKline), Rof I uni | ast (Byk Gulden),V-11294A
(Napp), BAY19-8004 (Bayer), SCH 351591 (Schering-Plough), Arofylline (A mral
Prodesfarm), PD189659/ PD168787 (Parke-Davis), AW-12-281 (Asta Medica),
CDC-801 (Cclgcne), SelCD(TM CC- 10004 (Cel gene), VMb54/UMB6E5 (Vcrnalis), T440
(Tanabe), KW 4490 (Kyowa Hakko Kogyo), and those disclosed in WD 92/ 19594, WO
93/19749, WD 93/19750, WO 93/19751, WD 98/18796, WD 99/16766, WD 01/13953, WO
03/104204, W) 03/104205, WO 03/39544, WO 04/000814, WO 04/000839, WO

04/ 005258, WD 04/ 018450, WD 04/018451, W) 04/018457, WD 04/018465, WO

04/ 018431, WD 04/018449, WD 04/018450, WD 04/018451, WD 04/018457, WO

04/ 018465, WD 04/019944, WD 04/019945, WO 04/ 045607 and WD 04/ 037805;
adenosi ne A2B receptor antagoni sts such as those described in WD 02/42298; and
beta- 2 adrenoceptor agonists, such as al buterol (sal butanol), netaproterenol,
terbutaline, salnmeterol fenoterol, procaterol, and especially, fornotcrol,
carnoterol and pharmaceutically acceptable salts thereof, and conpounds (in
free or salt or solvate form of formula (1) of WD 0075114, which docunent is



conpounds of EP 1440966, JP 05025045, WO 93/18007, WD 99/ 64035, USP

2002/ 0055651, WD 01/42193, WD 01/83462, WD 02/ 66422, WO 02/ 70490, WO 02/ 76933,
WO 03/ 24439 W@087422160, WO 03/ 42164, WO 03/ 72539, WO BSTERBHI/WH 03/ 99764,
WD 04/ 16578, WD 04/ 22547, WD 04/32921,°WD 04/33412, WD 04/ 37768, WD 04/ 37773,
WD 04/ 37807, WD 04/39762, WD 04/39766, WD 04/45618, WO 04/46083, WD 04/ 80964,
WO 04/ 108765 and WD 04/ 108676. Suitable bronchodilatory drugs include
anticholinerdﬁg or antimuscarinic agents, ih,ggrticular, i pratropi um brom de,
oxi tropi um broni de, tiotropiumsalts and €HF 4226 (Chicsi), and

gl ycopyrrolatc, but also those described in ER 424021, USP 3, 714, 357, UST
5,171,744, WD 01/04118, WD 02/00652, WO 02/B1841, WO 02/53564, WD 03/00840, WO
03/ 33495, WD 03/53966, WO 03/87094, WO 04/0 and WD 04/ 05285. Suitable

dual anti-inflammatory and br chégl drugs include dual beta-2
adr cnocept or agoni st/euyscari ni agani st h as those disclosed in US?
2004/ 0167167, WO 04/7ﬂ?ﬁﬁé; d WO 04/l74 ‘ I tabl e anti hi stam ne drug

z

substances i ncl ude ceti hydrochl ori de, @cet am nophen, clenastine
fumarate, pronethazi ié, |drati™ine, desloratidine, di phenhydrani ne and

f exof enadi ne hydrochl oride, activastinc, astem zole, azel astine, ebastine,
cpi nastine, mggol asti ne and tefenadi ne, as | as those disclosed in JP
2004107299, WD 03/ 099807 a 041026 i;?(@aé'cor dance with the foregoing,
the invention al so praovide Lgﬁfgiiéﬂt vaspect a method for the treatnent of
a condition responsivgjgg,blocka of Wthe epithelial sodiumchannel, e.g.,
di seases associated wth'the regulation of fluid volunes across epithelial
menbranes, particularly an obstructive airways di sease, which conprises

adm ni steringgyo a subject, particularly a human subject, in need thereof a
conmpound of forrmula (1), in free form in the formof a pharmaceutically
acceptable salt. In another aspect thé i tion provides a conpound of
formula (1), in free formor in the formwxf /a pharnmaceutically acceptabl e

salt, for use in the manufactiureo di danent for the treatment of a
@JGL he

condi tion responsive @fﬁim\ ithelial WO

2009/ 074575PCT/ EP2008/ 067110 60 sodi chawnel , particularly an obstructive
ai rways di sease, e.gun"C wfibrosis and°GOA). The agents of the invention
may be adm ni stered by any appropriate route, e.g. orally, e.g., in the form
of a tablet or capsule; parenterally, e.g., intravenously; by inhalation,
e.g., in t he Bfeat ment of an obstructive airy di sease; intranasally, e.g.,
inthe treatment of allergic rhinitis; topic to the skin; or rectally. In

conprising a conpound, of . f oflmulia A in ee formor in the formof a

phar maceutical |y accep pb sal t} Tofial |y together with a pharnmaceutically
accept abl e diluent or ea#igr therefor.oThe conposition nmay contain a
co-therapeutic agent, such as an anti-inflammtory, broncho-dilatory,

anti histam ne or anti-tussivc drug as herei nbefore described. Such

conposi tions Idy be prepared using conventi %§ di l uents or excipients and

t echni ques known in the gal gni ¢'a\y~~Thus opal/ dosage forns may incl ude

tabl ets and capsul es.“ ot 'gn?%m f on—tOpi'cal administration nmay take the
formof creans, ointne fs, gel s 6r tT¥ansdermal delivery systens, e.g.

pat ches. Conpositiong"for inhal ati on nmay conpri se aerosol or other atom zable
formul ations or dry powder fornul ations. Wen the conposition conprises an
aerosol formulation, it preferably contains, e.g., a hydro-fluoro-al kane (HFA)
propel l ant, such as HFA134a or HFA227 or a m xture of these, and may contain
one or nore co-solvents known in the art, such as ethanol (up to 20% by

wei ght), and/or one or nore surfactants, such as oleic acid or sorbitan
triolcate, and/or one or nore bul king agents, such as |actose. \Wen the
conposition conprises a dry powder fornulation, it preferably contains, e.g.,
the conmpound of formula (1) having a particle dianmeter up to 10 m crons,
optionally together with a diluent or carrier, such as |actose, of the desired
particle size distribution and a conmpound that hel ps to protect against
product performance deterioration due to noisture, e.g., magnesium stcarate.
When the conposition conprises a nebulised fornmulation, it preferably
contains, e.g., the compound of formula (1) either dissolved, or suspended, in
a vehicle containing water, a co-solvent, such as ethanol or propyl ene glycol
and a stabilizer, which may be a surfactant. WD 2009/ 074575PCT/ EP2008/ 067110

a further aspect, the invengioqwégéippr Rdeg a pharnaceutical conposition
)




Phar maceuti cal Use and Assay Conmpounds of formula (I) and their

phar maceutically acceptable salts, hereinafter referred to alternatively as
"agents of t\He?2 %ﬁ@@ﬁ@lon" are useful as phar maceut i cal $CTER2BHIT18uUl ar, the
conpounds have good ENaC bIocker actlv?ty and may he tested in the follow ng
assays. Cell culture Unman Bronchial Epithelial cells (I-1BECs) (Canbrex) were
cultured under air-liquid interface conditions to provide a well
differentiaté§4nucociIiary phenot ype. UBECs re cultured using a nodification
of the method described by Gay and coll eagues (Gray et al., 1996). Cells were
seeded in plastic T-162 flasks and were grown | n bronchial epithelial cel
growt h medi um ( BEGV Canbrex)osup@ ment ed w bovine pituitary extract (52
kg/ m.) , hydrocortlsone (0.5 Kigg/ L i nant epidermal growth factor
(0.5 ng/nL), epinephrf erfyn (10 vg/m.), insulin (5
kg/m.), rctinoic acid Z&;l g/ m.) , dot\hyronine (6.5 pg/ L), gcntanycin
(50 pg/ nL) and anphotgri H 50 ng/ ). Medi um was changed every 48 hours
until cells were 90% confluent. Cells were then passaged and seeded (8.25 X
105 ceIIsllns% t) on polycarbonate Snapwell inserts (Costar) in
differentiation media contai ning 50% DVEM i . BEGM wi t h t he sanme suppl enents as
above but without triiodothygonige.and a finhaP retinoic acid concentration of
50 nM (all-trans retipoi 2009/ 75PCT/ EP2008/ 067110 62 acid). Cells
wer e mai ntai ned submer enfir sgN#¢days in culture, after which tine
they were exposed to a aéﬁéfl air interf3ce the remai nder of the culture
period. At this tinmemedia Was changed to E12 nedia containing 2% v/v
Utroser G for the remainder of culture. Anp cricin B was renoved from al
media 3 feeds prior to use in the Ussing Chanbers. Cells were used between

days 7 and 21 after establishment of the apiedl-air interface. At all stages
of culture, cells were maintained at 37Cin 5% CO2 in an air incubator. Short
circuit current (1SG measurenments Snapwell inserts were nounted in Vertical
Di ffusion Chapghers (Costar), a e bathed with continuously gassed R nger
solution (5% CO, in Qy p L4§f3§f§}- ned at 37C containing (in mV): 120 NaCl,
25 NaHCO3, 3.3 KH2PO4, 0 | GHPOA ‘.CJZ 1.2 MCl), and 10 gl ucose. The

sol ution osnolarity Npet ween 280 af 'sznanDI/kglllo for al

physi ol ogi cal salt solut¢ons used. CelT§ wer vol tage clanped to O nV (nodel
EVC4000; WM. RT was neasured by applying a or 2-nV pulse at 30-s intervals
and calculating RT by Ohnms |aw. Data were recorded using a Power- Lab

wor kst ati on (ADI nstruments). Test conpounds were prepared as a 10 nlN1 stock

solution in DVBO (95% . N§eg|a old drhut ons/were freshly prepared in an
appropriate vehicle (dis g{“ lution). The initial
concentration was add the apical chanﬁer s a 1000x concentrate in 5 VI,

resulting in a finalw concentratlon the 5 m volune of the Ussing chanber.
Subsequent additions ofcbonpound were added in a 3.3 pL volune of the 1000x
serially diluted stock solution. At the conpletion of the

concentrati on8gesponse experinent, am/lorfd 10 gM was added into the apical
chanmber to enable the total am |l oride-segqsi current to be measured. An

anm loride control 1050 was established at Start of each experinent.
Results are expressed as the nean %in ition of the am|loride-sensitive 1SC.

Concentrati on-response curves wer | ofted and | CA val ues generated using
GraphPad Prism 3.02. Cell |n$ rt tepypically run in duplicate and the |C50
cal cul ated on the nean @6nnda npounds of the Exanples, herein bel ow,
general Iy have I C50 val ues the dat a neasurenents described above bel ow 10
gM For exanple, the co ds of the Exanpl es shown bel ow have the

i ndi cat edl C50 vaIuesCI 9/ 074575PCT/ EP2008/ 067110 63 WD

2009/074575PCT/EP2008/ ElO 64



The invention is illustrated by the follow ng Exanples.

Formula Ib C

are descrlbéﬂoﬁ@wgﬂﬁﬁfter
data. Table 1 Ex. Structure Ms [M1-1%+ i C
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Terms used in the specification have the following meanings:

"Qptionally substituted" means the group referred to can be substituted at one
or more positions by any one or any combination of the radicals listed thereafter.

“optionally substituted by one or more Z groups” denotes that the relevant
group may include one or more substituents, each independently selected from the
groups included within the definition of Z. Thus, where there are two or more Z group
substituents, these may be the same or different.

"Halo" or "halogen", as used herein, may be fluorine, chlorine, bromine or
iodine.

"Cy-Cs-Alkyl", as used herein, denotes straight chain or branched alkyl having
1-8 carbon atoms. If a different number of carbon atoms is specified, such as C¢ or Cs,
then the definition is to be amended accordingly.

"Ci1-Cs-Alkoxy", as used herein, denotes straight chain or branched alkoxy
having 1-8 carbon atoms. If a different number of carbon atoms is specified, such as Cg
or Cs, then the definition is to be amended accordingly.

The term "alkylene" denotes a straight chain or branched saturated
hydrocarbon chain containing between 1 and 8 carbon atoms. If a different number of
carbon atoms is specified, such as C¢ or Cs, then the definition is to be amended
accordingly.

"Amino-C;-Cg-alkyl" and "amino-C;-Cg-alkoxy" denote amino attached by a
nitrogen atom to Ci-Cg-alkyl, e.g., NH-(C;-Cs)-, or to Ci-Cs-alkoxy, e.g., NH»-(C;-
Cs)-O-. If a different number of carbon atoms is specified, such as C¢ or Cs, then the
definition is to be amended accordingly.

"Cy-Cs-Alkylamino" and "di(Ci-Cg-alkyl)amino" denote Ci-Cs-alkyl, as
hereinbefore defined, attached by a carbon atom to an amino group. The C;-Cg-alkyl
groups in di(C-Cg-alkyl)amino may be the same or different. If a different number of
carbon atoms is specified, such as Cg or Cs, then the definition is to be amended
accordingly.

"Amino-(hydroxy)-Ci-Cg-alkyl" denotes amino attached by a nitrogen atom to
C1-Csg-alkyl and hydroxy attached by an oxygen atom to the same C;-Csg-alkyl. If a
different number of carbon atoms is specified, such as C¢ or Cs, then the definition is
to be amended accordingly.

"C1-Cs-Alkylcarbonyl" and " C;-Cs-alkoxycarbonyl”, as used herein, denote
Ci-Cs-alkyl or Cy-Cs-alkoxy, respectively, as hereinbefore defined, attached by a
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carbon atom to a carbonyl group. If a different number of carbon atoms is specified,
such as Cs or Cs, then the definition is to be amended accordingly.

"C3-Cs-Cycloalkylcarbonyl", as used herein, denotes C3-Cs-cycloalkyl, as
hereinbefore defined, attached by a carbon atom to a carbonyl group. If a different
number of carbon atoms is specified, such as Cs or Cs, then the definition is to be
amended accordingly.

"C7-Cis-Aralkyl", as used herein, denotes alkyl, e.g., Ci-Cs-alkyl, as
hereinbefore defined, substituted by a Cs-Cio-aromatic carbocyclic group, as herein
defined. If a different number of carbon atoms is specified, such as C¢ or Cs, then the
definition is to be amended accordingly.

" Cs-Cis-Carbocyclic group”, as used herein, denotes a carbocyclic group
having 3- to 15-ring carbon atoms that is saturated or partially saturated, such as a Cs-
Cs-cycloalkyl. Examples of C;-Cis-carbocyclic groups include but are not limited to
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl or a bicyclic
group, such as bicyclooctyl, bicyclononyl including indanyl and indenyl and
bicyclodecyl. If a different number of carbon atoms is specified, such as Ce, then the
definition is to be amended accordingly.

“aryl” or “Cs-Cys-Aromatic carbocyclic group", as used herein, denotes an
aromatic group having 6- to 15-ring carbon atoms. Examples of C¢-Cis-aromatic
carbocyclic groups include, but are not limited to, phenyl, phenylene, benzenetriyl,
naphthyl, naphthylene, naphthalenetriyl or anthrylene. If a different number of carbon
atoms is specified, such as Cio, then the definition is to be amended accordingly.

» [13

“4- to 8-Membered heterocyclic group”, “S- to 6- membered heterocyclic

» o« » o«

group”, “3- to 10-membered heterocyclic group”, “3- to 14-membered heterocyclic
group”, “4- to 14-membered heterocyclic group” and “5- to 14-membered heterocyclic
group”, refers, respectively, to 4- to 8-membered, 5- to 6-membered, 3- to 10-
membered, 3- to 14-membered, 4- to 14-membered and 5- to 14-membered
heterocyclic rings containing at least one ring heteroatom selected from the group
consisting of nitrogen, oxygen and sulphur, which may be saturated, partially saturated
or unsaturated (aromatic). The heterocyclic group includes single ring groups, fused
ring groups and bridged groups. Examples of such heterocyclic groups include, but are
not limited to, furan, pyrrole, pyrrolidine, pyrazole, imidazole, triazole, isotriazole,
tetrazole, thiadiazole, isothiazole, oxadiazole, pyridine, piperidine, pyrazine, oxazole,
isoxazole, pyrazine, pyridazine, pyrimidine, piperazine, pyrrolidine, pyrrolidinone,

morpholine, triazine, oxazine, tetrahyrofuran, tetrahydrothiophene,
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tetrahydrothiopyran, tetrahydropyran, 1,4-dioxane, 1,4-oxathiane, indazole, quinoline,

indazole, indole, 8-aza-bicyclo[3.2.1]octane or thiazole.

A second aspect of the present invention provides for the use of a compound of
formula (I) in any of the aforementioned embodiments, in free or pharmaceutically
acceptable salt form, for the manufacture of a medicament for the treatment of an
inflammatory or allergic condition, particularly an inflammatory or obstructive

airways disease or mucosal hydration.

An embodiment of the present invention provides for the use of a compound of
formula (I) in any of the aforementioned embodiments, in free or pharmaceutically
acceptable salt form, for the manufacture of a medicament for the treatment of an
inflammatory or allergic condition selected from cystic fibrosis, primary ciliary
dyskinesia, chronic bronchitis, chronic obstructive pulmonary disease, asthma,

respiratory tract infections, lung carcinoma, xerostomia and keratoconjunctivitis sire.

It is understood that any and all embodiments of the present invention may be taken in
conjunction with any other embodiment to describe additional embodiments of the
present invention. Furthermore, any elements of an embodiment are meant to be
combined with any and all other elements from any of the embodiments to describe
additional embodiments. It is understood by those skilled in the art that combinations

of substituents where not possible are not an aspect of the present invention.

Throughout this specification and in the claims that follow, unless the context requires
otherwise, the word "comprise", or variations, such as "comprises" or "comprising",
will be understood to imply the inclusion of a stated integer or step or group of
integers or steps but not the exclusion of any other integer or step or group of integers

or steps.

Especially preferred specific compounds of formula (I) are those described hereinafter

in the Examples.

The compounds represented by formula (I) may be capable of forming acid addition
salts, particularly pharmaceutically acceptable acid addition salts. Pharmaceutically

acceptable acid addition salts of the compound of formula (I) include those of
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inorganic acids, e.g., hydrohalic acids, such as hydrofluoric acid, hydrochloric acid,
hydrobromic acid or hydroiodic acid, nitric acid, sulfuric acid, phosphoric acid; and
organic acids, e.g., aliphatic monocarboxylic acids, such as formic acid, acetic acid,
trifluoroacetic acid, propionic acid and butyric acid; aliphatic hydroxy acids, such as
lactic acid, citric acid, tartaric acid or malic acid; dicarboxylic acids, such as maleic
acid or succinic acid; aromatic carboxylic acids, such as benzoic acid, p-chlorobenzoic
acid, diphenylacetic acid, para-biphenyl benzoic acid or triphenylacetic acid; aromatic
hydroxy acids, such as o-hydroxybenzoic acid, p-hydroxybenzoic acid, 1-
hydroxynaphthalene-2-carboxylic acid or 3-hydroxynaphthalene-2-carboxylic acid;
cinnamic acids, such as 3-(2-naphthalenyl)propenoic acid, para-methoxy cinnamic acid
or para-methyl cinnamic acid; and sulfonic acids, such as methanesulfonic acid or
benzenesulfonic acid. These salts may be prepared from compounds of formula (I) by

known salt-forming procedures.

Compounds of formula (I) which may contain acidic, e.g., carboxyl, groups, are also
capable of forming salts with bases, in particular, pharmaceutically acceptable bases,
such as those well-known in the art; suitable such salts include metal salts, particularly
alkali metal or alkaline earth metal salts, such as sodium, potassium, magnesium or
calcium salts; or salts with ammonia or pharmaceutically acceptable organic amines or
heterocyclic bases, such as ethanolamines, benzylamines or pyridine. These salts may

be prepared from compounds of formula (I) by known salt-forming procedures.

Stereoisomers are those compounds where there is an asymmetric carbon atom. The
compounds exist in individual optically active isomeric forms or as mixtures thereof,
e.g., as diastereomeric mixtures. The present invention embraces both individual
optically active R and § isomers, as well as mixtures thereof. Individual isomers can be
separated by methods well-known to those skilled in the art, e.g., chiral high

performance liquid chromatography (HPLC).

Tautomers are one of two or more structural isomers that exist in equilibrium and are

readily converted from one isomeric form to another.

More specifically, for example, compounds of Formula Ia where R¢ and/or R!! are

hydrogen may exist in one or both of the following tautomeric forms:



NH, /T--/ " 313.1 32 C tNNz.z..... vy - 1" N[, THNNH OHN HO NH 446.1 33
I tN OHN 1,]&(():,2,NHNir-Tht ri

009/074575 PCT/EP2008/067110
52
6 R7 R7
o R\ \ R’ T \ R’
N N
Cl N _ — Cl N / 74
I A N4< (CHN —~—— | A N (CH,)n
H — H N7< 0 H = H N7< o
~ e / R ~ - / R
N N N (LT N N N 17 10
| | R R | | R R
H H la H H

6 7
0 R\ B(Rs
H N
cl N /
I A N4<\ (CH,)n
H = H N7<
Y N N~ R10 R’
| I
H H

Compounds according to Formula I may exist in corresponding tautomeric forms.

Examples of tautomers include but are not limited to those compounds defined in the

claims.

The compounds of the invention may exist in both unsolvated and solvated forms.
The term "solvate" is used herein to describe a molecular complex comprising the
compound of the invention and one or more pharmaceutically acceptable solvent

molecules, e.g., ethanol. The term "hydrate" is employed when said solvent is water.

Synthesis

Generally, compounds according to Formula I can be synthesized by the routes

described in Scheme 1 and the Examples.

For instance, intermediate 1 can be reacted with intermediate 2 in an organic solvent to
provide compound 3 which can be isolated as the free base. The free base can then be

converted to a salt form by treatment with an appropriate acid.

Intermediates can be prepared from methods known by those skilled in the art or are
commercially available.

Scheme 1
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In Scheme 1, R1, R2, R3, R4 RS, Ré and R!! are as defined above; Y is CR7R8; X is
CRR19%; n is 0; and R7, R8, R? and R0 are also as defined above. For compounds
where n is 1 or 2, then the appropriate methylene or ethylene linking groups are

inserted between X and Y in the diamine reactant 2.

The compounds of Formula 1 and Formula 2 above can be prepared according to

conventional routes described in the literature.

Compounds of formula (I), in free form, may be converted into salt form, and vice
versa, in a conventional manners understood by those skilled in the art. The
compounds in free or salt form can be obtained in the form of hydrates or solvates
containing a solvent used for crystallisation. Compounds of formula (I) can be
recovered from reaction mixtures and purified in a conventional manner. Isomers,
such as stereoisomers, may be obtained in a conventional manner, e.g., by fractional
crystallisation or asymmetric synthesis from correspondingly asymmetrically

substituted, e.g., optically active, starting materials.

The compounds of formula (I) can be prepared, e.g., using the reactions and techniques
described below and in the Examples. The reactions may be performed in a solvent
appropriate to the reagents and materials employed and suitable for the
transformations being effected. It will be understood by those skilled in the art of
organic synthesis that the functionality present on the molecule should be consistent
with the transformations proposed. This will sometimes require a judgment to modify
the order of the synthetic steps or to select one particular process scheme over another

in order to obtain a desired compound of the invention.

The various substituents on the synthetic intermediates and final products shown in the
following reaction schemes can be present in their fully elaborated forms, with suitable

protecting groups where required as understood by one skilled in the art, or in
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precursor forms which can later be elaborated into their final forms by methods
familiar to one skilled in the art. The substituents can also be added at various stages
throughout the synthetic sequence or after completion of the synthetic sequence. In
many cases, commonly used functional group manipulations can be used to transform
one intermediate into another intermediate, or one compound of formula (1) into
another compound of formula (I). Examples of such manipulations are conversion of
an ester or a ketone to an alcohol; conversion of an ester to a ketone; interconversions
of esters, acids and amides; alkylation, acylation and sulfonylation of alcohols and
amines; and many others. Substituents can also be added using common reactions,
such as alkylation, acylation, halogenation or oxidation. Such manipulations are well-
known in the art, and many reference works summarize procedures and methods for
such manipulations. Some reference works which gives examples and references to the
primary literature of organic synthesis for many functional group manipulations, as
well as other transformations commonly used in the art of organic synthesis are
March’s Organic Chemistry, 5™ Edition, Wiley and Chichester, Eds. (2001);
Comprehensive Organic Transformations, Larock, Ed., VCH (1989); Comprehensive
Organic Functional Group Transformations, Katritzky et al. (series editors), Pergamon
(1995); and Comprehensive Organic Synthesis, Trost and Fleming (series editors),
Pergamon (1991). It will also be recognized that another major consideration in the
planning of any synthetic route in this field is the judicious choice of the protecting
group used for protection of the reactive functional groups present in the compounds
described in this invention. Multiple protecting groups within the same molecule can
be chosen such that each of these protecting groups can either be removed without
removal of other protecting groups in the same molecule, or several protecting groups
can be removed using the same reaction step, depending upon the outcome desired. An
authoritative account describing many alternatives to the trained practitioner is Greene

and Wuts, Protective Groups in Organic Synthesis, Wiley and Sons (1999).

Pharmacological activity

Having regard to their blockade of the epithelial sodium channel (ENaC), compounds
of formula (I), in free or pharmaceutically acceptable salt form, hereinafter alternately
referred to as "agents of the invention", are useful in the treatment of conditions which
respond to the blockade of the epithelial sodium channel, particularly conditions

benefiting from mucosal hydration.
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Diseases mediated by blockade of the epithelial sodium channel, include diseases
associated with the regulation of fluid volumes across epithelial membranes. For
example, the volume of airway surface liquid is a key regulator of mucociliary
clearance and the maintenance of lung health. The blockade of the epithelial sodium
channel will promote fluid accumulation on the mucosal side of the airway epithelium
thereby promoting mucus clearance and preventing the accumulation of mucus and
sputum in respiratory tissues (including lung airways). Such diseases include
respiratory diseases, such as cystic fibrosis, primary ciliary dyskinesia, chronic
bronchitis, chronic obstructive pulmonary disease (COPD), asthma, respiratory tract
infections (acute and chronic; viral and bacterial) and lung carcinoma. Diseases
mediated by blockade of the epithelial sodium channel also include diseases other than
respiratory diseases that are associated with abnormal fluid regulation across an
epithelium, perhaps involving abnormal physiology of the protective surface liquids on
their surface, e.g., xerostomia (dry mouth) or keratoconjunctivitis sire (dry eye).
Furthermore, blockade of the epithelial sodium channel in the kidney could be used to

promote diuresis and thereby induce a hypotensive effect.
Treatment in accordance with the invention may be symptomatic or prophylactic.

Asthma includes both intrinsic (non-allergic) asthma and extrinsic (allergic) asthma,
mild asthma, moderate asthma, severe asthma, bronchitic asthma, exercise-induced
asthma, occupational asthma and asthma induced following bacterial infection.
Treatment of asthma is also to be understood as embracing treatment of subjects, e.g.,
of less than 4 or § years of age, exhibiting wheezing symptoms and diagnosed or
diagnosable as "wheezy infants", an established patient category of major medical
concern and now often identified as incipient or early-phase asthmatics. (For
convenience this particular asthmartic condition is referred to as "wheezy-infant

syndrome".)
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Prophylactic efficacy in the treatment of asthma will be evidenced by reduced
frequency or severity of symptomatic attack, e.g., of acute asthmatic or
bronchoconstrictor attack, improvement in lung function or improved airways
hyperreactivity. Tt may further be evidenced by reduced requirement for other,
symptomatic therapy, i.e., therapy for or intended to restrict or abort symptomatic
attack when it occurs, e.g., anti-inflammatory (e.g., cortico-steroid) or
bronchodilatory. Prophylactic benefit in asthma may, in particular, be apparent in
subjects prone to "morning dipping". "Morning dipping" is a recognized asthmatic
syndrome, common to a substantial percentage of asthmatics and characterized by
asthma attack, e.g., between the hours of about 4-6 am, i.e., at a time normally

substantially distant from any previously administered symptomatic asthma therapy.

Chronic obstructive pulmonary disease includes chronic bronchitis or dyspnea
associated therewith, emphysema, as well as exacerbation of airways hyperreactivity
consequent to other drug therapy, in particular, other inhaled drug therapy. The
invention is also applicable to the treatment of bronchitis of whatever type or genesis

including, e.g., acute, arachidic, catarrhal, croupus, chronic or phthinoid bronchitis.

The agents of the invention may also be useful as acid-sensing ion channel (ASIC)
blockers. Thus they may be useful in the treatment of conditions which respond to the

blockade of the acid-sensing ion channel channel.

The suitability of epithelial sodium channel blocker as a treatment of a disease
benefiting from mucosal hydration, may be tested by determining the inhibitory effect
of the channel blocker on ENaC in a suitable cell-based assay. For example single cells
or confluent epithelia, endogenously expressing or engineered to overexpress ENaC
can be used to assess channel function using electrophysiological techniques or ion flux
studies. See methods described in: Hirsh et al., ] Pharm Exp Ther (2004); Moody et al.,
Am | Physiol Cell Physiol (2005).

Epithelial sodium channel blockers, including the compounds of formula (I), are also
useful as co-therapeutic agents for use in combination with other drug substances, such
as anti-inflammatory, bronchodilatory, antihistamine or anti-tussive drug substances,
particularly in the treatment of cystic fibrosis or obstructive or inflammatory airways

diseases such as those mentioned hereinbefore, e.g., as potentiators of therapeutic
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activity of such drugs or as a means of reducing required dosaging or potential side

effects of such drugs.

The epithelial sodium channel blocker may be mixed with the other drug substance in
a fixed pharmaceutical composition or it may be administered separately, before,

simultaneously with or after the other drug substance.

Accordingly, the invention includes as a further aspect a combination of epithelial
sodium channel blocker with osmotic agents (hypertonic saline, dextran, mannitol,
Xylitol) + modifiers of CFTR function, both wild-type and mutant (correctors +
potentiators), e.g., those described in WO 2007/021982, WO 2006/099256, WO
2006/127588, WO 2004/080972, WO 2005/026137, WO 2005/035514, WO
2005/075435, WO 2004/111014, WO 2006/101740, WO 2004/110352, WO
2005/120497 and US 2005/0176761, an anti-inflammatory, bronchodilatory,
antihistamine, anti-tussive, antibiotic or DNase drug substance, said epithelial sodium
channel blocker and said drug substance being in the same or different pharmaceutical

composition.

Suitable antibiotics include macrolide antibiotics, e.g., tobramycin (TOBI™),

Suitable DNase drug substances include dornase alfa (Pulmozyme™), a highly-purified
solution of recombinant human deoxyribonuclease T (rhDNase), which selectively

cleaves DNA. Dornase alfa is used to treat cystic fibrosis.

Other useful combinations of epithelial sodium channel blockers with anti-
inflammatory drugs are those with antagonists of chemokine receptors, e.g., CCR-1,
CCR-2, CCR-3, CCR-4, CCR-5, CCR-6, CCR-7, CCR-8, CCR-9 and CCR10,
CXCR1, CXCR2, CXCR3, CXCR4, CXCRS, particularly CCR-S antagonists, such as
Schering-Plough antagonists SC-351125, SCH-55700 and SCH-D; Takeda antagonists,
such as N-[[4-[[[6,7-dihydro-2-(4-methyl-phenyl)-5 H-benzo-cyclohepten-8-
yl]carbonyl]amino|phenyl]-methyl|tetrahydro-N,N-dimethyl-2 H-pyran-4-amin-ium
chloride (TAK-770); and CCR-5 antagonists described in USP 6,166,037 (particularly
claims 18 and 19), WO 00/66558 (particularly claim 8), WO 00/66559 (particularly
claim 9), WO 04/018425 and WO 04/026873.
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Suitable anti-inflammartory drugs include steroids, in particular, glucocorticosteroids,
such as budesonide, beclamethasone dipropionate, fluticasone propionate, ciclesonide
or mometasone furoate, or steroids described in WO 02/88167, WO 02/12266, WO
02/100879, WO 02/00679 (especially those of Examples 3, 11, 14,17, 19, 26, 34, 37,
39, 51, 60,67, 72,73, 90, 99 and 101), WO 03/35668, WO 03/48181, WO 03/62259,
WO 03/64445, WO 03/72592, WO 04/39827 and WO 04/66920; non-steroidal
glucocorticoid receptor agonists, such as those described in DE 10261874, WO
00/00531, WO 02/10143, WO 03/82280, WO 03/82787, WO 03/86294, WO
03/104195, WO 03/101932, WO 04/05229, WO 04/18429, WO 04/19935 and WO
04/26248; LTD4 antagonists, such as montelukast and zafirlukast; PDE4 inhibitors,
such as cilomilast (Ariflo® GlaxoSmithKline), Roflumilast (Byk Gulden),V-11294A
(Napp), BAY19-8004 (Bayer), SCH-351591 (Schering-Plough), Arofylline (Almirall
Prodesfarma), PD189659/PD168787 (Parke-Davis), AWD-12-281 (Asta Medica),
CDC-801 (Celgene), SelCID(TM) CC-10004 (Celgene), VMS554/UMS6S (Vernalis), T-
440 (Tanabe), KW-4490 (Kyowa Hakko Kogyo), and those disclosed in WO
92/19594, WO 93/19749, WO 93/19750, WO 93/19751, WO 98/18796, WO
99/16766, WO 01/13953, WO 03/104204, WO 03/104205, WO 03/39544, WO
04/000814, WO 04/000839, WO 04/005258, WO 04/018450, WO 04/018451, WO
04/018457, WO 04/018465, WO 04/018431, WO 04/018449, WO 04/018450, WO
04/018451, WO 04/018457, WO 04/018465, WO 04/019944, WO 04/019945, WO
04/045607 and WO 04/0378035; adenosine A2B receptor antagonists such as those
described in WO 02/42298; and beta-2 adrenoceptor agonists, such as albuterol
(salbutamol), metaproterenol, terbutaline, salmeterol fenoterol, procaterol, and
especially, formoterol, carmoterol and pharmaceutically acceptable salts thereof, and
compounds (in free or salt or solvate form) of formula (I) of WO 0075114, which
document is incorporated herein by reference, preferably compounds of the Examples

thereof, especially a compound of formula:

I=

OH

>

corresponding to indacaterol and pharmaceutically acceptable salts thereof, as well as

compounds (in free or salt or solvate form) of formula (I) of WO 04/16601, and also
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compounds of EP 1440966, JP 05025045, WO 93/18007, WO 99/6403S5,

USP 2002/0055651, WO 01/42193, WO 01/83462, WO 02/66422, WO 02/70490,
WO 02/76933, WO 03/24439, WO 03/42160, WO 03/42164, WO 03/72539, WO
03/91204, WO 03/99764, WO 04/16578, WO 04/22547, WO 04/32921, WO
04/33412, WO 04/37768, WO 04/37773, WO 04/37807, WO 04/39762, WO
04/39766, WO 04/45618, WO 04/46083, WO 04/80964, WO 04/108765 and WO
04/108676.

Suitable bronchodilatory drugs include anticholinergic or antimuscarinic agents, in
particular, ipratropium bromide, oxitropium bromide, tiotropium salts and CHF 4226
(Chiesi), and glycopyrrolate, but also those described in EP 424021, USP 3,714,357,
USP 5,171,744, WO 01/04118, WO 02/00652, WO 02/51841, WO 02/53564, WO
03/00840, WO 03/33495, WO 03/53966, WO 03/87094, WO 04/018422 and WO
04/05285.

Suitable dual anti-inflammatory and bronchodilatory drugs include dual beta-2
adrenoceptor agonist/muscarinic antagonists such as those disclosed in USP
2004/0167167, WO 04/74246 and WO 04/74812.

Suitable antihistamine drug substances include cetirizine hydrochloride,
acetaminophen, clemastine fumarate, promethazine, loratidine, desloratidine,
diphenhydramine and fexofenadine hydrochloride, activastine, astemizole, azelastine,
ebastine, epinastine, mizolastine and tefenadine, as well as those disclosed in

JP 2004107299, WO 03/099807 and WO 04/026841.

In accordance with the foregoing, the invention also provides as a further aspect a
method for the treatment of a condition responsive to blockade of the epithelial
sodium channel, e.g., diseases associated with the regulation of fluid volumes across
epithelial membranes, particularly an obstructive airways disease, which comprises
administering to a subject, particularly a human subject, in need thereof a compound

of formula (I), in free form or in the form of a pharmaceutically acceptable salt.

In another aspect the invention provides a compound of formula (T), in free form or in
the form of a pharmaceutically acceptable salt, for use in the manufacture of a

medicament for the treatment of a condition responsive to blockade of the epithelial
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sodium channel, particularly an obstructive airways disease, e.g., cystic fibrosis and

COPD.

The agents of the invention may be administered by any appropriate route, e.g. orally,
e.g., in the form of a tablet or capsule; parenterally, e.g., intravenously; by inhalation,
e.g., in the treatment of an obstructive airways disease; intranasally, e.g., in the
treatment of allergic rhinitis; topically to the skin; or rectally. In a further aspect, the
invention also provides a pharmaceutical composition comprising a compound of
formula (I), in free form or in the form of a pharmaceutically acceptable salt,
optionally together with a pharmaceutically acceptable diluent or carrier therefor. The
composition may contain a co-therapeutic agent, such as an anti-inflammatory,
broncho-dilatory, antihistamine or anti-tussive drug as hereinbefore described. Such
compositions may be prepared using conventional diluents or excipients and
techniques known in the galenic art. Thus oral dosage forms may include tablets and
capsules. Formulations for topical administration may take the form of creams,
ointments, gels or transdermal delivery systems, e.g., patches. Compositions for
inhalation may comprise aerosol or other atomizable formulations or dry powder

formulations.

When the composition comprises an aerosol formulation, it preferably contains, e.g., a
hydro-fluoro-alkane (HFA) propellant, such as HFA134a or HFA227 or a mixture of
these, and may contain one or more co-solvents known in the art, such as ethanol (up
to 20% by weight), and/or one or more surfactants, such as oleic acid or sorbitan
trioleate, and/or one or more bulking agents, such as lactose. When the composition
comprises a dry powder formulation, it preferably contains, e.g., the compound of
formula (I) having a particle diameter up to 10 microns, optionally together with a
diluent or carrier, such as lactose, of the desired particle size distribution and a
compound that helps to protect against product performance deterioration due to
moisture, e.g., magnesium stearate. When the composition comprises a nebulised
formulation, it preferably contains, e.g., the compound of formula (I) either dissolved,
or suspended, in a vehicle containing water, a co-solvent, such as ethanol or propylene

glycol and a stabilizer, which may be a surfactant.

Further aspects of the invention include:
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(a) a compound of formula (I) in inhalable form, e.g., in an aerosol or other

atomisable composition or in inhalable particulate, e.g., micronised form;

(b) an inhalable medicament comprising a compound of formula (I) in

inhalable form;

(c) a pharmaceutical product comprising a compound of formula (I) in

inhalable form in association with an inhalation device; and

(d) an inhalation device containing a compound of formula I in inhalable form.
Dosages of compounds of formula (I) employed in practising the present
invention will of course vary depending, e.g., on the particular condition to be treated,
the effect desired and the mode of administration. In general, suitable daily dosages

for administration by inhalation are of the order of 0.005-10 mg, while for oral

administration suitable daily doses are of the order of 0.05-100 mg.

Pharmaceutical Use and Assay

Compounds of formula (I) and their pharmaceutically acceptable salts, hereinafter
referred to alternatively as "agents of the invention", are useful as pharmaceuticals. In
particular, the compounds have good ENaC blocker activity and may be tested in the

following assays.

Cell culture
Human Bronchial Epithelial cells (HBECs) (Cambrex) were cultured under air-liquid

interface conditions to provide a well differentiated mucociliary phenotype.

HBECs were cultured using a modification of the method described by Gray and
colleagues (Gray et al., 1996). Cells were seeded in plastic T-162 flasks and were
grown in bronchial epithelial cell growth medium (BEGM; Cambrex) supplemented
with bovine pituitary extract (52 pg/mL), hydrocortisone (0.5 pug/mL), human
recombinant epidermal growth factor (0.5 ng/mL), epinephrine (0.5 pg/mL.), transferrin
(10 pg/mL), insulin (5§ pg/mL), retinoic acid (0.1 pg/mL), triltodothyronine (6.5 pg/mL),
gentamycin (50 pg/mL) and amphotericin B (50 ng/mL). Medium was changed every
48 hours until cells were 90% confluent. Cells were then passaged and seeded (8.25 x
105 cells/insert) on polycarbonate Snapwell inserts (Costar) in differentiation media
containing 50% DMEM in BEGM with the same supplements as above but without

tritodothyronine and a final retinoic acid concentration of 50 nM (all-trans retinoic
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acid). Cells were maintained submerged for the first 7 days in culture, after which time
they were exposed to an apical air interface for the remainder of the culture period. At
this time, media was changed to DMEM:F12 media containing 2% v/v Ultroser G for
the remainder of culture. Amphotericin B was removed from all media 3 feeds prior to
use in the Ussing Chambers. Cells were used between days 7 and 21 after
establishment of the apical-air interface. At all stages of culture, cells were maintained

at 37°C in 5% CO; in an air incubator.

Short circuit current (ISC) measurements

Snapwell inserts were mounted in Vertical Diffusion Chambers (Costar) and were
bathed with continuously gassed Ringer solution (5% CO2 in O2; pH 7.4) maintained
at 37°C containing (in mM): 120 NaCl, 25 NaHCOs, 3.3 KH,PO4, 0.8 K;HPO,, 1.2
CaCl,, 1.2 MgCly, and 10 glucose. The solution osmolarity was between 280 and 300
mOsmol/kg H>O for all physiological salt solutions used. Cells were voltage clamped
to 0 mV (model EVC4000; WPI). RT was measured by applying a 1- or 2-mV pulse at
30-s intervals and calculating RT by Ohm’s law. Data were recorded using a

PowerLab workstation (ADInstruments).

Test compounds were prepared as a 10 mM stock solution in DMSO (95%). Serial
3-fold dilutions were freshly prepared in an appropriate vehicle (distilled H,O or
Ringers solution). The initial concentration was added to the apical chamber as a
1000x concentrate in 5 ul, resulting in a final 1x concentration the 5 mL volume of
the Ussing chamber. Subsequent additions of compound were added in a 3.3 pL.
volume of the 1000x serially diluted stock solution. At the completion of the
concentration-response experiment, amiloride (10 uM) was added into the apical
chamber to enable the total amiloride-sensitive current to be measured. An amiloride

control ICso was established at the start of each experiment.

Results are expressed as the mean % inhibition of the amiloride-sensitive ISC.
Concentration-response curves were plotted and 1Cso values generated using GraphPad
Prism 3.02. Cell inserts were typically run in duplicate and the ICso calculated on the

mean % inhibition data.

Compounds of the Examples, herein below, generally have 1Cso values in the data
measurements described above below 10 uM. For example, the compounds of the

Examples shown below have the indicatedICso values.
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The invention is illustrated by the following Examples.

EXAMPLES
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are shown in Table 1. Methods for preparing such compounds are described

hereinafter. The table also shows mass spectrometry [M+H]* data.
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LCMS are recorded using a Phenomenex Gemini 50 mm x 3.0 mm, 3um column. Low
pH methods use a gradient of 5-95% acetonitrile in water — 0.1% TFA, high pH
methods use 5-95% acetonitrile in water — 0.1% NHj. [M+H]* refer to monoisotopic

molecular weights.

9-BBN 9-Borabicyclo[3.3.1]nonane
DBU Diazabicyclo [5.4.0] undec-7-ene
DMF dimethylformamide

DMSO dimethyl sulfoxide

DCM dichloromethane

DEAD diethyl azodicarboxylate

DIAD diisopropyl azodicarboxylate

DIPEA diisopropylethylamine

EDCI 1-ethyl-3-(3’-dimethylaminopropyl) carbodiimide

EtOAc ethyl acetate

HATU 2-(7-Aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate

HPLC high performance liquid chromatography

IPA Isopropyl alcohol (iso-propanol)

MeOH methanol

MEMCI  2- methoxyethoxymethyl chloride

NMR nuclear magnetic resonance

PS polymer supported

PPTS Pyridinium para-toluenesulfonate
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PEAX PE-anion exchange (e.g. Isolute® PE-AX columns from Biotage)

SCX-2 strong cation exchange (e.g. Isolute® SCX-2 columns from Biotage)
TEA triethylamine

THF tetrahydrofuran

TFA trifluoroacetic acid

PREPARATION OF EXAMPLES

For clarity in describing the Examples described below. Examples 2, 9, and 10 are
racemic mixtures. Examples 4 ;13 and 29 are mixtures of diastereomers. Examples 24
and 25 are single enantiomers wherein the stereochemistry of the unassigned
stereocentre is not determined. All other examples are single enantiomers of defined

stereochemistry.

Where not stated, the compounds are recovered from reaction mixtures and purified
using conventional techniques such as flash chromatography, filtration,

recrystallisation and trituration.

Example 1
3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [4.4-dimethyl-imidazolidin-(27)-

vlidene]-amide

A suspension of 1-(3,5-diamino-6-chloro-pyrazine-2-carbonyl)-2-methyl-isothiourea
(Intermediate A) (0.2 g, 0.517 mmol) in EtOH (2 ml) is treated with triethylamine
(0.029 ml, 0.258 mmol) followed by 1,2-diamino-2-methylpropane (0.07 ml, 0.672
mmol) and stirred at reflux overnight. The resulting suspension is filtered under

vacuum to afford the title compound as a pale yellow solid; [M+H]+ 284

Example 2
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [4-methyl-imidazolidin-(27)-

vlidene]-amide

This compound is prepared analogously to Example 1 by replacing 1,2-diamino-2-

methylpropane with 1,2,diaminopropane; [M+H]+*270
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Example 3

3.5-Diamino-6-chloro-pyrazine-2-carboxvlic acid [1-methyl-imidazolidin-(27)-

vlidene|-amide

This compound is prepared analogously to Example 1 by replacing 1,2-diamino-2-

methylpropane with N-methylenediamine; [M+H]+270

Example 4
3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid (4,5-diphenyl-imidazolidin-2-

vlidene)-amide

This compound is prepared analogously to Example 1 by replacing 1,2-diamino-2-

methylpropane with 1,2 diphenylethylene diamine; [M+H]|*408

Example 5

carbamic acid benzyl ester

This compound is prepared analogously to Example 1 by replacing 1,2-diamino-2-
methylpropane with ((S)-5,6-Diamino-hexyl)-carbamic acid benzyl ester
(Intermediate B); [M+H]* 461

Example 6

3.5-Diamino-6-chloro-pyrazine-2-carboxvlic acid [1-[4-(4-methoxy-phenyl)-butyl]-

imidazolidin-(27)-vlidene]-amide

This compound is prepared analogously to Example 1 by replacing 1,2-diamino-2-
methylpropane with N*1%*-[4-(4-methoxy-phenyl)-butyl]-ethane-1,2-diamine
(Intermediate C); [M+H]+418

Example 7

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [1-[4-(4-hydroxy-phenyl)-butyl]-

imidazolidin-(27)-ylidene]-amide
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This compound is prepared analogously to Example 1 by replacing 1,2-diamino-2-
methylpropane with 4-[4-(2-amino-ethylamino)-butyl]-phenol (Intermediate C);
[M+H]+ 404

Example 8

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(S)-4-(4-methoxy-benzyl)-

imidazolidin-(27)-yvlidene]-amide

This compound is prepared analogously to Example 1 by replacing 1,2-diamino-2-
methylpropane with (S)-3-(4-methoxy-phenyl)-propane-1,2 diamine (Intermediate D);
[M+H]|*376

Example 9

imidazolidin-(27)-ylidene]-amide

This compound is prepared analogously to Example 1 by replacing 1,2-diamino-2-
methylpropane with 1-(3,4-Dichloro-phenyl)-ethane-1,2-diamine (Intermediate E);
[M+H]*400

Example 10

3-12-[(Z)-3.5-Diamino-6-chloro-pyrazine-2-carbonylimino]-imidazolidin-4-vl}-

propionic acid

This compound is prepared analogously to Example 1 by replacing 1,2-diamino-2-
methylpropane with 4,5-Diaminopentanoic acid dihydrochloride (Intermediate F);

[M+H]* 328

Examples 2-10
These compounds are recovered from reaction mixtures and purified using
conventional techniques such as flash chromatography, filtration, capture release resin

or preparative HPLC .

Example 11
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3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid (octahvdro-benzoimidazol-2-

vlidene)-amide

This compound is prepared analogously to Example 1 by replacing 1,2-diamino-2-
methylpropane with cyclohexane-1,2-diamine. The reaction is carried out in propan-2-

ol; [M+H]* 310

Example 12
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-benzyl-1,3,8-triazaspiro[4.5]dec-

(2Z)-vlidene]-amide

4-Amino-1-benzyl-piperidine-4-carbonitrile (Intermediate G) (200 mg, 0.91 mmol) in
dry propan-2-ol (10 ml) is treated with triethylamine (0.25 ml) followed by 1-(3,5-
diamino-6-chloro-pyrazine-2-carbonyl)-2-methyl-isothiourea (Intermediate A) (355
mg, 0.91 mmol). The mixture is heated at 70 °C for § hours and then allowed to cool
to room temperature. The precipitate is collected and washed with methanol to afford

the title compound as a light yellow solid, 190 mg; [M+H]+ 415

Example 13

3.5-Diamino-6-chloro-pyrazine-2-carboxvlic acid [4-[3-(4-methoxy-phenyl)-propyl]-

imidazolidin-(27)-vlidene]-amide

This compound is prepared analogously to Example 12 by replacing 4-Amino-1-
benzyl-piperidine-4-carbonitrile (Intermediate G) with 5-(4-methoxy-phenyl)-pentane-
1,2-diamine (Intermediate 1); [M+H]* 404

Example 14

3.5-Diamino-6-chloro-pyrazine-2-carboxvlic acid (tetrahydro-pyrimidin-2-vylidene)-

amide

1-(3,5-Diamino-6-chloro-pyrazine-2-carbonyl)-2-methyl-isothiourea (Intermediate A)
(1.0 g, 2.58 mmol) is suspended in propan-2-ol (10 ml) and 1,3-diaminopropane (0.32
ml, 3.9 mmol) is added. The mixture is heated at 60°C for 18 hours and then allowed
to cool to room temperature and the solids present are collected by filtration. The
solids are washed with THF and MeOH to yield the title compound as a yellow solid;
IM+H]* 270
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Example 15
3.5-diamino-6-chloro-N-(1H-pyrrolo[1.2-climidazol-3(2H,5H.6 H,7H.7aH)-

vlidene)pyrazine-2-carboxamide

1-(3,5-Diamino-6-chloro-pyrazine-2-carbonyl)-2-methyl-isothiourea (Intermediate A)
(195 mg, 0.5 mmol) is suspended in propan-2-ol (10 ml) and (S)-2-
(aminomethyl)pyrrolidine (100 mg, 1 mmol) is added. The mixture is heated at 60 °C
for 18 hours, allowed to cool to room temperature and the precipitate is removed by
filtration. The filtrate is concentrated iz vacuo and the residue purified by
chromatography (Si02, DCM/MeOH) to afford the title compound as a light, yellow
gum; [M+H]* 296

Example 16

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [1,3-diaza-spiro[4.4]non-(27)-

vlidene|-amide

A solution of crude 1-aminomethyl-cyclopentylamine (Intermediate | ) (80 mg, 0.70
mmol) in propan-2-ol (1.0 ml) is added to a suspension of 1-(3,5-diamino-6-chloro-
pyrazine-2-carbonyl)-2-methyl-isothiourea (Intermediate A) (208 mg, 0.54 mmol) in
propan-2-ol (1.08 ml) and heated at 70 °C for 2 days. After cooling to room
temperature, the reaction mixture is filtered under vacuum, and the solid is rinsed with
MeOH. The filtrate is concentrated iz vacuo to afford a bright yellow residue which is
loaded onto a SCX-2 cartridge and eluted with 33% NH; (4 drops) in MeOH (5 ml
x2). The methanolic ammonia fractions are combined and concentrated i1z vacuo.
Purification using mass directed preparative LCMS eluting with 95% Water + 0.1%
NH; : 5% Acetonitrile to affords the title compound; [M+H]J* 310.

Example 17

3.5-Diamino-6-chloro-pyrazine-2-carboxvlic acid [(R)-4-[3-(4-hydroxy-phenyl)-

propyl]-imidazolidin-(2E)-ylidene]-amide

To a stirred solution of (4-((R)-4,5-Diamino-pentyl)-phenol (intermediate K) (1.5 g,
7.72 mmol) in propan-2-ol (100 ml) at 30 °C is added in one portion 1-(3,5-Diamino-

6-chloro-pyrazine-2-carbonyl)-2-methyl-isothiourea (Intermediate A) and the reaction
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is heated at 30 °C for 18 hours followed by 50 °C for a further 18 hours. The reaction
mixture is filtered hot and the filtrate solvent is removed i vacuo to afford a yellow

foam. The foam is purified by chromatography (5iO,, DCM /MeOH/5% NH3) to
afford the title compound; [M+H]* 390

Example 18

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(S)-4-[3-(4-hydroxy-phenyl)-propyl]-

imidazolidin-(2E)-vlidene]-amide

This compound is prepared analogously to Example 17 replacing (4-((R)-4,5-
Diamino-pentyl)-phenol (Intermediate K) with4-((S)-4,5-Diamino-pentyl)-phenol
(intermediate L; [M+H]* 390

Example 19
3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(R)-4-{3-[4-({S)-2.3-dihydroxy-

To a stirred solution of 3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(R)-4-[3-(4-
hydroxy-phenyl)-propyl]-imidazolidin-(2E)-ylidene]-amide (Ex. 17) (1.0 g, 2.57 mmol)
in 1,4 dioxane (38 ml) at 50 °C is added in one portion 0.5 M KOH (5.3 ml, 2.7
mmol) followed by (S)-(-)-Glycidiol (0.170 ml, 2.57 mmol). The resulting mixture is
heated at 50 °C for 18 hours and then further (S)-(-)-Glycidiol (0.07 ml, 1.05 mmol)
is added in one portion. The resulting mixture is heated at 50 °C for 60 hours and
then allowed to cool to room temperature. The solvent is removed in vacuo to afford
an orange oil which is dissolved in EtOA¢/MeOH 9 :1 (100 ml) and washed with 1 M
NaOH (50 ml). The organic layer is dried over NaSO4 and the solvent is removed in
vacuo to afford a brown/orange foam. Purification by chromatography (SiO,
DCM/MeOH/NH3) affords the title compound as a yellow foam; [M+H]+ 464; 'H
NMR (400 MHz, DMSO-d6): 1.65-1.40 (m, 4H), 2.52 (m, 2H), 3.13 (dd, J=9.6,
7.1Hz, 1H), 3.42 (br d, J=4.7Hz, 2H), 3.62 (dd, J=9.6, 9.6Hz, 1H), 3.76 (m, 1H), 3.78
(m, 1H), 3.80 (m, 1H), 3.94 (dd, J=9.5, 4.0Hz, 1H), 4.62 (br s, 1H), 4.89 (br s, 1H),
6.68 (br s, 2H), 6.82 (d, J=8.5Hz, 2H), 7.09 (d, J=8.5Hz, 2H), 7.2-6.0 (br s, 1H), 8.18
(brs, 1H), 9.3-7.5 (br s, 1H),

Example 20
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3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(S)-4-{3-[4-((S)-2.3-dihvdroxy-

propoxy)-phenyl]-propyl}-imidazolidin-(2Z)-vlidene]-amide

To a solution of 3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(S)-4-[3-(4-
hydroxy-phenyl)-propyl]-imidazolidin-(2E)-ylidene]-amide (Example 18) (37.5 mg,
0.09 mmol) in Ethanol (2 ml) is added triethylamine (63 ul, 0.45 mmol) and (S)-
glycidol (6.07 ul, 0.09 mmol). The resulting mixture is heated at reflux for 18 hours
and then allowed to cool to room temperature. The reaction mixture is diluted with
MeOH (1 ml) and purified on a Waters 3000 prep HPLC system, (Microsorb C18,
Water (0.1% TFA): MeCN) to afford the title compound; [M+H]+ 464.

Example 21
(3,5-Diamino-6-chloro-pyrazine-2-carboxvlic acid [(R)-4-{3-[4-({R)-2,3-dihydroxy-

propoxy)-phenyl]-propyl}l-imidazolidin-(2Z)-ylidene]-amide

To a stirred solution of (R)-3-[4-((R)-4,5-Diamino-pentyl)-phenoxy|-propane-1,2-diol
(Intermediate O) (32.8 mg, 0.122 mmol) in propan-2-ol (3 ml) is added 1-(3,5-
Diamino-6-chloro-pyrazine-2-carbonyl)-2-methyl-isothiourea (Intermediate A) (45.8
mg, 0.122 mmol) and the resultant reaction mixture is heated at 90 °C for 18 hours.
The reaction is allowed to cool to room temperature and diluted with DMSO (1.5 ml)
and purified on a Waters 3000 preperative HPLC system (Microsorb™ C18, Water
(0.1% TFA): MeCN). The fractions containing product are passed through a 1 g SCX-
2 cartridge which is eluted with 1:1 Water:MeCN (20 ml), MeCN (20 ml) and 7M
NH;3 in MeOH (20 ml). The ammonia elutions are concentrated iz vacuo to afford the

title compound; [M+H |+ 464

Example 22
3.5-Diamino-6-chloro-pyrazine-2-carboxvlic acid [(S)-4-{3-[4-((R)-2,3-dihvydroxy-

propoxy)-phenyl]-propyl}-imidazolidin-(2Z)-vlidene]-amide trifluroacetate

This compound is prepared analogously to Example 21 replacing (R)-3-[4-((R)-4,5-
Diamino-pentyl)-phenoxy|-propane-1,2-diol (Intermediate O) with (R)-3-[4-((S)-4,5-
Diamino-pentyl)-phenoxy]|-propane-1,2-diol (Intermediate P); [M+H]|* 464.

Example 23
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3.5-Diamino-6-chloro-pyrazine-2-carboxvlic acid [(R)-4-{3-[4-(2-morpholin-4-yl-2-

oxo-ethoxy)-phenyl|-propyl}-imidazolidin-(2Z)-ylidene|-amide

This compound is prepared analogously to Example 21 replacing (R)-3-[4-((R)-4,5-
Diamino-pentyl)-phenoxy]-propane-1,2-diol (Intermediate O) with 2-[4-((R)-4,5-
Diamino-pentyl)-phenoxy]-1-morpholin-4-yl-ethanone (Intermediate Q); [M+H]* 517

Examples 24 and 25

Both Enantiomers of 3,5-Diamino-6-chloro-pyrazine-2-carboxvlic acid [4-[3-(4-

methoxy-phenyl)-butvl]-imidazolidin-(27)-vlidene]-amide

The racemate of these compounds is prepared analogously to Example 12 replacing
4-Amino-1-benzyl-piperidine-4-carbonitrile (Intermediate G) with §-(4-methoxy-
phenyl)-hexane-1,2-diamine (Intermediate K). The enantiomers are separated by chiral
HPLC:

Mobile phase: 100% EtOH (0.2% IPAm)

Column: Chirapak-AD 25cm x 4.6mm i.d

Flow rate: 1ml/min

UV 280nM

Concentration Tmg/mL

Inj Vol 10uL.

Example 26

3.5-Diamino-6-chloro-pyrazine-2-carbovxlic acid [(S)-4-(4-benyloxy-2.2-dimethyl-

butyl-imidazolidin-(27)-ylidene]-amide

Stepl
DEAD (4.49 ml, 28 mmol) is added to a stirred suspension of ((S)-5-benzyloxy-1-

hydroxymethyl-3,-3-dimethyl-pentyl)-carbamic acid tert-butyl ester (prepared as
described in EP 0702004 A2, Rueger et al., 10 g, 0.028 mmol), phthalimide (4.19 g,
0.028 mmol) and PS-triphenylphosphine (29.8 g, 56 mmol) in THF (500 ml), and the
resulting reaction is stirred at room temperature for 3 days. The reaction is filtered to
remove the PS-triphenylphosphine resin and the resin is washed with EtOAc (2 x 50
ml). The solvent is removed iz vacuo and the residue is purified by flash

chromatography (SiO2, EtOAc/iso-hexane) to afford [(S)-5-benzyloxy-1-(1,3-dioxo-
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1,3-dihydro-isoindol-2-ylmethyl)-3,3-dimethyl-pentyl]-carbamic acid tert-butyl ester as
a white solid; [M+H]* 481.

Step 2
Hydrazine (66.6 ml of a 1M solution in THF, 66.6 mmol) is added to a suspension of

[(S)-S-benzyloxy-1-(1,3-dioxo-1,3-dihydro-isoindol-2-ylmethyl)-3,3-dimethyl-pentyl |-
carbamic acid tert-butyl ester (4 g, 8.32 mmol) in ethanol (100 ml), and the resulting
solution is heated at 40 °C overnight. A fluffy white precipitate forms. The reaction is
allowed to cool to room temperature and diethyl ether (100 ml) is added and the
resulting white suspension cooled at 0 °C for 30 minutes. The white precipitate is
removed by filtration and the solvent removed iz vacuo. The residue is then stirred
with diethyl ether (100 ml) for 1 hour, filtered and the solvent is removed iz vacuo to
afford ((S)-1-Aminomethyl-5-benzyloxy-3,3-dimethyl-pentyl)-carbamic acid tert-butyl
ester as a pale yellow oil; [M+H]* 351.

Step 3
lodotrimethylsilane (1.63 ml, 11.94 mmol) is added dropwise to a solution of ((S)-1-

Aminomethyl-5-benzyloxy-3,3-dimethyl-pentyl)-carbamic acid tert-butyl ester (2.79 g,
7.96 mmol) in DCM (30 ml) and the resulting yellow solution is stirred for 1 hour at
room temperature. The reaction is filtered and the filtrate diluted with DCM (50 ml)
and washed with 2 M NaOH (100 ml). The aqueous layer is allowed to stand
overnight and any product which has oiled out of solution is extracted into EtOAc
(100 ml). The organic layers are combined, dried over MgSQ4, and the solvent is
removed i1 vacuo to yield (S)-Benzyloxy-4,4-dimethyl-hexane-1,2-diamine as a pale

yellow oil; [M+H], 251.

Step 4

A suspension of 1-(3,5-diamino-6-chloro-pyrazine-2-carbonyl)-2-methyl-isothiourea
(Intermediate A) (2.56 g, 6.87 mmol) and (S)-Benzyloxy-4,4-dimethyl-hexane-1,2-
diamine (1.72 g, 6.87 mmol) in propan-2-ol (50 ml) is heated at 90 °C for 3 hours.
The reaction is allowed to cool to room temperature, filtered to remove any insoluble
material and the filter paper is washed with MeOH (50 ml). The filtrate is loaded on
to a SCX-2 cartridge which has been pre-eluted with MeOH. The cartridge is eluted
with MeOH and then 7M NH; in MeOH. Upon standing, a pale yellow solid

crystallises out of the NH3 in MeOH solution. The solid is collected by filtration,



0 0 512. 01 183 OHN C . “..N H2NNNH1 478. 01 184 OHN Cl,, NN

R -5, CNlHHNN 475.08 185 OHN CIN. . . ,: )
"WO 2009/074575 PCT/EP2008/0671 10

114

washed with MeOH (20 ml) and dried i1 vacuo at 40 °C to afford the title compound.
[M+H]+ 446.

Example 27

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(S)-4-(hydroxyl-2.2-dimethyl-butyl)-

imidazolidin-(27)-ylidene|-amide

To a suspension of 3,5-Diamino-6-chloro-pyrazine-2-carboyxlic acid [(S)-4-(4-

benyloxy-2,2-dimethyl-butyl-imidazolidin-(2Z)-ylidene]-amide (Ex. 26)

(100 mg, 0.22 mmol) in DCM (§ ml) is added dropwise iodotrimethylsilane (0.061
ml, 0.448 mmol). The resulting yellow solution is heated at reflux for 2 days. The
reaction is allowed to cool to room temperature and the yellow solid that has formed is
collected by filtration, dissolved in MeOH (3 ml) and loaded onto a 10 g SCX-2
cartridge which has been pre-eluted with MeOH. The cartridge is eluted with MeOH
(30 ml) and 7M NHj3 in MeOH (30 ml). The pale yellow 7M NH3 in MeOH wash is

concentrated in vacuo to afford the title compound as a yellow solid. [M+H]* 356.

Example 28
3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(S)-4-{4-[4-(S)-2.3-dihydroxy-

propoxy)-phenyl]-2.2-dimethyl-butyl}-imidazolidin-(2Z)-ylidene]-amide

Step 1
(S)-Glycidol (0.36 ml, 5.5 mmol) is added to a solution of 4-iodophenol (1 g, 4.5

mmol) and triethylamine (31 ml, 0.2 mmol) in ethanol (5 ml) and the resulting light
brown solution is heated at reflux for 15 hours. The reaction is allowed to cool to
room temperature and the solvent removed in vacuo. The residue is purified by
chromatography (5102, EtOAc/iso-hexane) to afford (S)-3-(4-lodo-phenoxy)-propane-

1,2- diol as a colourless oil.

Step 2
2,2-Dimethoxypropane (1.94 ml, 15.8 mmol) and PPTS (0.079 mg, 0.32 mmol) are

added to a solution of (S)-3-(4-Iodo-phenoxy)-propane-1,2- diol (0.93 g, 3.16 mmol)
in DMF (20 ml), and the resulting solution is left to stir at room temperature
overnight. The solvent is removed in vacuo and the residue is purified by
chromatography (5102, EtOAc:Iso-hexane) to afford (R)-4-(4-Iodo-phenoxymethyl)-

2,2-dimethyl-[1,3]dioxolane as a colourless oil.
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Step 3
DEAD (0.63 ml, 4 mmol) is added to a suspension of ((S)-1-Hydroxymethyl-3,3-

dimethyl-pent-4-enyl)-carbamic acid tert-butyl ester (1 g, 4 mmol), phthalimide (588
mg, 4 mmol) and PS-triphenylphosphine (3.72 g, 8 mmol) in THF (50 ml) and the
resulting solution is stirred at room temperature overnight. The resin is removed by
filtration, and the filtrate concentrated in vacuo. Purification by flash chromatography
(SiO2, EtOAc/iso-hexane) yields [(S)-1-(1,3-Dioxo-1,3-dihydro-isoindol-2-ylmethyl)-
3,3-dimethyl-pent-4-enyl]-carbamic acid tert-butyl ester as a white solid; [M+H-BOC]*
273.

Step 4
9-BBN (4.63 ml of a 0.5 M solution in THF, 0.23 mmol) is added to a solution of [(S)-

1-(1,3-Dioxo-1,3-dihydro-isoindol-2-ylmethyl)-3,3-dimethyl-pent-4-enyl]-carbamic
acid tert-butyl ester (0.43 g, 0.116 mmol) in THF (15 ml) and the resulting colourless
solution is stirred at room temperature overnight. Anhydrous DMF (15 ml) is added to
the solution, followed by 3 M aqueous K3PO4 solution (0.77 ml, 2.3 mmol), (R)-4-(4-
lodo-phenoxymethyl)-2,2-dimethyl-[1,3]dioxolane (267 mg, 0.28 mmol) and
Pd(dppf)Clo.DCM (47 mg, 0.058 mmol). The reaction is stirred at room temperature
for 3 hours, 50 °C for 2 hours and then is allowed to cool to room temperature and
filtered through a pad of Celite™ (filter material) which is washed with EtOAc (3 x 50
ml). The combined filtrates are washed with sat. aq. NaHCQOj3 solution (30 ml), dried
(MgSQ4) and the solvent removed in vacuo to afford a black oil. Multiple
chromatography (SiO», EtOAc/iso-hexane) yields [(S)-5-[4-((R)-2,2-Dimethyl-
[1,3]dioxolan-4-ylmethoxy)-phenyl]-1-(1,3-dioxo-1,3-dihydro-isoindol-2-ylmethyl)-
3,3-dimethyl-pentyl]-carbamic acid tert-butyl ester as a cream solid; [M+H-BOC]+ 481.

Step S
Hydrazine (2.2 ml of a 1M solution in THF, 2.2 mmol) is added to a solution of [(S)-5-

[4-((R)-2,2-Dimethyl-[1,3]dioxolan-4-ylmethoxy)-phenyl]-1-(1,3-dioxo-1,3-dihydro-
isoindol-2-ylmethyl)-3,3-dimethyl-pentyl]-carbamic acid tert-butyl ester (0.16 g, 0.28
mmol) in ethanol (§ ml), and the resulting colourless solution is heated at 45 °C
overnight. The reaction is allowed to cool to room temperature, and diethyl ether (30
ml) is added and the resulting white suspension cooled at 0 °C for 30 minutes. The

white solid is removed by filtration, and the solvent removed in vacuo to yield {(S)-1-
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Aminomethyl-5-[4-((R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)-phenyl]-3,3-

dimethyl-pentyl}-carbamic acid tert-butyl ester as a colourless oil; [M+H]* 451.

Step 6

A solution of {(S)-1-Aminomethyl-5-[4-((R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)-
phenyl]-3,3-dimethyl-pentyl}-carbamic acid tert-butyl ester (0.13 g, 0.28 mmol) and
TFA (1 ml) in DCM (5 ml) is stirred at room temperature for 1 hour, then loaded onto
an SCX-2 cartridge which has been pre-eluted with MeOH. The cartridge is eluted
with MeOH (2 x 5 ml), followed by 7M NH3 in MeOH (2 x § ml) to yield (S)-3-[4-
((S)-5,6-Diamino-3,3-dimethyl-hexyl)-phenoxy]-propane-1,2-diol in 80% purity as a
colourless oil; [M+H]* 311

Step 7

A suspension of (S)-3-[4-((S)-5,6-Diamino-3,3-dimethyl-hexyl)-phenoxy]-propane-1,2-
diol (60 mg, 0.19 mmol) and 1-(3,5-diamino-6-chloro-pyrazine-2-carbonyl)-2-methyl-
isothiourea (Intermediate A) (72 mg, 0.19 mmol) in propan-2-ol (3 ml) is heated at 80
°C for 35 minutes. The reaction mixture is allowed to cool to room temperature and
diluted with MeOH until any solid dissolves. The solution is passed through a SCX-2
cartridge which is then eluted with further MeOH. The combined methanol elutions
are concentrated i1z vacuo. Reverse phase chromatography (Isolute™ C18,
Water/CH3CN/0.1%TFA) yields the title compound compound as a yellow solid;
[M+H]+ 506

Example 29
(E)-3.5-diamino-6-chloro-N-(4-(3-(4-((S)-2.3-dihydroxypropoxy)phenyl) propyl)-S-

Step 1
4-(4-Methoxyphenyl)butyric acid (25 g, 129 mmol) is dissolved in 48% HBr (125 ml)

and AcOH (125 ml). The resultant solution is heated at 150 °C overnight. The

resultant mixture is concentrated iz vacuo and the residue taken up in EtOAc (500 ml).
This solution is washed with water (500 ml), dried (MgSO4) and concentrated to give
4-(4-Hydroxy-phenyl)-butyric acid as a tan solid; '"H NMR (d6-DMSO): 1.72 (2H, tt,
J=7.4and 7.8 Hz), 2.18 (2H, t, | = 7.4 Hz), 2.45 (2H, t, | = 7.8 Hz), 6.66 (2H, dd, | =
1.98 and 9.3 Hz), 6.96 (2H, dd, ] = 2.8 and 9.3 Hz), 9.12 (1H, s), 12.0 (1H, s).
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Step 2
4-(4-Hydroxy-phenyl)-butyric acid (22.1 g, 123 mmol) is dissolved in THF (750 ml)

and borane-dimethyl sulfide (23.3 ml, 245 mmol) is slowly added. The yellow
suspension formed is heated at reflux for 3 hours until most of the solid slowly
dissolves. The flask is removed from the heating mantle, and MeOH is slowly added
until bubbling ceases and the residual solid has dissolved. The flask is cooled to room
temperature and water (1 L) is added. The pH is corrected to 3 with AcOH, then the
mixture is extracted with EtOAc (2 x 500 ml). The organics are washed with brine,
dried (MgSQO.) and concentrated. The crude product is slurried with silica (500 g) in
25% EtOAc/iso-hexanes (1 L). This is filtered, then flushed with 50% EtOAc/iso-
hexanes (2 L) to elute the product. The organics are concentrated to give 4-(4-
Hydroxy-butyl)-phenol as a brown oil which crystallizes on standing; 'H NMR
(CDCl3): 1.55-1.72 (4H, m), 2.58 (2H, t, ] = 7.0Hz), 3.1 (2H, br signal), 3.70 (2H, ¢, |
= 6.4Hz), 6.77 (2H, d, ] = 8.4Hz), 7.05 (2H, d, ] = 8.4Hz).

Step 3
To 4-(4-Hydroxy-butyl)-phenol (32.7 g, 197 mmol) in acetone (600 ml) is added

potassium carbonate (40.8 g, 295 mmol) followed by (S)-glycidol (13.7 ml, 207 mmol).
The mixture is heated at reflux overnight. Further potassium carbonate (20 g) is
added, followed by (S)-glycidol (5 g) and the mixture is heated at reflux for 72 hours.
The suspension is cooled, filtered and the filtrate concentrated in vacuo. The residue is
partitioned between EtOAc (500 ml) and 5% citric acid solution (500 ml). The
organics are separated, dried (MgSO4) and concentrated in vacuo to give (S)-3-[4-(4-
Hydroxy-butyl)-phenoxy]-propane-1,2-diol as a brown oil; 'H NMR (CDCl;): 1.56-
1.74 (4H, m), 2.20 (1H, t, | = 2.46Hz), 2.61 2H, t, | = 7.6Hz), 3.68 (2H, t, | =
6.2Hz), 3.78 (1H, dd, ] = 5.4 and 11.5Hz), 3.86 (1H, dd, ] = 3.9 and 11.5Hz), 4.0-
4.16 (3H, m), 6.85 (2H, d, ] = 8.6Hz), 7.12 (2H, d, ] = 8.6Hz).

Step 4

To (S)-3-[4-(4-Hydroxy-butyl)-phenoxy|-propane-1,2-diol {43 g, 179 mmol) in THF
(700 ml) is added 2,2-dimethoxypropane (94 ml, 760 mmol) followed by PPTS (4.5 g,
17.9 mmol). The resultant mixture is stirred at room temperature overnight. The
solution is concentrated in vacuo and the residue taken up in DCM (500 ml). This is

washed with water, dried (MgSQO4) and concentrated in vacuo. The residue is purified
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through a silica plug (300 g) eluting with 10% followed by 25% EtOAc/iso-hexanes.
The desired fractions are concentrated to give 4-[4-((R)-2,2-Dimethyl-[1,3]dioxolan-4-
ylmethoxy)-phenyl]-butan-1-ol as a clear oil; 'H NMR (CDCl;): 1.42, (3H, s), 1.48
(3H, s), 1.53-1.73 (4H, m), 2.20 (1H, t, | = 2.5Hz), 2.60 (2H, t, | = 7.2Hz), 3.68 (2H,
t, ] = 6.4Hz), 3.92 (2H, dt, | = 5.8 and 8.5Hz), 4.07 (1H, dd, ] = 5.4 and 9.5Hz), 4.19
(1H, dd, | = 6.4 and 8.5Hz), 4.49 (1H, p, | = 5.7Hz), 6.85 (2H, d, | = 8.7Hz), 7.11
(2H, d, ] = 8.7Hz).

Step S

To 4-[4-((R)-2,2-Dimethyl-[1,3]dioxolan-4-ylmethoxy)-phenyl]-butan-1-ol (5.0 g, 17.8
mmol) in DCM (180 ml) is added Dess-Martin periodinane (7.56 g, 17.8 mmol). The
yellowish solution is stirred at room temperature for 1 hour. The resultant yellow
suspension is treated with 1 N NaOH solution (200 ml) and stirred at room
temperature for 30 minutes. The organic phase is separated, dried (MgSO4) and
concentrated to give 4-[4-((R)-2,2-Dimethyl-[1,3]dioxolan-4-ylmethoxy)-phenyl]-
butyraldehyde as a clear oil; 'H NMR (CDCIl3): 1.42, (3H, s), 1.48 (3H, s), 1.95
(2H, dt, ] = 7.6 and 14.2Hz), 2.46 (2H, dt, ] = 1.5 and 7.3Hz), 2.62 (2H, t, ] = 7.6Hz),
3.90-3.96 (2H, m), 4.07 (1H, dd, J = 5.2 and 9.3Hz), 4.19 (1H, dd, | = 6.4 and
8.1Hz), 4.49 (1H, p, | = 5.8Hz), 6.86 (2H, d, | = 9.4Hz), 7.10 (2H, d, | = 9.4Hz), 9.77
(1H, t, ] = 1.6Hz).

Step 6

To 4-[4-((R)-2,2-Dimethyl-[1,3]|dioxolan-4-ylmethoxy)-phenyl]-butyraldehyde (4.28 g,
15.4 mmol) in THF (150 ml) is added tert-butyl sulfinamide (2.05 g, 16.9 mmol)
followed by titanium ethoxide (6.5 ml, 30.8 mmol). The yellow solution formed is
stirred at room temperature overnight. The solution is quenched with 1 N NaOH (200
ml) and EtOAc (100 ml) and stirred for 30 minutes at room temperature. The
resultant mixture is filtered through Celite™ (filter material) and the organic phase is
separated and dried (MgSOs4). Concentration in vacuo gives 2-Methyl-propane-2-
sulfinic  acid  [4-[4-((R)-2,2-dimethyl-[1,3]|dioxolan-4-ylmethoxy)-phenyl]-but-(E)-
ylidene]-amide as a yellow oil; [M+H]* 382.23

Step 7
To a solution of 2-Methyl-propane-2-sulfinic acid [4-[4-((R)-2,2-dimethyl-
[1,3]dioxolan-4-ylmethoxy)-phenyl]-but-(E)-ylidene]-amide (4.51 g, 11.8 mmol) in
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THF (120 ml) at 0 °C is added vinylmagnesium bromide (11.8 ml of a 1 M solution in
THF, 11.8 mmol) dropwise. After addition is complete, the mixture is stirred at 0 °C
for 30 minutes then quenched with sat. aq. NH4Cl solution (20 ml). This mixture is
allowed to warm to room temperature and diluted with water (50 ml) and EtOAc (50
ml). The organic phase is separated, dried (MgSO4) and concentrated in vacuo.
Purification by chromatography (S5iO2, EtOAc/iso-hexane) affords 2-Methyl-propane-
2-sulfinic acid  {4-[4-((R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)-phenyl]-1-vinyl-

butyl}-amide as a mixture of diastereomers as a gum; [M+H]* 410.39

Step 8

A solution of 2-methyl-propane-2-sulfinic acid {4-[4-((R)-2,2-dimethyl-[1,3]dioxolan-
4-ylmethoxy)-phenyl]-1-vinyl-butyl}-amide (1.0 g, 2.4 mmol) in DCM (2§ ml) at -78
°C is saturated with oxygen, then ozone (generated using Fischer Technology Ozon
Generator 500m) until a blue solution is obtained. Dimethyl sulfide (1.8 ml, 24 mmol)
is then added and the mixture stirred to room temperature over 30 minutes. The
resultant solution is washed with water (25 ml) and the organic phase is concentrated
under high vacuum at low temperature to give 2-Methyl-propane-2-sulfinic acid {4-[4-
((R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)-phenyl]-1-formyl-butyl}-amide ~ as an
oil; [M+H]*412.36

Step 9

To a solution of 2-methyl-propane-2-sulfinic acid {4-[4-((R)-2,2-dimethyl-
[1,3]dioxolan-4-ylmethoxy)-phenyl]-1-formyl-butyl}-amide in THF (20 ml) is added
tert-butyl sulfinamide (323 mg, 2.7 mmol) followed by titanium ethoxide (1.0 ml, 4.8
mmol). The yellow solution formed is stirred at room temperature overnight. The
solution is quenched with 1N NaOH (50 ml) and EtOAc (50 ml) and stirred for 30
minutes at room temperature. The resultant mixture is filtered through Celite™ (filter
material) and the organic phase separated and dried (MgSQ4). Concentration gives 2-
Methyl-propane-2-sulfinic acid (4-[4-((R)-2,2-dimethyl-[1,3]dioxolan--4-ylmethoxy)-
phenyl]-1-{[(E)-2-methyl-propane-2-sulfinylimino]-methyl}-butyl)-amide as a mixture

of diastereomers as a yellow oil; [M+H]|* 515.38

Step 10
To a solution of 2-methyl-propane-2-sulfinic acid (4-[4-((R)-2,2-dimethyl-
[1,3]dioxolan-4-ylmethoxy)-phenyl]-1-{[(E)-2-methyl-propane-2-sulfinylimino|-

.r..."NN 1H
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methyl}-butyl)-amide (907 mg, 1.7 mmol) in THF (20 ml) at 0 °C n-propylmagnesium
chloride (1.76 ml of a 2M solution in diethyl ether, 3.52 mmol). The solution is stirred
at 0 °C for 30 minutes then at room temperature for 3 hours. A further portion of n-
propylmagnesium (1.76 ml of a 2M solution in diethyl ether, 3.52 mmol) is added and
the mixture is stirred at room temperature overnight. The resluting mixture is
quenched with sat. aq. NH4Cl solution (50 ml) and extracted with EtOAc (2 x 50 ml).
The organic phase is dried (MgSO4) and concentrated i vacuo. The residue is
dissolved in EtOAc (10 ml) and treated with 4M HCl/dioxan (10 ml). After 10
minutes, the solution is concentrated iz vacuo and the residue diluted with DCM (100
ml). This is treated with sat. aq. NaHCQj3 solution (100 ml) and the organic phase is
removed and dried (MgSQO4). The DCM solution is applied to a SCX-2 cartridge (10 g)
and this is eluted with DCM and MeOH. The product is released with 2M NH3 in
MeOH, and the methanolic ammonia fraction concentrated to give (S)-3-[4-(4,5-
Diamino-octyl)-phenoxy|-propane-1,2-diol as a mixture of diastereomers as a gum;
[M+H]+515.38

Step 11

To a solution of (S)-3-[4-(4,5-Diamino-octyl)-phenoxy|-propane-1,2-diol (100 mg,
0.32 mmol) in propan-2-ol (§ ml) is added 1-(3,5-diamino-6-chloro-pyrazine-2-
carbonyl)-2-methyl-isothiourea (Intermediate A) (121 mg, 0.32 mmol). The resulting
suspension is heated at 90 °C for 2 hours then cooled and concentrated in vacuo. The
residue is dissolved in MeOH (20 ml) and applied to a 10 g SCX-2 cartridge. This is
washed well with MeOH, water and MeCN, and then 2M NH; in MeOH. The
methanolic ammonia fraction is concentrated then purified by chromatography (SiO»,
5-10% 2M NH3 in MeOH/DCM). Concentration of the relevant fractions gives the
free base as a gum. This is dissolved in MeOH (10 ml) and treated with 1M HCl in
diethyl ether (2 ml). Concentration yields the dihydrochloride salt of (E)-3,5-diamino-
6-chloro-N-(4-(3-(4-((S)-2,3-dihydroxypropoxy)phenyl) propyl)-S-propylimidazolidin-
2-ylidene)pyrazine-2-carboxamide as a yellow solid; [M+H]* 506.37, 508.36 for Cl

isotopes

Example 30

(3-1(S)-2-[(E)-3.5-Diamino-6-chloro-pyrazine-2-carbonylimino]-imidazolidin-4-vl}-

propyl)-carbamic acid benzyl ester
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1-(3,5-Diamino-6-chloro-pyrazine-2-carbonyl)-2-methyl-isothiourea (Intermediate A)
(0.97 g, 3.72 mmol) is stirred in a three necked round bottom flask fitted with a bleach
trap and condenser and ((S)-4,5-Diamino-pentyl)-carbamic acid benzyl ester
(Intermediate S) (0.85 g, 3.38 mmol) in propan-2-ol (20 ml) is added. The reaction
mixture is stirred at 85 °C for 66 hours. Purification by catch and release resin (SCX-2)
followed by elution through a silica pad flushed with EtOAc, ethanol and MeOH

yields the title compound as an orange foam; [M+H]|* 447.1

Example 31

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(S)-4-(3-amino-propyl)-

imidazolidin-(2E)-ylidene]-amide

To a solution of (3-{(5)-2-[(E)-3,5-Diamino-6-chloro-pyrazine-2-carbonylimino|-
imidazolidin-4-yl}-propyl)-carbamic acid benzyl ester (Ex. 30) (0.44 g, 0.98 mmol) in
DCM (20 ml) is added iodotrimethylsilane (0.27 ml, 1.96 mmol) in a dropwise
manner. The orange suspension is stirred at room temperature for 65 minutes.
Purification by catch and release resin (SCX-2) eluting with MeOH followed by 7M
NH;3 in MeOH yields the title compound as a yellow foam; [M+H]* 313.1

Example 32

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(S)-4-[3-(3-benzyl-ur

eido)-propvl]-imidazolidin-(2E)-vlidene]-amide

To a solution of 3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(S)-4-(3-amino-
propyl)- imidazolidin-(2E)-ylidene]-amide (Ex. 31) (0.040 g, 0.128 mmol) in DMF (2
ml) is added 1,1’-carbonyldiimidazole (0.023 g, 0.141 mmol) and the reaction mixture
is stirred for 1 hour at room temperature. Benzylamine (0.014 ml, 0.128 mmol) is
added and additional benzylamine (0.014 ml, 0.128 mmol) is added at hourly intervals
for a total of 3 hours. Purification is by diluting the reaction with 2N NaOH (30 ml)
and extracting the product into EtOAc (40 ml). The organic phase is washed with 2N
NaOH (30 ml), dried over MgSO4 and the solvent evaporated in vacuo to yield a
yellow oil. The oil is dissolved in methanol (0.75 ml) and diethyl ether (5 ml) added to
triturate a yellow solid. This solid is filtered off and the filtrate formed a further
precipitate. This yellow solid is collected by filtration and rinsed with diethyl ether to

give the title compound; [M+H]* 446.1
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Example 33

3.5-Diamino-6-chloro-pyrazine-2-carboxvlic acid [(S)-4-(3-phenyl

methanesulfonylamino-propyl)-imidazolidin-(2E)-ylidene]-amide

To a solution of 3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(S)-4-(3-amino-
propyl)- imidazolidin-(2E)-ylidene]-amide (Ex. 31) (0.030 g, 0.096 mmol) in DMF (5
ml) at § °C is added alpha-toluensulfonyl chloride (0.018 g, 0.096 mmol) and
triethylamine (0.013 ml, 0.096 mmol). The solution is stirred for 10 minutes.
Purification by reverse phase chromatography (Isolute™ C18, 0-100% MeCN in water
-0.1%TFA) to affords the title compound as a yellow solid; [M+H]*+ 467.0

Example 34

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(S)-4-(3-phenylacetylamino-propyl)-

imidazolidin-(2E)-ylidene]-amide

To a solution of 3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(S)-4-(3-amino-
propyl)-imidazolidin-(2E)-ylidene]-amide (Ex. 31) (0.030 g, 0.96 mmol) in DMF (2
ml), phenylacetyl chloride (0.013 ml, 0.096 mmol) is added. The yellow solution is
stirred at room temperature for 10 minutes. Purification by catch and release resin
(SCX-2) eluting with MeOH and 7M NH3; in MeOH affords the title compound;
[M+H]* 430.98

Example 35

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(S)-4-(4-

phenvlmethanesulfonylamino-butyl)-imidazolidin-(2E)-vlidene]-amide

To a suspension of 3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(S)-4-(4-amino-
butyl)-imidazolidin -(2E)-ylidene]-amide (Intermediate T) (0.023 g, 0.071 mmol) in
DMEF (2 ml) is added triethylamine (0.010 ml, 0.071 mmol) followed by alpha-
toluenesulfonyl chloride (0.014 g, 0.071 mmol). The suspension is stirred at room
temperature for 30 minutes. Purification by reverse phase chromatography (Isolute™
C18, 0-100% MeCN in water -0.1%TFA) followed by catch and release resin (SCX-2)
eluting with MeOH and 7M NHj3; in MeOH gives the title compound as a yellow solid;
[M+H]+ 481.0
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Example 36

3.5-Diamino-6-chloro-pyrazine-2-carboxvlic acid [(S)-4-(4-phenylacetyl

amino-butyl)-imidazolidin-(2E)-vlidene]-amide

To a suspension of 3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(S)-4-(4-amino-
butyl)-imidazolidin -(2E)-ylidene]-amide (Intermediate T) (0.032 g, 0.098 mmol) in
DMEF (1 ml) is added triethylamine (0.014 ml, 0.098 mmol) followed by phenylacetyl
chloride (0.013 ml, 0.098 mmol). The suspension is stirred at room temperature for
90 minutes before a further 0.5 equivalents of phenylacetyl chloride (0.006 ml, 0.049
mmol) is added. The reaction is left to stir at room temperature for a further 18 hours.
Purification by reverse phase chromatography (Isolute™ C18, 0-100% MeCN in water
-0.1%TFA) followed by catch and release resin (SCX-2) eluting with MeOH and 7M
NH;3 in MeOH affords the title compound as an off-white solid; [M+H]+ 445.1

Example 37

2-[(E)-3.5-Diamino-6-chloro-pyrazine-2-carbonylimino]-1.3.8-triaza-spiro[4.5]decane-

8-carboxvlic acid tert-butyl ester trifluoroacetate

A suspension of 4-amino-4-aminomethyl-piperidine-1-carboxylic acid fert-butyl ester
(Intermediate U) (218 g, 0.95 mol) in fert-butanol (6 L) and 1-(3,5-diamino-6-chloro-
pyrazine-2-carbonyl)-2-methyl-isothiourea (Intermediate A) (338 g, 0.82 mol) is
stirred at 40 °C overnight. The temperature is then raised to 85 °C and the suspension
stirred at this temperature for a further 4 days. The reaction mixture is concentrated in
vacuo and the residue is taken up in water (1 L), sonicated and heated to 45-50 °C.
The solid is collected by vacuum filtration and washed with ice cold water, then dried
under vacuum at 50 °C overnight to afford the title compound as a yellow solid;

[M+H]* 425.1.

Example 38

3.5-Diamino-6-chloro-pyrazine-2-carboxylic _acid  [1,3.8-triaza-spiro[4.5]dec-(2E)-

vlidene]-amide dihydrochloride

To a stirred solution of 4M HCI in dioxane (1 L) is added 2-[(E)-3,5-diamino-6-

chloro-pyrazine-2-carbonylimino]-1,3,8-triaza-spiro[4.5]decane-8-carboxylic acid tert-
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butyl ester trifluoroacetate (Ex. 37) (104 g, 193 mmol). The resulting thick suspension
is stirred at room temperature for 2 hours. The product is isolated by vacuum
filtration, rinsing with dioxane. The solid is dried under vacuum at 50 °C to afford the

title compound as a dihydrochloride salt as a dark yellow solid; [M+H]* = 325.

Example 39

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[(S)-3-phenyl-2-(toluene-4-

sulfonylamino)-propionyl]-1,3.8-triaza-spiro[4.5|dec-(2E)-ylidene]-amide

To a solution of Tosyl-L-phenylalanine (1.0 g, 3.13 mmol) in DMF (25 ml) is added N-
methyl morpholine (1.033 ml, 9.39 mmol) and 3,5-Diamino-6-chloro-pyrazine-2-
carboxylic acid [1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]- amide dihydrochloride (Ex.
38) (1.37 g, 3.44 mmol), followed by HATU (1.31 g, 3.44 mmol) and the resulting
solution is stirred at room temperature for 20 minutes. The crude product is diluted
with water (300 ml) and the resultant solid is isolated. Purification by reverse phase
chromatography (Isolute™ C18, 0-100% MeCN in water -0.1%TFA) followed by
catch and release resin (SCX-2) eluted with MeOH and 7M NH3 in MeOH yields a
yellow solid which is triturated with MeOH and diethyl ether to give the title
compound as a free base. The free base is stirred in SM HCI at 100 °C for 30 minutes
forming a gum. MeOH (5 ml) is added to the gum and then all solvent is removed in
vacuo. The residue is triturated with MeOH and diethyl ether to give the title
compound; [M+H]* 626.4; TH NMR (DMSO-d6): 1.12 = 1.71 (4H, m), 2.36 — 2.38
(3H, s), 2.59 - 2.83 (2H, m), 2.93 - 3.52 (4H, m), 3.41 - 3.60 (2H, m), 4.42 (1H, m),
7.12 (2H, d, ] = 6.9 Hz), 7.17 = 7.28 (3H, m), 7.35 (2H, d, [ = 7.7 Hz), 7.54 — 7.37
(2H, br), 7.57 (2H, d, ] = 7.7 Hz), 8.12 (1H, d, | = 9.0 Hz), 7.70 — 8.26 (2H, br), 9.22
(1H,s), 9.95 (1H, s), 10.99 (1H, s).

Example 40

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(1-benzenesulfonyl-1H-indole-3-

carbonyl)-1,3.8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide

To a solution of 1-(phenylsulfonyl)-1H-indole-3-carboxylic acid (1.0 g, 3.32 mmol) in
DMF (15 ml) is added HATU (1.388 g, 3.65 mmol) and N-methyl morpholine (1.095

ml, 9.96 mmol) and the solution is stirred at room temperature for 5 minutes. 3,5-
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Diamino-6-chloro-pyrazine-2-carboxylic acid [1,3,8-triaza-spiro[4.5]|dec-(2E)-ylidene]-
amide dihydrochloride (Ex. 38) (1.452 g, 3.65 mmol) is added and the reaction stirred
at room temperature for 45 minutes. The reaction mixture is diluted with water (100
ml) and the precipitate that forms is isolated by filtration. The crude product is
suspended in 2N NaOH and extracted into EtOAc. The organic portion is dried over
MgSO, and concentrated iz vacuo to yield a brown solid. The solid is suspended in a
1:1 mixture of water (+0.1 % TFA) and acetonitrile. A fine brown solid is removed by
filtration and the yellow filtrate is concentrated iz vacuo until 10 ml of solvent remains
and a pale yellow solid has precipitated. This solid is washed with 2N NaOH (60 ml)
and then suspended in 2N NaOH (100 ml) and extracted into EtOAc (2 x 100 ml).
The organic phases are combined, dried over MgSQO4 and concentrated i vacuo to
yield a pale cream solid. The cream solid is suspended in a 1:4 mixture of EtOAc : iso-
hexane (100 ml) and the solid filtered off to give the free base of the title compound,
which is suspended in 5 N HCI (20 ml) and stirred for 2 hours. MeOH (20 ml) is
added to dissolve all solid and the solvent is concentrated iz vacuo until a yellow solid
precipitates. This solid is filtered off, rinsed with water and dried at 40 °C for 18 hours
to give the title compound; [M+H]|* 607.42; '"H NMR (DMSO-d6): 1.86 —1.92 (4H,
m), 3.42 - 3.63 (4H, m), 3.68 (2H, s), 7.34 (1H, dd, ] + 7.5 Hz, ] = 7.5 Hz), 7.43 (1H,
dd, ] =7.5Hz, ] =7.5Hz),7.36 = 7.55 (2H, br), 7.62 (1H, d, ] = 7.5 Hz), 7.63 (2H,
m), 7.73 (1H, m), 7.99 (1H, d, ] = 7.5 Hz), 8.06 (2H, obs), 8.07 (1H, s), 7.50 — 8.16
(2H, br), 9.18 (1H, s), 9.77 (1H, s), 11.09 (1H, s).

Example 41

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[3-(3-isopropoxy-

To a solution of 3-(3-Isopropoxy-propylsulfamoyl)-benzoic acid (Intermediate V) (1.10
g, 3.65 mmol) in DMF (20 ml) is added HATU (1.53 g, 4.02 mmol) and N-methyl
morpholine (1.204 ml, 10.95 mmol) and the solution is stirred at room temperature for
S minutes. 3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [1,3,8-triaza-
spiro[4.5]dec-(2E)-ylidene]- amide dihydrochloride (Ex. 38) (1.60 g, 4.02 mmol) is
added and the reaction stirred at room temperature for 45 minutes. The reaction
mixture is diluted with 2N NaOH (150 ml) and the crude product extracted into
EtOAc (2 x 250 ml). The organic phase is dried over MgSOy4 and the solvent

evaporated in vacuo to yield a yellow oil. Purification on a Waters preparative Delta
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3000 HPLC using a gradient of water (+0.1 % TFA) and acetonitrile yields a yellow
oil. 2N NaOH is added to the oil and the product is extracted into EtOAc (2 x 400
ml). The organic phases are combined, dried over MgSQO, and the solvent concentrated
in vacuo to a volume of approximately 150 ml. To this solution is added iso-hexane
(400 ml) and a pale yellow solid precipitates. This solid is collected by filtration and
rinsed with iso-hexane to afford the title compound; [M+H]|* 607.98; '"H Nmr
(DMSO): 1.00 (6H, d, ] = 6.0 Hz), 1.55 (2H, m), 1.69 - 1.79 (4H, m), 2.81 (2H, t, 5.9
Hz), 3.29 (2H, tr, | = 6.0 Hz), 3.42 (1H, m), 3.44 (2H, br), 3.29 - 3.82 (4H, m), 6.15
-7.30 (3H, br), 7.66 (1H,d, | = 7.4 Hz), 7.70 (1H, dd, | = 7.4 Hz, | = 7.4 Hz), 7.76
(1H,s), 7.86 (1H, d, ] = 7.4 Hz), 7.44 - 8.00 (1H, br), 8.00 — 9.05 (3H, br).

Example 42

3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-| henyl-4H-[1,2,4]triazol-3-

(5-Phenyl-4H][1,2,4]traizol-3-yl)acetic acid (0.48 g, 2.364 mmol), HATU (0.988 g, 2.6
mmol), 5-Diamino-6-chloro-pyrazine-2-carboxylic acid [1,3,8-triaza-spiro[4.5]dec-
(2E)-ylidene]- amide dihydrochloride (Ex. 38) (1.033 g, 2.60 mmol), DMF (20 ml) and
N-methyl morpholine (0.78 ml, 7.08 mmol) are added to a round bottomed flask and
stirred at room temperature for 20 minutes. The crude product is precipitated from
the reaction mixture by adding water (200 ml) and is isolated by filtration. Purification
by reverse phase chromatography (Isolute™ C18, 0-100% MeCN in water -0.1%TFA)
yields a yellow semi-solid. This is dissolved in MeOH (100 ml) and left to stand. An
off white solid precipitates and this is collected by filtration to give the title compound;
[M+H]* 510.0; 'H NMR (DMSO-dé6): 1.78 —1.94 (4H, m), 3.67 (2H, s), 3.30 -3.82
(4H, m), 4.05 — 4.08 (2H, m), 7.45 - 7.55 (3H m), 7.01 - 7.75 (3H, br), 8.05 (2H, d, ]
=7.1 Hz), 7.78 - 8.33 (2H, br), 9.24 (1H, s), 9.85 (1H, s), 11.04 (1H, s).

Example 43
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[3-{3-isopropyl-ureido)-benzoyl]-

1,3.8-triaza-spiro[4.5]dec-(2E)-vlidene]-amide

3-(3-Isopropyl-ureido)-benzoic acid (Intermediate W) (1.08 g, 4.86 mmol) and HATU
(2.03 g, 5.35 mmol) are stirred in DMF (25 ml) at room temperature and N-methyl

morpholine (1.60 ml, 14.59 mmol) is added. The solution is stirred at room
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temperature for § minutes and 5-Diamino-6-chloro-pyrazine-2-carboxylic acid [1,3,8-
triaza-spiro[4.5]dec-(2E)-ylidene]- amide dihydrochloride (Ex. 38) (2.13 g, 5.35 mmol)
is added. The brown solution is stirred at room temperature for 45 minutes. The crude
product is precipitated by the addition of 2N NaOH and collected by filtration. The
solid is purified by reverse phase chromatography (Isolute™ C18, 0-100% MeCN in
water -0.1%TFA). The clean fractions are concentrated iz vacuo to approximately 30
ml and 2N NaOH added. The off white solid is collected by filtration and rinsed with
water to give the title compound; [M+H]* 529.05; '"H NMR (DMSO-d6): 1.09 (6H, d,
J=6.5Hz), 1.67 - 1.73 (4H, m), 3.42 (2H, br), 3.75 (1H, septet, | = 6.5 Hz), 3.31 -
3.79 (4H, br), 6.15 (1H, d, ] = 7.5 Hz), 6.70 (2H, br), 6.40 — 7.01 (1H, br), 6.86 (1H,
d, ] =7.2 Hz), 7.26 (1H, dd, ] = 8.3 Hz, | = 7.2 Hz), 7.31 (1H, d, | = 8.3 Hz), 7.53
(1H,s), 8.36 (1H, br), 8.48 (1H, br), 8.55 (1H, s), 8.00 — 9.00 (1H, br).

Example 44

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(2-Benzo [blthiophen-3-yl-acetyl)-

This compound is prepared analogously to Example 43 by replacing 3-(3-Isopropyl-
ureido)-benzoic acid (Intermediate W) with benzo[b]thiophene-3-acetic acid. [M+H]*
499.0; '"H NMR (DMSO-d6): 1.59 - 1.74 (4H, m), 3.42 (2H, s), 3.48 — 3.95 (4H, m),
3.97 (2H, s), 6.20 = 7.11 (3H, br), 7.38 (1H, m), 7.39 (1H, m), 7.50 (1H, s), 7.83 (1H,
d, ] =7.3Hz),7.97 (1H, d, ] = 7.6 Hz), 7.75 - 9.30 (3H, br).

Example 45

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[5-0x0-1-(3-pyrrol-1-yl-propyl)-

pyrrolidine-3-carbonyl]-1,3.8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide

A solution of §-Oxo0-1-(3-pyrrol-1-yl-propyl)-pyrrolidine-3-carboxylic acid
(Intermediate X) (1.15 g, 4.85 mmol), HATU (2.03 g, 5.33 mmol) , DMF (20 ml) and
N-methyl morpholine (1.60 ml, 14.54 mmol) is stirred at room temperature for 5
minutes before 5-Diamino-6-chloro-pyrazine-2-carboxylic acid [1,3,8-triaza-
spiro[4.5]dec-(2E)-ylidene]- amide dihydrochloride (Ex. 38) (1.731 g, 5.33 mmol) is
added. After stirring for 60 minutes at room temperature EtOAc (200 ml) is added and
the organic phase is washed with 2N NaOH (2 x 100 ml) and brine (100 ml). The

organic phase is dried over MgSQj4 and the solvent evaporated in vacuo. Purification
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by reverse phase chromatography (Isolute™ C18, 0-100% MeCN in water -0.1%TFA)
followed by catch and release resin (SCX-2) eluting with MeOH and 7M NHj3 in
MeOH yields a yellow oil. The oil is dissolved in DCM (10 ml) and product is
precipitated out of solution by the addition of iso-hexane to yield a yellow solid which
is filtered and rinsed with iso-hexane to yield the title product; [M+H] +542.8; 'H
NMR (DMSO-d6): 1.64 —1.70 (4H, m), 1.84 — 1.89 (2H, m), 2.43 — 2.51 (2H, m),
3.39-3.43 (2H, m), 3.43 - 3.50 (2H, m), 3.55 (1H, m), 3.40 — 3.69 (4H, m), 3.84
(2H, m), 5.97 (2H, m), 6.65 — 6.74 (2H, br), 6.75 (2H, m), 6.2 — 7.6 (1H, br), 7.6 —
9.5 (1H, br).

Example 46

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(6.7.8.9-tetrahydro-SH-carbazole-

To a stirring solution of 6,7,8,9-Tetrahydro-5H-carbazole-3-carboxylic acid (0.05 g,
0.25 mmol) and HATU (0.11 g, 0.28 mmol) in dry DMF (5 ml) is added N-methyl
morpholine (0.08 ml, 0.76 mmol). After 5 minutes stirring at room temperature, 5-
Diamino-6-chloro-pyrazine-2-carboxylic acid [1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]-
amide dihydrochloride (Ex. 38) (0.10 g, 0.28 mmol) is added and the reaction is left to
stir at room temperature for 1 hour. Purification by reverse phase chromatography
(Isolute™ C18, 0-100% MeCN in water) yields the title compound as a yellow
powder; [M+H]*+ 524.2

Example 47

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(1H-indazole-3-carbonyl)-1.3.8-

triaza-spiro[4.5]dec-(2E)-vlidene]-amide

To a stirring solution of 1H-indazole-3-carboxylic acid (0.041 g, 0.25 mmol) and
HATU (0.096 g, 0.25 mmol) in dry DMF (4 ml) is added N-methyl morpholine (0.08
ml, 0.76 mmol). After 5§ minutes, 5-Diamino-6-chloro-pyrazine-2-carboxylic acid
[1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]- amide dihydrochloride (Ex. 38) (0.10 g, 0.25
mmol) is added and the reaction left to stir at room temperature for 1 hour.
Purification by reverse phase chromatography (Isolute™ C18, 0-100% MeCN in water

-0.1%TFA) yields an oily residue that is ultrasonicated in acetonitrile to give a yellow
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suspension. The yellow solid is collected by filtration and rinsed with acetonitrile to

afford the title compound; [M+H]* 469.17

Example 48

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[2-(2,3-dimethyl-1H-indol-5-yl)-

acetyl]-1,3.8-triaza-spiro[4.5|dec-(2E)-ylidene|-amide

This compound is prepared analogously to Example 47 by replacing 1H-indazole-3-
carboxylic acid with 2-(2,3-dimethyl-1H-indol-5-yl)acetic acid with2-(2,3-dimethyl-
1H-indol-5-yl)acetic acid. [M+H]* 510.23

Example 49

carbonyl)-1,3.8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide

To a stirring solution of 1,2,3-trimethyl-1H-indole-5-carboxylic acid (0.051 g, 0.25
mmol) and HATU (0.11 g, 0.28 mmol) in dry DMF (5 ml) is added N-methyl
morpholine (0.083 ml, 0.76 mmol). After 5§ minutes 5-Diamino-6-chloro-pyrazine-2-
carboxylic acid [1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]- amide dihydrochloride (Ex
38) (0.10 g, 0.28 mmol) is added and the reaction left to stir at room temperature for 1
hour. Purification by chromatography (Si02, MeOH/DCM) yields the title compound;
[M+H]* $10.1

Example 50

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(1-methyl-1H-indazole-3-

carbonyl)-1,3.8-triaza-spiro[4.5]dec-(2E)-ylidene|-amide

This compound is prepared analogously to Example 46 by replacing 6,7,8,9-
Tetrahydro-SH-carbazole-3-carboxylic acid with 1-methyl-1H-indazole-3-carboxylic
acid. [M+H]+ 483.1

Example 51

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(4-benzvloxy-benzoyl)-1,3,8-

triaza-spiro[4.5]dec-(2E)-vlidene]-amide
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§-Diamino-6-chloro-pyrazine-2-carboxylic acid [1,3,8-triaza-spiro[4.5]dec-(2E)-
ylidene]- amide dihydrochloride (Ex. 38) (0.05 g, 0.13 mmol), 4-(benzyloxy)benzoic
acid (0.029 g, 0.13 mmol), HATU (0.05 g, 0.13 mmol), N-methyl morpholine (0.041
ml, 0.38 mmol) and DMF (2 ml) are stirred together at room temperature for 72
hours. The reaction mixture is diluted with EtOAc (25 ml) and washed with water (25
ml) and sat. NaHCO3 (25 ml). The organic phase is dried over MgSQ4 and evaporated
in vacuo to yield a yellow oil. The oil is dissolved in ethyl acetate and a drop of
methanol and iso-hexane are added. The resulting pale yellow solid is collected by

filtration to give the title compound; [M+H]* 535.1

Example 52

3.5-Diamino-6-chloro-pyrazine-2-carboxvlic acid [8-(3-2.3-dihvdro-benzofuran-5-yl-

ropionyl)-1,3.8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with 3-(2,3-dihydrobenzofuran-5-yl)propanoic acid. [M+H]*
499.1

Example 53

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(1H-pyrrolo[2.3-b]pyridine-4-

carbonyl)-1,3.8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 47 by replacing 1H-indazole-3-
carboxylic acid with 1H-pyrrolo[2,3-b]pyridine-4-carboxylic acid; [M+H]* 469.14

Example 54

3.,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[3-(4-methoxy-phenyl)-

propionyl]-1,3.8-triaza-spiro[4.5]dec-(2E)-vlidene]-amide

S5-Diamino-6-chloro-pyrazine-2-carboxylic acid [1,3,8-triaza-spiro[4.5|dec-(2E)-
ylidene]- amide dihydrochloride (Ex. 38) (0.05 g, 0.13 mmol), 3-(4-methoxyphenyl)-
propionic acid {(0.023 g, 0.13 mmol), HATU (0.048 g, 0.13 mmol), N-methyl
morpholine (0.041 ml, 0.38 mmol) and DMF (2 ml) are stirred together at room
temperature for 48 hours. The reaction mixture is diluted with EtOAc (50 ml) and

product is extracted into 1 M HCL. The aqueous phase is basified to pH 12 with 2 N
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NaOH and product extracted into EtOAc¢ (50 ml). The organic phase is dried over
MgSO, and the solvent evaporated iz vacuo to yield a brown glass. The product is
triturated with MeOH and EtOAc to give a pale brown solid as the title compound;
[M+H]* 487.0

Example 55
3.5-Diamino-6-chloro-pyrazine-2-carboxvlic acid [8-[3-(4-hydroxy-phenyl)-propionyl]-
1,3.8-triaza-spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 49 by replacing 1,2,3-trimethyl-
1H-indole-5-carboxylic acid with 13-(4-hydroxyphenyl)propionic acid; [M+H]|* 472.98

Example 56

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(1H-indole-2-carbonyl)-1,3.8-

triaza-spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 46 by replacing 6,7,8,9-
Tetrahydro-5H-carbazole-3-carboxylic acid with 1H-indole-2-carboxylic acid; [M+H]*
468.1

Example 57

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(quinoline-5-carbonyl)-1,3.8-

triaza-spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 46 by replacing 6,7,8,9-
Tetrahydro-SH-carbazole-3-carboxylic acid with quinoline-5-carboxylic acid; [M+H]+
480.1

Example 58

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(4-methyl-2-phenyl-pyrimidine-5-

carbonyl)-1.3.8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 45 by replacing 5-Oxo-1-(3-
pyrrol-1-yl-propyl)-pyrrolidine-3-carboxylic acid (Intermediate X) with 4-methyl-2-
phenylpyrimidine-S-carboxylic acid; [M+H]* 521.1
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Example 59

3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(4-benzyl-morpholine-2-

carbonyl)-1,3.8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example S1 by replacing 4-
(benzyloxy)benzoic acid with 4-benzyl-2-morpholinecarboxylic acid

hydrochloride;] M+H]* 528.2

Example 60

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8- rrolo[2.3-blpyridine-S5-

carbonyl)-1.3.8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 47 by replacing 1H-indazole-3-
carboxylic acid with 1H-pyrrolo[2,3-b|pyridine-5-carboxylic acid; [M+H]* 469.1

Example 61

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[4-(4.6-dimethoxy-pyrimidin-2-

ylmethoxy)-benzoyl]-1,3.8-triaza-spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with 4-((4,6-dimethoxypyrimidin-2-yl)methoxy)benzoic acid;
[M+H]+ 597.07

Example 62

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[2-(3-isopropyl-ureido)-pyridine4-

carbonyl]-1,3.8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with 2-(3-Isopropyl-ureido)-isonicotinic acid (intermediate Y)
[M+H]* 530.2; "H NMR (DMSO-d6): 1.13 (6H, d, ] = 6.5), 1.77-1.94 (4H, m), 3.66
(2H,d, ] =11), 3.25-3.99 (SH, m), 6.97 (1H, br m), 7.50 (1H, brs), 7.31-7.60 (2H, br
s), 7.61 (1H, brs), 7.74-8.25 (2H, brs), 8.28 (1H, d, ] = 5.5), 9.08-9.21 (1H, br s),
9.60-9.80 (1H, br s), 9.70-10.25 (1H, br s), 11.07 (s, 1H)

Example 63
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4-{2-[(E)-3.5-Diamino-6-chloro-pyrazine-2-carbonyvlimino]-1,3.8-triaza-

spiro[4.5]decane-8-carbonyl}-indole-1-carboxvylic acid isopropylamide

This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with 1-isopropylcarbamoyl-1H-indole-4-carboxylic acid

(Intermediate Z): [M+H]* 553.5

Example 64
3.5-Diamino-6-chloro-pyrazine-2-carboxvylic acid [8-[4-(3-isopropyl-ureido)-benzoyl]-

1.3.8-triaza-spiro[4.5]dec-(2F)-vlidene]-amide

This compound is prepared analogously to Example S1 by replacing 4-
(benzyloxy)benzoic acid with 4-(3-isopropyl-ureido)-benzoic acid (Intermediate AA);

[M+H]* 529.5

Example 65
3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[6-(3-isopropyl-ureido)-pyridine-

3-carbonyl]-1,3.8-triaza-spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with 6-(3-isopropyl-ureido)-nicotinic acid (Intermediate AB);

[M+H]* §30.5

Example 66
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[3-(4-allyloxy-phenyl)-propionyl]-

1.3.8-triaza-spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 51 by replacing 4-

(benzyloxy)benzoic acid with 3-(4-allyloxy)phenyl)propanoic acid; [M+H]* 513.4

Example 67

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-{2-[4-(2-methoxy-

ethoxymethoxy)-phenvl]-acetyl}-1.3.8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide
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This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with [4-(2-methoxy-ethoxymethoxy)-phenyl]-acetic acid
(Intermediate AC); 547.4

Example 68

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-{3-[4-(2-methoxy-

ethoxymethoxy)-phenvl]-propionyl}-1.3.8-triaza-spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 2.13 by replacing 4-
(benzyloxy)benzoic acid with 3-[4-(2-Methoxy-ethoxymethoxy)-phenyl]-propionic acid
(Intermediate AD); [M+H]* 561.0

Example 69

This compound is prepared analogously to Example $1 by replacing 4-
(benzyloxy)benzoic acid with 3-{4-[2-(tetrahydro-pyran-2-yloxy)-ethoxy]-phenyl}-
propionic acid (Intermediate AE); [M+H]* 601.1

Example 70

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-{3-[4-(pyridin-4-ylmethoxy)-

phenvl]-propionyl}-1.3.8-triaza-spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with 3-[4-(Pyridin-4-ylmethoxy)-phenyl]-propionic acid
(Intermediate AF); [M+H]* 564.1

Example 71

[4-(3-{2-[(E)-3.5-Diamino-6-chloro-pyrazine-2-carbonvlimino]-1.3.8-triaza-

spiro[4.5]dec-8-yl}-3-oxo0-propyl)-phenoxy]-acetic acid tert-butyl

This compound is prepared analogously to Example 51 by replacing 4-
{benzyloxy)benzoic acid with 3-(4-tert-butoxycarbonylmethoxy-phenyl)-propionic acid
(Intermediate AG); [M+H]* 587.5
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Example 72

3.5-Diamino-6-chloro-pyrazine-2-carboxvlic acid [8-[3-(4-carbamoylmethoxy-phenyl)-

propionyl]-1,3,8-triaza-spiro[4.5 |dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with 3-(4-Carbamoylmethoxy-phenyl)-propionic acid
(Intermediate AH); [M+H]* 530.1

Example 73

1-[4-(3-{2-[(E)-3.5-Diamino-6-chloro-pyrazine-2-carbonylimino]-1,3,8-triaza-

This compound is prepared analogously to Example S1 by replacing 4-
(benzyloxy)benzoic acid with 1-[4-(2-Carboxy-ethyl)-phenoxy]-cyclobutanecarboxylic
acid ethyl ester (Intermediate Al); [M+H]J* 599.1

Example 74

2-[4-(3-{2-[(E)-3.5-Diamino-6-chloro-pyrazine-2-carbonylimino]-1,3.8-triaza-

spiro[4.5]dec-8-yl}-3-ox0-propyl)-phenoxy]-2-methyl-propionic acid tert-butyl ester

This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with 2-[4-(2-Carboxy-ethyl)-phenoxy]-2-methyl-propionic
acid tert-butyl ester (Intermediate AJ); [M+H]* 615.2

Example 75

[4-(3-{2-[(E)-3,5-Diamino-6-chloro-pyrazine-2-carbonylimino]-1,3,8-triaza-

spiro[4.5]dec-8-yl}-3-0x0-propyl)-phenoxy]-acetic acid methyl ester

This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with 3-(4-Methoxycarbonylmethoxy-phenyl)-propionic acid
(Intermediate AK); [M+H]* 545.1

Example 76

4-{2-[(E)-3,5-Diamino-6-chloro-pyrazine-2-carbonvlimino]-1,3,8-triaza-

spiro[4.5]decane-8-carbonyl}-benzoic acid tert-butyl ester
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This compound is prepared analogously to Example 51 by replacing 4-

(benzyloxy)benzoic acid with 4-(tert-Butoxycarbonyl)benzoic acid; [M+H]*+ 529.4

Example 77

3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(3-isopropyl-2-methyl-1H-indole-

S-carbonyl)-1.3.8-triaza-spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example S1 by replacing 4-
(benzyloxy)benzoic acid with 3-isopropyl-2-methyl-1H-indole-5-carboxylic acid;
[M+H]* 524

Example 78

This compound is prepared analogously to Example S1 by replacing 4-
(benzyloxy)benzoic acid with  3-[4-(2-Propoxycarbonyl-ethyl)-phenyl]-propionic acid
(intermediate AL); [M+H]* 571

Example 79

3-[4-(3-{2-[(E)-3.5-Diamino-6-chloro-pyrazine-2-carbonylimino]-1.3.8-triaza-

spiro[4.5]dec-8-yl}-3-oxo0-propyl)-phenyl]-propionic acid ethyl ester

This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with  3-[4-(2-Ethoxycarbonyl-ethyl)-phenyl]-propionic acid
(intermediate AM); [M+H]* 557

Example 80

3-14-(3-{2-[(E)-3,5-Diamino-6-chloro-pyrazine-2-carbonylimino]-1,3,8-triaza-

spiro[4.5]dec-8-yl}-3-oxo0-propyl)-phenyl]-propionic acid methyl ester

This compound is prepared analogously to Example 51by replacing 4-
{benzyloxy)benzoic acid with 3-[4-(2-Methoxycarbonyl-ethyl)-phenyl]-propionic acid
(intermediate AN); [M+H]* 5§43
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Example 81

3-[4-(3-{2-[(E)-3,5-Diamino-6-chloro-pyrazine-2-carbonylimino]-1,3,8-triaza-

spiro[4.5]dec-8-vyl}-3-oxo-propyl)-phenyl]-propionic acid

This compound is prepared analogously to Example 51 by replacing 4-

(benzyloxy)benzoic acid with 3,3’-(1,4-phenylene)dipropanoic acid; [M+H]* 529

Example 82

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8- henoxy-ethyl)-1H-indole-4-

carbonyl]-1.3.8-triaza-spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example $1 by replacing 4-
(benzyloxy)benzoic acid with 1-(2-Phenoxy-ethyl)-1H-indole-4-carboxylic acid
(Intermediate AO); [M+H]* 588

Example 83

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[1-(2-p-tolvl-ethyl) 1H-indole-4-

carbonyl]-1,3.8-triaza-spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with 1-(2-p-Tolyl-ethyl)-1H-indole-4-carboxylic acid
(Intermediate AP); [M+H]* 586

Example 84
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-{1-[2-(tetrahydro-pyran-2-yloxy)-

ethyl]-1H-indole-4-carbonyl}-1,3.8-triaza-spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with 1-[2-(Tetrahydro-pyran-2-yloxy)-ethyl]-1H-indole-4-
carboxylic acid (Intermediate AQ); [M+H]* 597

Example 85
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3.5-Diamino-6-chloro-pyrazine-2-carboxvlic acid [8-{1-[2-(4-methoxy-phenoxy)-ethyl]|-

1H-indole-4-carbonyl}-1,3.8-triaza-spiro[4.5 |dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with 1-[2-(4-Methoxy-phenoxy)-ethyl]-1H-indole-4-
carboxylic acid (Intermediate AR); [M+H]* 618

Example 86
3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-{1-[2-(4-tert-butyl-phenoxy)-
ethyl]-1H-indole-4-carbonyl}-1,3.8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example S1 by replacing 4-
(benzyloxy)benzoic acid with 1-[2-(4-tert-Butyl-phenoxy)-ethyl]-1H-indole-4-
carboxylic acid (Intermediate AS); [M+H]* 644

Example 87
3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[1-(2-[1.3]dioxan-2-vl-ethy])-1H-

indole-4-carbonyl]-1,3.8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with 1-(2-[1,3]Dioxan-2-yl-ethyl)-1H-indole-4-carboxylic acid
(Intermediate AT; [M+H]* 582

Example 88
3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[1-(2-hydroxy-ethyl)-2,3-
dimethyl-1H-indole-5-carbonvl]-1.3.8-triaza-spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with 2,3-Dimethyl-1-[2-(tetrahydro-pyran-2-yloxy)-ethyl]-1H-
indole-5-carboxylic acid (Intermediate AU); [M+H]* 540

Example 89

4-(4-{2-[(E)-3.5-Diamino-6-chloro-pyrazine-2-carbonylimino]-1.3.8-triaza-

spiro[4.5]decane-8-carbonyl}-indol-1-yl)-butyric acid methyl ester
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This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with 1-(4,4,4-Trimethoxy-butyl)-1H-indole-4-carboxylic acid
(Intermediate AW); [M+H]* 568

Example 90

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-{1-[2-(2-methoxy-

ethoxymethoxy)-ethyl]-1H-indole-4-carbonyl}-1.3.8-triaza-spiro[4.5]dec-(2E)-vlidene]-

amide
This compound is prepared analogously to Example $1 by replacing 4-
(benzyloxy)benzoic acid with 1-[2-(2-Methoxy-ethoxymethoxy)-ethyl]-1H-indole-4-

carboxylic acid (Intermediate AW); [M+H]* 600

Example 91

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(1-diethylcarbamoylmethyl-1H-

This compound is prepared analogously to Example 51 by replacing 4-
(benzyloxy)benzoic acid with 1-Diethylcarbamoylmethyl-1H-indole-4-carboxylic acid
(Intermediate AX); [M+H]* 581

Example 92

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[1-(2-hydroxy-ethyl)-1H-indole-4-

carbonyl]-1.3.8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide

p-Toluenesulfonic acid monohydrate (1.6 mg, 0.0084 mmol) is added to a stirred
solution of 3,5-diamino-6-chloro-pyrazine-2-carboxylic acid [8-{1-[2-(tetrahydro-
pyran-2-yloxy)-ethyl]-1H-indole-4-carbonyl}-1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]-
amide (Ex. 84) (50 mg, 0.084 mmol) in MeOH (3 ml) and the resulting solution is
stirred at room temperature for 3 hrs, then heated at 50 °C for 16 hours. The solvent is
removed i1 vacuo and the residue is dissolved in MeOH (3 ml) and loaded ontoa 1 g
PEAX cartridge which is eluted with MeOH (20 ml). The filtrate is concentrated iz
vacuo to afford the title compound; [M+H]+512/514

Example 93
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A  mixture of 3,5-diamino-6-chloro-pyrazine-2-carboxylic acid [1,3,8-triaza-
spiro[4.5]dec-(2E)-ylidene]-amide dihydrochloride (Ex. 38) (300 mg, 0.83 mmol), cis-
1,4-cyclohexanedicarboxylic acid (72 mg, 0.42 mmol), N-methyl morpholine (0.30 ml,
2.73 mmol) and HATU (315 mg, 0.83 mmol) in anhydrous DMF is stirred at room
temperature for 16 hours. The reaction mixture is concentrated iz vacuo and is
subjected to column chromatography (basic alumina, 0-3% MeOH in DCM) to obtain
off-white solid. The product is dissolved in DCM and re-precipitated by addition of
diethyl ether. The supernatant solvent mixture is decanted and the product is washed
again with diethyl ether and dried under vacuum to afford the compound shown as

off-white solid; [M+H]|* 7885.

Example 94

This compound is prepared analogously to Example 93 by replacing cis-1,4-
cyclohexanedicarboxylic acid with trams-1,4-cyclohexanedicarboxylic acid; [M+2H]*

393

Example 95
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This compound is prepared analogously to Example 93 by replacing cis-1,4-

cyclohexanedicarboxylic acid with suberic acid; [M+H]+ 787
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This compound is prepared analogously to Example 93 by replacing cis-1,4-

cyclohexanedicarboxylic acid with terephthalic acid; [M+H]* 779

Example 97
3.5-Diamino-6-chloro-pyrazine-2-carboxylic _acid [8-[2-(4-benzyloxy-phenvl)-acetvl]-

1,3.8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide

A mixture of 3,5-diamino-6-chloro-pyrazine-2-carboxylic —acid [1,3,8-triaza-
spiro[4.5]dec-(2E)-ylidene]-amide dihydrochloride (Ex. 38) (300 mg, 0.83 mmol), 4-
benzyloxyphenylacetic acid (200 mg, 0.83 mmol), N-methyl morpholine (0.40 ml, 3.64
mmol) and HATU (315 mg, 0.83 mmol) in anhydrous DMF (20 ml) is stirred at room
temperature for 16 hours. The reaction mixture is concentrated i1 vacuo and subjected
to column chromatography (basic alumina, 0-3% MeOH in DCM) to obtain pale
yellow solid. The product is dissolved in DCM and MeOH and re-precipitated by
adding diethyl ether. The supernatant solvent mixture is decanted and the product is
washed again with diethyl ether and dried under vacuum to afford the title compound

as a pale yellow solid; [M+H]+ 549.

Example 98

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[3-(4-benzyloxy-phenyl)-

propionyl]-1,3.8-triaza-spiro[4.5|dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with 3-(4-benzyloxyphenyl)propionic acid; [M+H]+ 563

Example 99
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3.5-Diamino-6-chloro-pyrazine-2-carboxylic _acid  [8-(1H-indole-4-carbonyl)-1,3.8-

triaza-spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-

benzyloxyphenylacetic acid with indole-4-carboxylic acid; [M+H]+ 468

Example 100

3.5-Diamino-6-chloro-pyrazine-2-carboxylic _acid _ [8-(1H-indole-5-carbonyl)-1,3.8-

triaza-spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-

benzyloxyphenylacetic acid with indole-5-carboxylic acid; [M+H]+ 468

Example 101

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid 8-phenylacetyl-1,3,8-triaza-

spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-

benzyloxyphenylacetic acid with phenylacetic acid; [M+H]+ 443

Example 102
3.5-Diamino-6-chloro-pyrazine-2-carboxvlic acid [8-{4-[6-((S)-2.3-dihydroxy-

propoxy)-naphthalen-2-ylmethoxy]-benzoyl}-1,3.8-triaza-spiro[4.5]dec-(2 E)-ylidene]-

amide

Step 1

3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-{4-[6-((R)-2,2-dimethyl-
[1,3]dioxolan-4-ylmethoxy)-naphthalen-2-ylmethoxy]-benzoyl}-1,3,8-triaza-
spiro[4.5]dec-(2E)-ylidene]-amide is prepared analogously to Example 97 by replacing
4-benzyloxyphenylacetic acid with 4-[6-((R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)-
naphthalen-2-ylmethoxy]-benzoic acid (Intermediate AY); [M+H]* 715

Step 2:
To a solution of 3,5-diamino-6-chloro-pyrazine-2-carboxylic acid [8-{4-[6-((R)-2,2-
dimethyl-[1,3]dioxolan-4-ylmethoxy)-naphthalen-2-ylmethoxy]-benzoyl}-1,3,8-triaza-
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spiro[4.5]dec-(2E)-ylidene]-amide (0.16 g, 0.22 mmol) in MeOH (10 ml) is added
SCX-2 resin (~2 g), the resultant slurry is stirred for 0.5 hours and then the solvent is
removed in vacuo. The slurry is loaded onto a column of SCX-2 resin (~3 g) and eluted
with MeOH and then with 2 M NH; in MeOH. The methanolic ammonia fractions
are concentrated #72 vacuo and the residue is triturated with diethyl ether to obtain 3,5-
Diamino-6-chloro-pyrazine-2-carboxylic acid [8-{4-[6-((S5)-2,3-dihydroxy-propoxy)-
naphthalen-2-ylmethoxy]-benzoyl}-1,3,8-triaza-spiro[4.5|dec-(2 E)-ylidene]-amide  as
yellow solid; [M+H]* 675

Example 103

3.5-Diamino-6-chloro-

spiro[4.S]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-

benzyloxyphenylacetic acid with p-chlorobenzoic acid; [M+H]+ 463

Example 104
3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(4-{3-[4-((S)-2,3-dihydroxy-

propoxy)-phenyl]-propoxv}-benzoyl)-1,3.8-triaza-spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 102 by replacing 4-[6-((R)-2,2-
dimethyl-[1,3]dioxolan-4-ylmethoxy)-naphthalen-2-ylmethoxy]|-benzoic acid,
(Intermediate AY) with 4-{3-[4-((R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)-phenyl]-
propoxy}-benzoic acid (Intermediate AZ); [M+H]* 653

Example 105

3.5-Diamino-6-chloro-pyrazine-2-carboxylic _acid _ [8-[(E)-(3-phenyl-acryloyl)]-1.3.8-

triaza-spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-

benzyloxyphenylacetic acid with trans-cinnamic acid; [M+H]* 45§

Example 106
3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-benzoyl-1.3.8-triaza-

spiro[4.5]dec-(2E)-vlidene]-amide

HN ci

a
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This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with benzoic acid; [M+H]|+ 429

Example 107

3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(benzofuran-S-carbonyl)-1,3.8-

triaza-spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with benzofuran-5-carboxylic acid; [M+H]+ 469

Example 108

spiro[4.S]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with hexanoic acid; [M+H]+ 423

Example 109
3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(3-phenyl-propynoyl)-1,3.8-triaza-

spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with phenylpropiolic acid; [M+H]* 453

Example 110

3.5-Diamino-6-chloro-pyrazine-2-carboxylic_acid [8-(1H-imidazole-2-carbonyl)-1.3.8-

triaza-spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with 2-imidazolecarboxylic acid; [M+H]* 419

Example 111
3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-isobutyryl-1,3.8-triaza-

spiro[4.5]dec-(2E)-vlidene]-amide
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This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with isobuteric acid; [M+H]* 395

Example 112
3.5-Diamino-6-chloro-pyrazine-2-carboxylic _acid [8-(4-cvano-benzoyl)-1,3,8-triaza-

spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with p-cyanobenzoic acid; [M+H]|+ 454

Example 113

spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with nicotinic acid; [M+H]+ 430

Example 114

4-{2-[(E)-3.5-Diamino-6-chloro-pyrazine-2-carbonylimino]-1,3.8-triaza-

spiro[4.5]decane-8-carbonyl}-benzoic acid methyl ester

This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with monomethyl terephthalate; [M+H]+ 487

Example 115

3.5-Diamino-6-chloro-pyrazine-2-carboxylic _acid _ [8-(pyrimidine-5S-carbonyl)-1,3.8-

triaza-spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with pyrimidine-5-carboxylic acid; [M+H]* 431

Example 116
3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(4-hvdroxy-benzoyl)-1,3.8-triaza-

spiro[4.5]dec-(2E)-vlidene]-amide




Cl 527.0 246 OH . CINNN 1 H NNNH, 429 247 OHo, N ClI1JL2N_Jck H 0 445 248

oHV a """ N -'.\ )L eCINIHH N/NH, 416 249 G N
WO 2009/074575 PCT/EP2008/067110

146

This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with 4-hydroxybenzoic acid; [M+H]+ 445

Example 117
3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-cyclohexanecarbonyl-1,3,8-triaza-

spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with cyclohexanecarboxylic acid; [M+H]+ 435

Example 118

spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with oxazole-4-carboxylic acid; [M+H]* 420

Example 119
3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(pyridine-2-carbonyl)-1,3.8-triaza-

spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with 2-picolinic acid; [M+H]+ 430

Example 120
3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(pyridine-4-carbonyl)-1,3.8-triaza-

spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-

benzyloxyphenylacetic acid with isonicotinic acid; [M+H]* 430

Example 121

3.5-Diamino-6-chloro-pyrazine-2-carboxylic _acid  [8-(piperidine-4-carbonyl)-1,3,8-

triaza-spiro[4.5]dec-(2E)-ylidene]-amide hvdrochloride
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4 M HCI in dioxane (5 ml) is added to a solution of 4-{2-[(E)-3,5-diamino-6-chloro-
pyrazine-2-carbonylimino]-1,3,8-triaza-spiro[4.5]decane-8-carbonyl}-piperidine-1-

carboxylic acid tert-butyl ester (Intermediate BA) (0.14 g, 0.26 mmol) in dioxane (10
ml) and the reaction mixture is stirred at room temperature for 3 hours. The reaction
mixture is concentrated iz vacuo and the yellow solid obtained is triturated with DCM.
The DCM layer is decanted and the compound is washed with MeOH and dried under

vacuum to afford the title compound as yellow solid; [M+H]* 436

Example 122
3.5-Diamino-6-chloro-pyrazine-2-carboxylic_acid [8-(1H-imidazole-4-carbonyl)-1.3.8-

triaza-spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with 4-imidazolecarboxylic acid; [M+H]* 419

Example 123
3.5-Diamino-6-chloro-pyrazine-2-carboxylic _acid _[8-(tetrahydro-pyran-4-carbonyl)-

1,3.8-triaza-spiro[4.5]dec-(2E)-ylidene|-amide

This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with tetrahydropyran-4-carboxylic acid; [M+H]|+ 437

Example 124

3.5-Diamino-6-chloro-pyrazine-2-carboxylic __acid _ [8-(pyrimidine-4-carbonyl)-1.3.8-

triaza-spiro[4.5]dec-(2E)-ylidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-
benzyloxyphenylacetic acid with pyrimidine-4-carboxylic acid; [M+H]+ 431

Example 125
3.5-Diamino-6-chloro-pyrazine-2-carboxylic_acid [8-(oxazole-S-carbonyl)-1.3.8-triaza-

spiro[4.5]dec-(2E)-vlidene]-amide

This compound is prepared analogously to Example 97 by replacing 4-

benzyloxyphenylacetic acid with oxazole-5-carboxylic acid; [M+H]* 420
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Example 126

3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[3-(4-isobutoxy-piperidine-1-

sulfonyl)-benzoyl]-1,3.8-triaza-spiro[4.5 |dec-(2E)-vlidene]|-amide

Step 1
A solution of N,N-Diisopropylethylamine (0.0078ml, 0.045mmol) in THF (1ml) is

added to 4-Isobutoxy-piperidine (0.008g, 0.05mmol) followed by a solution of 3-
(Chlorosulfonyl)benzoic acid (9.93mg, 0.045mmol) and shaken at room temperature
for 48 hours. The solution is evaporated under vacuum to afford 3-(4-Isobutoxy-

piperidine-1-sulfonyl)-benzoic acid which is used without purification; [M+H]*+ 342.00

Step 2

3-(4-Isobutoxy-piperidine-1-sulfonyl)-benzoic acid (0.03 mmol, 10.2 mg) is treated
with a solution of HATU (11.4 mg, 0.03 mmol) in DMF (1 ml) followed by a solution
of 3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [1,3,8-triaza-spiro[4.5]dec-(2E)-
ylidene]- amide dihydrochloride (Ex. 38) (11.9 mg, 0.03 mmol) and N-methyl
morpholine (0.010 ml, 0.03 mmol) in DMF (1 ml) and shaken at room temperature
overnight. The solution is evaporated under vacuum, redissolved in DMSO (0.5 ml)
and purified by mass-directed preparative HPLC. The purified fractions are evaporated

under vacuum to afford the title compound; [M+H]+ 648.4

Examples 127-145

These compounds, namely

3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-{3-[2-(1H-indol-3-yl)-
ethylsulfamoyl]-benzoyl}-1,3,8-triaza-spiro[4.5 |dec-(2E)-ylidene]-amide (Ex. 127);
1-(3-{2-[(E)-3,5-Diamino-6-chloro-pyrazine-2-carbonylimino]-1,3,8-triaza-
spiro[4.5]decane-8-carbonyl}-benzenesulfonyl)-piperidine-3-carboxylic acid ethyl ester
(Ex. 128);

3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(3-cyclopentylsulfamoyl-benzoyl)-
1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]|-amide (Ex. 127);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[3-({1-acetyl-piperidin-4-
ylsulfamoyl)-benzoyl]-1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene|-amide (Ex. 130);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-{3-[(tetrahydro-furan-2-ylmethyl)-
sulfamoyl|-benzoyl}-1,3,8-triaza-spiro[4.5 |dec-(2E)-ylidene|-amide (Ex. 131);

Ebtonitrile in water - 0.1% NH3.
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3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[3-(2,4-difluoro-benzylsulfamoyl)-
benzoyl]-1,3,8-triaza-spiro[4.5|dec-(2E)-ylidene]-amide (Ex. 134);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[3-(1-pyridin-4-yl-ethylsulfamoyl)-
benzoyl]-1,3,8-triaza-spiro[4.5|dec-(2E)-ylidene]-amide (Ex. 135);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[3-(2-phenyl-morpholine-4-
sulfonyl)-benzoyl]-1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene|-amide (Ex. 136);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[3-(3-difluoromethoxy-
benzylsulfamoyl)-benzoyl]-1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide (Ex. 137);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[3-(4-pyrrolidin-1-yl-piperidine-1-
sulfonyl)-benzoyl]-1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]|-amide (Ex. 138);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-{3-[(5-methyl-pyrazin-2-ylmethyl)-
sulfamoyl]-benzoyl}-1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide (Ex. 139);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[3-(dimethylcarbamoylmethyl-
sulfamoyl)-benzoyl]-1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide (Ex. 140);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[3-(3-benzenesulfonyl-pyrrolidine-
1-sulfonyl)-benzoyl]-1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene|-amide (Ex. 141);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-{3-[([1,3]dioxolan-2-ylmethyl)-
sulfamoyl]-benzoyl}-1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide (Ex. 142);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-{3-[2-(pyridin-3-yloxy)-
propylsulfamoyl|-benzoyl}-1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide (Ex. 143);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-{3-[4-(S-trifluoromethyl-pyridin-2-
yl)-[1,4]diazepane-1-sulfonyl]-benzoyl}-1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide
(Ex. 144);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[3-(1,1-dioxo-tetrahydro-
1lambda*6*-thiophen-3-ylsulfamoyl)-benzoyl]-1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]-
amide (Ex. 145);
are made analogously to Examples 126 replacing 4-isobutoxy-piperidine in step 1 with
the appropriate amines which are all commercially available. The compounds are

recovered from the reaction mixture and purified using conventional techniques.

Example 146



TEAtricthyl am nc THEt etrahydrofuran TFAtrill uoroacetic aci d PREPARATI ON OF
EXAMPLES For clarity in describing the Exanpl es described bel ow. Exanples 2,
9, and JO ar¥OPU¥&HATc m xt ures. Examples 4 , 13 and 29 B UERIOMY 97 HE  of

di asterconmers. Exanples 24 and 25 are 13 ngl e enanti onmers wherein the

st ereochem str of the unaSS| gned stereocentre is not determned. Al other
exan-pl es are ...'.sl BO-Are8 1OF Q- B —yEAr 1G~3 ..\' e A A-\.'Lﬂ. KD RNICH Y ':‘.w- not st at ed
t he conpound&a@fa@olrseﬁpo&e&@ﬁivltf QOB FiLAGDik 1, S XL 2H) @ﬁd@l@gn@“ fied using
conventional techni gues such as flash chromat ography, filtration,

recrystal | i s&toi? trituration. Exanple | 3 5-D am no-6-chloro

vrazi ne-2-carboxvlic aci d 4 4-dinmeth | imdazolidin 2Z - .1i aI e A suspension

of1(35d| - car bonyl ) - 2- | urea

Ut s mech at ST Goghg B B4 B s iR o P ik S

triethyl am ng)-(0OpoRAQ aati (0.0 m25B), faﬂoivéd 5>0H{A76W%ll Hg ). mdmmdnw@dmet hyl pr opane
(0.07 m, 0.672, nm I refl overpth e resul ting

suspensi on i &P Fd?T%(!}e)edﬁ@g%jﬁt“l{/agﬁu%b{a sz (()fo a?’ rzIcé-l;)((:)o Céﬁﬁd as a pale

yel | ow sol i d;3,§-Viakf-spi284S [Boca AplheideneB, aﬁndachhmdrr@hﬁndde@rb?— W)rrag,lorﬂc 2-car boxylic

acid 1l4-neth I iy i's prepared
anal ogousl y %{]hlol':@ giafga ﬁg{?ﬁdé é%%ea%%ﬁﬁ Qﬁﬂﬁg ﬁmé%%ﬁ% gse'%leﬁ‘a [rg%lpane wth

1, 2, di ami nope\EpasicE at r[oMpTerm}er@rp@ Pg_@f@a@(ralﬁpy dyass-directed preparatlve HPLC

3, 5- Di am no- B LRl BtQ¥hslendsigpspexyl i ¢ acid [1-methyl-imdizolidin-(2Z
ylidenel -anmi de This conpound is prepared anal ogously to Exanple.] by
replacing 1, 2-di am no-2- nethyl propane wi th N-nethyl enedi am ne; [MEl]- 270
Exanpl e 4  Bxdaipdm47i 0- 6-chl oro vrazi ne- 2-car boxyl ic acid 4 5-di

henvl -im dazgl [ d| n- 2- qred anal ogously to
Exampl e 1 by SR e L di phenyl et hyl ene
diam ne; IN o -|mdazoI|chn 4-v1 -but
1r-

A solution of 1-(Toluene-4-sulfonyl)-1H-pyrrole-3-carboxylic acid (0.023 g, 0.085
mmol) in NMP (850 ul) is added to PS-carbodiimide (190 mg of 1.3 mmol/g loading,
0.24 mmol), followed by a solution of 3,5-Diamino-6-chloro-pyrazine-2-carboxylic
acid [1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]- amide dihydrochloride (Ex. 38) (0.08
mmol) and N-methyl morpholine (8 ul, 0.08 mmol) in NMP (1 ml), and the resulting
reaction mixture is shaken at room temperature. The reaction mixture is filtered and
the resin is washed with NMP (1 ml). The collected filtrate is concentrated iz vacuo
and the residues are purified by mass-directed preparative HPLC. The purified

fractions are evaporated under vacuum to afford the title compound; [M+H]|*+ 572.08

Example 148
3.5-Diamino-6-chloro-pyrazine-2-carboxvlic acid [8-[1-(3.4-difluoro-benzyl)-6-oxo-

1.6-dihydro-pyridine-3-carbonvl]-1.3.8-triaza-spiro[4.5]dec-(2E)-vlidene]-amide

A solution of 1-(3,4-Difluoro-benzyl)-6-oxo0-1,6-dihydro-pyridine-3-carboxylic acid
(0.15 mmol) in NMP (0.5 ml) is added to a solution of 3,5-Diamino-6-chloro-pyrazine-
2-carboxylic acid [1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]- amide dihydrochloride (Ex.
38) (0.049 g, 0.15 mmol) and N-methyl morpholine (0.033 ml, 0.30 mmol) in NMP (1
ml), followed by a solution of HATU (0.11 g, 0.3 mmol) in NMP (0.5 ml). The



carbam c acid benzyl ester This conpound is prepared anal ogously to Exanple 1
by repl aci ng}lﬁ)ﬁz di am no-2- net hyl propane with

((S)-5, 6-Di Y2RERYI ) - carbami ¢ acid benzyl ester (IntEFHEBIAYYRY;

[1\4+1-1] - 461 Exanple 6 3,5-11iam no- 16t chi or o- pyrazi ne- 2- car boxylic acid

11- 14- (4- met hoxv- phenyl) - butyl i mdazolidin- 2Z -vlidene -am de This conpound
i s prepared HAAIBEBEETCYS thekmas ppsineemPEyturepycHEshght rociinghixpte - net hyl pr opane
With Ne1* 14pL(rfheﬂrB§ h{aé%}’dniéaé‘dl Je[)errbc%}lHLCeFﬂa@cﬂﬁis &orzmﬁthgmregrc(dbataeer medi ate C);
1MtEi b- 418 I?x glz %d% e(alm zg chI ro- avra g\%?xvhc acid |- 4-

4- 1- m henv 1) B Prough SCRghs g A ipwes Ll sarud o i gl cargigse

2009/ 074575P€Z&'ghE;PQQE)84eOﬂJYd4Lﬁl ,¥OTowEH Ibg 3B/DNBI@UTM€®BI spruepxamedl andgfegously to

Exanpl e 1by repl acin 0-2- net hyl propanc with
4-14-(2-am nh ?Eﬁqu mg[ﬁ%)&bgfl]wzibphenol (Internediate C); 1M+Fi 1- 404 Exanple

8 3, 5-Di am no- 6-chl oro-ovrazi ne-2-carboxvlic acid

161- 4- (4- th‘%IJ?Q%!H' m dazol i di n-12Z1-vlidenel -am de This conpound is

pr epar ed anal ogous to Exanpl e.] by replacing | ,2-diam no-2- nethyl propane
with (9S)-3- (Eh%@qumbh’é?mﬁ)’) propane-1,2 dianine (Intermediate D): [MH - 376

Example 9 3 35@@%@%%&%%& zayarr@e%ayn@acz’d [@qnlppgswéagrlas‘oxazocis(y%
4-dichloro-p enEﬁ& i mdatolidjn- his compound is prepared

anal ogousl y mpl B1343- R of 4esdld5%f2ﬁbylidg2€ ﬂP‘Q?ﬁEﬁ‘oV?g met hyl propane w th
é;( (3, I4- Dilghl D5 Wiphiatylchhoed-panencly-2arici @t avel [t efnedi2at @hkyo-ifdMEFI F- 400
anpl e .
3-12-[(2) - 3, BYBr & REY e R b B R HE S CELY ISR TSE Ho1 1% dazol i di n-4-viE
' nolni oni ¢ acs, d Diél'rhihs—6®bk¢p®u>ndzim632 priepatiedidiidt-ofousttotyephExdnpl e 1 by
replacing | K ) ic¢,.aci d
di hydr ochl or| %%@t%@ré&bm% %ngglﬁﬂ%p%égg éext_(zg)ﬁimr‘g%}g&fﬁ&]qﬁcon’pounds are
recovered f rbml}'@alé?ﬁdhlom Rt e s 2- S?r'ibPW!Fr 4944 [Bd Ui lﬁ@ﬂéebhvléMﬁfﬁhéﬁ 8 echni ques

such as fl ashi.chiRapt 9acaphyylidhd-thial iIlkn1sgapture rel ease resin or preparative

HPLC .
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[4-(5-methanesulfonyl-2,3-

dihydro-indol-1yl)-4-oxo-butyryl]-1,3,8-triaza-spiro[4.5] dec-(2E)-ylidene-amide (Ex
153);

3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(4-benzothiazol-2-yl-butyryl)-
1,3,8-triaza-spiro[4.5] dec-(2E)-ylidene-amide (Ex. 154);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[4-(5-dimethylsulfamoyl-2,3-
dihydro-indol-1yl)-4-oxo-butyryl]-1,3,8-triaza-spiro[4.5] dec-(2E)-ylidene-amide (Ex
155);

3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[4-(2-0x0-2,3-dihydro-1H-indol-
3yl)-butyryl|-1,3,8-triaza-spiro[4.5] dec-(2E)-ylidene-amide (Ex. 156);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[4-(6-dimethylamino-9H-purin-
8yl)-butryrl]-1,3,8-triaza-spiro[4.5] dec-(2E)-ylidene-amide (Ex. 157);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[4-(2-0x0-3-pyridin-3yl-2,3-
dihydro-benzoimidazol-1-yl)-butyryl]-1,3,8-triaza-spiro[4.5] dec-(2E)-ylidene-amide
(Ex. 158);

3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[4-(2-0x0-3-pyridine-3ylmethyl-
2,3-dihydro-indol-1-yl)-butryrl]-1,3,8-triaza-spiro[4.5] dec-(2E)-ylidene-amide (Ex.
159);



108 3, 5- Di am no- 6-chl oro-ovrazi ne-2-carboxvlic acid
(octahvdro-benzoi m dazol - 2- ylidcne)-am de This conpound is g%%%gr ed

anal ogous! y WQ2¥¥8Hpl%e 1 by repl acing 1, 2-di ani no-2- mefhyER th
cycl ohexanc-1, 2-di am ne. The reaction "% carried out in propan-2- ol ; [MH]-
310 Exanple 12 3 5 Diam 10 6-chloro vrazine-2-carboxvlic acid 8-ben/ | 1 3

8-triazas iroSAigniges chiopzpyrgtitiehelrbapigreid [8-[4-(9-0x0-3,3a,4,9,10,10a-

4- Ami no- 1- benzyhydpi- plernghJBaTAmaJumruyt Hulyey 1 pRefimBdpiad[8 sQRec(200 ng, 0.91

mml) in dry ol 0 is treated V\nthtrlethylamne(o 25 m)
fol | oned by 511% ‘Bep%‘“d‘afl;énjré?é 6- chl or o- pyr azi ne- 2- car bonyl ) - 2- met hyl - i sot hi our ea

(I'nternmedi at QSA)mr(nBBS ch’@n:o Pyr9AncravadrhoxyTheidisX #-ys-emins-dneatrad-sat- 70C for 5 hours

and then all m t rature. ecipitate is collected and
oaahed i o RUEh O 08 L[ OO TLBTRAL AN camde (RG18075 Ui ght el low solid, 190

ng; [ MkH] 4155Ewnrpbé cm®r<8pﬁamlea?manb}>@h<cmcb[l8d4py<v -daynelida-tar-boxvl)i c acid _
+.3-(4-nictl ps. tﬂgﬂgpﬁ)@{“él dec)( %% Qﬁ;g@\ue aFrf?d’e' Fgll%gjzol idin- 2Z -vlidene -am de This

COfT’pOUI’]d i's re are ana ogous éére |aCI ng
4- Ami no- | benayi wlp@ﬁrcalorféma@wr%%mwllq wiq Brifehraldiiaek! G)bwrtflh

5- (4- met hoxyt, Qfseny,!a)s p@[atsw&lz@ )ﬂiikiélr{éla'ﬂﬁde( Qtl%BﬂEdl ate I'); [MrHE- 404 Exanple
14 3 5-11iamn yrazi ne 2ca"calc
1 1

(tetrahydro- ﬁ&?q ;f,ﬂnai)ﬁ c% Omppﬂéﬂ'gf%ifﬁr [I gd%enzylsulfamoyl 1-methyl-
1-(3,5-Di am m-pgsnelblzejaﬂ)opw a2jsnaaz-spas[Bonet-) 22y hdh Aydnid s@khicayr ea

(Intern’ediat 58 .n u i ropanp-2-ol (10 nil) and
1, 3-di ami nop ?1“('“?8 g@r%f”fra"%ﬁ. 'Cﬁr%ﬁrﬁﬁ)a ds[@i gﬁgfc%gpﬁ&%ﬁure is heated at
60C for 18 hbu?n‘ﬂoeadduolkfeﬂ -altyroe B, 8-viacolirot4’ [daddt tenpet-atde &xand t he sol i ds
present are i:égl),l ected by filtration. The soli ds are washed with THE and MeCH
to yield the title corggound as a yell ow soli d I—E 270 WO

2009/ 074575PET/IEPRO0E/DBTL R0 09 -EX bty lieacid| 8- naph alene-1-

3, 5-di am no- i 19hiQ0 Nﬁ&w deaydynol 98Jtr1a]m-gp %2} E'}d@ca(égﬂ-yl%@ge]—ahi&H,EﬁH 7H, 7aH) -

hdcy _avrazi n e-2 -carbo x ainid
1- (3, 5- Di ani H&6- chl or o- pyr azi ne- 2- carbonyl) 2- et hyl - i sot hi our ea
(I nt er medi at 8 5A)iarhih8%-ABro- pyr&lmmta)fbd)@h(sat&peqded4icmoﬂfpamn{22@! (10 M) and

(S)-2- (amno t hyl) pyrro The m xture is
heated at 60° m?ha 3/ ’%ﬁcﬁtéurl glaé %%famg% €5 g}g?f%de?e %”ﬁ’\f@%péérﬁ ture and the
precipitate 3.8§- Dnamnvéethbyo fbyrhiulieal tabxyTheid [i8H8{&ethb gy-popeenteabdd i n vacua

and the resi r t, DCM MeO to afford the
title conpouﬁg’%atgy{g SFE S%ngg%hagmﬁﬁ&é 1%%6 Exanpl e ;23 3, 5-Di am no- 6-ch

| or 0- avr azi n&sSRigainpo h’CO mﬁdﬂeﬁcaﬂboﬂxllq ¥ rf%bwotfw@ém!r@ﬁ'@ﬁ -bB.8cr ude

1- am nonet hylrlagygdlregmemaél yngen(?] nhiee edighe | ) (80 ng, 0.70 mmol) in
pr opan- 2- ol %é i's added to a suspension

1- (3, 5- di ani HOLBIBAP GBI BY - Debe @ﬂ(ﬁL822#%ftéﬁvlaéqlédtlﬁfe@d>rbé8(| nt er medi at e
A) (208 ny, EialAspiapl.J|ddch2proipant-Znidt (<1108, M) and heated at 70 C for 2 days.

After cooli r]95tD anrnno rg‘chloro pyrazine-2-carboxylic acid [8-[4-(2-isopropoxy-ethylamino)-
benzoyl]-1,3,8-triaza-spiro[4.5 |dec-(2E)-ylidene]-amide (Ex. 171);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[6-0x0-1-(3-trifluoromethyl-
benzyl)-1,6-dihydro-pyridine-3-carbonyl]-1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]-
amide (Ex. 172);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[6-(4-methyl-piperazin-1-yl)-
pyridine-3-carbonyl]-1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide (Ex. 173);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-[3-(4-fluoro-phenyl)-5-methyl-
isoxazole-4-carbonyl]-1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide (Ex. 174);



tenperature, the reaction mxture is filtered under vacuum and the solid is
rinsed with MeOl-1. The filtrate is concentrated in vacua to afford a bright
yel | ow resi dU@2WAPEASi s | oaded onto a SCX-2 cartridge aRHTEPPEY W th 33%
NH3(4 drops) in WON (5 m x2). The net 'Rhnoli ¢ anmoni a fractions are conbi ned
and concentrat ed in vacua. Purification usi ng1 mass directed preparative LCVS
el uting wit h3:98%8vae-erchleropyregingBear gy et bt - [emegogfihends the title
conpound; [ Mtf, 4]Exa%;laQol Exapobend1,3,8-RaklpimdAGike-CIH) Ohi@naviadd (Be- 2- car boxvlic
acid R4 3 4gﬁdroxv hen Qm_j1 To a stlrred sol ution of

(4-((R-4,5 rni no- pentyl)-phenol (internediate K) (1.5 g, 7.72 nmol) in
propan- 2- O| Qlﬂﬂam‘hb 6&hlo&9@rhﬁneeaidﬁbb>dyncﬂiti§8ﬂﬂ)~r(4 tr@foromethoxy-phenoxy)-

1-(3, 5- D|amn06 i sothiourea (Internediate
A) and the reac |0ﬁ§)¥{ﬂf§)§bﬁ§ I@?ﬁ;@%ﬁ%@ “Eéi%itﬁ’ﬁ/%g;%o 110 is heated at 30 C for
18 hours fol$, é\mdmby 6530l0@®-pyonzig-3-carbdrelic 48! Rduis(2-MNeemidaditdiohylii xture i s
filtered hot i I p to afford a yell ow
foam The fo%lﬁe]ﬁﬂsgésﬁy}ll“ﬁgsﬁﬁr%ﬁg&ohﬁ Al %gglq de%;é’%‘?%i McOH 5% NH3) to
afford the tdfiRagiomochioe PN C%@D‘Y%ﬁrﬁpﬁé 1Bplgnyl-isoxazol-5-yl)-

5- Di ami no- 6- GRLBhAT-O¥ RAALAE 120‘455']&2@%(2&1 JyEdeﬂ@]la@lnde Ex. 178 _
[(S)-4-]3-(4- hvdr oxv- nHenvl - oroovl E] da o |d|n | i denel -am de This
compound i s PrepUPBaoAARF SBEHATY t B ANt € S 17 (1 BB laﬁsvigo ﬁ\e -4, 5-

Di ani no- pentg/c}bﬁ abehatazd-bpitops. sreeh- aEﬁ‘y“ﬂ):ne\NaﬁIM'(E)( $y9)4, 5- Di ami no- pentyl) phenol
(i nternedi at

5- Di ani no- ? ?‘Lm%\érdalff%%yr?" a{rg Q%ﬁy?%a%dc PR lgophevDzhiacdlitivdro o oxv
-ro-im dazol ¢adbcrmyl]22 8-triardepive[4 dddcd &E)Tdidenesarnide 8tk $81)ut i on of

3, 5- D am no- - irh3,

hydr oxy-pheng’iwﬁgﬁwﬁ ngﬁﬁp Oqe(%%&d '?q%% éﬁ%glh ﬁfﬂa? §“%thb) (1.0
mol ) in 1, 4Pdpekane-a¢Rgl hﬁﬁta@caaelr@‘h%dea lidepelmadqgbrti®%h 0.5 M KOH
m, 2.7 mol } sfolhawedhyo- ?fS)jzu(e Laqydﬁ&héjécm [ﬁ( ©- [;ly?.famrd ylo;%» 3frabool ) . The

resulting mixture is heated at 50 for 18 ours an then further
(S)-(-) -G ycidiur!{e:oriam-pire! %%dfiﬁir%ﬁ)yhf’@ehaa@a Bnl%de portion. The resul ting
m xture i s hgateshiab-620lots-p@hziG- lfh@btr@h@itch shem-akihovend1G-¢pol to room

t enper at ur e. The nt. i s r rd an orange oil which is
5501 ved | HRPOALY heoH 5= er 00 Rt b eloni BB M e fR0 m ) - The
or gani ¢ | ayes,SilBardinp-@ehove pyrNakeSDAhrbnglit hvgl [Salwerityl-p-prapehdiv-egraraie-vacua t o

fford a b hy (Si02,

DOV Nocry N3 APy BRSO SRR TSR Y W Fres 464; * H MR
(400 MHz, DMBOLHSRino-p-cBBraotpyrarifog-ca x,vluzacmzf%(ﬁ’wzgetmmms 318- (dd, J=9.6, 7.1Hz,
1 3. 42 bso () 1 €C- ene 1de 6 1 3.78
(:10 1H) | 3(8{)&[)01({% Z#af%!-l)(yﬁ ﬁgtf{aqgfﬁégs]g QEW %%ClgErgs( H)H? 4. 89
(br s, 1H),1388(brs 2H), 6.82 (d, J=8.5Hz, 2H), 7.09 (d, J=8.5Hz, 2H),

7.2-6.0 (hr s5- Dle}nmo% chBrd-Byradne- ?J:H)cbo@h@ac?d 8- GJ(HyCIShexJLllf&ethyl\é@famoyl)

EZigf)g/l(()ngZlSl P20 8n/2gy ]éﬂlr}rgdlll Soir 45’]39}2%%1@%@] 2L Exvlrggfl ne- 2-carboxvlic

pr opoxyl - phemymlarmhopwhﬂm piraazeal-talbaey (L) d [pHR-ghe tsel- dmamytaie To a sol ution of

3, 5- D am no- - YL azines 2ncarho icoaci ( id

hydr oxy- phen€ ?J%f)s?lggﬂgﬁeﬁ&a%ﬂ%&tﬁpﬁggtpigﬁh’gﬂh gg“&ﬁ%l an1 e 18) (37.5
ng, 0.09 nmolbx 147):Et hanol (2 m) is added triethyl am ne (63 pi, 0.45 mmol) and
(S)- glycidok S(IﬁarQZO@tchQ)r(ngrﬁgmel-) carg&@h(! zﬁ:ﬁt“[ISt 5 AG- 1%8113u}rl %rdﬁonﬂ@-@t@ at reflux

for 18 hours and then allowed to cool to roomterrperature The reaction
mxture is diffgrggollititeentDrlidachimidgda hifified on a Waters 3000 prep HPLC
system (M c50305hinEhk- c&oral\éﬁr@ﬁne@eal%xvﬁe%d NEEN)- (4 odigfefor g rfnh@nt2i t | e conpound;

(e, ava, Examl e 21 b0 Gm no- el 010 Byt gl o Zocabogyl 1o acid (R 4
amide (Ex. 189);
(Ex. 190);

g, 2. 57
(5.3



To a stirred solution of

(R -344-((R) -4, S-Di am no- pentyl) - phenoxyl - propane- 1, 2- di o gl nt er mredi ate 0)
(32.8 ny, 0.M920MAHFF in propan-2-ol (3. m) is added 1- (’§T/§ 2008/067110

Di am no- 6- chl or o- pyr azi ne- 2- car bonyl ) 13 et hyl -i sot hi ourea (I nternedi ate A)
(45.8 ng, 0.122 nmmol) and the resultant reactlon m xture is heated at 90 C for
18 hours. ThéShagpinpErrhlogo-aypeRteticabr¢biorcid I§- [P b a sfplretfiy-daRd diluted with
DMVSO (1.5 i pyramnch-pybidpioad-on satrM\éat@rrs 430Q0Q-(pr e,meﬁrn@}érmae HRLO 19y st em

(M crosorbi n%?éﬁ WAt er go 1% T %Qé%[;mgl @fc ns contai ni ng product
are passed t YRng o rhigragpskazing- “a“rrl't’(?"iy e8Pt ed with 1:1 Water: MeCN
(20 m), I\/e@&e(mﬂearladn)oyar}dopZMyl\]lH% 8 maMQQHo([QQ]dEﬂ- (RE)-yldencdamniai(ax. @bt | ons ar e
concentr at ed I élnaﬂ(r:l(l)'l c“%ro rgrr(lje box flC ac1ac[(§ gndl S- 1'\¢4+1]f111 11 % Exanpl e 22 3
5-Di anmi no- 6- SR OF Bn° VT &1 Ras 31 ar Byl & eSOy rRliding i hy dr o

: opoxy) - phensarlbonphdpys- irmnmm%oi dfctr ()’.l_hzgnewmlderfed 1anf1de trifluroacetate This

conpound i s pegnal ﬁg6acﬂi%lrc99)%§|lley2 zaqb%ﬁ@goes%faefzed%@ﬁlnﬂ%§Bmé}4| £(R-4,5-

Di ami no- penty1) enox propane-1 r medi at
(1t)-3- 14- ((g)prazpsnylbié&rtﬁ@aapféﬁ@f}fjdefrh?&wk nelpyogiathia- 43- di ol (I ntermedi ate
P); M FHL+ 464. DlanV}Q)%QQ%&Eﬁﬂmg/rﬁP@Q@&/@[@ﬁuﬂb&%&e%lén@@mﬁm6 chl oro-

vrazi ne- 2- car boxvl IE aci d
f.l

oxo- et hoxy) - ﬁPi APROPHEENT |2 ’%ﬁ’i‘?féf%‘lr‘? étrshdefﬁ% yy%‘?nat?ﬂ’é‘ie-ﬁ’ﬁilaé’ This conpound is
prepar ed anab,ogousihy- 6tcﬂloExa>er;lu& 2darb@pli@gd G- ((R)rad2 [yfndi{yRp -o4o5-

i an no- pent YIBRERGRYT L RES Rt R eSS RE PP hellbhire O [ Mk} =
517 Exarrpl es3, ZADIamldo -BshBod- pyrEmsnd- cemhceqybc ofd [8-(6- pyrazol 1 -yl- pyrldme 3
3, 5- b am no- Qarr]%(”kg@rl%ﬁ%%?azéé)’}%mz%ﬁegr %?llhéﬂ%?arﬂldf:{@([ @xv-ohenvl ) - but vl

| -inmdazolid t hese conpounds is
prepar ed anab édbmwﬂcbloexaml@ Zroarpaagyligasidhlg-[3-((R)-1- pheﬂyl ethylcarbamoyl)-

4- Am no- 1- beg%xllonps pesisiEhRephs a%qd@gmﬁfyl.&ﬁe (annaee(mem te G with

5- (4- met hoxyg)hen | ) - hexane- 5 -diam ne (Interne The enantioners are

separ ated by>¢ti! %fa'rlomfblor%%hza%fez Caib‘B%‘ wHS (b &%l?fpﬁawﬂa‘érm Chi r apak- AD
25cm x 4. 6MpyiredtidinedLchdbbo eyl |- 1L Bfk/tThAa-s o [28 (aM 2Bppeené| raahdieO(ﬂxllmg)/ m, Inj Vol ROL
Exanpl e 26 or 05 av q acid 4 4-ben | oxv-2

3
SR KRV N B oRe S R A AR A 49 ni . 28 mol)
i s added to @&est]iltYediguspeirss|de-@F)- R8yrchabelnzhd. %§)s 1-

hyd th t t d
e esur T bed 7 B GS0Bb IS kB R R S ot hal i de
(4.19 g, 0.o0e8idmyotyprtandl-PS, &mlpfﬁrﬁ@nyﬂ“pﬂ@sﬂﬁ wédf(nzbar@dg(Exsa)lmml) |n THE (500

m), and the;s E%Mhlhblag;hro@@[;}rhm1§ar§5>ayncr§cdj RL4LRAM-b SPRER-3L Mg fer 3 days. The
reaction is filtered to renp enyI hosphl ne resin and the resin

i s washed wi tHBeOAL %%“ﬁ@‘%@l"?ﬁ‘) s d%@Eéﬂldﬁ%ﬁr}lf’mi (FerB¥ed in vacuo and the
residue is py,lsJﬁlareldolawhfokcagﬁaﬁmpémb@gn@mw 8((SipQ2din BtyDH@hbiosds-ngwane) to afford

L (9)-5- benzx!a é{)lro S]]Eiec y)fgene -amide (Ex. 203);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(5-dimethylsulfamoyl-2-methyl-
furan-3-carbonyl)-1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide (Ex. 204);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(1-ethyl-7-methyl-4-0x0-1,4-
dihydro-[1,8|naphthyridine-3-carbonyl)-1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]-amide
(Ex. 205);
3,5-Diamino-6-chloro-pyrazine-2-carboxylic acid [8-(2-pyrazol-1-yl-acetyl)-1,3,8-
triaza-spiro[4.5]dec-(2E)-ylidene]-amide (Ex. 206);
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1, 3-di hydro-i soi ndol-2-yl met hyl ) - 3, 3- di met hyl - pentyl ] -car bam c acid tert-butyl
ester as a WH?eW28HP15d: | NI +H1* 481. St ep 2 Hydrazine PEHEB2RY005K10 5 1 N4
solution in THF, 66.6 mml) i s added t'd° a suspensi on of

[ (S)-5-benzylo 1- (1, 3-di oxo-1, 3-di hydr o-i soi ndol - 2-yl net hyl ) - 3, 3-di net hyl - pe
ntyl]- car ba?’r?éy igpip g 6rcBloFQ-pyaAje- ?eéqrb@rxyt'%acgi 88313@10%111)%% ‘é%/zh nol (100 m),
and the reSUJnE-tlhl/”lQb S@IAH -GN eth8x,NBBLBH )-8, 840 ake- U6 GBI2E) AMiddnbif dnyidwhi t e
precipitate {E The reaction is aIIowe to cool to roomtenperature and

di et hyl ethe is added and the resulting white suspension cooled at O
Cfor 30 m nBJ,SéZSamﬂfh-G c\hmct Byrpdigcd - pdrb(ﬁctyac acsd 186 pvidalzoby-yf- pdoproayn on,sand t he

sol vent rerrt)t\{leatljgl i n tﬁaﬁge 2];1' 1 rn% érgulld zégﬁen stirred with diethyl ether (100
m) for 1 hourf, ¥ § AHd RS vfs removed in vacua to afford
((S)-1-Am nohétﬂwmn%béhzgfbsoxyne& @thmrbntd'ryd Sﬂéml}zi')lfdranibmeé-aci d tert-butyl
ester as a p@alrgonygllg%mfrg JspnfoM‘ﬂ'Hec %lyhdél:efjprn .I'I met hyl silane (1.63 m,

11.94 mol ) 1's adde a sol

Ami norret hyl - 55&4?1’2'9%)@9@30 meIWWPQPﬁb‘mcjﬂl é&r éWP‘@ getbgatedr ¢ - butyl ester
(2.79 g, 7. 9BidmWB@hHolihd-yPCVIEBO-Btk)ry2NG, & g L SsHl4t s G- (M8l li QW sohiut 1 on i s
stirred for 1 hour at roomtenperature. The reaction is filtered and the
filtrate dilUted%ith DCM (50 m) and washed with 2 M NaOH (100 nil). The
aqueous | ayes,silBarbinb-@walrd-pyrsti@ntcovey i ght SqMO&BIye produgimnbj-ch has oil ed
out of solutj etracted e organic layers are
conbi ned, dr% ,(ljerg(f\fé‘gdf”mé Qdﬁcﬁﬁsy(l)'ﬁ%n%}lﬁmd% rxe%r%) ed ig vacua %/o yi el d
(S)-13c nzyI oxy‘lllandmmérrbtotwbyrhemharﬂqxzhdaCafmSHé,SajgllahpéP@omHeowloi-I . [MeH],
251. Step 4 0

1°(3,5-di an %‘é\PZ?%ﬁf@W S b e R e i s

(I nternedi atel?y) (2.56 g, 6.87 mml) and

(S) - Benzyl oxys4> Am%mmyé p}}%@nﬁcalb(g(glcdé&ﬂ%[]?h(zcierZ)zpl)ﬁndlr@ 2Bcgxph) N

pr opan- 2- olni hour s e reactlon is allowed to
cool to roo t3a§rfﬁé‘raa§t°u?éﬂq‘fFl(ztEérylé‘&“f]c?“f‘%ﬁez 13Ky insol uble material and the

filter paperamslama&ﬂeigowbhb Hvelebles(m [147)or 1ERerchluditgd @t aarb(ﬁxyll@ﬂﬁied on to a SCX-2

cartridge which has. ehen Efee el utg i\/l 0'~T'f Thlg‘cartrl !)al%l eluted with
MeOH and t helf RN RE T G PRESBE GHER™ fé‘ﬂ%"% jh age g apinl) V%‘ ‘“d'crystallises
out of the NpBpdral dvkiDdribal intdcom ‘deerasorh pidniesngipltd @oheoindy. Thd tration, WO

at 40 C to st APA e Trire EOmSBRa ol ol A P STttt ed T vacuo

3, 5- Di ani no- 6¢<heilvey. o- oxr azi ne- 2 carboxxlic acid

1(S) - 4- (hydroxv1-2, 2-di methvl -butyl)- imdazolidin-12Z)-vlidenel -amde To a
suspensi on of 3, 5- D| am no- 6- chl or o- pyr azi ne- 2-carboyxlic acid [(S)-4-(4-

benyl oxy- 2, 2% ’&WP&WI -butyl -i m dazol i din-(22)-ylideneFam de (Ex. 26) (100 ny,
0.22 nmol ) |njDQM(E(351D)anmS> added- mg@wzscarbloﬂdmilﬁdrleimvdastahaee (0.061 m,

0.448 mmol ). . slutl ._ cat reflux for 2 days The
reaction i s SHpQ : : S oomPee " +2¢%he yellow solid that has
formed is collected by flltratlon di ssolved in I\/EOH (3 mM) and | oaded onto a

| Og SCX-2 ca a X g i.ane cartridge is
eluted with Hd[?@ogwni) an]a'ﬂ)dé‘;ﬁf%lrlﬁpa %"%93{3%?%%“ H] Magﬁd ?oal e yellow 7TM NH3 in
MeOH wash i ssper@Hcfédﬁcar@t?e@rquywzwanes@foaﬂv -oweridifpe3- tarb¢>@h@mﬁmhmd5tqs a yel | ow

sol id. | MtHE 356, ?@ﬁ%'@%%@wﬁ édl?sc@&gﬂquﬁF?hlngragd oxf @oiN@-3nag hpxxlic acid
1(S) - 4- 1444- (S) 2 y roxxro- henvl -2 2-thinethl71-buniazolidin 2Z -

l'i dene i ni deMmarBgdded. Theyvellpw sqlefinn i Birsd apjoomgenpedgie)or ShadéW to a sol ution
<(Jf5 fﬂ |) odoghe&hlmhen(rimlgh zn@aétlorﬂi@[leallltﬁﬂ@tlél{yly.@ﬂdW&oﬁmlsnﬂtl’r]z(sgﬂ-lcd;@d 1nQva2€rmH)|]2 inlgt hanol
and t result ng | sol uti.on eqgted a ux or
hours. The r@AdPTGHmMPEtA YR 3[3 B 61 e 5o ?&»@3@1&%?@ éﬁiélt he sol vent

renoved in vﬁlmmsulta}lrte/emcessodid@ doﬁecp;drbyffnltﬁdlobyn¢hﬁ@mtbwaa:phyylélasmz,

Et OAc/ i so- heg< ane pounaanolgg 6§(§)1 3-(4-1o0do- phenoxy) - propanel, 2- diol as a
col ourl ess ol




Step 2 2, 2-Di net hoxypropane (1.94 m, 15.8 mol) and PPTS (0 079 ng, 0.32
nmol ) are added to a sol ution of (S) 3-(4-1odo- phenoxy) - ane- - diol
(0.93 g, 3. MO DMF (20 M), and the resulting s8 UF UP?/?Géllpeft to stir
at room tenperature overnight. The solWent is renoved in vacua and the residue
is purified by chromatography (Si02, F,tO0Ac:I|so-hexane) to afford
(R)-4-(4-1o0do-phenoxynethyl)- 2,2-dinmethyl-I11, 31di oxol ane as a colourless oil.
WO 2009/ 0745FaRfpld H82008/ 067110 115 Step 3 DEAD (0.63 ml, 4 nmol) is added to
a suspension_Q g -1,-Hyd OX rrethl 3, 3- |rre hyl - pent - 4 r}J)-carbamc acid
tert-butyl est A ST AT B8-S LA D H
PS-tri phenyl phos 1aec1 BenZ a 1e8 mml) in T|-IF (50 n1) and the resulting
solution is stirred at roomtenperature overnight. The resin is renoved by
filtration, and the filtrate concentrated in Va0l10. Purification by flash
chr omat ogr aphy a @@, of Bti@Aenins ¢0.-NEXah )15y mehadisin DMF (1 ml) is added 1,1°-

1(S)-1-(1, 3- [Wplele I

3, 3-di et hyl Q[r)garfll Edgningdﬁg(% %zbc()g3%arbr?2 acl ’danta etlér{cj Agﬁf%lsxlggonelrs Stgéedaa i ite sol i d;

[ MtH BOc1.  2F3pergtugpfons oumppN (4thgas aidpd S ianigo-5-chpraspréiicon in THE, 0. 23
mmol) is add&gbctx?h@acﬁ)qll%tg 91'3Lao§cp1ro45dec (2E)-ylidene amlde dihydrochloride (Ex.

I N1- (1, 3-Di 0x0Q- dr0|s Irrethyl% dlrrethl\g'I'!-tcent 4- enyl

J-carbanic actd’ Pg&to Uu‘t’?Pl fir Y%ngsp@w@ 'iite” 9t horsthificgs i ) and t he
resul ting COb)O[ldVerS{ﬁlaﬁthld)tﬂaﬂjgrdpﬁy gtdlceedC g8t 041007 Nieny er drr-€. 10VETANi ght .
?grﬁ?rgﬁs(%l)gv%%w%tc 2ndt Fje)aserfsifbg zjféluﬂﬁé%ﬂhﬂe@ﬁgr%%ﬁnw aqueous KsPOi
| odo- phenoxyiethlydfford, tRe il enetipyhindlad a@mﬂideobdide[l\(I%]Hﬁ@l 0.28 mml) and

Pd( dppf) C12. DCM (47 ng, 0.058 mmol ). The reaction is stirred at room
tenperature for 3 hours, 50 C. for 2 hours and then is allowed to cool to room
t enper at ur e Exfenpids 24 €22l through a pad of Celitem (filter material) which is
washed with HOQAG UQMSS.QAH{Q) The conbined filtrates are washed with sat. aq.
NaHCO3 sol ut | on % (MgSX) and the sal vent rem)ve% in vacuo to
afford a bl ackty ISD“T\VH'I“P|6|cﬂh r%a%%&%gafawym@si 45 e aRer?Id 0l45e%ane) yi el ds
1(S)-5-14- ((&GarBo@hth’@bﬁ'éMbli&;d3lEi& 2x®| an- 4-yl net hoxy) - pheny11- 1- (1, 3-di oxo-1, 3

cstor s a oF ChTSaTVRIT Dty B B RS KPR RGOS ot a M
solution in E'HEbo@hQacdeﬁH)olufs«e -dddigehyt) 0 Hainddhsutl j-omdofEx1118);- 5-

14 ((10 2 2- l[lO C Ooro- 1'3Z111€ arbonylimino |- Iro €C
1, 31di oxol an- EE% ﬂ“ Ph en I))/yill%i 5 (ﬂoxo B’i'iztd‘i%l 45d ndol - 2-yl met hyl)
- 3, 3-di net hy$-<pemtyit Fud: éﬂ@f@ Péefioerym@h)dbmﬂwlafé@t érx. Ugya16 g, 0 28 mmol ) in
ethanol (5 m)E)-88th; £rhﬁof6ec'ﬁl6|r$ bﬂguﬁeoi QHB&@&%m%Ph @tergﬁhals'éer[Q%‘]&ga@I 45 C

overni ght. The reactl on is to roomtenperature, and di et hyl
ether (30 m ¥<ibogligadd Bnd 4f‘1"i@l‘?r%§’b‘f”tyi W@ORXH@f‘%‘Jest*&&éﬁél on cooled at 0 C for 30
m nut es. The2yhi-8.8-158hin6-6lcblok€pRYLEE- byarsédytmhalb! 00,8-@RA-shhe4SMevmiat renmoved in

VaCUO to vyie 200 07457 EP2 / 110 116
Ani nonet hyl - %ﬁ%géfyiﬁ a%d g\/}gbﬁ’é‘ty Vi Reny 8 Slné‘%qﬁ 9? t hoxy) - phenyl | - 3, 3-
di et hyl - pent-yE)-3.6a¥ibaind¢- (ﬁtmdptrazﬁme—bcmwnybmmi 1.a8-@aceoboolSéssanei | ; | M FHE

451. Step 6 f di ; ; X

[(S)- 1- Ani ot ﬁ&%ﬁ i 8 P8 eyt fingpled yl{ SRS 6T a2 45 y i et hoxy) -

phenyl ]-3, 3-&i ﬁréﬁ hyPhiapiantoydblocapiyarmic2-eae behytiwmpol-bdtdytriaaspae[4(0det@ey, 0.28 mol )
and TEA (1 ni;)carb&y%?%ﬁnmrahom 45,%&5}@% glaﬁmm epperature for 1 hour, then

| oaded onto an SCX-2 cartridge which een pre-eluted with MeOH. The
cartridge i s>E€FudediHriAoNMBOF-PrasnG- ?ﬁrs?onﬂlmnlo Wwed- By~ PRIrNAS [deRve0H (2 x 5
m) to yields (:zﬁ))o@h& 4cid 3- benzyloxy-benzylamide (Ex. 223);

(52,0 oy o B o ey e el oo% pur

(S) - 314- (( S) 8-Hrbe-biiandid -~(3; 3+dilmebpidnyhewpky|-gphhemaxiy] -qpridpane2214)2- dial (60
nmg, 0.19 nmol) and

1- (3, 5-di am no- 6- chl or o- pyrazi ne- 2- car bonyl ) - 2-met hyl i sot hi ourea (I nternedi ate
A (72 ng, 0.19 mmol ) in propan-2-ol (3 m) is heated at 80 C for 35 m nutes.
The reaction mxture is allowed to cool to roomtenperature and diluted with
MeOH unti|l any solid dissolves. The solution is passed through a SCX-2
cartridge which is then eluted with further MeOl-1. The conbi ned net hanol
elutions are concentrated in vacua. Reverse phase chromatography (Islutelrm
C18 V\at er/Cl 13CN/0 1°/d'FA) y| eI ds the title conpound conpound as a yell ow

— o~ o~




(E)-3,5-diam no-6-ch | oro-N-(4-(3-(4-US)-2,3-di hvdrox voropox v )phen vl
1Dronv1l- 5- AB (%( i m dazol i di n-2-vlidenet hyrazi ne-2-carboxam de hydrochl ori de
Step 1 4-( 8%yPhenyl )butyric acid (25 g, 129 mol PCTEPHPEYHN N ed in 48%
HBr (125 nl) and AcOH (125 ml). The rddlil tant solution is heated at 150 C
overnight. The resultant m xture is concentrated in vacua and the residue
taken up i n ElOASSBoonpictlororpyraziacot-garbanlimgonks RedasmispioMetdseanes500 nil ),

flrl ed I(!VgSOﬁlla czﬁrﬂgxyﬁé)ﬁl&&[ltB%tcﬁﬂet?%)g[bh‘éﬁylﬂaﬁﬂ]'mldé @&yzmenyl )8butyrlg igl t(izﬁls ?
an soli an ,
| = 7.4 H), } ﬁkhg%z%mt)w“?%m ngﬂ'ﬁz% H%O%Emtnﬁhl 3&&“&43 Smfaf“ééfﬁz %ﬁ 9.3 H),

6.96 (2H, dds- cdrbe-xyﬂc &1(&[3@491:16311&2)1apf9h31& (-UHpropyl]-athidle QB 2B4);

2009/ 074575P 8/0671 117 Ste 2 4-(4- r,0X. hen but ric acid
(22.1 g, 123%115?%%3 ‘8°s63co Vel Tn"T b'(‘ P{gi hd BS p e cfﬁ rreatnﬁ% sul fide
(23.3 m, 24&carhwty)ic iad dex&fcymaddeldﬁ mifhle3 ylélathdinﬂrsldstfecnélbn formed is heated at
reflux for 3,k h(g}'ﬁ?] mmmh 6”&‘B§>tr? BJra}ulTle §a%6r§]u%|n‘3?"‘l¥ gdti §Z§§lp‘(‘§§[§ S CIE Jlask is

removed from I's slowy ubbllng

eatln
ceases and t frearpesiigyad &‘Jdlﬂlddl %é?f@nyé)@dll%dx 2P86 flask is cooI ed to room

tenperat ure and)-Wateimicd-elehlokspAddad- caTB&myPle'oFl G%Eth%ts’édo[hq]d%céﬂei h AcCH, then
the mxture |s xtEact w th LOAC 5 ?rganl cs are washed

with brine, &F{8ge )46{?‘1611% ey BJPf’é‘dﬁ ‘%P"lléa@fqﬁ dduct is slurried with
silica (500 g)E)- BLS-ZE%EBQMIOII‘(SﬁyrbBMeaD&Bb((nlzluh)no Tb;gsmaa sblrbmesr]cedanet hen fl ushed
W th 50%Et0§\ ane QZ Lr} to eI prp lﬁg The organics are
concent r at ed f:%r %‘ICA ?4 TS ﬁ] &rior “ad%a brown oi | which
crystallizes2-0h) sﬁdhdmmg6 dhldrdNbﬁai(lﬁEX}@Qnyl.’lmﬁlﬁ} 1.3B2rif4Hpirofpt,SlRcH8- (211, t, J =
7.0Hz), 3.1 . AT ] 1 6.77 (211, d, J =

8. 4Hz), 7. 05é %@’“’ d E“% 23 %"' Y‘?b"ggh%?“eth%" Fanh dézig’i jﬁﬂydr oxy- butylzl phenol (32.7
g, 197 nmol )ar areagied bhen qr@momnwcefi@eadﬁl@dﬂq&o%lésw'aﬁ%%ﬂﬂ@dmpewa 0.8 g, 295
mmol ) foll OV\@Q aEB{'O ke ShiM& wigdh a(ré-athzr wmmegQleyMIa))}e oTbﬁtl{&%édLhrse is heated at

reflux over n| ght. Further potassium carbonate (20 g) is added, followed by
(S)-glyci dol depegibgy mathasef%@ Riepraia gfdniaxtial qaprewr ukh@mPeYidiaisrs. The
suspensi on i gc@oel&dm [%aduberr@dlnaﬂmltdmafléd hstrrga;beveemﬁenawnaple@kubmas\/acuo The
residue is pﬁ Lllit]rl o]neodraBE gﬁa n. Et OAC (”5S d alnd 5% citric acid solution
(500 ail). THE"SMGAAIEL PRy %éB&’r 8t ?éda are" 3d1 (RY584Y- and concentrated in vacuo
to give (S)-314-(4- Hydroxy-butyl)-phenoxy j-propane-1 ,2-diol as a brown oil;
1ILT NWR (CDC%%),?PelszG 1.74 (4H, m, 2.20 (1H t, J = 2! 46Hz), 2.61 (2H, t, J
= 7.6Hz) i 1:62Hz) 378(1H dd j 54and111 5Hz), 3.86 (1H,
dd ] = 3.9 apdiamingis oregtpyd ALl he esudfony]-13.8 6HZ) 7.12
(2H d, | = 8ubHo 4%» &R-(%5)-vliBene|-amide
(S)-344-(4-Hydroxy-butyl)-phenoxy]-propane-1, 2-diol (43 g, 179 inmol) in THE
(700 n) is added 2, 2-di nmet hoxypropane (94 nil, 760 nmol) followed by PPTS
(4.5 9, 17. 9Tdirﬁf§kll|)uoanﬂG Digsubisator )b hiE?- Lé:‘rbéi)tyll& =0 1:;11,8 Q4N t enper at ur e

overni ght. The [ ncentrated in,v esi due taken up in
Do (500, 71 y Peos Uy e PR GREEH R 3&”%&8@%45 R RSREEnt rated In
vacuo. The rEMFd@enl]nsaqixlstd|afphe¢bluéd£éuﬂﬁl©9tlﬂ<7r45769€§/m@fﬁsy )@6r110 118 through a
si | I ca pl ug 6 glaggne?b HE Imrpg)wl%molégr/g thQ AIB\\’z\vesgluan I%Q%)rQaQA(%ﬁO hexanes. The
desired fractions are concentrat

4-14-(00- 2, zwmiprretukw@r2!10131dPtmf@iltzm-M-re\yrsnehalﬁex*y?mpm@nylllyl (solytedti- 1- ol as a

(2:| ggr(ilHl ) U‘ljé\lMl‘%Oé/cﬁ%ﬁ)m w;teAZ)lk)?ﬂ f§|)0weqi bﬂgat@s“d I%Q:zzsgilesﬁ?{SéXEﬁ (4HHZI) n),
3.92 (2H, dtclutpswid) Me Hdmé@%% "uMGQH(aﬂiqded'eF “RP comgoupdging YQIOBVHz) 4.19 (1H,
dd, J = 6.4 and, [81:5Hz378.98 49 (1H, p, | 5.7Hz), 6.85 (2H, d, J 8.7Hz), 7.11
(2H, d, ] = 8.7Hz). Step 5 To

4-14-((R) -2, 2-Di net hyl -[ 1, 3W oxol an- 4-yl net hoxy) - phenyl kbut an- 1-ol (5.0 g,
17.8 mmol ) iEde@M Qiﬁ@%’d) i s added Dess-Martin periodinane (7.56 g, 17.8
nmol ). The yfl fOW)wm Com %tuh n |as lstl rred at roomtenperature for 1 hour. The
resul tant ye li‘ow sus 1on TS treated with 1 N Naafi sol ution (200 m) and
stirred at roomterrperature for 30 m nutes. The organi c phase is separated,
dried (My504) and concentrated to give 4-[4-((R-2,2-Ditnethyl-0

, 3_| di oxol an- 4-yl t nct hoxy) - phcnyl | butyral dehyde as a clear oil; "Id NWR
(cbA3): 1.42, (3H, s), 1.48 (3H, s), 1.95 (2H, dt, J = 7.6 and 14.2Hz), 2.46
(2H, dt, J = 1.5 and 7.3Hz), 2.62 (2H, t, J = 7.6Hz), 3.90-3.96 (2H, m, 4.07
(1H, dd, J =5.2 and 9. 3Hz) 4. 19 (1H dd, J = 6.4 and 8.11-Tz), 4.49 (1H, p,

~ P~ o~ -— om o~




To a solution of 2-Methyl-propane-2-sulfinic acid [414-((R) -2, 2-di net hyl -

WBj di oxol an-4-yl met hoxy) - phenyfl -but-(F.)-ylidcneFam de é4 51 g, 11.8 nmol) in
WD 2009/ 0748Y8 B8P EP2008/ 067110 119 THE (120 m) at 0 CPHEEBRERE7110

vinyl magnesi um brom de (11.8 m of a NI solution in THE', 11.8 mml)

dropwi sc. After addition is conplete, the mxture is stlrred at 0 "V for 30

m nut es t hendquiHBRed-chiof Py atine—eprbapiciisi§hgpicarulfoul- WP rigsi s mixture is

allowed to wmﬁgdgcqm}nlaéﬁgpgﬁw(@( any. di |l ut ed with water (50 m ) and Et CAc

(50 mM). The ani c se i s se te ). ntrated in

VaCUO. Puri f?g?ﬂg ‘?%‘H‘)ﬁf Rt Bt ot Yﬁ%"icf gm%g}s % “‘ﬁ)gﬁ‘x i ffords

{24!\/&521 h)éllt g)rcz)pameaa&:sbifrm misqidegciz(;ﬁdyhdelne] -amide (Ex. 2t34 ! but vl Eami d
i me i OX0 en utyl Eam de

as a mxture (§J1‘dj I'ast >e/c%le°o yra“neoi(cargoxd]ﬁc %ﬁmﬁl }l%'l glg O?.e > ?l%i&qul uti on of

2- et hyl - pr opa;ﬁsm&awkcﬁ[ﬂﬁﬂ@cs&dhdene] -amide (Ex. 235);

(4-14-((R)-2; 3151%%8 %ychrolol?ﬁlaﬁ.}e%%r@&?n&!cmeﬂgh%M))ro%ﬁf%ﬂ%5fox¥('1 i) but yl Eam de

2.4 G e

(1.0 g, i s saturat oxygen, then

ozone (geheréﬁ‘éd’“déﬂﬁg“ fFﬁ@oiﬁé? 4'I5é4ffﬁ1ﬁ%ﬁ oldenerondGdnet¥tior 500n) until a bl ue

solution is obirgihgds- ngoF@EJ}XJmeSZJLafrbéi@h&éla 8ﬂtﬂph<,2{§vl é’fHQJeQulﬂoﬁylﬁh% added and the
mxture stirred to ro m t enp ratgge over 33 m nutes. The resultant solution is

washed with WS ijﬁc) ZFa)rY dierBg dnt &2 Phase is concentrated under high
vacuum at | osysitesmias-atciloeo-p@aghevBcazbdviptihiydid [3r[opameth?k 5 plhehilnixazohal d 14- 14-

00- 2, 2-di rret hyl-11,31di oxol | rret hox b | Eam de as an
ST [ e a3 e B R R B g LR s Dt T e
14- 14 (00- 2, Q,Sd]lmhh-ﬁﬂ_chloro pyrazine-2- carboxyllc acid [8-(4-phenyl-5-trifluoromethyl-
adied tor - oS E RO PSS l“gfd?”ﬁp}’% PERAPEIEE BT S um £t hoxi de
(1.0 M, 4.83 mﬁ)#f)"ﬂofr?él%wwes%manwhc foost g ércyagotingthed- at room t enperature
over ni ght Th& Sdubhy0P1 b 8- AHaREREE st PELN; d@a@dnﬁ&QEmzho nd Et CAc (50 nil)

and stirred for 30 mnutes at roomte eratu The resul tant m xture is
filtered throddhEaPOLEIPR P 4 ier caRtErs 2019 86{%(94 e dnEani ¢ phase separ at ed
and dried (h@ﬁiﬁ@lxlfOQﬂPES}Sttﬁﬁalstﬁo guswes 25- yn&h&]wnnw opaney;2-sul finic acid
(4-14-((k)-2 | 1, 31di oxo

bheny1l 1) ( 1be) ROy ST ETH i ot AB S hEe RGBS E ani de as a

m xture of dsuifsbtr b&ﬁ"ﬁn&aaanrdwﬂe& O’Z\B -glidene] hivkideHEx 213); 38 Step 10 To

asol uti onof ; R) di met hyl -
WBj di oxol an- %Slfﬁgrn%n 6%52)%%% f(fé% %dé#lfmﬁdﬁlgwﬁ 2-sul linylimnoj-
WO 2009/ 0745@%@@@2%84806%}91@[2@ fﬂ’@)}"vlldebdta}l1l<}€dﬁro?é3(907 ny, 1.7 mol) in

THF (20 m) at. ﬂalgn&z%gpatbﬂ@g&eﬁwm@m Q:'id ﬁ!EMz'Lz Zﬁnﬂdor@face@yl 2M sglution in
di ethyl ether, 3.52 m’ml% sol ution ed for 30 mnutes then

at roomtenp@FrélfYGF(é‘s‘f‘b‘t‘“ n%alf'fs?ﬂyl}xlﬂ?rtflﬁéarspﬁdﬂt% YHﬁfi"éb‘W Hadfesi um (1. 76
m of a 2M spdaution in diethyl ether, 3.52 mml) i's added and the mxture is

stirred at rafure over The n ure is quenched with
Sat. aq. NHOL SEIObTEHOr50 Y DRI BSRPRg a vre TS m). The
organi ¢ phasehimssufongdl,f NMgSO4)spiasid. Shbnwmvhc&hejdlmlde (¥ac4d); The residue is

di ssolved in H (10 mL). After 10

m nut es, t he’ s%? rle((q)%)ofug%éo%ce trlr;%?seggl il &/@éeﬁiyzagh{agh%éﬁgm due diluted with
DCM (100 m ) toluphdsslfins! hicealt edthwlic dppsatiate agfonkedbOO@ss wlothutri ofhe( 100 m ) and the
or gani ¢ phasammer& r;oawmb%@ ﬁ&ﬁegged(ml%@%ed i h@ Qng@%letaltlQ[mof s applied to a
SCX-2 cartridge (10 Q) hIS is eluted with MeOH. The product is
rel eased wi twt@mmcqwq\@@m hg AempHE e Fﬁaﬁﬁrqdém&hﬁ%%ioawta@f fh concentrat ed
to give (9S)-gurkdd (4adconRn@abhdl@cRG§ed JuchRENSK Yhroph QRADEy, kiliZ2nidhol as a m xture
of di astereoners M FH1, 515.38 Step 11 To a solution of (S) 3 14
(4,5 Di ami no™ge¢t 3at'ﬁﬁg‘}fg']>W{r‘"bor“opane 1,2-diol (100 ng, 0.32 mml) in
propan-2-ol (5 m) is added 1-(3, 5-di am no-6-chl oro-pyrazi ne- 2-

car bonyl) - 2- Eeth | 4|6sot hi ourea (Internediate A) (121 ng, 0.32 nmmol). The
resul ting suspe SiOn is heated at 90 C for 2 hours then cool ed and
concentrated in vacuo. The residue is dissolved in MeOH (20 m) and applied to
a 10 g SCX-2 cartridge. This is washed well with MeOH, water and MeCN, and
then 2ZM NH3 in MeOH. The nethanolic ammonia fraction is concentrated then
purified by chromatography (Sith, 5-10% 2M NH3 in MeOTT/DCM . Concentration of
the relevant fractions gives the free base as a gum This is dissolved in MeOH
(10 M) and treated with IMHC1 in diethyl ether (2 ml). Concentration yields
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1- (3, 5- Di am no-6-chl or o- pyr azi ne- 2- car bonyl ) - 2- met hyl -i sot hi our ea

(I nter medi at¥OAPHH7 g, 3.72 mmol) is stirred in a t hPEFEROEK¥AIP ound bottom
flask fitted with a bleach trap and cdndenser and

((S)-4,5-bi am no- pcntyl -carbamc acid bcnzyl ester (Interrredr ate 8) (0.85 g,
3.38 mol ) | #Sprigpasczhioro-poaripgd-carboxyligledicid syl sHVHiL A Grazg-s" stirred at
85 C for 66 Haursssidakuskfiiaatl-anidey catch and reI ease resin (SCX-2) followed by
el

tl

ution through a silica pad flushed with Et0Ac, ethanol and MeOH yields the
itle conpound as an orange foam 1M+H * 447.1 Exarrpl e 31
3, 5- Di am no- Andlduardg- O\AB,EiZdrd’mﬁn&6@EIbe[Xy\tizﬁrQ 2a@itgbnyl)-2- methyl isothiourea
1(8)-4-(3-anjno da i di 2 vIrden olut on of
(3-0)-2- 1 E;Th‘% GRIARVRLT & %ﬁ%‘&moqbyar“gz“ Hangn ‘E}g‘r%yﬁe%f’ B PRPES! di e a-y1 1 -
propyl) - car bamagirading:ripehzy BMagt.ee, {-Exmn@0)in @@pMZQI (50.798issiméd) ati8d DCM (20 nl )
s added |00Qt kiTRL Yls! | ARG cDof Tilhure & SRR jh RadoUiRPMLs TRNNET . The

orange suspension Is stirre room ten‘dper ature m nutes. Purification

by catch andea@negyenpiegiphy(Goic dymigpt? (vd%v\ﬁ)rlhnwé“eﬁtporbrw BYOTM NH3 i n
MeOH vyi el ds {dng. trhd lcenr;&mqrmneaslsauafeérlcm%mam l\/ﬂeMFﬂ-JaM petitdetRnpl e 32 3

5- Di am no- 6-chl or vrazrne2carboxvrc acid
ei dol - pr oov! 144 A8 T n LR p R RSB EIT R e lsrscaateeerﬁfheoaroert is
3, 5- D am no- Gagbd @gaorpryrr dizihpleetZer aad bﬂedydnder acihh id Sjord tHeJitarbmMp@ImAPyY 1) -
|mdazoI|d|n( n (Ex.) (0.040 g, 0.128 mml) in DVF (2 m) is
added 1,1'-c %5%}3‘/' Sop @Jggﬁ g&(o 023 g, 0.141 mmol) and the reaction mxture
is stirred for 1 hour at roomtenperature. Benzylamne (0.014 m, 0.128 mmol)
i s added andgg( d‘q,rct j@nal benzylam ne (0.014 nl, 0.128 nmol) is added at hour |y
intervals for a total of 3 hours Purrfrcatron is by drlutrng t he reactron

) 6 hlgres o 3-epgaibaxiybc meiddlfcid-mashoxybemyab- 1349 triapa The
or gani ¢ phasg) 5. gr{g grmdgram (30 nil), dried over MySH4 and t he
sol vent evaporated in vacua to yield a yellow oil. The oil is dissolved in
met hanol (0.75 m) and diethyl ether (5 nil) added to triturate a yellow
solid. This "smlF]'udnposlnai sl ﬂr@fa&ﬂ amfarbo(a@ld th fEQarfl[_i)lt:) Q#?b}frebﬂﬁlﬁ@d -adhifoufetyer | ]
precipitate. i S s col ect Y trati on an i nsed wit
B ethyl ot het rereglgan PiuRPib T EyfR LGS et 2y amghethy .22
2009/ 074575P@E¢1E@2®@&ﬂ)&6ﬁebﬂ01 L&ﬂamlﬁxalrrpheeﬁe BN) [M+H]+ 445,
3. 5-Di ami no- 6- chl or o- pvrazi ne- 2-carboxylic acid I (S)-4-(3-phenyl
met hanesul | onvl am no- proaa) -i m dazolidin- To a sol ution of
3, 5- Di ani no- Bxagwlod$- pyr azi ne- 2- carboxylic acid [(S)-4-(3-am nopropyl) -
i m dazol i di n3 628 minbicdaRekamae L Btbox3ld 4 989v8din-Q-\BRGh T 9-rriay-DMF (5 1)
at 5 Cis added al pha-tol uensul fonyl chloride .018 g, 0.096 mml) and
triethyl am neued-gdes-()-vidensganiden| ). The solution is stirred for 10 mi nutes.
Purification by reverse phase chromatography (IsoluteTM Cl 8, 0-100% MeCN in

wat er -0. 1%/ to affords the title co || ow solid M FH * 467.0
Banpl o 34 360 B HD RETOHIOr8: S e TBUr Bty rephome Fabhanietn M T

aci d(S) - 4- ( 3t+-phenyfladet) wlrarrdmr@ylmmpyllnuemwmlBM] nwitl? E4-yihodbemethylalyi de To a
[ uti f - Di am d S) - 4- ( 3- -
o opyL) i i BT e SRR ARG TR, L ob tmoi) i DM

(2 phenyl acetyl chloride (0.013 n1 0. 096 mol ) |s added The yel | ow

sol ution is pfifdi€thoat roomtenperature for 10 minutes. Purification by catch

and rel ease resin (SCX—2) eI utr ng wrth MeOH and 7M NH3 in I\/EOH affords the

title Con-pou- 14 r‘,rﬂ' A3 DY T AN eE= boxxli id 1)-1,3,8-triaza-
spiro[4.5]dec-(2E)-ylidene]-amide




3 5-Di am no- 6- chl or o- pyrazi ne- 2- car box

phenvl t net hanesul f onvl am no- but v1) - Uni dazol i di n- (2F2- vhdenel -am de To a
suspensi on o¥03980BE5Rni no- 6- chl or o- pyrazi ne- 2- car boxyl i ECHEPYOYOIRY 4 (4 ami no
butyl)-im dazolidin -(2E)-ylidenel -am 1§t (Internediate T) (0.023 g, 0.071
mmol) in DMV (2 m) is added trlethylamne (0.010 M, 0.071 mmol ) foll owed by
al phat ol ucncSiit FupRAune fl REpnage anelogrialy do Epararta 2fvby yeplating 4sésetssivbn is stirred

at room t enpeyaphhf-ctir) ﬁ&nmnmmﬁme Riidrhk@adk | 0N1) Byichl @B R RRSEs-

chr omat ograpt% §I sol teTM 08 -100% %@‘T—fg}’\rﬁ@t g’:ln . 19%FA) foll owed by catch
and rel ease PEETHPIOR X2y digrfiy! ‘i"H‘Q" FH" a NP3 in MeOH gives the title
conpound as a yeI low solid; [MrFI]F 481.0 WO 2009/074575PCT/ EP2008/ 067110 123
Exanpl e 36 3 ,no- 6- chl or o- pvrazi ne- 2-carboxylic acid |

(S)-4-(4- phenala{’ce VI anino-butyl -imidazolidin- 2F, Iidene -anide To a
suspensi on o8. S’Dlﬁnmrdmm pyretihent-cariyuyhz | ped 2 &awcmhmlmeth\ddim-rriaza-
[(S)-4-(4-am | : ddigp - (2E)-y|idenekam'de (Internmediate T) (0.032
g, 0.098 mmo I's added triethylanm ne (0.014 m, 0.098 innvol)
foll owed by phenyl acetyl chloride (0.013 m, 0.098 mml). The suspension is
stirred at rmmanedmﬁa@ wgreﬁeﬁalé&um ruJExea& Qezh@rbiﬁlafcmgm%n&ne@hyeqw val ents of

phenyl acet yl ?hlorldei s 0. 04 mml s a action is left to
stir at roonttersarafut@incy ‘“a“?ﬂf?‘f‘ﬁgf“ef%e I‘i‘é‘iﬁl\é AP Bh oy reverse phase
chr omat ogr apéylobd:s hadtye Pk Chs 4-yOrml A0 YordveiciNale BQAEH | ~Q211%ATA) fol | owed by
catch and rel ease resin (SCX-2) eluting with MeOH and 7M NH3 in MeOH af fords
the title conpound as an off-white solid; [MHI+ 445.1 Exanple 37

2-[ (E) - 3, 5- DEaampho258- chl or o- ovr azi ne- 2-carbonvl i m no] -1, 3, 8-tri aza-soiro[4.5Jc
| ecanes- car b@&YJdﬁut@iCi %E@fahu%ué Xfllor%§$r§{.n L LbAQARgREate A suspension of

4-am no- 4- an nomet ~-car ‘oxyllc acrd tert-butyl ester
) 4 Z

(1 nt er nedi atM&(—b&l@— Azlig arbgrolatq 6 L) and

1- (3, 5- di am ngs @or@guug& %R%é;ﬁ?éd%al%g&ﬁlr b@rﬁympl@24@5}1%?3&%9&%%&%(I nt er nedi ate
A) (338 g, 0 82 nmo stirred 6 over ni he terrperature is then

at
rai sed to 85! @ﬁfﬁaylteﬁé(?%ﬂéﬁs"i Hf‘f“%‘ﬁ r}%‘d“ﬁ‘flatf:hl%,weﬁ‘ﬁ@r at urd™¥r>-a further 4
days. The reaﬁrhbm&hy’nwwb&yug3(2013@@?11%48%3&%@1& 1274040 aﬂ;@k Bdﬂ}la (rjesmduel : S tal(;etr;
up in water n eated to 45-50 C. The solid is collecte y
vacuum fi | tré?te%jﬁ)dﬁﬁmﬁﬁgg vﬁth ice cold water, then dried under vacuum at
50 C overnight to afford the title conpound as a yellow solid; | M-HP 425.1.
Exanple 38 3 ,5"1% Ag,no- 6-chl oro- vrazi ne-2-carboxylic acid
L1,3 ,f-triaz. t- spI2nL4 11 dec- 2E - vli deI | el - am de d| hvdrochl ori de WO
20097 074575PERNESA08) b7 sabap -8 ‘ cesidagodidingly,  37) (104 g,
193 ol ). Tf'evhﬂéfépkEld&gnﬁchl;Qﬂﬂo@%%@ﬁﬂék@&bbénﬁ&é rred at room terrper ature for 2
hours. The product 1s 1solated by vacuumfiltration, rinsing with dioxane. The
solid is dried under vacuumat 50 C to afford the title conmpound as a di
hydrochl ori dg.salt as a dark yeI | ow solid; [MHP = 325. Exanpl e 39 3
5-11iam no- 6-chl or o- Io yrazi ne carboxylic acid 18-1(S)-3-phenyl -2-(tol uene-4-
sul lon To a ¥eptwiicam!s MneTQ)%%/mlE%H@w{alaéﬁiﬁdﬁ@aéwpwsgn o8(Bdeririev)2'i n DI MF (25
m) is added 3%&1@1&1*&5]6 Mr&ﬂ}@eldr@@ Jailon%Smm) S&aﬁﬁrom@lﬂb 3@ octane-3,4'-

3, 5- D am no- hl 0

11,3, 8-tri azd %P‘ﬂ%f[%@rﬁ 8L tt?é §1?1i él]g’ 1&1%“&[80161“@%‘}46&%1“8er ((Ex. 38)
(1.37 g, 3.44l)ndatnaddtohddoneadinon iATided 1t rB&mgem&rAAremhl)ghtand the resulting
solution is stirre tu for nut es. crude product is
diluted wit h]sOdOttr lmeg'(y ggﬁ]ezfmmtl lgycﬁga?%@ﬁ G g nrsllX W Sconcemr ?eéit ed. Purification
by reverse phase Tdnhythso@d apivper(des ol WMTdVId Oll&cted)b&tf)@l%lwbm sohd iat er - 0. 190FA)

fol | oned by g d o, 5 Wt | /M Nh in
MeOH vyi el ds g%ye% %vr:l/ %fé/{%b%v\gl\l %Ilg d%(?lg%ur%)ésgﬁ%(gqﬁm ethM?\Q %Iag/![ hyl ether to

gi ve the titfodoeshpodedHasd AH:NeOH gk, meﬁh@ohcr%@nmfséaqt@ﬂ%%fﬁrred in 5M HCl at
100 C, for 3&m@3n&ld{e§%waf?£<monﬂfo@d (@5]{@15 -MeRkb- (thlm&NW added to the gumand then
all solvent is renpved in vacua. The residue is trlturated with MeOH and
diethyl ether to give the title conpound; 1MtH1+ 626.4;11-1 NMLlI, (DMBO-d6):
1.12- 1.71 (4H m, 2.36 - 2.38 (3H, s), 2.59 - 2.83 (2H, m, 2.93 -3.52 (4H,
m, 3.41 -3.60 (2H, mM, 4.42 (1H, m, 7.12 (2H, d, J =6.9 Hz), 7.17 - 7.28
(3H, m, 7.35 (2H, d, J = 7.7 Hz), 7.54 - 7.37 (2H, br), 7.57 (2H, d, J = 7.7
Hz), 8.12 (1H, d, j = 9.0 Hz), 7.70- 8.26 (2H, br), 9.22 (1H, s), 9.95 (1H,
s), 10.99 (1H, s). Exanple 40 3 5-Di am no-6-chloro- vrazine-2-carboxvlic acid
8- 1-benzenesull onvl-1Hi ndol e-3- carbond -1 3 8-tria-za-sirclec- 2E -vlidene




To a solution of 1-(phenylsollonyl)-1Hindole-3-carboxylic acid (1.0 g, 3.32
nmol ) in II\/F(SlS m) is added HATU (1.388 g, 3.65 nunol%) and N-net hyl

mor phol i nc MO @YEOHP7S 9. 96 mml ) and the solution is st FT@HZO%/“FHBm
tenperature for 5 minutes. 3,5- WO 2d8b/074575PCT/ EP2008/ 067110 125

Di am no- 6-chl or o- Fyr azi ne- 2- car boxylic acid

[ 1, 3, 8-t ri az#agporypdob)dbeciizeyt ynidgehidioc bhivligngdiPhipdroeiiopiaedy Ex. 38)
(1.452 g, 3.65% yawl puhsnaddedsiand the reaction stirred at roomtenperature for
45 mnutes. The reaction mxture is diluted with water (100 m) and the
precipitate that forns is isolated by filtration. The crude product is
suspended i ns2N2 NaOH and extracted into EtOAc. The organi c portion is dried

over MgSH a oncentra vacuo e solidis
suspended i n&gﬁd} rﬁ@dﬂf&@r%#% SERPTY '6yall §/5'(?‘}2&\ ant3 lélmc'c LSﬁﬁi”t' Ipl e. Afine
brown solid ilslerermared-2oprtfoxhmidat(i @hmand.4p herngdelld dJWOfvr:d ir &MF (9 obncent r at ed
in vacua untj|, ﬁl]&,th U BAERL ﬁﬁwowsan%nﬂmao@%%r%oyﬁt'aQW (59 hzd ohgs

preci pit at ed. IS SO 'S ma en suspended in
2N NaOH ( 100mfoY- %{ﬁ\detb»!tnroalefwéae 180 eLE:- HasmeD l%@dﬂebafwﬁtj'e soiiienotigetitc phases are
conbi ned, drigeh @Mﬁérath(&%n@gn@l @Hknﬁ%ﬂlré @ttﬁ& doRcMBeld® it thcyd.@kdaa(pal e cream

sol id. The cream uspend -4 mxture of Et X ohexane (100
m) and the e ?)"S‘JF% Mg TR Waah@lvgv YHE" TlP%@%;&é OBFNER aww@conpound

which is suspegsdedand cancbhobdell £:24hcid.) Pantkasibn by ethsif okirodatgtapby (MOAEL (20 n)
is added to oI| and the sol yent n _vacno until
a yel | ow sol .Bgﬁgﬂég’%ﬁ.%”ef S UUPEPEPYE aaay§ Tothg’r[e}ﬁr 92&{ i?nsgé%\f/ﬁth wat er and
dried at 40 O if@rped.8 hours to give the title corrpound, LI VI +H . 607.42; 1H
NVR. (DAISO-d6): 1.86 - 1.92 (4H m, 3.42 - 3.63 (4H, m, 3.68 (2H, s), 7.34
(1H, dd, j + 7.5 Hz, J = 7.5 Hz), 7.43 (1H, dd, J = 7.5 Hz, J = 7.5 Hz), 7.36
- 7.55 (2H Exa)rnp1672562 (1H, d, J =7.5 Hz), 7.63 (2H, m, 7.73 (111, in), 7.99
(1 H d, J Q6-:(2 n&), 7.50- 8.16 (2H, br), 9.18

3 8 triaza- ggxg[nﬂieSI dec (2F) vI i deneI am deToasoI utl onof

3- (3-1 sopropoxy- propyl sul fanoyl) - benzoic acid (Internediate V) (1.10 g, 3.65
mmol) in DNIF (20 m) is added HAIL] (1.53 g, 4.02 nmol) and N-net hyl

nor phol i ne (f )-304diirhino+QhR%- mgegkas@n&[bug% [5.011 Wcla@ 3 4SinSbd bR ERL | at- r?om |
tenperature for m nut es am no- azi_ne car ic aci

0, 3, 8-tri aza¥prt %[Y&a‘gfcfe‘i?rt(‘)é@“dﬁl PRtk % S‘a@ @.f?fyf-fréém 8%9 % 38) (1.60
g, 4.02 m nomjnol)ss éickdied arIdMFhenﬂ)eﬂ@iglvam HNrUre(aB ag, Gmmmelmpecrmure for 45
m nut es. The reg ylpnreln r%\[)r% ;ael(pé%gt rrﬂg) mmog’acg-ll\{[% mo')phg\nd t he crude

pr oduct extracfy%x e "0rgani ¢ phase’isdri ed over
MgSO4 and t h@.253] wleAB9¢vnapdr ata(dded mdvéae sautian ytirel dit aoopekhpasatorel for Puri fi cati on
on & Vaters preparl kg, DBl e (N0.2009',07457 SRENLERAONGL08KLI0 36 3000 HPLC
using a gradient of (+0 acetonitril a yellow oil.
2N NaCH i s a%wnmasb%wamwafzrd 110ﬁen1¢r obhgcereige ehese aetde |MB§)OEt2@AC (2 x 400

n). The orgapi&hhasese akigucoaRided.in Slcbed z@\ﬁa;afhﬁﬁ aa&doﬂtheheqlsvent
concentrated in vacug to agﬁl(} of approxl mat To this solution is

added i so- heXand {Aggom by rﬁ@f%gV@P16%péoPﬁBHB? ETpl% ebe vis solid is
col | ect ed bycdnigotifidids a08n aid; TVRBEd sw2b hsd1slo-fheXanepko afford the title
conmpound; [M+Fi]- 607.98; "1-1 Nmr (DMBO): 1.00 (6H, d, J = 6.0 Hz), 1.55 (2H,
n, 1.69- 1.79 (4H m, 2.81 (21-1, t, 5.9 Hz), 3.29 (2H, tr,1 = 6.0 Hz), 3.42
(1H, m, 3.4@&&@@&3&@&1&2@@4H, m, 6.15 -7.30 (3H, br), 7.66 (1H, d,
J =7.4 H), 7.70 (I H dd, J =7.4 Hz, J =7.4 Hz), 7.76 H s), 7.86 (1H, d,
J =7.4 H), 7.44 - 00 (1H br), 8.00 - 9.05 (3H, br). Exanple 42 3

5- Di ami no- 6- @hﬁ@ﬂbﬂpﬁra2|ne 2- carboxylic acid 18 12 (5 phenvl 4H 11 2

41tri azol - 3 1k} a8, . _ _ -

(5- Phenyl - y g, nmol ), HATU (0. 988
g, 2.6 nwol), 5- Di ami no- 6- chl or o- pyr azi ne- 2- carboxyllc acid
[1,3,8-triaza-spiro[4.5]dec(2E)-ylidenel - am de di hydrochl oride (Ex. 38)
(1.033 g, 2.60 mol ), DVE (20 ml) and N-nethyl norpholine (0.78 m, 7.08 mmol)
are added to a round bottoned flask and stirred at roomtenperature for 20

m nutes. The crude product is precipitated fromthe reaction m xture by addi ng
water (200 nil) and is isolated by filtration. Purification by reverse phase
chronatography (IsoluteLn1C18 0 100%)NECN |n wat er -0 1" /0TFA) ylelds a

‘A~ o~




WO 2009/ 074575PCT/ EP2008/ 067110 127 tenperature for 5 m nutes and

5-Di am no-6-chl oro yra2| ne- 2- carboxylic acid [1,3, 8-

triaza-spi rd’mz@%@g 3(2E) -yl i dencl - ani de di hydrochl ori ET/ERBLIS/GgH0 (2 13 ¢,
5.35 mmol ) is added. The brown sol utidifis stirred at roomtenperature for 45
m nutes. The crude product is precipitated by the addition of 2N NaCH and

col l ected byMﬁhIOtjr ation. The solid is purified by reverse phase chronmat ography

(1sol uteT™M Ci8s cOnpbdOFes MeGhkcll Ac Rt to- @rag%h‘d\}ardThﬁ &b@@&dwfamé ons are

concentr at ed}x}'g vlgcg t% apﬁr oxXi tel%/1 30 nd 2N dded The off white
solid is col Mected® Qj‘mf’i P at TCon SR iCr?B%S&tW W%ﬁ‘f’éﬁ“%“ Wiv8dehe title
conpound; | Mithrma®@@.aDmpotititdMRn(aEDMBOhe6) : EAL.10952( Bdde 4d, J = 6.5 Hz), 1.67-
1.73 (4H, m), 3.42 (2H, hr), 3.75 (1H, septet, J = 6.5 Hz), 3.31 - 3.79 (4H,
br), 6.15 (1H d, J = 7.5 Hz), 6.70 (2H, br), 6.40 - 7.01 (IH hr), 6.86 (IH
d, J = 7.2 Hlethot 226 (1H, dd, j = 8.3 Hz, J = 7.2 Hz), 7.31 (1H, d, | = 8.3
Hz), 7.53 (1H s) 8.36 (1H, hr), 8.48 (1H hr), 8.55 (1H s), 8.00 -9. 00 (1H,
hr). Exanpl eS42l3 5-Di ani no- 6-chl or o- ovr azi ne- 2- carboxylic acid 18-(2-Bento

| bl t hi oohen-3-v1-acetvl)- ro 4.5 dec- 2E -lidene -Am de This conpound is

pr epar ed anai\ébréﬁ’sﬁl“%ef‘%oﬁfén%ﬁ'émﬁlg Bpleepragrsgeabeglic agprePyl ki do) - benzoi ¢
acid (Internmadoat®2Wmmbl h entab] hhiaophereid-batelsiveas idpwisMvdbJ+ 499. 0;

| TI NVR ( DVBO- 1.5 95 (41T, 3.97
(2H, s)( 6. 2?)5“‘2’6?5'?_'1 ?‘é‘ﬂ“"‘bhryf’(ox;! éjg ?fila—\“? Q”OIQ ‘%ﬁ) tei&()érﬁl 50 ElH s;ﬁ 7.83

(1H, d, J = ®aGiohn)ixtuik.iQecafcdith 5@ C fors hpul tidn)cpoldd %oem@er@ﬁré(tlﬁbi,and)r) Exanpl e
45 3,5-D am 1 ry 1-rovl. -
pyrrolidine- l?rcegrogéo?[ﬁl\%ﬁ?r %9}1&@6!&%%635%%lp?&(iyg%gg%gr%lagoen I IPut |laon of 5 &xo 1 (3
pyrrol 1 yl prcopypyengyeprodildhne 33-dambuxHhileroagiading Izntllé’r)mé'dlaatiés Xy (1.15 g,
4.85 mol ), KLY GR-(@3yGharep (BBLIMBY) , DVF (20 nl) and N-methyl norpholinc
(.60 M, 14.54 nol ) is stlrred at roomtenperature for 5 mnutes before

5- Di am no- 6- &b or o- pyr azi ne- 2- car boxylic acid
[1,3,8-triazaspiro[4.5]dec-(2E)-ylidene]- am de di hydrochloride (Ex. 38)
(1.731 g, 5. 33t1m&ﬂu)pehﬁmaﬁfdiedethy@\flstoehloﬁlteh sulphag: (flop, B minoltieslabe (760m
tenperature Ff0Ac d '8 e or anl se s washed with 2N
NaOH (2 X 100 rﬁAtfea h:gl %eﬁafq%gpf Pnﬂge or eénf]ré: p g}éeewospharl ed over MpSO™4
and t he sol vemtureiﬁaapéfrdahe@t bmyl\ﬂa@d@nat%}ﬁg détmnam ) in\@y portion. The

2009/ 074575%1&%%’%99&!&@&4&9 ait%%mtwm?&a«ﬁ;e%& phasanghiQatpel aphy (1 sol utent
C18, 0-100% Me in water -0.1 by catch and rel ease resin
(SCX-2) el ut?%@l%ttﬁh%wl%mtlwr\ﬂﬂsrareﬁ WesORd Vitle P sqlugiens |ty dsied . The oil is
d:j ZS?I ved :c no@mhisb@ flmr%cdaﬁtpco{ﬁg&%ﬁﬂlzﬂl @zcwm'm&@toﬂgw&uﬁ cr?ftztllﬁééligu 03 by thg
addition of isp-hexane to yie oW, SO is filtered and rinse
with iso- hex%fﬁ’é”?%hy?icé‘l‘fat?#éor?f*‘f‘?%‘ygra{i‘d‘t?é?“ s x‘swf%afwf\ﬁ\m ( DVBO- d6) :
1.64- 1.70 (&hurkeds,solld.84- 1.89 (2H, m, 2. 43 - 2. 51 (2H, m, 3.39 - 3.43 (2H,
n, 3.43 - 3.50 (2H, m, 3.55 (1H, n), 3.40 - 3.69 (4H m, 3.84 (2H m, 5.97
(2H, m, 6.6%p8& 74 (2H, br), 6.75 (2H m, 6.2 - 7.6 (1H, hr), 7.6 - 9.5 (1H,
br). Exanple 46 3,5-Di am no-6-chl oro-ovrazi ne-2-carboxvlic acid

[8-(6, 7, 8, 9- tetiFnsrrenssHL o &f i d15eBareiap Hshlry pirpeea-srbreeli 28 - vi i denel - ani de
To a stirringssql ug. D@HmQ)i i® DR41BuBo Tetit AYAr RiitweRMIAZA By Brigar boxylic acid
(0.05 g, 0.25 rrrml) and HATU(O 11 g, 0.28 mmol) in dry DW (5 m) is added

N- et hyl  ror BHot REOY-0dg ainertmegsphgrs O nitragqne T he regg tinatugg iy thrfeﬁg at room

t enper at ur e, athooDk@iPeN@rb{E I HRNB-PY fad iidebrdylcar boxyl ic acid

[138tr|azas I Iorlde Ex 38) (0.10
g, 0.28 nmmol ™" 'ng’dgﬁ‘oéfhgh ﬁ%&cagbé‘\é@fquﬁ? g{q7d8§'tm‘?% ?‘?g P80t enper at ur e
for | hour. Mrabq:rmdtqf@hnmwwse\fét gectphasetughs 0mﬂ@gr®phym()dr$totelfbreaTm C18,

0- 100% I\/ECN t bt | S r; [ M:TIF-
524, 2 Excanpl Sl HRuf o Cofl SOROHDR.B 1B KEULINRIINE

1Hi ndazol e- @he'afrlts‘mdywmmpf?v'@—mtt?rldaédﬂsﬁ inagadgus gen 40°QRvginigetve To a stirring
sol ution of &k ndazelies 3'd%{ubcpé¥llilb&)p%hqeﬁgarg&gangdo GhedR1cAmap! ) and HATU (0. 096
g, 0.25 mmol) |n dry (4 i s added N-nethyl rmrphollne(O 08 m, 0.76
mml ). Afterms ﬂf?ﬁf?%ma?}aw ' AdL 6- chl or o- pyr azi ne- 2- carboxyl i ¢ acid
[1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]- am de di hydrochl oride (Ex. 38)
(0.10 g, 0.25 mml) is added and the reaction left to stir at roomtenperature
for 1 hour. Purification by reverse phase chromatography (1lsolute' M 08, 0-100%
MeCN in water -0.1%FA) yields an oily residue that is ultrasonicated in
acctonitrile to give a yellow WD 2009/ 074575PCT/ EP2008/ 067110 129



suspension. The yellow solid is collected by filtration and rinsed with
acetonitrile to afford the title conpound; |MFit- 469.17 Exanple 48 3
5- Di ami no- 6-¥APYPBHpYr azi ne- 2-carbonlic acid 8- 2- 2 3- BFWEFW&%@HM ndol - 5- a
acenl -1 3 8-triaza-s ifM_| _lec- 2E 11 i dene -anide This conpound i s prepared
anal ogously to Exanple 47 by replacing 11-1-indazol e-3- carboxylic acid with
2-(2,3-dimethyl-1Hindol-5-yl)acetic acid with2-(2, 3-di nethyl-
1H i ndol-5-y])acetic acid. [MrHJ+ 510.23 Exanple 49 3
5- Di am no- 6- ro- pyrazi ne-2-carboxylic acid 18-(1 2 3-trinmethyl-1H i ndol e-5-
car bonl ene - amBdeyl T0S5-diasiidord-tHigop@haitic Denrofxamido)(methylthio) methylene
1,2,3-trimethyl - 1H i.pdo) - 5- car boxyl,i.c i 0.0 X ano!). and HATU
(011 g o 28wt T {ds?ym N (B gy PERL gk 'N%n%?ﬁy‘?mﬁ%?%ﬂm' 4% (0.083 nl,
0.76 mol ). dssobrd B DEMULEEMB-abi ahied dropwesh bor &5 pyrsaz ifever Lorogar boxyl i ¢ aci d
11,3, 8-triazggsphr Qﬂre‘lsoﬁl]ngg%' (ink) ﬁtytjol)lq%&l%&atlﬂjg]oqgnid e %an(?imeqe (Ex. 38)
(0.10 g, 0.28 mml ) is a ed and the reaction |eft fo stir at room t enperat ure
for 1 hour. PlUpVireithiehabyred dhawobgsaptsped 8y Orratinpory by yiealde the title
conpound; [ Mskl {heﬁﬂfgcgﬂ]@qﬁ,a})ﬂm}ﬁ@&.l 5- Di am no- 6-ch | oro-pyrazi ne- 2-car box
vhc: acacl - nl ahyl rl H-indazol e-3- carbonl ec- 2E -vlidene -am de This conpound
i s prepared anal ogously to Exanple 46 by replacing 6,7, 8, 9-
Tet r ahydr o- Shheacdhazsl e- 3- carboxylic acid with
1-net hyl - 1H arboxylic acid. [MElfk 483.1 Exanple 51 3
5- Di ani no- 6- %ae’Z'B- RS nE i bt e 8- 4-bent |oxv-benzovl)-1 3 8-
tri aza-soiro 1-4.51dec-(2E)-vli denel-a mide WO
2009/ 074575P§I§ FP2008/ 067110 130 5- Di am no- 6- chl oro- pyr azi ne- 2- carboxylic acid
[1,3,8-triaza-spiro[4.5]dec-(2E)- ylidenel- am de di hydrochl oride (Ex. 38)
(0.05 g, 0. 18 sehyernof B -bénquZbQﬂﬁ\éér&éﬁé nzredlbin doy 028 (gm)@nd@ apmpl ), HATU
(0.05 g, 0. 13emBhokpheht sraELM s DERARAIN I@CtriF)QmQI IlosELine @zﬁ%%hﬂﬂoﬁ@d FATE (2 m)
are stirred together at roomtenperature for 72 hours. e reaction mxture is
di | uted wi t hopfiosc Te2s myurs s ddedsmielriidenOvge £76 oy DEAY €4¢. NaHCO8 (25
m ). The or ganiisophaseinl sy THF edmowad (V& HAoandnav aporad &dodéh | 1ana) to yield a
yellow oil. The oil is di ss.gl ved in et h%l) gllcet.at e‘bd?nd a dr ch’hOf met hanol and
i s0- hexane afBPHAUEL " HIRETT SLUFYH REBAFE Y BITFEW YuFT G 2l Pect ed by
filtration tolugievecohbhmirhied evaconpwifiditioh MHHd truB8%hite kidbpl e 52
3, 5-D am no- §- -QVI.azing-2-ca (Yol . o
B (3- 2. 3 di Tudre g Al B ARt Fy 05 § sohexane 124 TEA) afords
8-tri aza- spi Ho¥4BBidevc{rD@ylaplindened-dem-de-diMdirsiscodpgdundeths)-prmephr ed
anal ogously t@pExaRR @rePuryP¥sidr@Ph %lt@&y&ﬁllin{e@%ﬁ&){ml‘«w@%nzo' c acid with
3- (2, 3-di hydrobenzof uran-5-yl)propanoic acid. [MH * 499.1 Exanple 53
3,5-Di am no-6-ch | oro-pyrazi ne-2-carbox vkadcl8-./t4- carbonc- 2E -vlickne
-am cl e Thi ssgeppound i s prepared anal ogously to Exanple 47 by repl acing
1H i ndazol e-3- carboxylic acid with 1H pyrrol 012, 3-bl pyri di ne-4-carboxylic
acid; | M1-11+ 469. 14

A solution of [(S)-5-benzyloxycarbonylamino-1-(1,3-dioxo-1,3-dihydro-isoindol-2-

ylmethyl)-pentyl]-carbamic acid tert-butyl ester (0.63 g, 1.27 mmol) in DCM (5.1 ml)
and EtOH (5.1 ml) is treated with hydrazine hydrate (0.318 g, 6.35 mmol) and the
reaction mixture is stirred at room temperature overnight. A white precipitate forms
which is removed by filtration and washed with DCM (3 x 10 ml). The filtrate is
concentrated i vacuo and redissolved in DCM (15 ml) and MeOH (2 ml).
Undissolved material is removed by filtration and the filtrate is concentrated in vacuo.
The resulting oily yellow solid is purified by chromatography on silica eluting with 10-
50% MeOH in DCM (1% TEA) to afford ((S)-1-Aminomethyl-5-



Exanpl e 54 3, 5- D am no- 6-chl oro-ovrazi ne-2-carboxvlic acid

18- 13- (4-i net hoxv- ohenyl ) propi onvil-1 3

8-triaza- spﬂ’f’%i@%&‘&@c (2E) -yl i denel - ani de PCT/EP2008/067110

5- Di am no- 6- chl or o- pyrazi ne- 2- carboxylf% acid [1,3,8-triaza-spiro[4.5

Jel ec- (2E) i dene] - am de dlhydrochlorlde Ex. 38) (0.05 0.13 mmol ),

3-(4-i net hoxg‘“ﬁ Ry B ot opiney Daer g mirephigrt uryeesaes wleyr OIEMW {0.048 g, 0.13
i ninol), N neghyl norpholine (0.041 m, 0.38 mmol) and T)IVEF (2 m) are
stirred together at roomtenperature for 48 hours. The reaction mxture is
diluted with EtOAc (50 ml) and product is extracted into 1 MHCI. The aqueous
phase is bas$tped to pH 12 with 2 N WO 2009/ 074575PCT/ EP2008/ 067110 131 NaCH
and product %&B%Cntcﬁq z ta%m%to S1- g%enz lo)( ca-mr? 18 erﬁ lfcar aemlI gac&j“ ed over
MySO4 and the ol Vet “evaporated in e S A YT gf 28S. The product
is tr|turatedﬂ%mnhe%hﬁﬁﬁﬁadﬂﬁﬁomndtmIQENMZar@akefbrbmmpw@¢wthEAthe title
conpound; %bh 4 QirfATRIG: Bodlarre b ATLN0 P S10H s RUoARI R Bchy Car boxvl T e

acid [843-( y r oxv- ohenvn-or oni onvl

8-triaza- spi "rocﬁifél?fdsiﬂe‘@é?EE?ﬂoy'Pquéﬁ?éPa@ﬁ?ﬂébe"THlegtefc%ﬁﬁrYé'LﬂYﬂmi $MpHépar ed

anal ogously 34 Exanple 49 by replacing 1 ,2,3-trinmethyl-

1H i ndol e-5-carboxylic acid with 13-(4-hydroxypheny|)propionic acid; [MH *
472.98 Exanple 56 3,5-11iam no-6-chl oro-pyrazi ne-2-carboxylic acid

| 8- (1H-i ndol BteZmedistbaonvl) -1, 3, 8- triaza-s iro 4 5 dec- 2E vlidene -am de This
conmpound is 4_4_g|ng16 7,8, 9-

Tet rahydro-5 - oxyllc aci d;
| M FH1+ 468. ghekxahpll¢ethanell. Ed@nani no- 6- chl oro-  vrazi ne-2-carboxvlic acid

f t 3Agui nol i ne-5-carbonvl)-1,3,8- triaza-s iro 4..5 dec- 2E This conpound is
prepared anal ogously to Exanple 46 by repl acing 6 7,8,9-

Tet r ahydr o- 5¥hr bazol e- 3-carboxylic acid with qU|noI|ne 5-carboxylic acid,
[ Mk1- 1P480. 15 EXai0] & 498 R0 phindiblidR1Bic @k .95 0 36vih A1) NETIF CAMROXVI i ¢ acid 8-

4-meth 1 2 hen |- rim
car bonv11- 1??@?%W?%E%ggﬁlﬂ%PQ9BIH€JOW?EftVﬁfﬁ@Hé”ﬂ*ﬁHWﬁngﬁhF% compound is
prepared aname@ouslyr il&lr@mmnete%erbylrd’ Bph iﬁ6ll1r[lgl @@X@yl&ne(cﬁamme 5.84

pyrrol -1-yl -pr.opyl).: pyrraqlidine-3-carbox Internedlate X) with
Y hetnyT- - BramTd A h e P dh BRRVIY el AT o R o
2009/ 074575PGEHEPR00BY 06721 & qL8Rhed by addmon of saturated sodium hydrogen

carbonate solution and extracted with EtOAc. The organic portion is washed with

citric acid solution, brine, dried (MgSO4) and concentrated iz vacuo until 25 ml of
solvent remained. The suspension is filtered to afford {2-[4-(4-Methoxy-phenyl)-

butyrylamino]|-ethyl}-carbamic acid tert-butyl ester: as a white solid.

Step 2

A solution of {2-[4-(4-methoxy-phenyl)-butyrylamino]|-ethyl}-carbamic acid tert-butyl
ester (6 g, 17.88 mmol) in dry THF (60 ml) under an inert atmosphere of Argon is
treated carefully with borane. THF complex (53.88 ml, 1M Borane in THF). The
reaction mixture is heated at reflux for 2 hours and then allowed to cool to room
temperature overnight. The mixture is quenched by addition of MeOH and then
heated to 70°C for a further 2 hours. After cooling to room temperature, the solvent is
removed in vacuo to afford {2-[4-(4-Methoxy-phenyl)-butylamino|-ethyl}-carbamic

acid tert-butyl ester as a viscous oil; [M+H]J* 323



Exanpl e 59 3, 5- D am no-6-chl oro- pyrazi ne-2-carboxylic acid |

8- (4-bcnzyl hol i nc-2- carbonl ene -am de This conmpound is ar ed

anal ogousl y‘Y%”@?’%‘ﬁ% 51 by replacing 4- (benzyl oxy) beRZbFEX ?6 i th
4-benzy1- 2- mor phol i necar boxylic acid $drochl ori de; 1 M FH1+ 528. 2 Exanpl e 60 3
5-Di ami no- 6-¢chl oro-  vrazine-2-carboxvlic acid8-(It)lo 2 31 vridine-r.5-
carbonvl) -1, 383t riaza- spi ro[ 4. 5] dec- (2E)-vlidenej-anmide This conmpound is

prepared anahQ@@uslon of @-EXamRkRxfphdiyl) Jbaglaaﬁﬂd)gth;h‘rcmmmhaTe?n b&@r boxylic acid

I byl o RS By 3 (MEELES RY 0, Bami

[ 844- (4, 6- d|hmirhoxﬁﬁtMmgtcdnonmzemﬁmnﬂapmwolhenz@emolzed%m&awot dhacsid}iro 4.5 dec-
28 - |idene ;am de. Thi S LOTRONDG,J S PUSPAAS A0R] QRS OoFramPl € 51 by

repl acing 4-'% yI"0xyjbenzoi e aci d A

4-((4,6-di rretnhmnypw [MmenQetymmhbb@y)lbmghemdé*b‘lld [4-[Mubthoxy5giEn0F Exanpl e 62
3. 5-Diam no- G GhLALA:BNAR NG Z£ALRRING AGbIVEY 22 dhgehavT T di ned- carbonyl
1 3 8 iaza s4 ec ene am hi's conpound i's prepared anal ogously to
Exanpl e 51 by repl aC| ng 4 (benzyl oxy) benzoic acid with

2- (3-1 sopr oppkersitgido) -1 sonicotinic acid (internediate Y) [ MtHP- 530.2; 'H NWR
(DVBO-d6): 1.1 d, J 6.5), 1 7-1.94 (4H, in), 3.66 (2H, d, j =in,

. ~2pcigo -Digpd ABHC(1H, br s), 7.31-7. 60 (2H, br s),
7.61 (1H, br s) 7. 74 8.25 (2H, br’ s), 8.28 (1H, d, J =5.5), 9.08-9.21 (1H,
g': Dszam go?g @h?or Ol[_lO Aglmre]tz%%y %épgbﬁroplonal‘{l%iHJB_ péeparezi accordong tg the 1H 13342 E3
8-tri azaspi r pbddbitdesahat @ mar By Method ddl efljomarabobd@plysicl &béndstisBpr opyl am dc
Thi s conpoun pl aci ng 4-

(benzyl oxy) bgongzgzl ?822?’3399 zaﬂ@%n%glg}éghéré%%y lA(?aSrﬁl anﬁIg%lm YarJ oI e-4-carboxylic acid
(Internediate Z): [Mr1l-1]+ 553.5 Exanple 64

3, 5- D ami no- fr&hbLLOEPYT azi ne- 2-carbox 1, 3,8-triaza-snirol4.5

| dec- ( 2E) - vl | dene I-am de This cog‘pound is prepared anal ogously to Exanple 51
by repl aci ng Wi th 4-(3-isopropyl-ureido)-benzoic
acid (Internediate AA); | MtHT 529.5 Exanpl e 65

This compound is prepared according to the procedure described on page 907, Method
5 in the Journal of Medicinal Chemistry (1973), 16(8), 901-8.

Intermediate F

4,5-Diaminopentanoic acid dihydrochloride

This compound is prepared according to the procedure described in ‘Radiolabeling
chelating compounds comprising sulfur atoms, with metal radionuclides.” EP 300431

page 12, Intermediate 3.

Intermediate G

4-Amino-1-benzyl-piperidine-4-carbonitrile

Step 1

To a solution of ammonium chloride (1.73 g, 32.3 mmol) in water (20 ml) is added a
30% ammonia solution (2 ml) followed by 1-benzyl-4-piperidone. After 20 minutes

sodium cyanide (1.47 g, 30 mmol) is added portionwise over 15 minutes. After stirring



3, 5- Di am no- 6- chl or o- ovr azi ne- 2- car boxylic acid

[ 8-[6-(3-isooronvl -ureido)-ovridine3-carbonvl -1 3 8-triaza-s )iro 4.5]dec- 2E
-vlidene - afA&"Ai4§’5Sconpound is prepared anal ogously t SCEERWRH®E) by

repl aci ng 4- (benzyl oxy)benzoic acid W't h 6- (3-i sopropyl -ureido)-nicotinic
acid (Internediate AB); [MH -1]- 530.5 Exanple 66 ‘

3, 5- Di ani no- B er ue-venrir aZi meIsaddet 1ehils prediges age extracted with DCM (3 x 50

18- 13- (4- al | ml)ox¥d ok iRk b hkenadd i vacuo. Purification by chromatography

8-triaza-spiro[4.5]dec-( -v] i denekam de Thi onpound i s epar ed

anal ogousl y e e %—M‘!@%@gf H‘g504hexe'b€e4§§)9¢fsa‘- BaRssy AR with

3- (4-al | yl oxyipghiany-ylpnopdneig- aei d; [ 1\4+1 1 k 513.4 Exanple 67 3

5- Di am no- 6- chl or o- pyrazi ne- 2-carboxylic acid 18- (2-14-(2-nmet hoxyet hox

medi ox. -1 WD 2009/ 074575PCT/ EP2008/ 067110 134 Thi s conpound i s prepared
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compound i s RhLaRRuedd amle_e%ﬁu%mazo rabXPOPdi B a R ki RY witR Rb-264ov 4- o
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aci d (1 nt er ntBP&tid inApgthanopopyios isdighlqromethapy @ sg 4gymipalibsngyl-( gy 3 5

Di am no- 6- chpipér@tidewr-azbdnaril- ¢ bBerpebi m nol -1, 3, 8-tri azascv -acetic add
tert-bntyl This conmpound is prepared anal ogously to Exanple 51 by replacing 4-
(benzyl oxy) benzoic acid with 3-(4-tert-butoxycarbonyl net hoxy- phenyl) - propionic
acid (InterndiratdatdB); [ NEFTHE, 587.5

S5-[4-((R)-2,2-Dimethyl-[1,3]dioxolane-4-ylmethoxy)-phenyl]-pentane-1,2-diamine

Step 1
To 3-(4-hydroxyphenyl)-1-propanol (10 g, 66 mmol) and potassium carbonate (13.5 g,

100 mmol) in acetone (200 ml) is added (S)-glycidol (6.5 ml, 100 mmol). The mixture
is heated at reflux for 18 hours. After cooling to room temperature the solvent is
removed in vacuo and the residue partitioned between EtOAc and water. The aqueous
layer is further extracted twice with EtOAc and the combined organic portions are
washed with water, brine, dried (MgSQs), filtered and concentrated i vacuo . The
crude residue is purified by flash column chromatography on silica eluting with 1:1
EtOAc/iso-hexane to afford (S)-3-[4-(3-Hydroxy-propyl)-phenoxy|-propane-1,2-diol as
a white solid;'H NMR (CDCl;): 1.20 (1H, br), 1.85 (2H, pent, | = 6.8 Hz), 1.98 (1H,
br), 2.58 (1H, br), 2.6S5 (2H, tr, ] = 6.9 Hz), 3.56 (2H, tr, ] = 6.8 Hz), 3.72 (1H, m),
3.83 (1H, m), 4.00 (2H, dd, | = 2.1 Hz, ] = 6.5 Hz), 4.09 (1H, br), 6.82 (2H,d, ] = 7.4
Hz), 7.10 (2H, d, ] = 7.4 Hz).
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ester pent, | = 6.9 Hz), 2.63 (2H, r, | = 6.9 Hz), 3.63 (2H, tr, | = 6.9 Hz), 3.90 (2H, m),

4.02 (1H, m), 4.12 (1H, m), 4.50 (1H, pent, ] = 6.8 Hz), 6.82 (2H, d, ] = 7.4 Hz), 7.10

(2H, d, ] = 7.4 Haz).

Step 3

To (3-[4-((R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)-phenyl]-propan-1-ol (12.2 g,
46 mmol) in dry ether (150 ml) is added TEA (12.8 ml, 92 mmol). The mixture is
cooled to 0 °C and treated dropwise with methanesulfonyl chloride (5.3 ml, 69 mmol).
The reaction mixture is allowed to warm to room temperature and then stirring
continued for 3 hours. The resulting mixture is washed with water (2 x 100 ml),
saturated aqueous sodium hydrogencarbonate, brine, dried (MgSQO4) and concentrated
in vacuo to give Methanesulfonic acid 3-[4-((R)-2,2-dimethyl [1,3] dioxolan-4-
ylmethoxy)-phenyl]-propylester as a white solid; "H NMR(CDClI3): 1.39 (3H, s), 1.43
(3H,s), 2.02 (2H, pent, ] = 6.9 Hz), 2.63 (2H, tr, ] = 6.9 Hz), 3.00 (3H,s), 3.90 (2H,
m), 4.05 (1H, m), 4.14 (3h, m), 4.46 (1H, pent, ] = 6.8 Hz), 6.82 (2H, d, | = 7.4 Hz),
7.10 (2H, d, | = 7.4 Hz).

Step 4

Methanesulfonic acid 3-[4-((R)-2,2-dimethyl [1,3] dioxolan-4-ylmethoxy)-phenyl]-
propylester (11.8 g, 34.2 mmol) in acetone (200 ml) is treated with lithium bromide
(8.9 g, 100 mmol) and then heated at reflux for 5 h. After cooling to room
temperature, the mixture is concentrated iz vacuo. The resulting residue is dissolved in
EtOAc (150 ml), washed with water (2 x 50 ml), brine, dried (MgSQ4), filtered and
concentrated iz vacuo to give an oil. Purification by chromatography on silica eluting

with 4:1 iso-hexane / EtOAc gives (R)-4-[4-(3-Bromo-propyl)-phenoxymethyl]-2,2-
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yield 2-(Benzhydrylidene-amino)-5-[4-((R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)-

phenyl]pentanenitrile as a yellow oil; 'TH NMR (CDCl3): mix of diastereoisomers 1.39

(3H,s), 1.43 (3H,s), 1.71 (2H, m), 1.80-1.98 (2H, m), 2.52 (2H, tr, | = 7.0 Hz)

3.90,(2H, m), 4.02 (1H, m), 4.10 — 4.22 (2H, m), 4.47 (1H, pent, | = 6.9 Hz), 6.82

(2H,d, ] = 7.4 Hz), 7.05 (2H, d, ] = 7.4 Hz), 7.19 (2H, m), 7.35 (2H, tr, | = 7.2 Hz),

7.40-7.50 (4H, m), 7.60 (2H, d, | = 7.1 Hz).

Step 6

To a solution of 2-(benzhydrylidene-amino)-5-[4-((R)-2,2-dimethyl-[1,3]dioxolan-4-
ylmethoxy)-phenyl|pentanenitrile (7.2 g, 15.5 mmol) in THF (50 ml) is added a 2M
HCI (aq) (5 ml). The solution is heated at 40 °C for 4 hours and then allowed to cool
to room temperature. The pH is adjusted to pH 9-10 using saturated aqueous sodium
hydrogen carbonate solution and the organic solvent is removed in vacuo. The crude
residue is dissolved in EtOAc (100 ml) and washed with water, brine, dried (MgSQO.),
filtered and concentrated in vacuo. The resulting residue is purified by chromatography
on silica eluting with 5:1 to 1:1 iso-hexane/ethyl aEtOAc and 1% triethylamine to yield
2-Amino-5-[4-({R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)-phenyl]-pentanenitrile as
a colourless oil which solidifies; "H NMR (CDCl3): mixture of diastereoisomers 1.39
(3H, s), 1.43 (3H,s), 1.70-1.87 (4H, m), 2.60 (2H, tr, ] = 7.1 Hz), 3.62 (1H, br), 3.90
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3, 5-Di am no- 6- chl or o- pvrazi ne-2-carboxvlic acidl- 2- 4-tert.-bmhenox -

ethli Hind&e-4-cathonfli- hdene This conpound is prepared anal ogously to
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-eth

Intermediate |

1-Aminomethyl-cyclopentylamine

Step 1

To a cooled 0 °C solution of (1-cyano-cyclopentyl)-carbamic acid tert-butyl ester (430
mg, 2.04 mmol) in dry THF (4.3 ml) under an atmosphere of argon is added dropwise
1.0 M LiAlH4 (6.13 ml, 6.13 mmol). The reaction mixture is allowed to warm to
room temperature and stirred for 3.5 hours. The mixture is then re-cooled to 0 °C
and cautiously quenched with water (0.4 ml) : 15% NaOH (0.8 ml): water (1.2 ml)
(1:2:3 eq). The resultant mixture is filtered through Celite® (filter material) to remove
the inorganic solids and rinsed with MeOH. The filtrate is concentrated in vacuo, to
yield a white solid, which is purified by chromatography on silica eluting with 30%
MeOH in DCM to afford (1-Aminomethyl-cyclopentyl)-carbamic acid tert-butyl ester;
[M+H]* 215.

Step 2
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(benzyl oxy) BEAZYPE7440i d with 2,3-Dinmethyl 1 [2 PCT/EP2008/067110
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carbonvi11-1, 57 %dreiczciozrgm%?o S‘effcgdfde 098 S osen e BHide R¥Brol uenesul f oni ¢
acid nonohydfxacbtan (Iirc@rﬂg),n o 10084y i2f0IN-Bocsanadal 6 dd theh yhessts; Lhmdsesol ution of

3, 5-di am no . i
[8-11-[ 2- (tef6 gﬁl @r %% gﬁé gox;}fhamddf] 1%8?}16 5I plﬂcngﬂt}lei 1,3,8-triaza-
spi ro[ 4. 5Jel moglgeyatylwe%yl m%@r@@tamM)&ﬁmmqr@ethmb%wemg in MeOH (3
m) and the gesLLi-ABLERY BELR 1h%x§{1llb15 bEasial plepRRidEpPeh at Maefiors;3 hrs, then
heated at 50 C, faor 16 hours. The solvent is renoved in vacua and the residue
i s di ssol vedMi1kedH (3 M) and | oaded onto a 1 g PF. AX cartridge which is
eluted with MeOH (20 m ). The filtrate is concentrated in vacua to afford the
title conpougl [I\/H 1], 512/514 WD 2009/ 074575PCT/ EP2008/ 067110 140 N O

(R)-2-tert-Butoxycarbonylamino-5-(4-tert-butoxy-phenyl)-pentanoic acid ethyl ester
(179 g, 460 mmol) is dissolved in 7M NH3 in MeOH (400 ml, 2800 mmol) and stirred
at room temperature for 4 days. The reaction is concentrated in vacuo keeping the
temperature below 30 °C to afford [(R)-4-(4-tert-Butoxy-phenyl)-1-carbamoyl-butyl]-
carbamic acid tert-butyl ester [M+H]*+ 364

Step 4
A solution of [(R)-4-(4-tert-Butoxy-phenyl)-1-carbamoyl-butyl]-carbamic acid tert-

butyl ester (167 g, 458 mmol) in 1 M HCl in EtO (4000 ml) is stirred at room
temperature for 3 days. After this time, a white solid forms which is collected by
filtration and washed with Et,0 to yield (R)-2-Amino-5-(4-hydroxy-phenyl)-pentanoic
acid amide; [M+H]* 209

Step 5
To a stirred solution of (R)-2-Amino-5-(4-hydroxy-phenyl)-pentanoic acid amide (5 g,
24.01 mmol) in THF (250 ml) is added imidazole (4.90 g, 72 mmol), followed by zerz-
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mor phol i ne (0.3 g and HAIL (315 n% 0.83 mmol ) in anhydrous DVE
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di et hyl et her aqg drranecacr dnenrl ﬁ\g}#]lfrj afford t he conpound shown as off-white
solid; [NEFF?Pff 85" @x (54 S conmpound i s prepared anal ogously to
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3, 5-di am no- Bﬂtt!i@hmﬁﬂﬁy%azmﬂ'élszdé@r boxyixiwe getidddacd °§-wnfil aza-
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mol ), 4- benzyl ?rﬁ%r enyl acetl c acid (200 0.8 , N-nmet hyl norpholinc
i

(0.40 nil, 3B 3 dRers Hxreo thisgse, r#rgftheob@fsnerﬁ%m'or =h1 MYHI0E DVF (20 m) s
stirred at I DER) 14afipel atadd&l afnﬁrthe]r@achQIUfsfheata_d']ﬁ 36@a¢5r|1@momsxmrrehlhs concentrat ed

in vacuo and subjected to c c,alumna, 0-3% MeOH i n
DoM Lo obt st aarhs erinotbiina CTREOH: bl ERRoa BT ELcORHCh AR and NoOH and
re-precipi t atreldhbicaadddihngeditat hgzlfore:tfhﬂnm 24Thers aﬁarthatnam the @lawte@mtis m xture i s

decant ed and?(%)?g ?%&%‘I [,‘11 enmﬁrgeg%(aggsa&gpw[s Ql\gﬂ: gyém Ip?rcta% dried under

vacuum to af B 1+ 549.
Exanpl e 98 33lBwbiganivaon e mlt?hwrebqrw@zthm@l@mdareb@xsd i eaciodd algerd3- 14-

benzyl oxy- phenylloil. TIR dilQitsorvdd B Med il BAARNGTENLSCRTSHE (180 g,
0.63mmol/g, 120 mmol) is added. The silica suspension is shaken for 18 hours, the
silica is removed by filtration, washed with MeOH (3 x 100 ml), then suspended in 7M
NH; in MeOH and shaken for 18 hours. The silica is removed by filtration and the 7M

NH3; in MeOH is removed in vacuo to afford the title compound as a yellow oil;
[M+H]+ 195

Intermediate L

4-((S)-4.5-Diamino-pentyl)-phenol

This compound is prepared analogously to Intermediate K (NVP-QBM333), replacing
Ethyl Boc-D-pyroglutamate in step 1 with Ethyl Boc-L-pyroglutamate; [M+H]* 195

Intermedate M

(R)-tert-butyl 5-(4-hvdroxyphenyl)pentane-1.2-divldicarbamate

To a solution of (4-((R)-4,5-Diamino-pentyl)-phenol (Intermediate K) (775 mg, 1.99
mmol) in DCM (10 ml) is added triethylamine (1.14 ml, 8.08 mmol) and a solution of



This conmpound is prepared anal ogously to Exanple 97 by replacing 4-

benzyloxyphgvélacetlc acid with 3-(4- benzyloxyphenyl)progionic acid; [MH 563

WO 2009/ 07453 BEYPEP2008/ 067110 142 3 5-Di ami no- 6- chl or §LT/EP2008/067110

vr azi ne- 2- carboxvlic acid 1H i ndol e- 4-'¢arbomd1-1, 3, 8-

triaza-spirold. 51dec-(2E)-ylidenel-am de This conmpound is prepared

anal ogousl y tfigeERapfieariopaisyil-pépi aed mgolin BeNz P oy nE%ﬁéHVP&@@ﬂic acid with

|5n([j)|o| e-4- Cgrﬁﬁlﬁh{)hhscstﬁ%th rdoM;tImf}élrﬂtuflsaI%r Expumpl. ehd Qe is (rjenioved in vacug i1)-138
am no- 6-c razi car boxylic in e- oml)- -

trirtza- shdcﬁE“:%ﬁ? éf sy trge PR ﬁagéﬁxéﬁQF5@5h ‘?%%ﬁxanple 97 by

repl aci ng 4- umﬁmzmbmxypheHyBasetlc acid with indol e-5- carboxyllc aci d;

[ MF1-1]- 468 Exanple 101 3 5-Di am no-6-chloro- vrazi ne-2-carboxvlicaci d8-. hen

lacct 1 1 8-triaza- s iro 4.5 clec_pH _ALL.N ] _,lidene -am de This conpound is

prepared anah@gmahhyNto Exanpl e 97 by repIaC|ng 4- benzyl oxyphenyl acetic acid

3,5-Dianitio-6 Of 0- OVF azi ne- 446- (61- 2, 3-di hydr oxv-
ox -na hthal en-2- I nethox -benzorl 1 1 8-triaza-.4..5 dec- 2E |idene am de
Step 1

3,5-D anino chloro yra2|n 2- car hoxyl i cacj [84416ﬁ§g 2 2 di t net hyl -

1, 31di oxol an b RO Wy@ﬁ%ffgﬁflﬂ%ﬁ% Y?Iyrer@% D yahs 13, 8- tri aza-

hydroxyphenyl)pentane-1,2-diyldicarbamate replacing Intermediate K, (4-((R ) 4,5-
Diamino-pentyl)-phenol with Intermediate L, 4-((S)-4,5-Diamino-pentyl)-phenol;
[M+H]* 395

Intermedate O

(R)-3-[4-((R)-4.5-Diamino-pentyl)-phenoxy]-propane-1,2-diol

Step 1

Triethylamine (8.37 ul, 0.06 mmol) and (R)-(+)-glycidol (96 ul, 1.442 mmol) are added
to a solution of (R)-tert-butyl 5-(4-hydroxyphenyl)pentane-1,2-diyldicarbamate
(Intermedate M) (474 mg, 1.20 mmol) in EtOH (5 ml) and the resulting solution is
heated at 90 °C for 18 hours. The reaction is allowed to cool to room temperature and
concentrated iz vacuo. Purification by chromatography (SiO2, EtOAc/iso-hexane)
affords {(R)-2-tert-Butoxycarbonylamino-5-[4-((R)-2,3-dihydroxy-propoxy)-phenyl]-
pentyl}-carbamic acid tert-butyl ester; [M+H]|+ 469

Step 2
{{R)-2-tert-Butoxycarbonylamino-5-[4-((R)-2,3-dihydroxy-propoxy)-phenyl]-pentyl}-
carbamic acid tert-butyl ester (94 mg, 0.201 mmol) is stirred with a solution of 1 M
HCl in ErO (3 ml) for 18 hours and then loaded onto a 1 g SCX-2 cartridge washed
with MeOH (30 ml), followed by 7M NH3 in MeOH (30 ml). The NH3; fraction is
concentrated iz vacuo to give the title compound, (R)-3-[4-((R)-4,5-Diamino-pentyl)-
phenoxy]-propane-1,2-diol Intermedate H (R)-3-[4-((R)-4,5-Diamino-pentyl)-
phenoxy]-propane-1,2-diol; [M+H]* 269



spiro [4.5]dec-(2E)-yli denej-anide is prepared anal ogously to Exanple 97 by
repl aci ng 4-bentyl oxyphenyl acetic acid with

4-16- ((R) -2, ANEHAYI - [ 1, 3Jdi oxol an- 4- :f\;l met hoxy) - PCT/EP2008/067110

napht hal en- 2-yl met hoxy] - benzoi c acid (I termediate AY); [MrH - 715 Step 2: To
a solution of 3,5-di am no-6-chl oro-pyrazi ne-2-carboxylic acid

[8-{416-((R) lngenzc ate P

di met hy111, 3]rdizox0lsansbiyhimBipbaxy-bhdaphihedaent 2-dydi met hoxyl - benzoy11-1, 3, 8-tri a
za- WD 2009/ 074575PCT/ EP2008/ 067110 143 spiro[ 4. 5] dec-(2E)-ylidend-am de
(0.16 g, 0.22 mol) in MeOH (10 m) is added SCX-2 resin (-2 g), the resultant
slurry is stTlisednfoand Q.phephedhsalegddsly heltetheligsoOweniciiggRi-epehoed St n vacuo. The
Zlngr ,[ Kelnsw: ?ﬁlqgrgm%%nq col %ﬂ"z %Ifzhcﬁca%%a{rﬁ&%ﬁ‘termgdlate% wafngsr)%er ut?_/'lswat h NileOH
concent r at ed4irhydvaertandpdntbinel ,2-diidiaebans et (fitdrmeditte dN)wiMHld2&t hyl et her to
obtain 3,5- Di am no-6-chl oro-pyrazi ne-2-carboxylic acid

[ 8-{416-((S)-2, 3-di hydr oxy- pr opoxy) -

napht hal en- 2lnjdrmedisiel | - benzoyl } - 1, 3, 8-t ri aza- spi r 014. 51dec- ( 2E) -yl i denel - ani d
e as yel | ow sol.iidi4 kMbEhh3-p645) Exanili8-k3ndin5e Bicaae- 6- chl or o-

vrazi ne-2-carboxvlic acid 4-chloro-benzovll-1, 3,8-triaza-

soiro[ 4. 5] dec-(2E)-vlidenekam de This conpound is prepared anal ogously to
Exanpl e 97 biR)nepbagl ng-droereyilpxypiehydatenitemaci (thiaintdap Mii4r obenzoi ¢

aci d; [ M-11],, o%%sﬁmﬁp Qiisk@%a3n Brp gamrnpanﬁ SO Py Az NGy Aoisaipoxy! i caci di
8-(4-(3-14- US)’ 2 3- cirox - ro oxv)- hen - hdenc -am de
Thi s conmpoun#bioagnpt- éﬁmhéﬂne&waPWéL&mg QiﬁSEsvaﬁﬁbPré asl@rz' Blgﬁ fre%cﬁpw ng

316 § I(‘]R?I_]_i gstlcrired at room tenlpelraturterfor 40 nnnute?‘]ttllllenldllute% with water (20 ml) and d.
( Il p{?er ?lred| at tr:g\c(%)f}S th iErth %Eﬁwo%¥ F}Shg%?gzmc?aygrrs] are c};leg%ver(ﬂ/lgs](h an t%\OI ¢ aci
di met hy1- 11, aahdhwoﬁ&eaﬁaréd ydmdww)a—aplawl Ppifepeoythy-daenzedeapdgiod a( | nt er nedi at e

AZ) ; [MFHP— rQ-ovra oxvlic acid
[8-[(E)-(3- o g%égn%pgﬂ\)’]b Syﬁferf‘s‘ 'cr?sP‘i gliwa E{CM éﬁ\% éég %YELJ)Thl s conpound
i s prepared aciadr@gwlsl:tylstiescﬂbearrpdhexﬁlz (bwl) nep traaedgitd4 M)H@Zyll dowypphenyl aceti c
acl d Wt h t r nS CI l%‘g}i G r%(o:ran%Pi%:r%Lgre][f 44(?2115 ?g)grgglratlon i vgduo a? m no-b6- Ch

| oro-ovrazin Car OXV | cacl
cl eC_p_HJ_Amll_tq\fg]lrg,vthd@hfeqh@elved in MeOH (3 ml) and loaded onto a 10 g SCX 2

cartridge which is washed with MeOH (60 ml) and 7M NH; in MeOH (60 ml). The

NH; fractions are combined and concentrated i1 vacuo to give the title compound as a

colourless oil; [M+H}+ 322

Intermediate R

S-(4-Methoxy-phenyl)-hexane-1,2-diamine

This compound is prepared analogously to Intermediate I by replacing 4-(4-

methoxyphenyl)-1-butanol with 4-(4-methoxyphenyl)-1-pentanol.

Intermediate S

((S)-4.5-Diamino-pentyl)-carbamic acid benzyl ester

Step 1
Concentrated HCI (15 ml) is added to a suspension of Na-BOC-NS§-Z-L-ornithine

(5.00 g, 13.65 mmol) in 2,2-dimethoxypropane (150 ml). An endotherm occurs and

the resulting solution is left to stir at room temperature for 6 hours. The solvent is then



WO 2009/ 074575PCT/ EP2008/ 067110 144 This conpound is prepared anal ogously to
Exanpl e 97 by repl aci ng 4- benzyl oxyphenyl acetic acid wth benzoic acid;

M frEil+ 429V@39WB14875107 3, 5- Di ani no- 6- chl or o- ovr azi ne- PCEEPHEYTIIR aci d

18- (benzof uran-5-carbon \4)-1,3 8- trildza- soi ro[4 5] dec- (2a-vlidenel -am de

Thi s conpound is prepared anal ogously to Exanp ?/ epl aci ng 4-
benzyl oxyphef§§tae ét 196+ aeidgrimrt e, ot mdaiflrzﬂyl étéfﬂﬁé%ln peeo t[urvf|+1 1], 469

Exanpl e 108 e Solhdidnd@inR BrseiRraanhivly kB#é §€pedsiafRaX iht GAGE %Laqshexanoyl 13

S-triaza- soirol4.5 2E) -yl i dene m 0 S prepared
anal ogousl y ‘Eod)le%ﬁ‘éqgat Y “P?ﬂlwété‘lJr‘Fé Aetﬂfﬁa‘ﬁ%@wg @ﬁ%&ﬂsgt"éfl c acid with
hexanoi ¢ aci disso[vbdrib- M&C’)H4ﬁBmE)éﬁdirﬁ1|efhyﬂdﬂ&r (200 ml) is added to precipitate a white

3, 5- D ami no- 6118ma?ls&oﬁec{e?%éﬂﬁral%og rcéw))zs\c!d wltﬁ)d t?ylbe(%hercfl‘elsgl” i§ %solv%@ﬂl de This

conmpound is pre ana
benzyl oxyphemP@dend eagheil dithi2th I\{aﬁ)éhVISprlbﬁbobug@maphade is kiMKHbver ¥B3OExanpl e 110

3,5-Di ami no- GGl 010 QNEAZEOLH 2GR RO §£2 AR B Mk IbdazOl 6 2- carbonyl ) -1

3 8- triaza-s iro 4. c--am s co un repare gously to
Exanpl e 97 b@enraéﬁlcaeﬁﬁgﬂwleszﬁérﬂzyl@Wﬂﬁ%ﬁg}; &80t d with

2-i1m dazol ecarboxylic acid; [MHI+ 419 Exanple 11-1 3 5-Diamtio-6-chloro-
vrazi ne-2-carbonlicacidr /1-1,3,8-triaza- s 0 4.5 dec_p__HJI ALL.'" ] ,licrlene
-amde WO 2 074575PCT/ EP2008/ 067110 145

(S)-2-Amino-5-benzyloxycarbonylamino-pentanoic acid methyl ester (2.80 g, 9.99
mmol) and 7M NH; in MeOH (20 ml) is stirred at room temperature for 72 hours.
The reaction mixture is evaporated to dryness in vacuo to yield a white solid. The
white solid is suspended in diethyl ether before filtration and drying to yield ((S)-4

Amino-4-carbamoyl-butyl)-carbamic acid benzyl ester.

Step 3

((S)-4-Amino-4-carbamoyl-butyl)-carbamic acid benzyl ester (1.87 g, 7.071 mmol) is
suspended in dry THF (40 ml) and cooled to 10 °C in an ice bath under nitrogen.
Borane (28.3 ml of a 1 M solution in THF, 28.3 mmol) is added. The ice bath is
removed and the suspension heated to 70 °C and then left to stir at this temperature for
3 hours. Further borane (28.3 ml of a 1 M solution in THF, 28.3 mmol) is added and
then after an hour the same amount of 1M borane in THF isadded again. After a final
hour at 70 °C the reaction mixture is quenched with MeOH (40 ml). The solvent is
reduced in vacuo to approximately SO ml. This is diluted with § M HCI (100 ml) and
washed with diethyl ether (3 x 100 ml). The aqueous phase is basified to pH12 with
2N NaOH and product extracted into EtOAc (3 x 100 ml). The organic phases are
combined, dried over MgSQ4 and the solvent evaporated in vacuo to yield the title

compound as a colourless oil.

Intermediate T
3.5-Diamino-6-chloro-pyrazine-2-carboxylic acid [(S)-4-(4-amino-butyl)-imidazolidin-

{2E)-vlidene]-amide




This conmpound is prepared anal ogously to Exanple 97 by replacing 4-
benzyloxyph\%glacetlc acid with isobuteric acid; | M1-11+ 395 Exangle 112

3, 5-D am no-

eMPBHOr wr azi ne- 2- car boxyl i ¢ aci d 18- (4- cVaHEPPEHYEV

)-1 3

8-triazaspirol[4. 5]dec (2E) vl i denekanild® This conpound i s prepared

anal ogously to Exanp Qyé EPIaC|ng 4- benzyloxyphcn%lac

p- cyanobenon%aé}éP‘H‘S‘O[‘ miﬁj ) Bx’agme o1l gopy priae vex

etlc acid with
Billigo-

razi ne- 2- car ROXa6lidhn-4-y8-thtylli e SiCRINR Ay LestR i K0 S hoakdeco. é?gﬁ%mw fdenel -am de

benzy| oxypheiy 1 BB L G HO eRO M EOH e CVRE { MeHnhSDEeaiit o 114 4 2 F

-3 5-Di am nOmB(-tlﬁblthﬁécaZtlrﬂ@nZ’enm’ﬁfalﬂﬁélfderHIIDrsll\/ﬁCB{-itsEld(&Zia@thfé o] 4 5

decane-8-crrbo

ellQrepared

u 10[1 lelgln S luth[l P lrlftca>Ion beSCtagili:\ a-fll-(li" eage I [1
anal ogousl y ?omﬁx hple 97 *by" Tepl’a X phen Iac t1'Cacid with
nononet hyl tenbﬁmﬂﬁnmﬂkﬁlmkmﬂﬂﬂ¢}H48%BExanbk@nmxﬁdasabmwnoﬂ[NHH]
3, 5- Di am no- §ychl or o- ovr azi ne- 2- carboxylic acid 18- (ovri m di ne-5-carbonyl)-1
3 8- triaza-s iro 4..5 dec--am de This conpound is prepared anal ogously to

Exampl e 97 by repIaC|ng 4- benzyl oxyphcnyl acetic acid with

pyri m di nc- Speambgxyli ¢ acid; [Mrl-ik 431 Exanple 116 3
5-Di am no- 6- ‘g]oro pyrazi ne
4.5 dec_p__ : -

y 2- C; rbonll -Cld 8 4 h drox bent El 13 8-triazas o
ALERE FHEREe s tiime A 56989 457SPCT/ EP2008/ 067110 146

This compound is prepared analogously to Exanple 97 by replacing 4-
benzyloxyphe&glﬁcetlc acid with 4-hydroxybenzoic acid; | MH + 445 Exanple 117

To a solution of 4-amino-4-cyano-piperidine-1-carboxylic acid fert-butyl ester (11.5 g,
51.0 mmol) in pyridine (20 ml) at 0 °C is added trifluoroacetic anhydride (11.0 ml)
slowly and the reaction mixture is stirred at 0 °C for 4 h. The reaction mixture is
diluted with DCM, washed with brine, dried over Na,SO4 and concentrated i vacuo.
The residue obtained is dissolved in DCM and re-precipitated by adding petroleum
ether. The supernatant solvent mixture is decanted and the product is washed again
with petroleum ether and dried under vacuum to afford 4-Cyano-4-(2,2,2-trifluoro-
acetylamino)-piperidine-1-carboxylic acid tert-butyl ester as an oil; 'TH NMR (de-
DMSO): 1.40 (9H, s), 1.81-1.88 (2H, m), 2.26-2.32 (2H, m), 2.99-3.15 (2H, m), 3.79-
3.82 (2H, m), 10.1 (1H, s).

Step 2

To a solution of cyano-4-(2,2,2-trifluoro-acetylamino)-piperidine-1-carboxylic acid
tert-butyl ester (10.0 g, 31.0 mmol) in EtOH (150 ml) is added Raney nickel (~1.5 g)
and the reaction mixture is stirred under an atmosphere of hydrogen for 3 days. A
further quantity of Raney nickel (~1.5 g) is added and the reaction mixture is further
stirred for 2 days. The reaction mixture is filtered through a plug of Celite™ (filter
material) and the filtrate is concentrated in vacuo to obtain 4-Aminomethyl-4-(2,2,2-
trifluoro-acetylamino)-piperidine-1-carboxylic acid tert-butyl ester as a viscous oil that

is used crude without further purification.

Step 3

4-Amino-4-aminomethyl-piperidine-1-carboxylic acid tert-butyl ester



3 5-Diimno-6- tdoro- vrazine-2-carboxvlic acid [8- -vclohexineclrbonvl-1 3
8-triazaspiro[ 4. 5] dec-(2E)-vlidenekam de This conpound is prepared

anal ogous| y W9 2¥¥8HplSe 97 by repl aci ng 4- benzyl oxyphenJfHEBIPRHZHPd wit h

cycl ohexanecar boxylic acid; [MFIJI+ 35 Exanpl e 118 3

5-11iam no-6-chl oro- pyrazi ne-2-carboxylic acid 18-(oxazol e-4-carbonyl)-1 3
S-triazasoi r 614.514¢80¢REP! yI4-HeiRencthrti‘de.2 iy orepspivanto-girgidisared

anal ogousl y t@bEXRREEeRADubY edi@Ph BEIOMY (7 mbeNZMEOX ¥ PReRUERS €dliGonasi d Wi th
oxazol e- 4- car boxyl iéz aci d; ‘LM Fk%l. 420 Exan]pée g'10109 3 ,

5- Di ani no- 6- ¥R 161 FQYP@?P(}'I@- Feagcl [bIBWTrF ¢ stirred at C overnight. The reaction

aci d8- ( pyri dinneur2 icanbomnyled 171 p@18+d r4-amas-vadinbmeh@gli g@hdine-aratbdeylithi s conpound
is prepared anal ogously to anpl e, 97 by replacing 4- benzyl o henyl acetic
aci 8w eh 2- oot et & TR B el o R S nRLE B RORE it or o)
vrazi ne- 2- calbebtvR8¢ aci dp3.,ri di ne-4-carbonyl)-1,3,8-tri aza-

spi rol4. 51dec-(2E)-ylidenel -am de This conpound is prepared anal ogously to
Exanpl e 97 b?/ repl aci ng 4- benzyl oxyphenyl acetic acid with isonicotinic acid;
[N, | +H * 430MmExaegitte V121 3 5- Di ami no- 6- chl or o- pyr azi ne- 2- car boxyl i caci d

i _pi peri di nes4 gasBenN brookisakSnol ) IHedZ@-2idl 0 4.5 dec-12. hydrochl oride WO
2009/ 074575PCT/ EP2008/ 067110 147 4 M HO in dioxane (5 m) is added to a

sol ution of

442- [ (E) - 3, 53-thopuspoopbopghimateapy kg7 isniesadvedad Bimyidhrtifok-alrcdn8-tri aza- spi rol4. 51
decane- 8- car honyl car lic acid tert-butyl ter, (lLnter jate BA) (0.14 g,
0.26 mmol) iK™ ?rg%éeneﬁ’%%'sﬂqrfp yaer%%'l?rﬂ'ge He&kt 3%%?%“&9@ fnse{ﬁetj%'r red at room

t enper at ur e fcblor@ulhoyhsnzoihaid @agd.i 1dn redcxdrunitirgiscomeentroat ed i n vacuo and t he
yel l ow solid ' [ [ e e 5)8\[! ‘ I ' ecanted and

t he con’poundtél ?E%élgﬁgakémoérﬁb{\%aﬁea%g% rl%]eeV untézé-?ﬁvgbgfﬁr%%%lag&l%% doérjld the title
conpound as Yéddirsedusol i d; 1MrHL' - 436 Exanpl e 122

3, 5- D am no- 6-chl oro-ovrazi nc- 2-carboxvlic acid

18- (1H i m dazol e- 4-car bonvl ) -1, 3, 8-

Intermediate

3-(3-Isopropyl-ureido)-benzoic acid

A suspension of 3-Aminobenzoic acid (20 g, 145.8 mmol) in THF (300 ml)

is heated to 60 °C to form a clear solution. I-propylisocyanate (14.9 g, 175 mmol) is
added over 30 minutes. During the addition the product starts to precipitate. After
complete addition toluene (300 ml) is added. The reaction mixture is stirred at 60 °C
for 4.5 hours. The heating bath is removed and the mixture is stirred overnight at
room temperature. Finally the suspension is filtered and washed with a mixture of 1:1
THEF : toluene (200 ml). The product is dried at 60 °C for 18 hours to to yield 3-(3-

Isopropyl-ureido)-benzoic acid

Intermediate X

5-Ox0-1-(3-pyrrol-1-yl-propyl)-pyrrolidine-3-carboxylic acid

Step 1
To a solution of 5-Oxo-pyrrolidine-3-carboxylic acid methyl ester (1 eq.) in dry DMF
is added NaH (1.1 eq.) followed by 1-(3-bromo-propyl)-1H-pyrrole (1 eq.). The

reaction mixture is stirred at room temperature overnight. Purification is by normal



This conmpound is prepared anal ogously to Exanple 97 by replacing 4-

benzyl oxyph lacetic acid with 4-im dazol ecarboxylic acid; [IVI-FH'- 419
Exanpl e 123V§g§mﬁpﬁﬁﬁno 6-chl oro-rivrazj ne- 2- car boxvl i c PSREBOPSSTIIP et ¢ ahvdr o-
ovran-4-carbonyl)1 3 8-triaza- spl ro14.'81dec- (2E) vhdenel -am de This conpound
is prepared anal ogously to Exanple 97 by repl aci ng 4- benzyl oxyphenyl aceti c
acid with tebhaanshaeropydaphy4o eflal:db‘onr i43- aicrrqil y-RporyD-pasdlidmeahpl e 124

3,5-Di anino-@n&ﬂ%mﬂgnrmﬁﬁwghae 2-carboxylic acid I 8-(
rwimdine-4-carbonyl)-1,3,8- tramide This conpound is prepared anal ogously
to Exanple 97 by replacing 4- benzyl oxyphenyl acetic acid with

pyri m di ne- 4sie@e boxylic acid; | MFHL+ 431 Exanple 125
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evapor at ed u PEPW RS TAN 85> n%@W %“ “4- | sobut oxypi peri di ne-1-sul fony1) - benzoi c
acid which is used without purification; [1MH * 342.00 Step 2

3-(4-Isobuto - i$ r&dlnerl -sullonyl) benzoic acid (0.03 mmol, 10.2 ng) is
treat ed mﬁth "OSTE 'on of HATT] (11.4 ng, 0.03 mml) in DVE (1 m) fol | owed
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[1,3,8-triaza-spiro[4.5]dec-(2E)- ylidenel- am de di hydrochloride (Ex. 38)
(11.9 ng, 0.03 mmol ) and N-nethyl norpholine (0.010 M, 0.03 mml) in DME (1
m ) and shak@ght room tenperature overnight. The solutlon i s evaporated under

vacuum 1 edi $59Lychnl 9 fAMEO: L RoRod@otin AR 0P B o€ chRy lm@mlonﬂgrsed preparative
HPI,C. The p (wale ractlons are evaﬁor ted under vacuumto afford the title
[ MK 5

conpound; d gy apigedp s’ 4Py SRS SR UETARA A He g
3, 5- Di am no- 692 hino OTﬁby[re@czlbmenﬁu@aJMeeym 4:ma;6dv(zhv£ &1&b2€(fd: JThokrd. Ndo1- 3-y1) -

itzggll sul fam¥hJ rezpc%ro]ng xture 1S c?lutedtvxrltlhahzta asﬁ)fld Wit water &%E?)I'l el Idrlecpe] am de (Ex.

1- (342-[ (E) - &) and wvocdderatall mz@eq@yﬁazqnmegZa;rbar Bidhy MemiHIDT M) a8olls t r i azaspi rol4
. 51decane- S—carbonylEbenzenesulfonylhplperldlne 3-carboxylic acid ethyl ester
(Ex. 128): 326-bprippiigrelodtrpreinnacainbeserddtddxgts ¢ acid
[ 8- (3-cycl opentyl sul f anoyl - benzoyl) -
1,3,8-triazaz;spiro[4.5]clec-(2E)-ylidene]-am de (Ex. 127);
5- Di ani no- 8<%¢hl or o- pyr azi ne- 2-carboxylic acid [8-[3-(1-acetyl-piperidin- 4-

| f anpy 1) Thertloydn-ot 23 3-Bsobropalzacidptisonjcdtini aacethAkrery [l3dengpSam de (Ex. 130);
E :[3) ?Ent gtor 'S‘H]%QI“Q UI’ aﬁq}és Q%a(?edclat}d%ﬁ—l 2C5 Q'I?)Iaqd the resulting solution is
f anoy1] - bséwzréyqur)L&hglr@tﬂ@qlazealpslpwo[Tzhe 5jldecis (@R)ved 7 wdervepadri-de (Ex. 131);

aq. NH4Cl solution is added. The pH of the aqueous phase is adjusted to 1 using 1 M

3,
yl su
3,5
[ 8-
sul

HCI and the product extracted into EtOAc, dried (MgSOy4) the solvent removed in

vacuo to afford 2-(3-Isopropyl-ureido)-isonicotinic acid as a white solid; [M+H]* 224

Intermediate Z

1-Isopropylcarbamoyl-1H-indole-4-carboxylic acid

This compound is prepared analogously to Intermediate Y by replacing ethyl 2-

aminoisonicotinate in step 1 with methyl indol-4-carboxylate; [M+H]+ 247



WO 2009/ 074575PCT/ EP2008/ 067110 149 3, 5- Di am no- 6- chl or o- pyrazi ne- 2-carboxylic

aci d [8-(3-{}%&¥ri di n- 3-yl net hyl ) -

sul f anoyl | - WPKL53, 8-t ri aza- spi rold, 51dec- ( 2E) -yl i dBAEEPHAYUEIPEX. 132);

3, 5- D am no- 6-chl or o- pyr azi ne- 2- car bo viic acid 18-

(3-1(2, 2-di mahoxy- et hyl ) - net hyl sul f anoyf | - benzoyl11-1, 3, 8-tri aza-spiro[4.5

Jdec- (2E)-ylidene J-am de (Ex. 133);

3, 5- Di am no- R CALRLO ARV ABLING:S5yE BRBXYLH: Gic 3Gd d

[ 813- (2, 4-difl uoro-benzyl sul |'anoyl) - , _

benzoyl ] - 1, 3Tgs tpmagupdsiyi RreaacdspifdeeoppEye YrEdedEfe AnPrdcniaEine ohd)2-

3, 5- Di am no- SniaBkEHi@tiPME BZscdper RitlC AE R QYA thiGol@EEdte; [M+H]* 237.

18-13- (1- pyridin-4-yl-cthyl sul fanoyl) -

benzoyl1l-1, 3,8-triaza-spirol4. 51dec-(2E)-ylidenel -am de (Ex. 135);

3, 5- D am no- bicihbdae ABy readilsop:apyla@triboxiddigicacidd [ 813- ( 2- phenyl - nor phol i ne- 4-

sul l onyl) - benzoAl-1, 3,8-triaza-spiro[ 4.5 1dec-(2E)-ylidenekam de (Ex. 136);

3, 5- Di am no- 6- chl or o- pyrazi ne- 2- car boxyl i c acid

[ 843- ( 3-di f | Tios enebhroxyibenzyrsiuhfadrpoydly +bémzoydibel Y3bBr¢mdcazaetbypi -014. 51dec- (2

E)-ylidenel -gamde (Ex 7). 3,0- DLam no-6-chl.oro-pyrazijye- 2- carboxylic acid

18 13 (4 pyrfﬁ? ?lg?rﬁl@ﬂh@t%%p%eﬁelr?]@} ﬁlgt?fgl]_@gmﬁorﬁ&tlggtg, [R/Y+I—ﬁ e

sul | onyl) - benzoAl-1, 3,8-triaza-spiro[4.5 1dec-(2E)-ylidenekam de (Ex. 138);

3,5-Di am ”0'ﬁt&ﬂb&&t@AWZ@-{—LN@&%&?&BWM&y)agmeﬂ'yl]L&etic acid

-(3-[(5-net hyl - pyrazin-2-yl nethyl) -

sul fanoyl ] -benzoyl )-1, 3,8-triaza-spiro[4.5]dec-(2E)-ylidene]-amde (Ex. 139);

3, 5- Di ami no- §:¢hl or o- pyrazi ne- 2-carboxylic acid

18- 13- (di mahyl car banmoyl net hyl sul f apoy| ) - benzoy11-1, 3, 8-trjaza-spi rol4. 51dec-(2

). yi 1 denel - Mt SRUEEE! MEAD) T hh BRI Mot e LA Br b2 by RalinECS Safboxy! | o ac ¢

[ 813- ( 3- bent gaesd!IIipRY (0. Pysroiiol Bdivaal); sid haenyilEMmbenzeyhd 4 B, Jarlol), thd@za- spi ro[ 4. 5

_1dec- (2E) -yl i degeFam’ de (EXx. 141%.' » 529 am no- 6- chl or o- pyr azi ne- 2-carboxylic

aci d [8-(3- [te‘lf 1615 ]tla% 6%811%{1691?;%? isa uﬁgﬂg)og ours at room temperature. An

sul f anoy11- bghlroyhl}potti@, -MEMEE@-19pinr plldmbl ded o RZIEEFAY0.il gemellnamlde (Ex. 142);

3, 5-Di am no- 6- ro- i.ne-2-car. boxyl, i i .di n-3-yl oxy) -

propyl still a%ggp%géﬁggyﬁ%%éf,gg,nﬁx-tt&r%ilsg%%%égEoﬁrag 'ﬁl%gjr%ge)%s E%‘Ijro}ﬁ%enekam' de (Ex.

143): 3, 5- Di eariipioofMEMCH (bl Rymlak immec 2nd af POBA 0d 58 eil.dl mmol) are added

[8-(314-( S-t Kild! thRE QIR LY reRY §tir U %6125 hours. The reaction mixture is diluted with .

y1) 11, 4] di azepane- 1-sul f onyl kbenzoy11-1,3, 8-tri aza-spiro[4.5] dec-(2E)-ylidenek

am de (Ex. 1R Ma@,vs«lstridaw*h%5é4Elﬂa&r%-%ﬁ%ﬂ%@-ﬂz@-ééﬂ%&yﬂhﬁé< 83ey)

18- 13- (1, 1- dix@ndcatriadydiuablaaticia* 612-Mitophemo 3myekisuth f gepylycdent oyl_1-1, 3, 8-

triaza-spi ro£4 5 ﬁqec-(ZE) -ylideneF am de (Ex. 145); are nmade anal ogously to

Exanpl es 126°FEBFALING 4- i sobut oxy- pi peridine in step 1 with the appropriate

am nes which are all conmercially available. The conmpounds are recovered from

the reactiongm xture and purified using conventional techniques. 150 3

5- Di am no- 6- ro- vrazine-2-carboxvlic acid 8- 3- 3-- 1 2 4 oxadi azol -5

trifl uor oacetat eolpigen) ¢fa12-Bleghony-pthggusthoiy jophdnyd-gfetec- acREnethyljeglem €193 de

N- et hyl mrﬂb,(dj@ﬁmgi?}‘?’n MeOI—pgsmmd)ied §M3-§ilg©§j1 Bl). The reaction mixture is

3-(3-p-Tol y117, 2, 41oxadi azol -5- y1)-propionic acid (0.1 nmol), followed by

HATU (41.8 nyirred.far 1 iy adiossioteipagraturs:- Eféﬁ)f?'ﬁé“ HriaaeveeveE Y¢280 4w Jheand

iiiSéDiSam' no- Bsigy @gsgzay?a&bm(eséd G/@fﬂ_@@Wth:s@t. a@!IgI—L;CCIi.S(F]lutCiion, dried (Mgso4)EX 38) (40
,3,8-triaza-spirol4. ec- =yli - am de di rochl oride. :

e PR s ety gl (S R RO o S N

and shaken overnight at roomtenperature. Purification is by by mass-directed

preparative E}ECIFC (}igtegbve the title conpound; [MHJ* 559.3 Exanple 147

3, 5- Di ani no- 6-chf or o- pyr azi ne- 2-carboxvlic acid 18-11-

(t ol uene- 4- s34-@AMethohHthalyeeBoramban!l-ptopidni@dl tri aza-s iro 4.5-vlidene

-am de A solution of 1-(Toluene-4-sulfonyl)-1H pyrrole-3-carboxylic acid

(0.023 g, 0.085 nmol) in NWP (850 RI) is added to PS-carbodiimde (190 ng of

1.3 mmol /g | oading, 0.24 mmol), followed by a solution of

3, 5- Di am no- 6- chl or o- pyrazi nc- 2- car boxyl i c acid

[1,3,8-triaza-spiro[4.5]dec-(2E)-ylidene]- am de di hydrochl oride (Ex. 38)

(0.08 mol ) and N-nethyl norpholine (8 ul, 0.08 mvl) in NW (1 nm), and the

resulting reaction mxture is shaken at roomtenperature. The reaction m xture

is filtered and the resin is washed with NWP (1 m). The collected filtrate is

concentrated in vacuo and the residues are purified by mass-directed




A solution of 1-(3,4-Difluoro-benzyl)-6-oxo-1, 6-di hydro-pyridine-3-carboxylic
acid (0.15 mmlé(%q in NMP (0.5 nil) is added to a solution of

3, 5- Di ani no-¥6? P/B?‘675pyr azi ne2-carboxyljc acid PCT/EP2008/067110
11, 3, 8-tri aza- spi rol4. 51dec- ( 2E) -yl i défel - ami de di hydrochl oride (Ex. 38)
(0.049 g, 0.15 mmol) and N net hyl rmrphollne(o 033 , 0.30 mml) in NWP (1

m), foll owedhibyorzpossd toraarcd fndpepusly o, lnergediqye éCr?mdaqnﬂ WPl $0.5 m). The
WO 2009/ 0745{RIRGThRR2QQ8(OR 5%3Q WithlméERAGE AN IB¥IHeA @) pl‘ ichh@ken at room
tenperature overnight. The reaction mxture is purifi by mass-directed
preparative HPLC. Fractions containing pure product are di ned t hrough SCX-2
cartridges (Btohagae A6l cartridge), and the cartridge is washed with MOH (4
m), foIIovvegip rOto affcprdthetitle conpound;

[ MFHI, 572.0
3, 5- D am no- 6-chl oro- pyra2| ne- 2- car boxylic aci d [ 814- (3- phenyl -i soxat 01-5-y1)
- butyryk1-1§_t&9_8 triaza-spi ro£4 51 dec-(2E)-ylidenc-am de (Ex. 149);

3, 5- Di ani no- Blethil biobydyraricnerzomanopsxyl iecl-at mgnol) is dissolved in DMF (5 ml)

[814- (5-fl uoger rza}fﬁroﬂmygdafg @o%d&aL;!eys;l&n 114rrf?ﬁ%gallaut(yg3/r41]noﬂ}nsg’adgeé frh@za- spiro[ 4. 5]
dec- (2E) -yl i dene- am de ( Ex 0); 3,5-Di am no-6-ch p%/ra2| ne- 2- car boxylic

acid 18 f4 11§a((t@n ﬁgftﬁwystﬁﬁréﬁyrﬂ)m temperature for 15 mmutest

( , 2, 410x a;zll azplombdihdly) bultrwyy}d 2-B @y dir (Or1oazd-sp rﬁﬁi[)lélls&lldai%d (REpayibh dene- am de
Ex. 151 3,5-Dia zi ne-2-¢ cid [8-(4-1

i ndasol - 3. Yregtruiy Do o1 §h S P DAL 5 SRR Rul S T YT e am g (x.

152); 3, 5- D @findp- SBt—qu]é(bNd‘IﬁQE gainneark-loae Kxyl)i dryagioder MgSO4, and

[ 814- (5-i net i i

di hydr o-i nd %QI ??rgh(t o})%g/;l y?é.[dsfl4£2 éTeérahydr )éraréZ yloxir Of(y phenyl}

dec- ( 2E) -yl mren'emarw éle(fEkestelé!éBf) col @urlgss il gl 116: éo%hl or o- pyr azi ne- 2- car boxyl i c

acid [8-(4-bentothiatol-2-yl-butyryl)- 1,3,8-triaza-spiro[4.5]

dec- (2E) -yl i dene am de (Ex. 154); 3,5-Di am no-6-chl oro-pyrazi ne-2-carboxylic

aci d [814- (5°€R fret hyl sul f anpy1- 2, 3-

di hydr o- i ndokka/ ) Ténm@mq»mhrymxylf&&y tphtidZarsRbiiohdd Ezéxhyl ester (0.12

dec-(2E)-ylid hl oro razi carboxylic
acid [814- (2g g)%g) d;‘f)%Yeg eoﬁgglml?%hqg\[ﬁ%ﬂ‘]‘“of ‘fsréidgﬁcﬁ spiro[ 4. 5]
dec- ( 2E) - yl i deinge amlﬂig spxion ms&aredﬁr&lﬂearneno}rﬁﬁoch%bm plwza@nmz car boxylic
acid [814-(6-di meth m n r 1 i,rol4. 51
dec- ( 2E) -yl |rc711ert1lg§amé{l %ed 91 ?"i‘é‘%d % Bmaénﬂ}?oﬁ%aeéo nﬁ?@“@ raz%ﬁaé%ﬂ car boxylic
acid [ 814- (ZWGb@—t@ApyltOdelH-Z%yﬂhfzrgﬁmccﬁﬁaiqg/dlre@mbélnzct;ldﬂedamlMgﬁ04y11)€ butyryili-1
,3,8-triaza-spiro[4.51 dec E)-yli dene . 158);

3, 5- Di ani no- 81 ¢ 678 ﬁ%ﬁ% '%(Hﬂslgﬁm%ouaeﬁaas%(uﬂess o i) =295

[ 844- (2- oxo- 3- pyridi ne- 3yl net hyl 2, 3-di hydro-indol -1-yl)-butryrlFl,3,8-triaza-s
piro[4.51 deﬁne(-m latg Lﬁdene am de (Ex. 159); WD 2009/ 074575PCT/ EP2008/ 067110
152 3, 5- Di am no- 6 IA pyr azi ne- 2- car boxyl i c acid

[ 814- (9- oxo- M&JMM&W&Q&M— aza- bcnzol | El azul cn-2y1) - butyryl11-
1,3,8-triaza-spirol 4.51 dec-(2E)- ylidcnc-am de (Ex. 160);

3, 5- Di ami no- 6- chl or o- pyrazi ne- 2-carboxylic acid [814-(6-am no-94T-purinc-8yl)-
butyryl] -1, 338 4ri aza- spi ro[4.5] dec-(2E)-yhdene-am de (Ex. 161);

3, 5- Di ami no- 6 & bdiOE - PRI BE4- Ry&af,)ggewl )pGp o disggzwmﬁeroﬂn@wrol idin-1-yl-bu

yryl)- 1,3, 8- a 4.51 dec-(2E)-yli de ﬂ 162)

3, 5- Di ani no- %WHI@ g F'%%lﬂ‘?é“s?“”&&%r %55 ?SS 19 Zf"lg%veé bliftrl azol 1 vyl
butyryl)- 1, G)chndrﬁdtl@/Z)@yﬁcphd‘IQ/kiébbE(]mlde(l‘)-XQE)%thﬁb’]d"haPﬂad&)n(rEXturel@?))

[385( ? glmbg(r:l)zs r%ula% roomn gr{lﬁezrzlltﬂliee ovirmg[\t t(RXrYpouredamto water (80 ml) and extracted

1H pyrrol e- ZWGJaEtibm/(I@ ), Sh&rgznlezfasslpwn@kdlwmw@ece (2&) MdSIOdend-teami de  ( Ex.

164); 3,5- Di api.oeoq0l ar lNErfk GBLRAN Y h EtOA

1814 13. (4- chi 6o ﬂ%%’ Al gl TSI olednny (50-, FOAq

butyryll -1, 3y1§dﬁ{ Fao pﬁrYbllﬁbe’@th@W'{ ereptoqua@ém@rhyé?ﬁedes { Blourkess)

3, 5- D ami no- &t, (FnLngzpyg azi ne- 2- carboxylic acid

[ 814- [ (napht hal cncl suf f onyl ami no) - net hyl]-benzoyll-1, 3, 8-triaza-spiro[4.5]dec-
(2E) -yl i denekam de (Ex. 166); 3, 5-D am no-6-chl oro-pyrazi ne-2-carboxylic acid
18- (213-(4-chl orophenyl)-11, 2,41

oxadi azol -5-y1J-acctyll-1, 3,8-triaza-spiro[4.5] dec-(2E)-yhdene-am de (Ex.
167); 3,5-Di am no-6-chl oro-pyrazi ne-2-carboxylic acid

[ 813- ( 3- nwt hoxy- propoxy) - benzoy1J1, 3, 8-tri aza- spi ro[ 4. 5] dec- ( 2E) - yl i denekani de




, O-
8-[ 6-
yridi

m no- 6- chl or o- pyr azi ne- 2- car boxylic acid

a
(4- met 5 g{ erazth-1-yl)-
ne- 3- cBY BYMY1#P751, 3, 8-t ri aza- spirold. 51dec- ( 2E) - yl PHERBIOOS M/ HE (Ex. 173);
am no- 6- chl or o- pyrazi ne- 2-car bo@q ic acid
813- (4-
2

3 Di
[
p [
3, 5-Di
[ (4-fluoro-phenyl)-5-nethyli soxazol e-4-carbonyl]-1,3,8-triaza-spiro[4.5]de
c E)-ylidene]-am de (Ex. 174); WD 2009/ 074575PCT/ EP2008/ 067110 153

3, 5- D am no- §&eghl oro pyrazi ne- 2 car boxyl i c acid [8 [3 [ 3- (4- met hoxy- phenyl) -

1-

r
5-
1
5
1, 2, 41oxadi.azol - aza-s dec [ idcnel -am
e (Ex. 175 0830'%“ y@irj%n ﬁéﬁp id é%gﬁﬁw d’?f‘fﬁ Tsoniab 'Pftg]] FT d%%@ Y
1 4-tri Igumblmﬁm-ﬂpmlmxw MeOH (5 ml) at room temperature is added 2 N

e

5

2-(
t %;.1‘] 1 3, 083228‘ ISP!OE?R ﬁ%ggghe(resu t ng rs]cqutl (%rl S glrreg ove(rmght. ]Furt)wér 2
- Di ani no- -c oroprazm i i'd

[ 214- ( 2- oXd-Ohi (BA2dmil)ds midkd yrikl)the reactlon mlxture stirred for a further 1 hour. The
nyli-acet %Létﬁfr mixerelit &o%%&té[%hr@z%m? fie kSRl 1¥h'119§ﬂ?ﬂth @Eﬂgf%o . 177);

d
8
c
8-
he
, 5- Di am no- 6-chl or o- pyr azi ne- 2- carboxyl i ¢ aci nyl 1'soxazol 5 yl)
ropi ony1J- 1fo8osed by Fagécsﬁeraef@usg@é@s eQE)ﬁe%md%Hc\yﬂahNdéCE Bd 178):

? Di am no- BakbkOah @ﬂl\@-zﬂf@%r nePhROXYdoh&n@stdto a third of its volume i
e

812- (4- met hancsul f onyl - phcny

cetyl]-1,3, 8t 1444 ‘“é‘ﬁF P%M“Qjeﬂ‘é?ﬁatfsz‘fi‘)‘dy‘ﬁa@ﬁétfd Bnfilgratiqrse viejdygy ride
5- Di am no- &nglobed; QMpYIN-asisme- 2- car boxyl i ¢ aci d

18- 12- (4-chl or o- phcnyl) -t hi azol c- 4-

carbonyll-1, 3,8-triaza-spirol4. 51dec-(2E)-ylidenel -am de (Ex. 180);
3, 5- Di am no- EmnmhﬁﬂoAﬁyrazine-2-carboxy|ic acid
[812- (5-methylr i | I - 7 i) spcetyll-1, 3,8-triaza-spiro[4.5Jd
ec-(2E)-ylidcn j no- b- chl or o- pyrazi ne- 2-car boxylic
acid [815-(pyridin-3- onxy) furan 2-

carbonyl1l-1,3,.81triaza-spirol4. 5ldec-(2E)-ylidenci-am de (Ex. 182);

3, 5- D am no- -c | or o- pyrazi ne- 2- carboxyllc acid 18 13 (4 methyl thiazol 5 yl)
pr opi ony1J- 1T@a gurgipg a%lan@mf refhal Bidedromeny denepaarh dél-( Enmolgs) ;

3, 5- Di am no- @'yQZm'Ip(3@'[9])’E%bﬂ@e@pe%ﬁ@@@dhé@p&&klgm carbonate 1.53 g, 11.10

[ 8- (2- et hyl - B § @y 3 ol c3- car?g ? $H1aza spiro[ 4. 5] dec- (2E)
-yli dene] - arﬁ“H]Q N yrt-Bartd 2 ameaeas e hi Brid: 1&;?%%‘ &8¢ e boxyl i ¢ aci d
18-1(S) - 2- acatwdram;mcgea wid mtrogen then stoppered and left stirring at room temperature

i
[
a
3
[
P
3
P
3,
[
a
3,

| S0Pr 0DOxy- pReOYL). FROPLANY L., 81001 8251 BT, L AdECa(PE; V! | denel - ani de

[813-(cycl ohEl)QAC- st i) weshked a/n:bjz)ﬂyle3 dried MOSO4 flltered and evaporated in vacuo

4- met hoxy- be ZRN il | AZ&-§ | o) noNbide (Ex. 186);
3, 5- Di am no- eciupéhe Efi/rg\gzo? negsg1 Cclg)r aPCg?yﬁpl %qggzdﬁﬁ C/{ g J?l? %@9@

&met hyl benzeﬁésﬁuquww ()n_ypileplp,xap ¢nyh -pyerionic acid methyl ester as a clear oil.
acetyll-1,3,8-triaza-spiro[4.51dec-(2E)-ylidenel-am de (Ex. 187);

3, 5- Di ami no- 6- chl or o- pyrazi ne- 2- carboxylic acid
[8-(3-11-1-i¥ewd-3-yl-propionyl)-1, 3, 8-

triaza-spirofda Jigesdr 3B qugﬂgllr'bémllq@chéxgxphe%ﬁﬁ)roplomiiad Zlethyl ester

35D|amn06choropyrazn-- lic aci
di met hyl - pyrf MmO A-12 mmol) in THF (80 ml) is added 0.2N lithium hydroxide (459 ml, 9.17

yl sul f anoy1) mphgnRyb cakhempychdidaroRivany dmell,a30 8¢ tdriaziouspit ofidl @ddec- (2E) -yl i dc

d Ex. WO 2009/ 074575 [ EP2008/ 06711Q .154
SELD i o Y QML b 5 PR Ehep IR E T o Th e e 1.

[ 8- [ 3- ( 2- 0x0MEr60j fdnd eb @t hydliz 2iHpy e ditld-alvhe ol Blpshomydrhatb@BaBwt ri aza- spirol4.
Sldcc- (2E) -yl i dcnel - am de i(: ., 191); . .

3, 5- Di ani ne- @%lle/ooEf%e& HeCh- chtpdxy Fihcag L2 Cly) vields 3-(4-tert-

18- 13- (4- sul n ar bano ropi onAl- 1 riaza-spiro[4.5_ldec-(2E)-
yl i denekani d{éu? Béetg %ﬁ))fn%ro oS A %Sraowgge,rsgz'% ne- 2- car boxyl i ¢ aci d

[ 8-(1-bentyl-5- oxo pyrrolldlnc 3-

carbonyl)-1, ﬁteaﬁ]%gi};tg;@r spiro[ 4. 5] dec- ( 2E) - yhdene] -am de (Ex. 193);

3, 5-Di am no- 6-chl or o- pyrazi ne- 2- carboxylic acid

18- 1(R) - 2-acetyl am no-3-(111-i ndol - 3-

yl) -propionyll-1, 3,8-triaza-spirold.51ldec-(2E)-ylidenel-am de (Ex. 194);

3, 5-Di am no- 6- chl or o- pyrazi ne-2-carboxylic acid [814-(1

- benzencsul | onyl -11-1- pyrrol 3-y1) - 4- oxo-butyryl1J-1, 3, 8-tri aza-spiro[ 4. 5]

dec- (2E) -yl i dene-am dc (Ex. 195); 3,5-D am no-6-chl oro-pyrazi ne-2-carboxylic



Exampl e 214 1-(3-12-[(E)-3,5-D am no-6-ch | oro-ovrazi ne-2-carbon vli m no
I-1,3,8-triavrazi ne-2-

1- (3- (2- 1( EYS2UBiaRi no- 6- chl or o- pyr azj ne- 2- car bony! i nPAYEPAVHBUL | aza-
spiro[4.5 Jdecane- 8-carbon yl Ebenzened{l | ony1) - pi peri di ne- 3- carboxylic acid

et hyl ester (3Ex 128) (0 29 g 0 45 mml) is dissolved in TT-1F (4 n) and 2M
HOH (0.22 m - 45 rve Hecy ) prpiqpigacky sol ution is stirred at room

tenperature f co'in;iwucu 8 pr@re@@ﬂﬁ%ﬁﬂ@fd 1@fa:rméulAf@ma)ytraﬂacrngsw-bmwgz_-sti cky yel | ow
solid is ul té(asonl cated in | ete dissolution. The pHis

o

adj usted to ﬂ”‘?acﬁﬁf’tea‘ad'ie{’lld‘ﬂmﬁc?fbrf‘ Cﬁi‘@ ‘4 %T]f]%m{%pel low solid is collected by
filtration and rinsed wwth water to yield the tltle conpound; [M+H 620.1 156
Exanpl e 215 2 E -3 5 AFlanlno 6-chl oro- razine-2-carbon limno 1 3 8-triaza-s
iro 4.5 dccanceé car onyl ic aC| d benzvl am de To a soI ution of benzyl am ne
(0.017 m, 2 ’ cagite Xeaethdrytdi | m dazol e (0.03 g,
0.17 nnDI) and the resultlng solutlon i's stlrred at roomtenperature for 45
mnutes. To this is added 5-D am no-6-chl oro-pyrazi ne-2- carboxylic acid
[ 1,3, 8-tri azAbispinnouad 5pa@ercd 2m)logppsly enejermedtgd Gy igpkcoehtopitele’- ( Ex.  38)
(0.05 g, 0. 1homaRledar@ndieh DevithektyPWhHSIASREMSHuMe oS bStyildes; ek f1or 28 hour s.
Purification by reverse phase chromatography (Isolutent C18, 0-100% MeCN in
water -0.1%TA) followed by catch and release resin (SCX-2) eluting with
Me01-1 and 7MkdNnidiate AMEOH af fords the title conpound as an off white solid,;
INHHL 458. 1 Exanpl es 2167 231, These, sonpounds. panel
2-[(E)-3, 5-
ecane8- car boxylic aC|d phenyl an de (Ex 216) ,
2-[(E)-3, 5- I + za- spiro[4.5_1d

Dir d}%oﬁn&ﬂ QJp?reBXEQ&goﬂﬁy Su]ﬁghp&%(é ﬁ' b?cfep]rﬁt?ﬁgggt Bﬁi A

ecane8- carboxy aci d ['uene- m de ( Ex.
217) ; bromoacetate in step 1 with tert-butyl 2- br0m01so utyrate. 'H NMR (DMSO- d6

2-[(E) -3, 5-Di.an9ne sﬁ ‘Phk%}@ spwmmec P= 631, bony it nal 7. 4y, 87841 i 'daéa Spl r0[4 5]d
ecane8- car boxyl iL.c 58 or o- pﬁenoxyrret hyl ) - benzyf am de ;
2-1(E)-3, 5- Efghfﬂé gqéhﬂo éobﬁgéngéﬁ% carbonylimnol-1,3,8-triaza- sp|r014 51
decane8- carboxylic aC|d [ 3-(2, 4-di chl or o- phenyl ) - propyll am de (Ex. 219); 2-
[ (E)-3,5-D :g (8 %h | oro- pyrazi ne-2-carbonyl i minc+l,3,8-tri aza-spiro
[4.5 1decane8 CRFBYYINi ¢ acid [ 2- (3- benzyl oxy- phenyl ) -ethyl ] -ani de (Ex. 220);
2- [(E) 3, 5- Di3dAdMhak Geycnbany imephorgphang ) D+ apdiionid | m no] - 1, 3, 8-tri aza-spiro[4.5]d
ecane8-carboxylic acid 12-(5,6-dinethyl 1H indol 3 yl) ethyII am de (Ex. 221);
2-[(E) -3, 5-D am no- 6-chl or o- pyrazi ne- 2-carbonyli mnc+1, 3,8-triaza-spiro[4.5_1d
ecane8-carboxypic acid 4-norpholin-4-ylincthyl-benzylanide (Ex. 222);
2-[(E)-3, 5- 1 I t za-spiro[4.5]d
D'Fé‘?}&]@no@] g@ éQ h9dr83\§rp@1gﬂyﬂ§ro§arpo% Ronylsh ?&Mm% §$n &5 ﬂlv[lﬁ .

ecane8- car boxylic aci [al ni de (BE)-3,5-Di am
no- 6-ch | or o2y s carglallpaddsd hdnsar qnywmrdeqe 3,28-% 29 mawa- P@fﬁqnewse

[4.5 1deCane@h&@ﬂdﬂ@%ﬂlit&eﬂtﬂed at 40 °C for 2 hours after which time DBU (6.02 ml, 40
(2-(412-(4-1f1l uoro- &hoxy] Pheny |-etng de Ex. 224);

2009/ 074575PEFP |§ f @ 7f5174 0 mmiol) are ad e reaction mixture’is now

24(E) -3, 5-Di s’ﬂ?(ieﬂ@t@-@ﬂo@ﬂﬁaﬁﬂl&&bﬂﬁoﬁm@&ﬁb@’lﬂﬂbwm tl@&])ol]to&)o&-[ triaza-spiro[4.5]de

cane8- carboxylic acid 12- methoxy- phenyl ) -et hyl i 225);

8 3, oo o ahraBTEPubd g PalT Y B Bkl A B, aept £ 014, 51
decane8- car bokyl(? & 3aaild ThGerdrigrathaxpimedphtidid MeNO1)-apll Yhepplopy Irerdovadri de  ( Ex.
226);

2-1(E)-3, 5-OafioC B e A ors-pyr oz e hany Tt ARy Y8 8 Y 45%- spi r o[ 4. 53de
cane8- car boxydpee) sieide 3{ 9 Hydrogy-ahamel Iﬁsqpl@H%Cﬁd@lb@-YWW atyplqulaniode (Ex. 227);

2-1(E)- 3, 5- Duqmmm@mﬁtbeg@pmm) ad FIP@,"JbWSl ek aé%mﬁrz aza- spirold. .51

decane8- car boxylic acid fopyl )-am de

2-[ (E) - 3, 5- DZ&hi-da-Bem: F%Eﬁwkaé?%e % %gﬁbonyllnlnc+1 3,8-triaza-spiro[ 4. 5Jde
cane8- carboxylic acid (214-(4-phenyl -butoxy)-phenyfl-ethyl)-amde (Ex. 229);

2-[ (E) - 3, 5- Dsrapz no- 6- chl or o- pyrazi ne- 2-carbonylimno] -1, 3,8-triaza-spiro[4.5]d
ecane8- carboxylic acid 12-(4-phenoxy-phenyl)-ethyll-am de (Ex. 230);
2-1(E) -3, 5-D am no- 6-chl oro- pyrazi ne-2-carbonylimnol -1, 3,8-triaza-spirol4..51
decane8- carboxylic acid [2-(4-benzyl oxy-phenyl)-ethyl j-amde (Ex. 231);

,8-triaza-spiro[4.5]d




are prepared by an anal ogous procedure to Exanple 215, replacing benzyl am ne
with the appropriate am nes which are either commercially avail able or

synt hesi zed Y4928t Tbed in the section treperation of PRUEPIEHM(6AHE
conpounds’ . The conpounds are recover e fromreaction mixtures and purified
usi ng conventional techniques such as flash chromatogr aP fil tratl on,
recrystal | i sat p ettt i drapirbeny Baripreaggeprt-butyl ester (1'g,4.50 mmol)

3, 5- Di ani no- fi-deNDOIFO20 W B bt %n@@trah@ayddleparg&i id aﬁ&d@b@&ydnn&atrmra@sul fonyl -

3,8- triaza- e | ution o
5- Di ani Inoz6 @)rﬁz 6%8;‘7&%’3 fﬁ%"?’% gy?gqognolag:fade 0.43 ml, 4.50 mmol) and the

[1,3,8-tri aZ&Scploh(n{uﬂtu&]ldﬂﬁreGZEbooyﬂtbld&ﬁlﬁ]]re alna rdgctidn hyﬂnm@dﬂlmrdddﬂth(Ex 38) (0.05
g, 0.15 mol ol uenesul f on chl oride (0.04 g,

0! 20" moi) ahd LeTEbryRa M he! s 658 sy L SEnSI L e Sl P50l it Pon ' s
stirred at r@dxmrlte@rhpeudalfumﬁeatfooronz \1660@18§0003mep Hreatisom 8y 8r ever se phase

chr omat ogr apfy.cfhsQl ey M Q NRb f, 0. 199FA) followed by catch
and rel ease re5|&n rg:%( %prue&ﬁéﬁwﬂol}u@NEOHg&% g{\ll NH3 in MeOH affords the
title conpouwdop&@l%acy’emqt@wyé@reras apphe yellpw oilg78. 98 Exanpl es 233- 245 The

fol |l owi ng conpounds, nanely WD 2009/ 074575PCT/ EP2008/ 067110 158

3, 5-Di am no- E chl or o- pyrazi ne- 2-carboxylic acid

[ 8- benzenesuP¥drAyl- 1, 3, 8-tri azaspi rold. 51dec-(21) -yl i denel -am de (Ex. 233):

3, 5- Di am no- 6e 64-0fcthopydadinlercdroeaphaxly-biopioaiadid tert-butyl ester (0.097 g,

| 8- (1-nct hyl- | c-4-
13 8.1 ayalSp BT SHET BeL (IENUUA ¥ HAR DN G gy ling soluion

3, 5- Di am no- 6 swinddon ooy reapimen@toc dhbox Yhd ©lvaes dre removed in vacuo to yield

- (1- et hyl L]
g_ 3,( 3- P?I a)z/a y;\/fregf%'c ngnﬁh’l ﬁg%yéﬂen)d propic 1omc acid a(slgé off; WhlS€ powder;
3,

5- Di ani no- B4ci18F 83p{r azi ne- 2- car boxyl i c aC| d
| 8- (7-chl oro-benzol4, 2, 51oxadi azol e4-sul fonyl)-1, 3, 8-triaza-spirol 4. 51dec- ( 2E)
-ylidenel - am de (Ex. 236); 3,5-Di am no-6-chloro-pyrazine-2-carboxylic acid
[ 8- (2- phenyl “&f‘ﬁ%\‘{“i‘tééﬁl fonyl)-1,3,8- triata-spiro[4.5Jdec-(2E)-ylidenej-an de
(Ex. 237); 33-5+Diaopdi@cadbbdii- @ﬁmmﬁ\azmﬂ&nam@an boxylic acid
[ 814- ( 5- met hyl - 2- phenyl - oxazol -
yl ntt hoxy) - benzenesul fony11l-1, 3,8-triaza-spirol4d. 51dec- (2E)-ylidenel -am de
(Ex. 238); 3T&aBilanminng36--tht-phcoylpyndgiopgroR-acalr(BEXyk,i Ic1 280idol) DCM
1 8- (4-phenyl 1,3 n];le ha&géxcrmggg%m [S’@D@Q?I%rﬁy' fﬁﬁmol)lan% %&Bbl %ﬂﬂSp' ro[4.5] dec

-(2E) -yli dene car boxylic

aci d .1 mmol). The solution is cooled to 0 °C and dlcyclohexylcarbodumlde (232 mg,
[ 8- (5-cyano- 2‘1@3‘3&%5){@&@8@%%@ TeQilYik)sothidn BifrdPg @-8Piok 9 thimkdgRd € 2E) - yl i denei
-am de (Ex. 240); 3,5-D am no-6-chl oro-pyrazi ne-2-carboxylic acid

| 8-12- (4-chl russ :ﬁﬁ@(ﬁg, fgmperature. Concentration i1 vacuo affords a white solid which is

et hanesul f onyddended3n 81,0r (SazAr SRIfil Ot d 1D G {ng F)soMble Genelat. ant deralchx. 241);
?85( ? Shme23c/)| cogglnlbrg%?gr rc%og:lirgilepémggaaﬂroggxXlllrlor%atography (SiO2, EtOAc/iso-hexane)

sul | onyl) - 1, 3fBd¢ thé adecospona]. 4. 5] dec- ( 2E) - yl i denekam de (Ex. 242);

3, 5-Di am no- 6- chl or o- pyrazi ne- 2-carboxylic acid [842-(2-chl oro-phenyl) -

et hanesul fony11-1, 3, 8-tri aza-spi rol4. 51dec- (2E) -yl i denel - am de (Ex. 243);

3, 5- Di ami no- BNEMWbNOAQQraZ|ne 2-car boxylic acid

11812- (2, 2, 2- §.54-HLAIRS Qe - -Propionic acid

t et rahydr o-i soqui nol i ne- ony -triaza-spiro[ 4. 5] dec-(2E)-ylidenej-a
m de (Ex. 244); 3,5-D am no-6- chloro pyra2|ne 2-carboxylic acid

[ 842-(3-chl OTHls )ﬂha is prepared analogously to Intermediate AL replacing propanol with
ethanesulfoné% ﬁ 3,8-triaza-spirold.51dec-(2E)-ylidenel -am de (Ex. 245); are
prepared by "8nal ogous procedure to Exanple 232, replacing al pha-

t ol uenesul fonyl chloride with the appropriate sulkily] chlorides which are

ei t her connehﬁkah{%egxgllable or synthesized as described in the section
Preperation o TRU'er medi at e conmpounds' . The conpounds are recovered from
reaction m xtures and purified using conventional techniques such as flash
chromat ography, filtration, recrystallisation and trituration. WD

2009/ 074575PCT/ EP2008/ 067110 159 3 5-Di am no-6-chl oro- vrazine-2-carboxvlic
acid8- 1- hen .1-etS spirold.51dec-(2E)-ylidenel-amde A m xture of

1- (3, 5-di am no- 6- chl or o- pyr azi ne- 2- car bonyl) - 2- et hyl -i sot hi ourca
(Internediate A)( 1.7 g, 4.54 mol) and




3 5-Di am no- 6-chl oro- pyrazi ne-2-carboxylic acid 18-pyridin-4-yl methvl - 1 3
8-triazas inii4 5&Thdene -am de This conpound is prepared anal ogously t

Exanpl e 246 %9 2P&p1a€i ng 4- ani nonet hyl- 1-(1- phenyl - et hYFVERFEETHP n- 4- yI am ne
(Internediate BM wth 4-am nonet hyl -tlﬁ/rl di n-4-yl net hyl - pi peri di n-4-yl am ne
(I'ntermedi ate BO); II\/HH1+ = 416 Exa pl e 249 3 5-Di am no-6-chl oro-

Vrazi ne- 2- casbbieMee l-gthylprghgnyl-propignicacid1 1 38-uvas iro 4.5 dec_pi dene
-am de WO 2009/ 074575PCT/ EP2008/ 067110 160 Th| S corrpound is prepared

anal ogously to Exanp 246 b
1- (1- phenyi - ‘ehgﬂ"jwﬁrﬁ@rprf@?wganij (‘eHP gféﬁp CERPTRPee] with

4- am nomet hydethar(cB- phenyl - propyl ) - p| peridin-4-ylam ne (intermedi ate BP)

| MkH1* 443 Exanpl e 250 3 5-Druni no-6- thloro- vrazine-2-carboxvlic acid
L3-n,.: tlohexylnmethyl-1,3,8-triazaspiro[4.5]dec-(2E)-vlidenekam de This
conpound i s prepared anal ogously to Exanple 246 by repl aci ng

4- am noret hy] 1= CdupPgey! - et hyl ) - pi peridin-4-ylamne (Internediate BM with

4- am nomet hy1- 1 cycI ohex | met hyI p| perl di n-4-ylam ne (Internediate BQ [MFH|
421 Exanpl e &Pl gthyl)- BH-gdgledh-appopplicgicdh| or o r azi ne- 2-carbon M no 8
azassiro bi clo 3.2.1 octane-3 4' -im dazol i di ne -8-carboxylate This conpound
is prepared anal ogously to Exanple 246 by replaci ng 4-am nonet hyl -

1- (1- phenyl - |)-piperidin-4-ylam ne(lnternmedi ateBMw t h3-am no- 3-

am nonet hyl RaHz@0t &iypetsdh3n Rurﬂeﬂa(DGM wse&ﬂg,aambmxylb isaaddddd edlhadautfyl est er

I nt er nedi at e +
EE) N- 18- (1Fﬁ"et§3) Q{Oi/uéiuacfb PﬁteEX‘)% za30| modn Q08 ) S UPOEFURR 3, 4P- i ni dazol
i di neL 2' - vheepesioBis 5tédeariroron &nrphdaonofovQamlmmes%ﬁuartlboxam?de Step 1
| odot ri net hy | ; A n of
(E)-tert-But L[%}nfgtgg @&n%ﬁ (E%ni]v 2%‘%‘%}3 Afdélg(?%%q %a‘? Slq)l?[]ral?lﬁlg -8-azaspiro
bi cycl 013. 2. lmalctﬁramfatsrezfoﬂ& lmudsazibluinaril Wéﬁ @%fa(rSB@&wdtV@s@@wnlzmyer(500 ny,
1.11 nmol) 'QSQ@MX)]SQtuFQtéde@O( ésrml)addsortn@% @sﬁdﬁgngmrm@on eaction is

stirred at roomtenperature . |l odotri h%/|SI | ane 5rr1) i s added
and the reactd"6HUAS! %t’ﬁﬁ/é“ﬁ0§“88 &ﬁt‘?fétfyeftﬁ“‘?”f'?t?ﬂégﬁ‘j‘é{ SiPrd QAFISBREBi d i
suspended i nafBXcM Bndrheeddyeetyed Fomdblelichabk @i adibencsBl ésebrj [M4aH|ssm ved in 1:1
MeOH DCM and | oaded onto an SCX-2 cartridge elutcd with DCM fol | oned by WON
and NE13/ MeOH. The nethanolic ammonia fractions are concentrated in vacua to
afford (1)-3%bBedi am no-6-chl oro-N- (8-

1-(2-Phenoxy-ethyl)-1H-indole-4-carboxylic acid methyl ester (185 mg, 0.626 mmol) is

suspended in a mixture of MeOH (3 ml) and 2 M NaOH (2 ml). The suspension is

stirred at room temperature for 2 hours, THF (1 ml) is added and the reaction is
heated at 60 °C for 1 hour. The reaction is allowed to cool to room temperature and
diluted with sat. NH4Cl solution (10 ml), extracted with EtOAc ( 10 ml x 3), dried

over MgSQy4, and concentrated in vacuo to give the title compound; [M+H]+ 282

Intermediate AP

1-(2-p-Tolyl-ethyl)-1H-indole-4-carboxylic acid

This compound is prepared analogously to Intermediate AO replacing (2-

bromoethoxy)benzene with 4-methylphenethyl bromide; [M+H]+ 280

Intermediate AQ

1-[2-(Tetrahydro-pyran-2-vloxy)-ethyl]-1H-indole-4-carboxylic acid




WO 2009/ 074575PCT/ EP2008/ 067110 161

azaspiro[bic cI 3.2. 1] octane- 3, 4Li m dazolidine]-2"-yli dene“nxr azi ne- 2- car boxa
mde as a y BUNS | MtFth 351 Step 2 PCT/EPZ008/067110
(F)-3,5-diam no 6- chl or o- N- ( 8- azasplrolf%l cyclo[3.2.1

Joct ane- 3, 4Li m dazol i di ne] -2' - ylidene)pyrazi ne-2-carboxam de (170 ng, O0.49
nmmol) is dissolved in DIM- (10 mM) along with HATU (184 ng, 0.49 mmol) and

4-indol e- carbmwdnil;ﬁ)ua@is@re(pzt%dwlo&uéﬁtmt&edld}k Met:Byihcidgopphol i ne (160 nml, 1.45

mml ) is added an sol ut | i ra rnight. The
mxture is th H‘O‘E:g?f&ygl??ﬁeﬁf 8’&‘"3322’&?} ﬁﬁx’?jffﬂ@%(d%éﬁm% é\h’é’gb%&and t he

sol ution washed wnth water (100 m ). The organic phase is dried (MgSO4) and
concentrat ed n.vacuap Purification by flash chromat ography (Si 02, DCM M:OH)
gi ves the tlltlte corrpound as a yeI | ow sol | d; A +H1+ 494. 15, 496.27 for

I sot opes. Sii 7k C s ¢-4-8a1 Belbd wits iiiro bicvclo 3.2.1
oct ane- 3 4'—'%9@&1930&1% @%r%ﬁareﬁlahﬂ@é&%sl@toclnle%é‘d@ﬁ@[ R@ r@pla&@r boxani de

(F)-3,5-diam no-6-chl oro -azaspiro octanc- 3, 4Li m dazol i di nej
-20 -yl dene?rﬁwabwébewe@awb%a{%]baénqeﬁwﬁafgr@erh@svbwgw IMedl Bét Ex. 252) (280
ng, 0.798 mml) is dissolved in DM (8 m) along with HATU (303 ng, 0.798
nol ) and 3- benz ony phenyl)-propionic acid (205 ng, 0.798 mmol).

N- Met hyl ':S’FF('H"F e Pd. 263 m, 2.394 mmol) is added and the solution stirred
at roont cnpe ggrtertimfyl ﬁhdnom-sethyl!hel-iniiodé-mcerbb@litbem concentrated in vacuo.

Ft OAc (100 m) is added and the solution washed with water (100 m ). The
organi ¢ phase is dried (M504) and concentrated. The residue is dissolved in
Ni 1e0OH (20 nTbhis eamepodny islpopded aorit@udy td logri(i&ligy AORerladiigodt i on by flash

chr omat ogr ap ng}{g H) @t an solid;

[ MEFHF- 589. 2%¥m()§!i9%§be %ﬁgl s%%%%lg%thtoﬁ e%gﬁta?? fygt%mc% ylrhg[frglr?rre |ate Conmpounds
Internediate A1

- (3, 5-Di am ngiBmedhong-ri vrazi ne- 2- car bonvh- 2- nct hyl -i sot hi ourca hydr oi odi dc
WO 2009/ 074575PCT/ EP2008/ 067 10 162 Met hod 1 This conpound is pr epar ed

accor di ng t ol-Erdegdioxgigs -1H-pdole-dgarboxylicnsis  otto W, Jr.: De Sol s,

Susan Jane. Fbterocycllc substltuted pyra2|noylguan|d|ncs and a

phar maceut i C‘?IL (!ltl on ¢ |n| g tlhem dEP ;:6 % g{g 4 Method 2 Step 1 A
stirred suspen%Com o e v [ ﬁ{'a G6THY GIF G BV a2 2 4 Edrboxyl i ¢ aci d met hyl
ester (110 gbrobb@h@yntrentehe iwithME-OrbniBIN0D) 1n’5rdi9xaat [BHH)C76i ce-bath) is treated
dropwi sc with a suspension of |ithium hydroxide (46.6 g, 1111 nmol) in watcr
(500 mM). The reaction mxture is heated to 50 C for 5 hours then cooled to
room t enper alngaracdigtd At i rred overnight. The resulting precipitate is collected

by filtrationsangdediiegd.idtafydAGHID QURD).- &Ry BT 1 AlddicLd- LBl HDhic acid
3, 5-di am no- chI or o- Eyram ne-2-carboxylic acid as the Iithiumsalt

(di - hydr at e) lf fanpRound i grepage ﬁnaiogously to Intermediate AO replacing (2-

bromoethoxy)benzene with (2-(2-bromoethoxy)tetrahydro-2H-pyran and replacing

Methyl indole-4-carboxylate with 2,3-dimethyl-1H-indole-5-carboxylate; [M+H]+ 318

Intermediate AV
1-(4,4.4-Trimethoxy-butyl)-1H-indole-4-carboxvylic acid

This compound is prepared analogously to Intermediate AO 1-(2-Phenoxy-ethyl)-1H-
indole-4-carboxylic acid replacing (2-bromoethoxy)benzene with trimethyl 4-

bromoorthobutyrate.



A stirred suspension of S-rnethyl-iso-thiourea sulphate (10 g, 35.9 mmpl) in
toluene (75 M) is treated with 4 NN NaOH (15 ml) at roomtemOJerature To the
t wo- phase nmi%® &P&0748Sadded di-tert buté d| carbonat e (3POVEROSBHAp|) in one
portion. The reaction mxture is stirr&y a roomtenperature for 1 hour, then
heated to 60 C overnight. The organic portr on is separated, washed with brine
sol ution, thBfraedigeAX er Na2504, filtered and concentrated in Va040 to a

vi scous oil, 1-yhi2cMIe @b yiSéRddyins@dxRERIN-1M-gho IV-aC LB lIie aafif or d tert - Butyl

am no( et hyl t hi o) met hyl enecarbamate as a colourless solid. Stcp_3 A stirring
suspensi on of |ithium 3,5-di am no-6-chl oro-pyrazi ne-2-carboxylic acid (22.6 g,
98. 03 mml ) $wpiDl ME (400 m) is treated porti onwi se with HATU (41 g, 107.83
nmol ), under rt atnosphere itr I ure is stirred
at room terrpe(rilgt {adl}’/g d*sgera%n iy mmféralaOﬁd 8{8héﬁ9’[q§ n%m(b 1ts aiiaeegcfoa SOrllllth[l tf

am no( net hyl mbihp)imdstcrdtabechrd@dname, (22, Bmgl) mlloMFa‘@ mhwhy thegesalided portion
wise over a pegh0th Rludd Mo RimedNF, P30 bR ML Uhe ks Sbirred at room
tenperature for fu ours th eated t stirred overnight.
The resul ti n@romoeém trratterdt%ﬂﬁr@rrarlﬁ%é%él 86\t lﬁgd(tﬁidtahd t}oatr@ﬁtl%méi dried in a

vacuum oven {#QGh: &%%ﬁ&h&h&ruﬁ&oﬁﬁft%@h Dﬂﬁtﬁo‘n&ﬁlﬁ’lttOAc (50 ml), washing with
(3, 5-di am no- 6-chl or op razi ne- lTJ:‘zﬁ%géboxairip fg) %grt hyl thboa met hyl ene car banmat e;
| MEH1+ 361 Wjefz@é@}' O PAS TS 81O6Y 100 2163 St ep™4> I ER OY Byt v |
(3, 5- di am noMgSOhketcopytiag i@ @ﬁlr;haﬁamoﬁle) ¢hreinby bda pihyopiOvet hyl ene car barrat e

((:I:Sgsgl veggl W?&%g%ﬁd ?gz g%tr%gd& rf%‘b\%: YOS ovﬁrl(ﬁgmﬁomép‘ta%of(gr m a br own

sol uti on. Theidsottlieon; iIM+Eti30ted at room tenperature overnight, after which
time a yellow precipitate has formed. The solid is collected by filtration,
and dried in vacuo to yield the title conmpound; [MtFif, 261.1 Internediate B S
5 6- Di ami no-Yex&gar bani c acid benz | ester Step 1 A solution of

BOC- 1 ysi nol - &) scml'!tc(nQ)fﬁ Tela'ag@i Hjﬂﬁtla)r 2L é‘th)-fr]'lﬁ{(rr;]dom-é) cadl fic &y 1 nert

at nosphere of argon is trea PS-tri h i ne 91 ¢g, 3.00mvlig
| oadi ng). To™¢! ﬁrlse“ﬁt NeQme %9%'&@& inHeERE] 1@?@ ng &g uef.esytrowraﬁr and DEAD
(0.24 m, 1.B”Ondmydlaje vasdroyo DHEN(A). Tmlf)re@dﬂldntshﬂrré&ﬁ&b@rﬁﬁbﬂﬁeb@uﬁé e&rite stirred at
room terrpera ure qv The resin | renoved der vacuum
hod the Ti1 ¢ PSR RE SHED et POt bt PRPT et SEURR AMde whtte
solid by chr ztmidba:rgd aploy lonPIBAX toaided whdhngywinh MeO2062508). HhO Alrarens | so- hexane (1%
TEA) affords

(S) - 5-Benzyl Cooilfl%larraggrlt@ 1am tndgwf (%Hsydrox ethyl %_I léfld%le ércarbloéycgllcr?d'ofeéh yl met hyl ) - pen
tyl | car bam cesgeiM+Her20butyl ester as a Whl te cr ystalline s olid; 1M+Fi1'- 496
Step 2 A solution of

I (S)-5-benzyl oxycar bonyl am no- 1- (1, 3-di oxo-1, 3-di hydro-i soi ndol- 2-

ylmethyl)-p | -carbamic acid tert-butyl ester (0.63 g, 1.27 mmol) in DCM
(5.1 m) andT£ﬁQc&ﬂ-ttc(nﬁ)f:l(ﬂ}il}ld)oﬁysetﬂy[ aat- adolré\mcbrbbyydrcazlhmerrryya;reatrel)cm 318 g, 6.35
mmol ) and theg reacti rre room t enperature overnight. A
white preci pﬁt"al? fi‘éﬁ%g%ﬁ% djLzeg ?FPZ% b’;‘?dfl VaUFOR A H‘e\lﬂé@hed with DCM (3
X 10 m ). Thehdnel 00&41@1 ()373@0m:c¢ntfh®stoedtonr}; vacdat aach tr:rephrstsalfmew in DCM (15 m)

and NeOH (2 il hnelhaaRlVErlIREH A 56 guﬁqgw%etrxmto'st LEOBo e the

filtrate is concen I n vacuo. owso dis purified
by chromat ogt é{bﬂyoblrﬁ@ )i apd Ol MtH @lg2hint) thl@Ig@@ﬁ)’@We@HrlPdtO‘@CMg(S@% TEA) to
afford ((9S)-J:AR DATRLEYdmoved m\DQL%OQQAQCZAéJ@Pt &EQDQQQ%Q%}N 164

benzyl oxycar bonyl am no-p ent){ - carbam ¢ aci ert - ut}}/ ester as a clear oil;
[|V|-41] + 366 BEAEMgOHA atfeydp{ilHit-Methoxy-ethoxymethoxy)-ethyl]-1H-indole-4-carboxylic

((8) - 1- am noxert! hyihylSsceeMayHpxygar bonyl am no-pentyl)-carbam c acid tert-butyl
ester (0. 24 g, 0.657 mml) in DCM (2.4 m) is treated dropwi se with TFA (0.6
m) and stirred at roomtenperature for 3 days. The solvent is renoved in
vacua to affged4((S)-5, 6-D am no-hexyl)-carbam c acid benzyl ester as a yellow
oil; 1M411* 266 Internediate C




A m xture of 444-(2-am no-ethvl am no) - but vl kohenol and N 1-[ 4- (4- met hoxyL
phenyl)-butvll-ethane-1 2-diamne Step 1 A solution

4- met hoxypheK)PWRH™Ei ¢ acid (6.99 g, 36 mol) in THE (?GT/HH“?W“%“Preat ed with
EDCl (7.6 g, 36.9 ninol) followed by N®&thyl erphollne (9.2 nil, 72 mol).
After stirring at roomtenperature for 1 hour, OG- et hyl ene d| am ne (5.84 g,
36 mml) is Eﬂélé‘d“f&ﬁ‘d?ftlﬂénfé@mow Aigowimetipre)-qiay! s}c}il tidel-atarhoyvin aénper at ur e

overni ght. Thenhjleaet is9Mmgl 6.2a8enchedveyraddilt isandaf2 Matddated)sadindm hydr ogen

carbonate solut]jon and extracted wt t 0AC t i s washed
with citric Ke§"&ories 6trf0°fBF‘?“Pﬁ§fa“éfF??§d9 5&6864 %%d%%ﬁ'ééﬁg(ﬁaée@el n vans until
25 ni |l of soteveih 1§£lﬁ&bd]&d:oombeocﬁm&ﬁ©ﬂ&hﬁfnaﬂd&hé soll»teenr[eﬁloted iabdcps.dio{ 2 14 (4
et hoxy el BU AT, ROLCPL DY) RARDAT S A alEl bl g5t e as 2
(2-[ 4- (4- et hoxy)- \pﬂéﬂ%ﬂlvl)th buteyit@/lnb)ndlrl‘md]ovetwwh@adthamlmnamrdnqved t=- butyl ester
(6 g, 17.88 ko ki 6 Y d i o8y 110 UOE8D, AdnbOREdno 3 TRFANSL G- Argon s
treated caref + ? leﬂ\ IE)raneJO conp ex )ii )§7 rrfog}t oralne |£n THF). The
reaction mxﬂﬁ%@%@%@‘ét@d%‘tz%efl ux for 2 hours and then all owed to cool to
room tenperature overnight. The m xture is quenched by addition of MeOH and
then heated o 70C fqr a further 2 hours. After cooling to roomtenperature,
the sol vent PEPEHRYGEE in vacuo to afford
{214- (4- Met hoxyetiphamambylisthy |- aimin)eetdhyddylicaidbam ¢ acid tert-butyl ester as a
viscous oil; [Mt1-1]* 323 WO 2009/ 074575PCT/ EP2008/ 067110 165 A suspension of
(2-14- (4- met hoxy- phenyl) - but yl am nobet hyl }-carbam c acid tcrt-butyl ester
(5.85 g, 18.%emirol) in [iBr (30 nil of a 48% solution) is heated at reflux for
2 hours. Aft din liana].
Flet 9P9&6199c£[%o Hﬁ’dagéﬂsb S%Q g%%& ) wfcrﬁs* ‘éﬁ‘ﬂi dike 5& N&

The crude residue I's sus Cc an tere toa asolld whi ch
consi st ed of (834 mext-ut enet) age ISED’(VQdlarﬁMBUé)tfhl)Pl&iﬁOﬁbf)Sobl!ilpylls]aﬁﬁ@fhol and

1\ P 1% - [ 4- (4psmbiedrdhan sk mgbutmlrrb@&macn@reacn%n@df@me@@smgﬂmawaw mately 1:1
ratio; II\/Her'l)< 209 and 22 I nter 4- met hoxy- Dhenv1l) - or opane-1, 2

|
di ami ne (S) - ?BHPHY-189 (4] ‘?feztfl?&féy éﬁyr%%@é%% il g d washdedy ed” accor di ng to
t he procedurgadesacriohel mpinpage NB8N, covbhhacbn2x Lacaooﬁnd @idri@dn vath Phy5| cal

Chem stry B, 1 8 388 nd,is . re uce ously

"t o med at eF 0 sy ARt a e B S SERHER 5T BERERE 2} O ami ne Thi s
conmpound is pﬂd@]aﬂ&%l according to the procedure descri bed on page 907, Method
in the Journal of Medicinal Chem stry (1973), 16(8), 901-8. Internediate F 4
5-11iam nopentanoic acid di hydr ochl oride This conpound is prepared according
to the procediee e described in ' Radiol abeling chel ati ng conpounds conpri sing

sul fur atonsr, X‘k&llﬂudﬁf‘éf@mlﬁﬂéik&ﬂ%%ﬂeﬂﬁﬁ1H uﬁBl@ﬂQf}%‘xyP@Qfd I%Erhylle&ber medi ate 3.
Internedi ate G 4- Am i heridine-4-carbonitri le Step To a solution

of anmmoni um EfP 88 o rmps iyMeRH (3 ’Wﬁ'ﬁlaﬁideidr? Maras (2 nihe rf“’@‘%fﬂ'ﬂed a 30%
amoni a sol ukda@d a(i’omio} 2(5 Bbdr@ﬂﬁdhbyallbwb@mcsbél-té-rmlp&rmpdﬁﬂﬁe Akter 20 mi nutes

:?:j:, :,Jlmngyam % vegt 18 rem éd m vacuo an)i theSI‘GSlCPU ISS \%Htl[! \%‘t\é\f‘ igmqv%[\e 3]? orptnut es. After

solution is adjusted to 5 using 1 M HCl and the resulting solid is collected by filtration
to give the title compound 1-Diethylcarbamoylmethyl-1H-indole-4-carboxylic acid;
[M+H]* 275

Intermediate AY

4-[6-((R)-2.2-Dimethyl-[1.3]dioxolan-4-vlmethoxy)-naphthalen-2-ylmethoxy]-benzoic

acid

Step 1



WO 2009/ 074575PCT/ EP2008/ 067110 166 for one hour, water (50 m) is added and
the products are extracted with DCM (3 x 50 m), dried SO4) filtered and
concentrat ed"? A'%AER. Purification by chr omat ogr aphy o CYEP08806&110t i ng wi t h
50- 100% Et OAc in iso-hexane affords %

4- Am nonet hyl - | - benzyl pi peri di ne 4-ylam ne; ft/1+Ft 216 Step 2 To a solution
of |ithium afusisalogn kydieihdb6hidmiy-Erarhpate1d.94 Hid2)S mmolry aghwk eyl et her (15

m ), cool ed Qi G0 MNARS 2R BF g%wcﬁbmapgezrm hﬁ]o@dﬁa%@mn% e ¢A3an no

met hyl -1 -benz perldlne 4- 18 di et hyl et her
(15 ). ThemPéthl hH AeaRiI HPET & gé(dfeglf"?%ﬁ 3%2’ fdg]%&“l?“a‘ﬂ‘d“ tEn cooled to
0C. Water (Ofll%ednih}ougs (added fflot hﬁwadl) hyd aqeltﬁ%taquaﬁu&tﬂal&a-zln (Ocuo2b M) and

t hen water ( war m n 0 ng) is added
and stirred for gk %15( 5?112% [§'§§droxlyhpero } rcliasphg}ag]ner g%r%e Baas uc?joﬂes(tffrlalgtar ation and
the filtrat eWEmmda‘ﬂJedMlb IgMbe- c&h 3ai°l 2HThe =solifts, 3a$563 8xtithonled.8%i t h

refl uxing di h ty I 4 hours. The
di et hyl et he(?ﬁlné ?gr&m@gd&sg \I?iag)cggﬁgﬂgc; ?ﬁﬁ%%%{ §§ ﬁdlpr?e qgﬁdt gurl fied by

chr omat ogr aph) Fom 544 (18adel uf 2ddp)wi-h(11b d9500% %F\)/l éﬂ%hﬂa“h AHrdtlra sol ution

i n di chl orongtharg 7taa (Gi1vie), é-oAf(ﬂ}QQj—% -banzyl pkperni dj.ne-4-carbonitrile ; | MFHT
220 | nt er medi ate H . L, LIAM2, 2 -L1, 3jdi oxol ane- 4- vl net hox - henvl -
Step 1 To 3-(4-hydroxyphenyl)-1- propanol (10 g, 66 mml) and potassium
carbonate (18e®2g, 100 nmol) in acetone (200 rr1) IS added (S) glyci dol (6.5
m, 100 mol ixture i s heate ter cooling to
room t enper a%%?é&?ﬁg%}%ﬂ%\r/oé(ﬁipr?poq “&81\1/@816 %c%txty dmterhél ?sée e®partitioned
bet ween Et 0A&2@ntholaib enhydihe [Hqtedus!) Ilsazyﬁr:d P-,§ cﬁrmthdwefproexmer é(@tleld 16 ce with

Et OAc and th n d r ne, dried
(MS™), fi Ilﬁlglg)ggg élng)qcagr%%gn‘% ?Oé%gég ]llf%}?/eagqug \éﬂ?@ mmogea%gfﬁdﬁgg{og purified by
fl ash col ummefirenatsogeaphycon simpiredreefait {hdowst hThe Teapi@ashsBchsxane to
afford (9S)- 39041@(.1%3!@!;{%%yuopmpm@)rem@nl@wsl;olperdomammﬂe, %Q'EQ!)A@% & white solid,
1H NVR (CDCL3) ; élHN bry, 1.85 (2H pent, J = 1.98 (1H, br),

2.58 (in, brya zddsh(l fg NpiCO3, wargy, gnd prync, éfﬂS‘@OV(ffz%lrhY%fP“S da’sosaed Hg), 3.72 (in,
3.83 (lH, M solvn0Qs (Rhhorsted @& FadkoldHzobtdin =6-GRD2PA)imethy 09,3 dibkoldarg-, 6. 82 (2H,
d, | =7.4 % 7.}0 é’zﬁl' d,, | = 7.4 Ijzn%5 WD 2009/ 074575PCT/ EP2008/ 067110 167
Step 2 To (&8O PATCRIRIHF Sxy Brobyr Y- BHEhoXl - propanc- 1, 2-diol (11.5 g, 50.9

mmol) in dr yasI sIVFd(1IBBIMRXD1NI§Oat60ted3Zpyﬁ,dD,rﬂi.W3[bl 501 uisABSLI fronalt 6.361. 28 g, 5

nmol ) and 2, thpgy n | The t sStirred at
room t enpera ur’e for1 ﬁ%ﬁ?@ gﬁgggsﬁgir%}{t ﬁz %‘%ng%tdd J; r9reﬂr?)gvdé§§)i’ lr71§*vacua The
residue is dilssdl hedlit).ENdH 4590 3 Headd udidhéd =W-@ Hzwdéd1Hehi ar at ed
aqueous sodi ymhy dragen, garbonate solution, brine, dried (My504) and
concentrated in vacua. The residue is pUI’IfI ed by chromat ography on silica

eluting with 1:4 EtO0Ac/ iso-hexane to 1:1 EtO0Ac/ iso-hexane to afford
(3-[4-((R) - Zggg@i met hy1l- 0, 31di oxol an- 4-yl met hoxy) - phenyl J-propan-1-ol as a

PNk SR I A oSt BRSO S O A P S SR

Hz), 3.90 (2¢d,rbcm}ll,lc &i0@cthUHsem) 1,0 . A8 (i) impinhydr &6 TEEH20 pend;,0 L5 6. 8 Hz)
6.82 (2H, d, 7 . T

(3-14- ((1t)- *édldﬁ‘réﬁ\rlrét Hza “‘i%f %%H‘ oa’%%‘ Ogn-ijr rgrgtrﬂllg)%(%/ T§ gﬁﬁ?ﬁ %86 an- 1- 01 (12.2
g, 46 mol ) fitmredrayr@!mmlp(ri@@e aefn)gh. sThdde@nommxt(ug.@s gonetntrag immodup. The
mxture is Cémltﬁdrefsﬁaué)lsQunﬁéa%ytcroﬂ%edr&lﬁﬁpg% O%mm@ﬁ  hanesuldgry! chloride

(5.3 mM, 69 mmol). The reaction mxture is a to warmto roomtenperature

and t hen st.%P]%@efédr{ﬂé}ﬂfwlapdrﬂ@efhwﬁ §aphrlwé¢nr?e>§hlviepﬁb #i Xt U ITlESwashed with
water (2 x 1QQom 9il whiah tliaified oAGHHEOMS '8 o RNy hyKisoganpasbonat &7 (3u,i ne, dried

(MgS™) and e d a i esyl foni ¢ aci

a1t~ 2o T %%ﬁﬁ%ﬁb?aﬂu%m@%ﬁa&%uﬁheﬁﬁ@.@%w| ester as a
white solid;=&ldHNVR.GT)A, 3)J:= 610 B9), (3K,(119)dd, 1 = 4;35 C3HS)7.32(10R d( 2. 5pent, J =
6.9 Hz), 2.6 ( J, = 3.90 (2H, m, 4.05 (1H, :
4.14 (3h, n)lgl %y ](“iﬁd 8? s ), 673372%%% 2 (2H d, | = 7.4 Hz), 7.10 (2H,
d, | =7.4 Hz). Step 4 I\/bthanesullonlc acid 3-[4-((R)-2,2-dinethyl [1,3J

di oxol an- 4-yl ntt hoxy) - phcnyl Jpropylcstcr (11.8 g, 34.2 mmol) in acetone (200
m) is treated with lithiumbromde (8.9 g, 100 nmol) and then heated at
reflux for 5 h. After cooling to roomtenperature, the mxture is concentrated
in vacua. The resulting residue is dissolved in EtOAc (150 m ), washed with
water (2 x 50 m), brine, dried (MgySH), filtered and concentrated in vacua to



di met h111, 3] di oxol ane as a colourless oil which solidifies; H NIVR (CDCI ):

1.39 (3H, s), %3H$) 2.02 (2H, pent, j = 6.9 Hz) 2638 6.9
Hz), 3.38 (2¥PZQ0P/074 3= 6.9 Hz), 3.90 (gh m, 4.02 (1H PRY/EPHA! ﬂiféﬂ(lﬂu ,
4.46 (1H, pent, | 6.9 Hz), 6.82 (2H™Y, J = 7.4 Hz), 7.10 (2H d, J=7.4

Hz). A solution of N-(di phenyl nmet hyl ene) am noacctonitrile (5.14 g, 23.4 mmol)
in DCM (12 mM) is treated with (R) 4 14 (3 brono

propyl) - phengxysget hyl11-2, 2-dinethl -[ 1, 31 dioxolanc (8.1 g, 24 rmDI) in DOA (12
m ) and cooled to

benzyltrieth Ifa'r’“fﬁ’égl gr’i‘i‘eﬁ%%éa}l%g‘gg‘?%@ﬁ?a §g43ﬁ'}%’d1“7‘°§dg’ ?’H];zo‘lr Ig'g‘mﬁloyli ng mxture

is allowed tp, Mbmliﬂ% plmmom)ma@nitailur B—yl [Afetlanolst(D.or ighg3 N2 gﬁfnm]l)8|ay1df or 4 hours

m xture is d 1 m Qus rt)o noved. The
organic | ayer“le%ny em% 9?6 mr%%?lnd%%&rﬁz?%grs Cﬁ%l,g‘? rpeg (%E , filtered
and concent ra@élde}rbmxy\l/ea@uaS mlThé7 Gmru@lé_lsmddddjdtowepuﬁefliesnii_Obym@thramat ography on
Z![ lhle(r:at g' ;rt 'Gflgre\ﬁ“at fbotPrehpbaQr VA AirR! M LioRtIRfurd 19 cSicdnct8QE¥AC/ di et hyl

2- (Benzhydr y#iddeidicd iy oL phropeRyph 2 (P wdt ApF/isphespeli oxotan-wiyl met hoxy) -
phenyl ' pent apgni trhd ﬂ)r@dlﬁ,‘? obtaéd is@\’l\éeQﬂgl}m Jrrlf‘réd ﬁl%ﬂl%)nat ?h?tneutral

di astereoi soners 1. 39 (3H, 98 (2H, m,
2.52 (2H, tralupin, ?t ro lll@o@t%@éi_'to ﬁgtam44dQ 61%2 l?f.)nethn?[']l_ drg{xoéazﬂtl FT, m,

4 47 (lH peflinethdxyF-n@ptBhdttn) 2- ylfneﬂﬁx;( Hebzott, add Fncfhyd dste) ,as Avidke ﬁoIrHl; d, J =7.4
7.19 (2 2 : 75 H, , (.60 (2H, d,

j APRE AN ﬁ'&r{% é)Mgtg (1%'2' 1]38 3h1,2), 89736 895 1,99 0845 (P

2- (benzhydr y#.fetede-(amh mO))SEJl(dZH (SR)7-125 22didrbtry /-3 118Jdi ox altahi=)4 .53

yl met hoxy) - p{{@p ] n ;rr 647 HoBlo) }@nTHE (50 M) is added a

2M HC1 (aq) ﬁ%’)l eggllﬁe ?c:[:iu’u %ér:lzi sdﬁggr%%’%aé 9?“?9 1d 4 hours and then

allowed to cool to roomtenperature. The pHis adj usted to pH 9-10 using

saturated aqygoys sodi um hydrogen car bonate solution and the organic sol vent

is removed in vacua. The crude residue |s di ssolved in EtOAc (100 m ) and

washed with WRtersougpn n%f 4dé.@cr2(2w§@6&y' [ eidiperad- Arﬁlatheaﬁ@émtraéfr\e?d |n Vaal ().

The resul ti ngmr;msmubendo& apurma‘thﬁdstwoerh,rn@sahle@r apriwmtar Lo gaoed utting With 5:1

to 1:1 iso-hexan tOA nd, 1 e d2-Anino 5[4 ((R
2,2 di net hy1™14%"3 'a. Q§%4 an-'41 Y%@‘f‘ﬂe @; h%g |"|““‘i%)l 8%%“9%“1“6“‘56 "a col ourl ess
orl whi ch soitirgid fai esm tbrﬁﬂ'erNNR vaDEhB ) henmt X@Eﬁféprdﬂ hdﬂalstr@mecm gomee 5 1. 39 (3H,

350 0 (235%%94%5?%&%%5534*%%1% b TR A A

(1H, pent,' isc@legegpy vacguigdiltapion, washqd withywarepd, rl’¢d 10def 234uugg to pfferd? 4 HZ)

| MF1-11. 3054. R) ZZ DAm&Q!/lL{tl |3Rirbngan 4-ylmethoxy)- naphthalen 2-ylmethoxy|-benzoic

2-am no- 5- 14- ‘r‘érd di net hy1- 0, 31di oxol an- 4-yl net hoxy) - phenyl j pentanenitrile
(1.7 g, 4.28 a 2M ammoni a i n net hanol solution (50 nil) is passed

t hrough a H CUBE apparatus fitted wwth a Raney nickel CatCart at 50 “C and a
hydr ogen pressure.. of 2) bar and a flowrate of 1.5 m/mn. After 5 hours of
cont i nuous CG]& T]ﬁddatﬁﬁ he solution the reaction mixture is concentrated in
vatuo to gi v&(3 )-2.2-Dimethyl-[1.3]dioxolan-4-ylmethoxy)-phenyl]-propoxyl-benzoic acid

5-14-((R) -2 h 1, 2-di

asa 11 ght yﬁrﬂ% g dyid e B AR, & TR o s BN A i e
Thi s corrpoundinletéle[rléﬂra@wna‘hah@@lotg}éiﬂyph@lfrml -eli-methaatlen Hupy4 vepl &¢4-ng
(314-((R) -2, g, ﬂmﬁﬁéﬁy&%ﬂs %Qagmly%t%xy! mﬁrrpfs%}gafph%nyﬂﬂmrzqam ol with

4- (4- met hoxyphe but anol t ermedi at e - cl ooent vl am ne
Step 1 To ad (dobg(ééﬁﬂa sg 1) (¢ 8n1 8?2@11@%@2@&%&&@)%@ Béﬁﬁé acid
tert-butyl egtem) ;(34694ngr4}?, A 4menli @A, &,y.38 f(f, (4.3 ab,)s.uneer (an at nosphere

of argon is de ) ), T reaction
m xture is alb’ (1 \Agglg{‘ ﬁﬁt‘éﬁ '(;go%:‘:}l‘gkgg é’tgu(}j mﬁg@t’l r%@%&r hours. The
m xture is tHen re-cooled to O C and cautiously quenched with water (0.4 nil)
15% NaOH (0.8 nil): water (1.2 mM) (1:2:3 eq). The resultant m xture is
filtered through CeliteO (filter material) to renove the inorganic solids and
rinsed with WON. The filtrate is concentrated in vacua, to yield a white
solid, which is purified by chromatography on silica eluting wwth 30% MeOH in
DCM to afford (1-Am nonethyl -cycl opentyl)-carbamc acid tert-butyl ester;
[ MET-1t- 215. WD 2009/ 074575PCT/ EP2008/ 067110 170 | odotri net hyl silane (0.091
nil, 0.67 mml) is added dropwi se to a solution of (1-
am nonet hyl - cycl opentyl)-carbam c acid tert-butyl ester (120 ng, 0.56 mmol) in




Steps 1 and 2
(R)-2-tert-Butoxycar bonyl am no-5-(4-tert-but oxy-phenyl ent anoi ¢ aci d et hyl
ester is préﬂ%ﬁ@gwﬁéﬁordlng to the progedure of Ding, CﬁEBﬁV@WﬂM7“&h Ruji an. ;
Rong, Guobin. Preparation of MFPhenyIIF?S) N-Boc-am no Acid Ethyl esters;
Chi nese Journal of Oganic Chem stry Vol 26(12) 2006, 1694 8c1695, replacing
Et hyl Boc- LpVF@@PHﬁé te with Ethyl Boc-D-pyroglutamate & Brononethyl -benzene
with 1- Br onmfﬂrg)ezsmﬁ.ﬁm <RI AZ SN clD- &X@dﬁpmmZm 349shing- preparation steps
2.2, 2.3, and. 2 5 IVk 394 Stcn. 3
(R-2-tert- 'i' iimiick a-im oy b yent anoi ¢ aci d et hyl
ester (179 g 460 nnDI) i's dlssolved in 7M NH3 in MeOH (400 m, 2800 mmol) and
stirred at roomtenmperature for 4 nq&mu $a0t|029 byC 00 gggqued in vacua
keepi ng the enper 0re BePsthisg &n1'g? (4D grpracine
Butoxy-phenyb@uﬂOﬂah@mhuyhab@MyhHdﬁwbawn¢naéwdbbeﬁmab&tyh*ﬁsikw [ MFHP- 364
Step 4 A solution of [(R)-4-(4-tert-Butoxy-phenyl)-1-carbanoyl -butyl]arbamc
acid tertbuté ester (167 g, 458 mmmol) in 1 MHC in Et20 (4000 m) is stirred
at room t enpBfamnedigc B8r 3 days. After this tine, a white solid forns which is
col | ect ed by4fiNabk@hE RN -G, WaSREMMA I PHEE RO 4O Yield
(R) - 2- Ami no- 5- (4- hydr oxy- phenyl ) -pentanoic acid amde; [MH - 209 Step 5 To a
stirred solution of (R)-2-Am no-5-(4-hydroxy-phenyl)-pentanoic acid am de (5
g, 24.01 mVT\guNouéggtl)mlgg(%@?%g%ﬁ)zad%d&dgadpdnab@lamlaamg&qea% gemﬁll ammll) fol(l?)og/gd
y tert- t chl orosi | ane
g, 26.4 mol Y é%e@mOf 'ﬁgceéogr:?({%ﬂ S 2‘8@ s aﬂdg%ff%i* “¥346lrs and then
allowed to cedabatetcbatmomd etmpe datditen. Dhel satukiomiswbd! e tE:t@(O: g(naeﬁanﬂdi withashi ng wi t h
water (2 x10 )o entration in
157010 yi of el nBMSlehNEn bty This b e MR 1 AP PUGETES )
phenyl J- pent aﬂdlllrtg racitidn aymtare s i Wsz::eu&w r@acnows Sgﬂllfltfd umngtﬁtrlc
(R)- 2- A n0- Radfiraleh Richer Bt WiafloMBhBYd sl K &keh QXN EBNACON) Lapentapol ¢ acid am de
(7.74 g, 24 mol ) i is stirred C. and borane (96 alM
sol ution in THE: f%a‘ﬁ‘ﬁﬁls)laﬁe’slsééf‘dlféd“acr‘f?e‘mﬁh E(‘IQﬁCé“FishesCPPlPWé‘HOf@ﬂ“'S Cuntil a

honmbgeneous E}&iM%%mM&dth&h&@dn&@dhkb@ﬂmgbl&B@@m%&v&@%ﬁhﬁ&ﬂﬂ@h@kﬂfe for 30
m nut es and 35 fﬁ hourEd fter this furt boranc (24 m of a 1 M

sol ution in PHEd LARY it HeOP ELkeRegie e RgEted at 35 C for 18
hours. After thIS time, a further portion of borane (24 ml of a 1 Msolution
in THF, 24 $ahte§gded and the reaction heated at 35 C for a futher 24
hours. After %IHE t he reactlon is cooled to 10 *C, and quenched by
addi ng dropAvx, eth15¢ 5 A i
tenperature the solvent i's reaned in VaCt|O to afford a yellow oil. The oi
is dissolved in MeOH (250 m) and SCX-2 silica (180 g, 0.63mmol/g, 120 mmol)
is added. Th&esilica suspension is shaken for 18 hours, the silica is renoved

by filtratiop 1solmd11e\mytl§' (Mﬁ)qgslllfg[%/l))% %thomblnzostg@fo %Uﬁﬂ)e[ﬂﬁll%ﬁ ah(i1 /M NH3 in

MeOH and shaken for 18 hours. The silica is renoved Itration and the 7M

NH3 in M OH ¢§0W@HﬂVbﬂﬂpﬁeUd%Ualﬂb3ﬁﬂmﬁ¥d“f%%AfVFP%Béﬁﬁﬁéﬂﬁbhhs a yel | ow oi

| MEFit - 195 hpherdaeheali®mine 0. 1Ght, 4,05 nhé& wm %ilu)non henatd ;rthb&ncormound is
prepared anal ogously to Internediate repl aci ng, Et hy

Boc- D- pyr ogl iﬁt“&?FﬁE“ée ﬁ0h3 dpwpand %T%hytfﬁﬂﬂq’e’géfé‘“ﬂe Bipcsldl UParEE; s 8[49ﬁ¢u+ 195
I nt er medat e Whd sbldib € R-pakitcphe Bbeddeeh YAMD X260 g MMl (PERtEEOIQ1 do & dThel d| carbamate To

a solution of (4-((R-4,5-D am nQ- yl noI (775 ng,
1.99 mol) i#® h(‘f vﬁs?e&%ﬁi%ﬁﬁf 2% ?%ﬂ i*He a‘% ph E‘?‘ﬁg grog 8hmol ) and a
sol ution of addOR6Q9OMYSIFBEPCTdr BRBOOSINAGRIsbBent removed in vacuo to yield a

yellow oil. Crystallisation (iPr.O/EtQAc) yields 3-(Cyclohexyl-methyl-sulfamoyl)-4-m

ethoxy-benzoic acid methyl ester as yellow crystals; [M+H] 342.

Step 2



172 di-tert-butyl dicarbonate (1.33 g, 6.08 nmmol) in DCM (10 m ) and the
resulting solution is stirred at roomtenperature for 18 hours. The solvent is
renoved in VAREHYEHE St he resi due puri fied by chromatogr BORFPOE/5y110

Et OAc/ i so- hexane) to afford the title 3%rrpound [ MF1-11* 395 Internediate N
(S)ert-butyl 5-(4-hvdr oxvnhenyl) entane-1 2-diyl di carbamate This conpound is
prepared anaf 6g8i@ §f (& velphesy!mad Yéf‘éfamoyl()ﬁ)mﬁtﬂé%xty b acig ngeahyl ester

hydr oxyphenyh)sl@egnh@aaﬁﬂomndmyd maea(Maﬂmsereﬁt@mvaﬁIerJNlaOHe(nmm AatendS,

(4-((R)-4,5- Diamn ent henol with I r

4-(($)-4,5- de&m%()ﬁ& ng/ AT MO %g% ‘tféa[fPédét’eé“ ogd 4. R -4

5- Di ai ni i M ein batoainl éce T&d I N 61CI Btr&lpls:hddéﬂrdnéltﬁt:Wlﬂt&’ISﬂ&i WBc3fbriedis 0. 06 nmmol ) and
(R-(+)-dl yci 4 | ) are added, to sol utlo R)-tert-butyl
5- (4-hydr oxyp‘(}c%ire"lrcffﬂq ngoeﬁ Iéldné qwé gm) %?nécalfl yam V}/aShe ' evrv%t‘%rda dqf\\/fﬁ) S?§l74 mg, 1.20
mrol ) i n Et O#hd(the wilvenamdoteden V@smtmuﬂgtfsoitlamrowuné ahewhiedsoad; [801IC for 18
hours. The r tionis allowed to cool to roomtenperature and concentrated in
vatuo. Purification by chromatography (Si G, EtO0Ac/iso-hexane) affords
f(R)-2-tert-But oxycarbonyl am no-5-14- ((R) -2, 3-di hydr oxy- propoxy) - phenyl | pent yl
| -carbamc acid tert-butyl ester; |IMFEL1l1+ 469 Step 2

{(R)-2-tert-Butoxycar ﬁonyl am no- 5 14- ((R) - 2, 3- di hydr oxy- propoxy) - phenyl1- penty
I | carbami ¢ a®fdm¢Et Bhutyl ester (94 ng, 0.201 mol) is stirred with a

sol ution of ANiorddCnethdxEu2D (4-Betiil [} pipeddzinl 8 yirewb sy|daekoicheid | oaded onto a 1 g
SCX-2 cartridge washed with WON (30 m), followed by 7M NH3 in WON (30 ntl).
The NH3 fraction is concentrated in vacuo to give the title conpound,

(R -3-14- ((1€e15- D am no- pentyl) - phenoxyl pr opane 1,2-diol Internedate H

(R)-3-14- ((R)y-4, 5-Di.am no- pent y 1), -« pheno - iql. * 269 WO
50001 074575 ERE008 DB E T4 1 Br mt B0 BRECS e Sl i i

(R) - 344- ((S) {149 &)k beriedat oénk (of 8 dhenobhgiseleeno parpeevid 2+ diced anfhiaergonmpound i s

pr epar ed ana&&agf)tbwremué ALEITPALAL S {af—aolNﬁrchI;Lg;oﬁé'e’)edtﬁrﬁtnmwl 5-

(4- hydr oxyphen)ﬁ entane-1,2-di yl di carb I nterne h
(S)-tert-butyps wcmmvd@aiyﬁﬁéﬁsﬂlvyémﬁtaﬁew ssztua?wdr%%aﬁ%ﬁ @nd(tbﬁt ermedi at e
N [MHFIF- 269 k@ﬂ&éd@%%&o%%3 hiofR-1- 3o D1 AL MOsy RALM RAmnJA- et hanone
(R-tert- but% -(4- hyd gxyphenyl )pentane- 1, 2-di yl di carbamate (Internediate M
(446 ny, Er And it €lidki ssol ved i n DVF (10 m) and Cs2C0; (368 ny, 1.131
mol ) and 2- br ono- 1- nor phol i net hanone (118 fig, 0.565 mmol) are added. The
reaction is t|£red at roomtenperature for 40 mnutes, then diluted with
water (20 m d extracted with EtOAc (2 x 50 ml). The organic | ayers are
dried over MjS®4ndplithsphes €d oy ehtt nooncadtADdd. Sinn, URAIDMPD agi addedaroc| ear oi | .
Purification, [N : tem (M crosor bni
08 Wter/ Met Utf:Oml% ng B%ﬁ 995%&6\[%0%? b8y %QQQNJ&RJQ%@@ 1\S/lejg i n di oxane (4
m) and treamegl V\WTHFMQ\mN@]Oi’(ﬁafdi tb?(&ﬂﬁ'dt“(z‘%élsomﬂ)on &rtirred for r’iéduratathbm t enper at ur e
for 4 days. (ongaptkatiQmh ﬂeﬂpé’r@t%%oTﬁJJoWeﬁés PenWOéJzﬁ vfz%”an‘ﬁma%? id s dissolved in
MeOH (3 m) and | oaded onto a SCX-2 cartrid which is washed with MeOH
(60 nil) andaderdl Mxthe residnedbe e@éuqﬁmextrw@ lNﬁ@%ééﬁd O¥eSw entifrbi ned and

concent r at edsglRnMagUadiDy@hy & dfeed & yetuba dﬂomwndmaasogaa[ﬁwlsw;l ess oil; I MFIF

e R s e el

met hoxyphenyldnzdie bud andl! epdet &3 ad-ofhgeretlidoxyphenyl) - 1- pent anol . I ntermedi ate S

Step 3

A solution of 3-Chloro-5-methoxy-4-[2-(4-methyl-piperazin-1-yl)-ethoxy]-benzoic acid
methyl ester (3.7 g, 10.7 mmol) in 2 N NaOH (20 ml) and THF (40 ml) is heated at
reflux for 1 hour. The reaction mixture is washed with Et,O. The aqueous phase is

concentrated in vacuo, and water (50 ml) is added. The pH is adjusted to 3-4 using 2



S -4 5-Diamino ent -carbamc acid benz |este Step 1 Concentrated FICL (15
nil) is added to a suspension of Not-BOC- 245-Z-L-ornithine §)5.00 , 13.65

mol ) in 2, YArWPHOXy pr opane (150 m ). An endot her m oc®GFEPURNTHR resul ting
solution is left to stir at roomtenpel?]ature for 6 hours. The solvent is then
WO 2009/ 074575PCT/ EP2008/ 067110 174 reduced in vacua to approxi mately 50 mi
and di et hyl Btiier Te thapohipn jsedduddeadWEe YW tmevicssly wtaphsA widir¥e@t: on stirring a
thick white suspengwar:f Hdme relli@ndMixti@e 8Qlikdl diSoGRlehBelafe RY 1hbht rati on and

rinsed with diethyl| .ether 00 . . The ite solid is.dissolved in McOH (30
m) and diet RSA™ { hdie %Wgﬁid)w'rpb‘?”ﬁﬁrd%‘&‘ ¥‘€p i i'SpfF‘F%SF(gffam e gbl idthat is
col | ect ed bywhdhlngrathi MeOBEMNHOHSEN ssufidh idlt@ichittatedtihercuo, thleed @lichd i s di ssol ved

| n DOM and wasRed Wit 2y NaNROKO(TR M o1 IS0 8 SicRN1B38%ud e il ed over MySOL
and the sol vent evapor at ed i'nvVacua‘to yi el'd

(S) - 2- Am no- ®alrenzd/ésoxiebaerbronydlidm nopent anoi ¢ acid nmethyl ester as a
colourless oil; I-MHE- 280.78 Step 2

(S) - 2- Am no- 5- benzyl oxycar bonyl am no- pentanoi ¢ acid nmethyl ester (2.80 g, 9.99
mol ) and 7NPtRpEedidtpBEEOH (20 M) is stirred at roomtenperature for 72 hours.
The reaction mxjure is evaporated to dryness in vacua to yield a white solid.
The white solid|ls suspended in diethyl ether before filtration and drying to

yield ((S)-4- Ar orbarmyl-but )-carbam c acid benzyl ester. Step 3

((S)-4-Am not'¥- car butyl)-carlbam ¢ acid benzyl ester (1.87 g, 7.071 mmol)
i's suspended in dr (40 r}g) and cogled to 10C in an ice bath under

ni trogen. Borane (28~3"meaf a4 MDotUtion in THF, 28.3 mml ) is added. The
ice bath is renoved and the sg$pegsion heated to 70 C and then left to stir at
this tenperature for 3 hours. Further borane (28.3 m of a 1 Msolution in
THF, 28.3 mml) is added and then after an hour the sane anount of 1M borane
in THE i saddgd again. After a final hour at 70C the reaction mxture is
guenched wit OH (40 m ). The solvent is reduced in vacua to approxi mately
50 M. This is diluted with 5 N4 HCl (1g&rr1) and washed with diethyl ether (3
x 100 m). The aqueous phase is basified to OMw th 2N NaOH and product
extracted into EtOAc (3 x 100 nl).ciThe torgani ¢ phases are conbined, dried over
Nl gSO4 and the sol vent evaporated i mSwacuo to yield the title conpound as a
colourless oil. Internediate T 3,5-Di afi no-6-chl oro-ovrazi ne-2-carboxvlic acid
[ (S) - 4- (4- anTH@sdrddao iutibdazadhdiamlREs00MQ, 2009404 4505 ER20Q8/067110 175 To a
suspensi on of (4}%@) Cé;_/(gg 5- Digin‘i no- 6-chl oro-pyrazi ne- 2- carbonyl i m no] -

i mi dazol i di R APF RBAGI3 77capbark’ @ ATvE HeRYIe dstler O B 8y1of 6. 110 g, 0. 239
mol ) in drysdeWal 20mthpdrsuadeeds hadatpLiomadhyhgiid aled 44 (A30hird soli®. 956 nmmol ) .

The reaction mxture is, stirred at, ro t enpe re 3.5 hours. MeOH is
added to thepr§ﬁ§b'éﬁe§?°c¥ﬁd@“lggfra'i'%ga%i %?ﬁﬁ{ﬂ‘f@h.tzézé(#bpi”ggﬁ{hﬁﬁo%i)“e atch and rel ease
resi n ( SCX- 2iltretesitic ngnoanttanedvin@t radided/privdsNtel3o yinldMe@kblyurébdsl.t he titl e conmpound
as a brown oil; [MFH 327.1 Internediate U
4- Am no- 4- am nonet hyl - ei peri di ne-1-carboxylic acid tert-butyl ester Step 1 To
a sol ution ofe2ani no- 4- cyano- pi peri di ne-1-carboxylic acid tert-butyl ester
(11.5 g, 51.0 mol ) in pyridine (20 mM) at 0 Cis added trifluoroacetic
anhydride (11.0 m) slowy and|the reaction mxture is stirred at 0 C for 4 h.
The reaction mxture is dil yfed .«n washed with brine, dried over NalSO4
N)lE

and concentrated in vacua. The r¢ e obtiai ned is dissolved in DCM and
re-precipitated by addi ng petrole f"'her.“'\g'hg\saﬁer nat ant sol vent mxture is
decanted and the product is washed agai n wth,petrol eum ether and dried under
vacuumto afford ‘ . o

4- Cyano- 4- ( 2T'a stireqd;spluie ofdcs v @ninpayhpi-peloheianecarbealotid P e @kt d tert - butyl
ester as an @) il HNNWVRYKA653 BIVRQMded 1601 £ 43,6 Shnol) hnBhe LesBBng Abkeud) . 2. 26- 2. 32
(2H, m, 2.99-3.15 (2H, m, 3.79- 3.82 (2H, m,10.1 (1H

I- < ! s& :
is stirred at room tenmiperature for 15 hours. The reaction is cooled to 10 °C and conc.

HCl solution (15 ml) is added and the mixture stirred for 10 minutes at this



Step 2 To a solution of cyano-4-(2,2,2-trifluoro-acetyl am no)-pi peridi nel
-carboxylic acid tert-butyl ester (10.0 g, 31.0 mmol) in EtOH (150 m) is
added Raney YWP2W&P740751.5 g) and the reaction mixture isPSUVEPP&HOHAer an

at nosphere of hydrogen for 3 days. A 0% t her quantity of Raney nickel (-1.5 g)
is added and the reaction mxture is further stirred for 2 days. The reaction
mxture is ficmpeped- Misggpal fgmughief aresplaied prfiftratios apd weshet vah ) and t he
filtrate i s gooeanhnas gedithe HREHAPSAIODt ai N 4- Ami nonet hyl-4-(2, 2, 2-
trifluoro-acetyl am no)-piperidine-1-carboxylic acid tert-butyl ester as a
viscous oil that is used crude wi thout further purification. WD

2009/ 074575PidRR08F067110 176 Toasol uti onof

4-aninonethy§;ﬁﬁ&%lg 2-1mif y%gqnggg&ylanino)-piperidine-l- carboxylic acid
tert-butyl dded a 30% aqueous sol ution of anmonia
(70 M) and the reaction mxture is stirred at 80 C overnight. The reaction

m xture is concentrated in vacue t . , - o
4 At no- 4- am MOreURITS B BerT B he 1A Ph xS At G St BbfgT™8sbhr as a brown
oi |l that is Usedodr Gbervot-Hewki~ f.uttMeeto.gab4-fication; [MFI]- 230. Internediate
V 3-(3-1soororioxv-pvlsul fanmoyl) - benzoi c acid 3-1sopropoxypropylamne (1.1
eq.) is dissolved in THF with stirring at roomtenperature.

N, N- di i sopr opyar@ehiyir Bfi ne (1 eq.) is added fol | wed by nethyl 3-

(chl orosul f opyd-yReAZEHeBo36lethy(-be@MlahineThe reaction mixture is stirred at room
tenperature for 2 hours before the solvent is evaporated in vacua to yield the
crude titled product. Internediate W3- (3-1sopropyl-ureido)-benzoic acid A
suspensi on ofhiScAHNRPRPEDhed aCUdEcr(ROirgus As2&smol ) in TI-1F (300 M) is
heated to 60C to forma clear solution. |-propylisocyanate (14.9 g 175 mmol)

is added over 30 mnutes. During the addition the product starts to
precipitate. After conplete addition toluene (300 mM) is added. The reaction

m xture is s#irre aé 60 C for 4.5 hours. The heating bath is renoved and the
mxture is stfFPedOVEr ni ght at room tenperature. Finally the suspension is
filtered and2waRhedluwidé-pheaylctkhbi-@halylltihllabde : t ol uene (200 m ). The product
is dried at 60 C for 18 hours to to yield 3-(3- Iso pro pyl-ureido)-benzoic
acid Internediate X 5-0x0-14Thirrol -1-vl-orooyl)-pyrrolidine-3-carboxvlic acid
Step 1 To asws@lution of 5-0xo-pyrrolidine-3-carboxylic acid nethyl ester (1
eq.) in dry I.S. addec H{(1. 1 eq. Ilgﬂgﬂ b . i A
1-(3-bronD-p%%%VTygTnggﬁggXg&?f%éggf%(%%5’réao??%%’%?%?ﬁ?geﬁg”étirred at room
t enper at ur e twae-heghte. (1 Pliei Tli4faninoh fosistiym nobomite (19®g, 143 mmol) and

2009/ 074575 P&E{uﬁﬁ%&%{%@%9.8%Z1?nd@hﬁ§&t&mifmimr> el O Xh@l @ 44
5-0x0-1-(3-pyrrol -1-yl-propyl)-pyrrolidine-3- carboxylic acid nethyl ester.
Step 2 To a Q}%|Fé@jreggloatniu&tﬁre(lecqoéed)an@)flltered and the solvent removed i vacuo to

5- 0x0- 1- ( 3- pyiEl Qldadk-BEbwP 6ORYL cRYMERkiafhNSIB; EROXY héGndGicdisneihyl ester in
THF, 0.2M LI§3:IS %gdes nd RMis stirred for 3 hgurs gradual ly warm ng to
room t enper at'ui &ORBHEY B HRREUTIT e T i ¥ YEYY Wit h 1IN HO and product
extracted into ethyl acetate. The organic phase is washed with brine, dried
over nagnesi§g1§ulphate and the sol vent evaporated in vacuo to yield

5-0xo-1-(3-pyT%DI-1- yl - propyl) - pyrrolidine-3-carboxylic acid.
2 N NaOH solution (45 .2 ml, 90.3 mmol) is added to a solution of {4-[2-(4-Fluoro-

@D

phenyl)-ethoxy|-phenyl}-acetonitrile (3.29 g, 12.9 mmol) in EtOH (45.2 mol) followed
by AI-Ni Alloy (2.5 g) and the resulting reaction mixture is stirred for 1 hour at room
temperature. The reaction mixture is filtered and the EtOH removed in vacuo. The
product is extracted into DCM (2 x 80 ml), dried (MgSO4) and the solvent removed in

vacuo to yield the title compound as a yellow oil.

Intermediate BI



I ntermedi ate Y 2-(3-1sopropyl-ureido)-isonicotinic acid Step | To a solution
of ethyl 2-am noisonicotinate (500 ng, 3.01 nmmol) in DVF %/10 m% i s added
triethyl am t¥OEPY9ESH | 9. 03 nmol) and, t hen i sopr opyl i SEEYRNEY®7(1812 ngy, 6.02
mol ). The reaction m xture is heated "h a microwave at 140 "C for 2 hours.
The reaction mxture IS d.lluted with EtOAc, washed with water (x5), brine,
dried (M5043-herRinghddRlindel Ghyjyping Chromatography (5i 02, MeOH DCM

af fords 2-(3- Isopropyl urei dO)-I soni cotinic acid ethyl ester; [MFF1]* 252
Step 2 To a_solution of 2-(3-1sopropyl-urei do)-| sonicotinic acid ethyl ester
(130 my, 0. 52hipFRSINCUPHISIEDRICE 85 fsyrities Indlefuerd?22 M NaOH (2.5 i) and the
resulting solution is stirred for 1.5 hours at roomtenperature. The sol vent
is renoved in vacuyo and sat. ag. NH4Cl solution is added. The pH of the
aqueous phas®@cdidfrlibted to 1 using 1 Ni ILCl and the product extracted into
F.tOAc, dri egl[4-M5Q4h-bhikey)sdkwmerdthiempyed in vactio to afford

2-(3-1 sopropyl -ureido)-isonicotinic acid as a white solid; [MFFI]- 224

I nternmediate Z 1-1sooronvlcarbanovl - 1H i ndol e- 4- car boxylic acid This conpound
i's prepared amatQgousd % piatedtheddedbedti e WObYmemsaci ng et hyl 2-

am noi sonicotinate in step 1 with nethyl indol-4-carboxylate; [MH LI+ 247 WO
2009/ 074575PCT/ EP2008/ 067110 178 Internedi ate AA -

4- (3-1sopr opylkerm(ﬁateig)( benzoi c aci d Thi's conmpound is prepared anal ogously to

I ntermedi at e, “ noi sonig cq Llnaac in step 1 with methyl
4- am nobenzo&t<: : et gt é<'A

6- (3-isopropyl - ureldo) nlcotlnlc acid This conpound is prepared anal ogously to
InternedlateYb acin th (o] inate in step 1 with nethyl
6 noni cor TRt RT Rt deied RENHES RT3

[ 4- (2- Met hoxy- et hoxynet hoxy) - phenyl Jacetic acid Step 1 To a solution of

nmet hyl 4- hyd{geﬁgéaen iacet ate (200ny, 1.20 nmmol) in DCM (5 m) is added DI PEA
(0.315 m % and then MEMO (0.204 m, 1.81 mml), and the resulting
reaction m x&themyi-3H btizpmadhzblers-splfbmylictdorate r oom t enperature. An addi ti onal
portion of MEMCI (0.102 m, 1 mml) and of DLPEA (0.158 ml, 1 nmol) are added,
and the reaction m xture is stirred for a further 16 hours. An addi ti onal
portion of NENMStonf@uldR prdpared apvisér)bedmdElbf20DAPEA (0. 158 nl, 1 nmml) are added
and the reaction mxture is stirred for 3 hours. The reaction m xture is
diluted with DCM and washed with 0.5 NN HCl, 1 M NaOH and then 0.5 Ni HCl,
dried (M504htamdligoRdentrated in vacua to afford

14- (2- Met hoxy gl XYY RRXNhyRheMYlibaRGes-Vigmae! d methyl ester Step 2 To a
sol ution of T4-(2-Methoxy-ethoxynethoxy)-phenyll-acetic acid nmethyl ester (192
ng, 0.76 mmol) in MeOH (3 m) is added 2 M NaCH (3 m ). The reaction m xture
is stirred fgr, 16 hours at roomterrperature The sol vent is renoved in vacua

and the residue diss ed i t 0 and she | sol ution,
i od (M504 R GHELETEd T VB Byt e Proceddi destieron
[ 4- ( 2- Met hoxjyzge s hoxiymet-h adbyr):- pleensd(})acetixs. aci d | nt er nedi ate AD

To a mixture of 1-(1-phenyl-ethyl)-piperidin-4-one (10.9 g, 53.6 mmol), ammonium
chloride (4.3 g, 80.4 mmol) and 30% aqueous ammonia solution (30 ml) in water (30
ml) at room temperature is added sodium cyanide (4.0 g, 81.6 mmol) portion wise.
The reaction mixture is stirred at room temperature for 18 hours, then diluted with
water and extracted with DCM. The organic phase is washed with brine, dried over
NaxSO,, filtered and concentrated in vacuo to obtain 4-Amino-1-(1-phenyl-ethyl)-

piperidine-4-carbonitrile as a brown oil; [M+H]*+ 230.

Step 2



i LL 2-Meth oxv-ethoxvmethoxv -ionic acid d WO 2009/ 074575PCT/ EP2008/ 067110
179 This conpound is prepared anal ogousl y to Internediate AC b QI aci ng

met hyl 4- h%?é@??/’%‘éﬁyl acetate in step 1 with PCT/EP30006711

met hyl - 3- (4- hydr oxyphenyl ) propi onate Pht er medi ate AE 3-fl- a h vdro- Niran
-2- 1 ox -- henvl - ro ionic aci te 1 Meth

3- (4- hydr oxyﬂfﬁ@h%")eﬂwbbl hﬁ'@fat/leﬁtw PP m®4 5‘5mf?ﬁols) pPrepagil s awstlagedd!y n°DVE (5 m)
and NaH (0. OR&r@edfc & 69%5114&@6‘4 &hﬂB 4l dYakd-pIpsRlncal daronyl&’Sadimm Abdeg added. The
reaction mxtureslﬁs stlgaed at mte raturefor mn@%ﬁ% Egen 2-(2-

br onet hoxy) t €t FalsRt 8L lﬁr"b‘iPrle( Ny §EY PP ding r‘ﬁfBPT“t% d-4hd the
reaction mxture is Ieft to stir for 18 hours. Dilution with Et0OAc (50 m),
washing with 1at£% saturated NaTI CC8 (25 m) and brine (25 nl),

dryi ng over '!{}Bla concent ratl on in vacua yields

3-(4-12- (Tet t-al ; piha shemel | propi oni ¢ acid net hyl ester
as a col ourl ess 0|I INEFHE 309 St ep 2

344-[ 2- (Tetrahydr o- pyran- 2-yl oxy) - et hoxy] - phenyl | - propi oni ¢ acid methyl ester
(0.12 g, 0. 36hipprnoupd isgirgesidae ogws‘w&m{wwe#ﬁtﬁ Bahay 2ladmer-$whevi-on (3 M) is
added and th&h}lfl)i‘&yértduﬂgoﬁ@lw%lpﬂ méh&lyb&&gqn@ndrnaometﬁarﬂe@r@t11{@Nmr 18 hours.
The reaction_m um chl ori de soI ution (20

1) and. ext r SRS UGF UHOEL AR T0 L 2e 2 The 6 Bahi*e itnbk SagdTcombi ned.
dried over M3BD4), s8hetsal yesk memmyedH, o, vagpoi4.0 yield the title conpound as
a colourless oil; IMHE- = 295 Internedi ate AF P Tidin-4-vlnethoxheno ionic
acid Step 1 To a solution of Methyl 3-(4-hydroxyphcnyl)propanoate (0.5 g,
2.77 mol ) i mtamydidVBO( 10 nil) is added pot assi um carbonate (0.76 g, 5.55
mol ) fol I owgd by 4, 4.Br i hydrebronmide (0.7 g, 2.77 nmol ).

The reaction mxture is erature overnight then poured into
water (80 m) and extracted with EtOAc (40 m ). The organic phase is washed
with brine, drped (MySO4) and the sol vent renmpved in vacuo to yield a dark
brown oil. Chromatography §S| 02, EtO0Ac) é iel d@

3- 14- (Pyri di A2 4-3| P%‘Bky)o ph%wp?mfjmp. e rAEP e e RYInosBiPEdisl-a col ourl ess
oi l; [ MFHR 2c7azb<G(yth\@1c2E)z@t%ﬁyilla&ZISd?ﬁ&/nEH’z&OBJ Q67 110. 01§0153t ﬁﬁlog imo@vsol uti on of

3-14- i di n-4-yl h d th 28 g, 1.03
o) L (T e kB P R G bpatarb T Rt 2 N U o
(0.52 nl, 1.082mmmblandamdcidien meguletid nigred ot uspbmacmp@atstelforrhﬂhcmwser%eght Furt her
2 N Li OH (0. A0 hid % AATLLADE, TR& T SAGLI QMRME UEASIEL Ragh Ofpga further 1

hour. The reaction mxture is concentrated in va e resi ue is diluted
with water (80cvicflgl|weed By Eidmcobainal godiselyed phdwehy| sthacped f6-ed to pH2

with 1 N HClpreé}P@'at&iXByr %In%%e%l&hn%{l Tiﬁ@@ol%gﬁkmt&fePsh@e%ﬁnécﬁarfaocﬂ@&ﬂhr ated to a
third of its volune in vacua until powde preC|p|tates which is

col | ected bydwsd ¢pderi visuen (i efterds ﬁéz’tzlszféﬂ”@EﬂTffﬁiXH’H“m{ W42 2-9581060-| nt er medi at e
AG 3- (4-t er t adBylaaxvgakcaonyifratinex \tadbenyladid proRi@nrker; adi-d]- 420.

Step 2

To a solution of 4-(2,2,2-trifluoro-acetylamino)-4-[(2,2,2-trifluoro-acetylamino)-
methyl]-piperidine-1-carboxylic acid zert-butyl ester (5.25 g, 12.5 mmol)

in dioxane (50 ml) is added 4 M HCI in dioxane (15 ml) and the reaction mixture is
stirred at room temperature for 3 hours. The reaction mixture is concentrated in
vacuo and the off-white solid obrained dissolved in the minimum amount of MeOH
and re-precipitated by adding diethyl ether. The supernatant solvent mixture is

decanted and the product is washed again with diethyl ether and dried under vacuum



Step 1 To a stirring solution of nethyl 3-(4-hydroxyphenyl)propanoate (2 g,
11.10 nmmol ) in dry DMF (30 nil) at roomtenperature i s added potassi um

car bonat e (1"."@300@2574:;@. 10 mmol ) followed by tert-butyl ZPST/BWE%@FHPe (2.17 g,
11.10 mmol ). The reaction m xture is aﬁged Wi th nitrogen, then stoppered and
left stirring at roomtenperature for 7 days. The reaction m xture is poured
into water (200fid) 2gnt Takearerdt €d (An-LHrifEoonecey roonqinehy prerdd-4lt-n bri ne,
dried (M504)cerafvidetion@dhiang; pyapprated in vacua to yield a pale yellow oil.

Fl ash chromat ography (Si 02, EtOActiso-hexane) yields 3-(4-

tert - But oxycar bonyl net hoxy- phenyl ) - propi onic acid nethyl ester as a clear oil.
Step 2 To asss@bution of 3-(4-tert-Butoxycarbonyl net hoxy-phenyl)-propionic
acid nethyl ester (2.70.q, ininol),,in THE (80.m ) is ded 0. 2N l'ithium
v o de” (425 8 STart Rty g C A G0 % ool SERE ST FE ORI S oo
0 'V for 4. 5aihgdnogs DMA MOl ml) ibadviell 2,2, 5 trifddedNafmd 22Retrifnoductty lawsinekt r act ed
usi ng Et OAc i -ongani ! I i tyated in
vacua to vyi ef%tﬁ;éﬁ \%%?fdeﬂgg]ﬂ{lg&argﬁggggd%ﬁrl%%tﬁgg?gﬁa%ér%g%ﬁ%&gg}o{é\c in CH202 ,
t hen 20% Et Otz(@npﬁle@qgmm%lhgr@gomide (350 mg, 1.4 mmol). The reaction mixture is

3- (4-tertBut gxygar b&ﬁ)’leﬂf?tzﬂaﬂfﬁé/fop@eﬁb‘ﬁks) - THORIQBA GridGicds @Sendhewhiiftesagol i d. WO
2009/074575PC¥L£F§$08/06 110 181 3-44-Carba vkgg{hoxv-p,engl)-oro ionic acid
Thi's conpountt WEoAr g ArfanSgBRsY ¥ 8°°nt 8F HEH AL PAEBY OF EpIPREI ng
tert-butyl 2echrbhabgragiGt(aise alumisd, e AHMIAND) 3-obfaonnae atrdirbdey-[1-MrkmFl+ 530. 1

I nt er nedi at e - 4-0 2- boxv- et hvl - henoicr-c-.1lobutaitecarhorlic acid
ethyl ost or - HAMETEb R AR R e TGS R iR e di a1 €7 AG by

repl aci ng t ewhitdxatigsl[MAH]btiGnmoacetate in step | with ethyl

1- bronocycl obut ane- car boxyl ate; [ MHE 293.0 Internediate AJ

2-[4- (2- Car boxv- et hyl ) - ohenoxv] - 2- net hyl -orpoionic acid tert-butvl ester This
compound i s Perpared anal ogously to internediate AG by replacing tert-butyl 2-
bronpacet at ety n st epbiop t et ep bobutiydrodv-pr- 1@@?%%&&4-@, WRid oSO d6) : 1. 40
(9H, s), 1.48 (6H, s), 2.49 (2H t, | = 7.5), 2,75 (2H, t, j = 7.5), 6.71 (2H,
d, | = 8.5),atppigogpipegdingd-dmghypycera .eﬁéoggzg 0.8y mmokit er medi ate AK

(4- Met hocbonvihMa (10 nin AMadaicdode S@puslamhenids@@kdat (1 @M1OInd the reaction

3- (4- hydr oxyphenyl.) pr opanoi ¢.aci d 32 g, 20 nmol) in dry, DIVEF (20 m) is
o ot ol 1o A dREE L RERRATRY & BF S TuoRaes BT S byttt Butthoh se ) The
reaction m xtlugie Hs\nghometed-1gtyridi@-45Ihethyliroidnst-ghmier whi ch taloveledBl J (6. 02
nil, 40 mol )unﬂlq oil fat 1s gécg\?f?l%og& @r{hg? B%ifggtgosn; 1 ll\}Mﬁr(Bl\Mggz ﬁ@g-lbbe reaction

inixt ureis nowstirre he reaction mxture is allowed
to cool to rdbhmehperat dtd anad-4gdtited 3.1t GHaakt €80 (B il lF)S-ahld). 8188 product is
extracted w phy di gt hylygther (3 x 30 m). The organics are conbined, dried
(Mg504) and the solvent renoved vacuo to give a yellow oil. Purification by
flash chromat ography (Si 02, EtOAc/isohexane) yields

3- (4- Hydr oxymph@egide) Bpropionic acid tert-butyl ester as a colourless oil. 1H
NNl R ( DVSO §)~9-1 : = 8.45), 6.65 (2H, d, | = 8.45),
2.7 (2H, t, 2 B 4 (9H, s).

This compound is prepared analogously to Intermediate BO by replacing -
bromomethylpyridine hydrobromide (Step 3) with 1-bromo-3-phenylpropane; [M+H]*
248

Intermediate BQ

4-Aminomethyl-1-cyclohexvlmethyl-piperidin-4-ylamine




WO 2009/ 074575PCT/ EP2008/ 067110 182 To a sol ution of

-(4- Fwdroxy hen %. ropionic acid tert-butyl ester (1 g, 4.50 mmol) in dry
DVF (20 nil) %gm¥@ ﬁgtenperature under argon is added p tHEBIMNOCHP bonat e
(0.62 g, 4.50 mmol) followed by nethyl *br onpacet at e (0.43 nil, 4.50 nmmol) and
the reaction mixture is stirred at roomtenperature. The reactlon m xture is
di | uted wit hTlEf omerape! wasPrerrsd taﬁalﬁm%'w tyripEEnUMES3) Bihderld@sorat ed in

vacuo to vyi eb[dn@n@!hs%@pn&@e! bB®fidel q;@@ 3) Ruthi EjcatiyRedMbami@! ehs 3000 prep
HPLC systen1% %F |elds g; tho rbonylnethoxy phenyl)
_propionic adiEnt ??“H§%Yf ﬁ?pﬁ?a%“ X?@P 0|I Step 3 To

3- (4- Met hoxycar bonyl net hoxy- phenyl) propionic acid tert-butyl ester (0.097 g,
0.33 mmol) |§1§gg % 2 90% solution of TEAin DCM (2 m) and the resulting
solution is irre P roon1tenperature for 1 hour ‘The solvents are renoved
in vacua to vi, ‘ e 8-03 i tes esten e

of f-white powder; [MH%BJ+2560 HuewmmaueAL3 4- 2- Mo m X
carbonhenvll-Ero pionic acid To a solution of 3,3 -(1,4- phenylene?dlpropan0|c
acid (250 mgThis campm unshisi DremeM anaiseatsly 1 énteraddiae AN bretgingr hapypi-di ne (137
g, 1.125 myhy)) @B@hdﬂ{%ﬁ'@@kep(ﬁ vmh,N%cgiomwln))ne THQ\IM@ @it dks 1@ol ed to 0 OC
and dicycl ohe nnDI) is added and the resulting

tHylcarbo & §

solution is Fréé3é@56$é’Pb / éﬂﬁﬁhdﬁgézﬁnﬁ 2 hours at room tenperature.
Concentration in vacua affords a white solid which is suspended in F.00 (50
m) and filtered to renove any insoluble material. The filtrate is
concentrated in vacua and purification by chromatography (SiOi,

Et OAci i so- hexane) affords the title conpound. Internediate AM 3- 4- 2-Ethox
cmbonienvl - ro ionic acid This conpound is prepared anal ogously to

I nternedi ate AL repl acing propanol with ethanol. WO

2009/ 074575PCT/ EP2008/ 067110 183 3- 4- 2-Methoxvca bonllvl- hen -rro ionic
acid This conpound is prepared anal ogously to Internedi ate AL repl aci ng

propanol with nethanol. Internediate AO
1- (2- Phenoxy-et hyl )-1Hi ndol e-4-carboxvlic acid Sterl NaH (60% di spersion in
mneral oil, 68.5 ng, 1.71 nmmol) is added to sol ution of nethyl

i ndol e- 4-carboxylate (200 ng, 1.142 mml) in IM- (5 m) and the resulting
suspension is stirred at roomtenperature for 20 mnutes. After this tine (2-
br onoet hoxy) benzene (298 ng, 1.484 mmol) is added and the reaction is stirred
at roomtenperature for 18 hours. Dilution with F.t0Ac (50 ml) and washi ng
with water (25 m x 2), saturated NaHCO 3 (25 nml) and brine (25 m ), drying
over MgSO4, concentration in vacuo and purification by chromatography (Sift,
Et OAc/ i so- hexane) affords 1-(2-Phenoxy-ethyl)-11-1-indol e-4-carboxylic acid
nmet hyl ester; | M1-11+ 296



Step 2 1-(2-Phenoxy-ethyl)-1Hindol e-4-carboxylic acid nethyl ester (185 ng,
0.626 mml) is suspended in a m xture of MeOH (3 m) and 2 M NaCH (2 ml). The
suspension is stirred at roomtenperature for 2 hours, THE (1 m) is added and
the reaction is heated at 60C for 1 ho & The reaction is allowed to cool to
roomtenperature and diluted wth sat. "NH4C1 solution (10 m), extracted with
EtOAc ( 10 mM x 3), dried over MgSO4, and concentrated in now to give the
title conpowdins[ MFFi ] - 282 Internmediate AP 1 2 Toll e hlH indole 4 carbox lic
acid This conpound is prepared anal ogously to Internmedi ate AO repl acing (2-

br onoet hoxy) benzangciiptdia 4rei@irby kiphenetbyle br om de; [MtH, 280 Internedi ate AQ
1-[2- (Tetrahvdro- pvran- 2-yl oxv) -ethyl |- I Hi ndol e- 4-carboxylic acid WO

2009/ 074575PCT/ EP2008/ 067110 184 Thj coapound is prepared anal ogously to
Internmediate AO replacing (2- bro .%bcrlzenc W th

2- (2- bronoct hoxy) t ar ahydr o- 2H—pyra 90 Internediate AR 1- 2-

4- Met ho-eth -1H-i ndol e- cg; 0 . compound is prepared

anal ogously to | nt | i a epl g r onoet hoxy) benzene with

1- (2- br onoet hoxy).- xybenzene; IMsHL+ 312 Internediate AS 1 2 4-tert-Butvl
i enox et hiH i ndol e- 4- carboxyl i ciiacid This conpound is prepared anal ogously to
I nt ermedi ate AO repIaC| onoe ho»y)bgnzene W th

1- ( 2- br onoet hoxy) rt- utyP enygene; 211+ 338 Internmediate AT 1- 2 1 3

Di oxan-2 1-ethll- 1”L93§#254 carbox Plic acpd _This conpound is prepared

anal ogously to Internmedjiate AO repl acing pbr onoet hoxy) benzene with

(2-bromethyl)1, 3- dloxane 1M+l - B* 276 Int~~v‘diate AU 2 3-Dinethvl 1 12
(tetrahydro-pyran-2-yl oxy)-ethvll-1H i ndpl e-5-carboxylic acid This conpound
is prepared anal ogously to Internedlat orepl aci ng (2- bronoet hoxy)benzene
with (2-(2-bronocthoxy)tetrahydro- 21-T ran and repl aci ng Met hyl

i ndol c-4-carboxylatc with 2, 3- dlnethy i ndol e-5-car boxyl ate; | MrtK+ 318

| ntermedi ate AV
fL A?Cj;

o HN N"
Cl N. /Q \ ;
o N @N
| b1
>
HaN N NI, o
o HN
Cl N ]\ A
= N N N
i
2
HaN N NH;
Cl N .
DG N = o \ = ;
| b
/
H,N N NH,



1-(4 4 4-Trinmethoxy-butyl)-1Hi ndol e-4-carboxvlic acid This conpound is
prepared anal ogously to Internedi ate AO

1- ( 2- Phenoxy- et hyl ) 4Hi ndol e- 4- carboxylic acid repl aci ng (2-bronoet hoxy) benzene
with trimethyl 4- bronoorthobutyrate. Q0 2009/ 074575PCT/ EP2008/ 067110 185

| nt er nedi ate AW 1-[ 2-(2- Met hoxv- et hoxvnet hoxv) - et hvl ] - 1H-i ndol e- 4-car boxvlic
acid Sterl NaH (60% di spersion in mneral oil, 86 ng, 2.14 TIMMI) is added
to a solution of nethyl |ndoIe 4- xylate (250 ng, 1.427 mmol) in DVF (20

m ) and the resultlﬁg S red at roomtenperature for 30
m nutes. After ﬁZE% ~OND xy)t et rahydro-21-1-pyran (388 ny,
1.86 mmol) |§

nd %he feastion is stirred at roomtenperature for 22
hours. Dilution mnth F.t0Ac (50 ml), hing with water (25 m x 3), saturated
NaHCO3 (25 ml x 2) and brlne (25 m), yi ng over Mg504, concentration in

vacua and purificatign to: : v/(Sift DCM MeOF1) affords
1-[2- (Tetrah y) ety - 1H-1 ndol e- 4- car boxyl i c acid net hyl
ester; [N%lll 04, Step 2H “s§l ution of

1[ 2- (Tetrahydwo- 7T aR:2- yl oxy) -et hyl]-1H i ndol e- 4-carboxylic acid nethyl ester
(120 nmg, 0.396 Mol ) in MeOH (10 s added p-tol uenesul fonic acid
nonohydrate (7.25 ny, 0 04 ol ). eaction is stirred at roomtenperature

for 16 hours and the ol V&nt eﬁB J:n vacua. The residue is dissolved in
MeOH (3 m) dﬁ X~€Cartridge washed with WON (20 m ). The
filtrate is congentfated a to give

1-(2- Fwdroxyﬂe yP - Pﬁlndole 4- carBoxyllc acid nethyl ester;[MF]E 220 Step 3
To a solution of -(2-Hydroxy-ethyl)- i ndol e- 4-carboxylic acid nethyl ester
in DCM (3 nil) is added DI PEA (0.1@9 ;7 0.739 mmol ) and

1- Chl or omet hoxy- 2- net h t hane (@£.084 nil, 0.739 mml). The solution is
stirred at reamte rafurk’for 7 urs. The reaction is diluted with DCM (50
m ) and washed Mnt 0N5 M 1 nhl), 1 Nt NaOH (20 m) and 0.5 M HC (20
nil). The org is dried®over MygSai and the solvent is renoved in
vacua. Purlflcatlon by chr omat ogr aph ift, DCM MeOFl1l) affords

142- ( 2- Met hoxy- et hoxynet y)- et hy H fndol e- 4- carboxylic acid nethyl ester;
[ MiFF] f 308 / / P20
112- ( 2- Met hoxy- tp,xynethex

110 186 To a sol ution of
| ] Hi ndol e- 4- earboxylic acid nethyl ester
(69 ng, 0. 22%&x~  McOH (2 n1? is added 2 MNaCH (1 m) and the reaction
is stirred at roon1tenperature £0r°19.5 hours, then for 2 hours at 50 C. The
reaction is aIIowed‘D erature and the solvent renoved in
vacua. To the eggé‘ e (10 m), and the product is
extracted w f, (5 X 25 m), shed with brine (10 m), dried over Na604,

and the solvent is din vacua to give the title conmpound
1-12-(2-Meth eﬂé%‘ ¥§2;¥ Ayl11o1H: i ndol e4- carboxylic acid; [ MtHE 294
Internedlate et h H- i ndol e- 4- carboxvlic acid Step 1

Met hyl i ndol 84-CarBbxyl ate (60 ny, 2. 5 nmmol ) and

2-chl oro-N, N-di et hyl acet am de (854 71 nmol ) are dissolved in DMF (10 m)

and to the solution is added potas arbonate (986 ny, 7.14 mol). The
reaction is heated in ::k%iiaﬂ ejradiation at 100 ~C for 2 hours, then
d )

diluted with N W~ ith water (5 x 10 nl). Drying over M504,
concentration ilnp vacua, ah
-Eiethylcarbéﬁoy“neﬂﬁyl 1H i ndo

rat1on with Et20 af fords]
e-4-carboxylic acid nmethyl ester; | MHE- 289.

Step 2 To a soluti Di et hyl carpanpyl met hyl - 1hEi ndol e- 4- car boxylic acid
met hyl ester < |ﬁWNe (5mM) is added 2 MNaOH (5 m ). The
reaction is he at 58 ho&rs and then allowed to cool to room

t enper at ur e. "The" sol'Vent is removed in vacua and the residue dissolved in
water (10 m ). The pH of the solution is adjusted to 5 using 1 M HCl and the
resulting solid is collected by filtration to give the title conpound

1- Di et hyl car banoyl net hyl - 1Hi ndol e- 4- car boxyl i ¢ aci d;



| MrHE 275 Internediate AY 4-[6-((R)-2 2-D net hyl141

3kl i oxol an-4-vl i net hoxv) - naoht hal en- 2-yl net hoxy -benzoic acid WO

2009/ 074575PCT/ EP2008/ 067110 187 To a solution of nethyl

6- hydr oxy- 2-napht hoate (4.55 g, 22.5 npgl) in anhydrous acetone (60 nl) arc
added S-H-glycidol (2.0 g, 27.0 nmol) and K2C33 (9.3 g, 67.3 nmol ). The
reaction mxture is heated to reflux for 3 days. The reaction mxture is

filtered through Celite"' fllter mater al) and the filtrate is concentrated
in vacua to affopd Q |§) ﬁ{; elooxy) napht hal ene- 2- car boxylic acid
met hyl ester asa i 0+ d6 3.49 (2H, t, J = 6.0 Hz),
385388(1H m)r\ H(3H 402(1H dd, j = 9.9, 6.0 Hz), 4.16(1H, dd,
j 9.9, 4.0 Hz), 473(1H t, | :60Hz) 504(1H d, j =5.2 H), 7.26

(1H, dd, | :9.0, 2.0 Hz), 741(1H d, = 2.0 Hz), 7.88-7.94 (2H, m, 8.04
(1H, d, J = 9.0 Hz), 8.55 (1H, s). Step 2_,To

6-((S)-2, 3- d| hydr oxy- pr opox -naphthe carboxylic acid nmethyl ester (0 9
g, 3.26 mml) i ncan 1ydr m@uo . added 2, 2-di met hoxypropane (2.0 ,
16.3 mml ) and pyr d| i urh pHt suIIonate (0.08 g, 0.32 nmol) and the
reacti on m xturem’s rrred at room°tenperature for 16 hours. The reaction

m xture is concentrated in vacuo and the residue is dissolved in EtOAc. The
Et OAc | ayer is washed with 10% NaHCCB Ler, and brine, dried over anhydrous
NalSO4 and the solvent is ev p ted in vacuo to obtain

6-((R -2, 2-D net hyl 11,81 m- oxy) - napht hal ene- 2- car boxyl i ¢ aci d
methyl ester as § | ﬁﬁm& & ”32 (3H, s), 1.37 (3H, s), 3.78-3.82

(iH m, 3.88 (3H % H11 4. 20 (3H n) 4.45-4.50 (1H, m), 7.26 (1H, dd, =
9.0, 2.0 Hz), 7.45 (1H 4, jHN 7.88 (1H, d, j = 9.0 Hz), 7.93 (1H d,
(

9.0 Hz), 804(1H d , 855(1H s). Step 3 To a solution of
6-((R) -2, 2-di net f hoxy) - napht hal ene-2- carboxylic acid
met hyl ester (1.0 | 3116 m’rDI')I anJh\ggrous THE (20 mM) at 0 Cis added
LIAIE14 (1.9 m ! aNMéqutlonlnT 3.8 nmmol ). The reaction mxture is
stirred at roomtenperature night. The reaction m xture is concentrated in

vacua and the residue is pu 2d by calu chromat ography (Si02, DCM to
1,3dio onI met hoxy) - napht hal en- 2-y1] - MeOH

[S—

afford [6-((R - 2,2-D net
as a colourless viscous oil whiTth solidiftegson standing; 1H NVR (d6- DVSO):
1.32 (3H, s), 1.37 (3H, s), 3.78 (1H, dd,_Jd _= 8.3, 6.0 Hz), 4.01-4.15 (3H, m,
4.45-4.48 (1H, in), 4.60 (2H, d, J :/QQ@/,‘ 5.24 (1H, t, j = 6.0 Hz), 7.14
(1H, dd, J =8.5, 2.5 Hz), 7.32 (W HNd,”J = 2.5 Hz), 7.41 (1H, dd, J = 8.5,

1.5 Hz), 7.33-7.80 (3Hg M > 74575PCT/ EP2008/ 067110 188 Step 4 A
m xture of methyk Qx4hefizo t

.5 g, 3.28 mol),
16-((R) -2, 2-dineth I , 3] di 6x -] -yI rret hoxy) - napht hal en- 2-y1J- net hanol (0.9

g, 3.12 mml) aer\tr‘iph’é‘nyl phosphi‘he (0.83 g, 3.16 mmol) in DCM (20 n) is

cooled to 0 C. Diet hyI az arI (0.5 M, 3.17 mol ) is added dropw se.

The reaction m xtur Ii %te erature overnight. The reaction
Han

mxture is concentrat vacua ed by colum chromatography (Si();
Et OAc/ i so- hexane) t{zg 0 #hite solid. 9he product obtained is once again
purified by colum chromatography (neutral alum na, EtOAc/petroleumether) to
obtain 416-((R) -2, 2- D net hy [
yl met hoxy) - napht hal en- 2- yl pethexykbenzoisacihd nethyl ester as white solid; 'H
NVR (d6 DVS0) : 1. 32 (3H s), 1) (3H, s)| 3.J7/7-3.82 (4H, m, 4.08-4.16 (3H,
nm, 4.46-4.49 (1H, : 530 2H s), 7.15-721 (3H, m 7 (1H, d, j = 2.0

, 71.37 (
Hz) , 753(1H dd, J 850 , 783(2H dd, J = 9.0, 60Hz) 7.92
(3H, m. ToasoF' R) - i met hyl -1
1, 31di oxol an- 4-yl ho y) - naphﬁh - yl met hoxyl - benzoi ¢ acid nmethyl ester

(0.46, 1.09 molani nm~xTHEMater (10 M 6f a 1:1 mixture) is added lithium
hydroxide (0.15 g, 3.57 mmol ). The reaction mxture is stirred at room
tenperature overnight, then at 70 C for 24 h. The reaction mxture is cool ed
to roomtenperature, neutralized with 1.5 MHCI and the white solid obtained
is collected by vacuumfiltration, washed with water and dried under vacuumto
afford 4-16-((R)-2,2-Dinmethyl -1 1, 31d i oxol an-4-yl met hoxy) - napht ha

| en- 2-yl met hoxyl -be nzoic acid. [M 407. Internediate AZ 4-13-[4-((R)-2
2-Dimet hvl -[ 1 3] di oxol an-4-yl net hoxv) - Dhenv1l- nroDoxvl - benzoic acid This
conmpound i s prepared anal ogously to Internediate AY by replacing 16-((R)-2, 2-
di ret hy111, 3] di oxol an- 4-yl nmet hoxy) - napht hal en-2-y1]-nmethanol in Step 4 with




189 Internedi ate BA

4-12-[(E) -3, 5- D am no- 6-chl or o-ovrazi ne-2-carbonvlimno] -1, 3,8-triazaspirol4.5
ldecane- 8- car bonyl | - pi peridi ne-1-carboxylic acid tert-butyl ester This
conmpound i s prepared anal ogously to gpl e 97 by replacing 4-

benzyl oxyphenyl acetic acid wi th 1-Boc-pi peridine-4-carboxylic acid; [MH +
536. Internedi ate BB Ei Napht hal ene-i-sul fon | am n-benzoic acid 4 N NaCH
solution (30 nil) is agte i i i
(5.01 g, 31.82 mmul) cetone (100 m). Toluene (100 m) is added and the
reaction is heated a 5 C 40 “obt ai ssolution. The solution is cooled to OC
and treated with 1-napht kat/ene sul f choride (12 g, 51.35 Mol ) in acetone
(100 nl) and the resulting reaction mxt{re is stirred for 3 hours. The
reaction is acidified using citric acid and concentrated in vacuo. The residue
is taken up in Et0Ac and washed w tb.watler. The aqueous | ayer is back
extracted with Et 0OAc and t he conbi organic | ayers are washed with water,
brine, dried (NalSO4) and the sol¥ent renpved in vacuo to yield a |ight brown
solid. Trituration with F.00 yields the title conpound. Internediate BC

3- (Cycl ohexvl - net hyl - sul f anmovi)X 4- net hoxv-benzoic acid Step I A solution of

net hyl 3- (chlorosulbo -4- ybentoate (2.0 g, 7.56 nmol) and
di i sopropyl et h ;
N-nmet hyl cyclo anlné 7 m,

.34 mmol) in DCM (50 m) is treated with

9.07 mmol) at 0 C. The solution is stirred
at roon1tenpé?bture”?or 3 hours a d N- et hyl cycl ohexyl amine (0.70 nil, 9.07
mnol) is added. The solut 0 |t|oned bet ween DCM (250 m ) and 0 5N
HC1 (100 n1) The or ni' er % shed with 0.5 NHO (2 x 100 m), sat. ag.
NaHCOB (2 X 00 m), dried over My504, and the sol vent
renoved in vacu to yield a yeIIow oil. Crystallisation (iPr20/EtOAc) yields
3- (Cycl ohexylk= Irgulfannyl) 4-m et hoxy-benzoic acid nethyl ester as yellow
crystals; IME | 342. WD 2069 074575PCT/EP2008/067110 190 A solution of
3- (Cycl ohexyl - net hyl -sul f a n -4 met/hoXy- benzoi ¢ acid methyl ester (1.50 g,
4.39 mol ) in 1,4 di oxane isNtreated with 2 N NaCH (10 m) and the
resul ting solutlon i's stlr roon1tenperature for 21 hours. The solvent is

removed in vacuo and ice coId 3 N HJ (25 m) is added and the white solid
which forns is extrach '0 50-m ). The organic layer is washed with
soI

water, dried € Q Nreaned in vacuo to yield the title
conpound as a it sollﬂ [hﬁl] Internedlate BD 3- Chl or o- 5- net hox2-
4-nwt hI NLIi . 781 8t) N4 - 1- 1- et hoxv- benzoPt acid Step 1 A mxture of
5-chlorovanillic acid (5.0 g, 24.6 ) and conc. Ml (5 m) in MOCH (100
nil) is heated at reflux for 48 S.>dhe solvent is renoved in vacua and

o\vyi el d a white precipitate, which is collected
and then dissolved in Et20. The solution is
ed in vacuo to yield

water is added to the residue

by filtration, wash te
dried (I\la2804)Ll VVZ ven,_re
3- Chl oro- 4- hydr neth - bg

$$ nzoic acid nethyl ester as a white solid. Step
2 Triphenyl pRSsphi i% (6.4 g, 24.4 mol) and DAD (4.8 ml, 202.2 mol) are
added to a sol ution 3- I 4- hydr oxy- 5- net hoxy- benzoi ¢ aci d nmet hyl ester
(2.5 g, 11.5 Y ( mj)_at 0 C and the resulting solution is stirred

for 2 hours at C and 16 Hou at roomtenperature. The solvent is renoved in
vacua, and watér Vs atided to the residue. The product is extracted in EtOAc,
dried (Na2SO4) and the_sptwent~retroved. in vacuo to afford a yellow oil. Flash
chr omat ogr aphy (Si 02, /Et QAc/ MeOH) vyi el ds

3- Chl or 0- 5- met hoxy-4-| met hyl - pi perazi n-1-0) - et hoxy] - benzoic acid nethyl
ester as an orange soli tep 3 ;

~

0O



A solution of 3-Chloro-5-nethoxy-412-(4-nethyl -pi perazini -yl)-ethoxyj-benzoic
acid nethyl ester (3.7 g, 10.7 mol) in 2 N NaOH (20 mM) and THE (40 m) is
heated at reflux for 1 hour. The reaction m xture is washed with Eti O The
aqueous phase is concentrated in vacu%} and water (50 m) is added. The pll is
adjusted to 3-4 using 2 WD 2009/ 0745 I%’CT/ EP2008/ 067110 191 N HCL. To this
solution is added DOAEX 50WK4 (previously washed with MeOH, 2 N NCI and
water), and thc resulting mxture is stirred at roomtenperature for 1 hour.
The resinis filtered, washed with watcr £ _and the product is released fromthe
resin by washing with MeOH NH4OL- I . %OI ution is concentrated in vacuo,
diluted with TX CM and WON, dried (/Na ) and the solvent renpved in vacuo to
yield the title corrpoundoasIN amsolid. Intermediate BEO HONs 0 O
Step 1 CINOoToCl aégju f diethyl amne (500 m, 4.Snol) in

Lt 20 (1200 m) |sa ulfd orlde(1773n1 2.19 nol) over 80 m nutes
at -15 C. The realﬁ‘loh iS:stirred at roomtenperature for 2.5 hours. EtiO
(1000 nil) is added and the white sglid present is renoved by filtration, and

washed with Et20 (2009 0 co ed fi).trates are concentrated under
reduced pressure to \?1%3 §S0Il. Step 2 HOO 0 0 To a stirred
solution of trans«4 ixonet hyl ) occycTohexane carboxylic acid (10 g, 63.6
mmol) in 1 N NaOH (153 m) is added (10. 91 g, 63.6 mml) and the resulting
m xture is stirrcd at roomterrperature 15 hours. The reaction is cooled to
10 C and conc. HOs on j{ 1. isla ed and the mxture stirred for 10
m nutes at this V\D %20 57110

H
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192 tenperature. Wiite crystals formwhich are isolated by filtration and
washed with Et20 (40 mM) to yield the title conpound. Internedi ate BF

3- (3-Phenvl -i soxazol -5-v1)-oropionic acid This conpound is prepared as
described by G S. d" Alcontres; C Carigti; A Ferlazzo; NI Gattuso, J. Chem
Soc. Perkin 1, (1976) 16, 1694. Internedi ate BC

3-(4- Chl or o- ohenoxvnet I nl) - beni vl anane Thi s conpound is prepared as descri bed
in US 2008200523. Internediate BH 2-{4-42-(4-Fl uor o- pheny1) - et hoxy

| -phenyl|-ethylamnc Step 1 A sus I on of 4-Hydroxybenzyl cyanide (7.9 g,

59.57 mol ), 1-(2-Br < 4- ro-benzcne (17.4 g, 71.48 mol),
potaSS|un1caﬁ \ 1
in acetonltrlle|(1 0 ni) F at

) and sodiumiodide (2.68 g, 17.87 nmol)
at reflux for 44 hours. The reaction
mxture i s cosl ed”and:filtered and the solvent removed in nmen to yield a dark
brown oil. Flash chroyatography (Si (), EtOAc/ iso-hexane) yields (4-12-
(4- Fl uor o- phenyl) eth§$¥}g f-a eto itrile as a yellowoil. Step 2 2 N
Q

NaOH sol ution® . i added to a solution of
(4-[2-(4-Fluoro l)- ethoxy =phenyl | -acetonitrile (3.29 g, 12.9 muol) in
Et OH (45.2 ndf

b | oWed by Al -Ni loy (2.5 g) and the resulting reaction
m xture is stirred for 1 hour at rooR tenperature. The reaction mxture is
filtered and the EtOH renoved in
t renoved in vacua to yield the title
74575PCT/ EP2008/ 067110 193
described i n"™EP 6202?2 | nt er nedi at e BJ 2- 4 4 Phenet hvl ami ne

a.% The product is extracted into DCM (2 X
80 nil), dried (
conpound as &’ N VWO
2-(4,6-D met hv |ndol '3-0~et hyl amine This conpound is prepared as
HaN

OH;

If bC«Q

HaN

O

NH,

i @)
cl N\;ﬁ‘\"/(;{ \ ~
L

HN
¢ 3@



This conpound is prepared as described in WOP 2004016601 Internedi ate BK

4- (5- Met hv1- 2- phenyl - oxazol - 4- yl net hoxy) - benzenesul | onyl chl oride This
conmpound i s prepared as described in WO 2005026134 Internedi ate BL

2- Phenvl- 31- 1- bent oi m dazol e-5-sul | onyJ,,chl oride This conpound is prepared as
described in EP 1205475 Internediate

4- Am nonet hr 1- 1- (1- ohenvl -ethvl)-nineridin-4-viamne Step 1

1- (1- Phenyl - et hyl ) - pi peri din- 4- one |s ared according to the procedure

descri bed on page 225 f J en\ 1991, 56(2), 513-528. To a m xture of
1- (1- phenyl - et’h eni - one( 10°
g, 80.4 nnDI) a oaqueous a i

g, 53.6 mmol ), ammonium chloride (4.3
solution (30 M) in water (30 m) at
room t enper at'it e |§ added sodlun1cyan| (4 0 g, 81.6 nmmol) portion w se. The

reaction m xture |s st re ﬁature for 18 hours, then diluted

w th water anc?l edq _gkgggﬁ ganic phase is washed with brine,
dried over hblSO tered’hn onc ntrated in VaCl40 to obtain

4- Am no- 1- (1- bheny* e ﬁy pi perldlne 4-carbonitrile as a brown oil; [MH] -

230. WD 2009/ 074575PQT/ EF /110 194
4- Ami norret hy 1< Tspheny- l)- |d|n 4-yl am ne is prepared anal ogously
repIaang -a

to InternediatelU b 0- 4- cyano- pi peri di nc-1-carboxylic acid

tert-butyl ester ™n Step 1 with

4- am no- 1- (1- phenyl - et -pyperldlne 4-carbonitrile; | MFHL+ 234.

I nt er nedi ate BN 4- Am net 0X -benzvl) oi neridi n-4-ylam ne This
conpound i s prepared analogeusl ternedlate BM by repl aci ng

1- (1- phenyl et hyl) - plgerldln 4- on h ; (4- met hoxybent yppi peri di n-4-one in

step 2; NVR (DVBQ; d6 w2 38-2.55 (4H, m, 2.67 (2H s),
3.26 (2H, s), mgﬁfﬂ = 8.2 Hz), 7.18 (2H, d, | = 8.2
Hz) . | ntermedix 4 Anlnonethol-lrldl -4 met hyl seri di n-4-vl am ne Step 1
Toasol uti onof 4-am nonethyl-4-(2,2, 2-tr uor o- acet yl am no) - pi peri di ne- 1-
carboxylic acid tert-butyl ester (I ‘ pdi ate U, Step 2) (5.0 g, 15.4 m nd)
in DCM (50 m) at O C.,is gdded pyrid (10 mM) followed by trifluoroacetic
anhydride (3.5 n 251? 'szf:fgthe reaction mxture is stirred at room

t enperature for rea m xture is diluted with DCM washed
with brine, dr| r Na2sO4 and c centrated in /mato. The residue obtained
i s di ssol ved*™n dlethVF ether and re-precipitated by adding petrol eum et her.
The solvent mxture is geegantgd and Y he selid dried under vacuumto afford
4-(2,2,2-Trifl uoro- acn(b) 2,2,2-trifluoroacetyl am no) - net hyl j - pi peri
di ne-1 -carboxylic acic -rt#b yl

ster; [MrHP- 420. Step 2 To a solution of
4-(2,2,2-trifluoro- acetylan1no) (2,2 2. trifluoro-acetyl am no)- nethyl

Fplperldlne 1- caré;;ﬁjtgiexif>{;51:§Hl&llﬁster (5.25 g, 12.5 mmol)
FoNC
HN
SO~




in dioxanc (50 m) is added 4 MHO in dioxanc (15 m) and the reaction m xture
is stirred at roomtenperature for 3 hours. The reaction m xture is
concentrated in vacua and the off-white solid obtained dissolved in the

m ni mum anount of MeOH and re- precipltgﬁed by adding diethyl ether. The
supernat ant solvent m xture is decanted and the product is washed again with
di ethyl ether and dried under vacuum WD 2009/ 074575PCT/ EP2008/ 067110 195 to
afford

2,2,2-Trif|uo&o-N—(O-Lﬁé, J2Atri sQ sdcetyl am no) - met hyl ] - pi peridin-4-y1)-
acetam de hydro hF rite; Nl 322. oStep 3 To a suspension of NaH (170 ng of
a 60% di sper siv rrmwad neral oi 19 4. mmol ) in anhydrous DVF (20 ml) is added

2,2,2-trifluoro- N14 [(2,2,2-trifluotgracetyl ami no) -

met hyl | - pi peri di n- 4 ylkacetanlr- hxdrochlorlde) (500 ng, 1.4 mvol ) foll owed by
4- Dbrononet hyl pyr i 1§:@{22pb pde £350 ng, 1.4 mmol ). The reaction m xture
is stirred at rjoom t&npg ts. The reaction m xture is quenched
with sat. NH4 ohwtion and ¥s concenjrated in vacuo. The residue is purified
by col umm chronatographigibasic al umfa, MeOH DCM to obtain

2,2,2-Trifluoro-N-P-pgyridgi n§- thyl-4-(2,2,2-trifluoro-acetyl am no) - pi peridi
n-4-yl met hyl i i y

Toasol utionof 2, P, 2- trifluofo- -pyridin-4-ylmethyl-4-(2,2,2-trifluoro-
acetylanino)ﬂplp A disn- 4- ylnethyll-acetanlde (200 ng , 0.49 nmmol) in MeOH (10
m) is added 30% aqueoug prii a solution (10 n) and the reaction mxture is
stirred at 60 C for 3 h) S ﬁgaéilon m xture i s concentrated in vacuo to

obt ai n 4- Am nonet hyl 4yr|d|@L4 yl yl - pi peri di n-4-yl am ne as a col ourl ess
gummy oil that is usediw thout fu 4 purification; 'FT NVR (DMSO d6) :
1.63-1.77 (4H, nm), 2.45-2.54 (4H, M~-7249 (2H, s), 3.57 (3H, s), 7.30 (2H, d,
j =5.5H), 868 (24 d, ] = 5.5 Hz). Internediate BP 4- Aminoneth yl1-1-13-
phenyl - pro Dyl | -nipgridi n- m ne This conpound is prepared anal ogously to
Intermedi ate f & ar ononet hyl pyri di ne hydrobrom de (Step 3) with
1- br ono- 3- phen r gpane; [NH 248 I nternedi ate BQ 4- Am nonel - 1-c cl ohexl el
siseridin-4 am né 2009/074575PCT/EP2008/067110 196 This conpound is
prepared anal ogously to I¢g ate BO by replacing - brononmethyl pyridine

hydr obrom de (Step 3) wt @xylnethylbronlde This internediate is used
crude in the preparati ongof Exd I nt er redi at e BR

- Wwhite solid; 413 Step 4




3- Ami no- 3-1m noneth 1-8-1/1-bic clo 3 2 1 octane-8-cirbonlic acid tert-butyl
ester This conpound is prepared anal ogously to Internedi ate BM by repl acing

1- (1- phenyl et hyl ) -pi peridin-4-one (Step 1) with N-Boc-nortropi none; 1E1 NWVR

(DVBO-d6): 1.40 (9H, s), 1.63-1.85 (8|—&05nj, 2.79 (2H, s), 4.06 (2H, s). 197
Clainms |I. A conpound selected fromthe group consisting of 201
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210 212 N rN 1|20 and and the pharnmaceutically acceptable salts
t her eof .

207




3. The compound according to claim1, wherein the conpound is selected from

the group consisting of 213
claim1l1, wherein the conpound is
5. The compound according to,
pharmaceutically acceptable salt thereo

t her eof
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4. The conpound according to

or a pharmaceutically acceptable salt
(ﬁlain1A, wherein the conmpound is or a



215 6. The conpound according to claim1l, wherein the conpound is ICK2 0O

or a pharmaceutically acceptable salt thereof "7. The conpound according to
claim1l1, wherein the conpound is 0 0O 142NNNH2 or pharmaceutically acceptable
salt thereof 8. The compound accor bﬁg to claim1, wherein the conpound is
or a pharmaceutically acceptable salt ereof . 40 9. The conmpound accordi ng

to claiml1, wherein the conpound is or a pharmaceutically acceptable salt
t hereof 216

and

and the pharmaceutically acceptable salts thereol.



10. A pharnmaceutical conposition, conprising: the conmpound according to claim
3, and one or nore pharnmaceutically acceptabl e exci pi ents. 11. A

phai maceutical conposition, conprising: the conpound according to claim1l1, and
one or nore pharnaceuti cal excipients 210 12. A pharnmaceutical conposition,
conprising: the conmpound according to cl'aim2, and one or nore pharnaceuti cal
exci pi ents. 13. A pharmaceutical conbination, conprising: the conpound
according to ¢lhalmukscd0d.8R ARthsshaf]l anmatory, bronchodilatory, antihistam ne
or anti-tussive drug substance. 14. The conpound according to claim 4,

wherein the conpound is the hydrochloric acid salt. 15. The conpound
according to claimb5, mheL%;Q:iﬁe compound is the hydrochloric acid salt.

16. The conpound Eccdrdiiig %0 chai¢h 6, wherein the conpound is the
hydrochl oric acj 4l\ he pound according to claim?7, wherein the
compound is the hydrochlorlc acid g : 18. The conpound according to claim
8, wherein thB/LégPound is the hydnachl oric acid salt. 19. The conpound
according to claign9, wherein dieyxtonpound is the hydrochloric acid salt.
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and the pharmaceuntically acceptable salts thereof.

3. The compound according to claim 1, wherein the com-
pound is selected from the group consisting of
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4. The compound according to claim 1, wherein the com-

pound is
0
NH, O HN
N
/
N | N N
N
H,N N
cl HN

>:O
HN>—
or a pharmaceutically acceptable salt thereof.

5. The compound according to claim 1, wherein the com-
pound is

o]
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Cl N, //4
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2

or a pharmaceutically acceptable salt thereof.
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6. The compound according to claiin 1, wherein the com-
pound is

) I% Wi:kiwk

or a pharmaceutically acceptable salt thereof.
7. The compound according to claim 1, wherein the com-

I% %:jﬁfT/

or pharmaceutically acceptable salt thereof.
8. The compound according to claim 1, wherein the com-
pound is

?[I% _%:HI:TW”T

or a phanmaceutically acceptable salt thereof.
9. The compound according to claim 1, wherein the com-

fk Ajc T(gb\

NH, \

or a pharmaceutically acceptable salt thereof.
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10. A pharmaceutical composition, comprising:

the compound according to claim 3, and

one or more pharmaceutically acceptable excipients.

11. A pharmaceutical composition, comprising:

the compound according to claim 1, and

one or more pharmaceutical excipients.

12. A pharmaceutical composition, comprising:

the compound according to claim 2, and

one or more pharmaceutical excipients.

13. A pharmaceutical combination, comprising:

the compound according to claim 1, and

an anti-inflammatory, bronchodilatory, antihistamine or
anti-tussive drug substance.

14. The compound according to claim 4, wherein the com-
pound is the hydrochloric acid salt.

15. The compound according to claim 5, wherein the com-
pound is the hydrochloric acid salt.

16. The compound according to claim 6, wherein the com-
pound is the hydrochloric acid salt.

17. The compound according to claim 7, wherein the com-
pound is the hydrochloric acid salt.

18. The compound according to claim 8, wherein the com-
pound is the hydrochloric acid salt.

19. The compound according to claim 9, wherein the com-
pound is the hydrochloric acid salt.



