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het erocycl yl
am nosul fonysllwﬁmﬁgl pgﬁ?/l%ﬁﬁ s(é%}jt %él%dﬁh Q%m) IH%QQOE? hamog{g udesaol%y
way of exarrpﬁﬂ@ldefiﬂéhoxy, napht hoxy, and the like. "Substituted
aryl oxy" ref C

"het erocycl |%E2§m{hﬂ§1 ?Hﬁ%ﬁdéﬁ g;ﬁ élﬂ%ro u%%tp ggglgr o%yb Fk]g\il/t‘i ar??c{
si ngl e ri ng amidedH1F),pl e condensed rings, from 1to 10 car bon at ons

and from1 t Lero ato d fr co tlng of
o trogen, st FrEr SRR TP ER R bR B RO ARGl T greie

systens, oneangde (RI8g the rings can be cycloallcyl, aryI or heteroaryl

ided th th t h h t ycl i,
P o S bt A Eab R iRt SR C IR ohemhraf aﬁaﬂe@gﬁfﬁ boylts el o

are substit ,WMth from1l to 3 of the sanme substituents as defined

for substitu cycl oal s of heterocyclyls include, but
are not i mi @aﬁl{li&wpwm%q ﬁyEx2-{%)$ WPt uor%aleﬂnﬁ 1 He hyriofeyd-carpeyisip acid
benzot hi enylamibegagf,ur anyl , in dazolyl, benzoim dazolyl, pyrazolyl,

t hi azol yl, benzot hi azol yl, isothiazol yI oxazol yl, i soxazol .

pyr azi nyl p@?ﬁ'?ﬁ“ﬁ?‘ﬁwmldmﬁﬂaa@zi%ﬂlChIP@d?hqlébd) yhi-pyrsekr%@,ﬂrboxzqﬁq g8yl |
i soqui nol yI » anSlid @f@gpqw nol i nyl, 2, 3-di hydrolHindolyl, quinoxalinyl,
benzodi oxol yI, |ndanyl |ndenyI trlazonI azetldlnyl 12

i ndol i zi nyl ,5- @rwdwwrtm@lnry%-yl)rzh@a&ww-me@ﬁnl mbttﬂwbrﬂrlfpyrr%ﬁwaﬂbamrlmyamd
napht hyl pyri qlL Qf‘z ﬂw nazolinyl, cinnolinyl, pteridinyl, carbazolyl,
car bol i nyl, ? ridinyl, acridinyl, phenanthrolinyl, phenazinyl,
phenoxazi nyI 5 -(2pmainopivirazlimyyl)-3- (2 fileze B intithw-pheny bt IdBgwtalea§dcarboxylic acid
pi peri di nyl ’an%e[)&ﬁﬁ)ﬂ nyl, indolinyl, phthalimdyl, 1,2, 3,4-



acetate, adipate, alginate, citrate, aspartate, benzoate,

benzenesul fonate, bisulfate, butyrate, canphorate, canphorsulfonate,
di gl uconate, cycl opent anepropi onate, dodecyl sulfate, ethanesulfonate,
gl ucohept anoat e, gl ycerophosphate, hem sul fate, heptanoate,

hexanoat e, furnarate, hydrochloride, hyoﬁr obrom de, hydroi odi de, 2-
hydr oxyet hanesul fonate, |actate, nal eate, nal onate, nethanesul fonate,
ni cotinate, 2-_napthal enesul fonate, oxal ate, pahnoate, pectinate, .
persul fate, é‘-(%ﬁBWWIBB&Bﬁ@E%?'%‘F@P’é’f%,ﬂ“‘HP\PﬁF‘gﬂ)el,I'I‘BYTB?JF‘érPé’Ebé??‘th acid
succi nate, suhfRiEsptartrate, thiocyanate, p-toluenesul fonate and
undecanoate. Al so, the basic nitrogen-containin roups can be
quat eni zed V\Pt@ra@éﬁ?w&a@aﬁtﬂé‘-ﬂb%ﬁ-R&pr%?aﬂwe@he@ clH-aureieBtegrboxyicpid
propyl, and butylrsdh) ori de, brom des, and iodides, dialkyl sulfates
i ke dinmethyl, diethyl, dibutyl, and dianyl sulfates, |ong chain

hal i des such34&agaeyyrimidiomdysl)-2+43:8-dghipro-phrayB 1l Hapyyiolee e oboxjdis acid
brom des andai]fagilgpﬁz, aral kyl halides |ike benzyl and phenet hyl

brom des, and others Water or oil-soluble or di spersi bl e products
are thereby bdif2-ainmechyribidingtep2-63-lagbedsmethaty-phryybéHaypbbylechrbaxyfior m
pharmaceutically ac abl e acid addition salts include such

i norgani ¢ acids as hydrochloric acid, sulfuric acid, nitric acid,
hydr obr om ¢ &€2-dninperyehlidindeyla2-(Hcldod-2phaspphenyl)- 186 padrans-catbokylic acid
organi ¢ aci ds_as lic acid, maleic acid, nethanesul fonic acid,
succi nic aci %}n@ﬁ tric acid, acetic acid, trifluoroacetic acid,
propi oni ¢ acs-@-a@ingGetimidiadiydh-2-(Reiohd-phenyd)- 1 HlR6kG-@eholylid®id &nid€i d,
tartaric aci &, benzoic acid, cinnam c acid, mandelic acid, isethionic
acid and sal 3914 c acid. Basic addition salts can be prepared in situ
during the f$§{ahmingQyanidnn43mb-puUEiibbcrhbBikyofhchNR 1 ARSI B xylic
formula I, or separately by reacting carboxylic acid noieties with a
sui t abl e bas®ikaeHe 3% he hydroxi de, carbonate or bicarbonate of a
phar maceut i call ¥nRe GSRELAR-2- il al. L5 M TR Byle- 9k i
organi c pri maE C{ _se%gﬁdary gri]jeét ?r ngy;pg%ﬁ%hgmg%gmmbcglchg@xyhc
accept abl e s#lidanidad49¥e, but are not limited to, cations based on

the al kali agngh glhkaline; Eijr‘}f _3SHIRR- huﬁin | 40 ic aci
pot assi um caFlZci umgp ‘g‘h“g’gf‘ ﬂgﬁ%&ﬁtﬁnﬁ@gﬁ ?@engﬁﬂ t edlkg ig%rﬂg}gh\%eﬁld
as anmmoni umangfdatiddhary ammoni um and ami ne cations, including, but
not limted - - Um: r Iazrmiu t.r aet a ni.urn,.
met hyl ami ne,§'gﬁ'ﬁn§¥iﬁ§%%1mrﬁne'%g’pf ff%yéy ani ner?'_p s gfﬁ%%?gn?q%éf%xyhc acid
et hyl am ne, amde (H42),l i ke. Ot her representative organi c am nes usef ul

f the f jon of b ddif | Its. i d [ et hyl am L
o Ay bR 4012 DS L5, GBI A e o
like. 14 Tineidé @48% "pharnmaceutically acceptabl e prodni g" and

"phar maceut i | y. accept abl e bj g-precursaqrs” used herein refers. to
t hose prodr u%@'?}%{m?'ﬁ@m Hﬁ‘b6’@”6%&0?‘1@W@W%Eﬁﬁﬁi%@%ﬁ‘%bwp‘éh ar?ud
wi thin the smagerhy,sound nedical judgnent, suitable for use in
contact with {he tissues of humans and | ower anjnmals w thout undue.
toxicity, irtvidpipeRyrigidintyle-Coypopdaiuogahany-1H-parolerarersiie atcdd
wth a reas%@@g@4bﬁnefi t/risk ratio, and effective for their
intended use, as well as the zwtterionic fornms, where possible, of

t he conmpounds(CoAmiperayiiRidintybri-Citreme-ermethyrbarilly! H-pafrele$-carpoxylic acid
conpounds t hafisafqef,api dly transformed in vivo to yield the active
par ent drug, acco_rdl’ng to formula (1), in vivo, for exanple by

hydr ol ysi s in(2sanaoetpyinidine¢-ub A-@rbrpwo3rosthyl gtienyh)- TH-piirgleGhiartarplicvacid
Stella, Pr O’a%ﬁ'cgﬁkﬁfﬁ Novel Delivery Systens, Vol. 14 of the A C S.
Synposi um Series; and in Edward B. Roche, ea., Bioreversible Carriers
in Drug Desixf-aninepirdaidirPhgl)a@eanttheql3-msthgkplrhyipnHgneoke3-gabaylic
Press, 1987,ac%oa:tmr}deo(fF4Wi ch are incorporated herein by reference. As



In sonme instances, when R4 is different from hydrogen atom ester
hydrol ysis of 1D may | ead to the decarboxyl ated anal og. Accordi ngly,
anot her process for preparing a conpound of fornmula | is provided

whi ch conprises the am dation of a conpqynd formula 51): 17 R4 R5
wherein RI, R5, R6, G and cyclyl are as defined above and R4 is not
hydrogen atom and b) optionally converting a conpound of formula (1)

into another _djfferent. conpoun f forpula (1), .and, if desired, .
converting a° g%"ﬁﬁ’bﬂ?ﬁﬁi’“ﬂﬁ‘glflﬁfﬁh?'zﬁﬁd)ln?tH‘}Jxé"pQg?}ﬂh}Irlrﬁéf’é"ﬂlF13é°&m°§fyhc acid
accept abl e sahidcignegof or converting a salt into the free conpound
(I'). I'n this case amdation is acconplished as described, for ,
exanpl e, in SyHEREORyTINGdia-4-rd (2-fyoasdyasthery-ehsmdotHpysplet bearboxylic
chl or osul f onydid 8QRK he in a suitable solvent, such as acetonitrile,
di chl or onet hane or ieth‘I et her, and treating the obtained

chl or osul fon%(%ﬁmd@'RMltlha/lHi‘%é]-i-@-ﬁhlmod‘bme‘thoxban‘fkﬁnﬁl\)*éHtmo@?—ﬁ%bmﬁdi ng
sul fam c aci idlﬂﬁe%ﬁgfanic acid is then hydrolyzed to the desired
conmpound of formula (f?’in acidic medium such as, for exanple,
concent r at ed>H3rangetiyomidn-deild2-(Fhemoohfleurnabenyt)- fibpynilea 3 LAbaxdicl 8gid
as well as aﬂ_lgk reactant of the process, are known and, if not
commerci al | y avarlabl e per se, can be easily prepared according to
known net hod$-(2-Thmo gonpddindsyel-(4-metoky2 -hithykphdne iR parad3 oyrboxylic
hal ogenati ng .gag“ %ggginating or chlorinating, a suitable

het er oar yl - et WRHBNE KRV vative or an activated equival ent. The
reachion ocCM{xam?mgﬂﬁmﬁm@4qmgaﬂmqma¥eg&HH?@hnEFLh@ﬂﬁyﬁéﬁﬁdhﬂﬁk@ﬂ@ﬁ
in the prese 0 ram.pe and in Syi e solvent such as aqueoqus
hydr obr ori ¢ g@fﬂ%-l’aﬂwﬁ?ﬁ-ﬁ@-%fhl%vﬁsle-?eyﬁ-iﬁaﬁm%r%wwﬁc add gmide 46-2)
time varyi ngs-peimeepyaRain-43)n-eshe@bomiopR-Nyl) AL Bl 3-¥8b¥ylie acid
suitably activated heteroaryl derivative, e.g. an al kyl enol ether or
si |yl enol et W8RI9e &3 be reacted with a hal ogen source, for instance
N- br omo- suc ci_pi-hslg-pyFlBRlin-41y0)- A(5SEHIS B RhiSpIRAIVANT H-pSHER- BSirboxylic acid
tetrahydrofuran/water m xtures. In particular,” anong the SU|¥abIe
hal oderi vat i ¥@4¢ §#4)f or nul a 1A, we consi der

2- br onmol- pyri_ghi_fnia ¥l il 2R b Al fi_ A8l ic acid ami

5 1 uor o py e e e Lo BB bs e sl

2- br ono- | - py®™N1gi n- 4-yl - propan- 1-one (commercial), 2-

R

2- br ono- 1- (2N or o- pyri di n- 4- A- et hanone (reported in W2004058762),

2- brono-1- ( 2 hvl sul.f anyl, - i mdin-4- - et on .eparted, i
W0200301 183%‘ @%ﬂ@iﬂﬁ’gﬁ%ﬂﬁ%‘%‘?’ p ?‘{]‘8?%"9Hi??‘?%%?‘%”ﬁ%ﬁfg‘l’é’ﬁlfs Ro¢ aptie (A,
18 1' A ( Schewe-aniho-S-cattlo-pyrimidin-4-yl)-2-(2-fluoro-phenyl)- 1 H-pyrrole-3-carboxylic acid
2- br ono- 1- ( 2-I§J§e&§ am no- pyri mdin-4-y1)-ethanone 1"A (Schene 2.2.).
Among the slPSH¥E et eroaryl - et hanone deri vatives subdued to

hal ogenat i ors-{@@eargias-sHe@ho-piihidid™BI2C@ - fluoro-phenyl)- 1 H-pyrrole-3-carboxylic acid
1- (3-fluoropyr.idjn-4-yCet hanone (conmerci al f 1-(2-

chl or opyri did?42 §1%et hanone (conmercial ), 1-(pyrinidin-4-yl)ethanone
(commer ci al )s-(zlmmbapwmfdkm—?b1zoaﬂex§1_ttﬁzogheae4:a&ﬂo%l&ada%ﬁé@(ymﬁr cial)
and 4-( |-ethoxy-vinyl)-5-fluor o4pyr| mdin-2-ylamne iii (see 'Schene
2.1.). Int erneqmiperS-fluoro-pyrimidin-4-yl)-2-phenyl- 1 H-pyrrole-3-carboxylic acid amide

1- (2- am no- ggflkm 0- pyri m di n-4-y1l)-2-brono-ethanone 1' A (1A, wherein
R5=F, G=N, =N112, X=Br) can be obtai ned according to the foll ow ng
reaction sedu@nteing-gyfinidin-9yh-4ychi@eRerhenyt: 1H-pyridis Searbo:0fc TR ARME Ny- N
Cl NH2NH2 1114,5A Conmerci al 'y avail able

2, 4-di chl oro-%-‘fl uoro-pyrimdine i is reacted with (1-

et hoxyvi ny1)MoripbjtrEdsbapmane acoordit g dar geeoindvaniiossrd:n t he presence
of a palladated catal yst (for exanple dichloroditriphenyl phosphi no



19 Schene 2.2. 0 NBS I NyN Ar' Ar,NH iv1"A wherein Ar represents an
aryl group as defined above. Hal ogenation of the conmpound of formula
(iv) may be prorrpt'ﬁ} obtai ned with N-brorno succinimde in agueous
tetrahydrofuran at rt for about 20 h. The conpounds of fornula 1B,
when not commercially avail able, may be 8pr epared with different

met hods according to references in the literature. For instance, acid
honol ogati on_t o bet a-ket o este be achi eved from_acyl chlorides
or car goxyl i é'(g'(?}nﬂjé"@?“% 14\7351'15'2%5%1‘)/@%'35521’?9“3’1)'H'I'PYHOI‘?'}CE‘%OXYIIC acid
di met hy1- 1, 3agidexerm; 4, 6-dione (the Meldrumis acid) as described in
J. Med. Chem 2001, .44, 90, fromacyl chlorides and et hyl o

hydr ogenmal oft-@mie-Byagtfipdy 1]'%@%@%@@?@9‘?‘?“@9@@9@1? -¢gbaxyligpciflr om
aryl et hanongs;deidk3s) dhgt hyl carbonate as shown in Can.,I.Chem 1992,
1323. Alternatively, a conmpound of forrmula (1) as defined above, may
be obt ai ned By2-aminoguuiplidipg-d)-2-¢hrpldorec-Biore-phenyl)el H2oyrevle-divarbekylicRaciil s

hydr ogen or hal - - defi ned above,
either with an dg ti \)/’g%re f@%@“ﬁ%ﬁ? ,ab(q)épﬁtg?leg%ﬁy in the presence
of a condensinyctherkof freating el prodiferativendsopders cauned by R3Yddldcianddewith an
R3 is as def] 3 -ohtaining a conpound, of fornmul I

defi ned abov!él&?%ec?%?\rg‘:?W% %C?ﬁt?%g?lglnﬁ%g r %é%?\ E n(l)nn"%l gt egeé‘lefes‘)?ﬁé&%f%" 8h
at om or hal ogemnadHagongioinyd ajfbinnrial dsylefinnladntd glsd bevidegul t ant

conpound of fornula (1 herei p. R2 i.s ;hal agep .atom i nto ot her .
conpound of ot ge{ ?lglb%ﬁ”gf’ﬂthﬁ?e%@d E%Flg ?I?Oﬁ‘f’gﬂ?ﬁct‘} p&ﬁﬁﬁﬁtﬁe&iﬁ?&rqe{/
substituted gretpr.sel ected formaryl, cycloal kyl and heterocyclyl

group as def%ne above; _.and/or 20 a'l) converting the resultant
conpound of PRSI WPES T ViARTE; tHatRpay sb%%fi‘tﬁgé?@%oFﬁrFIH?‘Ba’aFFB‘?WéPS cell

conpound of {aafinbmha hénhatpdedtiel Amkdks | & ayeRM | @NAIhphoflREkAdeUt1BloRr BEP
sel ected fromal kyl, cycloallcyl, allcenyl, alkynyl, heterocyclyl,

aryl, het er oB§ERHYERY, oAgipy gt piahe esnyrabinsoppypherglmervous syRiesp. riaglanoma,

converting ase QL RatBar&iRsril] Riebdatcol!l RerBddPRE piBRGS it akdr¥toxanthoma,
acceptabl e salt thereof or converting a salt into the free corrpoundil

(1). The st athytiopigolisuler ¢aaperomdfappsip sarommnd. s prepared via a

Pi nner -1 i ke fRAchiOSF RShAROMALTIL 18 afod|atiov id [

or accordingly to nethods %%oarfbed iﬁot ael ’%?%r@%&rﬁggf%gr né&g%g%h%/i
For mat . 1999s agshowBdgregbelwt r ahedron Letters 1994, 35, 5989).

CN Al k01, 0 2A R

\4
R, 4
—~ 3-CONHR,
N_ O
=G

>_ W™ "2,

Rﬁ 1 Rz

4y

In the present description, unless otherwise specified, the following terms have the
following meanings.

Aryl, cycloalkyl and heterocyclyl groups sometimes will be collectively defined as
“cyclyl” for convenience.

The term "alkyl" or “Alk” refers to straight or branched monovalent saturated aliphatic
hydrocarbyl groups baving from 1 to 6 carbon atoms. This term is exemplified by
groups such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, sec-butyl, t-butyl,
n-pentyl, n-hexyl, and the like. "Substituted alkyl" refers to an alkyl group having from



Schene 3 R5 AIkO -CN2B 0 RS0Alk OH/ NrG HN R62D (R2= H, X,
cyclyl) wherein R5, R6, X, G cyclyl and Allc are as defined above.
Conmpound 28 may be forned by treating hal oketone 1A as defined
above, with cyanoester 2A in the presence of a suitable base, such as
sodi um et hoxi de in ethanol, at tenperat uT es ranging fromrt to
reflux, for periods of tinme fromabout 1 h to 16 h. Hal opyrrole 2C

may be obt ai ned by exposing 28 to hal ohydric acids, such as,
hydr ochl ori c 1 d8i3aSuositassi %ﬁ%“éteérﬁ%? drcoBPBrricensisting of glkerisubstifeedalkpyy.

sol vent | keacy? lacHliafmiMod HOIBLN @800 bubMi@idd Ynehd) SimifSacl X UG8t A& ﬁ?f,
at tenperatures ranging from- 20C to reflux, nost frequently at rt.
Access to 2- epetpitiitediaslpry.oyaw, baegcnd hydiexyvritiopirhgsriatasepsbesiasn

of hal opyrr o]:ﬁ,b%t&g!,ga;sﬁ{{gag @%oﬁﬁﬁ%érbéﬁﬁﬂﬂ’a?ﬁ Qthsfit‘[\{%H%.@t%ﬁ)c?ugﬂ. at

hydr ogenol ysi’s, Ive | ternatively unct 1 onal I zat ‘
posi tion 2 niyychalkatcefep thshdid atlyl ralpedtiom 20 Hocagtioglathrsdieing 4Dgle or

Coter 20 Pl Ll 0D, TPRLLhAL By RSPIBNARA S,

of formul a (tyclopsntgdietyakedxdbayeboctyiband biee 1ddst ai ned by a') cleaving a

compound of f'éjurbgtll“lt%d %ﬁ:lc?arlky%BrePers to a cycloalkyl, having from 1 to 5 substituents selected
from the group consisting of oxo (=0), thioxo (=S), alkoxy, substituted alkoxy, acyl,
acylamino, acyloxy, amino, substituted amino, aminoacyl, aryl, substituted aryl,
aryloxy, substituted aryloxy, cyano, halogen, hydroxyl, nitro, carboxyl, carboxyl esters,
cycloalkyl, substituted cycloalkyl, heterocyclyl, and substituted heterocyclyl.
"Alkenyl" refers to alkenyl groups having from 2 to 6 carbon atoms. Such groups are
exemplified by vinyl, allyl, but-3-en-1-yl, and the like.
"Substituted alkenyl" refers to alkenyl groups having from 1 to 3 substituents, and
preferably | to 2 substituents, selected from the group consisting of alkoxy, substituted
alkoxy, acyl, acylamino, acyloxy, amino, substituted amino, aminoacyl, aryl, substituted
aryl, aryloxy, substituted aryloxy, cyano, halogen, hydroxyl, nitro, carboxyl, carboxyl
esters, cycloalkyl, substituted cycloalkyl, heterocyclyl, and substituted heterocyclyl with
the proviso that any hydroxy! substitution is not attached to a vinyl (unsaturated) carbon
atom.
"Alkynyl" refers to alkynyl groups having from 2 to 6 carbon atoms. "Substituted
alkynyl" refers to alkynyl groups having from 1 to 3 substituents, and preferably 1 to 2
substituents, selected from the group consisting of alkoxy, substituted alkoxy, acyl,
acylamino, acyloxy, amino, substituted amino, aminoacyl, aryl, substituted aryl,
aryloxy, substituted aryloxy, cyano, halogen, hydroxyl, nitro, carboxyl, carboxyl esters,
cycloalkyl, substituted cycloalkyl, heterocyelyl, and substituted heterocyciyl with the
proviso that any hydroxyl substitution is not attached to an acetylene (unsaturated)
carbon aton.
"Alkoxy" refers to the group "alkyl-O-" which includes, by way of example, methoxy,
ethoxy, n-propoxy, iso-propoxy, n-butoxy, t-butoxy, sec- butoxy, n-pentoxy and the
like.



-0 NR N wherein R3, R5> R6, cyclyl, X, G are as defined above and
the synbol -0 represents a solid support to which the chem ca

nol ecule is |inked, and, if desired, converting the resultant
conpound of fonma (1) wherein Wis nitrogen atom and R2 i s hal ogen
or an optionally substituted group sel ed? ed formaryl, cycloallcyl
and heterocyclyl group, into a pharmaceutically acceptable salt

t hereof or conve[tin%¥a salt into the free conpound (lI). The cl eavage

i s pref er abl yREEBEHPIeRE delfrstn therupcinbstinied akgV@-or epar ation i s

ai med at avorgliyrgrdiie td Bk FRGipe M-0fO -bynBi Y GikS1-CIDE, cycloalkyl-
T hd 3B gt?lg)a LRI aky @? Yt

preparation of conpounds 3A and i's in Schéne cid 211

: 1S yed,
i s | oaded onfPl sibptitated gpplerlkyl-Leh aa/&CéB}eguhﬁm@fegrarﬂﬁ%, dietgraryelkl-
am de MBHA r g&h i € j a s 02
B per i dine. Sofckon T EE PYE AR EROR! wLR] AE i, o tloali o
presence of gbelituigddyHoBRYlL eryl snbstiddday 3 Actorocyitiyl cind ubstitibeshbaterptystyl
bond form ng { r instance the Suzuki reaction, is
successfulIymgggﬁégggP%£§ive t he conpound of fornula 3B. 22 Schene 4
R6 6D (1D, wheeydinmnd2eefors/ol tht gid)ip wiEDBRR 'R8herRBach MG, is Mdegagndanly seiectey |

are as defin ahove. A particul ompound, of . f.or.mul 1 1aned 60,
Sherorn the B0 0f aud SR B o bR HIT sl Ehated hunORR st
i nto diff ereafcloalighoubstitofed f ochaalkgl, 13terompie dubfitutad Heepsae@e Heebc¢lyl,

Scheme S. Scheme 5 . R6 7D (1D, wherein R2= cyclyl-M, wherein 111
R, RB, R6. TOGYER U RO RGStIoR | BRI RO G aH the

L riflate, | rr:eﬁ&b kealen holi‘iétéra&)iﬁlygl’dﬂl@lbstﬁﬁ@d Meie‘ﬁoo@tﬁlyl _,ringe:ingr Q@ alkyl,
eterocyclyl, alkenyl, al kynyl, or optiona substituted anm no

moi eties. A ﬁ@?tﬂ“&ﬁﬁikwh Wﬁ%@s}gyi Bpgityed ﬁéﬁ%%aﬂlv{é*rséluﬁttbéwgﬁdsa%sﬁqtﬁrwékyl
aryl or het eiﬂﬂ%ﬁﬁétﬁiﬂedﬂeﬁkﬂ@cy@%ﬁﬁkBQde&'m%&JB&Eih} uent E as above defined,
may be subdued to carbon-carbon or carbon-nitrogen bond formation

with an arrayrotoxyerafer foils Fieirn gba-ELO- Hostitpied alyhEE)Or oaryleEhi-e
the S Ki , i ] b I ch ro ). :
uzuki, Sbidtied RYPEEARSH bac%g;ﬁgpt »ﬁgd)jﬂ @ OL@sOhRd @%@3@@ C(0)0-,

produce the desired outcome 70, "w group Mis as a _
def i ned. Morkatsregyclyl-R€O)51e sech subistivtedt hgamoqyela CHRO- avhpree edgl, substituted

conpri sing: AcouRbiiRg, JuGLARANYeBd 10! dudBiuted ary, heterocyclyl and
substituted heterocyclyl are as defined herein.
"Substituted amino" refers to the group -NR'R' wherein R’ are as defined above
provided that both R’ are not hydrogen. When R’ is hydrogen and the other R’ is alkyl,
the substituted amino group is sometimes referred to herein as alkylamino. When both
of R are alkyl, the substituted amino group is sometimes referred to herein as
dialkylamino. When referring to a monosubstituted amino, it is meant that either R’ is
hydrogen but not both. When referring to a disubstituted amino, it is meant that neither
R’ is hydrogen. |
"Aminoacyl" refers to the groups-NR'C(O)alkyl, - NR C(O)substituted alkyl, -NR’
C(O)cycloalkyl, -NR 'C(O)substituted cycloalkyl, -NR'C(Q)aryl, -NR'C(O) substituted
aryl, -NR'C(O)heterocyclyl, and —NR C(O)substituted heterocyclyl where R is as
defined above.

"Carboxyl" refers to -COOH or salts thereof,



23 wherein Wis an oxygen or sul phur atom R4, R5, R6 and G are as
defined above and cyclyl is an optionally substituted group sel ected
formaryl, cycloalkyl and heterocyclyl group as defined above, either
with an activated formof ammonia, optionally in the presence of a
condensi ng agent, or with an anmine of fdfnula R3-N117, wherein R3 is
as defined above, thus obtaining a conpound of fornmula (I) as defined
above, wherein Wis an_oxygen or sulphur atom and R2 is

optional |y sub¥bpivhese” bﬁf?fﬁuff’ the Eouped (P ¥P-ak s ﬂ(O)Qy@lbé%ﬂ‘%WU%th(o)O-
het erocycl yl ;g1 QH®: I

(I') into anofn%er g.?@?ﬁﬁéﬂsgﬂgﬁé&%%ﬁ %%%8?&8&9%9&29 ElgIlfa de)EelgE:squ eéd
converting aawbmﬁﬁelmdh@iﬁml a(l) into a phar maceutical |y
acceptable s ot hei N i i t e d.
(I'). Under ogﬂtI% ona h%mc p b?” %mh%?letf\}\(??lg@?u@l%a?%%gr%mt E&O &rﬁjcne ﬁ’ 'S
may be oxi di ﬂe@tomhlqrherbmmpespondl ng 1l-oxo or 1, 1-di oxo th| ophenes by

}Nglr LTUFQO\;VR, ph o ﬁ;&gﬂdé:"ng" {efe?ﬁﬁ Ir%?%éx)a ee{ émgnc a-ll_jl?fz)((i %éﬁc}rui% eg ﬁﬁ@tobﬁ carbon

conveni ent | yatoms &bviegl aismghi xigufee. fahemm)lcehmms;ﬂetmdiaﬁﬁebymgy(ﬁ &. 2aphtonl ,or
for instance wt : . . .

2, 4- bi s( 4- nei‘%%rfgp%béﬂ*yﬁndiﬂ%d GPEhinay 57 Paynph s HRTeln €68 Zbegrearalingrs
(the Lawessozriid 4-&agoRizin- IMHesnechylOfmRltthg e ptovidee fat eeipomt bh@tabMient

esters may be i ndependentl|y subdu d to stand rd baS|c hydronS|s
provi di ng. t S HELHPREIGEE s, 7 e %)nch@%ﬂlm gd naphghyl.

Lawesson' s renganited HACYietel % agnrgw@sogmapwe C&Q&@?ﬁedl@nhZﬁmﬁm to 3

stated above, optionally the conmpounds of fonnula (1) be directly
modi fi ed at ®1 ﬁfﬁé@ﬂtwelﬁ%@k fropdhe ewHP Gpafisting e%hqsbwn@cs@emlammmgcyloxy,
anot her deri vl V@p@lnt®r Mmaia e(llh))xy, Fbstiisd aﬂlﬁﬁ(yt NeniRy " Sistivie hﬂg),
of pyrrole 8A can be directly hal ogenated to el d am’'des 88 and 8C.
Thi s transf othiaedcsh aiyd substiusedeatyls axyjoaptsobstinyedpyrylors aerbexyl. wrtonyINGSrsat
?ngt ]-:Lg?ceg 3% n%\%t Qy&TI@a‘-ﬁqﬁHF oﬁ M&%&Aﬁg@rﬁﬁcﬁ FélQ irl\@&“ th@l@#)%yc?ﬁl V&BLtituted
condi ti ons thmgff)@lyﬂrdle@mcal@ylsw,lSnb&blttttfhbhmqyelwlm}ﬁmmgo suifodgl @Th;SO,-),
hal ogenat ed 2} ;pOs; Eécp;{;m? Sf fo rrole. The sanme ami de 8A, if

previ ously pr otect e i nopyrim di ne nucl eus as Boo
derivative, 'aplobg' alfge t rthmgfomprmryi Q- nthaﬂ’liml’udesarﬁydv&aﬁﬁf Iayam]ﬂeaph&mﬁy,
wi th NCS at 10?%0;(% he?‘ﬂd deprotection in standard acidic

condi tions. BEth dolbl & sequentl al and doubl e sinultaneous

hal ogenat i onSubaiwuted aplolaﬁ' raﬁn toseigtitvas] syladvErapsScheme 7. Bronob ami de
8C, V\,hentre,;'ﬁg p ffords ?mde 8F and the sanme,result is
obt ai ned by eﬁ?(iyﬁ@ i %rd eéﬁ'i‘i’cé'éh%lrf it? A RBECQAT yasafgated group having a

si mul t aneOUSdn)gchhh@loﬁﬂﬂlf[tﬁil@doﬂa)ingeﬁ\@mgﬂlﬂo\ﬁa'l abt19 d@fvoh akaendt il 12@ent
to provide 3}m des 8G and 8 upon treatment with NBS and NI S

respecti vel eteﬁwaﬁlss%cf OIBéhetsf%lws%?lﬁ@a of Rtt@eeth vl gr pyyeen within the

derivative 8lfabyhdiinest ﬁlyéerﬂga%Jsﬁﬂls,Vb& 6rhﬁor§tthé hﬁ»‘gFCcfaﬁso% c%elgmkylnglgl or
reaction pr ot OCO| as describ f or exanp e, .

36, 7043." THSGeadarendeddhaiihs noint of emchmept 9[9‘1W1$lhthe heterocyclic ring.
| tributy h
vinyl tributy S%Bﬁﬂﬂ@@ﬁetérﬂc%ﬂ@ REESR R ﬁ%#ogﬁaﬁ%&dsuﬁ !ecmh fr3tACH

as palladiumtetrakis or |chlor itriphe Ino palladium 1n
sol vent s | i Ke 3difthesame substituents asdsifinedhox substatsted aycleadigpper at ur es rangi ng

from25 to Zﬁgﬁples %% hﬁ%&%{@y@ include,l\ﬁﬁ%re not limited to, pyridinyl, pyrrolyl, indolyl,
thienyl, furyl, benzothienyl, benzofuranyl, imidazolyl, benzoimidazolyl, pyrazolyl,

thiazolyl, benzothiazolyl, isothiazolyl, oxazolyl, isoxazolyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, purinyl, quinolyl, isoquinolyl, dihydroquinolinyl, 2,3-dihydro-
1H-indolyl, quinoxalinyl, benzodioxolyl, indanyl, indenyl, triazolyl, azetidinyl,



/cyclyl NrN H2N8D (y.i) BE (Y=Cl) wherein R3, R5, R6, X, G and

cyclyl arc as defined above. Another process for preparing a conpound
of fornmula (1) conprises: a) reacting a conpound of fornula 9 0O
R5NHR3 9 wherein L is a |leaving group_such as hal ogen,

met hansul phonyl or methansul finyl and R3? R5, cyclyl and G are as
defined above, either with an activated formof amonia, like |ithium
bis(trinmethylsilyflanmde, optionally in the presence of a condensin

agent, or wi {ndogimla itydroindplvhwidageiyly guinelizinyh Plibhalagined, nephtiipym dapl,
am ne of for H\&hﬁoﬂr@ylt Clh“l’@myw}ﬁérﬁlﬁﬂ}l Reértiasols c%fﬂ'mﬂ@ dplﬁgﬁh\ﬂﬁldd)n &rldlnyl

Pd-cat al yzed coupl i'ng, thuS obtaining a conmpound f or mul
defi ned aboveheméh@ixnylw i Bhemzzmyl Rlphegowlaylogenh@ap@amzmb R@mdgzqhﬂm&lz

26 The star i ARR0 WAy L' é}bz‘i il (%S%ﬁﬁgarpggﬁgg\ﬁgl | P,gi,%&‘xi]t-‘gegﬁah%m-

Hal opyridine 9, wherein I'ng
exanpl e, f r oip@uindiinghro- 15@2Mshﬂnﬂmbpymﬂﬂmmm@ayl) thidraldmd, prepphdayby

hal ogenat i Onth?c}cmo]r%lgo%n&f R:lﬂ% OR¥ e&“ 1y A‘}asylb.)la%]io?%ﬁﬂgﬁ %{%e%q_@g]gl Sk '1181%1&3

2- chl or o- 4- cyano escri bed
1[ 2- (thhylthwnﬂmwkpﬁmdeyupyﬁﬁﬂMEwlMﬂﬂﬁméyﬁpmwmgre|n Lis CH3-S-
(9B), obtain

bl e
b oo 1 oft A beTted ot whs e o Aot vey e SRS R aap oy
W03/ 011838) nitrogey drsulfiatatonatted niightthb @resatt hRg poiehalg bs oitifiowd. dg or
| f 9, oxi ti.on,
fS ch)r ZQSW emﬁﬁ%@fﬁln 5b%|1tdb§ %ﬁﬁ)ghe g@éfl§ﬂ9m#ef§/5)thwgvr@.%8{ sfigents
hal ogen and #ngd SdJﬂnU@rlfBﬁ {96hce, "BY Rfoal m?tm)(predm&fx?@hrwx@m alt;yloxy,

2- brono- 1- ( 2- chl or o- 5- fluoro pyrimdin-4 et hanone, obt ai ned

hal ogenat i onh%qroafyleéy,cwnapﬁkﬁé ﬁﬂ‘@i@%l’é‘t?yrﬁlkiil%?‘ﬂ@@%1§ha]§¥ﬁ&m€fﬂa|3r1?dtfbﬁ n

pr eloalr /ed\ as HeSEivich®Be EdhsRAHRPBE Ghmes R Bods fronOPhil thdiRENERRe.
cyc
yery In this respect, as an example, any group which is identified as an arylalkyl or

heterocycloalkyl has to be intended as an alkyl group which is further substituted by

aryl or heterocycl, wherein aryl, heterocycl and alkyl are as above defined.

The compounds of formula (I) of the invention may have asymmetric carbon atoms and

may therefore exist as individual optical isomers, as racemic admixtures or as any other

admixture including a majority of one of the two optical isomers, which are all to be

intended as comprised within the scope of the present invention.,

In cases when compounds may exist in tautomeric forms, for instance keto-enol

tautoiners, each tautomeric form is contemplated as being included within this invention

whether existing in equilibrium or predominantly in one form.

Likewise, the use as an antitumor agent of all the possible isomers and their admixtures
, and of both the metabolites and the pharmaceutically acceptable bio-precursors

(otherwise referred to as phanmnaceutically acceptable pro-drugs) of the compounds of

formula (I) are also within the scope of the present invention.

Ag used herein, the term "pharmaceutically acceptable salts" refers to the nontoxic acid

or alkaline earth metal salts of the compounds of formula I. These salts can be prepared

in situ during the final isolation and purification of the compounds of formula I, or by

separately reacting the base or acid functions with a suitable organic or inorganic acid or

base, respectively. Representative salts include, but are not limited to, the following:



NHN cyclyl H ™} / 0,190 wherein R3, R5, X and cyclyl are as defined
above. It is a further object of the present invention an
internmediate of the formula ID or 1E: 27 111-Pyrrol e-3-carboxylic
acid, 1-(methoxynethyl)-4-nmethyl-2,5-di-4-pyridinyl-, ethyl ester;
1H pyrrol e- 3-carboxylic acid, 2,5-di-4- 6§/ri di nyl -, nmethyl ester,

1H pyrrol e-3- carboxylic acid, 4-nethyl-2-phenyl-5-(4-pyridinyl)-
nmet hyl ester, 1H pyrrole-3 -carboxylic acid,

4- et hyl - 2, 5aqﬁa’ce4 a%ly?tp,cﬁlg{%te cnt@%ﬁwaﬂw, Iqqnq?aiieplppg{zqnﬁgﬂfpgatg_)blsulfate
1H-pyrrol e- 3but9ﬁfebgéiﬂﬂﬂoﬁat@-€b1gphoﬁ'uﬁgﬁa%/ |d1g¥uc§né4é cﬁcl%ﬁaﬁéﬂwﬂwnm
1H—pyrro|e30arbox Iic acid, 4-(nethoxymnethyl’): di -'4- dln

net hyl ester do@pylg f%p@a@s@]&ng@»@pqogem@ogte glycerophosphate he1msulfate
4-butyl -2, 5- g fiomé! Hedhiddle: Bt hy&st i ! lic
acid, 4- (1 met hyloet’h / ) - eB 11| -4- pg;rl n " Wd%% ?hgﬁd&?ﬁwy

1H pyrrol e- 3hﬁhmb@bhqusulﬂa@tedlacmwplmdpgti-lﬂaltﬁlaeh, Lmthplsﬁsuldmascl, nicotaiatyy P-
ester, 1H py | - yi- -dj -4- Ldinyl -,
2 ot hoxyet b s e BGHE Rk, Bfihdhue Db et ptlalibhe

4- et hyl - 2, 5p1d1ate491pylaied1pmylbnate Isulctcjﬂateestlﬁte taﬂrbﬂtq)yglm@hméwetalnmxmﬂfdnete
acid, 4-methyl-2 5-d d|n

1 Sy r ot o SgERe AL v parpRipRIRblaiti Ehung o b pyspermized wit
1, 1-di net hyI gichygenesisatkyl Hdﬁd?lyﬂlicmaeﬂ&tl‘ghléfh@x]ﬁdp?l a tehtyl chloride, bromides,

j.ll-l—rrg;mllol e- 3% Dgi ‘B@%ﬁg‘%@‘;‘%hﬁ’“ I}lecmilin %‘ eéle§yhgigwé¢p§1 Ehaw | sulfates, long

2- propenyl e&ta@fhaliddd-sayn isﬂe@yﬁaﬁr@f ﬂ@%ﬁlﬂyi gndasedadld chlorldes bromldes and iodides,
4- et hyl - 2, 5-dj ridin yl met hyl, este

T YT 2 Sanst itk Rtz ol GEAaH DY, ad cprs, W or Oll"ﬁ‘élt‘ll’i?Pf

ester, 1H p)’(ﬂléﬁll"s%lé”pﬁﬂﬁ@Qé%ltHe?eb?%bﬁmeé met hy1- 2, 5-di - 4- pyri di nyl -
et hyl ester and fyrro e- 3-car boxyl i c acid,

4-ethyl -2, 5- Eﬁmﬂq@w Wdﬁyﬂwt may fag lemplayed 1o BpyRRyNODEETcally Hrsceptiblfo aidls
of formula (Md:tﬁ:ﬁ%a%ﬁdcﬁﬂe%ﬁc]:p'ftfarrg%hﬂ zlcfdsr!ﬁs‘xﬁldt]daﬁ'l'ohb LS sﬁ’}ﬂlglcaarcﬁi nitric
therefore useful, for 1nstance, to restrict "the unregula e
proliferati ovichfydrobromic adid,perohlpric raeidzgngl phedpbyriganyd el suck @rganictagils as
treat ment of oxafé b&&'%n HQQ id,; met sﬁﬁnfz@?ﬁes&gﬁm fdyanEl SRI% Ec%j a &ﬁ: a\éﬁil !
as in the treatnent’ er cell proli efatlve I'sor der s sUCh &

psori asi s, viaﬂcmbauetls md,tmomeﬂub apidp@ytﬁ@mat:ﬁoh@swutnmﬂmb wiid, hnahc amd
at her oscl er o a u cal _stenosis 0si.s_ a

treat ment of %lﬁn Fiellﬁjdl’rg)(r‘grslzs%d?r"}gil(!léamnamfc 1 llaingrr}lca%céalse lo%ccf‘q 'fl|S?\1/1|1°P'y°
28 The i nhi bacid ng activity of putati ve Cdc? |nh| b| tors and the

pot ency of | ect ounds is d term h a.net f assay
Paseq: on_t e HEAaToBaNBEH B PirPuSS I EBknHaIrGHS o i s Syearss s

consi sts of thheopanad ef foahuls a,dcsr@apztramytby ﬂeiﬂaﬁg eﬂb@hms pBiatisoiBisalih DY
t he ki nase to, aﬂ ﬁcce tor subst The resulting 33P-1a @gl ed .
product is sYPIAPEY FFLAF B > (CPRRBHS Of PieAbPRAlG &ff ajphprnageutically

scintillati oRcGRold bt ifidn bt gith aﬁﬂﬂ&nﬁaeer hr§of£§1§§ llsﬁﬁﬁglbaec@ndary or tertiary
scintillation counter. The inhibition assa

f4 activit
per formed acd¥Reithgrmaseytivallst aaceRidhle selts il obut arh BotNENBedsigheations éasrs%
trans- phosphgy ik aiat Y ai8need PR, GRARL ‘%Kdlhlﬂ ilﬁ%l@rﬁa%?ﬁﬁ thclﬁﬂ;P
traced with 733-ATP. The reaction i s stopped by addition o
resin in thengmesenceuphunselt andded ke, Dowelkas amyhenipay quateimagy amtpomum,
unreacted 7
phosphoryl a@g@%ﬁ@ﬂm ga@g’u%mé gbr}g:hg)é lﬁlﬁh&ggﬁ) %ql%oﬁﬁn%g&%%m r1 ﬁ%ﬁgﬂlm
col | ect ed, ttpmﬁiy@nnm.wNIM onmlalmhat dilpettbﬂlesina,ndrimbmbylemtnenttnoﬂzylamme

assay of cacormnaaft hE QB R E RGN P oahe SuBbbib g

to the foll dasng amhtlbloccshlts include diethylamine, ethylenediamine, ethanolamine,

dicthanolamine, piperazine and the like,



To each well of the plate were added: 10 Rl test conpound (10

i ncreasing concentrations in the nMto uMrange to generate a ]
dose-response curve). The solvent for test conpounds contained 3%
DMSO (final concentration 1%9 10 Rl substrate MCM2 (6 p. M final
concentration), a mxture of cold ATP (é4 RM final concentration) and
radi oactive ATP (1/5000 nolar ratio wth cold ATP). 10 Rl enzyne
(Cdc7/Dbf4, 2 nMfinal concentration) that started the reaction The
buf fer of th&h$ &P eherrprritiealiyaceeptaie RdpEEBESdpibamyequsistlly Afcapfabls
M My 2, 2 giMgkhrsod” HM!%‘I’{QI%II] réfeid tglt}i&g{)ﬂ)ﬂﬂ\%§ Bhﬁ‘ﬁe Sodfnds gfntgé H?]ssent
BSA. After i'ncubation for m nutes at room tenperature,
reaction \Nasmgtreswaeﬁhltiyaradmthrg ﬂtfoscea% af gaamd n:t@tpamldene@omablﬁ é@i wpeiin
t he presence

50 RE of SUSHONS] A" aor 0w ThaTaLs i slRRnAlo Bl R,
OPTI PLATEs cdliergi¢ mispepsa.5adghe ke, MoomeBuiatt with a(Pesokablalhene tfriskrratio, 16d
29 mnutes s r

ToP- Count %‘fé&t@ fosr”t[}%i}'mr]tgtgogﬁ u\é\éa %ﬁgﬁ% er%(rﬁ/]lt%eg 18 rl;érl}rsqﬁl?? c%sfgle\,/\%f the
tested at dr ¢dmapoemds o Entntani Olmestermafippodige? radiers G OGwubds thér qo¢ Mpidiy

Experinmental data re by.the conmputer program Assay .
Exploror st i THESY Ba har kAP A St T U T BRE G 1) vivo, for
bot t om+(t op- d&)ﬂtﬂplmr’ﬁ}/ Iyt ol bagIdCACdixdsidroR @y Jvidukdan €. Migushit 4d@ V. Stella,

| ogarit hm of th ncentration i st onse starts
at bottom an aﬁ Qtvﬁlﬁs?}dv? ST I%K%%%Agﬁeé B‘?Pﬁ %?Pé&fand n

formula (1) Bdwdr8. Ro@REAE, BistéRmdible Cagleeyva brhéDesipalanesicanPHad et

bet ween and 1000 nM I n particular, the compounds coded A, A2, A3,

Ad, A 5, A6 Asgociation andy Pergaigon Rrgss, 187, A@Oof which e ipgorpopgted pgreiny py

LI, M2, M3, Mirenbgre bel ow, showed ICSO val ues on Cdc7/Dbf4 between 1
and 100 nM | n addition the sel ected conpounds have been

char act er i zefis fosnedy,Bidicated;iit i agyrtherphiset ofghe Wﬁﬁ-}ﬁloétﬁh?é@ceﬁ fenpweRaringrtbn g
whi ch Cdk2A, ' j%gcte

PKAa, PKCP, (i?é fack OMI%Q (%h ﬁ:ﬁt{ ‘?‘"gnfégé%%fﬁywcélﬁ VR Apté%’( %\E})l ty
Ki nase reactﬁh@fﬁef 1.5 M\/I h| stone H substrate, 25 1. tMATP 0.2 pGi

bt Lor s PrAA G P Eeafi BEPRE: %‘*fe??ﬁf*é’ﬁét‘%“@ t‘%orr*%ﬂ%”

MyC1l2 10 miV materalsrivsiDg Tthe well@viag deederalo negtods veat | pro¢edare§6Ublel§ﬂ)k)thBrWIse

wel | plate. m 7 Crncubatron reactiaon was
20 Rl EDTA 15%&%51 11if'as“‘trp]“ge"rhat% SHF RV CUPRREFL IR T RSRRAE ‘%Dmgrtw o

Mul ti Screen q@h@bm;dstzmccaﬁ]hlgvto s;utﬂiskﬂoatnepxbcafddrasglttmllpbmsmiﬂmiméd thlaf) Sehere
filter. Pl ates re t.hen washed 3.tines with 150 pl/wel.l PBS Can/ +
ree and 1 ISBFEG" B PRCEP Santtitnsl S o St ot Taple Fotod of
filters wer &eﬁhdu&v\/@dlvérﬁs Cbr&ssﬁ’és)%@ glteheath&pgrdts/kdsv@htrmsﬁsl &inl dlkABE ve&T €

added and 33P. | abel ed hi Stﬁ § was det ectg radi oactjvity
counting i n YOHES PHSTESL ABteln SPHmIEeactiRR SOPFIEong BEY YRRT With 1h¢ pauigulahd

expressed asefadntirRbivéRsddehR i @bohditibtcah ba@étbotlitad Bfone QléMéH?in the art
(=100% . Al conpounds show ng inhibition > 50 % were further

anal yzed i n Rraeinctpiigiaaton pirerdyese MdditiRnelingy will bseppagest Rethoseakilled i
ki netic-profihd e QlonldabibRil tpﬁftectttﬁé QHRIPs lﬂay &8 Inetls &l reveé elbrgﬁloﬂmct onal

deternination: the protocol used was the sane desc ove ere
i nhi bitors vespuwpstiee agdagoigg udasern regetinnen Bvitableoproter g Eroypy Fagrvarious
pr ogram Gr agh%“%f??rﬁ {g?n H@ ?1 Stljb?er %gr arre &‘9 @Xte&ﬁ%c %ngEig r‘S{ecnngy
= bot t om+(t gprtivolat cfm)thnatlgﬁ(n(sl @gl @EID lm)oml Upet)e) attm@me exampiet h@nerous
Iogarithmof t he. i nhi bitor C res starts
at _bottom arP&Ota%lejg ggoupF are des ﬁ) % L g %anég%g é IOFW te pro ctnig &roups in
Organic Synthesis, Second Edition, Wiley, New York, 1991, and references cited

therein.



Ki calculation: either the concentration of ATP and hi stone Hl
substrate were varied: 4, 8, 12, 24, 48 RMfor ATP (containing
proportionally diluted P337-ATP) and 0.4, 0.8, 1.2, 2.4, 4.8 111\4
for histone were used in absence and presence of two different,
properly chosen inhibitor concentrati ong? Experimental data were
anal yzed by the conmputer program "SigmaPlot" for Ki determnation,
using a random bi,r?ac ant system equatjon: Vmax (A) .(B) aKAKB v=

| CA KB aKAKBRWIEY R anthepreseatinEctiion PEyKIesf Prostie co@pgdifads of t he
present i nvepfdoaplifptoddoasidrthetel ag either as single agents or,
alternatively, in conbination with known anticancer treatnents such
as radiation therapy or chenotherapy regi in conbination with
cytostatic or cytotoxic agents, antpbi &i @pe agents, al kyl ating
agents, antinetabolite agents, honn shal fayent s, i nmunol ogi cal agents,
interferon-type agents, cyclooxyg whisyedrs (e.g. COX-2
inhibitors), matrixnetall oprotea |/ i bhtors, telonerase inhibitors,
tyrosine Icinase inhibitors, anti -brovvt h'factor receptor agents,

anti - HER agents, anti-EGFR agents, manti ajgi ogenesi s agents (e.g.

angi ogenesi s inhibitors), farnesyl transferase inhibitors, ras-raf
signal transgugtinOR, PRL WA Ml bl 1er & g8k H¥& Gnd @9&1%?1' L5O%S opRSdARY
cdks inhibitors, tubul i n bi ndi ng agents, topoi somerase i nhi bitors;
t opoi somer as@bstituted Hrepmn stlestedaformt el (cylealkylfanfohatarpeyelall seeaipaast dofingd
dose, such cgpbination products enploy the conpounds of this
invention within the dosage range described bel ow and t he ot her

phar maceut i ceitheywitle a1 yasivaige frmwil piningnizheptiapgiydv 8 nikssag ef a aonglensing
Conmpounds of | d.\geq & | i

ant ) cancer _aen Bty dmiTBUe BEnitR REBEIERLL R IosBehiba SBRM s,
31 The conpayaidisg efcompeund lof forinpladgh) as Hefined elsontwherrineWtis DR, wheirdia B 6

for adm ni st LONn, to a |, e.d., t wumans, can be. adm ni stered
b o uay st o aFPRI R an ofichany &fbs TR BRwp SR RA BT
wei ght, condescloaliigl amfi htfemcpayli getatp; and adm ni stration route. For

exanpl e, a i tabl e dosage adopted for.oral .adm nistratjon of a

conmpound of Slfoo ﬁa‘raiy_(“f"}ve & HB’@"?‘{ %{rﬁoﬂ @bfﬁfﬁo f‘??t%glﬁer%%n%mﬁ@f

dgs_e, from éfo_hﬁuliO(Iy,l BB ﬁia:cdbséred,—r %nwf@of ] lu’ld:%m@f)uddh%lf: @ikl ﬁ:?d" be

adm nistered in a varjety of dosage forms, e.g., orally, in the form

Labl ots, capdameaseutiathapceartanls palh eseat@n corpHtiod & sol 1o ihH Free pounoue (Thr

suspensi ons; Theegduplihgy fdrNcdnldéth@ M BiPRRSIkRET Bsnpdaad SRShAd Y) BayIbe

i ntramuscul arly, or through intravenous and/or intrathecal and/or

i ntraspinal RIS 8¥ ¥6H KpRen primesrmideniemingoprorrds lonetantds 1-hydroxy-

phar maceut i o, SRIBRS | dnln@huf OGN | GO ermmouRd afehar e dikd) 195- 2

pharmaceutical |y acceptable salt thereof I'n association wth a

g_h?r rra;:eutT Ihdhf;; Yla@@@ptoambé-%béd¢apbfén§1}devhyﬁcq¢?lﬁg9§ gEDE) on Preprottazok -
iluent. NTRE folcyele :

the inventi r% élrﬁé ’usgézgﬁngﬁiklrugpér ezb[ﬁﬂ% ?%)\Ri&%% @%@nl\k/%f) % (r)tﬁjallcgﬂr?ég %glgémqaﬁ]d

ar le_ gdm' n: S]Ecerli@dati:h the convarsion élfq)m:’mghuempidﬁainﬁf be m:r_riﬁboutéyya:nmilglg witte

solid ora r 0 e W e, active .conpou

di | uents, e.agl. a%?%@%%)gl&%%%ﬁgglgléeg]c%ﬁésragsdég?mesdu%%%’é‘,nd%reﬁn?au e{érstg’well

corn star ch lmowpatideefostiag cdnditiombr i cants, e.g., silica, talc, stearic

acid, magnesi.um.or calcium stearate, and/or et hyl ene, gl ycol s; .
b1 nd ng. agerit. g iR bR i Ela g R A toRERiah 58 sl e
car boxynet hythe @td tdag@no(l)pedryisd o lacqydin®td Weinenovihi BlobédRebsah kitDart, are

agents, e.g.,.starch, al gi&']c, aci d, alginates or sodium starch
glycol ate; efifl SAhEGIar sROPHPLPERERIByest uf fs; sweet eners: wetting

agents such &g pr@aiatibn 5 thO AR eSmul A ¥ldspibRl &l €8 folBRhe Sclleme 1.
general, non-toxic and pharnmacol ogically inactive substances used In

phar maceuti cal formul ations. These pharmaceutical preparations may be




EXAMPLES For a reference to any specific conpound of forrmula (I) of
the invention, optionally in the formof a pharmaceutically
acceptabl e salt, see the experinental section and clainms. Referting
to the exanples that follow, conpounds of the present invention were
synt hesi zed usi ng the net hods descri bed 'fierein, or other nethods,
which are well known in the art. General nmethods Flash
Chr omat ogr aphy was perforned on silica gel (Merck grade 9395, 60A).
Wher e specified, chronmatographic separations have been perforned on a
Bi ot age Hori zon system M crowave-assisted reactions were perfonned
usi ng Bi ot age/ Personal Chem stry SmthCreatorTM HPLC was perfornmed on
Waters X Terra RP 18 (4,6 x 50 nm 3 $hemied) col urm using a Waters
2790 HPLC systﬁsm equi pped with a 996 Waters PDA detgctor and
M cromass nod. ¥2Q @i ngl e quadrupol e mass spectro téﬁf qui pped with
an el ectrospra R,j on source. Mobile phase A was ni um @cetate
5 mM buffer (p 5w th acetk@.asjdvchicetonitrile 95:5 Rsnd Mpbi | e
phase B was . Fi: cé(tonitrile( :99). Gadient fyom 490% B Tn 8
m nutes, hold 9Q% B 2 m nutes. UV detection at 2p0 Ak® @oill rim 33
Flow rate 1 nL/m®n | njection vol 10 pl. Full Sscan, ramge from
100 to 800 anu. Cap1ip1 | ary voltage was 2.5 KV, source tenp. was 120C,
cone was 10 V. Retention tinmes (HPLC r.t.) are giyen igh m nutes at
220 nm or at Ne&ecnm Mass pafe giQ/ as iniz rati & ep-mgcessary,
conpounds hawe been puriflfe : a Waters
Symetry C18 Rl x 50 n & Yoy €Ol umi- usi nggas yopr epar at i ve
HPLC 600 equirpped with q ¢ 6 Waters PDA det ect ,camql2 a Mcromass nod.
ZNMD singl e quadrupol e mays spectroneter, electrgn spray ionization,
positive node. Mobile phase f was ter 0.01% TRA, ﬂgd Mobi | e phase B
was acetonitrile. Gadient from10 te 99%B in 8 mn;, hold 90% B 2
mn. Flowrate 20 nL/mn on a Waters e Prep RP18 (19 x 100
nun, 5 tun) colum using a Waters Frac A é\éstem (FL2) equi pped
with a Waters 2996 PDA WV-VI S det ector!l and é VL Er s ZQ single
quadr upol e mass spectronmeter. Mbile &’Zﬁe By was 0.05% NFLOH in FLO
2

pH O Acetonitrile 95/5, and Mbile phasg B was acetonitrile. G adient
fromO to 80%B in 8 mn, hold 100% B in“Flowrate 20 nL/mn.

Low r esol ut i WireiaRs RpBoRedl apdusichdaieas drfingd dleqver ¥iisrekplegsn atomi supli gfan
MAT LCQ ion ﬁrBﬁ&e'oP%ElBﬁH%HAlﬁ%‘%@p@&m% an el ectrospray (ESI) ion

source. High-resolution mass spectra ) were obtained on a

Wat er s Q TOFCaypdupdh LDnwayrherfermcd tycpoinppgdalokethnahi siith derdsmesyr (BESIthe

i on source, sl npi 2 for k.. VS
correction. %%glééséséfr(}}g?ﬁg?lg rﬁg %69 g?%g%\ist%g%}n %%?gkll\lﬁ?gssﬁiggﬁtr Iclakr?e{: %}ly\%g@mn
per formed onTAFMer dinethyifimd@gido(JaiviE) atrigmprdratd e raiginlyHirone g20°pre d0¥WE bid a

5 mm doubl e respnance. pr.obe [ 1H N—%lg% | D PFG Var.j.an].. Chem cal
shifts are e¥pt g@vgsgg 1gie %JS%%‘? {égoll Rleech e THigR sQndifiepsdp dhsupigseace of
abbr evi at i onsuiahan béeeaté OhHca i, A) sieEah Bgie oftsPhiuta RCCH] & 2aGitsblARINM =
ammoni um acet at e = aquepus. Hoc = tert-but oxycarbonyl 13u0 =
Sodi um t er t B SRHEOLBRCCIE o 3 Ews e 1R HASBPETEREREE from x t
acet oni tri| e sGSERNGeriod ob kigledBomh hBIY 110 nSREY 268! SptRAANE msidd R GaRbHaked
34 Cs1COB3= cesjium carbonate DCM = di chl or onet hane |

cavity, Ester 1D may be then saponified in standard basic conditions to give the acid of

formmla 1E,

In some instances, when Ry is different from hydrogen atom, ester hydrolysis of 1D

may lead to the decarboxylated analog. Accordingly, another process for preparing a

compound of formula I is provided which comprises the amidation of a compound

formula SD:



DI EA = dii sopropyl et hyl ami ne DVAP = di net hyl am nopyri di ne DMF =N, N -
di met hyl f onnam de DVBO- D6 = deut erated di nethyl sul foxi de EDCl =

1- ( 3-di net hyl am nopr opyO- 3- et hyl carbodi i m de hydrochl oride eq =

equi valents ESI = electrospray ionizatiqn Etl = ethyl iodide EtN-I2=
et hyl am ne Et0Ac = ethyl acetate EtO0l-1 "= ethanol Et20 = diethylether
g = granms h = hour(s) HBr = hydrobrom c acid Il Cl= hydrochloric acid

FI COOH = 88% form c acid HCOONH4 = amTqu um formate HOBT =

hydr oxybenzotri azol e HOBT- NH3= hydrogb zotriazol e anmoni um sal t
HPLC = hi gh performance |iquid chronpfo phy KOH = potassi um
hydroxi de Lawesson's reagent = N cyclyl

2, 4- bi s(4-t net hoxypheny0- 1, 3-di t hNg_2 4- Nai phosSphet ane- 2, 4-di sul fi de

Lid=1lithiumchloride M= nolar regn =
4- et hyl benzhydryl arni ne-resin hﬁl&r ochloride Meldrum s acid =
2, 2-di met hy1- 1, 3- di oxane- 4, 6-di one MeNI -¥2 = nethyl amine 35 MeOH =

met hanol g \%hépéilnllil 9155? tﬁ%, ST cyrc'ﬂ.yrl1 g}e%gdeﬁned above and Ry is not hydrogen atom, and
b) optionally converting a compound of formula (I) into another different compound of
formula (I), and, if desired, converting a compound of formula (I) into a
pharmaceutically acceptable salt thereof or converting a salt into the free compound (1).
In this case amidation is accomplished as described, for example, in Synthesis 1978,
374, by exposing compound 5D to chlorosulfonylisocyanate in a sunitable solvent, such
as acetonitrile, dichloromethane or diethyl ether, and treating the obtained
chlorosulfonylamide with alkali in order to achieve the corresponding sulfamic acid.
The sulfamic acid is then hydrolyzed to the desired compound of forimula (I) in acidic
medium, such as, for example, concentrated hydrochloric acid.
The compounds of formula 1A and 1B, as well as any other reactant of the process, are
known and, if not commercially available per se, can be easily prepared according to
known methods. The compounds of formula 1A may be prepared by halogenating, e.g.
brominating or chlorinating, a suitable heteroaryl-ethanone derivative or an activated
equivalent. The reaction occurs by working under conventional methods, for instance in
the presence of bromine and in a suitable solvent such as aqueous hydrobromic acid or a
mixture of acetic and hydrobromic acid, for a time varying between about 1 h and about
24 h. Alternatively, a suitably activated heteroaryl derivative, e.g. an alkylenolether or
silylenolether, can be reacted with a halogen source, for instance N-bromo-succinimide
(NBS), in a suitable solvent, such as tetrahydrofuran/water mixtures.
In particular, among the suitable haloderivatives of formula 1A, we consider 2-bromo-
1-pyridin-4-yl-ethanone  (commercial), 2-bromo-1-(3-fluoro-pyridin-4-yl)-ethanone
(reported in WO2005013986), 2-bromo-1-pyridin-4-yl-propan-1-one (commercial), 2-
bromo-1-pyrimidin-4-yl-ethanone (reported in W02005014572), 1-(2-amino-pyrimidin-
4-yl)-2-bromo-ethanone  (commercial), 2-bromo-1-(2-chloro-pyridin-4-yl)-ethanone
(reported in WO2004058762), 2-bromo-1-(2-methylsulfanyl-pyrimidin-4-yl)-ethanone
(reported in WO2003011838), 1-(2-amino-5-fluoro-pyrimidin-4-yI)-2-bromo-ethanone



InL = mlliliters mol = mllinoles nol= nmoles N = normal Na, CO3 =
sodi um car bonate NaH = sodi um hydride, 60%in mneral oil NaHCO3 =
sodi um hydr ogen carbonate NaH2PO4 = sodi um di hydr ogen phosphat e NaNO
= sodiumnitrite NaCH = sodi um hydroxydeI Na2SO4 = anhydrous sodi um
sul phate NBS = N- brono-succini m de NCS= ?\I-Ch| or o-succi nim de N S=

N-i odo- succi ni mde NH3 = amoni a Pd( OAc), pal | adi um acet ate

(Ph3P) 2PdC12 chl or tr| enyl h| al | ad un( 1] ,Qom
t enper at ur e %é‘fdsgh%nﬁogﬁz)o ggf"n §'E£pl% N g Iarfﬁlh%/tpﬁﬂ%ﬁl
tetrafl uor obBchtge TEA = tri et hyl amine TFA = trifluoroacetic acid THF
= tetrahydrofuran Xant phos = 9, 9- d| met hy1- 9H xant hene- 4, 5-

di yebi s[ di phéRPPEhS gpffoﬂ@f Hefqrousy tRaERG dgntives subdggnip chajogenation we
2- Pheny| - 5- pydrsidies)- 4oy L-iddthrioy,” I Ol efidoepiaxylyietnacdnd abaigiefcfl), 1-(2-

chloropyridin-4-yl)ethanone (commercial), 1-(pyrimidin-4-yl)ethanone (commercial), 1-
[2-(methylthio)pyrimidin-4-yl]ethanone (commercial) and 4-(1-ethoxy-vinyl)-5-fluoro-
pyrimidin-2-ylamine iii (see Scheme 2.1.).

Intermediate 1-(2-amino-5-fluoro-pyrimidin-4-yl)-2-bromo-ethanone 1°A (1A, wherein
R4=H, Rs=F, G=N, R¢=NIl:, X=Br)} can be obtained according to the following reaction

sequence (Scheme 2.1.):

Scheme 2.1.
F Bu:,Sn—( / F
cl o
o PA(PPh,),Cl, l NHOH
—_— — ]
Nij DMF EtOH THF/H,O N /N
Cl CI NH NH

i ii iii TA
Commercially available 2,4-dichloro-5-fluoro-pyrimidine i is reacted with (I-
ethoxyvinyl)-tributylstannane in standard conditions in the presence of a palladated
catalyst (for example dichloroditriphenylphosphino palladium) in DMF, to afford the
corresponding 4-vinyl ether ii. The amino group can be introduced at position 2 by
direct treatment with aqueous concentrated ammonia in ethanol and heating with
microwaves (iii), while bromination of the vinyl ether to the &-bromo-ketone (1°A) is
achieved with NBS in aqueous solvents.

Among the silylenolethers subdued to halogenation, we consider, for instance, (tert-
butyl-dimethyl-silanyl)- {4-[1-(tert-butyl-dimethyl-silanyloxy)-vinyl]-pyrimidin-2-yl} -

phenyl-amine iv (reported in W02005014572), from which bromoketone 1”A (1A,
wherein R4=Rs=H, G=N, R¢=NHAr, X=Br) can be obtained according to the reaction

step shown in Scheme 2.2.



4AI (R=H) Step 1. Formation of pyrrole ring (3)
2- Brono- 1- pyri di n- 4-yl et hanone hydrobromde 1 (1.7 g, 6.2 mml) was
added to a m xture of 3-o0xo0-3-phenyl-propionic acid ethyl ester 2
(R=l-1, 1 g, 5.2 muol) in 100 of dry THll—'_ and NaH (0.5 g, 13.0 nmol)
at 0 C The solution was left at OC for '1 h and then stirred at rt
for 3 h. The solvent was renoved and the residue was dissolved in 60
inL of EtOH, amonium acetate (1.4 g | ) was added and the
reaction nixture was |eft overnight §‘t‘heﬂe2£lzme) crude material was
purified by flash chromatography ( MeOl' 1 98:2) affording 920 ny

(60% of 2-phenyl-5- pyr| d| n- 4- - pyrrol e- 3-earboxylic acid ethyl
ester as a solid. 11- (DIVB d6\/400 VHz ) 8p@m1 20 (t, J=7.08
Hz, 3H), 4.16 (q, J708Hz , 73®u3éd J=2 gr1H), 7.43 (m
-1), 7.64 (in, 2H), 7.79 | 2H) (|nl 12.12 (s, 1H);
ESI (+) MS: nmlz 293 (MO Ste 2 Saponlflcatl o car boxylic acids
(4) Ester 3 (440 ng, 1.5 rmrm si{ of EthNHand 3 nL of 4M ag

NaCH was heated at 100C for 3 h. The reactl oh" m x{-yre was cooled at 0
C and acidified with cone HO'6bserving precipitation of the product
whi ch was fi wheeiedyr reyasdesd ambdyhgraup ad deffieedatpunt of wat er and acet one
and dried le

i . 8809 f ] ) ;
o hany 1. 5. SOFiorhatich o3t Akabiy 4 Biuls (a1 be maemRfv.btaincd gyt bree
was used in ﬁhﬁnﬂﬂ&ém&h&%uﬂhﬁ@@@hﬁh@ﬁhh@ﬁn@ﬂ&hboﬁaTMQﬂn ownds b forhivir

(DVBO- d6 /40 %?&? Q& 68 (m d, J=2.44
Hz, 1H), 8.2 Cﬂfﬂ %ﬁ@@&a' tla ?Eyéapﬂ@medW§hH§ﬁﬁwﬂwmtEé;51 (s,
1H); M i n/zcc&a&g[tMafarenc& ﬁﬁh@hteﬁﬂiﬂéj%ﬁﬁ{&tb% dcRd @dﬂxcﬂ@%itl&ﬂo)beﬁcke@b 4
(380 ny, 1.44 nunol) was dissolved in 10 nL of dr Fin the
presence of feEANEOPsACkevediray apyl shlosides@r eahoxylF a(fldsdw achyrsion avitat2.HC,

EDCl (414 mOgindth %ﬁl mx)m@@ dli'@-&hywﬁ:lcfr@lﬁ% 201 aszdclrgl J AMEBEReRdded.

The reaction mxture was | €ft overnight at rt. sol vent was
renoved, - wat @01yék S@deparacahehlarisiss and gty hmgg@ﬂmméiréarwﬁw iDCM  The

orSAN WYL A8, {ATGB0H nol 1 SANSL YRR AN 0 L

150 ny (40%C@1Jﬁh@héﬁ%,-|523pyrl di n-4-y1-111-pyrrol e-3-carboxylic acid

am de as a p 10 i 1 [ 400 ) m 6. 90
(bs oy, %/ PBmffry 28t gt ofbpiTh SONRIRP ol 450 iFpRa B

7.67-7.71 () dhiplingds Gnponmd SHprmild2B2 (s, 1H); ESI (+) MS: in/z 264
(ML11). The above procedure was enpl oyed te synt hesi ze the foll ow ng

conpounds: fexanpl step- |
2- (2- Fl uor o- phenvO-5-pyridin-4-yi1-1 e- JS-I carboxylic acid ethyl
in 5I—h|' 7.

ester 114 NVR (DVBO-d6 / 400 M) (t, J=7.07 Hz, 3H) 4.09
(t, .7=7.07 Hz, 211) 7.28 - 7.34 5 (dd, .1=1.46,4.63 Hz,
211) 8.52 (in, 211) 12.31 (s, 1H);7E§I +) MB: in/z 311 (ML1+).
Exampl e 2, step-2

2- (2- Fl uor o- phenyl ) - 5- pyri di n- 4- ylslH-DyrroIe 3-carboxylic acid

NIR (DNBO dBuicrdRy MigkroBgbBiMalondd sloh apd L Tuf s i as o Sl dner
281 [MH] . with a_n activated form of ammoma OHQQ |11@tt@ pr@p@p_oga conc?ensmg a-gent or

am de. hycr oCh| o P IR R Dné% e R TEe) bt Al e

2H), 7.29- 7.c@@pEund, ofm;ula @), #3cfintd e \n&wm W m,)m i hyidtoged atak=£1d58;

Hz, 214), 8.. = 4 2H), 12.56 (s, 114); ESI (+) MS: in/
e 2000 87 kbt el ) 1250 (57 11917 ESI () WB: i

2-(3-Fl uor 0 ahl) emvoh)anﬁemmd'g thedregudtadttdbomponal &-fBrnara U})wyérbm lﬁcﬂs talefdiy |

t 11- 6/ 400 NHZz 10, Hz -1
415 (q, J=7b Rl gt R ot orkB ) Sett R3S B sy drrang
- 7.53 (in, optihnally Eﬂbilhﬂled 2rblyp 8elbaled thrmJarl, dciddyl add hdtérotolyl ldp &S|

defined above; and/or




Exanpl e 3, step-2

2- ( 3- Fl uor o- pheny1) - 5- pyri di n-4-y1- 1H pyrrol e- 3-carboxylic acid

NVR (DVMBO-d6 / 400 MHz) 5 ppm .25 (in, 114) 7.31 (d, J=2.9 Hz, 1H)
7.40 (in, 3H) 7.80 (in, 21-1) 8.50 (in, ,211); Ms: rn/z 281 [MH].
Exanpl e 3, step-3

2- ( 3- Fl uor o- phenyl ) -5-pyridi n-4-y1- 1H pyrrol e- 3-carboxylic acid am de

(7A§)2 ( ;LT]HNQ/EI) gq;/csoyﬁerfmg thf HisulYH% g%m]ido R 3E@r1§61(c1$§ whﬁ%)n R81s-?}1§dr})agn %télgg]%%

EZX, 2|14) ,4 12 arbthef Sompduhyl jof ESinula+t)) Wioieill Ry % 228ptihidHy substituted group selected
anpl e

2( 4- Fl uor o- oﬁg’ﬁ‘yajlﬂjy Lseygioafiarl: alkenyly alkynyl, Retqragyvelyl aeddy Basopely loxraikod 2Ry |
ester |Fl Nl\/Ral(qﬁ‘jEdeﬁﬂl 400 MHz) 5 ppm 1.21 (t, J=7.08 Hz, 3H) 4.16
(q,J708Hz 2H) 29 - 7.34 (m 3H) 7.69 (in 2H)778(dd
J=1.60, 4. 632y if quflrcgi 5nYeddng J=gorgppund @3fq@ufazﬂy iptp ggp}:(agnacgm)\oally
BSI (+) Ms: Egcéptéﬁé-sa(lt'\(ﬂé}éﬁf or%@]@ﬂn% a%alt ﬁﬁ@ﬂﬂe ﬁ‘ee compound (I).

2- (4- Fl uor o- pheny -5-oyridin-4- yrrol e- 3- carboxyllc acid
NVR ( DVBO- d6The ﬁ@@nwtesa lzmég D iy plmared fyia sRipperdikg geactien ayshewe in
szénéﬂ-é) 48 Ztée(ﬂﬂovémg §c'heH% 3 Zmalojggné)g o@ba%coraﬁ%ly %Bmeﬁi(oﬁs %éi)]ort[eM 1£4tlne
2- (4- Fl uor o- lpth@ﬁW o5 -ippjancelilh Farmato 99y 54, 148 - 8- Bambedogh iLetacil@danisle
hydr ochl ori d?gg()f‘ 114 NVR (DMSO-d6 / 400 MHz) 5 ppm 7.12 (bs, 2H),
7.32-7.39 (in, "414), 7.70 (d, J=2.43 Hz, 1H), 8.15 (d, J=6.59 Hz,
2H), 8.72 (d, J=6.59 Hz, 211), 12.52 SchemdB4); ESI (+) MS: mz 282
(MH). 39 nple 5, step-1

2- (3- Brono- ohenyl)-5-pyridin-4-yl-1H pyrr & car boxylic acid ethyl

ester |FINVR (DVBO-d6 / 400 MHz) 8 ppm 1.2 J=7.07 Hz, 3H) 4.17
(q, J=7.11 Hz, 2H) 7.31 (¢, J=2.80 Hz, 1H)

, J=7.86 Hz, 1H)
7.62 - 7.69 (nMA2H) AR d J=622 Hz, 2H) # t, J=+Hz, 1H)
8.55 (d, J=6.22 Hz, 2H) O12.20 (s, 111)A',kd§SI (¥)" Ms: mz 316 (MH).
Exanpl e 5, step-2 CN
2- (3- Brono- phenyl ) - 5- Pyrpgdi n-4-y1- 1H pyrrobes3- carboxylic acid 11-1
NI\/R(DI\/BOd6/400M—Iz)8ppm7 6 (t, J79§ ,1H)765-774(m
3H) 7.90 (s, 111) 8.26 (d, d;%ZH)B?S(d J=6. 6Hz 8@(
12.29 (bs, 1H) 12.54 (bs, 'i z 342 [MH . ESI (%) M mZz 343
(MH) . \ Exanpl e 5, step-37 X\
2- ( 3- Br ono- phenyl)-E-pyN Bn- Aﬁyl 1H pyrrol e-3-carb § C Hcid am de
hydr ochl ori de (A5) h@gR ( DMSO- d67~~400 M—Iz) 8 ppm 7{14 (bs, 1H)
7.44 (t, J=7.93 Hz, 111)"9.512Cbs, 1H) 60-7.65 (m 3 9 O‘Z\Hz 111)

X

7.69 (d, J=2.56 Hz, 111) 7.71-l7.75 (m 11- 7 93 (t, f3 Hz 1H)
8.18 (d, J=5.85 Hz, 2H) 8.76 (Wd,.J=6.83 Hz, 2 12. 38 (bs ; ESI
(+) Ms: mz 342 (V\D Exanpl g 6, -1
2-(4- Brorm phenyl ) - 5- ow di e 4 -%Iﬁ)yrrol e- 3- car boxyl |[§ a gﬁ‘hyl
ester '1-1NVR (DVBO d6 c:lazppm 1.22 (t, J=7; , 4.16
(g, J=7.07 Hz, 2H) 7. 30N d . 8 Ty 7 el (dN G8 HZ, 2H)
7.68 (d, J=8.54 H, G0 o =6 22 Hz, 2H) 8.55 (d° J=5.98 He,
211) 12.17 (bs, 1H) ES|R5(+) tn/z 316 (IVE-|+). Ex Iezﬁ step-2

2- (4- Brono- phenyl ) - 5- pyri di n- 4- yl 1H— pyrrol e- 3- car boxyl{Rg Haxg,cgelyyl HNVR
(DVBO-d6 / 400 MHz) 8§m762- 5H) 8.30 (bd, J=5.61 Hz,
2H) 8.75 (d,Wiresn Ry Rey? Q,Oyylyll@dsﬁke{?sasdiﬁgedawe mz 342 [MH.
Exanpl € 6, Stdfsodnd 2B may be f d by treating haloketone 14, as defincd th

2- (4- Brono- ph(gﬂrg]byl?-S E)n)??’l e|°r?n2 y1- % mg apr%?née- 3- gsér%glgy?kl)ogea\gl d am de
hydr ochl or i ¢&afoagyr 2A nohg presemmof( amv&wbl@ se.40¢h HRYiuvg ctherride lo@hgriet at

(@ 3=6. 20 1gmrafyRprbmg Hohyd %’%%L‘{EM rplds b oL atlfy g . O
MS: nVz 342 Hdlegyjrole 2C may be obtained by exposing 2B to halohydric acids, such as

hydrochloric acid in dioxane or hydrobromic acid in acetic acid, in a solvent like



Exanple 7, step-1
7- (3- Et hoxycar bonv1-5-pyridi n-4-vl-1H pyrrol - 2-v1) - 3, 4- di hydr o- 1H-| SO
qui nol i ne2-carboxylic acid tert-butvl ester 1H NMR (400 MHz,
DVBO- d6) 8 Ppm 1.20 (t, J=7.07 Hz, 3H) 1,44 (s, 9H) 2.84 (t, .1=5.85
Hz, 2H) 3.60 (t, J=5.91 Hz, 2H) 4.14 (q'J=7.07 Hz, 2H) 4.56 (bs, 2H)
7.24 (d, 1H) 7.27 (d, 1H) 7.41 - 7.47 (m 211) 7.76 (d, J=6.22 Hz,
(ZZIMlL )8 52 (dﬂicﬂlglﬁdn%e%]alﬁg or glt]ﬁ%;'let%gl‘ c%%a%ﬁfseé th%e'r_go;g Ptgtglggérgalreg/rsz{ngmg%roﬁf 8
7-( g Car bo>t<) y Qﬁ’l{lmrrd:ﬂilxamést\fﬂeqﬂbdﬂﬂyufﬂ QAccdss\td p- uasnuf,stdgt?% gyﬁlélslﬂﬁl seghﬁd@@clh I
ne-2- carbo ic acid tert-buty z anmpl e
7, step-3 7- % SeBEB PR O} h%OPe;yP!e&%Stﬁaat@%'\ésmwlﬁl&d I {pptance, by g
hydro-1His wydelcnbEsid to gRauRoxyl i c acid tert-butyl ester (A27)
NVR (DMBO d5/ 400 MHz) 8 ppm 1.44 (s, 91-1) 2.82 (t, ./=5.79 Hz,
21-1) 3.59 (fltemativehs fwﬂor@%twaafaw(ileg2lmbe@c%mélﬁ@d opplogsir 3 te,
1793 e, Lidtsdhafhodds e 6 hidli fief b in, 1H
767 (d, J= 6371)232 es i stets é i} 1n%et e élaﬁgj 1edl-inzsia?mgz¥rd%jz_si€) PS|
(+) M5 iz mltpwp)fheweﬁl?@ lﬁlﬁéﬁﬁlSWth acids (for instance
trifluoroace ) d ondi ng
Al agdeg{égk%l DA LEFRRHAYH headeitba 5bvE)mdy R SHIEBGON 1

deprotected ana

8 a’) cleaving a compound of formula 3A or 3B
5-Pyridin-4-v1-2-(1,2,3,4-tetr ydro i smui nolin-7-vl1)-1H pyrrol e-3-ca
rboxylic acid am de (A2 VREH DVSO- d6§ 400 )H_Tg@)pmS 07
(t, J=6.10 Hz, 2H) 3.38-3. ,N%H) 4.30 (t}°./=4 214) 7.05
(bs, 1H) 7.30 (d, J=7.pP3\H 7.42 (bs, (d, J=8.50 Hz,

| T-1) 7.57 (s, 111) 7NgQ A d, =232 Hz, 1Hy 8./18 hld cyelg. 22 Hz, 2H)
8.73 (d, J=6.83 Hz, 214) 9.38 (bs, 211) 12. >ffG(bs 111): PSI (+) NB:
infz 319 (M). 41 Exaiple 9

2-(2-Methyl-1, 2 3, 4- tetrahydpé i sociin-4- leﬁll-I-pﬁq‘ole 3- carboxylic
acid am de ( By reductive am natiaqn, performed with fgarml dehyde

and sodi um c¥ 885{130?*&1316@[%‘3’1 %Gtar‘i‘éa%@ﬂ%i‘hﬂ’%mi%@aﬁlﬂllﬂll ne FHEPEsa

of conpound Mﬁsuﬁpﬁﬁt&lvllicﬁt]fécbﬁﬂﬁiéﬂ%uﬁ&%lé’\@%nﬁéat ained. 1I-1 NMR
(DVBO-d6/ 400 MHz) m2.94 (s, 3H 9 (d, J=16.90 Hz, 1I1-1) 3.69

(d, J=7.44 rpd. i ﬂqsyred» cgave(feﬁg thgsiuitagbcmr@oa@ gifornuily (Dywhgein Y iggrifTagess
Hz, 11-1) 7. '{Qén(aﬁ?@Rz gsWDa]oécrf’g’r a%%tlo-lnaﬁy QLﬁ)'Sth H%J'o \%ﬁ){:l@%@%’%&?%ﬂ,ﬁ%bé%ﬁll

(d, J=1.10 Hz, 111) dd, J=7.93;

Hz, 1H) 8. 17an(id1etenofﬁclyllgrﬂm inpgia pharigacz@tiqadly adeeptabl8 stizther2efjor tOnVERinglas
1H) 12.42 ( nmz 333 (lvar). Exanple 10, step-1

2,5-Di -pyri oFaIt]n}i OIQPQHHP@)B carboxylic acid ethyl ester |HNWR

(400 Mz, Dm@mya@ rppnfcnab%cc¢111plikhaiw@ﬁh FEA/TEIM] ) 4. 18 (g, J=7.07

e 25k pagefiongl ket y 36 Al oo By S50l B

J=1.71, 4. 6]préiiaratiﬁﬁoﬂ.¢01ﬂ1ihu8& YA snd IBLik)ispRSEd n-Schddde 4nNEd 2D4s (oMiﬂ:d)onto

Exarrple 10, -2 r|d1n4 rrole3 oxylic aci
NVR (400 MHA S %@ﬁ@’%ﬁ Sg(’hp% s (fpr, amrz%f Lnkapide “%%‘Rgeé‘b RTRyiously
21-1) 8.47 (didavediy shaking 6t if Bsa 2004 piperidvl sdlition ir OMI)Mylstitring aB d0h#ght
10, step3 - Di yr|d|n4y% 1H- pyrrol e- 3-carboxylic acid am de
(3) 1 30 00k f Woserttare HOBDAS0 OB oronn e Sbiap. winch oo

]2-IE_S|)5’ 1\71;1 ( i darboft bdnd fRmaf 1eiBriofl, 1) insthreeCite §RAK tehtton, E%'uc&eé"skul%ppﬁédz
( to give the compound of formula 3B.



42 Exanple 11 2-Cycl ohexyl-5-pyridin-4-y1l-1H pyrrol e-3-carboxylic
acid amde (Ql) 7Q Step 1: Formation of pyrrole ring (6) To a

sol ution of 3-cycl ohexyl-3-oxo-propionic acid ethyl ester 5 (1.6 g,
8.3 mmol) in anhydrous THF (200 nli), coqled at 0C, Nall (900 ng, 21
mmol ) was added. After 15 min 2-brono-1-pyridin-4-yhet hanone
hydrobrom de 1 (3 g, 10.8 nmmol) was added and the m xture was stirred
5 h at 0C. The solvent was renoved ang.the reS| due was dissolved in
EtOl-1 (120 inL). Amonium acetate (1°°§€425 mol) was added and the
solution was stirred @vernight at rt. After solvent renoval the
resi due was di sgpl ved A0Ht OAc and i
a saturated a ou ol ution of Na2
(Na2s®™) and
gel chromato 1 N
2-cycl ohexyl- 3-pyridi n-4-y1- 1Hpyr r)ﬂe 3-carboxylic aciyét hy‘l1 ester
as a white soféd Bl 1?8 439%) . RNVR ( O d6/ 400%8pm1 33
(m 11-1) 1.30 (12 13 Hz, 3H) 1.70-¥7™88 (in, 7H) 644- 33 (in,
1H) 4.20 ((q, wbergin®s, Mz Re.2H)G, 2Znd 6yclxd areps dey@dbovel H) 7. 71 (d, J=6. 22

Hz, 2H) 8.50,(d....J= 1 niz. 29
(MH). Step é:pqglgglgﬁ?oﬁﬁjg a %%lﬁ%}aéb%af ;6 ? 2%:‘?1'81%%]/3 éyﬁ?yls%/%r E}Sélﬁsztg?en?
ester 6 (0.58agbe dpti%allyrqmoverteﬁ nnthfﬁcpnt\lacﬂ;boaﬂd:loHoﬁiﬁﬂ( 1D ln22@d 7D s was
refluxed for Besm% &e%e nslce and acidified with 2N 11Cl. The
preci pi t at e VRS U RPEF ™S Hshed with little water and dried.

2- Cycl ohexyl-5-pyridi n-4-y1l- 1H pyrrolShdmesar boxylic acid

hydr ochl ori de was obtaineq as a white solid (0.55 g, 0% 11-1 NWR
(DVBO- d6/ 400 MHz) 22-1.42 (in, 3H 1.69-1.89

3.50-3.64 (m 1H) —QAs 56 Hz, 1H) 8.26 (d,
8.69 (d, J=6.71 1.85 (s, 11-1) 12.17 (b

[MH . 43 Step/s: NSIYbn to amgertQl) A Jol K~ ol Yeldi d 7
(0.3 g, 1 mml), T. B (0B g, 2 mmol), TBTU O 2 mmni),
DEA (1 inL, 6 1) |n1DIVF(4 m.) was stirred atsrt for'6 h. The

reaction mixture as poured into water and the aql?eous phase was
extracted (x 3pDVUD, WHetdiHR,= cJBiG-gr gani ¢ phase y@g 2 AL 0!
NaOH, then with wat er, bri nec; g'rllged (Na2st™4) and?"concentreﬁe ”%4

crude mater I\a]her&‘iﬂ.S{IpRu’ i’s] R dyyeysliyl a_daaA]gQ:lre shdeed @vaapByS b Me@ibie,
12:1) to yleld2cclo exgl-S-W%rldln y1l- 111lbﬁe/rrole ar oxyllc
acid ami de (‘Besildtegr t%ﬁ@@ gur, M s ) peierodryy alsenyhadomkz vr 8
ppm 1.62-1. tlﬁﬁﬁllgib%’ﬁmﬁe@?mﬁe hdictigd, 111) 6.67 (bs -1) 7.13 (d,
J=2.68 Hz, 1 (bs, 11-1) 7.58 (d, J=6.22 Hz, 2H)848(d
J=6.10 Hz, mpamrfulfe 0(%%1 meoiely) -namely { Fyitably subptitutedcaryll o twroayelyl ring,

Exampl e 12 pearing a substmlent E as above defined, may be subdued to carbon-carb b
4- (3- Car banoy1- f din-4-y1-111- pyrrol -y2-y u peri di nneclr %na?rbcglk)?fll C

acid tert butl‘y'lm@théﬁd (c@lph@mwth an array of weill known methods from the literature, for
2p|per|d|n§ylr5[h } Aoy rd r C

(@ Step 1 AphPeane Subay el Sprddatbit P ol R AL ST prBlcE e
4-(2-et hoxyab:sﬂmlrwatcomé'DyW)nerplﬂu@romMesasabavdadnfmbdc acid tert-butyl
S 900" oy Mol ot fBlchy 0o RORSRA RS, Pideed B0Rpridigh - c00! e &t 0C
2- br ono- 1- pw)lcoilpﬂmgaydnﬁpdlmnoﬁﬁmhyldﬁﬁbrom de 1 (3 g, 10.8 mnol) was
added and the m xture was stirred 5 h at . The sol vent was renpved
under reduced pressure and the resi gueima gg_zsol ved in EtOH (120
m.). Ammonium acetate (1.9 g, 25 P) ed and the solution was
stirred overnight at rt. After so nt /f &woval , the residue was

di ssol ved in EtOAc and the organit phas® wa¥%Washed with a saturated
aq solution of Na2CO3, then with Wﬁ%r dried (Na2SO4) and

R, 7B




44 concentrated. The crude material was purified by silica gel
chromat ography (eluant: EtOAc) to yield

4- (3- et hoxycarbonyl-5-pyridin-4-yl-1H pyrrol - 2-y1) - pi peri di ne- 1-
carboxylic acid tert-butyl ester as a pipk solid (1.55 g, 479.

| FI NMR (DMSO-d6/ 400 MHz) 8 ppm 1.30 (t, J=7.07 Hz, 3H) 1.45 (s, 9H)
1.71 (bd, 2H) 1.80-1.92 (m 2H) 2.79 (bs, 2H) 364374(m 1H) 4.15
(bd, J=11.46 =7.07 Hz

111) 7. 71 (d™5e8 ‘g)zlsﬁ% °X§éﬁq‘ %, %@ht" ato‘ff’-% s ?5& ‘%1%‘ ﬁﬂ%ﬁw%‘gweﬂqﬁ

ESI (+) NS o)yl4Oth ¢pvinpallySubgined gi@ppsulédedatbmaryl Qy¢ledlbad heemeyetly]
(10) A solution of e

nd EtOl-|
(10, 720 ) iRl % dFRAFcord eberrwitt gopgi el Ttk oAARRE PP dcRa I He
2N HC1. The pﬂ‘e&ﬁlb@bf a&@dam]nggbﬁ@bleﬁhth washneg o\tVlfdrhmial RANH,, WetleRhin RDE as

dri ed. 4(3% yr|d|n4 11H-pdyrrol

pi peri di ne- | ga&w: U, eblaining 2 cogpe fprnila a%éﬁ' ngd pbryeypherein W
('\J/H[Z;i' ged %S 1@ f\gﬁu(xggenscql du%hﬁloatéﬁ‘l Qnd ﬁp1@an ()’Hibr;allN(Mbﬁ%sQ QIZS@QH) giéu%géleﬁéaoforiﬁl
11-1) 4p§3 (¥l 03d<iaik>$8n¢&eterg¢auclwg@vp(d J=2.56 Hz, 1l-1) 8.22 (d,
J=6.83 Hz, 2 o |

[M 14]. St e ﬂ%&pﬁ%%aﬁ%ecﬁgﬁrﬁ%gga t&g“ﬂgﬁ‘é‘? éﬁoeﬂlﬁg dI( tQ ?j’et?é @ffer%tc?o &mfi &
acid 10(0. 53fogmula @).mrod.) if HeERd, HYnYotias a3, comp@mrdrmf) formBIEU (DO 190 g

2.8 nunol ), 4 ) tir
The react] onardnspchrdecblbibli ibebflrkolffg b il B ek chtfouda ¢f
extracted ( xUBc)er\mpmdmaEstQﬁb) w]ibm“brsga]phmr ap:lmslaaopmam wag heg bwokidiz&d}\lto the

NaOl -1, then_ w dri nd concentyat ed. on
Nalvent evancehfbotBbcfoxd ok 1or-aBhs 0B R Al R B B
washed wi t h HefAge. t hen W|th Et 20.

4- (3- Car bano, 5- din-4-y1l-1 rol 1 ridi car boxylic
acid tert- bu"{]g?l Eg%grgeﬁgél %%‘P%llfl ﬁgd %%llgngdng/\% %E&é&%ﬂ? ¢ f%’& SCUCPopRaY L? I
TN7R6( Dgﬁggd?don%mta&eﬂ Andixtdfe frém kBbdsdrs 6T l{yb@ﬂlﬁaﬁﬂ;ﬁ 132 instance2vkitl

2 2.71 (bs, 21-1) 3.81- (in .12 (bd, ,
J=11.10 Hz, @MSF‘? %1et?8><>(1>§a§r}ﬂ>1m-d#??liéiﬂré?h%elzﬂ% %dmﬂ%dq)ﬁhﬁ bawessan’s
114) 7.59 (dnea .22 Hz, 211) 8.50 (d, J=6.10 Hz, 211) 11.22 (bs,
111); ESI (+ : in/z 371 (MH). 45 Step 4: Deprotecflon to am de
(@) Am de GBfigragueratograpliic SeRsrationghe dve seéqevelaax e Nadsmerdsnily, sybduody to
HC1 (1 rnL) %ﬁﬁmgqgggh at 50C under
stirring for 5 h. The %?gg%5?¥g#§@a£§@%g%%@%ggﬁiﬁgﬁiasﬂed wi th MeOH.
2- Pi peri di n- 4- y1 5- pyr|d|n 4-y1-1H pyichemes63- carboxylic acid ami de
dlhydrochlorlge WRS obtained as a white solid (25 ng, 90% . 114 NMR
(DVBO- d61 400 Nkﬁ)‘ ppm 1.96 (d, J=13.05 Hz, 211) @ 09¢2.24 (in,
214) 2.92-3.07 (G 3.74-3.87 (m 114) 7.01 ( \ 11 ka49 (bs,
111) 7.66 (s, 114)[ 8.xI0 (bs, 214) 8.56 (bs, 111)
2H) 8.83 (bs, 1 .97 (bs, 11: . (+ n ').
Exanpl e 13 5- (ﬁﬁ%lu ro [|d|niA§M$§£§;%5£ﬁy1-WE? \&Ie- -éarboxylic
acid am de (El) FR¥ tep 1. Fornation gf
pyrrole ring (12)CBr6hDacetyIfIuoropyrldlne hyd&obr orfifde 11 (3.6 g,
12.0 nmol ) was addeg to a m xture of 3-o0xo0-3-phenyl -propionic acid
ethyl ester 2 (R=H, 2.0 g, R0. Ocpunol) in 200 inL of anhydrous THF
and NaH (0.5 g, 13.0 mml) a O The solution was left at OC for 1
h and then stirred to rt : %he sol vent was renoved and the
resi due was di ssol ved i §t0H amoni um acetate (2.7 g,
36.0 m ne was—added, t yﬂlfxture was | eft overnight at rt
and then warned at 50C 2 h. The crude material was purified by
flash chromat ography ( MeOLH, 98: 2) affording 1.88 g (60% of 5-
(3-fluoro-pyridin-4-y0-2-phenyl-1H pyrrol e-3-carboxylic acid ethyl
ester as a YeHcr@RE®si Ry, G, 6 cyclilrhd MRake DVRAEH a¥0vd00 MHz) 8 ppm 1. 25




Ester 12(1.8 g, 5.8 mmol) in 10 inL of EtOH and 12 nL of 4M aq NaCH
was heated at 100 C for 4 h. The reaction m xture was cooled at 0C
and acidified with conc HCL observing precipitation of the product
which was filtered, washed with a littlg,anpunt of water and acetone
and dried, leading to

5-(3- quoro pyr|d|n 4-y1) - 2- phenyl 1H—pyrro|e3 carboxylic acid (1.7

g, 92% as a Wi t hou rth uri ati.on

(ovBos 61 400 oD o8, ghalif Ry btk ppBringRla Pty be Gl Pgagitia

(lH) VB rd Zelﬂﬁﬂ.?fthﬂnf Hdte(:jroﬁbﬁﬁh&(:jm@ﬂdﬂ Rs@ktdtap ah@hda dkthesivé E{] forrAglh ()13
1.0 g, unoft wa i ssol.ved in,40 In y .THE in the presence

O D1 Ba (1. 1E9H tanstDhe B idinerring 86 PUrID B Kol gt dhlotaisdo pr

(0.9 g, 4.6 amikysBBEH OBk Rrhattbn i¢ adhido®tdspdsBi &y Bl deMmeniR@th NCS

reaction mxture was |left qvernight at rt. The sol vent was renoved

water was addethonhd0Qite oninith MBS #isroaty eRPEEEISIL B DEAle Prkewy Skni for
| ayer was dr e}@ﬁlp(el\l@ﬁ@%bw haesRlivapiNMas tlf‘c%%ﬂ@'&@ﬂo‘ﬁ%n@%ﬁf&ﬂqs%ﬁf&%A

material was purified by flash chromatography (DCM Me 5:5) to give
350 ny (40% ingg¥ the corresponding amide 8D, halogenated at position 4 of pyrrole The same amide

as o whi e o AP TRUOSBCTOR: BRI b ROBK pnan paue

7.24 (t, J ml%trmformsi;i in VhIQ@ arffide $E( bin re@pdpnt WI‘E]ISNQSWt 01§ in ‘DNYA afidn
i::?) : ESIBQ ( i?de,r%o’féchgj% §t§1}% a% dl‘?c c&gmg}ggsﬁp]?%th 'igdubi]é gquer%’tlal and( Youble

5- (2- Am no- pq;muhmldous-lmngl)ahﬁaqodfaamjsb -bEHelpgvedpdsesh@w ar Bk i7c Baghodamide

am de (F1) N, ONH _NH =|- e For mat i.on aof rrol.e
(15 TG B e AR NIE, diords Tl e i i Phtho Rt £l
anhydrous THEd¢ Hafideri8D atithOSBINakin(d3. 3Agis hﬁmﬂalﬁﬁfﬂ'ﬁ@ MMo@dﬁi&ﬁ hyndecx
argon with stirrj m n _br onok 14 (2.5 ) ) )
Sded andt reivleRE;os Bilagtnatnd par ta oy Gindss 4G 450 RAE popgament wi
evapor at ed, mhs aﬂdeHIEdﬂégaem\Selﬂ iA5i0¢ §B darl Bt tElnOiorh &bintdlide 4- WP WERve 8K
acetate (1.6 was added and t he sol ution was stirred at rt

overni ght . <9I @‘é‘i‘ff Vnng‘t‘%éfﬁ‘oﬁhﬁt% € {EOSTCOHLEE Teacton REptocekad flssqpiRed, for
purified by db@phk, Ghrreraredr sy 36Et7@4350/1‘heh1%é@ﬁ§ Jcc&r)g b,ﬁhfeﬁinge@b with
5-(2-am no-pyrimdin-4-yl)-2- phenyl-lk#p rrol e-3-carboxylic acid

et hyl ester Yuylghuiylstagnanejip ghs| presgppmof a Nwd(cmlm #6h a3 pglapim te@akipm
1.20 (t, J=7 5

o5 24 by olfblﬁt%ﬂ'[%rgdﬁ?h @I%Iﬂ)sﬁlﬂmo *ﬂ)?ﬂ?adglzn so%}éltsle;f% dl(»?anei'fp[\%l; %Qhe(nd
7.65 (m 2H)mlst112®, qtdemmaﬁaurzwapﬁmgm OQQO° s, 1H) ES1 (+) M5: mz
309 (MO, Step 2: Saponification to carboxylic acids (16) To a
suspension of ester 15 (3.65 g, 11.85 mmol) in 95% EtOH (45 nL), 4M
aq NaOH (45 inL) was added and the m xture was refluxed for 5 h. Mbst
sol vent was evaporated and the residue, cooled in ice bath, was
acidified to pH S5 with cone HCl, observing precipitation of the
product. The precipitate was filtered, washed with little cold water,
and dri ed.

5-(2- Ami no- pyri m di n-4-y1)-2-phenyl - 1H pyrrol e- 3-car boxyl i c acid,
obtained as a white solid (3.5 g), was used in the next step w thout
further purifications. 1H NVR (DVSO d6/ 400 WHz) 8 ppm 7.35-7.69 (in,
6H) 7.76 (bs, 2H) 8.31 (d, J=5.73 Hz, 1H) 12.37 (bs, 1H; Ms in/z
279 [MH . 48 Step 3: Condensation to am des (Fl1) To a suspension of
acid 16 (4 g, 14.3 nunol) in anhydrous THF (80 nL), D EA (5.5 g, 42.9
nunol ) and anhydrous DMF (8 nlL), cooled in ice bath and under
stirring, HOBT.NH3 (3.26 g, 21.4 mmol) and EDCl (4.1 g, 21.4 nunol)
wer e added. The reaction mxture was stirred at rt overnight then it
was poured into a stirred 1:1 mxture of water and Et OAc. The organic
phase was washed with water, the aqueous |ayer was extracted with



NVR (400 MHz, DMBO-d6) 8 ppm 1.07 (t, J.= 7.07 Hz, 311)2.14 (s,
311)4.02 (q, J=7.07 Hz, 214) 6.54 (bs, 214) 7.04 (d, J=5.37 Hz, 1H)

7.22 - 7.37 (m 511) 8.20 (d, J= 5.37, 111) 12.12 (bs, IIl-1); ESI (+)
MS: in/z 323 (ML1+). Exanpl e 15, step-2
Am no- pyri m din-4-yl)-2-o-tolyl- 1H—nyrro|e 3-carboxylic acid

-(2-

FINWVR (400 MHz, DVSO-d6) 8 ppm 6.34 (bs, 214) 6.98 (d, J=5.24 Hz,
H 7.18 - 7.33 (in, 514) 8.15 (d, J-é—‘; 24 I#z 1H) 11.75 (bs, 114);
M5: nmlz 293 [M14]. 49 Exanpl e 15, step-3
5-(2- Am no-pyrim di n-4gyl) - 2-o-tol y1- 1H pyrrol e- 3-carboxylic a&id

am de (F2) NVR ( de/ 400 MHz) 5 ppm 2.16 (s, 3L}l), 6. S¥NHmS,
2H), 7.21-7.34 (in, 1), 7°62 (s, 1H), 7.74 (bs, 2H), B.2%¢d,
J=6.47 Hz, 1Hy . IEJ) §o|y,1H) PSI (#) NG mz 294 ( NN cyelyl

Exanpl e 16, stigpyl. H, N '—N H

5-(2- Am no- pyr\lﬁn di n-4-y1)-2-(2-fluoro-phenyl)-1H pyrrfol e- 3- car boxyl i
c acid ethyl Hgdter BA 1 NVR (400 MHz, DMBO-d6) 8 ppr’ﬁ'z&' 118Bt(X=¢hH7. 07
Hz, 3H) 4.06 (q, J= 7.07 Hz, 2H) 6,43 (bs, 2H) 7.03 (d, J86 (X&#Bfy,
1H) 7.28 (m 311) 7.ro (m 214) 8.2 J=5.24 Hz, 1H) 12.28 (bs,

1H); PSI (+) MS: nVz| 327 (MI). Exanp] e 16,
st ep 2

DI\/BO d6) 8 ppm 6. 36 s, 211) 6.

J=5.24 Hz, Nbf4) 7.39 (in, 1H) 7.58 (in, Nig,
J=5.24 W, 111 MBI _tniz 297 [M11].
Exanpl e 16, yclyl N7 cyelyl

5- (2- Ami no- pyr Wﬁle nH4 y1)-2-(2-fluoro-phenyl)-1H pyr r‘?#él 3-Rar boxyl i

d d F4 NVR_( DIV MHz) 8 92 -
(7: 2(7” (i n(fim31€1}-)i(\I )gg(%gﬂ (m Zl%ﬂqg éaa bs )111?pny6hé4 ég?f(giﬁg)”
8.28 (d, J=6.58 Hz, 12.41 (bs, 1H); PSI (+) Ms: niz 2@@3()(4\{}#)
Example 17, step-1

5-(2- Am no-pyri m din-4-yl)-2-(2, 3-di net hyl - pheny1) - 1H pyrr ol e- 3- car bo
xylic acid eWW‘;m@s,tRssRs,J?{l&}NU’RWBIU@C Midcfined 40BO- d6) 5 ppm 1. 06 (t,

J=7.07 Hz, 3 : 07 Hz, 211
6.40 (bs, ﬁq&d%fdé fﬂﬁé@fﬁ %g"‘g %ﬁ%“%%g’%ﬁ% (‘(ig"‘l’ﬁﬁ"sz%l@ 7.23 (21,
J=6. 83 Hz, lA1JagtimOe aippodinRoBBrortda 91H) 8. 18 (d, J=5.24 Hz, 114) 12.03
(bs, 111); PSI (+) MB: mz 337 (M#). 504

Exanpl e 17, step-2

- r')\heﬁvl )-1H pvrrol e-3-carbo

5-(2- Ami no- pvri m di n-4-v1l)-2-(2, 3-dfset
n2004 (s, 311) 2.30 (s,
HY7Y08 - 7.17 (m 2H) 7.23

xvlic acid |H NVR (400 M, DMsé
4 1
G, ™M11) 8.18 (d, J=5.24 Hz, 1H)

311) 6.37 (bs, 211) 7.00 (d, J=5N
(d, J=6.71 Hz, 111) 7.27 (d, J=2.

11.64 (bs, 111)11.89 (bs, 114); : mzg307 [M1-1].
Exampl e 17, step-3

5- (2- Ami no- m/ﬁdrmqi;maélcaﬁ@gg&oﬁﬂs@hds ﬁﬁbé’éﬁl niatmaﬁb\aﬂphoﬂs}&op\yﬁemh%io aﬁcbo
m

xvlic acid mde 5 /400

314), 2.29 ( ﬂ§ﬂ 3%@ a(rfbgs d %Peéja OVg; @éw( ith ap fif)vateé fga n Ofj: amgwslam
Hz, 1H), 7. Qﬁceiltﬂlﬁln(Hﬁ(tr%H}hylslel?ﬁnfdQ1 fho@al@rﬁnhﬂe prastide of7a &hdédin 3nt68
Hz, 114), 8.16 (d, J=5 70 (bs, 114); 1 (+)

308 (MH+). or with hydrazine followed by reducnqg)g:gp@;n@, qgwﬂ:sqnqunge of formula R-;—NHa,

5- (2- Ami no- nméﬂ ﬁhﬁ afédxﬁaed%ﬁgvecm zPP&’ cﬁal éaoaogﬁggfg%ﬁlbgmn%m _})%1(11‘?%{ c

arboxvlic aci ester

J=7.07 Hz, ﬂﬂformll@?ﬁletﬁ defretl @W’Wbe@llllw igNR1. Rijs hydragen avong@nd B is NH-
J=5.24 Hz, Il1) 7.25 - 7.34 (m 211) 7.48 - 7.59 (in, 211), 8.21 (d,
J=5.24 Hz, 114) 12.27 (bs, 1H); ESI (+) MS: mz 361 041-0.

Exanpl e 18, astep- desired, converting a compound of formula () into a pharmaceutically

5-(2- Ami no- pa\écep{nbfj saft § ereo} of cogver? II’Pg L mto the 4o 9815‘11‘&]( - 1H-pyrrol e-3-




Exanpl e 19, step-1

5-(2- Ami no- pvri m di n-4-v1)-2-(2, 4-di chl oro- phenvl) - 1H pyrrol e- 3- car bo
xylic acid ethyl ester 51 1HNMR (DVBSO-d6 /400 MHz) 8 ppm 1.08 (t,

J=7.07 Hz, 3H) 4.04 (q, J=7.07 Hz, 2H) 6,42 (bs, 2H) 7.01 (d, J=5.24
Hz, IH 7.29 (d, J=2.19 Hz, 1H) 7.49 (m 2H) 7.73 (t, J=1.22 Hz, IH)

8.22 (d, J=5.24 Hz, 1H) 12.30 (bs, li-l); ESI (+) Ms: mz 377 (M.14).
Exanpl e 19, . .

5- (2- Ami no- p?&? %lalﬁm%?%?gloﬂlqszg-?ffPlﬁPEﬂC%ﬁ%Iagar%QBﬂgﬁ%‘T)ewfﬁ: pyrrol e- 3-carbo
xylic acid HNbloppiding8,/ whékin] L is halogen (9A) may be obtained, for exanfpl@nfpde 2-

19, step-3 5; m, di n -2-(2,4-di chl oro- phenvl)

H pvrrol e- 3- E’%ﬂ%W@%‘%@ din; 4rP§b5FKT% %MS% dép! Oﬁ%tlﬂﬁ-lz)O%S Isfgm
? ié Egs S 1|2'|)h16r09ﬁ1c(1151ﬂ1y1)2fﬂ)mo?13 (blntz(udlblekﬁﬁn Z-%hldifo 4Jc§79no?) 33111&2 s Einaslcﬁ)ed in
J=5.73 Hz, eﬁ_@hef?;, ]I(%g 201%3 lé%(M(zthylt]N@pyﬁmgingﬁgl di;ﬂyap)ve9 wherein L is
Exanpl e 20 €H§-FS 9B), obtamable from 2-bromo-1- (2-methylsulfanyl-pyrnn1d1n-4 yl)-ethanone
5- (2- Am no-p n-4-v11-2-(2-fluoro-4-nethyl-phenyl)-111-pw ol e- 3-
car boxvlic éjéiifalb@i Hiy | WEa/ak1838) imayrb¢ pRBGId6 Y theommespepding uHexide Br
(t, J=7.07 C(ﬁ-!)s 7/

7.03 (d. J= ggulfoﬁw Whes&ln fles : _96)1@% (C%]H Sé 2 @9 (%183'923,.612 4%@?@:&!@1—0
7.38 (t, J=80jopc. Hialop n@DQQer(VdUVQJQ;BN@ZEiH-h is hatygen 2nd B; (stftnorin¢f9C)ESRY
g:') p'vg m z B :ngth- prgpared from 2-bromo-1-(2-chloro-5- ﬂlloropyngxoqg&-y?) c(t)hanone
5- (2- Am no- VWllmiﬁbM dplggthatn( @F fli(-ohlorodsMimotopiripidard i) - &kdnpye, r ol awd-

carboxvlic MHz) 8 ppm 2.58 (s, 3H) 6.39
(bs, 211) 7. Bp”(%daS%ré%%’gﬁ‘lh/?5§%84 7.13 (m 2H) 7.26 (d, J=2.44
Hz, IH) 7.37 (t, J=8.17 Hz, |H) 8.21 Scemd85.24 Hz, 111) 11.78 (bs,
HI) 12.03 (bs, H); ME: m z L1 [MIIT]. o

Exanpl e 20, step-3

5-(2- Ami no- pyri m din- 4Ryl) (2NI?R’uoro 4- et hyl - ghe -T‘jﬁbyrrol e-3-c¢
arboxylic acid amd E B ( DMSO- d6/ 4005 pem2. 37 (s,
3H), 6.37 (bs, 2H), (Bs 1H) 6.95 52 N,N H

Exanpl e 21, step-1

5-(2- Am no- pyri m di n- 4- yl)gé (2-chl oro-5- quorE—pher??l) 1H pyrrol e- 3-
carboxylic acid ethyl ester 11- INVR (DVSO-d6 / 400 MHz) 8 ppm 1.07
(t, J=7.07 Hz, 311) 4.05 (q, P=7.07 Hz, 21-1) 6.42 (bsf211) 7.01 (d,
J=5.24 Hz, 1H) 7.30 (d, J=2.42NHR; 1H) 7.32 - 7.39 ( NeR; 7. 41 (dd,
J=8.90, 3.05 Hz, 1H) 8-Q0 J|890 5.24 Hz, B.\ éq J=5. 24
BB mz.361 ( "

Hz, 1H) 12.32 (bs, 1K); JESIN(

Exanple 21, step-2 PN

5- (2- Ami no- pyri mi di n>#-y1) gg- (2-chl oro-5-fl uo? nyl) H pyrrol e- 3-
carboxylic acid NMR ( DMSO-d6/ 400 MHz) 5 pp 41(1( 211) 7.00
(d, J=5.24 11z, IL1) 7,26 (d, J=2 32 Hz, 1H) 7.30 - 7.37 (in, 1H)

7.40 (dd, J=ghesein Ry RysXppd cydyl am asgefingg aboveg 90, 5.24 Hz, IH) 822 (d,
J=5.24 Hz, Xif) fﬂi&he@%bﬁ&%f thblitesdit iRRnidSan idtmedi4R ofrﬁlezfo%ﬁl.q-la bl :
Exanpl e 21 step-3

5-(2- Am no- pyri m di n- 4- yl)RZ (
carboxylic acid am de (
(bs, 214), 6.75 (bs, 1
3H), 7.35 (d, J=2.56
(d, J=5.24 Hz, |H), 11.
Exanpl e 22, step-1
5- (2- Am no- pyri m di n- 4- yf) 2 (4 chl oro- 2- quoro phélFlyll 1H pyrrol e- 3-
car boxylic vﬁﬁt@n ai;hud cRSFIER,, R IRE ahVR; él@ME@efdﬁd/abcﬁ@OwM thk Bloviko R the
4.10 (g, J= (i) 48(bs 2H) 7.04 (d, J=5.24 Hz, H) 7.32
(bs, H) 7. §81<(‘1’1Hg°91¥1ﬂ>f)1m asgexclided:n| |) 8,24 (d, J=5.24 Hz, 111) 12.32

- chl oro- 5-f | uor g; phen v
AKIVR ( DMSO- do/ H00 8 ppm 6. 35
Cg/q3524Hz| ( F-fn 7. 34 (m
W5 (dd, J=8.7%2,45.80 Hz, 114), 8.22
(b8, 114); ESI (+) wé’ m? 332 (VBE).

-1H pyrrol e- 3-




53 Exanpl e 22, step-3

5-(2- Ami no-nyri m di n-4-y1)-2-(4-chloro-2-fluoro-phenyl)-1H pw ol e-3-c
arboxylic acid amde (F36) 1H NVR (DVSO d6/ 400 WHz) 8 ppm 6. 37
(bs, 2H), 6.80 (bs, 1H), 6.93 (d, J=5.24,Hz, 1H), 7.31-7.37 (in, 2H),
7.41 (bs, 111), 7.46 (dd, J=9.76, 1.95 , 1H), 7.49-7.56 (m IH),
8.23 (d, J=5.24, 1H), 11.95 (bs, 1H); ESI (+) Ms: mz 332 (MF1').
Exanpl e 23,

Exapl e 25 SHoRles e onsd LmgBR SR 2 S P et o
xylic acid edfidtyl ester 11-1 NWMR (DVSO-d6 /400 MHz) 8 ppm 1.09 (t,

i—IZ,:7i(I2|)7 ?Z ’14§E)P¥€f?% ‘%??'502‘116“3 EFI%Z@ZQ} 42&5“%5%%%3’11‘1%‘” 7”%@ lsrqraoj(:sn24

%m48) 24 (d, carfsgli@dcitiz-mdihyli)2- Iih"enﬁrldé (ﬁ?)mdhily))r, 1@3&1}/1@!}1‘ MS: tn/z 345
5- ( 2- Ani no- pyRiparalers-cprbpxylioacid 4enﬁh>fl12éoailo4 b!‘féh%yi') carppdy ith merhodiag box
ylic acid 1 R (DVMSO-d6 / 400 MHz) 5 ppm 6.42 (bs, 21-1) 6.99 (d,
J=5. 24 Hz, 7.12 - 7.23 (in 21-1) 7.30 (d, J=1.95 Hz, 1H) 7.48 -
7.56 (m 1I- 1 -pgrrols-3earboxsli . Adﬁznetwsﬂl-@wr(%l 1H) 12.32 (bs, 1H):
M5: mz 315 [M1-1]. Exampl e 23, step-3
5-(2- Am no-pyrimdin-4-y 2-(2, 6-difluoro-phenyl)-1H pyrrol e-3-carbo
xylic acid hﬁhpa@olpﬁmmxylm\@@ damethoxynvtby))- 8.5 s thperidigy . boagthyl edtyr,

6.75 (bs, 1 ( 7.38 (d,
J=2. 44 Hz, TE)‘ ,p%.gl?lf %Bbsf’%ﬂif?f?d: H?’f“?é-ﬁbfqéz ]%gld&yh“%ﬂs%‘z 22 (d, J=5.24
sz, W 1) ,2412111@3»1(@5 -3-chHoxylESicid, 4)( 1 MBthyhatizy182,6-df-MApFtidinyl-, ethyl ester

anpl e
5- (2- Am no- pyr Pﬁj{r%[ r% Cﬁ'rboﬁhcfcfdl’lﬂ’é’p(f%l 2’5 i Pmdm;% Teélf‘yé S ar boxylic
acid ethyl H$perole-3-diiexyIMS@, denethdQ(F- M4l EyridnyppPanikethdGydthyt estds7. 07

1101y 7 15 (Pt 3gaos el Pyl 58 %l Ben 1 11) 7 s

(dd, J=3. 66, 1Hp?1201bﬂmaﬂb‘bi917c-a@ﬁ @d@thyl?%ﬁlﬂlﬁpyrﬂ;lm@@ ﬂ)‘fb y1kklkr, 8. 23 (d,

. 7=5.24 Hz, 54
Exarrpl e 24, waﬁrré % ca boxyhc ac1d) 4- methylg 5-di-4- pynrcri{nyl 1 ? duneth))rlethyl ester,

5- (2- A no- pyl-biirsle-3=dArtbiylicdeld) b QR8N 3= % = [rplnﬁ i lic
acid Ms: mz gﬁﬂr s Byt tk%ea%@é?ég%lep 3

5- (2- Ami no- aW‘PPﬁr‘dFﬁI_CHAIWZBJHCZEtdhﬁ@FH@Mé =qjf wWh%rp@pg%ast%xw ic
d d - (iBh ;. .91

?EL, i‘% c A y'la:role-bu\ﬂ@rb() ,q%rlﬂ 1&@2143339%%,@ ﬁlﬁnglﬁémy?é&er

7.30 (d, - 1=11H8ymrple-3qppboyylicscidpd- meﬂ_hsf} 23 &7 aidinyh=methyl ester, 22 Hz | H)

7.66 (dd, J’S’)H ol%?%%rbg%rhc]a §n?e?hyﬁgs d]ﬂspy%f]imlﬂ Zeth);l:lestll,l)an 1 60 (Dbs,

114); ESI npl e 25,
step-1 1H- pyrrole 3- carboxyhc acid, 4. -¢cthyl-2,5-di-4-pyridinyl-, ethyl ester.

5-(2- Ami no- pyri m din-4-y1)-2-(5- 2-0-1Hpyrrol e-3-carb
oxylic acid ethyl ester NIVR % %h%@ﬂ@@;ﬁf‘w) 8 ppm1.26 (t,

J=7.07 Hz, 3k @npourds of Bdrmiu)a @) 48 atiye abProtaR kidase Rbibitbrs46d emheraﬂard)
6.84 (dd, J=3, 7.
1=2.07 Hz, I'® 1‘?"%%5%(“85%9 “"ét%h%ﬁﬁmemte‘%l”ﬂ%fa&w“ fié%écﬂg 11 D
Ilé)](. 92I (b;5 ZlIhI)therﬁ@l they maibe usddzn 3R %rebdMidng of various tumors, such as those formerly

anpl e
5- (2- A no- §9W§Fu% gLl ) inp thestroptmens| oft ohggpidln Peolifprative lispdarp paehzeg o
;goxylt IC Baqjséin% visc#la? QfodtVeEl] proliferation associated with atheroscleroﬁ%@ﬁ@b@st—

st ep-

5- (2- Am no- FYFEisH Henesig apd jestenqsis angd iththe trepmepd dlzheimey’s dise#gr r ol e- 3- ca
rboxylic acqqhm(qleds%@‘)fcdcb a}h‘t}ly? (DMSO-d6/ 400 MHz) 8 ppm 2.46 (d,
J=0.73 Hz, 3H) 6.40 (Bs (dd, 1=3.54, 1.10 Hz, 111) 6.85
(bs, I11) 7.01 (d, 1=5.24 Hz, 111) 7.25 (d, 1=2.07 Hz, 111) 7.38 (bs,
IH) 7.44 (d, J=3.29 Hz, 1H) 8.21 (d, J=5.24 Hz, 1H) 11.45 (bs, 111):



Exanpl e 26, step-1

545- (2- Ami no- pyri m di n-4-y1) - 3-et hoxycar bonyl- 1H uvrrol -2-y11- 3, 4-di h
ydr o- 1Hi soqui nol i ne-2-carboxylic acid tert-butyl ester 114 NWMR
(DVBO-d6 / 400 MHz) 8 ppm 1.08 (t, J=7. 9% Hz, 311) 1.44 (s, 911) 2.51
- 2.59 211) 3.42 - 3.53 (m 2H) 4.03°(qg, J=7.03 Hz, 2H) 4.58 (bs,
2H) 6.45 (bs, 2H) 7.03 (d, J=5.24 Hz, 1H) 7.16 - 7.35 (in, 4H) 8.21

(E;(janil)lzg (2)(6) Hé‘{l%ég%bl%%g 1a]éti(1i?ys ‘of 1p1 tétivlgsédé”iqnh'i\@orsi gédz tﬁe6%)o$ency o)f selected

515- (2- Ami nOc@Wdumliiismel@nﬁﬂq}:d Brruh oXythdd-binssdyMasedt ohlthe SscdoODEWEL @sih H
i soqui nol i ne-2-car boxyfl ic acid tea-butyl ester M5 mz 434 [M 14].
Exanpl e 26, g%Pé‘Hef?C .

5- 15- (2- Ami n@hpYkshiTicBhsistsd oF dhe- BarRfr RENRNIachtinPIbEIRY pRosphdic %&etg'lﬁ}’ﬁﬁéo
- 1Hi soqui nol | ne-2-carboxylic acid tert-butvl ester (Gr)

(DVBO- d6/ 408inMalp 2 q5peRiar, whstate. Thg pysultioggd3Ptlabeledsprpductyis scparpjedrarg
(t, J=6.10 Hﬁnre%@d tﬁc@ﬁéﬂ%&gm @cn@tﬂla‘l@ﬁ coci(ﬂaﬂl)ang h%ﬂt e?mt%e% it | H&asuref1
511)7.64 (d, J=2. (bs, 211) )
12.28 (bs, |4L§01nt|ﬂ>181101(qrz)untv5 Ink 435 (M - 11)

Exanpl e 27

5-(2- Am no- py}?el }ﬁh 1t10n ass OFZEEIICQD%ﬂfC'Pg'EY Ishﬁ)/eéf gn?dsg%qc&rdrl] IOt fOIBWIE?-L
pyrrol e- 3- Blarobolxyl [ c aC| d am de (@) By treat ment of corrpound 07
prepared in a 2 [ 1N c trd f oacetlc ac

at room tenpgl?(a{iqg(?@zf g”r 1?%{3%%1)1&063 é%lpon nghedgf)jc%pg % E4TRISI B g Ih'68
was obt ai nedpreéehtd\bRAﬂ"M&cﬂﬁlth WQAM-IZ[)he&eafaﬁm &. stébpell by haditiod OHD,owex
211) 4.35 (t, J=4.51 Hz, 211) 6.90 (bs, 1H) 7.25 (d, J=6.58 Hz, 111
7.27-7.30 (niesip iy phezpresenee afgfoppic ﬂsﬁ) Dowerresip, pagtiojes sapipge unrgacied 77 g T
(Ets)ls (33—1?\/58 :I?t%cfr it e ﬂ@ttd’gof thd k11 %fh?fgﬂf’%ﬁospggr})atéli%\/[éﬂ'ﬂ(slaﬁstra{clrlzl)nams
step-1 in solution. Tgne supernatant is collected, transferred into Optlplate plates and thc extent

5-(2-Am no-p Ie3carboxyllc aci d
et hyl ester&ﬁskﬁ&%e%%&%ﬁ?%%ﬁ?&@%%& 29 (t, 3H, J=7.1 Hz)
4.25(q, 211, Th}::iﬁ’hlﬁfﬁoh-lzssaﬁoﬁéﬂc(]bmt‘ﬁl 2divjty Waé.ﬁerfcﬁlmed.iﬂ, 96w dls blatddryording to
(in, 2H 7. hgtjoq 0337:8, 1.83 Hz) 8.2 (d, 56 I, J=5.12 Hz)

8.4 (dt, Il ‘§Wbt§l’6ﬁf§Hz) 8.7 (ddd, 111, J=4.82, 1.77, 0.98 Hz)
11.5 (bs, 1Hg edeowellbf thyfplatdWwere 3dded( ML11) .

Exanpl e 28, step-2 . ) . .

5- (2- Ami no- pyr ll‘ﬁﬂﬁltﬁst&o?‘?)’“@ APr jngreasinze. gancentratiops &) gheariMaioppiyTapge to
acid I'HNWR ( a@eﬁa/ doﬁ@ﬁesﬁ@ﬂ%é cgrvgfnﬂhg s%ﬁleﬁlbﬁ?r tng)coZ A&t qmntyﬂed 3‘V
J=5.12 Hz) yf td, 11 >
Hz) 8.55 (d 1P S@iﬁnajgonqzytrasloséVfﬁbs 1H) |vrs niz 280 [MH]
Exanpl e 28,

5. ( 2. AT no- py“%igsubszate MCI&IZ 66 I\%If' inal con(iengﬁpon))/,r 1xt1_1r§_og £0 doxy (2 uM
acid am de ( Glfiyal conceiivRon DIMB@adiGdctiOATNVZF 008 npglan rticGR it beld AZIPD)

7.03 (d, J=5.1 111) ( | - 7. 40 21-1) .
7.86-7.93 (M i‘h}k&e‘% (Fﬁﬂféhfé ??Mﬁ“al f&%ﬂﬁ@oﬂhée%émefl%}e regetion. The
J=8.17 Hz, 11l puffed obide Beabifor ¢Vnsidtell in S'DJmIHIQHElSES P9 c%§t-£m€n'§)15|\§v[ ML,
281 (MTE). Example 29, step-1

5- (2- Ami no- pyr 2 mMIDIT43 VMNQVQ;-MMembhquanﬂ%g/mbBﬁm rol e-3-ca
rboxylic acid ethyl ester 114 NVR (DVMBO-d6 / 400 MHz) 8 ppm 1.12
(t, J=7.07 Hz, Afgripypubatigy fqr0 mipytes at pgmy tgmperatpreg thepfgactipn 1as gtopned( s |

211) 7.05 4

= 3)3 (d, . ( da’ddr}lgﬁo %fich'j'_{l%?lll :B_‘% u? 99 %osﬂg %e%zn i tE%é);Q)?enﬁ ? 156 1 l_}_%\%f()lg;hi étl}i d
J=5.24 Hz, %ﬁerfﬁﬁotﬁ& C(Ohs;,n ihéfbatideSB0 (L) ofl¥Bependicn 362 lethta)wn and transferred
Exanpl e 29 ste

5- (2- Ami no- dw.%ﬁ?%%WM@S@PﬂW&%P%H inbfeeroSeint 0. (fPFlﬁW)r e 3lka
rboxylic acid 114 NVR (DVvSO-d6 /400 MHz) 8 ppm 3.87 (s, -1) 6.40



57 (d, J=2.68 Hz, H), 7.48-7.53 (m 2ID, 7.80 (s, IIl), 8.17 (d,
J=5.24 Hz, II1), 11.36 (bs, IH); ESI (+) Ms: mz 333 (MF11l). Exanple
30, step-1 5-(2-Am no-pyrimdin-4- yl) 2-(1-nmethyl-1Hin dol-2-yl)-1
H pyrrole-3-c a rboxylic acid ethyl ég 114 NVR (DVMSO-d6 / 400
MHz) 8 ppm 1.10 (t, J=7.07 Hz, 3H), 4.09 (q, J=7.07 Hz,
2H) , 6.47(bs 2H) 666(d J=0. 73Hz lH) 710(d J=5. 24 Hz, 1H),

7.10 - 7.12 . 7.27 7.38 2. 68
7.51 (d, 7. 3 cs Sﬁl—%m“ tf(sd""‘a’fe I“g?r?gb i i F{%’ @éaEhTéH -Coymira IEBCH‘Z“Y

114) 12. 33 (fbader,‘LH) EST (+) M5: mz 362 (MA.

ExarrpIeSO,S%p-Z e . . .

5- (2- A no- p{ﬁﬁ niiFTRYRAtion;) inbibiterspuerkytested et diffstent cqpepntiatiopy, Fanging- fiee a
g?ggyl?,l ¢ aci godfs oM 7 uBBFxbMihlntal data were analyzed by the computer F?SQEHH £s63):
5- (2- A no- plxplerevusinghg fopr parineterdogiytic eppptiondol- 2-y1) - 1H pyrrol e- 3-ca

rboxylic acjd A 400 MHz) 8 m 3. 58
(s, 311). 6.38 b?galﬂ"e(i‘}%%%“‘%%ﬂﬂﬁ WAL %’g’%l 5o (bs, 111) .
7.00 (d, J SWBe'te bizis thdjogarfth@Sof{ the 1nhﬂi’1t07(d01h@ntra‘tld)1 y'is @ redponskr¥.stbtsHz
114 7.25 J=2.4 111), 7.47 (d, J=7.70 Hz,
IH)) 7.59 (élg)"sdj’mra%é‘)ﬁzmjfwﬁh %S%"é&!ﬁgﬁfta 221 He. IH§, 11. 98 (bs,
1H); ESI (+)ThScompamnd8Df(fthula (I) of the present invention showEXdTR €alddk, on
tep-1 .
5~ (- Ani no- pGITARERH fetiueg 254 BN BV TR PTpEntS SopaRdp §deeih A% Ao
3<yl7| 87aﬂzd ’Y hayﬂ mwew; AS AQHNM?AGDI\/EQ d@:lo GIQOCM‘EI), F§5 @plrnbtl(LgSNf]zt ?324
He, 111) 7. 3%14(1&”‘3"-'@”%0\%‘1 o ‘fﬂ)‘ue? 05§d%7dDbf§475mP2n d#nd 1949M7. 60" (dd.
é ?341(1 1J 5?1n'ﬂ§d1t13ﬂ-ﬂh}e%i1§&e({ ébmpbuﬁ%szlﬁvé'geen %hﬁra&erﬁ@d f(ﬁl spe]:l'fﬁ:i’@ bn %ane“)%
(+) I\/(B n 7z By c(t]w’}vkmas%s among whlch Cdk2A, IGF1- R AE;@%| ’g]l PI_EKéleﬁUgUl

A R bR O gty -l -

5- (2- Am no- Ml%@:ﬁ#aﬂ(}d@@mﬁno&@ﬁﬁﬁyophen 5-y1- 1H pyrrol e- 3-car bo

e acid 4 6. 84
s Caiy' 9. aitess reutigh S (EMRePtey S99t BB B et B £ 3
111) 7.50 ( Ctﬁ‘ ba&lﬂ&zu‘h@ coRxplsskll gd@@}clﬂl B21(( ek, ml@xﬁ@or‘liﬁ(a fﬂna?%lﬂ%e 0&'"100

7.80 (d, J=5.4 H%{SOl J=8.41 Hz,
1H) 8.21 (d, uljmﬁfeq?“m& CLP n pﬂSWB\égCiiminl\ES'lsmM DVE) vwerc/azld@B@ each

IVEI °
(5 (2) Ami no- 5- ?"I ufoFl o9 6pI§/Trl?0rtrt1D l well plaf) -PZd-:E%heny'% %Iz-?p (%rl% Ubatbp T & 1:cl)g(ny e
ac: dt am def (sWbpedbeRD ﬂlEDﬂéA(%l,lﬂ(amMn of py(rjl m di ne ring (18) To a N
solution o [ ro uor o rimdine no in
DVF (14 nE), &tpmr dﬁ@ P?tvireéfﬂﬁﬁf@edvfr% F§°h§¥%ﬁ%@tlf§f@ee?p e, tozalb)wgmate
was added, gy qu%xpr LA A ailer (it PRERHANDRBN | 9%%&%#}@95&@&&?

(100 ng, 0.145 nun m xture was war ned at for 1
cool ed, a sdtB§Ga e’M&ofrﬁﬁamjrﬁl@fedrb@tl\é@smmnfﬂluamndgstt(lmq) was added and

it on'w 1o PO UBRE LERET P e o BRBR Sl bE o

organi ¢ phases 3ae rlﬂ)emslhaﬁhet HDmas @blcytedvby Radi@icgvityasthntiOn G iht b aThunt
The crude material was purified with the Horizon system (25 mm

col um), el UBS'HEH t h n- hexane/ Et 0Ac 95: 5. Obtai ned 2-

chl oro-4-(1 I&Tstﬁl@xﬁatyhﬁ%)’elana@zéd BT ScpRgd s rilﬂlll{lt]lmgf]ef&edaé%tal Actll/lt),'\w
(400 Mz, DNBOd@S p)pml 32 (t, J=6.95 Hz, 3H) 3.

2H) 4.88 (drZmse 1H) 5.20 (d, J=2.93 Hz, 1H)890(d 3317

Hz, 1H); ESlp( é‘()m]:hﬁs]dé s’%%m%%?hlﬁlglm 50 Rent ﬁﬁ‘thgr POl RerQ study and

pyrimdine rin
deﬁne potency (IC50) as well as the kinetic-profile of inhibitor through Ki calculation.




A solution of enolether 18 (15.5 g, 76.73 mml) in absol ute ethanol
(25 inL) and 30% aqueous ammoni a (50 inL) was warnmed under shaking at
100C for 1.5 hours in a Parr apparatus. After cooling, ethanol was
renoved and the conpound was extracted w,th dichl oromethane. The
crude material was purified with the Horizon system eluting with

n- hexane/ Et OAc 1: 1. Qbtai ned

4- (| - et hoxy -5f uor.p- amn 49. 2 mol , ...
64% . 1H NW#—%M@%‘ 00%1 ‘ﬂm“’fs éﬁ sppc %5&.51: abgye, vhieys mBibiiars
(q, J=6.95 H&rmeﬂeﬁtecﬂaﬁ&ff@:ﬁnt don%elﬂ{&tlb& raﬂ g 4rothl 0,00, tOJR)ZH%JE erdiBerltid »
1H) 6.64 (bs, 211) 8.28 (d, J=3.54 Hz, -ES|](mz MS: infz 184
(MH+) . Step d8ta BefsrAnAEsdohy the Cwﬁﬁe@%ﬁe Qrzw)l“ad A vgiag theifoyr Rerameter
enol et her 191404 tio vES dﬁgﬁ{+ 2 t: 7 mL) was
added fol | one ® Qeﬂﬁﬂ 3 g P togJBORH;)/(;l R (giglngidt/\@rgsﬁg% stirred at
room t enper at"’h?fe # trthq | %alh‘tbm@f thganhikifar om@newtmpoy as e, respiopse; @rsitaityeat

was stlrredg OMGN¥s 1o %n) |Itered bt ai ned
1- (2-am no- 5- l}oro Oysrﬂlon?l{jtﬁr%@%& y %Lfﬂ%grono et hanone (500 ny, 77%.

114 NWR ( 4ooﬁmmmmyr the ppreedrafion OEATR 24] hiStoBAH( bsl;stratweresvzered:(@,

J=2.93 Hz, I :' z 235 (MT 4. _For io
pyrrole ring (122152? 4§£ i f?on PInig 18R ?nagy%@gfdﬁg%%

THE (5 inL), 1.epoked, SaFLM)@)r rsaduell%ayﬁkreade &Bcdlnd JredBRE )o MRS a@fée@lt
under stirring. After 5 mnutes a solution of bronmbketone 20 (234 ny,

1 mol) in DVEPEY qhasep infbitos gercquisaigns he reaction mixture was stirred
at 50C for SEf&H[réntalAfdtaﬁerﬁWQ}Y ze@ byl c6ih ﬁé}oi)rogljaga @B for Ki

anmoni um acet ate (240 ng, were added and't m xt'ure was
stirred at rdjmﬁmreﬁpewameeeaqd@mb;zr@amsﬁtenmquetnowermval of the

sol vent, ethyla added t he organi c phase was washed with
wat er and the cru was purified through an Horizon system,
el uting wth n- hexane t Ac 1:1. Obtained

5-(2-am no- 5 flg -4-y1)-2- phenyl-1H pyrrol e-3-carboxylic
acid ethyl ester%ﬁ ESI (+) MS: iniz 327 (M-1t). Step 5:

Hydrol ysis to, aci T .s pension of ester 21 (25 ng, 0.077
nmmol) in QSWE fi’l %6- SmQB IS%H?\}lﬁq NaOH (0.5 nL) was added and the

m xture was Tiefdompethds off 12 presetitiavantizil tanebevignigiodil kitied ab Sinplel aBentd &1l

cone EICl, oRhseruvi itation aof the product. The precipitate
was filteredt cm@ﬁv#\gsﬁea‘” Ipgfiop; Pith 3‘“88%3 FUCPT HRImGRts eych &' radation
5- ( 2- Ami no- ahérhpg,omocmwotm@ynegimyﬁh@cahaﬂaioawlw&ﬁ@dtam%wd@aﬁy hédaits,
acid, obtained as a white solid (16 4%, was used in the next

step wi t hout2PfiBiotigiEme pgents; @éliyilﬂéwg a@eﬁs (am)lmw@mlfen/dge@ﬂaghqnwal SR8
6: CondensatinffinbRgrRAl £R6ts( Miekfeldd-t9pesS Aelsl BRiRkyaahd idR 4
mol) in Dl\/F“(Oln fgnL)Ajggné 1IE& (0t9p Qé m.) gj'?:l rrg& #i bﬁé‘%&gg C@X%
(13 ng, 0. 0gnkhTY: andriEpeteliqpigeaty, mmb@es rregeTgie eh&aa@d 1yrysiee kmase
m xt ure was far. \ t.1.an
W ih ethyl annpAsE e ARG TARRAL Wi, B R WIS onECFR ity
aq. sol uti orposfogenseis aganks (edr @emeesrsdmhlewrdv@memzaeiermdnhlbxtors, ras-raf
concentrate ' pur. f mat ogr.aphy
(ol ant - - AcCize hEpBHAfn BRI it bl HEF, ol S el LA LAgIOR
yi el d. 111 NIV Lif DV gl &yentd OO pdibimherase JpnhiBit @ tQma;soﬁiel)asﬁII&ﬁhlbhsrs, dhil)the
7.27 (t, §80 Hz, 1H) 7.33-7.43 (m 311) 7.40 (s, 111) 7.62-7.66
(m 211) 8.2%°%(d, J=3.41 Hz, 11-1) 11.49 (bs. 1H. ESI (+) MBS in/z
298 (M T) Hﬁﬁmmhbteﬁlas a fixed dose, such combination products employ the compounds of this

2- Phenyl - rimdin-4- rro -3-carboxylic
acid am de (ﬂf@p g"bt% ﬂ’ér‘g‘ﬁ?g?afafl% Fs(‘}\hlé‘i)'do%rﬂﬂ t"’d‘ﬂ 2’ °T P a‘&’agﬁit’t‘}i‘lilyon
of enol sil yb@ﬁ*&fgeﬁa}m(hln the aﬁpraqedmgb rd eTHF (40 m_) and wat er (5 m_)

at room tenperature, lid NBS (0.43 g 62 4 mmol) was added and the
m xture was CHTROPRE ‘?fof%“?@la HBUP’%Y bﬂ\f‘is%d’ SAWERFERHY Vé%ﬁab'"d?"d’t PlStFaRGeH agents

when a combination formulation is inappropriate.



the crude material was purified by flash chromatography (el uant:

n- hexane/ Et OAc 4:1), yielding

2- brono- 1- ( 2- phenyl am no- pyri m di n-4-y1) - et hanone as a yellow solid
(0.27 g, 40% . 1H NVR (DVMSO-d6 / 300 } 8 ppm 4.65 (s, 2H), 6.7
(in, 1H, 6.9 (d, 114), 7.0 (in, 211), 7.4 (d, 2H), 8.4 (d, 111), 9.6
(s, 111); ESI (+) Ms: in/z 293 (MH). Step 2: Pyrrole ring formation

(25) To a splution of ester 2 (1 'L, 0.87.mmol) . jn _anhydrous THF
(40 ) ar oche ReRPpEts Fgo TS hAbPy gt SdRiP Rubledp SR i eHon (02
stirring. Af @bl o, o bimbmk einoieadaAnifidRd birthe Bud Folte@ld, thd i QB2 R0k
as described in 2005014572 was%‘fldded ab(r%d the mxture was stirred
at rt for 3 fPCBGIUPERINGAES V@é@ﬁ&p ienstod thgrnpHend and ydpunisEation ¥ thas

di ssol ved i np&t Bknipld) dThoitabld APRANcUMopee Bt Brdl IdRilstrafiodt Df RUBRhJouNAS f
added and the solution was stirred at rt overnight. Solvent was
evapor at ed t Hrar{BssayrEsEfromabawdl Qg abpuind08 rgpsdloss fiomel ¢o d@dimes
mat eri al andgiiRe kdadhSouh ' ,

ri od (Na2SOl Yanir @ anmioundy B (AR BRRTLH, B0 RN N § Jat) F dosaee
Et 20/ Et 0Ac/ nfon@scah@. (il in)the defnf tabletss eepsulehtsmgared film coated tablets, liquid

2- pheny1- 5-( ylam rLmidi R 4+ - -p .8-.3-C iC
R T A LA L e L T
(t, 3H) 4. l4infrgnuseidprlg, @ Ghrgu@Snitanendikidnd/dr Rbathekal dodfor 2trakizinal 1didotiod .04 6
(d, J=5.27 Hgo 114) 9.45 (s, 111) 12.10 (s, 1H; ESI (+) Ms: mz 385
(MH). Step 3 aponi fication to carboxylic acids (26) To a

suspensi on ofThegtr@ent2mvedid@ Alyp ReBdesmpbinmateuti®d Yadehfshitiods Ndojnpridin ag)
NaOH (4 m,) was_ add an he m xture refiuxed for 4 h. Mst .
Solvent was SUERAPEPEIERE ONE § et ET i Genah el Mot o ghgpoiation
aci di fied towpita pharinhdentieile acdp@blc cRipienty whigh pfag bk Picirditi @ difiedthe

product. The lg)re ipitate was filtered, washed with litt]le cold water,
and dried. 1hep armaceutical compositions containing the compounds of the invention are

2- Phenyl - 5- (@upiepyhasd feltoRidd Bdrbmtiofalyhithddd M 50| @mBriGaded oX Y dufiable
acid, obtained as a white solid (100 ng), was used in the next step

wi t hout f ur tM8rm3sEticel 980 ons. MS: in/z 355 [MH . Step 3:

Condensat i OnFctr%xﬁi'ﬁEﬂ,eﬁle(édﬂiﬁ ofl BrrSUSRERSMAN, Ree@&l Jitk O %vmomgo@n%,
mmol) in DVE (3 inL), DI EA (120 gL, O 67 nuhol), EDGI (100 ng. 0. 52
nunol ) and HEBTIN ¢-3, (PEseydextie? saaehsrose.wicwsadlatoseT vernr starch i aprpotato
m xture was L ned: r{, o ni aen.: bt : 4 0t t,l d
L i xture it e YR b hRERid inliBE BRME SR, g aplloP
wat er, the arplicethydene6zlicalser bindingeragentet exig.wi sthrcEs) Aarabind guhe  gelatine

conbi ned or ' S Pcfiﬁﬁh L.t h [ ri . 2S n
concentr at eg,ﬁ&gﬁf %rﬁ%’q%%fg cé\ﬁé’?yd e rlrcge léI\ravlheal Or}tﬂﬁé&vi\%s pﬁ%(r%ihﬁ(li’\%d ‘E%L]Ltfegr 3%??
chr omat ogr apteynt,DEY) Mo, Qimg acidf digimdien@r sodium starch glycolate; effervescing

2- phenyl-5- (2- phenyl am popyrimdin-4-yv1)-1H pyrrol e-3-carboxylic acid
o o s o VRPTAS TR SE et Vil a8 Ml S e lmopdp oS
DVSO- d6) 8 ppuryBulpBatéss and,Hh g6nd4l, ibn-todie 7and3Pphkinacdlically? ractiveOsubstincéd)
7.29 (d, J=5. SJ Hz, 11 -I?. 71. ?Orp_-éxfj 2H) 7. 85 (d, J=7.62 Hz, _2%—2 8.43
(d, J=5.27 psed i phagnaggyitical fqrpplaligns; g T@gﬁe P afégﬁlca?ﬁeﬂ?f@“o Mayse
(Mff). Exanpiffadired in known manner, for example, by means of mixing, granulating,
5-(2- Am no- pyrimdin-4-yl)-1-ethyl -2-phenyl - 1?:|- pyrrol e- 3- car%roxyl i C
aci d ani de (tRbl§tting, segagsoatingag flmicoginegrosssserol e ring (27) To a
solution of gt ﬁcﬁuid? disperdibng for orATMRAnhinlsRa @MY S e.-g!,'srl\{ﬁtpé,;gﬂlléi%g aftf
0C, NaH (0.7 g, 17.5 hunol) was added under argon wth stirring.
After 5 m n SH¥RSABBt one 14 (2.5 g, 8.4 mol ) was added and the

m xture was glirr, yent t ed :
resi due was di slré Sﬁ@%@g’i %Eég%rﬂs ?%% Fr%%eé’n %ﬁ%ﬁt %ﬁjﬁqé@# ?aff‘t*?g"s‘} Wnl{_h
17.5 mmol ). giyvering snd{or enanaitol andesartwlwi t h i crowaves at 170C for 5 nin
then it was diluted with Et 0OAc and washed wi th NaHCO3 aq saturated




To a suspension of acid 28 (400 ng, 1 31 nmol) in 10 nL of THF and
6004 of DI EA (3.52 mmol), cooled in ice bath, 336 ng of EDCl (1.75
nml ) and 267 ng of HOBT-NH3 (1.75 mnol) were added and the m xture
was stirred overnight at rt. EtOAc and ter were added, the |ayers
wer e separated, the agueous |ayer was extracted with Et0Ac and the
conbi ned or gani c layers were washed with 1M aq NaOl-1 and water. They
wer e then dr g lgNaZSO4)'Eﬂand concentrated.. The resled\l;&g was filtered
and washed wilPRHSYSPETICES B0 the KBGO MEY FOR Dy 2 PYTBIES §afBEfF11H“€E|1 %gm
flash chromakegr siim GRGEMdYBRENR GRIaNGIIR:S  dboxphéBy 1IN ss, he

am de. The two pr oduct batches were conbi ned, suspended in MO
acidified toalﬁ % with 1.25M 1-1CL in MeOH. The sol vent was renoved
and the resi ¢HesbBslon RALGIGkiMs 1t iFkARisohIEinf-88dhk bl Fof@inl oS w1th the

filtered, washed with Et20 and concentratedr af fordi ng 380 ng of the
hydr ochl or i cagiptcoppound, a pharmaceutically acceptable carrier, e. g., sterile water, olive oil,

ol 5 0 YT Ay B 5 B o

1.08 (t, J= 611®®aﬂzhy hltmc@? q, J=6.91 Hz, 211) 6.87 (bd, J= 21 95

gi’ | )2H)7 g 11(8gﬁéjﬁﬂ_§tlogl gcgr F%ave&%lzjga%z ﬁ?nfﬁ%s#ﬁgyl_éon airil_D?asSS f‘lll?' +3teri\}g:

in/z 308 (I\/Eﬁ’)lter ébqaefptably3key may be in the form of sterile, aqueous, isotonic, saline solutions
2- Br ono- 5- PYLI | n 4 1- 1H— rroI 3:carboxylic acid am de (R1) and
2-(3- et hox§-'B §( %enr? giycofa SAHEB r ol e- 3- carboxylic acid
am de (Al11) TMSlﬁbbsSfbﬁ@s 1iha)f\lbd‘i:1taﬁﬂ t@th&r ojith the ﬁdvé\lctb'ﬂn}NﬁthtaelﬁhaﬂnﬁiéutNdlly

31R1IAIl (R=3-net Step 1: Condensa n noes To
Supensi on_ oFSCgUHIE MTiEk B (BIOR o PaIoFS Ehbalos PRboRyHp s Herbtan
Et OH, ethyl Cfé&;a@aﬂeita{sarféc@a@ZrkatmnS 5 mol ) was added at 0C. The

sol ution was % gq'ed until sodiumwas conpletely, dissolved. The

sol vent was SN&SBT aied BerdBF%"aW the PHSPeDE IIVEITof. WiARUt RAsinGRyimitation to
portionw se &Qh@foﬂbﬂvfn@%ﬁan@ﬂééﬁréﬁHbvgiR/exbr ompacetyl pyridine 1 (1.0 g,
3.5 mmol) in anhydrous THF (20 nL) "and DIEA (0.6 nL, 3.5 nutlet). The
reaction nixture was stirred overni RAMPLES. The sol vent was
removed, thepg&SkieciaSansUsRAISndol d"@ff%'h A2 ¢n) O AR Rond lﬁﬁw
The organic exrtractscweraen%drﬁl ed ov]eﬂr A " g)%ngen%e?la?ecfw% m
crude was puthe fqr@@fbwhm@sﬂvt@ﬁbmmptﬂghaiph)seé lb@lwmmﬂn@lise@lom and gilaires.

710 ng (87% Y rd C er
as a reddi shR%Flfa'r[n%g%a%'%Fék %ﬁ/@%%ﬁ/fbﬂ% M&IQ@JBY e E%g‘l(n? lg‘}]cmé&bs&lt[&
3H), 3.88 (cisyntbtﬁzezl&lﬂiﬂg tf@l—l)lsathddSZtiesqu;edJhti’elm?oﬂ—btheaiﬂ)ﬂ;hods Gvhiglt are well
J=5.25 Hz, ]k'}%) A  d, J=6.00 Hz, 2H), 8.85 (d, J=6.00 Hz, 2H); ESI
(+) Ms: |n/z %’?? Step 2. Formation of pyrrole ring (30) To a

sol ution of HBr (33%| n AcC]—I 13 rTGeneﬁlrSlrinetnbﬂwl) at 0C a solution of

cyanoest er L i n 0 .and ded
dr opwi se. ﬁ@gsjﬁ @H? 'ihgtﬂgﬁ'l’]% ‘()’P%ﬁ’?}ﬁgﬂlf? ‘8? gilg}‘fﬁ“ﬂ( %?d%ggn%‘gnﬁheﬁ
rt until di sppptied, dhtenadgrighe ﬁp&ratioﬂsghmt&éﬁ Plrférded db) a Bib@g® Plokigon
was filtered and shed with acetone and OH.., The _pyridi nium salt
was neut ral i YEGOWHEOFRY eSS TeRPtioRD e PR %fjuuam&éé‘)tiﬁ&@ ersprdChgpistry
flash chr ormglﬁm{@pﬁyrﬂ(lm\/! MeOH 95:5) to give 800 ng (62% of

2- br ono- 5- pyr|d|n4 yl yrrol e-3-carboxylic acid ethyl ester as an
orange sol i df QDNB%J Bateapl WFHZ)RPSf/ 8o x15@mny, 8.5 WerolmniHpsing a

21 1) '3 54’ ?‘é’aéas@g@*@? SBhkyp <y ypBwieris e 68 Mgy

(MVE). mod. ZQ single quadrupole mass spectrometer, equipped with an electrospray (ESI) ion

source. Mobile phase A was ammonium acetate 5 mM buffer (pH 5.5 with acetic
acid/acctonitrile 95:5), and Mobile phase B was H;O/acetonitrile (5:95). Gradient from
10 to 90% B in 8 minutes, hold 90% B 2 minutes. UV detection at 220 nm and 254 nm.



65 Step 3: Saponification to carboxylic acid (31) Ester 30 (1.0 g,
3.74 nunol), dissolved in 8 inL of 4Maq NaOH and 8 nL EtOH, was
refluxed for 4 h. The solution was cool ed and neutralized with AcCH
The precipitate was filtered and vvashed3¥\/|th wat er and acetone to
afford 850 ng (85% of 2-brono-5-

pyridin-4-yl- 1H-pyrro|e 3-carboxylic acid as a white solid. 114 NWR
(DVBO- d6/ 40 F9733% 111), 7.83 (d, J=6.00 Hz, 2 8. 58
(d, J=6.00 ow2 y3. EIB%CTI L_al_%)lmrfoIOQ.iL (Félll SEHl MABSTARS go% 0'to 800
[M11]. Stepafin, @%ﬂﬂ%%ﬁ%@ﬁﬁ 25 RV, g&n‘éﬁ@:l)n Aﬁésdﬁaac (BrROwED:0 ¢ 188ention
mmol ) was dissolved in an drous THE ( nE presence of DI EA
(1.27 L, 7. 8oesddBiOC r.thpare Bé’e%éﬂ RHOUESH at %%Kbrmear @fo’256n@ NEDCpre(gva ag,m/z
5.5 mmol) anflan_ T.N113 (812 ng, 5.34 nmol) were added. The reaction
m xture was t overnight at rt. The sol vent was evaporated, water
was added anWllehee®B%lm yompindsiave beep punifiechbyDEkpardive F .Gde was

fied by fla t MeO
(555 of 2 br o8-l SVRMRRL WY, d DB cobphlpthed et hrirmsvs
a pal e yel | oWPEQI600. eqhippéd R o BNSEackey/ P]é,@()ddtédfo} a8d mpmm&o]ﬁa&s ©Sod. ZMI) ,

7.29 (s, 114), .7.59 (d, 1= 6.25 Hz 8.52 (d 25 Hz

12.54 (s, H%mglgg}lad(tgao’lq\}gassrﬁafictrfg}?fe( csron g{r@blogma% QRSfltIYFdH?)qlq #5)13{15
anmides (All) EE@eAvﬁd@'vkatdr@ml% TRA] A8 Nﬁibﬂéqametmwasoacéﬂmmeoci}aadﬂeﬁt from 10
deoxygenat ed toI uene/ Et 011 ;’L‘Bé deoxx{genat ed 1M ag Na2C33 (1.1
m, 1.12 mmolo?P4 R e § g rli*BIdS’P 2rﬁ?iBIF)1°Wf5r‘i"e Bh{@fi ent |y substituted
pheny| bor oni g, aCiithdO X6 e Blap RS (BNSALERAGLS (i) BENAG: e HRfer
and the m xture was stirred at "100C unti| di sappearance of e
starting natBrét@nlyThiystao (3) cquagped vathor Wesd 2986 PDHeUYr Vildedetwar and a

Pequired the geaier phc are BB g el MAY Bt b (DR pes0n

Et 20 unti | pmémeHI@fA@mnﬂfﬂet%és hgdivlobntd pimsec&matctetonhnkethaﬁntf firdih éned

af fordi ng 2- d|n 4 pyrrole 3-carboxylic
acid am de ( gﬂ%@{ %Tﬂiwbld\}ﬁé %%61 8 ppm 3.83 (s,

3H), 6.66 ( bBow-?éls&l).moﬂ mag stﬂtraBa\Z[S) data \4&9& detarmidd) on BFthﬂlgéIdMA]I‘ECQZOn
Hz, 214), 9.11 1=6.82 Hz);.E 294 usin
Thi s pr bbedi® PREBEIGRPRG kishibdktostiar &St wue®. ik ESeibh o
2( 4- Met hoxy- @B&fhy(l—)&hﬁSWé:bdﬂbﬁnéd Yoi - IWha )" @-OIOF Gl iay ieinhdnt cafipgbdanitsle
hydr ochl ori de NVR ( DMSO- d6/ 400

7.07 (d, J=8& qW?SPT%—éESIVOBSO‘{f% andyging EeselPlf(edMV?fﬁé’%@)Oﬁﬁi%Ofiﬂfmsvs
(s, 11-1), Sl U}J’fe@s @@Tfé?’@ntlﬁ}E @rte% 713 NMR s%xe@tro@x%nlﬁzwaszﬁgrfon%gd 28 a
(s, 1H); ESI_(+) M5 mz 294

2- (2- Met hozyMﬁwéwVWéXEf’cOBwﬁemlhg at Wr%iwe‘i’,w@hrﬂb@%ym ideutde FegoraRtel e

5’5 (bs. oyt SRR, cARGeliihy i iRPRed e S Bt 5
(dd, J=1.71 Inithesqexhplés anabl)sgwbzrwébl(rmiétmhs have 3o lewing knédgings: 15 (d,

J=7.00 Hz, 2H), 8.71 (d, J5[,QQ 1), 12.42 (s, 1H): ESI (+) M
mz 294 (I\/D Exanpl e 38
2-(4-Nitro-nhenyl)-5-flyri Ac®NHA; 2 dmibnipyr dcelare- 3- car boxyl i c aci d ani de
(AS) 114 NWR (DVBO d6/ 400 Mg}(zq?mg ppm 7. 40 (bs, 2H), 7.70 (s, 114),
8.02 (d, J=8.78 Hz, 2H), 84D J=6.20 Hz, 2H) 8.32 (d, J=8. 78 Hz.
(2% E;s 77 (d, J=6.20 Hz, Zﬂ&)—rteﬂﬂalﬁﬁiyézbﬁonlyﬂg)g ESI (+) Ms: mlz 309

e
5- (2- Ami no- pyri m di n- 4- yI)BEOBIF‘0‘rﬁ‘é}dll|14-t PigKige 3- car boxyl i ¢ aci d ani de

= acet‘ic ac1d

(R2) and DI = NN’ carbon ldumldazole
5- (2-am no- pyrlmd|n4y1) 2t |ophen -y1-1H pyrrol e- 3-carboxylic
aci d anide (Gl) CH;CN = acetonitrile

CISO;NCOQO = chlorosulfonyl isocyanate

conc = concentrated



Step 1. Condensation to cyanoester (32) 67 Ethylcyanoacetate (5.3
m., 0.05 nol) was added to a suspension of sodiumnetal (1.15 g, 0.05
nmol) in 150 nth of anhydrous EtOH at OC. After sodiumdissolution the
reaction m xture was concentrated and tgf resultant solid was added
to a solution of bronoketone 14 (15 g, 0.05 nol) in 300 nilL of
anhydrous THF and DI EA (8.8 nL, 0.05 not). The reaction m xture was
stirred overnight at rt, c&%jated and the residue was suspended
in water and extracted witirSOCN™ FRENGFPIRIE extracts were dried
(Na2SO4) and concentr at ed. pthe =GhidsiRom@saeuri fi ed by flash

chr omat ogr aphy (DCM MeOIl 95:5) to give 4.5 g (37% of

4- (2- am no- pyri ni di n- 4- y0o- PIESafisoRrensdetBigine ¢ acid et hyl ester as
an oil. NVR ( DMSO- d6/ 4W)dh§9tﬁ§mﬁqm%,id(ﬁe, J=7.08 Hz, NIX 3.73
(d, J=5.61 Hz, 2H), 4.18 (g, J=7.08 Hz, 21T), 4.58 (t, J=5.61 Hz,
11-1), 6.97 (d, J=4.88 Hz,%Maﬁfl\IszAﬂuwlsxlfoznamlds.52 (d, J=4.88 Hz,
1H); ESI (+) Ms: rn/z 249( Sl-ep; 2. j -pyrrole ring (33)
A sol ution of cyanoester SW%%%HQ?E%TTﬁ&%qh?ﬁ?@%%hydrous Et 20 and
DCM (1:1, 10 inL) was adde8Ddi spwidshmetbylammoptoppl)-33&ydéarioBiimide Ac OH
at 0C. The m xture was |6fha‘?*5ch9%d‘::°r 30 min and then at rt until

di sappearance of the start|¥1g material . The solid was filtered,
washed with acetone and Me@dEeqevdlermd i zed with 7N NH3 in MeOH to
afford 400 nmg (88% of - o

5- (2- ami no- pyri ni di n- 4- y0- 5°br SRBOPPIAH PP 3- car boxyl i ¢ acid et hyl
ester. |l NVR (DMSO- d6/ 408tIMdhyl dbdpem 1. 26 (t, J=7.10 Hz, 311), 4.20
(g, J=7.10 Hz, 211), 6.43 é@ﬁl _214)), 6.99 (d, J=5.24 Hz, 1l-1), 7.23
(s, 114), 8.23 (d, J=5.24 FPHfgihylamipe ) "\s: mz 312 (M 1+). Step
3. Saponification to carbory)AL=a@lichcétad) A sol ution of ester 33 (2
g, 6 mol), in 15 nth of EtOl-1 and 15 inL of 4M aq NaCH, was
refluxed at 100 C for 6 h.EtfHé=s8Perlwas precipitated with AcOH,
filtered and washed with apgpengethfeéve 80 ng (88% of

5-(2-am no-pyri mdin-4-yl)-2-brono-111pyrrol e-3 carboxylic acid. |Fl
NVR (DMSO d6/ 400 MHz) 8 ppme&&EW®6 (br, 211), 6.87 (d, J=5.20 Hz, 1H),
7.08 (s, 1H), 8.00 (d, J:5h2gogﬂ;s) 111); MS: in/z 282 [MH . Step 4:
Condensation to am des (R2) A solution of 500 ng (1.77 mol) of acid
34 in 20 inL of dry THF andBDFBEpdrpBrogidasid 3.54 mmol) was stirred at
0 C. EDCI (508 ng, 2.65 nupp|l ~NH3 (404 ngy, 68 2.65 mol)
wer e added and the reacti gﬁ%k u?ceh%-sgdsgti rred overnight at rt. The
sol uti on was concentrat ed BGEOOE e 88% dotenisvasd puri fi ed by HPLC
preparative. Obtained 5- _ .

(2-am no-pyrimdin-4-yl)- zlﬁngrTﬁ.@l—@%?%%?gQ@?%ar boxylic acid am de.
1H NVR (DMSO-d6/ 400 MHz) RBOBpm i6debkybdhzotdimmld7 Hz, 1H) 7.00 (bs, 1H)
7.17 (bs, 111)8.24 (d, J= _ 12 .66 (bs, 1H); .ESI (+) Ms:
in/z 283 onfe). Step b5: S%éé?%&héﬁdﬁﬁy%‘z%tﬁ?@&m% ‘mErSGl;roam' de R2
(224 ng, 0.79 mmol) was diHBM&ngHﬁﬁEﬁﬁudc&ﬁqlﬁMhramgtogﬁbwne (6 inL),
Liu (99 ng, 2.37 rnnol), ;I%/éﬂq— Na2CO3 (1.97 nmol), 3-thiophenboronic
acid (152 ngy, 1.18 mmmol) (PRR3sFIBJEeEx(d6 ny, 0.008 mol) were
added and the reaction n xtieBsotSedpedt-e8l4 bad-plinbxphotyP1 Btk 4_.hen
overnight at rt. The solvent was evaporated under reduced pressure
and the crude material wasliphpsphictang-2phydisuifideh chr onat ogr aphy (DCM MeOH
9:1) to afford 120 ng (53%;cPf itk cABHAO- PYri m di n- 4-

y1l) - 2-t hi ophen- 3-y1- 1H pyrrol e- 3-carboxylic acid am de. 1H NWR
(DMBO-d6/ 400 MHz) 8 ppm eM3emeles, 211), 6.87 (bs, 214), 7.01 (d,

J=5.24 Hz, 114), 7.26 (d, Ja2d4. He, 7 1=2. 93 00,
114), 7.65 (dd? 123255 Hz,lg[?%(ﬁ‘or,%m%)‘}f ‘%’%‘.ﬁilke“(zﬁ%léfg?{eiis’?—g%’dr%,sde1H),
8.20 (d. J=5.24 Hz, 11.52 NbisrunTd 18id ~ESWifrethyM53-dioxkn286-dfdvEh. The

above procedure was enpl oyﬁ&ﬁgzﬁ}éﬂ}ya%sugeze the foll ow ng conpounds.



1 (s, 3H), 6.32 (bs, 214), 6.72

1
), 7.04-7.19 (m 3I1), 7.25:7.31
)

111NMR (DVBO-d6/ 400 MHz) 5 ppm 2.
(bs, 114), 6.93 (d, J=5.24 Hz, |11
I

(In, 111), 7.33 (d, J=2.44 Hz, 8.18 (d, J=5.24 Hz, 141), 11.82
(bs, I'H; ESI (+) M5 ink 312 (MH). 69,
Exanpl e 42

5-(2- Am no-nvri m di n-4-v1)-2-(2, 3-di net hvl - phenyl ') - 114- pnr ol e- 3- car bo
Z%l ic acid aticnla See Ex. HeOII Exanpl e
5- (2- Ami no- pyri m di n-4- vl) -11%421,11ﬁhgihﬂhbuoro phenvl) - 1H pyrrol e- 3- car box
ylic acid amde (F16) 'HN ](JDIVBO d6/ 400 MHz) 5 ppm 6. 38 (bs,
211), 6.82 (bs, 1H), 6.95 P ~HUBNSY 1 1H), 7.20-7.28 (in, 1H),
7.28-7.34 (m 1H), 7.35 (dllﬂ_allxﬁﬁtefdz 1H), 7.39-7.50 (m 2H), 8.23
(d, J=5.24, 111), 12.00 (bs, 111); PSI (+) MS: in/z 316 (M\).
Exanpl e 44 mmol = millimoles
5-(2- Am no-nyrim di n-4-v1) pdi£oksdi fl uoro- phenvl) - 1H pyrrol e- 3-car bo
xylic acid amde (F17) |HNVR (DVBO d6/ 400 M—Iz) 5 ppm 6. 41 (bs,
211), 6.77 (bs, 111), 6.94NFmmomeb 24 Hz, 11-1), 7 13 (in, 111), 7.28

(m 111), 7.35 (d, J=2.56 Kz,c :I_’Is)odz 0 1| 7.54 (m 111),
8.23 (d, J=5.24 Hz, 111), 119 (% " Om‘ga ) VB mz 316

Exanpl e 45 NaH = sodlum hydrlde 60% in mineral oil

5-(2- Am nol wri m di n-4-v1) - 5- H ovrrol e- 3- car box
ylic acid am de (F18) %—4\111%& %@%&%ﬁ%@%ﬁzﬁ% ppm 6. 40 (bs,
211) 6.81 (bs, 111) 6.94 (_NaH;BE&%demﬁ}dyog‘énibBos@uated =2. 44 Hz, 1!—|)
r7r1£2123(128(|\/|1}|121)8 22 (d, J ﬁal%&—sddlum 1tr1te 95 (béxa}rgl)’e Egl (+) M
5-(2- Am no- pni m di n-4-v1l) - Ha@Hacédemmhymkte@uel) 1H pyrrol e- 3-carboxylic
acid am de (F19) IHNI\/R( d6/ 400 MHz m 6.37 (bs, 211), 6.69
(bs, 111), 6.93 (d, J=5. 24 Oa T pohydrous sq ‘“PBE@ 491), 7.33 (d, J=2.56
Hz, 111), 7.35-7.45 (in, 3KNBS-N4Rodo-BRciimide 111), 8.19 (d, J=5. 24,
Bl e 47 Lo T ESl (L WPyl i 334 (M- 14). 70

5-(2- Ami no- pyri m di n- 4- v1) N&{ B-i6dd-QEanihé@ny 1) - LH pwr ol e- 3- car boxyl i ¢
acid am de (F20) 1H NMR (DVBSO-d6/ 400 MHz) 8 ppm 6. 38 (bs, 2H),

6.90 (bs, IH, 7.01 (d, J=¥HpzapgnonjpH) 7 27 (d, J=2.44 Hz, 1H),

fia ik, b 0 (ZED 125, 20 U plladin bebie Em)'lg)d (7:")73|\/(B"[’n;];153]2_§,
(I\/Ili 11). ’ Exanpl e 48 5-(2- A&Bh )2PdClo~d1ch(lorof)ls(trlphens;Iphosphme)palladfmn(II)

o de (F21) 118 AVR (DVBO dar A0 NI s bprm 6. 33 (DS, 210, 6,86
(bs, 1H), 6.99 (d, J=5. 24 FBTURH)-beizogBz¢ldl -yII NN, 07NHeirarhddhyluidonB8r 7. 49
L sl 8518 (i bkl 27828 0. 51 (o 0
5-(2- Am no-pyrim di n- 4- vl)TEA%&lethﬂbmtny:I pheny1l) - 1H pyrr ol e- 3- car boxy
(L sore, emde (PO TN RERANARO I 8 pen0-Sg (3

6.80 (bs, 1H), 7.01 (d J‘BHEéthIZa,hydr&ﬂl}an 7 19 (d J=8.17 Hz, 2H),
o (S 3 e e R B i BeSnfSe AE |T F2

(MT). dlyl)blsz[dlphetﬁvlﬁﬁﬁﬁjhﬁ] 50

5-(2- Am no-pyri m di n-4-v1) chl oro-4-fluoro-phenyl)-1H pnrol e-3-c
arboxylic acid anide (F2311L“111101NMQFS( DVBSO- d6/ 400 MHz) 8 ppm 6. 38

methanol

(bs, 2H), 6.72 (bs, 111), 6.92 (d, J=5.24 Hz, IH), 7.22-7.33 (m 2H)),
7.35 (d, J=2.56 Hz, 1H), 7.45-7.54 (m 21-1). 8.22 (d, J=5.24 Hz,
111), 11.95 (bs, I11); ESI (+) M mz 336 (M-1').

Exanpl e 51



71 Exanpl e 52

5-(2- Ami no-ovri m din-4-yl1)-2-(5-chloro-2-nethvl-ohenthin-rnirrole-3-c
arboxylic acid amde (F25) [IFI NWMR (DVBSO d6/ 400 MHz) 8 ppm 2. 12
(s, 3H), 6.35 (bs, 2H), 6.73 (bs, 1H), ?693 (d, J=5.24 Hz, 1H), 7.22
(bs, 1H), 7.25-7.30 (m 2H), 7.32-7.36 (in, 2H), 8.20 (d, J=5.24 Hz,
1H), 11.85 (bs, 111); ESI (+) Ms: mz 328 (MT).

Exanpl e 53

5-(2- Ami no-pyrimdin-4-v1)-2-(2, 4-di dﬁ‘laﬁ'rpée]phenvl) 1H pyrrol e- 3-carbo
xylic acid anide QfEhehyl-35pa-idiX-4139-1H-pyrrole-3-carboxylic acid amide (A1) '
Exanpl e 54

5-(2- Am no-pyrim di n-4-y1) - 2E(5 ch 0- 2-fl uoro- phenyl ) - 1H pyrrol e- 3-

carboxylic aci Pstige (F27) (DVMSO-d6/ 400 ¥t 5 ppm 6. 37
(bs, 214) 6.80 ( 1H) 6.93 (29=5%24 Hz, 111) 7 . 789221 Hz,
114) 7.33 (d, .7E2)44 W, 1R) 7.44 (bs, 1i4) Te 7=8784"
4.33, 2.80 Hz, 11¥) 7.55 (dd, .5%&bk.22,2.68 Hz,NJA) '8.2 g, . 7=5. 24

Hz, 111) 11.98 (bs, 114); ESI (+) Ms: miz 332 (M) .,
Exanpl e 55 o o)
5-(2- Am no-pni m di n-4-v -(2-fluoro-4-nethyl -
carboxylic acid amd NNRe ¢ DVSO- 4/
311), 6.37 (bs, bs, , 6.9
7.02-7.09 (m 2 : ,R1I4), 7. 30 1H), 7.37 (t,
J=7.90 Hz, 11-1), 8.20,(d, J=5.24 Hz, 1H), 11 78 (bs, 1H) ESI (+)
MB: miz 312 (MT). ARy anpl e 56

5-(2- Ami no-avrim din-4-vl) - Ste@a-detﬁfaﬁnEnﬂﬁjﬂﬂMbrmlg 1) 1H ovrrol e- 3-

fg,r bgﬁl)ig o '(%gg T?%ﬁ?lg Z%hiq&ge hy b@% h §0£g2 gy ‘Q’Vaifr&ns‘e%?t%fa
dd, .7=9. 88pj x&uéa)fﬁé - 1- i
E ) 1l -y i X0 Qfﬂén_}' gﬂo%mﬁ 02351((6'[1%51 es;té’ﬂZ (R=Pil 1%b§2 niHTQl) 1?1 13)@ mL

Hz, 11-1) 1 10 843’}' ( 5@ anj_l | (G5sg, J(3+() mgel) 740,°C3 :@e (;ckl_y%qlqg was Ingz at 0°C for 1 h

Exanpl e 57 and then stn‘red atrt for 3 h. The solvent was removed and the residue was dissolved in
5-(2- Am no- pni m di n-4-v11-2-(2-f| uoro-3-net hvl - phenvl) - 1H pw ol e- 3-ca

rboxylic aci®d ¥ %E@h@}mmll!}&n RpgRte OvE®. d87 mool) vias )adgedoand the 2qaction
J=1.71 Hz, b

T TRTH :aﬁxuﬁe 3%as( Qé‘& @\?cilrh%]ﬁ i rﬁ The %%r&ae 3 @na%%%a gwasiéﬁ %?L "ﬂ?yl P]ag%
(bs, H1); P$|r01pat9grmy (RPUM/BLDTY WR;) afEx@mg) 92&0 @8 (6®45) o Apiemyl-5- pyrldm -4-

o- pyri m di n- éllz 2 phenyl) - 1H pyrrol e- 3-
car boxylic él éé§fé§wﬁa&th§lﬁ/{§?e(%\g%l@6/ 400 MHz) 8 ppm 2. 26
(s, 3H), 6.4HNMR (IMpO-d./800NEZ) & ppri)1,206(,95:7(08, Hz] éﬂ),%ld—qu JEHDE Hz,

32 (8 T et v P Yl T i e i,

Exanpl e 59 12.12 (s, IH); ESI (+) MS: m/z 293 (MH").
5-(2- Am no- pyri m di n- 4- y}!}\‘)ﬁz (3-chl oro- 2-f1 uor o- phenyl% 1H pnrol e-3-c

arboxylic acid am de (F3tp 2:1%apogifRationsagbryioacifitd) 8 ppm 6. 41
(7b§ . (2 21-4) ] 62@5161'(3 340 ﬁa 1).5 ﬁmﬂ)‘})( fads le_-Dl)§ E?@H Hﬂd 3 M‘ﬂ) 0f74h2:§i?\¥a@?l \(rbéﬂh(eatl:hﬂat
J=5.24 Hz, 11:9@5(3 {cg %Q l};:sreacgqy mlpgre ‘Q/a,s) cqvgd qih()z°C3§gl e(cmbi)ied with conc HCl
Exanpl e 60

5- ( 2 Ani no- poy;sfl;r\rrrlln prec: 1tat1t3n of the Zpr%dugt w %Pvgsfg eé"%c{/ ﬁashff with a 11tile algougé ?]Bo
xyI ic acid \Wrcp@d(ap@m)e H@WFNWRC%CI[IIB'SMBIID%(&SVWP Iﬁcpﬁfﬁ-lﬁﬂﬁﬁl {-k1H-

6.73 ( 4
2 38 7.42 (bpﬁ’” %&&@@g@%& o"‘s('“lI ’g"l%g?‘Hf Wa%%id ‘% J‘(eéF 59 ﬁz‘th"E‘lﬂ}“ther
12. 00 (bs, Ibtificaté®l (+) MS: in/z 349 (MLH+).
Exanpl e 61
5-(2- Am no- pvri m di n-4-y1)-2-(2-fluoro-3-net hoxy-phenvl)-1H pw ol e- 3-
carboxylic acid amde (F35) 114 NVR (DMSO d6/ 400 MHz) 8 ppm 3. 86

yl)-111-pyrrol e-3-
5 ppm 2. 37 (s,




73 Exanple 62 5-(2-Am no-nvrimdin-4-vl)-2-benzo bl

t hi onhen-5-v1- 1Hm ol e-3-carbonlic acid am de (GL5)

Exanpl e 63 2-Brono-5-(3-fluoro-pyridin-4-yl)-1H pyrrol e-3-carboxylic
acid am de (R3) and 5- .

(3-fluoro-pyridin-4-yl)-2- phenyl 1H pyrr30I e-3-carboxylic acid am de
(El) step 4 step 5 Step 1:

Cond t t hyl tate (715 p. L, 6.7 |
v saded Lo %M@Sﬁ‘éﬁo&r/éﬁﬁ’ yﬁfﬁ%myawé SLERIER G (o8 280 ey o e,
nL of anhydr @Hf SEtSQHleEthQ{zCzﬂmenﬁ(e'f%ls@m/\@ﬁ) 9bisf é@dHWN{SJ mAO%s WA

di ssol ved co etely. The solvent was evaporated an he solid was
added to a sé6lluti on of brom)ketone 11 (2 g, 6.7 mol) and DI EA (1.16

inL, 6.7 nmol) in 40 m, dCQﬁ@enﬂi‘Fﬁn&IQ &gsﬁshre was stirred
t

overnight at rt. The sol vent S evaporate e residue was
suspended i nAwdt4 388, ehddr muipddvasi dissoahin Th exloofydimiTHR it tha ptesenve od

grhlr g(rjra'g glgrzggé%/ f?%ﬁ&_‘ﬁ ggl?oéﬁgﬂéa% uéir ) ScoBldl 'aI t‘)"%c,j EB&I u lﬂ%tpg, 2.16 mmol)

2- cyano- 4- (Baﬁd HOBI-9Hs (B0nmg; 906 4nnxb)- \tmt yadilad. dlthe dresdtiby | miegire waadefan
oil. 1H NNR / t, J=7.07 3 3.78
(m 2, 4 ottty S ol BRONGl el yusstiadn i B8 gyt Yasetiea
1H), 8.64 ( dduthm{{%e drgddik kaiger wds)dricd (B&SO@, th=3lveft Wiz evagdratedEDId the)
MS: mlz 251(

: f 36
o ut onof Lyl BiedY Ao Ch MR f5- e ke 60 e vty
and DCM (2 mb;t)z Wasylas padi- m-wa%r Bblemcaéwyhléaadmhm 26 OpAIe TRty 6.

The reaction _m xture was stirred for 3 the precipitate was

filtered, wadhBMRRYSAe! AHEMERYC RBDIG 9:9&65 25 7n?€dﬂsr%ﬁ2|5§él¥ Wik {3714,

Nl-13 in MO SS9V e r d
2- br ono- 5- (311]1% Zg?gmp%ﬂ Z:Btr?] 7\2@%} Mﬂf@ggﬁ(l?’ofﬁgégca boxgllalg%: 3% ng/tgﬁﬁ?

ester as a s®id. I H NWR (Dl\/BOdG/ 400 MHz) 5 ppm 1.26 (t, J=7.07 Hz,
210 420 (amelgh Ot S B3 byt Kyl (B,
Hz, 1H); ESI (+) MS: in/z 314 (VB)Exasipde23tepShponification to
carboxylic aﬁ%ﬂFl(u%Q-phenvl)—S—pvridin-4-vl-1H-pvrrole-3-carb0xvlic acid ethyl ester
"H NMR (DMSO-ds / 400 MHz) & ppm 1.11 (t, J=7.07 Hz, 3H} 4.09 (t, J=7.07 Hz, 2H)
7.28 - 7.34 (m, 5H) 7.75 (dd, /=1.46, 4.63 Hz, 211) 8.52 (m, 2H) 12.31 (s, 1H); ESI (+)
MS: m/z 311 (MH").

Example 2, step-2
2-(2-Flnoro-phenvl)-5-pyridin-4-yl-1H-pvrrole-3-carboxvylic acid
'II NMR (DMSO-ds / 400 MHz) & ppm 7.33 (m, 4H) 7.72 (d, J=2.56 Hz, 111) 8.22 (d,
J=6.40 Hz, 2H) 8.72 (m, 2H) 12.73 (s, 1H); MS: m/z 281 [M-H].

Example 2, step-3
ridin-4-vl-1H-

'rrole-3-carboxvlic acid amide

hydrochloride (A2)

"H NMR (DMSO-ds / 400 MHz) 3 ppm 7.00 (bs, 2H), 7.29-7.36 (m, 4H), 7.73 (d,
J=2.43 Hz, 1H), 8.11 (d, J=6.59 Hz, 2H), 8.74 (d, J=6.59 Hz, 2I1), 12.56 (s, LH); ESI
(+) MS: m/z 282 (MH").




Ester 36 was dissolved in 8 mMl. of EtOH and 8 m. of 1M ag NaOH and
heated at 100C for 6 h. The product was precipitated with AcOH the
solid was filtered and washed with acetone to afford 700 ng (779 of
2- brono-5-(3-fluoro-pyridin-4-y0-1H pyrrgl e3-carboxylic acid. IH NWR
(DVBO-d6/ 400 M1z) 5 ppm 6.98 (d, J=5.12 Hz, [11), 7.81 (q, J=5.12
Hz, 1H), 8.13 (d, J=5.60 Hz, 1H), 8.25 (d J=4.02 Hz, 114); Ms. inl/z
284 [MH . Step 4. Condensati on topa amdfé 33% Acid 37 (1.68 nmol) was
di ssol ved in anhydrous THE (20 nlL) P g’f) &ence of DI EA (1.27 inL,
7.30 mnol). 2]B—Flllhﬂfoﬂbmtl[-ﬂxrldmgd-gldlﬂ-_@xﬂogé Eﬂ@bgﬁh Aideth i .ebtenmOI )

ot t over ni gt \Ar FovisSiG el bk S5 EHEGoradie SRILI Gl Liatee Al

the slurry wag7ent IH)C? @@(dMJ:Ele@M lH-Eh’ﬁ4¢f WY (WBSHPUTY (nd, 28 BY3f(4,365.13
chr omat ogr ap

ORPAT
br omo- 5- ( 3- fﬂéb %Ji’)ﬁﬁ'sllﬁ? rESMJS)G\J%FP%QHGY[@)B carboxylic acid anide as

a yellow solid (42%vyield). NNR]L{‘Q[}@%dQép 400 MHz) 8 ppm 7.09 (s,
214) 7.35 (s, 1H)798(d J=4.83 Hz H~ 847 (d, J484Hz 1H)
8.61 (d, J =0243 Fiy S-PRridin-4-yi-] psolec3- Bxvlicakid 285(M 1+).

ﬂrglo) i:nsgégxygena P ene/%?ld—igf}ﬂf ?ﬁ@nhﬁ%lmibf’ X%%%a égﬂiﬁﬁdﬁ)o ;

Na2C3 (2.2 BH)?.&O@nrﬁrH)IS)S,O (I, OF); M2 nY/zEmhm[)H phenyl boronic acid
(1.4 mmol) and (Ph3P)2PdC12 (6 ng)_we q added and the m xture was
stirred at 100C until di sappearanc@ PPlE AstRdr ting nmaterial . The

sol vent was gy& uroaé- He dnﬁr El rrpléL3-EdrDaxhix atidaa‘hhde (A3)
chromat ogr app en _require roduct was
G 5ot ved | ENOFR USWSGedsd 409 NIz R PR |6 (B3, a8 (1 BPeesp(a Do ot

t he hydrochl gr I i f d r
5-(3-fluoro- gy!ru:;‘)a 882@4(Ej . m%}%ﬁ?’l gljl’ﬁ g{/rgrs ?é f{Q %g)p%%i%/l(sl’ éﬂc)a’cl?sé (g)mM e

(74% yi el d). 111/272§2Eb(&hb|e 64

2- (4- Met hoxy- phenyl ) - 5- pyri di n- 4- yﬁxajﬂl—ﬁ]l %JF 3-carboxylic acid

am de (Al 2) Oet CEt 3038 12=4-nmet h ox o0 ester 30 (40 ngy, 0.135

m nol ), di ss2{4-Etho [mghmmm:ed—ﬂmznbménarhoﬂyl;gzcudietnzl4stemt hoxy

feoxygenat od N o RSO FARYFELR Pty 24 et 92 B nip o absis 1)

nmg) were addend and4 (A3 EBEY (11@@[-])172(7‘8[{5@% JA8$0.54.63 HeRrate. 33etl, ux1160f 4.63

di 2.5.h). The sol vent
oo sy A0 T bR A al Bl e ot edm ¢ o and

washed with water. The organic |aygfmpielatgtsed (Na7SO4) and the

crude was purified by flash chromato%raphy DCM MeOH 95:5) to afford
28 my (70% 4-Fluoroe-phenyl)-5-pyridin-4-v1-1H-pvrrole-3-carboxylic acid

2- (4- met hoxy+phemy i F i

et hyl ester 38 as legoloi M??W%WI%]W%%? g;}} 638133%%3%5 Jﬁs??zg %H)
J=7.00 Hz, 3H)5 (3/BR7Y(Hz 23114?-58@281IHX o1S: I 200 MHEL]. 211) 7 10 (d,
J=8.80 Hz, 2H), 7.70 (d, J=8.80 Hz, 21-1), 7.68 (s, 1H), 8.25 (d,
J=6.40 Hz, 2H), 8.70 (d, J=6.40 Hz, 2H), 12.30 (s, -1); ESI (+) M
in/z 323 0 10. Ester 38 can be trmﬂmmdstdpm am de AI 2 as al ready

descri bed i le 1. L 5 .

S oyt di n- 4 S BB Eape EEPE e dAu 18- uvir gl daarboniie acidamide ( po)

3139 76 Acikydsdchidit: (a®) 1.87 nop was | oaded on Rink Am de I\/BHA
resin (1.38 g, 0.935 nunol theoretlcal | gadi ng 0. 68mmuol /

CEirrihg i CH DA CpMSea 100 S onpioh 7. DB De TR gD BRERRGI) (nd

HOBT (379 nyye 221391{?%?'915 @, 7%, ﬁhzoiﬂ)%zgé Job.5OYES Qﬂghtzlsﬂpeugv

substitution rate was 78% and t resi’n had been préviously Cle
with 20% pi pe) M$i méz 282 (). Step 2: Suzuki coupling to ami des (40)

D




The supported am de 39 (100 ny, 0.052 mmol) was heated at 100C
overnight with 4- methyl phenyl boronic acid (35 ng, 0.26 nmmol), LiCl
(9 ng, 0.208 mml), Cs2CAB (85 ny, 0.26 nunol) and (PhP3)2PdC12 (7.0
ng, 0.01 nmol) in 2 inL of deoxygenated PI\/F and 0.1 niL of
deoxygenated water. Step 3: C eavage to am des (A9) Am de 40 was

cl eaved with TFA/DCM 95:5. The sol ution was concentrated and the
crude was purified by preparative LIPLC to afford

5- pyri di n-4-y1-2- p- tolyl 1H pyrr ol EXBRE B c acid anide as a solid

. , R : I%U%MS@W&%% B R U7 86 HecBHIrkl, (/) IﬁagHy
11.85 (s, 1 | r 2L r

enpl oyed toFZ?J%nEﬁ‘ejs? gde}l%/ﬁem ﬂfg%vd\; ﬁggy?m) %}e ﬁ?@({ﬁ 2%%3%% ez,
Exanpl e 66 2H) 7.86 (t, J=1.77 Hz, 1H) 8.55 (d, J=6.22 Hz, 2I1) 12.20 (s, 1H); ESI (+) MS: m/z
2- (13- I\/bthoxv3 4)-5-pyridin-4-v1l-1H vvrrol e- 3-carboxylic acid

am de (AIl) ' (DMSO-d6/ 400 MHz) 8 ppm 3.83 (s, 311), 6.66 (bs,
2H), 7.28 (|n 311), 7.40 (m 2H) Efhn@dle §ostep-7=6. 82 Hz, 2H), 9.11 (d,
J=6.82 Hz, 2 32 , VEB: .

Exanpl e 67 3 carboxvlic
acid ami de (%&LBJ)MR (DMSB (ﬂﬁummah) 8@9&1'\71'&6 (t8J=FJMB ﬁz 9ﬁ{)(’b§5 23?1)(111 §H§37
(s, 1H), 7.58- J) ”§ I—CP

Hz, 1H), 8. 5?59‘8&5 lH %6@ F|§73 A ?Lé) 12( 195—%6 Hi\&ﬂ)ééﬁS‘((ht) 1%12%)@
309 (ML1+). 1H)Y MS: m/z 342 [M-H). ESI (+) MS: m/z 343 (MEXnpl e 68

2-(3-Nitro- phenyl)-5 Ovridin-4-v1-1H pyrrol e-3-carboxylic acid am de
(Al4) 111NMR (DVBO-d6/ 400 MHz) SEygmlgs:aenths, 2H), 7.35 (d, J=2.69
Hz, 111), b+ dd

VB iz 309 MudnpchlerideAiSy 69
R (0. 47 VREETERESE “f*"%@% P‘ggﬁ?r@%“v“'é %%'ﬂ H?%‘% ORI

(1 g 5E|)SI (7 ;3141)(%0 1365 (80/49202 RH) LH)E.S0d( 42,5687 911{)!4&71 255 (m1IHPNT &,
; +

s o o B A Fusd O (U os RSB %600 e 200 138 Pend 5B )
LFNVR ( DVBO-M8( 0021482 5 ppm 2.20 (5, 3H). 6,90 (bs, 2H), 7. 20-7, 40
(in, 5H), 7.70 (d, J=6.00 Hz, 2H), d. J=6.00 Hz, 2H), 11.88 (s,
111); ES|I (+) M5: mz 278 (MN). @e‘émlf‘e 7 Alep-1

]2-5- Fl]J-r KR/I-QBEVJQ- - Bhonh b Rend 1) 351 p ki RMLVI IR SI@IMUMVQC@SHQ; bd& (C2)
(5. 1H) . 7. 77 YMR @SOge 6400 MHye n&m@z ’Jﬂq {1z, S8 3. 1640, 107 Hzg2ign

d, J=6.30 )
(Exarrpl e 72 SW?%/@_?E{ %}%F ﬁt']hél]i'(;%dh @lg SL{cy}é\I}o(%I)‘(Ig/l |78 ,
acid anm de (£6)22 Hz 2H) Wd(,mwrd@/zmwlm) 115) hﬁhﬁ'}l\/ﬂﬂ n¢/hd16 QIHY) ,

7.57 (d, J=2.56 Hz, 1H), 762(m , J=6.50 Hz, 2H), 8.14
(in, 1H), 8.66 (d, J=6.50 Hz, F'z"'fﬂ%‘l’ﬂﬁﬁ’(sgep' 1-1); ESI (+) M mz
270 (MN . Ba@pBemi3phenyl)-5- rldm 4— 1-1H-pvrrole-3-carboxvlic acid

am de_(ALo) P ey 8%5%8%9% & Bﬁpifl‘i’léﬂf’é%‘%ti’d"x% 5D

ESI (+)

3H), 6.72 (g5 (@".‘)—,6771 H@zﬂuas@tﬂk 1H75 Ms@ﬁg,{ﬁ% , 7.62 (dd,
J=1.58, 4.63 Hz, 2H), 4.6 H) 1186(s 1H) ;
ESI (+) MS: rn/z 292 (|vo Exampleﬁ step-3

2-(4-Bromo-phenvD)-5-pyridin-4-vl-1H-pvrrole-3-carboxylic acid amide
hydrochloride (A6)




78 Exanple 74

2-(2, 3-Di net hvl - phenyl ) - 5-pyridin-4-vl-1H pyrrol e-3-carboxylic acid
am de (A20) NMR (DVMBO d6/ 400 MHz) 5 ppm 2.06 (s, 3H), 2.31 (s,
3H), 6.65 (bs, 2H), 7.16- 7.32 (in, 4I—I),4 7.63 (d, J=5.40 Hz, 2H),
8.49 (d, J=5.40 Hz, 2H), 11.88 (s, 1H): ESI (+) Ms: mz 292 (NH+).
Exanpl e 75

am de. (a2t S ERTRNG BT MiLeD ol SR DS Bed S Y 5B

3H), 7.20 (i mH)ilﬁl-,’/‘ 67 (3124H917 @f@ﬁsz_bﬁ{z iﬁgssZ&@& 6D Hz1PH) 11.96 43105,
1H), 7.69 (d 2H),.8.51 (in, 2H), 11.72 (s, 1H; ESI (+)
VB trilz 2988 {WS 1“/2342 (MH). Exarrpl e 76

2- (3- Acet vl am no- phenvl) - 5-vvri di ngdsX re];l—gtpﬁ/ﬁrol e-3-carboxylic acid
am de (A18) 114 NI\/R DI\/SO d6/ 400 ppm 2 06 (s 311) 6.99
(bs, 2H), '7.243 : py dig- 14 )
7.65 (d, J=8; , 1H) 803(d J620Hz 2H), 8.66
(d, 126 20 Z?ch vhc]dadteZtlZl%v‘ tr, 12.21 (s, 1H: ESI (+) VB 11l 2
321 (MY.  'IINMR (400 MHz, DMSO-ds) § ppm EX0pJ-. 07Hz, 3H) 1.4 (s, 9H) 2.84 (t,

(o) 1S R B g S s o7 T L8 BB Y54 Bosfth Ay
z.zy;,gog [ az 1;!)1;1) 7264, (Hn7.4BHy.47 ‘qin?ﬁ{)(mzs Jffi)j;ﬁjlzg Héiiﬂ({ﬂs.&é% I(d_ %@8052?”2%2)
MB: Mz 289 %:Na-%@’s 1?8 ]ggr(’L)]M% nﬁzﬂzg( Exanpl e 78

2- (3- Cyano- phenvl) -5-pyridin-4-v1- gwtgcht@yﬁ carboxylic acid am de
(A23) 111 NIVR (DVBQ- d6/ 400 M—Iz) 8 pzpm 6.99 (bs, 2H) 7.32 (d,
1 2 56 HZ -. :llJe, Vl’ EMA __l LA p /“ q1- "b'i'"

7.82 (n, 2H)eargex c(al:lﬂ ter%@utvl%stlpf (m 1H), 8.56 (d, 1=6.10 Hz, 2H),
11.95 (s, 1T 89 (Mi-11).
Exanple 79 2 5: W(?edrlﬁl[ Hényl ) - 5 pyrl di n-4-vl -111-pyrrol e- 3-carboxylic

acid am de (A16) 114 NMR (DMSO- d6j; e M, $ ppm 2. 64 (s, 314),
6.94 (bs, 214), 7.31 (d, 1268Hzxa4l% > SEP™

Exanpl e 80 7-(3-Carbamovl-5-pyridin-4-vl-1H-pyrrol-2-v1)-3.4-dihvdro-1H-isoquinoline-2-
2- (13- 11lvdroxy Yk 3 1 e@Yf jio0- 4-v1- 1H vvrrol e- 3- car boxvlic

acid am de (MM MHz) 5 ppm 4.57 (s, 2H), 5.25
(s, 1H), 6. 90 NHR (DMED-deT 400 MHK) aﬁmﬂlaa(kaqn)mz (t7 J3679 Ha, 2H).59 (t,

ook 11 b Sedie 3 Tl e {8y 3%@3@%&12@?&%

5- (3 AEan;) PMHY TY4{r)- 14+éxoma)7(arq%1t)olaytxduaﬁmrﬂz?5% 32«;@@ b;ggu?lzf% aQ) ﬂlo 7207
am de ndensation ,to am de cid :
| mo].) was MBac}irﬁp%ﬂ(ﬁW WA HE WBEA resi n (52 ng, 0.035 nunolrTg

t heoreti cal B)OﬁcéﬂtllﬂgatQm@lehcmf&)ns%)ﬂc@&iﬂ%ﬂo@&h%&lh aptlo%A t(al%ﬂelgﬁure 3 24 h)
mmol ), EDCI 1) T (14 ng, 0.1 nunol) 1n 1.

inL of DWF é&)@?‘??ﬂeﬁl?ﬁﬂd&g dﬁPTOte‘F‘l‘iéaWé%‘f’iaSr@éﬁmﬁéen previ ousl y cl eaved
wth 20% pi peridine in DMF. Step 2: §k‘£ﬂ{§l‘e gcoupling and cl eavage to
am des (F2)

3-Pyridin-4-vl-2-(1.2.3.4-tetrahvdro-isoquinolin-7-vl)-1H-pvrrole-3-carboxvlic acid

amide (A28)

'H NMR (DMSO-dy/ 400 MHz) & ppm 3.07 (t, /=6.10 Hz, 2H) 3.38-3.45 (m, 2H) 4.30
(t, J=4.33 Hz, 2H) 7.05 (bs, 1H} 7.30 (d, /=7.93 Hz, 1H) 7.42 (bs, 1H) 7.58 (d, /=8.50
Hz, 1H) 7.57 (s, 1H) 7.69 (d, /=2.32 Hz, 1H) 8.18 (d, /=6.22 Uz, 2H) 8.73 (d, J=6.83
Iz, 211) 9.38 (bs, 211) 12.41 (bs, 1H); ESI (+) MS: m/z 319 (MH").




Supported am de 41 (0.035 mmol ), 2-nmethyl phenyl boronic acid (24 ng,
0.175 nmmol ), LiCl (6 ng, 0.14 mmol), Cs2CAB (57 ngy, 0.175 mmmol) and
(PhP3) 2PdC12 (5.0 ng, 0.07 mmol) in 1 inL of DVF and 50 pL 1120 were
heated at 100C overni ght. The product sypported on the resin was

cl eaved with TFA/DCM 95:5. The sol ution was concentrated and the
crude was purified by preparative HPLC to afford

5-(2-am no-pyrimdin-4-yl)- 2-o- toly%m%Ekﬂygrole 3-carboxylic acid
am de as a solid. The above procedure Was enpl oyed to synthesize the
fol |l owi ng COMMBXI 1.2.3.4-tetrahvdro-isoguinolin-7-vl)-5-pvifidiantilel IBRvrrole-3-
5-(2- Am no- Py b Jn A-v1).-2-(2-et hvl-phenvl)-1H pyrrol e-3-carboxvlic
acid am de 6/ 400 WHz) 5 ppm 0.99 (t, J=7.56 Hz,
3H), 2.50 (i By r&iheflye anbindn( bﬁforﬁ]ﬂ:dl)mth&bﬁﬂalc(ebﬁde zﬂ‘ld)s,odﬁnQ&a(lﬁbordﬁBn&ﬁ}
T?l) 11?_'%_ 7; %%gl% ti‘rﬁ_a?%}rog@lqmeg?n %}‘%E} 314{1“@22}3%6 title E:]on?pound %9 was
Exanpl e 83 obtained.

5- (2- Am no- pyrlnldln 1/1) - 2- quoro env rrol e- 3- car boxyl

ic acid am dé&N fDMSOI%él‘* ?(43 %W%H@Q“@b%@ d,

oH), 7.27 734441)[ _ 7
2E)|), 8. 28 Eny 1?%&%1%1@% fm%%%)ﬁ{sz Y}fﬁf 6 P‘Eél i (é+%gqu\7é;§ﬁi()§l{§sgéﬂ)
(VE ). 733 « 280 Hz, 111) 944 (bs, IHEﬂéﬁrp[{i,ethO Hz, 1H) 7.61 (dd, J=7.93, 1.71

5- (2- Am no- I

aci(d am de 2 ﬂf%lf%wg\égﬁg? éigg&lm;yg %r%%y’h&l@ (bs 3‘%_??{5‘%6 Zﬁ
(bs, 2H), 6. @’@1([’31231355,271)%1('&]MS m/zzmsiMHO)(m 5H), 7.98 (m 2H),
8.17 (d, J=5.27 Hz, 1H), 11.95 (by, 1185, ESl (+) M nfz 330 (MH#).
Exanpl e 85 xamp step-

5- (2- Ami no- py8iDHpridind4-wil) HpvoeghBealtenyiee acid dthivipster-ol e- 3- car boxyl i ¢

«(ag [S d ig de_t| ggNw H@Eg@ﬁ%ﬁ@ ) pplrglr@(t(ﬁ%%gg %&5 Eé(q, {474213 H 72%9

(bs, 1H), 7 ’;3;3(7d 79 £ oy, 1243)7,657dd73~£6t§1 ,4.517HS 2‘?{317 8b- Jlechﬂ LHEa {1z, 211
7.88-7.97 ( 1 é

11.80 (bs, r%ljé e?dPéfl (i{)+jlg}\/§z HIR. %@d{.{vﬂ?i)4 61 Hz, 2 1) 12. 30 (bs, IH), ESI (+IS|)

Exanpl e 86 MsS: m/z 294 (MH{
S5- (2- Ami no- pyrim di ) - 2- (4- phenoxy- phenv1l) - 1H pyrr ol e- 3- car boxvl

ic acid amde (F7) NVR ( DVSOXgampkd®, %2 8 ppm 6. 35 (bs, 211),
6.81 (bs, Hi m 1H), 7.27 (d, J=2.19
He, 1I(—|) 7. ds Vgl @%ﬁw& (dH) 7=8. 90(Hz 211),

8 20 (d, J=5H2MMR(400 MYz DMSG2:) Gtem H02) ¢bs,ASl) 7(78)(ml/EEH) 8Dk (1B.7221)(8M7) .

5 (2 Am no- IZS\/T?’A'H})([J ﬁoﬁ’sv j) %%fﬁ%}?ﬁvl 1H pyrrol e- 3-carboxylic

acid amide ff 1H NVR ( DVMBO- d6/ 4@QaMbve)10§st M 6. 35 (bs, 2H), 6.85
(bs, 1H), 6.90-7.15 (in, 511) 7 15-7. 25, (m 2I—D, .34 (bs, 111),
7.40-7. 45 (ré2Ripyridip-4xl-V-pyhrob -' v, .J524Hz 1H),
éiazr% (e b§8 Vi) NMRSDNISD- déﬁioo%ﬁzﬁééplﬁ\mdzl (bs, 2H) 7.29 (s, 1H), 7.71 (m, 4H), 8.56
5- (2- Ami no- gy #H.dR2 1 4bsy 151); ESh(-pAESv/z 26§(MIAH pwr ol e- 3- car boxyl i ¢
acid am de NVR (DMSO-d6/ 400 MHz) S ppm 6.89 (bs, 211), 7.02 (d,
J=5.24 Hz, 1H), 7.30 (d, J=2.44 Hz, |H), 7.34-7.43 (in, 211),
7.46-7.53 (m 41-1), 7.61-7.68 (m 211), 7.74 (d, J=8.41 Hz, 21-1),
7.96 (t, J=1.70 Hz, H1), 8.21 (d, J=5.24 Hz, H1), 11.78 (bs, 1H);
ESI (+) MS: rn/z 356 (M-fl. Exanpl e 89
5-(2- Am no- pyri m di n-4-v1) - 2-bi phenvl-2-vl1l- 1H Dvrrol e- 3-carboxylic
acid amide (F10) 1H NVR (DVSO d6/ 400 MHz) 8 ppm 6.33 (bs, 2H),
6.90 (bs, 1H), 7.03 (d, J=5.24 Hz, IH), 7.28 (d, J=2.44 Hz, 111),
7.34-7.56 (m 611), 7.56-7.79 (in, 4H), 8.20 (d, J=5.24 Hz, 111),
11.78 (bs, 111); ESI (+) M5 mz 356 (MT).




82 Exanpl e 92

5-(2- Am no- pyri m di n-4-v1)-2-(5-chl oro-thi ophen-2-yl1)-1H pyrrol e-3-ca
rboxylic acid amde ((4) NVR ( DMSO-d6/ 400 WHz) 5 ppm 6.40 (bs,
2H), 6.98 (bs, 1H), 7.03 (d,./=5.24 Hz, él—l) 7.11 (d,./=.3.20 Hz,
1H), 7.32 (s, 1H), 7.59 (bs, 1H), 7.63 J=3.20 Hz, 1H), 8.23 (d,
J=5.24 Hz, 1H), 11.70 (bs, 1H); ESI (+) IVB nVz 320 (M-|+).

Exanpl e 93

5- (2- Ami no- pyrl mdl n-4-vl)-2- benzorbEf‘?ﬂ‘B‘ﬁﬂén 2-y1l- 1H pwr ol e- 3- car box

yllc acid amciiGes. ﬁD%mleL@Lcaft ega G 42 (bs,
2H), 6.99 (bs, %"} 1 111% ¥ ;—dl)) 7.33-7.41
(m 214), 756(bs 1H) 784(bs 79180 ogtm "2H), 8.25 (d,
J=5.12 Hz, 1H), 11.82 (bs, 1H5“1 (+) MB: miz(336 (MEIt).

Exanpl e 94 SN step

5- (2 Ani no- pyri ni di n-4-v1)- 2benz [b]thIO -3-yI™1H pyrrol e- 3-carbo
xylic acid am de (&%) NMR O-d6/ 400 M 3 z) 8 ppm 6. 35 (bs,

2H), 6.76 (bs, 11-1), 6.99 OHJ =5.24 Hz, 111), 7.20 L 1H)
7.35-7.42 (m 31-1), 7514785/~ m 1H), 390 (s, 1l 4 00806(m
1H), 8.20 (d,./=5.24 If J1 .91 (bss—hn); EJ > +p; nvz 336
(ML-1"). Exanple 95

5- (2- Am no- pyri m di n- 4- v1) 2- benzofuran-2-yl1l-1H pyrrcme 3-carboxylic

acid am de NVR ( DMSO-d6/ g 2H), 7.07 (bs,
1H), 7.11 (d, J=5.12 He, 114@017%}"3%3%%’6”%6‘@36)98 Hz, 1H), 7.34

(td, J= 7. 5670 @.59Btipp of iwcloflﬁxmlzél ¢xo-propipnicacaletidgstey = 71 5@, 86 1980biAn
1 7.65 (b (e, o : (

HZH? i), g %nély 18 TﬁF zﬂ)é) ml ZcJoT%d ?% (i%%?(dﬁé mglzgmn%}éf\z?s %dﬁ%ﬁ%ﬁ?%
320 (M 1+). min2- bromo 1-pyr1dm—4—y1—ethanone hydrobromidenio(3eg, 96.8 mmol) was added and
5-(2- Am no- pyrim di n-4- -2zdi be fyrans1-vi- 1H 3-carboxyl i
c acid am d%g(%%@W%s %d(zf)%s%%%? %‘o“’bi%‘) 3 E)e Tﬁ%('%é gli‘f("tbesresﬁ]lﬁ Whs
6.82 (bs, 1Idifsplved iDBtGH (1203613 nidagnidrhiacetate 369 €25 mikid)), was. adi8ed/athi6the

m 3 7. 64- d J=7.68, 1. Hz,. | . 8,19
gd JH) 68 l_&OhI'[]fPDW&g nlni%’_%\?&m%h]f gggﬁ%r SO{anthcmO!fé%%r gc Wﬁ'__%)_ﬂlssogrga in
(5 +% 2|\/§ m z Btm\c(dﬂlﬂ\lhe4or§e3m phase was wash%d w11th i Is_ia_turated a?ueo%ﬁbﬂﬂﬂbh%f lQIZoCO3,
mnourlmln - 2-avr v rrol e-3-c¢arboxvli.c

aci d ani de %“@LY} water, M%ﬂﬂ%@é Hé]coﬁ‘é@“ﬁﬁqg)?%’ O Bateral (s pusifigd by
7.23 (d, J=5siRh £#1, chﬂdTBatog?ap]as"_? (Gﬁﬁnt oAy, t07y1313 fcﬁﬁbﬂef@l—ﬂ Mdin-4-yBOH -
(s, 1H), 7.85-7.91 (in, 1H), 20 (d, J=b. g (bs, 111),
8. 60- 8. 66 ( nBYTEONy3- C%bWhBa%éeﬁhyl este1 a3 a Whifc %Sﬂi‘d@si s1BH): ESI (+) MB:

in/z 281 (MOy NMR (DMSO-dg/ 400 MHz) 8 ppm 1.33 TRo§: 387.13 1 1.70-18
5- (2- Am no- pyri md(l n-4 -vi 2- OVZI chm vgln?fl—l-ﬁovr(r?o?g7 33 cgr%lx I 8

acid anm de (@GYE) 3.4443,36 (WI‘DP}E(},%? 1300, 2!719127)068d,pb=ﬁ168}&211(lb’$71 @111)

(ke 3 50 M 200 ko (o 4824 B9 pridh 7 o Pl 8D Mo 300 200, Y, O

111), 8. 62 8. 67 (m 1H), Stgp 29 Shpgnifidatibp;to Efboxytk abfd: (7 z 281 (I\/|11+).
Exanpl e 99

5- (3- FI uor o- Py PO § (B8 uf 3 puoph ipyfM 81 WaQtiend BERY (1L Hoply was

am de (E2) Qefitd2d for 3 h, cooled in ice and acidified with 2N TICI. The precipitate was filtered

2

washed with little water and dried. 2-Cyclohexyl-5-pyridin-4-yl-1H-pyrrole-3-
carboxylic acid hydrochloride was obtained as a white solid (0.55 g, 90%).

'H NMR (DMSO-dy/ 400 MHz) & ppm 1.22-1.42 (m, 3H) 1.69-1.89 (m, 7H) 3.50-3.64
{m, 1H) 7.56 (d, J/=2.56 Hz, 1H) 8.26 (d, /=6.71 Hz, 2H) 8.69 (d, /=6.71 Hz, 2H) 11.85
(s, 1H) 12.17 (bs, 1H); MS: m/z 269 [M-H).



step 1INBrstep 2 3742 Step 1. Condensation to am de
(42) Acid 37 (50 ng, 0.175 nmmol) was | oaded on Rink Am de MBHA resin
(128 ng, 0.087 mmol, theoretical |oading 0.68 nmmol/g) using DI EA (61
tL, 0.35 mml), EDCI (50 ny, 0.26 lino, HOBT (35 ny, 0.26 nunol) in
2.5 mL of DMF. The reaction mxture was stirred overnight at rt. The
resin had been first cleaved with 20%pi peridine in DW. Step 2:

Suzuki coupling and cl eavage,to,a 2 d am de 42 (0.087
mmol ), 2-net hyl phenyl bor oni cStg?:Pdra(“gg 'ﬁég %tofﬁﬁﬁ{)éf) Licd (15 ny,

8 8?7% | )@?mn ] n(omaldmg(o 30g,4135nﬁmplrpommm@ @g&)?lﬁﬁiﬁdﬁ, Tﬂﬂjggﬁi gbc
over ni ght . PZ%&( éﬁp&o‘?"ﬂ’@@ %ﬂﬂ\zﬁé&%«gﬂ?@\ﬁ&g Pte“ég‘goﬁt ﬁndiW reaction

TFA/ DCM 95: 5mlm Vi lputirie® MhtyaGte LR b @bﬁﬂplﬁﬁwwﬁsh@m@étwg( R er EAC.
was purified by preparative LIPLC to affo

f1 uor o- pyri dii B¢ aregniy phasg wag washed wyithy Ity slp@H3then it yatere bring; driediNgeSQg

a white solighg c&fceﬂtﬁtm&@@@ Merﬂp% ifed pl%fnsﬁlcg-%eﬁ %hro%lﬂ}ogra%hSG
(bs, 2H), 7.23 (bs, 1H), 8 (m

(d, J=5.12 FEDCWGO% 1@61)(t@lylehi-%cmolxezyl-&m)rldlr&iybglmoleﬁ-caﬂ)oxymsamd

(+) Ms: in/z,290 @ M]-% ].’»)()a@@vm? §1:400

5-Pyridin-4-yl-1H rol é-3-carboxylic acid amde (P1) CNO 29 rieOEt
N 1H N 44 SﬂVﬁp(IlMSQEﬁGhﬁIOMHZ)cﬁpgnyt B S41(inn PPH)AIIO-T 6! an, dél) Bta7dbs, of

ci anoester 2 i

i oxane. (6 i) B2 ¢ o eI e o ol o b St bl Blom g e
was | eft for2HD1IMi3Nbatl F); ESlgmoMSher: 230i(MH g was continued at rt for
6 h. The solid was filtered and washed vvlth ENO to yield 500 ng (84%
of 2-chl oro-5-pyridin-4-y1- 1H pyrrol BX28Pled2 hoxy| i ¢ acid ethyl ester
as a yel | ow sqd- tdrbaml-sr@eluﬁt4wsﬂwabwﬂj:pi?bnamht@fbﬁgnt héi@ adrk-On.
11-1 NWR (DVSO d6/ 400 % 07 Hz, 314), 4.27 (q,
J=7.07 Hz, 2%uiylester£Q3)and Pbp,enélﬂz%Yk%rpy':}d@*tﬁ'-ﬁ%waW cirbogylicpeid
211); ESI (+imifeicQnyz 251 (M -1+). Step 2: Dehal ogenation to ester
(44) A m xture of ester 43 (630 ng, 2.2 mml) in 30 inL of McCH,
1-1COONH4 (1.26 g, 19.8 nunof Jand 10% Pd/ C (680 ng) was stirred at
rt under argon until dis e of the staptPRHg material. The
catal yst was renoved by fo} ratl n thro i and the fidtrate
concentr at ed. 1Sat ur-ated—ag—NaHESE3—was e¢sl urr y—was
extracted with EtOAc aff osdiing 300 ng ( f
5-pyridin-4-y1-1H pyrrol e-3-carboxylic aC|d %thyl est as a solid.
111 NVR (DVSO-d6/ 40 MHz) 8 ppm 1.30 (t,{J=7.07 Hz, 3El),
J=7.07 Hz, 214), Hiin, 1H)gpa7.63 (i W), 7.6&pedd, J= NHA. 60

Hz, 2H), 7.2
10 O\\i Q3 O\é a2

Step 1: Formation of pyrrole ring (9)

To a solution of 4-(2-ethoxycarbonyl-acetyl)-piperidine-1-carboxylic acid tert-butyl
ester 8 (2.5 g, 8.3 mmol) in anhydrous THF (200 mL), cooled at 0°C, NaH (900 mg, 21
mmol) was added. After 15 min 2-bromo-1-pyridin-4-yl-ethanone hydrobromide 1 (3 g,
10.8 mmol) was added and the mixture was stirred 5 h at 0°C. The solvent was removed
under reduced pressure and the residue was dissolved in EtOH (120 mL). Anmonium
acetate (1.9 g, 25 mmol) was added and the solution was stirred overnight at rt. After
solvent removal the residﬁe was dissolved in EtOAc and the organic phase was washed

with a saturated aq solution of Na,COs; then with water, dried (Na;SO4) and



85 1ff), 7.68 (dd, j=1.50, 4.60 Hz, 2I1), 8.52 (dd, J=1.50, 4.60 11z,
211), 12.27 (s, 1H): ESI (+) MS: rniz 217 (M#). Step 3:
Saponification to acid (45) Ester 44 (200 ng, 0.92 nol)- in 4M aq
NaOl -1 (4.6 nL) and Et014 (4 inL) was h(ﬁ%ted at 100 C for 1 h. The
reaction mxture was cooled to OC and t product was precipitated by
adding conc HCl. The solid was filtered to obtain 160 ng (78% of
5-pyridi n-4-g{|}1l—|— ¥rr be- 3-car boxYI ic acid, as a white solid. 111 NWR
(DVBO-d5/ 40 EWF%? ﬁ Fncpdgaraeial yiag purlied) by ilica gyl chsomafography;(eiianty
Hz, 2H), 8. 72tdA8) 2b) .yidd. 1Q3{mhoxydRbonMS-pirtn-38 7 1 lidyvib1.2-Stf efidine-1-
Condensation to a)tm' de YEPl@ 0 a s%ﬁ%ti%?g#r ac?ﬁl 451\48137 %%0 61
nunol ) in DI eaabxyiigagid fert-butyl sster A gIPinkasalid Bnd@fé¥e THFE (8 nl), cool ed
at 0C, EDC ¢ C Nt ; '

wer e added an%@%gz)s%sggc?’{){lmmqggbst rrle-!gl@t\’/zj?]hq?é%tz3??1'51:9.(5?%5;'28#%11?i on
was concent r ateH§0-WEE ém, NA2. HHBe XRG4t E (or, AN 6115 dak Jelt46ads, @H) w2t h

DCM The organi.g f sh j t , i n d
to give a solt§ LI EPIsE e by e r e bt 0 2P oS R 1615,
of 5-pyri di n2Hy y11451¢s, Ay ESId+BMScmrdiRyMI).aci d ami de. 11-1 NWR
e T e Y )
ES:E'[ 51 +|) g/B: hﬁd Sb%ﬂlgﬁ of Mw%r 9 Eﬁ&@gb?ﬁl&@l} in 4{\/[ a% NaOH and Ilit_OI-I (1:1,d20 m_L)d was
- yl - 2-phenyl- 5- idin-4-y1- WAS e-3-carboxylic acid anjde
(D1) 00 Al deﬁﬁﬁéﬁyp $5 coolkd) ndsegmd aprowiee rathagN Bﬁiﬁheﬂe%t,afeowaﬂ@tered,
ol ) in DMRwifed with)1it1 €488 ahd 08D, 4-B-E3Bonhyridkind- vt -y d31-My1)-
0.235 mmol ) were added. The m xture was treated wth m crowaves af
60C for 15 nPRerdiRcobFarhgglinpyie tardatyl serer deachlogide yat ehisinedns asdhigenkid
was removed. oka & Bgyy.esi due EtOAc and water were added, the |ayers
wer e separated, the aqueous | ayer was extracted with Et OAc and the

conbi ned or gahNMR YMISO-de8 00N Verptre 8.4i(s, 19 Hielt & .92 e NER 864 TH)

filtered an r . CfU ri 1S i fj fla

chr omat ogr ap §/§? %%r\e}l&lwg%f?é%-@? Jgglf%glr{g%@ F}t'ﬁ)e(d\t,\?%'géjfé%’ng—@ﬂgn%y (d’l't{'?ég|3

\'g?f suspFndeI?z,iZH)mFH,fﬁ;d.SaHzmHj lechZt(bi,pH);élM? :tﬁ_zﬁﬁ()%ﬂm]ﬂcghi n MeOH.
er solvent renova resi due was trea : e

resul ting solid was fil tg‘r"Bg‘f ‘Swﬁﬁ'gaﬁar E%P@?%&Wmda?@d, af f or di ng

t Ee h{drSOChl @@@Iﬂti@ﬁdﬂacﬂ&ﬂl@ﬁﬁ @lyllﬁr gmol), tI)-IOB"ll"-I_\H-Is. (0.{!3dg, 2.8 131110[),9 TBTU (02% (%

pheny1-5-pyrj di n-4-y1-1H pyrrol.e-3- xylic acid am de , 26

yield). 1H ni%w/gllt"fﬁﬂé@&é‘/ (14%@5&%?1@‘92% Vs gtipred L7 g lﬁgl; ngisacwobz

(9, J=7. 11 Haixtdhvabp@Bed Bito Wilr 2a6d 26 {heoubtphast W -chirRFed(®3) Mith BIORS.

(d, J=6.58 Hz, 214) 8.80 (d, J=6.71 Hz, 2H): ESI (+) M5: in/z 292
(MO, Exanpl el bgepyganic phase was washed with 1IN NaOH, then with water, brine, dried (Na:S04)

4- Met hyl - 2- phgrhedmBiési oheh doivder rhR¥atiof! Bs InfRM AR | fre@Gialbda s
(B1) . Step 1. Formation of 8yrro|e ring (47
2- Br onp- 1- pyfHiceRdn -washed wltprFQfgc, ofhen Wity &l nt-(eCabapoyle-pyridn-4rivh il

was added t h XA UL 3- - 3 - .Qni i 2
(R 21960, & Byfrolfbfiferfoe -l ARG RAQRAE Wls B Ao RIS Lt
C. The sol utP3hgd%)l eft at OC for 1 h and then stirred at 50C for 4
h. The sol ve S \VAS) e _resj s, di sspl i . of
Et OH, ammoni ﬁﬁ%@e@@f 6%968’% %ng %?D+§@Wa@do@§’ %ﬁgggﬁé’%g@g'on
m xture was 1I.&f i, Qg LTl gy 2HI3.81-3.9TH&, 1121l @0, ﬁilx.uuﬂg, WRS6 H76 E(b%, AIH)
concentrate ter n e sjurry extracted wt t OAC.
e conr ned B ezt e TR a0 A WaLFstldiar ity off 3P (L y-pAE e
filtered andigonsgntyHsdr) MBanenudevmwas purified by flash

chromat ography (DCM MeOH 95:5) affording 170 ng (36% of

4- et hy1- 2- pheny1-5- pyridin-4-yl-1H pyrrol e-3-carboxylic acid ethyl
ester as a solid. 87 I1-1 NWR (DMSO-d6 / 300 MHz) 8 ppm 1.08 (t,
1=7.03 Hz, 3H) 2.41 (s, 3H) 4.08 (q, 1=7.03 Hz, 2H) 7.21-7.71 (m 7H)



Ester 47 (0.17 g, 0.56 mmol), dissolved in 1.5 nL of EtOH and 2.2 inL
of 4M ag NaOH, was heated at 100 C until decarboxyl ation was conpl ete
(5 h). The reaction m xture was concentrated, water was added and the
slurry extracted with Et OAc. The combi ned organic | ayers were washed
with water, dried (Na2SO4), filtered and’ concentrated to yield

4- (3- et hyl - 5- phenyl - 1Hpyrrol -2-yl1)-pyridine as a white solid (92
ng, 709 . NVR (DVMBO-d6 / 400 MHz) 8 ppm 2.3Q (s, .31-1) 6.52-6.54
(in, 111) 7.18-7.26 (m 111) YteB4: Depgotestipn toamide §R) (49, 1=4. 69, 1. 76
Hz, 2H) 7-73Aﬁlic7e9Q_(sr(mn§,FB).0§-1ﬁ§ol e didsofvel9n MeOHY (3L, Al 1t &) Gs
111); EST (+) Ms: in/z 235 (MTI). Stedo 3: Formation of sulfamc acid
(49) To pyr r &ded apd thegleagsolygion gvagerped 4i58%e dsr sHTRNCE SN (TBe pieyipitate
Q1 SCONCO s vl dadrednsha REHESAAHH MLCTL X RiNAS AL gy AL YL [ pURblEL-
di sappearance of starting material. Water was added "and p nas

adj usted to earbgxyhc aadsmygle ddpidronhlorde wastobtairteid oh 2 whithsdHdAAT mgx9(%)). and

or o pi £t e ASNE T [RUBCHEPORERR b Pos [ PP 2ap o B, 1Y

Cobt ai ned ( 4- 2P2-BYWT(@; PHERYA3B7 Gy 158h 710 cbs, LH) 7.49 (bs, 1H) 7.66 (s, LH) 8.10 (bs,

y1l-1H pyrrol g;35 bo -sul fam ¢ agi a ite.solid (90%.yield).
11-1 NVR ( %S?fbao@)/)ﬁ%fﬂé—%ﬁﬁﬁ% %‘%gf %1@% 1757365 .lg{)l? E?ﬁqﬁf)yl‘fgo
7.34-7.45 (imfzZ2HMHSS5 (dd, J=4.76, 1.59 H, 2H) 7.62-7.66 (m 2H)
8.54 (dd, 1=4.63, 1.46 Hz, 2H) 9. 28dés, 1 11.29 (s, 1H); Ms niz
356 [MH . Step 4: Formation of am ?%@%3Aci d 49 was hydrolized by
di ssol ution i nsﬁglmuorhgyriﬂln-ﬂ%l)-ﬂ n§pmllﬁn%w&@h&%oﬁmcl&ci@ﬁ}niﬁ@SEI)
basi fied with 2N Na0Ol1l and extracted with EtOAc (x 3). The crude
product was purified by flash c:,r\'()(r@ ography (DCM MeOH 95:5, then
93:7) affording 4-ne -2- ¢ Y @

pheny1- 5- pyri di n- 4- y1- 1 pyrr ol 8,3- car boxyFi ¢

yield. 11-1 NVR ( DVEON6 / 500—M-tz}—5 ppm [
1=7.48 Hz, 1H) 7.47 I,
8.16 (d,1=7.02 Hz, 211) 8.73 (d, 1=7.02 HA¥2H); ESI
(MH+). 88 LIS Exanple 188
244- (4- Met hyl - pi perazi n- 1-lv1) - pheny11-5- pyridi n-4-y
boxylic acid ethyl &ste 0 A imRfure ofFes
mmol , obtained as gesery @ Exanptet), P , 0.0045
nmol ), (2-bi phenylypg Xyl phosphine (3@, 6.0 1), "~ 13uONa
(16 mg, 0.17 mmol ), 1-nmethyl pi%erazi ne (60 pit, 0.54 mof), in
toluene (1 inL) and anhy#rous DVF (0.2 mL) was sBbtkaed to the action
of m crowaves at 130C for filtratio elite and
aqueous wor k-up ( Et OAc/ wat gér)tfmhggl}:lﬁ%“éléftpy%ﬂe Hné’{lzf

244- ( 4- met hyBropiopestydthianepyr b -hpdre bt deSH-1{§.16i gl i 10 Auyol) Wad-gqaded olaenidmear

155 (1, 5= o S TimtBoa GRSt eyt 0GOS Y mi A0 58 BET

J=7.07 Hz, 2AdhydréusIPHE dnd Nai® (B gHA.0 i), at 0.°64Thkdsolutia8 w36 1dfizat 020 49r, 1

1 (o, Mt { hrnethon Sk or g e i e

procedur e ard 190 ahl iof EtOHOMhmBEIuFOLcERENQITAE, B (DMAHDPRENY]de@Sthe feaction

derivatives, obtai nefi described in Exanple 1, the follow ng conpounds
have been pr%‘ﬁgﬂlﬁéﬂ?s eft overnight at rt and then warmed at 50°C for 2 h. The crude material

2- (3- Mor pholyi-phrifibd BNRAKIchroBraRdsFdpd gjéMYDJIeéH'?@)Q'j 5&5@%—%@3@?@%) lof 5-
acid ethyl ester 114 NWR DIVBOd(g/ 00 M—lz%y 8 ppm 1.19 (t, J=7.07
Hz, 3H) 3. 143dlgrp-pmidimdryl)-2spbenyl-131-porqle-greathexylicaci3 ethyl esger s o7 yelow,
214) 7.01 (dgyqJ=8.17, 2.19 Hz, 111) 7.08 (d, J=7.68 Hz, 1H) 7.18 (t,
J=1.70 Hz, 111) 7.26 (d, J=2.80 Hz, 111)7.31 (t, J=7.93 Hz, 114) 7.77
(dd, J=4.69, 1.52 Hz, 211) 8.51 (d, J=5.85 Hz, 214) 12.03 (bs, 1H);
ESI (+) MS. ink 306 (MO

¢ d°8hi de i@, B5%

4) 7394t

.32 Hz, 2I1)

+) MS: in/fz 278

H pyrrol e- 3-car
230 ny, 0.08




244- (4- Met hyl - pi perazi n-1-y1)-phenyl | -5-pyridi n-4-yl-1H pyrrol e-3-car
boxylic acid (54) NVR (DMSO-d6/ 400 MHz) 8 ppm 2.83 (bs, 314),
3.09-3.53 (m 8H), 7.10 (d, J=8.80 Hz, 2H), 7.63 (d, J=8.80 Hz, 2H),
7.92 (s, 1H), 8.05-8.21 (in, 214), 8.58-8.69 (in, 214), 12.23 (bs,
1H): ESI (+) MS: ink 361 [MI-1]. 4
2- (3- Mor phol i n-4-yl - phenyl ) - 5- pyridi n- 4 yl - 1H pyrrol e- 3- carboxylic
acid (55) 1H NVR (DVSO-d6/ 400 ES m 3. 13- 3. 17{5)@
3.73-3. 78 (i nil MR (BMP-dgt 400 Wikiz) §9)P§1 5y S~Aukz73H)p 403, (q,1~h7)097H@2
3(3 846“(_?1 73 222}5&% 7301430 l_gn 47%1) (8540 %ﬂ")lHi 8738 ((ﬁj‘iH) Jn%o?@ IH}[E@ (JFFMS%E?Z 311
2- (4- Mor ohol [MH4)~VI phenyl) 5 nyr| di n- 4 yl 1H— pyrrol e- 3-car boxyl ic
acid (56) Ms: ink 348 | d met hod
al ready described in Exahé}t{lﬂ2 §'¥[{0}'1] %’3@’ %(%]?cﬁm gé?gg @ggpect ively
transf or med Estewl2(hé g 618I1mmlmgl ld)rmbleéEtOH and 12 mL of 4M aq NaOH was heated at
Exanpl e 104 ° o
21444- Vet hyl I%GI Eet;oégihnT}ie rf%f)t]on anmrf vas 0R1¢q i0nC A acidified with eng HEL e o g
oxylic aci dolzarvitg ;(ré\*ﬁﬁﬁﬂatloridfékh&\b@dl(df)%@hd@é fifterad Mﬁheﬁv@ﬂlﬂeaﬁoﬁﬁﬁf
311), 3.15-3.52 6
Hz, 214), 7. \éﬁ“’"(‘g“d afﬁ?lw éf‘dé’*i‘eg I%Z%in(gﬁ?ng @?‘H?w Pé’“é ‘%y% P;Févq 15‘1%?‘)?3'
]Ié>2( 04| ( bi 0513‘1):arb554110 @cift (MByg, 92%)2as 388lid Mht-was)ised without further purification.

anpl e
2- (3- Nor phol TER MR, (DMEOrds 1 YOS MR St 438,178 ol 888 8. LRy BSk i HD;
acid am de mdﬁpzcj}jl Mﬁg (A25) NVR (DVMSO- d6/ 400 MHz) 8 ppm
3.14-3.21 (in, 411)3.74-3.79 (in, 414) 7.04 (dd, J=8.23, 2.13 Hz,
111) 7.15 (d, J=7.68 Hz, 118fepr3:3Coqdensakipn)tq a@ddes(E1)J=7. 93 Hz,

017,508 R0 s Wy o L Bl o

(ML4'). 90 (1.1 mL, 6.2 mmol). The solution was cooldéxa ¥ end E®CIL (0.9 g, 4.6 mmol) and

2- (4- Mor nhol i di nr.ol.e- 3- carboxyl jc
et 4 am do. (OB MO TR AR RS gty o TR VBl S ek .
41-1), 3.73- "3107@1\(CnhWaS4ﬂCDn,0VtﬁL &/Ztc( bas addd)l ,and tH3Anikdre ﬁJE:BC)&ﬁCiHZ witRHDCM.
7.08 (bs, 1 7,56 (d, J=8.80 2H) ,
7.68 Eds J=6" Oﬁsmc z‘%};ﬁ* g o aa&@%sﬁlwlvea as fiafé’?“(doénd fﬁﬁmé@
(+) Ms: m z 13d8rid]l M) purified by flash chromatography (DCM/MeO@%FBj ® 4R 350 mg

5-(2- Am no- pyLi in-4- h H- yrrole3carboxyllc aci d

met hyl ani de ¢ Wo%j‘é %F%Pﬁlﬁﬁ“ g‘fy}se?cig}?} £]6Hf -pepple-3arbgxylly. #prd Amile)asi f
anhydr ous DI\:(EhlteGth(ZS nyg, 2 eq.) was added and the m xture stirred
at 45C for 1 h. After coollnato rt the solution was treated with 0.5

nil, of 33% KeNMR (DMBDgl/ 40 MHDQ npe 684s(bs 12y 284 Gy erhigHe, 1H), 7.36-
filtered an falhyt n t t rac

w th B oA (Dol 16, ROSRTIDIAS, (LR 12 iy AR ESEIGER PR
Et OH and treleﬂ)ebll%MShlfé)xEéls@) MSZMBBJIMHI JMeOH. Et 20 was added and
the yellow crystalline solid was filtered, washed with Et20 and
recovered. Obtained 8 ng (37% yield) of 5-(2-am' no- pyri mdin-4-yl)-2-
phenyl- 1H pyrrol e-3 -carboxylic acid nethylam de. 1H NVR ( DMSO d6/
400 MHz) 8 ppm 2.70 (d, J=4.63 Hz, 311) 7.36 (d, J=6.58 Hz, 1H)
7.39-7.49 (in, 3H) 7.53 (d, J=2.44 Hz, 1H) 7.64-7.70 (in, 2H 7.84
(bs, 3H 8.02 (bg, J=4.51 Hz, 111) 8.29 (d, J=6.46 Hz, 1H) 12.20 (bs,
111); ESI (+) Ms: mz 294 (M-f'). The above procedure was enpl oyed
to synthesize the follow ng conpounds. 91 Exanple 108

5-(2- Am no-pvri m di n-4-v1l)-2-phenyl - 1H pvrrol e- 3-carbox-vlic acid

i sopropvlamde (M2) 11-1 NWR (DVBO-d6/ 400 MHz) 8 ppm 1.09 (t,
J=6.58 Hz, 6H), 3.93-4.06 (m 1H), 6.36 (bs, 2H), 7.04 (d, J=5.24 Hz,
1H), 7.23 (d, J=2.44 Hz, 11-1), 7.30-7.43 (m 3H), 7.59- 7.67 (in,
3H), 8.21 (d, J=5.24 Hz, 1H), 11.61 (bs, IH; ESI (+) MS niz 322



Exanpl e 110

5-(2- Ami no-pvri mdin-4-1/1)-2-phenvl-1H pyrrol e- 3-carboxvlic acid
cvel ohexyl net hvl -am de (M4) | HNVR ( DMSO-d61 400 MHz) 5 ppm 0. 79-0. 94
(in, 2H), 1.06-1.27(,n, 41-1), 1.40-4. 5%7(|n 114), 1.57-1.74 (m

4H), 2.99 (t, J=6.46 Hz, 214), 6.36 (bs, 2H), 7.04 (d, J=.5.24 Hz,
IH), 7.23 (d, J=2.44 Hz, 114), 7.29-7.46 (m 3H) 7.63 (d, J=8.15 Hz,
2H), 7.82 (t, J=5.85 Hz, 1H), 821( 4 , IH), 11.63 (bs,
1H): ESl (+) M mz 376 (M-1'). o

Exanpl e 111  5-(2-Amino- pyr1m1dm-4-yl) -2-phenyl-1H-pyrrole-3-carboxylic acid amide (F1)
5-(2- Am no- pyri m di n-4-v1)-2-phenyl - 1H pyrrol e- 3-car boxvlic acid
phenet hvl am de (M) 111 NVR (VG /400 M—|z) 8 gpm 2. 80 (t, J=7.35

Hz, 211), 3.42 (q, %%<%35 Hz, .37 (bs, 2H), Eos (d, J=5.24
Hz, 1H), 7.18-7.42 911), 7.6@ (d. J=8.30 HZ/ 7. 98‘*P€t
- J=7.35 Hz, I11), 8. =5.24 Hz, 111), > D, ESI” (+) Ms:

rn/z 384 (M). 92 EQan‘fﬂze 112 SyRfhesis ofN
5-(2-am no- pyri m di ni4-yl) - 2- phenyl -t hi ophen&/HS Car boxyl ic acid am de
(Si) Step 1: ketoester alkylation (57) To a stirred sol ution of

3- 0x0- 3- phenyl - propi onic facid ethylester 2 (2 g, %10 nnnol) and NaH (1
OfHF (20Gegr:lL) at O NH,
br ome—e# han ﬁ\ 6 g, 1.2 eq, 12
mol ) was added. e relact m xt ure wasysiy r Hed 0C for 30 mn,

g, 2.5 eq, 25 mml) in
then nore 14 (0.5 F'& 1. 48 g)Rwas added and the reacfion nixture was

1-(2-am no-pyrimd
stirred at it overnight!® After sol vent renﬁ\/alﬁ(ﬂrh)e resi due was

diluted in DCM and vvashed Elb@opﬁang{bﬁﬂrrﬁd}?g§wﬁand t he sol vent

renmoved under reduced pressur
4- (2- ami no- pYe krspldiipn 4t ySl@r-Zz(lbéhzbiﬁlg,ﬂ owelbintaphydrowsc THE ét0PyinLpstt @°C,

osa) N Sy el 0as Miol) s i i areon FP aftring. Al s BB kel

(2.43 g, 0O.6H exf g,68 4mrmxho)1) WaB :iddbauembth(: Iiiftord yasveirred meftIfox®H. Soidert w2

for 4 h. After_s e r.e t aken .u
] taro andapdfted B R vk wstelfed § R A Io At Sy B et eely o 21
t hen DCM MeOtan®8 v@i)s addlélﬂanmbetsumaomfvai firep bem ovanightd S6lacht das b%@bﬂatéﬂ&o

was t hen pasg ed thr h the Hori z ai n to
e T P e et Ar R el VR e B HhE O AR Detay (800 RabRaie S
second fractdewined s{hemindrp@fimadniaal-p- Eﬁen@mﬁ%}"yﬁom)ca@lﬁ) Bd A@NetBR dsids -
cstor (58) TOSMMREENEHUS ] 400 M 12y 8 pom 1 14 (1, 91°1). 4 16
es -

§g1 il:)') ESIW@[ NMR I\giﬂsoYdﬁ/?a%CMH%)l'ﬁ ppnh@@ (f 107,108, 318448 (&SJ 791z, 810
5- (2- Ami no- p@xﬁ maﬂhuoyw éiﬁﬁ@nym fiaaéd\ S &4t Xk 740449 me SRy [7.61-

511y, 676 (S G R e ) BTl kB byl (o,

(d, 1H); ES1 (+) M5! in/8tep20 SapbnifiejtionSvepridxylBapddsidé)cati on to

S ooty B orfs SetsBembiol e Sdilats /s PLas RED 1Bk RTEs mb i R
stirred at ](@ﬂﬁﬂ_f)@fas hdded aafl tigr mixaot Wag rdfloxdd for 5 heMoed solvietwavass aporated
acidified wt

5- ( 2- am no- ﬁff Hﬁ"% Vﬂcgzﬂ S?fewp s sitkiind. 18R, P oE, pone Bl @bsgrving
solid whi crISp@e@plfatlb% of Bd ,pnmahqrﬂe Dl\e/%%naggwg gg%ted Mﬁﬁfids&@ Mﬁmﬁge rzcgﬂwg&&
Il1)r1?1)s sur7e4§a ﬁ?lés drigd. 5/0 12)(2 Ast%P(rémldlnrﬁ YD &-phenylgf H- mﬂﬁele Esg;bewhcws acid,
;2{ é g 86( EgASc%Hmed%E 8 Rvhfte smrté %? axfasq.@e(& e t@egiesé@stép&v&hr%{rgﬁﬁhép ﬁﬁhﬂsﬁxoﬁi
THE (4 nl), Elr%MR(mSO dm‘gFOOMI% Suroh ¥-35: b HOBTEINA. 18 (bs 124D, 3 higl, JﬁS @83

nmol ) were alggqﬁ)%3p%s’ ﬁB?Msgﬁjgztimm_ture was stirred at rt



(Ti) O H N61H NT1 Step 1. Saponification to carboxylic acid (61) To a
solution of ester 59 (221 ng, 0.71 rnnol) in 1:1 H20/EtOH (9 nL), 4M
ag NaOH (10 eq) was added and the reaction mxture was stirred at

100C for 1 h. After cooling to rt, the S, lution was acidified with 2M

HC1 yi el ding 5-(2-am no-pyrimdin-4-yl)-2- 94

phenyl - f uran- 3-carboxylic acid as a white solid which mas filtered,
washed with water and dried under reduced pressure ant.). IFI NWR
(DMSO-d6 / 400 MHz) 8 ppm 6.%8P ¢y Conglgnsatioryig amydes ﬂf 7. 51 (m 3H),

8.0 (d, 214) To@ .s8ehdlon &ﬂak)d I(E@ g, 143 nMol) hﬁénhy&%ﬁ)s i‘% §8011]nL) %I@R (% 5g,

Condensatl on to amde (Ti) m xture of acid 61 E&

mmol ) and DI EA 1211131)p=1nd &ﬂhzéromrd?fslﬂ(ﬁ By qgfed(ip lcﬁLl)ath |un@er3'@51r6ng,
ng, 0.92 mokhomnduHEBE N2 L2 n{ddPadiEDE: 33 mhlmmﬁer@qm! @ﬁe Retion
The reaction m xture was stirred at rt overni After sol vent
evapor at i on ducags divecdyd st avainght thsn vl wis antel awksérbd L wiikthrevad tveter
The aqueous i - I

dried (Na2SOb) am (lji\%é?)\’trl]éca %Iﬁg% ge ng g?s\l?jégjéﬁh vJan:?, 0 SRR lll}%¥ @as ¥8ricted
(2- ami no- pyr with &itGAd agdl the 20phisng brghuir daycB-wear boshet ivdthagitd, drisdi@aa%0.4a

|1 lid /.400
{gs O\éVH)SO ' #?O&Q&ff%? @ﬁ;orﬂlfg%@glﬁ%%%gg)as %prggpl%a%g thf&%s ﬁ}teﬁg and
(bs, 1H), 8. @5shedwithlitt)e co8l BOMIdThelptheHBiuof wis puBfied ik 128 Lhioktdtggraphy
EXx | 114
5 ( 2- At no- SRR EFSIFNS: FLid)yAfordinp i pinad ey The Do axmdp e
aci d am de (N coibbinady sugpchded(i2 8Q0H amﬂ.ad“ﬂfﬁéc) tol gH DMith (12250 HCL NBﬁeOlBO

ng, 1 mmol) s added and.the m xture was rred at rt for 15 h. The
hglpqt}gleﬁﬁ

reaction m xtUYE WAE THRAYPL ARG The esidpe wag e "écn}ﬁrf’%‘ﬂtélgvﬁégd
fil tﬁred V\Iflﬁgb?ﬂléd;%mmblﬁﬂvﬁthaﬂ@bdﬁﬂ ﬁﬁ/iﬁj @Dt&%néqamg%&mﬁgo%J(i bRinG ﬁﬁ'dlg—4g§
((asyezl?)N ZO ' é)eww%wwlw?’ afe'bfiwc Arxl 31711‘1’?4‘1Y7'r06810{111‘has azw%nterso@dn(q(é g
J=2.68 Hz, 154)11;1..,@443@91 J=2.68 Hz, 1l-1) 8.35 (s, 1H) 11.27 (s, 114);
ESI (+) Ms 1;112 358 (Mr-14). The above procedure was enpl oyed to
synt hesi ze, # SME4DMSRAS 400 MDD P reorPSddd® (193H) 7.49-7.52 (m, 2H) 7.61 (d,
Exanpl e 115
5- ( 2- Ami no- 5 br omoer our iom di nea VA0 (%24 §d 6 gRéat Ty L At G s
?gr bo>2<>1ll |1;: a%jSId%thwx%Z?g(m)lH N(%/R éDIVBO dé/ %00 M7-|z)565 ppm 212;)

s i,n,
7.71 (s, 1H),oegPgy Ricedyygwas pployeq io ! n@i’?}“@? PP FRNPIPES: 377
(M+). The above procedure was emplxangte 150stejy1t hesi ze from Fl the
fol | owi ng co ond N— | or SHeel ni mdg as the hal ogenatl ng
agent, in DM . caltIAARRAT 18

Exanpl e 116 'H NMR (400 MHz DMSO ds) & pml 07 (t J=1.07 Hz, 3H) 2.14 (s, 3H) 4.02 (q,
5-(2- AmnoSchIoro din-4-v ! Eenvl 1H rroeécarboxyllc

acid am de (5707 Hz,2 5’(' (hysthabp4 z,3H) P 67é? (sSHYA2A0 (d6/88

1H) 7. 3L 75 5. 1H) 7.58 (d, J=2.68
I(-Ii, 1t|)|) 7. 645%7 gg)?ﬂlz&b‘ﬁ%) gﬁ?é% 111%3%%% (sH)lH) E(SI (+) M5

in/z 314 (MH). Example 15, step-2
S-(2-Amino-pyrimidin-4-vI)-2-o-tolvl-1H-pvrrole-3-carboxvlic acid
"H NMR (400 MHz, DMSO-ds) 8 ppm 6.34 (bs, 2H) 6.98 (d, J=5.24 Hz, 1H) 7.18 -
7.33 (m, 5H) 8.15 (d, J=5.24 Hz, 1H) 11.75 (bs, 1H); MS: m/z 293 [M-H].

role-3-carboxvlic acid ethvl ester




The above procedure was enpl oyed to synthesize, fromF4, the

fol |l ow ng conmpound: Exanpl e 117

5-(2- Am no-5-chloro-rwimdin-4-v1)-2-(2-fluoro-nhenvl)-1Hrwrol e- 3-
carboxylic acid am de (N7) NVR (Dl\/§9 dé/ 400 MHz) S ppm 6.58
(bs, 2H), 6.81 (bs, 111), 7.19-7.31 (in,”2H), 7.36-7.59 (in, 311),

7.67 (s, 1H), 8.29 (s, 114), 11.60 (bs, 1H); ESI (+) M5 ink 332 (MO
Exanpl e 118
5- (2- Ami no- pyri midi n-4-y1)-4-iodo szam'ﬂé‘hﬁsﬁ."ﬁ:%yrrol e- 3-car boxylic

aci d amide (3)-AnRfoWRtiaiidinidg -Qfoet%lvlllll \Q‘rM@S datbdx@fi€sbid 2
t horoughly an re talne e tit ound as a greenish solid

(145 ny, 72%H NWW%@%WZA@WM% @ m6.85. (s 2f8, 7.24y.34 (m, 5H),
117 6o 7 oY %*S‘”l i P arhy hs 0 Vi hydte 4B, BpD0d B ) sy

(+) M5 rn/ zZQﬂX@ﬂ(l Exanpl e 119

5- (2- Am no- pyri m di n- 4 y1) - 4-chl oro-%{pﬁ)gﬁﬁpg Jll—l-pyrrol e- 3-carboxylic
acid amde (Z1) Step 1: Protection of "am ﬁop?rl m dine (62) A solution
of ami de FlI $-85Amino-p8rimidihM-vI{-Bo2-J186rofherivly:11Bpyarolk3-@nbb ikl othvl
ng) in TI-1F QZO nm) and DMF (1 nmL) was stirred at roomtenperature
for 48 hour s¥%he nmi xture as poured into water and the precipitate

was filteredH wamodmﬁwmwam lﬁﬁrhyhl acﬁmvmz wa;hle@l (q/vu%h 0NMZE D)

dried (Na2SO4)_and concentra m xt ure
of mono-, di ®4hMs KT %@{fér%“\}éﬁ |1Hé§28\%ﬁs3fb\?r§(w%§ﬂb§2i (Chs’ﬁ524HZ

chr omat ography) ﬁﬁ%gg/lﬁ!? g 1%)Z3qf7fpmd ng the di-Boc derivative
62 (149 . ESI (+) : Chlorination of pyrrole

ring (63) A solution of ani de 62 168511) 6 gep nmol ) and

N- chl or osucc at
- chl or osy i . hé&&&’red
wat er, extrad NWRA40H I\«ﬁﬂ:hy}M%Qw’t)aStwm a6 (e Y & 37 (vl/ai.'=ér24 H:kg igy7.23 (m,

(Na2804) an u by

chr onmat ogr a%@wﬁe@éﬁgﬁéﬁ EH)S&E% (%aﬁ%ﬁ‘}'ﬁgi%g ?% D; @%ﬂ/énfz £

(+) M5 in/zNetg. (MY. 97 Step 3: Deprotection of am nopyrim dine
(Z1) To a solution of 63 (80 ny, Q.156 n]“gol) iin MeOH (1 nL), 4N HCl
in dioxane (3 nL) was added and t Eanplec 6 HeRds stirred at room

t enper at ur e $oxAgndipyrisidind-vDRER-AlordPheh -1 H-NRHSle-3 AR R vlic acid
concentration di ethyl ether was added under strrring an e mxture
stirred for 2Bde{8llt es. The precipitate was filtered, washed with

di et hyl et heliy RRgk 5Nt

S R Craveh o g{) 0@@ Mﬂg%b%ﬁaobémsw(ﬂ,@z%wwﬂ%ﬁﬁwsﬁ@@z 1),
1H), 7.35 (t7.62&8. BY, 'Hﬁ4 (s} 200), 82830 J=648 H4, AH),3RYA1 (s, 6 00;(HS (+1MP; m/z
7.64 (d, J=8, ggzlt 8.29 (d, J=5.24 Hz, 1H), 11. 64(bs 1H); ESI
(+) Ms: in/z ﬁ?ﬂ Exanpl e 120

5-(2- Ami no- 5- br ono- pyr| m d| n- 4- ylpxﬂmbredﬂpstaa-phenyl 1H pyrrol e-3-carb
oxylic acid apde.(Nd) .0, .. T¢ F ( (}.5
M), NBS (165 mymine-Rrimidin gyl joteek U rEQSoearnoxlic agd | ¢
for 15 h. Thghylestet i on mxture was poured into stlrred wat er, the
precipitate t horoughly and dried. Obtai ned t he
title corrpoums%i@(d% @P@g 351?9’51% 69@0%7 07 g SRMROT VD 48 §5- 3
MHz) 8ppm6:,<91 37,0 Diz, b3 84 -

RIS E;(; 7@7' Hé% 6é§£2ﬁwm%élf 554@&8@)171% 7?6@&2}4)47523
111); ESI 4(51 83 H%' }_Hh@é9 (AWEF§E Hméi)%&/(é ubTSé’ééﬁuﬂH 1H@3 Gapllby BBl
to synt heS| ) MfSrBth foll ow ng conpound, using N-iodo

sueci ni mi de ‘as the hal oge nating agent.

Exanpl e 121

5-(2- Ami no- 5-i odo- pyri m di n-4-v1)-4-iodo- 2- phenvl-1H vvrrol e- 3-car bon
lic acid amde (N5) 114 NVR (DMSO d6/ 400 MHz) 8 ppm 6.91 (bs, 2H),




98 Exanpl e 122

5- (2- Am no-5- brono- pyri m di n-4-yl)-4-iodo- 2- phenyl-1H pyrrol e- 3- car bo
xylic acid amde (N6) To amde N3 (120 ng, 0.3 mmol) in DMF (1.5
m.), NBS (60 ng, 0.34 nmol) was added and the mi xture was stirred at
rt for 15 h. The reaction m xture was pOured into stirred water, the
precipitate was filtered, washed thoroughly and dried. Obtained the
title conpound as orange solid (83%. _EII\/R (DVBSO-d6 /400 MHz) 8
ppm 6.95 (s, 2H) 7.24-7.34 (m 2072l seg-2 31 7.55-7.61 (m

2H) 8.45 (s, si2-AndidePIriafdinUld)-2-(PSditdthviMhent)d B8O r6 M3 carboxvlic acid

Exanmpl e 123 |
5- (2- Ami no- 5-T PO (HRPVREGPMSL- 4} P PR eRfiols 3 hhedl . I HJ7 fhst BIBLLxfdo

(2- Ami no- 5-% PHSR4 o ipr) v
(15, ‘NS {300yt 60 G e Ry O Ty et 1

stirred at 588 {br=42hHzi B 1$¢dbsail Ght 1.8 (bst LH)TME: méadd7i[MRH xt ur e
was poured into stirred water, the; | g was filtered, washed
t horoughly and dried. The title cgin"%(r)ng)(rflédﬂwg%bébt ai ned as orange solid
(270 ng, 2 rele-B2dhrboxvlic acid

5-(2- Am no- p%ridy@' ﬁ-4-y1) - 2- phenyl1-4-vinyl- 1H pyrrol e- 3- car boxylic
acid am de ( 2 N H2N N3H2N To a stirred solution of N3 (50

rzrg,G g_. 125 EU?DZ\IMR anism«l&ne?]c( M}fﬂ;&@ﬁﬂl%,?@,ﬁ@.mo& 3H), 6l.(3_1 (bs, 52H), 6.69

, O- |rnety- -ter- uty eno , alladiumtetraki s

Zna o bot o R Jrs B Shio kit S B G aEh e frodiie e @,

want ed at 11@G 4soiz, SHNRI6Xd, L3Quat: ayl 10, ny, Mg ¢ H.
R B oo B ARt e

product was purified by flash chromat o?r&t)hy
affording the title conpound as aEyameleis, steivlsolid (24% yield). 111
. — .64
i@

NVR ( DVBO: d5s 42 4Q8ndY
gggé- ;_%% (SWO- 757 (in, 31-1), 7.61-7.71 (in, 3H), 8.23
(Egé rr; =5 24 e NERY200 Mz Dri8S -y d hom F8Y € F7.0Bk, #H%. 3G, ANz, 2m)
5- (2- AT NO- padl (HisyRHEY 100 (2 BNEA - LH) T-25yr T, 04 @n, 2H) 3rd80x339 (en, 2t 8. 2inidgle
(u1) 0 J=5.24 Hz, H) 12,27 (bs, 1H); ESI (+) MS: m/z 361 (MH").

Example 18, step-2

5-(2-Amino-pyrimidin-4-yl)-2-(2-chloro-4-fluoro-phenvl)-1H-pyrrole-3-carboxvlic

acid

'H NMR (400 MHz, DMSO-ds) 8 ppm 6.38 (bs, 2H) 6.99 (d, /=5.24 Hz, 1H) 7.22 -
7.30 (m, 2H) 7.50 - 7.57 (m, 2H) 8.20 (d, /=5.24 Hz, 1H) 11.49 (bs, 1H) 12.10 (bs, 1H);
MS: m/z 331 [M-H].

Example 18, step-3
2-chloro-4-fluoro-phenyl)-1H-

acid amide (F23)
11 NMR (DMSO-dg/ 400 MI1z) 8 ppm 6.38 (bs, 2I1), 6.72 (bs, 1H), 6.92 (d, /=5.24 [z,

1H), 7.22-7.33 (m, 2H), 7.35 (d, /=2.56 Hz, 1H), 7.45-7.54 (m, 2H), 8.22 (d, /=5.24 Hz,
1H), 11.95 (bs, 1H); ESI (+) MS: nv/z 332 (MH").
Example 19, step-1

rrole-3-carboxvlic acid

ethv] ester



Step 1. Pyrrole ring formation (65) To a solution of ketoester 2 (350
ng, 2 nunol) in THF (45 inL) at 0C, NaH (180 ng, 4.5 mmol) was added
and the m xture was stirred for 20 mn at OC Bronpketone
hydrochl ori de 64 (635 ng, 2 mmol) was agged and the reaction m xture
was stirred at OC for 2 hours, then at omtenperature for 2 hours.
After solvent renoval, absolute 100 et hanol (25 rnL) and anmoni um
acetate (500, added and the m xture was stirred at

room t enper at%?&m@@ %o’&PQMIﬁ pagy WL A 97 Hzndi b0 /T HY Hz, 2H)
resi due was EQEQ& QH)WledeﬂWM ﬁEeﬁfﬁtﬁ@ﬂg.}m@ﬁ@'Hz Tﬁf?qg%wﬁpk/fgbahg%ﬁ

was dried and charged for chr omat ogr aphy (el lan
95:5). Obt ai #eld22 Hz, 1H) 8.22 (d J 524 Hz, 11) 12.30 (bs, 1H); ESI (+) MS: m/z 377 (MH"),

5-(2-chl oropyri di n-4-y1)-2-phenyl - car boxylic acid ethyl
ester (340 ny, 50% 111 NVR (Di\%g"ﬁ%”%% ) 5 ppm 1.19 (t,
d K 1 dy

(m 2H, 7.80. “1H) 797(s 1H) 8.33(d, J=5.37 Hz, 1H),
12.37 (bs, E%S(g“ézs?]ﬂ%@ﬂis ink 327 (MT). Step 2: Anination of
pyridine ring (66) A m xture of esﬂmmpﬂiéls(,iﬂﬁm 0. 37 mol ),

t - butyl - car banat I 6 0.

pal | adi um di ZeEEEte - i 0 YT
ng, 0.73 nmo !hlde[(Flhloxane (3 |nL) was stl rred at 14OC in a m cr owave
cavity for 2 nut es crude terial was nmet hanol ,
[TV tered t hr St SN Upvise af tELUES) Bpb edliph dBe 6asdba it T . S dir.
and concent rﬁtlEﬁ(?' 37me mqu' 4@@ \A@.@awzl 194, 68Ydh! A5hy7C 8559 TR qgi)amy(d

(el uant:

5- (2-am nopy«r’"r5d13rﬂm1§bf)1% 1 ﬂﬁeH@lEﬂ-ﬁﬁ)M&’ @1/%3@@&1 Boxylic acid ethyl

ester (45 ng, 409 . ESI (+) MsS i ﬁpet?%o( . Step 3:
Condensation to am des (u1) A soI ut| 0 er 66 (42 ng, 0.15 mml)
in ethanol ({ 4N Vi : bbx

hours. The nl‘_x& %ﬁ h;g,ge, aci di fled vvlth acetl aC|d and strl pped under

reduced pre resi due, the crude acid 67, was dissolved in
DVE (2 inl) ZFhNMR @S0-dai 600 MOBTS ppid 1 (182, ffe7.0'0H2 BENEHS)s, 3EDEI07 ({2

(P ot e acttaite 20t on v A hetes 240%% 4B S T3 cor TRt wo

days). After/-0oRgeNtHRY RO, 2430 794k Ay S 29, k=51p4 We! eyl (b2 ¢ aY; e (+)
t he residue was purlfleq by reverse phase fl ash chronatography on a
Wat ers FractM¥§ n‘l‘.’{zrﬁé1 % m (see CGeneral Methods). Cbtained the title
conpound (33 ng, 80% . I|FINWR (Dw%ggfezﬁoggll,\aziz) 5 ppm 5.81 (bs, 2H)
6.74 (s, 1H), 6.81 (bs lH) 6. 88 111), 7.02 (d,
J=2.68 Hz, i j i dipl)-2-2-1 I-damet avi)y1H-pvygletXjcarhexylit 7
Hz, 211), 7a%pd(d J 5 78 Hz, 1H), 11.64 (bs, 1H) ESI (+) M5 mz

308 (MH). 'J.'U'l Sel ect ed corrpounds of formula (1), prepared by the

met hods des c'H MR (DMS$Orads 241 Te)sd pram 2.58 s BE 639 (FaBil)e7.00 (dT e, 24alit, e

shows the c er d d. t
Struct ures, MRS hE Y AFRGeh Kot B LB bors aRa. Hr OO e
X. Structurdsz,any 10as ésf (i) 19ed3gbs, ed);Gasnaunds pafrjFor rula  Cpd no.
Structure M+H (cal cul .) M+H (foun%) Al

xample 20, step-3

-

3-(2-Amino-pyrimidin-4-vI)-2-(2-fluoro-4-methvl-phenyl)-1H-pyrrole-3-carboxylic
acid amide (F28)

"H NMR (DMSO-ds/ 400 MHz) & ppm 2.37 (s, 3H), 6.37 (bs, 2H), 6.73 (bs, 1H), 6.95
(d, /=524 Hz, 1H), 7.02-7.09 (m, 2H), 7.26 (bs, 1H), 7.30 (d, J=2.56 Hz, 1H), 7.37 (,
J=7.90 Hz, 1H), 8.20 (d, /=5.24 Hz, 1H), 11.78 (bs, 1H); ESI (+) MS: m/z 312 (MH™).




\/ NO NH2 * 264.1131 264. 1127 - A2 N O 1INH2 101

v

52

Example 21, step-1

2-chloro-3S-fiuoro-phenvl)-1H-pvrrole-3-carboxvlic

acid ethyl ester
'H NMR (DMSO-dg / 400 MHz) 8 ppm 1.07 (t, /=7.07 Hz, 3H) 4.05 (q, /=7.07 Hz, 2H)
6.42 (bs, 2H) 7.01 (d, /=5.24 Hz, 1H) 7.30 (d, /=2.44 Hz, 1H) 7.32 - 7.39 (m, 1H) 7.41
(dd, /=8.90, 3.05 Hz, 1H) 8.60 (dd, /=8.90, 5.24 Hz, 1H) 8.23 (d, J=5.24 Hz, 1H) 12.32
(bs, 1H); ESI (+) MS: m/z 361 (MH™).

Example 21, step-2

henyl)-1H-pyrrole-3-carboxylic

acid

'IH NMR (DMSO-dg / 400 MI1z) & ppm 6.40 (bs, 2I1) 7.00 (d, /=5.24 Hz, 1H) 7.26 (d,
J=2.32 Hz, I1H) 7.30 - 7.37 (m, 1H) 7.40 (dd, J=8.90, 3.05 Hz, 1H) 8.59 (dd, /=8.90,
5.24 Hz, 1H) 8.22 (d, /=5.24 Hz, 1H) 11.85 (bs, LH) 12.20 (bs, LH); MS: m/z 331 [M-
H].

Example 21, step-3

5-(2-Amino-pyrimidin-4-yl)-2-(2-chiore-5-fluoro-phenvl)-1H-pyrrole-3-carboxvlic
acid amide (F31)
'H NMR (DMSO-d¢/ 400 MHz) 8 ppm 6.35 (bs, 2H), 6.75 (bs, 1H), 6.92 (d, J=5.24 Hz,
1H), 7.26-7.34 (i, 3I1), 7.35 (d, J=2.56 Hz, 1H), 7.55 (dd, /=8.72, 5.30 Hz, 1H), 8.22
(d, /=524 Hz, 1H), 11.98 (bs, 1H); ESI (+) MS: m/z 332 (MH").

Example 22, step-1

5-(2-Amino-pyrimidin-4-v1)-2-(4-chioro-2-fluoro-phenv)-1H-pyrrole-3-carboxvlic

acid ethyl ester
"H NMR (DMSO-ds / 400 MHz) & ppm 4.10 (q, J=7.07 Hz, 2H) 6.48 (bs, 2H) 7.04 (d,
J=5.24 Nz, 1H) 7.32 (bs, 1) 7.38 (m, 111} 7.54 (m, 2H) 8.24 (d, J/=5.24 Iz, 111) 12.32
(bs, 1H); ESI (+) MS: m/z 361 (MH™.

Example 22, step-2

4-chloro-2-fluoro-

acid

'H NMR (DMSO-dg / 400 MHz) & ppin 6.32 (bs, 2H) 6.93 (d, J=5.24 Hz, 1H) 7.14 (s,
1H}) 7.25 (m, 2H) 7.65 (t, /=8.17 Hz, 1H) 8.15 (d, /=5.25 Hz, 1H) 12.20 (bs, 1H); MS:
m/z 331 [M-H].
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Example 22, step-3
3-(2-Amino-pyrimidin-4-vI)-2-(4-chloro-2-fluero-phenvl)-1H-pyrrole-3-carboxylic
acid amide (F36)

'"H NMR (DMSO-ds/ 400 MHz) & ppm 6.37 (bs, 2H), 6.80 (bs, [H), 6.93 (d, /=5.24 Hz,
1H), 7.31-7.37 (m, 2H), 7.41 (bs, 1H), 7.46 (dd, /=9.76, 1.95 Hz, 1H), 7.49-7.56 (m,
1H), 8.23 (d, J=5.24, 1H), 11.95 (bs, LH); ESI (+) MS: m/z 332 (MH").

Example 23, step-1
5-(2-Amino-pyrimidin-4-y})-2-(2.6-difluoro-phenvl)-1 H-pvrrole-3-carboxylic acid
ethyl ester
'"H NMR (DMSO-ds / 400 MHz) & ppm 1.09 (t, /=7.07 Hz, 3H) 4.06 (9, /=7.07 Hz, 2H)
6.46 (bs, 2H) 7.01 (d, /=5.24 Hz, 1H) 7.14 - 7.26 (m, 2H) 7.34 (d, /=2.32 Hz, 1H) 7.49
- 7.60 (m, 1H) 8.24 (d, /=5.24 Hz, 1H) 12.44 (bs, 1H); ESI (+) MS: m/z 345 (MH").

Example 23, step-2

2.6-difluoro-phenvl)-1H-pyrrole-3-carboxylic acid
'H NMR (DMSO-ds / 400 MHz) 3 ppm 6.42 (bs, 2H) 6.99 (d, /=5.24 Hz, 1H) 7.12 -
7.23 (m, 2H) 7.30 (d, /=1.95 Hz, 1) 7.48 - 7.56 (m, 1H) 8.22 (d, /=5.24 Hz, 1H) 11.92
(bs, 1H) 12.32 (bs, 1H); MS: m/z 315 [M-H].

Example 23, step-3
5-(2-Amino-pyrimidin-4-yl)-2-(2.6-difluore-phenyl)-1H-pvrrole-3-carboxvlic acid

amide (F37)
IHNMR (DMSO-dg/ 400 MHz) 6 ppm 6.40 (bs, 2H), 6.75 (bs, 1H), 6.89 (d, /=5.24 Hz,

1H), 7.09-7.16 (m, 2H), 7.38 (d, J=2.44 Hz, 1H), 7.41 (bs, 1H), 7.43-7.52 (m, 1H), 8.22
(d, /=5.24 Hz, 1H), 12.10 (bs, LH); ESI (+) MS: m/z 316 (MH™.
Example 24, step-1

rroale-3-carboxvlic acid ethvl

ester

"I NMR (DMSO-dg / 400 M1z) & ppm 1.26 (t, /=7.07 Hz, 311) 4.19 (q, /=7.07 Hz, 211)
6.47 (bs, 2H) 7.11 (d, /=5.12 Hz, 1H) 7.15 (dd, J=5.06, 3.72 Hz, 1H) 7.30 (d, J=2.07
Hz, 1H) 7.64 (dd, J=3.66, 1.22 Hz, 1H) 7.67 (dd, J=5.06, 1.16 Hz, 1H) 8.23 (d, /=5.24
Hz, 1H) 11.92 (bs, 1H); ESI (++) MS: m/z 315 (MH").
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Example 24, step-2
vrimidin-4-y1)-2-thiophen-2-vl-1H-

MS: n/z 285 [M-H].

vrrole-3-carboxvlic acid

Example 24, step-3

5-(2-Amino-pvrimidin-4-vl)-2-thiophen-2-yl-1H-pvrrole-3-carboxvlic acid amide
(G2)
'H NMR (DMSO-d¢/ 400 MHz) 8 ppm 6.46 (bs, 2H) 6.91 (bs, 111) 7.04 (d, J=5.37 Hz,
1H) 7.11 (dd, J=5.12, 3.66 Hz, 1H) 7.30 (d, /=1.95 Hz, 1H) 7.44 (bs, 1H) 7.57 (dd,
J=5.12, 1.22 Hz, 1H) 7.66 (dd, J=3.66, 1.22 Hz, 1H) 8.23 (d, J=5.24 Hz, 1H) 11.60 (bs,
1H); ESI (+) MS: mv/z 286 (MH").

Example 25, step-1

5-(2-Amino-pyrimidin-4-v1)-2-(S5-methyl-thiophen-2-yI)-1H-pyrrole-3-carboxvlic
acid ethyl ester
'H NMR (DMSO-ds / 400 MHz) 8 ppm 1.26 (t, ~=7.07 Hz, 3H) 2.50 (s, 3H) 4.19 (q,
J=7.07 Hz, 2H) 6.46 (bs, 2H) 6.84 (dd, /=3.54, 0.98 Hz, 1H) 7.10 (d, /=5.24 Hz, 1H)
7.27 (d, /=2.07 Hz, iH) 7.45 (d, /=3.54 Hz, 1H) 8.22 (d, J/=5.12 Hz, 1H) 11.92 (bs,
1H); ESI (+) MS: m/z 329 (M),

Example 25, step-2

5-(2-Amino-pyrimidin-4-yl)-2-(5-methyl-thiophen-2-yl)-1H-pyrrole-3-carboxviic

acid

MS: m/z 299 [M-H].

Example 25, step-3
S-methyl-thiophen-

2-yl)-1H-pvyrrole-3-carboxvlic

acid amide {(G3)
'H NMR (DMSO-dg/ 400 MHz) 6 ppm 2.46 (d, /=0.73 Hz, 31I) 6.40 (bs, 2H) 6.79 (dd,

J=3.54, 1.10 Hz, 1H) 6.85 (bs, 1H) 7.01 (d, J=5.24 ¥z, 1H) 7.25 (d, J=2.07 Hz, 1)
7.38 (bs, 1H) 7.44 (d, J=3.29 Hz, 1H) 8.21 (d, J=5.24 Hz, 11I) 11.45 (bs, 1H); ESI (+)
MS: m/z 300 (MH").
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Example 26, step-1
3-[5-(2-Amino-pvrimidin-4-yl)-3-ethexvearbonvi-1H-pvrrel-2-yl]-3.4-dihvdro-1H-
isoquinoline-2-carboxyvlic acid tert-butyl ester
'H NMR (DMSO-ds / 400 MHz) & ppm 1.08 (t, /=7.01 Hz, 3H) 1.44 (s, 9H) 2.51 - 2.59
(m, 2H) 3.42 - 3.53 (m, 2H) 4.03 (g, /=7.03 Hz, 2H) 4.58 (bs, 2H) 6.45 (bs, 2H) 7.03 (d,
J=5.24 Hz, 1H) 7.16 - 7.35 (m, 4H) 8.21 (d, /=5.00 Hz, 1H) 12.11 (bs, 1H); ESI (+)
MS: m/z 464 (MH").

Example 26, step-2
5-[3-(2-Amino-pyrimidin-4-yl)-3-carboxy-1H-pyrrol-2-vl]-3.4-dihydro-1H-

isoquingline-2-carboxvlic acid fert-butvi ester
MS: m/z 434 [M-H].

Example 26, step-3
5-[5-(2-Amino-pyrimidin-4-yl)-3-carbameyl-1H-pyrrol-2-vl]-3.4-dihvdro-1H-
isoquinoline-2-carboxylic acid tert-butyl ester (G7)

'H NMR (DMSO-d¢/ 400 MHz) & ppm 1.44 (s, SH) 2.58 (t, /=5.79 Hz, 2H) 3.48 (1,

J=6.10 Hz, 2H) 4.58 (bs, 2H) 6.89 (bs, 1H) 7.11-7.39 (m, 5H) 7.64 (d, J/=2.19 Hz, 1H)

1.75 (bs, 2H) 8.27 (d, J/=6.34 Hz, 1H) 12.28 (bs, 1H); ESI (++) MS: m/z 435 (MH™).
Example 27

3-(2-Amine-pyrimidin-4-v)-2-(1.2,3.4-tetrah vdro-isoquinolin-5-v)-1H-pyrrole-3-

carboxvlic acid amide (G8)

By treatment of compound G7 prepared in Example 26 with acids, for instance

trifluoroacetic acid at room temperature for 24 h, the corresponding deprotected analog
G8 was obtained.

'H NMR (DMSO-dy/ 400 MHz) & ppm 2.78 (t, /=5.91 Hz, 2H) 4.35 (t, /=4.51 Hz, 2H)
6.90 (bs, 1H) 7.25 (d, /=6.58 Hz, 1H) 7.27-7.30 (m, 1H) 7.31-7.39 (m, 3H) 7.70 (d,

| J=2.44 11z, 1I) 7.86 (bs, 3H) 8.30 (d, J=6.46 Fz, 111) 9.32 (bs, 2I1) 12.44 (bs, 1[1); ESI

(+) MS: m/z 335 (MH").

Example 28, step-1 -
5-(2-Amino-pyrimidin-4-yl)-2-pyridin-2-vl-1H-pyrrole-3-carboxvlic acid ethyl
ester
'H NMR (DMSO-ds / 400 MHz) & ppin 1.29 (t, 34, J/=7.1 Hz) 4.25(q, 2H, J=7.07 Hz)
6.64 (bs, 2H) 7.16 (d, 1H,J/=5.12 Hz) 7.4 (m,2H) 7.9 (td, 1H, J=7.8, 1.83 Hz) 8.2 (d,
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1M, /=5.12 Hz) 8.4 (dt, IH,J=8.05,0.98 11z) 8.7 (ddd, LH, J=4.82,1.77,0.98 Hz)
11.5 (bs, 1H); ESI (+) MS: m/z 310 (MH").

Example 28, step-2
ridin-2-yl-1H-
"H NMR (DMSO-ds / 400 MHz) & ppm 6.46 (bs, 2H) 7.08 (d, 1H, /=5.12 Hz) 7.31 (m,
2H) 7.91 (1, 1H, J/=7.87 Hz) 8.17 (d, 1H, J=5.12 Hz) 8.55 (d, 11, J=3.90 Hz) 8.80 (bs,
1H); MS: m/z 280 [M-H].

vrrole-3-carboxvlic acid

Example 28, step-3
3-(2-Amino-pyrimidin-4-yl)-2-pyridin-2-vl-1H-pyrrole-3-carboxvlic _acid _amide
G12
'"H NMR (DMSO-d¢/ 400 MHz) & ppm 6.62 (bs, 2MH), 7.03 (d, /=5.12 Iz, 11}, 7.16 (bs,
1H), 7.33-7.40 (m, 2H) 7.86-7.93 (i, 1), 8.25 (d, J=5.12 Hz, 1H), 8.28 (bs, 1H), 8.43
(d, /=8.17 Hz, 1H), 8.62-8.67 (m, 1H), 11.29 (s, LH); ESI (+) MS: m/z 281 (MH™).

Example 29, step-1
3-(2-Amino-pvrimidin-4-vl)-2-(1-methvl-1H-indol-3-v])-1H-pvrrole-3-carboxvlic

acid ethyl ester
'"H NMR (DMSO-d; / 400 MHz) & ppm 1.12 (t, J=7.07 Hz, 3H) 3.87 (s, 3H) 4.08 (q,
J=7.07 Hz, 2H) 6.41 (bs, 2H) 7.05 (d, /=5.24 Hz, 1) 7.08 - 7.14 (m, 1H) 7.19 - 7.25
{(m, 1H) 7.33 (d, /=2.68 Hz, 1H) 7.47 - 7.53 (in, 2H) 7.77 (s, 1H) 8.18 (d, J=5.24 Hz,
1H) 11.65 (bs, 1H); ESI (+) MS: m/z 362 (MH™).

Example 29, step-2

1-methyl-1H-indol-3-v)-1H-

acid
"H NMR (DMSO-ds / 400 MHz) & ppm 3.87 (s, 3H) 6.40 (bs, 2H) 7.03 (d, J=5.24 Hz,
1II) 7.11 (t, J/=7.80 Hz, LH) 7.22 (t, /=7.80 Hz, [H) 7.32 (d, J=2.56 I1z, 1H) 7.49 - 7.54
(m, 2H) 7.77 (s, 1H) 8.18 (d, J=5.24 Hz, 1H) 11.50 {bs, 1H); MS: m/z 332 [M-H].
Example 29, step-3
1-methvl-1H-indol-3-vD)-1H-

acid amide {(G13)
'H NMR (DMSO-dg/ 400 MHz) & ppm 3.87 (s, 3H), 6.35 (bs, 2H), 6.73 (bs, 1H), 6.91

(bs, 1H), 6.98 (d, J=5.24 Hz, 1H), 7.11 (t, J=7.07 Hz, 1H), 7.22 (t, J=7.07 Hz, 1H), 7.32
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(d, J=2.68 Iz, 11I), 7.48-7.53 (m, 211), 7.80 (s, 1H), 8.17 (d, J=5.24 Hz, 1H), 11.36 (bs,
1H); ESI (+) MS: m/z 333 (M),

Example 30, step-1
1-methyl-1H-indol-2-y1)-1H-

vrroie-3-carboxvlic

acid ethvl ester

'H NMR (DMSO-dg / 400 MHz) & ppm 1.10 (t, /=7.07 Hz, 3H), 3.59 (s, 3H), 4.09 (q,
J=7.07 Hz, 2H), 6.47 (bs, 2H), 6.66 (d, J=0.73 Hz, 1H), 7.10 (d, /=5.24 Hz, 1H), 7.10 -
7.12 (m, IH), 7.19 - 7.27 (m, 1H), 7.38 (d, /=2.68 Hz, 1H), 7.51 (d, 7.32 Hz, 1H), 7.62
(d, /=7.80 Hz, 1H) 8.24 (d, J/=5.24 Hz, 1H) 12.33 (bs, 1H); ESI (+) MS: m/z 362
(MH").

Example 30, step-2
5-(2-Amino-pyrimidin-4-vl)-2-(1-methyl-1H-indol-2-yl)-1 H-pvrrole-3-carboxvlic
acid
MS: in/z 332 [M-H].

Example 30, step-3

5-(2-Amino-pyrimidin-4-vi)-2-(1-methyl-1H-indol-2-vh-1H-pyrrole-3-carboxvlic
acid amide (G14)
'H NMR (DMSO-d¢/ 400 MHz) & ppm 3.58 (s, 3H), 6.38 (bs, 2H), 6.61 (d, J=0.61 Hz,
1H), 6.88 (bs, 1H), 7.00 (d, J=5.24 Hz, 1H), 7.08 (t, J/=7.70 Hz, 1H), 7.20 (t, J=7.70 Hz,
1H), 7.25 (bs, 1H), 7.41 (d, /=2.44 Hz, 1H), 7.47 (d, J=7.70 Hz, 1H), 7.59 (d, J=7.70
Hz, 1H), 8.22 (d, /=5.24 Hz, 1H), 11.98 (bs, 1H); ESI (+) MS: m/z 333 (MH").

Example 31, step-1

5-(2-Amino-pyrimidin-4-vi)-2-benzo[b]thiophen-5- vrrole-3-carboxvlic acid

ethyl ester

'H NMR (DMSO-dg / 400 MHz) & ppm 1.18 (t, J/=7.07 Hz, 3H) 4.13 (q, J=7.07 Hz, 2H)

6.45 (s, 2I1) 7.10 (d, J=5.24 Hz, 1H) 7.35 (d, /=2.56 Hz, 1) 7.53 (d, /=5.12 Hz, 1H)

7.60 (dd, J=8.41, 1.59 Hz, 1H) 7.82 (d, /=5.49 Hz, 1H) 8.06 (d, /=8.41 Hz, 1H) 8.13 (d,

J=1.34 Hz, 1H) 8.22 (d, /=5.24 Mz, 1H) 12.06 (bs, 1H); ESI (+) MS: m/z 365 (MH").
Example 31, step-2

5-(2-Amino-pyrimidin-4-vl)-2-benzo| blthiophen-S-yl-1H-pvrrole-3-carboxvlic acid

MS: m/z 335 [M-H].

Example 31, step-3
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5-{2-Amino- vrimidin-4-vl)-2-benzo[b]thiophen—S—Xl-lH-pvrrole-S—carboxvlic acid
amide (G15)
'H NMR (DMSO-dg/ 400 MHHz) 8 ppm 6.43 (bs, 2H) 6.84 (bs, 1H) 7.04 (d, J=5.37 Hz,

1H) 7.31 (d, J=2.44 Hz, 1H) 7.34 (bs, 1H) 7.50 (dd, J=5.49, 0.49 Hz, IH) 7.62 (dd,
J=8.41, 1.71 Hz, 1H) 7.80 (d, J=5.49 Hz, 1H) 8.01 (d, /=8.41 Hz, 1H) 8.13 (d, /=1.34
Hz, 1H) 821 (d, /=5.37 Hz, 1H) 11.75 (bs, 1H); ESI (+) MS: m/z 336 (MH").

Example 32

3-(2-Amino-5-fluoro-pyrimidin-4-yl)-2-phenyl-1 H-pyrrole-3-carboxylic acid amide
(V1)

F _( F F 0 Br
Bu, 5|
o s A M‘L o T
—_— —_— —_—
N._zN NezN N =N
\f step 1 \]é k step 2 b step 3 N/)\NHZ
cl Cl NH,
19 20
2] 0
F OH F NH,
/ \ step 6 I \
NN S g
| ——
N\rN H o N\fN H =
NH, 22 NH, V1 (R=H)

Step 1: Alkylation of pyrimidine ring (18)
To a solution of 2,4-dichloro-5-fluoro-pyrimidine 17 (1.2 g, 7.24 mmol) in DMF (14
mL), tributyl-(1-ethoxy-vinyl)-stannane (2.7 mL, 7.9 mmol) was added, followed by
dichlorobis(triphenylphosphine) palladiwm(Il) (100 mg, 0.145 mmol), The mixture was
warmed at 70°C for 1 hour, cooled, a saturated solution of potassium fluoride (aq) was
added and the mixture was stirred at room temperature for 18 hours. After dilution with
water/diethylether and filtration through celite the organic phases were washed
thoroughly with water and concentrated. The crude material was purified with the
Horizon system (25 mm column), eluting with n-hexane/EtOAc 95:5. Obtained 2-
chloro-4-(1-ethoxy-vinyl)-5-fluoro-pyrimidine (1.24 g, 84%).
"H NMR (400 MHz, DMSO-ds) & ppm 1.32 (t, /=6.95 Hz, 3H) 3.95 (g, /~6.99 Hz, 2H)
4.88 (d, /=2.80 Hz, 1H) 5.20 (d, /=2.93 Hz, 1H) 8.90 (d, J=3.17 Hz, 1H); ESI (+) MS:
m/z 203 (MH™.
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Step 2: Amination of pyrimidine ring (19)
A solution of enolether 18 (15.5 g, 76.73 mmol) in absolute ethanol (25 mL) and 30%
aqueous ammonia (50 mL) was warmed under shaking at 100°C for 1.5 hours in a Parr
apparatus. After cooling, ethanol was removed and the compound was extracted with
dichloromethane. The crude material was purified with the Horizon system, eluting with
n-hexane/EtOAc 1:1. Obtained 4-(1-ethoxy-vinyl)-5-fluoro-pyrimidin-2-ylamine (9 g,
49.2 mmol, 64%).
"H NMR (400 MHz, DMSO-ds) & ppm 1.29 (t, /=7.01 Hz, 3H) 3.87 (q, /=6.95 Hz, 2H)
4.62 (d, /=2.44 Hz, 1H) 4.91 (dd, /=2.38, 0.55 Hz, 1H) 6.64 (bs, 2H) 8.28 (d, J=3.54
Hz, 1H); ESI (+) MS: m/z 184 (MH™),
Step 3: Bromination to bromoketone (20)
To a solution of enolether 19 (510 mg, 2.78 mmol) in THF (25 mL), water (1.7 mL) was
added followed by NBS (515 mg, 2.78 mmol). The mixture was stirred at room
temperature for 1.5 hours. Solvent was evaporated, the residue was stirred thoroughly in
methanol and filtered. Obtained 1-(2-amino-5-fluoro-pyrimidin-4-yl)-2-bromo-ethanone
(500 mg, 77%). "H NMR (400 MHz, DMSO-ds) 3 ppm 4.70 (s, 2H) 6.94 (bs, 2H) 8.50
(d, /=2.93 Hz, 1H); ESI (+) MS: mv/z 235 (MH").
Step 4: Formation of pyrrole ring (21)
To a solution of ketoester 2 (192 mg, 1 nunol) in THF (5 mL), cooled at 0°C, sodium
hydride (80 mg, 2 mmol) was added under stirring, Afier 5 minutes a solution of
bromoketone 20 (234 mg, 1 mmol) in DMF (2 mL) was added and the reaction mixture
was stirred at 50°C for 8 hours. After removal of THF, ethanol (10 mL) and ammonium
acetate (240 mg, 3 mmol) were added and the mixture was stirred at room temperature
for 20 hours. After removal of the solvent, ethylacetate was added, the organic phase
was washed with water and the crude material was purified through an Horizon system ,
eluting with n-hexane/EtOAc 1:1. Obtained 5-(2-amino-5-fluoro-pyrimidin-4-y1)-2-
phenyl-1H-pyrrole-3-carboxylic acid ethyl ester (50 mg, 16%). ESI (+) MS: mv/z 327
(MH™),
Step 5: Hydrolysis to acids (22)
To a suspension of ester 21 (25 mg, 0.077 mmol) in 95% EtOH (0.5 mL), 4M aq NaOH
(0.5 mL) was added and the mixture was refluxed for 2 h. The mixture was acidified to

pH 5 with conc HCI, observing precipitation of the product. The precipitate was filtered,
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washed with little cold water and dried. 5-(2-Amino-5-fluoro-pyrimidin-4-yl)-2-phenyl-
1H-pyrrole-3-carboxylic acid, obtained as a white solid (16 mg, 64%), was used in the
next step without further purifications.
ESI (+) MS: nvz 299 (MH).

Step 6: Condensation to amides (V1)
To a solution of acid 22 (16 mg, 0.054 mmol) in DMF (0.5 mL) and DIEA (0.03 mL)
stirred at 0°C, HOBT.NII; (13 mg, 0.08 mmol) and EDCI (16 mg, 0.08 mmol) were
added. The mixture was stirred at room temperature for 20 hours. After dilution with
ethyl acetate the organic phase was washed with water, with sat. aq. solution of sodium
bicarbonate, dried over Na;SO, and concentrated. The crude material was purified by
flash chromatography (eluant: AcOEt/n-hexane 9:1). Obtained the title compound in
74% yield.
"H NMR (DMSO-dy/ 400 MHz) & ppm 6.34 (s, 2H) 6.87 (bs, 1H) 7.27 (t, J/=2.80 Hz,
1H) 7.33-7.43 (m, 3H) 7.40 (s, 1H) 7.62-7.66 (m, 2H) 8.27 (d, /=3.41 Hz, 1H) 11.49
(bs, 1H). ESI (+) MS: nv/z 298 (MH™).

Example 33
2-Phenyl-5-(2-phenylamino-pyrimidin-4-yl)-1H-pyrrole-3-carboxylic acid amide
Yy pheny pY Y PY Xy
(H1)
| ? i
siZ (\l)k,sr OEt
(\r’l 0" K B 2 B
N\fN » N\IéN —_— | S N
N . slep1 NH step2 N /N H
oSN gt A
R1 23 R1 Q
R1
/\ OH = NH,
step 3 | = H i = H
- N\]’N R, step 4 NTN R,
H o NH
@’ Q’ H1 (R1, R2sH)
R R,

1

Step 1: Bromination to bromoketone (24)
To a solution of enolsilylether 23 (1 g, 2.27 mmol) in THF (40 mL) and water (5 mL) at
room temperature, solid NBS (0.43 g, 62.4 mmol) was added and the mixture was

stirred for 20 hours, After solvent evaporation and aqueous work-up with ethyl acetate,
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the crude material was purified by flash chromatography (eluant: n-hexane/EtOAc 4:1),
yielding 2-bromo-1-(2-phenylamino-pyrimidin-4-yl)-ethanone as a yellow solid (0.27 g,
40%).
'H NMR (DMSO-ds / 300 MHz) & ppm 4.65 (s, 2H), 6.7 (m, 1H), 6.9 (d, 1H), 7.0 (m,
2H), 7.4 (d, 2H), 8.4 (d, 1H), 9.6 (s, 1H); ESI (+) MS: m/z 293 (MH").

Step 2: Pyrrole ring formation (25)
To a solution of ester 2 (150 pL, 0.87 mmol) in anhydrous THF (40 mL) at 0°C, NaH
(50 mg, 1.2 mmol) was added under argon with stirring. After 40 min bromoketone 24
(260 mg, 0.89 mmol, prepared as described in WO2005014572) was added and the
mixturc was stirred at rt for 3 h, Solvent was cvaporated to dryness, the residue was
dissolved in EtOH (10 mL), ammonium acetate (343 g, 4.45 mmol) was added and the
solution was stirred at 1t overnight. Solvent was evaporated to dryness and EtOAc and
water were added to the crude material and the organic layer was scparated, washed
with water, dried (Na;SO4) and concentrated. The residue was taken up with
Et2O/EtOAc/n-hexane (l1:1:1) and filtered. Obtained 2-phenyl-5-(2-phenylamino-
pyrimidin-4-yl)-1H-pyrrole-3-carboxylic acid cthyl ester (120 mg, 36%).
"H NMR (DMSO-d¢/ 400 MHz) & ppm 1.20 (t, 3H) 4.14 (g, 2H) 6.90-7.85 (m, 11H)
7.35 (d, /=5.27 Hz, 1H) 8.46 (d, J=5.27 Hz, 1H) 9.45 (s, 1H) 12.10 (s, 1H); ESI (+) MS:
m/z 385 (MH").

Step 3: Saponification to carboxylic acids (26)

To a suspension of ester 25 (120 mg, 0.31 mmol) in 95% EtOH (3 mL), 4M aq NaOH
(4 mL) was added and the mixture was refluxed for 4 h. Most solvent was evaporated
and the residue, cooled in ice bath, was acidified to pH 5 with conc. AcOH, observing
precipitation of the product. The precipitate was filtered, washed with little cold water,
and dried. 2-Phenyl-5-(2-phenylamino-pyrimidin-4-y!)-1H-pyrrole-3-carboxylic acid,
obtained as a white solid (100 mg), was used in the next step without further
purifications. MS: m/z 355 [M-H).

Step 3: Condensation to amides (H1)
To a suspension of acid 26 (90 mg, 0.25 mmol) in DMF (3 mL), DIEA (120 uL, 0.67
mmol), EDCI (100 mg, 0.52 mmol) and HOBT NI1; (79 mg, 0.52 mmol) were added.
The reaction mixture was stirred at rt overnight then it was poured into a stirred 1:1

mixture of water and EtOAc. The organic phasc was washed with water, the aqueous
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layer was extracted with EtOAc and the combined organic layers were washed with
water, dried (Na;SQ,) and concentrated, affording a crude material that was purified by
flash chromatography (DCM/MeOH 96:4), affording 2-phenyl-5-(2-phenylamino-
pyrimidin-4-yl)-1H-pyrrole-3-carboxylic acid amide as a white solid (35 mg, 30% two
steps).

'"H NMR (300 MHz, DMSO-d;) 8 ppm 6.90 (s, 1H) 6.95 (t, /=7.33 Hz, 1H) 7.25-7.50
(m, 7H) 7.29 (d, /=5.57 Hz, 1H) 7.60 (d, 2H) 7.85 (d, J/=7.62 Hz, 2H) 8.43 (d, J=5.27
Hz, 1H) 9.40 (s, 1H) 11.75 (s, 1H); ESI (+) MS: m/z 356 (MH").

Example 34
5-(2-Amino-pyrimidin-4-yI)-1-ethyl-2-phenyl-1H-pyrrole-3-carboxylic acid amide
(L1

0
o Br OFEt
2 step 2
| N - N / \ —_—
41\ step 1 | N
N” NH, NYN R
14 NH o7
0] O
3 OH step 3 7y NH,
Y N [ 7 N
N\I/,N P R NN _J R
NH, NH,
28 L1 (R=H)

Step 1: Formation of pyrrole ring (27)

To a solution of ester 2 (1.34 g, 7 mmol) in anhydrous THF (100 mL) at 0°C, NaH (0.7
g, 17.5 mmol) was added under argon with stirring. After 5 min bromoketone 14 (2.5 g,
8.4 mmol) was added and the mixture was stirred at rt for 3 h. Solvent was evaporated,
the residue was dissolved in AcOH (30 mL) and 2M EtNH, in THF (8.7 mL, 17.5
mmol). The mixture was treated with microwaves at 170°C for 5 min then it was diluted
with EtOAc and washed with NaHCO; aq saturated solution. The aqueous layer was
extracted with EtOAc and the combined organic layers were washed with water, dried
(Na;SOy) and concentrated. The residue was purified by flash chromatography
(DCM/EtOH/acetone 96:2:2), thus affording 0.7 g of 5-(2-amino-pyrimidin-4-yi)-1-
ethyl-2-phenyl-1H-pyrrole-3-carboxylic acid ethyl ester (29% yield). ESI (+) MS: m/z
337 (MHY),
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Step 2: Saponification to carboxylic acids (28)
To a suspension of ester 27 (0.7 g, 2.08 mumol) in 5% EtOH (8 mL), 4M aq NaOH (8
mL) was added and the mixture was stirred for 1 h at 100 °C. The solvent was removed
under vacuum and the aqueous residue was acidified with conc HCI to pH 5, observing
precipitation of the product. The mixture was filtered, the solid was washed with little
cold water and dried thus affording 0.66 g of 5-(2-amino-pyrimidin-4-yl)-1-ethyl-2-
phenyl-1H-pyrrole-3-carboxylic acid that was used in the next step without further
purification. MS: m/z 307 [M-H].
Step 3: Condensation to amides (L1)
To a suspension of acid 28 (400 mg, 1.31 mmel) in 10 mL of THF and 600 uL of DIEA
(3.52 mmol), cooled in ice bath, 336 mg of EDCI (1.75 mmol) and 267 mg of
HOBT-NHj3 (1.75 mmol) were added and the mixture was stirred overnight at rt. EtOAc
and water were added, the layers were separated, the aqueous layer was extracted with
EtOAc and the combined organic layers were washed with 1M aq NaOH and water.
They were then dried (Na;SO4) and concentrated. The residue was filtered and washed
with little cold MeOH. The mother liquor was purified by flash chromatography
(DCM/MeOH/acetone 90:5:5), affording the desired amide. The two product batches
were combined, suspended in MeOH and acidified to pH 1 with 1.25M HCI in MeOH.
The solvent was removed and the residue was treated with Et,O: the resulting solid was
filtered, washed with Et;O and concentrated, affording 380 mg of the hydrochloric salt
of 5-(2-amino-pyrimidin-4-yl)-1-ethyl-2-phenyl-1H-pyrrole-3-carboxylic acid amide
(1.1 mmol, 83% yield).
'H NMR (DMSO-d¢/ 400 MHz) 8 ppm 1.08 (t, /=6.89 Hz, 3H) 4.37 (g, /=6.91 Hz, 2H)
6.87 (bd, J=21.95 Hz, 2H) 7.18 (d, /=6.58 Hz, 1H) 7.38-7.43 (m, 2H) 7.50-7.55 (m, 3H)
7.81 (s, 1H) 8.00 (bs, 31) 8.23 (d, J/=6.71 Hz, 1H); ESI (+) MS: m/z 308 (MH"),
Example 35
2-Bromo-5-pyridin-4-yl-1H-pyrrole-3-carboxylic acid amide (R1) and 2-(3-
methoxy-phenyl)-5-pyridin-4-yl-1H-pyrrole-3-carboxylic acid amide (A11)
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Step 1: Condensation to cyanoester (29)
To a suspension of sodium metal (81 mg, 3.5 mmol) in 10 mL anhydrous EtOH,
ethylcyanoacetate (0.37 mL, 3.5 mmol) was added at 0°C. The solution was stirred until
sodium was completely dissolved. The solvent was evaporated to obtain a white solid
that was added portionwise to a stirred solution of bromoacetylpyridine 1 (1.0 g, 3.5
mmol) in anhydrous THF (20 mL) and DIEA (0.6 mL, 3.5 mmol). The reaction mixture
was stirred overnight at rt. The solvent was removed, the residue was suspended in
water and extracted with DCM. The organic extracts were dried over Na,SQ,; and
concentrated. The crude was purified by flash chromatography (DCM/MeQH 95:5) to
give 710 mg (87%) of 2-cyano-4-oxo-4-pyridin-4-yl-butyric acid ethyl ester as a reddish
oil.
'H NMR (DMSO-d¢/ 400 MHz) & ppm 1.23 (t, J=7.07 Hz, 3H), 3.88 (d, J=5.25 Hz,
2H), 4.21 (g, /=7.07 Hz, 2H), 4.64 (t, J=5.25 Hz, 111), 7.89 (d, J=6.00 Hz, 2H), 8.85 (d,
J=6.00 Hz, 2H); ESI (+) MS: m/z 233 (MH").

Step 2: Formation of pyrrole ring (30)
To a solution of HBr (33% in AcOH, 13 mL, 43.1 mmol) at 0°C a solution of
cyanoester 29 (1.0 g, 4.3 mmol), dissolved in Et;0 and DCM, was added dropwise. The
reaction mixture was left for 20 min at 0°C and then at rt until disappearance of the
starting material (2.5 h). The solid was filtered and washed with acetone and MeOH.
The pyridinium salt was neutralized with 7N NH; in MeOH. The solid was purified by
flash chromatography (DCM/MeQOH 95:5) to give 800 mg (62%) of 2-bromo-5-pyridin-
4-yl- 1 H-pyrrole-3-carboxylic acid ethyl ester as an orange solid.
'H NMR (DMSO-d¢/ 400 MHz) 8 ppm 1,31 (t, J/=7.12 Hz, 3H), 4.24 (q, /=7.12 Hz,
2H), 7.26 (s, I1H), 7.71 (d, /=6.22 Hz, 2H) 8.54 (d, /=6.22 Hz, 2H), 12.85 (s, 1H); ESI
(+) MS: m/z 295 (M™Y.
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Step 3: Saponification to carboxylic acid (31)
Ester 30 (1.0 g, 3.74 mmol), dissolved in & mL of 4M aq NaOH and 8 mL EtOH, was
refluxed for 4 h. The solution was cooled and neutralized with AcOH. The precipitate
was filtered and washed with water and acetone to afford 850 mg (85%) of 2-bromo-5-
pyridin-4-yl-1H-pyrrole-3-carboxylic acid as a white solid.
'H NMR (DMSO-ds/ 400 MHz) & ppm 7.33 (s, 1H), 7.83 (d, J=6.00 Hz, 2H), 8.58 (d,
=6.00 Hz, 2H), 12.37 (bs, 1H), 12.91 (s, 1H); MS: m/z 266 [M-H].
Step 4: Condensation to amide (R1)
Acid 31 (450 mg, 1.68 mmol) was dissolved in anhydrous THF (20 mL) in the presence
of DIEA (1.27 mL, 7.30 mmol). To the solution, cooled to 0 °C, EDCI (1.0 g, 5.5
mmol) and HOBT-NH; (812 mg, 5.34 mmol) were added. The reaction mixture was left
overnight at rt, The solvent was evaporated, water was added and the slurry was
extracted with DCM. The crude was purified by flash chromatography (DCM/MeOH
95:5) to yield 150 mg (33%) of 2-bromo-5-pyridin-4-yl-1H-pyrrole-3-carboxylic acid
amide as a pale yellow solid.
'H NMR (DMSO-dy/ 400 MHz) & ppm 7.02 (s, 2H), 7.29 (s, 1H), 7.59 (d, J= 6.25 Hz,
2H), 8.52 (d, J=6.25 Hz, 2H), 12.54 (s, 1H); ESI (+) MS: m/z 267 (MII").
Step 5: Suzuki coupling to amides (A11)
To a solution of amide R1 (110 mg, 0.41 mmol) in dcoxygenated toluene/EtOH 1:1 (5
mL), deoxygenated 1M aq Na,CO; (1.1 mL, 1.12 mmol), LiCl (57 mg, 1.35 mmol), the
conveniently substituted phenyl boronic acid (0.67 mmol) and (PhsP).PdCl> (3 mg)
were added and the mixture was stirred at 100°C until disappearance of the starting
material. The solvent was evaporated and the crude was purified by flash
chromatography (eluant: DCM/MeOH 95:5). When required the product was dissolved
in EtOH, treated with 2N HCI in Et,O until precipitation of the hydrochloride salt which
was filtered affording 2-(3-methoxy-phenyl)-5-pyridin-4-yl-1H-pyrrole-3-carboxylic
acid amide (68% yield).
"H NMR (DMSO-ds/ 400 MHz) & ppm 3.83 (s, 3H), 6.66 (bs, 2H), 7.28 (m, 3H), 7.40
(m, 2H), 8.24 (d, J=6.82 Hz, 2H), 9.11 (d, /=6.82 Hz); BESI (+) MS: m/z 294 (MH").

By using this procedure the following compounds were obtained,
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Example 36

vrrole-3-carboxvlic acid amide

hyvdrochloride (A12)
'H NMR (DMSO-d¢/ 400 MHz) & ppm 3.84 (s, 3H), 7.07 (d, J=8.90 Hz, 2H), 7.33 (bs,
2H), 7.67 (d, /=8.90 Hz, 2H), 7.73 (s, 1H), 8.22 (d, /=6.50 Hz, 2H), 8.72 (d, /=6.50 Hz,
2H), 12.28 (s, 1H); ESI (+) MS: m/z 294 (MH").

Example 37

2-(2-Methoxy-phenyl)-5-pvridin-4-yl-1H-pvrrole-3-carboxvlic acid amide
hydrochloride (A10)

"H NMR (DMSO-dg/ 400 MHz) & ppm 3.76 (s, 3H), 6.95 (bs, 2Hj), 7.06 (t, J/=8.05 Hz,
1H), 7.16 (d, /=8.05 Hz, 1H), 7.40 (dd, J=1.71 Hz, 7.44 Hz, 1H), 7.46 (m, 1H), 7.73 (s,
1H), 8.15 (d, /=7.00 Hz, 2H), 8.71 (d, J/=7.00 Hz, 2H), 12.42 (s, 1H); ESI (+) MS: m/z
294 (MHY).

Example 38
2-(4-Nitro-phenyl)-5-pvridin-4-vl-1H-pvrrole-3-carboxvlic acid amide {A15)
'H NMR (DMSO-dg/ 400 MHz) 8 ppm 7.40 (bs, 2H), 7.70 (s, 1H), 8.02 (d, /=8.78 Hz,
2H), 8.19 (d, /=6.20 Hz, 2H), 8.32 (d, /=8.78 Hz, 2H), 8.77 (d, /=6.20 Hz, 2H), 12.57
(bs, 1H); ESI (+) MS: m/z 309 (MH").

Example 39

5-(2-Amino-pyrimidin-4-yl)-2-brome-1H-pyrrole-3-carboxylic aci@ amide (R2) and
5-(2-amine-pyrimidin-4-yl)-2-thiophen-3-yl-1H-pyrrole-3-carboxylic acid amide

(G1)
CN O
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14 32 33
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Step 1: Condensation to cyanoester (32)
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Ethylcyanoacetate (5.3 mL, 0.05 mol) was added to a suspension of sodium metal (1.15
g, 0.05 mol) in 150 mL of anhydrous EtOH at 0°C, After sodium dissolution the
reaction mixture was concentrated and the resultant solid was added to a solution of
bromoketone 14 (15 g, 0.05 mol) in 300 mL of anhydrous THF and DIEA (8.8 mL, 0.05
mol). The reaction mixture was stirred overnight at rt, concentrated and the residue was
suspended in water and extracted with DCM. The organic extracts were dried (Na,SO4)
and concentrated. The crude was purified by flash chromatography (DCM/MeOIH 95:5)
to give 4.5 g (37%) of 4-(2-amino-pyrimidin-4-yl)-2-cyano-4-oxo-butyric acid ethyl
ester as an oil.
'H NMR (DMSO-d¢/ 400 MHz) & ppm 1.21 (t, /=7.08 Hz, 3H), 3.73 (d, J/=5.61 Hz,
2H), 4.18 (q, /=7.08 Hz, 2H), 4.58 (t, J=5.61 Hz, 1), 6.97 (d, J/=4.88 Hz, 1H), 7.04
(bs, 2H), 8.52 (d, /=4.88 Hz, 1H); ESI (+) MS: m/z 249(MH").

Step 2: Formation of pyrrole ring (33)
A solution of cyanoester 32 (364 mg, 1.47 mmol) in anhydrous Et-O and DCM (1:1, 10
mL) was added dropwise to 4.5 mL of 33 % HBr in AcOH at 0°C. The mixture was left
at 0°C for 30 min and then at rt until disappearance of the starting material. The solid
was filtered, washed with acetone and MeOH, neutralized with 7N NH; in MeOH to
afford 400 mg (88%) of 5-(2-amino-pyrimidin-4-yl)-2-bromo- 1 H-pyrrole-3-carboxylic
acid ethyl ester.
'H NMR (DMSO-dg/ 400 MHz) & ppm 1.26 (t, /=7.10 Hz, 3I), 4.20 (g, J=7.10 Iz,
2H), 6.43 (bs, 2H), 6.99 (d, /=5.24 Hz, 1H), 7.23 (s, 1H), 8.23 (d, /=5.24 Hz, 1H); ESI
(+) MS: m/z 312 (MH").

Step 3: Saponification to carboxylic acid (34)

A solution of ester 33 (2 g, 6 mmol), in 15 mL of EtOH and 15 mL of 4M aq NaOH,
was refluxed at 100° C for 6 h. The acid was precipitated with AcOH, filtered and
washed with acetone to give 80 mg (88%) of 5-(2-amino-pyrimidin-4-yl)-2-bromo- 1H-
pyrrole-3 carboxylic acid.
'H NMR (DMSO-dy¢/ 400 MHz) 8 ppm 6.06 (br, 2H), 6.87 (d, J=5.20 Hz, 1H), 7.08 (s,
1H), 8.00 (d, /=5.20 Hz, 1H); MS: m/z 282 [M-H].

Step 4: Condensation to amides (R2)
A solution of 500 mg (1.77 mmol) of acid 34 in 20 mL of dry THF and DIEA (0.6 mL,
3.54 mmol) was stirred at 0 °C. EDCI (508 mg, 2.65 mmol) and HOBT.NH; (404 mg,
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2.65 mmol) were added and the reaction mixture was stirred overnight at rt. The
solution was concentrated and the crude was purified by HPLC preparative. Obtained 5-
(2-amino-pyrimidin-4-yl)-2-bromo- ! H-pyrrole-3-carboxylic acid amide.
'"H NMR (DMSO-dg¢/ 400 MHz) 8 ppm 6.97 (d, J=5.57 Hz, 1H) 7.00 (bs, 1H) 7.17 (bs,
1H) 8.24 (d, J=5.57 Hz, 1H) 12.66 (bs, LH); ESI (+) MS: m/z 283 (MH").

Step 5: Suzuki coupling to amides (G1)
Bromoamide R2 (224 mg, 0.79 mmol) was dissolved in EtOH (6 mL) and toluene (6
mL}), LiCl (99 mg, 2.37 mmol), 1M aq NaxCOs; (1.97 mmol), 3-thiophenboronic acid
(152 mg, 1.18 mmol) and (Ph;P);PdCL (6 mg, 0.008 mmol) were added and the
reaction mixture was heated to reflux for 6 hr and then overnight at ri. The solvent was
evaporated under reduced pressure and the crude material was purified by flash
chromatography (DCM/MeOH 9:1) to afford 120 mg (53%) of 5-(2-amino-pyrimidin-4-
yl})-2-thiophen-3-yl- 1H-pyrrole-3-carboxylic acid amide.
'H NMR (DMSO-d¢/ 400 MHz) & ppm 6.36 (bs, 2H), 6.87 (bs, 2H), 7.01 (d, J=5.24 Hz,
1H), 7.26 (d, /=2.44 Hz, 1H), 7.54 (d, J/=2.93 Hz, 5.00, 1H), 7.65 (dd, /=1.22 Hz, 5.00,
1H), 8.11 (dd, /=1.22 Hz, 2.93, 1H), 820 (d, J=5.24 Hz, 1H), 11.52 (bs, 111); ESI (+)
MS: m/z 286 (MH").
The above procedure was employed to synthesize the following compounds.

Example 40

5-(2-Amine-pyrimidin-4-yl)-2-(4-fluoro-2-methyl-phenyl}-1H-pyrrole-3-carboxylic
acid amide (F13)
'H NMR (DMSO-d¢/ 400 MHz) & ppm 2.15 (s, 3H), 6.31 (bs, 2H), 6.69 (bs, 1H), 6.92
(d, /=5.24 Hz, 1H), 7.05 (td, /=8.41, 2.56 Hz, 1H), 7.05 (dd, /=7.68, 2.56 Hz, 1H), 7.06
(bs, 1H), 7.28 (dd, /=8.41, 7.68 Hz, 1H), 7.32 (d, /=2.56 Hz, 1H), 8.18 (d, /=5.24 Hz,
1H), 11.75 (bs, 1H); ESI (+) MS: my/z 312 (MH").

Example 41
5-(2-Amino-pvrimidin-4-v1)-2-(5-fluoro-2-methyl-phenyl)-1H-pyrrole-3-carboxvlic
acid amide (F14
'H NMR (DMSO-dy¢/ 400 MHz) § ppm 2.11 (s, 3H), 6.32 (bs, 2H), 6.72 (bs, 1H), 6.93
(d, /=5.24 11z, 1H), 7.04-7.19 (m, 3H), 7.25-7.31 (m, 1LIT), 7.33 (d, /=2.44 Hz, 111), 8.18
(d, J=5.24 Hz, 1H), 11.82 (bs, 1H); ESI (+) MS: m/z 312 (MH™).
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Example 42
vrrole-3-carboxvlic acid
amide (F15)
See Ex.17.

Example 43
S-(2-Amino-pyrimidin-4-yl)-2-(2.3-difluoro-phenyl)-1H-pyrrole-3-carboxylic acid
amide (F16
"H NMR (DMSO-ds/ 400 MHz) & ppm 6.38 (bs, 2H), 6.82 (bs, 1H), 6.95 (d, /=5.24 Hz,
1H), 7.20-7.28 (m, 1H), 7.28-7.34 (m, 1H), 7.35 (d, J/=2.56 Hz, 1H), 7.39-7.50 (m, 2I1),
8.23 (d, J=5.24, 1H), 12.00 (bs, 1H); ESI (+) MS: m/z 316 (MH").

Example 44

5-(2-Amino-pyrimidin-4-yl)-2-(2.4-difluore-phenvl)-1H-pvrrole-3-carboxylic acid
amide (F'17

"H NMR (DMSOQ-ds/ 400 MHz) & ppm 6.41 (bs, 2H), 6.77 (bs, 1H), 6.94 (d, /=5.24 Hz,
1H), 7.13 (m, 1H), 7.28 (m, 1H), 7.35 (d, J=2.56 Hz, 1H), 7.38 (bs, 1H), 7.54 (m, 1H),
8.23 (d, /=5.24 Hz, 1H), 11.93 (bs, 1H); ESI () MS: m/z 316 (MH").

Example 45

amide (F18)
"H NMR (DMSO-ds/ 400 MHz) & ppm 6.40 (bs, 2H) 6.81 (bs, 1H) 6.94 (d, /=537 Hz,

1H) 7.33 (d, /=2.44 Hz, 1H) 7.42 (bs, 1H) 8.22 (d, J/=5.24 Hz, 1H) 11.95 (bs, 1H); ESI
(+) MS: m/z 316 (MH").

Example 46
5-(2-Amino-pyrimidin-4-vl}-2-(2-chlorg-phenyl)-1 H-pvrrole-3-carboxvlic acid
amide (F19
‘H NMR (DMSO-d¢/ 400 MHz) & ppm 6.37 (bs, 2H), 6.69 (bs, 1H), 6.93 (d, /=5.24 Hz,
1H), 7.19 (bs, 1H), 7.33 (d, /=2.56 Hz, 1H), 7.35-7.45 (m, 3H), 7.48-7.53 (i, 1H), 8.19
(d, J=5.24, 1H), 11.90 (bs, 1H); ESI {(+) MS: m/z 314 (MH").
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Example 47

vrrole-3-carboxvlic acid

amide (F20

"H NMR (DMSO-dg/ 400 MHz) & ppm 6.38 (bs, 2H), 6.90 (bs, LH), 7.01 (d, /=5.24 Hz,
1H), 7.27 (d, /=2.44 Hz, 1H), 7.35-7.44 (m, 2H), 7.47 (bs, 1H), 7.59-7.65 (m, 1H), 7.73
(t, J=1.22 Hz, 1H), 8.23 (d, J=5.24, 1H), 11.79 (bs, 1H); ESI (+) MS: m/z 314 (MH").

Example 48
5-(2-Amino-pyrimidin-4-yI}-2-(4-chlore-phenyl)-1H-pvrrole-3-carboxvlic acid
amide (F21)

'"H NMR (DMSO-dq¢/ 400 MHz) 8 ppm 6.33 (bs, 2H), 6.86 (bs, 1H), 6.99 (d, J=5.24 Hz,
1H), 7.28 (d, /=2.07 Hz, 1H), 7.38-7.49 (m, 3H), 7.63-7.70 (m, 2H), 8.21 (d, J=5.24,
1H), 11.74 (bs, 1H); ESI (+) MS: m/z 314 (MH").

Example 49

5-(2-Amino-pyrimidin-4-vl)-2-(4-isobutyl-phenyl)-1H-pvrrole-3-carboxylic acid
amide (F22)
'H NMR (DMSO-dg¢/ 400 MHz) & ppm 0.90 (d, J=6.58 Hz, 6H), 1.80-1.95 (mn, 1H),
2.48 (m, 2H), 6.35 (bs, 2H), 6.80 (bs, 1H), 7.01 (d, J=5.24 Hz, 1H), 7.19 (d, /=8.17 Hz,
2H), 7.25 (d, J=2.56 Hz, 1H), 7.28 (bs, 1H), 7.56 (d, /=8.17 Hz, 2H), 8.19 (d, J=5.24
Hz, 1H), 11.56 (bs, 1H); ESI (+) MS: m/z 336 (MH").

Example 50

5-(2-Amino-pyrimidin-4-vl)-2-(2-chloro-4-fluore-phenyl}-1H-pyrrole-3-carboxylic
acid amide (F23)
'H NMR (DMSO-dg/ 400 MHz) & ppm 6.38 (bs, 2H), 6.72 (bs, 1), 6.92 (d, /=5.24 Hz,
1H), 7.22-7.33 (m, 2H), 7.35 (d, /=2.56 Hz, 1H), 7.45-7.54 (n, 2H), 8.22 (d, J=5.24 Hz,
1I1), 11.95 (bs, 1H); ESI (+) MS: mvz 336 (MITH).

Example 31

5-(2-Amino-pyrimidin-4-vI)-2-(2.5-dimethyl-phenyD-1H-pyrrole-3-carboxvlic acid
amide (F24)

'"H NMR (DMSO-d¢/ 400 MHz) & ppm 2.11(s, 3H) 2.31(s, 3H) 6.41 (bs, 2H) 6.70 (bs,
1H) 6.83(bs, 1H) 6.98 (d, J=5.37 Hz, 1H) 7.1-7.18 (m, 3H) 7.34 (d, /=2.68 Hz, 1H)
8.19(d, /=5.37 Hz, 1H) 11.74 (bs, 1H); ESI (+) MS: m/z 308 (MH").
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Example 52
5-(2-Amino-pyrimidin-4-vl)-2-(5-chloro-2-methyl-phenvl)-1H-pvrrole-3-carboxvlic
acid amide (F25)

"H NMR (DMSO-dg/ 400 MHz) 8 ppm 2.12 (s, 3H), 6.35 (bs, 2H), 6.73 (bs, 1H), 6.93
(d, /=5.24 Hz, 1H), 7.22 (bs, 1H), 7.25-7.30 (m, 2H), 7.32-7.36 (m, 2H), 8.20 (d, /=5.24
Hz, 1H), 11.85 (bs, 1H); ESI (+) MS: m/z 328 (MH").

Example 53
5-(2-Aming-pyrimidin-4-v1)-2-(2.4-dichloro-phenyl)-1H-pvrrole-3-carboxvlic acid
amide (F26)

See Ex.19.

Example 54

5-(2-Amino-pyrimidin-4-yl)-2-(5-chloro-2-fluore-phenyl)-1H-pyrrole-3-carboxvlic

acid amide (F27)
'H NMR (DMSO-dg/ 400 MHz) & ppmn 6.37 (bs, 2H) 6.80 (bs, 1H) 6.93 (d, J/=5.24 Hz,

1H) 7.28 (t, J=9.21 Hz, 1H) 7.33 (d, J/=2.44 Hz, 1H) 7.44 (bs, 1H) 7.47 (ddd, J=8.84,
4.33, 2.80 Hz, 1H) 7.55 (dd, J=6.22, 2.68 Hz, 1H) 8.22 (d, /=5.24 Hz, 1H) 11.98 (bs,
LH); ESI () MS: in/z 332 (MH").

Example 55
fluoro-4-methyl-phenyl)-1H-pyrrole-3-carboxylic

acid amide (F28)
'H NMR (DMSO-dg/ 400 MHz) & ppm 2.37 (s, 3H), 6.37 (bs, 2H), 6.73 (bs, 1I), 6.95

(d, /=5.24 Hz, 1H), 7.02-7.09 (m, 2H), 7.26 (bs, 1H), 7.30 (d, J/=2.56 Hz, 1H), 7.37 (4,
J=7.90 Hz, 1H), 8.20 (d, /=5.24 Hz, 1H), 11.78 (bs, 1H); ESI (+) MS: m/z 312 (MH").
Example S6

2-fluoro-5-methvl-

henyD)-1H-pvrrole-3-carboxylic

acid amide (F29)
'H NMR (DMSO-dg/ 400 MHz) 8 ppm 2.33 (s, 3H) 6.42 (bs, 2H) 6.75 (bs, 1H) 6.97 (d,

J=5.37 Hz, 1H) 7.11 (dd, J=9.88, 8.41 Hz, 1H) 7.19-7.25 (m, 11) 7.31 (bs, 1H) 7.30
(dd, J=6.77, 2.01 Hz, 1H) 7.32 (d, J=2.44 Hz, 1H) 8.21 (d, /=5.37 Hz, 1H) 11.85 (bs,
LI); ESI () MS: nv/z 312 (MIT).
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Example 57
2-fluoro-3-methyl-

henvl)-1H-pvrirole-3-carboxylic

acid amide (F30)

'H NMR (DMSO-dy/ 400 MHz) & ppm 2.27 (d, ~1.71 Hz, 3H) 6.39 (bs, 2H) 6.74 (bs,
1H) 6.95 (d, J=5.24 Hz, 1H) 7.12 (t, /=7.56 Hz, 1H) 7.28 (bs, 1H) 8.20 (d, /=5.37 Hz,
1H) 11.81 (bs, 1H); ESI (+) MS: m/z 312 (MH").

Example 58
5-(2-Amino-pyrimidin-4-yl)-2-(5-chloro-2-fluore-3-methyl-phenyl)-1H-pvrrole-3-
carboxylic acid amide (F32)

'H NMR (DMSO-dy¢/ 400 MHz) 8 ppm 2.26 (s, 3H), 6.41 (bs, 2H), 6.80 (bs, 1H), 6.95
(d, /=5.24 Hz, 1H), 7.32 (d, /=2.32 Hz, 1H), 7.33-7.37 (i, 1H), 7.38-7.47 (m, 2H), 8.21
(d, J=5.24 Hz, 1H), 11.95 (bs, 1H); ESI (++) MS: m/z 346 (MH").

Example 59

5-(2-Amino-pyrimidin-4-y[}-2-(3-chloro-2-fluore-phenyl)-1H-pvrrole-3-carboxvlic
acid amide (F33)
'H NMR (DMSO-ds/ 400 MHz) 8 ppm 6.41 (bs, 2H) 6.81 (bs, 1H) 6.94 (d, /=5.24 Hz,
IH) 7.23-7.27 (m, 1H) 7.35 (d, /=2.44 Hz, 1H) 7.42 (bs, 1H) 7.43-7.47 (m, 1H) 8.23 (d,
J=5.24 Hz, 1H) 12,02 (bs, 1H); ESI (+) MS: m/z 332 (MH").

Example 60

S-(2-Amino-pyrimidin-4-yl}-2-(2.3-dichloro-phenvl)-1H-pvrrole-3-carboxvlic acid
amide (F34)
'H NMR (DMSO-d¢/ 400 MHz) 8 ppm 6.35 (bs, 211), 6.73 (bs, 1H), 6.90 (d, /=5.24 Hz,
1H), 7.34 (bs, 1H), 7.38-7.42 (m, 2H), 7.65-7.70 (m, 2H), 8.21 (d, /=5.24 Hz, 1H),
12.00 (bs, LH); ESI (+) MS: m/z 349 (MH"),

Example 61

S-(2-Amino-pvrimidin-4-y1)-2-(2-fluoro-3-methoxy-phenvl)-1H-pvrrole-3-
carboxvlic acid amide (F35)

"H NMR (DMSO-dg¢/ 400 MHz) 8 ppm 3.86 (s, 3H) 6.39 (bs, 2H) 6.74 (bs, 1H) 6.95 (d,
J=35.24 Iz, 1I1) 6.99-7.03 (m, 111) 7.12-7.16 (m, 111) 7.18-7.20 (m, 1II) 7.29 (bs, LII)
7.30 (d, J/=2.44 Hz, 1H) 8.21 (d, /=5.24 Hz, 1H) 11.86 (bs, 1H); ESI (+) MS: m/z 328
(MH™).
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Example 62
1}-2-benzo[b]thiophen-5-v1-1H-

vrrole-3-carboxvlic acid

5-(2-Amino-pvrimidin-4-

amide (G15)

Example 63
2-Bromo-5-(3-fluoro-pyridin-4-yl)-1H-pyrrole-3-carboxylic acid amide (R3) and 5-
(3-fluoro-pyridin-4-yl)-2-phenyl-1H-pyrrole-3-carboxylic acid amide (E1)

CN
O er ° COOEt
F step 1 F ten 2 E step 3
e %, COOEt step B
3 — = AAN  —
N N N B

CONH,

F
F 7 \COOH step 4 F 7 \CONH2 step 5 N\ f
N H N H R
37 R3 E1 (R=H)

Step 1: Condensation to cyanoester (35)

Ethylcyanoacetate (715 pL, 6.7 mmol) was added to a suspension of sodium metal (154
mg, 6.7 mmol) in 20 mL of anhydrous EtOH at 0 °C. The solution was stirred until
sodium dissolved completely. The solvent was evaporated and the solid was added to a
solution of bromoketone 11 (2 g, 6.7 mmol) and DIEA (1.16 mL, 6.7 mmol) in 40 mL
of anhydrous THF, The mixture was stirred overnight at rt. The solvent was evaporated,
the residue was suspended in water and extracted with DCM. The organic extracts were
dried (Na;SO4) and the crude material was purified by flash chromatography
(DCM/MeOH 98:2) to afford 2-cyano-4-(3-fluoro-pyridin-4-yl)-4-oxo-butyric acid
ethyl ester as an oil.

"H NMR (DMSO-dg¢/ 400 MHz) & ppm 1.22 (¢, /=7.07 Hz, 3H), 3.78 (m, 2H), 4.20 (g,
J=7.07 Hz, 2H), 4.61 (t, /=537 Hz, 1H), 7.81 (m, 1H), 8.64 (dd, /=1.22, 5.00 Hz, 1H),
8.82 (d, /=2.56 Hz, 1H); ESI (+) MS: m/z 251(MH™").

Step 2: Formation of the pyrrole ring (36)

A solution of cyanoester 35 (1.0 g, 4 mmol) in anhydrous Et;O (3 mL) and DCM (2
mL) was added to 33% HBr in AcOH (12 mL), cooled at 0°C. The reaction mixture was
stirred for 3 h, the precipitate was filtered, washed with acetone and MeOH and
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neutralized with 7N NH; in MeQIl. The solvent was evaporated to give 1.0 g (80%) of
2-bromo-5-(3-fluoro-pyridin-4-yl)-1 H-pyrrole-3-carboxylic acid ethyl ester as a solid,
'H NMR (DMSO-de/ 400 MHz) & ppm 1.26 (t, /=7.07 Hz, 3H), 4.20 (q, J=7.07 Hz,
2H), 7.08 (d, J/=3.53 Hz, 1H), 7.30 (bs, 1H), 7.83 (m, 1H), 8.39 (dd, /=0.85, 5.12 Hz,
1H), 8.55 (d, /=3.41 Hz, 1H); ESI (+) MS: m/z 314 (MH").
Step 3: Saponification to carboxylic acid (37)
Ester 36 was dissolved in 8 mL of EtOH and 8 mL of 1M aq NaOH and heated at 100°C
for 6 h. The product was precipitated with AcOH, the solid was filtered and washed
with acetone to afford 700 mg (77%) of 2-bromo-5-(3-fluoro-pyridin-4-yl)-1H-pyrrole-
3-carboxylic acid.
'H NMR (DMSO-d¢/ 400 MHz) 8 ppm 6.98 (d, J=5.12 Hz, 1H), 7.81 (q, J=5.12 [z,
1H), 8.13 (d, J=5.60 Hz, 1H), 8.25 (d, /=4.02 Hz, 1H); MS: m/z 284 [M-H].
Step 4: Condensation to amide (R3)
Acid 37 (1.68 mmol) was dissolved in anhydrous THF (20 mL) in the presence of DIEA
(1.27 ml., 7.30 mmol}. To the solution, cooled to 0 °C, EDCI (1.0 g, 5.5 mmol) and
HOBT-NH; (812 mg, 5.34 mmol) were added. The reaction mixture was left overnight
at rt. The solvent was evaporated, water was added and the slurry was extracted with
DCM. The crude was purified by flash chromatography (DCM/MeOII 98:2) to yield 2-
bromo-5-(3-fluoro-pyridin-4-yl)-1H-pyrrole-3-carboxylic acid amide as a yellow solid
(42% yield).
'H NMR (DMSO-d¢/ 400 MHz) & ppm 7.09 (s, 2H) 7.35 (s, 1H) 7.98 (d, /=4.83 Hz,
1H) 8.47 (d, /=4.84 Hz, 1H) 8.61 (d, /=0.91 Hz, 1H) 12.05 (s, 1H); ESI (+) MS: n/z
285(MH").
Step 5: Suzuki coupling to amide (E1)
To a solution of amide R3 (0.8 mmol) in deoxygenated toluene/EtOH 1:1 (10 mL),
deoxygenated IM aq Na,COs (2.2 mL, 2.2 mmol), LiCl (2.7 mmol), phenyl boronic
acid (1.4 munol) and (PhsP).PdClL (6 mg) were added and the mixture was stirred at
100°C until disappearance of the starting material. The solvent was evaporated and the
crude was purified by flash chromatography (eluant: DCM/MeOH 95:5). When required
the product was dissolved in EtOH, treated with 2N HCI in Et,O until precipitation of
the hydrochloride salt which was filtered affording 5-(3-fluoro-pyridin-4-yi)-2-phenyl-
1H-pyrrole-3-carboxylic acid amide (74% yield).
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Example 64
2-(4-Methoxy-phenyl)-5-pyridin-4-yl-1H-pyrrole-3-carboxylic acid amide (A12)
O 0O
OEt OEt
7\ /N
\-.. H Br  — =" N
\ H
N N-—? o
30 38 R=4-methoxy

To ester 30 (40 mg, 0.135 mmol), dissolved in deoxygenated EtOH/toluene 1:1 (2 mL),
4-methoxy phenyl boronic acid (31 mg, 0.2 mmol), LiCl (17 mg, 0.4 mmol),
deoxygenated 1M aq Na,CO; (340 pL, 0.34 mmol) and (PhsP),PdCl, (1 mg) were
added and the reaction mixture was stirred at reflux until disappearance of the starting
material (2.5 h). The soivent was evaporated, water was added and the slurry was
extracted with DCM and washed with water. The organic layers were dried (Na;SO.)
and the crude was purified by flash chromatography (DCM/MeOH 95:5) to afford 28
mg (70%) of 2-(4-methoxy-phenyl)-5-pyridin-4-yl-1H-pyrrole-3-carboxylic acid ethyl
ester 38 as a solid.
'H NMR (DMSO-dy/ 400 MHz) & ppm 1.20 (t, /=7.00 Hz, 3H), 3.82 (s, 3H), 4.10 (q,
J=1.00 Hz, 2H), 7.10 (d, /=8.80 Hz, 2H), 7.70 (d, /=8.80 Hz, 2H), 7.68 (s, 1H), 8.25 (4,
J=6.40 Hz, 2H), 8.70 (d, /=6.40 Hz, 2H), 12.30 (s, 1H); ESI (+) MS: m/z 323 (MH").
Ester 38 can be transformed in amide A12 as already described in Example 1.
Example 65
5-pyridin-4-yl-2-p-tolyl-1H-pyrrole-3-carboxylic acid amide (A9)
0 O
OH N-D

7\ step 1 / N\ H step 2
Br e = N~ “Br —_—
J H

I
N
31 39
Q 0
£33
ﬁ slep 3 NH,
/N - /N

S N I\ N
N. = H N H

=z

40 A9 (R=4-Me)
Step 1: Condensation to amide (39)
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Acid 31 (500 mg, 1.87 mmol} was loaded on Rink Amide MBHA resin (1.38 g, 0.935
miol, theoretical loading 0.68mmol/g) by stirring with DIEA (0.65 mL, 3.74 mmol),
EDCI (537 mg, 2.8 mmol) and HOBT (379 mg, 2.8 mmol) in 20 mL of DMF at rt
overnight. The substitution rate was 78% and the resin had been previously cleaved
with 20% piperidine in DMF.

Step 2: Suzuki coupling to amides (40)
The supported amide 39 (100 mg, 0.052 mmol) was heated at 100°C overnight with 4-
methylphenylboronic acid (35 mg, 0.26 mmol), LiCl (9 mg, 0.208 mmol), Cs2CO; (85
mg, 0.26 mmol) and (PhP3),PdCl; (7.0 mg, 0.01 mmol) in 2 mL of deoxygenated DMF
and 0.1 mL of deoxygenated water.

Step 3: Cleavage to amides (A9)

Amide 40 was cleaved with TEFA/DCM 95:5. The solution was concentrated and the
crude was purified by preparative HPLC to afford 5-pyridin-4-yl-2-p-tolyl- 1I-pyrrole-
3-carboxylic acid amide as a solid (yield: 54%).
'H NMR (DMSO-dy/ 400 MHz) 8 ppm 2.37 (s, 3H), 7.00 (bs, 2H), 7.25 (d, J=8.00 Hz,
2H), 7.34 (d, J/=2.56 Hz, 1H), 7.58 (d, J/=8.00 Hz, 2H), 7.79 (d, /=6.22 Hz, 2H), 8.56 (d,
J=6.22 Hz, 2H), 11.85 (s, 1H); ESI (+) MS: m/z 278 (MH").

The above procedure was employed to synthesize the following compounds.

Example 66
ridin-4-yl-1H-

'H NMR (DMSO-dg¢/ 400 MHz) & ppm 3.83 (s, 3H), 6.66 (bs, 2H), 7.28 (m, 3H), 7.40
(m, 2H), 8.24 (d, /=6.82 Hz, 2H), 9.11 (d, /=6.82 Hz, 2H), 12.32 (s, 1H); ESI (+) MS:
m/z 294 (MH™).

Example 67
2-(2-Nitro-phenyl)-5-pyridin-4-yl-1H-pyrrole-3-carboxvlic acid amide (A13)
'H NMR (DMSO-ds/ 400 MHz) 8 ppm 6.96 (bs, 2H), 7.37 (s, 1H), 7.58-7.65 (mn, 4H),
7.79 (m, 1H), 8.07 (dd, /=1.22, 8.17 Hz, 1H), 8.55 (d, /=6.22 Hz, 2H), 12.19 (s, 1H);
ESI (+) MS: m/z 309 (MH").
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Example 68
2-(3-Nitre-phenvl)-5-pvridin-4-vl-1H-pvrrole-3-carboxylic acid amide {A14)
"H NMR (DMSO-dg/ 400 MHz) & ppm 7.30 (bs, 2H), 7.35 (d, J=2.69 Hz, 1H), 7.76 (i,
3H), 8.15 (m, 1H), 8.22 (m, 1H), 8.58 (dd, /=1.58, 4.63 Hz, 2H), 8.61 (t, /~1.81 Hz,
1H), 12.07 (s, 1H); ESI (+) MS: m/z 309 (MH").

Example 69
S-Pyridin-4-y}-2-o-tolyl-1H-pyrrole-3-carboxvlic acid amide (A7)
"H NMR (DMSO-dg/ 400 MHz) 8 ppm 2.19 (s, 3H), 6.78 (bs, 2H), 7.25-7.38 (m, 5H),
7.64 (d, /=5.90 Hz, 2H), 8.50 (d, /=5.90 Hz, 2H), 11.90 (s, 1H); ESI (+) MS: m/z 278
(MH").

Example 70
S-Pyridin-4-vl-2-m-tolvl-1H-pyrrole-3-carboxvlic acid amide (A8)
'H NMR (DMSO-d¢/ 400 MHz) & ppm 2.20 (s, 3H), 6.90 (bs, 2H), 7.20-7.40 (m, 5H),
7.70 (d, J=6.00 Hz, 2H), 8.55 (d, /=6.00 Hz, 2H), 11.88 (s, 1H); ESI (+) MS: m/z 278
(MH™).

Example 71
2-Furan-3-vl-5-pyridin-4-yl-1H-pyrrole-3-carboxvlic acid amide (C2)
'H NMR (DMSO-dg/ 400 MHz) 8 ppm 7.17 (s, 1H), 7.30 (bs, 2H), 7.64 (s, 1H), 7.77 (s,
1H), 8.03 (d, J=6.30 Hz, 2H), 8.52 (s, 1H), 8.69 (d, /~6.30 Hz, 2H), 11.88 (s, 1H); ESI
(+) MS: m/z 254 (MH").

Example 72
5-Pyridin-4-yl-2-thiophen-3-vl-1H-pyrrole-3-carboxyli

'H NMR (DMSO-de/ 400 MHz) & ppm 7.30 (bs, 2H), 7.57 (d, J=2.56 Hz, 1H), 7.62 (m,
2H), 8.03 (d, /=6.50 Hz, 2H), 8.14 (m, 1H), 8.66 (d, /=6.50 Hz, 2H), 12.01 (s, 1H); ESI
(+) MS: mv/z 270 (MH").

Example 73
2-(2.5-Dimethvl-phenyl}-5-pyridin-4-yl-1H-pvrrole-3-carboxylic acid amide (A19)
"H NMR (DMSO-d¢/ 400 MHz) & ppm 2.12 (s, 3H), 2.31 (s, 3H), 6.72 (bs, 2H), 7.13
(m, 2H), 7.29 (d, /=2.81 Hz, 1H), 7.62 (dd, /=1,58, 4.63 Hz, 2H), 8.48 (dd, /=1.58, 4.63
Hz, 2H), 11.86 (s, 1H); ESI (+) MS: m/z 292 (MH™").
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Example 74

2-(2.3-Dimethyl-phenyl)-5-pyridin-4-vl-1H-pvrrole-3-carboxvlic acid amide {A20

'H NMR (DMSO-ds/ 400 MHz) § ppm 2.06 (s, 3H), 2.31 (s, 3H), 6.65 (bs, 2H), 7.16-
7.32 (m, 4H), 7.63 (d, /=5.40 Hz, 2H), 8.49 (d, /=5.40 Hz, 2H), 11.88 (s, 1H); ESI ()
MS: m/z 292 (MH™).

Example 75
vridin-4-vl-1I1-
"H NMR (DMSO-ds/ 400 MHz) 8 ppm 2.28 (s, 3H), 2.55 (s, 3H), 7.20 (m, 1H), 7.22 (4,
J=2.81 Hz, 1H), 7.38 (m, 1H), 7.43 (s, 1H), 7.69 (d, /=5.85 Hz, 2H), 8.51 (m, 2H),
11.72 (s, 1H); ESI () MS: m/z 292 (MH").

Example 76

vrrole-3-carboxvlic acid amide (A21)

2-(3-Acetylamino-phenvD)-5-pvridin-4-vl-1H-pvrrole-3-carboxvlic acid amide
(A18)

'"H NMR (DMSO-d¢/ 400 MHz) 8 ppm 2.06 (s, 3H), 6.99 (bs, 2H), 7.28 (m, 1H), 7.36
(m, 1H), 7.57 (d, /=2.44 Hz, 1H), 7.65 (d, J=8.17 Hz, 1H), 7.79 (s, 1H), 8.03 (d, /=6.20
Hz, 2H), 8.66 (d, /=6.20 Hz, 2H), 10.05 (s, 1H), 12.21 (s, 1H); ESI (+) MS: m/z 321
(MH™).

Example 77
2-(2-Cvano-phenyl)-5-pyridin-4-yl-1H-pvrrole-3-carboxylic acid amide (A22)
"H NMR (DMSO-d¢/ 400 MHz) & ppm 6.88 (bs, 2H), 7.39 (s, 1H), 7.59 (m, 1H), 7.64
(m, 3H), 7.75 (t, J=7.19 Hz, 1H), 7.88 (d, J=7.08 Hz, 1H), 8.56 (d, /=4.75 Hz, 2H),
12.21 (s, 1H); ESI (+) MS: m/z 289 (MH™).

Example 78
2-(3-Cvano-phenvl)-5-pvridin-4-vl-1H-pyrroele-3-carboxylic acid amide (A23)
'H NMR (DMSO-dg¢/ 400 MHz) 8 ppm 6.99 (bs, 2H), 7.32 (d, J=2.56 Hz, 1H), 7.64 (,
J=7.56 Hz, 1H), 7.69 (d, /=6.10 Hz, 2H), 7.82 (m, 2H), 8.03 (in, 2H), 8.14 (m, IH),
8.56 (d, /=6.10 Hz, 2H), 11.95 (s, 1H); ESI (+) MS: m/z 289 (MH"),

Example 79

2-(3-Acetyl-phenyl)-5-pyridin-4-vI-1H-pvrrole-3-carboxylic acid amide (A16)

'H NMR (DMSO-dy/ 400 MHz) & ppm 2.64 (s, 3H), 6.94 (bs, 2H), 7.31 (d, /=2.68 Iz,
1H), 7.57 (t, /=7.80 Hz, 1H), 7.70 (dd, J=1.59, 4.64 Hz, 2H), 7.93 (m, 2H), 8.28 (t,
J=1.71 Hz, 1H), 8.54 (m, 2H), 11.94 (s, 1H); ESI (+) MS: m/z 306 (MH").
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Example 80
2-(3-Hvdroxvmethyvl-phenvD)-5-pvridin-4-vl-1H-pyrrole-3-carboxvlic _acid _amide
(A1)

"H NMR (DMSO-d¢/ 400 MHz) § ppm 4.57 (s, 2H), 5.25 (s, 1H), 6.90 (bs, 2H), 7.29 (d,
J=2.68 Hz, 1H), 7.36 (m, 2H), 7.52 (m, 1H), 7.58 (s, 1H), 7.74 (d, /=5.90 Hz, 2H), 8.53
(d, J=5.90 Hz, 2H), 11.86 (s, 1H); ESI (+) MS: m/z 294 (MH").

Example 81
5-(2-Amino-pyrimidin-4-yl)-2-o-tolyl-1H-pyrrole-3-carboxylic acid amide (F2)

(0] 0
oH n-®
[ 3 step 1  \_H step 2
| o ﬁ Br —_— | = N® "Br —_
N\lx,'N NYN H
NH, 34 NH, 44

F2 (R=2-Me)

Step 1: Condensation to amide (41)
Acid 34 (20 mg, 0.07 mmol} was loaded on Rink Amide MBHA resin (52 mg, 0.035
mmol, theoretical loading 0.68 mmol/g) by stirring with DIEA (24 pL, 0.14 mmol),
EDCI (20 mg, 0.105 mmol) and HOBT (14 mg, 0.105 mmol) in 1.5 mL of DMF
overnight at rt. The resin had been previously cleaved with 20% piperidine in DMF.
Step 2: Suzuki coupling and cleavage to amides (F2)

Supported amide 41 (0.035 mmol), 2-methylphenylboronic acid (24 mg, 0.175 nmunol),
LiCl (6 mg, 0.14 mmol), Cs,CO; (57 mg, 0.175 mmol) and (PhP;),PdCl; (5.0 mg, 0.07
mmol) in 1 mL of DMF and 50 pL H»O were heated at 100°C overnight. The product
supported on the resin was cleaved with TFA/DCM 95:5. The solution was concentrated
and the crude was purified by preparative HPLC to afford 5-(2-amino-pyrimidin-4-yl)-
2-o-tolyl-1H-pyrrole-3-carboxylic acid amide as a solid.

The above procedure was employed to synthesize the following compounds.

Example 82
5-(2-Amino-pyrimidin-4-v1)-2-(2-ethvl-phenyl)-1H-pyrrole-3-carboxylic acid amide

(F3)
'H NMR (DMSO-d¢/ 400 MHz) & ppm 0.99 (t, J=7.56 Hz, 3H), 2.50 (m, 2H), 6.30 (bs,

2H), 6.67 (bs, 2H), 6.93 (d, /=5.24 Hz, 1H), 7.23 (m, 2H), 7.30-7.40 (m, 3H), 8.15 (d,
=5.24 Hz, 1H), 11.77 (bs, LH); ESI (+) MS: vz 308 (MH").
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Example 83

vrrole-3-carboxvlic acid

amide (F4)
TH NMR (DMSO-dg/ 400 MHz) d ppm 6.92 (bs, 2H), 7.27 (m, 3H), 7.45-7.54 (m, 2H),

7.62 (bs, LH), 7.84 (bs, 2H), 8.28 (d, J=6.58 Hz, 1H), 12.41 (bs, 1H); ESI (+) MS: m/z
298 (MIH").
Example 84

5-(2-Amino-pyrimidin-4-vD)-2-naphthalen-1-vl-1H-pyrrole-3-carboxvlic acid amide

(ES)
'H NMR (DMSO-d¢/ 400 MHz) 3 ppm 6.33 (bs, 2H), 6.65 (bs, 2H), 6.96 (d, J=5.27 Hz,

1H), 7.40-7.60 (m, 5H), 7.98 (m, 2H), 8.17 (d, /=5.27 Hz, 1H), 11.95 (bs, 1H); ESI (+)
MS: m/z 330 (MH").

Example 85
-2-naphthalen-2-vl-1H-

vrrole-3-carboxvlic acid amide

{F6)

'H NMR (DMSO-dg¢/ 400 MHz) & ppm 6.37 (bs, 2H), 6.87 (bs, 1H), 7.05 (d, J=5.24 Hz,
1H), 7.32 (d, J=2.32 Hz, 1H), 7.39 (bs, 1H), 7.51-7.59 (m, 2H), 7.78 (dd, /=8.41, 1.71
Hz, 1H), 7.88-7.97 (m, 3H), 8.16 (d, /=1.22 Hz, 1H), 8.23 (d, J=5.24 Hz, 1H), 11.80
(bs, LH); ESI (+) MS: m/z 330 (MIT),

Example 86
S3-(2-Amino-pyrimidin-4-yl)-2-(4-phenoxy-phenvl)-1H-pyrrole-3-carboxvlic acid
amide (F7)

'"H NMR (DMSO-ds/ 400 MHz) 8 ppm 6.35 (bs, 2H), 6.81 (bs, 111), 6.98-7.11 (m, 5113,
7.15-7.21 (m, 1H), 7.27 (d, /=2.19 Hz, 1H), 7.34 (bs, 1H), 7.40-7.46 (m, 2H), 7.67 (d,
J=8.90 Iz, 2I1T), 8.20 (d, J=5.24 Hz, LI, 11.62 (bs, 1H); ESI (+) MS: m/z 372 (MH").
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Example 87
-2-biphenvl-4-vl-1H-

(F8)

'H NMR (DMSO-dy/ 400 MHz) & ppm 6.35 (bs, 2H), 6.85 (bs, 1H), 6.90-7.15 (m, SH),
7.15-7.25 (m, 2H), 7.34 (bs, 1H), 7.40-7.45 (m, 2H), 7.70 (d, /=8.90 Hz, 2H), 8.18 (d,
J=524 Hz, 1H), 11.73 (bs, 1H); ESI (+) MS: m/z 356 (MH").

Example 88
5-(2-Amino-pyrimidin-4-y1)-2-biphenyvl-3-yl-1H-pvrrole-3-carboxvlic acid amide
(F9)

'H NMR (DMSO-ds/ 400 MHz) & ppm 6.89 (bs, 2H), 7.02 (d, J=5.24 Hz, 1H), 7.30 (d,
J=2.44 Hz, 1H), 7.34-7.43 (m, 2H), 7.46-7.53 (m, 4H), 7.61-7.68 (m, 2H), 7.74 (d,
J=8.41 Hz, 2H), 7.96 (t, /=1.70 Hz, 1H), 8.21 (d, J/=5.24 Hz, 1H), 11,78 (bs, 1H); ESI
(+) MS: m/z 356 (MH").

Example 89
5-(2-Amino-pvrimidin-4-vl)-2-biphenyi-2-vl-1H-pvrrole-3-carboxvlic acid amide
F10
'H NMR (DMSO-ds/ 400 MHz) 8 ppm 6.33 (bs, 2H), 6.90 (bs, [H), 7.03 (d, J=5.24 Hz,
1H), 7.28 (d, /=2.44 Hz, 1H), 7.34-7.56 (m, 6H), 7.56-7.79 (m, 4H), 8.20 (d, J=5.24 Hz,
1H), 11.78 (bs, 1H); ESI (1) MS: m/z 356 (MH").

Example 90

5-(2-Amino-pyrimidin-4-yl)-2-(2-methoxy-phenvl)-1H-pyrrole-3-carboxyvlic acid
amide (F11

'H NMR (DMSO-d¢/ 400 MlIz) 8 ppm 3.75 (s, 3H), 6.34 (bs, 2I), 6.69 (bs, 1II), 6.88-
7.04 (m, 3H), 7.08 (d, /=6.10 Hz, 1), 7.23 (d, /=2.56 Hz, 1H), 7.32-7-41 (m, 2H), 8.16
(d, J=5.37 Iz, 111), 11.50 (bs, LH); ESI (+) MS: m/z 310 (MII").

Example 91
5-(2-Amino-pvrimidin-4-yl)-2-benzo[1.3]dioxol-5-yl-1H-pyrrole-3-carboxvlic acid
amide (F12)

"H NMR (DMSO-ds/ 400 MHz) 3 ppm 6.06 (s, 2H), 6.35 (bs, 2H), 6.82 (bs, LH), 6.97
(d, /=8.05 He, 1), 7.01 (d, /=5.24 Hz, 1H), 7.16 (dd, /=8.05, 1.34 Hz, 1H), 7.23-7.25
(m, 3H), 8.20 (d, J/=5.24 Hz, 1H), 11.52 (bs, 1H); ESI (+) MS: m/z 324 (MH").
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Example 92
5-(2-Amino-pvrimidin-4-vl}-2-(5S-chloro-thiophen-2-yI)-1H-pvrrole-3-carboxvlic
acid amide (G4)

'H NMR (DMSO-dy/ 400 MHz) & ppm 6.40 (bs, 2H), 6.98 (bs, LH), 7.03 (d, J=5.24 Hz,
1H), 7.11 (d, /=3.20 Hz, 1H), 7.32 (s, 1H), 7.59 (bs, 1H), 7.63 (d, /=3.20 Hz, 1H), 8.23
(d, /=524 Hz, 1H), 11.70 (bs, 1H); ESI (+) MS: m/z 320 (MH™).

Example 93

3-(2-Amino-pyrimidin-4-vi)-2-benzo[b]thiophen-2-yl-1H-pvrrole-3-carboxylic acid
amide (G3)

"H NMR (DMSO-ds/ 400 MHZ) & ppm 6.42 (bs, 2H), 6.99 (bs, 1H), 7.08 (d, J=5.12 Hz,
1H), 7.32 (s, 1H), 7.33-7.41 (m, 2H), 7.56 (bs, 1H), 7.84 (bs, 1H), 7.91-8.03 (m, 2H),
8.25 (d, J=5.12 Hz, 1H), 11.82 (bs, 1H); ESI (+) MS: m/z 336 (MH").

Example 94
5-(2-Amino-pvrimidin-4-yl)-2-benzo{b]thiophen-3-yl-1H-pvrrole-3-carboxylic acid
amide (G6)

'H NMR (DMSO-ds/ 400 MHz) & ppm 6.35 (bs, 2H), 6.76 (bs, 1H), 6.99 (d, J=5.24 Iz,
1H), 7.20 (s, 1H), 7.35-7.42 (m, 3H), 7.51-7.57 (m, 1H), 7.90 (s, 1H), 8.00-8.06 (m,
1H), 8.20 (d, J=5.24 Hz, 1H), 11.91 (bs, 1H); ESI (+) MS: m/z 336 (MH™.

Example 95
3-(2-Amino-pyrimidin-4-yl)-2-benzofuran-2-yl-1H-pvrrole-3-carboxvlic acid amide
(G9)

"H NMR (DMSO-d¢/ 400 MHz) & ppm 6.53 (bs, 2H), 7.07 (bs, LH), 7.11 (d, J=5.12 Hz,
1H), 7.27 (td, J= 7.56, 0.98 Hz, 11), 7.34 (td, /= 7.56, 0.98 Hz, 1H), 7.42 (s, 1H), 7.61
(dd, /=7.56, 0.98 Hz, 1H), 7.65 (bs, 1H), 7.70 (dd, /=7.56, 0.98 Hz, 1H), 7.87 (d,
J=0.98 1z, 1H), 8.26 (d, J=5.12 Hz, 1H), 11.61 (bs, 1I0); ESI (+) MS: m/z 320 (MIT").

Example 96
5-(2-Amino-pyrimidin-4-yl)-2-dibenzofuran-1-vil-1H-pvrrole-3-carboxylic acid
amide {(G10)

'H NMR (DMSO-dg¢/ 400 MHz) 8 ppm 6.52 (bs, 2H), 6.82 (bs, 1H), 7.03 (d, /=5.38 Hz,
1H), 7.36 (bs, 1H), 7.38-7.56 (m, 3H), 7.64-7.73 (mn, 2H), 8.16 (dd, /=7.68, 1.22 Hz,
1H), 8.19 (d, /=7.68 Hz, 1H), 8.24 (d, /=5.38 Hz, 1H), 12.00 (bs, 1H); ESI (+) MS: m/z
370 (MH").
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Example 97
5-(2-Amino-pyrimidin-4-y})-2-pyridin-3-yl-1H-pvrrole-3-carboxvlic acid amide
(G11)

'H NMR (DMSO-dg/ 400 MHz) & ppm 6,63 (bs, 2H), 7.23 (d, J=5.24 Hz, 1H), 7.15 (bs,
1H), 7.32-7.38 (m, 1H), 7.66 (s, 1H), 7.85-7.91 (m, 1H), 8.20 (d, J/=5.24 Hz, 1H), 8.28
(bs, 1H), 8.60-8.66 (m, 1H), 8.77-8.86 (m, 1H), 11.37 (s, 1H); ESI (+) MS: mv/z 281
(MH").

Example 98

5-(2-Amino-pyrimidin-4-yl)-2-pyridin-2-vl-1H-pyrrole-3-carboxvlic acid amide
(G12)
"H NMR (DMSO-dg/ 400 MIz) 8 ppm 6.62 (bs, 2H), 7.03 (d, J=5.12 Hz, 1H), 7.16 (bs,
1H), 7.33-7.40 (m, 2H) 7.86-7.93 (m, 1H), 8.25 (d, /=5.12 Hz, 1H}, 8.28 (bs, 1H), 8.43
(d, J=8.17 Hz, 1H), 8.62-8.67 (m, 1H), 11.29 (s, 1H); ESI (+) MS: m/z 281 (MH").

Example 99

5-(3-Fluoro-pyridin-4-yl)-2-o-tolyl-1H-pyrrole-3-carboxylic acid amide (E2)
0

@] 0
E 7 OH F a ﬁ F Y NH,
step 1 step 2
i = H Br —_— 1 = H Br —_— 0 = {}li
No N. N.#
37 42

E2 (R=2-methyl) R
Step 1: Condensation to amide (42)
Acid 37 (50 mg, 0.175 mmol) was loaded on Rink Amide MBHA resin (128 mg, 0.087
mmol, theoretical loading 0.68 mmol/g) using DIEA (61 pL, 0.35 mmol), EDCI (50 mg,
0.26 mmol), HOBT (35 mg, 0.26 mmol) in 2.5 mL of DMF. The reaction mixture was
stirred overnight at rt. The resin had been first cleaved with 20% piperidine in DMF,
Step 2: Suzuki coupling and cleavage to amides (E2)

Supported amide 42 (0.087 mmol), 2-methylphenylboronic acid (60 mg, 0.44 mmol),
LiCl (15 mg, 0.35 mmol), Cs;CO; (142 mg, 0.435 mmol) and (PhP;),PdCL (12 mg,
0.0175 mmol) in 1.5 mL of DMF and 75 uL of H,O were heated at 100°C overnight.
The product supported on the resin was cleaved with TFA/DCM 95:5. The solution was
concentrated and the crude material was purified by preparative HPLC to afford 5-(3-
fluoro-pyridin-4-yl)-2-o-tolyl-1H-pyrrole-3-carboxylic acid amide as a white solid.
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'H NMR (DMSO-d¢/ 400 MHz) & ppm 2.16 (s, 3I1), 6.86 (bs, 2H), 7.23 (bs, LH), 7.18-
7.38 (m, 4H), 7.91-7.98 (m, 1H), 8.39 (d, J=5.12 Hz, 1H), 8.56 (d, /=3.41 Hz, lH),
11.95 (bs, 1H); ESI (+) MS: m/z 296 (MH*).

Example 100
5-Pyridin-4—vl—1H—pyrrole-3-carboxylic acid amide (P1)
0 CN

™ COOFEt step 1 Step 2
- == N Ci

N N M

29 43

o] 0 0
T OFEt step 3 step4 i NH,
== N = N - N
\ H H ! H
7 Y

N 4 a N P1

Step 1: Formation of pyrrole ring (43)
To a solution of cianoester 29 (550 mg, 2.37 mmol) in Et;O (1 mL) at 0°C, 4N HCI in
dioxane (6 mL, 23.7 mmol) was added dropwise. The reaction mixture was left for 10
min at 0 °C and then stirring was continued at rt for 6 h. The solid was filtered and
washed with Et;O to yield 500 mg (84%) of 2-chloro-5-pyridin-4-yl-1H-pyrrole-3-
carboxylic acid ethyl ester as a yellow solid. The product was used without further
purification.
'H NMR (DMSO-d¢/ 400 MHz) & ppm 1.34 (t, /=7.07 Hz, 3H), 4.27 (q, /=7.07 Hz,
2H), 7.73 (s, 1H), 8.25 (d, J/=5.61 Hz, 2H), 8.78 (m, 2H); ESI (+) MS: m/z 251 (MH™).

Step 2: Dehalogenation to ester (44)

A mixture of cster 43 (630 mg, 2.2 mmol) in 30 mL of MeOH, HCOONH, (1.26 g, 19.8
mmol) and 10% Pd/C (630 mg) was stirred at rt under argon until disappearance of the
starting material. The catalyst was removed by filtration through celite and the filtrate
concentrated. Saturated aq NaHCO; was added and the slurry was extracted with EtOAc
affording 300 mg (63%) of 5-pyridin-4-yl- 1 H-pyrrole-3-carboxylic acid ethyl ester as a
solid.
'H NMR (DMSO-d¢/ 400 MHz) & ppm 1.30 (t, /=7.07 Hz, 3H), 4.24 (q, /=7.07 Hz,
2H), 7.20 (m, 1H), 7.63 (m, 1H), 7.68 (dd, /=1.50, 4.60 Hz, 2H), 7.20 (m, 1H), 7.63 (m,
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1H), 7.68 (dd, J=1.50, 4.60 Hz, 2H), 8.52 (dd, J=1.50, 4.60 Hz, 211}, 12.27 (s, 1H); ESI
(+) MS: m/z 217 (MH"),
Step 3: Saponification to acid (45)

Ester 44 (200 mg, 0.92 mol) in 4M aq NaOH (4.6 mL) and EtOH (4 mL) was heated at
100 °C for 1 h. The reaction mixture was cooled to 0°C and the product was precipitated
by adding conc HCL The solid was filtered to obtain 160 mg (78%) of 5-pyridin-4-yl-
1T1-pyrrole-3-carboxylic acid as a white solid.
TH NMR (DMSO-d¢/ 400 MHz) & ppm 7.60 (s, 1H), 7.81 (m, 1H), 8.14 (d, J=5.49 Hz,
2H), 8.72 (m, 2H), 12.70 (s, LH); MS: nv/z 187 [M-H].

Step 4: Condensation to amide (P1)
To a solution of acid 45 (137 mg, 0.61 mmol) in DIEA (213 uL, 1.22 mmol) and
anhydrous THF (8 mL}), cooled at 0°C, EDCI (175 mg, 0.09 mmol) and HOBT-NH;
(137 mg, 0.9 mmol) were added and the solution was stirred overnight at rt. The
solution was concentrated, water was added and the product was extracted with DCM.,
The organic layer was washed with water, dried and concentrated to give a solid that
was triturated with Et;O to afford 50 mg (44%) of 5-pyridin-4-yl-1H-pyrrole-3-
carboxylic acid amide.
'H NMR (DMSO-dy¢/ 400 MHz) & ppm 6.98 (bs, 2H) 7.61 (bs, 1H) 7.79-7.82 (m, 1H)
8.06 (d, /=6.58 Hz, 2H) 8.71 (d, /~6.83 Hz, 2H) 12,57 (s, 1H); ESI (+) MS: m/z 188
(MH").

Example 101
1-Ethyl-2-phenyl-5-pyridin-4-yl-1H-pyrrole-3-carboxylic acid amide (D1)
') o
NH, NH,
o\ - . /7 \
SN T N
N.J H o Nz ) R
A1 D1 (R=H)

To a solution of amide Al (R=H, 31 mg, 0.118 mmol) in DMF (0.5 mL), Cs;CO; (100
mg, 0.235 mmol) and EtI (19 pL, 0.235 mmol) were added. The mixture was treated
with microwaves at 60°C for 15 min (“cooling while heating” technique) then the
solvent was removed. To the residue EtOAc and water were added, the layers were

separated, the aqueous layer was extracted with EtQOAc and the combined organic layers
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were washed with water, dried (Na;SOy), filtered and concentrated. The crude material
was purified by flash chromatography (DCM/MeOH 95:5), affording the title
compound, This was suspended in MeOH and acidified to pH 1 with 1.25M HCI in
MeOH. After solvent removal the residue was treated with Et»0, the resulting solid was
filtered, washed with Et20 and dried, affording the hydrochloric salt of 1-ethyl-2-
phenyl-5-pyridin-4-yl- 1H-pyrrole-3-carboxylic acid amide (9 mg, 26% yield).

'H NMR (DMSO-dy/ 400 MHz) & ppm 0.88 (t, /=7.13 Hz, 3H) 4.02 (g, /=7.11 Hz, 2H)
6.86 (s, 2H) 7.29 (s, 1H) 7.39-7.58 (m, 5H) 7.95 (d, J/=6.58 Hz, 2H) 8.80 (d, /=6.71 Hz,
2H); ESI (+) MS: m/z 292 (MIT?).

Example 102
4-Methyl-2-phenyl-5-pyridin-4-yl-1H-pyrrole-3-carboxylic acid amide (B1)

Me
Br e —
7N
N step 2
—_ 0 P
46
Me
R
i 2 N
N. . = H R
48 B1 (R=H)

Step 1: Formation of pyrrole ring (47)
2-Bromo-1-pyridin-4-yl-propan-1-one hydrobromide 46 (0.6 g, 2 mmol) was added to a
mixture of 3-oxo-3-phenyl-propionic acid ethyl ester 2 (R=H, 0.3 g, 1.56 mmol) in 300
mL of dry THF and NaH (0.18 g) at 0 °C. The solution was left at 0°C for 1 h and then
stirred at 50°C for 4 h. The solvent was removed and the residue was dissolved in 20
ml. of EtOH, ammonium acetate (0.7 g, 9.3 mmol) was added and the reaction mixture
was left overnight at rt. The reaction mixture was concentrated, water was added and the
slurry extracted with EtOAc. The combined organic layers were washed with water,
dried (Na;SO4), filtered and concentrated. The crude was purified by flash
chromatography (DCM/MeOH 95:5) affording 170 mg (36%) of 4-methyl-2-phenyl-5-
pyridin-4-yl-1H-pyrrole-3-carboxylic acid ethyl ester as a solid.
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'H NMR (DMSO-ds / 300 MHz) 8 ppm 1.08 (t, /=7.03 Hz, 3H) 2.41 (s, 3H) 4.08 (g,
J=7.03 Hz, 2H) 7.21-7.71 (m, 7H) 8.58 (dd, /~4.69, 1.76 Hz, 2H) 11.77 (s, 1H); ESI (+)
MS: mv/z 307 (MH").

Step 2: Decarboxylation to pyrrole (48)
Ester 47 (0.17 g, 0.56 mmol), dissolved in 1.5 mL of EtOH and 2.2 mL of 4M agq
NaQH, was heated at 100 °C until decarboxylation was complete (5 h). The reaction
mixture was concentrated, water was added and the slurry extracted with EtOAc. The
combined organic layers were washed with water, dried (NaxSQ,), filtered and
concentrated to yield 4-(3-methyl-5-phenyl-1H-pyrrol-2-yl)-pyridine as a white solid
(92 mg, 70%).
"H NMR (DMSO-ds / 400 MI1z) & ppm 2.30 (s, 3I1) 6.52-6.54 (1, LH) 7.18-7.26 (m,
1H) 7.35-7.43 (m, 2R) 7.58 (dd, J=4.69, 1.76 Hz, 2H) 7.73-7.79 (1n, 2H) 8.53 (dd,
J=4.69, 1.47 Hz , 2H) 11.21 (s, 1H); ESI () MS: m/z 235 (MH").

Step 3: Formation of sulfamic acid (49)
To pyrrole 48 (90 mg, 0.39 mmol), dissolved in CH3CN (3 mL), CISO.NCO was added
and the reaction mixture was stirred at rt until disappearance of starting material. Water
was added and pH was adjusted to 8 with 10% aq KOH. After extraction with EtOAc (x
2) and concentration under reduced pressure of the aqueous solution, the precipitate was
filtered, washed with little water and dried. Obtained (4-methyl-2-phenyl-5-pyridin-4-
yl-1H-pyrrole-3-carbonyl)-sulfamic acid as a white solid (90% yield).
'H NMR (DMSO-d¢/ 400 MHz) § ppm 2.27 (s, 3I1) 7.22-7.34 (m, 1H) 7.34-7.45 (m,
2H) 7.55 (dd, /=4.76, 1.59 Hz, 2H) 7.62-7.66 (m, 2H) 8.54 (dd, /=4.63, 1.46 Hz, 2H)
9.28 (s, 1H) 11.29 (s, 1H); MS: m/z 356 [M-H].

Step 4: Formation of amides (B1)

Acid 49 was hydrolized by dissolution in conc. HCI at 1t. The acidic aqueous solution
was basified with 2N NaOH and extracted with EtOAc (x 3). The crude product was
purified by flash chromatography (DCM/MeOH 955, then 93:7) affording 4-methyl-2-
phenyl-5-pyridin-4-yl- 1 H-pyrrole-3-carboxylic acid amide in 85% yield.
"H NMR (DMSO-ds / 500 MHZ) & ppm 2.41 (s, 3H) 7.39 (t, J=7.48 Hz, 1H) 7.47 (t,
J=7.48 Hz, 2I1) 7.71 {d, /=7.32 Hz, 2H) 8.16 (d, /~7.02 Hz, 2H) 8.73 (d, /=7.02 [z,
2H); ESI () MS: m/z 278 (MH").
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Example 103
2-[4-(4-Methyl-piperazin-1-yl}-phenyl]-5-pyridin-4-y}+ 1H-pyrrole-3-carboxylic
acid ethyl ester (51)

O
OEt OEt
S /N\ N /N\
NI . H Br I\E H N/j
F k/N--.
50

A mixture of ester 50 (30 mg, 0.08 munol, obtained as described in Example 1),
Pd(OAc), (1 mg; 0.0045 mmol), (2-biphenylyl)dicyclohexylphosphine (3 mg, 0.008
mmol), ‘BuONa (16 mg, 0.17 mmol), 1-methylpiperazine (60 pL, 0.54 mmol), in
toluene (1 mL) and anhydrous DMF (0.2 mL) was subdued to the action of microwaves
at 130°C for 20 min. After filtration on celite and aqueous work-up (EtOAc/water) the
crude  2-[4-(4-methyl-piperazin-1-yl)-phenyl]-5-pyridin-4-y1- 1 H-pyrrole-3-carboxylic
acid ethyl ester was obtained.

'H NMR (DMSO-dy/ 400 MHz) & ppm 1.25 (t, J/=7.07 Hz, 3H), 2.86 (bs, 3H), 3.11-3.54
(m, 8H), 4.20 (g, J=7.07 Hz, 2H), 7.12 (d, /=8.80 Hz, 2H), 7.64 (d, /=8.80 Hz, 2H),
7.78-7.82 (m, 1H), 8.34-8.41 (i, 2H), 8.75 (d, /=6.46 Hz, 2H), 12.49 (bs, 1H); ESI (1)
MS: m/z 391 (MH").

Employing the above procedure and starting from the corresponding bromophenyl ester
derivatives, obtained described in Example 1, the following compounds have been
prepared:

2-(3-Morpholin-4-yl-phenyl)-5-pvridin-4-yl-1H-pvrrole-3-carboxvlic acid ethyl
ester (52)

'H NMR (DMSO-dy/ 400 MHz) & ppm 1.19 (t, /=7.07 Hz, 3H) 3.14-3.20 (m, 4H) 3.73-
3.79 (m, 4H) 4.13 (q, /=7.07 Hz, 2H) 7.01 (dd, /=8.17, 2.19 Hz, 1H) 7.08 (d, J=7.68
Hz, 1H) 7.18 (t, /=1.70 Hz, 1H) 7.26 (d, /=2.80 Hz, 1H) 7.31 (t, /=7.93 Hz, 1H) 7.77
(dd, J/=4.69, 1.52 Hz, 2H) 8.51 (d, /=5.85 Hz, 2H) 12.03 (bs, 1H); ESI (+) MS: m/z 306
(MIT).

2-(4-Morpholin-4-yl-phenyl)-3-pvridin-4-vl-1H-pyrrole-3-carboxvlic acid ethyl

ester (53)
ESI (+) MS: m/z 306 (MH").
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Using the procedure already described in Example 1 the above esters were respectively
hydrolyzed to the following acids:
2-[4-(4-Methvl-piperazin-1-vl)-phenvl]-5-pyridin-4-yl-1H-pvrrole-3-carboxvlic
acid (54)
'H NMR (DMSO-ds/ 400 MHz) & ppm 2.83 (bs, 3H), 3.09-3.53 (m, 8H), 7.10 (d,
=8.80 Hz, 2H), 7.63 (d, /=8.80 Hz, 2H), 7.92 (s, 1H), 8.05-8.21 {m, 2H), 8.58-8.69 (m,
2H), 12,23 (bs, 11); ESI (+) MS: m/z 361 [M-H].
2-(3-Morpholin-4-yl-phenyh)-5-pvridin-4-vI-1H-pvrrole-3-carboxylic acid (55)
'H NMR (DMSO-dg/ 400 MHz) 8 ppm 3.13-3.17 (m, 4F1) 3.73-3.78 (m, 4H) 6.90 (dt,
J=17.19,2.13 Hz, 1H) 7.10 (s, 1H) 7.22 (s, 1H) 7.24 (s, 1H) 7.43 (s, 1H) 7.71 (dd,
J=4.76, 1.59 Hz, 2H) 8.46 (d, J/=6.22 Hz, 2H) 11.52 (bs, 1H); MS: m/z 348 [M-H].
2-(4-Morphoelin-4-vl-phenvl)-5-pvridin-4-vI-1H-pyrrole-3-carboxylic acid (56)
MS: my/z 348 [M-H].

By the standard ainidation method already described in Example 1, the above acids

were respectively transformed into the following amides:

Example 104
2-]4-(4-Methyl-piperazin-1-vl)-phenyl]-5-pyridin-4-vl-1H-pvrrole-3-carboxylic
acid amide (A24)

'H NMR (DMSO-d¢/ 400 MHz) 8 ppm 2.82 (bs, 3H), 3.15-3.52 (m, 8H), 7.08 (d,
J=8.80 Hz, 2H), 7.67 (d, /=8.80 Hz, 2H), 7.94 (s, 1H), 7.97-8.11 (m, 2H), 8.56-8.72 (m,
2H), 12.04 (bs, 11); ESI () MS: m/z 362 (MIT").

Example 105
2-(3-Morpholin-4-yl-phenyD)-5-pvridin-4-vl-1H-pyrrole-3-carboxylic acid amide

hydrochloride (A25)

'H NMR (DMSO-dy¢/ 400 MHz) & ppm 3.14-3.21 (m, 4H) 3.74-3.79 (m, 4H) 7.04 (dd,
J=8.23,2.13 Hz, 1H) 7.15 (d, /=7.68 Hz, 1H) 7.31 (s, 1H) 7.33 (t, /=7.93 Hz, 1H) 7.71
(d, /=2.56 Hz, 1H) 8.23 (d, /=6.71 Hz, 2H) 8.73 (d, /=6.95 Hz, 2H) 12.34 (bs, 1H)
15.08 (bs, LH); ESI (+) MS: m/z 349 (MH™).
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Example 106

2-(4-Morpholin-4-yl-phenyl)-5-pvridin-4-yl-1H-pyrrole-3-carboxvlic _acid amide
(A26)
'H NMR (DMSO-d¢/ 400 MHz) & ppm 3.15-3.20 (m, 4H), 3.73-3.79 (m, 4H), 6.82 (bs,
1H), 6.99 (d, /=8.80 Hz, 2H), 7.08 (bs, 1H), 7.23 (d, /=2.68 Hz, 1), 7.56 (d, /=8.80
Hz, 2H), 7.68 (d, /=6.35 Hz, 2R), 8.49 (d, J=6.35 Hz, 2H), 11.63 (bs, 1H); ESI (+) MS:
m/z 349 (MH").

Example 107
5-(2-Amino-pyrimidin-4-yl)-2-phenyl-1H-pyrrole-3-carboxylic acid methylamide
(MI)

0 o)
OH NHMe
i\ .~ 7\
| X N | = N
N\fN H N\rN H R
R
H, 18 M2 M1 R=H)

To a solution of acid 16 (R=H, 20 mg, 0.07 mmol} in anhydrous DMF, CDI (25 mg, 2
eq.) was added and the mixture stirred at 45°C for 1 h. After cooling to rt the solution
was treated with 0.5 mL of 33% MeNH, in EtOH. The mixture was stirred overnight,
filtered and the filtrate was poured into water. After extraction with EtOAc (x 2) the
organic layer was concentrated, dissolved in EtOH and treated with excess 1.25M HCI
in MeOH. Et;O was added and the yellow crystalline solid was filtered, washed with
Et:O and recovered. Obtained 8 mg (37% vyield) of 5-(2-amino-pyrimidin-4-yl)-2-
phenyl-1H-pyrrole-3-carboxylic acid methylamide.

'H NMR (DMSO-d¢/ 400 MHz) & ppm 2.70 (d, /=4.63 Hz, 3H) 7.36 (d, J/=6.58 Hz, 1H)
7.39-7.49 (m, 3H) 7.53 (d, /=2.44 Hz, 1H) 7.64-7.70 (i, 2H) 7.84 (bs, 3H) 8.02 (bg,
J=4.51 Hz, 1H) 8.29 (d, J/=6.46 Hz, 1H) 12.20 (bs, 1H); ESI (+) MS: m/z 294 (MH").

The above procedure was employed to synthesize the following compounds,
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Example 108

S-(2-Amino-pvrimidin-4-vl)-2-phenyl-1H-pyrrole-3-carboxvlic acid

isopropvlamide (M2)
'H NMR (DMSO-ds/ 400 MHz) & ppm 1.09 (t, /~6.58 Hz, 6H), 3.93-4.06 (m, 1H), 6.36

(bs, 2H), 7.04 (d, J/=5.24 Hz, 1H), 7.23 (d, J/=2.44 Hz, 1H), 7.30-7.43 (m, 3H), 7.59-
7.67 (m, 3H), 8.21 (d, J=5.24 Hz, 1H), 11.61 (bs, 1H); ESI (+) MS: m/z 322 (MH").
Example 109

S-(2-Amino-pyrimidin-4-vy)-2-phenvl-1H-pvrrole-3-carboxylic acid benzvlamide

M3

'H NMR (DMSO-dg/ 400 MHz) 8 ppm 4.37 (d, J=6.10 Hz, 2H), 6.37 (bs, 2H), 7.05 (d,
J=5.24 Hz, 1H), 7.18-7.44 (m, 9H), 7.64 (d, /=8.30 Hz, 2H), 8.21 (d, /=5.24 Hz, i1H),
8.48 (t, J=6.10 Hz, 1H), 11.70 (bs, 1H); ESI (+) MS: m/z 370 (MH").

Example 110
5-(2-Amino-pvrimidin-4-yl)-2-phenvl-1H-pyrrole-3-carboxylic acid
cvelohexvimethvl-amide (M4)

'H NMR (DMSO-dy/ 400 MHz) & ppm 0.79-0.94 (m, 2H), 1.06-1.27(m, 4H), 1.40-4.52

(m, 1H), 1.57-1,74 (m, 4H), 2.99 (t, /=0.46 Hz, 2H), 6.36 (bs, 2H), 7.04 (d, /=5.24 Hz,
1H), 7.23-(d, J=2.44 Hz, 1H), 7.29-7.46 (m, 3H), 7.63 (d, J/=8.15 Hz, 2H), 7.82 (1,
J=5.85 Hz, 1H), 8.21 (d, J/=5.24 Hz, 1H), 11.63 (bs, 1H); ESI (+) MS: m/z 376 (MH").
Example 111

5-(2-Amino-pyrimidin-4-yl)-2-phenyl-1H-pvrrole-3-carboxvlic _acid phenethyvl-
amide (M3)

'H NMR (DMSO-dg/ 400 MHz) 8 ppm 2.80 (t, /=7.35 Hz, 2H), 3.42 (q, J=7.35 Iz,
2H), 6.37 (bs, 2H), 7.03 (d, /=5.24 Hz, 1H), 7.18-7.42 (m, 9H), 7.60 (d, /=8.30 Hz,
2M), 7.98 (t, /=7.35 Hz, 1H), 8.21 (d, /=5.24 Hz, 1H), 11.65 (bs, 1I1); ESI (+) MS: m/z
384 (M),
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Example 112
Synthesis of 5-(2-amine-pyrimidin-4-yl)-2-phenyl-thiophene-3-carboxylic acid

amide (81)
Q o]
OFt 14 step 2 OEt OFt
o 7\ + /Y
step 1 7 N s 1 N o
N =N NYN
2 58 59

Step 1: ketoester alkylation (57)
To a stirred solution of 3-oxo-3-phenyl-propionic acid ethylester 2 (2 g, 10 mmol) and
NaH (1 g, 2.5 eq, 25 mmol) in dry THF (200 mL) at 0°C, 1-(2-amino-pyrimidin-4-yI)-2-
bromo-ethanone 14 (3.56 g, 1.2 eq, 12 mmol) was added. The reaction mixture was
stirred at 0°C for 30 min, then more 14 (0.5 eq, 1.48 g) was added and the reaction
mixture was stirred at rt overnight. After solvent removal, the residue was diluted in
DCM and washed with brine, dried (Na2S0O4) and the solvent removed under reduced
pressure to give 4-(2-amino-pyrimidin-4-yl)-2-benzoyl-4-oxo-butyric acid ethyl ester
(3.27 g, 97%). ESI (+) MS: m/z 328 (MH™).

Step 2: ring formation (58 + 59)
A mixture of ester 57 (3.27 g, 10 mmol) and Lawesson’s reagent (2.43 g, 0.66 eq, 6
mmol} in toluene (100 mL) were refluxed under N; for 4 h. After solvent removal, the
residue was taken up in DCM, filtered and cluted through the Horizon system
(hexane/EtOAc 9:1, then DCM/MeOH 98:2). The mixture of thiophene and furan
derivatives was then passed through the Horizon system again (DCM/MeOH 99:1) to
gtve a first fraction of the thiophene derivative 58 (250 mg) and a second fraction of the
foran derivative 59 (236 mg) as yellow solids.
5-(2-Amino-pyrimidin-4-yl)-2-phenyl-thiophene-3-carboxylic acid ethyl ester (58)
'H NMR (DMSO-ds / 400 MHz) & ppm: 1.14 (t, 3H), 4.16 (q, 2H), 6.73 (m, 2H),
7.20(d, 1H), 7.53 (m, 5H), 8.18 (s, 1H), 8.30 (d, 1H); ESI (+) MS: m/z 326 (MH").
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5-(2-Amino-pyrimidin-4-yl)-2-phenyl-furan-3-carboxylic acid ethyl ester (59)
'H NMR (DMSO-ds / 400 MHz) & ppm: 1.29 (t, 3I0), 4.27 (g, 2H), 6.76 (m, 2H), 7.07
(d, 1), 7.52 (1, 3H), 8.03 (m, 2H), 8.34 (d, 1H); ESI (+) MS: m/z 310 (MH").
Step 3: Saponification to carboxylic acid (60)
To a solution of ester 58 (220 mg, 0.68 mmol) in 1:1 H,O/EtOH (9 mL), 4M ag NaOH
(10 eq) was added and the mixture stirred at 100°C for 1 h. After cooling to rt, the
solution was acidified with 2M HCI yielding 5-(2-amino-pyrimidin-4-yl)-2-phenyl-
thiophene-3-carboxylic acid as a solid which was filtered, washed with water and dried
under reduced pressure (185 mg, 90%).
'H NMR (DMSO-ds / 400 MHz) 8 ppm 7.28 (d, 1H), 7.43-7.58 (i, SH), 8.25 (s, 1H),
8.31 (d, 1H); ESI (+) MS: m/z 296 [M-H].
Step 4: Condensation to amide (S1)
To a mixture of acid 60 (185 mg, 0.62 mmol) and DIEA (218 pL, 1.26 mmol, 2 eq) in
dry THF (4 mL), EDCI (141.7 mg, 0.93 mmol) and HOBT.NHj; (141.5 mg, 0.93 mmol)
were added at 0°C. The reaction mixture was stirred at rt overnight. After solvent
evaporation the residue was taken up with DCM and washed with water. The organic
layers were dried (Na:SOs), concentrated and the obtained solid was purified by re-
precipitation with DCM/hexane to give 5-(2-amino-pyrimidin-4-yl)-2-phenyl-
thiophene-3-carboxylic acid amide as a yellow solid (87 mg, 48%).
"H NMR (DMSO-ds / 400 MHz) & ppm: 6.69 (bs, 2H), 7.10 (d, 1H), 7.38-7.44 (m, 5H),
7.56 (d, 2H), 7.71 (bs, 1H), 8.29 (d, 1H); ESI (+) MS: m/z 297 (MH™).
Example 113
Synthesis of 5-(2-amino-pyrimidin-4-yl)-2-phenyl-furan-3-carboxylic acid amide
(T1)

@] )
OH NH,
step 1 step 2
58 — > X [ ¥ = N [ )
Nl o NI o)
YN YN
HN 61 H,N ™

Step 1: Sapeonification to carboxylic acid (61)
To a solution of ester 59 (221 mg, 0.71 mmol) in 1:1 H,O/EtOH (9 mL), 4M aq NaOH
(10 eq) was added and the reaction mixture was stirred at 100°C for 1 h. After cooling

to rt, the solution was acidified with 2M HCI yielding 5-(2-amino-pyrimidin-4-yl)-2-
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phenyl-furan-3-carboxylic acid as a white solid which was filtered, washed with water
and dried under reduced pressure (quant.),
'"H NMR (DMSO-ds / 400 MHz) & ppm 6.75 (d, 2H), 7.06 (d, 1H), 7.51 (m, 3H), 8.0 (d,
2H), 8.33 (d, 1H); ESI (+) MS: m/z 280 [M-H].

Step 2: Condensation to amide (T'1)
To a mixture of acid 61 (172 mg, 0.6]1 mmol) and DIEA (213 pL, 1.22 mmol) in dry
THF (4 mL), EDCI (139.6 mg, 0.92 mmol) and HOBT.NH; (140 mg, 0.92 mmol) were
added at 0°C. The reaction mixture was stirred at rt overnight. After solvent evaporation
the residue was taken up with DCM and washed with water. The aqueous phase was
extracted with EtOAc, the organic layer was dried (Na,SO4) and concentrated to give 5-
(2-amino-pyrimidin-4-yl)-2-phenyl-furan-3-carboxylic acid amide as a yellow solid (80
mg, 48%).
"H NMR (DMSO-dg / 400 MHz) & ppm: 6.69 (bs, 2H), 7.01 (d, 1H), 7.41-7.48 (m, 4H),
7.53 (s, 1H), 7.92 (bs, 1H), 8.05 (d, 2H), 8.33 (d, 1H); ESI (+) MS: m/z 281 (MH").

Example 114

5-(2-Amino-5-bromo-pyrimidin-4-yl)-2-phenyl-1H-pyrrole-3-carboxylic acid
amide {(N2)

0]
NH,
‘»
f N N —_—
NfN H
HN F1

To amide F1 (280 mg, 1 mmol) in DMF (2 mL), NBS (180 mg, 1 mmol) was added and
the mixture was stirred at rt for 15 h. The reaction mixture was poured into stirred
water, the precipitate was filtered, washed thoroughly and dried. Obtained the title
compound as a yellow solid (270 mg, 75%).

'"H NMR (DMSO-ds / 400 MHz) 8 ppm 6.65 (s, 2H) 6.89 (s, 1H) 7.23-7.46 (m, 4I1)
7.64-7.68 (m, 2H) 7.64 (d, J=2.68 Hz, 1H) 7.64 (d, /~2.68 Hz, 1H) 8.35 (s, 1H) 11.27
(s, TH); ESI (+) MS: m/z 358 (MH").

The above procedure was employed to synthesize, from F4, the following compound:
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Example 115

2-Amino-5-bromo-pvrimidin-4-vl vrrole-3-carboxvlic

acid amide (N8)

"H NMR (DMSO-dg/ 400 MHz) 8 ppm 6.60 (bs, 2H), 6.80 (bs, 1H), 7.18-7.30 (m, 2H),
7.31-7.56 (m, 3H), 7.71 (s, 1H), 8.36 (s, 1H), 11.55 (bs, 1H); ESI (+) MS: m/z 377
(MH™).

The above procedure was employed to synthesize from F1 the following compound,

using N-chloro succinimide as the halogenating agent, in DMF at 100°C for 20 h (72%
yield).

7 Example 116
3-(2-Amino-5-chloro-pyrimidin-4-yl)-2-phenyl-1H-pvrrole-3-carboxvlic acid amide
(N1)

'H NMR (DMSO-d¢/ 400 MHz) & ppm 6.62 (s, 211) 6.88 (s, 1H) 7.31-7.46 (m, 4H) 7.58
(d, /=2.68 Hz, 1H) 7.58 (d, /=2.68 Hz, 1H) 7.64-7.69 (m, 2H) 8.27 (s, LH) 11.27 (s,
1H); ESI () MS: m/z 314 (MH").

The above procedure was employed to synthesize, from F4, the following compound:

Example 117

2-Amino-5-chloro-

acid amide (N7)
'H NMR (DMSO-dg/ 400 MHz) 6 ppm 6.58 (bs, 2H), 6.81 (bs, 1H), 7.19-7.31 (i, 2H),
7.36-7.59 (i, 3H), 7.67 (s, 1H), 8.29 (s, 1H), 11.60 (bs, 1H); ESI (+) MS: m/z 332

(MHY,

Example 118
5-(2-Amino-pyrimidin-4-yl)-4-iodo-2-phenyl-1H-pyrrole-3-carboxylic acid amide
(N3)

o) 0
NH, : NH,
N\ i/ N\ . N /N\
NYN H NYN H
H,N E1 HN N3

To amide F1 (140 mg, 0.5 mmol) in DMF (1 mL), NIS (110 mg, 0.5 mmol) was added

and the mixture was stirred at rt for 4 h. The reaction mixture was poured into stirred
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water, the precipitate was filtered, washed thoroughly and dried. Obtained the title
compound as a greenish solid (145 mg, 72%).
'H NMR (DMSO-ds / 400 MHz) & ppm: 6,57 (s, 2H) 7.31-7.37 (m, 2H) 7.39 (s, 1H)
7.40-7.47 (m, 2H) 7.56 (s, 1H) 7.62-7.68 (m, 2H) 8.31 (d, /=5.37 Hz, 1H) 11.74 (s, 1H);
ESI (+) MS: m/z 406 (MH").

Example 119
5-(2-Amino-pyrimidin-4-yl)-4-chloro-2-phenyl-1H-pyrrole-3-carboxylic acid amide
@)

Step 1: Protection of aminopyrimidine (62)
A solution of amide F1 (850 mg, 3 mmol), (Boc).0 (1.7 g, 8 mmol) and DMAP (50
mg) in THF (20 mL) and DMF (1 mL) was stirred at room temperature for 48 hours.

The mixture as poured into water and the precipitate was filtered. It was dissolved in
ethyl acetate, washed with water, dried (Na,SO4) and concentrated. The residue,
composed by a mixture of mono-, di- and tri-Boc derivatives, was purified by flash
chromatography (EtOAc/n-hexane 9:1) affording the di-Boc derivative 62 (14%). ESI
(+) MS: m/z 480 (MH").
Step 2: Chlorination of pyrrole ring (63)

A solution of amide 62 (165 mg, 0.34 mmo!) and N-chlorosuccinimide (46 mg, 0.34
mmol) in DMF (1 mL) was stirred at 100°C for 2 hours. After cooling the mixture was
poured into stirred water, extracted with ethyl acetate, washed with water, dried
(Na2SOq) and concentrated. The residue was purified by flash chromatography
(EtOAc/n-hexane 5:1) affording 63 (80 mg, 45%). ESI (+) MS: m/z 514 (MH").
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Step 3: Deprotection of aminopyrimidine (Z1)
To a solution of 63 (80 mg, 0.156 mmol) in MeOH (1 mL), 4N HCI in dioxane (3 mL)
was added and the mixture was stirred at room temperature for 20 hours and then at
50°C for 1 hour. After concentration diethyl ether was added under stirring and the
mixture stirred for 30 minutes. The precipitate was filtered, washed with diethyl ether
and dried. Obtained the title compound (45 mg, 82%).
'H NMR (DMSO-dg/ 400 MHz) 8 ppm 6.47 (bs, 2H), 7 .15 (d, J=5.24 Hz, 1H), 7.35 (t,
J=8.50 Hz, 1H), 7.39-7.45 (m, 3H), 7.60 (bs, 1H), 7.64 (d, /=8.54 Hz, 2H), 8.29 (d,
J=5.24 Hz, 1H), 11.64 (bs, 1H); ESI (+) MS: m/z 314 (MH".

Example 120
5-(2-Amino-5-bromo-pyrimidin-4-yl)-4-bromo-2-phenyl-1H-pyrrole-3-carboxylic
acid amide (N4)

O
NH,
o\
N?N H
HeN F1

To amide F1 (140 mg, 0.5 mmol) in DMF (1.5 mL), NBS (180 mg, 1 mmol) was added
and the mixture was stirred at 1t for 15 h. The reaction mixture was poured into stirred
water, the precipitate was filtered, washed thoroughly and dried. Obtained the title
compound as orange solid (195 mg, 90%).

'H NMR (DMSO-ds / 400 MHz) 8 ppm 6.96 (s, 2H) 7.28-7.34 (m, 1H) 7.35 (s, LH)
7.38-7.45 (m, 2I1) 7.48 (s, LH) 7.56-7.63 (i, 2H) 8.46 (s, 1H) 12.01 (s, 1H); ESI (+)
MS: m/z 438 (MH").

The above procedure was employed to synthesize, from F1, the following compound,
using N-iodo succinimide as the halogenating agent.

Example 121
5-(2-Amino-5-iodo-pyrimidin-4-vl)-4-iedo-2-phenvl-1H-pvrrole-3-carboxvlic acid
amide (NS)

"H NMR (DMSO-dg/ 400 MHz) & ppm 6.91 (bs, 2H), 7.25-7.33 (m, 1H), 7.35 (bs, 2H),
7.38-7.46 (m, 2H), 7.59 (d, /=8.30 Hz, 2H), 8.57 (s, 1R), 11.96 (s, | H); ESI (+) MS:
m/z 532 (MH").
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Example 122
5-(2-Amino-5-bromo-pyrimidin-4-yl)-4-iodo-2-phenyl-1H-pyrrole-3-carboxylic
acid amide (N6)

I NH,

7\
N’ A N —_—
HN N3

To amide N3 (120 mg, 0.3 mmol) in DMF (1.5 mL), NBS (60 mg, 0.34 mmol) was
added and the mixture was stirred at rt for 15 h. The reaction mixture was poured into
stirred water, the precipitate was filtered, washed thoroughly and dried. Obtained the
title compound as orange solid (83%).
'H NMR (DMSO-ds / 400 MHz) & ppm: 6.95 (s, 2H) 7.24-7.34 (m, 2H) 7.36-7.46 (m,
3H) 7.55-7.61 (m, 2I1) 8.45 (s, 1H) 12.01 (s, 1H); ESI (+) MS: m/z 485 (MH").

' Example 123
5-(2-Amino-5-bromo-pyrimidin-4-yl)-4-iodo-2-phenyl-1H-pyrrole-3-carboxylic
acid amide (N6)

To amide N2 (243 mg, 0.68 mmol) in DMF (1.5 mL), NIS (160 mg, 0.71 mmol) was
added and the mixture was stirred at 50°C for 4 h, then overnight at rt. The reaction
mixture was poured into stirred water, the precipitate was filtered, washed thoroughly

and dried. The title compound was obtained as orange solid (270 mg, 82%).
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Example 124
5-(2-Amino-pyrimidin-4-yl)-2-phenyl-4-vinyl-1H-pyrrole-3-carboxylic acid amide
(01

| CONH,
/ N /N\ —
NYN H
H,N
2 N3

To a stirred solution of N3 (50 mg, 0.125 nunol) in dioxane (5 mL) and DMF (0.5 mL),
2,6-dimethyl-4-ter-butyl phenol (5 mg), palladium tetrakis (5 mg) and tributylvinyl
stannane (145 pL) were added. The mixture was warmed at 110°C for 8 hours, cooled
and concentrated. The crude product was purified by flash chromatography
(DCM/MeOH 20:1) affording the title compound as a pale yellow solid (24% yield).

'H NMR (DMSO-ds / 400 MHz) 8 ppm: 5.15 (dd, J=11.58, 2.07 Hz, 1H), 5.64 (dd,
J=11.58, 1.95 Hz, 1H), 6.49 (bs, 2H), 6.97 (d, J=5.24 Hz, 1H), 7.28-7.37 (m, 2H), 7.40-
7.57 (m, 3H), 7.61-7.71 (m, 3H), 8.23 (d, J=5.24 Hz, 1H), 11.40 (bs, 1H); ESI (+) MS:
m/z 306 (MH").

Example 125
5-(2-Amino-pyridin-4-yl)-2-phenyl-1H-pyrrole-3-carboxylic acid amide (U1)
O
© Br OEt
I = step 2 | S /N\
N N 1
R
64 NH, 66
— O
NH,,
/Y
l\l / = = H
NH, 67 H,N U1 (R=H)

Step 1: Pyrrole ring formation (65)
To a solution of ketoester 2 (350 mg, 2 mmol) in THF (45 mL) at 0°C, NaH (180 mg,
4.5 mimol) was added and the mixture was stirred for 20 min at 0°C. Bromoketone
hydrochleride 64 (635 mg, 2 munol) was added and the reaction mixture was stirred at

0°C for 2 hours, then at room temperature for 2 hours. After solvent removal, absolute
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ethanol (25 mlL) and ammonium acetate (500 mg, 6.5 mmol) were added and the
mixture was stirred at room temperature for 20 hours. The solvent was removed and the
residue was taken up with ethyl acetate and water. The organic phase was dried and
charged for flash chromatography (eluant: DCM/MeOH 95:5). Obtained 5-(2-chloro-
pyridin-4-yl)-2-phenyl-1H-pyrrole-3-carboxylic acid ethyl ester (340 mg, 50%).
'H NMR (DMSO-ds / 400 MHz) & ppnx: 1.19 (t, /=7.07 Hz, 3H), 4.14 (q, J/=7.07 Hz,
2H), 7.38-7.52 (m, 4H), 7.62-7.68 (m, 2H), 7.80 (d, /=5.37, 1H), 7.97 (s, 1H), 8.33 (d,
J=5.37 Hz, LH), 12.37 (bs, 1H); ESI (+) MS: m/z 327 (MH").

Step 2: Amination of pyridine ring (66)
A mixture of ester 65 (120 mg, 0.37 mmol), t-butyl-carbamate (215 mg, 1.84 mmol),
Xantphos (16 mg, 0.028 mmol), palladium diacetate (4.1 mg, 0.0183 minol) and cesium
carbonate (240 mg, 0.73 mmol) in dioxane (3 mL) was stirred at 140°C in a microwave
cavity for 20 minutes. The crude material was taken up with methanol, filtered through
celite, treated with ethylacetate and water, dried and concentrated. The residue was
purified by flash chromatography (elmant: DCM/EtOAc 95:5). Obtained 5-(2-amino-
pyridin-4-yl)-2-phenyl- 1H-pyrrole-3-carboxylic acid ethyl ester (45 mg, 40%). ESI (+)
MS: m/z 308 (MH").

Step 3: Condensation to amides (U1)

A solution of ester 66 (42 mg, 0.15 mmol) in ethanol (0.5 mL) and 4N NaOH (0.5 mL)
was warmed at reflux for 2 hours. The mixture was acidified with acetic acid and
stripped under reduced pressure. The residue, the crude acid 67, was dissolved in DMF
(2 mL) and treated with HOBT.NH; (42 mg, 0.27 mmol), EDCI (52 mg, 0.27 mmol)
and DIPEA (0.12 mL) for 3 days at room temperature (two more additions of the same
amount of reagents after one and two days). After concentration and aqueous work-up
with ethyl acetate, the residue was purified by reverse phase flash chromatography on a
Waters FractionLynx System (see General Methods). Obtained the title compound (33
mg, 80%).
"H NMR (DMSO-dg¢/ 400 MHz) & ppm 5.81 (bs, 2H) 6.74 (s, 1H), 6.81 (bs, 1H), 6.88
(d, /=5.78 Hz, 1H), 7.02 (d, /=2.68 Hz, 1H), 7.25 (bs, 1H), 7.31-7.46 (m, 3H), 7.65 (d,
J=8.17 Hz, 2H), 7.90 (d, /=5.78 Hz, 1H), 11.64 (bs, 1H); ESI (+) MS: m/z 308 (MH").
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Selected compounds of formula (I), prepared by the methods described in the examples,
are listed in Table X. The table shows the characterization data (HRMS calculated and

found) and the structures, where the hydrogen atoms on carbons are not shown.

Table X. Structures and data for Selected Compounds of Formula I

Cpd no. Structure M+H M+H
{calcul.) {found)
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]
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H
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Claims

1. A compound of the formula (I):

wherein

G is CH or nifrogen atom,;

W is an oxygen atom, NR or S(O)y; m 150, 1 or 2;

R; and R3 independently represent hydrogen atom or an optionally substituted group
selected from alkyl, cycloalkyl, alkenyl, alkynyl, heterocyclyl, heterocyclylalkyl, aryl,
arylalkyl, heterocyclyloxy-alkyl and alkoxycarbonyl group,

wherein cycloalkyl is a cyclic alkyl group of from 3 to 10 carbon atoms having single
or multiple cyclic rings and

aryl is a monovalent aromatic carbocyclic group of from 6 to 14 carbon atoms having a
single ring or multiple condensed rings which condensed rings may or may not be
aromatic provided that the point of attachment is at an aromatic carbon atom;

R; is hydrogen or halogen atom, or an optionally substituted group selected from aryl,
cycloalkyl and heterocyclyl group,

wherein cycloalkyl and aryl are as defined above and heterocyclyl

18 a saturated group having a single ring or multiple condensed rings, from 1 to 10
carbon atoms and from 1 to 4 hetero atoms selected from the group consisting of
nitrogen, sulfur and oxygen within the ring wherein, in fused ring systems, one or more
of the rings can be cycloalkyl, aryl or heteroaryl provided that the point of attachment is
through the heterocyclic ring or '

is an unsatutered group having a single ring or multiple condensed rings, from 1 to 10
carbon atoms and from 1 to 4 hetero atoms selected from the group consisting of sulfur

and oxygen within the ring wherein, in fused ring systems, one or more of the rings can
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be cycloalkyl, aryl or heteroaryl provided that the point of attachment is through the
heterocyclic ring ; -

R4 is hydrogen or halogen atom, or an optionally substituted alkyl or alkenyl group;
R;is hydrogen or halogen atom;

Rg is hydrogen atom or NHR7;

R7 is hydrogen atom, an optionally substituted group selected from alkyl, aryl,
cycloalkyl and heterocyclyl group or -CO-R; wherein R; is as defined above, wherein
cycloalkyl and aryl are as defined above; and

wherein any substituted alkyl refers to an alkyl group having from 1 to 3 substituents
selected from the group consisting of alkoxy, substituted alkoxy, acyl, acylamino,
acyloxy, amino, substituted amino, aminoacyl, aryl, substituted aryl, aryloxy,
substituted aryloxy, cyano, halogens, hydroxyl, nitro, carboxyl, carboxyl esters,
cycloalkyl, substituted cycloalkyl, heterocyclyl, and substituted heterocyclyl;

any substituted cycloalkyl refers to a cycloalkyl, having from 1 to 5 substituents
selected from the group consisting of oxo (=0), thioxo (=8), alkoxy, substituted alkoxy,
acyl, acylamino, acyloxy, amino, substituted amino, aminoacyl, aryl, substituted -aryl,
aryloxy, substituted aryloxy, cyano, halogen, hydroxyl, nitro, carboxyl, carboxyl esters,
cycloalkyl, substituted cycloalkyl, heterocyclyl, and substituted heterocyclyl;

any substituted alkenyl refers to alkenyl groups having from 1 to 3 substituents, and
preferably 1 to 2 substituents, selected from the group consisting of alkoxy, substituted
alkoxy, acyl, acylamine, acyloxy, amino, substituted amino, aminoacyl, ary, substituted
aryl, aryloxy, substituted aryloxy, cyano, halogen, hydroxyl, nitro, carboxyl, carboxyl
esters, cycloalkyl, substituted cycloalkyl, heterocyclyl, and substituted heterocyclyl with
the proviso that any hydroxyl substitution is not attached to a vinyl (unsaturated) carbon
atom;

any substituted alkynyl refers to alkynyl groups having from 1 to 3 substituents, and
preferably 1 to 2 substituents, selected from the group consisting of alkoxy, substituted
alkoxy, acyl, acylamino, acyloxy, amino, substituted amino, aminoacyl, aryl, substituted
aryl, aryloxy, substituted aryloxy, cyano, halogen, hydroxyl, nitro, carboxyl, carboxyl
esters, cycloalkyl, substituted cycloalkyl, heterocyclyl, and substitated heterocyclyl with
the proviso that any hydroxyl substitution is not attached to an acetylene (unsaturated)

carbon atom;
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2. A compound of formuia (I} as defined in claim 1 characterized in that W is NR;, R;

and R; independently represent hydrogen atom or an optionally substituted alkyl group,

and Rq is NHRy wherein Ry is hydrogen atom or an optionally substituted aryl group.

3. A compound of formula (I) as defined in claim 1 or 2, characterized in that W is

NR1y; R; represent hydrogen atom or an optionally substituted alkyl group; Rs and Ry

represent hydrogen atoms, R; is an optionally substituted aryl or heterocyclyl group,

wherein the heterocyclyl is as defined in Claim 1 for Rp; and Rg is NHa.

4. A compound of formula (I) as defined in any of the preceding claims, wherein W is

NH or Rz represents hydrogen atom.

5. A compound of formula (I) as defined in any of the preceding claims, or a

pharmaceutically acceptable salt thereof, which is selected from the group consisting of:

2-phenyl-3-pyridin-4-yl-1H-pyrrole-3-carboxylic acid amide,
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.and G are as defined in claiml, either with an activated form of
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pharmaceutically acceptable salt thereof or converting a salt into
the free conpound (1), wherein any substituted al kyl, any substituted
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phar maceut aigde.y -acceptabl e salt thereof, as defined in claim1l, for
use as a nedicanment for treating cell proliferative disorders caused
by and/ or &s8oRicse fONPIIPAEAS & $asrmd ot fermule; (Baa% defangdyint glaigy d n which
Cdc7 kinas?K@%%Q%' ‘cestl. A compound of fornula (I) or a
pharmaceuttcally acCceptable salt thereof, according to claim9,
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characteri%ﬁﬁﬂin that it is for use as a nedi canent together a
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b) optionally converting a compound of formula (I) into another different compound of
formula (I), and, if desired, converting a compound of formula (I) into a
pharmaceutically acceptable salt thereof or converting a salt into the free compound (J),
wherein any substituted cycloalkyl, any substituted heterocyclyl and any substituted
aryl are as defined in claim 1.

8. A process for preparing a compound of formula (I} as defined in claim 1, which
process comprises:

a’) coupling a compound of formula 2D

0

Ry OH

7 N /N\ R,
e

wherein Rz is hydrogen or halogen atom, and Rs, Re, and G are as defined in claim 1,
either with an activated form of ammonia, optionally in the presence of a condensing
agent, or with an amine of formula Rs-NHa, wherein Rj is as defined in claim 1, thus
obtaining a compound of formula (I) wherein W is N, R, is hydrogen atom and R, is
hydrogen atom or halogen atom;

a’1) optionally converting the resultant compound of formula (I) wherein R; is halogen
atom into another compound of formula (I) wherein R is hydrogen atom or an
optionally substituted group selected form aryl, cycloalkyl and heterocyclyl group
wherein cycloalkyl and aryl are as defined in claim 1 and heterocyclyl is as defined in
claim 1 for Ry, and/or

a’;) converting the resultant compound of formula (I) wherein R, is hydrogen atom into
another compound of formula (I) wherein R, is an optionally substituted group selected
from alkyl, cycloalkyl, alkenyl, alkynyl, heterocyclyl, aryl, heterocyclyloxy-alkyl and
alkoxycarbonyl, wherein cycloalkyl and aryl are as defined in claim 1;

and, if desired, converting a compound of formula (I) into a pharmaceutically
acceptable salt thereof or converting a salt into the free compound (I),

wherein any substituted alkyl, any substituted cycloalkyl, any substituted alkenyl,

any substituted alkynyl, any substituted heterocyclyl, any substituted aryl, and

any substituted alkoxy are as defined in claim 1.
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9. A compound of formula (I) or a pharmaceutically acceptable salt thereof, as defined
in claim 1, for use as a medicament.

10. A compound of formula (I} or a pharmaceutically acceptable salt thereof, as defined
in claim 1, for use as a medicament for treating cell proliferative disorders caused by
and/or associated with an altered protein kinase activity such as Cdc7 kinase activity.
11. A compound of formula (I) or a pharmacentically acceptable salt thereof, according
to claim 9, characterized in that it is for use as a medicament for treating cell
proliferative disorder that is a cancer selected from carcinoma, hematopoietic tumors of- -
lymphoid lineage, hematopoietic tumors of myeloid lineage; tumors of mesenchymal
origin; tumors of the central and peripheral nervous system; melanoma, seminoma,
teratocarcinoma, osteosarcoma, xeroderma pigmentosum, keratoxanthoma, thyroid
follicular cancer and Kaposi’s sarcoma.

12. A compound of formula (I) or a pharmaceutically acceptable salt thereof, according
to claim 9, characterized in that it is for use as a medicament for treating a cell
proliferative disorder that is is selected from benign prostate hyperplasia, familial
adenomatosis, polyposis, neuro-fibromatosis, psoriasis, vascular smooth cell
proliferation associated with atherosclerosis, pulmonary fbrosis, arthritis
glomerulonephritis and posi-surgical stenosis and restenosis.

13. A compound of formula (I) or a pharmaceutically acceptable salt thereof, according
to claim 9, characterized in that it is for use as a medicament together a radiation
therapy or in a chemotherapy regimen in combination with at least one cytostatic or
cytotoxic agent.

14. A phanmaceutical composition comprising a therapeutically effective amount of a
compound of formula (I) or a pharmaceutically acceptable salt thereof, as defined in

claim 1, and at least one pharmaceutically acceptable excipient, carrier and/or diluent.

15. An intermediate of the formula 1D or 1E:

R, ¢ 2. ™
Ry ¢ Ak Rs - OH
N eyeh | N7 ey
NTG b N\rG R,
1
Rg 1D 5 4E
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wherein G, Ry, Rs and R are as defined in claim I; Ry is hydrogen, halogen atom or an
alkenyl groyp optionally substituted with from 1 to 3 substituents, and preferably
1 to 2 substituents,

selected from the group consisting of alkoxy, substituted alkoxy, acyl, acylamino,
acyloxy, amino, substituted amino, aminoacyl, aryl, substituted aryl, aryloxy,
substituted aryloxy, cyano, halogen, hydroxyl, nitro, carboxyl, carboxyl esters,
cycloalkyl, substituted cycloalkyl, heterocyclyl, and substituted heterocyclyl with the

proviso that any hydroxyl substitution is not attached to a vinyl (unsaturated) carbon
atom; cyclyl is as defined in claim 7 and Alk is a Ci-Cs alkyl goup.



