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; def ghi e3ePPI r J6Te+WD 02/ 24703 PCT/ EP01/ 107. 43 The invention relates to
conpounds havi ng gl ycoprotei n hornone agoni stic or antagonistic activity,

i n parti b asnizes conpounds having Lutei ni zi ng Hor none ( LHpcageoi/gitrix
activity. The invention furthernore relates tQ bicyclic heteroaronmatic

derivatives, to pharmaceutical conpositions céntaipi as well as

to the use of the ds in nedical therapy, J%mm mﬁlﬂ@ﬂrf OX use as a

control of fert\m\\\ ot ropi ns serve inporta in a variety
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of bodily functi L Qgtudi ng netabol i sm tenperature M€Y ation and the
reproductive process.” The hypophyseal gonadotropin FSH for exanple plays a
pivotal role in the stimi®tionueteiopkbizcize cdevetnopnent and nmat urati on
* whereas LH induces ovulation (Sharp, RM din Endocrinol. 33:787-807,
1990; Dornngton and Arnstrong, Recent Prog. Horm Res. 35:301-342,1979).
Currently, LHis applied clinically, in conbination wth FSH, for ovarian

stimulation.i.e. ovarian. hyperstinul ati.on. for,j ptro fertilisati.on (IVF
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infertility.” Gonadotropi ns act on speci onadal ce stolnitiate
ovari an andlerizstivesutoaphagmpgesttisal qomposionnhepriaiging; the geine 85 yellmsdo dba pehs of

these pitui &%éﬁe%sﬂpaﬁxﬁg%h?édié&?ﬂfé%%a@ﬁ@nifgdfoahw@bycm@cbf fe@iilty.asma
menbrane receptors that are nenbers ' of the large famly of Gprotein

coupl ed receptors. They consist of a single polypeptide with seven
transrnenbrane donains and are able to interact with the Gs protein,
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bi cyclic het€roaronmatic derivatives according to gener aI: fornmu , or a
phar maceut i #&ioF jraledudeeanadism and maledptegilityz O R3 Y ~ ~ ~B~ R2\ ~, , X2 A N

XLioF | in R i -8C | qal kyl ,. (2:,7C) het .oal kyl ,
(615 ar 1 CRpRAcSRRE i e SGHE T ! B AP GIE SRRk
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the activation of adenyl cyclase.

Gonadotropins destined for therapeutic purposes can be isolated from human urine
sources and are of low purity (Morse et al, Amer. J. Reproduct. Tmmunol. and

: Microbiology 17:143, 1988). Alternatively, they can be prepared as recombinant
gonadotropins.

As with other therapeutic proteins, it is necessary to administer gonadotropins either
subcutaneous or intra-muscular. It would be advantageous, however, to activate the



* substitute

The ring systemin R may optionally be substituted with one or nore
substituents selected fromR5, NHRS, N(R4)R5, ORS and/or SRS in which RS is
(6-14C} anyb.0204H3C) heteroaryl , (6-14C) aryl carbonyl, (2-7Cpoeispopeyes oal Kyl ,
(3-SC)cycloal kyl, (6 z5 14C)arylsulfonyl, (6-14C)aryl am nocarbonyl,
(6-14C)aryl oxycarbonyl, (614C)aryl am nosulfonyl, (6-14C)aryl oxysulfonyl,
(2-80) al kenyl (2-8Q) al l cynyl, (27C)heterocycl oal kyl car bonyl

(2-50 2l ke b W1 obZ SBUIE RRAERIPR0 Mool SRR s g
(1-8Q) all cdxz}nsdcrhtathydute (1-8C) (di)al kyl am nosul fonyl, or

(1-80 al kod¥sulfonyl the so al kyl group of which nmay be optionally
e PrEsamh EnveRtigrodesclas he piepsration ofguch Jove nicderula eigtiponenD 7. 43

sel ected frgm QBthé’électl(/élygﬂx%t@éﬁé oi(ﬁre eét%ﬁﬂsde@airgymé BouRl koXy,

(38C)cycloal lr X 14C COX

( 4- 13C) hét S @%PS@ * @aﬁ’f(ag“’?‘éj‘ Eﬁ%gllnwr“&‘( 3-80) cycl oal kyl ,
(6-14C aryI 4-13C) h Ieroa 8

(6140 ary1 B eaveion coadad in MigHE 8r°’ﬁ SR vt e ingpusAgbxy
(1- 80 al ky| foambbardy bz, apl&a'ma&)aacgﬂmcbptmblb sala‘dnereef (1 80Q) al kyl ami nocar bonyl ,
(6-14C) aryl anunocar bonyl , (1-8C)al kyl carbonyl am no,

(614C) aryl car bonyl am no, (6-14C)(di)aryl am no,

(di)[(1-3C)al koxy(1-3C) al kyl ]am no and/or (1-SC) (di)al kyl am no. Preferably
the substituents in R are chosen_from-NHRS gr ORS. RS in any of the
substituents at R preferably is 2- 7C et er gcycl oal kyl carbonyl, 1o
(6-14C)aryl carbonyl or (1-8C)al kyl, (1-18C) al Kyl caﬁgonyl , or

(18C) (di)al kyl am nocar bonyl , tie a p ofp ch may be optionally
substituted wth (2-7C) hetero | oal | cyl, !(4-13C)heteroaryl,

(1-8C) al koxycar bonyl (1§€LaI},)yr~E car bX yl, (1-8C)allcyl carbonyl am no,
(6-14C)aryl carbonyl ami no, awi’ne aNd/ or K1- 8C)(d| )al l cyl am no. The nost
preferred substituents at the al kylgroup are (2 I's 7C) hetgm@axt! oal kyl ,
(I-8C) (di)al kyl am no, am ne and (1-8C)(di)al kyl am nocarbonyl. Most
preferrgd at RL is phenyl optionally substituted with one of the above
identified substituents, the substitution being preferably at the neta
posi ti on. IWhéﬂa:m corrpounds according to the invention Xl -X2 is C=C,

OO -NH Ny g ' ]
(1-8Q all c )Q%'zagaﬂl(ifcqg Cf)g&‘%l 2&P (501 4%118'gi(3raﬁ<1%%)%e ‘hecr)car}flbo nyl ,
(6-14C) aryl Bmffﬁé@arfboﬁ )MG} yl, (614C) aryl oxycar bonyI

(1-8C) (di ) aRRyd ko Ué)’('l)all&ﬁyllﬂi:)léﬁa\nkﬁm rmahhmyﬁ; or (4- 13C)hetero

(18C) al koxysul fo C ar bo Eé) yl su fonyl
(280) al Kéno cgrggma‘é‘l %% “g?%j'ﬁ ajgkﬁf)g?fﬂowﬁgﬂ % gda’f fonal | y
be S or O 23Chettedryled corrpounds according to the invention are conpoLU ds
according to general forrmula | wherein Bis N(H) or a bond and/or Z is NH2.
Anpongst theﬁ’eis@'}ébeNr ed conpounds those wherein Bis N(H) or a bond and Z
is NHZ are gg_t Idereferred More preferred are the conpounds which
preferably |n a 02|t|on 1,0 the above nentioned so definitions of B and Z are
defined by RisseNH): (Iﬁthé)%r%/lPO“@raI‘M 13C) heteroaryl, optionally

subst i t ufped Rfi tdanONg: OfelébRice AuMSt itieUaniie S@bRSS esk f desoribeRA)R5, RRHRAd Rs,
ORS and/ or ERS&HP*@ %raﬁalgdwth NHRS or ORS. Preferred for Y in all the
above ident 0 is N, preferred for Bis N(H or a bond. If Bis
a bond, R3 fhefringaistem sn Bé-nim) hpiumadigyaﬂ obstitpted withvone r2moR: substituents
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Is, in addi } t)&lgylT Fsé ceirﬁi ‘t@l ﬂ{y?%ﬁ%nyla (£8cRai)Me§anh&lBdnH ar e

conpounds S ro

5- ani no- 2net(h3$®¢u<@cwa(bsnqu nﬁ@(@bmlmmwlf@a},b@hwlcﬁg‘y))a&pﬁmwopyh hiheéno[ 2,
3-d] pyrigg dlaﬂ%ﬂ%? lfp SRRRRAK ?'dl% obfHall) Wukbtituted with one or more substltuents

5- am no- 2- net hyl -4-(3-(me hoxycarbonylanlno)phenyl) t hi eno[ 2, 3-d] pyri m
di ne- 6- car boxam de, tent but yl

5-am no- 2- net hyl t hi o-4-(3(al | yl oxycar bonyl am no) - phenyl ) -thi eno[ 2, 3-d] pyrin
udi ne- 6- car boxam de, tent-butyl

5am no- 2- et hyl t hi o- 4- ( 3- (et hoxycar bonyl am no) - phenyl ) -t hi eno[ 2, 3-dJpyri m d
i ne- 60arboxan1de tent-butyl
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25 'The term (1-8C)al kyl as used in the definition of formula | neans a
branched or unbranched al kyl group having 1-8 carbon atons, fox exanple

met hyl , &tdyireps opyl, isopropyl, butyl, sec-butyl, tent-pgyxporfiexyl and

octyl. (1-6C) Al kyl groups are preferred, (1-3C) al kyl groups being the nost
preferred. so The term (2-8C)al kenyl nmegns a branched or unbr anched al kenyl
group having 2-8 carbon atons, such as ethenyl, 2- butenyl etc.

L 0) W Ke L Bt B SITtbfo by SRl “Eﬂéfgﬁ%ﬁl&a@il By
group havi 8§)ychatigriesCxlloxy, (GSLﬁG)aai(ldCEWlkyky a(|4d3§b}m.=,$gmyny1(1{=8ﬁ)allqox§5f erred
care (2-4C) b '7@32 Ero%&&ﬁﬁ%fl (%cgc}?d‘l@a 654855#315'3 &l %qﬁétéolﬁn g s

(6-14C) aryl rocar rou avi ng

such as ph&fy# mﬁaeﬁamonyl té@ﬂﬁéw eﬁeﬁﬁrhowyl .éhéﬁgﬂﬂcyl%bwé@w wibch may
- optionaldy jhe)gy tbafboh Ioagl W(UBG)&IRyEErbBﬁﬂe swbszt@)hmtsor@uch aftfine, bufi-not

(180 al | 2%’%@{9 ARSI LIt Hot B8R s 4o monytamino, (6-

(1- 80) (di ) dukYirgttartonylahsnag| K§41463[Beiybeninay i [Y[(1HE)slory (T8 uligl]asino

|
b of er'red AR LY ARG B FloC PISRAA ind bkt i RORE WRScen I NBR x|,
means a cyRaRyin agy of ;shmaxbﬁh@ems gt Bamfprab%'dnﬁ 7@&%0%)?@38&1@%94311}’1
cycl obuty| 6l a9RalShy1 CYboneXyLsCRIG OneR OBy RABHRYIOCt Y or 10§1The

term (2-70 hgé ef ocycl pa go%yrina b%ﬁ}'ggrtgﬁé%cy%glginllq g%%)ﬁwgql{)}aw n

carbon at orf§,
het er oat omysiet ec(zadcj}remdycldal@l S.(4Rsehlestereatyh et Qm@amx}&mouypr @1-

car bon o - Sty SRR B (GeE Tl Pb R BB s ThC RBPRGe SAPRR. S ° ©

pi peri di ne,andtor@dRC)(digalkyldmpor The ingdsh erefdrfedTiibstiments at the alkylgroup are (2-

2-70) h
ar bon 51 onOHERRELANARE, CPRA ITERD AN ST B M and] BHBo0RMN, 2 T
(1- 8C) al koxostBRBRred ap Rl X }Shéify‘P Bpu&?my Nebdited HilhOSheA FORE abémd@hﬂfﬂéd

noi ety having the sanme neani ng-as previously defined. (1-6C)Al koxy groups
are pref er rsebistitidntg hasubstitption bmps predérablytah thermeia ppsieder red. 20 The term

uhi ch cont Abrice 1o rouRgo AR ing S RERRR Xk ottt SRA,
defined. ( QAOPHA OB)c E-dooryN=Gr MSlsa(rleS(DakWEnlfemyl (611412))3541%50}71&hr(b0nyl
groups 9@' L&gxxga%lxﬁkﬁ%slaflfggni{% oéaascggl a"f %MGQ}F%@U%&I megns an

al kenoxycar the a ar ou ont al car bon
atoms and H4€)amloxysarpondar alipdamisgsylipnyb (QTé@,C)arylammosulfonyl (-

f) 2-6C) tAlhkerwwnc@kia?mmhygr 0 )&E:t%r elbel Itdfboﬁ]?l 3 CK)@H&K}’I@@JE&M,Y' (gr oups
elrn e refrerre n
o kosysul f S RIBhGHEAt0RY o 3)14%3% il e by FERRal e ot

and has theé)sane neaning as previously defined. (1 30 6C)Allcoxysul fonyl
groups are preferred, (1-3C)alkoxysulfonyl groups being the nost preferred.
The ter@ (1-8C)(di)al kyl am no neans an (di)allrylam no group having 1-8

carbon atons, .the al kyl poiety, havi t he sane neani ng as previously
def i ned. MOPEieHvedrcopmoynds accomlingyy ﬁ\e)lavaaﬁreneorg% § accOrBEo/EsAdEl - 6

(PgT g I[EPP&/ 1CX‘Z|n%BIaTI1WhE&§rITBjis[ N@I-tln B&) alﬂoﬁawnoriﬂ?)iﬁml Jranarpet ﬂmat preferred ]
i)[al koxya 0] 0 noi e ic
havi g 1.3 SRS DRE Rtk NED A€ «dent il Zoi N ea SEvTbSRy Rl ned.
The term ( GMoxQretiried ayd theicompowealssviach fraferably irpadditiongo dpativve mmgltlﬁnédl

b t 2 TR
gg;l ﬁgd%o zl\i/b‘?ggﬁ[l)t% erifgé&édrrgl %y?é@}g(igg,) arq1 %o ro ps 13@ Pj%%{% 5pr %f erred
. (di)aryl anz‘mil@ﬂgﬂb gf.g)spglt@w,t}p RBHYY @ﬁfe,ﬁgbstlments selec ed from N(R JR”, NHR
OR® and/or SR>, preferably with NHR® or OR®,

Preferred for Y in all the above identified compounds is N, preferred for B is N(H) or a
bond. If B is a bond, R® preferably is (2-7C)heterocycloalkyl.



The term (1-8C)allcylthio neans an al kylthi o group having 1-8 carbon atons,
the al kyl noiety having the sanme neaning as previously defined. Most

preferregy@hrhdC) al kyl thio groups. The term (6-14C) aryl pxyepsip@nys neans
an aryl oxycarbonyl group, the aryl group of which contains 6-14 carbon

atons, nore preferably 6-10 carbon atomg and has the sane neani ng as
previously defined. Mdst preferred are phenoxycarbonyl groups. The term

uhi ch pont AURRCRcEs 6 aldbh ey Grdendhsi et otk o Rraly 001G SR nas

the sanme nNm(C,nmoats prfeeblyu€sQ. de R nad(1-8Gmikymubbeyl; €6-14CYarplselfonyts (1-f ony!

groups. Th : = 1. § HEARY, hayi ng
7-22 car bo%dgﬁgﬁné{y@%%e%%ﬁ%e ](gﬁk%é‘g%%ﬂggl S é@ 1%%%%%3@8{%& >and t he
aryl group #&)aylosyaareymiy (1§ o abylamisosudionyly et4Gaglanvimpaulfpnat.e(ted are
(6-1 ?ﬁ) ay ylgt@am@}}ashﬁmh 191 qlgp;ie)h%@rola?aamcﬂéﬁ%%ﬁ! kY(h-&]JBgmé)Bﬁyltsxﬂﬂﬁ@l,als (Renzyl ,
are the nos ef'erred aryl al Ky r oups. e term(4- e ryl means a
Substi t ut e ORIKERRYEEDIR{ (é-rlér?rﬂw@%ﬁ%{gayhémnn@%@ 3 0% o m

pref er abl y addRionab tHeedste identific poupnalsbdt er oat om sel ected front N, O
and/or S, like imdazolyl, thienyl, benztluenyl, quinolyl,

t et r ahydr oduostobsdferrdds ageli compounds eseteatedd fimins abei goliy | feri-bayl yi-amino-2-

acridi nol yl 0, A G i [ [ rou
oy be se! Ay a5 QN bty ek io FRarbibl) 4Bk Bcddl e ibREARNG 31 0P
Preferréd Heeabownyflegr oigpsbuiyle t Aiaanpe-2-methylfhiodyBi(methoxiyearonylaming-

Ni t xog ?? -C %E@l?#lﬂ&l#ﬁ,BQ{]ﬁﬂhﬁiﬁﬁ%M%OMid@% t}éﬁﬂfutﬁ%—ﬁﬁ%?%hﬁ&y&gfb-@f(mr bon
or a nitrogen .atom .erm _ha n n .uor.ine, orine, bronjpe or
odi ne. - 30 (ERgoRERhop EmENeReRy oy BeRel? YT Ring G sasporame. derrbutyl 3-

hte: er ﬁCéclt caaaiihwlz-xgemyllmiﬁaln(saﬂeﬂiomgcfbHn}dmihmhphmgtysth'&aopgﬁ‘-'d]wﬁnﬁdiwi@usI Y,
attached tag - ro Ay as
previ ousl y\;%%oﬁm%gégﬁlr g?g#ﬁ%é_'rgigﬁ%%ﬁ 3 iﬁ;%égﬁ%épﬂgﬁrgiﬁggggy

ro .15 epl)- JrOnyriErplinc6-radoramide cierv SSymipetbale ~8C)al ko
means a cyqh o §¥ &HB@&I@(&ﬂ}@ﬂéﬁlg- BB RL - y);ﬂﬁ"fihi g@. previ ousl §y
attached to a’( %@gﬁgw roup, 'the a}ﬁpxy Nl e%ﬁhg@ n _tﬂe meani ng as
previ ous| y cagroxa@ide, Mor e ﬁ?rg‘ﬁ’éml ed ar e5'B‘B@Oc%fﬁh%’é(ﬂ’ﬁtﬁ%(@iﬁ%%d@“@abups.
s The ter mdafsohdfahdndiienPPHaeheR)3-Mpafimidife-6/cifbogamide. cont ai ni ng 6- 14
carbon atons as defined previously, attached to a (1-8C)al koxy group, the
al koxy noi dixclidedi fignt hte niwenticg aae pthev icompbyndd e Bihyk dS-hvinoryArméibyl-¢d ar e

(6-100) arylLi- a r | (<1~ X (o}7] L] _post
bref ory di GRS SPRb0 B b IIE ud! RGaR Dbl 0

( 6- 14C) ar y| (org®)m-4-sRyysidelZpl dirarimidime tb-¢atbdxyliith g ade atbyl Heltysdromst-dm
selected fr 4 {dsh- 1 i 8!, ididet@carhbsBater eferred are (4

90 heteroarrgﬁllgfg1 -4 }iflﬁgoxy gr)(t)ﬁ%é@%’he erm (1-8C) al k}§I carbonyl neans an

al kyl car bonptie @iselafinert feiatéd toy thegdiztipsits WhiCHame MhaphNBull: 48¢H, hdss-a8981s and
has t he sane':j1 ?@ani ng as previously defined. More preferred are

(1-60) al kyl 3 onyl groups, (1-4C)allcyl carbonyl groups being the nost 15
preferr%l. The term (6-14C) aryl carbonyl neans an aryl carbonyl group, the
aryl group of which contains 6-14 carbon atons and has the sane neani ng as

previ ous! y fi6f i1 801B'aal @oh & e uckinloRI@IohiRy Pafittng & BHBBhed or

phenyl car bonyl groups bei'ng the npst preferred, 20 The term(
1- 8C) al ky| swibraiehed akyhgroyh having L8 sapep atgms, jer ewephlﬁm‘;ﬁlrﬂylg cthyb BPPYhi ch
cont ai ns 1-i8o@po rowdylo ngec-butylhagt-bligl,s aemyl naahicegyl.agl Xk Usgrsupefargied.

(%o} f 20 | kvl sul.f I 1-4C) al kyl sul f

bf{kﬁgpf ﬁef;@%%r%ﬁiﬂéi%@yf‘ﬁa’ép%ﬁaﬂé’%.rg%{tﬁ‘r’q%%raﬁ sul fonyl means an
al ken r ; _ - régon

e e S b?%@.“%%?fg ol pIERRA 2 e300
(2- 6C) al kensAreen tigmp) sughagpshenyh 24otem ety (560 dlkgnylgreunssas arefgrredd Inost

preferred. j@fﬁu@egg,r@rg@pg&@mmwﬁw{edmans an aryl sul fonyl group, the

aryl group of” which contains 6-14 carbon atons and has the sanme neani ng as
pL evi lous: %/ The itdred(2-80)atkyd9! preahLh rb?dloaéf of Gmlél%‘élﬁﬁydlkjni)ﬂ Qivlp BEEHPD-8
phenyl sul f on [,OUpsS in st_pr red. . T e

(180 al ky! CPRoROHE ety ol R hosbdt, SiT GeseiR e A eame ogphup o
whi ch contains 1-$ carbon atons and has the sane neani ng as previously

defined. More preferred are (1-6C)al kyl carbonyl oxy groups. Mst preferred
are (1 35 4C) al kyl car bonyl oxy groups.




WO 02/ 2703 -s PCT/ EPOL/ 107. 13 The term (6-14C)aryl carbonyl oxy neans an
aryl car bonyl oxy group, the aryl group of which contains 6-14 carbon atons
and has twe@ ozyayves meani ng as previously defined. Mre prefecratorrs3
(6-10CC)aryl carbonyl oxy groups, phenyl carbonyl oxy groups being the nost
preferred. s The term (1-8C)(di)al kyl arisnocar bonyl neans a

(di)al kyl am nocar bonyl group, the al kyl group of which contains 1-8 carbon

; d . . .
(1560 (i ) alte, b @@%ﬁﬁﬁgﬁﬁﬁﬁﬁﬁéﬁgﬁﬁiﬁ%%g%%%‘??%é%? G
bei ng t he ratems,psugh e rgunyll nephthylmtdtanydronguithyds indamilnenthrasyhywhicke amy a
(di)aryl am r@@@g@ﬁﬁw 'suﬁs’ti%té’d wWiftCo ¥t niRe ShRMRIAEs WahCR HRNh& RRitba 16

carbon ato as the same neaning as previously defjned. Mre preferred
are (6-1 OC)Er9%s yhalagsis cBifge nififlugrerneayl, (%NaPE’he(rllsﬁyCé?rlikM BERng r flms
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(1- 6C) (di ) airkfetradiaromsaticfhydsdcadpon gpaup 16 pU€DVl.di ) al kyl ami nosul f onyl groups
being the nost preferred. The term (6-14C)(di)aryl am nosul fonyl neans a
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atons and i r eyd i 3 ferred are
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nost prefer 2 - Vv I.am
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and has t heprefemsd heteracygloalybgrevpsoars pipesidineragrphpbineanst pirecliding. ar e

6-1 OC) aryl car bonyl ani no groups henyl car bonyl am no_ gr.oups bej ng the nost
ér ef er 3 ééiy ”ﬁhfeter@?@ﬂ@hqte)%ﬁ&l&l&lg@be%yh@mﬁ&%a%l%ﬂwéfw% %\%&PW

group cont a¢abhditatéms aSPreSRubQAefhalTRoRsecttalto Besbphig\yrows| y, attached to an
oxygen atom Most preferred are (2 SC) heterocycl oal kyl oxy groups. ' The

terns (3-8CTiey edrda(l-8F)Jatkoxy Meeuns an aljkotyo gtduyl hagingup-Scambani atong, TaBalkgt bon

atons as defined,pr.evious| ache .an 7 -9
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car bon at onrefesredefli-3alkoxe gicvps being the mesigeefervedan oxygen atom More
preferred are §6-I OC) aryl oxy groups, phenoxy groups being nost preferred.
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et eroary r referred ar - eroaryl oxy groyps. as been
ohown that ECHEseRGeTsRYiEREs et DAL FIERIRoR e i g g8

bi ndi ng t o pieterted. r ecept or and show agoni stic LH activity. The invention

further resides in a pharmaceutical conposition conprising a bicyclic to
het er oar omaThe tersr i(J8C)alksenoxyeabenylt meanson adiseneny carbonye gaoud, therakanyl |
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het er oar ona ?eleéonéoémlﬁﬁmmgﬂ W o @IBPS| atp o PYRIFTER (457 CANEEnRRYRIFRAWhr e of
a nedi camengroups béihg theandst prefa@tediertility. Preferably the present conpounds
are used to activate the LH receptor. 15 The bicyclic heteroaromatic

derivati vesThé term §1-BOYadkiiyowifonyy mass essalkorysaifonyb rggowghi thelallydrgroup af ons.
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m xture of diastereonmers and/or enanti oners, obt ai ni ng the

. chi ral I BopupE)AlkarsuHenylareunsars prafermed, i(r3Crikerysulienyd grouns hemg the a9sbn or
20 chromat ogfedipfrq. For therapeutic use, salts of the conpounds of fornula I
are those erein the counterion is pharmaceutically acceptable. However,
aci d addi ti The ain g1-8C)(idakylandaordeddy 4ro (dipillkyldrminb, groay vy figndartbse, for
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i nvention. Exanples of acid addition salts include those derived from
m neral acids such as hydrochloric acid, phosphoric acid, sul phuric acid,

pref er abhyo Bysgeschl oric acid, and so organic acids |ike cpéfipoidohrd
tartaric acid, acetic acid, lactic acid, malefic acid, malonic acid,

fumaric acid, glycolic acid, succinic agid, and the |like. Suitable
adm ni stration routes for the conpounds of formula | or pharmaceutically
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of the co Sitio nog rious to reci pients _thereof. 25
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dosage uni t gyriiiak. AitrBgen-contdimiak Berdkyl @y eifhler BS cnneOiel 91a Déarbon
granul es, or_ as., a solution or suspension. The active ingredient my al so be

present ed a¥ HUHGEHABI paste. The conpositions can further be processed
into a suppgsitor r_ene or.rectal s,admnisiration. For parenteral
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Conposition or for hg@ho ,oSuitable for adm nistration by nasal

i nhal ati on SGEP&H@”?E%' ?Réa%?x%$§F@&mhich may be generated by neans of
net ered dose pressurized aerosols, nebulisers or insufflators. i s The

bi cyclic heteroaromatic derivatives of the invention can al so be

adm nistered in the formof inplantable pharnmaceutical devices, consisting
of a core of active material, encased by a rel ease rate-regul ating
menbrane. Such inplants are to be applied subcutaneously or locally, and
will release the active ingredient at an approxi nately constant rate over
relatively large periods of tinme, for instance from 20 weeks to years.

Met hods for the preparation of inplantable pharmaceutical devices as such
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Thus, the conpounds according to the present invention can be used for the
sane clinical purposes as the native LH, with the advantage that they

di spl ay aldesegestability 25 properties and can be adm ni ptemeh/ 10743
differently. The conpounds of the present invention wherein B = NH,
represented by formula (I1-a) can generallly be prepared foll ow ng art-known
condensation of an acid of fornmula (11) with an amne of formula (111). 30

09 %2 o P N OB gibané ﬁ%lgﬂ‘zﬁ%“ﬁ Qe apove
rrent i oned rcedoni domi sascaefingd tprevigusly,ostachedpe ratlub@alkioxy grom, abe ellmiyvent

e. g. an apr@biyC I?aQﬁgencheSHﬁeﬁnﬁé BNs NpfbvigrisY | defin@@ni N (ﬂ?@f}re@r are 3-
di chl or onet @(clqaﬂlg I | n reagent such as

O (benzotri tramet hyl uronium s tetrafl uoroborate
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fornul a (| \BhenR(Z4€)atkoxy-grouprbeing the mosiqmeferres 24Rz30&Hﬁtexqa¥y a ®9y The
;?remgggg:s' ?ﬁeﬁagﬁyél ﬁlagcigisoﬁ\bﬁ{eegmlf())aﬁzl@ @@ﬁgqo())c?e ngﬁrgérﬁtel@aﬁﬁnélﬁdi%![@neﬂ - C)

Ger 1 vat 11 cdwisroRdm Siiahlpn N; B SRS IROLF SR depreaeRed o (hn o
substi t ut i AT)heawharyd(is4Chritkdag gieuped in literature: S V. Frye, M C. Johnson,
N. L. Valvano, J. Og. Chem 56: 3750, 1991. Winreb am des of forrmula (V)

can be syntTtmstemdl -BCyatkglcarbenyd imdans amhkky(clatbonyhgtohp rthe hlloyl gisapref mplichanm ne

(rea). 20 i, PRIGRESS piialf by IR B he SroBL S Jefhod, B 2
PCT/ EPQ / 1(refenred ae G-§Clalkylcagpnyl groups, (1-4C)alkylearbonyl groups being the most
15 preferred.

—

The term (6-14C)arylcarbonyl means an arylcarbonyl group, the aryl group of which
contains 6-14 carbon atoms and has the same meaning as previously defined. More
preferred are (6-10C)arylcarbonyl groups, phenylcarbonyl groups being the most
preferred.

20 The term (1-8C)alkylsulfonyl means an alkylsulfonyl group, the alkyl group of which
contains 1-8 carbon atoms and has the same meaning as previously defined. More
preferred are (1-6C)alkylsulfonyl groups, (1-4C)alkylsulfonyl groups being the most
preferred.

The term (2-8C)alkenylsulfonyl means an alkenylsulfonyl group, the alkenyl group of

25 which contains 2-8 carbon atoms and has the same meaning as previously defined.
More preferred are (2-6C)alkenylsulfonyl groups, (2-4C)alkenylsulfonyl groups being
the most preferred.

The term (6-14C)arylsulfonyl means an arylsulfonyl group, the aryl group of which
contains 6-14 carbon atoms and has the same meaning as previously defined. More

30 preferred are (6-10C)arylsulfonyl groups, phenylsulfonyl groups being the most
preferred.

The term (1-8C)alkylcarbonyloxy means an alkylcarbonyloxy group, the alkyl group of

which contains 1-8 carbon atoms and has the same meaning as previously defined.

More preferred are (1-6C)alkylcarbonyloxy groups. Most preferred are (1-
35 4C)alkylcarbonyloxy groups.



~ X2 RR~A~ N X1~ (V) (l-c) A suitable nethod for the preparation of

i nternmedi ate acids (I1) is the art-known basenedi at ed saponification of

et hyl estwp920iogeneral structure (VI). Saponification tapes/gbafe n the

presence of a base such as |ithium hydroxi de, potassium hydroxide or s

sodi um hydroxi de i n aqueous di oxane at.e@levated tenperature (40 Cto

reflux), followed by acidic-work-up. R~ Z OY \ \~ ~OEt ~ (u) ~ X2 R2~A~N

X1~ Bicyclig l.act f or mul VII) are useful starting materials for the

o epar at | ortgriem (oa4E Bttty ehnCht o Featony S i o sl glub

t he | act amviticlt conteinsed14 oarbhe aionts armk hassthe sdmegnedning ad piemipuslyi dedined.

phosphor vyl ' t,.ele I ' .

ppr opr i at S0k el arf (EA Ay EERSNAERubE, brknl Rakk Bl eidbolbeine. o

agent such themegidrefseisdi n t he presence of a suitable catalyst in ethanol,
the desired_imne of general formula (M 11) can. _he isolated. Related

" reducti ohs %@nsew&é%méammcwbwla@la ,aiaea wa%payl groupy iggni |

$- \ Lendrgsj ]ngl giolup 0df methCeonthial . 1-8 et hthhedaad g the Afe medB86 asRl Z O
~ ~ ~ =~

H A OR .Z Y\ \~ Okt ---.~ ~ ~~ [ N N
(iny vreapushyisingg Merg wtefed; f i G6 VS HpERIRERCORH, EE ol -
gener al st rd@)(diyaicylathinpcarhynyi grqupe peing dthdrpostqumefervedit i on of aci ds of type
(I'X) with diethyl am nomal onate under the agency of a coupling agent such

as TBTU Di Pibk tamg (¢y4C)(dhaymmindcarboay] meansredidardanmpdabonyil gequpatisl atuinder

basi ¢ copdidib@Nef wiiANEkARL 690 MBRA AORMS AHE AN th Qi PXNERS ROPMvRIisRN then
yi el ds bi cycl es of type

VII). In an alt tiye procedure, glycine, ethyl
ester can pefipedq M@Feagr f11ed; e BFy | (g'rﬁoﬁ:é@a gppocashenyl o - SENR%| Z‘Ell)'M
Bl anco, M @heh?hmmarbbnyl@-bﬁﬂdbbing@thoSCﬂit@ﬁrfed, J. Heterocycl. Chem 33:
361, 1996. Cyclisation of the internediate am des may al so be effected by

ti In( I sz chiTie cbem ﬂ}éC)(ﬂQalkylatﬂim(sprn}d hinearisde (ﬁi)ak&faaﬂnosrxlfnwlpmap,r ¢heon

Vor ol 1 o0 PAnga 8 S FhiGOBAR] o ppolSaidfing hos ik GBY rgplipbige oy
O z O O Treavinesly défingd. Adorg preferrednarea (146K)(datkylamihgsulfbnyngeaws.att- i n an
aprotic sol i g[g)ﬂgq%h{og,gf&m Hﬁ,ﬁpgﬁeﬁé {RMER Prdfegdaeophi Ii ¢ base such as

pot assi um c hat'e or potassfumtert-butoxi de may give access to an
aromati ¢ | areoRfin @6- 19ENR )ty ahihbailfoae]l f¥dns RedipiAsmilokuednyl goupaie LeEN
described in |it r%tl re:  C. %kt Ir)[di an & em Sect. .B. Zg: 189, 1986.
R~ W+ Br~ Z¢RR OEQ‘L 0 congsips prla A:a%gn atoms and 'has the same meaning as previously
defined. More preferred are (6-10C)(di)arylaminosulfonyl groups, (di)-

20 phenylaminosulfonyl groups being the most preferred.

The term (1-8C)alkylcarbonylamino means an alkylcarbonylamino group, the alkyl
group of which contains 1-8 carbon atoms and has the same meaning as previously
defined. @ More prefered are  (1-6C)alkylcarbonylamino  groups, (1-
4C)alkylcarbonylamino groups being the most preferred.

25 The term (6-14C)arylcarbonylamino means an arylcarbonylamino group, the aryl group
of which contains 6-14 carbon atoms and has the same meaning as previously defined.
More preferred are (6-10C)arylcarbonylamino groups, phenylcarbonylamino groups
being the most preferred.

The term (2-7C)heterocycloalkyloxy means a heterocycloalkyl group containing 2-7
30 carbon atoms as defined previously, attached to an oxygen atom. Most preferred are (2-
5C)heterocycloalkyloxy groups.

The term (3-8C)cycloalkyloxy means a cycloalkyl group containing 3-8 carbon atoms
as defined previously, attached to an oxygen atom.



( (X) Et Treatnment of vinyl derivatives of fornmula (XI) with diethyl
mal onat e under basic 20 conditions gives rise to conjugate addition. The

i nt er mediwhea¢yct can be cyclised to bicycles of fornul pcpflpol; /l(p,y3t| n(| V)

chl ori de-nmedi at ed reacti on and wor k- up. WO (12/2.1703 -15 PCI/ EPQOL/ 107~
Alternatively, tent-butyl ethyl nalonate can be used in this procedure
I nstead of diethyl mal onate. R~ Z OWOOY ~+ ~~Y ~~ OEt /| EtO0 CEt RZ

~i AN-A (X1 treatment with a sui abJe | dant, such as . or
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sol vent sugiredeusty,| sttaehedatoo am ok ggeni ammonerpre/fatre&%e 6- 1®©)raﬁy.‘ld> gﬁélu

occurs to | | also
< Kobayas R ipliodthe Bl Hehdied, @l aeaneleRlad By Uiclpt Ao gnbioer BFuf,

Koni shi, J. (604§D argioamn greups, eplsast igddingonezhetereptom selectec@omN,/ OAnNS(m | )
o In angt hﬁer@&?fﬁ@éﬁdm@%éﬂhe@ﬂe' AT ttassyRixydehgisal formula (XIV) are
deprotonated at the nethyl group using a strong base such as lithium
hexanet hyl di si |l azane (Li HVDS) or |ithiumdiisopropylanm de (LDA) in a

sui tabl e aprotic solvent, such as THF at | ow tenperatures (-78 C. The
ani on is tHehas beant sibwad thiat edpdunSs tof tiet smvpanenticabe forfulel acocgpablet &
addi tion, Ceiﬁélhg?& ig%’i:ﬁ? cg@b{-’%{d %%&lgggnﬂifé Eﬁza%ﬁbﬁgs of general formla

(XI'I'1) occurs €SCr1 akada, H Tanaka, T.

'l#gﬁgga TH ﬁﬁﬁiﬁ&ﬁl@%ﬁfﬁb l‘é:‘sicfes 11&)%%haﬁﬁ%@utu§l c'éﬁ‘;ﬁm B com§ns1g?%dﬁ8;em 62:
664, 1997. hetagpromatia derivaiiyg oRsalip thergoffaving thy sengyal foreuisd. -0

Thus, the compounds according to the invention can be used in therapy. A further

aspect of the invention resides in the use of a bicyclic heteroaromatic compound having
the general formula I for the manufacture of a medicament for the control of fertility.
Preferably the present compounds are used to activate the LH receptor.

15

The bicyclic heteroaromatic derivatives of this invention may possess one or more

chiral carbon atoms. The compounds may therefore be obtained as chirally pure

compounds or as a mixture of diastereomers and/or enantiomers. Methods for obtaining

the chirally pure compounds are well known in the art, e.g. crystallization or
20 chromatography.

For therapeutic use, salts of the compounds of formula I are those wherein the
counterion is pharmaceutically acceptable. However, acid addition salts of bases
according to formula I, may also find use, for example, in the preparation or

25 purification of a pharmaceutically acceptable compound. All salts, whether
pharmaceutically acceptable or not, are included within the ambit of the present
invention.

Examples of acid addition salts include those derived from mineral acids such as
hydrochloric acid, phosphoric acid, sulphuric acid, preferably hydrochloric acid, and

30 organic acids like citric acid, tartaric acid, acetic acid, lactic acid, maleic acid, malonic
acid, fumaric acid, glycolic acid, succinic acid, and the like.

Suitable administration routes for the compounds of formula I or pharmaceutically
acceptable salts thereof, also referred to herein as the active ingredient are



PCT/ EP011107-43 (XI11) Treatnent of chlorides with general fornmula (XV)
with (N-al kyl) beta-al anine ethyl ester (XVlI) under basic conditions gives

rise to Byewehessof general formula (XVII). Rel ated transheqfiphi/figs have
been described in: P.Y. Boanah, N. Haider, G Heinisch, s Arch. Pharm

(Wi nheim) 323: 207, 1990. R~ WCOEt s-RGA~N C ~ Rz\ O A (XVI) CEt (XVII)
Conmpounds of fornula (XVTl) wherein R6 = H can be oxidised to derivatives
of fornmula usi.n al | adl on charco at .el evated tenperatures.
See for ex é‘#%%@lscﬂ gm? Kg\}va%k‘ Wen® C%?’ﬂ {r%\fﬁnf".m 26‘9%‘5’%, %f972.
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20 The present invention thus also relates to pharmaceutical compositions comprising
a bicyclic heteroaromatic compound according to formula in admixture with
pharmaceutically acceptable auxiliaries, and optionally other therapeutic agents. The
auxiliaries must be “acceptable” in the sense of being compatible with the other
ingredients of the composition and not deleterious to the recipients thereof.

25 Pharmaceutical compositions include those suitable for oral, rectal, nasal, topical
(including transdermal, buccal and sublingual), vaginal or parenteral (including
subcutaneous, intramuscular, intravenous and intradermal) administration. The
compositions may be prepared by any method well known in the art of pharmacy, for
example, using methods such as those described in Gennaro et al., Remington's

30 Pharmaceutical Sciences (18th ed., Mack Publishing company, 1990, see especially
Part 8: Pharmaceutical Preparations and Their Manufacture).

Such methods include the step of bringing in association the active ingredient with any

auxiliary agent. The auxiliary agent(s), also named accessory ingredients, include those

conventional in the art (Gennaro, supra), such as, fillers, binders, diluents,
35 disintegrants, lubricants, colorants, flavoring agents and wetting agents.



RLR-ZOWOORZ~, +C" v 'Ot ~i \' \ OBt ~ANOHRZ-A-N O O (XXl)
{XXI'l) ~ s Furopyri(m)dines of general formula {XXIIl) are accessible by

sel ecti vay@yahiaghation of lactans of type (XXI) using pot apegidpdl/fRsPonat e
in acetone, and subsequent ringclosure under the influence of sodium

et hoxi de in ethanol. WO 02/2.t703 -18 PCT/ EPOL/ 107-t3 RL Z OO O (~1) +
Et0O Ot O- Et Br Rz~A~N (XXI'I 1) Thi enopyri (m )di nes of general formul a

XXI ible b hl
o capt onc EnagaR e fpporfBhiShlarts, 6008 fntatlon"nid 55 Pientpa o
exper i ment disorate dopage ahignisuchfas pilsptablits qr)¢apsiilss, pracd pavddrton glanblesopriasal ent s
of s ethyl, lﬁﬁfﬁt &aﬁﬁké’xﬁs@oﬁﬂh%cﬁ%'h?/%?&ﬁ&&tﬁ?&’; aﬁBtl%Zé’ew‘i‘téde&t 3 BYhRXd,de 1 n

THF. Under ese con I ons e ac c sul oes spont aneous

cycl i sati orﬁaﬁté Thﬂc‘rﬁmmltwaéﬁbwm Brei:%éedomtcg%ﬁmpaslt%pmm@m(ﬁqxnrwal If Rt
is (heteyohamyhistraildasti tuted with an el ectron withdraw ng group such as
nitro, the abovenentioned cyclization is acconplished via a two-step
procedur e, Hopyadexiens dd&ﬁhiatrhtm, sditableeconpositiorsl irlelei aqabdnis(mtl hensaqhiedisoned

by e el ehsb e i e BRI ShASERL Sl 4

OEt Rz / \ confairrsfor @cpmp@weyhtdrvmls:ambmnwd@segn@magémstmd o fredzs- c(de)d) ar e

accessi bl e R Sl G dutes, o of

(XXV) usi nég%pgl?lrggﬁ Bg@ghg&uﬁ%ﬁr*i? uu I‘OSXI de 1§Eu pot assi u?naﬁji)}ﬂyom de
ina mX urvéat@ﬁpfmtt%klseand an organi c co-sol vent such t5 as 1, 4-di oxane or
met hanol at elevatedte ure C.,to reflu

aci di c- wor K=Qipposftiongy or %?3?’3&9 S, %;5 @fé’ldﬁﬂ?lﬁtr@mb@hgwwng‘ﬁgﬁ?fhm%ude

sel ective Himdrdagenot ysists vafich Imaylimggﬂeraed by rheamstdfaneteled| doss poasssutizednt W
remai ns unaf e ~ A N ORS ( WO 02/ 2. 4703 -19

PCT/ EPOL/ 1%’7{9%8%0%&855?% 51’rsu or%ul a (XXV) could be prepared by

pal | adi um cat al ysed al | toxycarbonyl ati on of chlorides (XV) in tile presence
of carbon nonoxi de and an appropriate al cohol (R~-OH, XXVI). Siml ar
transfongmat i Onﬁmefwfcmﬂfé@e%ﬁlémwc héﬁ\%l%éléﬁheﬁﬁ‘@enfu@ﬁ o8 @IEB l@ adhiniGRasar d.

R Crettaz, Heterocycles 51: xxVI'} WY
RZ~A~N O Of@ the formyof implantable p%armaceutlcal degré\e/g consrstmg‘ of a coreoi' gctlve I

material, encased by a release rate-regulating membrane. Such implants are to be
applied subcutaneously or locally, and will release the active ingredient at an
approximately constant rate over relatively large periods of time, for instance from

20 weeks to years. Methods for the preparation of implantable pharmaceutical devices as
such are known in the art, for example as described in European Patent 0,303,306
(AKZON.V.).

Thus, the compounds according to the present invention can be used for the same
clinical purposes as the native LH, with the advantage that they display altered stability
25 properties and can be administered differently.

The compounds of the present invention wherein B = NH, represented by formula (I-a)
can generally be prepared following art-known condensation of an acid of formula (IT)
with an amine of formula (III).
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Pal | adi um cat al ysed reaction of chlorides (XV) with vinyl tributyl stannane
or tetravinyl stannane gives access to vinyl pyri(m)dines of general

st ruct ur ewpthh4703l >i s type of conversions has been extensipialppoigpRsted in
literature, see for exanple: L.L. to Gundersen, A K Bakkestuen, A. J.
Aasen, H. Ceveras, F. Rise, Tetrahedron130: 9743, 1994; F. Cuillier, F

Ni voliers, A CGodard, F. Marsais, G Queguiner, J. Heterocycl. Chern. 36:
1157, 1999. Depending gn thg substitution pattern of the cry ori des of
general fornula ( I nyl|l pyri(m)dines of general formulja (Xf) can al so
be prepared by { é the ~ s chlorisde wWith iﬁhaenyl
phosphane, folloyed by relacti i vm'tn ra) f or mal dehyde. XV) + ~NRBU3 - R-
Y ~ RZ~-A~ Ny ~T) ¢ 3 Xo=CHz ™~ mlarlypztredt ofXxhl ori des of
general formutfa (X¥) wKfh trinethylalane in the 2ApreNenc&lof a pal | adi um
catal yst in an aprotjg) sol vent such aZHinHF gi ves access toq.gW O 02/ 2-4703
-20 PCT/ EP011107~3 nethyl pyri(m)di nes’of general forrmula (XIV). Related
synt heses have been published in: Q Lu, |I. Mangal agiu, T. Benneche and K

Undhei A Sc. 51:. 302,.1997. R~ W ~ Me3Al - A N (X

Compounds. oFie SRRIBHRRF ARG FoRaLcts] ot ob mRpEtire p p Shis AT By
can be prepag.eah upratic esobreat sudht @r N~ andthgléadnappdo GONEY . or RliciloMdbhefizineN W
R ~H RBA N ~A~ I v . ) - ; | e,
der i vat Ve B § %ﬁn?*g%sﬁﬁ%%éé-é?%%%%l?}%&*ﬁ%ﬁ%%ﬁf@%w °
13C) het ef odetyaflunigbasates {FB'RE} | oz ebropptrapmedidintophesphoniuat gkafbwrenhosphaes | ) |

wherei n W i@yRSOPY sid Litdtiaty G bade, eV, NINGiR %th?m{hé Dip&Ag, conpounds
( XXI X) , wm(?ﬁ mayj be isotéglyourea ()Z)%Y%(— a}, 1i g%?ga XXI X-{))l, q
nonosubsti tut ed guani di nes (XXl Xc), disubstituted guanidines (XXl X-d) or
amdines (XXIX-e). HRa |l ~ R2\ /NHRZ S\/'"NH RzrO/NH R2~N~NH RZ, N~N ' ~H

N-H ' N~Hz ~INkéWishl-bnigddinds of-foanulatHiWhetein @ = O; beling repteséntsd by formula (I-b)
can be prepared in the same way as described above for compounds of formula (I-a),
10 starting from acids with the general structure (II) and alcohols of formula (IV).

R z 0o
a  + HORS  — ) YT oRe
s - X2
R AL AN
av) (I-b)

The compounds of formula (I) wherein B is a bond, represented by formula (I-c) are
accessible by reaction of an appropriate organometallic reagent with derivatives of

15 formula (V) in an aprotic solvent such as THF. Related substitution reactions can be
found in literature: S.V. Frye, M.C. Johnson, N.L. Valvano, J. Org. Chem. 56: 3750,
1991. Weinreb amides of formula (V) can be synthesized from acids of formula (II)
and N-methoxy-N-methyl amine using the conditions described for the preparation of
amides of formula (I-a).

20



is In a typical experinment, conmponents (XXVII1), (XXVIIl) and (XXl Xa-e) are
suspended in an appropriate solvent, e.g. ethanol, nethanol,

N, N- di metwyl dhuream de, Nmet hyl pyrrolidi none, tetrahydrofi g@Emgmi Ml di ne
and a base such as potassium WO 0212-1703 -21 5 io PCI/EPO1/107~3
carbonate, soditun acetate, sodi um nethogi-de or sodi um et hoxi de i s added.
Reaction takes place at elevated tenperature (70 Cto reflex). See for
exanple: S. Kalnbe, K Saito and H Kishi, Synthesis: 287, 1979; A M
Abd-El fattah, S.M Hussain and A.M El-Reedy, Tetrahedron 39: 3197, 1983;

S.M Hussain, A AR1EI -;arb ry and S. A Mansour, J. Het e&,ocy&l. em 22:

169, 1985. In thej|caseyof = (O CEt, aromatization occursfon tjie addition
~of an oxidalit, or ygen. Rel ated cycliza ns so be

performed on a ol i'dl supjort Ts/t?gﬁ as MEFPTfield resinusiig an appRopri at e

linker, segsforlexample kel IMzinzik and E R Fgiderdl 3o g xachem 63:
723, 1998; T.AMas®Uel i¥f, D. Sprenger, R Baer, F. ®rbeR an¥tY. Mercadal,
Helv. Chim Acta 81: 646, 1998. Conpounds of general formula (XX) wherein Y

= N, represented by ®ar nul a (XX-a) may be prepared via a €l ar
condensat i of sgitahdé agyhodufdr (g prepamticy of iBteriediay AE3 QY) R-thel aRardvwMbase NI

R2~A~N NHZ 2 (. [ L1) .k X+X-a- ~- ~S 20 Lyel f
gener al for%‘glpé%/%&’éﬁ%an%g) E%}P& |eét%%§y° ﬁ%ﬁfﬁ@@‘f@%}wﬁ rﬁégpﬁlgggt?%?g%%s?nul a
(XV), usi ngplagumothe pesamé af anbhsarsuclp@s dighiven bydroxide potessiwo hydrixideuah as

1, 4- di oxan Thi j I Nl o jum
chlori degaﬁs’gdyﬁ%} t |(g'ir?§é ?mmﬁgé@gs@%ﬂ%h%ggﬁtm%g&gﬁpigﬁ%\{ F};t@g?@ggt such
as DVF. R~ fpllpwed Ry acidiowsgizu W O 02/ 2. 1703 - 22 PCT/ EPO1l 107. 13

Chl ori des of general formula (XV) can be synthesized by the art-known
reaction of lactams (XXI) with POC13 in an appropriate solvent, such as

1, 4-di oxane, at el'%vatezd tegperatures (60 Cto reflux). R~ Wi \ Rz~A~-N Cl
5 Derivatives of formulfa ( wherein Y = Nand R is not (6-14C)aryl or
(413C) heteroaryl, prepared via nonosubstitution of G in derivatives
of formula (XXX)Ylvvi tH var ousORlcl eopl ul es—=Rel at edllubst it ution reactions
can be foungk in At twXxe e.g. S. Kohra, Y. Tomi naga and A. Hosom , J.
Het erocycl . Ciém ®5: ¥%9, 1988; A A Santilli, D.H Kimand S.V. Wanser,
J. Heterocycl. Chem 8: 445, 1971; J. dark, MS. Shannet, D. Korakas and
G Varvounis, J. Hetet¥Wdycl. Chem 30: 1065, 1993; S. Tumkevicius, Liebigs
Ann. O g. BBretll latiammof SormhlOG/INRE Bseful staftig RaAteridlsNofthe (preparation of the

corresponding imines (VIII). In a typical experiment, the lactam is converted to the

10 corresponding chloroimine using phosphoryl chioride at elevated temperature (60 °C to
reflux) in an appropriate solvent such as 1,4-dioxane. Upon treatment with a reducing
agent such as hydrogen in the presence of a suitable catalyst in ethanol, the desired
imine of general formula (VIII) can be isolated. Related reductions have been reported
in literature, see for example: E. Bisagni, C. Landras, S. Thirot and C. Huel,

15 Tetrahedron 52: 10427, 1996.
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i s Pyridines of general formula (XXI) wherein Y = CH A =S and W= CN,
represented by fornmula (XXl -b) are accessible by sequential allcylation of
a, ~i -unsaygipabeds;dinitriles of general structure (XXX') Wplch/iai/feas

di sul fide and al kyl iodide R2-1 to give conmpounds of general formula
(XXXI'l'), as described by P. Mlart, Tetrg@bedron 54: 15643-15656, 1998.
Cyclization of conmpounds of fornmula (XXXIl) under acidic 20 conditions as

descri bed hy K.. Peseke, .Z. e 9: -443 (1989 ield ridines, of
gener al fo%%m(l%sﬁ’mﬁ)‘)?f gene% %’%‘F%ﬁ?ﬁfmaﬁ © pa,ggd é&nceﬁf%%@@f;@dfz (~1)
PCT/ EPOl |/ Dl TypeJIR)-wil dethyyiGithiRemadXhichind Gothp aperty obfa @apingbgdnosuabl & ( XXI )
. wherein A "I“B’fU}ﬂ?EAbXnd: cgais%ﬂgn ATy ﬁleaﬁlte%l%xfa’%u%}'degeiﬁll QtﬁglilOIr c{e?sl?agfced by
formula (~I-T), can be prepared by react]1on of , -unsaturatedketones of
general f orcAndisions-Xolrpmptisfion  aiihd epnesmigint e desthoearbpaylstign-Xew) yisldsr ei n W
et butoxigdys GRaPETIIN, AL A aReleliof BritRBes KBNS SR SRT AT be pscd,
di met hy!| oulsaddet digthod: apmetpalanaie K5 don gyemblee M B GereUicr foresoy n, F.
Roschangar ,PeMlld, (CBUfSuhbpita, JTeHewbhegeonChah.t 33:3661,33996. C9Olsatiblr ¢F~tha/ W ~O

+ ~\ RZ HZN O N OH (XXX TL.) ( ' 1,Q i t hods . erm ne
recept or bilﬂNSFﬂ%%fg %‘Idf(’s 38 ?1)50 \}’l)éi(%%é%eﬁlé%(? W@‘)& 3@%%@% > Y&t 8&2‘[{‘2@;)

bi ol ogi cal chbirideito gffeét rygreldare opirgisted systeas haskheemneportad:gb s r\adronesg R essed
[ ecept o | ARPLACE Bhitkdih, FFnEABR3Y N, st ested and bi nding or
stimulation or-irhibition of a functional tesponse is neasured. To neasure
a functional response isolated DNA encoding the LH receptor gene,
preferably the human receptor, is expressed in suitable host cells. Such a
cel I mght be the Cqjnese Hanster Ovary cell, but other cells are also
suitable. Preferably the cells are ofOBtarmalian origin (Jia et al,

Mol . Endocrin., 5:759<77 1991. 20 thods to construct reconbi nant LH
expressing cell | YnesSare wek li_r@ i+PBthe art (Sa k et al., Mblecular
Cloning: alL orgt&ry/ nwal , Col2d Splfi ng Har bor /2-1703 -24

PCT/ EP011107~3~AaboiNat o Press, Col o°Spri ng Harbor, |atest edition).
Expression of receptor igygattai ned by expression of the DNA encodi ng the
desired protein. Teg_#,wi ques for site directed nutagenesis, |igation of

addi ti onal sequences,”PCR, aild construction of suitable expression systens
are all, by now, well known in the art. Portions or all of the DNA s

i, . . . Y !
Standard sojieaiat 8F o ELE GRRID XS W Bl BumHObaR! CA) alirole sBlent
for ease ofundeydlg dnflueges tofbane neamuelsprhilie s sushy s tpotasshim (serbonatgner

t ransl atis orpoddsstlif tdrtbhivgigd BHIEIVE KEHHEHGR Hamahle [4E@¢ segerlefn] tshactdA

codi ng seq CEeS is . well luzown, expression s r ow.avai | abl e
whi ch axe g@ﬂpgﬂabqﬁ}%cpﬁesahweﬁ%eegéﬁe%@@d of ’ltﬁfg?gey%f ﬁagﬁﬁ ﬁlﬂfﬂﬁrt’ (gkgﬁ tic i
0 hosts suc¥ecaB.Raci&D,il8@8@nd eukaryotic hosts such as yeast, plant cells,
insect cells, manmalian cells, avian cells and the |like. Cells expressing

the receptor are then are then contacted with the test conpound to observe
bi ndi ng, or sti rrull%ti on or inhibition of a functional response.

R? z 0
w
YT +* OEt
| Br/W —_— YR OEt
REAATNT ¢ ° 0 R2 /lk = )
o ~A N
(IX)

H
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Treatment of vinyl derivatives of formula (XI) with diethyl malonate under basic
20 conditions gives rise to conjugate addition. The intermediate adduct can be cyclised to
bicycles of formula (XII) by tin(IV) chloride-mediated reaction and work-up.



Alternatively isolated cell nenbranes containing the expressed receptor may
be used is to neasure binding of conpound. For neasurenent of binding

radi oact i W@ as/29¥e3f | uorescently | abel ed conpounds may be usReyems1hREEr ence
conpound human reconbi nant LH can be used. In the alternative al so
conpetition binding assays can be perfonged. Another assay invol ves
screening for LH receptor agoni st conpounds by determ ning 20 stinulation
of receptor diat ed cAl ceunmul ation. Thus,.such a method inyolye

expessi on o‘?‘ﬂ%ﬂ%u‘fei‘é’éfftt%ﬁtyi ﬁ&kyﬂga@o&aﬁ @p e dsed 16’1%1;5 H{%@"ﬁ“{;ﬂe@ﬁtﬁﬁa‘l %‘Q%W%l ng
the cell tamglepateest conpound. The anount of cAWMP is then neasured. The

| evel of cAMP will be reduced or increased, depending on the inhibitory or

" stimulating effect of the test conpound upon binding to the receptor. 2s In
addition to directiineasurenent of e.g. cAWP |levels ipitheyexpgsed cell,
cells lines can b usg& whi ch kp aqpition to transfedtion mﬁtl receptor

" encoding DNA arg ransfectied W th a_segond DNj-engodRQg 4 orter

gene the expressjon pf whicheg oet 0 the level jof Such Teporter
genes nighﬁ“bﬂziﬁﬁf’ cible or mght be cons@g&gieﬂt' h a way that
they are connected to novel cAMP responsive so enents. Tn general,
reporter gene expr fion m ght be controlled by any respddB el enent
reacting to changﬂﬁé | evel s of cAMP. Suitable reporter genes are e.g. LacZ,
al kal i ne phosphatase, firefly luciferase and green fluorescence protein.
The principles of such transactivation assays are well known in the art and
are descri bdor trgatment witheg Sukablecrkidant. furk as DRQT vl o palladiymegptalyst pt
(1995) Cyrr ¢ 1cpie Bhrb@SRARA LD aR dbpropridR SeWntlFRE as 25lenBChdmdtRatidnl @p3 For
sel ecting a&é%ve co ﬁg%gﬁdbaitln at 10-5 nust r.esult 1 an@$3t|V|ty of
nore than 28F%HYEh PiaFS {p QHBAFOLIRFS Qr guiBelings of gseppr dopmuila

Ano]E her bf:r i ()ﬁl’[!').oﬂeéﬁagb% Idaqidblhgasﬁ;sr) Vakde KhTakadal: Tagaks, IﬁO'Ia(tjdmura, gl.
preferably g 10'' e .skille I $azk, W recogni ze that desirable
ECso va|uesN%W§aH%g%H§%ﬁ?“6% rﬁgC@éééﬁggﬁﬁngZsted. For exanple, a conpound
with an ECso which is less tha~z 10-5 Mis generally considered a candi date
for drug selection. Preferably this value is |ower than 10-~ M nore
preferably 10-8 M However, a co und whi ch has a higher ECso, but is

sel ective for the particular receptor,% Ope even a better candidate.
Screening for LH receptor agonistilc cogpoumpds can al so be perfornmed by
using a i o nXUpe Leyeig cell bi yassa Yah Daste, M, Robersen, D, and

Di czfal usy, E (1974). Acta End [7: 655-671 Mannaerts, B.

Kl oost er boer, H. and Schuuf%?A'. ~ Neur oendocri nol ogy of

reproduction. R Rolland et al. Eds.,(%#ﬁevier Sci ence Publishers B.V.,
49-58). In this assay, stinulation of receptor nedi ated testosterone
producti8n can be measured in Leydig cells isolated frommale nice. i s To

nmeasure in yivo,activity, of re r_agonistigc c s _oyul ation
et ton i 1t FIREE pbtohdheebl RETERIdes 37 Yhetbi ot EIRXIW Brlier b Ra,

m ce can beatptherenkthylt groupi wring aF Skioug dasgy psucki asalithiyma Bexemntsyldistlagane

t ted With: i i~ Cqs s T i l.S: i

hgoruer ¢ ol DS AERIiRih iROR0Y Bhrad D APHTR sBIANE alftort GBI AR, Shctk s

m cr oscopi cAHFy 2hdews s@uperstyresh 678 orfpoublefs agion: ke there geated Widht¢thyl dan be

f’ipp: l gd ﬂ_{l Qﬂhgﬁidcityyl%ta Alres Soxﬁ@@tégﬁﬂ@i%iwﬂ,e@y?liém l¢b1 cfa[ndllilﬁ&h bf qUﬁﬁEbdlin-EE F 'et N

i ncl ude substi.t'uti.o ng. su 9 . ogona 0 i S i t hex
i e or T enefta et o i e R Rk Ly E dn

i nducti on (UngdaiT. ditermuorh,] €okrhyloett. s 25,0596 KoK ob&ashi, . UatddapKaTakadaptl. t he
corpus lute | gW I aler | IV he invention
and shoul d ?%hﬁé?ﬁgﬁﬁ%é&%h?g@%@%?ﬁ%“%ﬁgﬁP%¥$?Egégﬁg%gggpgﬁ%ﬁ§?ﬁe i nvention
. WD 02/ 2703 -26 Exanples Exanple 1 PCT/EPO1/107~3 te~~t- ut 1 S-am no-2- eth
It i0o-4- 3- meth x car on ox en 1 -thieno 2 ctjpxrimdine-6-carbo~am de 5
(a). 5-Cvano-~.-(3-net hoxXph~n~l1-2-nethylthio-6-h,~dro~-pyrimdine A

m xture of S-nethylisothiourea sulfate (139 ng), 3-nethoxybenzal dehyde (243
~, 1), ethyl cyanoacetate (112 p,l) and potassium carbonate (145 ng) in abs.
ethanol (2 mM) was stirred at 60C for S h. The reaction m xture was cool ed
to OCin an ice bath, t o filtered and the residue was heated in water
(H20) until a clear solution was obtained. The solution was acidified with
2N aq. HO to pH 2 and cooled to OCin an ice bath. The resulting crystals
were collected by filtration and dried in vacuo.




Yield: 186 ng M5-ESI: [MtH ~ = 274.2 is TLC. Rf = 0.S0, silica gel,
di chl or onet hane (CH2d 2)/ met hanol (CH30H) = 9/1 (v/v) |Db).

6- Chl oro ~=~-greet o henvl|-2-nethvlthio-~vrimdine

oxychl orl\ge ?%ﬂ% m) was added to a stirred solution of g ?)’?ﬂz’ﬁnﬂiﬁ%%o
met hoxyphenyl ) - 2- met hyl t hi 0- 6- hydr oxy-pygi.m dine (exanple 1 a, 305 ng) in
dry 1,4 dioxane (1 m). A drop of N, N-dinethylaniline was added. After 3 h
at 80C, the m xturg was cooled to OCin an ice bath and crushed ice was
slowy added. Afte} cessation of the exotherm c reaction, H20 (3 m) was
added. The solids yerepcollected by filtration and dried in vacuo. 2s
Yield: 244 ny M¥E [ MEH]+ = th,Z.;,TLC:OE?f— 4.86, silica gel, CH2C12 (c).
" EBth~l S-am 20-4- I 3- t hoxyphenvl | -2 e t1_tl==0_=thigquyy 2

3-d] pvri m diMmeg aNbxvl at e Pot assi tent butoxide (150 ng) was added
to a stirred solution of ethyl 2 nercaptoacetate (92 ~1) and

6- chl or o- S-cyano- ngl(\ﬁ nmet hoxyphenyl ) - 2- et hyl t hi opyri m di ne (exanple | b,
244 nmg) in dry tetralHydrofuran (THF) (4 nml). After 1 h, the m xture was
cooled to OCin an ice bath, diluted with H20 (10 m ). The solids were 3s

530 . D4 R0 8 e, 885 ) 8 N g i

PCTI _EPQ 1/ 1oeﬁt T} ypderchagicnequditions rﬁéqudwptﬁémMc as n&qnﬁxﬂlt erpU (KYHE~, 3
gpyfl m d'lln(eR@aﬁéﬁﬁﬁéﬁ’iﬁhét{bn@%hde BiédVdescribed i 1?] P.Y. ][B.Sargala ]N HalderdG Hexéuschb I
am no- 0X o-t hi eno pyri m di ne- 6car boxyl a
te (exa eg?rﬂe E&Eﬁrﬁ‘ﬁ})ﬂ)ﬁh Q?I\}ggbl n a mxture of 1,4-dioxane (270 m)
and H20 (30 m). L|th| um hydroxide (10 g) was added and the m xture was
stin-ed at io 80&'for 48 h. 1,4-Di oxane was renmoved fr®nhthe mxiure by

evaporation and tlhe ngsi due was taken up in H20. The rejmaining gpl ution was
acidified to pM™2 addi ng aq. H3N Hokr _The resuly- N@iee was
filtered off anl washed "wi t h ReZ0. s of water injfthe precijpitate were
renoved byR*ege? atgon with 1, 4- d| o ne and t R | et her and
drying in vacuo at SOC over ni ght. [ ield: 8.45 gAIVB l: ﬁ‘MFH] + = 348.0
TLC. Rf= 0. 2, ){Yﬁca gel , CHzC12/ H=09/1(v/iv) (e). tefgt-Butvl

S- am no- 2- rrethy -1 3- nmet hoxy |1 -thieno[2.3-d]pYrimdine-6 20

car boxam de
5- Ami no- 4- ( 3- met hoxyphenyl ) - 2- net hyIth| 0- th| eno[ 2, 3- deyrlppqu!)ne 6- car boxyl

Bangot 11 az ol SRPPRKE A FRI TR Y FGert A b % deiritess of (5. 0

g), N, Ndii smmlhﬂlay (EVEY) aminge p&llidRim) orf Gchﬁrcrrhl) abricvaredt tempeydtaes.nSed 400 )
dded A h { Th
Feact on' m Ve ORI 46 Ry Ghd Yhefth BP0 PARETSTE, CorhfBbpd e | T
HO (2 ~ 10frmpla (XTHé) \mhegalml%, F &;/@rralm§a@| bt eenvengStvirmigesold m@m@@(ﬂﬂh in
vacuo. Tfe fdih 9 rm%mqaeasnmrlsﬁileghé@y Hﬁhﬁ@ﬁl@%ﬁaﬂw msssilmei}ﬁwl Wi th

et 8. o B ate, Wikgaeh 76 Sirapat M om0 o 3 o Luna

C 18(2) 100*2.0 mm flow 0.25 m/mn, oven tenperature 40C, detection 210
nm + 254 nm el uent

R Zz o]

xvi) ——— )Y]\ A
R"'\A N/

(Xvn
Alternatively, imines of formula (XVIII) can be prepared from the corresponding
lactams of formula (XIX) in a similar fashion (vide supra) as their regioisomeric

OEt

15 analogs of formula (VII), i.e. conversion to the chloroimine using POCl; and
subsequent dehalogenation using hydrogen and an appropriate catalyst.



WD 02/ 2- Q703 -28 PCT/ EPOL/ 107~3 H20/ acetonitril e(CH3CN)/ CH30H = 70/28.5/1.5
to 0/95/5 (v/v) in 50 mn (f), teat-Butyl 5-am no-2-neth~r~lthio-4-(3-h,

dr oxyphenwoihhitodi enol 2. 3-dJpyri m di ne-6s car boxam de t entpBupoh/10743

5- am no- 2- et hyl t hi o- 4- ( 3- met hoxyphenyl ) -t hi eno

[ 2, 3-d] pyri m di ne- 6car boxam de (exanpleile, 1.8 g) was dissolved in dry
CH2CA 2 (30 mM) and the resulting solution was cool ed down to OC. A solution
of boron tribromde (1.28 ng?) ig drypCH2A 2 (30 M) was added dropw se and
the mxture was stirred ovefnight atllroomto tenperature. Sat. ag. NaHCO3
was added dropwi se to th I;kre until cessation of the
exothernlic reaction. Thepeafter, |CH was renoved f(®¥he mi xture by

" evaporation and a Ialk@e,alﬂo OAc was added. The organic |ayer was
washed with sat. aq. szH(I)B, dr&ed (%804) and concentrated in vacuo.

Yield: 1.3 g ~s M5-ESI: [MH +=389.2 HPLC. Rt = 17.44 mn, colunm Luna C 18
(see exanple le), eluent H20 CN/ CH30H = 90/9.5/0.5 to 0/ 95/5 (v/v) in 50
mn (g). tef-t-Butvl 5-am no=2-rnethvlthio-4

~3- | met hoxycar bonvl oxy, ) -vhenvl | -t hi enof 2. 320 r| ~pvri m di ne- 6- car boxam de

t e~~t - But yl

5- am no- 2- tlﬂ%}?@hqfofoﬂmfl@ (ﬁ% S%Bﬁ@ﬁwedtw %‘f%a[tlfnf fae}npwnﬁpg}(gg)d& a?%ox am
de (exanpl efoimfila (X)) wikh cherm efinyd sudlorete inrthelpxesia@ Off 2 stiabid )Jase[ﬂlfbléﬁql(esoo w )
and met hyl ,rﬁg%%e&xerdmeem@a&%g afd do Y AeisithcARe] e BERS! 4 UAsd o8l

stirred at erature e react was was dW|th

H20. The52sethoxidm ubeth@ryé} ommm} ¢18611‘4Q\@9®4§f01€§ﬁ dh%bll%f‘élm llagrﬁ@dofdmm?@d uced
pressure. THgnilak t frfrsERHREUNS MRS HRHH | fep &lﬁkdb)/n Hitkets| B Forl eRangie: 1A\, gol umm

\',I'Mhtehtlt{]leef 8%%%%3&?@ S C‘r%ﬁ”ﬂ 31%?%97? ig%ﬁ(‘%{ ﬁtaaﬁ’éﬁ%fn - and
H20. Yi el d: PARedy W FeialN. E&Tero{:;?dﬂﬂ]lhlem:%tlﬂl}lmc Rt = 17.56 mn, colum

Luna C- 18 (see exanple le), eluent H20/ CH3CN = 40/60 to 0/100 (v/ V) in 25
mn WO 02/2703 -28 Exanple 2 PCT/EPO1/107. 13 tent-Butvl

5-ami no- 2- net hvl t hijo- 4- (3- (al Iyl oxvcar bonyl oxy) - hen, ~ 1 -thien~(2 3~p;
~rim di ne-6-carb The rea of tef~t-buty XIX)

5-am no- 2- net hyl t -(3- hyd& &E -t hieno[ 2, Sg

d] pyri m di nere6- b i de (eXanple 1 100 ng) with allyl chlorofornmate

(274 ~, 1) was berfd\‘rred”ﬁz:cor ding to the methods described in exanple 1 g.
The title conpou s purified by HPLC using a Luna C 18 colum with the
foll owi ng gradi entf: "CH3CN Hz0 = 10190 to 90110 (vl V) 30 min. Th itle
compound waDeRSHERIE 9 the FYDSEAON RAL o, e, e Mm&dawarﬁé@amulmi%ﬁ)
Yield: 102 ngtais-otJormhiltEIIX) cad B3. pgrepdredCby in(FV laxl&l’ddmlﬂdlatkﬁwdﬁplnigmﬁ C 18

(see exanpl g hp,?]%alf%%éie boubelh %l}l%g;le_a,tlgxg apﬁlgﬁ%r%x%gge (Y2 Withtle Slvilit Telg. S

Exanple 3 te=

5- am no- 2- ne4h¥] intdiphenyl gthetle~zy| oxycar bonYl _oxv~phe~l Lhi eno(2. 3c~, p, ~rri ni
di ne- 6- carboxani de The reaction of tent-buty

5- ani no- 2- it hgimilar y2y. lasorgsRdpHEERID Fan by EﬁBFQd by rpelatian ofdadtama phox ani
de (exanpl efdrmfiia 3OO mﬁah dMldrB M &dalonate! MH QfioNeqRdre c§éi{c§,§u<sﬂ) 20 was

per formed accordi ng o the nethods described in exanple 1 g. The title
conmpound was pur| fRéd by HPLC using a Luna C-18 col um&Tvm th thg follow ng

gr adi ent : = /90 to 0/18 (v/v) in 30 mn itlg conpound
was t hen Iyophl Iy m a m xtjur e of 114_d4 oxane

\A

OEt

(XXI) (XX10)
15 Furopyri(mi)dines of general formula (XXIII) are accessible by selective O-alkylation
of lactams of type (XXI) using potassium carbonate in acetone, and subsequent ring-
closure under the influence of sodium ethoxide in ethanol.



Yield: 112 ng 2s MS-EST: [MtH '~ = 523.2 HPLC. Rt = 22.22 mn, columm Luna

C-18 (see exanple le), eluent H20/ CH3CN = 40/60 to 0/100 (v/v) in 25 mn

WO 02/ 2.\@¢@32489 PCT/ EPOL/ 107-13 Exanple 4 tort-But, ~| SpaiigheydEt h

|t hi o-4- 3-( -n nitro-benzyl oxvcarbon, ~yy-nh~

1t hi eno[ 2. 3-d] p~-i m di ne- 6- car boxan~de T§e reaction of tent-butyl

5- am no- 2- net hyl t hi o- 4- ( 3- hydr oxyphenyl ) -t hi eno[ 2, 3s

d] pyri m di ne- 6-carboxam de (exanple 1 f, 100 ng) with p-nitrobenzyl

chloroformate (554 ng) was performed according to R'he mgt hods described in

exanple 1 g. The title agnp@und was purified by HPLC usyng a_Luna C 18

colum with %t(g fol,_l ow ng grjadi ent: CTH3TN H20 —\ZL 90,90 (v/v) in 30

" mn) The tlf conpo t | yophilized fro of 1, 4-di oxane

and H20. to Yield: 47 ng ESI: [ MrHI+ = 5B%. ; 45 min,
colum Luna C- 18 (see exanple le), el uent H20/ CH3CN = 40/ 60 to 0/100 (v/v)

~in 25 mnis Exanple 5 tent- u~ 1 5-a 'no-2- et hio(XXI@) h no ¢ rbo lox -

hnl-thie o 2 3d]pyrimdine-6-car~oxam de The reaction of tert-butyl

5-am no- 2- net hyl t hi 0- 4- (3- hycl i oxyphenyl)-tl ueno[ 2, 3d] pyri m di ne- 6- car boxam

Idef(exagpllanénofp qrﬁgdlﬁss) o@ génepe(kjnemginurahl(xmwrafat &cé%ﬁﬂcle“@ t&@nﬂmt tIof
erfornmed agcor ods, de n.exanpl e itle
(I?orrpound vvagi(foﬁlﬁilcﬁj ﬁ@é Eﬁaﬁtﬁaﬁﬁﬁﬁﬁl&ﬁe% % i gstiirof‘ﬁz’af%IIPc?\M ng
gradi ent: Gysicl dadaerlmeniobﬁe) equﬂevltlcﬁf chloride (KV)36 rercted W’iﬁe 1t5i ¢quevatsnispailind
was then I el Yiekd S
VB ESi T MR g ogdeBll Bnll 2 Cifiggiel b b BAN i itoltdR ip TR UnBd T &
1 e), el uert eaqz@n@mﬁu thesanyslic swlifide twdengoes, pponianzauscyclisatian ty Gorpy phe) 703
'53 ; . Eéagmtﬁleﬁolfﬁﬁﬁﬁge/&ﬂ&ﬂ@rat it%r@%mﬁqhemnov)clg rR1 Cl)s (hetero)aryl, substituted with an
i.Q- [ XV

| oxy~- vhen~9 Per&ﬂl@glE}g pgm lllqlilg 28 QiR o ah%vewtlpg%gctqy%zagpn is
Ei ]ent butyl dzcamp lﬁshea viat By twdistep 4proCeduys]r mvylvingn itolatidnu@fiofhd, Bisermediate

rimdi r
chlo)c/)r of c%?rr&ﬁg fb@%‘ﬁgﬁm@‘gn&eﬁn‘??‘ﬁglﬂ%té—éﬂyg’%ﬁ%g‘{waﬁ E)&? ﬁé{ ﬁé@%gfﬁzg‘wﬁ Bed in
exanple 1 geﬂevamemﬁu@ntocﬁffmhﬂalqmbmmg fomaretion.educed pressure yiel ded the
crude title conpound. Yield: 569 ng M5-ESI: [MtH ~ = 554.6 io TLC. Rf= 0.5,

silica gel, hep/EtOAc = 3/2 (v/v) R1 7
o)
Xv) + Hs\)J\ Ot 2 /Ik ) N
R AN s OEt
(XXIV)

Pyri(mi)dine carboxylates of general formula (IX) are accessible by saponification of
alkoxycarbonyl pyri(mi)dines of formula (XXV) using a strong base such as lithium
hydroxide or potassium hydroxide in a mixture of water and an organic co-solvent such
15 as 1l,4-dioxane or methanol at elevated temperature (40 °C to reflux), followed by
acidic-work-up. If W = COsalkyl, R’ preferably is benzyl, to enable selective
hydrogenolysis of the benzyl ester function while substituent W remains unaffected.

¢
— (IX)
OR?
XXV)



Exanmple 7 t~~"t-Butvl 5-amr~o-2-neth~~thio-4-(3-i(~, Ndieth |amno
-carbony_I| ox~~)-phen~rl ~ thi eno[ 2. 3-d] pXri m di ne-6-carboxam de |Is

t e~~t - Butwb 02124703 PCT/EP01/10743

5-am no- 2- net hyl t hi o- 4- (3- hydr oxyphenyl ) -t hi eno[ 2, 3- d] pyri m di ne- 6car boxanmi
de (exanmple 1 f, 100 ng) was dissolved im-dry CHZC12 (5 m) and a few drops
of N, N-di net hyl for mam de (DWMF) were added. Diethyl carbanoyl chloride (68

d D 217 h ti xt t d at
r oz)ma? errper(gA‘BéoémS%roﬁ) dcﬂ?mﬁarhzﬂgqgc 31%1 ﬁl?esr(te ﬁIPCeEI & sl?u?ré dﬁ\ﬁs% ‘?—lilﬁ%deThg
or gani ¢ | ayadlroxyoarhamsylatidre df cMpEdds (}é\i) din ¢lonprenencat ddcanlmiemone:ddeadd an

pressure. fi y 2 ol um
Nith the 1 oPPpriake” SQRRE (O X ST dhblorifidg gv/v%r&éo n,

The title Ewﬁwwem oxpEAler Yo BR$SEIdz B Crotian HetaroeyelpeS 2589 4198?oxane and
HzO Yield: 75 ng 2s M5-ESI: [M+H + = 488.4 TLC. Rf= 0.6, silica gel,
hept/Et OAc =1/1 (v/v) WO 02/ 2.1703 PCT/ EP011107~3 -32 Exanple 8
tent-Butyl 5-am no-2-nethYlthio-4~3-(1,2 3
6-tetra~rdropvridi nocarbon_~ox ~| phenY~
-thieyo~2_, 3-d] pyri m di ne- 6-car boxam de te
5- am no- 2- (KWhw ¢Eoor K740 ( p- -t+0- phenoxycarouyl oxy) - phenyl ) s
t hi eno[ 2, 3-d] pyri m di ne- 6- car boxam dg. (e 6, 0l42 ng) was dissolved in
CH2Cl12. |,2,3,6-Tetr aBXVDpyri dine (117A~. IN and’Dl PEA (224 pl) were added
and the mxture was stirred at roomtenperature gyerni ght. The reaction
m xture was diluted wwth CHzZO 2 and vvashe( )th H20. The orgasuc | ayer was
concentrated under reduced pressure. The titl’e conpound was purified by
HPLC using a Luna C-18 colum with io the follow ng gradient: CH3CN H20 =

froma m xtufladismtoithy bt Sadliol of \Bubhdes (ROTERMEL BT labiflsoae bECE
HPLC. Rt = teBadflylsannaneogivemadsess. tm winylepyO(mddies v8 @enereDstrupiure (XW). This
m | mn, dettgﬁé 'o?@o%;egmaﬁg hﬁl Bé%ﬂtex{éﬁ%%%\&téd‘liﬁllﬁ&a Qeéf?% e(x\égﬁ‘ﬂ el 15 mn

Exanpl e t ol uenesul. rda - 320
c~vri ni dP neGwndesseBoRdin Béld(eat)wn AdyAwsnatl Qevgras, dh Rdses Tetrahedron 50: 9743,
- ~~et hvl t hi mod; Fy dru@Miet, 10, NiveliehNA. Solird] Bl ®fais-GEORNdiSS] 1Ni e 3/é1ul fate

(69.0 g), 3:nitr yde (75 0 9), et hyl cyanoacet ate (56.0 m) and
pot assi um cglll%r?g{)ﬁ%‘gzggg in abs. EtOH (1500 m) was 2s stirred at 60C

Losul ting hEdERE R ﬁlﬁoﬁﬁ% PP Bl chfories of Bl BB A ol ) | o
in hot wat epyri(ad)d@)es dmgemoaldononlav(éﬁ) @@mla@@ be prepaned byrsubsiitatian ofidheli fi ed
with 2N,kd c}h&h&é"‘ %nﬁndme 1@3@ tﬂe\%ﬁﬁ pﬁ’J&PhﬁE b?&l‘ibw@ebR% e%ucabﬁlg with

precipitate was teredo and ed wth 1 ce water dual water in
t he preci pl(ﬂ)&’éf’éf%édlelé}r‘ﬂ?ved by coevaporation with 30 1, 4-dioxane. Yield:

-~

54.0 ng. M5-ESI: [M+H -"' = 289.0 TLC. Rf= 0.3, silica gel, DCM MeCH = 9/1
(v/v). WO | 12/2703 - 33 PCT/EP01/107-43 (,h). 6-Chlvro-5-cyano-4-
3-nitropheny~,|-2-nmeth, |~-p3nimdine POC13 (100 m ) was added to a stirred

sol ution of 5-cyano-4-(3-nitrophenyl)-2nmethylthi 0-31- hydr oxy- pyri m di ne
(example 9(a), 25.0 g) in dry 1,4-dioxane (300 m )T After 3 h at 90C, the
m xture was cooled to roomterrper ature and concen t W under

V) =+ /\SnBua — )\
(XD
(XV) + =PPh, + O=CH, — (XD

Similarly, treatment of chlorides of general formula (XV) with trimethylalane in the
20 presence of a palladium catalyst in an aprotic solvent such as THF gives access to



s reduced pressure. The residue was dissolved in 1, 4-di oxane (100 m) and
the resulting solution was cooled to OC. Ice water was cautiously added.
The resulywwbngrpigci pitate was filtered of f and washed wi t pcwaipgi107iResi dual
water in the precipitate was renoved by coevaporation with 1, 4-di oxane.
Yield: 26.0 g. io M5-ESI: [MtH + = 30720 TLC:. Rf = 0.5, silica gel,
heptane/ Et OAc = 3/2 (vlv). lcl.

Et hvl 5- cva ( -~ethoxycar bonv] net h

oL &2 BRSO T R BB S NaR BRI e
2- mer capt oane(ﬂafue I(MaﬁgaiagluaﬁdBenneche and K. Undheim, Acta Chem. Sc. 51: 302, 1997.

6- chl or o- 5-cyano- 4- (3-ni trophenyl) - 2-net hyl t hi o- pyri m di ne (exanple 9(b),
©26.0 g) ina mxture of EtOH (250 m) and DCM (250 xnl). After 1 h at room

tenperature, 0.1N aq. HC (500 m) was added to t m xture whi ch was then
~extracted with DCM (3*500 m ), dried (MySO4) and goncentrated under reduced

pressure. 20 Yield: 28.0 g Ms-ESI: [M+H]~ = 390. 4 JLCwRf= 0.5, silica gel,
hept ane/ Et %)— 312 (v‘ng) (d). Eth.zl ami no-Y- I3 ni t rophenyil

- 2- et hvl t hi 0-"t hi eno[ 2. %dlp~~|md|ne6a§c bo;, ~Llate A m xture of

et hyl

5-cyano-4- (3-nitrophenyl)-2-nethyltl uo-6(et hoxycar bonylinethylthio)-pyrimd
ine (exanple 9(c), 28.0 g) and DIPEA (30 ml) in a mwyure of toluene (150
m) and EtOH (150 mM) was stirred at reflux tenperature (100C) for 16 h.
The m xture was then cooled to roomtenperature and concentrated 30 under
reduced pressure. Residual DI PEA was renoved by coevaporation with tol uene.
Yield: 28.0 g M5-ESI: [MH * = 391.2 TLC. Rf= 0.6, silica gel,

Pep': age{ E} @é\ﬁn poudidd of férviula BEXT) Wieréid/ 2 =IN Ol%pre'ééntE’&Hf Eﬁfﬂlﬂi@@fﬁa)(@h be
ert-Buty

4-(.3-am en~~
{1 enol 2, 3-RPBHBA Titee HeL BERPEGR AT dRPEPHe.
5- am no- 2- net hyl t hi o- 4- ( 3- nltrophenyl) t hi eno[ 2, 3-d] - pyri m di ne- 6- car boxyl a
te (exanple 9d, 780 ng) was dissolved in 1, 4-dioxane (10 m ). Ethanol (10
m) and 5 tin(ll)chloride ( 1.1 g) wer a added and the reactiggn m xture was
stirs ed overnight at 90C,After concentration of the reactidn mxture in
vacuo, the res{dueEtas red] ssolved in EtQAc (50 nl) and wag iWh 4m ag.
NaOH (10 miW dified (M ignd copseh Rd undet,reduced/l\ressure The
ethyl ester gro@p in the resulting der| ﬁ‘tlve et hyl
5- am no- 2- net hyl t hi o- 4- ( 3- am nophenyl ) - eno[ 2, 3-d] - pyrf\m dithe- 62ar boxyl a
te to (55S n¥XVHE}p saponxiwagto the ndi ng acid (43ﬁ(7m;a usi ng the
met hod descri bed iFn exagpl e Ic)i and suEseque%?ly reacted wt )
te~~t-butylam ne (200 ~I) to formthe correspondi ng teat-butyl am de

(according F(ﬁ EXAREE d%n@trveg_hﬁ“ Tdrh{u?a Em% n@h&@ﬁl Rur Lf g@% 1 or (4-
chromatogrl\gcé on S|’||cage W th leld

nt
391 i1§ hpteroagyl yay” be sgh f@l@& Y qRpd: It?afd%n 0 Pqilvé%lstﬁ%f Niﬁt WEETOHE
3/2 ( v/ v) (WJls &@Y&w&t@ly defined, with aldehydes (XXVIII) and compounds (XXIX), which

5- am no- 2. TR LD 3t 01 USTES th R ABhoAGMen L BERLE RV 1 m ¢

i ne- 6- car bdx
5- ami no- 2- Bt dnylhhshnuedgvéaiuthms{é@ﬁ&w)lQr-demnm[)QZC@C@}.pyr| m di ne- 6car boxani de
(exanmpl e 9e, 100 ng) was dissolved in dry pyridine (5 m). pTol uenesul f onyl
chloride (70 ng) was added and the m xture was stirred at roomtenperature
for 2 h. The reaction m xture was dlluted with CHZC and washed with 0. 1M
ag. HCl. The organic layer was dried ( SO4) and co centrat ed ndeh reduced
2s pressure. Tge f ﬁl e ?pn% was (H; Ngraphy Mica
gel with heB’[/Et 2(vv as eluent Yleld 63

N

(XXD(-a) (XXIX-b) (XXIX-c) (XXIX-d) (XXIX-¢)

15 In a typical experiment, components (XXVII), (XXVII) and (XXIXa-¢) are suspended
in an appropriate solvent, e.g. ethanol, methanol, N,N-dimethylformamide, N-
methylpyrrolidinone, tetrahydrofuran or pyridine and a base such as potassium



M5-ESI: [MHHl + = 542.4 HPLC. Rt = 23.46 mn, colum Luna C 18 (see exanple
1 a}, eluent phosphate 30 buffer 50 nM pH 2. 1/ HzO/ CH3CN CH30H = 10/ 72/ 17/ 1
to 10/ 181 W/ ®dntwsv) iii 50 mn WO 02/ 2a703 - 35 PCT/ EP@c1Bfd{né733 Exanpl e
10 tent-Butvl 5-arnin~-2-nmeth~lthio-4-~ -1vinvlsulfonam do~phenyl|-thieno~2
3d] pxri m di ne- 6- car boxam de te~~t-Buty21 -

5- am no- 2- rret hylthi 0- 4- ( 3- am nophenyl ) -t hi eno[ 2, 3-d] pyri m di ne- 6s

car boxani dg, gdlgr_ﬁ ac%?ﬁee%dmsnﬁg@?@g \ljcf?cgoliﬁlp? eﬁoﬁdﬂé? aaéed%%o (25

m) and pyr| |ne(5 prep ared as

descri bed  itAkesunlace dplevated tomperatisn (73Y; tqgghmieﬁpp. fpn.sw)pleﬁs slémnb¢,dﬁ of
. gngr on- fnt %%:&h&;ﬂngshf SyRihksle: 487, 9979, Oxﬁ*%@gdgEg‘gtm kmﬁgglgglgfﬁgw se
m xt ure vva>s% ;&‘Telqye?feﬁ?*‘?ﬂ{r ﬁalﬁlgﬂdléés kéﬁf? P?Fa‘é’atA %‘a;bl‘]?@%Ban
\ _cl)_L gani cI $ a;Manms, ar Eﬁder()m]{SOGhexﬁndzﬁcM@;eﬂt%aI ¢al thadesse rcffle:e-d SDEBU e.
etitle CO ri e cnLonat o Lca

hept / Et OAC = %?W)Qa\ﬂccgrlsé thg flﬁ)yl?n lgp% P%C% %E? eéi ~'s
TLC. Rf Gsysbzatmns Ry adgsl be preeformet @\e sd1c8$®p@rt/su9h E(Mmp'lfwldl_msnmmm K
5- ami no- 2- %gttbydaw itk ded to2eimloRe Wl IPARAIR RS ﬁoﬂﬂa&@rdplmgp&ﬁ&n' &b:

t hi en~2. 3- rim di ne-C~ carb 20te ~t-B

5- ani no- 2- h}P?ﬁi &. Masqualip, B/ Spueteshafi Bass Eh@ﬁ‘?%f 306 ¥ndercasigl, Felvni di ne
- 6- car boxantis. (281661099887 ng) was dissolved in dry THF (5 nl).

Pi peridine (181 ~,1) was added and the reaction mxture was stirred at room
tenperature overnight. The reaction m xture was diluted with CHzZC12 and
washed with sat. ag. NaHC03. The organic |ayer was dried (MyS04) and
concent r at edorupaterdsrefisoerdl REMplag Sy wherFineY t N, eeprenepiod by fneulhi(XsX-2)

purified by, h / a= 312 (v/v) as

el uent and t EQE?C&D%E%Quglslﬁglag&{S%gsagsﬁgﬂtk%nrﬁn%\%nﬁ%ée'f ol | owi ng
gradient: CH3CN 0.1% aqg. trifluoroacetic acid (TFA) = 10/90 to 90/10 (v/v)
in 30 mn. The title conpound was then |yophilized froma m xture of

1, 4di oxane and 0.1 % aq TFA. 3o Yield: 89 ng (TFA salt) MS-ESI;, [ MH + =
563.4 HPLC. Rc = 18.4 mn, colum Luna C 18 (see exanple 1 e), el uent

H20/ CH3CN = 60140 to O 100 v/v) in 25 min WO 02/2703 36
PCTI EPO1 / 10T 3anent - But xL1\5- ani no- 2- get hht hi 0- 4- { 3- ( 2-
(t hi onor phol i n-4-yl ) -et haﬁ'lesul"fonamﬂi/y Zly1) ~t'hT€’ﬁo[2R.§ d~ ri g di ne-6-car
boxam de s Reaction of tluonorpholine ( &84 qgl) wth t ent-Asut ym NH,

5- am no- 2- net hyl t hi 0o- 4- (3(vinhyl sul f onam do) - phenyl ) -t hi eno[ 2, 3-d] pyrl m di ne
- 6- car boxam de (exanple 1 }Tg) was(X3di¥-aejred according tXXfag net hod
describgd in exanple 11. The title conpound was first purified by

chromat ography on silica gel with hept/EtOAc = 3/2 (v/v) as eluent and then

by HPLC US'A!EeIﬁat'}WI s¥enétd] orifiga (X grhkl);awt @essiblé b?@!gﬁﬂénolﬁ?w 0.1%
e LI ounda was en

aq. TFA =1 QOtOtﬁ? {SY rn 30 mn. f%?co%

| yophi | i zed™¥¢ A COY )» 1Usine, POIEQHE aEeTe 7oF 4 AHPEOPTIAIG PERAMCHP ny

{TFA sal t) ddB:cnSlsuch MsH] 4-doxa8d.. This transformation may also be accomplished with
ammonium chloride and a tertiary amine base such as DiPEA in an aprotic solvent such

20 as DMF.

Rt

®V) — 1
e

(XX)



HPLC. Rt = 17.2 mn, colum Luna C 18 {see exanple le), eluent H20/CH3CN i s
= 60/40 to 0/100 (v/v) in 25 mn Exanple 13 tent-Bit r~ 1 5-am no-2-nethvlt
| 0- 4- { ~2-WBio32473 Mt hoX~et h~| - am no, S PCT/EP01/10743

P~t ]| anesul f onam do) - phenyl ) -t hi eno( 2, 3-d] pvri m di ne- 6- car boxam de 20
Reaction of bis-(2-nmethoxyethyl) am ne 244 ng) with tef~t-butyl

5-am no- 2net hyl t hi 0- 4- (3- (vi nyl sul f onam do) - phenyl ) -t hi eno[ 2, 3-d] pyri m di ne

- 6- car boxam, de.. ( ex | e 8 s.performed accordi t o the. met hod
desor | bed A ficRepfret Jromtis (R 487 HBCHRGEESY BY B Riph8 genion o

chr onmat ogr agsitams XK} with R§2CL; w ath apppridie Gatyent, 3uch fsv1,d)diasne| atedtvasadd t hen
by HPLC usi o with the followi ng 2s gradient: CH3CN 0.1%
“ag. TFA = {%Pa%%a{tug&ggﬁl%q?\%\#Wn 30 min. The title compound was then

| yophilized froma m xture of 1,4-dioxane and 0.1% aq TFA. Yield: 60 ng
(TFA salt) M5-ESI: [MtH + = 611.4 HPLC. Rt =17.9 min, colum Luna C 18 (see
" exanple 1 e), eluent HzO/ CH3CN 3R' = 60/40 to O 100 (v/v) in 25 mn WO

021 2.1703 -37_ PCT/EPO1 / 107-13|Exanple 14 tent-Butt 5-am no-2-neth

| thio-4- ~2- -nethyl piperazi noys; sul f onam do~ phen~y-thieno[2 3, ~1-

] pvri mi di ndX&Igar boxam de s tg“\lS eaction of N-nethyl piperazine (184 pl)
with test-butyl R2_ = ol

5- am no- 2- net hyl t hi o- 4-(3(vi%y| sul f onam do) - phenyl ) -t hi eno[ 2, 3-d] pyri m di ne
- 6- car boxam de (exanple 10, 87 {5?‘),) was performed according to the nethod
described in exanple 11. The title conmpound was first purified by

chromat ography on silica gel with hept/EtOAc = 3/2 (v/v) as eluent azid
then by HPLC using a Luna C-18 colum with the follow ng gradient:

CH3CN 0.1% aq. TFA = 10190 to 90/10 (v/v) in 30 mn. The title conpound was

then | yophid i i xt A-dli 0 .19 Yielg: 85
o (TEA Sam g Ry B Brhi, 600, Speleid f IR - 4ok BIIGEBENE 7
(see exanplli80O)hasyroaniluymay beipoipared orip mogosubstifugon of 61 in dexpyatives obformyla
Exgrrglﬂe &fi%@%ﬁyﬂ gfi%l_lggf;io%;(gud%dblﬂzl%s. i21o§e1t4recr1 fs_ubhttiﬁﬁ%i&% 16R%1BAN chR beNfumdainl - t hi
5- ani no- 2. TR S ﬁﬁ@%ﬁfnﬁ%@m )auf A f%l,issl- detsresnl drhrm ePa38x ani de
(exanpl g0 96988048 . AN antidlg DIHS Kahead S.V. WansdeHP Bleterobyat] Chenhs: lavb, 1971; 7.

chl or of o Tl MSS Sahet IKBLEEAAPR0 Paldutere sAYER £ hesd: o3t O

m xture was oom ure overni g e-reaction mxture was
washed wi t H993CH. Tumakevicjnsiléehigsdum. (8. Biooesi Ghems®-)703ntPPoncent r at ed under
reduced pressure. The title conmpound was purified by HPLC using a Luna C- 18
colum with the follow ng gradient: CH3CN 10% ag. CH3CN = 10/90 to 90I 10
(v/v) in 30 mn. The title conpound was then |yophilized froma m xture of
1, 4-di oxane and H2@y Yield: 80 ng MS-ESI: [MrH + = 446.Z 30 HPLC. Rt =
20.44 mn, colum Uuna C 18 (see exanple 1 e), eluent phosphate buffer 50
M pH 2. 1/ H20/ CH3CRS W/ 72/ 18 to 10/18/72 (v/v) in 20 min

RZ\ /Ik o~
A N Ci

(XXX)

et

15 Pyridines of general formula (XXTI) wherein Y = CH, A = § and W = CN, represented
by formula (XXI-b) are accessible by sequential alkylation of a,p-unsaturated dinitriles
of general structure (XXXI) with carbon disulfide and alkyl iodide R%I to give
compounds of general formula (XXXII), as described by P. Milart, Tetrahedron 54:
15643-15656, 1998. Cyclization of compounds of formula (XXXII) under acidic

20 conditions as described by K. Peseke, Z. Chem. 29: 442-443 (1989) yields pyridines of
general formula (XXI-b).



WO 02/ 2a703 - 38 PCT/ EPO1/107-43 Exanple 16 tent-Butyl
5-am no- 2-net hvl t hi 0o-4-(3-(al |l ~ycarbonyl am no~- henXl _| -t hienof 2

3d] p~rri jcar boxam de The reaction of tent-butyl

5- am no- ;mﬁleo?ﬁylthl 0- 4- ( 3- am nophenyl ) -t hi eno[ 2, 3s PCT/EPOLIOTS

d] pyri m di ne- 6-car boxam de (exanple 9e, 2300 ng) with allyl chloroformate
(274 ~,1) was perfornmed using the nethods described in exanple 15. The
title conpound was purified by HPLC using a Luna C-18 colum with the
fol |l owi ng gradi ent: CH3CN 10% aq. &
The title cﬁqrrpou [
H20. ~ o Yi : . ) :
" Luna C-18 ( xanpl e—+ey>el uefit phbsphat e -buffer 50

. 3708 n, colum
2.1/ H20/ CH3CN

= 10/ 72/ 18 A8/ 72 (v/v) in 20 meoNis Exanple 17 t 1 -amino- ah
lthi -4- 3- enlox cr onIa'T] n1l-thieno 3 ~~gTl I negn car boxam de
The reactionﬂ )ent but yl

5- anm no- 2- ne t'hi o- 4- ( 3- ami M¥pheMjl ) -t hi eno[ 2, 320 |Lz (XXI-b

d] pyri m di ne- 6 car boxam de (exanple 9e, 100 ng) with benzyl ch? or of or mat e
(368 ~1) was perfornmed using the b)s described in exanple 15. The title
conpound was purified by HPLC using a Luna C 18 colum with the foll ow ng
gradient: CH3CN 10% aq. CH3CN = 10/90 to 90/10 (v/v) in 30 min. The title
conpound waSomheyndsyefpganerat darmyla XX Driwhersie Aofis 2 beng; OxarfeHaand Mds a9s
Yield 112 ﬁmvﬂg@sllﬁ%eﬁnbcl‘/'ﬁﬂresenteﬁ & foriiitlaCExOBL —ceﬂﬂbel @d bgQbatiionlesna C-18

l'e | phat b ff 20/ 1Q/721 18
o 10/ 161 72 (upebaie goree ey Igwgrq, zvgtheara Ve fepth 1075
tert-Butyl mpwﬂcﬂéﬁi W kst & previoudy Ideﬁhm;memghomohgrbammheﬂy;bc)tadshm@no[ 2
3cl 1 pyrimd ﬂ%ﬁ%}ﬁﬁé Rl )ﬁgg}qunc-le- ?ﬁ&fgq%}lh%%uﬁibl% goﬁgente L&ﬁfh as dimethylsulfoxide.

5- am no- 2-

d] pyri midi nBclatedéﬂybbseéwhsjba‘(EEh%ﬂlmieéCw@d mo&. A, Wi Ruschemgar, ¥hioCatfolinat e
(247 p, 1) V"'f‘étrd&i’i‘éﬁfoﬁrL@éj36*sﬂ3@g {gye net hods described in exanple I5. The
title compound was purified by HPLC using a Lung C-18 columm with the
follow ng gradient: CH3CN 10% ag. CH3CN = 10/90 to 90/10 (v/v) in 30 mn.
The title conpound was then |yophilized froma m xture of 1, 4-di oxane and
H20. to Yield: 7®R'ng M5-ESI: [MtH + = 460.4 HPLC. Rt = 2R'77 min, colum
Luna C- 18 (see exanple le), eluent ptwsphate buffer 50 pH 2. 1/ H20/ CH3CN
= 10/72/18 to 1 [72 (v/v) in 20 n 15 Exanple 19 testcBuiwl

5-am no- 2- net h Il t hi 8- 4-t 8- ( phenoxvi{ar bonyl amnokphen, ~

"'m di ne- 6- car bgo'xam de The reac lﬁ tent - but yl
5-am no- 2- net'hyl t hi 0- 4- (3-am nyp enylc)' t hi eno[ 2, 320R2 N
c~pyri m di ne- 6- carboxam de (exanple 9e, 100 ng) wth phenyl chloroformate

(324 W) xxxam) (XXXIV) (XXI-c)
10

Methods to determine receptor binding as well as in vitro and in vivo assays to

determine biological activity of gonadotropins are well known. In general, expressed

receptor is contacted with the compound to be tested and binding or stimulation or
15 inhibition of a functional response is measured.

To measure a functional response isolated DNA encoding the LH receptor gene,
preferably the human receptor, is expressed in suitable host cells. Such a cell might be
the Chinese Hamster Ovary cell, but other cells are also suitable. Preferably the cells
are of mammalian origin (Jia et al, Mol.Endocrin., 5:759-776, 1991.

20 Methods to construct recombinant LH expressing cell lines are well known in the art
(Sambrook et al., Molecular Cloning: a Laboratory Manual, Cold Spring Harbor



was performed using the nethods described in exanple 15. The title conpound
was purified by HPLC using a Luna C 18 colum with the followizg gradi ent:
CH3CN 10% CN = 10190 to 90/10 (v/v) in 30 min. The oun
was t hen yopﬁ%zed froma mxture of 1, 4-di oxane and Hzoﬁéﬁkweﬁ 47 ny
M5-ESI: [M+Hl + = 508.4 HPLC. Rt = 23. 2_52ql_n, colum Luna C- 18 (see exanple
| e), el uent phosphate buffer 50 nmM pH 2. 1/HzO/ CH3CN = 10/72/18 to 10/18/72
(v/v) in 20 él% Qé -40 PCT/ 107. 43 Exanpl e 20
tent-Butyl B2 o Breste O g Harbax, lateshe gD SPHSSLOR AR AeERoIG attained
ghenvl | - t2hl lgneiplﬁesﬁﬂﬁp@f thmInNAeezﬁomghEe( d?nté& préeir Betbdiques %)r site d1rected

am no- 2- ngt t hi 0 n e t hi en ~pyrim di nez
* car boxani de' L 6xanple 1@3{1 31) c@@é l}fl){ %8\1%83 Oéﬁ%’r 9“%:!%‘?‘ 108 o § Uﬁable
Subsequent | gxpressoal systems acd alfy-byi nove-pibkydwichi the afto Porioas 520 df\jjl)e DiNAdr y

. CH2Cl2 (10 Q{&dﬁ@sﬁgdﬁggi@ %9&%5& Bg c%ﬁ&rdc?e%c%}]n%tl%lwglﬁémﬁin@hd ﬁél%&i

roomterrpera ure eaction M Xt
organi c | ayRhasedeshaiques nrefgsbly) taimgludsrestrietion eites far enserefiligasionpSuidahle e to

g} g' ?v/ \%) 42 hid¥Pelenlents( v ﬁﬂaﬁ'scn §5§a§d -ﬂz@latﬁfn of the Ynchﬁeh'cgéln%eéequéﬁg@/cﬁi QAc =

ol - b Plofasde ik DR A mg SEBIRO: R 1 Bl D P XRSSS VRIS e

t est - Butyl now available which are compatible with a wide variety of hosts, including prokaryotic

52 o TRSY WL 5 34 Bl RS BRRAY SAUDAMYLA DRk BRI gl 2 o
(5 m). Morpammalien cell apian pellsanddhelke. (225 ~) were added and the reaction

Zzo mxture was stirred at room t enper at ure over ni ght The reacti on nuxture
was di | ut edCells prroess@Enths Tecamiertasel then areriben cqmiacted Fad the| tasfeqompgynd to

concentrat e%ééﬂ@%ndlﬁ%%%ﬁmma‘ﬁ%ﬁ‘& thhibifién bf 4 hﬁcﬁ&fﬂ?%&ﬂ&ls‘é’as purified by
HPLC using a Luna C 18 columm with the foll ow ng gradient: H20/ CH3CN =

80/20 to 0/ Aﬁ@métsi{reli' isolatdd céll membiendsicohRirtegieungresesal icbeiiot ap Ibie | ise&d
froma m'xtyre of 4dd| oxane an H20. 2s Yield: 22 ng MS-ESI: [MtH + =
501. 2 HPEC; ‘oppeasuiy BARE QL CUBPYN: Luna C 18 (see exanple 8), el uent

20/ SN 240100 ki 1 A0l haleleshP R/ PrER bbund REPbE 22

PCT/ EPO1/ 10
, ~0-ani si di n@damcnfermmcﬂmpowybhmnan resoeinanp LE-gan; b wied e Insthecaltsmesive de

The urea coy| t&p éﬁn&%ﬁdﬁ%’hé@h s5caﬁ'Be rfdri&t, hyl thio-4- (3-(p-iutros

phenoxycar bonyl ani no) - pheny | eno[ 3 d] pyri m di ne- 6- car boxam de
(exanpl e 20Andthér A&hy womve@rsmem (Elist DHQ%cdﬂtcﬁQagﬁﬁl)st Gy cnﬁlﬂwyrwierﬁmag di ng

to the methods d bed Y db
FRLR oy e g Rt < etfpiels

80/ 20 to 0/ &q@sgiorn of therredptorian thE leell 1su11f¢oe of (arimsmﬁll amisexiphsing ltheoedii {oi thed

froma mxt férstecc%p&mﬂf Fh$AGPBE KRR is then measured. The level of cAMP will be
reduced or increased, depending on the inhibitory or stimulating effect of the test
compound upon binding to the receptor.

25 In addition to direct measurement of e.g. cAMP levels in the exposed cell, cells lines
can be used which in addition to transfection with receptor encoding DNA are also
transfected with a second DNA encoding a reporter gene the expression of which
responds to the level of cAMP. Such reporter genes might be cAMP inducible or might
be constructed in such a way that they are connected to novel cAMP responsive

30 elements. In general, reporter gene expression might be controlled by any response
element reacting to changing levels of cAMP. Suitable reporter genes are e.g. LacZ,
alkaline phosphatase, firefly luciferase and green fluorescence protein. The principles
of such transactivation assays are well known in the art and are described e.g. in
Stratowa, Ch, Himmler, A and Czernilofsky, A.P. (1995) Curr.Opin.Biotechnol.6:574.



io Yield: 18 ng M5-ESI: [MtH + = 537.2 HPLC. R = |
C- 18 (see exanple 8), eluent H20/CH3CN = 40/60 to O
Exanpl e 23 g@plrBut vl 5-am no-2-neth, |o00-4-t3-(1,2
6-t et rahydr op~rj di nocar bonyl am nol

p~en~)-thieno[ 2, 3-cl]pvrimdi ne-6-carboggm de The urea coupling of
tent - Butyl

5- 2- t h 2, 3-
G por 1 o RS ot PRRSOPTH Y BRI by bl et

, 2,3, 6- tetl%wdﬂhqomaxmahec(lwwmm LH/\msusq:xbasf mr&faﬁn@:aﬁumdlangpntmohhmghtet hods
' descrl bed i @@égﬂg%%vgl‘%qﬂggt%g ﬁp‘»rm-o entmilggy Egl ed by HPLC using a

Luna C- 18 colum w't ow ng grad CN = 80/20 to 0/100

(viv) in 45rmé1'slﬂue&' Q@tlstahtdvﬁl féeagﬂa@dhmsﬁmg BOY% ldek Za?éi dfefsafa\s@t Hmﬁyre of
1, 4-di oxane and Yi el PLC: =11.19

m n, col anm®IeRPAn isﬁe feee I%C%?pouélgd@ﬂ’( an Bgso 15-1615%)?}’69 105 1\6/15100
(v/ V) in 15gdnefa11§&on51we® 2a/caAndidex3 B drbRelkttidh( Pre'fera‘é@l:_thﬁmﬂh& iddowerthaBut y|

5- h~, dr oxv v h m .(a)
i i 2 b o A Pl o RN bobRSR N fa's ARRATHEL flf ot 21
car boxvl at esedective farrtke particulmptehsiitds otalyibevema bettemamh@m 9 g),

3- met hoxybenzal dehyde % 5 g), ethyl acetoacetate (6.5 g) and sodi um

hydr ogenoc aberesning: fgrok. JecepfODREOTISIDCOMYOUNdS cat ialsoebe a@rfcmr@dfby us@igha The

react i onom b, A @e@p&s&s&p VA T artdye%enqbl dﬁdqﬂlcwfamydﬁ Suhyhet her
MpsrReriss

oy e onat oS BsaocRal 77 855 42l Mpmaeiis oy oot P and Reliias w%” e
Yield: 7.3 EelMBelEﬁlcnn{)INE#Udf Feprodiuétiohl R. MoHafd 2et 31 | Eda, delsevidie [ScldntAC =
3/1 {vlv) lguﬁlgh?rrs] é%t‘gyl ?%Sg%rﬁ\ﬁl %L‘éa? slhmtﬁatfg? Jﬁ)ﬁ, re%eptor mediated testosterone

1- 6- met h~pyrim

Et hyl - 2- netmﬁuﬁiommn(osmmsmdyph@yd;g yel-isndathg from, maldinkigelr o- pyr i sni di ne- 5ca
rboxyl ate (exanple 24a, 7.65g) was dissolved in a mxture _ of toluene (200
m) and 1EH2Ta mepsuye imyiyo astivitymidi secspior sgaiigisaapwronndspanpaioniindicdiopsn 45 g)
was added apgnhtife hRACkh B8 sfididdy e tNPEssHf inihAflredfemaRO e AR B hivicd Wi 15
mn. 0.2M aq. Na 250 20 mﬁ%e&? dde The %{‘g Eaﬁl‘.ljjlayer vvas separ at ed,
washed wi t hUBasy # JRPFOxIFgteby #8 hoprs lagiciregtes WK agQRistic| COINp and
concent r at eThamdmalsraee killed afteeEHugenisitieatineiitl aad chhaixatbed ofasa i thefovedlicby
chromat ogr aphy. an. sili ] hept/ Et OAc = 4/1 (v/v) as el uent. Yield:
4.0 g 2s I\/Sg erﬂf%ﬁ&’pﬁgalg?%é%é#Lc Rf= 0.4, silica gel, hept/EtQAc = 3/1
(viv) (¢ of
sthyl 2 rret 'Efulrn %m Surid dﬁh@ gé)?g%ﬂgr\]re J}nﬁrbe% ph@d c'hm&ﬁllﬁ‘ﬁﬁ thidse %éﬁﬂeﬁ@

ele now L or h G 1s used. TKese mclude L su st1tut1on among subjects with

2.94 mn, colum Luna
/00(v/v)in15n1nis
PCT/EP01/10743

hypogonadal hypogonadism either male or female, midcycle administration to induce
ovulation (ovulation induction (OI) or controlled hyperstimulation (COH) or
stimulation of the corpus luteum.

25 The following examples are illustrative for the invention and should in no way be
interpreted as limiting the scope of the invention.



30 carboxyl ate (exanple 24b, 318 ng) in dry THF (2 m) was added to a
freshly prepared solution of LDA in dry THF (1nml) cooled to -78C. The

m xture ed at -78C for 30 mn and 3-ethoxy acryl ) was
added. angé%%%{uo?e was then stirred for WO 02/ 2a703 - 4%%%‘5‘(&'%;7@%| 107a3
3 hat -78C up to roomtenperature. 0.14ag. HO (20 m) was added to the
reaction m xture which was subsequently extracted with EtOAc (25 m ). The
organic Iaﬁr lgﬁa washed with water (25 m) and sat, ag. NaCl (25 ml),
dried (MySEE¥2 €oncentrated iuider reduced pressure. The title conpound
was purified by chromatography on silica s gel with hept/EtOAc = 311 (vlv)
as el uent m,ﬂlggr]ystal lized fromCH30H Yield: 3 8 ng MS-ESI: [MH + =
371.2 TLC S|I|ca gel het/EtOAc = 2/3 (v/v) (d . tert-But

5- hydr ox ~2-Z@Hu ammonZpethvitio-d-(3-(meths qnvEsen -nhenyb-thienol 2
Et hyl - S- hyc}y_]’@m&ﬁesghﬁbbgmﬂrd@ (3 m et hoxyphenyl ) - qU| nazol i ne- 6- car boxyl at e
" (exanple 24c, 38 ng) was dissolved in a mxture of 1,4-dioxane (4 m) and
IMag. KOH (0.5 nil). The m xture was refluxed for 48 h, then cool ed down
to roomi s terrperature and aci dlfled by addl ng 0.1 Mag. HO ( 15 m). The
m Xt ure wadapdtCy Al : thi gapiumidiger was dri ed

L o s YRS ﬁ%ﬁ%ﬁﬂﬂ%ﬁ%ﬁﬂfﬁ% E&g%ﬁ‘%bea%aal?%lg £ 243 ul)
The | atter athd oyancacktated(lild pbVEnd Potassyum tcelrlvonaat(wiamghen (1] ep‘tm))l é’mml)rBTUh
96 3

(96 ny) We! G s?rg ﬁf@dgh@ran%tmreg?&%@% t{u%dwési cSMnd BTG af aﬁ%eebétﬁr

20 EtOAc (1 ayer_was was
NaHC03 (145 filtgryd andithegesidegywanhegted 1115W#PI} (H26D jvatil ew&soaqluﬁmwevabf@mﬂed

under r eduom-, M\ﬁﬁﬁ%ﬁ‘s acTJﬁﬁea wlthezw QQPHQDEB yas afndremda%ld"cqﬁ aBYice bath.
chromat ography on.silica rg}s V\n]ﬁ ﬁg_t QAc = 1{(‘v/ vlghas eluent. It was
then puri fi S BSIRS ervRiRIsHYeR &0 "cﬂt? e CH3 CN CH3

CN 0.1 %an1e]EFA = 57186dhg to 7/90/3 (v/v) in 3 0 min The title zs
conpound phi | i +r_o m xture of water and 1, 4-dioxane. Yield: 25
ng MS- ESI %ﬁﬁi @\gﬂ% p?)é@z = 9.75 mn, colum Luna C- 18 (see

exanmpl e 15 €)L.Cel uent Bhﬁsﬁbﬂht%h@uﬁleﬂlcmqmtb&ﬂeimzﬂiﬂﬁm(ﬂH@@H—'} =

5135/57/3 to S 10/81/g|/1((y/vy) inl1Smn 30 W 02/2a703 -44 PCT/EPOL/ 107~3
Exanpl e 25

Phosphorus oxychloride (0.75 ml) was added to a stirred solution of 5-cyano-4-(3-

20 methoxyphenyl)-2-methylthio-6-hydroxy-pyrimidine (example 1a, 305 mg) in dry 1,4-
dioxane (1 ml). A drop of N,N-dimethylaniline was added. After 3 h at 80°C, the
mixture was cooled to 0°C in an ice bath and crushed ice was slowly added. Afier
cessation of the exothermic reaction, H,O (3 ml) was added. The solids were collected
by filtration and dried in vacuo.

25 Yield: 244 mg
MS-ESI: [M+H]" =292.2
TLC: R¢= 0.86, silica gel, CH,Cl,
(©).

30 carboxylate
Potassium tere-butoxide (150 mg) was added to a stirred solution of ethyl 2-
mercaptoacetate (92 pl) and 6-chloro-5-cyano-4-(3-methoxyphenyl)-2-methylthio-
pyrimidine (example 1b, 244 mg) in dry tetrahydrofuran (THF) (4 ml). After 1 h, the
mixture was cooled to 0°C in an ice bath, diluted with H>O (10 ml). The solids were
35  collected by filtration and dried in vacuo.
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5- am no- 2- net hxl t hi o- 4- ( 3- net hoxyphen~r || - qui nazol i ne- 6- car boxam de (a).

5- C ano- 4v0.032s hoxyphen~) - 2- net hvl t hi 0-6-vin r~l -pyri m pcEM®1/10743

6- Chl or 0- 5- cyano- 4- ( 3- met hoxyphenyl ) - 2- et hyl t hi o- pyri m di ne (exanpl e |b,

| . 4&) was suspended in 1,4-di oxane (102m-).

Tetraki s(tri phenyl phosphi ne) pal | adi un{0) (350 ng) was added and the m xture

was flushe \Mcf"h a nii n at nosphere. Tetravinyltin ( 1.26 nl) was added

and the m xture was rerlu %ed for 5 h. The reaction mxture was then poured

in a mxturdMSHSIEt CAIMABY +$%6.2nd HzO (100 ml). The organic |ayer was io

washed withrgat. aq. Ralh.q4diiliedsdNOFRA) and concentrated under reduced

" pressure. The title conpound was purified by chromatography on silica gel

wi th hept/CH2C12 = 1/0 to 1/3 (v/v). Yleld 1. 05 g M5S-ESI: [M+H)+ = 284 2 i

s TLC R Hdy. HAnfihd-4q3- i
5- Cyrano- 4- ( 3; met hox~r ~hen~) - 2- met hyl t hi 0- 6- (

1.1-bis-(et ycarbon, ~I'l prop-3 yl I pvrimdine

5- Cyano- 4- tho en [ ne 25a
wa?/ 20 di sg%P ed I)éygfg %flérd'e@o Eﬁ%w ﬁyl?' '1 ylﬂﬁg ﬂ%l%(ﬂ 'd] gél% Jl )
Pot assi um cerpspte (xe9platy, Bt ghives Hissotu¢dinaa mlmmzobl,n)dlm (Fd¥ed) and
the m xtur ey GKMHEPL%M ya}gigﬂee(rletgymsfaaaeéa&a tth}ﬁlxhea%ls%ﬂnew ure

was t hen pou m xture o g;i n)é %nd Et OAG ( n;l The
or gani ¢ 1P ay8F Cuies 4 hbd-Ripxaneves (@é?‘f?fi) %‘ﬂd ¢ Jpixtuze, yl\Té’@P‘”@%@ ﬁﬁl‘i ried
(IVQS?4) dfig%@ﬁﬁ@%ﬁ tazkbﬁdl URAB0. rl}hdliélﬁdnﬁfg@sﬁhﬂfoﬁ wakheidified td p Iezdggméiimgi \3/;/55
purified by c silica ge o to
{viv) as el ‘tﬂeﬁi"o Ay dﬁ‘)%%’ﬁu B prociare ‘f’ﬂﬁﬁl}ele& tfuﬂg %%A ViR Hl@ @ P& i ca
gel, tol uenef Eat&An the PBédpifaté werdfenfaved btdexyaporation with 1,4-dioxane and then

et 2 M BBy ol v oaul -auol ne- o

5- Cyano-4- (8iakt hoxyphdfAgl ) - 2- net hyl t hi 0- 6- (1, 1- bi s(et hoxycar bonyl ) prop- 3

yl) pyri mdine l(élféxarrple 230, ng) was di ssol ved indry CH2C12 (1 m). A 1M
sol ution of Mt II\/) c@fiﬁﬁﬁ)«degﬁ%omzc:lz (1 mM) was added dropw se and the

m xture was rred r (10 mM) and Et OAc (10
n) were th@ added ta% s8 é’t‘ﬂcgga ?%#&ﬁ{éﬁi?}i @H]C% gani ¢ | ayer was washed
with H20 ( 10 ml) and sat. aq. NaCl {10 m ), dried (MyS04} and concentrated

under reduced pressure The title co ound was purlf ed by chromat ography
on silica g@). tertB 1 dhig

teh -4 \ Kyph; , ] : g
I(S)MS E? % g@lgz 2 TLC. Ri= 0.5, silica gel hept/EtOAc 3/1 (v/v)
am no- 2- met ﬁwmlhba-@-h@maﬁyﬁmﬁyrymemﬂlymwtmlﬁ %]p?nﬁﬁdlﬁ%}’daﬂioﬁyﬁé hyl
5-am no- 2- ngctictl] %)Ea?ﬁp e4ld( 3l d’ﬂ; vb‘é’sxﬁi%so‘i{/‘é’d %BUI Ba7B% OQnazol- 1-yl-
N,N,N,N’-tetramethyluromumtetraﬂuoroborate (TBTU) (8.0 g), N,N-
diisopropylethylamine (DIPEA) (6.6 ml) and fert-butylamine (4.0 ml) were added and
25 the mixture was stirred at room temperature for 5 h. The reaction mixture was washed
with 5% aq. NaHCO; (2*100 ml) and 1M aq. HCI (2*#100 ml). The organic layer was
dried (MgSO.) and concentrated in vacuo. The title compound was purified by
chromatography on silica gel with heptane (hept)/ethyl acetate (EtOAc) = 1/0 to 3/2
(v/v) as eluent.

30 Yield: 65¢g
MS-ESL: [M+HT" =403.0

HPLC: Rt = 33.56 min, colummn 3 pm Luna C-18(2) 100*2.0 mm, flow 0.25
ml/min, oven temperature 40°C, detection 210 nm + 254 nm, eluent



is carboxylate (exanple 25c, 22 ng) was dissolved in CH2A2 (1 m). A 0.06M
sol ution of 2,3-dichloro-5, 6-dicyano-1, 4-benzoqui none in CH2C12 (1.2 ml)
was addedw@mb/zt;m m xture was stirred at roomtenperature g@fpprnhg- The
reaction m xture was concentrated under reduced pressure. The title
conpound was purified by chromat ography28n silica gel with toluene/ EtOAc =
95/5 (v/v} as eluent. 20 Yield: 20 ng M5-ESI: [MtH + = 370.0 TLC. Rf= 0.3,

silica gel, hept/Et _

5- Ar ni no- 2- met hvl t h?gﬁﬁcy(jagéo %IQCI& @[\9/%[3%% TA98BhLS o APHZ (VI iy

Et hyl 5- ani no- 2- met hyimithi o- 4- ( 3- rret hoxyphenyl ) - qui nazol i ne- 6- car boxy!l ate

(exanpl e 25d, 490 ng) was dissolved in 15 m 1, 4-dioxane and a 2 M aqueous

" KOH solution (3 M) was added. The m xture was heated at reflux for 5 h and

at 70 C for 76 h The mxture pol ed t roomt erature and, a 0 5 M

- HO - sol ut i o) igrlpButyl Sramingsarmet i AN COPREA ‘ (2 x
50 m), Bhw organl C Iayers wer e 30 dr| ed (I\/gSO4) and concentrat ed

under reduced pressure to yield the crude title conmpound. Yield: 406 ny

(crude) M5-£&8iButfM+rH| $-amipbd2-Riethyithio-443-rethdiiphenth-thi€hd]2, 3R pyrifiidine-6+ | | ca

gel, hept/ C - .

5- am no- 2- %ﬁ%ﬁ%ﬁéﬁ%yglep % %%#%?lvgéﬁll(% Iﬁﬁl@ %ﬁﬂg\{’l&%%hgnﬁe%l‘““’r%

1.8 M sol utsodwionf was sadled dpwaaetqw h‘?xcsolampe -afehonerx yiibremyjde (Ig28 mdy it idne- 6 s
carboxylic eghd,! QO% W &1d8H)driRiige andlak fﬁ%e(%ﬁ%tﬂgéd 8i?éi|mght at room
tent - but yl am ne : 'Iéli éactlon(gﬁt érure was |rre for, h t hen
pour ed i At o!CHPRE Ef §a f 3 %H{: 5 Was) added Wtsﬁt@d QiR ik m).
Thg gr gani (c%dgka%a? dfastlléls emametgﬁrd wadtmsrtegeaﬂet hCldlelevaguemu_sed-lﬁton( Hhe n )
and brine olla in nd_concent rati on under
reduced pr R ByrRYAROTY 103 %@n%g%%%%bé‘g{%% s 8%81 ﬁ%%%ﬁﬁj%ﬁy on
silica gel waswgshedptiflEsaDia. NaHOQspdrgdIMalCr) amisc‘tmentedtubinltvacwte title
conpound was I&/opl ulized froma m xture of di oxane and water containing 1.5
equiv. of Hield:yield:148ny MS-ESI: [MrH ~ = 397.2 1 s HPLC: Rt = 21.52

mn, colum_ Luna C 18 (see, le 1 e), eluent phosphate buffer 50 mM pH
2. 1/ H20/ 16HeMS-ESby/ 701 [M*Hﬁ %ﬁ/ 80 (v/V) in 20 mn Exanpl e 26 tent-But; |

5- am no- 2- | t hi o- yrro din-1--~ Y~ phen~ 0

qui nazol i ng-ﬁéiéar boxaﬁfd’é ?5&19 finy SRl Iémﬁ ﬁgﬁ ofs t?t‘;?trtphfiol)f ffent

~( 3- hydr oxyphen, ~~I | - HgONEH AN/, OH 2 000505 de 0/A550(vin)iin 50 afint ent - but yl

5- am no- 2- net hyl t hi o- 4- ( 3- net hoxyphenyl ) - qui nazol i ne- 6car boxam de (exanpl e
25f, 1.5 g) in dry CHZClz was cooled to O C. A solution of 2s BBr3 (1.1 m)
in CH2CL2 (25 rrt) was added dropvvl se and after the add|t|on was co pl et e,

t he mi xt ur e(8haderéButyle §-aaino- gertrBlmatihox ahenyl)-thigrod 2.3

W t h CHzfl ZWMGOUS NaHC1)3 soI ut| on (200 m) was car eful Iy
added. The m xture was vigorously stirred for 1.5 h until all solids

di ssol ved. ZEhzeBatglJeousSJaﬁﬁm-zmh}dthﬁd-a%dﬁgtdtow;ﬂeemi)tthiemr[zﬁ djpyritedihe6st

0T 9T | 2V e NARUETHAHAI 11 190 me s SRR RA A BAPERTEHGE

organi c | ay€rs ere nd concentra ssure.
The title cphpodntthyshinrofoimetd (190 phmernadipdapd yhoreastidni ma;ttge Iwasistitred

hept/ Et CAc at tloo/np térﬁpérahlrel o@gﬁxyght.a?hglré'a%ﬂhn mixture was washed with H,O. The
25 organic layer was dried (MgSO,4) and concentrated under reduced pressure. The title

compound was purified by HPLC using a Luna C-18 column with the following
gradient: CH3CN/H,0 = 10/90 to 90/10 (v/v) in 30 min. The title compound was then
lyophilized from a mixture of 1,4-dioxane and H,O.

Yield: 93 mg
30 MS-ESI: [M+H]" = 447.4

HPLC: Ry = 17.56 min, column Luna C-18 (see example le), eluent
H>O/CH3CN = 40/60 to 0/100 (v/v) in 25 min



Yield: 930 ng V10 02/2.t703 - 47 MS-ESI: [MtH ~ = 383.4 TLC. Rf = 0.3,

silica gel, hept/EtOQAc = 2/3 (v/v) PCT/EPOL/107-t3 (b). tent-Butyl

5- am no- ZWQﬁ; hi 0-4- ~2-Ipyrrolidin-1-yl _I-ethoxvl-nhe

dui nazol i ne- ghégsboxam de A mxture of K2003 (1.0 g), Bea bR 10743

1- (2-chl oroet hyl ) pyrrolidine hydrochl arpde (66 ng) and te~~t-butyl

5- am no- 2- net hyl t hi o- 4- ( 3- hydr oxyphenyl ) - qui nazol i ne- 6- car boxam de (exanpl e

26a, 121 ina et one was heated overnight at reflux. The m xture was
%’b"rﬂ‘?&

cooled to r erature, the solids were renoved by filtration and the
ftitrate t 9.,GoNG ntratseq,anQere _ e4d A5l E o T phamd Laken up

in Et QAc arfd v .s'l(-;uwun

[ : s The title conmpound was purifi ed by HPLC
using a Luna C—18 coI um with the foll ow ng radient: 10% aq
CH3CN/ CH3CNHI®. regetiag.  OfF Aers-bppyl 25tagniner 2anetipit O(Wmoxmh@wl)ﬁhmmmq& title

- conpounds %‘%f’o ry el d:

42 g (TF“”@?MW RTINS, Rl 18 Rt A QBB (e ul| U
C- 18 (see eXafypsrormey ace-,qr tto heonethedscdeseaiyed;in seammlegis. h q_nﬂeemps@d
510/ 70/ 22 t0asl GlARES D 3( HPOC iingOa mmﬂg 18X @@]Ehﬁll Bvitgt ﬁfe“it”)oiﬁwiﬁ@ grztdlent

am no- i0 uj nazol i -.car boxam,d

5- Cvano- 2- @?ﬁ#‘ﬁﬁ% 4- 10@\/%? r%ﬁgﬂz}‘(y A é(?trfuinph IR opppgynd was Mhen
| i dene~net hiyoplidbzedl fromiadnixturd of d4adispanandi,0f anhydrous
met hyl tri phenyl phosphoni tum bromi de (29.5 g) in dinethoxyethane (400 nl) at
-78 C wdg adigsl a 1.6108 mgl ution of n-butyllithiumin hexanes. The mixture
was stirred at -78 Cfor 1 h and a solution of 6-chloro-5-cyano
4- ( 3- mtropﬂ@n@spl) 2- nﬂ\iﬁﬁﬂtﬁﬂ@ﬁyrlmdl ne (exarrple 9b, 10.1 g,) in
di met hoxyeth 30 (100 m) was adde and_the cooling bath renoved, After 1
h the react Ewas cofpl et -8 dMitht €7 “J(‘ml\'})*“ﬁﬁ)&v\k@s (8¢ ceramplendehl elrent he

solids by filtration L%/GMMWO/@OXOOQ@OQW&JDQ{IMIQf the reaction m xture
gave a daxk residue which was stirred with ethylacetate to give a

suspension. Filtration, washing of the residue with water and

15  Example 3

imidine-6-carboxamide

The reaction of tert-butyl S5-amino-2-methylthio-4-(3-hydroxyphenyl)-thieno[2,3-
d)pyrimidine-6-carboxamide (example 1f, 100 mg) with benzyl chloroformate (368 pl)

20 was performed according to the methods described in example 1g. The title compound
was purified by HPLC using a Luna C-18 column with the following gradient:
CH3CN/H20 = 10/90 to 90/10 (v/v) in 30 min. The title compound was then
lyophilized from a mixture of 1,4-dioxane and H,O.

Yield: 112 mg
25 MS-ESL [M+H]" = 523.2

HPLC: R¢ = 22.22 min, column Luna C-18 (see example le), eluent
H,0/CH3CN = 40/60 to 0/100 (v/v) in 25 min



" washed wit

WO 02/2.1703 - 48 PCTI EPO1/107-13 brine and drying of the organic |ayer
with MgS04 was foll owed by concentration i~z vacuo. The title conpound was
purified Wy @hysyzat ography on silica gel with hept/Et OAc -Pc‘V/Elibl/t]@u?r /1
(v/v) as eluent. Yield: 7.04 g s M5-ESI: [MH + = 299.2 TLC 4,
silica gel, hept/EtQAc = 3/2 (Vv/vV) (b),30_

5- Cvano- 2- nethvlthio 4-(3-nitro-phenyl -6-vinyl-pvrimdine A solution of

5- cyano- 2- th Ithlo 4-(3-nitro-phenyl)-6-[(triphenyl phosphanylidene) io
met hyl ] - pyr't¥ (exanple 27a, 7.04 g,)) in THF (64 m) was treated with
aqueous foryg d 3 i6d4) &

was cool ed

: I\/gS04) and concentrated under reduced

enol2.3-dlpyringdl 0xam
: titl ) I I
Usi ng hept / eeo&'sacﬂ%@f? 2?’2*”?#1" i 2R GO R OBy A ept £3- 9°
" M5-ESI: § M«ﬂﬂ))ﬂ‘lmliﬂé%aafh@amm‘e fexguple ]s‘ 10€ mg)ewith peptrplEn@ccliodf@mate v) 20
(c). test- réttvgé's.l L%eﬁformﬁd igcordm% to tlhe metlhods descnbed in exafn[ple hg ”J? e titl

~2-i (S- cyano vr ~m di xyal onat e
Pot assi um cc@nmwa@ewwp@sﬁ@q anHPLerrtﬁmyLm& Gyl8 ﬁaluawawlm&\eefoélgwmded

;3” Et OH (28 H&lknta@qig@l\ﬁﬂégtﬂ %3(979@% 90/10 (v/v) in 30 Imln The t(ljtle con(lpound was tlée?nb
cyano- -4- nitr yl pyrim di ne (‘exanple

2.71 g) in VBIP%{%?F%{/ (9112‘ ?cﬁ%?émglaﬁ‘\;\ﬁ?aadded (cal .5 h). After the
2s additi?J i%g(g corrpllg,; the m xture was stirred for an additional 40 mn.
The m xt di | ut dn\ﬁith Et CAc and washed wth water (2x) and bri ne.

The organi r k. 04) and concentrated under reduced
pressure. 'C%Itsa%lﬁtle CNi b d§%§ purif ed by chromatography on SI i ca gel

i th hept/ 2 =1/ 1p( | -
G872 TG W5 5 Ffl c?l 25 Al Bm, Tula, B Gec’ pics 1) Wikeht =

S-ami no-2-meth | Y t hi B2@! Gngﬁhrﬁp%%iﬁQH\Qp)(Y/‘?'éln 25 mm
8- di h~ro- qui nazol i ng- 6car boxyl ate WD 02/ 2-4703 -49 PCT/EPO1 /107-43

15 Example 5

dJpyrimidine-6-carboxamide
The reaction of tzert-butyl S5-amino-2-methylthio-4-(3-hydroxyphenyl)-thieno[2,3-
dlpyrimidine-6-carboxamide (example 1£, 100 mg) with phenyl chloroformate (324 ul)

20 was performed according to the methods described in example 1g. The title compound
was purified by HPLC using a Luna C-18 column with the following gradient:
CH3;CN/H,O = 10/90 to 90/10 (v/v) in 30 min. The title compound was then
lyophilized from a mixture of 1,4-dioxane and H,O.

Yield: 89 mg
25 MS-ESI: [M+H] = 509.4

HPLC: R; = 21.12 min, column Luna C-18 (see example le), eluent
H,0/CH;CN = 40/60 to 0/100 (v/v) in 25 min



A solution of te~~t-butyl ethyl

{2-[5-cyano- 2-net hyl t hi 0-4-(3-vitro-phenyl)-pyrimdin6-yl]-ethyl}-mlonate
(exampl e Wéa22d40 9) iii CHZC z (15 M) was cooled to 0 Geprwmehsson of
SnCl4 (1 Min CHzC12, 11.5 ml) was added dropw se, the ice-bath renoved and
the solution was sti rred for an additi.oppl- 30 mn at room tenperature.
Water (64 s n1) and EtQAc (64 ml) were added and the m xture was vi gorously
stirred untj soI i ds di ssol ved. The organi c phase was washed with water
and brine, @\@804) and concentrat ed under reduced pressure gr Vi ng
the title gg r / . 1

VYY) (o)
" 5-am no- 2- 1- qui nazol i ne- 6-carbo~ylate A

| ut f )
B0 non 2 v, L*??ﬁ%%t“ £ erbedl 5 agﬂnfr%-f%et%yl&nﬂ PSRRI R b ony | at
e (exanpie cﬁmlnmlllﬁﬁg:)ﬂ onaxm@(ﬂe&amﬂg 14 40Gmag) wdb | reviitioephenyd, chl@roforamteut i on
of DDQ (1. J(4o~73)m S stl ”renggul a@tardrﬂgsé@qg@dm%ewc'&@mﬁehenr GRarh fe emoved

and the sol_ution for an t1 onal roomte ture

The mi xt ur EXARErAEPR Of e sprvent wnderedueedprossyreyisldgd the cradedsl evrrompoan%at ur at ed
aqueous sol\g]'e on of C03 (3 x 100 M) and brine (2 x 50 mM). The conbi ned
aqueous | a ‘were batkTExtracted with CHZCO 2. The conbined organic |ayers

were dried %) zol\&[ﬂm gﬁg trated under reduced pressure. The title
conpound i fi ed[ eh ography on silica gel usi ng hept/ Et OAc =
9/1 to 2 V) a [MH + = 385.2 TLC. Rf =
0.5, si I?fr6 carh(;% ept#ﬁt @)&ésmkgkg lze %5‘9’ %'/E)(E@I%t hvl 5-am no-2-neth,

| t hi 0-4- 3-am nophenvl | - dui nazol i ne- 6- car boxvl ate To a mxture of ethyl

5- am no- 2- net hyl t hi 0-4- (3-vitro-phenyl)-qui nazol i ne-6car boxyl ate (exanpl e
27e, 1.54 g) and SnCl2~2H20 (4.S2 g) in 1,4-dioxane (35 mM) were added Et OH
(35 m) andgehn Cﬁﬁn;trat ed aqueous HC (690 1). The reaction 30 m xture was

stirred at 90 Cfor 5 h. After coolrng t 0_roomtenper ture and
concentr at i48 _;!._- g BIRG-yENNILIRI Q- 4-{3~(( NN +dagth _," Od 0

m). The mmw@m& by the addition of 2 MNa and THF
and brine were added. The resulting m xture was stirred for 40 mn, after
whi ch tiise felreButybani cS- hmgmr-z Mﬁm@-hddrodyp}mdynwmyﬁaﬂdymﬁﬁmﬁr ated
under reduce t C

chr omat ogra yoqclc’)aﬁﬁééj{ﬁ?(ca g:llf iédxﬁ %S @;@%@%‘&?@ﬁr‘% (%ﬁ]%i% vsewadsmgf uent .
Yi el d: 818 ofgN, N%mdbyﬁommae@ esr addpMquthﬂcasww ridef (680mg)
silica gel,, ebtlf’ﬁkoqﬂ'u ek a aedp 4&1]1)3 ﬁl‘?’xtﬁ%) wag) sﬁ%@oatzrdﬁ#

car bo

| t hi o- 4- 3amno urnazorne xyl'1c aci solution o
S- ani no- 2- ntémﬁylrarlﬁmvameeﬁ aRnspeoRynixiygg M?émsrwrbwe:hééa%c;&\yroag@u( layshpl e
27f, 6580 Miyad driekd v c\saaenrraeattadelvsreaﬁbea raBUROThe ﬁgb %rnaamﬁf wieH (2

t““en;"e?a{”u?epa&m{%msﬁ&msmg@f b By &,“qgré&r%fﬁggr caglad o) oom

extract ed w tlI6/90HRCPA/10 JvA) .in Bdemixo rithiertitte ocrrgpcruxﬁ way dren lyrqﬂehzchdr feom(AphS04)

and concent | pressure to give the crude title
conpound. #%%QOQSM%QF\I}E%%ILEXFMI—H+ = 327.2 TLC. Rf = 0, silica gel,
hept / Et CAC Fiefd:2 (V/ V)5 Fn:gs (h). tent-Butyl

5-am no- 2- net hvl t hi o- 4- am nophenvl | - dui nazol i ne- 6- car boxam de The
conver si,on OIS-ESI: [M+H]" = 488.4

5-ami no- 2- net hyl t hi o- 4- (3-am nophenyl ) - qui nazol i ne- 6- car boxylic acid
(exanpl e 279L.C192 ny) Rt Otd) eiliea gElehdpvEUDAG <t Bh{v/A)t y| am de was perf or ned
according to the procedure described in exanple 1 e. The title conpound was
purified by chronmatography on silica gel using hept/EtOAc = 9/1 to 3/2

. (vlv) as eluent. 20 Yield: 243 ng MS-ESI: [MtH + = 382.2 HPLC. Rt = 6.57
m n, colum Luna C- 18 (see exanple 1 e), eluent HzO/CH3CN =



45/55 to 01100 (v/v) in 20 mn Exanple 28 2s W-Butyl 5-am no-~-ne

~l t hi 0-4-13-1~nor phol i n-4-yy-acet am dol - phenvl | el ui nazol i ne- 6- car boxam de
(a) . tentwByl- am no- 2-met hyl t hi o- 4- _ PCT/EP01/10743 _
3~(2- bronoacet am dol - ~hen  rl | - aui nazol ' ~r e-6carboxam de 30 To a suspension
of text-butyl -32 .

5- am no- 2- net hyI tl uo-4- (3-am nophenyl) - qui nazol i ne- 6¢car boxam de (exanpl e
27h, 791 Clz (60 mM) was added DIPEA (1.08 m), followed by the
sl ow addi ti 'BP ompacetyl chloride (242 1) i n CI~Cl2 (20 m). After 40
mn at roorneteduel at ur e Staneing-anéthoithioid(@ulic JesetrdyinfyildinbcfiBinyl@QIeous
NHCO03 ( 3x), foI cmved Ya 1n,ﬁ;d"(.elz\/g_c { oxamgd concentration under reduced

" pressure. “corpoung was %sed without further purification

504, 2TLC RPN 5111 O%’%ﬁl‘&- ?‘i’%‘i"p@ﬁtf?ﬁﬁ&w&@%@#* B0y

t eat - But % thieno[2 3 d]pynmldlne -6- ca1boxam1de (example 6, 142 mg) was dissolved in CH,Cl,.

5- am no- 2- neh Ry, il

dui nazol i ne- ’%’acda;rg& é@ntﬁ 1@”2%”25 30 Té{ gizs‘lg]? tion @(%Ed[qe}ﬁ{m%%ux Hre

S- ami no- 2- MEdhylired @140?13 temppaBlip Svemightddhe Frrotion yaixture 62 diduted d’é‘iﬂboxam

f'ﬁ (exa{rpl ecRfey, @ Wﬁéhe]ginwm{g%@ﬂg}{d b aitidSlafetdRes @gﬁ&hﬁ%&ﬂ%ﬁéﬂ&meﬁgdd
e mxture was stirred for er e

bnd € he it RESLT e S eRg, e ourie By P hieing 2 hiw G Kheaen

dried (NySOh¢ fallodwiaygedienat €H;CNALOaeuD0/80 e IOOVOOe(\dm)TpD&lﬁdnmsrmumlél ed

by chronmato i / /1 (vlv) as

el uent. The&f&?q%{ldg’gaa%%dn %ﬁ%dﬁdﬁﬂglrﬁ?ﬁgéﬁ%qébxﬁ%x?n&rg (gf acetonitrile

and wat er g{%@l ni ng %?{hgeqw v. of HO. Yield: 82 ng (HClL salt) Ms-ESI:

[ MEH] + = HPLC. = 13.00 mn, colum Luna C 18 (see exanple 1 e),

el uent I—|zO/1@5j3§Q{;— 75£M5}ﬂmaég@0 (v/ v) in 20 mn Exanple 29 tent-Butyl

S- am no- 2- et hyl t hi o- 3-,(~(tert-bu, 11-sl vci n~, ~

amt Eot phetny%m%zclnazol i Re=61%.00 b@iﬁa%rﬁﬁnﬁsml DihaoC-18¢2) 150xavdoamineflow /b ~. 1)
W e~~ uty

5- ani no-'2- met hyl t hi o- B/ miny datectinp 248 pae st BAYSH NG ARRD 3P OHOOLY YA i ox ani
de (example 28a, 130 ngmiwas performed according to the method described in
exanpl e 28b. The title conpound was first purified by chromatography on
silica gel wwth hept/EtOAc = 3/2 (v/v) as eluent and then by HPLC using a
Luna G 18 colum with the follow ng gradient: CH3CN 0. 1% aq. TFA = 10/90 to
90/10 (v/v) in 30 min. The title conmpound was then |yophilized froma

m xture of Examplefkane and aq HCl . Y| eld: 28 my (HCL salt) M5 ESI [ MEH] ~ =
4954 <ol RRLBHOR. - 525 Bl
C- 18 (see ea )

A mixture of S-methylisothiourea sulfate (69.0 g), 3-nitrobenzaldehyde (75.0 g), ethyl

cyanoacetate (56.0 ml) and potassium carbonate (72.5 g) in abs. EtOH (1500 ml) was
25 stirred at 60°C for 16 h. The reaction mixture was cooled to 0°C in an ice bath. The

resulting precipitate was filtered off, washed with abs. EtOH and dissolved in hot water

(100°C). The solution was cooled to room temperature, acidified with 2N HCI to pH 2

and cooled to 0°C in an ice bath. The resulting precipitate was filtered off and washed

with ice water. Residual water in the precipitate was removed by coevaporation with
30 1,4-dioxane.

Yield: 54.0 mg.

MS-EST: [M+H]" = 289.0

TLC: R;= 0.3, silica gel, DCM/MeOH = 9/1 (v/v).



SE 1S ino-2-mth It io-4- 3-ni o hen 1 -7-h drox - 'do

"m di ne- 6carboxvl ate (a). 5-Am no-5-cyano-2-neth |thio-4-

3-ni tr ophgovkhwisi M dine A sol ution of PCT/EP01/10743

6- chl or 0- 5- cyano- 4- (3-ni trophenyl ) - 2- met hyl t hi o- pyri m di ne (exanple i o 9b,
10.0 g) was treated wi th ammoni um hydroxgde (28 % NH3 in water, 15 m) and
the mxture was stirred overni ght The formed crystals were coIIected by
filtration The rodﬁu% .was .dri.ed at 50 C under
vacuum yi eldtn - AO-YHMIQIRS o) - [\ H] +=288. 2
TLC. Rf= 0. RDChl (hOGaan])alwas h&ﬂdﬁd Ebmcstp;rea/ Q)l(ltrdn/)of (Bpyandi4(Hyitrophenyl)-2-

. 2= (Am no- [ G540 Ao ﬁ%&gg bitutichie @nble AL 25 0PY h Bl 104 Frothnd (500 B 1) 2

| onate 20 To a suspenslt o

6- ani no- 5- cYHec: B 2k RQ Gy therinixture 73 gpeled s Ep femperamigiand conseatpled under 5. 74
. 9) in 1,2- c{e@\meﬂrp@@ers@&amﬁe tedile Wak didxslvadded 4dd16i:ii1‘é|(l10‘(§ihﬂﬁaicﬁth69eéhltiﬁé The

m xture was oledto solutlon of

T Sat ol or dodpanges Siwied ks el At striooy acebd TR esufing Pessinitae

conpl ete, tvwas ﬁ]ﬂﬁ‘p@ offi amd wasbedwith svhtat Resdbalxwataynin fi@ preciphate wastremevedhs
aIIowedto ture and a$er solids were settled the

1, 2-di chl or prop noeat\?%q{egvﬁg}gf@félgdecant ed. The resulting solids were
stirred witYielt:OAc (320081 ) and water (300 ni) until dissolution was

conpl et g %ganl CrN[aM = ¥@po Washed with water (500 nml) and brine (500
m), dr| ed 4) and concentrated iii vacuo._The title conpound was
purified byllhi omat ogRaphy: sHcagdi keptans(EIQ&eT3/RdW¥)-Et OAc =1/0 to 3/2 (v/v)
as eluent. 3o Y|eId 3.78 g Ms-ESI: [I\/H—I]+ 4484TLC Rf =0.2, silica
gel, hept/Et( (&) .

dr 'do 2 3-*n1c
suspensi on mmmiﬂld'l I

2- (am nQs [GDE‘E?ZI Wag fﬁh?dﬂ:ﬁ%fﬁ‘h& gapa&pmﬂl I/Q'n:l:ﬁgi cztlﬁleea b ene) -

mal onat e” (exanp d under a
stream of randr 6131@19@15 CY400- é—( matrczphﬁny kﬂtféﬁt yiaomysimadiae \Kﬁ&m@dél 2% oom

]Eelrrfertat ur eg) 1B_?_aﬁﬁ1ﬁ&ﬁrevhﬁ$t®@!j o(r&?(aanCM][(QS% hg) quﬁdrqsh‘téﬁfdénpfb'rﬂ @Jt&‘é by
iltration. e oun ifie chr gmat o ica
el o g ot BT el RSBt S5t B SR ENL B

[ MtH] + = 40@*400HhiD), dﬁéd:(MgSO4)sanﬂlcoﬂceg&htedﬁtﬂ@lrﬁdm:eépmsaue 9/1 (v/iv) 10
Exanpl e ?1 Lend.- But ylI %m no- 2- phenyl - 4- (3-f (thionoiroholin-4-~

-car bony am no hen~~% P wno& 3-d] pvri m di ne- 6-carboxam de is ~a~

S- C~ano- 4- ¥ opheBMirHY-pRNY| - 6-h d~ rox~p nim dine A mixture of

benzar ni di ”FLbydr OCth'f4=@@ §ili€a SelOeptareritbiRbenz2abRghyde (1 S.1 g), ethyl
cyanoacetate (11.2 nm) and potassium carbonate (16.6 g) 1ii abs. EtOH (2S0
m) was stirred at 60C for 8 h. The reaction mxture was cooled to OCin an
ice bath. T} . Et OH
and heated C '
sol uti ornswasa mgdlaid to SOC, acidifi ed to pH 2 by addl ng 2N aq. HCI and

cooled to Of i iR bat hye The éﬁﬁrl ting, 51{%04-53-hﬁ1to§h¥}@ﬁ i'n]lett lﬂﬁ'o gff and

washed with |cewaer Resi dual was r oratlon wth
1, 4- di ox ane(ethoxycarbonyhnethylth10)—pyr1m1d1ne (example 9(c), 28.0 g) and DI EA(BOmlina

mixture of toluene (150 ml) and EtOH (150 ml) was stirred at reflux temperature

U= al DUXYV : > ALY, > 0 £ .u'- gl o -,‘_ 115 _3 A

(100°C) for 16 h. The mixture was then cooled to room temperature and concentrated
30 under reduced pressure. Residual DIPEA was removed by coevaporation with toluene.

Yield: 280¢g

MS-ESI: [M-+H]" =391.2

TLC: R¢= 0.6, silica gel, heptane/EtOAc = 3/2 (v/v).

35



Yield: 1S.0 g. 2s M5-ESI: [MH + = 319.2 TLC. Rf= 0.3, silica gel, DCM MeCOH
=911 (vlv). ~,~Chloro-S-c~ano-4- 3-nitrophenXl ~-2-phen3rl -pyrirnidine
PCC13 (S added to a stirred solution of

S cyano-giv 30-&/%¥\?§ophenyl ) - 2-phenyl -6 30 hydroxy-pyri m di nepC é%(Pg#II) 73331 (a),
1 S.0g) and dinethylaniline (O.S m) im4dry 1, 4di oxane p.a. (200 m).

After 3 h at 90C, the warmm xture was filtered off and the filtrate was
concentrate(g) under, redyced pressure.. The resi as. dissolved.in.1,4 WO
02/ 2- 4703 -'$4 PEFPEPOHIOT-5<di tRtnre ~and-1ce S Sere e gRY HHREI S

preci pi t at eatmxahidg ered of f and washed with water. Residual water was
renoved by coevaporation with 1,4-dioxane. s Yield: 15.8 g M5-ESI: [MH ~ =
" 337.4 TLC Ihd O@-s8ninsid-ingthylibio;4-(iepitmpberst)ahiene 233-7]-pyrimidine-GicarbBijilate

5- cvano- 4- f 3z i | ha¥s eaq% et At t [ 1
nyr;/m' di ne %’I‘%@&E?y%b# )zv“\gg a g%%dbg Q&?}/! rr‘ggms{o 't]?%l%lﬁéc}:‘@gtrhgl 4l
" 2-mercapto Mﬂ&h@)r(d;_ (sl ).Veaq]gdded and the reaction mixture was stirred overnight at
6- chl or o- 5-gry@nAfidr {circbihttation b M teactiodiBRiire Ry Vb hb fesi@¥ANRY rRdiddo1dd .

at rospher o ARGAS 55T Sropaem bk, Mces RO, Qo e e’ 86T oo

until conpl @heerdiassiohnder esdncodpteeire The «thydster grddpl in the resdltinbdsdidntieand

trat : . Yiel g 119 - St ;. =421, 2.
e R ot G RSP HRlER I ino iy -iof2, A fiding Micklubig1ate

5- ani no44- ((358i mebwasnsapphifipd plaetiel cortaspersfing -20idi (A3 me) eusing W mathocat e
DI PEA ( 20. O%e{gir;],%t% i %%goﬁd%bééq%ﬁf hdicte@Nwitl &Y% B¥ylamine (200 pl) to

5- - 4-
phg%;‘ In?6— ( éﬁomxly%@nrmmn' feyt-huiylemigs (acearding do exammplle). The iy comgoundy) | n

a m xture ofaARfifidatiyéntditoflaphyPol silied gee Aath et/ ELOWRO= _Bﬁl_)ﬁv/vﬁfab Sluef@ h at
100C, the m xture was cooled to OC. The resulting precipitate was filtered
of f, washedyisid:h col d3dtspl and dried zit vactso at 40C. Yield: 17.0 g 2s
M5-EST: [MtH] ~ = 421 .2 TLC. Rf = 0.5, silica gel, heptane/ EtOAc = 3/2
(v/v). he) MASAESI:5- aniMeH-+ 3% nophenyl | 2-~~enyl -t hi gno[ 2
3~vri m di ne- 6- car boxy~at e

TLC: Re= 0.43, silica gel, hept/EtOAc = 3/2 (v/v)

imidine-6-carboxamide
20 tert-Butyl 5-amino-2-methylthio-4-(3-aminophenyl)-thieno[2,3-d]pyrimidine-6-

carboxamide (example 9e, 100 mg) was dissolved in dry pyridine (5 ml). p-
Toluenesulfonyl chloride (70 mg) was added and the mixture was stirred at room
temperature for 2 h. The reaction mixture was diluted with CH,Cl, and washed with
0.1M aq. HCL. The organic layer was dried (MgSO4) and concentrated under reduced

25 pressure. The title compound was purified by chromatography on silica gel with
hept/EtOAc = 3/2 (v/v) as eluent.

Yield: 63 mg
MS-ESI: [M+H]" = 542.4

HPLC: R; = 23.46 min, column Luna C-18 (see example le), eluent phosphate
30 buffer 50 mM pH 2.1/H,O/CH;CN/CH30H = 10/72/17/1 to 10/18/68/4
(v/v) in 50 min



A solution of tin (Il1) chloride (23.0 g) in abs. EtCH (250 mM) was added to
a solution of 30 ethyl

5- am no- 43Rtk ophenyl ) - 2- phenyl -t hi eno[ 2, 3-d] pyri m di ng;&- | at e
(exanpl e@%’?’é?,ﬁ"?a.e g) in 1,4-dioxane p.a. (250 m). 37%%9&/%89%%.9 )
was added and the m xture was heated undgr_reflex (90C) for 16 h. The

m xture was allowed to cool to roomtenperature and concentrated under
reduced preﬁsure he residue was WO 02/2a703 - 55 PCT1EPO1/107~3
suspended i X‘EPHQCI (500 mM). 4N aq. NaCH was added to obtain a pH of 10-11.
The m xt ur eteweButdl | ut ed Byansidditetdtthioati(3-(Nas ; 2
separated, @] d]. . c4)b0a d. oncent r at ed under reduced pressure. Yield:
17.0 g s = .2 TLC. Rf= 0.5, silica gel, heptane/ EtOAc =

3/2 v/v._, oo A No- 4_~3- agi ~h- 2~ ‘
3- ~p£—ri m) di %;elj'%‘ﬁxgr boxy 'lagﬁ%(%?ldﬂ %105 2@‘%‘.%‘%%’9‘8&@%?@&%‘85@% pyamidinerés 1 4
sol ut i onsof cashaxamide (rramples9q, 2.5 @) was dissolved in a mixture of CHCl, (25 mi) and

17.0°) 1 n Bresm mﬁ%ﬁ%@‘%ﬁ%ﬁ%ﬁ@%@% el g e R A )
at 90C, the ﬁ‘?’%t‘{ﬂ"e;%@c%%w[‘tlﬂg@é)- 1‘11%’&9?&1‘1?’(3‘“&% ylEiny1 ghleride
filtered of @ gpus@HdRA(3 miyatsraddiddUropwiserdd che ingidttire wW4s. st 81 rdoni e was

idifiedt H 3 b [ 2N aq. ci . d..sti d Q
Ferper at ur cepFrang fof 0. A ety Bisby s et GcTea®t woge ™ iBoned
wi t h watier satdaglr NeHCOO;T Thacorgasic “W9E wes elritd (MBgS09 a8l EShcenfrivedl]] under 363. 0
TLC. Rf= 0. il - %%E@SF: - _
5-am no- 4-1 %d gﬁé}dr%&ﬁsg%ﬁl{ez_ pheny %9‘2{#50{"%{@&@ %xlr%ﬁrr%gn(ﬁt ?%—E%ﬁycgi?tggkgrﬁe}je
DI PEA (15. 3Wrﬂ1}1,eptt’§@tA%ﬁW|(a/m)raéel(ugnts m) and TBTU (14.1 g) were added to a

m xture of _,

5- am no- 4- (gleé‘?ﬁ nophe}rﬂlg) - 2- phenyl -t hi eno[ 2, 3-d] pyri m di ne- 6-car boxylic
acid (exaaneStﬁ%lgi, 1@}%@?;4288 m xture of DCM (250 m) and DMF (50 m)
under a 2s 3 en a here”“After 3 h at roomtenperature, the mxture
was dil uted-~t h DCM gnd ~was it . 3, 0.1N ag. HO and sat.
aqg. NaCtJlts Tﬁie,ybbrgani cﬁf ay!é@’ \%glgagérli g%@?k%ég%)ya d ‘concentrated under
reduced pressure. The crude product was purified by chromatography on

silica gel, gYsinBf fieptane/ EtOAc = 3/7 to 1/1 (v/v) as eluent. 30 Yield:
14.7 g M5-ESI: I\/{r + = 418.4 TL%IIIQE: z sielﬂi,ca el feta, e/E}thA = 3/2

(v/ V). tert- S-amino-2-me -
thieno[2.3- imidine-6-carboxamide
20 tert-Butyl 5-amino-2-methylthio-4-(3-(vinylsulfonamido)-phenyl)-thieno[2,3-

d]pyrimidine-6-carboxamide (example 10, 87 mg) was dissolved in dry THF (5 ml).
Piperidine (181 pl) was added and the reaction mixture was stirred at room temperature
overnight. The reaction mixture was diluted with CH,Cl, and washed with sat. aq.
NaHCQOj. The organic layer was dried (MgSQ,) and concentrated under reduced

25 pressure. The title compound was first purified by chromatography on silica gel with
hept/EtOAc = 3/2 (v/v) as eluent and then by HPLC using a Luna C-18 column with
the following gradient: CH3CN/0.1% aq. trifluoroacetic acid (TFA) = 10/90 to 90/10
(v/v) in 30 min, The title compound was then lyophilized from a mixture of 1,4-
dioxane and 0.1% aq TFA.

30 Yield: 89 mg (TFA salt)
MS-ESI: [M+H]" = 563.4

HPIC: R¢=18.4 min, column Luna C-18 (see examiple 1e), eluent H,O/CH;CN
= 60/40 to 0/100 (v/v) in 25 min



" 5-am no- 2-

WO 02/ 2703 -S6 PCT/EPOL/ 107.13 , (hl tent-Butyl 5-am no-2-phenyl-4 J3-
-nitro ~henoxvcarbon |y ayi no~phe~l| thieno[2.3-dl~xrim dine-6-carboxam de
t ent - But 0- 2- phenyl - 4- (3- am nophenyl ) - t hi eno[ 2, 3- j e- 6s
car boxa y‘g(ﬁgeng?rpl e 31 (g), 2.0 g) was dissolved in dry %&g@ﬂ%%?m)
Subsequently, a solution of p-nitro-phengl. chloroformate (520 ng) in dry
CH2C12 (10 m ) was added dropwi se and the reaction mxture was stirred at
roomtenperature. After 3 h, the reaction m xture was washed with H20. The
organi c |l ayer was dried (MyS04) and concentrated under reduced pressure. ~
o Yield: 2.9 g IVB—ESI [MiH + = 583.2 TLC. Rf = 0.6, silica gel,

hept anel Et% (v/ v). ,~1. tert-Butyl 5-a Zi no-2-phenyl-4-~3
" ((thionorp ?'Hpﬁ - car bo~ yl am no -nheny,~| - |s t hi en~2. 3-

pvrim di ne- farcButh ptiyd - (] :

of tert-butyl

| am no) - phenyl ) -t hi eno[ 2, 3-d] py

nd- s hat3o R °B8ﬁ(a5? %o&%@%&? ﬁ% (n “&élortng:?%n%,grgth&r e°~o'verlrrl'?nﬁ]}2tf4£(§ ")

and the reac I on mxtur red r oo
Subsequent | @mnyﬂwéfon@ranioo@henﬁlktmnn@[wmmﬂm Gzeﬁrbmamlmz(@mmdﬁ dlGpe&hed

with H0. The %ﬁ%@r&&lﬁﬁeﬁccﬂﬁﬁn Q@Qﬁé‘tlﬁéh@dj dHﬂﬂi%d rlﬁdé%‘aﬂﬂ)lé) rngs q‘l'l%etltlér he
title conpound was purified usi ng @%y una, G 1 Elrm Wit h

fol | owi ng gfaRRAsAd Wasigrs seelﬂr@elamr R %Wwe .wﬂa CPHI*HOAFhe 3?2 tle
conmpound V\ﬁ(if/\ghﬁnelhh!ﬁpﬁhd teadby HANE usinkt 41 1anofC-18 Lollingx avith sedfdtdWingyi el d:

89 ng 2s Ms- ES P Luna C-18(2),
S o 160 Bradegs: (HCAUOTE i TTA S O Y T 0LR e P de Besuid o -
0. 25 m / m nwaseihee btopplizsd fratrea hiftheer of A4-divkmid 4dX). WatagrTEBACN = 10/ 30160 to
10/5/85 (v/v/v), run tinme = 20 mn. WO 0212. 47U3 -57 Exanple 32

PCT/ EPOL/ 10Yiel® t ent - Bl 5 (SFarmsalib- 2- phenyl - 4- (3-(~. N-di net hyl ani no

- car bonvl ami nol - phenyl_ t hieno[ 2. 3~dl ~~i m di ne- 6-' car boxam de Di net hyl am ne
hydr ochl or i MS-E §£ IMyHS 2d8Ed to a sol ution of NNs

di i sopropyl | am ne (DI 50 m) a st - but

5- ani no- 2- pﬁélﬁ.(; 4- (3& 155“%1: m&w&?&%&ew IPdﬁ)eﬁW}ltHﬁﬁ)/&%CN

[ 2, 3-d] psgri m di ne- 6- carﬁb@O&mOdl&)O((@Mﬁrp}?ﬁnﬁi (h), 250 ng) in dichloronethane
(S mM) and the reaction m xture was stirred at roomtenperature overnight.
Subsequently, the reaction m xture was diluted with CH2C12 and washed with
H20. The organic | ayer was concentrated under reduced to pressure. The
title conpound was purified by HPLC using a Luna C-18 colum with the
fol I owi ng gExainplet13 H20/ CH3CN = 80/20 to OL100 (v/v) in 45 nin. The title

conpound vva§e g @gq!aﬂgle _H_?r_ﬁ’g(o)Yi el d:
uim -18(2),

75 nmg MB-E
20 Reaction of bis-(2-methoxyethyl) amine (244 mg) with fert-butyl S5-amino-2-

3 Vim 100 Sthede

methylthio-4-(3-(vinylsulfonamido)-phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide
(example 10, 87 mg) was performed according to the method described in example 11.
The title compound was first purified by chromatography on silica gel with hept/EtOAc
= 3/2 (v/v) as eluent and then by HPLC using a Luna C-18 column with the following

25  gradient: CH3CN/0.1% aq. TFA = 10/90 to 90/10 (v/v) in 30 min. The title compound
was then lyophilized from a mixture of 1,4-dioxane and 0.1% aq TFA.

Yield: 60 mg (TFA salt)
MS-ESI: [M+H] =611.4

HPLC: R = 17.9 min, column Luna C-18 (see example 1e), eluent H,O/CH3;CN
30 = 60/40 to 0/100 (v/v) in 25 min



210 nm oven tenperature = 40C, flow = 0.25 m/mn, eluent phosphate buffer
50 MM pH 2. 1/water/ ACN = 1 0/60/30 to 10/5/8S (v/v/v), run time = 20 mn.
Exanmpl e 3w iyt - Butyl 5-am no- 2- phe~n~rl -4 ; (3-1 (nmo~r uyhalksinAons

- car bonvl am nol - nhen~| t hi eno[ ~ 3~pvri m di ne- 6- car boxam de Mor pholine (250
ng) was added to a solution of tert-butgly -

S- am no- 2- phenyl - 4- (3- (pni tr o- phenoxycar bonyl am no) - phenyl ) -t hi eno[ 2, 3-d] py
rim di ne- 6- @arbof%?#i' de (exanmple 31 (h), 150 ng) in dichloronmethane (5 m)
and the react R xture was 25 stl rred at roomterrperature over ni ght
Subsequent | jert-Bing AS-(C gtRaremd g

. H20. The orgal krﬁ-tﬁ%)(@f"z W&H&gg%r&rr&;“ﬂger reducd pressre Te t|tIe

conmpound vvas purifrted By HPLC USINQg na C 18 colum with the follow ng

gradi ent : 3 und
~was then lyop 41% &Vﬁ%ﬁﬁ;%‘é}a{i gﬂ; Né%tﬂdé}éxan %Tl&gﬁ%édgﬂ@

NVB- ESI : w@mwlwlﬂba@nmmguylmhmdmsﬁpyﬁrmdmcﬂ cmhommée cfemmzly 1(3 §ﬂn 100
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the luciferase reporter copstruct The luciferase signal was quantified
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(concentration of test co ound causi maxi mal . (50 % stJ ti.on)
were cal culgfpé For £hat Jf‘lﬁbg%l"fq‘i‘eﬂg’@l}ta ﬁgﬁﬁeﬁf‘ﬂﬁwﬁrﬁe@ﬁﬂqmgﬁ
version 3.0 (G aphPad=%0f40nar0¢100n@/v;) ilb25imih ego) was used. Results indi cated
that ECso value for the conpounds of exanples 9, 11, 12, 13, 14, 25 and 27
was betwsen 10'i and 10-' M The conpounds of exanples 1,2,3,4,5,17, 22,
26, is 28, 29, 31, and 33 showed an ECso val ue between 10-i and 10-$ M
whereas the ECso val ue of the compounds of exanples 7, 15, 16, 18, 2i, 23
and 32 wer eExample tthan 108 M WO (12/2-t1703 -59 O aims PCT/EPUL/ 107. 13
1. A bicyclig, £r oy £
phar maceuti cal Ty  acceptabl e salt
Fornula | lpyrimidine-6-carboxamide
tert-Butyl S-amino-2-methylthio-4-(3-aminophenyl)-thieno[2,3-d]pyrimidine-6-
20 carboxamide (example 9e, 100 mg) was dissolved in dry CH,Cl; (5 ml). Methyl
chloroformate (199 pl) and DIPEA (500 ul) were added and the reaction mixture was

stirred at room temperature overnight. The reaction mixture was washed with H;O. The

organic layer was dried (MgSQO4) and concentrated under reduced pressure. The title
compound was purified by HPLC using a Luna C-18 column with the following

25 gradient: CHiCN/10% aq. CH3sCN = 10/90 to 90/10 (v/v) in 30 min. The title
compound was then lyophilized from a mixture of 1,4-dioxane and H,O.

Yield: 80 mg
MS-ESI: [M+H]" = 446.2

HPLC: Rt = 20.44 min, column Luna C-18 (see example le), eluent phosphate
30 buffer 50 mM pH 2.1/H,O/CH3CN = 10/72/18 to 10/18/72 (v/v) in 20
min



wherein R is (3-8C)cycloal kyl, (2-7C)heterocycloal kyl, (6-14Caryl or (4
13C) heteroaryl; all optionally substituted with one or m)re substituents
sel ect ed wo2fi N(R4)R5, NHRS, R5, ORS and/or SRS, R2 i Jﬁlﬂ,@,@ﬁ_‘gyl,
(2-4C) al kenyl, (2-4C)al kynyl, (6-14C aryl or (4 13C)heter oar I'S
(1-8C) al kyl, (3-8C)cycloal kyl, (2-7C) hegerocycl oal kyl, (6- 14C) aryl or (4 13
C) heteroaryl; R4 can be selected fromthe sanme groups as described for RZ ,
RSis (6-1 ar (4-13C)heteroaryl, (6-14C)aryl carbonyl, (2
7C) het eroc %ﬁﬁ)}ﬁ (2 7C) het er ocycl oal kyl car bonyl (2 80) al kenyl sul fonyl ,
vk ¢4 i (n

(2 8C) al kenexyms am{nd- Beaethntil Aallyldxyearboh
14C) aryl am gcarbenyl,. 1(6 14 earyl oxycar bonyl (6 140) aryl am nosul tonyl, (6
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?‘{bgtc') ;H(gf('v;ﬂ }%%f %ﬁq{s O{glgc c}‘é&ﬁ%&%ﬁhﬁ(ﬁﬁbf‘eﬁw%ﬁé it BAAPAINY was
(3-8C) cycl axridipd by Gluﬁ@gw 1(n@ Qc &y@lnymmlﬂsﬂﬂ,)‘:é@hlw»pg graglient: CH;CN/10%

13C) het er ogyg quHé, Joves. 90( Ry ( hﬁtsern%mk@ﬁdw&m?&&d&@s%&i BBphitived (6
WO 02/ 2- 470 6 PCT/ EPg]A/I%WdS % ryI (4-13C) het er oaryl

(1-8C) al kox ar bonyl, (18C)allryl carbonyl oxy,

6- 14C) ar yl onyl o 1- 8C al kyl car bonyl 614C) aryl car bonyl, am ne,
gl 80 ;ﬁﬁglg}?ﬁ‘ﬁoc;r b)é%?/m(g (6 )14C) gryl am ngcar E)onyl yary Y
(1-8Q) al kyI nyl an % C) aryl car bonyl am no, (6-14C)(di)aryl am no,
(di) [( 1- konyMTﬁ% a'yI] an1'no and/or( 1-8 O (di)alkylarrino Y
Io? S"bg:] dNaIﬁIg XZSL )N(gZI Rl = gg a (L\I(lgl&ee fﬁaﬁfplé"l ent%Ho%plﬂ(té") O
additionally S or O |]Puﬁﬁ@ 1% @C@ éﬂk@/&#é]ﬂn‘cﬁ @—Sfﬁd)olr 775(}1/7’))141)/30 (1

8C) (di ) al kyl anunocar bgywy! , (6-14C)aryl am nocar bonyl, (1-8C)al koxycarbonyl,
(6-14C) aryl oxycar bonyl , (1-8C)(di ) al kyl am nosul fonyI , (6
14C) aryliar ni nosul fonyl , (1-8C)al koxysul fonyl, (6-14C)aryl oxysul fonyl, (2t
s 7C) het erocycl oal kyl carbonyl, (2-8C)al kenyl sul fonyl or
(2-8C) al kenoxycarbonyl with the proviso that the conpound is not ethyl
5- hydr oxy- 2Exsnplel 174 - (p| peridinl- yI )-pyrido[ 2, 3-dj pyr| m di ne- 6- car boxyl at e,
et hyl _—y . :
5- hydr oxy- e DT PHO
or et hyl dlpyrimidine-6-carboxamide
5- hydr oxy- 2net hyl - 4- (pyrrolidin-1-yl)-pyrido[2 yrim di ne 6 car boxyl ate
. 20 2. ThelbonfmgHen aforiarytylo Lrmina-2-mgtili] 4‘é§) agingpieny)- 3.
The conmpgungipstifmdifé-BtatBoxamiddetaitple De\MTD BE)wHh 'béan"Zhloroformate (368 m)
was performed using the methods described in example 15. The title compound was
purified by HPLC using a Luna C-18 column with the following gradient: CH3CN/10%
aq. CH3CN = 10/90 to 90/10 (v/v) in 30 min. The title compound was then lyophilized

from a mixture of 1,4-dioxane and H,O.

25 Yield: 112 mg
MS-ESIL: [M+H]" = 522.4
HPLC: R: = 24.10 min, column Luna C-18 (see example le), eluent phosphate

buffer 50 mM pH 2.1/H,O/CH;CN = 10/72/18 to 10/18/72 (v/v) in 20
min

30



4. The conpound according to claim1-3 wherein R is (6-14Caryl or (4
13C) heteroaryl, optionally substituted with one or nore substituents

sel ect ed WopapnMere4) R5, NHRS, R5, ORS or SRS. 2s 5. The comgwidaeaer di ng
to claim4 wherein RS is (6-14C) aryl carbonyl, (2

7C) het erocycl oal kyl carbonyl, or (1-8C)ak&yl, (1-8C)alkyl carbonyl,

(18C) (di) al kyl am nocar bonyl, the al kyl group of which may be optionally
substitute 19 ﬁ? 7C) het erocycl oal kyl, (4-13C)heteroaryl,

(1-80) al ko%ﬁ@é’? 6yl , (1 30 8Q) al kyl ani nocar bonyl ,

(1- 8C) al kylemsmhevly| aniNgmino® '
and/or(1-8 di)al k ambno. )
" conmpound a ava €or 5 wherein R is phenyl optionally

substitute e Ol ¢ st nt un £ di
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5- am no- 2- phenyl - 4- (3- (( N, N-di et hyl am no) car bonyl am no) - phenyl ) -t hi eno
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for use in Exanpleyl9 14. A pharmaceutical conposition corrprl Si ng a bi cycl iC
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accept abl e
phar maceut i &lpjhn Ortapivixa ' 15. Use of bi cyclic heteroaromatic
derivatives_accor d| ng to anyone of the clains 112 or a _pharmaceutically
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HPLC: R¢ = 23.25 min, column Luna C-18 (see example le), eluent phosphate
buffer 50 mM pH 2.1/H,O/CH3;CN = 10/72/18 to 10/18/72 (v/v) in 20
min
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() 1 1099 &A (mhixBire! of19 Mty lishthidurdeD8alfate (13.6:5) Q/ﬁtﬁethoxybenzaldehyde (7.5 g),
ethyl acetoacetate (6.5 g) and sodium hydrogenocarbonate (21 g) in DMF (200 ml) was

stirred at 70°C for 18 h. The reaction mixture was cooled to room temperature, diluted
with diethylether and washed with H,O and sat. ag. NaCl. The title compound was
10 purified by chromatography on silica gel with hept/EtOAc = 3/2 (v/v) as eluent.

Yield: 73 ¢g
MS-ESI: [M+H]"=321.0
TLC: Ry=10.2, silica gel, hept/EtOAc = 3/1 (v/v)

15 (b). Ethyl 2-methylthio-4~(3-meth eny)-6-methvlpyrimidine-5-carboxylate
Ethyl-2-methylthio-4-(3-methoxyphenyl)-6-methyl-1,4-dihydro-pyrimidine-5-
carboxylate (example 24a, 7.65g) was dissolved in a mixture of toluene (200 ml) and
CH,Cl, (100 ml). 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (5.45 g) was added and
the reaction mixture was stirred at room temperature for 15 min. 0.2M aq. NaOH (250

20 ml) was added. The organic layer was separated, washed with H,O (2*%250 ml) and sat.
aq. NaCl (2*%250 ml), dried (MgSO4) and concentrated under reduced pressure. The
title compound was purified by chromatography on silica gel with hept/EtOAc = 4/1

(v/v) as eluent.

Yield: 40g
25 MS-ESL [M+H]"=319.2
TLC: R = 0.4, silica gel, hept/EtOAc = 3/1 (v/v)
(c). Ethyl 5-hydroxy-2-methylthio-4-(3- henyl)-quinazoline-6-carboxylate

A  solution of ethyl 2-methylthio-4-(3-methoxyphenyl)-6-methylpyrimidine-5-
30 carboxylate (example 24b, 318 mg) in dry THF (2 ml) was added to a freshly prepared
solution of LDA in dry THF (1ml) cooled to —78°C. The mixture was stirred at —78°C
for 30 min and 3-ethoxy acrylate (217 pl) was added. The mixture was then stirred for
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KOH (0.5 ml). The mixture was refluxed for 48 h, then cooled down to room

15 temperature and acidified by adding 0.1M aq. HC1 (15 m!). The mixture was extracted
with CH;Cl, (15 ml). The organic layer was dried (MgSO,) and evaporated under
reduced pressure to give 5-hydroxy-4-(3-methoxyphenyl)-2-methylthio-quinazoline-6-
carboxylic acid. The latter was dissolved in DMF (2 ml). ter-Butylamine (53 pl) and
TBTU (96 mg) were added and the mixture was stirred at room temperature for 3 h.

20 EtOAc (15 ml) was added and the organic layer was washed with sat. ag. NaHCOQO; (15
ml) and sat. ag. NaCl (15 ml), dried (MgSQ,) and evaporated under reduced pressure.
The title compound was first purified by chromatography on silica gel with hept/EtOAc
= 7/3 (v/v) as eluent. It was then purified by HPLC with the following gradient: 10%
aq. CH;CN/CH3CN/0.1% aq. TFA = 57/40/3 to 7/90/3 (v/v) in 30 min. The title

25 compound was lyophilized from a mixture of water and 1,4-dioxane.

Yield: 25 mg
MS-ESI: [M+H]" = 398.2
HPLC:R; = 9.75 min, column Luna C-18 (see example 1e), eluent phosphate buffer 50
mM pH 2.1/H,0/CH;CN/CH;3;0H = 5/35/57/3 to 5/10/81/4 (v/v) in 15 min
30
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then poured in a mixture of EtOAc (100 ml) and H,O (100 ml). The organic layer was
10 washed with sat. ag. NaCl, dried (MgSO4) and concentrated under reduced pressure.
The title compound was purified by chromatography on silica gel with hept/CH,Cl, =
1/0 to 1/3 (v/v).

Yield: 1.05¢g
MS-ESI: [M+H]" = 284.2

15 TLC: Re= 0.4, silica gel, hept/CH,Cl, = 1/2 (v/v)
(b).

yDpyrimidine
5-Cyano-4-(3-methoxyphenyl)-2-methylthio-6-vinyl-pyrimidine (example 25a) was
20 dissolved in a mixture of ethanol (2 ml) and toluene (2 ml). Potassium carbonate (690
mg) and diethylmalonate (272 pl) were added and the mixture was stirred at room
temperature for 4 h. The reaction mixture was then poured in a mixture of 0.5M agq.
HCI (25 ml) and EtOAc (50 ml). The organic layer was washed with H,O (50 ml) and
sat. aq. NaCl (50 ml), dried (MgSO,) and concentrated under reduced pressure. The
25 title compound was purified by chromatography on silica gel with toluene/EtOAC =
100/0 to 95/5 (v/v) as eluent.

Yield: 344 mg

MS-ESI: [M+H]" = 444.2

TLC: Re= 0.3, silica gel, toluene/EtOAc = 95/5 (v/v)
30

(c).

carboxylate
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O%&I O - Tags pmﬁ?éc} L? Pﬁromatography on silica gel with hept/EtOAc = 1/0 to 3/2 (v/v) as

eluent.
Yield: 24 mg
10 MS-ESL [M+H]" =372.2
TLC: R¢=10.5, silica gel, hept/EtOAc = 3/1 (v/v)

Ethyl 5-amino-2-methylthio-4-(3-methoxyphenyl)-7,8-dihydroquinazoline-6-
15 carboxylate (example 25¢, 22 mg) was dissolved in CH,Cl, (1 ml). A 0.06M solution
of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone in CH,Cl; (1.2 ml) was added and the
mixture was stirred at room temperature for 15 min. The reaction mixture was
concentrated under reduced pressure. The title compound was purified by

chromatography on silica gel with toluene/EtOAc = 95/5 (v/v) as eluent.

20 Yield: 20mg
MS-ESI: [M+H]" = 370.0
TLC: Ry = 0.3, silica gel, hept/EtOAc = 1/3 (v/v)

25  Ethyl S-amino-2-methylthio-4-(3-methoxyphenyl)-quinazoline-6-carboxylate (example
25d, 490 mg) was dissolved in 15 ml 1,4-dioxane and a 2 M aqueous KOH solution (3
ml) was added. The mixture was heated at reflux for 5 h and at 70 °C for 76 h. The
mixture was cooled to room temperature and a 0.5 M HCl-solution in water was added.
The mixture was extracted with CH,Cl, (2 x 50 ml), the combined organic layers were

30 dried (MgSQ,) and concentrated under reduced pressure to yield the crude title
compound.

Yield: 406 mg (crude)
MS-ESI: [M+H]" =342.2
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' 5 carboxylic acid in DMF (1.8 ml) were added TBTU (173 mg) and tert-butylamine (95

1). The reaction mixture was stirred for 2 h and then poured into a mixture of EtOAc
(25 ml) and saturated aqueous NaHCO3 (50 ml). The organic phase was separated and
washed with 0.5 M aqueous HCI (50 ml) and brine (50 ml), followed by drying
(MgS04) and concentration under reduced pressure. The title compound was purified
10 by chromatography on silica gel using hept/EtOAc = 1/0 to 2/3 (v/v) as the eluent. The
title compound was lyophilized from a mixture of dioxane and water containing 1.5
equiv. of HCI.
Yield: 44 mg
MS-ESI: [M+H]" =397.2
15 HPLC:R; = 21.52 min, column Luna C-18 (see example le), eluent phosphate buffer
50 mM pH 2.1/H,O/CH3;CN = 10/70/20 to 10/10/80 (v/v) in 20 min

Example 26

20

A solution of tert-butyl S5-amino-2-methylthio-4-(3-methoxyphenyl)-quinazoline-6-
carboxamide (example 25f, 1.5 g) in dry CH,Cl, was cooled to 0 °C. A solution of
25 BBr; (1.1 ml) in CH,Cl, (25 ml) was added dropwise and after the addition was
complete, the mixture was stirred for 3h at room temperature. The mixture was diluted
with CH,Cl; and a saturated aqueous NaHCOQ; solution (200 ml) was carefully added.
The mixture was vigorously stirred for 1.5 h until all solids dissolved. The aqueous
layer was extracted twice with CH;Cl,. The first organic layer was washed with sat. aq.
30 NaHCO; and brine. The combined organic layers were dried (MgSO;) and
concentrated under reduced pressure. The title compound was purified by
chromatography on silica gel with hept/EtOAc = 1/0 to 1/1 (v/v) as eluent.
Yield: 930 mg
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tert-butyl 5-amino-2-methylthio-4-(3-hydroxyphenyl)-quinazoline-6-carboxamide

(example 26a, 121 mg) in acetone was heated overnight at reflux. The mixture was

cooled to room temf)eraturc, the solids were removed by filtration and the filtrate
10 concentrated under reduced pressure. The residue was taken up in EtOAc and washed

with water and brine. The organic phase was dried (MgSQ,) and concentrated in vacuo.

The title compound was purified by HPLC using a Luna C-18 column with the

following gradient: 10% aq. CH3CN/CH3CN/0.1% aq. TFA = 72/25/3 to 27/70/3

(v/v/v) in 30 min. The title compound was lyophilized from a mixture of water, TFA
15 and CH3CN.

Yield: 42 mg (TFA salt)

MS-ESI: [M+H]" =480.4

HPLC:R; = 12.93 min, column Luna C-18 (see example le), eluent phosphate buffer
50 mM pH 2.1/H,O/CH3CN = 10/70/20 to 10/10/80 (v/v) in 20 min

20

Example 27

25

To a suspension of anhydrous methyltriphenylphosphonium bromide (29.5 g) in
dimethoxyethane (400 ml) at —78 °C was added a 1.6 M solution of z#-butyllithium in

hexanes. The mixture was stirred at —78 °C for 1 h and a solution of 6-chloro-5-cyano-
4-(3-nitrophenyl)-2-methylthio-pyrimidine (example 9b, 10.1 g,) in dimethoxyethane
30 (100 ml) was added and the cooling bath removed. After 1 h the reaction was complete
and water (15 ml) was added. Removal of the solids by filtration was followed by
concentration of the reaction mixture gave a dark residue which was stirred with

ethylacetate to give a suspension. Filtration, washing of the residue with water and



t 109658 ()--1:1109%& ()-3"" 10%& ()-z10%& ()-L10%& ()- 10 10YcezX9K: 10!
10, ,, 109& ()-!-> @F109%& ()-!=@F10965& ()-!"10965& ()- yL109B& ()-!XP

t 10%E5E5 &yl g7

JAP3@ 10! 10@109&' () - L10%&' ()- 105 105 PCT/ERO1/10743
&

105710%& ()- @#10%& ()-!B@#10%5& ()-}[9~_@ 10! 10'F 10%

10%"'&'()-

109( 109& () -
@.O0%& () - f
10 10 10 1
10!

[ 9YNC 10!
10! 9®1 +#109

F' 109& ()- 109 ()-! cSLO94¥& ()-! SI10% ()-, 67 me9~_@ 10!

(%r&ingf 3%%@%@(‘3 %’& %’b@éﬁggﬁgaﬁd‘l gclntzsl 6% oo a@)dmg\&g |

vacuo. The title compound was gunﬁed by chromatogr 117 on s1hca el w1th
10! =" 9Y" 109%& g TOY" 109 () -1 9Y" 109 () - Y" T 109k () 0%&' ( 0% ()-.A}}
' hep / tOAc = 4/1 to 1/1 (v/v) as eluent.
&1 T o %g{ ()-19""10%& ()-& 109 ()-!9"109& ()-SS!10%&' () - S}
0! %"

& ()6=MC 1

5

10

15

20

25

30

o 1ol [M+H]() . @10% ()-L10% () 10

TLC: Rr= 0.4, silica gel, hept/EtOAc = 3/2 (v/v)

A solution of 5-cyano-2-methylthio-4-(3-nitro-phenyl)-6-[(triphenylphosphanylidene)-
methyl]-pyrimidine (example 27a, 7.04 g,)) in THF (64 ml) was treated with aqueous
formaldehyde (37 wt. %, 3.55 ml) at 60 °C for 1 h. After the mixture was cooled to
room temperature, it was diluted with EtOAc (100 ml) and washed with water (2 x 50
ml), dried (MgSQy) and concentrated under reduced pressure. The title compound was

purified by chromatography on silica gel using hept/EtOAc = 9/1 to 3/2 (v/v) as the

eluent.

Yield: 142¢

MS-ESI: [M+H]" = 547.2

TLC: R¢= 0.6, silica gel, hept/BtOAc = 3/2 (v/v)
(©).

ethyl)-malonate
Potassium carbonate (1.88 g) and zert-butyl ethylmalonate were suspended in EtOH (82

ml) and a solution of 5-cyano-2-methylthio-4-(3-nitro-phenyl)-6-vinylpyrimidine
(example 27b, 2.71 g) in toluene/CH,Cl; (33 ml) was slowly added (ca 1.5 h). After the
addition was complete, the mixture was stirred for an additional 40 min, The mixture
was diluted with EtOAc and washed with water (2x) and brine. The organic layer was
dried (MgSO4) and concentrated under reduced pressure. The title compound was

purified by chromatography on silica gel with hept/CH,Cl, = 1/1 (v/v) as eluent.

Yield: l42¢

MS-EST: [M+H]" = 487.2

TLC: Re=0.5, silica gel, hept/EtOAc = 3/2 (v/v)
(d).

carboxylate
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Yield: 1.19 g (crude)
MS-ESI: [M-+H]" =387.2
10 TLC: R¢= 0.5, silica gel, hept/EtOAc = 3/2 (v/v)

(). Ethyl 5-amino-2-methylthio-4-(3-nitro-phenyl)-quinazoline-6-carboxylate
A solution of crude ethyl S5-amino-2-methylthio-4-(3-nitro-phenyl)-7,8~dihydro-
quinazoline-6-carboxylate (example 27d, 1.19 g) in CH2Cl; (31 ml) was cooled to 0 °C.
15 A solution of DDQ (1.14 g) in toluene (31 ml) was added dropwise, the ice-bath
removed and the solution was stirred for an additional 30 min at room temperature. The
mixture was diluted with CH;Cl; (ca 100 ml) and washed with a saturated aqueous
solution of NaHCOs (3 x 100 ml) and brine (2 x 50 ml). The combined aqueous layers
were back-extracted with CH,Cl,. The combined organic layers were dried (MgSQ,)
20 and concentrated under reduced pressure. The title compound was purified by
chromatography on silica gel using hept/EtOAc = 9/1 to 3/2 (v/v) as eluent.

Yield: 735 mg
MS-ESI: [M+H]" = 385.2
TLC: Rs= 0.5, silica gel, hept/EtOAc = 3/2 (v/v)

25

To a mixture of ethyl 5-amino-2-methylthio-4-(3-nitro-phenyl)-quinazoline-6-
carboxylate (example 27e, 1.54 g) and SnCl,-2H,0 (4.52 g) in 1,4-dioxane (35 ml)
were added EtOH (35 ml) and concentrated aqueous HCI (690 1). The reaction
30 mixture was stirred at 90 °C for 5 h. After cooling to room temperature and
concentration under reduced pressure the residue was suspended in EtOAc (35 mil).
The mixture was brought to pH 10 by the addition of 2 M NaOH and THF and brine
were added. The resulting mixture was stirred for 40 min, after which time the organic
layer was seperated, dried (MgSO,) and concentrated under reduced pressure. The title
35 compound was purified by chromatography on silica gel using hept/EtOAc = 9/1 to 3/2
(v/v) as eluent.
Yield: 818 mg
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CH,CL (3 x). The combined orgamc layers were dried (MgSO,) and concentrated
10 under reduced pressure to give the crude title compound.

Yield: 215 mg
MS-ESL: [M+H]" =327.2
TLC: R¢ =0, silica gel, hept/EtOAc = 3/2 (v/v)

15

The conversion of 5-amino-2-methylthio-4-(3-aminophenyl)-quinazoline-6-carboxylic
acid (example 27g, 192 mg) to the corresponding fert-butyl amide was performed
according to the procedure described in example le. The title compound was purified
by chromatography on silica gel using hept/EtOAc = 9/1 to 3/2 (v/v) as eluent.
20 Yield: 243 mg

MS-ESI: [M+H]" =382.2

HPLC:R; = 6.57 min, column Luna C-18 (see example 1¢), eluent H,O/CH3CN =
45/55 to 0/100 (v/v) in 20 min

Example 28
25

carboxamide

30 To a suspension of fert-butyl 5-amino-2-methylthio-4-(3-aminophenyl)-quinazoline-6-
carboxamide (example 27h, 791 mg) in CH,Cl, (60 ml) was added DIPEA (1.08 ml),
followed by the slow addition of bromoacetyl chloride (242 1) in CHCL (20 ml).
After 40 min at room temperature the reaction mixture was washed with sat. aqueous
NHCO; (3x), followed by drying (MgSO,) and concentration under reduced pressure.

35 The crude title compound was used without further purification in the next step.
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uinazoline-6-carboxamide

To a solution of fert-butyl 5-amino-2-methylthio-4-(3-(2-bromoacetamido)-phenyl)-

quinazoline-6-carboxamide (example 28a, 88 mg) in acetonitrile was added morpholine
10 (148 1) and the mixture was stirred for 18h. After this time CH,Cl, (15 ml) was added

and the mixture was washed with sat. aqueous NaHCO3. The organic layer was dried

(MgSOs) and concentrated in vacuo. The title compound was purified by

chromatography on silica gel using CH,Cl,/MeOH = 1/0 to 9/1 (v/v) as eluent. The title

compound was lyophilized from a mixture of acetonitrile and water containing 1.5
15 equiv. of HCIL

Yield: 82 mg (HCI salt)

MS-ESI: [M-+H]" = 509.2

HPLC:R; = 13.00 min, column Luna C-18 (see example le), eluent H,O/CH5CN =

75/25 to 0/100 (v/v) in 20 min

20

Example 29
tert-Butyl

gquinazoline-6-carboxamide

Reaction of tert-butylamine (275 pl) with fert-butyl S-amino-2-methylthio-4-(3-(2-
25 bromoacetamido)-phenyl)-quinazoline-6-carboxamide (example 28a, 130 mg) was

performed according to the method described in example 28b. The title compound was

first purified by chromatography on silica gel with hept/EtOAc = 3/2 (v/v) as eluent

and then by HPLC using a Luna C-18 column with the following gradient:

CH3CN/0.1% ag. TFA = 10/90 to 90/10 (v/v) in 30 min. The title compound was then
30 lyophilized from a mixture of 1,4-dioxane and aq HCL

Yield: 28 mg (HCl salt)

MS-ESL: [M+H]" = 495.4
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Example 30
Ethyl _S-amino-2-methylthio-4-

A solution of 6-chloro-5-cyano-4-(3-nitrophenyl)-2-methylthio-pyrimidine (example
10 9b, 10.0 g) was treated with ammonium hydroxide (28% NHj3 in water, 15 ml) and the
mixture was stirred overnight. The formed crystals were collected by filtration and
washed with water. The product was dried at 50 °C under vacuum yielding the title

compound.
Yield: 89¢g
15 MS-ESL [M+H]"=288.2
TLC: Re= 0.3, silica gel, hept/EtOAc = 3/2 (v/v)
(b).

methylene)malonate

20 To a suspension of 6-amino-5-cyano-2-methylthio-4-(3-nitrophenyl)pyrimidine
(example 30a, 5.74 g) in 1,2-dichloropropane (200 ml) was added diethylmalonate (9.1
ml). The mixture was cooled to 0 °C and a solution of SnCls (14 ml) in in 1,2-
dichloropropane (50 ml) was added dropwise. After the addition was complete, the
suspension was heated at reflux for 18 h. The mixture was allowed to cool to room

25 temperature and after solids were settled the 1,2-dichloropropane was carefully
decanted. The resulting solids were stirred with EtOAc (300 ml) and water (300 ml)
until dissolution was complete. The organic layer was washed with water (500 ml) and
brine (500 ml), dried (MgSO4) and concentrated in vacuo. The title compound was
purified by chromatography on silica gel using hept/EtOAc = 1/0 to 3/2 (v/v) as eluent.

30 Yield: 3.78¢g
MS-ESI: [M+H]" = 448.4
TLC: R¢= 0.2, silica gel, hept/EtOAc = 3/2 (v/v)
(c). Eth

35 G-carboxylate
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Example 31

15
A mixture of benzamidine hydrochloride (16.4 g), 3-nitrobenzaldehyde (15.1 g), ethyl
cyanoacetate (11.2 ml) and potassium carbonate (16.6 g) in abs. EtOH (250 ml) was
stirred at 60°C for 8 h. The reaction mixture was cooled to 0°C in an ice bath. The
resulting precipitate was filtered off, washed with abs. EtOH and heated in water

20 (100°C) until a clear solution was obtained. The solution was cooled to 50°C, acidified
to pH 2 by adding 2N aq. HCI and cooled to 0°C in an ice bath. The resulting
precipitate was filtered off and washed with ice water. Residual water was removed by

coevaporation with 1,4-dioxane.

Yield: 150 ¢g.
25 MS-ESI: [M+H]" =319.2
TLC: R¢= 0.3, silica gel, DCM/MeOH = 9/1 (v/v).

POCI; (50 ml) was added to a stirred solution of 5-cyano-4-(3-nitrophenyl)-2-phenyl-6-
30  hydroxy-pyrimidine (example 31(a), 15.0 g) and dimethylaniline (0.5 ml) in dry 1,4-
dioxane p.a. (200 ml). After 3 h at 90°C, the warm mixture was filtered off and the

filtrate was concentrated under reduced pressure. The residue was dissolved in 1,4-
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DIPEA (8.71 ml) was added to a stirred solution of ethyl 2-mercaptoacetate (5.15 ml)

10 and 6-chloro-5-cyano-4-(3-nitrophenyl)-2-phenyl-pyrimidine (example 31(b), 15.8 g)
in a mixture of EtOH (125 ml) and DCM (125 ml) under a nitrogen atmosphere. After
2 h at room temperature, the mixture was diluted with DCM until complete dissolution,
washed with 0.5N aq. HCI, dried (MgSQO4) and concentrated under reduced pressure.

Yield: 19.7¢g
15 MS-ESIL [M+H]" = 421.2.
TLC: Rf= 0.7, silica gel, heptane/EtOAc = 3/2 (v/v).

DIPEA (20.0 ml) was added to a stirred solution of ethyl 5-cyano-4-(3-nitrophenyl)-2-
20 phenyl-6-(ethoxycarbonylmethylthio)-pyrimidine (example 31(c), 19.7 g) in a mixture
of abs. EtOH (100 ml) and toluene p.a. (100 ml). After 48 h at 100°C, the mixture was
cooled to 0°C. The resulting precipitate was filtered off, washed with cold EtOH and

dried in vacuo at 40°C.
Yield: 17.0g
25 MS-ESI: [M+H] =421.2
TLC: Re= 0.5, silica gel, heptane/EtOAc = 3/2 (v/v).

A solution of tin (I) chloride (23.0 g) in abs. EtOH (250 ml) was added to a solution of
30 ethyl 5-amino-4-(3-nitrophenyl)-2-phenyl-thieno[2,3-d]pyrimidine-6-carboxylate
(example 31(d), 16.6 g) in 1,4-dioxane p.a. (250 ml). 37% aq. HC1 (6.9 ml) was added
and the mixture was heated under reflux (90°C) for 16 h. The mixture was allowed to
cool to room temperature and concentrated under reduced pressure. The residue was
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10 aminophenyl)-2-phenyl-thieno[2,3-d]pyrimidine-6-catboxylate (example 31(e), 17.0 g)
in a mixture of 1,4-dioxane (210 ml) and water (80 ml). After 16 h at 90°C, the mixture

was cooled to 0°C. The resulting precipitate was filtered off, suspended in water (300
ml) and cooled to 0°C. The mixture was acidified to pH 3 by adding 2N aq. citric acid
and stirred at 0°C up to room temperature for 2 h. The resulting precipitate was filtered

15  off, washed with water and dried in vacuo at 40°C.

Yield: 133 g
MS-ESTI: [M+H]" = 363.0
TLC: Re= 0.2, silica gel, DCM/MeOH = 95/5 (v/v).

20

carboxamide

DIPEA (15.3 ml), tert-butylamine (9.3 ml) and TBTU (14.1 g) were added to a mixture

of 5-amino-4-(3-aminophenyl)-2-phenyl-thieno[2,3-d]pyrimidine-6-carboxylic acid

(example 31(f), 13.3 g) in a mixture of DCM (250 ml) and DMF (50 ml) under a
25 nitrogen atmosphere. After 3 h at room temperature, the mixture was diluted with

DCM and washed with sat. aq. NaHCO3, 0.1N aq. HCI and sat. aq. NaCl. The organic

layer was dried (MgSO4) and concentrated under reduced pressure. The crude product
was purified by chromatography on silica gel, using heptane/EtOAc = 3/7 to 1/1 (v/v)
as eluent.

30 Yield: 147 g
MS-ESI: [M+H]" = 418.4
TLC: R¢= 0.4, silica gel, heptane/EtOAc = 3/2 (v/v).
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(MgSO4) and concentrated under reduced pressure.

10 Yield: 29¢g
MS-ESI: [M+H]" = 583.2
TLC: Rs= 0.6, silica gel, heptane/EtOAc = 1/1 (v/v).

15 thieno[2,3-dIpyrimidine-6-carboxamide
Thiomorpholine (300 ul) was added to a solution of fer#-butyl 5-amino-2-phenyl-4-(3-
(p-nitro-phenoxycarbonylamino)-phenyl)-thienof2,3-d]pyrimidine-6-carboxamide
(example 31(h), 150 mg) in dichloromethane (5 ml) and the reaction mixture was
stirred at room temperature overnight. Subsequently, the reaction mixture was diluted

20 with CH,Cl; and washed with H,O. The organic layer was concentrated under reduced
pressure. The title compound was purified by HPLC using a Luna C-18 column with
the following gradient: H,O/CH3CN = 80/20 to 0/100 (v/v) in 45 min, The title
compound was then lyophilized from a mixture of 1,4-dioxane and H,O.
Yield: 89 mg

25  MS-ESI: [M+H]" = 547.2
HPLC:R; = 11.71 min, column Luna C-18(2), 3 um, 100 x 2.0 mm, detection UV =
210 nm, oven temperature = 40°C, flow = 0.25 ml/min, eluent phosphate buffer 50 mM
pH 2.1/water/ACN = 10/30/60 to 10/5/85 (v/v/v), run time = 20 min.
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with CH,Cl; and washed w1th HZO The organic layer was concentrated under reduced
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10 pressure. The title compound was purified by HPLC using a Luna C-18 column with
the following gradient: H,O/CH3CN = 80/20 to 0/100 (v/v) in 45 min. The title
compound was then lyophilized from a mixture of 1,4-dioxane and H,O.

Yield: 75 mg
MS-ESI: [M+H]" =489.2

15 HPLC:R; = 19.58 min, column Luna C-18(2), 3 pm, 100 x 2.0 mm, detection UV =
210 nm, oven temperature = 40°C, flow = 0.25 ml/min, eluent phosphate buffer 50 mM
pH 2.1/water/ACN = 10/60/30 to 10/5/85 (v/v/v), run time = 20 min.

Example 33

20

thie - imidine-6-carboxamide

Morpholine (250 mg) was added to a solution of fert-butyl 5-amino-2-phenyl-4-(3-(p-
nitro-phenoxycarbonylamino)-phenyl)-thieno|2,3-d]pyrimidine-6-carboxamide
(example 31(h), 150 mg) in dichloromethane (5 ml) and the reaction mixture was

25 stirred at room temperature overnight. Subsequently, the reaction mixture was diluted
with CH,Cl, and washed with H,O. The organic layer was concentrated under reduced
pressure. The title compound was purified by HPLC using a Luna C-18 column with
the following gradient: H,O/CH;CN = 80/20 to 0/100 (v/v) in 45 min. The title
compound was then lyophilized from a mixture of 1,4-dioxane and H,O.

30 Yield: 63 mg
MS-EST: [M+H]" = 489.2
HPLC:R; = 19.39 min, column Luna C-18(2), 3 um, 100 x 2.0 mm, detection UV =

210 nm, oven temperature = 40°C, flow = 0.25 ml/min, eluent phosphate buffer 50 mM
pH 2.1/water/ACN = 10/60/30 to 10/5/85 (v/v/v), run time = 20 min.
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L 10%& () ]‘Eﬁ alggn/%né ct1v1{y@t{compounds wasgfested in Chinese Hamster Ovary (CHO) cells

5 stably transfected with the human LH receptor and cotransfected with a cAMP
responsive element (CRE) / promotor directing the expression of a firefly luciferase
reporter gene. Binding of ligand to the Gs-coupled LH receptor will result in an

increase of cAMP, which in turn will induce an increased transactivation of the

luciferase reporter construct. The luciferase signal was quantified using a luminescence

10 counter. For test compounds, ECsp values (concentration of test compound causing
half~maximal (50 %) stimulation) were calculated. For that purpose the software
program GraphPad PRISM, version 3.0 (GraphPad software Inc., San Diego) was used.
Results indicated that ECsy value for the compounds of examples 9, 11, 12, 13, 14, 25
and 27 was between 10 and 107 M. The compounds of examples 1,2,3,4,5,17, 22, 26,

15 28,29, 31, and 33 showed an ECsy value between 107 and 10" M, whereas the ECsg
value of the compounds of examples 7, 15, 16, 18, 21, 23 and 32 were lower than 10°®
M.
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wherein

R! is (3-8C)cycloalkyl, (2-7C)heterocycloalkyl, (6-14C)aryl or (4-
13C)heteroaryl; all optionally substituted with one or more substituents selected
10 from N(RYR?, NHR®, R?, OR’ and/or SR’;
R? is (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl, (6-14C)aryl or (4-
13C)heteroaryl;
R? is (1-8C)alkyl, (3-8C)cycloalkyl, (2-7C)heterocycloalkyl, (6-14C)aryl or (4-
13C)heteroaryl;
15 R* can be selected from the same groups as described for R?,
R’ is (6-14C)aryl, (4-13C)heteroaryl, (6-14C)arylcarbonyl, (2-
7Cheterocycloalkyl, (2-7C)heterocycloalkylcarbonyl, (2-8C)alkenylsulfonyl, (2-
8C)alkenoxycarbonyl, (3-8C)cycloalkyl, (6-14C)arylsulfonyl, (6-
14C)arylaminocarbonyl, (6-14C)aryloxycarbonyl, (6-14C)arylaminosulfonyl, (6-
20 14C)aryloxysulfonyl, (2-8C)alkenyl, (2-8C)alkynyl, or
(1-8C)alkyl, (1-8C)alkylcarbonyl, (1-8C)alkylsulfonyl, (1-
8C)(di)alkylaminocarbonyl, (1-8C)alkoxycarbonyl, (1-
8C)(di)alkylaminosulfonyl, or (1-8C)alkoxysulfonyl,
the alkyl group of which may be optionally substituted with one or more
25 substituents selected from hydroxyl, (1-8C)alkoxy, (2-7C)heterocycloalkyl(1-
8C)alkoxy, (3-8C)cycloalkyl(1-8C)alkoxy, (6-14C)aryl(1-8C)alkoxy, (4-
13C)heteroaryl(1-8C)alkoxy, (2-7C)heterocycloalkyl, (3-8C)cycloalkyl, (6-
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' 14C)arylcarbonyl, amine, (1-8C)alkylaminocarbonyl, (6-14C)arylaminocarbonyl,
(1-8C)alkylcarbonylamino, (6-14C)arylcarbonylamino, (6-14C)(di)arylamino,

5 (di)[(1-3C)alkoxy(1-3C)alkyl]amino and/or(1-8C)(di)alkylamino.
YisCHorN;
Z is NH, or OH;
Ais S, N(H), N(R*), O or a bond;
B is N(H), O or a bond and

10 X1-X2 is C=C, C(0O)-NH, NH-C(0), C(0)-0, O-C(0), C=N, N=C or,
additionally S or O if R® is (1-8C)alkylsulfonyl, (6-14C)arylsulfonyl, (1-
8C)(di)alkylaminocarbonyl, (6-14C)arylaminocarbonyl, (1-8C)alkoxycarbonyl,
(6-14C)aryloxycarbonyl, (1-8C)(di)alkylaminosulfonyl, (6-
14C)arylaminosulfonyl, (1-8C)alkoxysulfonyl, (6-14C)aryloxysulfonyl, (2-

15 7C)heterocycloalkylcarbonyl, (2-8C)alkenylsulfonyl or (2-8C)alkenoxycarbonyl
with the proviso that the compound is not ethyl 5-hydroxy-2-methyl-4-(piperidin-
1-yl)-pyrido[2,3-d]pyrimidine-6-carboxylate, ethyl 5-hydroxy-2-methyl-4-
(morpholin-4-yl)-pyrido[2,3-d]pyrimidine-6-carboxylate or ethyl 5-hydroxy-2-
methyl-4-(pyrrolidin-1-yl)-pyrido[2,3-d]pyrimidine-6-carboxylate.

20 2. The compound according to claim 1 wherein B is N(H) or a bond.

The compound according to claim 1 or 2 wherein Z is NH;,

4.  The compound according to claim 1-3 wherein R! is (6-14C)aryl or (4-
13C)heteroaryl, optionally substituted with one or more substituents selected
from N(R*)R®, NHR?, R’, OR®or SR’.

25 5.  The compound according to claim 4 wherein R’ is (6-14C)arylcarbonyl, (2-
7C)heterocycloalkylcarbonyl, or (1-8C)alkyl, (1-8C)alkylcarbonyl, (1-
8C)(di)alkylaminocarbonyl, the alkyl group of which may be optionally
substituted with
(2-7C)heterocycloalkyl, (4-13C)heteroaryl, (1-8C)alkoxycarbonyl, (1-

30 8C)alkylaminocarbonyl, (1-8C)alkylcarbonylamino, (6-14C)arylcarbonylamino,
amine and/or(1-8C)(di)alkylamino.
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10. The compound according to claims 1-9 wherein X1-X2 is C=C, C=N, S or N=C.
11. The compound according to claim 10 wherein X1-X2 is C=C or S.

10 12. A compound selected from the group of tert-butyl 5-amino-2-methylthio-4-~(3-
((N,N-diethylamino)-carbonyloxy)-phenyl)-thieno|2,3-d]pyrimidine-6-
carboxamide, fert-butyl 5-amino-2-methylthio-4-(3-(methoxycarbonylamino)-
phenyl)-thieno[2,3-dJpyrimidine-6-carboxamide, tert-butyl 5-amino-2-
methylthio-4-(3-(allyloxycarbonylamino)-phenyl)-thieno[2,3-d]pyrimidine-6-

15 carboxamide, tert-butyl 5-amino-2-methylthio-4-(3-(ethoxycarbonylamino)-
phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide, zert-butyl 5-amino-2-
methylthio-4-(3-((morpholin-4-yl)-carbonylamino)-phenyl)-thieno[2,3-
d)pyrimidine-6-carboxamide, tert-butyl 5-amino-2-methylthio-4-(3-(1,2,3,6-
tetrahydropyridinocarbonylamino)-phenyl)-thieno[2,3-d]pyrimidine-6-

20 carboxamide or ferz-butyl 5-amino-2-phenyl-4-(3-((N,N-dimethylamino)-
carbonylamino)-phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide.

13. The compound according to claims 1-12 for use in therapy.
14. A pharmaceutical composition comprising a bicyclic heteroaromatic compound
according to claims 1-12 or a pharmaceutically acceptable salt or solvate thereof ,

25 in admixture with a pharmaceutically acceptable auxiliary.

15. Use of bicyclic heteroaromatic derivatives according to anyone of the claims 1-
12 or a pharmaceutically acceptable salt or solvate thereof for the manufacture of

a medicament for the control of fertility.

30



