G yci ne-substituted thieno[2,3-d]pyrimdines with conbined LH and FSH
agonistic activity 5 The invention relates to conpounds havi ng gl ycoprotein
hor mone agonistic activity, in particular to conpounds having both

Lut ei ni zi ng Hornmone (LH) and Follicle Stinulating Hornone (FSH) agonistic
activity. The invention furthernore relates to pharmaceutical conpositions
containing the sane as well as to the use of these conpounds in nedical

t herapy, particularly for use as a control of fertility. 10 Gonadotropins
serve inportant functions in a variety of bodily functions including

met abol i sm tenperature regul ation and the reproductive process. The
hypophyseal gonadofGlygime-sebstitwted thicoe[23adip yripiidines prithcambined i n
the stimulation of follicle developnment and maturation whereas LH is

i nvol ved in induction of the ollanst¥SIE agomistie acivityp, R M din.

Endocri nol 33:787-807, 1990; Dorrington and Arnstrong, Recent Prog. Horn.
Res 35: 301-342, 1979; Levy et al, Human Reproduction 15:2258- 2265, 2000).
Currently, LH_js appli.ed clinically, in conbjnation with FSH, for ovarian
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t hese pit ui CIRY"S dm&l%gé%ahﬂ'glrapyzgarﬁgqlmgog Usr & %%QQ?BEPW@peCi fic plasm
marrbranl% receptors that are nmenbers of the large famly of G protein
coupl ed receptors. They consist of a single polypeptide with seven
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to the activation O ase.
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activatgd Qfoseds (Sharp, R.M. Clin. Bndocrinol 33:787-807, 1990; Dorrington and Armstrong,
Recent Prog. Horm. Res 35:301-342, 1979; Levy et al, Human Reproduction 15:2258-
2265, 2000).
Currently, LH is applied clinically, in combination with FSH, for ovarian
stimulation i.e. ovarian hyperstimulation for in vitro fertilisation (IVF) and induction of
20 ovulation in infertile anovulatory women (Insler, V., Int. J. Fertility 33:85-97, 1988,
Navot and Rosenwaks, J. Vitro Fert. Embryo Transfer 5:3-13, 1988), as well as for male
hypogonadism and male infertility.

Gonadotropins act on specific gonadél cell types to initiate ovarian and testicular
differentiation and steroidogenesis. The actions of these pituitary and placental

25 hormones are mediated by specific plasma membrane receptors that are members of the
large family of G-protein coupled receptors. They consist of a single polypeptide with

+ seven transmembrane domains and are able to interact with the Gs protein, leading to

the activation of adenyl cyclase.

30 Gonadotropins destined for therapeutic purposes can be isolated from human urine
sources and are of low purity (Morse et al, Amer. J. Reproduct. Immunol. and
Microbiology 17:143, 1988). Alternatively, they can be prepared as recombinant

gonadotropins. In addition to these proteins, gonadotropin receptors can be activated or



deactivated by synthetic |ow nolecul ar wei ght conpounds. Bicyclic _

het eroaronmatic conpounds have been described in WD 00/61586. By in vitro
and in vivo experinments they are shown to be useful as LH agonists. In
normal fenales the release of pituitary LH and FSH is characterized by a
md- 5 cycle surge which precedes the ovulation. Ovulation is characterized
by three distinct physiological phenonena i.e. oocyte maturation,
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NH2 N O RJsteeoNh&BIH (Formula 1) 25 or a pharmaceutically acceptable salt

t hereof , wherein

The present invention provides low molecular weight compounds that show LH

activity. In addition to LH activity unexpectedly they also have FSH activity. In general

15 these compounds are thieno[2,3-d]pyrimidines which at the 4-position of the pyrimidine

ring are substituted by a phenyl group which in turn is substituted at the meta position.

This substituent comprises a three-atom spacer (NH-C(0)-CH,), which is further

functionalized with a substituted amino group. Generally the compounds have FSH
agonistic activity in varying degrees but typically less than the LH agonistic activity.

20

The present invention resides in glycine substituted thieno[2,3-d]pyrimidine
" derivatives according to general formula I,

(Formula I)

25 or a pharmaceutically acceptable salt thereof, wherein



-3- XisOorHHHAis S, NH, N(R6), 0 or a bond; R is (1-40Q) al kyl,

(2-4C) al kenyl, phenyl or (2-5C)heteroaryl, the phenyl or heteroaryl ring
optionally being substituted with one or nore of the group of substituents:
hydroxy, 5 halogen, nitro, trifluoronmethyl, cyano, am no or

(1-4C) (di)al kylamno and Rzis H, (1-4C alkyl, (1-4C)al koxy(2-4C)al kyl or
hydr oxy(2-4C)al kyl ; R3 and R4 can be independently selected fromH,

(1-40 al kylxqu OQ)Hjﬁoxy(l- 4C al kyl; R5 is Hor (1-4Calkyl. R6 can be

sel ected from the Sane groups as described for R. 10 The term (1-4C) al kyl
as used in AheSdSH| Ni(RT)o@ ook bbod;mul a | neans a branched or unbranched

al kyl group having 1-4 carbon atons, being nmethyl, ethyl, n-propyl,

i sopropyl, R-buflydC)abet-BeAG)klkeny!t phenybuot Y2-5Cliteeeromyinth® phytlok @Bietoaasl used

in the definifi - [ hed, or 15 .unbr.anche | kenyl
o oup. havi rig o opendly BB GERNR o b AOROGHLE pronpor SO BB RE Ryfony

1- met hy|s- viliegennibat eifiporomethyls eyanb, ansnbot EnyC)(dDalkgiahyo dndpr openyl , 2-
met hyl - 2- pro _egﬁl , l-methyl- | -propenyl, 1l-ethyl-vinyl. The term

(1- 4C) al koxB/(1H4 G-4ChafkylnE ais) atioxa(2k4Q) aly berpghyidamiyiar4Qadkyar bon at ons,
attached via an_gxygen atomto another al g%l group having 1-4 carbon atons,
the al kyl Benady cen bg inigpendgntly ecledieriremn dhi(hdQalkprandihydeixy (ldé€)aied, The
term (1-4C)al koxy(2-4C) al kyl means an al kyl group having 1-4 carbon atomns,
attached vi% 18k S oEn2%ybm to another al kyl group having 2-4 carbon atons,

t he al kyl i eties hayin he same neaning as preyiously defined. The term
hydr oxy( 1- g%Pklse%tﬁi\iéogh&‘ﬁ)?ﬁPSﬁmupﬁ%@F‘ﬁc%l?ftdafghgd to an al kyl group 25
having 1-4 carbon atons, the al kyl noiety having the sane nmeani ng as

previ oug)ly defined. The term hydroxy(2-4C) al kyl nmeans an hydroxyl group

ttached t ' 2- I '
Raving-«he”s ity b (LRI 400, e 858, By Ty RLEL
(1- 4C) (di ) amkyanshedh @lkivgagr@um nevele tlwo caibky| atgmeu psingamietiyl, 1 ethyls ar-bopyl,

isopropyl, n-butyl, sec-butyl or tert-butyl.

The term (2-4C)alkenyl as used in the definition of formula I means a branched or

15 unbranched alkenyl group having 2-4 carbon atoms, being vinyl, 1-propenyl, 2-

propenyl, 1-methyl-vinyl, 1-butenyl, 2-butenyl, 3-butenyl, 2-methyl-1-propenyl, 2-
methyl-2-propenyl, 1-methyl-1-propenyl, 1-ethyl-vinyl.

The term (1-4C)alkoxy(1-4C)alkyl means an alkyl group having 1-4 carbon atoms,
attached via an oxygen atom to another alkyl group having 1-4 carbon atoms, the alkyl

20 moieties having the same meaning as previously defined.

The term (1-4C)alkoxy(2-4C)alkyl means an alkyl group having 1-4 carbon atoms,
attached via an oxygen atom to another alkyl group having 2-4 carbon atoms, the alkyl

moieties having the same meaning as previously defined.

The term hydroxy(1-4C)alkyl means an hydroxyl group attached to an alkyl group
25 having 1-4 carbon atoms, the alkyl moiety having the same meaning as previously
defined.

The term hydroxy(2-4C)alkyl means an hydroxyl group attached to an alkyl group
having 2-4 carbon atoms, the alkyl moiety having the same meaning as previously
defined.

30 The term (1-4C)(di)alkylamino means one or two alkyl groups having 1-4 carbon

atoms as previously defined, attached to a nitrogen atom.



atons as previously defined, attached to a nitrogen atom -4- The term
(2-5C) heteroaryl neans an, optionally substituted, aromatic group havi ng
2-5 carbon atons, at |east including one heteroatomselected fromN, O
and/or S, like imdazolyl, thienyl, furyl or pyridyl. The term hal ogen
means fluorine, chlorine, bromne or iodi-né- 5 It has been shown that
conpounds of the above nentioned fornmula | show agonistic LH and FSH

activity. In appd Ry oL [ ' ‘ tably transfected. with
the human LH or FSrMH (?e%?g? %@%ﬁ?&é&%&(&?}? ’vogdy%&ghéeu%é%é‘%%m}(rtoﬁm%&&é?‘ﬂ’ yinghe LH
receptor wad> FHMGaleESHal leass Snalwding Snd beigrotonh selectsd iohhN €paidiot ©, ke FSH

receptor t hignil&Rdyeserlye 8 hﬁﬁ,l.lO-SM Typically the FSH activity ranges
froman activity of atgﬂggt %Byt e LH agonist stinmulation to about 10% of

the LH agoni stTH fefhaldgen merReMdNRN IO Hfoﬁlfaﬁé ogf%gin%.es in a —
pharmaceutical conposition conprising a thieno|2,3-d]pyrimdine derivative
conpound or salts thereof having the general 15 fornmula |I. Thus, the
conmpounds according to the invention can be used in therapy. A further

aspect gf ht he It h@%bﬂemhoweﬁiwd ];@gmpnu:rtdls of ﬂmeabofr/]e mehtibred dhZnda d]]cgmw iagegggtﬁe
conpoun ener , : nuf acture of a nedi cament
for the co?%lﬂﬁ[glgd g?tl&eorgl? IH?I 1t§llyan i Weﬁgéses%}g?% @%&%%tsf%ﬁ' Fnsetpdayitpthe The
present corpBtAidsHard ™SI sercpior.assievarady,2be Biethwitheegart antheASHre@PaR LSS -

The compourdusd tot t1 ot j - erefore in a nethod to
treat femal oo wi _ggr?lf ge)sitfﬁ?ﬁ??tlg M%F%%W@E%é)ﬂ?%@ﬁg F 5%9 %ﬁpb%;rtﬁﬁaﬁows ess
compounds dhan h9°M; Ayrigelly ﬁlen%ﬁ peiby bsrangesefran amectivity of Bbdut &% bOtheal BNS .

The_compoungsnipetnk 18t @/ ol BhLAIRGH AfuilikiAllaopur e 25 conpounds or

as a mxture of diastereoners and/or enantioners. hods for obtaining the
chirally pure conmpounds are well known in the art,- e.g. crystallization or
chromat ography. For therapeutic use, salts of the conpounds of fornula I

are those wher®ienitveatiosOfugBeNt&idedNini 8§ PRAIBGEULT ¢ i b6
However, acj.d @23 ion salts of bases aiglcor ding to %b%@f‘c@&%@)ﬁ% go
find use, fyP™ ﬁ‘éjﬂ’@fmil ng pderypdrarcarpeanG rorp alist theagdfohaving the general
phar maceut ifemtdlyl.accept abl e conpound. All salts, whether pharnaceutically

Thus, the compounds according to the invention can be used in therapy. A further
aspect of the invention resides in the use of a thieno[2,3-d]pyrimidine compound having
the general formula I for the manufacture of a medicament for the control of fertility,
more preferably induction of ovulation. The present compounds are used to activate

20 both the LH and FSH receptors. The compound of the present invention can be used
therefore in a method to treat females with fertility problems.

The thieno[2,3-d]pyrimidine compounds of this invention may possess one or more
chiral carbon atoms. The compounds may therefore be obtained as chirally pure
25 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
chromatography.

For therapeutic use, salts of the compounds of formula I are those wherein the

30 counterion is pharmaceutically acceptable. However, acid addition salts of bases
according to formula I, may also find use, for example, in the preparation or purification

of a pharmaceutically acceptable compound. All salts, whether pharmaceutically

acceptable or not, are included within the ambit of the present invention.



acceptable or not, are included within the anbit of the present invention.
-5- Exanples of acid addition salts include those derived from m neral

aci ds such as hydrochloric acid, phosphoric acid, sulphuric acid,
preferably hydrochloric acid, and organic acids like citric acid, tartaric
acid, acetic acid, lactic acid, naleic acfd, malonic acid, fumaric acid,
glycolic acid, succinic acid, and the like. 5 Suitable adm nistration

routes for the conpounds, of fornula | or @gar maceutjically acceptahle salts
t hereof , al soExanpler of acld Hiitiqmnsalts inudeathops, denvrgr s apinery @cids sighas cul ar

i nj ecti onNshy&HHALEARERYUShbEHHBEE | RIS sulphiifi @ WETA0 YeefbiabI§Chy@BShISHc acid, and
intraperitoneal injectiagns, .oral andid nt ranas(gl adm nj strati gi;&é .
Pr ef er abl yOT2eRE aCHIFpYEAE! > Bt aRgACHb SPLICARFIG GadicACtYy Matee agida BRI e and

regi men of a@dMuRiasit asid ?@c@ﬁc d€ saedihiv acidngdedlé R, or a pharnmaceuti cal
conposition thereof, wll necessarily be dependent upon the therapeutic

effect to be achieved (treatnment of infertility; contraception), and may
vary with the particular conpound, the route of adm nistration, and the
age and condi Shgablerdmipssiratindirgitasi&ir the pgrapqunds ofsmuls b ordlaraasmnically t o

be admi ni SE@cregflRle]s'élté B BRI refBAIIRH hBlet] 2RI h R RihSllRA: 48 HittARSchiIer
dosages than ot her nethods of adm nistration which are nore dependent upon

adsor pt i oninjessiRBHeFIbCHaRRIYA doicqtins, MTAEEIOUD HEFEI0RH O ItFRerionsalgngerass ny

per kg bodyeindhntradfiel desidifchtidas ordfeubNe thddLOSBHIRE Rfy MRCadRBRIQE] aS
mul ti pl e subdoses adm ni stered at appropriate jntervals ,throuahout t he

p

day. |n0casellyr Therfipet AR #ideFrEsmen oS ésmirifaiera i QHYE g@eigfiien or 2
appropri at gh&aiabdutical eiMFdshidntheesh Mt nebRsABN Bt [ddpéndeCldnl BE tHepdpeutia! ar
support or gas a Si ngilg,e gose for o¥ulfat1.or] mducU.or;@'lF;ae dosage ﬁg Il as
the regi mefledt Wdif Adeed: (MEAmeRh T HHFTLEY: FOPfaesRugn 1T83% HefYa ™ 1R tBe
reci pi ent. phificGlias @ofpoluid, VihE Ieuter o ¥driinkerafip)| irglatheons, and kenditiod F the
applications, th co_n}))ou%s f t%fp i nvent i gns are to,be used in the
i ncubat i onHEYYAlSHDISCIER TRt Tgpeshicagient 550 Bp AIHINSIEES v 0.01-5 g/ ni. The
present- i nvention thus also relates to pharmaceutical ¢ osi tiops
compriding alf RPEHF BArsRigiah fff%@nég%@gﬁwgc‘ioé?%ﬁsﬁgé’ﬂ%&’?% ods pf
adm xt ur e wihihistibion ebelt ire ahby dgeaddnahlpenaatdsdiptiani Eoweaag aofbiagaafol y
ot her therapeutic ts. The iliari.es nmust . acecept ahl e” in. the
sense of bg nsc}brﬁ.geg%q%f;gm%nﬁ IQ?Q%RZ%%PH kgsbody Welghet. TRSG&RLS %ose may be

presented as one dose or as multiple subdoses administered at appropriate intervals

throughout the day. In case of female recipients, doses may be administered at

20  appropriate daily intervals throughout the menstrual cycle for follicular support or as a
single dose for ovulation induction. The dosage as well as the regimen of administration

may differ between a female and a male recipient.

In case of in vitro or ex vivo applications, like in IVF applications, the compounds
of the inventions are to be used in the incubation media in a concentration of

25 approximately 0.01-5 pg/ ml.

The present invention thus also relates to pharmaceutical compositions comprising
a thieno[2,3-d]pyrimidine compound according to formula I in admixture with
pharmaceutically acceptable auxiliaries, and optionally other therapeutic agents. The
30  auxiliaries must be “acceptable” in the sense of being compatible with the other
ingrédients of the composition and not deleterious to the recipients thereof.

Pharmaceutical compositions include those suitable for oral, rectal nasal, topical

(including transdermal, buccal and sublingual), vaginal or parenteral (including



i ngredi ents of the conposition and not deleterious to the recipients
thereof. Pharmaceutical conpositions include those suitable for oral,
rectal nasal, topical (including transdermal, buccal and sublingual),
vagi nal or parenteral (including -6- subcutaneous, intranuscular,
intravenous and intradermal) adm nistratign. The conpositions may be
prepared by any nethod well known in the art of phar mlacy, Rf or exanple,
usi ng met hods such as those described in Genpnarqg et al., Rem ngton's-
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granul es, omyadxgiarg@genti dhe enxisegpagesi(oin alsafhgn_adtacvasony?ngﬂd&nts, iryudel SO
be present : o ste. c i ns. c urt her

rocessed | s SomaauaTch, BRSHT (Gehiipr 3DAT, A" Reynfllors: bl At

par ent er al &siniegrants; Ahrieants.svlaras.dlayormaienisoms wetchgiggentsqueous ‘and non-
aqueous sterile injection. The conpositions may be presented in unit-dose
or mul t1% dose Phesneeutieslscontositionafyifables fulosd administratinh wapdel ressentedchsmay
be stored 'ﬂs@et@ﬁ@%@_‘ﬂtb ecth a(s|le‘Ps?mbhétssﬁqz)aggtﬁfkﬁjbf‘hsoﬁ?&s@éf'o&g&g%lfyg,l(%ats Iae
addition of sterileliquid carrier, for exanplée, water (BI‘I rto use. 20
Conposi t i orfSUtivn F SHEAMEEN oRAS ackiyp tngspdictgpayaeln he sresetedas bolavapaste.

i nhal at i on THeNebmPesifidiREcHU FlrtheP TbeMPobss¥igh MBYpRRit 3h&fa pgRans of
nmet ered dose .pr eg?uri zed aerosol s,nbnebul i sers orpli%%s%??%tors. %_e _

t hi eno[2,3-361}'“d’91157r?ﬁ‘ﬁ’i-ne conmpounds of the invention can also be adm ni stered
25 in the forrgof i mpl ant abl.e pharmaceuti cal devices, consisting of a core
of actiVe mat™é¥iRFTeNER IgvRLONy shdae coppasiHapt MRl 2AaeHs 2. 1®uch

i mpl ant's arsguésushieerilapédiied. THDEIHFPRRRIAS ayWe Jréetledn uaidow bl mhgl-&ase the
active ingredjent constant rate over relatively |arge

t el
peri ods of cpp%*iersf, g‘%)r ?}%gqpig ge;l?q)é:,g ean ampoules, and may be stored in a freeze-dried

(lyophilised) condition requiring only the addition of sterile liquid carrier, for example,

water prior to use.

20 Compositions, or formulations, suitable for administration by nasal inhalation
include fine dusts or mists which may be generated by means of metered dose

pressurized aerosols, nebulisers or insufflators.

The thieno[2,3-d]pyrimidine compounds of the invention can also be administered

25 in the form of implantable pharmaceutical devices, consisting of a core of active

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

weeks to years. Methods for the preparation of implantable pharmaceutical devices as

30 such are known in the art, for example as described in Buropean Patent 0,303,306
(AKZO N.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 possess FSH activity,
display altered stability properties and can be administered differently.



weeks to years. Methods for the preparation of inplantable pharnaceuti cal
devi ces as 30 such are known in the art, for exanple as described in

Eur opean Patent 0, 303,306 (AKZO N.V.). Thus, the conmpounds according to
the present invention can be used for the sanme clinical purposes as the
native LH, with the advantage that they possess FSH activity, display
altered stability properties and can be adm nistered differently. -7- The

d ft ent. i ti . .esent ed or.nmul can
general 1y be prosSeBRSHls ol dRhsRr b BLEE rRatiN BY [EBHFo b Sreglier a
formul a (119e papared by facreoBhilie sulitdnb AR aned o_ﬂgéh%fa@'foﬁﬁﬁﬁmb%ﬁéﬁn) in
an appropriate solvent such as N, N-di net hyl'f or mam de or at room

t enper at ur Qi U lee Byr eginewmirsh of gepertl foryuba@H) W atepp@priate solvent such as
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acyl ati on ofonmetraiaigiakvaiiedlederi vati ves of formula (V-a) with acyl chlorides

of type (1V), wherein Q= or Br in the presence of a tertiary base such
as N, N diisopropylethylamne in a suitable solvent such as dichl oronet hane
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Derivatives of formula (II) wherein Q = Cl or Br can be prepared by regioselective
10 acylation of meta aniline derivatives of formula (V-a) with acyl chlorides of type Iv),
wherein Q = Cl or Br in the presence of a tertiary base such as N,N-

diisopropylethylamine in a suitable solvent such as dichloromethane or THF.

NH

NH2 + cl
(o]

N7 N\
R1\A /k\N l s NH
V) Iv)

15 Compéunds of formula (V) are accessible by art-known reduction of the nitro
function in derivatives of formula (VI), using an appropriate reducing agent such as
hydrogen in the presence of a metal (Pd/Pt) catalyst. Related reductions have been
described in: P.M. Carabateas, P.R. Brundage, K.O. Gelotte, M.D. Gruett, R.R. Lorenz,
J. Heterocycl. Chem. 21, 1849 (1984). Alternatively, the reduction can be effected with



O R, I ANSNH (V) (N 15 Conmpounds of fonnula (V) are accessible by
art-known reduction of the nitro function in derivatives of formula (VI),
usi ng an appropriate reduci ng agent such as hydrogen in the presence of a
nmetal (Pd/Pt) catalyst. Related reductions have been described in: P.M
Car abateas, P.R Brundage, |.0O Celotte, .MD. Guett, RR Lorenz, J.
Heterocycl. Chem 21, 1849 (1984). Alternatively, the reduction can be

ef fected mnt |de [ i.c.solvent such as.ethanpol in
the presend H 81?1198?1%?(:‘}1? %3?0%8 58 eh a%?tgeré{lé’a eEeRSH ‘Eflrié’la((\’?ﬁquéﬁ Tt En, J.
Chem Soc, el&%@ed(t&%f@ﬁaiur Hoﬁehb&lﬁZJ Rd:heﬁaVEoc Rb76\( 1%0@ S NH (V) 5
Thlenopyrlnldlnes of general fornula are accessSi bl e by condensation of
carboxylic acids (VI1) with tert- butyI anlne under the influence of a
coupl i ng agent such as O (benzotriazol -1-yl)-N, N, N, N -t et ranet hyl ur oni um
tetrafl uoroborate BTe) or bronotripyrrolidi nophosphoni um

hexaf | uor ophosp (PyBrOP) and a tertiary base, io0 e.qg.

N, N- di i sopropyl e lagggne. NO2 \ NO2 | / NHZ NHZ NO+ HZNN, O R1~ 1| \
ANSOHRL, A {Vbl) (V1) Saponifjcation of the corresponding
ethyl esters (Yﬁ\ #t boxyl i ¢ a@ci ds (V1)

s NH

Thienopyrimidines of general formula (VI) are accessible by condensation of
carboxylic acids (VII) with tert-butyl amine under the influence of a coupling agent such
as O-(benzotriazol-1-yl)-N,N,N’,N -tetramethyluronium tetrafluoroborate (TBTU) or
bromotripyrrolidinophosphonium hexafluorophosphate (PyBrOP) and a tertiary base,

10  e.g. N,N-diisopropylethylamine.

Saponification of the corresponding ethyl esters (VIII) to cérboxylic acids (VII)
takes place in the presence of a base such as lithium hydroxide, potassium hydroxide or

15 sodium hydroxide in aqueous dioxane at elevated temperature (80 °C to reflux).



takes place in the presence of a base such as |ithium hydroxi de, potassium
hydr oxi de or 15 sodi um hydroxi de i n agueous di oxane at el evated
tenperature (80 Cto reflux). -9- NO2 NH2 N O-' (MIl) RL SORAN((VIII)
Bi cyclic systens of general formula (VII1) are formed by substitution of
chlorides of fornula (X) with ethyl nercaptoacetate under the agency of

N, N- diisopropyl ethyl am ne, foll owed by base-catal yzed ring-closure of the
internediate 5 thioethers (IX). This type of thieno[2,3-d]pyrimdine ring
formati ons has bé€ensdescribed in: S. A Abdel -Hady, M A Badawy, Y.A

| brahim Sul fur .9, 101 (1989) and S. Tunkevicius, Liebigs Ann., 1703
(1995). N COCNoOoT(X)muN R S Ot A N (IX) 10 Suitable conditions for the
cyclization reacthon gre godi um et hoxi de { t hanol or

N, N- di i sopr opyl thy[ aNne in toluene/ethanol (1/1, v/v) at reflux
terrperatureR1 §1 Chk(IX) HS OBt RI A Ncl (X) Conpounds of fornula
(X) can be synt heS| zed followng literature procedures as

(VII)

Bicyclic systems of general formula (VIII) are formed by substitution of chlorides
of formula (X) with ethyl mercaptoacetate under the agency of  N,N-
diisopropylethylamine, followed by base-catalyzed ring-closure of the intermediate

5 thioethers (IX). This type of thieno[2,3-d]pyrimidine ring formations has been described
in: S.A. Abdel-Hady, M.A. Badawy, Y.A. Ibrahim, Sulfur Lett. 9, 101 (1989) and S.
Tumkevicius, Liebigs Ann., 1703 (1995).

NO,

CN o — (X)
S OEt

(IX)

10 Suitable conditions for the cyclization reaction are sodium ethoxide in ethanol or

N,N-diisopropylethylamine in toluene/ethanol (1/1, v/v) at reflux temperature.

NO,
0
NN Z IX)
/k [ HS OEt
RTC, A
N7 e

X)

Compounds of formula (X) can be synthesized following literature procedures as
15 described for example by A.A. Santilli, D.H. Kim and S.V. Wanser, J. Heterocycl.
Chem. 8, 445, 1971. In a typical experiment, an amide of general structure (XI) is



15 described for exanple by A/A. Santilli, D.H Kimand S. V. Wanser, J.
Heterocycl. Chem 8, 445, 1971. In a typical experiment, an am de of
general structure (XI) is -10- treated with POC13 at el evated tenperature
(80 Cto reflux). The addition of an appropriate solvent, e.g. dioxane,
and/or the addition of either PG5 or N _Ngdinethylaniline to the reaction
m xture may result in shorter reaction tinmes and higher vyields of

Cover ds | adtaifd B BRI it apprebies (BhdEntet B0 of Fergpion St

cyanoacet ata@pmiptibte3-soiven- bgnzdbey dedand tHeoMpaiiods of Xither POI,Chr rwyv be

i sot hi oure [ so rea nonosuhst i uani di nes (Xl

i subst | { atEP Y BR{ReP AP Bectiad TightR AT neSh et on s S MGRSICH +
NH / + Rl (yxLis o@lﬂoﬂldes(NHZ OH (XIl) 1In a typical experinent, ethyl
cyanoacet ate, 3-nitrobenzal dehyde and derivative (Xll) are suspended in an
approprisate solvent, e.g. ethanol, nethanol, N, N 15 di net hyl f or mam de,

N- net hyl pyrrolidi none, tetrahydrofuran or pyridine and a base such as

pot assi um car bo N9pdi um acet ate, sodi um net hoxi de or sodi um et hoxide is
added. Reactio kes place at elevated tenperature (70 C to reflux).

After filtratiom~#Aesidues are taken up in water and acidified (pH 2)
after which products (XI) preci pitate}éS.
N7 — X)
R1 |
A N 8]
H

(XD

A general route towards lactams of formula (XI) comprises condensation of ethyl
cyanoacetate with 3-nitro-benzaldehyde and compounds (XII), which may be
isothiourea (XII-a), isourea (XII-b), monosubstituted guanidines (XII-c), disubstituted

10  guanidines (XII-d) or amidines (XII-e).

NO,
OEt NH L
Nc/\ﬂ/ . _— /U\ (XI)
le} A NH,
0% >H
(X1

In a typical experiment, ethyl cyanoacetate, B—mtrobenzaldéhyde and derivative

(XII) are suspended in an appropriate solvent, e.g. ethanol, methanol, N,N-

15 dimethylformamide, N-methylpyrrolidinone, tetrahydrofuran or pyridine and a base such

as potassium carbonate, sodium acetate, sodium methoxide or sodium ethoxide is added.

Reaction takes place at elevated temperature (70 °C to reflux). After filtration, residues

are taken up in water and acidified (pH 2) after which products (XI) precipitate (S.

Kambe, K. Saito and H. Kishi, Synthesis, 287 (1979); A.M. Abd-Elfattah, S.M. Hussain

20 and AM. El-Reedy, Tetrahedron 39, 3197 (1983); S.M. Hussain, A.A. El-Barbary and
S.A. Mansour, J. Heterocycl. Chem. 22, 169 (1985)).



Kai nbe, K. Saito and H Kishi, Synthesis, 287 (1979); A.M Abd-Elfattabh,
S.M Hussain 20 and A M El-Reedy, Tetrahedron 39, 3197 (1983); S. M
Hussain, A A El-Barbary and S. A Mansour, J. Heterocycl. Chem 22, 169
(1985)). - 11 INl HNHNHNHNH RL RL, 1 Rl 1Rl SNHZ ONHZ HNHa N NHZ
RLNHZ R4 (XIl-a) (XIl-b) (XIl-c) (XIl<d)1 (XIl-e) Aternatively, the
conpounds of the present invention wherein A = N, represented by formula
(I-a), can be prepared from sul foxi de derivatives of general formula (XII1)
via nucl eophli“Iri cNEubstituti n with amjme nucl eoffhi | es of YEBneral structure
(XIV). The 5 LoN Rs_typi cal Irg conduct erd < | evat erature in the
presence of a tertlhlgfry ba¥e Much a NME dii sopropyl et ﬁ%l ammﬁe in an
appropriate solvent such as 1,4-dioxane. R3 RE*R3xR4 | N N OARS N N' ~{
OARS || ~I 11 R2 1O R2 12y NH2 ) S~ ANH Rs RIN N S NH
p R6 (Xf) (XIV) I?)g) S?*r%tlzlt[gﬁ Y, f:%#gg)unds okkt@h(g presgl‘;litﬁ %ynventi on
wherein A = 0, represented by 10 fornmula (1-b), can be prepared from

sul f oxi de deri ' 0 I | Vi 1 epphy;l |
Subst ¢ ut i on R AR Bk EC gt PeaPeet iy UG PRREN, dfpescring
reaction i by damniledl-e)tcan hetprepapedefemcmliokidp sleasaivemot exnerblufooxitdeXilH h an
excess of g ﬁl?éf@éphﬁilc' O L it Witﬂ\%nin'é(nugieoﬁﬁﬂesl of general structure (XIV). The

5  reaction is typically conducted at elevated temperature in the presence of a tertiary base

such as N,N-diisopropylethylamine in an appropriate solvent such as 1,4-dioxane.

(X1m) XIV) (I-a)

Similarly, compounds of the present invention wherein A = O, represented by

10 formula (I-b), can be prepared from sulfoxide derivatives of general formula (XIII) via

nucleophilic substitution with alkoxide nucleophiles of general structure (XV). The

reaction is carried out in the presence of potassium tert-butoxide with an excess of
alcohol R'-OH.

R3 R4
N o
\ﬂ/\ril “~R5
o) R2 X
. NH,
+ + —
X[H) K—O —— (o]
( \ N
SR
RT3~ s NH

(XV)



OR2 X NH2 /yam ("ml| + K-0\ NO RLRLSNH ONO(l-b) -12- The _
sul foxi de derivatives of general fornmula (XII1) are accessible by oxidation
of conpounds of g neral fornula (1), wherein R = Me and A = S, represented
by formula (1-c). The oxidation is effected by 3-chl oroperbenzoic acid in
trifluoroacetic acid. The 5 acidic naturezof the solvent prevents _

oxi dation of the 5-amino group to the corresponding 5-nitroso derivative.
RBRANOARS Nl1-r ~OR2 XTNH2 No (XII'l) SN S NH(l-c) 10 Methods
to determ ne receptor binding as well as in vitro and in vivo assays to
determ ne biolagic t|V|t onad tro e well I.n general,
expr essed recgg fcfxé ¢ lbllt"%gdo ﬁ@“@%ﬁ@éﬂhoﬁr? Bc%és@é YeFid#PIRINdi ng
or stimul atoompomnds ofhpiderdlifomuuid (Ia, \ifhmelthinaMermmﬁﬂg rbﬁeé@@ﬁll{] VefbrmiR
nmeasure a f onal..respon DNA .encadi ng t he or the

receptor ge e ’It; hep s P%tﬂﬁff/) %§e°#?§ﬁté¥n Fg]é’écfﬂegarenzc?lg 38]21;)‘1‘16%1?8@0??{3@&0%{%}@ host
cell's. Suchacidic cnﬂthremoghthebeolvhﬂ @névieatse oklaakiderofOtky y5-atirdo, ghdtlp ab hede
cells are %O%%FSUHE}%C%_&HOS E}%abl y the cells. are of mammalian origin

(Jia et al Y76, 1991.
R4
o\
RS
- (XD
(I-¢)
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

inhibition of a functional response is measured.

To measure a functional response isolated DNA encoding the LH or the FSH
15 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.

Methods to construct recombinant LH or FSH expressing cell lines are well known

in the art (Sambrook et al., Molecular Cloning: a Laboratory Manual, Cold Spring

20  Harbor Laboratory Press, Cold Spring Harbor, latest edition). Expression of receptor is
attained by expression of the DNA encoding the desired protein. Techniques for site
directed mutagenesis, ligation of additional sequences, PCR, and construction of
suitable expression systems are all, by now, well known in the art. Portions or all of the
DNA encoding the desired protein can be constructed synthetically using standard solid

25 phase techniques, preferably to include restriction sites for ease of ligation. Suitable
control elements for transcription and translation of the included coding sequence can be

provided to the DNA coding sequences. As is well known, expression systems are now



Met hods to construct reconbinant LH or FSH expressing cell lines are well
known in the art (Sanbrook et al., Mdlecular doning: a Laboratory Manual,
Cold Spring 20 Harbor Laboratory Press, Cold Spring Harbor, |atest
edition). Expression of receptor is attained by expression of the DNA
encodi ng the desired protein. Techniques. fgr. site directed nutagenesis,

| i gati on of additional sequences, PCR, and construction of suitable

expressi on I now, well] known in the art. Portions or all
of the D Sme e FAAE R el WinBids vERRED ot Herec Sy e R | y
usi ng st and@ch as bhetdri2 Bnparzkeeydtie diosts quetsas yumef glaabballs! Bisédd eIk enan@ahldnct | On
sites for CRFIE, M#éeﬁl@%@fﬁe@é' table control elenents for transcription

of the i1 nclude

and transl ationh d codi ng sequence can be provided to the DNA

codi ng sequen 1.S; r essi syst.ens are now - 13

avai | abl e whi ¢ oils @5%%2@%?%%@%“?% Gptist i%%‘@hﬁfteﬁ&gfrg@%a %}meﬁv@
prokar yot i cPIRGIBEsOr stiguiiation oy ddtikitipa ofim Binetituzal yespbusehost s such as yeast,
plant cells, insect cells, mamualian cells, avian cells and the |iKke.

Cel | s expr essiftierppievaledwintet celt enanthwanasoronéadnied thé eRprebsed trestptarompeed t o

observe 5 Rikaed ﬁgasﬂbiﬁgf‘ng%lf@&h Sl inhibition of a functional response.
Alternatively isolated cell” nenbranes contai ning the expressed receptor my

be used to nemsUYRGsBicARhNSF Bihdig Lndi
radi oact i Vfﬂ% or, fl Soreescent ly lI gg@?%ﬁgg %%?%?%%elﬁi%%&kggw& ence
conpound hUifelki&dr 8¢ SRISTHER CORPPwId Inmppn: EasombingseBH ¢mF$Hean 18 wkd etk ve

al so competalteiRiivOhRchgpastAinGAD 1 R8yREHRMREEmANOt her assay i nvol ves
screening for LH or FSH receptor agoni'st conpounds by determ ning

stinul ation ofAncbendsedy HRivat ettee AP fRCCH B4 TR Gbepthh lééoniw&%g?ouﬁﬁé @?d
i nvol ves eﬁ!o{ essi.on of #?Be rgce&tﬁor %ﬂ the cell sur?a,ce of a st celf and
exposi ng t HECTRLIPE Piynpizaon ghreceRitstteted shdli Aeummulasione Rvp, Fuchrayapthod
measur ed. Thelvavedpratioa ARhd eceptol 0B €hd E8ILERhce ofiaNEdsERSEdnd ﬂ%‘ g on
t he i nhi bi tony gﬁe %ti mul at i agali?f fect of tég/g%té%e@t conpound upon binding to
the recept 6. TN <atidh {FHRURG HiT BRYIEAS ap megsiged. clgreyed wé|cANR 't he
exposedscelwill beabdwed an incheseds depantiingloni the aehitor@br Etﬁnﬁlﬁ@{‘f%él\ﬁé& bPheWed:
recept or erg:&%%i ﬁxgd DI\(I)ABar§ al S@]F tra@sf ected with a second encodi ng a
reporter gene-the expres PEF WP 20 responds to the level of cAWP.
Such reporter 17985 % & Hltrecl%?ne%'sbl‘ll\r/epmgarﬂdolf%l. gt.) lcgl\/% ler\Tf]el% QItl the exposed cell, cells 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
20 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
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
25 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.

For selecting active compounds on the LH or FSH receptor, testing at 10”° M must
result in an activity of more than 20% of the maximal activity when LH or FSH is used
as a reference. Another criterion might be the EC,, value, which must be < 10 M,
30  preferably < 107 M.

The skilled artisan will recognize that desirable EC;, values are dependent on the
compound tested. For example, a compound with an EC,,, which is less than 10-5 M is

generally, considered a candidate for drug selection. Preferably this value is lower than



be constructed in such a way that they are connected to novel cAW
responsive elenents. In general, reporter gene expression m ght be
controll ed by any response elenment reacting to changing | evels of cAW,.

Sui tabl e reporter genes are e.g. LacZ, alkaline phosphatase, firefly

| uci ferase and green fluorescence protei.ni4 The principles of 25 such
transactivation assays are well known in the art and are described e.g. in
St r at owa, i.mm er, A and r.ni | of sk : 995) . .

Q. Opin. Ao PECHPVEIere EPPUEg e Wia s Eiin S DRt ob e aRE o
FSH r ecept agceptoesmbnte atenlddbettvt candidate.esult in an activity of nore than 20%
of the maximal activity when LH or FSH is used as a reference. Another
criterion m gticrdesirighfer EEbcupib egonmhicclommeshdbean<ald®bd phifornd pr efieg abl y <

10" M The_skilkl ed. art,i.san_w rrecogni t desirable 0 ya are
dependent cl)lﬁoutsﬁé‘ eyg%%ﬁgubrl\ %} %’s@é& .ﬁ or e’e@r%&%fseg’ o%%@h%gﬁ%ﬁaw%&o,
whi ch i s | ¢sda Ehdocriidl. 5 7M6b5-67H dMematttsy B. cohwktadmoer H andrbhdateAf (98dy.ug
sel ecti on. r.akl j i o] -4- . . a
corpound. whFoRaB b0 o MEatErlod, ROREadd'ah L Eivie, Boiel o
receptor, Ry.He-B)eh thistrssdyestinalationaf BH Scapt@nhedjatbd testosteramguoduction

agoni stic I a nouse Leydig cell
bigoassay (\0931&8%&%@%%@%%?&2&5 %%@“ Xlggﬁg?gsy, E. (19743/. g5 Act a
Endocri nol . 7FSIEBgemBtt adintizaef compBundsikiapcdtoebs determiped amdn 8t ivermsodel.

1987) ..,Ne n j : 11 QR. old . oE
(EI sevi) er SglE %%cgﬁ%ﬁcp%g(ﬂggsﬂhgﬁ@pé&gg&é%?g II\Ih%utdﬁi 3 ' Zaglga?%b%%l’l %ﬂ;??zdnJ'of LH
recept or nidPEdgtioe sabEe@dilibnes ptod0ek fbarefwarmpeseravasian édllitlas asyidolatedel | s

i sol ated framIR@dTh (e plestpcBRHSH heorGid dntpbulfis RPHRAUDERHIGAR #bie De.
determined_in an ex vivo nodel to using cultured nouse follicles according
t o Nayudu, Measyisimentsdfellicglar diagueger apd estragipbduideicoluigrigedrams are indjcative

95: 349- 362)yr fgu%@jr%;@mhnouse ovarian follicles are isolated and cultured
in the presence of FSH_agoni stic conpgunds to_induce follicular growh.
NBasur dRent s dio MSRTRG BRM dbarEHERY DACEOBRORRIE GVUaHOR Hedciph g dHRRHTAM ar e

i ndi cati ve mit@kard Bt lsiugtddaln BiONshy inkmatlPe PR hRcd-Hel RinYddvRitBGbinYht FSIOT
conmpounds, ovul ation induction_in immtur nm.ce can be studjed. I'n this
assay i nmatf @PPOFHNEClY tehere 135 et 2 kHrAgopISEEIOMRAMG Jhe AR el y
48 hours | ateikilideated WM tdpodist ikt SindC tieOMpABE.of THR ahi AR Sviduct is
microscopically assessed. .
20 To measure FSH in vivo activity of compounds immature female rats are treated at
0, 8, 24 and 32 hours with a FSH agonistic compound to induce follicular growth. At 52
hours after the start of the experiment the animals are injected with hCG to induce
ovulation. The animals are killed 72 hours after the start of the experiment and the
number of ova in the oviduct is microscopically assessed. In addition ovarian weight is
25 determined.

The compounds of the present invention can be applied clinically in those regimens
where now LH or hCG is used. These include LH substitution among subjects with
hypogonadal hypogonadism either male or female, midcycle administration to induce
ovulation (ovulation induction (OI) or controlled hyperstimulation (COH) or stimulation

30 of'the corpus luteum.

The following examples are illustrative for the invention and should in no way be

interpreted as limiting the scope of the invention.



are killed after LH agonst treatnent and the nunber of ova in the oviduct
is mcroscopically assessed.. 20 To neasure FSH in vivo activity of
conpounds immuature female rats are treated at 0, 8, 24 and 32 hours with a
FSH agoni stic conpound to induce follicular growth. At 52 hours after the
start of the experinent the aninmals are impected with hCG to induce
ovulation. The animals are killed 72 hours after the start of the
experinment and the nunber of ova in the oviduct is mcroscopically
assessed. In addition ovarian weight is 25 determned. The conpounds of
the present inygawgpnpgan be applied clinically in those regimens where
now LH or hCG is used. These include LH substitution anong subjects with
hypogonadal hypogonadi smeither male or fenmale, mdcycle admnistration to
induce ovutadhpR 1(ovul ation induction (01) or controlled hyperstimnulation
(COH) or stinulation 30 of the corpus |uteum The follow ng exanples are

i1 ustrative for the fnventlion.an

liniting the-scope of tne fnve i LN . ' ; Siotints

5- am no=2- rpglehyl)-tiego(4; 3(63ip§1ﬁ1|}hdiﬁé-5§6hrwaélﬁrdgydr ox ethyl)-glyci nyl) ani no -
phenyl ) -t hi enor 2, 3-dl pyri m di ne-6-carboxam de (a). 5-Cyano-4-(3- nltrophen
| )-2-met hyl t hi o-6-hydrox -p rlnldlne A m xture of S-nethylisothiourea

sulfate (6 a05 3- Z v , ... tyanoacetate (56.0
n) and pogéésgﬁﬁﬁgéggé HEE B@8€m ) was 10 stirred
at 60C for Aénikturd Best h.. The
resul ting preC|p|tatg]%ggy?gﬁ?gkégggg?ﬂﬁﬁ%g%gdggﬂhﬁmgéhdé¥§%aj §?d§%%olved
in hot wat e?tyanqam‘ete) (56'mml)sm1duqbotmmmsarbomaiteaj72 § g) a0 abd. EYOEr @500 enl) was
acidified w.th ng g and cooled to OCin an ice bath. The

resul tiflg 6PEE?6¢@Q ﬂ%h% PIT?%FQWUBFFWQHECWE§H966 ViPtCila envige dath. Rdsi dual

\\I{\?éﬁtrj [ 24'[ g@sg mﬁ%&%ﬁ&@ [xﬁifdlfe%@%dw%ﬁe& QENARS BAITEP IndMik b 1vertin Hof Wik X ane-

(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

15 1,4-dioxane.

Yield: 540 g.
MS-ESI: [M+H]"=289.0
TLC: R;= 0.3, silica gel, DCM/MeOH = 9/1 (v/v).

20 (b). 6-Chloro-5-cyano-4-(3-nitrophenyl)-2-methylthio-pyrimidine

POCl, (100 ml) was added to a stirred solution of 5-cyano-4-(3-nitrophenyl)-2-
methylthio-6-hydroxy-pyrimidine (example 1(a), 25.0 g) in dry 1,4-dioxane (300 ml).
After 3 h at 90°C, the mixture was cooled to room temperature and concentrated under
reduced pressure. The.residue was dissolved in 1,4-dioxane (100 ml) and the resulting
25 solution was cooled to 0°C. Ice water was cautiously added. The resulting precipitate
was filtered off and washed with water. Residual water in the precipitate was removed
by coevaporation with 1,4-dioxane.
Yield: 26.0 g.
MS-ESI: [M+H]"=307.0
30 TLC: R;=0.5, silica gel, heptane/EtOAc = 3/2 (v/v).



TLC. Rf = 0.3, silica gel, DCM MeOH = 9/1 (v/v). 20 (b).

6- Chl or o- 5-cyano-4-(3-nitrophen |)-2-netli. |thio-pyrimdine POCL3 (100 m)
was added to a stirred solution of 5-cyano-4-(3-nitrophenyl)-2-

met hyl t hi o- 6- hydr oxy- pyri m di ne (exanple 1(a), 25.0 g) in dry 1, 4-di oxane
(300 M). After 3 h at 90C, the m xture-was cooled to roomtenperature and
concentrated under reduced pressure. The. residue was dissolved in

1, 4-di oxane (100 m) and the resulting 25 solution was cooled to OC. Ice
wat er was cautiously added. The resulting precipitate was filtered off and
washed wi t h(chat eEthyResisd¢iaho-WaBetitrofhehiiB-20m ety Bhib - @G cdr 8 SRYBEhy io)-
coevaporation with 1,4-dioxane. Yield: 26. O g. M5"ESIT [TMFH+ = 307. 0 30
TLC. Rf = mca gel, heptane/EtOAc = 3/2 (v/v). - 16 (c). Ethyl

5- -4- - et hyl £.hi p- 6- ( et b | et hyl t hi o) -
et i ne ARG s ARt SiSifgi oA ben e i o)
2- mer capt oagehRt®5{c gaé’o M(Z-nﬁi’di)hel@yl% 2-methylth10 yrlmldme (e()jgl,a%mgl (1)3()él 08 iPg)

6- chl or o- 5- cyan- 4- (3-ni t rophenyl ) opyrlm
26.0 g) in lalxtmmﬂﬁt@fb@mtrﬂﬁa(@wwﬁ@scmﬁ) et (| 264 rodm. telﬁif)érﬁ[lrel ohwﬁqroom

t enper at ur m ) was added to the m xture which was then
extract ed \%I{Fﬂ(%ﬁng@’v %516& tyithe myptyregvinghy S’@&fhe&rﬁ%t@@ﬁé@ﬁfhﬁgbﬁ(%ﬁcﬁ@ﬂ
reduced pregpufiged Wisdd) a2 391.4 TLC. Rf 0.5,
silica gel, ﬁept%n(e/%é d& &}(% ?ﬁf&@jéfﬁdu[;gﬁk?wf)ﬂ am no-4- ( 3-ni trOphen
1) - 2- met hyIYimicb t hi en2§.2 g3- dl pyr| m di ne- 6- carboxylate 15 A m xture of
ethyl 5-cy 4-(3-nitrophe ) - 2- et hyl t hi o- 6-

(et hoxytar aggﬁ‘ﬂet hyl[tl\ﬁTlg ‘p%?ll‘?n di ne (exanple 1(c), 28.0 g) and DI PEA (30
m) in a ure of $algen t Orri)was stirred at
refl ux terrpe;((gture (%0@)%’ ﬁgéal%g lggp E)Eq%gxtg}/% then cooled to room
tenperature and concentrated under reduced pressure. Resi dual DI PEA was
renoved by coevaporation with toluene. 20 Yield: 28.0 g

(d). Ethyl 5-amino-4-(3-nitrophenyl)-2-methylthio-thieno[2,3-d]pyrimidine-6-
carboxylate
15 A mixture of ethyl 5-cyano-4-(3-nitrophenyl)-2-methylthio-6-

(ethoxycarbonylmethylthio)-pyrimidine (example 1(c), 28.0 g) and DIPEA BOml)ina
mixture of toluene (150 ml) and EtOH (150 ml) was stirred at reflux temperature
(100°C) for 16 h. The mixture was then cooled to room temperature and concentrated

under reduced pressure. Residual DIPEA was removed by coevaporation with toluene.

20 Yield: 280¢g
MS-ESI: [M+H]" = 391.4
TLC: R;= 0.6, silica gel, heptane/EtOAc = 3/2 (v/v).

{(e). Ethyl 5-amino-4-(3-aminophenyl)-2-methylthio-thieno[2,3-dpyrimidine-6-
25 carboxylate
EtOH (400 ml) was added to a mixture of ethyl 5-amino-4-(3-nitrophenyl)-2-

methylthio-thieno[2,3-d]pyrimidine-6-carboxylate (example 1(d), 28.0 g), concentrated
aq. HCI (15 ml) and tin (II) chloride (41.0 g) in 1,4-dioxane (400 ml). The mixture was
stirred at 90°C for 16 h. The mixture was then cooled to room temperature and

30 concentrated under reduced pressure. The residue was suspended in EtOAc (1000 ml).



M5-ESI: [MtH + = 391.4 TLC. Rf= 0.6, silica gel, heptane/EtOAc = 3/2 (v/v).
(e). Ethyl

5- am no- 4- ( 3- am nophenyl ) - 2- net hyl t hi o-t hi enol12, 3-dl pyri m di ne-6- 25
carboxylate EtOH (400 m) was added to a m'xture of et hyl

5-ai ni no-4-(3-nitrophenyl) - 2-

nmet hyl t hi o-t hi eno[ 2, 3-d] pyri m di ne 6 carboxyl ate (exanple 1(d), 28.0 g),

concentrate chloride (41.0 g) in 1, 4-di oxane
(400 m). 1‘&&%0'%‘5!{9 W%éa%ddeé €9 P %Hl 5P Q’ééof lT%B fwxf%@amvsaom@smuﬁ%

cooled to rﬁg%@%}gﬁ%@q ? n u The
resi due was suspende %\VEt@dse %8%8 %‘?{& Eﬁggg“) %ﬁeéor{cgwu%e %Cc?d

obt ai n a phpredsu0- 11. The m xture was vigourously stirred and the organic
| ayer was separated, dried (MgSO4) and concentrated under reduced

pressure. Weld: 21.0gpse MS-ESI: [MH + = 361.0 TLC. Rf = 0.6, silica gel,
heptane/ Et OAc = 3/2 (v/v). (f).

5- Ami no-4- (MdSeiSInophdth} 2;3fdt(hyl t hi o-t hi enol2, 3-d] pyri m di ne-6-carbox 1lic
g?;?n' ﬁg_ Zozgél Hm hycﬁfoxbg ca gel heptane/Etggc Ed3/.;_ ?v 3) solution of ethyl

ai ni nophenyl )-2-nethyl tl o-thieno[ 2, 3-d] pyri m di ne- 6- car boxyl ate (exanpl e
1(e), 21.0 g) in a mxture of 1,4-dioxane (300 m) and water (100 m).
After 16 h (@t 90&Arhine-4-(B-hinophatgt)-Toettglthioothkd 6] 22N dpdNnadine G- ddrbskydiei d
(300 M) was, added under vigourous stirring. The resulting precipitate was
filtered of®id washed with water (180 mM) and dried 15 in vacuo. Yield:

2'3 ) 8)9 % (Er%;tass%gﬂ; ,'(Tqygrdm?e&}@? 4T%5::w§r aﬁdé)d %0 e%l l Ihfti%ngel ’etWSyaFrr%_llo-:Ar-&/-l

5- ani no- 4- (a&n pl nmbﬂayﬁmmhﬁﬁb[tzm Spl iR 8. car%kméfé Exdhps Oce), 21.0

car boxam de T ﬂg) was added to a solution

5- ani no- 4- (B-1arf m@ghl@ngl }.42%iopesni (B Ohind) and water (100 ml) After 16 h at 90°C, the

E 2'7620%12) 3 d%ﬁ%é IWr:gs C(izlocr)"led ?o ?SUCb an)giin{I %q ac% Tic aﬂ:ecf( g%lml) %&ga]; addeld4ur?de? 211g01[1)}o?1§A '

stirring. The resulting precipitate was filtered off, washed with water (180 ml) and dried

15 in vacuo.

Yield: 140¢g
MS-ESI: [M+H]" = 333.0
TLC: R;= 0.5, silica gel, DCM/MeOH = 9/1 (v/v).

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

carboxamide
TBTU (16.1 g) was added to a solution of 5-amino-4-(3—aminophenyl)-2—methy1thio— '
thieno[2,3-d]pyrimidine-6-carboxylic acid (example 1(f), 14.0 g), DIPEA (17.4 ml) and
tert-butylamine (7.3 g) in DCM/DMEF (1/1, v/v, 250 ml). After 3 h at room temperature,
25 the mixture was diluted with DCM (50 ml), washed with sat. aqg. NaHCO, (3 x 100 ml),
0.1 N ag. HCI (100 ml) and water (100 ml). The organic layer was concentrated under
reduced pressure. The crude product was purified by crystallisation from warm abs.
EtOH (300 ml).
Yield: 105¢g
30  MS-ESI: [M+H]" = 388.2



tert-butylamne (7.3 g) in DCM DV (1/1, v/v, 250 m). After 3 h at room
tenperature, 25 the mxture was diluted with DCM (50 m), washed with sat.
ag. NaHC®3 (3 x 100 m), 0.1 Nag. HO (100 m) and water (100 m). The
organi c | ayer was concentrated under reduced pressure. The crude product
was purified by crystallisation fromwar_m[@bs. EtOH (300 m). Yield: 10.5
g 30 M5-ESI: [MtH + = 388.2 - 18 HPLC. Rt 30.72 mn, Luna C-18(2) 5m

250 x 2.0 =_210 oven terrperature = 40C, _flow = 0.25
m/ nin,, gﬁ%}e&eﬁ EQO& CE%) o By 280 X2 0gpms Astectiqh Uy 7210 10, ni n.
5 (M. tertoBtahydadp o B @0?@

1)-thi eno(2, 3= dI y?| m d?ﬂ? %W;%Bg‘;;fg%ﬁ n”%}%eﬁ‘%g’%%%mﬁﬁ?%ﬁdeg 6%‘)
added to a ®ed/6fruaringd =temiinbut yl 5-am no- 2-

i net hyl t hi o-4-(3-am nophenyl )-thieno[ 2, 3-d]-pyrim di ne-6-carboxam de
(example 1(g), 1.08 g) and DIPEA (2.43 ml) in dry DCM (20 m ). After 3 h

at roomtenperature, the io mxture was diluted wwth DCM washed with sat.
aq. NaHGOB,(hHr i éxtt-BatSO4 P -aanido-2emetbeltiiip dt @el 2ehrdmoacetanide Hplengsitiono[ 2The

crude product was.purified b%/ chr omat ogr aphy on silica gel using

hept ane/ Et (ﬂ@'ﬂ%@%@—%}g—d@l uent. Yield: 910 ng MS-ESI: [MH + = 510.2
15 TLC Rf i ane/ / t vyl

8 e oo 5. AZRPETLPAOGA R S\ e RO o) ef ol oY
-phenyl ) -t hnﬁhplﬂﬂo&*@]-mﬂnbﬁhﬁlybethﬁns R P axpyrirdelii- Grealwkmﬂrdanaemmﬁtehwgpl

(250 ng) was added to a solution of tent-butyl 5-am no-4-(3- 20
( 2- br onpac et ¥heHand BRERA (43 mbimgrt RO (3e éﬂb[l’zﬁ@ - g raom éﬁmr@lfﬁul@aﬂi@oxam

the mfor dryEd g QR il dage yil oy a0y F T QFERED e

dried (MySQéhcenndtedContRAt refueed UpEREure e dTige doiRte s prédict TRRs Chub@edr @)siruct
was purified by HPLC usi Q}%ﬁa Luna C- 18 colum with the follow ng gradient:

0.1% aq. TRAromatogwpley oMENCASH usingfeg@nd/Bt@ac FH/D /Y Asveludnh 30 mi n. The
title corrposﬁgﬁli,was ttbelrbmgophl lized froma m xture

was

MS-ESI: [M+H]" =510.2
15 TLC: R;= 0.3, silica gel, heptane/EtOAc = 3/2 (v/v).

(1). _tert-Butyl 5-amino-2-methylthio-4-(3-((N-methyl-N-(2-hydroxyethyl)-glycinyl)-

amino)-phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide

N-methyl-2-amino-ethanol (250 mg) was added to a solution of tert-butyl 5-amino-4-(3-

20 (2—b1'omoacetamido)-phenyl)-2—methylthio-thieno[2,3-d]pyrimidiné—@carboxamide
(example 1(h), 250 mg) in DCM (5 ml). After 16 h at room temperature, the mixture
was diluted with DCM (50 ml), washed with sat. aq. NaHCO,, dried (MgSO,) and
concentrated under reduced pressure. The crude product was purified by HPLC using a
Luna C-18 column with the following gradient: 0.1% aq. TFA + 10% aq. ACN/ACN =

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

Yield: 112 mg (TFA-salt)
MS-ESI: [M+H]" =503.2



of 1, 4-dioxane, 0.1%aq. TFA and water. Yield: 112 ng (TFA-salt) MsS-ESI:
[ MiH + = 503.2 -19- HPLC: Rt = 11.45 min, colum Luna C-18(2), 3 m 100 x
2.0 mm detection Uv=210 nm oven tenperature = 40C, flow = 0.25 m/m n,
el uent phosphate buffer 50 MM pH 2.1/water/ACN = 10/80/10 to 10/ 10/ 80
(v/iviv), run tinme = 20 mn. 5 Exanple 2 tqgmt-Butyl _

5-am no- 2-net hyl t hi 0-4-(3-((N- (1- hydroxy-2-nethyl-prop-2- [)-gl cin 1)-

3" am no- o neF kSt R agnarit S8 Neds Tab i M € e Aestiondi 24

5- 4- |
P ] e N

16 h at roolalfveaipAGNsF 0/80HE toil RA1OES (vinés), thinl tithed 2@intiia. DCM (50 ml ), washed
with sat. aq. NaHCO3, dried (MgSO4) and concentrated under reduced
pressure. The crude product was purified by HPLC using a Luna G 18 colum
with the following gradient: 0.1 %aq. TFA + 10% ag. ACNN ACN = 90/10 to
10/ 90 (V4 V)gkimafk grin. The title conpound was then |yophilized froma

m xture is of 1,4-dioxane, 0 1% aq. TFA and water. Yield: 67 ng (TFA-salt)

MS-ESI: [ M+ L BEYE ] 100
X 2.0 nm dete

m/mn, el Uﬁﬁﬁm}ﬂbﬁéﬁﬂ)’iﬂl@eﬂ@ﬂi B@l]py@ﬁmﬂm‘e%ar‘g&aﬁné\é wat er/ ACN = 10/ 80/ 10 to
10/ 10/ 80 (v/viv), run trne. m n. Exanple 3 tort-Butyl

5- am no- 2- n%?wm-ﬁﬂmthylﬂﬁopf(lml (E@t mgx yvaarabdndyﬂomea;diyﬂu)n of seedbutl]) 5-amiined-
Ryar ochi or i a2 Z0moA e RUTRA LGB ot c@m%ﬁlbﬁx%;ﬁ”?aéﬁ‘g%aﬁﬁéeil (3
cé?bgiif“ﬁfﬁﬁk?é‘ﬁfsdﬂ?"e@%?%@ BEBCRE ol AR P e AR ML B,
in DCM (5 whs dilibetl ewith ©EMats0r nﬂ))mwmmmamum ad. NSaMT®N, umeed/mgsl@i)uaxﬂd
with DCM ( cooncentrated Er(l)der reduced pressure. The crude product was purified by HPLC using a
Luna C-18 column with the following gradient: 0.1% aq. TFA + 10% aq. ACN/ACN =
90/10 to 10/90 (v/v) in 30 min. The title compound was then lyophilized from a mixture

15 of 1,4-dioxane, 0.1% aq. TFA and water.

Yield: 67 mg (TFA-salt)

MS-ESI: M+H]"=517.2

HPLC:R,=12.67 min, colurﬁn 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
20 2.1/water/ACN = 10/80/10 to 10/10/80 (v/v/v), run time = 20 min.

Example 3

tert-Butyl _S-amino-2-methylthio-4-(3-((N-(methoxycarbonylmethyl)-glycinyl)-amino)-
phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide -

25 Glycine methyl ester hydrochloride (200 mg) was added to a solution of tert-butyl 5-
amino-4-(3-(2-bromoacetamido)-phenyl)-2-methylthio-thieno[2,3-d]pyrimidine-6-
carboxamide (example 1(h), 250 mg) and N,N-diisopropylethylamine (0.20 ml) in DCM
(5 ml). After 16 h at room temperature, the mixture was diluted with DCM (50 ml),



washed with sat. ag. NaHCO3, dried (MgJSO4) and concentrated under reduced
pressure. The crude product was purified by HPLC using a Luna C 18 col um
with the following gradient: 0.1%aqgq. TFA + 10% aq. ACN ACN = 90/10 to
10/90 (v/v) in 30 min. The title compound was then |yophilized froma

m xture of 1,4-dioxane, 0.1%aq. TFA and205 water. Yield: 133 ing
(TFA-salt) MS-ESI: [MtH + = 517.2 HPLC. Rt = 11.87 mn, columm Luna

C-18(2), 3 . V. =

83T gl 1R SR B PSR

t2 1{ Wgt ;ar { TN rid el o8¢t Mastparitied LQ/PﬁQ_,(ﬁ Vdidg ¥)Lunk @18 ETBmA VZin ke Molldwkappl e 4
ert-Buty

5- am no- 2-gredipgtt OHi% 24- TEA@( AO%t asy | AGN(AL Net H%Wé@ API90- (%) di 3P| thinaffhao) -
h 1) -t 2, 3-cf b
R (2 et ho MRy wal i HePhb g He wBbtRead I Pgioxanen 0okt g TA and

t ent - but ylygedm no- 4- -(2-brono acet am do) - phenyl)-2-nethylthio-thi eno
[2,3 -d] pyri mdine-6- carboxam de (exanple 1(h), 200 ng) in DCM (5 m).

Af ter room-t the m xture was diluted with DCM (50 m),
washed V\nth%%sdat %ﬁé@#‘&g?lited (MySO4) and concentrated under reduced
pressure. ﬂlg@s;rude [Mﬂcjpc:tslvm purified by HPLC using a 20 Luna C 18
colum with the following gradient: 0.1%ag. TFA + 1.0% agq. ACN ACN =

90/ 10 to I9PIC: l%t\ﬁf w 87 migohiman LikeeCti8(2)e3 wtrri@@rxdz O, tdeastiby BphF2il @ ed

froma mxture 4- di ox 0. 1% TFA ter d:_ 8

(TPA sl ¢ pineveppmptey £ G0 A3 tin At 5o g s 5P i Bna
C- 18( 2y, %%a@e@@&@‘N% Q/gano M@P@/B@(\//Wv? réd dmeMo QuEN tenperature = 40C,
flow=0.25 mM/mn, eluent phosphate bufter 50 MM pH 2.1/ water/ACN
=10/80/10 to 10/10/80 (v/iviv), run time = 20 mn. - 21 - Exanple 5
tert-Butyl 5-amno-2-neth [thio-4-(3-((N(R-1-inethox

car bonyl - 2-met hyl - prop-1- 1)- ycinyl)-am no)-phenyl)-thienol2, 3-dlp
rimdine- ggcar@gxam de D-Valine nethyl ester hydrochloride (250 ng) was
added to ion of tent- butyl 5-

tert-Butyl 5—am1no-2-methﬂth10-4-(3-((N—ettyl—N—(2-methoxyethy1)-glycigyD-amino)—

phenyl)-thieno[2,3-d[pyrimidine-6-carboxamide

15 N-(2-methoxyethyl)-ethylamine (266 mg) was added to a solution of ferz-butyl 5-amino-
4-(3-(2-bromoacetamido)-phenyl)-2-methylthio-thieno[2,3-d]pyrimidine-6-carboxamide
(example 1(h), 200 mg) in DCM (5 ml). After 16 h at room temperatufe, the mixture
was diluted with DCM (50 ml), washed with sat. ag. NaHCO,, dried (MgSO,) and
concentrated under reduced pressure. The crude product was purified by HPLC using a

20  Luna C-18 column with the following gradient: 0.1% aq. TFA + 10% aq. ACN/ACN =
90/10 to 10/90 (v/v) in 30 min. The title compound was then lyophilized from a mixture
of 1,4-dioxane, 0.1% aq. TFA and water.

Yield: 84 mg (TFA-salt)
MS-ESI: [M+HT" =531.2

25 HPLC:R,= 12.62 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 = 10/80/10 to 10/10/80 (v/v/v), run time = 20 min.



5
am no- 4- ( 3- (2- bronpacet am do) - phenyl ) - 2- met hyl t hi o-t hi eno[ 2, 3-d] pyri m di ne-
6- carboxam de (exanple 1(h), 250 ng) and N, N-dii sopropyl et hyl am ne (0. 20
m) in DCM (5 m). After 16 h at roomtenperature, the m xture was dil uted
with DCM (50 m), washed with sat. aq. NaHCO3, dried (MJSH) and
concentrated under reduced pressure. The crude product was purified by
HPLC usi ng %@% G 18 colum with the followi ng 10 gradient: 0.1%aqg. TFA
A

+ 10% aq. 90/10 to 10/90 (v/v) in 30 mn. The title conpound was
t hen | yophi]i ] i oxane, 0.1% aq. TFA and water.
gylthig 1 et%loxwadmny 1-2mpethylagopd-yh-n,

Yield: 77 g% thig-ga(3a(G
col um Lunagi(es; . »Q_ 210 nm oven
tenperature = &ﬁ%’riﬂb&?@gntg%{gg}%@t&—% buffer 50 mM pH

2. 1/ wat er / Am;wlnmmwn@tarmymmhae (350 kY vas bded! toBscRutidh 68 Br-Jaangl e 6
20 tert-Butyl, 5-am no-2-nmethylthio-4-(3-((N, N-bis-(2-nmethox eth 1)-glycin
1) - ai ni o) a%lﬁeﬁy@)@rwn@ﬁ@twd@sph@y yrieihaithie-Bicsal2sbWipyritedine-6-

N, N- bi s- ( 2- t e 0 added.to a sol ution of
tert-butyi SoamiE bR 2R PR oS e it oM RGMo [ 2.
3-d] pyri mi dsnetbAfeanBaxamdde (exarmhe, Hehi t&x‘é%w fter
16 h at roomte)rrperature 25 the mxtureevva}sX di | ut e%ﬂ%é(?“%é?{%gwnmlﬁ
washed wi t Washed Wafh SaNaHId@BHCG)E,l deipd (M@SImanchcrdlcmﬁratMncm edlubeigressuegluced
pressure. e cr(ﬁe B%duct B %H)f HPquum ng a Luna G 18 col um
with the foll*oRrHPGHAdE P 3‘1/3/ L TF%H § codpmpn Akl the doliovping o
10/ 90 (¥/ V)erddlegO0 e Thea ti 0

m Xt ur e1 of g{ 4eld| oxa/g]nélq rg@l& /;lg(% TFA ang:N‘mgf%Q/lP@@o ggewdg%lg%f%@ %‘
(TFA-sal t) tl\‘/E—@ﬁipou{ld/Md]s then 156(hiBzddPiéin aRhixtid dfEA-doRane; 0l 1958q L DA and
C-18(2), 3 m 100 x 2.0 mm detection U/ = 210 nm oven tenperature = 40C,
flow = 0. 25" mi n, el uent phosphate buffer 50 MM pH 5 2.1/ water/ACN =

10/ 80/ 10 to‘10/10/80 viviv), run time = 20 mn. Exanple 7
Yield: 77 mg (TFA-salt)

MS-ESI: [M+H]" = 559.2

15 HPLC:R,= 13.22 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 = 10/80/10 to 10/10/80 (v/v/v), run time = 20 min.

Example 6

20 tert-Butyl 5-amino-Z—methyIthio-4—(3-((N,N—bis—(2-methoxyethyl)—glycinyl)—amino)-

phenyl)-thieno[2,3-dlpyrimidine-6-carboxamide

N,N-bis-(2-methoxyethyl)-amine (400 mg) was added to a solution of tert-butyl 5-
amino-4-(3-(2-bromoacetamido)-phenyl)-2-methylthio-thieno[2,3-d]pyrimidine-6-
carboxamide (example 1(h), 250 mg) in DCM (5 ml). After 16 h at room temperature,
25 the mixture was diluted with DCM (50 ml), washed with sat. aq. NaHCO,, dried
(MgSO,) and concentrated under reduced pressure. The crude product was purified by
HPLC using a Luna C-18 column with the following gradient: 0.1% aq. TFA + 10% aq.
ACN/ACN = 90/10 to 10/90 (v/v) in 30 min. The title compound was then lyophilized

from a mixture of 1,4-dioxane, 0.1% aq. TFA and water.



tert-Butyl 5-am no-2-nethylthio-4-(3-((2,3-di hydroxy-prop-1-yl)-gl cin

| )-am no)- phenyl)-thieno 12, 3 -d]pyrimdine-6-c arboxam de io0

3- Ani no- 2- hydr oxy- pr opanol (250 ng) was added to a solution of tert-butyl
5-am no-4- (3 -(2-brono acetam do)-phenyl)-2-nethylthio-thieno [2, 3

-d] pyrimdine-6-carb ox am de (exanple 1f#), 250 ng) in DCM (5 m ). After
16 h at roomterrperature the mxture was diluted wwth DCM (50 m), washed
with sat. f%rl e?ré‘gg ) and concentrated under reduced
pressure. Crude p% dtie rified by HPLC using a 15 Luna C 18

col um vmtl]\/[glj@ﬂol | qw-rgrgrselient: 0. 1% aq. TFA + 10%aq. ACN ACN = 90/10
to 10/90 (v/v) in 30 mn. The title conpound was then |yophilized froma
m xture ofHAL@:-Rii-okhoZ2mif. Cb%rmquuﬂ%F@ 1862), dauterl.00 ¥ ZaDmmJMedmgn(Ul\FA-QS@I t)
M5-ESI: [MtH + = 519.2 20 HP mn, colum Luna C 18(

100 x 2.0 R YERLEPPHANR~ 45%05 OV - 2%%7@4’.11%%1&}@%‘[&%}%9?@%8 Diefer 5|0|rsf><f &Ho 25
m/mn, el ogagat g@\/txg te = 10/80/10 to

10/ 10/ 80 (\%'W , run tl?)r/régm:é 1&90/ wn%%u&gﬂ%S %éég\lButyl

5-am no- 2- net hyl t hi 0-4-(3-((1, 3 dlhydroxyprop 2-yl)-glycinyl)-amno)-
phenyl)-thieno [2, 3 -d]pyrimdine-6-carb oxam de 2-am no- 3- hydr oxy
propanol (250 rré) was added to a solution of tert-butyl 5-am no-4-
(3-(2-bro tho) phenyl ) - 2- met hyl t hi o-t hi eno

[ 2, 3-d] pyri m di ne- 6-car boxam de - 23 (exanple 1(h), 250 ng) in DCM (5 m).
After 16 h tet-Busgm teﬁaemnm-m@ethylﬂno i ((2 B-dihwelso Xy irop-6 ey e ylinBOMiE6)-rm ) |
washed wi th,sat : ; SO4), and concentrated under reduced
pressure. P 28 e FPPEMSS HPLC using a Luna C-18 col um
with the fO||OWI ng gradient: O. 1%aq TFA + 10%&3 ACNV ACN = 5 90/10 to
10/ 90 (¥/ v)>-Arimp2fayaroxyHgopanol QSQGn@dﬁwd\@a@tw utigroeifvertibusd 5F¢mmp&1

it f q t T | t
V£SO AR ek el SR BRE HRLEG s eStifame b arie, 100
X 2.0 mm detwelé Qm)N50 239 1n]]§CNF'(5 &Y)e'?\ﬁe?rﬂéeﬁ af tofh FenfRatude] AW mi@udS -
m/nin, eluent phosphate buffer 50

was diluted with DCM (50 ml), Washed w1th sat. ag. NaHCO,, dried (MgSO,) and

concentrated under reduced pressure. The crude product was purified by HPLC using a

15 Luna C-18 column with the following gradient: 0.1% aq. TFA + 10% aq. ACN/ACN =
90/10 to 10/90 (v/v) in 30 min. The title compound was then lyophilized from a mixture
of 1,4-dioxane, 0.1% aq. TFA and water.

Yield: 164 mg (TFA-salt)
MS-ESTI: [M+H]"=519.2

20  HPLC:R,=12.62 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 = 10/80/10 to 10/10/80 (v/v/v), run time = 20 min.

Example 8

25  tert-Butyl 5-amino-2-methylthio-4-(3-((1,3-dihydroxyprop-2-yl)-glycinyl)-amino)-

phenyl)-thienof2,3-djpyrimidine-6-carboxamide

2-amino-3-hydroxy propanol (250 mg) was added to a solution of zer¢-butyl 5-amino-4-

(3-(2-bromoacetamido)-phenyl)-2-methylthio-thieno[2,3-d]pyrimidine-6-carboxamide



2.1/ water/ACN = 10/80/10 to 10/10/80 (v/v/v), run time = 20 mn. Exanple 9
text-Butyl 5 -am no-2-phenyl-4-(3

-((N-ethyl -N-(2-hydroxyet hyl)-glycinyl)-am no)- 15

phenyl)-thi enol2, 3-d] pyri m di ne-6-carboxam de (a). 5 -Cyano-4-(3

-ni trophenyl ) - 2- phenyl - 6- hydr oxy-pyri m di g _A m xture of benzam di ne
hydrochl oride (16.4 g), 3-nitrobenzal dehyde (15.1 g), ethyl cyanoacetate
(112.2 m) and pat [ car.bo 6.6 g) in abs. EtOH (250 m) was 20
stirred at 3(8696‘,‘{‘)115‘)183%]%’ %%'m@ Wgﬁéﬁ g%rf]r]aftf)fﬁ’ ket Fwat EResetpie s mRtise
bat h. The rgsukl gt i it ek ff. d M and
heated in \A\gé:s e!rhtmt?%(%l% @é’%@[/l i ‘I%b:mp?glzf%hésdoﬁ}? ?Sgg E\I/(dz'as obt af’ ndggh%ﬁ%ss%%%g_‘ on
was cool ed doacdi@iedamidat fddaded prossubt. Thbyeraddirodict Waggurifiéd bafPIcdadiegd at o 0C
in an ice bath. The resultin Ereci.pitate was filtered off and washed with

i ce wat er. Iregicdicolmerithdbe fdleiesisigiennd. Coaqapbhat 1 agi ARNVACN =

ée|4: d::)gé/’anw?&m:%g?)i%(l 6’/\%1%30:%/1%& Eﬁg titd Ic\;@-ljﬁgﬁunﬁ wisdhén gl%&iilizRer:d i7f01(r)1'a3mix%1|1rlel ca
6- Chl or 0- 5-gFyan@rotaked ONi%t bQPIEAYA] wadteRhenyl - pyri m di ne -24- POCA 3 (50 m)
was added to a stirred solution of 5-cyan-4-(3-nitrophenyl)-2-phenyl-6-
hydr oxy- pyry-:mj di ne ( é 15.0 g) and dinethylaniline (0.5 nm) in
dry 1, 4- di%)%lgge p.a%l?gg%%rn? %A@fter 3 h at 90C, the warm m xture was
filtered of¥MISaBRI: t he [M+MI' a8 ®.2vas concentrated under reduced pressure. The
resi due was _dissolved in 1,4 5 dioxane and ice water was added. The

resul ti ng pgilefhitat2ohesnfqolymay banapErlShld3 wasHOH x P travgetestion RBSFAUAl

wat er s renoved by coevaposaki Wi 1.4-di e. Yiel d: 15. ~ESI :
ey + 2° oSGl Pip BB A .25 i SN GpesRale byl sf iy 'B 1
(c). Ethyl 2.1/water/ACN = 10/80/10 to 10/10/80 (v/v/v), run time = 20 min. ) o
5-cyn-4-(3-ni trophenyl) - 2- phenyl - 6- (et hoxycar bonyl net hyl t hi o) - pyriiidi ne
DIPEA (8.71 m) was added to a stirred solution of ethyl 2-nercaptoacetate
(5.15 m) and 6-chloro-5-cyn-4-(3-nitrophenyl)-2-phenyl-pyrinmndine :
(exanpl e 9(]i;)]2dmpg.98 g) in a

tert-Butyl 5-amino-2-phenyl-4-(3-((N-ethyl-N-(2-hydroxyethyl)-glycinyl)-amino)-

15 phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide

(a). 5-Cyano-4-(3-nitrophenyl)-2-phenyl-6-hydroxy-pyrimidine

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
20  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
(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

25 coevaporation with 1,4-dioxane.

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

30 (b). 6-Chloro-5-cyano-4-(3-nitrophenyl)-2-phenyl-pyrimidine




m xture of EtOH (125 m) and DCM (125 m ) under a nitrogen atnosphere.
After 2 h at 15 roomtenperature, the m xture was diluted with DCM unti |
conpl ete dissolution, washed with 0.5N aq. HCl1, dried (MgSO»4) and
concentrated under reduced pressure. Yield: 19.7 g M5S-ESI: [ MH + = 421.2.
TLC. Rf = 0.7, silica gel, heptane/ EtOAc y 3/2 (v/v). 20 (d). Ethyl

5- am no- 4- (3 ni trophenyl) - 2- phenyl -t hi eno[ 2, 3-dl pyri m di ne- 6- car boxyl ate

DI PEA (20.0 m ) was added to a stirred solution of

5- cyan- 4- ( 304l ORI adﬂeg phe SreEsqletan a%ﬁfﬁ%%pﬁwb&pﬁwﬂﬁr di ne

(700 m . St yfipdinb TeBuBiF O30 ePaR dRbobbditle Tk ARG f1eRe P-2
resul ting @icxah@iptat(@ooag).fAftéred (hdatOSf(f’C theshath Witdar« alagl fﬂeﬂﬂ éfidnddhé ed in

vacuo at 40C. Yield: 17.0 g MS-ESI: [MrH + = 421.2 TLC. Rf = 0.5, silica
gel , hept aiiérate oyes eﬂrr&plztrqts;,d vpder @éucedzgessgge) Thet yegidue was dissolved in 1,4-

5- 4- (,3- th 6 h I A
ol U1 of of PR (Y Jeeokttg: FREniaY, TheySRh G-l AR vl e o
sol ution ofwnhe\m&l R@sﬁﬁm@atér&@srembwpwéaévzp&amﬁmh1t4halgﬁﬁle

[2,3-d] pyrim di ne-6-carboxylate (exanple 9(d), 16.6 g) in 1,4-dioxane p.a.

(250 m). Yieklaq. HC15(g9 nml) was added 5 and the m xture was heated under
reflux (90 _mixture was allowed to cool to roomtenperature
and concen&%ftﬁgé undEMJ“}gdugéé pr essure. The residue was suspended in

Et OAc (500 AN ag é}slﬂy@%\la@g&qng/gtc%g agygg,‘gH of 10-11. The mxture

was dilute y addi ng sat he organic yer was separated, dried
(MgSH4)i0and concentr at ed under reduced pressure. io Yield: 17.0 g M5 ESI:
[ MEH + = 421. 2 TLC Rf 0 5, silica gel, heptane/EtOAc 3/2 (v/v)., (f).
5- Ai ni no- 44¢ Etl 4 __.:.,_,. b -,.7 LGL

DIPEA (8.71 ml) was added to a stirred solution of ethyl 2-mercaptoacetate (5.15 ml)

and 6-chloro-5-cyano-4-(3-nitrophenyl)-2-phenyl-pyrimidine (example 9(b), 15.8 g) in a
mixture of EtOH (125 ml) and DCM (125 ml) under a nitrogen atmosphere. After 2 h at
15 room teinperature, the mixture was diluted with DCM until complete dissolution,

washed with 0.5N aq. HC, dried (MgSO,) and concentrated under reduced pressure.

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

20

(d). Ethyl 5-amino-4-(3-nitrophenyl)-2-phenyl-thieno[2,3-dlpyrimidine-6-carboxylate

DIPEA (20.0 ml) was added to a stirred solution of ethyl 5-cyano-4-(3-nitrophenyl)-2-
phenyl-6-(ethoxycarbonylmethylthio)-pyrimidine (example 9(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
25 cooled to 0°C. The resulting precipitate was filtered off, washed with cold EtOH and

dried in vacuo at 40°C.

Yield: 17.0g
MS-ESI: [M+H]" =421.2
TLC: R;=0.5, silica gel, heptane/EtOAc = 3/2 (v/v).

30



15 Pot assi um hydroxi de (20.0 g) was added to a sol ution of ethyl

5-am no-4- (3- am nophenyl) - 2-phenyl -t hi eno[ 2, 3-d] pyri m di ne- 6- car boxyl ate
(exanmple 9(e), 17.0 g) in a mxture of 1,4-dioxane (210 m) and water (80
m). After 16 h at 90C, the m xture was cooled to OC. The resulting
precipitate was filtered off, suspended ipswater (300 nl) and cooled to
0C. The m xture was acidified to pH 3 by adding 2N aq. citric acid 20 and
stirred at £ 2 The .resul.tipng precipitate was
filtered off, 0wt at er—and—adrr e+ Hovaead 5EN "é"“f
MS-ESI : [ MiAdlsolitiod @3 i1 (T ShloRbe 2300 2) inSdbki & Fiod 1 :

25 (g). tent-Butyl 5- an(‘?j%o- 4-(_3?2an1 %)ophenylt)@-}g-@pﬁr?enyl Atyﬁigg%]d(;tlozasé&éﬁg%d 3@

ri m di ne- 6-¢tB¥r boxai ha&opt-FEAItopEey M -phertyé hiein |2 Bl ApjeidiS-8-catbbxsuags TBTU
(14.1 g) were. a ] xture,. of

5- ai ni no- 4%%“5&%?2%3&% gg-]fl- A0 Ride f100mb: 47 Hy#9- HGH e Bl wep esddad c
acid 3G (exxangpkenifid i ] f1 PEM m ). and. DVF, (50
m ) under a nitrogen -Wfé%egf%ggﬂerr%fel& ﬁ(}tdgffcglh at lé%%%{tyree)nvﬁ%sr%'}weé{ t he
m xture wascogi lteitresn wemherdOké andl conaatredd wintltr fdlicedapiresNaICIBLr Rl g HCL
and sat. ag{ I\%S .T%e Xrﬁggl c_layer was _dried (MySO4) and concentrated
under r educdPHEES & FEOAGR0G by dNord NRH wens agded o elefainty pHiifolfat bgiaphy

on silica [, N0 4 = 3/ o-1/1 (viv) as eluent. Yi el d:
14.7 g MB- QE%XMF%%] Qﬂg%?g%%ﬁﬁq' ﬁaéln?&% Pféa&?%? %38?{ ﬁ%ﬁ?%?‘gt@&é =
3/2 (vlv). (MBSO,) enid eddidbiytrated under reduced pressure.
5- am no- 4- ( 3- (2- bronpacet ai ni do) - phenyl’) - 2- phenyl -t hi eno(23- io0
dl pyri mipdi ngefer car boxgig de Brornoacetyl chloride (2.80 m) was added
dropwi se to a solution of tert-butyl 5-am no-
4- (3- ami nopHEMAL) - 2- dheriy)" =t4#ileho[ 2, 3- d] pyri mi di ne- 6- car boxam de (exanpl e
9(g), 5.8 )~and DI P 2.2 mM) in DCM (50 m ). After 3 h at room
t enper at uré[,q‘CE‘he m xtlgﬁfeé'%v%ﬁcacﬁ%d’teéﬁnﬁﬂ@mﬁ/% (#¥hed with sat. agq.
NaHCO3, dried (MgSO4) and concentrated 15 under reduced pressure. The crude
product was purified by chromatography on silica gel

(f). 5-A1nino—4-(3-aminophenyl)-2—pheny1—t11ieno[2,3—d]pyrimidine-6-carboxylic acid

15 Potassium hydroxide (20.0 g) was added to a solution of ethyl 5-amino-4-(3-
aminophenyl)-2-phenyl-thieno[2,3-d]pyrimidine-6-carboxylate (example 9(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
20 and stirred at 0°C up to room temperature for 2 h. The resulting precipitate was filtered

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

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

25

(2). tert-Butyl 5-amino-4-(3-aminophenyl)-2-phenyl-thieno[2,3-d|pyrimidine-6-

carboxamide '

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

of 5—amino-4—(3-aminophenyl)-2-pheny1—thieno[2,3-d]pyrimidine-6-carboxylic acid
30 (example 9(f), 13.3 g) in a mixture of DCM (250 ml) and DMF (50 ml) under a nitrogen



usi ng heptane/ EtOAc = 3/2 (v/v) as eluent. A 1:1 (nmol/nmol) m xture of
tert-butyl 5- am no-4-(3-(2-bronoacetam do)-phenyl)-2-phenyl -thi eno

[ 2, 3-d] pyri m di ne-6- carboxam de and tert-butyl

5-am no- 4- (3-(2-chl oroacet am do) - phenyl ) - 2- phenyl -

t hi eno[ 2, 3-d] pyri m di ne- 6- car boxam de waspghtained. 20 Yield: 2.6 g M5-ESI:
[MH + = 540.2, [M+H + = 494.2 TLC. Rf = 0.3, silica gel, heptane/ EtQAc =
gi (?JX)(/\GI{ Xi/l ):{tlé%)'spchfeﬁg. fx%i%%w hlogt- 9og>]g1n QGngpeFr)aR\?r%}/ |the4mg}§tu e( \'A\/lése tdﬂutled I\\I-Vighz DhCM and
phenyl) - t hign@t watdfapydd. WS, 8 ] hfgn T, i | f
e o e A N s e A

t hi eno[ 2, 3-dijedyMgHQ)) med Corceantomadmdbe rddexaimessusy The chi2d praduci wadEM& N )
was added N-et hyl - 2- am no- et hanol (500 ng). After stirring for 17 h at

r oom t enper®t G ,1at°g‘fi‘8ﬂ3’ 88€§ﬁ°6ﬁeW%P&g@t9%?§E‘iﬂ?Aﬁ &d i lY h(ows et ) |
washed \g.itrggggi.z NaHCC&f% M 2 30 x 50 M), dried (MgSO4) and concentrated
in vacuo. The residue waS purified by HPLC wusing a Luna C 18 columm with
t he fol | owiM§-EfIadi efiM-+H]' %48y TFA + 10% aq. - 27 ACN ACN = 90/10 to
10/90 (v/v) in 30 mn. The title con‘Eound was then lyophilized froma

m xture of HLG- di oxan®:,= B4158ieggel trntaan@tQacsr3d/2 Wa).d: 271 ny (TFA-salt)
Ms-ESI: [MHH + = 547.2 5 HPLC. Rt = 11.88 mn, colum Luna C 18(2), 3 m
100 x 2.0 mm detection ITV = 210 mn, oven tenperature = 40C, flow = 0.25
m/mn, elyspt phesghaie bulheind- (M -BHmd: LB .3 Qs .

10/ 10/ 80 (\L/L/C/ V), runtine = 200 m rgmtxarrrnpl gét/i%@élcg 1{1@%"1’) %l}%lgéﬁ%gegofﬁ
5- ami no2- gheynghiding-@c@lokamidaoxycar bonyl net hyl ) - gl yci nyl ) - ami no) -

phenyl )-thieno [2, 3.-dl iJn dj.ne-6-carb oxam de To a stirred sol ution of
Pent but yi Eomr v a rpPRery f o Btign ahyr-outy! S-amino:
B o e R e S S S S R C Ay
ester 15 hyirodMIFEAIE2(Z80) myPCMISE@mIp tAfteri N af edond Tentpepdtute B mixture
tenperature, the reaction mxture was diluted with DCIVI(SlOO m ), washed

with aqg. leu(eg With @%Waﬁhe)i,with sat. ag. NaHCO,, dried (MgS0O,) and concentrated

15 under reduced pressure. The crude product was purified by chromatography on silica gel

using heptane/EtOAc = 3/2 (v/v) as eluent. A 1:1 (mol/mol) mixture of tert-butyl 5-
amino-4-(3-(2-bromoacetamido)-phenyl)-2-phenyl-thieno[2,3-d]pyrimidine-6-
carboxamide and fert-butyl 5-amino-4-(3-(2-chloroacetamido)-phenyl)-2-phenyl-

thieno[2,3-dJpyrimidine-6-carboxamide was obtained.

20 Yield: 26¢g
MS-ESI: [M+H]" = 540.2, [M’+H]" = 494.2
TLC: Rf=10.3, silica gel, heptane/EtOAc = 3/2 (v/v).

(). tert-Butyl 5-amino-2-phenyl-4-(3-((N-ethyl-N-(2-hydroxyethyD)-glycinyl)-amino)-

25 phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide

To a stirred solution of fert-butyl 5-amino-4-(3-(2-bromoacetamido)-phenyl)-2-phenyl-
thieno[2,3-d]pyrimidine-6-carboxamide (example 9(h), 500 mg) in DCM (5 m]) was
added N-ethyl-2-amino-ethanol (500 mg). After stirring for 17 h at room temperature,
the reaction mixture was diluted with DCM (100 ml), washed with aq. NaHCO, (1 M, 2
30 x 50 ml), dried (MgSO,) and concentrated in vacuo. The residue was purified by HPLC
using a Luna C-18 column with the following gradient: 0.1% aq. TFA + 10% aq.



dried (MgS™) and concentrated in vacuo. The residue was purified by HPLC
using a Luna G 18 colum with the following gradient: 0.1%aq. TFA + 10%
ag. ACNV ACN = 90/10 to 10/90 (v/v) in 30 mn. The title conpound was then
| yophilized froma mxture 20 of 1,4-dioxane, 0.1%aq. TFA and water.
Yield: 321 ng (TFA-salt) MS-ESL [ MtH +.35-547.2 HPLC. Rt = 12.54 mnin,
colum Luna G 18(2) 3 m 100 x 2 O nun, detection LTV = 210 n in, oven

tenperature =_40C el uent Fhosphate buf f er 50 m\/l H 25
2.1/ wat er / AGRVAC N)fa&S)/llQ)tq bO/R@MM) WQ iRy Nhe, title gpmapoviad wasgheg Jyopbilip

Exarrpl e 11 ﬁﬂ%l _ b

((N-net hylfrgﬁf%l? rocﬁy% Fl'? 61/2 (ﬁn}l’tlrﬁ)"/Ax gannc”fl‘rx{é phenyl)-tllieno
[2 3-d] pyr i ne- 6 box (a) 2- am di nof uran Cooled (0 C) and
sat ur at ed gﬂgﬂgnol iC é@t igo(a[ﬁ‘% s added to a cooled (ice-bath, 0 O
reacti on vggseks. conL wlptng sdyhuronitril (13 m ). The resulting solution
was allowed to reac ient tenperature and stirred under a nitrogen

at mospher eI—]TP@C.RB—h.l.&Sfmmr colommdantarGai 8@ 30;1’1mt (1Y) xéam]hpﬂeﬁasi;tidndﬂv =+ plvacua,
t he residue, containi n% t he correspondl ng. 10 2-furyl ethyl imdate, was

redi ssol veld AVEY ieamsratirses AVYC. Ao 30i0 rlélﬁméﬂa epnept nlam;@hata buffet $Q gk pH

at mospher e, 1%&@?&%&"1'1295/80%%8&@%%0% Cmﬁém%'l% (40 m) was added and
t he reaction i'nase reaction vessel for 48 h.

After filtration of the reaction m'xture, the filtrate was concentrat ed
under reduced pressure. The crude conpound was used without further
purification in the next step. 15 Yield: 15.0 g (b). 5 -Cyano-4-(3

-ni t rophen¥kpmplq X f yryl ) - 6- hydr oxy-pyrim dine A m xture of 2-ani di nofuran
(exampl e 11(a), 15 g), 3-nitrobenzal dehyde (24 g), ethyl cyanoacetate (17
m ) ando poteasBityin car lSearaine- 1- ﬁ]&ng)—ﬁ(]ir(ﬁk(meﬁﬁb@:ﬁrb&Q@maﬂhyl)vgscimtlb amagh)- 20 at
60C for 16 h. The reactlon m, Iure as cooled to OCin an ice bath. The
resulting p¥ =2 ©f #shed with abs. EtOH and heated in

Suspensi on’ %ﬁ%%?[seé‘ﬁ%dnr%%gf Bt i e D T

cool ed to Oferd2,anlp@émiiddi6-cIibexagidel t eRgnple 9(h), 500 mg) and N,N-

diisopropylethyl amine (DiPEA, 1 ml) in DCM (5§ ml) was added glycine methyl ester
15 hydrochloride (700 mg). After stirring for 17 h at room temperature, the reaction

mixture was diluted with DCM (100 ml), washed with ag. NaHCO, (1 M, 2 x 50 ml),

dried (MgSO,) and concentrated in vacuo. The residue was purified by HPLC using a

Luna C-18 column with the following gradient: 0.1% ag. TFA + 10% aq. ACN/ACN =

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

Yield: 321 mg (TFA-salt)

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

HPLC:R, = 12.54 min, column Luna C-18(2), 3 pum, 100 x 2.0 mm, detection UV =210

nm, oven temperature = 40°C, flow = 0.25 ml/min, eluent phosphate buffer 50 mM pH
25 2.1/water/ACN = 10/80/10 to 10/10/80 (v/v/v), run time = 20 min.



precipitate was filtered off and washed with ice water. Residual water was
renmoved by 25 coevaporation with 1,4-dioxane. Yield: 16.0 g M5-ESI: [ MH +
= 309.2 TLC. Rf = 0.3, silica gel, DCM MeCH = 9/1 (v/v). -29- (c).

6- Chl or 0- 5- cyano-4- (3-nitrophenyl)-2-(2-furyl)-pyrimdine POC13 (50 m) was
added to a stirred solution of 5-cyano-493-nitrophenyl)-2-(2-furyl)-

6- hydroxy-pyri mdine (exanple 11(b), 16.0 g) and dinethylaniline (0.5 nl)
indry 1,4- dio p.a. (250 m). After 2 h at 90C, the warm m xture was
filtered oEFa@W§9£ﬁe 5 filtrate was concentrated under reduced pressure.

The residue was dlssolved in1,4- dloxane and ice mater was added.  The
resulting §& H 92 3-furygh) : dr T | paginy
wat er was
[ MtH + = 3
(d). Ethyl
5- Cyano-4- (3-nitrophenyl)-2-(2-fur_yl)-6-(ethoxycarbonyl net hyl t hi o) -
pyrinidine@DI Panidiofara ) was added to a stirred solution of ethy

2- nercapto 5.4

G- chi or o SCagteR 8T A st etk esBh g FLEL4P s s e gicnlof Sxehpbed SGY o)
16.0 g) | nre%ct i} %&é—gah c@ﬁtaﬁh@'b-(f&x%ﬁltm 013300, PEMréshdim M dutifRhs ﬁll&’véd ggen

at nosphere. ter roomtenperature, the mxture was diluted with
DCM unt i | mammlambeerdnsﬁmbmtummnd stvasti athder hniGogdxd agposbittre fdr |4édh(N@SO4)
and concentrated under reduced pressure. 1glﬁ(j 20. 0 20, M5-ESI: [ MrH + =
411. 2. TLCeongentratipmof the ¥EiaE%PDg‘€}Xt“1ﬁé’bt’%‘f8i ggridue, eqngaipipg,fhe CO(I“@)SPOI@EIW

5- ai ni 4 ) Vi o, xyl at
> o PR, (3G e ARSI o (el by LRRTRGS i el e 0o Ousid
5-cyano- 4- ﬁfﬁro@bﬁ EORieANE) Subsegfently, saturated ethanolic ammonia (40 ml) was added and
(2-furyl)- (ethoxycarbonyhnethylthlo) pyrim di ne (exanple 11(d), ?

a mxture B mpgionEnoHue G simeddnag sealed serstipn yesseh &g 4811, . ﬁ:ﬁrtféFrauw pf at

é? ]9 C W;gﬁ e 1666}65%{?0&10“?13“% Oﬂ% eﬁgra?e Wgs cdrgceen{ratedl Iundelgreauce Ilg)rlegs%}e? e fc'il tered

1y ‘4'd|oxane"‘Y|efd ~16 Oig NB—ESI
O&Qm}d el , heptane/ EtQAc = 3/2 (v/V).

compound was used without further purification in the next step.

15 Yield: 150¢g

(b). 5-Cyano-4-(3-nitrophenyl)-2-(2-furyl)-6-hydroxy-pyrimidine

A mixture of 2-amidinofuran (example 11(a), 15 g), 3-nitrobenzaldehyde (24 g), ethyl

cyanoacetate (17 ml) and potassium carbonate (25 g) in abs. EtOH (300 ml) was stirred
20 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 heated in water (100 °C) under

stirring until a milky suspension was obtained. The suspension ‘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
25  coevaporation with 1,4-dioxane.

Yield: 16.0g

MS-ESTI: [M+H]" = 309.2

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



dried in vacuo at 40C. Yield: 20 g 30 M5-ESI: [MH + = 411.2 TLC. Rf = 0.6,
silica gel, heptane/EtOQAc = 3/2 (v/v). -30- (f). Ethyl

5- am no- 4- ( 3- am nophenyl )-2-(2-fu |)-thieno(2, 3-dl pyri m di ne-6-carboxyl ate
A solution of tin (Il1) chloride (28.0 ¢g) in abs. EtCH (250 mM) was added to

.d solution of ethyl 5-am no-4-(3-nitraphenyl)-2-(2-furyl)-thieno

[2 3- d]pyrlnldlne 6-carboxyl ate 5 (exanple 11(e), 20 g) in 1, 4-dioxane p.a.
(250 mM). 37% . d d d xture mas heat ed under
reflux (90&& roomtenperature

at : ACILY oA~ b Ve i |
and concen e Thesr
Bt onc (500 932 AN f’ﬁ %sr %ﬁﬁgs@% d%§51?%°% faf%éﬂod”.?ﬁ %fé%ﬂfﬁ%%%xt
was dil ut 6d1}talyo>@d1dyrng1d$1a=t (exagipleNA (), 1d0er) mngalnnethbzﬁnﬂrne\(a$ 1BHpAaKay e
dried (MgSQ4) and 10 concentrated under reduced pressure. Yield: 17.5 g
VG- ESI ;[ Mdkgxane p3g 1230 mip: After 2 hoat490°G; thecwage mixieh tiap &1l eradaeif-ang) the
(v/v). 15 (tﬁ‘l)r Oxyén%&ceétrétg%%ghé}ol%ﬁﬁ%l egSuﬁezeTlﬂ%ges Iugn\a(/)alszdlss g Oe% dmt (1) 4.

i mi di ne>6- CArD assi um roxi d

sol ution ofgigdahy bn®iceWner #ad ddded. The resulting precipitate was ﬁltered off and washed

am nophenyl ) - 2- (2-furyl)-thieno[ 2, 3- digyrlmdlne 6- car boxyl ate (exanpl e
11(f), 17 ng)wahem R@smxlt\matter wis repy egeyapara@omivithdefddimaanes (80 ).
After 3&13?0 g ngture was cooled to OC. The resulting precipitate
was fllter 6 Zed in water (300 20 nl) and cooled to OC. The

m xture wag gy fiegh@#H}Md§§7Qy adding 2N aq. citric acid and stirred at
OC up to roomtenperature for 2 h. The resulting precipitate was filtered
of f, washedwi:t h wat & =601d5,d:[hoa@el, heptacaiBtOc 46Q2 (vinel d: 16.9 g Ms-ESI:

[ MPH } = 353.2 25 TLC. Rf 0.2, silica gel, DCM MeOH = 95/5 (v/v). (h).
tent-Butyl 5-ainino-4-(3- anlnophen

1)-2-(2-fury )-t ol2 r ;i
tert-butylé%%ne—gg§ﬂﬁ—néﬁbg%§%%gﬁ'
pyrimidine
DIPEA (9.1 ml) was added to a stirred solution of ethyl 2-mercaptoacetate (5.4 ml) and

15 6-chloro-5-cyano-4-(3-nitrophenyl)-2-(2-furyl)-pyrimidine (example il(c), 16.0 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 (MgSO,) and concentrated under reduced pressure.

Yield: 200¢g
20 MS-ESIL [M+H]"=411.2.
TLC: Rf= 0.7, silica gel, heptane/EtOAc = 3/2 (v/v).

(e). Ethyl 5-amino-4-(3-nitrophenyl)-2-(2-furyl)-thieno[2,3-d]pyrimidine-6-carboxylate

DIPEA (20.0 ml) was added to a stirred solution of ethyl 5-cyano-4-(3-nitrophenyl)-2-

25 (2-furyl)-6-(ethoxycarbonylmethylthio)-pyrimidine (example 11(d), 20 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: 20g
30  MS-ESL [IM+H]" =411.2
TLC: R;= 0.6, silica gel, heptane/EtOAc = 3/2 (v/v).



30 sol ution of

5-am no- 4- ( 3- am nophenyl )-2-(2-furyl)-thieno[ 2, 3-d] pyri m di ne-6- carboxylic
acid (example 11(g), 16.9 g) in a mxture of DCM (250 m) and DWF (50 -31-
m ) under a nitrogen atnosphere. After 3 h at roomtenperature, a
substanti al anmount of yellow precipitateszpad been forned, which was
filtered off. The residue was washed wth diethyl ether and dried in va
uo at 40C. Yield: 18.0 g 5 M5-ESI: [MH + = 408.2 TLC. Rf = 0.4, silica
gel, heptane/EtQAc = 3/2 (v/v). (i). tert- Butyl

5- am no- 4- (@). EAnhsoiRiac et @aERbpRAS '

d] pyri m di ne- 6- carboxam de 10 Bronbace T 1003 aodet
dropwi se t OAQO@@pmoif@n (o9 tﬂdptldb (R8y0 g}SHlai’mB r‘EIOH (25 O ml) was added to/a solution of

R L R s
E e M e e

pr oduct Wasﬂlq:)unxthreewai)lyeamddrmrmt m@mpwcpfbrsudn The agktutSwHS hiGydHeBt-aREHLE OAC
3/2 (v/v) as eluent. A 1l:1 rml/rml%ﬁmxture of tert-butyl 5- am no-4-(3
(2 bromp ZCYTARMAEPRIEHaR Pyncenirated Hpdss yeduced pressnrg. Theesidfipyns misgbmipd6-

car boxam d Y,

5- ami no- 4- ?ﬂﬁ?g ﬁ(Fgr gg% 4LN a9 3% a)O fl‘jledzto(oftat“ﬁiaé’%?glo‘“ The mixture was

t hi eno[ 2, 3-difupsdr byradding 6t & risua@amr}deor 8 d

M5- ESI: [ MHH] + _:%20 2g [Nl%ku+ 494, TL%Q% bﬂ@qbyﬂ%ﬁh &?%gééggaggmd

hept anelPEt @agceatgfed Wﬁwmduqqd)pressmt But yI

5-am no-2-(2-furyl)-4-(3-((N-neth 1-N-(2-h droxyethyl)-gl cin 1)-

am no) - phengikl: t hi end7.2g 3- d] pyri m di ne- 6-carboxani de 25 To a stirred

sol ution of éert butyl 5-am no-4-(3-(2-bronmoacetam do)-phenyl)-2-(2-
furyl)-thié\ﬂ IEZSIS d]d JTITL& & H¥d-%- car boxani de (exanmple 11(i), 130 ng) in DCM

(5 n) wasgdded N e 2 After stirring for 17
h at room STterrper atu[fg‘mqlrlfe&l;l% %eﬂttaﬂ?%gmé \%2%?‘8?() uted with DCM (50 m ),
washed with ag. NaHC®B (1 M 2 x 10 m), dried (MySO4) and concentrated in

vacuo. The residue was 30 purified by HPLC using a Luna C- 18 columm with
the follp Owgg,h SrAmmo.:AT(S -aminoptheryl)-FHEA furyl)-thieno[2,3-d|pyrimidine-6-carboxylic acid

Potassium hydroxide (23.0 g) was added to a solution of ethyl 5-amino-4-(3-

aminopheny1)-2-(2-furyl)-thieno[2,3-d]pyrimidine-6-carboxylate (example 11(),17.5 g)
in a mixture of 1,4-dioxane (210 ml) and water (80 ml). After 8 h at 90°C, the mixture
was cooled to 0°C. The resulting precipitate was filtered off, suspended in water (300
20 ml) and cooled to 0°C. The mixture was acidified to pH 3 by adding 2N aqg. citric acid
and stirred at 0°C up to room temperature for 2 h. The resulting precipitate was filtered

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

Yield: 169¢g
MS-ESI: [M+H]" = 353.2
25 TLC: R;= 0.2, silica gel, DCM/MeOH = 95/5 (v/v).

(h). tert-Butyl  5-amino-4-(3-aminophenyl)-2-(2-furyl)-thieno[2,3-dJpyrimidine-6-

carboxamide

DIPEA (19.2 ml), tert-butylamine (11.6 ml) and TBTU (17.7 g) were added to a
30 solution of 5-amino-4-(3-aminophenyl)-2-(2-furyl)-thieno[2,3-d]pyrimidine-6-

carboxylic acid (example 11(g), 16.9 g) in a mixture of DCM (250 ml) and DMF (50



- 32 + 10% ag. ACNV ACN = 90/10 to 10/90 (v/v) in 30 mn. The title
conpound was then |yophilized froma m xture of 1,4-dioxane, 0.1%aq. TFA
and water. Yield: 81 ng (TFA-salt) WMS-ESI: [MtH + = 523.2 5 HPLC. Rt =
11.01 min, colum Luna CG18(2), 3 pm 100 x 2.0 nm detection W = 210 nm
oven tenperature = 40C, flow = 0.25 m/mp; el uent phosphate buffer 50 nmw
pH 2.1/ water/ACN = 10/80/10 to 10/10/80 (v/v/v) run time = 20 mn. ]
Fi(ggglpezlz 18&119%[ téla%g’w?q',?g erBH%ﬁé)'% 08 Ae'111 er:g ul;lé (alsu}r;st(ajrrlt?a)f%m%mq?éf
-d] pyrim d'}%ﬁb@/ %‘%E ﬁéﬁnﬁa‘i‘lebe-gﬂ i%rrﬁéd rv(fl'ﬁgh %\% Witedly Bfr. GRSt lvas washed
5-am no-4- ("3-( onpacet ai ni do) - phényl) (g
furyl)-thi emmlﬁﬁzeﬂmﬂ}eﬂnyrarmmmn@amdj@)@m de (example 11(i), 130 ng) in DCM
(5 m) flcged 2- am no- 2- et hyl - propanol (260 ny). After stirring for 17
h at room1 5%13 rrperatlﬁr%g the reaction mxture was diluted with DCM (50
washe aq PM?E]E(B M 2x 10 m), dried (MySO4) and
concentratgg H%é}vacuo re(ggilzdue was purified by HPLC using a Luna C- 18
colum wit Tt@e fol | oRyi=nQ.4gsitied g} iepindfAt@ac =374 (v/4).10% aq. ACN ACN = 90/ 10
to 10/90 (v/v) in 30 mn. The title conmpound was then |yophilized froma
m xture of 1,4-dioxane, O. 1% aqg. TFA and water. 20 Yield: 54 (TFA—saI t)

MS- ESI : [I\/Hr+ = PR , Rt ‘ . Ln -182 3| , 100
x 2.0 mn ' SRUSE S
m/mn, mn@ﬁﬁﬁ@mgﬁop%{d@r 50 n1VI pH 2 1 /water/ACN = 10/ 80/ 10 to

10/10/80 (v/v/v) run tine = 20 mn. 25 - 33 - Exanple 13 tert-Butyl 5
- aani now2- (}z‘omwtyl— dhl¢ride (1RO (Iretab edgebdropwist e b sylujioy byres iyl -5aarhino)4-

Pt AR SRS 5 e
furyl) o i e8RS AF A TTARIAT Ao GH AT tdbdrhrure . ABku AN
was diluted with DCM, washed with sat. aq. NaHCO,, dried (MgSO,) and concentrated
under reduced pressure. The crude product was purified by chromatography on silica gel
15  using heptane/EtOAc = 3/2 (v/v) as eluent. A 1:1 (mol/mol) mixture of tert-butyl 5-
amino-4-(3-(2-bromoacetamido)-phenyl)-2-(2-thienyl)-thieno[2,3-d]pyrimidine-6-
carboxamide and zers-butyl S5-amino-4-(3-(2-chloroacetamido)-phenyl)-2-(2-thienyl)-

thieno[2,3-d]pyrimidine-6-carboxamide was obtained.

Yield: 124 mg
20 MS-ESI [M+HT" =540.2, [M’+H]" = 494.2
TLC: Rf= 0.3, silica gel, heptane/EtOAc = 3/2 (v/v).

(). tert-Butyl _ 5-amino-2-(2-furyl)-4-(3-((N-methyl-N-(2-hydroxyethyl)-glycinyl)-

amino)-phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide

25 To a stirred solution of fert-butyl 5-amino-4-(3-(2-bromoacetamido)-phenyl)-2-(2-
furyl)-thieno[2,3-d]pyrimidine-6-carboxamide (example 11(i), 130 mg) in DCM (5 ml)
was added N-methyl-2-amino-ethanol (200 mg). After stirring for 17 h at room
temperature, the reaction mixture was diluted with DCM (50 ml), washed with aq.
NaHCO; (1 M, 2 x 10 ml), dried (MgSO,) and concentrated in vacuo. The residue was

30 purified by HPLC using a Luna C-18 column with the following gradient: 0.1% aq. TFA.



m) in DCM (5 m) was added gl ycine nethyl ester hydrochloride (324 ny).
After stirring for 17 h at roomtenperature, the reaction m xture was
diluted with DCM (50 m ), washed with ag. NaHCA8 (1 M 2 x 10 m), dried
(MgS™) and concentrated in vacuo. The residue was purified by HPLC using
a Luna G- 18 colum with the following 1 osgradient: 0.1%aq. TFA + 10% aqg.
ACN ACN = 90/10 to 10/90 (v/v) in 30 mn. The title conmpound was then

oSS RS Sy L A T s
L7 © 5t sl BT SO D NI 0 Lo

40C, flo , eluent p o;p’ha . H 2.1/ water/ACN
10/ 80/ 10 %%{%0/ 10/ 8@1 &\égxf%%q\ia}%un time = 20 mn. Exanple 14 20 tert-Butyl
gL

5-am no- 2- ( i enyl )=4- t hyl - N- (2- hydr oxyet hyl ) - gl yci nyl ) - am no) -
phenyl ) - t hijggopdr2, 3 -@rPyTi-nsdi ne- 6- car boxam de (a).

5- Cyano-4- (3-ni trophenyl )=2-(2-thienyl)-6-hydroxy-pyrimdine A mxture of

2- am di ot HlBpGahes hy.at och) wiimie LEADCOL 8§)), 3 Jwmi 100 ol 0 zah didactieon (B # gD, 25
et hyl cyanoacetate (6.81 nl) and potassium carbonate (10.1 ‘gg)&gi n abs. EtCOH
(200 m) B QEpiraRerarregEforley i 0-7halmeine elug niosahatcebuiéss S008Mentlt o 0C

in an ice I trer L ) OH ¢ t he resi due was
di ssol ved ‘%f/&é%eé{Aéqoo@SO/xxﬁ@hﬁg%%@ ?‘Véﬁ%@%-iﬁﬁ%n-soc, acidified with
2N ag. HCO to pH 2 and cooled to OCin an ice bath. The resulting
precipitate was filtered off and washed with ice water. Residual 30 water
was renoved by coevaporation with 1,4-dioxane. - 34 - Yield: 10.0 g Ms5-ESI:
[ MtH + = 32xanple@2 Rf = 0.3, silica gel, DCM MeOH = 9/1 (v/v). 5 (b).

. I 1

6- Chl or - 5-cyaho-4-(3-pitro
was adddd ttﬂ—ﬁgﬂr—kkedgggﬂ%é

S <P ‘
t hi enyl ) - 6-auds M i, iR 0 g) and dinmethyl aniline
(a few drops

: r 3 h at 90C, the mxture
was cool ed {0 QP4 solution of tert-butyl 5-amino-4-(3-(2-bromoacetamido)-phenyl)-2-(2-

furyl)-thieno[2,3-d]pyrimidine-6-carboxamide (example 11(i), 130 mg) in DCM (5 ml)
was added 2-amino-2-methyl-propanol (260 mg). After stirring for 17 h at room

15 temperature, the reaction mixture was diluted with DCM (50 ml), washed with aq.
NaHCO, (1 M, 2 x 10 ml), dried (MgSO,) and concentrated in vacuo. The residue was
purified by HPLC using a Luna C-18 column with the following gradient: 0.1% aq. TFA
+ 10% aq. ACN/ACN = 90/10 to 10/90 (v/v) in 30 min. The title compound was then
lyophilized from a mixture of 1,4-dioxane, 0.1% aq. TFA and water.

20 Yield: = 54mg(TFA-salt)
MS-ESI: [M+H]"=537.2
HPLC:R, = 11.15 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 = 10/80/10 to 10/10/80 (v/v/v), run time = 20 min.

25



tenperature and concentrated under reduced pressure. The residue was
dissolved in 1,4 10 di oxane and ice water was cautiously added. The
resulting precipitate was filtered off and washed with water. Resi dual

wat er was renoved by coevaporation with 1,4-dioxane and drying in vacuo at
40C. Yield: 9.8 g M5-ESI: [MH + = 343. 4 15-TLC. Rf = 0.8, silica gel,
heptane/ Et OAc = 3/2 (v/v). (c). Ethyl

5-cyano-4-(€§4ﬂ§ﬂ% ghenyl)-Z-(Z-thienyl)-6-(ethoxycarbon | meth Ithio)-

pyri m di ne ?‘.57 m ) was added to a stirred solution of ethyl

2- mer capt ogestBtel (3. 28miho-2-(2dugiied-(3-(N-(methoxycarbonylmethyl)-glycinyl)-amino)-

6- chl or o- 5-cyano-4- (3-nitrophenyl )-2-(2-thienyl)-pyrimdine (exanple 14(b),
9.8 Q) in1%5@1&iﬁ&@£&ﬁiﬁiméHﬂﬁﬁﬂiﬁﬁﬁﬂﬁﬂﬁﬁgﬂaw (80 m) under a nitrogen
at nosphere. After 2 h at roomtenperature, the mxture was diluted with

DCM unti | clon# etigredi sedefiian iadnieri-hutsh depmin H#-(-@Nbrapoa¢sCimidd)-plechy Ny 84)
and concentrated.un educed essure.. i eld:; .9 25 MS-ESI: [MtH + =
427.2 TLC Hﬁyﬁ)fg“e?“?fﬁéia{]%&n el,? i ‘P’éﬁ‘i‘@ﬂ%(%&ﬁiple @2@2 8%9 »e) a%@j}).ﬂ’%%\kg}-lﬂ

5- am no- 4- it -5 i -t hian 137 {41 dbpe- by

car boxyl at gﬁgghD]Pg%bA??)l%bo‘gﬁ )gd(%/\e/gsggﬁgéééﬁ %%%ﬁa&iﬁt%i %‘%&Jﬁ\ é%r}dtﬂ @gﬂe}% 'e‘% e§/r|

5- cyano- 4- (sBrming fowdlvelnyt yoa?n temperature, the reaction mixture was diluted with DCM (50
(2-thienyl)-6-(ethoxycarbonyl net hyl t hi 0)-pyrim di ne (exanple 14(c), 12.9 Q)
in a -35- bt eeedrWidhad. Eé@ﬁ%% M ¥ %ﬂag mply| drisde(MeS0.) (apg cengentiafeder 48 h

at 100C, t ] re. ~.Jhe.r |41 reci pi fate, was
filtered of ,""mw);[t%’her I%Wa%ﬁg?%tbmé‘llggiae%ﬁ%gnd‘\'l/gg?}ﬁm W@b@ie Ve 110
g 5 M5-&SI griditid] .19 43 7TRAT CovRiE ACKIAGN = gar19eb .10Meptanah BoQhe. Thi/ 2
(v/v). (e). Ethyl 5-am no-4-(3-am nophen |)-2-(2-thien

| ) - t hi eno[ 2itB-apppundivesisiberslyophitipeskirpatamivgurs af dl,4rtiozanes 0. 1% aq( TFA and

chl ori de (1V§atg) in abs. EtOH (150 m) was added to a sol ution of

Yield: 74 mg (TFA-salt)
MS-EST: [M+H]" = 537.2

15 HPLC:R,=12.09 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 = 10/80/10 to 10/10/80 (v/v/v), run time = 20 min.

Example 14
20 tert-Butyl 5-amino-2-(2-thienyl)-4-(3-((N-methyl-N-(2-hydroxyethyl)-glyciny])-amino)-

phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide

(a). 5-Cyano-4-(3-nitrophenyl)-2-(2-thienyl)-6-hydroxy-pyrimidine

A mixture of 2-amidinothiophene hydrochloride (10.0 g), 3-nitrobenzaldehyde (9.7 g),
25 ethyl cyanoacetate (6.81 ml) and potassium carbonate (10.1 g) in abs. EtOH (200 ml)
was stirred at 60°C for 8 h. The reaction mixture was cooled to 0°C in an ice bath,
filtered, washed with abs. EtOH and the residue was dissolved in water (100°C). The
solution was cooled to 50°C, acidified with 2N aq. 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

30  water was removed by coevaporation with 1,4-dioxane.



ethyl 5 -am no-4-(3-nitrophenyl)-2-(2-thienyl)-thieno [2,3

-d] pyri m di ne- 6-car boxyl ate (exanple 14(d), 10.86 g) in 1, 4-di oxane (150
m). 37% ag. HOJ (4.5 m) was added and the m xture was heated under
reflux for 16 h. The m xture was allowed to cool to room tenperature and
concentrated under reduced pressure. The ggsi due was suspended in 15 Et OAc
(400 M) and THE was added until conplete dissolution. 4N agq. NaOH was
added to ob%a' 1 a pH (L 10-11. The m xture was diluted by adding sat. aq.
NaCl . The lre?j};ni C Ia§ P &nas separated, dried (MgSO) and concentrat ed
under reducgd. psessurg)i-ebsh12.0 g M5-ESI: [MrH + = 397.2 20 TLC. Rf =
0.4, silica gel, heptane/EtQAc = 3/2 (v/v). (f).

5- Ami no- 4- (‘BE@m nopheRys+ P-32si(ida gdlj BOW/MeOH 9] @/ dl pyri m di ne- 6- car box
lic acid Potassium hydroxide (13 g) was added to a solution of ethyl

5-am no-4-(3- 25

ar ni nophenyt) -2 -t Qi - hi: 37 ( 1 m di ne-6-carboxyl ate (exanple
14(e). 10, 12k Chiord BlEMY IS t??l_ $23h B s} cﬁned water (50 m).
After 16 h mcgogo bhip wds xddedetonasstiral &dufich @@5-2[}@0%@1!1&908&@621@ tate
was filtered off, suspended in water (180 ml) and cooled to OC. "The

m xt ur e wasthigsybiordoxoppimBlingy (exddipty 126)ad0.0cig) rind diawiiylenbnes(a rfeed at
OC for 2 h.,The .resulting precipitat s fjlLtered off, washed with 30
wat er and cﬂlf’%s‘é 1?%%&(:4!0@1%5 ne4@ .mlgfﬁl-gﬁa\g%elllajf b@% RS Was GoelgddoToang . 2
TLG Rf= 0.{8mpsiahd DENEMVB: T . = | )

5- ami no- 4- (tg?lgﬂatmdégﬁréﬁ%’%c-e 52 ( 2- t hi éﬁecﬁl)ééﬁ{egdnug% {hg-rg?%@er\}“gnﬁr Gisafetlin 1,4

car boxaioni deodnPEAd(iZe Watdr)wast @ntielsly yddedi ee ebuBinyg PrecipdatE BIdY f{16r&d gf wer e
added to a m_xture. of ) . i )

5- am no- 4- (agldaﬁﬁ%s{%%wghw aterp Residyal vl [Was reneYRs[ by, cpeuansyrtion with &4eliexansoxy| i
c acid (e gp&”ﬁ ina mxture of DCM (125 m) and DVF (NN | o
di i net hylf)(;%na 8%#%%%0%t)§0?rider a nitrogen atnosphere. After 3 h at room
t enper at ur eYietdie m xtugg was diluted with DCM and washed with sat. agq.

NaHCO81 0.1 N aq. HO and sat. aq. NaCl. The organic layer was dried
(MySO4) andM&dident r dEHH] = 343.4

15 TLC: R;= 0.8, silica gel, heptane/EtOAc = 3/2 (v/v).

{c). Ethyl 5-cyano-4-(3-nitrophenyl)-2-(2-thienyl)-6-(ethoxycarbonylmethylthio)-

pyrimidine

DIPEA (5.57 ml) was added to a stirred solution of ethyl 2-mercaptoacetate (3.28 ml)
20 and 6-chloro-5—cyano-4—(3-nitrophenyl)—Z—(2—thieny1)-pyrimidine (example 14(b), 9.8 g)

in a mixture of EtOH (80 ml) and DCM (80 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 (MgSO,) and concentrated under reduced pressure.

Yield: 129¢
25 MS-ESI: [M+H]" = 427.2
TLC: R;= 0.7, silica gel, heptane/EtOAc = 3/2 (v/v).
(d). Ethyl 5-amino-4-(3-nitrophenyl)-2-(2-thienyl)-thieno[2,3-dlpyrimidine-6-

carboxylate
30  DIPEA (13.0 ml) was added to a stirred solution of ethyl 5-cyano-4-(3-nitrophenyl)-2-

(2-thienyl)-6-(ethoxycarbonylmethylthio)-pyrimidine (example 14(c), 12.9 g) in a



under reduced pressure. The crude product was purified by chromat ography on
silica gel, using heptane/EtOAc = 3/7 to 1/1 (v/v) as eluent. 15 Yield:
6.45 g MS-ESI: [MtH + = 424.2 TLC. Rf= 0.3, silica gel, heptane/Et OAc =
3/2 (v/iv). (h). tert-Butyl

5- am no- 4- ( 3- (2- bronoacet am do) - phenyl ) -23§2-t hi enyl ) -t hi enol2, 3- 20

dl pyri m di ne- 6- car boxam de Bronpacetyl chloride (2.40 m) was added to a

sol uti on of - I ) - 3- o )

ami nophenyl )= ; 5 f?ﬁh%’-e'%???@%@ﬁégfgelgéng]pp%%mm 1 4t A8 D B dlee Tl e
14(g), 5.0 wg) cauletl 13 PEA THeOrebulithg ptddipedd whD filtked o, t@dshdd Bitdl col® PROH
tenperature, the mxture was diluted wwth DCM washed with sat. ag.

NaHCOB, dri#&d drvl sonycugrid 468ncent rat ed 25 under reduced pressure. The crude
product was purified by chromatography on silica gel using heptane/ Et CAc =
3/2 (v/v) adied:uent. W.bigxture of tent-butyl 5-am no-4-(3-(2-

br onbacet am - phen -2-(2-thienyl)-thieno[ 2, 3-d ri m di ne- 6- car boxam de
ond st %ggﬁsﬂ? g 2as g e [ I'py

5-am no- 4-( 2-chl orgac i: 010 z 2-14/hi | )-thieno [2, 3-

d] pyri m di ngg - car boxa @Eﬁs\r/\ﬂé&sja %%ﬁ%ﬁ%}e{%{tt%éwz’té?gﬁ% 0 g MS-ESI: [MH +
546.2, [M+H + = 500.2 - 37 TLC Rf = 0.2, silica gel, toluene/EtQAc = 7/1
(v/iv). (i). tert-Butyl 5-ainino-2-(2-thienyl)-4-(3-((N-m

i hyl - N-(2- hygr 0X3I§ﬁ3éhy| ) 'thﬁi.or-W—P-émﬁ{ Wil b1
-dl pyri m di'ne-6-car box

5- anm no- 4- (@tHo2ylatonoacet am do) - phenyl ) -2- ( 2-
t hi enyl P -t hj enoL,Z, 3-d] p)fri m di ne- 6- car boxam de éexanpl e 14(h), 100 ng) in
DCM (5 1o )2 Reletigy @6 dioNdhrehippide 218 RodshBHSL ({akmlhiyps addeddp asolutionrd f or

17 h at ro t enp 15 €5 & reacti-on .m xt ur. diluted wth 50
LA O RS S P O St o LB
concent r at gexdniply a¢@n, 1086 gy BS1,ddeoxwas (150 MY 3 7% ed. BV Hﬂiﬁﬂz'%ﬁgd&dlaﬂﬂa
C-18 colum with the followng gradient: 0.1%aq. TFA + 10% aq. ACN ACN-
90/ 10 to 1Chopuxtyrayas heasel wider reflva foi 16 b. Eonpouneg wessallomed to bydphirbémed

. L o . _
]E [I'ET\- 2am ?ttgr{lgergtfurel ’aflld %bgée%?rgfedOljn]der/%e%ﬂ'cedTpFl%ssau?g. "Wliet ?ersidugl vgallsds'usgegndgg in

15 EtOAc (400 ml) and THF was added until complete dissolution. 4N aq. NaOH was

rimidine-6-

added to obtain a pH of 10-11. The mixture was diluted by adding sat. aq. NaCl. The

organic layer was separated, dried (MgSO,) and concentrated under reduced pressure.

Yield: 120¢g
MS-EST: [M+H]" =397.2
20 TLC: R;= 0.4, silica gel, heptane/EtOAc = 3/2 (v/v).

(). 5-Amino-4-(3-aminophenyl)-2-(2-thienyl)-thieno[2,3-d]pyrimidine-6-carboxylic

acid

Potassium hydroxide (13 g) was added to a solution of ethyl 5-amino-4-(3-
25 aminophenyl)-2-(2-thienyl)-thieno[2,3-d]pyrimidine-6-carboxylate (example 14(e), 10.1

g) in a mixture of 1,4-dioxane (150 ml) and water (50 ml). After 16 h at 90°C, the

mixture was cooled to 0°C. The resulting precipitate was filtered off, suspended in water

(180 ml) and cooled to 0°C. The mixture was acidified to pH 3 by adding 2N agq. citric

acid and stirred at 0°C for 2 h. The resulting precipitate was filtered off, washed with

30  water and dried in vacuo at 40°C.



M5-ESI: [M+H + = 539.2 15 HPLC. Rt = 11.01 min, colum Luna C18(2), 3m
100 x 2.0 mm detection W= 210 nmn, oven tenperature = 40C, flow = 0.25
m/mn, eluent phosphate buffer 50 nM pH 2.1/water/ACN = 10/80/10 to
10/10/80 (v/v/v), run time = 20 mn. Exanple 15 20 tert-Butyl

5-am no-2-(2-thienyl)-4-(3-((N(nmethoxycagpanyl nethyl)-gl cin |)-am no)-
phenyl)-thieno [2,3 -dl pyri m di ne-6-carboxam de To a stirred sol ution of
tert-butyl ?ﬁgl no- 4- g-(Z- br onbacet am do) - phenyl ) - 2- ( 2-

thienyl)-th [ 2, 3-d{"P¥ri mi di ne- 6- car boxam de (exanple 14(h), 100 ng) and
D PEA (0. SyRlpsti n DC[INI.(ﬁ]'*m Jgoms added gl ycine nethyl ester hydrochloride
(250 ng). After 25 stirring for 17 h at roomtenperature, the reaction

m xture waslldi<l ut ed WRt=h0.DCMi¢bge]l, DCM/Meadhed5is (whv)ag. NaHCG3 (1 M 2 x 10
m), dried (MgJSX) and concentrated in vacuo. The residue was purified by
HPLC using a Luna G 18 colum with the following gradient: 0.1%aq. TFA +
10% ag. ACN/ ACN = 90/10 to 10/90 (v/v) in 30 mn. The title conpound was
t hen | yéphi(g).zetérf-Boiyl a Jriminer4(eminophetivbk2ni2-thienyMbaeno TEA | mminidBG-Gwat er .
-38- Yield: 74 (TFA-salt) Ms-ESI: [MtH + = 553.0 HPLC. R' 12.57 m n,

col um Luné@—@t—’%g\%gﬁ@, 3 m 100 x 2.0 nm detection W= 210 nm oven

t enper at ur eypRA0 - . fm r 5
2 v er / ACNE o) SO R e B0 A h P Bl R iyl e AR T
t ent - But yl SBamimorb{Rafhropherei) DX 2-4hi¢BA Y- (N 2B -dlBrimidhex6-carboxylic”  acid

et hyl)-glycinyl)-am no)- phenyl)-thieno 12,3 -?\J{pyri m di_ne- 6- car boxam de io
To a stirr dexayigt i16ﬁ)=of6-feg)( “igutey|mixture  of DCM " (125 ml) and DMF (N,N-

5- ani no-4- (3-.(2- nac i de) - | )r.2- (2-
t h?renngﬁl)o- t (P#Ign%? %d qﬁ% ?@193&:%1@9%;?/ é&tgorﬁ%ea OFRIEPe AR, B 180 RGP i n
DCM (5 m Yempsrangélable Midufl whPdineehoxyed Oyl dmiaihdhed (2@0safie): NAHTE), 0.1

stirring for 17 h at room terrgerature,_ the reaction mxture was di’l ut ed
with DCM (30 aml JClwadsed agi NaChglhe oigrdodayet wds dried MgSA),) andcoreenfritgS04)

and concentrated .in vacuo. The residu s 15 rified by HPLC using. a Luna
o oo et Feds PR T G PedTad SpBhd bl iraerafhy' 86 Hhicd
gel, using heptane/EtOAc = 3/7 to 1/1 (v/v) as eluent.

15 Yield: 6.45¢g
MS-ESI: [M+H]" = 424.2
TLC: R;= 0.3, silica gel, heptane/EtOAc = 3/2 (v/v).

(h). _ tert-Butyl  5-amino-4-(3-(2-bromoacetamido)-phenyl)-2-(2-thienyl)-thieno[2,3-

20  d]pyrimidine-6-carboxamide

Bromoacetyl chloride (2.40 ml) was added to a solution of ferz-butyl 5-amino-4-(3-
aminophenyl)-2-(2-thienyl)-thieno[2,3-d]pyrimidine-6-carboxamide (example 14(g), 5.0
g) and DIPEA (10.5 ml) in DCM (50 ml). After 3 h at room temperature, the mixture
was diluted with DCM, washed with sat. aq. NaHCO,, dried (MgSO,) and concentrated
25 under reduced pressure. The crude product was purified by chromatography on silica gel
using heptane/EtOAc = 3/2 (v/v) as eluent. A mixture of fers-butyl 5-amino-4-(3-(2-
bromoacetamido)-pheny!)-2-(2-thienyl)-thieno[2,3-d]pyrimidine-6-carboxamide and
tert-butyl 5-amino-4-(3-(2-chloroacetamido)-phenyl)-2-(2-thienyl)-thieno[2,3-
djpyrimidine-6-carboxamide was obtained.
30  Yield: 30g
MS-ESTI: [IM+H]" = 546.2, [M’+H]" = 500.2



+ 10% aq. ACN/ ACN = 90/10 to 10/90 (v/v) in 30 mn. The title conpound was
then Ilyophilized froma mxture of 1,4-dioxane, 0.1 %aq. TFA and water.
Yield: 59 ng (TFA-salt) MS-ESI: [MtH + = 597.4 20 HPLC. Rt = 13.84 mn,
colum Luna C-18(2), 3 m 100 x 2.0 nm detection W= 210 ran, oven
tenperature = 40C, flow = 0.25 ml/mn, elyent phosphate buffer 50 nM pH
2.1/ water/ACN = 10/80/10 to 10/10/80 (v/iviv), run time = 20 mn. Exanple 17

25 tert-But amn h . N-e | - N- (2- met hoxyet hyl )-gl ycin
1) - ani no) - ﬁn%nyl ) - tﬁ]i‘engt% s C%g 1&931)%%&"?6’&8‘5% ﬁl:é‘(/ xani de (a). tert-Butyl
5-am no- 2- et hanesul fi nyl -4-(3-((N-ethyl-N(2-nethoxyet hyl)-glycinyl)-

am no) - phenyl ) -thi eno 12,3 -d] pyri m di ne-6-carboxamde - 39 To a stirred
sol ution of(i} exteritityl S—mmoﬂe(zahmth -Chi(N-Asih KB aRdy ety ) &dycinyl)-

met hoxyet hyl ). - no) -phenyl)-thieno [2,3

-d] pyri m dife PyERpdigeH-cartbaxagndg n trjf| uor oacetic acid

(TFA 25 nip, vevshﬁggegoﬁn&hl 8" PRERRENZOL o3 lI (0 PR BB iid ¢

h, the reaction mxture was concen unde dice

anbi ent t enfangl)ukiend fridlh 66 WartRstainid D{Séwh]ﬁ 901 10961 ¥ Deweghed
wth sat. aq. ﬁla)tH(‘iC% [(ZQS gbgrol rr1)1 and wafuer ° nﬁ Lg%’,)l) ed V\Ejsofl) Qﬁg@

concent r at ggl)i vias gdcadoN-mpdyk2agenqesangl €1 %mgmséﬂex/vsmmmlgt fof ur7t heat room

TG Rt 0ombOah B BN e e i) D) (50 vgﬁpgxf Witr®aq”
> al N\ N0 2R4Hw0ar BO-2ls 191l Nufd Whodb § andebrthian ) )/%69;' tﬁh{)’ sldue was

am no) - phenyl ) - t hi'eno 12, 2d] pyri ni di he- 6-car boxal ni d am ne
hydr ochioor i pheified 59 Higy)C \namgaddmd G-68 eolsminrwiddths dblidvwing gﬂafdmtner& tBugyTFA- 15

2- | fi h 2- h hyl I I
Hohenyl ) thibotie ACKHAGR ol Ras 60a b6y aw”ﬁén%éifﬁ%ﬁ & o Pphynd Yobting) and
D PEA (0.5 1%3@%11%& filorﬁ 20RO {5 dne)?an@rtfj % T?ﬁ%ﬁlh%tép xture was heat ed

to 60 C for concentratl on of reaction m Xture under reduced
pressure S|due was ken in DCM (50 m) and washed with brine (1
25 ) 3Eﬁkflvat er (250 ﬁ(ﬁrﬁ equently,

MS-ESI: [M+H]" =539.2

15 HPLC:R,=11.01 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 = 10/80/10 to 10/10/80 (v/v/v), run time = 20 min.

Example 15
20 fert-Butyl 5-amino-2-(2-thienyl)-4-(3-((N-(methoxycarbonylmethyl)-glycinyl)-amino)-

phenyl)-thieno [2,3-d]pyrimidine%-carboxamide

To a stired solution of fert-butyl 5-amino-4-(3-(2-bromoacetamido)-phenyl)-2-(2-
thienyl)-thieno[2,3-d]pyrimidine-6-carboxamide (example 14(h), 100 mg) and DiPEA
(0.5 ml) in DCM (5 ml) was added glycine methyl ester hydrochloride (250 mg). After
25 stirring for 17 h at room temperature, the reaction mixture was diluted with DCM (50
ml), washed with ag. NaHCO, (1 M, 2 x 10 ml), dried (MgSO,) and concentrated in
vacuo. The residue was purified by HPLC using a Luna C-18 column with the following
gradient: 0.1% aq. TFA + 10% aq. ACN/ACN = 90/10 to 10/90 (v/v) in 30 min. The
title compound was then lyophilized from a mixture of 1,4-dioxane, 0.1% aq. TFA and

30 water.



20 the organic layer was dried (MgSO4) and concentrated in vacuo. The thus
obtained residue was purified by HPLC using a Luna C 18 columm with the
following gradient: 0.1%aqg. TFA + 10% aq. ACN/ ACN = 90/10 to 10/90 (v/v)
in 30 mn. The title conmpound was then |yophilized froma m xture of

1, 4-di oxane, 0.1% aq. TFA and water. 25 ¥Beld: 36 ng (TFA-salt) Ms-ESI:
[ MMH + = 528.4 HPLC. Rt = 10.21 mn, colum Luna C18(2), 3 m 100 x 2.0
iron, detectjggn W = 240, s Qygn tenperature = 40C, flow = 0.25 m/mn,
el uent phosphate buffer §0 mM pH 2. 1/water/ACN = 10/80/10 to 10/ 10/ 80
(vivliv), ruMStESke = 2Maii.=388.0 40 - Exanple 18 tert-Butyl
5-ainino-Z-ﬁghgjd[gethylanino)-4-(3- (N-neth I-N-(2-hydroxyethyg%%

gl yci nyl ) - aift 1) Rehdayt yabnsadipgn fans C- (B 8iHdiG9ex 30 eampéstentiond s =(210.

tert-Butyl 3-amno-2- nesihf Hayl - - V- N 2- [ e ) -
gl yci nyl ) - a*?hnhg%%ﬁ%lﬁ%%@?m @g FQ‘X?, 63% %’1&}% gﬁ%%—@%%%%ﬁ%@ﬁ?#ﬁ‘l‘[
stirred sol ulhemertACKe+ 16/BUM Y ko 56/20/80 VA vah iyl hp@ndn.( 3- ((N-met hyl - N- (2-
hydr oxyet hyl ) - gl yci nyl ) - am no) - phenyl ) -t hi eno

[ 2, 3-d] pyriinidine-6-carboxam de (exanple 1(i), 1.0 g) in trifluoroacetic
acid (TFA, 25 m) was added 3-chl oroperbenzoic 10 acid (nz-CPBA, 1.0 Q).
After 17 h,_.the {eglt%ction m xture was concentrated under reduced pressure
at anbi ent }f:’é%g ure (20 O, redissolved in DCM (100 m ), carefully
washed wi tharrsiityl ag. SNaHEER-@2hiendh-4ai3) (NI diNR-@etho R PetiY 1) -glydfyEhrh M HO4)
and concentrated in vacuo. The crude residue was used w thout further
purificati oepnhisne{g:drd lpydamiding-ficarbogamidey 15 MS-ESI: [M+H + = 519.6 TLC

Rf = 0.15, siljc I = 9/ VIN) ., b tert-Butyl
5 ani not%o. (R 18 atmelnon i oF rTattin Sistehir CRepb Rt kg 2--
ci nyl) - anthieayhphieAyR)3- 4! ih& 6 artfdk ffdeNfeds arﬁ%gd
gDiyi Ine%/hg/l am nZ )ﬁydr%[gﬁl-%]??ggﬂ%lg%g r?{;) b(\%lgdegeggggﬂ?o ﬁ%???re glolggtl\i/[o(rsl of
tert-butyl 1B vmﬁaﬁde@N&é{dh&rmwb(bfdny)dnﬁm (200 mg). After stirring for 17 h at room
- ((N-net hy| t%1%&%%u@é/,d{hgx1%gétpo%l l)ﬂ-i)gllll)éC\INQy ld?ll_ltaeg‘l \791?12 DCM (50 ml), washed with agq.

NaHCO, (1 M, 2 x 10 ml), dried (MgSO,) and concentrated in vacuo. The residue was

15 purified by HPLC using a Luna C-18 column with the following gradient: 0.1% aq. TFA
+10% ag. ACN/ACN = 90/10 to 10/90 (v/v) in 30 min. The title compound was then
lyophilized from a mixture of 1,4-dioxane, 0.1% aq. TFA and water.

Yield: 59 mg (TFA-salt)
MS-ESI: [M+H]" = 597.4

20 HPLC:R;=13.84 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 = 10/80/10 to 10/10/80 (V/v/v), run time = 20 min. |

Example 17
25 tert-Butyl 5-amino-2-ethylamino-4-(3-((N-ethyl-N-(2-methoxyethyl)-glycinyl)-amino)-

phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide

(a). tert-Butyl 5-amino-2-methanesulfinyl-4-(3-((N-ethyl-N-(2-methoxyethy])-glycinyl)-

amino)-phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide




phenyl ) -thi eno[ 2, 3-d] pyri m di ne- 6- car boxam de (exanple 18(a), 100 ng) and
DPEA (0.5 mM) in 1,4-dioxane (5 mM) and the reaction m xture was heated
to 60 Cfor 3 h. After concentration of the reaction m xture under reduced
pressure, the residue was 25 taken up in DCM (50 m) and washed with brine
(1 M 25 nm) and water (25 nl). SubsequeBfl-y, the organic |ayer was dried
(MgSH) and concentrated in vacuo. The thus obtained residue was purifi '?'EA
by HPLC usi C u e f Wi i .

Y Lovh aq, - AR ACK S0, TOUEa! BT B Bl b R a s - T

t hen | yophi 1hb1hexlydt}n§d)rgbloiﬂyk)t—amm0)3f)he'hy¥9-tﬁleﬁd[&[ﬁ@d]p@nﬂﬁ’dﬁé]—ﬁ cﬁ%x@ﬁﬂie 30 wat er
Yield: 36 (TFA-salt). -41 - PLC. Rt = 10.03 m n,
col urm Lund®¢&ngeA 1.Gehn Y@@J%O@B@C ﬁ?lﬁ (Tﬁét 8étm]éﬁvwdéedzieﬂﬂqmperbv@mc

21wt er | A OO ForTH B B8 T Pt B PR Rt g s

19 t ent -sButptbssbre at ambient temperature (20 °C), redissolved in DCM (100 ml), carefully washed
- am no- 2- et hyl am no- 4- ( 3- (q(,;,NénEt hoxycar bonyhnet hyl ) - gl yci nyl ) - ani no) -
phenyl ) - t hi &y sgtrag heeangar Heix@ Mnal dr@d((MgSQ&md ®uicyritrated in

5amn02rretha sulf 3- car bg met h | ycin |)-

ai ni no) - pheﬁly’f‘? do %?du%&’a%i’%y ‘{ ﬁ}%&Pﬁ’é%ér ]%Lgft?/gﬁ%}ﬂ %‘8 “P% pStI rred

sol ution ofygat - but y420Bmam no- 2- met hyl t hi 0-4- (3- ((N- (

met hoxycar bonyl et hyl ) - gl yci nyl ) - am no) - phenyl ) -t hi eno [ 2, 3-d] pyri m di ne- 6-
car boxam deMfexdnpl e [M+H] G=§ﬁ73 n trifluoroacetic acid (TFA, 25 hm) was
added 3 15 or oper Cld BA, 1.0 g). After 17 h, the reaction
nmi xt ur e!®was éoncgntr %ﬁ'gerlelaaé’gg[%sgﬂr&/@t anbi ent tenperature (20
C), redissolved in DCI\/I(lOO m), carefully washed with sat. aq. NaHCO3 (2
x 50 mM) and water (50 m), dried (MgSO4) and concentrated in vacua. The
crude resi dbp wasr-Bandl v-aiin-2fethyldneino-4p@ri(NicHRNND- inetHdGcthoN ol wiigl)- 20

Yield: 680 ngy M-ESI: [MH + = 533.6
amino)-phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide

Ethyl amine hydrochloride (150 mg) was added to a stirred solution of terz-butyl 5-
15 amino-2-methanesulfinyl-4-(3-(N-ethyl-N-(2-methoxyethyl)-glycinyl)-amino)-phenyl)-
thieno[2,3-d]pyrimidine-6-carboxamide (example 17(a), 100 mg) and DiPEA (0.5 ml) in
1,4-dioxane (5 ml) and the reaction mixture was heated to 60 °C for 3 h. After
concentration of the reaction mixture under reduced pressure, the residue was taken up
in DCM (50 ml) and washed with brine (1 M, 25 ml) and water (25 ml). Subsequently,
20 the organic layer was dried (MgSO,) and concentrated in vacuo. The thus obtained
residue was purified by HPLC using a Luna C-18 column with the following gradient:
0.1% aq. TFA + 10% ag. ACN/ACN = 90/10 to 10/90 (v/v) in 30 min. The title

compound was then lyophilized from a mixture of 1,4-dioxane, 0.1% aq. TFA and

water.
25 Yield: 36 mg (TFA-salt)
MS-ESI: [M+H]" = 528.4

HPLC: R, = 10.21 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 = 10/80/10 to 10/10/80 (v/v/v), run time = 20 min.

30



TLC. Rf= 0.17, silica gel, DCM MeOH = 9/1 (v/v). (b). tent-Butyl

5-am no- 2- et hyI am no- 4- (3- ((N- (et hoxycar bonyl nmet hyl) - gl yci nyl )- 25

ani no) - phenyl ) - t hi eno[ 2, 3-d] pyri m di ne- 6- car boxam de Ethyl am ne

hydrochl ori de (150 ng) was added to a stirred solution of tent-butyl 5-

ai ni no- 2-i net hanesul fi nyl -4-(3-((N- (et hoxycar bonyl net hyl ) - gl yci nyl ) - am no)
- phenyl ) - thieno[2, 3-d] pyri m di ne-6-carboxam de (exanple 19(a), 100 ngy) and
D PEA (0.5 .l 1, 4-dioxane (5 m) and the reaction m xture was heated
to 60 Cfo €ABter 30 concentration of the reaction nixture under
reduced pr es;meﬁyl t he Seshido-OaN-dislegiylaino)-423(IN-REM VI 50 (arhydrapgkivaghed
with brine (1 M 25 m) and water (25 m ). Subsequently, the organic 1ayer
was dried ( J-amind ) mhenlhlhignabd idipyrimaidine-GFharbpxamsidobt ai ned resi due was
purified byHPLC using a Luna C 18 colum with the following gradient: 0.1%
aq. TFA + 10% ag. ACN ACN = 90/10 to 10/90 (v/v) in 30 min. The title 5
conpound t hepi-gaghi | i 26hihé-0thahMestighel-0{3- - TFA
and wat e\rNé@Yl eld: 57@”' (TFA-salt)  NM5-EST: 7 @j( Wn‘%ﬂg)f?‘;@ %@Eé)@%%ll)
12.56 nmin, @MMQUM_MWH@ ﬁid]m@ﬁnnduﬁe @carbpxzdmﬂectl on W =210 io

oD HESE et o8t o8 e S o b oy T LSRR i ©°
Ex le 20 | 2- et h
oty ol yer ey SR rE) %@ﬁ%%ﬁ%ggﬂéﬁ ﬁﬁ%?%@*%ﬂ%@% boxai ni de

| sopropyl #edanepl¢ 160 In@k) ivessifmdsbadetiotactd SHA, rzsdnls)o;bagtadeéu 8fchiogdterthintyic
5- am no- 2-

met hanéul PRWyF-2PBA. (I ek tAfar 1Ry Shemsedioryardye Jragicprienyrted antlerapdyssdny| ) -

(0 £Mor 5 D LA RO R0 SRR S e 100 S AR B 60

for 3 h. Akl sa2QqC NREETY, (@t Mngfanalwatétr)ggv‘@hnp Rirfel XK O, Vifedont &R4ERIG
pressure, the residue was taken up in (50 n) “and washed with brine (1

M 25 m) aaciondhercrydeBesniiye wawssegqubatd fithenheifiorgeminght agdistepas dri ed
(MS™) andlﬂ %ncentraé%d in vacuo. The thus obtained residue was purified
i &

by HPLC usi§“a Luna G~ ™8 colum with the follow ng gradient:
15 MS-ESL  [M+H] =519.6
TLC: R,=0.15, silica gel, DCM/MeOH = 9/1 (v/v).

(b). tert-Butyl 5-amino-2-(N,N-dimethylamino)-4-(3-((N-methyl-N-(2-hydroxyethyl)-

glycinyl)-amino)-phenyl)-thieno[2,3-d|pyrimidine-6-carboxamide

20 Dimethyl amine hydrochloride (150 mg) was added to a stirred solution of zerz-butyl 5-
amino-2-methanesulfinyl-4-(3-((N-methyl-N-(2-hydroxyethyl)-glycinyl)-amino)-
phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide (example 18(a), 100 mg) and DiPEA
(0.5 ml) in 1,4-dioxane (5 ml) and the reaction mixture was heated to 60 °C for 3 h.
After concentration of the reaction mixture under reduced pressure, the residue was

25 taken up in DCM (50 ml) and washed with brine (1 M, 25 ml) and water (25 ml).
Subsequently, the organic layer was dried (MgSO,) and concentrated in vacuo. The thus
obtained residue was purified by HPLC using a Luna C-18 column with the following
gradient: 0.1% ag. TFA + 10% aq. ACN/ACN = 90/10 to 10/90 (v/v) in 30 min. The
title compound was then Iyophilized from a mixture of 1,4-dioxane, 0.1% aq. TFA and

30 water.

Yield: 36 mg (TFA-salt)



0.1% aq. TFA + 10% aq. ACN ACN = 90/10 to 10/90 (v/v) in 30 mn. The title
25 conmpound was then |yophilized froma m xture of 1,4-dioxane, 0.1% aq.
TFA and water. Yield: 57 ng (TFA-salt) MS-ESI: [M:H + = 542.4 -43- HPLC
Rt =11.01 min, colum Luna C18(2), 3 m 100 x 2.0 mm detection Uv=210
m, oven tenperature = 40C, flow = 0.25 nk{m n, eluent phosphate buffer 50
mv pH 2.1/ water/ACN = 10/80/10 to 10/10/80 (v/v/v), run time = 20 mn. 5
Exanpl e 21 tert-Butyl 5-ami no-2-allylainino-4-(3-((N(methoxycarbonyl nmeth
1)-gl yci nyl}ft §éﬁr%§no) hﬁh@fﬁ?oqz%i eno [2, 3 -dl pyrinidine-6-carb oxanide

?' ;%’1' ngm NETREZE0R D) 0 W8 iR AGSent Pufla L1529 150! 1401090 Mm! BhdtBHIA = 210

net hanesul fnm,ydveﬁ t(ﬂlﬁpél(ahl-ré nmmxﬂmmay iy bueg phokphiekd baer50)mpheay| ) -

i o thi eno[2 &} 2/ i ne- -ca xam de (exanple 19(a), 100 ng) and Di PEA
(0.5 nl) ird-W/w edf’&%[nelq/%()/ﬂr@}o HO/ﬁ@név/V/éf dHR §ReT 39 e was heated to 60 C
for 3 h.. After concentration of the reaction m xture under reduced
pressure, the residue was taken up in DCM (50 m) and washed with brine (1
M 25 m) and water (25 nl). Subsequently, the organic |ayer was dried
(MySO4) andeggngrenbrated in vacuo. The thus obtained 15 residue was
purified by HPLC USSI ng a Luna C-18 col um vmth the foll OViA n? gr?dl ent

0. 1% ag. T#_ O 1@ A'lk‘w"ﬁk O(Y-§ gngiPRYeara NN 6t DA Vg, Fitle
conmpound V\qﬁ [ §g&i re of 1,4-di oxane, 0.1% aq TFA
and wat er eﬁﬂ?@lnleﬂcﬁ@@ ‘hb rﬂl‘éﬁ‘?@&b&é%lﬁ- ESL [ M+H + = 526.4 HPLC. R, =

13.18 mn, coI um Luna C-18(2) 3 m 100 x 2.0 mMm detectlon W= 210 m,

oven tenperature = 40C, flow = 0.25 m/mn, eluent phosphate buffer 50 nM
pH 2. 1¥wat(@k ﬂmuﬂlmalampiblmﬂlamwhfm (Bu(NApethoxygerpanyimethyly ehyoinyl p5

Exanpl e 22 teFl

- ((N- et hyl - A 3 *
phenyl) - t higno[ ?a; 3- @Hlﬁb!dl ms@mi%nfi Cé’f" bo%@ﬂb@@l 5-amino-2-methylthio-4-(3-((N-

(methoxycarbonylmethyl)-glycinyl)-amino)-phenyl)-thieno[2,3-d|pyrimidine-6-
carboxamide (example 3, 1.0 g) in trifluoroacetic acid (TFA, 25 ml) was added 3-
15 chloroperbenzoic acid (m-CPBA, 1.0 g). After 17 h, the reaction mixture was
concentrated under reduced pressure at ambient temperature (20 °C), redissolved in
DCM (100 ml), carefully washed with sat. aq. NaHCO, (2 x 50 ml) and water (50 ml),
dried (MgSO,) and concentrated in vacuo. The crude residue was used without further

purification in the next step.

20  Yield: 680 mg
MS-ESI: [M+H]" =533.6
TLC: R;=0.17, silica gel, DCM/MeOH = 9/1 (v/v).

(b). tert-Butyl 5-amino-2-ethylamino-4-(3-((N-(methoxycarbonylmethyl)-glycinyl)-

25 amino)-phenyl)-thieno[2,3-d|pyrimidine-6-carboxamide

Ethyl amine hydrochloride (150 mg) was added to a stirred solution of ferz-butyl 5-
amino-2-methanesulfinyl-4-(3-((N-(methoxycarbonylmethyl)-glycinyl)-amino)-phenyl)-
thieno[2,3-d]pyrimidine-6-carboxamide (example 19(a), 100 mg) and DiPEA (0.5 ml) in
1,4-dioxane (5 ml) and the reaction mixture was heated to 60 °C for 3 h. After

30  concentration of the reaction mixture under reduced pressure, the residue was taken up



Pot assium tert-butoxide (100 ng) was added to a stirred solution of
tert-butyl 5-am no-

2- met hanesul fi nyl -4-(3-((Nethyl -N-(2-net hoxyet hyl ) -gl yci nyl ) -ai ni no) - pheny
) 30 thieno[2,3-d]pyrimdine-6-carboxam de (exanple 17(a), 200 ng) in

met hanol (5 m) -44- and the reaction mxjare was heated to 50 C for 3 h.
After concentration of the reaction mxture under reduced pressure, the

id ' 5 . d th hl d
o O 25 sl >?afgg“a'ségd‘)m%gnaM?é?ereasa%“mvsat%"@a BB e
organi ¢ | awge opemididyRel wAORRH ( M% opRencalteted B, %‘%&50 ThENfud BH%II%H
obt ai ned resi due was "purified by using a Luna C colum wt e

fol |l ow ng rgsidud enms puﬂﬁ&%ﬁq{PL'U:Asmg 2%madC- lAebquﬁ\kth%h! fddloindngl Bfa8nf:v/ V)
in 30 mMn. The titl ound was then | lized froma m xture of

1, 4- di oxand-1'6. 39 " AfV/SCN Vi 8%@8 921030 (YA 181G )mnt&?hwﬂ;ﬁlég
e = LR W'ﬁ.‘ e t§ostifB ooy Wi B 12 b Ale. 1 heq A R

el uent phospftate buffer 50 MM pH 2. 1 /water/ACN = 10/80/10 to 10/ 10/ 80

(v/iviv), run time = 20 mn. 15 Exanple 23 tert-Butyl 5

- ani no- 2- al Yigldxy- 4- (F mg(KFatsa}f) - N- (2- et hoxyet hyl ) - gl yci nyl ) - ani no) -

phenyl ) -t hi 2,3 - W ne- 6- car boxam de Pot assi um t ent - but oxi de
5% SR o o |

(100 ng) was solution of tert-butyl 5-am no-
2- met hanes ulipi QYR 414.86 min, column Luna C-18(2), 3 pum, 100x201nm detection UV = 210
-((N-et hyl - N- ( 2- et hoxyet hyl ) - gl yci nyl ) -am no) - phenyl ) 20

t hi eno[ B, 3-mw,pyvenrtemperetude eaA0NG oW Fd@28 extanp) eudit (plapsph2@0buftey S0md pil

al cohol dther i on re was heated to 50 Cfor 3 h. After
concentratﬁgi{z"’é‘f6 TN e%@a/@@}to lrﬁ/m/ﬁég/WNHéFnP@Guc%Hmﬁ?’ essure, the residue
was taken up in DCM (50 m) and washed w th agq. ammonium chloride (1 M 25
m), brine (1 M 25 m) and water (25 m ). Subsequently, the organic |ayer
was dried (MgSO4) and concentrated in vacuo. The thus 25 obtai ned residue
was purifi @demplbﬂzbc using a Luna C-18 colum with the foll ovm ng gradient:
0.1%aq. TEA A The
title conpcy ; ; - 3\ 1
TFA ands Waatnﬁﬁo)-phenyl) thieno[2, 3- dlpyrimidine-6-carboxamide

Isopropyl amine (150 mg) was added to a stirred solution of ferz-butyl 5-amino-2-
methanesulﬂnyl—4-(3-((N—ethyl-N—(2-methoxyethy1)—glycinyl)—amino)-phenyl}
thieno[2,3-dJpyrimidine-6-carboxamide (example 17(a), 100 mg) and DiPEA (0.5 ml) in
1,4-dioxane (5 ml) and the reaction mixture was heated to 60 °C for 3 h. After
20 concentration of the reaction mixture under reduced pressure, the residue was taken up
in DCM (50 ml) and washed with brine (1 M, 25 ml) and water (25 ml). Subsequently,
the organic layer was dried (MgSO,) and concentrated in vacuo. The thus obtained
residue was purified by HPLC using a Luna C-18 column with the following gradient:
0.1% aq. TFA + 10% aq. ACN/ACN = 90/10 to 10/90 (v/v) in 30 min. The title
25 compound was then lyophilized from a mixture of 1,4-dioxane, 0.1% aq. TFA and
water.
Yield: 57 mg (TFA-salt)
MS-EST: [M+H]" = 5424



Yield: 63 ing (TFA-salt) 30 M5-ESI: [MtH + = 541.4 - 45 HPLC R = 12.71
mn, colum Luna CG18(2), 3 m 100 x 2:0 mn, detection LTV = 210 run,
oven tenperature = 40C, flow = 0.25 m/mn, eluent phosphate buffer 50 nmM
pH 2.1/water/ACN = 10/80/10 to 10/10/80 (v/v/v), run time =20 mn. 5
Exanpl e 24 tert-Butyl 5-am no-2-isopropox434-(3-((N-ethyl-N(2-nmethox

et hyl)-glycinyl)-arnino)- phenyl)-thieno [2,3-dl pyrim di ne-6-carboxam de
Pot assi um t t.0 d S t

Potasst u f%ﬁ%%%o_fizé%ﬁane‘gﬁ% Fa%@%?)ﬂ?n%‘é%ib%ﬁn S8R PE 210

- ((N- et hyl - (Rrennempested HA0)C gﬂky&&z =ng. 125 ﬂﬂﬂhmpﬁaluahtqﬂmlsﬁhak@buffer 50 mM pH
thleno[23d/pyr|md|ne- -car nmple 17(a 200 ng) in

i sopr opanol? lWaFﬁFﬁACIﬂr‘leq/WlQ@a%ﬁ/iQ{ﬁo ﬁ’f/Y/ﬁ’errén%ﬁ@:h % to 50 C for 3 h.
After concentration of the reaction m xture under reduced pressure, the
resi due was taken up in DCM (50 m ) and washed w th aq. anmmoni um chl ori de
(1M 25 m), brine (1 M 25 nl) and water (25 ml). Subsequently, the

or gani ¢ sl ay®faniyie 2dr i ed (l\/gSO4) and concentrated in vacuo. The thus is

obt ai ned resi ue vvass d by HPLC Si ng a Luna C 18 columm with the
fol | owi ng iz -2yl ",. gfylam §03-grcthaxyqertonymasiay1)-glvcay Degnaigo-y / v)
in 30 mn. [

philized froma m xture of
1, 4- di oxan 8 callBRif d: 32 ng (TFA-salt) 20 MB-ESI:

[MeH] + = 54817 hiBLr@ (:Rto mg2wA8 added 00k Usiirddu B@luﬁorl&(f?)art—ﬁutm 5180in%-2. 0
nm detectlon W= 210 run, oven tenperature = 40C, flow = 25 m /ruin,
el uent phosrwh%r@sw@wbé* (%Mﬁhpxwamh@tmbgiyemwfmnsmphemyme/ 10/ 80

/vl 25 .Exa t
S~ i nol%2 (HepyPragiey e ol AR asg e 108 ey s DERAD S,
ani no) - pheny4 )irofxﬁh@ 9 r{qg ardl 16 PoAction dhiRBrE-war H%@dﬂt&l%o( @oﬁ for-opaN0n4- (3
-ni trophenyl)-2-(4-pyridyl)-6-hydroxy-pyrimidine - A mxture o

4- ani di no- ppnéatiraeom pfl theclehdrondeixtr uﬁdg)red&edmr@sshnenﬂml rdsaliydwas fafed ug) ,
in DCM (50 ml) and washed with brine (1 M, 25 ml) and water (25 ml). Subsequently,

the organic layer was dried (MgSO,) and concentrated in vacuo. The thus obtained
15 residue was purified by HPLC using a Luna C-18 column with the following gradient:
0.1% aq. TFA + 10% aq. ACN/ACN = 90/10 to 10/90 (v/v) in 30 min. The title
compound was then lyophilized from a mixture of 1,4-dioxane, 0.1% aq. TFA and
water.
Yield: 65 mg (TFA-salt)
20 MS-ESIL: [M+H]" = 526.4
HPLC: R, = 13.18 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 = 10/80/10 to 10/10/80 (v/v/v), run time = 20 min.

25 Example 22
tert-Butyl 5-amino-2-methoxy-4-(3-((N-ethyl-N-(2-methoxyethyl)-glycinyl)-amino)-

phenyl)-thienof2,3-dlpyrimidine-6-carboxamide

Potassium fert-butoxide (100 mg) was added to a stirred solution of zert-butyl 5-amino-
2-methanesulfinyl-4-(3-((N-ethyl-N-(2-methoxyethyl)-glycinyl)-amino)-phenyl)-

30  thieno[2,3-d]pyrimidine-6-carboxamide (examlﬁle 17(a), 200 mg) in methanol (5 ml)



et hyl cyanoacetate (11.2 nl) and potassium carbonate (16.6 g) in abs. EtCH
(250 mM) was stirred at 60C for 16 h. The reaction m xture was cooled to
OCin an ice bath. The resulting precipitate was filtered off, washed with
abs. EtOH and heated in water 5 (100C) until a clear solution was obtained.
The solution was cooled to 50C, acidifiedgato pH 2 by adding 2N aq. HC1 and
cooled to OCin an ice bath. The resulting precipitate was filtered off
and washed wi wat er . Resi.dual ved oe oration
otn e s el Sty Blng VRt (SR ST REBLEoRhanioh oY Ao igR).
silica gel ;X Whed rEdL%:,/egl p@é’s/sﬁ{r): ﬁlt@)rem@ueq}ﬁé)faﬁeéuﬁlf@fb(ﬁ\?l (80 ml) and washed

-ni trophenyl)-2-(4-pyridyl)-pyrimdine POC 3 m) was added to a stirred

sol uti on ofwiix aqammoﬁﬁmwhkommhe%yﬂ/[) 23-1Hl); bmﬁe ;ﬁ/erQB )b - dmddwatey {20y niljr di ne
(exanpl e 25( ), 18.3 and. di et hyl ani | i n diy i gxane
p.a. (200 MUpSCupRY, t Ige ﬂrgafucé@ér “taﬁér%ﬁ%gﬁpx)t%ﬂecoa&@trﬁeﬁtwwoﬁg t he

filtrat C ec ol ved
0 1, 4 Sl oS o Rl o e R BB RIS (e a?“%
filtered ofgradieid: vASheg TRAt-h 106t 2f AREKCNE 90 es 1089 (lvarmna@ 1hih. The
coevapor at| on with 1,4-di oxane. 20 Yield: 17.2 M5- ESI ;. [ MHH] + 338.4

TLC Rf = (il comolu@@vg%énherhhfpplahéq@@ma mixgprp gf idrylioxane, OF%hyi. TFA and

5- cyano- 4 Stnl trophenyl ) -2-(4-pyridyl)-6-(ethox carbonylnmeth Ithio)- 25
pyrinidine DI'PEA (9.8 nl) was added to a stirred solution of ethyl

2 or captoagetat @ (5.9b b ITRAdl)

6- chl or o- 5- cyan- 4- (3- ni t rophenyl’) - 2- (4-pyridyl)-pyrimdine (exanple 25(b),

17.2 g%}m n Ma-BRIxt ur EMFfHEECGHS5(4125 nl) and DCIP\{I (125 m) undeg| ia ni Ejrogeﬂ
%E(rj&”ﬁﬁt | © et dh e A A B PG SoRGaRC: di f@%@@ oot L o6~ Al sou)
[N o = 435 (R RO R AT 2 5 milhy %H%}’*%h%&%afe 85 ollpren

2.1/water/ACN = 10/80/ 10 to 10/ 10/80 (v/v/v), run time = 20 min.

15 Example 23
tert-Butyl 5-amino-2-allyloxy-4-(3-((N-ethyl-N-(2-methoxyethyl)-glycinyl)-amino)-

phenyl)-thieno[2,3-d|pyrimidine-6-carboxamide

Potassium zert-butoxide (100 mg) was added to a stirred solution of tert-butyl 5-amino-
2-methanesulfinyl-4-(3-((N-ethyl-N-(2-methoxyethyl)-glycinyl)-amino)-phenyl)-

20  thieno[2,3-d]pyrimidine-6-carboxamide (example 17(a), 200 mg) in allyl alcohol (5 ml)
and the reaction mixture was heated to 50 °C for 3 h. After concentration of the reaction
mixture under reduced pressure, the residue was taken up in DCM (50 ml) and washed
with aq. ammonium chloride (1 M, 25 ml), brine (1 M, 25 ml) and water (25 ml).
Subsequently, the organic layer was dried (MgSO,) and concentrated in vacuo. The thus

25 obtained residue was purified by HPLC using a Luna C-18 column with the following
gradient: 0.1% aq. TFA + 10% aq. ACN/ACN = 90/10 to 10/90 (v/v) in 30 min. The
title compound was then lyophilized from a mixture of 1,4-dioxane, 0.1% aq. TFA and
water.

Yield: 63 mg (TFA-salt)

30 MS-ESIL [M+H]" = 541.4



(d). Ethyl 5-am no-4-(3-nitrophenyl)-2-(4-pyrid

| )-thieno{2, 3-dl pyrimdine-6- 5 carboxylate DI PEA (20.0 m) was added to a
stirred solution of ethyl 5-cyano-4-(3-nitrophenyl)-2-
(4-pyridyl)-6-(ethoxycarbonyl nethyl thio)-pyriinidine (exanple 25(c), 20.5
g) ina mxture of abs. EtOH (100 m ) angst.oluene p.a. (100 m ). After 48
h at 100C, the mxture was cooled to OC . The resulting precipitate was

filtered of he th cold E ng dri vacu at, 40C. Yield:
15.7 g M5 L%‘H?%% a1 ”nﬁb%@ g”n%n (?%%8%1? ‘o, drieigRe N EFGAL =

312 (viv). o, = 4(°

5-am no- 4- ( 3- éﬁ?ﬁggﬁgﬁﬁp§ez'%)?pg?vdy?fsfﬁfgﬁodum“Eﬂﬂf%ﬁ%?ﬁ?ﬁépé?hlpH

car boxyl at e2. Xvetdr(ACN = b¥/3¢/il o1t 10/) 0/86 Kovivileuf BiineG= §) mim abs. Et OH (250 m)
was added to a solution of ethyl

5-am no- 4- ( 3- nitrophenyl) 2-(4-pyridyl)-thieno

[ 2, 3-d] pyri m di ne-6-carboxylate (exanple 25(d), 15.7 g) in 1, 4-di oxane
p.a. (250 qﬁ}?%gag%haq HC1(6.9 m) was added 20 and the m xture was heated
under reflux 16 h. The m xture was allowed to cool to room

t enper at ur gertrisiit Efz@gnmoal -sdpropdey-4r(d(¢-ethybNe@suetox Rileylj-gb/icyd -amiso)-
suspended i . 4N a NaOH was added to obtain a pH of 10-11.
The mi xt urR2SREe i5-catboxamide NaCl . The organi c | ayer was
separ at ed, > )
Vield 19 Olqgésﬁ/%}n féyzg&%)ud@@fb(?ﬂgg &AL Eé’&éﬂqR?»rﬁgig&:% Sgﬂﬂﬁ? gg Pe'}»FﬁLﬁWSE am%liso

hept ane/ Et OAmeﬁlaBés’hlﬁnA/hA)G (((N)ethyl-N—(2-methoxyethyl) -glycinyl)-amino)-phenyl)-

5- Al ni no- 4- ( 3- am naophenyl ) - 2- (4- pyri dyl)
[ 2, 3- dI Byr i tRicaplted-€loy BB e 10 @rboyamags @xamal@ 17@& A9& mahimjsopopred E18)7 q)

dded
R e ——
25(e), 12. Gnix@jre uRdér m@itixdedriBestfire] if-réii MR Es {aﬁé@uﬁﬁﬂ DaM (MhEY ad BPadHed -

After 16 h at 90C, the mxture was cooled to OC. The resultlng precipitate
was filter ewitloaf, muweml@chlqrxdev@tMr 25 1BObrine de‘ﬁd2écm]l)enildt\matelc(25Thé)

m xture WasSu%(s:elsqclllleLﬁ}%c%he org%mc?fa}pe\f W%g ng (I%N 88% an%i concentrated in vacuo. The thus
15  obtained residue was purified by HPLC using a Luna C-18 column with the following

gradient: 0.1% aq. TFA + 10% ag. ACN/ACN = 90/10 to 10/90 (v/v) in 30 min. The

title compound was then lyophilized from a mixture of 1,4-dioxane, 0.1% aq. TFA and

water.
Yield: 32 mg (TFA-salt)
20  MS-ESL [M+H]" =543.4

HPLC:R, = 12.93 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 phosphéte buffer 50 mM pH
2.1/water/ACN = 10/80/10 to 10/10/80 (v/v/v), run time = 20 min.

25 Example 25
tert-Butyl 5-amino-2-(4-pyridyl)-4-(3-((N-(1-hydroxy-2-methyl-prop-2-y])-glycinyl)-

amino)-phenyl)-thieno[2,3-dJpyrimidine-6-carboxamide

(a). 5-Cyano-4-(3-nitrophenyl)-2-(4-pyridyD)-6-hydroxy-pyrimidine




acid and stirred at OC up to roomtenperature for 2 h. The resulting
precipitate was filtered off, washed with water and dried in vacuo at 40C
Yield: 12.0 g M5-ESI: [MH + = 364.2 io TLC. Rf= 0.1, silica gel, DCM MeCH
= 95/5 (v/v). (g). tert-Butyl

5-am no- 4- ( 3- am nophenyl ) - 2- (4- pyri dyl ) -t4¢ eno[ 2, 3-d] pyri m di ne- 6-
carboxam de DI PEA (12.9 m), tert-butylamne (7.8 m) and TBTU (11.9 g)
were added to .a m re..15 of... . :

5= i no- 4. (ARG Bh S g A e LHGP )G BN Bchboxyl
c acid (exan!garcbhre @2.20me) aﬂdnpcﬁas'gluﬁ birBoidhe PV % 230 a1, )E‘c@pld(,’.).@b(':mﬁ)5 0
m) under a "nifrogen atnosphere. "After h at room tenperature,

m xture vvasvm sitnmteédlt WIChfoDTHIb. dhd rwasfbtemnmterw&adooledqo Oﬁﬁmme%atﬂ\l’rm HC1

and sat. a The or i¢c |ayer i.ed ( and concentrat ed
under redu Eﬁlltb‘i‘?eé’é?ﬂ@tater é‘scﬁlﬁf‘d%&/ﬁlf%d%f‘ (ﬂ/éZ‘SmZGbﬁl\)/% teHr Britaégr aphy

on silica 0 oM/

ol uant . Sy o o CY 38 €| B LlF DRl R 90035’%?0 e

hept ane/ Et @2 BY Bdcdmg 2N aq. BCI(ahd codled to BAtisilan ice bath. The resultmg precipitate
5-am no-4-( 3- (2 br onbacet am do) - phenyl) - %m(( idyl)-thieno[ 2, 3-

dl pyri mi di easefdigradoeaiviand washedypilthn it Qirrt%@éiu?l watenivers (u®sdnby i n
THE (25 m) ) se to a solution of tert-butyl

5 ani no- 4- (S ARCh 93% q1;)B¥]“(’%if‘npyr|o|y|) tilieno [2,3- 30

d] pyri m di meie@-car boxgng gde (exanple 25(g), 2.0 g) and N, N-dinethyl aniline
(3.0mM) in THE (50 mM). After 30 inin at roomtenperature, the m xture was
concentiat ddStifder - [MHHY edi?®d pressure, subsequently dissolved in DCM

vacuo. The TTaS: due. wls Tb2c ASbI VIHGDRz SRUHW T cat Ton 1 the next st ep.

Yield: 2.3 g 5 M5-ESI: [MH+ = 539.2

(b). 6-Chloro-5-cyano-4-(3-nitrophenyl)-2-(4-pyridyl)-pyrimidine

POCl;, (50 ml) was added to a stirred solution of 5-cyano-4-(3-nitrophenyl)-2-(4-
15 pyridyl)-6-hydroxy-pyrimidine (example 25(a), 18.3 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-
dioxane and ice water was added. The resulting precipitate was filtered off and washed

with water. Residual water was removed by coevaporation with 1,4-dioxane.

20 Yield: 172 g
MS-ESI: [M+H]" = 338.4
TLC: Ry= 0.7, silica gel, heptane/EtOAc = 3/2 (v/v)

(c). Ethyl  5-cyano-4-(3-nitrophenyl)-2-(4-pyridyl)-6-(ethoxycarbonylmethylthio)-

25 pyrimidine
DIPEA (9.8 ml) was added to a stirred solution of ethyl 2-mercaptoacetate (5.7 ml) and
6-chloro-5-cyano-4-(3-nitrophenyl)-2-(4-pyridyl)-pyrimidine (example 25(b), 17.2 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,
30 washed with 0.5N aq. HC], dried (MgSO,) and concentrated under reduced pressure.
Yield: 205 ¢g



TLC. Rf = 0.3, silica gel, heptane/EtOAc = 3/2 (v/v). (i). teat-Butyl

5-am no- 2 (4-pyridyl)-4- (3 ((N-(1-hydroxy-2-methyl - prop-2-yl)-

gl yci nyl ) -am no) - phenyl )-thieno [ 2, 3-dl pyri m di ne-6-carboxam de to To a
stirred solution of tent-butyl

5-am no- 4- ( 3- (2- br onpacet am do) - phenyl ) - 241 4-

pyridyl)-thieno[ 2, 3-d] pyriinidine-6-carboxam de (exanple 25(h), 200 ng) in
DCM (5 m adde -am ng- 2-met hyl - propanol (300 ngy). After stirring
for 17 h a?\d% iﬁér@nﬁr@fq he reaction mxture was diluted with DCM
(100 m), vashed Wtfkﬁqoe MBHOER, Kebtfe/FOACS03 Ml At ed (MISO3) and
concentrated in vacuo. The residue was 15 purifi y HPLC using a Luna
C-18 colum with the following gradient: 0.1 %ag. TFA + 10% ag. ACN ACN =
90/10 to 10/90 (v/v) in 30 min. The title conpound was then |yophilized
froma m xt@y.e OfEthy14 di exan@o-031lHdshenVHA- Wﬂyﬂh@ﬂ?ﬁuen‘[ﬁﬁgﬂpyﬁ%mﬂﬁe-@
(TFA-salt) WMs-ESI: [MHH + = 548.2 20 HPLC. : m n, colunn Luna
C-18(2) 5 3rearbomplate 2. 0 nm det ection W— 210 nm oven t emperature = 40C,

fl = 0.2 I t hat at.er/ =
107807 10° ¢ PEEAEPA LTS ofort Bt vied SolBtgnit S s e S0P Dkt v
5-am no- 2- ((4p@ﬁﬂjél(}%l-(kt%x&&rﬁ&&lﬂét@&ﬁh&%p%ﬁﬂﬁ‘ﬁ‘é/ bRthie 9b¥(E) nﬂ))[i %?" 0)-
phenyl ) -t hi eno rim di'ne- 6= carboxam de o astirred so on of

t ext - but yl nﬁxmrﬂlom‘cabé. EEDI(IZ{-IQ@ an) aoé ttalubwtop -ap (Ey ). 2Afted-48 h at 100°C, the

pyridyl)-thi.eno[ 2, 3-d] pyrin di ne-6-car boxam.de (exanple 25(h), 200 ng) in
DCM (5~ m )mlWé%é &&aéallsg & ?d n%h%’é?ﬁylélpwrf)mm?ﬁenwai @5@611 REH Waﬁi‘{fefie‘f’lﬂkt? ring
for at s~ the reaction mxture was diluted with DCM
(100 m‘;a Et@ﬁo%q‘ﬁﬂleﬁqm%‘%s%‘@&moe (1M 2x50m), dried (MySO4) and
concentratﬁ;:j i.n vacug\z{ The residue was purified by HPLC using a Luna C 18
colum wt lﬁle foll % gradient: 0.1%aq. TFA + 10% ag. ACN ACN = 90/ 10
to 10/90 (wWgRsin 30 iy theotd t1 e conpound was then [yophilized froma
m xture of 1,4-dioxane, 0.1%aq. TFA and water. 5 Yield: 170 ing (TFA-salt)
M5- ESI : [M%]H]C} SQZMW&C&iIidatge’glﬁﬁmﬁél/Et@Ac=dm(mm).Luna C-18(2), 3 m 100
X 2.0 mm detection UV = 210

15 (e). Ethyl 5-amino-4-(3-aminophenyl)-2-(4-pyridyl)-thieno[2,3-d]pyrimidine-6-

carboxylate
A solution of tin (II) chloride (21.0 g) in abs. EtOH (250 ml) was added to a solution of

ethyl  5-amino-4-(3-nitrophenyl)-2-(4-pyridyl)-thieno[2,3-d]pyrimidine-6-carboxylate
(example 25(d), 15.7 g) in 1,4-dioxane p.a. (250 ml). 37% aq. HCI (6.9 ml) was added
20 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
suspended in BEtOAc (500 ml). 4N ag. NaOH was added to obtain a pH of 10-11. The
mixture was diluted by adding sat. ag. NaCl. The organic layer was separated, dried

(MgSQO,) and concentrated under reduced pressure.

25 Yield: 120¢g
MS-ESI: [M+H]"=392.2
TLC: R;=10.3, silica gel, heptane/EtOAc = 3/2 (v/v).

(D). 5-Amino-4-(3-aminophenyl)-2-(4-pyridyl)-thieno[2,3-dJpyrimidine-6-carboxylic

30 acid



run, oven tenperature 40C, flow = 0.25 m/ mn, eluent phosphate buffer 50
, MM pH 2.1/water/ACN = 10/80/10 to 10/10/80 (v/v/v), run time = 20 mn. 10
Exanple 27 CHO LH and CHO- FSH in vitro bioactivi LH agonistic activity of
conpounds were tested in Chinese Hanster Ovary (CHO cells stably
transfected with the human LH receptor anggcotransfected with a cAMP 15
responsive elenment (CRE) / pronotor directing the expression of a firefly

| uci ferase orter ne.. Binding of ligand to the .Gs-coupled_LH.re tor
Wil resul o | hekesds hg?f QARVA%? WPRRhor P@%’H"% ¥ ety Emigp-4-C-
increased tfaRSAlWaL-(2PyRy1f-Berols 18,288 dide SRS IO RSLbHE 2%51%2.0

| uci ferase signal was quantified using a |lum nescencey counter. or “test
conpounds, 0802 vaktes of dohdmmtna(l 10nmof andewhtee g8 mihdAftausd hgathed°C; daxi mal
20 (50 9% stjnulation) re cal cul ated. For that purpose the software
program G- dpRB44 W@WS%QE@?HW reSutREPTspRIbALE Vs filfEade T suspendhinty dgo)
was used. | im i St iy 1.V, e.lested
o o cel 1808y Bholbte TR BRI Fal abidthddtH 3 R N etk
FSH r ecept arcid Rebulifrsd ar 6°C spawroom Fapbetute @52 hn The vesultiaplebipithts Wak
measure in vivo activity of LH FSH receptor agoni stic conpounds ovul ation
i nducti on fliereheffarashed witevaier addrigdiieiecuol #8iGs assay i mmature femal e
mce were pff’emad W t hlzngri nary FSH (Hurmegon 12.5 | U animal ). Approximately
48 hours latér-the anifafs were 30 treated with a LH /FSH agoni st’i c
conpound, tMg-mepara%MpH]mggm‘@ch is described in exanmples 1, 4, 9 and
17, at a dose-level of 50 ng/kg. The animals were killed 24 hours after
LH FSH ®gonilst: t r eat néyrt OdneilichgelnDYEMedI 5\W4/5 (v/the ovi duct was - 51

m croscopi cal ly assessed. On average 10-15 aninmals were tested. The nean
nunber of ova anpbunted 8 with the exception of the conmpound of exanple 17

(which was 0.4). Table 1 5 nane exanple LH EC50 N{ FSH EC50 (M
(g). tert-Butyl 5-amino-4-(3-aminophenyl)-2-(4-pyridyl)-thieno[2,3-d]pyrimidine-6-

carboxamide

DIPEA (12.9 ml), tert-butylamine (7.8 ml) and TBTU (11.9 g) were added to a mixture
15 of 5-amino-4-(3-aminophenyl)-2-(4-pyridyl)-thieno[2,3-d]pyrimidine-6-carboxylic acid

(example 25(f), 12.0 g) in a mixture of DCM (250 ml) and DMF (50 ml) under a

nitrogen atmosphere. After 2 h at room temperature, the mixture was diluted with DCM

and washed with sat. ag. NaHCO,, 0.1N aq. HCI and sat. ag. NaCl. The organic layer

was dried (MgSO,) and concentrated under reduced pressure. The crude product was
20  purified by chromatography on silica gel, using dichloromethane/methanol = 1/0 to 95/5

(v/v) as eluent.

Yield: 122 ¢
MS-EST: [M+H]"=419.4
TLC: R;= 0.3, silica gel, heptane/BtOAc = 3/2 (v/v).

25

(h). tert-Butyl  5-amino-4-(3-(2-bromoacetamido)-phenyl)-2-(4-pyridyl)-thieno[2,3-

dlpyrimidine-6-carboxamide

A solution of bromoacetyl bromide (0.59 ml) in THF (25 ml) was added dropwise to a
solution of tert-butyl 5-amino-4-(3-aminophenyl)-2-(4-pyridyl)-thieno[2,3-
30 d]pyrimidine-6-carboxamide (example 25(g), 2.0 g) and N,N-dimethyl aniline (3.0 ml)

in THF (50 ml). After 30 min at room temperature, the mixture was concentrated under



tort-Butyl 5-amno-2 nethylth io-4-(3-((N-nmethyl-N(2 hyd

roxyet hyl ) -gl yci nyl )-am no)-phenyl)- thieno[2, 3-d] pyri m di ne-6-car boxam de
1 2. 73E-09 5.69E-08 tert-Butyl 5-a m no-2-nethylth io-4-(3-((N (1-hyd
roxy- 2-nmet hyl - prop-2-yl)-glycinyl )-

am no) - phenyl ) -t hi eno[ 2, 3-d] pyri m di ne- -64¢ar boxam de 2 5. 42E-09 8. 06E- 07
tort-Butyl 5-am no-2-nethy I[th io-4-(3-((N (methoxycarbonyl methyl)-glycinyl
)- am no) - o) r J.qdiLne: r \ d ) -

aaE 06 LAy e Sebscuh B i HCSERRAD Rathel A AP aq

et hyl - N- ( 2- Nﬂ(ﬁ@g@yﬁﬁé‘&y (MgSOL)ymmybnc)entrated in vacuo. The residue was used without

am no)-phen%lg t hi eno[ 2, 3-d] pyri m di ne- 6-carboxam de 4 7.00E-09 1.01 E-07
tert-Butyl BrthennurificatonythyRe¥ sieg. 4- (3- ((N

(R-1- net hoy% bonyl 22 get hyl - prop-1 -

yl)-glyci ny am no) - % nyl)-thieno[2, 3- d]pyrimdine-6-carboxam de 5

9. 63E- 03 3.MBESY +15}Jt=y$3952a mi no-2-nethylthio-4-(3 ((N,

N bi s- (2- net hoxyet hqu;MgI yci nyl )- am no)-phenyl)-thieno[2, 3-d] pyrim di ne-
6- car boxanideC6 1. 00ERHB OB, &@Eaeﬂ hepsane/HROAEI= H24wiv).no- 2- met hyl t hi 0- 4- (3

). tert-Butyl 5-amino-2-(4-pyridyD)-4-(3-((N-(1-hydroxy-2-methyl-prop-2-y1)-

glycinyl)-amino)-phenyl)-thieno[2,3-d|pyrimidine-6-carboxamide

10 To a stirred solution of ters-butyl 5-amino-4-(3-(2-bromoacetamido)-phenyl)-2-(4-
pyridyl)-thieno[2,3-d]pyrimidine-6-carboxamide (example 25(h), 200 mg) in DCM (5
ml) was added 2-amino-2-methyl-propanol (300 mg). After stirring for 17 h at room
temperature, the reaction mixture was diluted with DCM (100 ml), washed with aq.
NaHCO, (1 M, 2 x 50 ml), dried (MgSO,) and concentrated in vacuo. The residue was
15 purified by HPLC using a Luna C-18 column with the following gradient: 0.1% aq. TFA
+ 10% aq. ACN/ACN = 90/10 to 10/90 (v/v) in 30 min. The title compound was then

lyophilized from a mixture of 1,4-dioxane, 0.1% aq. TFA and water.

Yield: 73 mg (TFA-salt)
MS-ESI: [M+H]" = 548.2

20  HPLC:R,= 9.65 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 = 10/80/10 to 10/10/80 (v/v/v), run time = 20 min.

Example 26
25 tert-Butyl 5-amino-2-(4-pyridyl)-4-(3-((N,N-bis-(2-methoxyethyl)-glycinyl)-amino)-

phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide

To a stirred solution of ters-butyl S-amino-4-(3-(2-bromoacetamido)-phenyl)-2-(4-
pyridyl)-thieno[2,3-d]pyrimidine-6-carboxamide (example 25(h), 200 mg) in DCM (5
ml) was added bis-(2-methoxyethyl)-amine (300 mg). After stirring for 17 h at room

30  temperature, the reaction mixture was diluted with DCM (100 ml), washed with aq.



((2,3-d ihyd roxy-prop-1-yl)-glycinyl)-

am no) - phenyl ) -t hi eno[ 2, 3-d] pyri m di ne- 6-carboxam de 7 1.22E-08 1. 13E-06
tert-Butyl 5-a m no-2-nethylthio-4-(3 ((1, 3-di hydroxyprop-2-yl)-glycinyl)-
am no) - phenyl ) -t hi eno[ 2, 3-d] pyri m di ne- 6-carboxam de 8 2. 64E-08 1. 00E-06 -
52 - Table 1 (continued) name exanple LH 550 (M FSH EC50 (M tert-Butyl
5-a m no-2-phenyl -4-(3-((N ethyl-N(2-hyd roxyethyl)-g lyci nyl )-

' - ph hi b 8 09. 6 06E- 07
Fort- Bty dgbn PO S b R erE RRRE Byt ety Eie rridpimany | ) -
ari no) - phe ek byl @ usi g]amﬁnb'@ @ BSumf v@aﬁlaemmv@lﬁg g&dﬂen% %08, #rASE- 06
tert-Butyl 5-am no-2-(2-furyl)-4-(3-((N nethyl -

roxyet hyl ) -glQ%i wIP)CNéPnﬁlNoa QMQWIID@OKV@D@]@ 203&1@] ﬁb‘;w |t1ttedonr@omﬁ} was kexam de
rléxsl (2)?5;3? pp_IBE Oéorg}fa)errrné(tq%gte { >;i|1o>§a:ne O 1%(a%1_ TFAya|1121 \7\/A£1te(r3 (N-(1 hyd
am no) - %hen&yie}d:t hi eno{72O lig(g%lgxrsng di ne- 6-car boxam de
MS-ESI: [M+H]"=592.2
HPLC: R, = 12.02 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 = 10/80/10 to 10/10/80 (v/v/v), run time = 20 min.

10

Example 27
CHO-LH and CHO-FSH in vitro bioactivity

LH agonistic activity of compounds were tested in Chinese Hamster Ovary (CHO) cells

stably transfected with the human LH receptor and cotransfected with a cAMP
15 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 counter.
For test compounds, ECy, values (concentration of test compound causing half-maximal
20 (50 %) stimulation) were calculated. For that purpose the software program GraphPad
PRISM, version 3.0 (GraphPad software Inc., San Diego) was used.
In a similar way FSH agonistic activity of compounds were tested in CHO cells
transfected with the luciferase reporter gene and the human FSH'receptor. Results are
shown in Table 1.
25

In vivo bioactivity

To measure in vivo activity of LH/FSH receptor agonistic compounds ovulation induction
in immature mice were studied. In this assay immature female mice were primed with
urinary FSH (Humegon 12.5 IU/animal). Approximately 48 hours later the animals were
30  treated with a LH /FSH agonistic compound, the preparation of which is described in
examples 1, 4, 9 and 17, at a dose-level of 50 mg/kg. The animals were killed 24 hours

after LH/FSH agonist treatment and the number of ova in the oviduct was



12 1. 18E-08 2.97E-06 tert-Butyl 5-am no-2-(2-furyl)-4-(3-(N (methoxy ca
rbo nyl nmethyl)-g lyc i nyl )- am no)-phenyl)-thieno[2, 3-d] pyri m di ne-

6- car boxam de 13 1.21 E-08 2.55E-06 tort-Butyl

5-am no-2-(2-thienyl)-4-(3-((N nethyl -N-(2-hyd roxyethyl)-glycinyl)-

am no) - phenyl ) -t hi eno[ 2, 3-d] pyri m di ne- 6scarboxam de 14 5. 28E-09 1. 44E-06
tert-Butyl 5-am no-2-(2-thienyl)-4-(3-((N (nmethoxycarbonyl nethyl)-gl yci nyl
L oo 00 R At RRLS e 0L RYEREE TS caln w2t AL ThR vica mmber 1
N- di - (2- metdveaytuhied)8 witly diersrkgptioarss g copfigyti bf exingne [l 2 (Bhidh mas iomi) di ne-

6- carboxam de 16 2. 13E-08 6.81 E-06 5 - 53 - Table 1 (continued) nane
exanple LH EC50 (M FSH EC50 (M tert-Butyl 5-a mi no-2-ethylamino-4-(3
((N-et hyl - Krap2> Tret hoxyet hyl )-g lyci nyl )-

am no) - phenyl ) -t hi eno[ 2, 3-d] pyri m di ne- 6-carboxam de 17 1.04E-08 1. 25E-06
tert-Butstyl 5-am no-2-(N, N

name example |LH EC50 (M) {FSH EC50 (M)
tert-Butyl 5-amino-2-
methylthio-4-(3-((N-methyl-N-(2-
hydroxyethyl)-glycinyl)-amino)-phenyl)-
thieno[2,3-d]pyrimidine-6-carboxamide

1 2.73E-09 5.69E-08

tert-Butyl 5-amino-2-methylthio-4-(3-((N-
(1-hydroxy-2-methyl-prop-2-yl)-glycinyl)-
amino)-phenyl)-thieno[2,3-d]pyrimidine-
6-carboxamide

2 5.42E-09 8.06E-07

tert-Butyl 5-amino-2-methylthio-4-(3-((N-
(methoxycarbonylmethyl)-glycinyl)-
amino)-phenyl)-thieno[2,3-d]pyrimidine-
6-carboxamide

3 5.97E-09 1.44E-06

tert-Butyl 5-amino-2-methylthio-4-(3-((N-
ethyl-N-(2-methoxyethyl)-glycinyl)-
amino)-phenyl)-thieno[2,3-d]pyrimidine-
6-carboxamide

4 7.00E-09 1.01E-07

tert-Butyl 5-amino-2-methylthio-4~(3-((N-
(R-1-methoxycarbonyl-2-methyl-prop-1-
yl)-glycinyl)-amino)-phenyl)-thieno[2,3-
d]pyrimidine-6-carboxamide

5 9.63E-09 3.48E-07

tert-Butyl 5-amino-2-methylthio-4-(3-
({N,N-bis-(2-methoxyethyl)-glycinyl)-
amino)-pheny!)-thieno[2,3-d]pyrimidine-
6-carboxamide

6 1.00E-08 1.18E-06

tert-Butyl 5-amino-2-methylthio-4-(3-
((2,3-dihydroxy-prop-1-yl)-glycinyl)-
amino)-phenyl)-thieno[2,3-d]pyrimidine-
6-carboxamide

7 1.22E-08 1.13E-06

tert-Butyl 5-amino-2-methylthio-4-(3-
((1,3-dihydroxyprop-2-yh-glycinyl)-
amino)-phenyl)-thieno[2,3-d]pyrimidine-
B-carboxamide

8 2.64E-08 1.00E-06




d i methyl am no)-4-(3-((N-nethyl-N(2- hyd

roxyet hyl ) -gl yci nyl)-am no) - phenyl )- thieno[2, 3-d] pyri m di ne-6-car boxam de
18 1.45E-08 1.63E-06 tert-Butyl 5-am no-2-ethylam no-4-(3- ((N-(meth oxyca
rbo nyl methy I)-g lyc i ny | )- am no)-phenyl)-thieno[2, 3-d] pyrim di ne-

6- car boxam de 19 2. 29E-08 2. 30E-06 tert-Batyl 5-am no-2-isopropylami no-4
(3-((N-eth yl-N-(2-meth oxyeth yl )- glycinyl)-am no)-phenyl)-thieno[2, 3-
dj pyri m di ne-fgga1 ?&%ﬁﬁh 20 4.24E-08 2.95E-06 tert-Butyl 5-am no-2-al
|yl am no-4-(3-((N oxycar bonyl net hyl ) -gl yci nyl )-

am no) - phenyl ) -t hi eno[ 2, 3-d] pyri m di ne- 6-carboxam de 21 5. 70E-08 5. 60E- 07
tert-Butyl 5-a mi no-2-nmethoxy-4-(3-((N ethyl-N(2-nmethoxyethyl
)-glycinyl)- am no)-phenyl)-thieno[ 2, 3-d] pyri m di ne- 6-carboxam de 22

1. 16E-08 9.53E-07 [fort-Butyl b-amino-2-g I TyJ[ToxXy-4-[3-((N
et hyl - N- ( 2- met hoxy mhvl )-glycinyl)- example |LH EC50 (M) |FSH EC50 (M)
am no) - phenyl ) - t hi ¢®ciuR! Sifp@yranyié-ci(the- G- car boxam de pP3 3. 68E{08 1. 74E-06
tort-Butyl 5-a m 26 y' '(ﬁenwg?th E By 3 ((IN-et hyl - N- ( 2- pret hoxyet hyl ) - g

. i amino) [2,3-d]pyrimidine-
! ycl nyl ) B-carboxamide

9 4.82E-09 6.06E-07

tert-Butyl 5-amino-2-phenyl-4-(3-(N-
(methoxycarbonylmethyl)-glycinyl)-
amino}-phenyl)-thieno{2,3-d]pyrimidine-
6-carboxamide

10 1.01E-08 2.48E-08

tert-Buty! 5-amino-2-(2-furyl)-4-(3-((N-
methyl-N-(2-hydroxyethyl)-glycinyl)-
amino}-phenyl)-thieno{2,3-d]pyrimidine-
6-carboxamide

11 4.00E-09 6.16E-07

tert-Butyl 5-amino-2-(2-furyl)-4-(3-(N-(1-
hydroxy-2-methyl-prop-2-yl}-glycinyl)-
amino)-phenyl)-thieno[2,3-d]pyrimidine-
6-carboxamide

12 1.18E-08 2,97E-06

tert-Butyl 5-amino-2-(2-fury!)-4-(3-(N-
(methoxycarbonylmethyl)-glycinyl)-
amino)-phenyl)-thieno[2,3-d]pyrimidine-
6-carboxamide

13 1.21E-08 2.55E-086

tert-Butyl 5-amino-2-(2-thieny!)-4-(3-((N-
methyl-N-(2-hydroxyethyl)-glycinyl)-
amino)-phenyl)-thieno[2,3-d]pyrimidine-
6-carboxamide

14 5.28E-09 1.44E-06

tert-Butyl 5-amino-2-(2-thienyl)-4-(3-((N-
(methoxycarbonylmethyl)-glycinyl)-
amino)-phenyl)-thieno(2,3-d]pyrimidine-
6-carboxamide

15 1.82E-08 3.21E-06

tert-Buty! 5-amino-2-(2-thienyt)-4-(3-
((N,N-di-(2-methoxyethyl)-glyciny!)-
amino)-phenyl)-thienof2,3-d]pyrimidine-
6-carboxamide

16 2.13E-08 6.81E-06




am no) - phenyl ) -thl eno[ 2, 3-d] pyri m di ne- 6-carboxam de 24 7.82E-08 2.51 E-06
tert-Butyl 5-am no-2-(4-pyridyl)-4-(3-((N (1-hyd

roxy- 2- net hyl - prop-2-yl)-glycinyl)- am no)-phenyl)-thieno[ 2, 3-dj pyri m di ne-
6- car boxam de 25 3.47E-08 4.00E-07 tert-Butyl 5-am no-2-(4-pyridyl)-4-(3
((N, N-bis-(2-nmethoxyethyl)-glyci nyl )--53-

am no) - phenyl ) -t hi eno[ 2, 3-d] pyri m di ne-6- carboxam de 26 3. 82E-08 1. 23E-06
- 54 - Clainms 1. Athieno[2,3-d]pyriridine derivative according to general
formulal, R3R4ANO, (fli0O5 NHZNO RLI ANSNH (Formulal) 5 or a
phar maceut i £#4 | (atepdAbl e salt thereof, wherein Xis Oor HHAis S

NH, N(R6), 0 or a bond; R is (1 -4C al kyl, (2-4C) al kenyl, phenyl or
(2-5C)heteroaryl, the phenyl or heteroaryl ring optionally being
substituted with pne or nore of the grodp of | 10 substituents] hydroxy,

hal ogen, nitro, t[fPffuoronethyl cyano |S@MPILRECIIW EEY EGHOYM| kyl ami no.
tert-Butyl 5-amino-2-ethylamino-4-(3-
((N-ethyl-N-(2-methoxyethyl)-glycinyl)-
amino)-phenyl)-thieno[2,3-d]pyrimidine-
6-carboxamide

17 1.04E-08 1.25E-06

tert-Butyl 5-amino-2-(N,N-
dimethylamino)-4-(3-({N-methyl-N-(2-
hydroxyethyl)-glycinyl)-amino)-phenyl)-
thieno[2,3-d]pyrimidine-6-carboxamide
18 1.45E-08 1.63E-06

tert-Butyl 5-amino-2-ethylamino-4-(3-
((N-(methoxycarbonylmethyl)-glycinyl)-
amino)-phenyl)-thieno[2,3-d]pyrimidine-
6-carboxamide

19 2.29E-08 2.30E-06

tert-Butyl 5-amino-2-isopropylamino-4-
(3-((N-ethyl-N-(2-methoxyethy!l)-
glycinyl)-amino)-phenyl)-thieno[2,3-
dlpyrimidine-6-carboxamide

20 4.24E-08 2.95E-06

tert-Butyl 5-amino-2-allylamino-4-(3-((N-
(methoxycarbonylmethyl)-glycinyl)-
amino)-phenyl)-thieno[2,3-d]pyrimidine-
B-carboxamide

21 5.70E-08 5.60E-07

tert-Butyl 5-amino-2-methoxy-4-(3-((N-
ethyl-N-(2-methoxyethyl)-glycinyi)-
amino)-phenyl)-thieno[2,3-d]pyrimidine-
6-carboxamide

22 1.16E-08 9.53E-07

tert-Butyl 5-amino-2-allyloxy-4-(3-((N-
ethyl-N-(2-methoxyethyl)-glycinyl)-
amino)-phenyl)-thienof2,3-djpyrimidine-
6-carboxamide

23 3.68E-08 1.74E-06

tert-Butyl 5-amino-2-isopropoxy-4-(3-
((N-ethyl-N-(2-methoxyethyl)-glycinyl)-
amino)-phenyl)-thieno[2,3-d]pyrimidine-
6-carboxamide

24 7.82E-08 2.51E-06

tert-Butyl 5-amino-2-(4-pyridyl)-4-(3-((N-
(1-hydroxy-2-methyi-prop-2-yl)-glyciny!)-
amino)-phenyl)-thieno[2,3-d]pyrimidine-
6-carboxamide

25 3.47E-08 4.00E-07

tert-Buty! 5-amino-2-(4-pyridyl)-4-(3-
((N,N-bis-(2-methoxyethyl)-glycinyl)-
amino)-phenyl)-thieno[2,3-d]pyrimidine-6-
carboxamide

26 3.82E-08 1.23E-06




R2 is H (1-4C al kyl, (1-4C)al koxy(2-4C)al kyl or hydroxy(2-4C)al kyl; R3 and
R4 can be independently selected fromH, (1-4C) alkyl and hydroxy(1-

4C) al kyl; 15 R5 is Hor (1-4Calkyl, and R6 can be selected fromthe sane
groups as described for RL. 2. The conpound according to claim1l wherein X
is HH 3. The conmpound according to claigg -1 or 2 wherein RS is

(1-40Cal kyl. 4. The conpound according to clains 1-3 wherein R3 = R4. 20
5. The compound according to clains 1-4 wherein R3 = R4= H 6. The conpound
according to clainms 1-5 wherein R2 is (1-4Calkyl. 7. The conpound
according to clains 1-6 for use in therapy. - 55 8. A pharnaceutical
conposition conprising a thieno[2,3-d]pyrimdine conpound according to
claims 1-6 e! i?nghar maceutical ly acceptable salt or solvate thereof, in
adm xture wih a, pharmaceutically acceptable auxiliary. 9. Use of

t hi eno[ 2, 3-4] pyAitnked[AS-tlpypmidids datatveadgrding tl ginsm] forfutyl, a 5

phar maceutically acceptable salt or solvate thereof for the manufacture of
a nmedicament for the control of fertility. 10. A nmethod to treat fertility
di sorders in patients in need thareof adm nistration of an effective
anount of a conpound accor di 5%71%%1(%\.,;510

(Formula I)
5 or a pharmaceutically acceptable salt thereof, wherein

XisOor HH
Ais S, NH, N(R®), O or a bond;
R'is (1-4C)alkyl, (2-4C)alkenyl, phenyl or (2-5C)heteroaryl, the phenyl or
heteroaryl ring optionally being substituted with one or more of the group of

10 substituents: hydroxy, halogen, nitro, trifluoromethyl, cyano, amino or (1-
4C)(di)alkylamino.
R?is H, (1-4C)alkyl, (1-4C)alkoxy(2-4C)alkyl or hydroxy(2-4C)alkyl;
R’and R* can be independently selected from H, (1-4C)alkyl and hydroxy(1-
4C)alkyl,

15 R’ is H or (1-4C)alkyl, and

R’ can be selected from the same groups as described for R'.

The compound according to claim 1 wherein X is H,H.

The compound according to claims 1 or 2 wherein R? is (1-4C)alkyl

The compound according to claims 1-3 wherein R* =R*.

20 The compound ac¢cording to claims 1-4 wherein R’ =R*=H.

The compound according to claims 1-5 wherein R? is (1-4C)alkyl.

e A T

The compound according to claims 1-6 for use in therapy.
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10.

- 55 -

A pharmaceutical composition comprising a thieno[2,3-d]pyrimidine compound
according to claims 1-6 or a pharmaceutically acceptable salt or solvate thereof, in
admixture with apharmaceutically acceptable auxiliary.

Use of thieno[2,3-d]pyrimidine compounds according to claims 1-6 or a
pharmaceutically acceptable salt or solvate thereof for the manufacture of a
medicament for the control of fertility.

A method to treat fertility disorders in patients in need thereof by administration

of an effective amount of a compound according to claims 1-6.



