Thi eno[ 2, 3-d] pyri m dines with conbined LH and FSH agoni stic activity The
invention relates to conpounds havi ng gl ycoprotein hornone agonistic 5
activity, in particular to conpounds having both Luteinizing Hornmone (LH)
and Follicle Stimulating Hornmone (FSH) agonistic activity. The invention
furthernore relates to pharnmaceutical' conpositions containing the sane as
well as to the use of these conpounds in nmedi cal therapy, particularly for
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Currently, LH 1s. applied clinically, in combination with FSH, for ovarian
stimulation i.e. ovarian hyperstimulation for in vitro fertilisation (IVF) and induction of
ovulation in infertile anovulatory women (Insler, V., Int. J. Fertility 33, 85-97, 1988,

20  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 gonadal cell types to initiate ovarian and testicular
differentiation and steroidogenesis. The actions of these pituitary and placental
hormones are mediated by specific plasma membrane receptors that are members of the

25 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.

Gonadotropins destined for therapeutic purposes can be isolated from human urine

30 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 low molecular weight compounds. Bicyclic heteroaromatic



conpounds have been described in WO 00/61586. By in vitro and in vivo
experinents they are shown to be useful as LH agonists. In normal .fenales
the release of pituitary LH and FSH is characterized by a md- cycle surge
whi ch precedes the ovulation. Ovulation is characterized by three distinct
5 physi ol ogi cal phenonmena i.e. oocyte matgration, follicular rupture and

| uteinization. While the role of the LH-surge in the in vivo induction of
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In ovulation induction, it is desirable to provide the effects of LH as the major
component. According to the present invention compounds have been found with
particular advantageous properties when used in protocols for enhanced fertility. In

15 these compounds LH activity is accompanied by a FSH activity.

Thus the present invention provides low molecular weight compounds that in
addition to LH activity unexpectedly also have FSH activity. In general 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.
20

The present invention resides in thieno[2,3-d]pyrimidine derivatives according to

general formula I,

(Formula I)

or a pharmaceutically acceptable salt thereof, wherein N(R1)R2 are joined in a (2-

25 6C)heterocycloalkyl ring.



or a pharmaceutically acceptable salt thereof, wherein N(RL)R2 are joi ned
ina (2- 25 6C) heterocycloal kyl ring. -3- The nost preferred conpounds are
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human LH or FSH receptor, respectively, the ECs, with regard to the LH receptor was
20  found to be less than 5.10° M whereas with regard to the FSH receptor the EC,, was less
than 10°M. Typically the FSH activity ranges from an activity of about 1% of the LH

agonist stimulation to about 10% of the ILH agonist stimulation.

The invention further resides in a pharmaceutical composition comprising a
25  thieno[2,3-d]pyrimidine derivative compound or salts thereof having the general

formula 1.

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,

30 more preferably induction of ovulation. The present compounds are used to activate
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.



both the LH and FSH receptors. The conmpound of the present invention can be
used therefore in a method to treat females with fertility problenms. -4-
For therapeutic use, salts of the compounds of fornula | are those wherein
the counterion is pharmaceutically acceptable. However, acid addition salts
of bases according to formula I, may alsygtind use, for exanple, in the
preparation or purification of a pharmaceutically acceptable conpound. Al
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particular compound the route of administration, and the age and condition of the

individual subject to whom the medicament is to be administered.

20 In general, parenteral administration requires lower dosages than other methods of
administration which are more dependent upon adsorption. However, a dosage for
humans preferably contains 0.0001-25 mg per kg body weight. The desired dose 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

25 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
30.  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



of the inventions are to be used in the incubation nedia in a concentration
of 30, approximately 0.01-5 g/ ml. The present invention thus also relates
to pharmaceutical compositions conprising a thieno[2, 3-d]pyrimdine
conmpound according to fornula | in adm xture with -5- pharmaceutically
accept abl e auxiliaries, and optionally other therapeutic agents. The
auxiliaries nust be "acceptable" in the sense of being conpatible wth the
n and, not deleteriogus to the recipients
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The compositions can further be processed into a suppository or enema for rectal
administration.

20 For parenteral administration, suitable compositions include aqueous and non-
aqueous sterile injection. The compositions may be presented in unit-dose or multi-dose
containers, for example sealed vials and ampoules, and may be stored in a freeze-dried

(Iyophilised) condition requiring only the addition of sterile liquid carrier, for example,
water prior to use.

25 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

30 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



pressuri zed aerosols, nebulisers or insufflators. The

t hi eno[ 2, 3-d] pyri m di ne conpounds of the invention can al so be adm ni stered
30 in the formof inplantable pharnaceutical devices, consisting of a core
of active material, encased by a rel ease rate-regul ati ng nenbrane. Such
inplants are to be applied subcutaneously or locally, and will rel ease the
active ingredient at an approximately constant rate over relatively large
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as N,N-diisopropylethylamine (DIPEA).
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15 Derivatives of formula (II) wherein Q = Cl or Br can be prepared by regioselective

acylation of meta aniline derivative (V) 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

sollvent such as dichloromethane or THF.

— @

20



(V) (W 20 -7- Conpound (V) is accessible by art-known reduction of the
nitro function in derivative (VI) using an appropriate reduci ng agent such
as tin(ll) chloride in a protic solvent such as ethanol in the presence of
hydrochl oric acid.at elevated tenperature (J. Heilbron, J. Chem Soc, 1279
(1940)). 5 N2 T NH2 \~o0 (V) H3C ~\ SNH S N (VD Thienopyrimdine
(VI) can be prepared by condensation of carboxylic acid (VII) 1o with

tert-butyl am ne under e influence of coupl i ng. agent such as . .
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sodi um hydroxi de in aqueous di oxane at elevated tenperature (80 Cto
reflux). -8- &NH2

— V)

Thienopyrimidine (VI) can be prepared by condensation of carboxylic acid (VII)
10  with tert-butyl amine under the influence of a coupling agent such as O-(benzotriazol-1-
y1)-N,N,N’,N -tetramethyluronium tetrafluoroborate (TBTU) or
bromotripyrrolidinophosphonium hexafluorophosphate (PyBrOP) and a tertiary base,

e.g. N,N-diisopropylethylamine.
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15
Saponification of ethyl ester (VIII) to the corresponding carboxylic acid (VII) takes
place in the presence of a base such as lithium hydroxide, potassium hydroxide or

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



o,. (M1) H3C, SNOCE (MIIl) Bicycle (MI1Il) is forned by substitution of
chloride (X) with ethyl nercaptoacetate under the agency of

N, N- di i sopropyl et hyl am ne, foll owed by base-catal yzed ring- closure of the
intermedi ate thioether (1X). This type of thieno[2,3-d]pyrimdine ring 5
formati ons has been described in: S A Abdel-Hady, MA Badawy, Y.A

| brahim Sul fur Lett. 9, 101 (1989) and S. Tunkevicius, Liebigs Ann., 1703
(1995). N2 CN O (VI M)) HC ~3J\ SOt S N(IX) Suitable conditions
for the cyclizaty eaction are sodiumethoxide in ethanol or o

N, N-di i sopr opyl e amne in toluene/ethanol (1/1, v/v) at reflux
tenperature. NO2 @ N wCN + O(IX) HS ORHIC \ SNC (X) The reqU|S|te
chloroimne (X) car_he syrtt hesi zed fokl owingm)l iterature procedures as

descri bed for ex A A Santilli, D.H Kimand S. V. Wanser, J.

Het er ocycl . €54 €t / 1971. According to this procedure, | act am (XI)
is treated vmth POCL13 at el evated tenperature (80 Cto reflux) to give
chloride (X). The &¥8Dti on of an -9- appropriate solvent, e.g. dioxane,
and/ or the addition of either PCL5 or NNN- dinethylaniline to the reaction
m xture may result in shorter reaction times and higher yields of chloride
(X). Bicycle (VIII) is formed by substitution of chloride (X) with ethyl mercaptoacetate

under the agency of N,N-diisopropylethylamine, followed by base-catalyzed ring-
closure of the intermediate thioether (IX). This type of thieno[2,3—d]pyrimidihe ring

5  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,
- — (VII)
CN lo)
N7
[
Hsc\s/l\\N S OEt
(IX)

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

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

_NoO,
o
N/I N /_/< - (X)
HS OEt
Heo s
TN NN g

(X)

The requisite chloroimine (X) can be synthesized following literature procedures as
described for example by A.A. Santilli, D.H. Kim and S.V. Wanser, J. Heterocycl.

15 Chem. 8, 445, 1971. According to this procedure, lactam (XI) is treated with POCI, at
elevated temperature (80 °C to reflux) to give chloride (X). The addition of an



NO2 CN N(X) HSill, NO H(XI) 5 An appropriate route towards |actam
(XI') conprises the nulticonponent condensation of ethyl cyanoacetate with
3-nitro-benzal dehyde and S-nethyl isothiourea in ethanol under the agency
of a base such as potassium carbonate at el evated tenperature (60 C). 10
N2 CEt NH NC*' -~ +/ + 3C |l OHS NHy _.O H Rel ated procedures have
been disclosed in: ,S. Kanbe, K Saito and H Kishi, Synthesis, 287

(1979); attah, S. M Hussai n, and, A El -Reedy, Tetrahedron 39,
3197 (1983;\4131’@% lg‘1Hussoiaﬁi eg ad é?neaa?%%?f ﬂé“noa'%“;@n Winshlsr, PEL Kt dcycl .
Chem 15 2dimell§9anili@8H) the wmdmodmmmma@rmmtelnr aept feractmrﬂ%esgal%m%kﬁ as

invitro aaqdhgoyaﬁg ?gégys to determ ne biological activity of
gonadot r opi NS are we own. In general, expressed receptor is contacted

wi th the conpound to be tested and binding or stimulation or 20 inhibition
of a f nctional response is neasured. To neasure a functional response

i sol ated DNA encod] ngNg,he LH or the FSH receptor gene, preferably the
human recept or, expressed in suitable host cells. Such a cell night be
t he Chi nese Hans Ovary cell, but other cells are also suitable. -10-
Preferably the cel|ls are of nannalian origin (Jia et al, Ml.Endocrin., 5,
759-776, 1991)., CN — X)

|
H,C )\
3 \S N

H

(XT)

An appropriate route towards lactam (XI) comprises the multicomponent
condensation of ethyl cyanoacetate with 3-nitro-benzaldehyde and S-methyl isothiourea
in ethanol under the agency of a base such as potassium carbonate at elevated
temperature (60 °C).

10

NO

OEt NH
Nc/ﬁ‘]/ + + H.C )J\ —_— (XI)
~

o s~ “NH,

(@)
Xz

Related procedures have been disclosed in: S. Kambe, K. Saito and H. Kishi, Synthesis,
287 (1979); A.M. Abd-Elfattah, S.M. Hussain and A.M. El-Reedy, Tetrahedron 39,

3197 (1983); S.M. Hussain, A.A. El-Barbary and S.A. Mansour, J. Heterocycl. Chem.
15 22,169 (1985).

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

20  inhibition of a functional response is measured.

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



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 5 Harbor Laboratory Press, Cold Spring Harbor, |atest
edition). Expression of receptor is attained by expression of the DNA
encodi ng the desired protein. Techni ques._ ggr_ site directed nmutagenesis,

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

expressio now, well known in the art. Portions or all
of the DNATETEBU G° CALS dbsPt SHBRULE: PSar Beclconddeldiviearsy i HELIaA! | y
using stande9d)solid io phase techniques, preferably to include restriction
sites for ease of ligation. Suitable control elenents for transcripti on

and transl ati oMetfods MCmm&htﬂieﬁblﬁlﬁldhrﬁgLH @ﬂFSH&Q{pE&%E‘ing%eﬂ Hﬁ@é/aré%&!autl&ol | ENA
S ar e T E D SertProh et o A Ctar ot G Rn s LeBoreingy Mg oResyring ¢
hosts suchHabobheb@aioay Breds eﬂlddatSysﬁhg GE LTS &t@ue&igaf)hmF&bmo@ bﬁﬂéceﬁt%{ isS,

t [ 5 avi a | s, an e
oo ossi g TRATRIR B ssidhd o il BranFhing e e L biotie. Libpimn Turosie
observe bididicteg, noragenésis)| Bgdton of additiohalt B@queﬂcfesa Hamcand)rbaiéstﬁﬁﬁﬂﬂtné?fe
Al t t LANES cont aj nin essed r or
A vernati Ve b 0L et bl TR 97 S SL105, Log expesed. egept
r adi oact i vdPYAognchbiingrtes desmet protainelae de monqmm‘red$ynmytlcdb1@ usﬁgflstalﬂarcr Qj‘lﬂr Ience
conmpoungd h ern al so
cogget i 1?l o%&ngﬁsﬁg aségﬂéfetagr?p Eeﬁéﬂdf%gilr%ﬁtggug%n ?Sh%c’rr e§§3§§%lgﬁ%} \a)%’étagle
screeni ng fecontrpbe emelﬁsﬁprrtmmmmna‘gd iiagslatcongiche ds Umiy cadihg Bdsqulenﬁgcaﬁl)ed -
stimul ation, rQ\flldE@F@@k?ﬁNﬁ% qﬁéwgs @At%clg%fl{ﬂ Wi, £ g?si qn sa/s{%:ggstaqggpg and

i nvol ves expr essi on 0 ptor on 'the ce
exposi ng t Headadile whiphtare cmmtlk&@wbmwdemeewm hnstS,ahclumME prrekatyaie hosts

measured. Then béaﬁfdteri)df akVIRaryhik o6 sﬁ&%@%%toélahp&eﬁl@ gﬁg"e%t cagfﬁqu ](agn ‘ Lge

inhibitory or stinmulating effect o ound upon

recept of. ~ IAlladuianicghs el Giediket neasurement of e.g. cAWP levels in the
exposed cell, cells can 30 be used which in addition to transfection with
recept or enc od?eﬁ]@ BRIESHRS th reeepter an dieacoaticitdtwitla thedes cdmphitndetcaddeng a

reporter genelihdreHRLRTSH QR ikl 65 A EERRNHS bRt he | evel of cAWP. Such
regorter geneé éf]n éht be cANPll nollum bl e cl)lr o ﬂép ]%e constructed in such a

way that they MtenfiRRLELEEd @elpﬁ%{br&%ohﬁﬁﬁﬂgﬁﬁy Bxpressed receptor may be

used to measure binding of compound.

20 . For measurement of binding radioactively or fluorescently labeled compounds may
be used. As reference compound human recombinant LH or FSH can be used. In the

alternative also competition binding assays can be performed.

Another assay involves screening for LH or FSH receptor agonist compounds by
determining stimulation of receptor mediated cAMP accumulation. Thus, such a method

25 involves expression of the receptor on the cell surface of a host cell and exposing the
cell to the test compound. The amount of cAMP is than measured. The level of cAMP

will be reduced or increased, depending on the inhibitory or stimulating effect of the test

compound upon binding to the receptor.

In addition to direct measurement of e.g. cAMP levels in the exposed cell, cells can

30 be used which in addition to transfection with receptor encoding DNA are also
transfected with a second DNA encoding a reporter gene the expression of which
responds to the level of cAMP. Such reporter genes might be cAMP inducible or might

be constructed in such a way that they are comnected to novel cAMP responsive

elements. In general, reporter gene expression might be controlled by any response



el ements. In general, reporter gene expression mght be controlled by any
response - 11 elenent reacting to changing | evels of cAMP. Suitable
reporter genes are e.g. LacZz, alkaline phosphatase, firefly luciferase and
green fluorescence protein. The principles of such transactivation assays
are well known in the art and are describegd e.g. in Stratowa, Ch, H nmer,
A and Czernil of sky, A P., Curr.Opin.Biotechnol.6, 574 (1995). 5 For

selecting a t|v co und tor, testing at 10-5

st ool TP R ABE B TS rEnEres ohsANbob GO PR Rt 464 P Lgehen
LH or FSH |a§ka]meq>hos;ﬂ1amse eﬁmﬂﬁ ﬂm:efewéélaﬁdlgfeeﬁ flubekteDbe fﬂﬁ)@fﬂﬁ Tllﬁl ﬂrgﬁl

val ue, which b 10" erab < 10- The. ill'ed artisan
will recog n%u%gyrﬁﬁ%?fﬁﬁae]soﬁaﬁﬁaryé Eecg'ﬁﬁ PR g’reeaﬂdaé]rﬁleaﬁﬁgﬁsccr%ﬁé(? el %‘Bat%f%pound
test ed. ForClgxtanphler, Aaanb@parniafsky, tAhP aCub@fin Bibteclinol.§, $2is@993)an 10-5 Mis
general ly, considered a candidate for drug selection. Preferably this val ue
i's | owers t han FotGtlectibg baivevmmpoandoom thericH whiFSH teasptar, histihgat EES0] mhstt i s
selective f &P 3 et i.dat

Ser coni ng. oy RREYIG S Blore [ERYObe L R0 8 S EL T pF Bt
using a @Srﬁou@eren@qzd‘hgﬁb@ﬂ ¢rithiiiQra gE gyt b{e\/&m BegmejueMwhidobessba < D0° and

Di czf al usy, b abﬁpg idocrinol. 77: 655-671 (1974), Mannaerts, B.,

Kl oosterboepr f—i uurs, A., Neuroendocrinol ogy of reproductl on. R
Rol I and et al Tﬂ%dsﬁqlledgclﬁ@élﬂ %H %&!o%ﬂﬁ@ il t&ghl?ﬁ)% EC BVaYues 40 dgﬁen(i dgr}%l
this assay, stinulation of recepto I at ed t &stost eron |on
can be Weasopweund tastaggFer @@mme,las@moaad iGemECe, wiish is gs Ft@ai 180N St ¢
activity ofs.GaanouRRSideRA @&a?ﬁﬂi?e it '%;@e'ﬂ%@loh rPr@f&r é’ Qalﬁpgeﬂowfpﬁ{aﬂg

cul tured rmu e follicles according to

Repr oduct i o Mndoweyer 3 peppamd vach Beva l{mbgf’é(;sé, bvhvﬁrsekegﬁﬂee foprthespartaandari an

follicles aegpictomal 86 cdita b&id: taBEhtd N the presence of FSH agonistic
conmpounds to induce follicular growth. Measurenents of follicular dianmeter

and estradi ol Jofedniify forll[IH F&chRE hpdhigicEodnisbunal bavdsals@%e fp@ffoﬁx?édl bFHAE a
growth. To neasure LHPIé][‘I vivo gctirvity of caqnmpounds, ovulation i'nduc |on in

i et ur’d Aneuse dgydigeccdt bigassay (Van Canine Ma RebsrsiuPe 20b Pagzélngye & afeta

primed wit fElﬂbbmdly 75%55@7@ pmpMﬂﬁia@ﬂty B3 Ihl@ldét&rbbéff . hde’bed¥ hh a LH
agoni stic are_kill LH agonj st treat nent

ou er
and the nu quﬂog\lpao 0%y @){@pmﬁm R golland et a? Eds., Elsevier Science Publishers
: B.V., 49-58 (1987)). In this assay, stimulation of LH receptor mediated testosterone

production can be measured in Leydig cells isolated from male mice.

20 FSH agonistic activity of compounds can also be determined in an ex vivo model
using cultured mouse follicles according to Nayudu, P. and Osborn, S. (J. Reproduction
and Fertility 95, 349-362 (1992)). Therefore, mouse ovarian follicles are isolated and

_cultured in the presence of FSH agonistic compounds to induce follicular growth.
Measurements of follicular diameter and estradiol in the culture medium are indicative

25 for follicular growth.

To measure LH in vivo activity of compounds, ovulation induction in immature
mice can be studied. In this assay immature female mice are primed with urinary FSH
and approximately 48 hours later treated with a LH agonistic compound. The animals
are killed -after LH agonist treatment and the number of ova in the oviduct is

30  microscopically assessed.

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



30 mcroscopically assessed. To neasure FSH in vivo activity of conpounds
immature female rats are treated at 0, 8, 24 and 32 hours with a FSH

agoni stic conpound to induce follicular growh. At 52 hours after the
start of the experinent the animals are injected with hCG to induce

ovul ation. The aninmals are killed 72 hourgpafter the start of the
experinment and the - 12 nunber of ova in the oviduct is mcroscopically
assessed. In ddi%ion.o arian weight is  determ ned. The compounds, of the
present | nVAREISAE O3 D IC Ao BIoreiceRiel FSEHbJE Addionaranantieied iow LH
or hCG is ulkegmidddese i nclude LH substitution anong subjects with 5

hypogonadal hypogonadi sm eLt her l.e or. female, mdcycle admnistration to
i nduce ovul ati ‘ioﬂfmﬂuﬂg% 8#1'&’1e ﬁ’(’i‘a(fgﬁ IBHGD(“@T)C"‘%L’G &Béﬁ-‘%cﬂ)fm@&llﬁ%@oﬁ TeSUMeRs on
(COH) or stwinett aioivohH of hClieiscasefuShesetiatiute LT eutstibdtion 600X AHELS waihe

illustrative for t i nvent i.on d should.in.no ) be. interpreted_as
it ng t HEPREUBAE P ENRE g ARG P dutiie agramaiBn o gog e

5- acrH no- 2- netulatioh meldﬁc(rﬂ'mﬁget(c?z(;éﬂ) oli sonfroMdd hﬁ;(éfﬁti&t[ﬂldﬁbh-(pjmm dr)stitduilear 2, 3-
15 pyrim di.ne-6-carboxam de (a). 5 -Cyano-4-(3
-nitrophenfﬁ?ﬁﬁqﬁgﬁﬁ§gﬁﬁfo-6-oxopyrinidine A m xture of S-nethylisothiourea

sulfate (69.0 P Pl 75,0 et hyl anoacetate ((56.0
n) and potaséﬁ%ﬁ@@gggg%gggﬂégéggq%@gﬁﬁv%gng%Pﬁﬁpﬁ%ﬁﬁﬁfﬁFyﬂaﬁkno?@ygFirred
at 60C f or @rpretediae limating the scariextfiheinwargionool ed to OC in an ice bath. The
resulting precipitate was filtered off, washed with abs. EtCOH and di ssol ved
in hot Water (100C). The solution was cooled to roomtenperature,
acidified with 2N HOJ to pH 2 and cooled to OCin an ice bath. The
resulting precipitate was filtered off and washed wth ice water. Residual
water in the gexampleste was renoved by coevaporation with 25 1,4-di oxane.
Yield: 54.0 ng. WMS-ESI: [M+H + = 289.0

Example 1

tert-Butyl 5-amino-2-methylthio-4-(3-(2-(azetidin-1-yl)-acetamido)-phenyl)-thieno[2,3-

15 dlpyrimidine-6-carboxamide

(a). 5-Cyano-4-(3-nitrophenyl)-2-methylthio-6-oxopyrimidine

A mixture of S-methylisothiourea sulfate (69.0 g), 3-nitrobenzaldehyde (75.0 g), ethyl
cyanoacetate (56.0 ml) and potassium carbonate (72.5 g) in abs. EtOH (1500 ml) was
20  stirred at 60°C for 16 h. The reaction mixture was cooled to 0°C in an ice bath. The
resulting precipitate was filtered off, washed with abs. EtOH and dissolved in hot water
(100°C). The solution was cooled to room temperature, acidified with 2N HCI to pH 2
and cooled to 0°C in an ice bath. The resulting precipitate was filtered off and washed
with ice water. Residual water in the precipitate was removed by coevaporation with

25 1,4-dioxane.

Yield: 54.0 mg.
MS-ESI: [M+H]" =289.0
TLC: R;= 0.3, silica gel, DCM/MeOH = 9/1 (v/v).

30 (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-oxopyrimidine (example 1(a), 25.0 g) in dry 1,4-dioxane (300 ml). After 3



TLC. Rf= 0.3, silica gel, DCM MeOH = 9/1 (v/v). 30 (b).

6- Chl or o- 5-cyano-4-(3-nitrophenyl)-2-neth I thio-pyrimdine POC13 (100 nl)
was added to a stirred solution of 5-cyano-4-(3-nitrophenyl)-2-

nl et hyl t hi o- 6- oxopyri m di ne (exanple 1(a), 25.0 g) in dry 1, 4-di oxane (300
m). After 3 - 13 h at 90C, the m xture y@s cooled to roomtenperature and
concentrated under reduced pressure The residue was dissolved in

1, 4- di oxan nd the re n Iut| s cooled . to OC .lce
wat er was aut | ogg 181‘%’58 Wa?ﬁ8° i Fg’rnhge {cangeutrated underaigducads  ang
washed wit lpresatuer ThReséicﬁmWaw\msmivedrnnt lbe-dllrxeﬁd: pi (IOaltnB andsthé essoMBeg PYution

coevaporatr , oxane. Yield. 26. e NB-ESI: [ M- = 7.0 TLC

2V ore: ool S ot e ARG sty o e Yl prpgtfged was Biéred
5 cyano- 4- (oBf rengr wralsimdy Ivs)nthwstrh)Rdsidmel- Grat@t hoxhe grbapiydtaeihs kthbedd by
pyrim di;ne | dded to a stirred solution of ethyl
2- mer capt oa%{%ﬁla(ug}g ‘%‘ﬂmh dA@%ﬂg
6- chl or o- 5-%ighin- 4- ( 3- %@gophenyl) 2- met hyl t hi o- pyri mi di ne (exanple 1(b),
26.0 g) in xtur LA A250 M) and DCM (250 ml). After 1 h at room
terrperaturé\ﬁs eﬂ\?@ﬁ 7(5(%0 m) was added to the m xture which was
then extradtldd vmth E&MQéiﬂﬁwelrheptandﬁit@,dcmgolf)’) and concent r at ed under
reduced pressure. Yield: 28 0g M-ESI: [MH + = 390.4 TLC. Rf = 0.5,
silica gel, heptane/EtOAc 3/2 (vlv). 20 (d). Ethyl
5- am no94- (Q.ni rEthﬂhenﬁcyaml k3 -nsjraphemd)-Bivegthylthi &6 thoryqarbtinybm @hylthio)-
car boxyl at %Xﬁnﬁhgﬁgure of ethyl 5-cyan-4-(3-nitrophenyl)-2-nethylthio-6-
(ethoxycarbon TmeChyl t hio)-pyrimdine (exanple 1(c), 28.0 g) and DI PEA (30
M) in a 2HPEAHarembrwassaddathio q%mdrrp)ut@mf Ethoh2 (s cepiaceises Ot brasd at
reflux tenmgesabtLciatd 351% A&y-2- W% e

kT CUA ) opk: glf') H&ﬁlynﬂlﬁg gjl?r?m {eg Eg@gr g%b%%&ﬁ)

t enperature and concentr at ed r educed essure.
renoved by 11&15@%96}3@]}-1&%5%@}1&1@0@@%@50 ml). After 1 h at room temperature 0.IN agq.

15 HCI (500 ml) was added to the mixture which was then extracted with DCM (3*500

ml), dried (MgSO,) and concentrated under reduced pressure.

Yield: 280¢g
MS-ESI: [M+H]* = 390.4
TLC: R;=0.5, silica gel, heptane/EtOAc = 3/2 (v/v).
20
(d). Ethyl 5-amino-4-(3-nitrophenyl)-2-methylthio-thieno[2,3-d]pyrimidine-6-
carboxylate
A mixture of ethyl 5-cyano-4-(3-nitrophenyl)-2-methylthio-6-

(ethoxycarbonylmethylthio)-pyrimidine (example 1(c), 28.0 g) and DIPEA (30 ml) in a
25 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.

Yield: 280¢g
MS-ESI: [M+H]" =391.2
30 TLC: R;= 0.6, silica gel, heptane/EtOAc = 3/2 (v/v).

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

carboxylate

EtOH (400 ml) was added to a mixture of ethyl 5-amino-4-(3-nitrophenyl)-2-
35  methylthio-thieno[2,3-d]pyrimidine-6-carboxylate (example 1(d), 28.0 g), concentrated




Yield: 28.0 g M5-ESI: [MtH + = 391.2 30 TLC. Rf= 0.6, silica gel,
heptane/ Et OAc = 3/2 (v/v). (e). Ethyl

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

5-am no-4-(3-nitrophenyl)-2- 35

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

T2° ot oxand o (1 10 P G L) ool e rinesibere wasct ur e

was then cattred 4t000°Gofort Ber Biel hx@es w28 Omes Ndooiide th lﬂé’tﬁﬁrteﬁlﬁ%ﬁﬁg and
pressure. The [e rg{egue was suspended 1ﬁ][eEt QAc (1000

added to ofSPAFH RGP Agsged PrepRETe  Lhe Fpaidyg, a?/?%ﬁ?ﬁ?%ﬁﬁ‘s’flﬁﬁ Cr(rlQQO gll)and
t he organi @N axydﬁa@ﬁswa@;ddeatcemtaﬁhra g of 0S4 Tha meix 00 6as iguefsyNEered

1 oa el TRalt Sri ter S Rathedffg chea pUERbY @dim%maatguﬁﬁrﬁs%w@q

| ) - 2- et hylptd:ssmret h| eno[ 2, 3-dl pyriridine-6-carboxylic acid Potassium

hydr oxi de (32.4 g) was added to a solution of ethyl 5-am no-4-(3-

am nophenyYjield: met hy|21H} - t hi eno[ 2, 3-d] pyri mi di ne- 6- car boxyl ate (exanpl e
1(e), 21.0y ) in L f 1, 4-di oxane (300 m) and water (100 m).
After 16 h a%% i{ﬁlﬁrﬁ tﬁég was cooled to 10C and 2N aq. citric acid
(300 m) wdd.Gidded urlﬁéro ¢ glocargslihepne/EtQAg=3Thé&v/Fesul ting precipitate was
filterggd off, washed with water (180 m) and dried in vacuo. Yield: 14.0 g
20 Ms-ESI |VH—|]+ = 333.0 TLC. Rf= 0.5, silica gel, DCM MeOH = 9/1 (v/v).
(g). tent-Biltyl 5-Amino-4-(3-aminophenyl)- 2-methylthio- th1eno[2 3-dlpyrimidine-6-carboxylic

5- am no- 4- Gggam nophenyl ) - 2- met hyl t hi o- t hi eno[ 2, 3-d] pyri m di ne- 6-

car boxam de
Potassium hydroxide (32.4 g) was added to a solution of ethyl 5-amino-4-(3-

aminophenyl)-2-methylthio-thieno[2,3-d]pyrimidine-6-carboxylate (example 1(e), 21.0
15 g) in a mixture of 1,4-dioxane (300 ml) and water (100 mi). After 16 h at 90°C, the
mixture was cooled to 10°C and 2N agq. citric acid (300 ml) was added under vigourous

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

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

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

carboxamide
25 TBTU (16.1 g) was added to a solution of 5-amino-4-(3-aminophenyl)-2-methylthio-
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/DMF (1/1, v/v, 250 ml). After 3 h at room temperature,
the mixture was washed with sat. aq. NaHCO, (3*100 ml), 0.1 N aq. HCI (100 m]) and
water (100 ml). The organic layer was concentrated under reduced pressure. The crude
30  product was purified by crystalhsatmn from warm abs. EtOH (300 ml).
Yield: 105 ¢g
MS-ESI: [M+H]" = 388.2
HPLC: R, = 30.72 min, Luna C-18(2), 5 pum, 250%2.0 mm, detection UV =210 nm, oven
temperature = 40°C, flow = 0.25 ml/min,, eluent water/ACN/MeOH = 90/9.5/0.5 to
35 0/95/5, run time = 50 min.



25 TBTU (16.1 g) was added to a sol ution of

5- am no- 4- ( 3- am nophenyl ) - 2- net hyl t hi o-

t hi eno[ 2, 3-d] pyri m di ne-6-carboxylic acid (exanple 1(f), 14.0 g), DI PEA
(17.4 m) and tert-butylamne (7.3 g) in DCMDWF (1/1, v/v, 250 m). After
3 h at roomtenperature, the mxture wasigwashed with sat. aq. NaHCO3
(3*100 M), 0.1 Nag. HCL (100 mM) and water (100 m ). The organic |ayer
was concentrated under reduced pressure. The crude 30 product was purified
by crystalllsatlon fromwarmabs CEtOH (300 M). Yield: 10.5 g MS-ESI:

[ MEH] + = - C ]

detection U i ; 3 i ) ZUE
wat er / ACN l\zﬂﬁ}hmuﬁﬁ)é G-CEtbeﬁrrida 35 0/ 95/5 run t| me 50 mn. - (h).

tent - Butyl 1 hy noace n thl enor 2, 3-
dl pyrim di n]gm O(?gter %:hg%d %g ‘&% é%?%r? ? de S{)@ t%ég %{jdseﬂ m0g-43
sol uti o ofmetbykthibtA-(A- aIﬁHJaphemyl)Zhlcﬁo 2 3-d]-pyrimidine-6- carboxamlde (example 1(g),

e L Yol L ORPRRTH g iR Bedafho R D8 TE PSR RRAE e

at room t enpeitaeures dilifed wiilk DGN, washedi Withewt.wiq. ﬁ\IdB[CI&:Da,wh&:Ide(Mgﬁ(w adt -
ag. NAHCOScodudit dMoga) d‘?‘%ﬂlce(ﬁ:o agréatfﬂ UBHRE I C%?dw%eSS“%ed e

crude product was puri ogra on siflica gel

hept ane/ Et @hcomateg@pbwpnyllxas g@llusmgthepm@e/ﬁt@m mm/mgas dBnES| : [M+H] + =
510.2 T}C RHEiF 0.3, sidd,ga gel, heptane/ Et OAc 3/2 (v/iv). (i). tert-Butyl
5- am no- 2- rreth thio-4 (3 (2- (azetldln 1-yl)- acetam do) - phenyl )- 15

t hi en. 012, :Mﬂ]%ilrl mi dMreHB c3dbxanmi de tert-Butyl 5-am no-4- (3

- (2- br omDacgt@m do) - pRenyk) sifc s bl

d] pyri m di ne- 6-car boxam de S(le(;(d;getl iéba m@ﬁba@%kﬁzg added to a sol ution of
azetidine hydrochloride (120 ng) and N, N-di i sopropyl ethyl am ne (0.25 m)
in DCM (5 rﬂ)) AtfereButyﬂ-G hs - 8nioOR M S MRRS- R 3 £ (aeli@in - Y UE S HRR) WRSHEA W th

sat. ag. C3 ed 20 (MgSO4) and concentrated under reduced pressure.

The crude @ggag@tﬂ@&nmxdmpﬁﬂrb{\xamm C using a Luna C-18 colum with the

fol |l ow ng gradl ent: 0.1%aq.. TFA + 10% aq.
tert-Butyl 5-amino-4- (3 -(2-bromoacetamido)-phenyl)-2-methylthio-thieno[2,3-

d]pyrimidine-6-carboxamide (example 1(h), 91 mg) was added to a solution of azetidine
hydrochloride (120 mg) and N,N-diisopropylethylamine (0.25 ml) in DCM (5 ml). After
16 h at room temperature, the mixture was washed with sat. aq. NaHCO,, dried

20  (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 in 30 min. The title compound was then lyophilized from
water with 0.1% TFA.

Yield: 56 mg (TFA-salt)

25 MS-ESL [M+H]" = 485.2
HPLC:R, = 13.45 min, column Luna C-18(2), 3 um, 100*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 = 10/70/20 to 10/10/80 (v/v), run time = 20 min.

30 Example 2

tert-Butyl 5-amino-2-methylthio-4-( 3-(2—(morpholin—4-yl)-acetamido)—phenyl)—

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




ACN/ ACN = 90/10 to 10/90 in 30 mn. The title conmpound was then |yophilized
from water with 0.1 % TFA. Yield: 56 ng (TFA-salt) 25 MS-ESI: [MtH + =
485.2 HPLC. Rt = 13.45 mn, colum Luna CG18(2), 3 m 100*2.0 mm detection
W = 210 mn, oven tenperature = 40C, flow = 0.25 m/mn, eluent phosphate
buffer 50 mMpH 2.1/ water/ACN = 10/ 70/2pgt.0o 10/ 10/80 (v/v), run time = 20
mn. 30 Exanple 2 tent-Butyl

5-am no- 2- ngt h h|o4(3 h n- 4- acet.am do - thi_eno
[2, 3 -d] pﬁf"#‘& He_B-% W@ox‘ﬁéﬁ il {%’ HW%HWFH 9 esff-b»‘z’fmo)&e\%gloaﬁ&%@to a
sol ution ofbromxhedmnthidb)-phanyi b nretl(Bh{c2thieno[2,3-d]pyrimidine-6-carboxamide

o ol pyr i m AeRehaBdTBE VA T Cetafl MRS o' reprm emmpersie. isiiyee v o1

16 h at roawntenpedatwrder tddeced xlbneswre/vaﬁ‘hecqegzam rahgdpmmm Bye du&aﬂm

Ui ng. Don neceh B8R, U Sl b LG BEMERIECIY 53 QB PhTErts Spabev s By

HPLC usi ng faﬁh@rrmgrrﬁeda)yd@Ph@msmgtmLmﬂaeCﬂGIdohmungmgrthd f@living gﬂa%enaq} 1%

TFA/ wat er / 3/ The tit] oun

| yophi | i ze?(&NrTcFr‘r% ggzr%r&[(g}ge of é’%@ to0/3 é%o lﬂzz\oannlﬂl Pl.lreY}“g“? ¢

(TFA-sal t) lyquehiN@dERIm afhikkre-of0.5%6aq2 TARLAAA WRiter= 20. 62 i n, Luna C- 18 (2),
5 pm 150*2 min, detection W= 210 run, oven tenperature = 40C flow =
0.25 m / m nYiekl:uent pHéspa&tBAselty er 50 r NM pH 2.1/ wat er/ ACN MeCH =

10/ 72/ 114/ 1 QA4 18/ 6Rf AW 5o run time = 40 min. 15 Exanple 3 tent-Butyl
5-am no-2-neth ﬂﬁt hi o%@ (5t2l uonor phol i n-4-yl ) -acet am do) - phenyl ) -

t hi eno 12, :ﬁE BT 89-62 ﬁénﬁL@E@r(k}d%e(ﬁi deumhl K8 mphofétestiop )V 6 Hli0)nmasveadded

to a sol utiy x4 I am y 0
(3-(2-br ormggg?gtrutrrﬁ@d Amq?é n%&v th(ipgsn qug?%ijhgﬁt ﬁnﬁ%s'phat%b%%?rbgg am pH
@

(exanpl e 1(%ad/watep@CGN e’s YIS éff) 11§ thinesT 4P oom terrperat ure,
the m xture was dil uted vvlth DCM washed with sat. ag. NaHCG3, dried
(MgS™) and concentrated under reduced

15  Example 3

tert-Butyl 5-amino-2-methylthio-4-( 3~(2;(t1ﬁomorpholi11—4-yl)-acetamido)-phenyl)-

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

Thiomorpholine (2.16 ml) was added to a solution of terz-butyl 5-amino-2-methylthio-4-
(3~(2-bromoacetamido)-phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide (example 1(h),

20 1.09 g) in DCM (50 ml). After 16 h at room temperature, the mixture was diluted with
DCM, 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 = 100/0 to 10/90 in 30 min.
The pure title compound was lyophilized from water acidified with aq. 1N HCI.

25 Yield: 816 mg
MS-ESI: [M+H]"=531.2

HPLC:R, = 14.72 min, column Luna C-18(2), 3 pm, 100*2 mm, detection UV = 210
nm + 254 nm, oven temperature = 40°C, flow = 0.25 ml/min, eluent phosphate buffer 50
mM pH 2.1/water/ACN/MeOH = 10/72/17/1 to 10/18/68/4(v/v), run time = 20 min.

30



pressure. The crude product was purified by HPLC using a Luna C- 18 col um
with the following gradient: 0.1%aq. TFA + 10% ag. ACN/ ACN = 100/0 to
10/90 in 30 min. The pure title conpound was |yophilized from water
acidified with ag. INHC. 25 Yield: 816 ng MS-ESI: [MH + = 531.2 HPLC
Rt = 14.72 mn, colum Luna C18(2), 3 m140042 mm detection W= 210 run
+ 254 m1 oven tenperature = 40C, flow = 0.25 m/mn, eluent phosphate

buf f er ,@Mﬂﬂ%% 1/ wat er / ACN MeOH = 10/72/17/1 to 10/ 18/ 68/ 4(v/v), run

time = 17- Exanple 4 text- Butyl
5-am no- 2- | | hen t hi.eno
[2,3-dl pyr ?E’I il Eggg@gé henyl)-

sol ution ofthlteecu[fz 3b@g3yhm5dlacﬂ6marb¢>x(aﬁide2 5
br onoacet ani do) - phenyl ) - 2- net hyl t hi o-t hi eno[ 2, 3-d] pyri m di ne- 6- car boxam de
(exanpl e 1(peridingg @)0 | mICHRG122dd80 td )a Adltigon 161 heatbutylon- a1ﬁhme4-e3 --e,
the m xtur he resid le was

KUl Sro ﬁw&%ﬁﬁg@@% H@ﬁ&hg{r?etﬂféﬁsg Pl ine. BGASINE vas

purified by colu é)
el uent . Thdexampe 1AHoddce) 3 lul(i%ml) piftqrflﬁeld abyoonPLaﬁlmam@ thelmigw€- 18

colum wi t m%h@oﬁc@bﬁﬁ’c\éﬁ NGt a8 P esg‘u{%l%hggr si@r o mn]t‘%gl Qy Olél%igo in

30 mn. The pure title conpoun re’ o
aq. TFA andl w%n%@gramsemaﬁll%gelmnxg'm{@gﬂem{ =K6- &Siluerft. g crude 508u@ WHBLC:
Rt = 37.3 %ﬂher'p‘dﬂ?ie@'b%&ﬂ‘@@ usﬁggtnﬂun]aﬁ @/’itﬁ(ﬂﬁ Rploane %&% [U]\__’ ven

15 terrperatur = uent os hat 0 mM
pH 2. 1Pwatedr TR@%GN’zﬁllé)@Nz@ 1@/99 o GPOgoin Wh@)pm@ uﬁewmomdwamlypph@@dpl e 5

t ent - But yl f@h@ghﬁgmgem o) dohTeA4mGR0died; (PYrrolidin-1-yl)-acetam do)-phen
|)- 20 thieno[2, 3-d] pyri m dine-6-carboxam de Pyrrolidine (3.0 m) was added

to a sol utiggdof tentgshuhyl Tfﬁa&@m)no 4-(3-(2-
br onbacet a pheny net hyI thio-thieno [2,3
-d] pyrim dlrioﬂg%)@lcar béi}%anlfﬁd 51322
HPLC: Rt = 37.3 min, Luna C-18 (2), 5 pm, 150*2 mm, detection UV =210 nm, oven
15 temperature = 40°C, flow = 0.25 ml/min, eluent phosphate buffer 50 mM pH
2.1/water/ACN = 20/60/20 to 20/0/80 (v/v), run time = 40 min.

Example 5

tert-Butyl 5-amino-2-methylthio-4-(3-( 2-(pyrrolidin-1-yl)-acetamido)-phenyl)-

20  thieno[2,3-d]pyrimidine-6-carboxamide

Pyrrolidine (3.0 ml) was added to a solution of ters-butyl 5-amino-4-(3-(2-
bromoacetamido)-phenyl)-2-methylthio-thieno[2,3-d]pyrimidine-6-carboxamide
(example 1(h), 1.0 g) in CH,Cl, (50 ml). After 16 h at room temperature, the mixture
was concentrated under reduced pressure. The residue was purified by column

25 éhromatography on silica gel using DCM/MeOH = 9/1 as eluent. The crude product was
further purified by HPLC using a Luna C-18 column with the following gradient: 0.1%
aq. TFAJACN = 100/0 to 10/90 in 30 min. The pure title compound was lyophilized
from a mixture of 0.1% aq. TFA and water.

Yield: 616 mg (TFA-salt)
30 MS-ESE: [M+H]* = 499.2



(example 1(h), 1.0 g) in CH2Cl2 (50 m). After 16 h at roomtenperature,
the m xture was concentrated under reduced pressure. The residue was
purified by colum 25 chromat ography on silica gel using DCM MeCH = 9/1 as
el uent. The crude product was further purified by HPLC using a Luna C 18
colum with the following gradient: 0.1%18q. TFA/ACN = 100/0 to 10/90 in
30 mn. The pure title corrpound was | yophilized froma m xture of 0.1 %

aq. TFA an 1 A sal t)) [ Ij] + = 499, 2 -18-
HPLC. Rt = R \’(17% g T%r@(% )53 i, 1l 58*2%‘1‘3 iRl | IqY$Tn
oven tenpemmpuﬁ&ug=40EfothN 00.25 mm%nmnehemu@hbqﬂhmﬁbhﬁheSDUBﬂ&rE§0 mvi

bt oxt - But 1| SARATE AU Lp g OR8N Bt gt~ 0 T P PR

| ) - acet am do) - phenyl ) - thleno [2,3 - deyrlnldlne 6- car boxani de Pi perazi ne
(2.5 g) was added to a solution of tent-butyl 5-am no-4-(3-(2-

br onbacet am do) - phenyl ) - 2-net hyl t hi o-t hi eno [ 2, 3-d] pyri m di ne- 6- car boxam de
to (exanpl %){ja\%g%leﬁl 0 g) in CHC12 (50 mM). After 16 h at roomtenperature,
the m xture concentrat ed under reduced pressure The reS|due was

pur {1 ed_bye ey _chr 0Bl agHaplieilnsi bl

eluent. Thé crud P
col um vmtﬁhheawfwm;m@nﬁﬁwwmldv 1% ag. TFA/ ACN = 100/0 to 10/ 90 in

30 min. The pure title corrpound was | yophilized 15 froma mxture of 0.1 %

ag. TFA andB@tere @&l @ 766 Rgdehite TRAsQlEiqn ofvEemdutyl] Mrpnino=4-63-@2-4

HPLC: Rt = bBdmdad¥tahidd i’en I)J@m(ea))ylth@ fMend03 %Mﬁl@ﬁ%@éi&%aﬂ\ﬁe‘ 210 nm
oven npirature uent phosphate buffer 50 niV

pH 20 19 W%Hlarlm:& -8)2’61/ ﬁ%( ﬂ?b/ﬁgf]i% 16 oy (f)om FPeratwgS, theqmiyisg.
Exanpl e 7 GHE bbho%ﬁﬁat@i‘@n'ﬁﬁH fedudddt lbfbsbdr@aqlh'thésiﬂu35w|a§| IﬂﬂﬁréuS’by CedihhVi ty

of conpounds were tested i nes ells
P Eromatograp y on sl 1ca ge us?n Me?)r}l 7?1 as eluent The crude product was

further purified by HPLC using a Luna C-18 column with the following gradient: 0.1%
aq. TFA/ACN = 100/0 to 10/90 in 30 min. The pure title compound was lyophilized
15 from a mixture of 0.1% aq. TFA and water.

Yield: 766 mg (bis TFA-salt)
MS-ESTI: [M+H] = 514.4
.HPLC: Rt = 33.7 min, Luna C-18 (2), 5 pm, 150*2 mm, detection UV = 210 nm, oven
temperature = 40°C, flow = 025 ml/min, eluent phosphate buffer 50 mM pH
20 2.1/water/ACN = 20/60/20 to 20/0/80 (v/v), run time = 40 min.

Example 7

CHO-LH and CHO-FSH in vitro bioactivity
25 LH agonistic activity of compounds were tested in Chinese Hamster Ovary (CHO) cells

stably transfected with the human receptor and cotransfected with a cAMP responsive
element (CRE) / promotor directing the expression of a firefly luciferase reporter gene.
Binding of ligand to the Gs-coupled LH receptor will result in an increase of cAMP,
which in turn will induce an increased transactivation of the luciferase reporter
30  construct. The luciferase signal was quantified using a luminescence counter. For test

compounds, EC,, values (concentration of test compound causing half-maximal (50 %)



stably transfected with the human receptor and cotransfected with a cAW
responsive elenent (CRE) / pronotor directing the expression of a firefly
| uci ferase reporter gene. Binding of ligand to the Gs-coupl ed LH receptor
wWill result in an increase of cAMP, which in turn will induce an increased
transactivation of the luciferase reportet930 construct. The |uciferase
signal was quantified using a |lum nescence counter. For test conpounds,
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GraphPad PRIeEMWn 3.0dfsindiad softyae dph R Biegewaasaisedic. , San Di ego) was used.

In a siml 0 t i s.test
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receptor. Megsiectsdayigh tly %lhlcfvmsq Tepqats] geng angl ihe hviai FSHctecentory REsulteasur e
i n Vi vo sactshi¥ivhYn @bkl FSH recept or agoni stic conpounds ovul ation induction
ininmmature mce was studied. In this assay imature fenale mce were
primed with to urinary FSH (Hunegon 12.5 | U animal ). Approxi mately 48
hours | aterthe dichelty Were treated with a LH /FSH agoni stic conpound at a
dose-1l evel of 50 ng/kKg. The aninmals were killed 24 hours after LH FSH
agoni st t réré’tlﬁ%‘ﬁﬁlrealﬂd’”f%@tlﬁl}ﬁﬁéLH@S%WePﬁqf ﬁ%@lSt@momvnmuiﬂtwnmponal ly
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CHO no. aninmal s ova

no.
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3. 86E-09 4. 62E— g E m no-2-meth

i n-4-yl)- éf%eéfr‘é ? éﬁé‘ﬁw %hﬁﬁﬁgp@ststraitwm A4 ithee nBLEEY Bf)i@&@nlﬂéhe
2. 24E- 09 4.02QkcOBadBiQosto ic@llj‘z aﬁagsydl Reesalfd arB @hdvirBi tupld i o- 4- (3-(2 (th
i omor phol i n-4-yl)-acetam do) phenyl) 3

t hi eno[ 2, 3-d] pyri m di ne- 6- car boxam de 8. 03E-09 1.04E-06 10 19.8

15 Table 1
Example EC50 CHO | EC50 CHO | no. animals | mean no. of ova
no. |Name LHR (M) | FSHR (M) tested (50 ma/kg p.o.)

tert-Butyl 5-amino-2-methylthio-4-(3-(2-
(azetidin-1-yl)-acetamido)-phenyl)-
1 thieno[2,3-d]pyrimidine-6-carboxamide 3.86E-09 | 4.62E-07 15 1.6
tert-Butyl 5-amino-2-methylthio-4-(3-(2-
(morpholin-4-yl)-acetamido)-phenyl)-
2 thieno[2,3-d]pyrimidine-6-carboxamide 2.24E-09 | 4.20E-08 10 9.3
tert-Butyl 5-amino-2-methylthio-4-(3-(2-
(thiomorpholin-4-yl)-acetamido)-phenyl)-
3 thieno[2,3-d]pyrimidine-6-carboxamide 8.03E-09 | 1.04E-06 10 19.8
tert-Butyl 5-amino-2-methylthio-4-(3-(2- ’
(piperidin-1-yl)-acetamido)-phenyt)-
4 thieno[2,3-d]pyrimidine-6-carboxamide 6.63E-09 | 2.01E-07
tert-Butyl 5-amino-2-methylthio-4-(3-(2-
(pyrrolidin-1-yl)-acetamido)-phenyl)-
5 thienof2, 3-d]pyrimidine-6-carboxamide 6.68E-09 | 4.80E-07
tert-Butyl 5-amino-2-methylthio-4-(3-(2-
(piperazin-1-yl)-acetamido)-phenyl)-
6 thieno[2,3-d]pyrimidine-6-carboxamide 3.17E-09 | 1.50E-07




tert-Butyl 5-am no-2-nethylthio-4-(3-(2

(pi peridin-1-yl)-acetam do)-phenyl)- 4

t hi eno[ 2, 3-d] pyri m di ne- 6- car boxam de 6.63E-09 2.01 E-07 tert-Butyl 5-am
no-2-nmet hylthio-4-(3-(2 (pyrrolidin-1-yl )-acetam do)-phenyl) 5

t hi eno[ 2, 3-d] pyri m di ne- 6- car boxam de 6.688-09 4. 80E-07 tert-Butyl 5-a

m no- 2- met hyl t hi o-4-(3-(2- (piperazin-1-yl)-acetam do)-phenyl) 6

t hi eno[ 2, 3-d] pyri m di ne- 6- car boxam de 3.17E-09 1.50E-07 20 Cdainms 1. A

t hi eno[ 2, 3-d] pyri m di ne derivative according to general formula |, H N
i:RL NH2 N~ O H3C. s Ns NH (Formula l) 5 or a pharmaceutically
accept abl e €d@ttmsher eof, wherein Rl and R2 together with the nitrogen atom
to which they are bonded forma ring having 2-6 carbon atons, optionally.
cont ai ning one or nore heteroatons selected fromN, 0 and/or S. 2. A
g?%oﬁgfj2_%reirla?%ﬁ‘?%l‘{ogg%%d?@?t\%‘_&%%gieggaéveeratccg }n)él to genéral formula I,
(azetidin-1-yl)-acetam do)-phenyl)-thieno[2, 3-d] pyrim di ne-6-carboxam de;
tert- butyl 5-am no-2-nethylthio-4-(3 H R1 :
- (2- (mor phol i n-4-yl ) - acet ai ni do) -8 y'\th/
t hi eno[ 2, 3-d] pyri i ni di ne- 6- car boxanide; erézbutyl
5- am no- 2- net hyl t hi 0-4-(3-(2- NH,

(t hi onor phol i n-4-yl)-acet am do) - -thpeno [2,3
-d] pyri m di ne- 6- car boxam de; _tert- —%- am no- 2- net hyl t hi 0-4-(3
- (2- (pi peridi n-1-yl ) - acet ani't®)sphgryts 15wH

t hi eno[ 2, 3-d] pyri m di ne- 6- car boxami de; - but yl
5-am no- 2-net hyl t hi 0-4-(3-(2-- (pyrrolidin-1-yl)-acetam do)-phenyl)-thieno
[2,3-d] pyrim di ne-6-carboxam de @bruigh iy

5

or a pharmaceutically acceptable salt thereof, wherein R1 and R2 together with the
nitrogen atom to which they are bonded form a ring having 2-6 carbon atoms,
optionally containing one or more heteroatoms selected from N, O and/or S.

2. A compound selected from the group of tert-butyl 5-an11n0-2—méthy1thio-4—(3 -(2-

10 (azetidin-1-yl)-acetamido)-phenyl)-thieno [2,3-d]ﬁwimidine—6-carboxamide; tert-
butyl 5-amino-2-methylthio-4-(3-(2-(morpholin-4-yl)-acetamido)-phenyl)-
thieno[2,3-d]pyrimidine-6-carboxamide; tert-butyl 5-amino-2-methylthio-4-(3-(2-
(thiomorpholin-4-yl)-acetamido)-phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide;
tert-butyl 5-amino-2-methylthio-4-(3-(2-(piperidin-1-yl)-acetamido)-phenyl)-

15 thieno[2,3-d]pyrimidine-6-carboxamide; tert-butyl 5-amino-2-methylthio-4-(3-(2-

" (pyrrolidin-1-yl)-acetamido)-phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide or tert-
butyl 5-amino-2-methylthio-4-(3 -(2-(pipefazin-1-yl)-acetamido)-phenyl)—thieno[2,3-
d]pyrimidine-6-carboxamide.

3. A compound according to claims 1-2 for use in therapy.

20 4. A pharmaceutical composition comprising a thieno[2,3-d]pyrimidine compound

according to claims 1-2 or a pharmaceutically acceptable salt or solvate thereof, in

admixture with a pharmaceutically acceptable auxiliary.
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5-ai ni no- 2- net hyl t hi o-4- (3-(2-(pi perazin-1-yl)-acetam do) - phenyl)-thieno

[ 2,3- d] pyri m di ne-6-carboxam de. 3. A compound according to clains 1-2 for
use in therapy. 20 4. A pharmaceutical conposition conprising a

t hi eno[ 2, 3-d] pyri m di ne conpound accordipg.-to clainms 1-2 or a’
pharmaceutically acceptable salt or solvate thereof, in admxture with a

phar maceut.i ca ce lg auxiliary. -21- 5. Use, of .
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phar maceut i cabh¥mde6aRhAPheceptble @it of 9b1vAetndrbSH B8Pfhe mub e, 0BPYT act ure of
a nedicanent for the control of fertility. 6. A nmethod to treat fertility
di sorders in pedicemest fon theemdtrohef fedflithy adni ni stration of s an effective

anount of a ¢ ound according to clainms 1-2..
, 6. ?\rrlgxet og to treat fertlh%/ é1sorders in pat%ents in need thereof by administration of

5 an effective amount of a compound according to claims 1-2.



