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(57) Abstract: The invention relates to thieno[2,3-d)pyr"mdf rivatives
accord- ing to general formula (1), or a pharmaceutically acceptable salt
thereof, wherein N(RL)R2 are joined in a (2-6C)heterocycloal kyl ring. The
conpounds of the inven- tion have LH as well|l as FSH receptor activating
activity and can be used in fertility regulating therapies. 3 March 2006

- Thieno[2,3-d]pyrimidines with combined LH and FSH agbnistic
activity

The invention relates to compounds having glycoprotein hormone agonistic

5  activity, in particular to compounds having both Luteinizing Hormone (LH) and Follicle

- Stimulating Hormone (FSH) agonistic activity. The invention furthermore relates to

pharmaceutical' compositions containing the same as well as to the use of these
compounds in medical therapy, particularly for use as a control of fertility. ‘

10 Gonadotropins serve important functions in a variety of bodily functions including
metabolism, temperature regulation and the reproductive process. The hypophyseal
gonadotropins FSH and LH for example play a pivotal role in the stimulation of follicle
development and maturation whereas LH is involved in induction of the ovulatory
process (Sharp, R.M. Clin. Endocrinol 33, 787-807, 1990; Don‘ington and Armstrong,

15 Recent Prog. Horm. Res 35, 301-342, 1979; Levy et al, Human Reproductlon 15, 2258-

- 2265, 2000).

Currently, LH is. applied clinically, in combination with FSH, for ovatian
stimulation i.e. ovarian hyperstimulation for in vifro 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. meryo Transfer 5, 3-13, 1988), as well as for
male hypogonadism and male mfertﬂlty

Gonadotropins act on specific gonadal cell fypes 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 6f 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

3  sources and are of low purity (Morse ef al, Amer. J. Reproduct. Immunol. and
| Microbiology 17, 143, 1988). Aliernatively, they can be prepare& as recombinant

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

deactivated by synthetic low molecular weight compounds. Bicyciic heteroaromatic _§
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unexpectedly may 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 1, 'A

~or a pharmaceutically. acceptable salt thereof, wherein N(R1)R2 are joined in a (2-
25 6C)heterocycloalkyl ring.




conpounds have been described in WO 00161586. By in Vitr%“%?qbk Vi Vo
experinents they are shown to be useful as LH agonists. fi .femal es
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 phenonena i.e. oocyte maturation, follicular rupture and
luteinization. Wiile the role of the3lLH surge in the in vivo induction of
t hese phenonena is wundisputed, the role of the FSHsurge is |less clear.
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from N, O and/or S. Examples of such rings are azetidine, pyrrolidine, piperidine,

15  piperazine, morpholine and thiomorpholine.

It has been shown that compoﬁnds of the above mentioned formula I can show agonistic
LH and FSH activity. In an in vitro bioassay using CHO cells stably transfected with the
human LH or FSH receptor, respectively, the EC,, 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 LH agonist stimulation.

_ The invention further resides in a pharmaceutical cormposition comprising a
25 thieno[2,3-d]pyrimidine derivative contpound or salts thereof having the general
formula L

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. Yet a further aspect of the
mvention resides in the use of thieno [2,3-d] pyrimidine compounds as defined above or a

pharmaceutically acceptable sait or solvate thereof for the manufacture of a medicament for the
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individual subject to whom the medicament is to be administered.

20 In general, parenteral administration requires lower dosages than other methods of
adminpistration 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 af appropriate intervals

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

25 appropriate daily mtervals throughout the menstrual cycle for follicular support or as a

singl_e 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/m].

The present invention thus also relates to pharmaceutical compositions comprising

a, thieno[2,3-d]pyrimidine compound according to formula I in admixture with




3 March 2006 -4 For therapeutic use, salts of the conpougg%i @9rnula

are those wherein the counterion is pharmaceutically ac b However ,
acid addition salts of bases according to forrmula I, nmay also find use,
for exanple, in the preparation or purification of a pharmaceutically _
accept abl e conpound. All salts, whether pharmaceutically s acceptable or
not, are included within the anbit of the present invention. Exanples of
acid addition salts include those deriSved from mi neral acids such as
hydrochloric acid, phosphoric acid, sulphuric acid, preferably hydrochloric
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Concentra I on
olution or suspensmn The active ingredient may also be presented as a bolus or paste.

The compositions can further be processed into a supp031tory or enema for rectal
admmlstratlon

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
(lyophilised) 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 m 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




30. approximately 0.01-5 g/ m. The present invention tgﬁﬁ a%zg éelates to
phar naceuti cal conpositions conprising thienof2,3-djpyri°Mdc 0 onpound
according to formula | in adm xture with 3 March 2006 -5 pharmaceutically
acceptabl e auxiliaries, and optionally other therapeutic agents. The
auxiliaries nust be "acceptable” in the sense of being conpatible with the
ot her - ingredients of the conposition and not deleterious to the recipients
t her eof Pharnmaceutical conpositions tiicl ude those suitable for oral, rectal
nasal, topical s (including transdermal, buccal and sublingual), vaginal
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15 Derivatives of formula (IT) wherein Q = Cl or Br can be prepared by regioselective

iy (10

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

s_ol'vcnt such as dichloromethane or THF.

20




pressuri zed aerosols, nebulisers or insufflators. The
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adm nistered 30 in the formof inplantable pharmaceutical devices,
consisting of a core of active material, encased by a rel ease

rate-regul ating menbrane. Such inplants are to be applied subcutaneously
or locally, and will release the active ingredient at an approxinmately
constant rate over relatively large périods of tinme, for instance from3-
March 2006 weeks to years. Methods for the preparation of inplantable
phar maceut i 0@dny 4 B Saccaadinld KRGV 4 : £0r e as
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di fferentH@ﬂbroﬁhﬁGh@@ipmwgqigm@e present invention, represented by fornul
(1) can generally be prepared by nucl eophilic substitution of halides (II
wherei’n Q= C or Br with io (cyclic) secondary anines of formula (I11) in
an appropriate sol ygnt such as N, N- dinethylformam de or THE at room
"tenperature i ptresence of a tertiary base such as

N, N- di i sopr op! hylam ne (DIPRA). Rl is Derivatives of fornula (I1I)
wherein Q = d H,can be prepared by regioselective acylation of nmeta
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a sui t abl @ sSofnvent sugh as dichl oronethane or THF. ¢ 20 3 March 2006 -7

a
)

Compound (V) is acc Dbl e by art-known reduction of the nitro function in
derivative (VI) (vBing 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 '(3. Heilbron, I Chem Soc,
1279 (1940)).

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-
yl)-N,N,N’,N’-tetramethylaronium tetraflnoroborate (TBTU) or
- bromotripyrrolidinophosphonium hexafluorophosphate (PyBrOP) and a tertiary base,
e.g. N, N-diisopropylethylamine.

NO,

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).




5 Thienopyrim dine (VI) can be prepared by condensation Qf . c rpﬁ lic acid
(M) 10 with tert-butyl am ne under the influence of a %‘ @lagent
such as O (benzotriazol-1 y1)-N,N,N, N -tetramet hyl uroniumtetrafl uoroborate
(TBTU) or bronotripyrrolidi nophosphoni um hexafl uorophosphate (PyBrOP) and
a tertiary base, e.g. NNdiisopropylethylamne. H3C, 15 Saponification of
ethyl ester ("VIII) to the corresponding carboxylic acid (VIl) takes place
in the presence of a base such as |itH um hydroxi de, potassi um hydroxi de or
sodi um hydroxi de in aqueous di oxane at el evated tenperature (80 Cto
reflux). 3 March. 2 8 H3Q\ (VM Bicycle (M11) is formed by substitution
of chloride ( th ethyl nercaptoacetate under the agency of

NN- di i sopr opyl | am ne, followed by base-catal yzed ring- closure of the

i nt ernedi at e t hijoet I X). This type thieno[2,3-d]pyrimdine ring 5
formati ons has ribed in: "S. A del - Hady, M A. Badawy, Y. A

| br ahi m HSQIJJQ eyt . 9,101 (1989) and S. Tunkevicius, Liebigs Ann., 1703
(1995). Suit3bl & condi t%ns for the cyclization reaction are sodi um

et hoxide i'n eth or 0 N N-diisopropylethylamne in tol uene/ethanol
(1/1, v/v) at reflux tenperature. N 00 The requisite chloroimne (X) can be
“synt hesi zed foI I ow ng literature procedures as descri bed for exarrpl e by

A A Santi | S 445,
1971. Accor |ng t |S%&%gc§cﬁf?sgmlﬂgggcm&gg®ﬁéﬁ%ﬁl R/\ﬁc OCl1} at
el evat ed Wépple m@ 9@0 @Hhmp@pylathylammegufm&mﬂmyrbuecmyzwenagmu tion of

an 3 Mar Glosaf0dt tﬁ@@ﬁt&)ﬂiddﬁ%eethﬁﬁ{h\éﬁ Bhif ty dition of
ei ther_ P Ss or N- di et Ai | | @to the&rg%{blﬁ%[r%%rkﬁéﬁgme nay result in
short er nrgqq Bﬂqg A. Abdel-Hady, M.A. Badawy, Y.A. Ib

SulﬁJr Lett. 2, 101 (1989) and S. _Tmnkevmlus, Liebigs Anm., 1703 (1995).

I NO,

. N7 I cn 0 (Vm)
(X)

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.

_NO,
o
CN —_—
00 e 7@
t
HC
NG "

(X)

The réquisite 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. §, 445, 1971. According to this procedure, lactam (XJ) is treated with POCI, at
elevated temperature (80 °C to reflux) fo give chloride (X). The addition of an




y'i el ds of chloride (X). (X) H3C,S 5 An appropriate route3t m‘ig@%‘{ actam
(XI') conprises the nulticonponent condensation of ethyl é@aé ate with

3-nitro-benzal dehyde and S-nethyl isothiourea in ethanol under the agency
of a base such as potassium carbonate at elevated tenperature (60 C. 10
OR Rel ated procedures have been disclosed in: ,S. Kanbe, K Saito and H
Kishi, Synthesis, 287 (1979); A M Abd- Elfattah S.M Hussain and A M

El -Reedy, Tet r ahedr on 39, 3197 (1983)2-S.M Hussain, A A El-Barbary and
S. A. Maxisour, J. Heterocycl. Chem 15 22, 169 (1985) . Met hods to

det er m neappﬁmﬂptbosolbenﬂ,dlelgg cﬁ@xaﬂ@I bnd@8r itk ‘é'd&ﬁ@n 3 g VPg ?\a@s
F1 5 Khown ™'n gener al ,

determn ctl v onadotrgpi hs are we

expressedlel &B%tl@? 'E‘IB‘(HUI Ay T 1p gheststiFraction timestandthighennd bi ndi ng
or sti rruliacldmf@bndc(ﬂﬁ) b| t| on of a functional response is neasured. 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 mght be the Chinese Hanster Ovary cell, but other
cells are al sqg-3uit'8ble. 3 March 2006 -10 Preferably the cells are of
mammal ian oridginjJia et al, MlIl.Endocrin., 5, 759-776, 1991). Methods to
“construct reconpl nant LH or FSH expr essi ng cell Iines are well known in
the art (Sanbrokk ek al., Ml ecul Cd oning: a Laboratory Manual, Cold
Spring 5 Harbgr aboratory Press, al(‘&Id Spring Harbor, |atest edltlon).

Expr essi o‘hcg pcegtor is attai ned by expression of the DNA encoding the
desired proteinr Techni ques for site directed nutagenesis, |igation of

addi ti onal se nces, PCR, and construction of suitable expression systens
are alsl, by now’/ well known in the art. Portions or all of the

An appropriate route towards lactam XD compﬁses the multicomponent
condensation of ethyl cyanoacetate with 3-nitro-benzaldehyde and S-methyl isothiourea

in. ethano) under the agency of a base such as potassium carbonate at elevated
temperature (60 °C).

No, '
OEt NH
N
cq]/ * * HC JJ\ (Xl)
o 'S NH,
G H

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

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

10

. Methods to determine receptor binding as welf 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
B 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.




DNA encodi ng the desired protein can be constructed syntggh §§%¢ usi ng
standard solid i o phase techniques, preferably to ,included" Ction
sites for ease of ligation. Suitable control elenents for transcription
and transl ation of the included coding sequence can be provided to the DNA
~codi ng sequences. As is well known, expression systens are now avail able
whi ch are conpatible with a wde variety of hosts, including prokaryotic
hosts such as bacteria and eukaryotigphosts such as yeast, plant cells,
insect cells, mammalian 15 cells, avian cells and the like. Cells
expressin r Mal=ToRr t est coppound to
obgerve %?%%?ﬁéﬁﬁﬁgﬁngﬁgfﬁ t1on %?Bh%ﬁ ﬁﬁ*%%h%%ﬁ@m# gbﬂﬁk esponse.
AIternatlygi} i sol ated cell menbranes containing the expressed receptor may
be wused to re binding of conpound. 20 For measurenent-of binding

r adi oact i vellg(E@P o GopsbEetd] Oﬂsbmaag'gﬁi@al*‘ﬁgmeﬁmg off Jinesage welblinowss r ef er ence

| ggggrn?liﬁlmmﬁ (ﬂambtuolagdﬂtal J_Mdlﬁcuﬁsﬂkglgdg QSL%E%?) Imaé{suggfo?dné t ive al so
scr eengl nglgi ]E%oﬁ%rﬁ%& %ﬁ%i‘g? J&Sﬁﬁ {a I?§51°fﬁ‘éftréﬁ"3ﬁf°ﬁi1ﬁg
sti mul at |ammd btymp,mamn ofedie ZINA codiiRigahe dmﬂeafptdlﬂn TrhisiqueUehsige Met hod 25
“invol ves p. he cel a. hos ceII and
 exposi ng tﬁ S‘? @ nal?ﬁ ﬁgwsfcogo&rf%gﬁg Eeﬁﬁ%n ?asl'n)Pd%J %‘}%8%%“? hony
measur ed.SWle exysrion systomerare &, by nbw, weltiknowen ipithei anc Pestisechr aﬁ&;}fﬂftdl ng on the
i nhi bi tO'IYNRrenﬁdlﬂEth@Hésﬂgd Erfofeﬁféau%fe cBﬁb%uEt@égngﬁﬁg@@lﬁQ%ﬁ/%ﬁeve ging to the

receptor. In addition to direct neasurement |n t he
expost¥d PBpse te ‘1“§S= #era‘g]@ ip dngludscresipiption sites éﬁcﬁaﬁ‘? @f“lllg&blonr&mtabbct ion with

recept or cmdlangn@&‘%tam h@:panf d%aﬁﬂﬁ:foﬁ%?ﬁﬁd&éﬁd&d@o ; | f gacodi ngsa )
reporter n Fession o I .C onds to the l'eve CAMP. Suc
reporter gog'rl]egt?n ﬁ?ﬁ i’ﬂ Ff%fﬁ%rAﬁII%W EW"%PXP%%IOE@%@?%Q?QGM n such a
way t hat avmblizleavlnclmmmpaaﬁlet\nﬂmﬁh vﬁﬁbf‘oﬂﬁ@t@(m&h&iﬁg pRk&YEM osts | N

gener al L sion rall ed any response 3

Mar ch 205%&03%}.)%& aIgemen SI{OStﬁﬁuclrﬂc?g cqtl “C?BXE%B%ME& tabl e

r eporiser cellnadamngells eldg?hﬂﬂea:Z al kal i ne phosphat ase firefly luciferase and

green fluorescence protein. The principles of such transactivation assays
are wel | knb&@ls ¢xprossies thetreagpiar are dhed eoninitisbeitle thy test norBpouad eomebserve

binding, or stimulation or inhibition of a functional response.

Alternatively isolated cell membranes containing the expressed 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 a.gom's1: compounds by

determining stimulation of recéptor mediated cAMP accumulation. Thus, such a method

25  involves expression of the receptor on the cell surface of 2 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 encodinﬁ a reporter gene the expression of which
responds to the level of cAMP. Such reporter genes might be cAMP inducible or might

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

_elements, Tn general, reporter gene expression might be._controlled by. any.response . ....o.. .o



Ch, Hmier, A and Czernilofsky, A P., Curr.Cpin.Biotechaq*.G ?&4 (1995). s
For selecting active conpounds on the LH or FSH receptor; €8 i at 10"5 M
must result in an activity of nore'than 20% of the maximal activity when
LH or FSH is used as a reference. Another criterion mght be the ECSO

val ue, which nust be < 1005 M preferably < 10'' M The skilled artisan
wi Il recognize that desirable EC50 val ues are dependent on the io conpound
tested. For exanple, a conpound wth-dh -ECSO, which is less than 10-5 Mis
general ly, considered a candidate for drug selection. Preferably this value

s Lover dbaen blifs M o g%velsaoicd;bm?u@ﬂtawfa 1R Bords M L dpg o0, DUt s

sel ective 63 EP g rt| receptor be 'evena better cantli date.
Scr eeni ngaﬂf © PRSP, Hprage; qud éﬁ%gﬂ%@e@&rﬁr‘é@@dr@é’nﬁ@@k@ﬁﬁed by
using a subh mmama&mdasgay@ efd wdll 10R%/8aY tHe i inBar Rscrivkd e R qﬁ%h%f%@«aBD and

% :(;fzjfs?lalrjb%% }ﬁmﬁﬂ %@%ﬁﬁ'ﬁ(’;&o %ﬁﬁggﬁ%‘ﬁgé’bﬂi@%ﬂ?&ﬁ zduct ion. R
I
thi s assay, oF fﬁgﬁs@#.a@h‘%ﬁc}‘h@m €L E AL RS Rl R R0

_can be &Sl @niaptivieyadmpre e 20% obihetwetirial ectivitt véreniLleor FAH ESkedagoni sti ¢

activity Rfy fé?ém%nﬂﬁ B erARE Righ e | d using
cul tured m) 4:@&?% accordi ng. toﬁ{\lar%%ﬁgamg a%tgﬁl&é{tb%eﬁ% %’(J
Repr oductl’lr ]é(n<d tility 95, 349-362 (1992)). Therefore, nouse ovarian

follicles ar ted an cultured in esence Qf FSH agonistic
conpounds tﬁ?ﬁgﬁf‘z B Teﬁ?g“{flﬂ&gﬁtﬁl “akga‘%é; ¥ausstage depondspt pethear di anet er
antheﬁ)t r_ga;dm' pbuﬂdrteﬂdr%Fouémmph ﬂmmtm?mhlaﬁ@@@%hzggz? tﬁﬁl}f %dngiSﬁgl 2{ 'On -
gro 9 UL es |ﬂa§a§%?cwlge§ Erﬁ}r) vul at i i nducti i
i mmat ur e can i s afF ®e are

pri med wil0hMi Haveever, £8Hnpeand which hasd hipliee BE, At ixaslestivedtrethe p:{raaﬂ-&d with a LH
agoni st i %_132,(%,3 re killed -after LH agoni st treatnent and
t he nunbg?&gtppov I'n é}ﬁ'le ovﬂ‘%Jl @ 30 microscopically assessed. To

measur e FSHSbﬂéeﬂih Pragt kedkioh a%t)m&fmﬂi]%%ds'c%@fs%é é&;d@%&by Aigedr e treal ed

at 0, 8, 24 and hours "wi_t igoni st1c _co

fol Ii6ul #ougs bewdie °9¥c biggssay({spPagimme M+ Rebasay D. a1d Pisslabgydi.i Astat t he

ani mal s @heoddAbE Ci7e 596t h (tﬁ@]tmmﬂa&tgc% Klfdékt%%bbaﬂﬂ The sahag! 3.,are killed
72 hoursNaf ter, the st arft ﬁx er| nent. and t
euroendocrmology o reproductlon. olland et al. Eds., Elsev1er 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 vive model
using cultured mouse follicles according to Nayudu, P. and Osborn, S. (J. Reproduction
and Fertility 93, 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




3 March 2006 -12 nunber of ova in the oviduct is mcrosc ﬁ*caﬁlg assessed.
~In addition ovarian weight is determ ned. The conpounds Fihé esent
invention can be applied clinically in those regi nens where now LH or hCG
i s used. These include LH substitution anmong subjects with 5 hypogonadal
hypogonadi smeither nmale or female, mdcycle adm nistration to induce
ovul ation (ovul ation induction (01) or controlled hyperstimulation (COH or
stimulation of the corpus luteuni. The -followi ng exanples are illustrative
for the invention and should in no way be interpreted as limting the

- . st BE G il ovidhort RloRpA R e il oy R ™

dj pyri m cictremged.ar boxam de (a). 5-Cyado-4-(3-nitrophenyl), 2
met hyl t bzo- CrH%apY6 1 OF 6 phadit Khvitfon Oon B h@&tﬁﬁ&hgt:g@geg @tl)etsate (69.0

g), 3-nitrobenzal , noacet at and
pot assi urieLy BB‘HJ&E %/%?Gslsgl)se‘i %Bhéﬁf‘smcléflﬂl gibgigutiar ameng subigets ity ed at 60C
for 16 h. hyﬁb@nﬁmmyp@bnﬁms}hﬁ ifieer We 6ORMRIL, hﬁdnﬁ@eld&ﬁﬁs&aﬁﬁnE?ﬁOi&Hg%eghgl <sol ved

resultin S L tered wash :

0 hot | werBletsh Bishahih Mol (G bF Silea thER Gauibion GO oo R AEaH .
“acidifi ed)f\bhetdolrleutmmto pH 2 and cooled to OCin an ice bath. The
resulting precipitate was filtered off and washed w th ice water. Residual

wat er in t hebpfelloving erampleasre ngutive fiy tioiavention abd shouldiin o V2§ e, 4- di oxane.

- Yield:54.ifke ted'\ﬁ'hﬁﬂm df%é"ofthg JeflioLC R = 0.3, silica gel, DCMMOH =
‘911 (v/v). 30 .6-Ch oro 5 an-4 -nitrophenyl)-2-net hyl t hi o-pyri m di ne

POC1319(100 m) was added to a.sti rred sol ution of
5-cyan-4-(3-n.itrophenyl)-2- nethylthio-6-oxopyrimdine (exanple 1(a), 25.0
g) in dry 1,4-dioxane (300 m). After 3

Examples

Example 1

tert-Butyl S-amino-2-methylthio-4-(3-(2-(azetidin-1-yl)-acetamido)-phenyi)-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. BtOH (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 tetnperatu.re, acidified with 2N HC1 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-ESIL [M+H]" =289.0
TLC: R;=0.3, silica gel, DCM/MeOH = 9/1 (v/v).

30 (b). 6-Ch10ro—5—cyano-4—(3-mtrophenvl)-2—methy1th10—pymmdme
POClL, (100 ml) was added to a stired solution of 5-cyano-4-(3-mtropheny1) -2- -
methylthio-6-oxopyrimidine (example 1(2), 25.0 g) in dry 1,4-dioxane (300 ml). After 3 '




3 March 2006 -13 h at 90C, the m xture was cooled to roomte ture and
concentrated under reduced pressure. The residue was di Sdan nggg

1, 4-di oxane (100 m) and the resulting solution was cooled to OC. Ice
wat er was cautiously added. The resulting precipitate was filtered off and
washed with water. Residual water in the precipitate was renoved by 5
coevaporation wth 1, 4-dioxane. Yield:26.0 g. M5-ESI:[MH} = 307.0 TLC.R
f= 0.5, silica gel, heptane/EtOAc = 312-(v/v). 10 (c). Ethyl

5-2yano- 4- (3-ni trophSayl -2-methylthio-6-(ethoxycarbonyl nmethylthio)

p) ri m di neatDHREA hbetifre Wab YRS BIERH tdufheinil bid EfcafRlatéh by ALaueidy!

2- mer capt oacet

6- chl oroigesé\}faa'@ﬂ%g%éuWﬁ%ﬁqgfﬁ?m1@%@%@9%%} i theresliag sdwioml e 1(b) ,
t26 0 9) t iwas@oolsd 6t MICEIcovatet Wk ¢adBdusi a):ld@ﬁ@h%ﬁld dflﬂ’gsﬁt t%lbl}ate ﬁ%ﬁﬁf&rﬁ h ﬁt room
enper at uf, vas ed to the m xtur i ch was
thgﬁ extr tag(g Wﬁlél{l?afﬂ&fﬁé\ ?‘?‘g{o’ogem%a{n‘% wg@@ﬁ)‘afan‘aascm %4t ed under
reduced poespomion witlel d:date.g MS- ESI : [I\/H-I]{ = 390.4 TLC Rf 0.5, silica

gel, hepﬁﬁllEtOA‘CZfTOg/Z (v/v). 20 (d). Ethyl 5-am no-4- 3- nitro hen |
- 2- rreth | 't hi o-t hi eno "'m di ne-6- carboxylate A m xture of ethyl

'5- cyan- 4 NSES]Lt r opBEH) 738786t hyl t hi o- 6-

(et hoxycanlgenyl net 8.5i Y X 1(c), 28.0 g) and DI PEA (30
m) ina 25 mxt u@f of’ S?%)cl-at%elnlééﬁd%%ﬁgmné@ gﬂgk@ O—I (150 M) was stirred at

reflux tenperature (1Q0C) for 16 h. The mxture was then . cooled to room
t enpepat 3Chitre e -2- B RRio - @ QeicgyahioP PEA was

;ST)\Z/ed b¥ cgﬁnvaporat | on wth. : T 28. : H }
DIPEA. (15.7 mi) was added to a stirred solution of ethyl 2-mercaptoacetate (9.3 ml) and
6-chloro-5-cyano-4-(3-nitrophenyl)-2-methylthio-pyrimidine (example 1(b), 26.0 g) in a
mixture of BtOH (250 ml) and DCM (250 ml). After 1 h at room temperature, 0.1N ag.

15 HCI (500 ml) was added to the mixture which was then extracted w1th DCM (3*500
ml), dried (MgSO,) and concentrated under reduced pressure

Yield: 280¢g
MS-BSL  [M+H]J'=3904
TLC: R,= 0.5, silica gel, heptane/BtOAc = 3/2 (v/v).

20

(@.  Ethyl ___5-amino-4-(3-nitrophenyl)-2-methylthio-thieno[2,3-dlpyrimidine-6-

carboxylate '

A mixture of ethyl 5-cyano-4-(3 -mtrophenyl)—2—1net11y1t}uo-6-
_ (ethoxycarbonyhnemyltmm -pyrimidine (example 1(c), 28.0 g) and DIPEA (30 ml) in a
25 mixfure 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: 28.0g
MS-ESI: [M+H] = 391.2
30 TLC: R;= 0.6, silica gel, heptane/EtOAc = 3/2 (v/v).

(e). Ethyl S-amino-4-(3-aminophenyl)-2-methylthio-thieno[2,3-djpyrimidine-6-

carboxylate
BtOH (400 ml) was added to a mixtwe of ethyl 5-amino-4-(3-nitrophenyl)-2-

35 methylthio-thieno[2,3-d]pyrimidine-6-carboxylate (example 1(d), 28.0 g), concentrated



TLC.Rf= 0.6, silica gel, heptane/EtQAc = 3/2 (v/v). (e). h
- 5-am no- 4-(3-am nophenyl) 2- et hyl t hi o-t hi eno[ 2, 3-dl pyri ﬁ\li@ﬁ'ﬁléz%oa
carboxylate EtOH (400 m) was added to a m xture of ethyl 5-am no-4-(3
ni t rophenyl)-2- 35 nethylthio-thieno[2,3-d]pyrimdine-6-carboxyl ate
(example 1(d), 28.0 g), concentrated 3 March 2006 -14 aq. HC1(15 m ) and
tin (I1) chloride (41.0 g) in 1,4-dioxane (400 m). The m xture was
stirred at 90C for 16 h. The m xture- was then cooled to roomtenperature
and concentrated under reduced pressure. The residue was suspended in

Et OAc (l%OH@ 15 mﬁl},!n@gnstl rré’%@? gﬁﬂﬂzpdﬁ%% q%gl-fh%f 11 The

m xt ure hé organi‘c er wa 4 at ed,

W4, |
dried (Mﬁ%ﬁg agr?@ (g(l;ca"c fith ﬁ@@@ﬁﬁér‘”ﬂ%@%@@oe erS‘QQmetemIﬁrm aud 21 0 g
MB- ESI : [thdehlritetFuﬁ&l r@iudédGredRnk. Phere§iducSivhd ﬁz@p&aéd m@%@@?dogt@ﬁ\ I2

(v/iv). m no am no 2-nmeth hro-th
i mi di ne- I\ﬁ%fi' %‘a}ﬁ as %@F%t%@é%{%émb‘ﬂqfrwdr 0@%@1’@@2"@5@5@0\%@@1&@!@@@ to a
sol utison aofl tied brghnib-layer mas 4epfadried, dried (MgSO,) and concentrated under reduced

am nopherb\ozésg érret hyl t hi o-t hi eno[ 2, 3-d] pyri m di ne- 6-car boxyl ate (exanpl e
1(e) ki |namxture of 1,4-dioxane (300 mM) and water (100 m).

After 16-h.at 90C gmxture was cooled to 10C and 2N ag. citric acid

(300 m) vvas adde er ourous stirring. The resulting precipitate was

filteredMg£l wash@‘@lﬂ%‘ﬂ;kiﬁ ter (180 m) and dried in vacuo. Yield: 14.0 g
.20 M5-ESTc. [ MH1- =& Tﬁegtan ica gel, DCM MeOH = 911

(v/ v). tert-Bu 1 éﬁém ?10 4111?31 am %{%t%%%gﬁzﬁ%t h Ithio-thieno 2 3-dlIp

yri m® di ne-6- carboxanide

(0. 5-Amino-4-(3-aminophenyl)-2-methylthio-thieno[2,3-d]pyrimidine-6-carboxylic

acid

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 ml). After 16 h at 90°C, the
mixture was cooled to 10°C and 2N ag. citric acid (300 ml) was added under vigourous
stirting. The resulting precipitate was filtered off, washed with water (180 ml) and dried

in 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-dlpyrimidine-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 mi) and

water (100 ml). The organic Iéyer was concentrated under reduced pressure. The crude

30 product was purified by crysta]hsatlon 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 pm, 250%2.0 mm, detection UV =210 1m, 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- ami no- 4- (3- am nophenyl ) - 2- et hyl t hi o- 3 March 2006

t hi eno[ 2, 3-d) pyri m di ne-6-carboxylic acid (exanple 1(f), 14.0 g), DIPEA
(17.4 m) and tert-butylamne (7.3 g) in DCMDNF (1/1, v/v, 250 m). After
3 h at roomtenperature, the mxture was washed with sat. agq. NaHCO3 (3 *
100 M), 0.1 Nag. HC1(100 m) and water (100 m ). The organic |ayer was
concentrated under reduced pressure.-The crude 30 product was purified by
crystallisation from warm abs. E#OH (300 m ). Yield: 10.5 g WMS-BSI: [MH }
= 388.2 HPLC. Rt 30.72 min, Luna C18(2), 5 pm 250x=2.0 nm detection W
= 210 mm, oven terrperature—40C flow=0.25 mM/mn,, eluent

9 Sﬁnﬁn&Zh&th BioQUL &5} Bromh sHethrhidg eﬁ JMikho[ B3 Mar ch 2006
€én 1-thieno 2 3-

’ : )
dl pyrim AP -ae— Br onoacet yl chI oride (615 ng) was added to a
sol ution Erbmewtyl@ﬂnr;de G1amng)owds aded to a solution of fert-butyl 5-amino-2-

?gtx'araqyﬁ e b;i;gf“h&‘g 3RS RRBOPRED ol PP el SR o Bl oS YA or 3
room.t @r@ﬁIPIBEAt 43 mil} jot diy ®CM 2@ il Adier MtahloW\nempmﬂumdthﬂ th sat.

- NaH ssure.  The
2?ude p?%ﬁ%?é V\I“g§I diglnhi{/@%dﬁgg‘[ W%%g?gp ;/N %ﬁégﬁ’ %lgigg g Pbas%lﬁig
/

hept ane/ EPessairate uced” gyesene. Thy voredeq profugt nyas NBuified) by[ MeHI+ =
510. 2 TLGhroHatogr@hﬁon&hba geudied heph@@EaMS! E8/R6/viasdhdnf( V/ V). Q ter't-Bu |
5- ani %@qgthlth -4- 3- 2- azetldlnl 1-acetam do -hen 1- 15

t hi eno[ 2, 1pyr| Iﬂ% 6- car boxam de tert-Butyl

5- am no- MSELR- br o[rhbéﬂé#éﬂwﬂo) phenyl ) - 2- et hyl t hi o-t hi eno[ 2, 3- -

d] pyrim di 6- car ﬂ_‘? - ) was added to a solution of
azeti di ngILQﬁydroch ride (1 % lﬁﬁn%ngﬁgs&? 3/2](Vngpropyl ethylamne (0.25 m)
in DCM (5 m). After 16-h at roomtenperature, the m xture was washed w th
sat. ad. @NaHOUR, it ed salll il it FOAGEAERLSH HARRd FHERAT Pr essure:

The crude pr pduct Was_purTt
_ 15 thieno[2, 3—d]pynn11d1ne-6-carboxam1 e

. tert-Butyl S-amino-4-(3-(2-bromoacetamido)-phenyl)-2-methylthio-thienof2,3-
dlpyrimidine-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. ag. NaHCO,, dried

20 (MgSO,) and concentrated under reduced pressure. The crude product was purified by
HPLC using 2 Luna C-18 column with the following gradient: 0.1% aq.TFA -+ 10% agq.

ACN/ACN = 90/10 to 10/90 in 30 min. The title compound was then Iyophilized from

water with 0.1% TFA. |

Yield: 56 mg (TFA-salt)

25 MS-ESL [M+H]"=4852
HPLC: R, = 13.45 min, column Luna C-18(2), 3 pm, 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 Example2

tert-Butyl 5-amino-2-methylthio-4-( 3-(2-(morpholin—4—yl)-acetamido)-phenyl)-
thieno[2,3-d]pyrimidine-6-carboxamide




HPLC using a Luna C 18 colum with the follow ng gradient; O.Fl\%baé. TFA +
10% aq. -~ ACNIACN = 90110 to 10/90 in 30 nin. The title cSMdGREWs t hen
| yophilized from water with 0.1 % TFA Yield: 56 ng (TFA-salt) 25 Ms-ESI:
[N I1+H * = 485.2 HPLC. Rt = 13.45 min, colum Luna C18(2), 3 pm 100*2.0
mm detection W= 210 nm oven tenperature = 40C, flow = 0.25 m/m n,

el uent phosphate buffer 50 MM pH 2.1/water/ACN = 10/70/20 to 10/10/80
(v/v), run time = 20 min. 30 Exanple-26tert-Bu |

5-am no- 2- net hYl t hi 0-4--(3-L2-(nor holm4- 1-acetam do -hen 1-

1) v alaBe 350, i Sel SHOXE il 0 D28 Bl ne (510
br onac et WrngepsmEdeyphenyDrempiylttio-thiene] Lhdlpri®idije carbrixdinids- 6- car boxani de

(exanpl e Gkdhple 1@ 19 gy iR ’fﬁ:ﬁ(Sﬁ%ﬁ). A fer 1@‘§nta?fooﬁ16teﬁip@rﬁtuf69%@ iepeRad ure, the
m xture was con&rgnt at g%vunder reduced pressure. The residue was purified
by col unmFoBCgRls P-’H%Fa cedn PESFYTEa 1981 Tesiduag wWaeNPWEEYd bygrehwman el uent .

L TR O B B L e 0 60
50 min T aRkne B 8P Hibe A un eI cobim Y B leoiresaiaor %t 0 1 0 |
ag LCTFét aand T\Haxr/*eater_/A(DIélﬁ:3/97/(21c5 3rgoq 120 Sﬂihtl)é['(l)le %ﬂrel\&l% GEShPCEL{nM%LTV = gig 2

: = : pond - *2 mm detection = nm
oven tenlr‘g0 Zggﬁ%%ﬂ%%@\ﬁ )Ea{]%)fg ;r?fi%er'

rature = /'mn, eluent phosphate buffer 50 niV

pH 2. 1/ watgr / ACN Al 17/ 1 to 10/18/68/4 (v/v), run time = 40 mn.
i s Exanpl e_3 tert-BUt%ﬁ 5-am ho-2-neth Itluo-4- 3- 2- thiono holin-4- |
- acet ¥mi d¥5ESken | IMHHhrédef2, 3- d[ pyri i di né- 6- car boxani de Thi onor phol i ne

(2.16 M )HpES RAEDOE2 hfin, LubRlCUE8 @) Pim! Btz Rl Mbte@ioRMTNQ 220 ARL H¥ént hi 0- 4
temperature = 40°C, flow = 0.25 mlmin, ecluent phosphate buffer 50 mM pH
2.1/water/ACN/MeOH = 10/72/17/1 to 10/18/68/4 (v/v), run time = 40 min, '

15 Example 3

tert-Butyl 5-amino-2-methylthio-4-(3-( 2—.(ﬂﬁomorpholin—4—yl}—acetamido)-phenyl)-
thieno[2,3-dlpyrimidine-6-carboxamide

Thiomorpholine (2.16 ml) was added to a solution of zerz-butyl 5-amino-2-methylthio-4-
- (3~(2-bromoacetamido)-phenyl)-thieno[2,3-dlpyrimidine-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 Iyophilized from water acidified with ag. INHCL

25 Yield: - 8lomg
MS-ESL [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 m¥/min, eluent phosphate buffer 50
mM pH 2.1/water/ ACN/MeOH = 10/72/17/1 to 10/18/68/4(v/v), ran time = 20 min.

30




(3-(2-bronpacet am do) - phenyl ) -t hi eno[ 2, 3-d] pyxi m di ne- 6- %%ﬁﬁ@;bﬁg
(exanple 1(h), 20 1.09 g) in DCM (50 m ). After 16 h at erature,
the m xture was diluted with DCM washed with sat. aq. NaHCO3, dried
“(MgSH4)  and concentrated under reduced pressure. The crude product was
purified by HPLC using a Luna C-18 colum with the follow ng gradient:
0.1% ag. TFA + 10% aq. ACNV ACN = 100/0 to 10/90 in 30 mn. The pure title
compound was | yophilized fromwater at¥dified with ag. IN HC . 25 Yield:
816 ng M5-ESI: [MtH + = 531.2 HPLC. Rt =-14.72 min, colum Luna C 18(2), 3
| un, 100:]§xamﬂle§j(3t ection W= 210 wurn + 254 nm oven tenperature = 40C,
flow = 0.25 M/ mn, eluent phosphate buffer 50 nmM pH 2. 1/ wat er/ ACNI.MeCH
g(-g/m?) |2 2171.‘131:[1-;3?1%!1 10/ 118/ 6Mﬂdﬂﬂmthﬂﬂﬁo—ﬁlfﬁ%fmg&dm-ﬂyﬂ%Qetﬁmw HfkagRO6 - 17
5- am no- 245 ider i di n- | -yl ) - acet ani do) - phenyl ) - thieno

23 -d1 b de Pi per.i di dded. t
J i) T?gupi;fr\g"g%‘pﬂe@ 'pecfg' L% Froel? SBsn s, to @

sol uti on

br onpac etbamnahoétarpiﬁe)wlheﬁyg—zmmguhidmhmnbﬂnaedtﬁpi/r&nﬂmé}daqe&bmlﬂidee 6- car boxam de

exanpl e t r oo erature, the
' gn xt LYIrJe (%concént r ﬁ%gkrsé l?cﬁéa(r:l lgrheéééﬁ?% tamﬁ%nf’r tmél s purified
by col unﬁVﬂSctPﬂﬂé‘??é!tai@érbl}ﬂ@y rednced Im@aJIgeﬂ'heustﬂm@}wa Ne@i8et 1§/ tolammel uent. The
crude pr | umm with
Pr QRiGiatodRS Iéyg%?hghgéel pifd bcmmﬂﬂp%% VAR, Theldill ofch ¥R

the follow ng gr 1% 1 q¢ -1n 30 mn.
The pur e fber B Coising 36y §-18 eplump vt the fallowingesrastienty 0.1% aq. TFA

and vt ehg. MAKEN 8511)0%0(1‘0%1&62@&:111 ke Ble: utie'\dthibémfd 58531y3pﬂiﬁ’£e@ Rt = 37.3
mn, Lungﬁp ﬂg&%ﬁz 95,% ,EFS@ detection UV = nm ‘oven 15
t enperat 4re of I) 0 %9 min, el uent phosphate buffer 50 mM pH
2. 1/vvaterYléQ\g:N = 20315§ &FA—saﬁP/O/SO (v/v), run tinme= 40 mn. Exanple 5
MS-ESI: [M+H]"=513.2
HPLC:Rt = 37.3 min, Luna C-18 (2), 5 ym, 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-amjno-2—methylthio-4~(3-(2-(pyrrolidjn-l-yl)-acetamido)-phenyl)-
20  thienol2,3-dlpyrimidine-6-carboxamide

Pyrrolidine (3.0 ml) was added to a solution of tersbutyl 5-amino-4-(3-(2-
bromoacetamido)-phenyl)-2-methylthio-thieno[2,3-d]pyrimidine-6-carboxamide
- (example 1(h), 1.0 g) in CH2012 (50 mI). After 16 h at room temperature, the mixture
was concentrated under reduced pressure. The residue was purified by column
25  chromatography 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. TFA/ACN = 1060/0 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 MBS-ESIL [M+H]"=499.2




tent- Butyl

5-am no- 2- net hyl t hi o- 4-( 3-( 2- (pyrroI|d| n-1-yl) acetam do?%"ﬂ@ﬂgp?s 20
thieno 2 3- midi ne-6-carboxam de Pyrrolidine (3.0 nl) was added to a
solution of tert-butyl 5-am no-4-(3-(2-

br onbacet anai do) phenyl ) - 2- et hyl t hi o-t hi eno[ 2, 3-d] pyri m di ne- 6- car boxam de
(exanple 1(h), 1.0 g) in CH2Cl12 (50 ml). After 16 h at roomtenperature,
the m xture was concentrated under sgguced pressure. The residue was
purified by colum 25 chromat ography on silica gel using DCM MeCH = 9/1 as

el uent. Ijglj]p[ Tyde It her C a luna G IS
colum with ?gg f%pf gt\%&'ﬁﬁm%"r@ag ('E%tsdﬁg 1f g]aﬂ%%ﬁ%%ﬂgﬁy #@6‘}’8 oY% 10190 in
30 nmin. THEPHHEE [ HE, fg}’r‘pour@e? vvalé,/mly,ophﬂml plengphater bnffer /9 xhMF @EDf 0.1 %

ag. TFA awﬂwu@t/gm#n@b@tzoﬁh@/m ((M%&%EHO M ESI: [MrH * = 499.2 3
March 2006 -18 HPLC. Rt = Luna CG-18 (2), 5 m 150*2 nm detection

W= 210 rim oven terrperature 40C, flow = 0.25 mM/mn, eluent phosphate
buffer 50 m\/IpH 2.1/ water/ ACN = 20/ 60/ 20 to 20/0/80 (v/v), run tinme = 40
mn. s Exanple 6 tert Bu | 5-an1'no 2-meth Ithio-4- 3- 2- i eridin-I- |

- acet @i dxample G- thieno 2 3- ' dine-6-carboxan de Piperazine (2.5 g) was

"added to a. soI ution of test but | 5- am no- 4- (3 (2-
‘br onnaeet&m LGy ' ' {634, hefivip-ar boxam de

to (exa%@&j%méﬁm%@tc&b%ﬁg (50 rrt) After 16 h at room tenperature,
the m xture was concentrate reduced pressure. The residue was

pur i f It ed$ﬁi,érazﬁlleur(m5 efr amt mwpﬁy aﬁrhoﬁitiohc?fgﬁl-tbﬂﬁ L gﬁcaw - 7/ 1Cai8
el uen e cr er i fied. by usin una C
col um wi toﬁnctaﬁ ng@ﬁ“ﬁé 2&?%]8'1%*‘?(%1 [%E}‘J] g‘@ﬁﬁﬁ@‘bomi}éﬁl 0 to 10190 in
30 min. (@xemplerkh), ilt0 @ m@l@ﬁw(ﬁi) Mﬁﬁmﬁpﬂhl it z6shn ¢ efafu@d)tiRe ﬂﬁ;&tﬁﬂér e of 0.1 %
aqg. TFA i bi s A- S Mt 514. 4
HPLC Rt %gs%ﬁéf%t‘m?{ ‘@dgr I “itf??%m% :é r %‘%’ﬁzwﬁ?npuﬁg‘fdeég’ = 210 rim
oven chromatography on silica gel using DCM/MeOH = 7/1 as eluent. The crude product was

further purified by HPLC using 2 Luna C-18 column with the following gradient: 0.1%

ag. 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 TEA-salt)
MS-ESI: [MAH] =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 = 0.25 mi/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 bicactivity
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 Iuciferase 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 tramsactivation of the luciferase reporter
30 construct. The luciferase signal was quantified using a luminescence counter. Fof test
compounds, EC,, values (éoncentraﬁon of test compound causing half-maximal (50 %)




tenperature = 40C, flow = 0.25 m/mn, eluent phosphate l&ml%%ﬁég mM pH 20
2.1/ water/ACN = 20/60/20 to 20/0/80 (vlv), runtine = le 7
CHO LH and CHO FSH in vitro bioactivi 2% LH agonistic act|V|ty of conpounds
were tested in Chinese Hanster Ovary (CHO cells stably transfected with
the human receptor and cotransfected with a cAWP responsive elenent (CRE)
[ pronotor directing the expression of a firefly luciferase reporter gene.
Bi nding of ligand to the Gs-coupled Lﬁgreceptor will result in an increase
of cAMP, which in turn will induce an increased transactivation of the

| uci f er as@m@qimn) were3Rlcoletes.t Fon dliat pﬂiipeselthmd‘fﬁrmlﬁoguﬁr@h neag pRuswt i fied

| d EC50 |
(concent r ABEREFOREARBREE, HeOal Bk FETRREDCS ol (50”09 oS e ch 2006 -
19 sti minatistpjlareme FSH agonistie dictidty. of Iuarnpq:und:pm&xe tesiel 0OHE@ el 0gr am
GraphPad gikiehied w6l ARifnQ LEAPIERLS Hd WS HAF rocertl RRLEIG), VS uSed.

.In a simlar way FSH agoni sti Ivity, corrpoun i n CHO
ceI I's StrdpwnpdtTdde hith the |uciferase reporter gene and the human FSH
receptor. Results are s shown in Table 1. In vivo bioactivity To neasure

in vivo 3{2 tlvibtoy of.. LHI FSH recept or agoni stic conmpounds ovul ati on induction
in i mmat i studied. In this assay immature fenale mce were

Erl medI Wi Tdmedbareur vina rotivESHE Emﬁga?ptbﬁﬁ%nish{ adihﬂmélllilds ovﬁﬁ%xffﬁliﬁ%ﬁ' y 43 t
ours |ater I ated wi agoni sti ¢ coppound at a
dose- | eveﬁ Flg@é@%%% %déeedaﬁ? ﬁﬁ’f’ gssay, Jpmaigre je F’é’ﬂgﬁmﬁ Fesprétf"?de?“ H FSH
agoni ¥t tulﬂ@éw'r’fﬁﬁ 2ot &2.5 liileaimat)f Appraxiimately B homws ldieﬁme\aﬁmalm@érescopl cally

assessed treﬁi%é%ﬁlsa EHe/F§ﬁ°a\é’55n§tﬂ: rI)?ntfr fing ?_tl_‘iéé %?%Efﬁ%ﬁ%gt 35 g 0.)

CHOno. ani mal snean no. ova no

t ent - But yYerss kidigd 24- lzauﬁfeafﬂaﬁ;nw/‘ﬁsngp@st( Qeah(lazieﬂtnﬂcthmnn_mbﬂ}@fwmalm ﬂie)) phenyl ) -

oviduct was microscopically assessed. Results are shown in Table 1.

15 Table1

| Example EC50 CHO | EC50 CHO | no. animals | mean no. of ova
no. |Name i LHR (M) | FSHR (M) tesfed {50 mglkg p.o.}

tert-Butyl 5-amino-2-methylhio-4-(3-(2-
(azefidin-1-yl}-acetamido)-phenyl)-
1 thienol2,3-dlpyrimidine-6-carboxamide 3.86E-09 | 4.B2E-07 15 1.6
tert-Bulyl S-amino-2-methylthio-4-{3-(2-
{morpholin-4-yl}-acetamido)-pheny)-
2 thienc[2,3-djpyrimidine-B-carboxamide 224E-09 { 4.20E-0B 10 9.3
tert-Butyl 5-amino-2-methylthio-4-{3-(2- ' '
{thiomerpholin-4-yl}-acetamido)-phenyl)- :
3 thieno[2,3-d]pyrimidine-6-carboxamide 8.03E-08 | 1.04E-06 10 19.8
tert-Butyl 5-amino-2-methylthio4-(3-(2- | -
{piperidin-1-yl}-acetamido)-phenyl}-
4 ihienof2,3-dlpyrimidine-6-carboxamide 6.63E-09 | 2.01E-07
tert-Butyl 5-amino-2-methyithio-4-(3-(2-
(pyrrolidin-1-yl}-acetamido)-phenyl)-
5 thieno}2,3-djpyrimidine-6-carbaxamide 6.68E-08 | 4.80E-07
jtert-Butyl S-amino-2-methylthio-4-{3-(2-
{piperazin-1-yl}-acefamido)-phenyl)- -
_6 thienof2,3-dlpyrimidine-B-carbioxamide 3.47E-09 | 1.50E-07




1 thieno[ 2, 3-d] pyrim di ne-6-carboxam de3. 86E- 094. 62E—071)§]|\B ﬁ ﬁfsButyI
5-am no-2-net hyl t hi 0-4-(3-(2- (norpholin-4-yl}-acetan do P& ? é

t hfena[ 2, 3-d] pyri mi dine 6 car hoxam de2. 24E- 09' 4. 20E- 08109. 3 tert-Butyl

5-am no- 2- et hyl t hi 0-4- (3-(2- (thlonorphofin-4-yl)-aoetam do)-phenyl) -

t hi eno[ 2, 3-d] pyri m di ne- 6- car boxam de8. 03E- 091. 04E- 061019. 8 tent Butyl

5-am no-2-net hyl t hi 0o-4-(3-(2- (piperidin-1-yf)-acetam do}-phenyi)-

t hi eno[ 2, 3-d] pyr| m di ne- 6- car boxam de@063E- 092. 01E- 07 tert-Butyl

5-am no- 2-net hyl t hi 0-4-(3-(2- (pyrrolidin-1-yl)-acetan do)-phenyl)-

t hl enol 2. 3-d] pyri m di ne- 6- car boxam de6. 68E- 094. 80E- 07 tent Butyl

5-am no- 2-net hyl t hi 0-4-(3-(2- (piperazin-1-yi-acetam do)-phenyl)- 6
thieno[2,§fd%ﬁ¥rinidine-6-carboxan1de3.17E—091,50E—07 3 March 2006 -20
Clainms 1. A eno[ 2, 3-d] pyri m dine derivative according to general fornula
I, R H3C , 5 (Forrmula 1) or a pharmaceutically acceptable salt thereof,
wherein RI and R2 together with the nitrogen atomto which they are bonded
form a rii. ng Athieno[d,32d]fyrirniding derivtat WSaccor@idi it® fetletY foz@Bkadi Ni Ng one or nore

het erocatons. selected fromN, 0 and/or S. 2. A conpound selected fromthe
~group of tert-butyl 5-am no-2- nethﬁlthlo 4-(3-(2- 10

(azetidin-Il-yl)-acetam do)-ph ndﬁz 3-d] pyri mi di ne- 6- carboxanlde
tert- butyl

5- am no- 2- net hyl t hi 0-4-(3-(2-

f phe] i n’i‘24-y| ) - acet ami do) - phenyl ) -

t hi eno[ 2, 3-d] pyri m di ne- 6- car bgxani/dé; otert-butyl 5-amno-2
met hyl t hi o-4-(3-(2- NZ

(Formula I)

or a pharmaceutically accepfable 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-amino-2—méthy1thio-4—(3 -(2-

10 (azetidin- 1—yl)-acetamido)-phenyl)-thieno[2,3-d]l;)uimidine-ﬁ-carboxamide; tert-
butyl 5-amino-2-methylthio-4-(3-(2-(morpholin-4-yl)-acetamido)-phenyl)-
thienof2,3-d]pyrimidine-6-carboxamide; tert-butyl 5-amino-2-methylthio-4-(3-(2-
(thiomorpholin-4-y1)-acetamido)-phenyl)-thieno[2,3-d]pyrimidine-6-carboxarmide;
tert-butyl 5-amino-2-methylthio-4-(3-(2-(piperidin-1-yl)-acetamido)-phenyl)-

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

: (pyrrolidin-1-yl)-acetamido)-phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide or tert-
butyl S-amino-2-methyithio-4-(3 -(2-(pipel-‘azin-1-yl)-acetamido)—phenyl}thieuo[2,3-
dlpyrimidine-6-carboxamide.

3. A compound according to claims 1-2 for use in therapy.
20 4. Apharmaceutical composition corprising a thieno[2,3-d]pyrimidine compound
+ according to claims 1-2 or 2 pharmaceutically acceptable salt or solvate thereof, in
admixture with a pharmaceutically acceptable auxiliary,




(t hi onor phol i n-4-yl)-acet am do) - phenyl ) -t hi eno[ 2, 3-d] pyri,m, di 0g:6- car boxam
de: text- butyl | S Tsiee508%

5-am no- 2- net hyl t hi 0-4-(3-(2-(pi peridin-I-yl)-acetam do)-phenyl) 15

t hi eno[ 2, 3-d] pyri m di ne- 6- car boxam de; tert-butyl

5-am no- 2- net hyl t hi 0-4- (3-(2-

(pyrrolidin-Il-yl)-acetam do)-phenyl)-$hi.eno[ 2, 3-d] pyri m di ne- 6- car boxam de
or tert- butyl 5-am no-2-nethylthio-4-(3

-(2-(pi i N-L--Vl )5 t am. - ph -t hi 2., 3-
d]( py§ Plr$i|e2h %?%ﬁgé%%@-ﬁﬁyﬁﬁl@c'@@n cf’ﬁﬁ‘?f&g‘gg%&ﬁfﬂid'?tgacl ains 1-2 for use
I Nt her apy-. phdfnateutfal adcBRARS $aliCR ol AERRSdok FR LRI CRIrIGF 2

thieno[2,3-dé§yrinidine conmpound according to clainms 1-2 or a
phar maceut imeditapeatios preapntel offettildy. sol vate thereof, in admi xture with a

" pharmaceutical Ly.ac table guxiliary. 3 March 2006 -21 5. Use of

i euor . =.6F 5} it dF el Butipiin semacbis seRgnedo clapr2 pr 3 pbpmgoeuticaly
phar maceut ac@ptale 341€ BPdodlateath&radftfodihe SRni@AbiBrel TR BQficahBft hh e TR ACIUr € Of
a nedlcan¥nt. r the.control of fertility. 6. Use of thieno [2,3-d]

f
pyri ni di ne %BW%%HW@?“HU@BWH?ng to clains 1-2 or a pharmaceutically
“acceptable salt or solvate thereof for the manufacture of a nedi cament for
the treatnment of fertility disorders in patients.






