
;defghie3ePPlrJ6Te+WO 02/24703 PCT/EP01/107.43     The invention relates to
compounds having glycoprotein hormone agonistic or antagonistic activity,
in particular to compounds having Luteinizing Hormone (LH) agonistic
activity. The invention furthermore relates to bicyclic heteroaromatic
derivatives, to pharmaceutical compositions containing the same as well as
to the use of these compounds in medical therapy, particularly fox use as a
control of fertility. Gonadotropins serve important functions in a variety
of bodily functions including metabolism, temperature regulation and the
reproductive process. The hypophyseal gonadotropin FSH for example plays a
pivotal role in the stimulation of follicle development and maturation
whereas LH induces ovulation (Sharp, R.M. Clin Endocrinol. 33:787-807,
1990; Dornngton and Armstrong, Recent Prog. Horm. Res. 35:301-342,1979).
Currently, LH is 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 33:8597, 1988, Navot and Rosenwaks, J. Vitro Fert. Embryo
Transfer 5:3-13, l988), 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 large family of G-protein
coupled receptors. They consist of a single polypeptide with seven
transrnembrane 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 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. As with other therapeutic proteins, it is necessary to
administer gonadotropins either subcutaneous or infra-muscular. It would be
advantageous, however, to activate the   WO 02I24703 _2_ PCT/EP01/107.43
receptor with a small molecule that could be administered through e.g. the
oral or transdermal route. The present invention describes the preparation
of such low molecular weight hormone analogs that selectively activate one
of the gonadotropin receptors. This should be s considered as one of the
major advantages of the present invention. Thus, the invention resides in
bicyclic heteroaromatic derivatives according to general formula I, or a
pharmaceutically acceptable salt thereof, Z O R3 Y ~ ~ ~B~ RZ\ ~ , ,X2 A N
X1 io Formula I wherein Rl is (3-8C)cycloalkyl, (2-7C)heterocycloalkyl,
(6-14C)aryl or (4-13C)heteroaryl; preferably RI is (6-14C)aryl or
(4-13C)heteroaryl; R2 is (1-4C)alkyl, (2-4C}alkenyl, (2-4C)alkynyl, or
(6-14C)aryl or (4-13C)heteroaryl; 15 R3 is (1-8C)alkyl, (3-8C)cycloalkyl,
(2-7C)heterocycloalkyl, (6-14C)aryl or (4 13C)heteroaryl; Y is CH or N; Z
is NH2 or OH; A is S, N(H), N(R4), O or a bond and 2o R4 can be selected
from the same groups as described for R2 and B is N(H), O or a bond. 



The ring system in Rl may optionally be substituted with one or more
substituents selected from R5, NHRS, N(R4)R5, ORS and/or SRS in which RS is
(6-14C}aryl, (413C)heteroaryl, (6-14C)arylcarbonyl, (2-7C)heterocycloalkyl,
(3-SC)cycloalkyl, (6  z5 14C)arylsulfonyl, (6-14C)arylaminocarbonyl,
(6-14C)aryloxycarbonyl, (614C)arylaminosulfonyl, (6-14C)aryloxysulfonyl,
(2-8C)alkenyl, (2-8C)allcynyl, (27C)heterocycloalkylcarbonyl,
(2-8C)alkenylsulfonyl, (2-8C)alkenoxycarbonyl or (1-8C)alkyl,
(1-8C)alkylcarbonyl, (1-8C)alkylsulfonyl, (1-8C)(di)alkylaminocarbonyl,
(1-8C)allcoxycarbonyl, (1-8C)(di)alkylaminosulfonyl, or
(1-8C)alkoxysulfonyl, the so alkyl group of which may be optionally
substituted with one or more substituents   WO 02/24703 -3 PCT/EP01/107.43
selected from hydroxyl, (1-8C)alkoxy, (2-7C)heterocycloalkyl(1-8C)alkoxy,
(38C)cycloallryl(1-8C)allcoxy, (6-14C)aryl(1-8C)allcoxy,
(4-13C)heteroaryl(1-8C)alkoxy, (2-7C)heterocycloalkyl, (3-8C)cycloalkyl,
(6-14C)aryl, (4-13C)heteroaryl, (18C)alkoxycarbonyl,
(6-14C)aryloxycarbonyl, (1-8C)alkylcarbonyloxy, (6 s 14C)arylcarbonyloxy,
(1-8C)alkylcarbonyl, (6-14C)arylcarbonyl, amine, (1 8C)alkylaminocarbonyl,
(6-14C)arylanunocarbonyl, (1-8C)alkylcarbonylamino,
(614C)arylcarbonylamino, (6-14C)(di)arylamino,
(di)[(1-3C)alkoxy(1-3C)alkyl]amino and/or(1-SC)(di)alkylamino. Preferably
the substituents in Rl are chosen from NHRS or ORS. RS in any of the
substituents at Rl preferably is (2-7C)heterocycloalkylcarbonyl, io
(6-14C)arylcarbonyl or (1-8C)alkyl, (1-8C)alkylcarbonyl, or
(18C)(di)alkylaminocarbonyl, the alkyl group of which may be optionally
substituted with (2-7C)heterocycloallcyl, (4-13C)heteroaryl,
(1-8C)alkoxycarbonyl, (18C)alkylaminocarbonyl, (1-8C)allcylcarbonylamino,
(6-14C)arylcarbonylamino, amine and/or(1-8C)(di)allcylamino. The most
preferred substituents at the alkylgroup are (2 ls 7C)heterocycloalkyl,
(I-8C)(di)alkylamino, amine and (1-8C)(di)alkylaminocarbonyl. Most
preferred at R1 is phenyl optionally substituted with one of the above
identified substituents, the substitution being preferably at the meta
position. In the compounds according to the invention Xl-X2 is C=C,
C(O)-NH, NH-C(O), C(O)-O, O-C(O), C=N or N=C. If RS is
(1-8C)allcylsulfonyl, (6-14C)arylsulfonyl, (1 20 8C)(di)alkylaminocarbonyl,
(6-14C)arylaminocarbonyl, (1-8C)alkoxycarbonyl, (614C)aryloxycarbonyl,
(1-8C)(di)alkylaminosulfonyl, (6-14C)arylaminosulfonyl,
(18C)alkoxysulfonyl, (2-7C)heterocycloalkylcarbonyl, (2-8C)alkenylsulfonyl,
(28C)alkenoxycarbonyl or (6-14C)aryloxysulfonyl then X1-X2 may additionally
be S or O. 25 Preferred compounds according to the invention are compoLUlds
according to general formula I wherein B is N(H) or a bond and/or Z is NH2.
Amongst these preferred compounds those wherein B is N(H) or a bond and Z
is NHZ are especially preferred. More preferred are the compounds which
preferably in addition to the above mentioned so definitions of B and Z are
defined by Rl being (6-14C)aryl or (4-13C)heteroaryl, optionally
substituted with one or more substituents selected from N(R4)R5, NHRS, Rs,
ORS and/or SRS, preferably with NHRS or ORS. Preferred for Y in a11 the
above identified compounds is N, preferred for B is N(H) or a bond. If B is
a bond, R3 preferably is (2-7C)heterocycloalkyl.   WO 02/2703 -4
PCT/EP01/107~3 Furthermore, in all the above identified compounds X1-XZ
preferably is C=C, C=N or N=C, most preferably C=C. If RS is
(1-8C)alkylsulfonyl, (6-14C)arylsulfonyl, (18C)(di)alkylaminocarbonyl,
(6-14C)arylaminocarbonyl, (1-8C)alkoxycarbonyl, (614C)aryloxycarbonyl,
(1-8C)(di)alkylaminosulfonyl, (6-14C)arylaminosulfonyl, (1 s
8C)alkoxysulfonyl, (2-7C)heterocycloalkylcaxbonyl, (2-8C)alkenylsulfonyl,
(28C)alkenoxycarbonyl or (6-14C)aryloxysulfonyl then preferred for X1-X2
is, in addition to the above identified groups, also S. Most preferred are
compounds selected from the group test-butyl
5-amino-2methylthio-4-(3-((N,N-diethylamino)-carbonyloxy)-phenyl)-thieno[2,
3-d]pyrimidine 10 6-carboxaxnide, tent-butyl
5-amino-2-methylthio-4-(3-(methoxycarbonylamino)phenyl)-thieno[2,3-d]pyrimi
dine-6-carboxamide, tent-butyl
5-amino-2-methylthio-4-(3(allyloxycarbonylamino)-phenyl)-thieno[2,3-d]pyrin
udine-6-carboxamide, tent-butyl
5amino-2-methylthio-4-(3-(ethoxycarbonylamino)-phenyl)-thieno[2,3-dJpyrimid
ine-6carboxamide, tent-butyl
5-amino-2-methylthio-4-(3-((morpholin-4-y1)-carbonylamino) 15
phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide, tej-t-butyl
5-amino-2-methylthio-4-(3( 1,2,3,
6-tetrahydropyridinocarbonylamino)-phenyl)-thi eno
[2,3-d]pyrimidine-6carboxamide, tert-butyl
5-amino-2-phenyl-4-(3-((N,N-dimethylamino)
carbonylamino)-phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide. Excluded from
the invention are the compounds ethyl 5-hydroxy-2-methyl-420
(piperidin-1-yl)-pyrido[2,3-dJpyrimidine-6-carboxylate, ethyl
5-hydroxy-2-methyl-4 (morpholin-4-yl)-pyrido[2,3-d]pyrimidine-6-carboxylate
and ethyl
5-hydroxy-2methyl-4-(pyrrolidin-1-yl)-pyrido[2,3-d]pynimidine-6-carboxylate
. The disclaimer relates to the disclosures in Chem. Pharm. Bull. 18(7),
1385-1393 (1970). 



25 'The term (1-8C)alkyl as used in the definition of formula I means a
branched or unbranched alkyl group having 1-8 carbon atoms, fox example
methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tent-butyl, hexyl and
octyl. (1-6C)Alkyl groups are preferred, (1-3C)alkyl groups being the most
preferred. so The term (2-8C)alkenyl means a branched or unbranched alkenyl
group having 2-8 carbon atoms, such as ethenyl, 2-butenyl etc. (
1-6C)Alkenyl groups axe preferred, ( 1 3C)alkenyl groups being the most
preferred. The term (2-8C)alkynyl means a branched or unbranched alkynyl
group having 2-8 carbon atoms, such as ethynyl and propynyl. Most preferred
are (2-4C)allcynyl groups.   WO 0 2/2-t703 -5 PCTJEP01/107.13 The term
(6-14C)aryl means an aromatic hydrocarbon group having 6-14 carbon atoms,
such as phenyl, naphthyl, tetrahydronaphthyl, indenyl, anthracyl, which may
optionally be substituted with one or more substituents such as -but not
limited tohydroxy, halogen, vitro, trifluoromethyl, cyano,
(1-8C)allcylcarbonylamino, (1 s 8C)aIkylaminocarbonyl or
(1-8C)(di)alkylamino, the alkyl moieties having the same meaning as
previously defined. More preferred are (6-lOC)aryl groups. The most
preferred aromatic hydrocarbon group is phenyl. The term (3-8C)cycloalkyl
means a cycloalkyl group having 3-8 carbon atoms, being cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclo-octyl. 10 The
term (2-7C)heterocycloalkyl means a heterocycloallcyl group having 2-7
carbon atoms, preferably 2-5 carbon atoms, and at least including one
heteroatom selected from N, O or S. Preferred heteroatoms are N or O.
Nitrogen-containing heterocycloalkyl groups may either be connected via a
carbon or a nitrogen atom. Most preferred heterocycloalkyl groups are
piperidine, morpholine and pyrrolidine. 15 The term
(2-7C)heterocycloalkylcarbonyl means a heterocycloalkyl group having 2-7
carbon atoms as previously defined, connected to a carbonyl group. The term
(1-8C)alkoxy means an alkoxy group having 1-8 carbon atoms, the alkyl
moiety having the same meaning as previously defined. (1-6C)Alkoxy groups
are preferred, (1-3C)alkoxy groups being the most preferred. 2o The term
(1-8C)alkoxycarbonyl means an alkoxycarbonyl group, the alkyl group of
which contains 1-8 carbon atoms and has the same meaning as previously
defined. ( 16C)Allcoxycarbonyl groups are preferred, (1-3C)alkoxycarbonyl
groups being the most preferred. The terns (2-8C)alkenoxycarbonyl means an
alkenoxycarbonyl group, the alkenyl 2s group of which contains 2-8 carbon
atoms and has the same meaning as previously defined.
(2-6C)Alkenoxycarbonyl groups are preferred, (2-3C)alkenoxycarbonyl groups
being the most preferred. The term (1-8C)alkoxysulfonyl means an
alkoxysulfonyl group, the alkyl group of which contains 1-8 carbon atoms
and has the same meaning as previously defined. (1 30 6C)Allcoxysulfonyl
groups are preferred, (1-3C)alkoxysulfonyl groups being the most preferred.
The term (1-8C)(di)alkylamino means an (di)allrylamino group having 1-8
carbon atoms, the alkyl moiety having the same meaning as previously
defined. More preferred are (1-6C)(di)alkylamino groups.   WO 02/24703 -6
PCT/EP01/107.13 The term di[(1-3C)allcoxy(1-3C)alkyl]amino means a
(di)[alkoxyalkyl]amino group, both the alkyl and alkoxy moieties of which
having 1-3 carbon atoms and having the same meaning as previously defined.
The term (6-14C)(di)arylamino means an (di)arylamino group having 6-14
carbon s atoms, the aryl moiety having the same meaning as previously
defined. More preferred are (6-lOC)(di)arylamino groups. The most preferred
(di)arylanzino group is (di)phenylamino. 



The term (1-8C)allcylthio means an alkylthio group having 1-8 carbon atoms,
the alkyl moiety having the same meaning as previously defined. Most
preferred are (I4C)alkylthio groups. The term (6-14C)aryloxycarbonyl means
an aryloxycarbonyl group, the aryl group of which contains 6-14 carbon
atoms, more preferably 6-10 carbon atoms and has the same meaning as
previously defined. Most preferred are phenoxycarbonyl groups. The term
(6-14G}aryloxysulfonyl means an aryloxysulfonyl group, the aryl group of 1s
which contains 6-14 carbon atoms, more preferably 6-10 carbon atoms and has
the same meaning as previously defined. Most preferred are phenoxysulfonyl
groups. The term (6-14C)aryl( 1-8C)alkyl means an arylalkyl group having
7-22 carbon atoms, wherein the alkyl group is a (1-8C)alkyl group and the
aryl group is a (6-14C)aryl group as previously defined. More preferred are
(6-lOC)aryl(1-4C)alkyl groups. 2o Phenyl(1-4C)alkyl groups, such as benzyl,
are the most preferred arylalkyl groups. The term (4-13C)heteroaryl means a
substituted or unsubstituted aromatic group having 4-13 carbon atoms,
preferably 4-9, at least including one heteroatom selected front N, O
and/or S, like imidazolyl, thienyl, benztluenyl, quinolyl,
tetrahydroquinolyl, isoquinolyl, tetrahydroisoquinolyl, indolyl,
acridinolyl, furyl or pyridyi. The 2s substituents on the heteroaryl group
may be selected from the group of substituents listed for the aryl group.
Preferred heteroaryl groups are thienyl, furyl, pyridyl and pyrimidyl.
Nitxogen-containing heteroaryl groups may either be connected via a carbon
or a nitrogen atom. The term halogen means fluorine, chlorine, bromine or
iodine. 3o The term (2-7C)heterocycloalkyl(1-8C)alkoxy means a
heterocycloalkyl group containing 2-7 carbon atoms as defined previously,
attached to a (1-8C)alkoxy group, the alkoxy moiety having the meaning as
previously defined. More preferred are 2SC)heterocycloalkyl(1-4C)alkoxy
groups.   WO 02/24703  PCT/EP01/107~3 The term (3-8C)cyeloalkyl(1-8C)alkoxy
means a cycloalkyl group containing 3-8 carbon atoms as defined previously,
attached to a (1-8C)alkoxy group, the alkoxy moiety having the meaning as
previously defined. More preferred are 36C)cycloallcyl(1-4C)alkoxy groups.
s The term (6-14C)aryl(1-8C)alkoxy means an aryl group containing 6-14
carbon atoms as defined previously, attached to a (1-8C)alkoxy group, the
alkoxy moiety having the meaning as previously defined. More preferred are
(6-lOC)aryl(1-4C)alkoxy groups, phenyl(1-4C)alkoxy groups being the most
preferred. (4-13C)Heteroaryl(1-8C)alkoxy groups are analogs of the
(6-14C)aryl(1-8C)alkoxy groups, at least including one 10   heteroatom
selected from N, O and S in the heteroaryl ring. More preferred are (4
9C)heteroaryl(1-4C)alkoxy groups. The term (1-8C)alkylcarbonyl means an
alkylcarbonyl group, the alkyl group of which contains 1-8 carbon atoms and
has the same meaning as previously defined. More preferred are
(1-6C)alkylcarbonyl groups, (1-4C)allcylcarbonyl groups being the most 15
preferred. The term (6-14C)arylcarbonyl means an arylcarbonyl group, the
aryl group of which contains 6-14 carbon atoms and has the same meaning as
previously defined. More preferred are (6-lOC)arylcarbonyl groups,
phenylcarbonyl groups being the most preferred. 20 The term (
1-8C)alkylsulfonyl means an alkylsulfonyl group, the alkyl group of which
contains 1-8 carbon atoms and has the same meaning as previously defined.
More preferred are (1-6C)alkylsulfonyl groups, (1-4C)alkylsulfonyl groups
being the most preferred. The teen (2-8C)alkenylsulfonyl means an
alkenylsulfonyl group, the alkenyl group of 2s which contains 2-8 carbon
atoms and has the same meaning as previously defined. More preferred are
(2-6C)alkenylsulfonyl groups, (2-4C)alkenylsulfonyl groups being the most
preferred. The term (6-14C)arylsulfonyl means an arylsulfonyl group, the
aryl group of which contains 6-14 carbon atoms and has the same meaning as
previously defined. More 3o preferred are (6-lOC)arylsulfonyl groups,
phenylsulfonyl groups being the most preferred. The term
(1-8C)alkylcarbonyloxy means an alkylcarbonyloxy group, the alkyl group of
which contains 1-$ carbon atoms and has the same meaning as previously
defined. More preferred are (1-6C)alkylcarbonyloxy groups. Most preferred
are (1 35 4C)alkylcarbonyloxy groups. 



WO 02/2703 -s PCT/EPO1/107.13 The term (6-14C)arylcarbonyloxy means an
arylcarbonyloxy group, the aryl group of which contains 6-14 carbon atoms
and has the same meaning as previously defined. More preferred are
(6-lOC)arylcarbonyloxy groups, phenylcarbonyloxy groups being the most
preferred. s The term (1-8C)(di)alkylaminocarbonyl means a
(di)alkylaminocarbonyl group, the alkyl group of which contains 1-8 carbon
atoms and has the same meaivng as previously defined. More preferred are
(1-6C)(di)alkylaminocarbonyl groups, (I4C)(di)alkylaminocarbonyl groups
being the most preferred. The term (6-14C)(di)arylaminocarbonyl means a
(di)arylaminocarbonyl group, the aryl to group of which contains b-14
carbon atoms and has the same meaning as previously defined. More preferred
are (6-lOC)(di)arylaminocarbonyl groups, (di)phenylaminocarbonyl groups
being the most preferred. The term (1-8C)(di)alkylaminosulfonyl means a
(di)alkylaminosulfonyl group, the alkyl group of which contains 1-8 carbon
atoms and has the same meaning as is previously defined. More preferred are
(1-6C)(di)alkylaminosulfonyl groups, (14C)(di)alkylaminosulfonyl groups
being the most preferred. The term (6-14C)(di)arylaminosulfonyl means a
(di)arylaminosulfonyl group, the aryl group of which contains 6-14 carbon
atoms and has the same meaning as previously defined. More preferred are
(6-lOC)(di)arylaminosulfonyl groups, (di) 2o phenylaminosulfonyl groups
being the most preferred. The terns (1-8C)alkylcarbonylamino mews an
alkylcarbonylamino group, the alkyl group of which contains 1-8 carbon
atoms and has the same meaning as previously defined. More preferred are
(1-6C)allcylcarbonylamino groups, (I4C)alkylcarbonylanvno groups being the
most preferred. 25 The term (6-14C)arylcarbonylamino means an
arylcarbonylamino group, the aryl group of which contains 6-14 carbon atoms
and has the same meaning as previously defined. More preferred are
(6-lOC)arylcarbonylamino groups, phenylcarbonylamino groups being the most
preferred. The term (2-7C)heterocycloallcyloxy means a heterocycloalkyl
group containing 2-7 3o carbon atoms as defined previously, attached to an
oxygen atom. Most preferred are (2 SC)heterocycloalkyloxy groups. ' The
terns (3-8C)cycloallcyloxy means a cycloalkyl group containing 3-8 carbon
atoms as defined previously, attached to an oxygen atom.   WO (12/2703 -9
PCT/EPO1/107~3 The term (6-14C)aryloxy means an aryl group containing 6-14
carbon atoms as defined previously, attached to an oxygen atom. More
preferred are (6-lOC)aryloxy groups, phenoxy groups being most preferred.
(4-13C)Heteroaryloxy groups are analogs of the (6-14C)aryloxy groups, at
least including one heteroatom selected from N, O and S in 5
heteroaryl ring. More preferred are (4-9C)heteroaryloxy groups. It has been
shown that compounds of the above mentioned formula I are capable of
binding to the LH receptor and show agonistic LH activity. The invention
further resides in a pharmaceutical composition comprising a bicyclic to
heteroaromatic derivative or salts thereof having the general formula I.
Thus, the compounds according to the invention can be used in therapy. A
further aspect of the invention resides in the use of a bicyclic
heteroaromatic compound having the general formula I for the manufacture of
a medicament for the control of fertility. Preferably the present compounds
are used to activate the LH receptor. 15 The bicyclic heteroaromatic
derivatives of this invention may possess one or more chiral carbon atoms.
The compounds may therefore be obtained as chirally pure compounds or as a
mixture of diastereomers and/or enantiomers. Methods for obtaining the
chirally pure compounds are well known in the art, e.g. crystallization or
20 chromatography. For therapeutic use, salts of the compounds of formula I
are those wherein the counterion is pharmaceutically acceptable. However,
acid addition salts of bases according to formula I, may also find use, for
example, in the preparation or 2s purification of a pharmaceutically
acceptable compound. All salts, whether pharmaceutically acceptable or not,
are included within the ambit of the present 



invention. Examples of acid addition salts include those derived from
mineral acids such as hydrochloric acid, phosphoric acid, sulphuric acid,
preferably hydrochloric acid, and so organic acids like citric acid,
tartaric acid, acetic acid, lactic acid, malefic acid, malonic acid,
fumaric acid, glycolic acid, succinic acid, and the like. Suitable
administration routes for the compounds of formula I or pharmaceutically
acceptable salts thereof, also referred to herein as the active ingredient
are   WO 02/24703 -10 PCT/EP01/107.13 intramuscular injections,
subcutaneous injections, intravenous injections or intraperitoneal
injections, oral and intranasal administration. Preferably, the compounds
may be administered orally. The exact dose and regimen of administration of
the active ingredient, or a pharmaceutical composition thereof, will
necessarily be s dependent upon the therapeutic effect to be achieved
(treatment of infertility; contraception), and may vary with the particular
compound, the route of administration, and the age and condition of the
individual subject to whom the medicament is to be administered. In general
parenteral administration requires lower dosages than other methods of 10
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, or, in case of female recipients,
as doses to be administered at appropriate daily intervals throughout the
menstrual cycle. The dosage as well as the 15    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
approximately 0.01-5 pg/ ml. 2o The present invention thus also relates to
pharmaceutical compositions comprising a bicyclic heteroaromatic compound
according to formula in admixture with pharmaceutically acceptable
auxiliaries, and optionally other therapeutic agents. The auxiliaries must
be "acceptable" in the sense of being compatible with the other ingredients
of the composition and not deleterious to the recipients thereof. 25
Pharmaceutical compositions include those suitable for oral, rectal, nasal,
topical (including transdermal, buccal and sublingual), vaginal or
parenteral (including subcutaneous, intramuscular, intravenous and
intradermal) administration. The compositions may be prepared by any method
well known in the art of pharmacy, for example, using methods such as those
described in Gennaro et al., Remington's . 3o Pharmaceutical Sciences (18th
ed., Mack Publishing company, 1990, see especially Part 8: Pharmaceutical
Preparations and T7zeir Manufacture). Such methods include the step of
bringing in association the active ingredient with any auxiliary agent. The
auxiliary agent(s), also named accessory ingredients, include those
conventional in the art (Gennaro, sups a), such as, fillers, binders,
diluents, 35 disintegrants, lubricants, colorants, flavoring agents and
wetting agents.   WO 02/24703 -11 PCT/EPOl/10743 Pharmaceutical
compositions suitable for oral administration may be presented as discrete
dosage units such as pills, tablets or capsules, or as a powder or
granules, or as a solution or suspension. The active ingredient may also be
presented as a bolus or paste. The compositions can further be processed
into a suppository or enema for rectal s administration. For parenteral
administration, suitable compositions include aqueous and non-aqueous
sterile injection. The compositions may be presented in unit-dose or
mufti-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, 10 water prior to use.
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. i s The
bicyclic heteroaromatic derivatives of the invention can also be
administered 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 2o weeks to years.
Methods for the preparation of implantable pharmaceutical devices as such
are known in the art, for example as described in European Patent 0,303,306
(AKZO N.V.). 



Thus, the compounds according to the present invention can be used for the
same clinical purposes as the native LH, with the advantage that they
display altered stability 25 properties and can be administered
differently. The compounds of the present invention wherein B = NH,
represented by formula (I-a) can generally be prepared following art-known
condensation of an acid of formula (II) with an amine of formula (III). 30
W O 02/24703 -12 PCTIEP01/107.43 R~ z o R' z o Y ~ ~~ OOH ~ Y ~ ~ NHR3 Rz~
~I / ~ X2 + HZNHR3 2 ~ / . X2 AI `N X1 R ~A N X1 (II) (III) (I-a) The above
mentioned reaction is conducted at room temperature in a suitable solvent,
e. g. an aprotic solvent such as N,N-dimethylformaniide (DMF) or
dichloromethane, using a coupling reagent such as
O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium s tetrafluoroborate
(TBTL~ or bromotripyrrolidinophosphonium hexafluorophosphate (PyBrOP) and a
tertiary amine base, e.g. N,N-diisopropylethylamine (DiPEA). Likewise,
compounds of formula (I) wherein B = O, being represented by formula (I-b)
can be prepared in the same way as described above for compounds of formula
(I-a), starting from acids with the general structure (II) and alcohols of
formula (IV). R Z O Y ~ ~Y ~OR3 (II) + HORS ~ X2 RZ~A~N X1~ (N) (I-b) The
compounds of formula (I) wherein B is a bond, represented by formula (I-c)
are accessible by reaction of an appropriate organometallic reagent with
derivatives of is formula (V) in an aprotic solvent such as THF. Related
substitution reactions can be found in literature: S.V. Frye, M.C. Johnson,
N.L. Valvano, J. Org. Chem. 56: 3750, 1991. Weinreb amides of formula (V)
can be synthesized from acids of formula (II) and N-methoxy-N-methyl amine
using the conditions described for the preparation of amides of formula
(I-a). 20   WO 02/24703 -13 R~ Z O Y \ \ N~O\ R2~ ~ ~ . X2 A N X1
PCT/EPOI/107~3 R1 Z O Y \ \ ,R3 



~ X2 R2~A~ N X1~ (V) (I-c) A suitable method for the preparation of
intermediate acids (II) is the art-known basemediated saponification of
ethyl esters of general structure (VI). Saponification takes place in the
presence of a base such as lithium hydroxide, potassium hydroxide or s
sodium hydroxide in aqueous dioxane at elevated temperature (40 C to
reflux), followed by acidic-work-up. R~ Z O Y \ \~ ~OEt ~ (u) ~ X2 R2~A~N
X1~ Bicyclic lactams of formula (VII) are useful starting materials for the
preparation of the corresponding imines (VIII). In a typical experiment,
the lactam is converted to the i o corresponding chloroimine using
phosphoryl chloride at elevated temperature (60 C to reflux) in an
appropriate solvent such as 1,4-dioxane. Upon treatment with a reducing
agent such as hydrogen in the presence of a suitable catalyst in ethanol,
the desired imine of general formula (VIII) can be isolated. Related
reductions have been reported in literature, see for example: E. Bisagni,
C. Landras, S. Thirot and C. Huel, i s Tetrahedron 52: I 0427, 1996. R1 Z O
Y \ \~ ~OEt R2~ ~ i N H A N O R' Z 0 Y \ \~ ~OEt ---.~ Rz~ ~ ~ / N A N
(VIII)   WO 02/24703 -14 5 to 15 PCT/EPO1/107-t3 Bicyclic lactams of
general structure (VII) may be prepared by condensation of acids of type
(IX) with diethyl aminomalonate under the agency of a coupling agent such
as TBTU/DiPEA and cyclisation of the intermediate amides in ethanol under
basic conditions. Aromatisation with concomitant deethoxyearbonylation then
yields bicycles of type (VII). In an alternative procedure, glycine ethyl
ester can be used instead of diethyl aminomalonate. See for example: M.
Blanco, M.G. Lorenzo, I. Perillo, C.B. Schapira, J. Heterocycl. Chem. 33:
361, 1996. Cyclisation of the intermediate amides may also be effected by
tin(IV) chloride. The use of tin(IV) chloride to effect ring-closure on
related systems has been reported: A.C. Veronese, R. Callegari, C.F.
Morelli, Tetrahedron 51: 12277, 1995. R~ O OEt I W + H N OEt (VII) Rz~A~Ni
O z O OH Treatment of an acid of formula (IX) with ethyl bromoacetate in an
aprotic solvent under the influence of an non-nucleophilic base such as
potassium carbonate or potassium tert-butoxide may give access to an
aromatic lactone of general structure (X). Related structures have been
described in literature: C. Bhakta, Indian J. Chem. Sect. B. 25: 189, 1986.
R~ W + Br^ /OEt R2~ A N O O Rz~A OH 



( (X) Et Treatment of vinyl derivatives of formula (XI) with diethyl
malonate under basic 2o conditions gives rise to conjugate addition. The
intermediate adduct can be cyclised to bicycles of formula (XII) by tin(IV)
chloride-mediated reaction and work-up.    WO (12/2.1703 -15 PCT/EPO1/107~3
Alternatively, tent-butyl ethyl malonate can be used in this procedure
instead of diethyl malonate. R~ Z O W O O Y ~ + ~ ~ Y ~ ~ OEt / Et0 OEt RZ
~ i A N ~A N (XII) Upon treatment with a suitable oxidant, such as DDQ, or
with a palladium catalyst at s elevated temperatures in an appropriate
solvent such as xylene, aromatisation of derivatives of formula (XII)
occurs to quinazolines or quinolines of general formula (XIII). See also:
K. Kobayaslu, T. Uneda, K. Takada, H. Tanaka, T. Kitamura, O. Morikawa, H.
Konishi, J. Org. Chem. 62: G64, 1997. R' Z O n) i ~ ~ ~OEt ~ / A N (XIII)
io In another approach, methyl pyri(mi)dines of general formula (XIV) are
deprotonated at the methyl group using a strong base, such as lithium
hexamethyldisilazane (LiHMDS) or lithium diisopropylamide (LDA) in a
suitable aprotic solvent, such as THF at low temperatures (-78 C). The
anion is then reacted with ethyl S ts ethoxyacrylate. After conjugate
addition, cyclisation to quinolines or quinazolines of general formula
(XIII) occurs, as described in: K. Kobayashi, K. Takada, H. Tanaka, T.
Uneda, T. Kitamura, Chem. Lett.: 25, 1996; K. Kobayashi, T. Uneda, K.
Takada, H. Tanaka, T. Kitamura, O. Morikawa, H. Konishi, J. Org. Chem. 62:
664, 1997.   WO 02/2a703 -16 R~ Y ~ W RZ A N (XIV) EtO~OEt ~O 



PCT/EP011107-43 (XIII) Treatment of chlorides with general formula (XV)
with (N-alkyl) beta-alanine ethyl ester (XVI) under basic conditions gives
rise to bicycles of general formula (XVII). Related transformations have
been described in: P.Y. Boamah, N. Haider, G. Heinisch, s Arch. Pharm.
(Weinheim) 323: 207, l990. R~ W OEt s R ~A~N CI ~ Rz\ O A (XVI) OEt (XVII)
Compounds of formula (XVTI) wherein R6 = H can be oxidised to derivatives
of formula (XVIII) using palladium on charcoal at elevated temperatures.
See for example: M. Onda, K. Kawakami, Chem. Pharm. Bull. 20: 1484, 1972.
Compounds of formula (XVII) Wherein R6 = H or alkyl can be converted to
imines of formula (XVIII) io using DDQ, as described in: H. Ishii, Chem.
Pharm. Bull. 26: 864, 1978; J.I. DeGraw, P.H. Christie, W.T. Colwell, F.M.
Sirotnak, J. Med. Chem. 35: 320, I992. R~ Z O (XVII) --~ Y ~ ~ ~oEt R2~ ~ ~
i A N N (XVITI) Alternatively, imines of formula {XVIII) can be prepared
from the corresponding lactams of formula (XIX) in a similar fashion (vide
supra) as their regioisomeric ~s analogs of formula (VIII), i.e. conversion
to the chloroimine using POC13 and subsequent dehalogenation using hydrogen
and an appropriate catalyst.    WO OZ/2~703 -17 PCT/EPO1/107-t3 R' Z O Y \
\ ~OEt ~--~ (VIII) Rz A N ~1 \O ( A lactam of formula (XIX) can be prepared
by acylation of an aminopyri{mi)dine of formula (XX) with chloro ethyl
malonate in the presence of a suitable base. Subsequent ring-closure of the
intermediate acyclic malonamide under the agency of base (sodium s ethoxide
in ethanol) or tin(IV) chloride then affords the bicyclic Iactam of type
(XIX). Similar transformations have been reported in literature, see for
example: A.C. Veronese, R. Callegari, C.F. Morelli, Tetrahedron 51: 12277,
1995; W. Stadlbauer, S. Prattes, W. Fiala, J. Heterocycl. Chem. 35: 627,
1998. R~ Y \ W + ~ ---~ (XIX) RZ\ ~ , Cl OEt A N NHZ (XX) . Depending on
the substitution pattern of the amino pyri(mi)dines of formula (XX), io
lactams of formula (XIX) can be prepared by tin(IV) chloride mediated
coupling of diethylinalonate, followed by cyclisation at high temprature in
a suitable solvent (e.g. 240 C in diphenyl ether). In a similar way,
lactones of type (XXII) can be prepared by O-acylation of lactams of
formula (XXI) with chloro ethyl malonate and subsequent cyclisation. 



R1 R~ Z O W O O RZ ~ , + CI' v 'OEt ~ i \ \ OEt ~A N OH RZ~A~N O- `O (XXI)
{XXII) ~ s Furopyri(mi)dines of general formula {XXIII) are accessible by
selective O-alkylation of lactams of type (XXI) using potassium carbonate
in acetone, and subsequent ringclosure under the influence of sodium
ethoxide in ethanol.   WO 02/2.t703 -18 PCT/EPO1/107-t3 R1 Z O O O (~I) +
Et0 OEt O~ Et Br Rz~A~N (XXIII) Thienopyri(mi)dines of general formula
(XXIV) are accessible by treatment of chlorides (XV) with ethyl
mercaptoacetate under the influence of a strong base. In a typical
experiment, one equivalent of chloride (XV) is reacted with 1.5 equivalents
of s ethyl mercaptoacetate and 2 equivalents of potassium tent-butoxide in
THF. Under these conditions, the acyclic sulfide undergoes spontaneous
cyclisation to form the tluenopyri(mi)dine of general formula (XXIV). If Rt
is (hetero)aryl, substituted with an electron withdrawing group such as
nitro, the abovementioned cyclization is accomplished via a two-step
procedure, involving isolation of the intermediate io thioether, followed
by treatment with a tertiary base such as DIPEA in toluene/EtOH at reflux
temperature, to effect thiophene ring formation. R~ Z O O (XV) + HS~ ~ Y \
OEt Rz / \ A N S OEt Pyri(mi)dine carboxylates of general formula (IX) are
accessible by saponification of alkoxycarbonyl pyri(mi)dines of formula
(XXV) using a strong base such as litluum hydroxide or potassium hydroxide
in a mixture of water and an organic co-solvent such t5 as 1,4-dioxane or
methanol at elevated temperature (40 C to reflux), followed by
acidic-work-up. If W = C02alkyl, R' preferably is benzyl, to enable
selective hydrogenolysis of the benzyl ester function while substituent W
remains unaffected. R~ Y R~ ~ ~ O A N ORS (   WO 02/2.4703 -19
PCT/EPO1/107~3 Compotuids of formula (XXV) could be prepared by
palladium-catalysed alltoxycarbonylation of chlorides (XV) in tile presence
of carbon monoxide and an appropriate alcohol (R~OH, XXVI). Similar
transformations have appeared in literature, see for example: Y. Bessard,
R. Crettaz, Heterocycles 51: 2589, 1999. s (XV) + C_'-_O + R'-OH (xxVl} W Y
RZ~A~N O ORs ( 



Palladium-catalysed reaction of chlorides (XV) with vinyl tributylstannane
or tetravinylstannane gives access to vinyl pyri(mi)dines of general
structure (XI}. Tl>is type of conversions has been extensively reported in
literature, see for example: L.L. to Gundersen, A.K. Bakkestuen, A.J.
Aasen, H. Oeveras, F. Rise, Tetrahedron 50: 9743, 1994; F. Guillier, F.
Nivoliers, A. Godard, F. Marsais, G. Queguiner, J. Heterocycl. Chern. 36:
1157, 1999. Depending on the substitution pattern of the chlorides of
general formula (XV), vinyl pyri(mi)dines of general formula (XI) can also
be prepared by substitution of the ~ s chloride with methylene triphenyl
phosphane, followed by reaction with (para)formaldehyde. (XV) + ~SnBu3 - R~
Y ~ RZ~A~ N (~7) + PPh3 + O=CHZ -"~ ( Similarly, treatment of chlorides of
general formula (XV) with trimethylalane in the 2o presence of a palladium
catalyst in an aprotic solvent such as THF gives access to   W O 02/2-4703
-20 PCT/EP011107~3 methyl pyri(mi)dines of general formula (XIV). Related
syntheses have been published in: Q. Lu, I. Mangalagiu, T. Benneche and K.
Undheim, Acta Chem. Sc. 51: 302, 1997. R~ W (XV) ~ Me3AI - R2 A N (XIV) s
Compounds of formula (XXI) wherein Y = N, represented by formula (XXI-a)
can be prepared via several literature-based approaches. R~ O W /OEt N W
R'~H RBA NH O R ~A~N OH 2 (XXVII) (~~VIII) (XXIX-a-e) (XXI-a) For example,
derivatives of formula (XXI-a) wherein Rl - (6-14C)aryl or (4io
13C)heteroaryl may be synthesized by condensation of ethyl esters (XXVII),
wherein W is as previously defined, with aldehydes (XXVIII) and compounds
(XXIX), which may be isothiourea (XXIX-a}, isourea (XXIX-b),
monosubstituted guanidines (XXIXc), disubstituted guanidines (XXIX-d) or
amidines (XXIX-e). H Ra I ~ R2\ /NH RZ,S\/'NH RzrO\/NH R2~N~NH RZ,N~N '~H
N~H 'N~Hz ~N'HZ NH2 NH2 z (~-a) (~-b) (~-c) (~-d) (XXIX e) 



is In a typical experiment, components (XXVII), (XXVIII) and (XXIXa-e) are
suspended in an appropriate solvent, e.g. ethanol, methanol,
N,N-dimethylformamide, Nmethylpyrrolidinone, tetrahydrofixran or pyridine
and a base such as potassium   W O 02I2-1703 -21  5 io PCT/EP01/107~3
carbonate, soditun acetate, sodium methoxide or sodium ethoxide is added.
Reaction takes place at elevated temperature (70 C to reflex). See for
example: S. Kalnbe, 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. 22:
169, 1985. In the case of W = C{O)OEt, aromatization occurs on the addition
of an oxidalit, such as DDQ or oxygen. Related cyclizations may also be
performed on a solid support such as Merrifield resin using an appropriate
linker, see for example A.L. Mrzinzik and E.R. Felder, J. Org. Chem. 63:
723, 1998; T. Masquelin, D. Sprenger, R. Baer, F. Gerber and Y. Mercadal,
Helv. Chim. Acta 81: 646, 1998. Compounds of general formula (XX) wherein Y
= N, represented by formula (XX-a) may be prepared via a similar
condensation strategy, using malonitrile. R~ CN NC^CN R~~H Rz~A NH ~ NI
R2~A~N NHZ 2 (XXVIII) (X~X-a-e) (~-a) ~s 20 Alternatively, compounds of
general formula (XX) are accessible by ammonolysis of chlorides of formula
(XV), using aqueous ammonia and an appropriate organic-co solvent such as
1,4-dioxane. This transformation may also be accomplished with ammonium
chloride and a tertiary amine base such as DiPEA in an aprotic solvent such
as DMF. R~ W ) ~ RZ ~A N NHZ {   W O 02/2.1703 - 22  PCT/EP01I107.13
Chlorides of general formula (XV) can be synthesized by the art-known
reaction of lactams (XXI) with POC13 in an appropriate solvent, such as
1,4-dioxane, at elevated temperatures (60 C to reflux). R~ W i \ Rz~A~N CI
5 Derivatives of formula (XV) wherein Y = N and Rl is not (6-14C)aryl or
(413C)heteroaryl, may be prepared via monosubstitution of Cl in derivatives
of formula (XXX) with various nucleoplules. Related substitution reactions
can be found in literature, e.g. S. Kohra, Y. Tominaga and A. Hosomi, J.
Heterocycl. Chem. 25: 959, 1988; A.A. Santilli, D.H. Kim and S.V. Wanser,
J. Heterocycl. Chem. 8: 445, 1971; J. Clark, M.S. Shannet, D. Korakas and
G. Varvounis, J. Heterocycl. Chem. 30: 1065, 1993; S. Tumkevicius, Liebigs
Ann. Org. Bioorg. Chem. 9: 1703, 199S. ct W Y R2 ~A N Ct ( 



i s Pyridines of general formula (XXI) wherein Y = CH, A = S and W = CN,
represented by formula (XXI-b) are accessible by sequential allcylation of
a,~i-unsaturated dinitriles of general structure (XXXI) with carbon
disulfide and alkyl iodide R2-I to give compounds of general formula
(XXXII), as described by P. Milart, Tetrahedron 54: 15643-15656, 1998.
Cyclization of compounds of formula (XXXII) under acidic 2o conditions as
described by K. Peseke, Z. Chem. 29: 442-443 (1989) yields pyridines of
general formula (XXI-b).   WO 02/2-47U3 - 23  R~ R' CN CN CN S S R2 12 (~I)
PCT/EPOI /107-43 R~ CN S N OH Rx (XXI-b) Compounds of general formula (XXI)
wherein A is a bond, Y = CH and W is as previously defined, represented by
formula (~I-c), can be prepared by reaction of , -unsaturatedketones of
general formula (~XXIII) with amides of general formula s (~XXIV) wherein W
is as previously defined, using a strong base such as potassium
tert-butoxide in the presence of oxygen in a suitable solvent, such as
dimethylsulfoxide. Related cyclisations have been described in: R. Jain, F.
Roschangar, M.A. Ciufolini, Tetrahedron Lett. 36: 3307, 1995. R~ R~ W W ~O
+ ~ \ RZ HZN O Rz N OH (XXXITI) (XXXIV) (XA'I_c) l0 is Methods to determine
receptor binding as well as ifs vitro and i vivo assays to deternune
biological activity of gonadotropins are well known. In general, expressed
receptor is contacted with the compound to be tested and binding or
stimulation or inhibition of a functional response is measured. To measure
a functional response isolated DNA encoding the LH receptor gene,
preferably the human receptor, is expressed in suitable host cells. Such a
cell might be the Chinese Hamster Ovary cell, but other cells are also
suitable. Preferably the cells are of mammalian origin (Jia et al,
Mol.Endocrin., 5:759-776, 1991. 20 Methods to construct recombinant LH
expressing cell lines are well known in the art (Sambrook et al., Molecular
Cloning: a Laboratory Manual, Cold Spring Harbor   WO 02/2-t703 -24
PCT/EP011107~3 Laboratory Press, Cold Spring Harbor, latest edition).
Expression of receptor is attained by expression of the DNA encoding the
desired protein. Techniques for site directed mutagenesis, ligation of
additional sequences, PCR, aild construction of suitable expression systems
are a11, by now, well known in the art. Portions or a11 of the DNA s
encoding the desired protein can be constructed synthetically using
standard solid phase techniques, preferably to include restriction sites
for ease of ligation. Suitable control elements for transcription and
translation of the included coding sequence can be provided to the DNA
coding sequences. As is well luzown, expression systems are now available
which axe compatible with a wide variety of hosts, including prokaryotic i
o hosts such as bacteria and eukaryotic hosts such as yeast, plant cells,
insect cells, mammalian cells, avian cells and the like. Cells expressing
the receptor are then are then contacted with the test compound to observe
binding, or stimulation or inhibition of a functional response. 



Alternatively isolated cell membranes containing the expressed receptor may
be used is to measure binding of compound. For measurement of binding
radioactively or fluorescently labeled compounds may be used. As reference
compound human recombinant LH can be used. In the alternative also
competition binding assays can be performed. Another assay involves
screening for LH receptor agonist compounds by determining 2o stimulation
of receptor mediated cAMP accumulation. Thus, such a method involves
expession of the receptor on the cell surface of a host cell and exposing
the cell to the test compound. The amount of cAMP is then measured. The
level of cAMP will be reduced or increased, depending on the inhibitory or
stimulating effect of the test compound upon binding to the receptor. 2s In
addition to direct measurement of e.g. cAMP levels in the exposed cell,
cells lines can be used which in addition to transfection with receptor
encoding DNA are also transfected with a second DNA encoding a reporter
gene the expression of which responds to the level of cAMP. Such reporter
genes might be cAMP inducible or might be constructed in such a way that
they are connected to novel cAMP responsive so elements. Tn general,
reporter gene expression might be controlled by any response element
reacting to changing levels of cAMP. Suitable reporter genes are e.g. LacZ,
alkaline phosphatase, firefly luciferase and green fluorescence protein.
The principles of such transactivation assays are well known in the art and
are described e.g. in Stratowa, Ch, Himmler, A and Czernilofslcy, A.P.
(1995) Curr.Opin.Biotechno1.6:574.   WO 02/2-1703 - 25  PCT/E P01 /10p3 For
selecting active compounds testing at 10-5 M must result in an activity of
more than 20% of the maximal activity when LH is used as a reference.
Another criterion might be the ECSO value which must be < I0'5 M,
preferably < 10'' M. The skilled artisa~i will recognize that desirable
ECso values are dependent on the s compound tested. For example, a compound
with an ECso which is less tha~z I0-5 M is generally considered a candidate
for drug selection. Preferably this value is lower than 10-~ M, more
preferably 10-8 M. However, a compound which has a higher ECso, but is
selective for the particular receptor, may be even a better candidate.
Screening for LH receptor agonistic compounds can also be performed by
using a io mouse Leydig cell bioassay (Van Damme, M., Robersen, D, and
Diczfalusy, E. (1974). Acta Endocrinol. 77: 655-671 Mannaerts, B.,
Kloosterboer, H. and Schuurs, A. (1987). Neuroendocrinology of
reproduction. R. Rolland et al. Eds., Elsevier Science Publishers B.V.,
49-58). In this assay, stimulation of LH receptor mediated testosterone
production can be measured in Leydig cells isolated from male mice. i s To
measure in vivo activity of LH receptor agonistic compounds ovulation
induction in immature nuce can be studied. In this assay immature female
mice can be primed with urinary FSH and approximately 48 hours later
treated with a LH agonistic compound. The animals are killed after LH
agorust treatment and the number of ova in the oviduct can be
microscopically assessed. 2o The compounds of the present invention can be
applied clinically in those regimens where now LH or hCG is used. These
include LH substitution among subjects with hypogonadal hypogonadism eithex
male or female, midcycle administration to induce ovulation (ovulation
induction (OI) or controlled hyperstimulation (COH) or stimulation of the
corpus luteum. 2s The following examples are illustrative fox the invention
and should in no way be interpreted as limiting the scope of the invention.
WO 02/2703 -26 Examples Example 1 PCT/EP01/107~3 te~~t- ut 1 S-amino-2- eth
It io-4- 3- meth x car on ox en 1 -thieno 2 ctjpxrimidine-6-carbo~amide 5
(a). 5-Cvano-~.-(3-methoxXph~n~ll-2-methylthio-6-h,~dro~-pyrimidine A
mixture of S-methylisothiourea sulfate (139 mg), 3-methoxybenzaldehyde (243
~,1), ethyl cyanoacetate (112 p,l) and potassium carbonate (145 mg) in abs.
ethanol (2 ml) was stirred at 60C for S h. The reaction mixture was cooled
to 0C in an ice bath, t o filtered and the residue was heated in water
(H20) until a clear solution was obtained. The solution was acidified with
2N aq. HCl to pH 2 and cooled to 0C in an ice bath. The resulting crystals
were collected by filtration and dried in vacuo. 



Yield: 186 mg MS-ESI: [M+H]~ = 274.2 is TLC: Rf = 0.S0, silica gel,
dichloromethane (CH2Cl2)/methanol (CH30H) = 9/1 (v/v) lb).
6-Chloro-5-cvan~-~-greet o henvll-2-methvlthio-~vrimidine Phosphorus
oxychloride (0.75 ml) was added to a stirred solution of S-cyano-4-(32o
methoxyphenyl)-2-methylthio-6-hydroxy-pyrimidine (example 1 a, 305 mg) in
dry 1,4 dioxane (1 ml). A drop of N,N-dimethylaniline was added. After 3 h
at 80C, the mixture was cooled to 0C in an ice bath and crushed ice was
slowly added. After cessation of the exothermic reaction, H20 (3 ml) was
added. The solids were collected by filtration and dried in vacuo. 2s
Yield: 244 mg MS-EST: [M+H]+ = 292.2 TLC: Rf= 4.86, silica gel, CH2C12 (c).
Eth~l S-amino-4-l3-methoxyphenvll-2-meth`tI_tl~~o_-thieno,[2
3-d]pvrimidine-63o carbQxvlate Potassium tent butoxide (150 mg) was added
to a stirred solution of ethyl 2 mercaptoacetate (92 ~1) and
6-chloro-S-cyano-4-(3-methoxyphenyl)-2-methylthiopyrimidine (example l b,
244 mg) in dry tetrahydrofuran (THF) (4 ml). After 1 h, the mixture was
cooled to 0C in an ice bath, diluted with H20 (10 ml). The solids were 3s
collected by filtration and dried in vacuo.   W O 02/2-1703 - 27 _ Yield:
260 mg MS-ESI: [M+H]+ = 376.2 TLC: Rf= 0.44, silica gel, CHZC12
PCTlEP01/107-13 s (d). 5-Asnin~-~3-methoxyphenyll-2-methvlthio-thieno~,3
~pyrimidine-6-carbox~rlic acid Ethyl
5-amino-4-(3-methoxyphenyl)-2-methylthio-thieno[2,3-d]pyrimidine-6carboxyla
te (example 1 c, 9.27 g) was dissolved in a mixture of 1,4-dioxane (270 ml)
and H20 (30 ml). Lithium hydroxide (10 g) was added and the mixture was
stin-ed at io 80C for 48 h. 1,4-Dioxane was removed from the mixture by
evaporation and the residue was taken up in H20. The remaining solution was
acidified to pH 2 by adding aq. 3N aq. HCI. The resulting precipitate was
filtered off and washed with H20. Traces of water in the precipitate were
removed by coevaporation with 1,4-dioxane and then with diethylether and
drying in vacuo at SOC overnight. is Yield: 8.45 g MS-ESI: [M+H]+ = 348.0
TLC: Rf= 0.2, silica gel, CHZC12/CH30H = 9/1 (v/v) (e). tef~t-Butvl
S-amino-2-methy~thio-4-l3-methoxyphenyll-thieno[2.3-d]pYrimidine-6 2o
carboxamide
5-Amino-4-(3-methoxyphenyl)-2-methylthio-thieno[2,3-dJpyrimidine-6-carboxyl
ic acid (example ld, 7.0g) was dissolved in dry CHZC12 (100 ml).
Benzotriazol-1-ylN,N,N,N'-tetramethyluroniumtetrafluoroborate (TBTLJ) (8.0
g), N,Ndiisopropylethylamine (DIPEA) (6.6 ml) and tent-butylamine (4.0 ml)
were added and 2s the mixture was stirred at room temperature fox 5 h, The
reaction mixture was washed with 5 % aq. NaHC03 (2 * 100 ml) and 1 M aq.
HCl (2 ~ 100 ml). The organic layer was dried (MgS04) and concentrated in
vacuo. The title compound was purified by chromatography on silica gel with
heptane (hept)/ethyl acetate (EtOAc) = 1/0 to 3/2 (v/v) as eluent. 3o
Yield: 6.5 g MS-ESI: [M+H]~ = 403.0 HPLC: Rt = 33.56 min, column 3 ~m Luna
C-18(2) 100*2.0 mm, flow 0.25 ml/min, oven temperature 40C, detection 210
nm + 254 nm, eluent 



WO 02/2-Q703 -28 PCT/EPO1/107~3 H20/acetonitrile(CH3CN)/CH30H = 70/28.5/l.5
to 0/95/5 (v/v) in 50 min (f), teat-Butyl 5-amino-2-meth~r~lthio-4-(3-h,
droxyphen,~~l)-thieno[2.3-dJpyrimidine-6s carboxamide tent-Butyl
5-amino-2-methylthio-4-(3-methoxyphenyl)-thieno
[2,3-d]pyrimidine-6carboxamide (example le, 1.8 g) was dissolved in dry
CH2Cl2 (30 ml) and the resulting solution was cooled down to 0C. A solution
of boron tribromide (1.28 ml) in dry CH2Cl2 (30 ml) was added dropwise and
the mixture was stirred overnight at room to temperature. Sat. aq. NaHC03
was added dropwise to the reaction mixture until cessation of the
exothernlic reaction. Thereafter, CH2C12 was removed from the mixture by
evaporation and a large amount of EtOAc was added. The organic layer was
washed with sat. aq. NaHC03, dried (MgS04) and concentrated in vacuo.
Yield: 1.3 g ~s MS-ESI: [M+H]+=389.2 HPLC: Rt = 17.44 min, colunm Luna C-18
(see example le), eluent H20/CH3CN/CH30H = 90/9.5/0.5 to 0/95/5 (v/v) in 50
min (g). tef-t-Butvl 5-amino-2-rnethvlthio-4
~3-lmethoxycarbonvloxy,)-vhenvll-thienof2.32o rl~pvrimidine-6-carboxamide
te~~t-Butyl
5-amino-2-methylthio-4-(3-hydroxyphenyl)-thieno[2,3-d]pyrimidine-6carboxami
de (example 1 f, 100 mg) was dissolved in dry CH2Cl2 (5 ml). DIPEA (S00 wl)
and methyl chloroformate (199 lZl) were added and the reaction mixture was
stirred at room temperature overnight. The reaction mixture was washed with
H20. The 2s organic layer was dried (MgS04) and concentrated under reduced
pressure. The title compound was purified by HPLC using a Luna C-18 column
with the following gradient: CH3CN/H20 = 10/90 to 90l10 (v/v) in 30 min.
The title compound was then lyophilized from a mixture of 1,4-dioxane and
H20. Yield: 93 mg 3o MS-EST: [M+H]+ = 447.4 HPLC: Rt = 17.56 min, column
Luna C-18 (see example le), eluent H20/CH3CN = 40/60 to 0/100 (v/v) in 25
min   WO 02/2703 -29 Example 2 PCT/EP01/107.13 tent-Butvl
5-amino-2-methvlthio-4-(3-(allyloxvcarbonyloxy)- hen,~,l -thien~(2 3~p;
~rimidine-6-carboxamide The reaction of tef~t-butyl
5-amino-2-methylthio-4-(3-hydroxyphenyl)-thieno[2,3s
d]pyrimidine-6-carboxamide (example 1 f, 100 mg) with allyl chloroformate
(274 ~,1) was performed according to the methods described in example 1 g.
The title compound was purified by HPLC using a Luna C-18 column with the
following gradient: CH3CN/Hz0 = 10I90 to 90I10 (vlv) in 30 min. The title
compound was then lyophilized from a mixture of 1,4-dioxane and H20. 1o
Yield: 102 mg MS-ESI: [M+H]+ = 473.4 HPLC: Rt = 19.82 min, column Luna C-18
(see example le), eluent H20/CH3CN = 40/60 to 0/100 (v/v) in 25 min i s
Example 3 te~-t-But3r1
5-amino-2-methxlthio-4-(3-~be~zyloxycarbonYl_oxv~phe~lLhieno(2.3c~,p,~rrimi
dine-6-carboxamide The reaction of tent-butyl
5-amino-2-methylthio-4-(3-hydroxyphenyl)-thieno[2,3d]pyrimidine-6-carboxami
de (example I f, 100 mg) with benzyl chloroformate (368 pl) 2o was
performed according to the methods described in example 1 g. The title
compound was purified by HPLC using a Luna C-18 column with the following
gradient: CH~CN/H~O = 10/90 to 90/10 (v/v) in 30 min. The title compound
was then lyophilized from a mixture of 1,4-dioxane and HzO. 



Yield: 112 mg 2s MS-EST: [M+H]'~ = 523.2 HPLC: Rt = 22.22 min, column Luna
C-18 (see example Ie), eluent H20/CH3CN = 40/60 to 0/100 (v/v) in 25 min
W O 02/2.1703 -30 PCT/EPO1/107-13 Example 4 tort-But,~l 5-amino-2-meth
lthio-4- 3-( -n nitro-benzyloxvcarbon,~yy-nh~
1thieno[2.3-d]p~-imidine-6-carboxan~de The reaction of tent-butyl
5-amino-2-methylthio-4-(3-hydroxyphenyl)-thieno[2,3s
d]pyrimidine-6-carboxamide (example 1 f, 100 mg) with p-nitrobenzyl
chloroformate (554 mg) was performed according to the methods described in
example 1 g. The title compound was purified by HPLC using a Luna C-18
column with the following gradient: CH3CN/H20 = 10I90 to 90/I0 (v/v) in 30
min) The title compound was then lyophilized from a mixture of 1,4-dioxane
and H20. to Yield: 47 mg MS-ESI: [M+HJ+ = 568.4 HPLC: Rt = 21.45 min,
column Luna C-18 (see example le), eluent H20/CH3CN = 40/60 to 0/l00 (v/v)
in 25 min is Example 5 tent- u~ I 5-a 'no-2- et hio- - 3- h no c rbo lox -
h n 1 -thie o 2 3d]pyrimidine-6-car~oxamide The reaction of tert-butyl
5-amino-2-methylthio-4-(3-hyclioxyphenyl)-tlueno[2,3d]pyrimidine-6-carboxam
ide (example 1 f, 100 mg) with phenyl chloroformate (324 ~1) 2o was
performed according to the methods described in example Ig. The title
compound was purified by HPLC using a Luna C-18 column with the following
gradient: CH3CNlH20 = 10/90 to 90/10 (v/v) in 30 min. The title compound
was then lyophilized from a mixture of 1,4-dioxane and H20. Yield: 89 mg zs
MS-ESI: [M+H]+ = 509.4 HPLC: Rt = 21.12 min, column Luna C-18 (see example
1 e), eluent Hz0/CH3CN = 40I50 to 0/100 (v/v) in 25 min   VV O 0 2/2-1703
-31  Example 6 PCT/EPO1/107~3 tent-Butyl
5-amino-2-methylthio-4-(3-(p-nitro-phenoxvcarbon,
loxy~-vhen~llthieng~2~3-dJpyrimidine-6-carboxamide The reaction of
tent-butyl 5-amino-2-methylthio-4-(3-hydroxyphenyl)-tlueno[2,3s
d]pyrimidine-6-carboxamide (example 1 f, 400mg) with p-vitro-phenyl
chloroformate (207 mg) was performed according to the methods described in
example 1 g. Evaporation of the solvent under reduced pressure yielded the
crude title compound. Yield: 569 mg MS-ESI: [M+H]~ = 554.6 io TLC: Rf= 0.5,
silica gel, hep/EtOAc = 3/2 (v/v) 



Example 7 t~~^t-Butvl 5-amir~o-2-meth~~thio-4-(3-i(~,N-dieth lamino
-carbony_lox~~)-phen~rl~ thieno[2.3-d]pXrimidine-6-carboxamide Is
te~~t-Butyl
5-amino-2-methylthio-4-(3-hydroxyphenyl)-thieno[2,3-d]pyrimidine-6carboxami
de (example 1 f, 100 mg) was dissolved in dry CHZC12 (5 mI) and a few drops
of N,N-dimethylformamide (DMF) were added. Diethylcarbamoyl chloride (68
mg) and DIPEA (217 ~.1) were added and the reaction mixture was stin~ed at
room temperature overnight. The reaction mixture was washed with H20. The
organic layer zo was dried (MgS04) acid concentrated under reduced
pressure. The title compound was purified by HPLC using a Luna C-I8 column
with the following gradient: CH3CN/H20 = I0/90 to 90/10 (v/v) in 30 min.
The title compound was then lyophilized fxom a mixture of 1,4-dioxane and
HzO. Yield: 75 mg 2s MS-ESI: [M+H]+ = 488.4 TLC: Rf= 0.6, silica gel,
hept/EtOAc =1/1 (v/v)   WO 02/2.l703 PCT/EP011107~3 -32 Example 8
tent-Butyl 5-amino-2-methYlthio-4~3-(1,2 3
6-tetra~rdropvridinocarbon_~ox`~lphenY~
-thieyo~2_,3-d]pyrimidine-6-carboxamide tent-Butyl
5-amino-2-methyltluo-4-(3-(p-nitro-phenoxycarbouyloxy)-phenyl)s
thieno[2,3-d]pyrimidine-6-carboxamide (example 6, 142 mg) was dissolved in
CH2C12. l,2,3,6-Tetrahydropyridine (117 ~.1) and DIPEA (224 pl) were added
and the mixture was stirred at room temperature overnight. The reaction
mixture was diluted with CHZCl2 and washed with H20. The orgasuc layer was
concentrated under reduced pressure. The title compound was purified by
HPLC using a Luna C-18 column with io the following gradient: CH3CN/H20 =
20/80 to 100/00 (vlv) in 45 min. The title compound was then lyophilized
from a mixture of 1,4-dioxane and HZO. Yield: 76 mg MS-ESI: [M+H]~ = 498.2
HPLC: Rt = l3.90 min, column 5 ~.m Luna C-18(2) 150*4.60 mm, flow 1 ~s
mllmin, detection 210 nm, eluent HZO/CH3CN = 40I60 to O/100 (v/v) in 15 min
Example 9 ter - a 1 -a 'no-2- et thio- - -toluenesul na - h -thie o 32o
c~vrimidine-6-carboxamide (a). 5-Cyano-4-(3-nitronhen~l,
-~~ethvlthio-6-~ydrox~!-p, 'midine 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 (I500 ml) was 2s stirred at 60C
for 16 h. The reaction mixture was cooled to 0C in an ice bath. The
resulting precipitate was filtered off, washed with abs. EtOH and dissolved
in hot water (100C). The solution was cooled to room temperature, acidified
with 2N HCl to pH 2 and cooled to 0C in an ice bath. The resulting
precipitate was filtered off and washed with ice water. Residual water in
the precipitate was removed by coevaporation with 30 1,4-dioxane. Yield:
54.0 mg. MS-ESI: [M+H]-`' = 289.0 TLC: Rf= 0.3, silica gel, DCM/MeOH = 9/1
(v/v).   W O l12/2703 - 33  PCT/EP01/107-43 (,h). 6-Chlvro-5-cyano-4-
3-nitropheny~,l-2-meth, l~-p3nimidine POC13 (100 ml) was added to a stirred
solution of 5-cyano-4-(3-nitrophenyl)-2methylthio-6-hydroxy-pyrimidine
(example 9(a), 25.0 g) in dry 1,4-dioxane (300 ml). After 3 h at 90C, the
mixture was cooled to room temperature and concentrated under 



s reduced pressure. The residue was dissolved in 1,4-dioxane (100 ml) and
the resulting solution was cooled to 0C. Ice water was cautiously added.
The resulting precipitate was filtered off and washed with water. Residual
water in the precipitate was removed by coevaporation with 1,4-dioxane.
Yield: 26.0 g. io MS-ESI: [M+H]+ = 307.0 TLC: Rf = 0.5, silica gel,
heptane/EtOAc = 3/2 (vlv). lcl.
Ethvl5-cvano-4-(3nitronhenvll-2-methvlthio-6-~ethoxvcarbonvlmethvlthiol
pvrimidine 1 s DIPEA ( 15.7 ml) 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 9(b),
26.0 g) in a mixture of EtOH (250 ml) and DCM (250 xnI). After 1 h at room
temperature, 0.1N aq. HCl (500 ml) was added to the mixture which was then
extracted with DCM (3*500 ml), dried (MgS04) and concentrated under reduced
pressure. 2o Yield: 28.0 g MS-ESI: [M+H]~ = 390.4 TLC: Rf= 0.5, silica gel,
heptane/EtOAc = 3/2 (v/v). (d). Eth,~l 5-amino-4-l3-nitrophenYl
-2-methvlthio-thieno[2.__3-dlp~~imidine-6 2s carbox ~Llate A mixture of
ethyl
5-cyano-4-(3-nitrophenyl)-2-methyltluo-6(ethoxycarbonylinethylthio)-pyrimid
ine (example 9(c), 28.0 g) and DIPEA (30 ml) in a mixture of toluene (150
ml) and EtOH (150 ml) was stirred at reflux temperature (100C) for 16 h.
The mixture was then cooled to room temperature and concentrated 3o under
reduced pressure. Residual DIPEA was removed by coevaporation with toluene.
Yield: 28.0 g MS-ESI: [M+H]* = 391.2 TLC: Rf= 0.6, silica gel,
heptane/EtOAc = 3/2 (v/v). 3s   WO 02/2.1703 -34 PCT/EPO1/107~3 (e).
tert-Butyl 5-amino-2-methvlthio-4-(3-aminophen~~
thieno[2,3-d]-pyrimidine-6carboxamide Ethyl
5-amino-2-methylthio-4-(3-nitrophenyl)-thieno[2,3-d]-pyrimidine-6-carboxyla
te (example 9d, 780 mg) was dissolved in 1,4-dioxane (10 ml). Ethanol (10
ml) and 5 tin(II)chloride ( 1.1 g) wer a added and the reaction mixture was
stirs ed overnight at 90C. After concentration of the reaction mixture in
vacuo, the residue was redissolved in EtOAc (50 ml) and washed with 4M aq.
NaOH (10 ml), dried (MgS04) and concentrated under reduced pressure. The
ethyl ester group in the resulting derivative ethyl
5-amino-2-methylthio-4-(3-aminophenyl)-thieno[2,3-d]-pyrimidine-6-carboxyla
te to (55S mg) was saponified to the corresponding acid (430 mg) using the
method described in example ld and subsequently reacted with
te~~t-butylamine (200 ~l) to form the corresponding teat-butylamide
(according to example 1 e). The title compound was purified by
chromatography on silicagel with hept/EtOAc = 3/I (v/v) as eluent. Yield:
391 mg is MS-ESI: [M+H]+ = 388.0 TLC: Rf= 0.43, silica gel, hept/EtOAc =
3/2 (v/v) (fJ. teYt-Butvl
5-amino-2-methvlthio-4-(3-lp-toluenesulfonamido)-phenyl-thieno(2.3d]pvrimid
ine-6-carboxamide 2o tent-Butyl
5-amino-2-methylthio-4-(3-aminophenyl)-thieno[2,3-d]pyrimidine-6carboxamide
(example 9e, 100 mg) was dissolved in dry pyridine (5 ml). pToluenesulfonyl
chloride (70 mg) was added and the mixture was stirred at room temperature
for 2 h. The reaction mixture was diluted with CHZC12 and washed with 0.1M
aq. HCI. The organic layer was dried (MgS04) and concentrated under reduced
2s pressure. The title compound was purified by chromatography on silica
gel with hept/EtOAc = 3/2 (v/v) as eluent. Yield: 63 mg 



MS-ESI: [M+H]+ = 542.4 HPLC: Rt = 23.46 min, column Luna C-18 (see example
1 a}, eluent phosphate 3o buffer 50 mM pH 2.1/Hz0/CH3CN/CH30H = I0/72/17/1
to 10/18I68/4 (v/v) iii 50 min   WO 02/2a703 - 35  PCT/EPOI /107-t3 Example
10 tent-Butvl 5-arnin~-2-meth~lthio-4-~ -lvinvlsulfonamido~phenyll-thieno~2
3d]pxrimidine-6-carboxamide te~~t-Butyl
5-amino-2-methylthio-4-(3-aminophenyl)-thieno[2,3-d]pyrimidine-6s
carboxamide (example 9e, 2.5 g) was dissolved in a mixture of CHzCl2 (25
mi) and pyridine (25 ml). 2-Bromo-ethaiiesulfonyl chloride was prepared as
described in Bull. Cherat. Soc. Jpn. 39, 1937-1941 (1966). A solution of
2-bromo-ethanesulfonyl chloride (2 g) in CH2C12 (5 ml) was added dropwise
and the mixture was stirred at room temperature for 2 h. The reaction
mixture was diluted with CH2C12 and washed with sat. aq. NaHC03. The
organic layer was dried (MgS04) and concentrated under reduced pressure.
The title compound was purified by chromatography on silica gel with
hept/EtOAc = 3/2 (v/v) as eluent. Yield: 1.4 g MS-BSI: [M+H]+ = 478.6 ~ s
TLC: Rf = 0.80, silica gel, hept/EtOAc = 3/2 (v/v) Example 11 teat-ButKl
5-amino-2-meth, lthio-4-(3-(2-p~iperidinoethanesulfonamidol,~phen~l_L
thien~2.3-cZ]pvrimidine-C~ carboxamide 2o tef~t-Butyl
5-amino-2-methylthio-4-(3-(vinylsulfonamido}-phenyl)-thieno[2,3d]pyrimidine
-6-carboxamide (example 10, 87 mg) was dissolved in dry THF (5 ml).
Piperidine (181 ~,1) was added and the reaction mixture was stirred at room
temperature overnight. The reaction mixture was diluted with CHZC12 and
washed with sat. aq. NaHC03. The organic layer was dried (MgS04) and
concentrated under reduced 25 pressure. The title compound was first
purified by chromatography on silica gel with hept/EtOAc = 3I2 (v/v) as
eluent and then by HPLC using a Luna C-18 column with the following
gradient: CH3CN/0.1% aq. trifluoroacetic acid (TFA) = 10/90 to 90/10 (v/v)
in 30 min. The title compound was then lyophilized from a mixture of
1,4dioxane and 0.1 % aq TFA. 3o Yield: 89 mg (TFA salt) MS-ESI: [M+H]+ =
563.4 HPLC: Rc = 18.4 min, column Luna C-18 (see example 1 e), eluent
H20/CH3CN = 60I40 to O/100 (v/v) in 25 min   WO 02/2703 -36 Example 12
PCTlEP01 /107-t3 tent-Butxl 5-amino-2-methvlthio-4-{3-(2-
(thiomorpholin-4-yl)-ethanesulfonamidoyUh~ly1)~thieno[2.3-d~Yrimidine-6-car
boxamide s Reaction of tluomorpholine ( 184 ql) with tent-butyl
5-amino-2-methylthio-4-(3(vinylsulfonamido)-phenyl)-thieno[2,3-d]pyrimidine
-6-carboxamide (example 10, 87 mg) was performed according to the method
described in example 11. The title compound was first purified by
chromatography on silica gel with hept/EtOAc = 3/2 (v/v) as eluent and then
by HPLC using a Luna C-18 column with the following ~o gradient: CH3CN/0.1%
aq. TFA = 10I90 to 90/10 (v/v) in 30 min. The title compound was then
lyophilized from a mixture of 1,4-dioxane and 0.1% aq TFA. Yield: 120 mg
{TFA salt) MS-ESI: [M+H]+ = 581.2 



HPLC: Rt = l7.2 min, column Luna C-18 {see example le), eluent H20/CH3CN is
= 60/40 to 0/100 (v/v) in 25 min Example 13 tent-Bit r~ 1 5-amino-2-methvlt
io-4-{~2-(bis- 2-methox~eth~l-amino,
P~t]lanesulfonamido)-phenyl)-thieno(2,3-d]pvrimidine-6-carboxamide 2o
Reaction of bis-(2-methoxyethyl) amine (244 mg) with tef~t-butyl
5-amino-2methylthio-4-(3-(vinylsulfonamido)-phenyl)-thieno[2,3-d]pyrimidine
-6-carboxamide (example 10, 87 mg) was performed according to the method
described in example 11. The title compound was first purified by
chromatography on silica gel with hept/EtOAc = 3/2 (v/v) as eluent and then
by HPLC using a Luna C-18 column with the following 2s gradient: CH3CN/0.1%
aq. TFA = 10I90 to 90/10 (v/v) in 30 min. The title compound was then
lyophilized from a mixture of 1,4-dioxane and 0.1% aq TFA. Yield: 60 mg
(TFA salt) MS-ESI: [M+H]+ = 611.4 HPLC: Rt =17.9 min, column Luna C-18 (see
example 1 e), eluent Hz0/CH3CN 30 = 60/40 to OI100 (v/v) in 25 min   WO
02l2.1703 -37_ PCT/EP01 / 107-13 Example 14 tent-Butt 5-amino-2-meth
Ithio-4- ~2- -methylpiperazino~,ethanesulfonamido~ phen~y-thieno[2 3,~1-
]pvrimidine-6-carboxamide s to 15 Reaction of N-methyl piperazine (184 pl)
with test-butyl
5-amino-2-methylthio-4-(3(vinylsulfonamido)-phenyl)-thieno[2,3-d]pyrimidine
-6-carboxamide (example 10, 87 mg) was performed according to the method
described in example 11. The title compound was first purified by
chromatography on silica gel with hept/EtOAc = 3/2 (v/v) as eluent azid
then by HPLC using a Luna C-18 column with the following gradient:
CH3CN/0.1% aq. TFA = 10I90 to 90/10 (v/v) in 30 min. The title compound was
then lyophilized from a mixture of 1,4-dioxane and 0.1% aq TFA. Yield: 85
mg (TFA salt) MS-ESI: [M+H]+ = 578.4 HPLC: Rt = 16.1 min, column Luna C-I S
(see example I e), eluent H20/CH3CN = 50/40 to 0/100 (v/v) in 25 min
Example 15 test- a 1 5- 0-2- th It io-4- 3- i thox carbon la 'no - a 1 -thi
o 2 3d]pvrimidine-6-carboxamide 20 25 tert-Butyl
5-amino-2-methylthio-4-(3-aminophenyl)-thieno[2,3-d]pyrimidine-6carboxamide
(example 9e, 100 mg) was dissolved in dry CH2Cl2 (5 ml). Methyl
chloroformate ( 199 p,l) and DIPEA (500 p,l) were added and the reaction
mixture was stirred at room temperature overnight. The reaction mixture was
washed with HzO. The organic layer was dried (MgSO~) and concentrated under
reduced pressure. The title compound was purified by HPLC using a Luna C-18
column with the following gradient: CH3CN/10% aq. CH3CN = l0/90 to 90I10
(v/v) in 30 min. The title compound was then lyophilized from a mixture of
1,4-dioxane and H20. Yield: 80 mg MS-ESI: [M+H]+ = 446.Z 30 HPLC: Rt =
20.44 min, column Luna C-18 (see example 1 e), eluent phosphate buffer 50
mM pH 2.1/H20/CH3CN = 10/72/18 to 10/18/72 (v/v) in 20 min   



WO 02/2a703 - 38  PCT/EP01/107-43 Example 16 tent-Butyl
5-amino-2-methvlthio-4-(3-(all~ycarbonylamino~- henXl_l-thienof2
3d]p~rrimidine-6-carboxamide The reaction of tent-butyl
5-amino-2-methylthio-4-(3-aminophenyl)-thieno[2,3s
d]pyrimidine-6-carboxamide (example 9e, 100 mg) with allyl chloroformate
(274 ~,1) was performed using the methods described in example 15. The
title compound was purified by HPLC using a Luna C-18 column with the
following gradient: CH3CN/10% aq. CH3CN = 10/90 to 90I10 (v/v) in 30 min.
The title compound was then lyophilized from a mixture of 1,4-dioxane and
H20. ~ o Yield: 66 mg MS-ESI: [M+H]~ = 472.2 HPLC: Rt = 22.37 min, column
Luna C-18 (see example le), eluent phosphate buffer 50 mM pH 2.1/H20/CH3CN
= 10/72/18 to 10/18/72 (v/v) in 20 min is Example 17 t rt-Bu 1 -amino- a h
lthi -4- 3- en lox c r on la 'n - hen 1 -thieno 3 ~~yrimidine =-carboxamide
The reaction of tent-butyl
5-amino-2-methylthio-4-(3-aminophenyl)-thieno[2,32o
d]pyrimidine-6-carboxamide (example 9e, 100 mg) with benzyl chloroformate
(368 ~I) was performed using the methods described in example 15. The title
compound was purified by HPLC using a Luna C-18 column with the following
gradient: CH3CN/I0% aq. CH3CN = 10/90 to 90/10 (v/v) in 30 min. The title
compound was then lyophilized from a mixture of 1,4-dioxane and H20. 2s
Yield: 112 mg MS-ESI: jM+H]~ = 522.4 HPLC: Rt = 24.10 min, column Luna C-18
(see example le), eluent phosphate buffer 50 mM pH 2.1/H20/CH3CN = 10/72l18
to 10/18I72 (v/v) in 20 min 30   WO 02/2.l703 -39 Example 18 PCT/EP01/107~3
tert-Butvl 5-amino-2-methylthio-4- 3-lethoxxcarbonylamino~phenyl)-thieno[2_
3cl]pyrimidine-6-carboxamide The reaction of test-butyl
5-amino-2-methylthio-4-(3-aminophenyl}-thieno[2,3s
d]pyrimidine-6-carboxamide (example 9e, 100 mg) with ethyl chloroformate
(247 p,l) was performed using the methods described in example I5. The
title compound was purified by HPLC using a Lung C-18 column with the
following gradient: CH3CN/10% aq. CH3CN = 10/90 to 90/10 (v/v) in 30 min.
The title compound was then lyophilized from a mixture of 1,4-dioxane and
H20. to Yield: 74 mg MS-ESI: [M+H]+ = 460.4 HPLC: Rt = 21.77 min, column
Luna C-18 (see example le), eluent phosphate buffer 50 mM pH 2.1/H20/CH3CN
= 10/72/I8 to 10/18/72 (v/v) in 20 min 15 Example 19 test-Butvl
5-amino-2-methvlthio-4-t3-(phenoxvcarbonylaminoLphen,~r1 -thieno[2.3d]p,
'midine-6-carboxamide The reaction of tent-butyl
5-amino-2-methylthio-4-(3-aminophenyl)-thieno[2,32o
c~pyrimidine-6-carboxamide (example 9e, 100 mg) with phenyl chloroformate
(324 wl) 



was performed using the methods described in example 15. The title compound
was purified by HPLC using a Luna C-18 column with the followiizg gradient:
CH3CN/10% aq. CH3CN = 10I90 to 90/10 (v/v) in 30 min. The title compound
was then lyophilized from a mixture of 1,4-dioxane and H20. 2s Yield: 47 mg
MS-ESI: [M+H]+ = 508.4 HPLC: Rt = 23.25 min, column Luna C-18 (see example
le), eluent phosphate buffer 50 mM pH 2.1/Hz0/CH3CN = 10/72/18 to 10/18/72
(v/v) in 20 min 30   WO 0212-4703 -40 PCT/EP01 /107.43 Example 20
tent-Butyl 5-amino-2-methvlthio-4-(3~,~-nitro- henox~bonylaminol
~henvll-thien~[2 3=app 'midine-6-carboxamide tent-Butyl
5-amino-2-methylthio-4-(3-aminophenyl)-thieno[2,3-cl~pyrimidine-6 s
carboxamide (example 9e, 1 g) was dissolved in dry CH2Cl2 (10 ml).
Subsequently, a solution of p-vitro-phenyl chloroformate (520 mg) in dry
CH2C12 (10 ml) was added dropwise and the reaction mixture was stirred at
room temperature. After 1 h, the reaction mixture was washed with H20. The
organic layer was dried (MgS04) and concentrated under reduced pressure. to
Yield: 1.42 g MS-ESI: [M+H]+ = 553.6 TLC: Rf = 0.7, silica gel, hep/EtOAc =
3/2 (v/v) Example 21 ~s tert-Butyl s-amino-2-meth lthio-4- elm--~o
-pholin-4-vl -carbon~nol-phen~L thienof2.3~~nvrimid.ine-6-carboxamide
test-Butyl
5-amino-2-methyithio-4-(3-(p-rutro-phenoxycarbonylamino)-phenyl)thieno[2,3-
d]pyrimidine-6-carboxamide (example 20, 142 mg) was dissolved in dry CH2C12
(5 ml). Morpholine (lI2 p,l) and DIPEA (225 ~l) were added and the reaction
zo mixture was stirred at room temperature overnight. The reaction nuxture
was diluted with CH2C12 and washed with H20. The organic layer was
concentrated under reduced pressure. The title compound was purified by
HPLC using a Luna C-18 column with the following gradient: H20/CH3CN =
80/20 to 0/100 (v/v) in 45 min. The title compound was then lyophilized
from a mixture of 1,4-dioxane and H20. 2s Yield: 22 mg MS-ESI: [M+H]+ =
501.2 HPLC: Rt = 8.62 min, column Luna C-18 (see example 8), eluent
H20/CH3CN = 40/60 to 0/100 (v/v) in 15 min   WO U2/2-4703 -41  Example 22
PCT/EP01/107-t3 tent-Butyl 5-amino-2-meth lthio-4-
,~o-anisidinocarbon~rlaminoL lyen~~l-thieno_j2 3~yrimidine-6-carboxamide
The urea coupling of tent-Butyl 5-amino-2-methylthio-4-(3-(p-iutros
phenoxycarbonylamino)-phenyl}-thieno[2,3-d]pyrimidine-6-carboxamide
(example 20, 142 mg) with ortho-anisidine (l59 mg) was performed according
to the methods described in example 21. The title compound was purified by
HPLC using a Luna C-18 column with the following gradient: H20/CH3CN =
80/20 to 0/100 (v/v) in 45 min. The title compound was then lyophilized
from a mixture of 1,4-dioxane and H20. 



io Yield: 18 mg MS-ESI: [M+H]+ = 537.2 HPLC: Rt = I2.94 min, column Luna
C-18 (see example 8), eluent H20/CH3CN = 40/60 to 0/100 (v/v) in 15 min is
Example 23 tent-Butvl 5-amino-2-meth, loo-4-t3-(1,2 3
6-tetrahydrop~rjdinocarbonylaminol
p~en~)-thieno[2,3-cl]pvrimidine-6-carboxamide The urea coupling of
tent-Butyl
5-amino-2-methylthio-4-(3-(p-nitrophenoxycarbonylamino)-phenyl)-thieno[2,3-
d]pyrimidine-6-carboxamide (example 20, zo I42 mg) with
I,2,3,6-tetrahydropyridine (118 ~,l) was performed according to the methods
described in example 21. The title compound was purified by HPLC using a
Luna C-18 column with the following gradient: H20/CH3CN = 80/20 to 0/100
(v/v) in 45 rnin. The title compound was then lyophilized from a mixture of
1,4-dioxane and HzO. 2s Yield: 18 mg MS-ESI: (M+H]+ = 497.2 HPLC: Rt =11.19
min, column Luna C-18 (see example 8), eluent H20/CH3CN = 40/60 to 0/100
(v/v) in 15 min 30   WO 02/2.4703 PCT/EPO1/107.~3 -42Example 24 tent-Butyl
5-h~,droxv-2-methvlthio-4-l3-methoxyphen~l-quinazoline-6-carboxamide (a).
Eth,~l. 2-methvlthio-4-i(3-methox henvll-6-meth-14-dih",~op,~rimidine-5s
carboxvlate A mixture of S-methylisothiourea sulfate (13.9 g),
3-methoxybenzaldehyde (7.5 g), ethyl acetoacetate (6.5 g) and sodium
hydrogenocarbonate (21 g) in DMF (200 ml) was stirred at 70C for 18 h. The
reaction mixture was cooled to room temperature, diluted with diethylether
and washed with HZO and sat. aq. NaCI. The title compound was i o purified
by chromatography on silica gel with hept/EtOAc = 3I2 (v/v) as eluent.
Yield: 7.3 g MS-ESI: [M+HJ+ = 321.0 TLC: Rr= 0.2, silica gel, hept/EtOAc =
3/1 {v/v) 15 (b). Ethyl 2-methvlthio-4 ~3-methoxy a
1-6-meth~pyrimidine-5-carboxvlate
Ethyl-2-methylthio-4-(3-methoxyphenyl)-6-methyl-1,4-dihydro-pyrisnidine-5ca
rboxylate (example 24a, 7.65g) was dissolved in a mixture of toluene (200
ml) and CH2C12 (100 ml). 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (5.45 g)
was added and the reaction mixture was stirred at room temperature for 15
min. 0.2M aq. NaOH (250 2o ml) was added. The organic layer was separated,
washed with H20 (2*250 ml) and sat. aq. NaCI (2*250 ml), dried (MgS04) and
concentrated under reduced pressure. The title compound was purified by
chromatography on silica gel with hept/EtOAc = 4/1 (v/v) as eluent. Yield:
4.0 g 2s MS-ESI: [M+H]+ = 319.2 TLC: Rf= 0.4, silica gel, hept/EtOAc = 3/1
(v/v) (c). Eth 1 ox - -meth lthio- - 3- hen ol' e- r ox ate A solution of
ethyl 2-methylthio-4-(3-methoxyphenyl)-6-methylpyrimidine-5 



3o carboxylate (example 24b, 318 mg) in dry THF (2 ml) was added to a
freshly prepared solution of LDA in dry THF (1m1) cooled to -78C. The
mixture was stirred at -78C for 30 min and 3-ethoxy acrylate (217 wl) was
added. The mixture was then stirred for   WO 02/2a703 - 43  PCT/EP01I107a3
3 h at -78C up to room temperature. 0.1M aq. HCl (20 ml) was added to the
reaction mixture which was subsequently extracted with EtOAc (25 ml). The
organic layer was washed with water (25 ml) and sat, aq. NaCI (25 ml),
dried (MgS04) and concentrated iuider reduced pressure. The title compound
was purified by chromatography on silica s gel with hept/EtOAc = 3I1 (vlv)
as eluent and recrystallized from CH30H. Yield: 3 8 mg MS-ESI: [M+H]+ =
371.2 TLC: Rf= 0.6, silica gel, hept/EtOAc = 2/3 (v/v) (d). tert-Butyl
5-hydrox~2-methylthio-4-l3-methoxyphen~Lduinazoline-6carboxamide
Ethyl-S-hydroxy-2-methylthio-4-(3-m.ethoxyphenyl)-quinazoline-6-carboxylate
(example 24c, 38 mg) was dissolved in a mixture of 1,4-dioxane (4 ml) and
1M aq. KOH (0.5 nil). The mixture was refluxed for 48 h, then cooled down
to room i s temperature and acidified by adding 0.1 M aq. HCl ( 15 ml). The
mixture was extracted with CHZCI2 (15 ml). The organic layer was dried
(MgS04) and evaporated under reduced pressure to give
5-hydroxy-4-(3-methoxyphenyl)-2-methylthio-quinazoline-6carboxylic acid.
The latter was dissolved in DMF (2 ml). tent-Butylamine (53 p,l) and TBTU
(96 mg) were added and the mixture was stirred at room temperature for 3 h.
2o EtOAc (15 ml) was added and the organic layer was washed with sat. aq.
NaHC03 (15 rnl) and sat. aq. NaCl (15 ml}, dried (MgS04) and evaporated
under reduced pressure. The title compound was first purif ed by
chromatography on silica gel with hept/EtOAc = 7/3 (v/v) as eluent. It was
then purified by HPLC with the following gradient: IO% aq. CH3 CN/CH3
CN/0.1 % aq. TFA = 57/40/3 to 7/90/3 (v/v) in 3 0 min. The title zs
compound was lyophilized from a mixture of water and 1,4-dioxane. Yield: 25
mg MS-ESI: [M+H]+ = 398.2 HPLC: Rt = 9.75 min, column Luna C-18 (see
example I e), eluent phosphate buffer SO mM pH 2.1/H20/CH3CN/CH30H =
5I35/57/3 to S!10/81/4 (v/v) in 1 S min 30   WO 02/2a703 -44 PCT/EPO1/107~3
Example 25 



tert-But~rl
5-amino-2-methxlthio-4-(3-methoxyphen~r_ll-quinazoline-6-carboxamide (a).
5-C ano-4- ,3-methoxyphen~)-2-methvlthio-6-vin r~l-pyrimidine s
6-Chloro-5-cyano-4-(3-methoxyphenyl)-2-methylthio-pyrimidine (example lb,
l.4Gg) was suspended in 1,4-dioxane (10 ml).
Tetrakis(triphenylphosphine)palladium(0) (350 mg) was added and the mixture
was flushed with a nitrogen atmosphere. Tetravinyltin ( 1.26 ml) was added
and the mixture was refluxed for 5 h. The reaction mixture was then poured
in a mixture of EtOAc (l00 ml) and Hz0 (100 ml). The organic layer was io
washed with sat. aq. NaCI, dried (MgS04) and concentrated under reduced
pressure. The title compound was purified by chromatography on silica gel
with hept/CH2C12 = 1/0 to 1/3 (v/v). Yield: 1.05 g MS-ESI: [M+H)+ = 284.2 i
s TLC: Rf = 0.4, silica gel, hept/CHZCIz = 1 /2 (v/v) (b).
5-Cyrano-4-(3-methox~r~hen~)-2-methylthio-6-(
1.1-bis-(ethoxycarbon,~llprop-3 yllpvrimidine
5-Cyano-4-(3-methoxyphenyl)-2-methylthio-6-vinyl-pyrimidine (example 25a)
was 2o dissolved in a mixture of ethanol (2 ml) and toluene (2 ml).
Potassium carbonate (690 mg) and diethylmalonate (272 p.l) were added and
the mixture was stirred at room temperature for 4 h. The reaction mixture
was then poured in a mixture of 0.5M aq. HCl (25 mI) and EtOAc (50 ml). The
organic layer was washed with HZO (SO ml) and sat. aq. NaCl (50 ml), dried
(MgS04) and concentrated under reduced pressure. The as title compound was
purified by chromatography on silica gel with toluene/EtOAC = 100/0 to 95/5
{v/v) as eluent. Yield: 344 mg MS-ESI: [M+H]+ = 444.2 TLC: Rf= 0.3, silica
gel, toluene/EtOAc = 95/5 (v/v) 30 (c). EthXl
5-am~~o-2-methylthio-4-l3-methoxXphe~ ly 7-7 8-di~vdroqui~auoline-6
carbox~late   WO 02/2-t703 PCT/EP01/107-43 - 45
5-Cyano-4-(3-methoxyphenyl)-2-methylthio-6-( 1,1-bis(ethoxycarbonyl)prop-3
yl)pyrimidine (example 25b, 81 mg) was dissolved in dry CH2C12 (1 ml). A 1M
solution of tin(IV) chloride in CH2C12 (1 ml) was added dropwise and the
mixture was stirred at room temperature for 1 h. H20 (10 ml) and EtOAc (10
ml) were then added to s the reaction mixture. The organic layer was washed
with H20 ( 10 ml) and sat. aq. NaCI {10 ml), dried (MgS04} and concentrated
under reduced pressure. The title compound was purif ed by chromatography
on silica gel with hept/EtOAc = 1 /0 to 3/2 (v/v) as eluent. Yield: 24 mg
io MS-ESI: [M+H]+=372.2 TLC: Rf= 0.5, silica gel, hept/EtOAc = 3/1 (v/v)
(d). ~t~l Xl ~
amino-2-methvlthio-4-l3-methoxy~henvll-quinazoline-6-carboxylate Ethyl
5-amino-2-methylthio-4-(3-methoxyphenyl)-7,8-dihydroquinazoline-6 



is carboxylate (example 25c, 22 mg) was dissolved in CH2Cl2 (1 ml). A 0.06M
solution of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone in CH2C12 (1.2 m1)
was added and the mixture was stirred at room temperature for 15 min. The
reaction mixture was concentrated under reduced pressure. The title
compound was purified by chromatography on silica gel with toluene/EtOAc =
95/5 (v/v} as eluent. 2o Yield: 20 mg MS-ESI: [M+H]+ = 370.0 TLC: Rf= 0.3,
silica gel, hept/EtOAc =1/3 (v/v) (e).
5-Arnino-2-methvlthio-4-(3-methoxyphenvl)-quinazoline-6-carbo lic acid 2s
Ethyl 5-amino-2-methylthio-4-(3-methoxyphenyl)-quinazoline-6-carboxylate
(example 25d, 490 mg) was dissolved in 15 ml 1,4-dioxane and a 2 M aqueous
KOH solution (3 ml) was added. The mixture was heated at reflux for 5 h and
at 70 C for 76 h. The mixture was cooled to room temperature and a 0.5 M
HCl-solution in water was added. The mixture was extracted with CH2C12 (2 x
50 ml), the combined organic layers were 3o dried (MgS04) and concentrated
under reduced pressure to yield the crude title compound. Yield: 406 mg
(crude) MS-ESI: [M+H]+ = 342.2   W O U2/2-47U3 - 46  TLC: Rf = 0.0, silica
gel, hept/EtOAc = 2/3 (v/v) PCT/EP(11/1 U73 (f). tef-t-Butvl
5-amino-2-methvlthio-4-(3-methoxyphenyll-c~uinazoline-6-carboxamide To a
1.8 M solution of 5-amino-2-methylthio-4-(3-methoxyphenyl)-quinazoline-6 s
carboxylic acid in DMF (1.8 ml) were added TBTU (173 mg) and
tent-butylamine (95 1 ) . The reaction mixture was stirred for 2 h and then
poured into a mixture ofEtOAc (25 ml) and saturated aqueous NaHC03 (50 ml).
The organic phase was separated and washed with 0.5 M aqueous HCl (50 ml)
and brine (50 ml), followed by drying (MgS04) and concentration under
reduced pressure. The title compound was purified i o by chromatography on
silica gel using hept/EtOAc =1I0 to 2/3 (v/v) as the eluent. The title
compound was lyoplulized from a mixture of dioxane and water containing 1.5
equiv. of HCI. Yield: 44 mg MS-ESI: [M+H]~ = 397.2 1 s HPLC: Rt = 21.52
min, column Luna C-18 (see example 1 e), eluent phosphate buffer 50 mM pH
2.1/H20/CH3CN =10/70I20 to 10/10/80 (v/v) in 20 min Example 26 tent-But; l
5-amino-2-methylthio- ~3-l2-(pyrro din-1-~l-ethoxY~ phen~,.,ll,-, 2o
quinazoline-6-carboxamide (a). tent-ButXl 5-amino-2-methylthio-4
~(3-hydroxyphen,~~ll-duinazoline-6-carboxamide A solution of tent-butyl
5-amino-2-methylthio-4-(3-methoxyphenyl)-quinazoline-6carboxamide (example
25f, 1.5 g) in dry CHZCIz was cooled to 0 C. A solution of 2s BBr3 (1.1 ml)
in CH2C12 (25 ml) was added dropwise and after the addition was complete,
the mixture was stirred for 3h at room temperature. The mixture was diluted
with CHzCl2 and a saturated aqueous NaHC03 solution (200 ml) was carefully
added. The mixture was vigorously stirred for 1.5 h until all solids
dissolved. The aqueous layer was extracted twice with CHzCl2. The first
organic layer was washed with sat. aq. so NaHC03 and brine. The combined
organic layers were dried (MgS04) and concentrated under reduced pressure.
The title compound was purified by chromatography on silica gel with
hept/EtOAc = 1 /0 to 1 / 1 (v/v) as eluent. 



Yield: 930 mg   V1'O 02/2.t703 - 47  MS-ESI: [M+H]~ = 383.4 TLC: Rf = 0.3,
silica gel, hept/EtOAc = 2/3 (v/v) PCT/EPO1/107-t3 (b). tent-Butyl
5-amino-2-meth lthio-4- ~2-lpyrrolidin-1-yl_l-ethoxvl-nheny_ll5
duinazoline-6-carboxamide A mixture of K2C03 (1.0 g),
1-(2-chloroethyl)pyrrolidine hydrochloride (66 mg) and te~~t-butyl
5-amino-2-methylthio-4-(3-hydroxyphenyl)-quinazoline-6-carboxamide (example
26a, 121 mg) in acetone was heated overnight at reflux. The mixture was
cooled to room temperature, the solids were removed by filtration and the
ftltrate t o concentrated under reduced pressure. The residue was taken up
in EtOAc and washed with water and brine. The organic phase was dried
(MgS04) and concentrated in vacuo. The title compound was purified by HPLC
using a Luna C-18 column with the following gradient: 10% aq.
CH3CN/CH3CN/0.1 % aq. TFA = 72/25I3 to 27/70/3 (v/v/v) in 30 min. The title
compound was lyophilized from a nuxture of water, TFA is and CH3CN. Yield:
42 mg (TFA salt) MS-ESI: [M+H]+ = 480.4 HPLC: Rt = 12.93 min, column Luna
C-18 (see example le), eluent phosphate buffer SO mM pH 2.1/H20/CH3CN
=10/70/20 to 10/10/80 (v/v) in 20 min 20 Example 27 tef~t-Butvl
5-amino-2-methvlthio-4-f 3-aminophen~l-duinazoline-6-carboxamide (a).
5-Cvano-2-meth lthio-4- 3-vitro-phenyl-6-~(triphenv~phosphan
lidene~meth~~]25 n.~mmidine To a suspension of anhydrous
methyltriphenylphosphonitum bromide (29.5 g) in dimethoxyethane (400 ml) at
-78 C was added a 1.6 M solution of n-butyllithium in hexanes. The mixture
was stirred at -78 C for 1 h and a solution of 6-chloro-5-cyano
4-(3-nitrophenyl)-2-methylthio-pyrimidine (example 9b, 10.1 g,) in
dimethoxyethane 30 (100 ml) was added and the cooling bath removed. After 1
h the reaction was complete and water ( 15 ml) was added. Removal of the
solids by filtration was followed by concentration of the reaction mixture
gave a daxk residue which was stirred with ethylacetate to give a
suspension. Filtration, washing of the residue with water and   



WO 02/2.1703 - 48  PCTlEP01/107-13 brine and drying of the organic layer
with MgS04 was followed by concentration i~z vacuo. The title compound was
purified by chromatography on silica gel with hept/EtOAc = 4/ 1 to 1 / 1
(v/v) as eluent. Yield: 7.04 g s MS-ESI: [M+H]+ = 299.2 TLC: Rf = 0.4,
silica gel, hept/EtOAc = 3/2 (v/v) (b).
5-Cvano-2-methvlthio-4-(3-nitro-phenyl-6-vinyl-pvrimidine A solution of
5-cyano-2-methylthio-4-(3-nitro-phenyl)-6-[(triphenylphosphanylidene) io
methyl]-pyrimidine (example 27a, 7.04 g,)) in THF (64 ml) was treated with
aqueous formaldehyde (37 wt. %, 3.S5 ml) at 60 C for 1 h. After the mixture
was cooled to room temperature, it was diluted with EtOAc (100 ml) and
washed with water (2 x 50 ml), dried (MgS04) and concentrated under reduced
pressure. The title compound was purified by chromatography on silica gel
using hept/EtOAc = 9/I to 3/2 (v/v) as the i s eluent. Yield: 1.42 g
MS-ESI: [M+H]+ = 547.2 TLC: Rf = 0.6, silica gel, hept/EtOAc = 3/2 (v/v) 20
(c). test-butyl ethyl
~2-i(S-cyano-2-methylthio-4-(3-nitro-phenyl-pvr~midin-6-ylleth,~lLxyalonate
Potassium carbonate (1.88 g) and tert-butyl ethylinalonate were suspended
in EtOH (82 ml) and a solution of
5-cyano-2-methylthio-4-(3-nitro-phenyl)-6-vinylpyrimidine (example 27b,
2.7I g) in toluene/CH2CIz (33 ml) was slowly added (ca I .5 h). After the
2s addition was complete, the mixture was stirred for an additional 40 min.
The mixture was diluted with EtOAc and washed with water (2x) and brine.
The organic layer was dried (MgS04) and concentrated under reduced
pressure. The title compound was purif ed by chromatography on silica gel
with hept/CH2C12 =1/1 (v/v) as eluent. Yield: 1.42 g 3o MS-ESI: [M+H]+ =
487.2 TLC: Rf= 0.5, silica gel, hept/EtOAc = 3I2 (v/v) (d). Ethyl
S-amino-2-meth lY thio-4-f 3-nitro-~henvl)-7a
8-dih~ro-quinazoling-6carboxylate   WO 02/2-4703 -49 PCT/EP01 /107-43 



A solution of te~~t-butyl ethyl
{2-[5-cyano-2-methylthio-4-(3-vitro-phenyl)-pyrimidin6-yl]-ethyl}-malonate
(example 27c, 1.40 g) iii CHZCIz (15 ml) was cooled to 0 C. A solution of
SnCl4 (1 M in CHZC12, 11.5 ml) was added dropwise, the ice-bath removed and
the solution was stirred for an additional 30 min at room temperature.
Water (64 s ml) and EtOAc (64 ml) were added and the mixture was vigorously
stirred until al solids dissolved. The organic phase was washed with water
and brine, dried (MgS04) and concentrated under reduced pressure, giving
the title compound as a crude product. Yield:1.19 g (crude)MS-ESI:[M+H]+ =
387.2to TLC:Rf= 0.5, silica gel, hept/EtOAc = 3/2 (v/v) (e). E~hvl
5-amino-2-methvlthio-4-(3-i;itro-phenv 1-quinazoline-6-carbo~ylate A
solution of crude ethyl
5-amino-2-methylthio-4-(3-vitro-phenyl)-7,8-dihydroquinazoline-6-carboxylat
e (example 27d, 1.19 g) in CHzCl2 (31 ml) was cooled to 0 C. ~5 A solution
of DDQ (1.14 g) in toluene (31 ml) was added dropwise, the ice-bath removed
and the solution was stirred for an additional 30 min at room temperature.
The mixture was diluted with CHZC12 (ca 100 ml) and washed with a saturated
aqueous solution of NaHC03 (3 x 100 ml) and brine (2 x 50 ml). The combined
aqueous layers were back-extracted with CHZCl2. The combined organic layers
were dried (MgS04) zo and concentrated under reduced pressure. The title
compound was purified by chromatography on silica gel using hept/EtOAc =
9/1 to 3/2 (v/v) as eluent. Yield: 735 rng MS-ESI: [M+H]+ = 385.2 TLC: Rf =
0.5, silica gel, hept/EtOAc = 3l2 (v/v) zs (i). Ethvl 5-amino-2-meth,
lthio-4- 3-aminophenvll-duinazoline-6-carboxvlate To a mixture of ethyl
5-amino-2-methylthio-4-(3-vitro-phenyl)-quinazoline-6carboxylate (example
27e, 1.54 g) and SnC12~2H20 (4.S2 g) in 1,4-dioxane (35 ml) were added EtOH
(35 ml) and concentrated aqueous HCl (690 1). The reaction 3o mixture was
stirred at 90 C for 5 h. After cooling to room temperature and
concentration under reduced pressure the residue was suspended in EtOAc (35
ml). The mixture was brought to pH 10 by the addition of 2 M NaOH and THF
and brine were added. The resulting mixture was stirred for 40 min, after
which time the organic layer was seperated, dried (MgS04) and concentrated
under reduced pressure. The title ss compound was purified by
chromatography on silica gel using hept/EtOAc = 9/1 to 3/2 (v/v) as eluent.
Yield: 818 mg   WO 02/2-17(13 -s0 MS-ESI: [M+H]+ = 355.2 TLC: Rf= 0.3,
silica gel, hept/EtOAc = 3/2 (v/v) PCT/EPO1/1117.13 (g). 5-amino-2-meth
lthio-4- 3-aminophenYl_1-quinazoline-6-carboxylic acid s A solution of
S-amino-2-methylthio-4-(3-aminophenyl)-quinazoline-6-carboxylate (example
27f, 658 mg) in 1,4-dioxane was treated with an aqueous solution of KOH (2
M, 4.2 ml) at 70 C for 18 h. After the reaction mixture was cooled to room
temperature, it was acidified to pH 1 with 4 N HCI. The mixture was
extracted with CH2Cl2 (3 x). The combined organic layers were dried (MgS04)
and concentrated to under reduced pressure to give the crude title
compound. Yield: 215 mg MS-ESI: [M+H]+ = 327.2 TLC: Rf = 0, silica gel,
hept/EtOAc = 3/2 (v/v) t s (h). tent-Butyl
5-amino-2-methvlthio-4-l3-aminophenvll-duinazoline-6-carboxamide The
conversion of
5-amino-2-methylthio-4-(3-aminophenyl)-quinazoline-6-carboxylic acid
(example 27g, 192 mg) to the corresponding tent-butyl amide was performed
according to the procedure described in example 1 e. The title compound was
purified by chromatography on silica gel using hept/EtOAc = 9/1 to 3/2
(v/v) as eluent. 2o Yield: 243 mg MS-ESI: [M+H]+ = 382.2 HPLC: Rt = 6.57
min, column Luna C-18 (see example 1 e), eluent Hz0/CH3CN = 



45/55 to 0I100 (v/v) in 20 min Example 28 2s Wt-Butyl 5-amino-~-me
~lthio-4-l3-l~morpholin-4-yy-acetamidol-phenvlleluinazoline-6-carboxamide
(a). tent-Butyl 5-amino-2-methylthio-4-
3~(2-bromoacetamidol-~hen`rll-auinazol'~r e-6carboxamide 3o To a suspension
of text-butyl
5-amino-2-methyltluo-4-(3-aminophenyl)-quinazoline-6carboxamide (example
27h, 791 mg) in CH2Clz (60 ml) was added DIPEA (I.08 ml), followed by the
slow addition of bromoacetyl chloride (242 1) i n CI~C12 (20 ml). After 40
min at room temperature the reaction mixture was washed with sat. aqueous
NHC03 (3x), followed by drying (MgS04) and concentration under reduced
pressure. 3s The crude title compound was used without further purification
in the next step.   WO 02/27(13 -51 Yield:1.20 g {crude)MS-ESI:[M+H]+ =
504.2TLC:Rc= 0.4, silica gel, hept/EtOAc = 3/2 (v/v) PCTIEPO1/107~3 s (b).
teat-ButYl_
5-amino-2-methylthio-4-(3-(2-(morpholin-4-~rll-acetamido)-nhenyl2,
duinazoline-6-carboxamide to 15 20 25 30 To a solution of tent-butyl
S-amino-2-methylthio-4-(3-(2-bromoacetamido)-phenyl)quinazoline-6-carboxami
de (example 28a, 88 mg) in acetonitrile was added morpholine (148 1) and
the mixture was stirred for 18h. After this time CH2C12 (1S ml) was added
and the mixture was washed with sat. aqueous NaHC03. The organic layer was
dried (MgS04) and concentrated i~a vacuo. The title compound was purified
by chromatography on silica gel using CH2C12/MeOH =1/0 to 9/1 (v/v) as
eluent. The title compound was lyophilized from a mixture of acetonitrile
and water containing 1.5 equiv. of HCI. Yield: 82 mg (HC1 salt) MS-ESI:
[M+H]+ = 509.2 HPLC: Rt = 13.00 min, column Luna C-18 (see example 1 e),
eluent Hz0/CH3CN = 75/25 to 0/100 (v/v) in 20 min Example 29 tent-Butyl
S-amino-2-methylthio-4- 3-,(~(tert-bu,11-slvcin~,~
amino~phenyyduinazoline-6-carboxamide Reaction of tent-butylamine (275 ~.1)
with te~~t-butyl
5-amino-2-methylthio-4-(3-(2bromoacetamido)-phenyl)-quinazoline-6-carboxami
de (example 28a, 130 mg) was performed according to the method described in
example 28b. The title compound was first purified by chromatography on
silica gel with hept/EtOAc = 3/2 (v/v) as eluent and then by HPLC using a
Luna C-18 column with the following gradient: CH3CN/0.1% aq. TFA = 10/90 to
90/l0 (v/v) in 30 min. The title compound was then lyophilized from a
mixture of 1,4-dioxane and aq HCI. Yield: 28 mg (HC1 salt) MS-ESI: [M+H]~ =
495.4   WO 02/2703 -52 PCT/EPO1/107.13 HPLC: Rt = 12.93 min, column Luna
C-18 (see example 1 e), eluent phosphate buffer 50 mM pH 2.1/H20/CH3CN
=10/70/20 to 10/10/80 (v/v) in 20 min. Example 30 



s Et 1 S- ino-2-m th It io-4- 3-ni o hen 1 -7-h drox - 'do
'midine-6carboxvlate (a). 5-Amino-5-cyano-2-meth lthio-4-
3-nitrophenvllpyrimidine A solution of
6-chloro-5-cyano-4-(3-nitrophenyl)-2-methylthio-pyrimidine (example i o 9b,
10.0 g) was treated with ammonium hydroxide (28 % NH3 in water, 15 ml) and
the mixture was stirred overnight. The formed crystals were collected by
filtration and washed with water. The product was dried at 50 C under
vacuum yielding the title compound. Yield: 8.9 g is MS-ESI: [M+H]+=288.2
TLC: Rf= 0.3, silica gel, hept/EtOAc = 3/2 (v/v) (b). Diethyl
2-(Amino-[6-amino-2-methylthio-4-(3-nitrophen~2pvrimidin-5-yl_]methylene)ma
lonate 2o To a suspension of
6-amino-5-cyano-2-methylthio-4-(3-nitrophenyl)pyrimidine (example 30a, 5.74
g) in 1,2-dichloropropane (200 ml) was added diethylinalonate (9.1 ml). The
mixture was cooled to 0 C and a solution of SnCl4 (14 ml) in in
1,2dichloropropane (50 ml) was added dropwise. After the addition was
complete, the suspension was heated at reflux for 18 h. The mixture was
allowed to cool to room zs temperature and a$er solids were settled the
1,2-dichloropropane was carefully decanted. The resulting solids were
stirred with EtOAc (300 ml) and water (300 ml) until dissolution was
complete. The organic layer was washed with water (500 ml) and brine (500
ml), dried (MgS04) and concentrated iii vacuo. The title compound was
purified by chromatography on silica gel using hept/EtOAc =1/0 to 3/2 (v/v)
as eluent. 3o Yield: 3.78 g MS-ESI: [M+H]+ = 448.4 TLC: Rf = 0.2, silica
gel, hept/EtOAc = 3/2 (v/v) (c). Eth - m'no- -meth It ii -4- - itro en -7-h
dr 'do 2 3- 'midine3s 6-carboxvlate   WO 0 2/2.t703 -S3 PCT/EPO1/107-43 A
suspension of diethyl
2-(amino-[6-amino-2-methylthio-4-(3-nitrophenyl)-pyrimidinS-yl]-methylene)-
malonate (example 30b, 1.34 g) in Biphenyl ether (30 ml) was heated under a
stream of nitrogen to 240 C for 2 h. After the mixture was cooled to room
temperature, heptane was added (200 ml) and the solids were collected by
filtration. S The title compound was purified by chromatography on silica
gel using CH2C12/acetone =1/0 to 4/1 (v/v) as eluent. Yield: S90 mg MS-ESI:
[M+H]+ = 402.4 TLC: Rf= 0.3, silica gel, CHZCl2/acetone = 9/1 (v/v) l0
Example 31 tent-Butyl 5-amino-2-phenyl-4-(3-f (thiomoiroholin-4-~
-carbonylaminoLphen~~L thieno(2.3-d]pvrimidine-6-carboxamide is ~a~
S-C~ano-4- 3-nitrophen~l-2-phenyl-6-h d~ rox~p`nimidine A mixture of
benzarnidine hydrochloride (16.4 g), 3-nitrobenzaldehyde (1 S.1 g), ethyl
cyanoacetate (11.2 ml) and potassium carbonate (16.6 g) iii abs. EtOH (2S0
ml) was stirred at 60C for 8 h. The reaction mixture was cooled to 0C in an
ice bath. The resulting precipitate was filtered off, washed with abs. EtOH
and heated in water zo (I00C) until a clear solution was obtained. The
solution was cooled to SOC, acidified to pH 2 by adding 2N aq. HCl and
cooled to 0C in an ice bath. The resulting precipitate was filtered off and
washed with ice water. Residual water was removed by coevaporation with
1,4-dioxane. 



Yield: 1S.0 g. 2s MS-ESI: [M+H]+ = 319.2 TLC: Rf= 0.3, silica gel, DCM/MeOH
= 9I1 (vlv). ~,~-Chloro-S-c~ano-4- 3-nitrophenXl~-2-phen3rl-pyrirnidine
POC13 (SO ml) was added to a stirred solution of
S-cyano-4-(3-nitrophenyl)-2-phenyl-6 3o hydroxy-pyrimidine (example 31 (a),
1 S.0 g) and dimethylaniline (O.S ml) in dry 1,4dioxane p.a. (200 ml).
After 3 h at 90C, the warm mixture was filtered off and the filtrate was
concentrated under reduced pressure. The residue was dissolved in 1,4   WO
02/2-4703 -s4 PCTIEPOI/107~3 dioxane and ice water was added. The resulting
precipitate was filtered off and washed with water. Residual water was
removed by coevaporation with 1,4-dioxane. s Yield: 15.8 g MS-ESI: [M+H]~ =
337.4 TLC: Rf= 0.8, silica gel, heptane/EtOAc = 3/2 (v/v). ~cl. Ethvl
5-cvano-4-f3-nitronhenvl)-2-phenyl-6_Lethoxvcarbonvlmethvlthiol to is
nyrimidine DIPEA {8.71 ml) was added to a stirred solution of ethyl
2-mercaptoacetate (5.15 ml) and
6-chloro-5-cyano-4-(3-nitrophenyl)-2-phenyl-pyrimidine (example 31 (b),
15.8 g) in a mixture of EtOH (125 ml) and DCM (125 ml) under a nitrogen
atmosphere. After 2 h at room temperature, the mixture was diluted with DCM
until complete dissolution, washed with O.SN aq. HCl, dried (MgS04) and
concentrated under reduced pressure. Yield: 19.7 g MS-ESI: [M+H]+ = 421.2.
TLC: Rf = 0.7, silica gel, heptane/EtOAc = 3l2 (v/v). {d~Ethvl
5-amino-4-(3-nitronhen,~ll-2-phenvl-thieno[2 ~vrimidine-6-carbox` lr ate
DIPEA (20.0 ml) was added to a stirred solution of ethyl
5-cyano-4-(3-nitrophenyl)-2zo
phenyl-6-(ethoxycarbonylmethylthio)-pyrimidine (example 31 (c), 19.7 g) in
a mixture of abs. EtOH (100 ml) and toluene p.a. (100 ml). After 48 h at
100C, the mixture was cooled to 0C. The resulting precipitate was filtered
off, washed with cold EtOH and dried zit vactso at 40C. Yield: 17.0 g 2s
MS-EST: [M+H]~ = 42I .2 TLC: Rf = 0.5, silica gel, heptane/EtOAc = 3/2
(v/v). le) Ethvl 5-amino-4-(3-aminophenyll 2-~~enyl-thigno[2
3~vrimidine-6-carboxy~ate 



A solution of tin (II) chloride (23.0 g) in abs. EtOH (250 ml) was added to
a solution of 3o ethyl
5-amino-4-(3-nitrophenyl)-2-phenyl-thieno[2,3-d]pyrimidine-6-carboxylate
(example 31(d), 16.6 g) in 1,4-dioxane p.a. (250 ml). 37% aq. HCl (6.9 ml)
was added and the mixture was heated under reflex (90C) for 16 h. The
mixture was allowed to cool to room temperature and concentrated under
reduced pressure. The residue was   WO 02/2a703 - 55  PCT1EP01/107~3
suspended in EtOAc (500 ml). 4N aq. NaOH was added to obtain a pH of 10-11.
The mixture was diluted by adding sat. aq. NaCI. The organic layer was
separated, dried (MgS04) and concentrated under reduced pressure. Yield:
17.0 g s MS-ESI: [M+H]+ = 421.2 TLC: Rf= 0.5, silica gel, heptane/EtOAc =
3/2 (v/v). (fl 5-Amino-4 ~3-amino~hen 1~1-2-~henvl-thieno[2
3-~p~rimidine-6-carboxylic acid Potassium hydroxide (20.0 g) was added to a
solution of ethyl 5-amino-4-(3 io
aminophenyl)-2-phenyl-thieno[2,3-d]pyrimidine-6-carboxylate (example 31(e),
17.0 g) in a mixture of 1,4-dioxane (210 ml} and water (80 ml). After 16 h
at 90C, the mixture was cooled to 0C. The resulting precipitate was
filtered off, suspended in water (300 ml) and cooled to 0C. The mixture was
acidified to pH 3 by adding 2N aq. citric acid and stirred at 0C up to room
temperature for 2 h. The resulting precipitate was filtered is off, washed
with water and dried i~T vacuo at 40C. Yield: 13.3 g MS-ESI: [M+H]+ = 363.0
TLC: Rf= 0.2, silica gel, DCM/MeOH = 95/5 {v/v). 20 (~l tert-Butyl
5-amino-4-l3-aminophenvll-2-phenyl-thieno[2 3- pvrimidine-6 carboxamide
DIPEA (15.3 ml), tent-butylamine (9.3 ml) and TBTU (14.1 g) were added to a
mixture of
5-amino-4-(3-aminophenyl)-2-phenyl-thieno[2,3-d]pyrimidine-6-carboxylic
acid (example 31(i, 13.3 g) in a mixture of DCM (250 ml) and DMF (50 ml)
under a 2s nitrogen atmosphere. After 3 h at room temperature, the mixture
was diluted with DCM and washed with sat. aq. NaHC03, 0.1N aq. HCl and sat.
aq. NaCI. The organic layer was dried (MgS04) and concentrated under
reduced pressure. The crude product was purified by chromatography on
silica gel, using heptane/EtOAc = 3/7 to 1/1 (v/v) as eluent. 3o Yield:
14.7 g MS-ESI: [M+H]+ = 418.4 TLC: Rf= 0.4, silica gel, heptane/EtOAc = 3/2
(v/v).   



WO 02/2703 -S6 PCT/EPO1/107.13 ,(hl tent-Butyl 5-amino-2-phenyl-4 J3-
-nitro ~henoxvcarbon Iy ayino~phe~ll thieno[2.3-dl~xrimidine-6-carboxamide
tent-Butyl 5-amino-2-phenyl-4-(3-aminophenyl)-thieno[2,3-d]pyrimidine-6s
carboxamide (example 31 (g), 2.0 g) was dissolved in dry CH2C12 (20 ml).
Subsequently, a solution of p-nitro-phenyl chloroformate (520 mg) in dry
CH2C12 (10 ml) was added dropwise and the reaction mixture was stirred at
room temperature. After 3 h, the reaction mixture was washed with H20. The
organic layer was dried (MgS04) and concentrated under reduced pressure. ~
o Yield: 2.9 g MS-ESI: [M+H]+ = 583.2 TLC: Rf = 0.6, silica gel,
heptanelEtOAc =1/1 (v/v). ,~1. tert-Butyl 5-a Zino-2-phenyl-4-~3
((thiomorpholin-4-Y~, -carbo~,ylamino -nheny,~l~ is thien~2.3-
pvrimidine-6-carboxamide Thiomorpholine (300 ~,1) was added to a solution
of tert-butyl
5-amino-2-phenyl-4-(3(p-nitro-phenoxycarbonylamino)-phenyl)-thieno[2,3-d]py
rinudine-6-carboxamide (example 31 (h), 150 mg) in dichloromethane (5 ml)
and the reaction mixture was stirred at room temperature overnight.
Subsequently, the reaction mixture was diluted 2o with CH2C12 and washed
with H20. The organic layer was concentrated under reduced pressure. The
title compound was purified by HPLC using a Luna C-18 column with the
following gradient: H20/CH3CN = 80/20 to 0/l00 (v/v) in 45 min. The title
compound was then lyophilized from a mixture of 1,4-dioxane and H20. Yield:
89 mg 2s MS-ESI: [M+H]+ = 547.2 HPLC: Rt = 11.71 min, column Luna C-18(2),
3 p,m, 100 x 2.0 mm, detection UV = 210 nm, oven temperature = 40C, flow =
0.25 ml/min, eluent phosphate buffer 50 mM pH 2.1/water/ACN = 10/30I60 to
10/5/85 (v/v/v), run time = 20 min.   WO 0212.47U3 -57 Example 32
PCT/EPO1/107.~3 tent-Butyl 5-amino-2-phenyl-4-(3-(~.N-dimethylamino
-carbonvlaminol-phenyl thieno[2.3~dl~~imidine-6-'carboxamide Dimethyl amine
hydrochloride (150 mg) was added to a solution of N,Ns
diisopropylethylamine (DIPEA, 0.50 ml) and test-butyl
5-amino-2-phenyl-4-(3-(p nitro-phenoxycarbonylamino)-phenyl)-thieno
[2,3-d]pyrimidine-6-carboxamide (example 31 (h), 250 mg) in dichloromethane
(S ml) and the reaction mixture was stirred at room temperature overnight.
Subsequently, the reaction mixture was diluted with CH2C12 and washed with
H20. The organic layer was concentrated under reduced to pressure. The
title compound was purified by HPLC using a Luna C-18 column with the
following gradient: H20/CH3CN = 80/20 to O1100 (v/v) in 45 min. The title
compound was then lyophilized from a mixture of 1,4-dioxane and H20. Yield:
75 mg MS-ESI: [M~-H]+ = 489.2 is HPLC: Rt = 19.58 min, column Luna C-18(2),
3 Vim, 100 x 2.0 mm, detection W = 



2I0 nm, oven temperature = 40C, flow = 0.25 ml/min, eluent phosphate buffer
50 mM pH 2.1/water/ACN = l0/60/30 to 10/5/8S (v/v/v), run time = 20 min.
Example 33 2o tent-Butyl 5-amino-2-phe~n~rl-4 ;(3-l(mo~r uholin-4-~
-carbonvlaminol-nhen~lthieno[~ 3~pvrimidine-6-carboxamide Morpholine (250
mg) was added to a solution of tert-butyl
S-amino-2-phenyl-4-(3-(pnitro-phenoxycarbonylamino)-phenyl)-thieno[2,3-d]py
rimidine-6-carboxamide (example 31 (h), 150 mg) in dichloromethane (5 ml)
and the reaction mixture was 2s stirred at room temperature overnight.
Subsequently, the reaction mixture was diluted with CH2Cl2 and washed with
H20. The organic layer was concentrated under reduced pressure. The title
compound was purified by HPLC using a Luna C-18 column with the following
gradient: H20/CH3CN = 80/20 to 0/100 (v/v) in 45 min. The title compound
was then lyophilized from a mixture of 1,4-dioxane and H20. so Yield: 63 mg
MS-ESI: [M+H]+ = 489.2 HPLC: Rt = 19.39 min, column Luna C-18(2), 3 pm, 100
x 2.0 mm, detection UV = 210 nm, oven temperature = 40C, flow = 0.25
ml/min, eluent phosphate buffer 50 mM pH 2.1/water/ACN =10/60/30 to 10/5/8S
(v/v/v), run time = 20 min.   WO 02/2703 -58 Example 34 CHO-LH and CHO-FSH
ira vitro bioactivitv PCT/EPO1/107~13 LH agonistic activity of compounds
was tested in Chinese Hamster Ovary (CHO) cells s stably transfected with
the human LH receptor and cotransfected with a cAMP responsive element
(CRE) / promotor directing the expression of a firefly luciferase reporter
gene. Binding of ligand to the Gs-coupled LH receptor will result in an
increase of cAMP, which in turn will induce an increased transactivation of
the luciferase reporter construct. The luciferase signal was quantified
using a luminescence to counter. For test compounds, ECSO values
(concentration of test compound causing half maximal (50 %) stimulation)
were calculated. For that purpose the software program GraphPad PRISM,
version 3.0 (GraphPad software Inc., San Diego) was used. Results indicated
that ECso value for the compounds of examples 9, 11, 12, 13, 14, 25 and 27
was between 10'i and 10-' M. The compounds of examples 1,2,3,4,5,17, 22,
26, is 28, 29, 31, and 33 showed an ECso value between 10-i and 10-$ M,
whereas the ECso value of the compounds of examples 7, 15, 16, 18, 2i, 23
and 32 were lower than IO-8 M.   WO (12/2-t703 -59 Claims PCT/EPU1/107.13
1. A bicyclic heteroaromatic compound according to general formula I, or a
pharmaceutically acceptable salt thereof, R~ R3 R2\ ~ , ,X2 A N X1 s
Formula I 



wherein Rl is (3-8C)cycloalkyl, (2-7C)heterocycloalkyl, (6-14C)aryl or (4
13C)heteroaryl; a11 optionally substituted with one or more substituents
selected i o from N(R4)R5, NHRS, R5, ORS and/or SRS; R2 is (1-4C)alkyl,
(2-4C)alkenyl, (2-4C)alkynyl, (6-14C)aryl or (4 13C)heteroaryl; R3 is
(1-8C)alkyl, (3-8C)cycloalkyl, (2-7C)heterocycloalkyl, (6-14C)aryl or (4 13
C)heteroaryl; R4 can be selected from the same groups as described for RZ ,
RS is (6-14C)aryl, (4-13C)heteroaryl, (6-14C)arylcarbonyl, (2
7C)heterocycloalkyl, (2-7C)heterocycloalkylcarbonyl, (2-8C)alkenylsulfonyl,
(2 8C)alkenoxycarbonyl, (3-8C)cycloalkyl, (6-14C)arylsulfonyl, (6
14C)arylaminocarbonyl, (6-14C)aryloxycarbonyl, (6-14C)arylaminosulfonyl, (6
20 14C)aryloxysulfonyl, (2-8C)alkenyl, (2-8C)alkyllyl, or (1-8C)alkyl,
(1-8C)alkylcarbonyl, (1-8C)allcylsulfonyl, (18C)(di)alkylaminocarbonyl,
(1-8C)allcoxycarbonyl, (18C)(di)alkylaminosulfonyl, or
(1-8C)alkoxysulfonyl, the alkyl group of which may be optionally
substituted with one or more 25 substituents selected from hydroxyl,
(1-8C)alkoxy, (2-7C)heterocycloalkyl(1 8C)alkoxy,
(3-8C)cycloalkyl(1-8C)alkoxy, (6-14C)aryl(1-8C)alloxy, (4
13C)heteroaryl(1-8C)alkoxy, (2-7C)heterocycloalkyl, (3-8C)cycloallcyl, (6
WO 02/2-4703 -60 PCT/EP01/107d3 14C)aryl, (4-13C)heteroaryl,
(1-8C)alkoxycarbonyl, (6-14C)aryloxycarbonyl, (18C)allrylcarbonyloxy,
(6-14C)arylcarbonyloxy, (1-8C)alkylcarbonyl, (614C)arylcarbonyl, amine,
(1-8C)alhylaminocarbonyl, (6-14C)arylaminocarbonyl,
(1-8C)alkylcarbonylanlino, (6-14C)arylcarbonylamino, (6-14C)(di)arylamino,
(di) [( 1-3 C) alkoxy( 1-3 C)alkyl] amino and/or( 1-8 C) (di)alkylamino. Y
is CH or N; Z is NH2 or OH; A is S, N(H', N(R4}, O or a bond; B is N(H), O
or a bond and X1-X2 is C=C, C(O)-NH, NH-C(O), C(O)-O, O-C(O), C N, N=C or,
additionally S or O if RS is (1-8C)alkylsulfonyl, (6-14C)arylsulfonyl, (1
8C)(di)alkylanunocarbonyl, (6-14C)arylaminocarbonyl, (1-8C)alkoxycarbonyl,
(6-14C)aryloxycarbonyl, (1-8C)(di)alkylaminosulfonyl, (6
14C)arylarninosulfonyl, (1-8C)alkoxysulfonyl, (6-14C)aryloxysulfonyl, (2 t
s 7C)heterocycloalkylcarbonyl, (2-8C)alkenylsulfonyl or
(2-8C)alkenoxycarbonyl with the proviso that the compound is not ethyl
5-hydroxy-2-methyl-4-(piperidin1-yl)-pyrido[2,3-djpyrimidine-6-carboxylate,
ethyl
5-hydroxy-2-methyl-4(morpholin-4-yl}-pyrido[2,3-d]pyrimidine-6-carboxylate
or ethyl
5-hydroxy-2methyl-4-(pyrrolidin-1-yl)-pyrido[2,3-d]pyrimidine-6-carboxylate
. 20 2. The compound according to claim 1 wherein B is N(H) or a bond. 3.
The compound according to claim 1 or 2 wherein Z is NHZ, 



4. The compound according to claim 1-3 wherein Rl is (6-14C)aryl or (4
13C)heteroaryl, optionally substituted with one or more substituents
selected from N(R4)R5, NHRS, R5, ORS or SRS. 2s 5. The compound according
to claim 4 wherein RS is (6-14C)arylcarbonyl, (2
7C)heterocycloalkylcarbonyl, or (1-8C)alkyl, (1-8C)alkylcarbonyl,
(18C)(di)alkylaminocarbonyl, the alkyl group of which may be optionally
substituted with (2-7C)heterocycloalkyl, (4-13C)heteroaryl,
(1-8C)alkoxycarbonyl, (1 30 8C)alkylaminocarbonyl,
(1-8C)alkylcarbonylamino, (6-14C)arylcarbonylamino, amine
and/or(1-8C)(di)alkylamino.   WO U2/2703 PCT/EPOl/107.43 -61 6. The
compound according to claim 4 or 5 wherein Rl is phenyl, optionally
substituted with one or more substituents. 7. The compound according to
claim 6 wherein Rl is substituted at the meta position. s 8. The compound
according to claims 1-7 wherein Y is N. 9. The compound according to claims
1-8 wherein B is N(H), or B is a bond and R3 is (2-7C)heterocycloalkyl. 10.
The compound according to claims 1-9 wherein Xl-X2 is C=C, C=N, S or N=C.
11. The compound according to claim 10 wherein X1-X2 is C=C or S. i o 12. A
compound selected from the group of tent-butyl 5-amino-2-methylthio-4-(3
{(N,N-diethylamino}-carbonyloxy)
phenyl)-thieno[2,3-d]pyrimidine-6carboxamide, tent-butyl
5-amino-2-methylthio-4-(3-(methoxycarbonylamino)phenyl)-thieno[2,3-d]pyrimi
dine-6-carboxamide, tent-butyl
5-amino-2methylthio-4-(3-(allyloxycarbonylamino)-phenyl)-thieno[2,3-d]pyrim
idine-6 ~ s carboxamide, tent-butyl
5-amino-2-methylthio-4-(3-(ethoxycarbonylamino)
phenyl)-thieno[2,3-d]pyrimidine-6-carboxamide, tent-butyl
5-amino-2methylthio-4-(3-((morpholin-4-yl)-carbonylamino)-phenyl)-thieno[2,
3 d]pyrimidine-6-carboxamide, tert-butyl
5-amino-2-methylthio-4-(3-(1,2,3,6tetrahydropyridinocarbonylamino)-phenyl)-
thieno[2,3-d]pyrimidine-6 2o carboxamide or tert-butyl
5-amino-2-phenyl-4-(3-((N,N-dimethylamino)carbonylamino)-phenyl)-thieno
[2,3-d]pyrimidine-6-carboxamide. 13. The compound according to claims 1-12
for use in therapy. 14. A pharmaceutical composition comprising a bicyclic
heteroaromatic compound according to claims 1-12 or a pharmaceutically
acceptable salt or solvate thereof , 2s in admixture with a
pharmaceutically acceptable auxiliary. 15. Use of bicyclic heteroaromatic
derivatives according to anyone of the claims 112 or a pharmaceutically
acceptable salt or solvate thereof for the manufacture of a medicament for
the control of fertility. 30
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