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The gonadotropins, a class of glycoproteins with an average
molecular weight of 30 kD, play a pivotal role in human
reproduction. Follicle stimulating hormone (FSH), for example,
causes ovarian follicle maturation in women and is involved in
spermatogenesis in men. Luteinizing hormone (LH) is respon-
sible for ovulation induction in women and controls testoster-
one production in men. Finally, human choriogonadotropin
(hCG) maintains the early stages of a pregnancy.[1] All gonado-
tropins consist of a common � subunit and a hormone-specific
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� subunit that are noncovalently linked. Both FSH and LH are
produced in the pituitary and act on particular G-protein-
coupled receptors (GPCRs) expressed in the gonads. FSH
receptors (FSHR) are found on granulosa cells (�) and Sertoli

cells (�), whereas LH receptors (LHR) are present on Theca

cells (�) and Leydig cells (�).

Binding of LH to the LHR stimulates the Theca and Leydig cells
to produce testosterone (Figure 1). Subsequently, testosterone is
converted into estradiol in the female granulosa cell by the
cytochrome P450 enzyme aromatase, which is generated after
activation of the FSHR by FSH.[2] Gonadotropins are used
clinically in infertility treatment in assisted reproductive therapy
for oocyte maturation and ovulation induction. Current methods
such as in vitro fertilization use either urinary or recombinant
gonadotropins.[3] A major drawback in the clinical application of
these hormones is the required parenteral (intramuscular or
subcutaneous) administration by injection. Low molecular
weight (LMW) agonists on the other hand have the potential
to become orally active drugs, which display enhanced patient
convenience and compliance. During the past decade, the
discovery of LMW modulators for receptors that are normally
triggered by high molecular weight (HMW) endogenous ligands
(for example, peptides and proteins) has been a great challenge
for medicinal chemists. The identification of LMW agonists has
met with limited success. Recently, Merck scientists reported the
first orally active LMW agonist for the human insulin receptor
tyrosine kinase,[4] a molecule that mimics the mode of action of
the 51 amino acid containing peptide insulin. Up to now, no

orally active LMW agonists for either of the gonadotropin
receptors have been described.[5, 6]

We here disclose the first class of orally active low molecular
weight agonists (structures 1 and 2, Scheme 1) for the luteinizing
hormone receptor, with Org41841 (1 v) the most potent.
Compound 1 v showed an EC50 value (the effective concentra-
tion that causes 50% of the maximum response) of 20 nM on a
cell line that expressed the human luteinizing hormone receptor
(hLHR), and in vivo efficacy in mice after oral administration.[7]

The high-throughput screening program run by Organon on
the hLHR employs a Chinese hamster ovary (CHO) cell line that
stably expresses the hLHR and the cyclic-AMP-response-element
(CRE) ± luciferase-reporter construct and has revealed thieno[2,3-

d]pyrimidine 1 a (EC50� 1.4 �M) as a
selective hLHR agonist with no
activity on hFSHR, human cortico-
tropin-releasing factor I receptor,
and human thyroid stimulating
hormone receptor. Synthesis of
the hit compound 1 a was accom-
plished with a literature procedure
by using a slight modification in
reaction conditions to improve
yield and ease of purification. Thus,
Biginelli-type condensation of S-
methylisothiourea (3 a, R1� SMe)
with benzaldehyde (4 a, R2�Ph)
and ethyl cyanoacetate (5) in the
presence of K2CO3 gave pyrimidone
6 a.[8] Subsequent treatment of 6 a
with POCl3 (�7 a), base-mediated
nucleophilic substitution, and con-
comitant cyclization[9] furnished hit
compound 1 a (R1�SMe, R2�Ph,
R3�OEt) in an overall yield of 49%.
This synthetic sequence, outlined
in Scheme 2, includes ester hydrol-
ysis and subsequent amide or ester
formation (steps d and e, respec-
tively) and was also applied for the
preparation of analogues 1 b ±v
(Table 1).Figure 1. Production of testosterone and estradiol by activation of the LH receptor and FSH receptor, respectively.

X

NR1

R2

S

NH2

R3

O

  1 : X = N

1a : X = N, R1 = SMe, R2 = Ph, R3 = OEt

1v : X = N, R1 = SMe, R2 = 3-OMe-Ph, R3 = NHtBu (Org 41841)

  2 : X = CH

Scheme 1. General structures of LH receptor agonistic thienopyri(mi)dines 1
and 2.
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A series of thieno[2,3-b]pyridines with general structure 2 was
synthesized by the method depicted in Scheme 3. Thus, �,�-
unsaturated ketones of general structure 9, obtained by aldol
condensation of ketones 8 with aldehydes 4, were condensed
with 2-cyanothioacetamide to give thiopyridones 10. Nucleo-
philic substitution followed by cyclization, saponification, and
amide formation provided thieno[2,3-b]pyridines 2 a ±g in
satisfactory overall yields.[10]

All thienopyrimidines 1 b ±v and thienopyridines 2 a±g were
tested in the CHO±hLHR assay by using luciferase as a functional
read out.[11] The resulting EC50 values are delineated in Table 1. As
shown for the thienopyrimidine series, introduction of a meta
substituent on the phenyl ring in the R2 group is tolerated,
whereas para substitution gives rise to loss of activity (see
analogues 1 b and 1 c). Replacement of the phenyl ring in R2 with
a heteroaromatic group yields compounds with EC50 values in
the low micromolar range (analogues 1 g ± i). Furthermore,
enlargement of the S-Me group to an S-pentyl group had a
detrimental effect on potency (analogue 1 d). Use of amidines
instead of isothiourea (R1� alkyl, aryl) in the preparation of the
thienopyrimidine series provided inactive compounds in the
case of R1� alkyl (for example, analogue 1 k), whereas potencies
in the submicromolar range were observed for derivatives with
R1� (hetero)aryl (analogues 1 l ±n). Finally, it was established
that hydrolysis of the ethyl ester leads to deterioration of activity
(analogue 1 o), whereas replacement of the ester moiety with an
amide group turned out to be crucial to obtain potencies in the
10 ±100-nanomolar range, with analogue 1 v the most potent
LHR agonist.
It is of interest to note that the thienopyridine series 2 follows

the same structure ± activity relationships (SAR) seen in the
thienopyrimidine series. For example, heteroaromatic groups
can be introduced with retention of activity (analogues 2 c, e, f)
and amides (analogues 2 f, g) prove to be more potent than the
corresponding esters. However, overall activities in the thieno-
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H

R1

R2

CN

O

N

NR1

R2

CN

Cl

N

NR1

R2

S

NH2

R3

O

+ +
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Scheme 2. Synthesis of thieno[2,3-d]pyrimidines with the general structure 1.
a) 3 :4 :5� 1:4:2, K2CO3 (1.1 equiv), EtOH, 60 �C, 5 h; b) POCl3/dioxane (3:4 (v/v)),
80 �C, 3 h; c) ethyl 2-mercaptoacetate (1.1 equiv), NaOEt (1.6 equiv), EtOH, 50 �C,
3 h, 5 ± 50% over three steps. For R3�OEt: d) LiOH (20 equiv), dioxane/water (9:1
(v/v)), RT, 16 h, quant; e) amine or alcohol (1.2 equiv), N,N-diisopropylethylamine
(5 equiv), bromotripyrrolidinophosphoniumhexafluorophosphate (1.5 equiv),
CH2Cl2 , RT, 16 h, 14 ± 90%.

Table 1. EC50 values for analogues 1a ± v and 2a ±g on CHO±hLHR(luc) assay.[a]

X

NR1

R2

S

NH2

R3

O

Analogue X R1 R2 R3 EC50 [�M]

1 a N SMe Ph OEt 1.4�nd[b]

1 b N SMe 3-Br-Ph OEt 1.5� 0.2
1 c N SMe 4-Br-Ph OEt � 10
1 d N S-n-pentyl 3-Br-Ph OEt � 10
1 e N SEt Ph OEt 1.9� 3.4
1 f N SCH2Ph Ph OEt 3.6�nd
1 g N SMe 4-pyridyl OEt 2.7� 0.1
1 h N SMe 3-furoyl OEt 1.0� 0.3
1 i N SMe 3-thienyl OEt 0.46�0.1
1 j N SMe 3-OMe-Ph OEt 0.12�0.01
1 k N Me 3-thienyl OEt � 10
1 l N 4-pyridyl 3-furoyl OEt 1.6� 0.08
1 m N 2-thienyl 3-thienyl OEt 0.15�0.01
1 n N Ph Ph OEt 0.16�0.04
1 o N SMe Ph OH 6.9� 1.7
1 p N SMe Ph OCH2adamant-1-yl 3.7� 0.9
1 q N SMe Ph O-(3-OMePh) 1.2� 0.03
1 r N SMe Ph O-cyclohexyl 0.15�0.01
1 s N SMe Ph N-n-heptyl 3.6� 0.4
1 t N SMe Ph NCH2thien-2-yl 0.13�0.02
1 u N 2-thienyl 3-thienyl NHiPr 0.07�0.01
1 v (Org41841) N SMe 3-OMe-Ph NHtBu 0.02�0.005
2 a CH Ph Ph OEt 0.98�0.16
2 b CH 2-naphthyl Ph OEt � 10
2 c CH 2-furoyl Ph OEt 2.7� 0.2
2 d CH Ph 3-OMe-Ph OEt 0.53�0.03
2 e CH 2-thienyl 2-thienyl OEt 0.58�0.03
2 f CH 2-thienyl Ph NHiPr 0.18�0.01
2 g CH Ph 3-OMe-Ph NHiPr 0.16�0.02

[a] CHO-K1 cells that stably express the hLHR and the CRE ± luciferase reporter
construct were suspended in 96-well plates and stimulated at 37 �C with the LH
agonistic compound. After 4 h, Luclite was added and luciferase activity was
measured on a Topcount (Packard) apparatus.[11] [b] nd�not determined.
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Scheme 3. Synthesis of thieno[2,3-b]pyridines of general structure 2. a) 8:4�
1:1.1, NaOH (1.2 equiv), MeOH, RT, 2 h, 91 ± 100%; b) 2-cyanothioacetamide
(1.1 equiv), NaOMe (0.3 equiv), MeOH, reflux, 16 h, 11 ± 39%; c) ethyl chloroace-
tate (1.2 equiv), NaOEt (1.6 equiv), EtOH, RT, 3 h, 41 ± 99%. For R3�OEt: d) LiOH
(20 equiv), dioxane/water (9:1 (v/v)), RT, 16 h, quant; e) amine (1.5 equiv), N,N-
diisopropylethylamine (5 equiv), O-(benzotriazol-1-yl)-N,N,N�,N�-tetramethyluro-
nium tetrafluoroborate (1.1 equiv), CH2Cl2, RT, 16 h, 13 ± 62%.
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pyridine series are lower than in the corresponding thienopyr-
imidine series, which indicates the importance of the nitrogen
atom at position 3 of the scaffold (analogue 1 n versus 2 a).
LHR agonist 1 v (Org41841),[12] with the potency-enhancing

3-OMe-Ph and NHtBu groups at positions 4 and 6 of the
thienopyrimidine scaffold, respectively, was chosen for further
pharmacological profiling, the results of which are depicted in
Table 2. Thus, Org41841 was tested in vitro on mouse Leydig
cells with testosterone as the functional read out and revealed
an EC50 value of 0.43 �M.[7, 13] In vivo efficacy was measured in an
ovulation induction model by using urinary FSH-primed imma-
ture mice (50 mgkg�1, p.o.), which resulted in an average of 40%
ovulating animals.[7]

In conclusion, we have demonstrated that heterocycles of the
general structures 1 and 2 are low molecular weight agonists for
the luteinizing hormone receptor and mimic the mode of action
of the high molecular weight endogenous ligand LH. Initial SAR
for this class of compounds could be deduced andmore than 50-
fold improvement in potency was achieved through substitu-
tions. Moreover, Org41841 is the first example known to date of
a LMW agonist for a gonadotropin receptor that shows in vivo
efficacy after oral administration. Since our compounds are not
able to displace 125I-labeled LH, we assume that the binding
position is located in the evolutionarily conserved monoamine-
related binding pocket of the seven-helical transmembrane
domain[14] rather than in the large extracellular domain where
the native HMW ligand LH interacts with the receptor. Alter-
native transmembrane binding sites for synthetic GPCR antag-
onists (so-called 'insurmountable' antagonists) are reported
frequently in the literature, for example, in the case of
angiotensin receptor antagonists.[15]

Org41841 can be used as a starting point for further
optimization, which could eventually lead to a selective, orally
active drug for ovulation induction in assisted reproductive
therapy. Further progress in this area will be reported in due
course.
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Table 2. Pharmacological profiling of LHR agonist Org41841 (analogue 1v).

Assay (read out) Result

mouse Leydig cells (testosterone)[a] EC50 : 0.43 �M
in vivo ovulation induction in mice
(% ovulating animals)[b]

40% ovulating animals

[a] Leydig cells were isolated from male mice. Testosterone production was
measured after stimulation of the LHR with an LHR agonistic com-
pound.[7, 13] [b] Immature female mice were primed with urinary FSH, treated
with Org 41841 (50 mg kg�1, orally) and approximately 48 h later treated
with an LHR agonistic compound. The animals were killed after LHR agonist
treatment and the number of ova in the oviduct was microscopically
assessed.[7]


