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A new class of pyrrolo[2,3-d]pyrimidin-4-one corticotropin-releasing factor 1 (CRF1) receptor antagonists
has been designed and synthesized. In general, reported CRF1 receptor antagonists possess a sp2-nitrogen
atom as hydrogen bonding acceptor (HBA) on their core scaffolds. We proposed to use a carbonyl group of
pyrrolo[2,3-d]pyrimidin-4-one derivatives as a replacement for the sp2-nitrogen atom as HBA in classical
CRF1 receptor antagonists. As a result, several pyrrolo[2,3-d]pyrimidin-4-one derivatives showed CRF1

receptor binding affinity with IC50 values in the submicromolar range. Ex vivo 125I-sauvagine binding
studies showed that 2-(dipropylamino)-3,7-dimethyl-5-(2,4,6-trimethylphenyl)-3,7-dihydro-4H-pyrrol-
o[2,3-d]pyrimidin-4-one (16b) (30 mg/kg, po) was able to penetrate into the brain and inhibit radioligand
binding to CRF1 receptors (frontal cortex, olfactory bulb, and pituitary) in mice. We identified pyrrolo[2,3-
d]pyrimidin-4-one derivatives as the first CRF1 antagonists with a carbonyl-based HBA.

� 2011 Elsevier Ltd. All rights reserved.
Corticotropin-releasing factor (CRF), a 41-amino acid neuro-
peptide secreted in the hypothalamus, was isolated from ovine
brain and characterized in 1981.1 Over the past 30 years, CRF
has been thought to function as the prime regulator of the hypo-
thalamic-pituitary-adrenocortical (HPA) axis and to play an
important role as a neurotransmitter in the mediation of stress-re-
lated behaviors.2–5 The CRF receptor, a class B G-protein-coupled
receptor, has two subtypes (CRF1 and CRF2).6,7 CRF1 receptor-
knockout mice showed anxiolytic-like behaviors in various tests
and blunted HPA axis responses to stress.8 These findings indi-
cated that CRF1 receptor antagonists would be an important target
for developing novel drugs for stress-related disorders such as
depression and anxiety.

The clinical efficacy of CRF1 receptor antagonists against
depression and anxiety is still unclear, but data from few clinical
studies show that these antagonists tend to be efficacious. In a
small open-label phase IIa clinical trial, R121919 (1) effectively re-
duced the Hamilton depression and anxiety scale (HAM-D and
HAM-A) scores in patients with major depression.9 Subchronic
treatment with NBI-34041 (2) attenuated the neuroendocrine re-
sponse to psychosocial stress in a placebo-controlled clinical
study.10 These data suggested that non-peptide CRF1 receptor
antagonists could be useful therapeutic agents in the treatment
of depression and anxiety. On the other hand, in a double-blind,
placebo-controlled clinical study of CP-316,311 (3), the change in
ll rights reserved.

: +81 6 6300 6306.
so).
the HAM-D score from baseline to the final visit was not signifi-
cantly different between the CP-316,311 and placebo groups.11

Pexacerfont (4)12,13 and emicerfont (5)14 also failed in clinical trials
for major depression, general anxiety disorder, and irritable bowel
syndrome. However, GSK561679 (6)15 and SSR125543 (7)16 are
still being tested for the potential treatment of post-traumatic
stress disorder (PTSD) in phase II by the Emory university group17

and for depression and PTSD in phase II by Sanofi-Aventis,18

respectively. In addition, CRF1 receptor antagonists are still re-
garded as a relevant target for diseases resulting from elevated lev-
els of CRF, for example, alcohol abuse, pain, and stress-related
disorders.19,20 Identification of structurally diverse CRF1 receptor
antagonists has been an active area of drug discovery research.

A variety of small molecule CRF1 receptor antagonists have
been reported in the literature and patents21 since the disclosure
of CP-154,526 (8) in 1996.22 Most of the reported compounds such
as R121919 (1), pexacerfont (4), emicerfont (5), GSK-561679 (6),
and CP-154,526 (8) have a bicyclic heterocyclic core. Moreover,
potent CRF1 receptor antagonists with a monocyclic core, for
example, CP-316,311 (3) and SSR125543 (7), and those with a tri-
cyclic core, for example, NBI-34041 (2), have been reported. All of
them possess a sp2-nitrogen atom as a hydrogen bonding acceptor
(HBA) on the core scaffold (Fig. 1).

In our investigation of a new class of CRF1 receptor antagonists,
we proposed to use a carbonyl group as a replacement for a
sp2-nitrogen atom as HBA on the reported CRF1 receptor antago-
nists. We anticipated that the unique compounds with a car-
bonyl-based HBA would not only exhibit potent affinity to CRF1

http://dx.doi.org/10.1016/j.bmcl.2011.02.086
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Figure 1. Reported CRF1 antagonists.

Figure 3. Superimposition of CP-154,526 8 (orange) and 16b (white).

Figure 2. (a) Pharmacophore of the reported CRF1 antagonists, (b) design of the carbonyl HBA antagonists and (c) pyrrolo[2,3-d]pyrimidin-4-one with the carbonyl HBA.
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receptors due to their electrostatic interaction but also show prop-
erties different from those of the reported antagonists. In this arti-
cle, we describe our successful efforts in discovering a new class of
pyrrolo[2,3-d]pyrimidin-4-one CRF1 receptor antagonists contain-
ing a carbonyl-based HBA, their structure–activity relationships
(SAR), and biological profile.

In an effort to design a new class of CRF1 antagonists, analysis of
a general pharmacophore model constructed from the reported
antagonists was very useful (Fig. 2(a)). The pharmacophore con-
tains common structural features, which include (1) a monocyclic,
a bicyclic, or a tricyclic core with a sp2-nitrogen as HBA; (2) a large
lipophilic group (Ra) attached to the core at the opposite position to
the sp2-nitrogen; (3) a pendant aryl ring minimally substituted in
the ortho and the para positions orthogonal to the core ring; and
(4) a small alkyl group (Rb) at the left side of the sp2-nitrogen.
Whereas SARs have been explored with various core structures,
the sp2-nitrogen as the HBA has never been given attention. We
were interested in the replacement of the sp2-nitrogen atom with
a carbonyl group with negative charge as HBA (Fig. 2(b)). Carbonyl
oxygen with two lone-pairs can provide wider angle for hydrogen-
bonding than aromatic sp2-nitrogen with one-lone pair. Consider-
ing the HBA in this case is affected by the intramolecular steric



Table 1
hCRF1 binding affinities of pyrrolo[2,3-d]pyrimidin-4-one derivatives

N

N

N
Me

Me
O

R4

N
R2

R1

R5

R6

R3

Compound R1 R2 R3 R4 R5 R6 hCRF1 IC50
a (lM) Log Pb

16a Et Et H Me Me Me 7.7 (3.7–16.5) 3.45
16b nPr nPr H Me Me Me 0.12 (0.061–0.23) 4.52
16c nBu nBu H Me Me Me 0.97 (0.49–1.9) 5.58

16d H Me Me Me 0.14 (0.091–0.21) 4.19

16e H Me Me Me 3.8 (1.8–7.8) 3.16

21a nPr nPr Me Me Me Me 1.1 (0.67–1.9) 4.98
21b nPr nPr Me H Me Me 3.3 (0.97–11) 4.52
29a nPr nPr H H Me Me 1.6 (1.1–2.2) 4.05
29b nPr nPr H OMe OMe OMe 3.1 (2.5 -3.8) 1.92
29c nPr nPr H OMe OMe H 3.0 (0.97–9.0) 2.50
29d nPr nPr H CF3 CF3 H 3.0 (1.8- 4.9) 5.36
CP-316,311 (3) 0.092 (0.079–0.11) 6.20
CP-154,526 (8) 0.011 (0.0059–0.020) 6.63

a IC50 values represent 95% confidence intervals.
b Calculated by ACD Physchem Batch (Ver.10).

Scheme 1. Reagents: (a) MeNH2, AcOH, 80%; (b) PySO3, Et3N, DMSO, 99%; (c) TMS-Br, DMSO/MeCN; (d) K2CO3, DMSO, 68% in two steps; (e) MeI, NaH, DMF, 62%; (f)
alkylhalide, NaH, DMF, 8–87%.
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hindrance from the vicinity aromatic ring, the wide angle of HBA
capability of the carbonyl-based HBA can be the advantage to form
a hydrogen bond feasibly with a hydrogen bond donor of the
receptor. On the basis of these considerations, we thought that a
pyrrolo[2,3-d]pyrimidin-4-one scaffold23,24 could be an appropri-
ate core structure with a carbonyl-based HBA. In addition, each
key feature could be flexibly installed in this scaffold by using
the pharmacophore model (Fig. 2(c)).

Alignment of the carbonyl group in the designed pyrrolo[2,3-
d]pyrimidin-4-one derivative 16b and the sp2-nitrogen atom in
CP-154,526 (8) resulted in good overlap of other moieties
(Fig. 3). In the designed pyrrolo[2,3-d]pyrimidin-4-one derivatives,
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alkyl substituents (R1 and R2) on the 2-amino group would be
important to occupy the large lipophilic pocket on the top region.
The steric repulsion between the ortho substituent on the pendant
aromatic ring and the core ring would also play a significant role to
generate the orthogonal conformation. On the other hand, the sub-
stituent at the 6-position (R3) of the core ring might inhibit binding
to the receptor due to its exterior location. From a different point of
view, several of the reported antagonists, such as 2, 3, 7, and 8,
show high lipophilicity (Log P calculated by ACD Physchem Batch
(Ver.10): 2, 5.75; 3, 6.20; 7, 7.75; 8, 6.63). However, the pyrrol-
o[2,3-d]pyrimidin-4-one scaffold offers the potential to provide
derivatives with Log P values closer to the range of 2–4 which is
preferred for access to the central nervous system (Table 1).25,26

Therefore, we prepared a series of pyrrolo[2,3-d]pyrimidin-4-ones,
which were investigated for their ability to act as CRF1 receptor
antagonists with a carbonyl-based HBA.

Our initial efforts focused on the substituent variation at the 2-
position (R1 and R2) of pyrrolo[2,3-d]pyrimidin-4-one. The desired
pyrrolo[2,3-d]pyrimidin-4-one derivatives 16a–e were synthesized
as illustrated in Scheme 1. 2-Amino-4-hydroxy-6-methylaminopyr-
imidine 10 was prepared from commercially available 2,4-diamino-
6-hydroxypyrimidine 9 and methylamine. 2-(2,4,6-Trimethyl-
phenyl)ethanol 11 was converted to 2,4,6-trimethylphenylacetal-
dehyde 12 under Swern oxidation conditions. Bromination of
compound 12 with bromotrimethylsilane yielded a-bromoalde-
hyde 13, which was cyclized with compound 10 under basic condi-
tions to afford pyrrolo[2,3-d]pyrimidin-4-one 14. Treatment of
compound 14 with sodium hydride and iodomethane chemoselec-
tively yielded 3-N-methylpyrrolo[2,3-d]pyrimidin-4-one 15. Alkyl-
ation of the 2-amino group of compound 15 by various alkyl halides
afforded the desired pyrrolo[2,3-d]pyrimidin-4-ones 16a–e.27

We established a different synthetic route to prepare variations
of the 5-aromatic group. This route permitted the installation of
the aromatic group at the final step (Scheme 2). The reaction of
2-amino-4-hydroxy-6-methylaminopyromidine 10 and chloroace-
tone in the presence of sodium acetate yielded the 6-methylpyrrol-
o[2,3-d]pyrimidin-4-one derivative 17, which was chemoselectively
methylated at the 3-position to yield the 3-methyl derivative 18.
Alkylation of the 2-amino group of compound 18, followed by bro-
mination with N-bromosuccinimide (NBS) provided 5-bromo-2-
(dipropylamino)pyrrolo[2,3-d]pyrimidin-4-one derivative 20 as a
key intermediate to introduce an aromatic ring at the 5-positon.
The palladium-catalyzed coupling reaction of compound 20 with
Scheme 2. Reagents: (a) chloroacetone, NaOAc, EtOH/H2O, 44%; (b) MeI, NaH, DNF, 74%;
10–14%.
an arylboronic acid afforded the desired pyrrolo[2,3-d]pyrimidin-
4-ones 21a and 21b.

Preparation of the unsubstituted derivatives 29a–d at the 6-posi-
tion also required 5-halogenated pyrrolo[2,3-d]pyrimidin-4-one
derivative 28 as a key intermediate (Scheme 3). We prepared the
5-iodopyrrolo[2,3-d]pyrimidin-4-one derivative 26 by using a mod-
ified method of Taylor et al.28 After protection of the 2-amino group
of pyrrolo[2,3-d]pyrimidin-4-one derivative 22, treatment of com-
pound 23 with excess amounts of N-iodosuccinimide (NIS) yielded
the 5,6-diiodo derivative 24. Regioselective deiodination of com-
pound 24 was successfully conducted by treatment with zinc in
acetic acid to afford the 5-monoiodo derivative 25. After removing
the protecting group at the 2-amino group, the target compounds
29a–d were prepared by the method described in Scheme 2.

In order to confirm the function of the carbonyl group as the
HBA, we prepared 4-chloro (30), 4-hydroxy (31), and 4-methoxy
(35) derivatives. Chlorination of pyrrolo[2,3-d]pyrimidin-4-one
derivative 14 with phosphorus oxychloride, followed by alkylation
of 2-amino group provided the 4-chloropyrrolo[2,3-d]pyrimidine
derivative 30. Compound 30 was converted into 4-hydroxy deriv-
ative 31 by treatment with an alkaline solution. We determined
that compound 31 was in the hydroxyl pyrimidine and not in the
pyrimidone form based on the chemical shift of 6.11 ppm assigned
to the 4-hydroxy proton.29 The chemical shift of the amide NH pro-
ton in the pyrimidone form 32 should be found at 8–9 ppm
(Scheme 4). Methylation of compound 14 by dimethyl sulfate
yielded a mixture of 3-O-methyl 33 and 4-N-methyl 34 derivatives
(11% and 32%, respectively). The 4-methoxy derivative 33 was
alkylated by n-propyl iodide to afford the desired 4-methoxypyr-
rolo[2,3-d]pyrimidine 35 (Scheme 5).

The synthesized compounds 16a–e, 21a, 21b, 29a–d, 30, 31, and
35 were screened for their inhibitory activities of ovine [125I]CRF
binding to human CRF1 receptors expressed on Chinese hamster
ovary (CHO) cellular membranes (Tables 1 and 2). We found that
the pyrrolo[2,3-d]pyrimidin-4-ones 16a–e, 21a, 21b, and 29a–d
with the carbonyl group exhibited potent CRF1 receptor binding
affinity (IC50 = 0.12–7.7 lM). The most active compound 16b
(IC50 = 0.12 lM) in this series was found to be as potent as CP-
316,311 (3) (IC50 = 0.092 lM), evaluated in phase II. Unexpectedly,
the binding affinity of 16b was less than that of the superimposed
CP-154,526 (8). Lone-pairs on the carbonyl oxygen atom of 16b
would be pointed slightly different direction from that of the sp2-
nitrogen of 8. In addition, compound 16b was inactive for CRF2a
(c) nPrI, NaH, DMF, 42%; (d) NBS, DMF, 54%; (e) ArB(OH)2, Pd(Ph3P)4, Na2CO3, DME,



Scheme 3. Reagents: (a) chloroacetaldehyde, K2CO3, MeOH, 22%; (b) (i) tBuCOCl, pyridine; (ii) aq NH3, 75%; (c) NIS, DMF, 70%; (d) Zn, AcOH, H2O, 78%; (e) NaOH, THF/H2O,
91%; (f) MeI, NaH, DNF, 55%; (g) nPrI, NaH, DMF, 73%; (h) ArB(OH)2, Pd(Ph3P)4, Na2CO3, DME, 24–44%.

Scheme 4. Reagents: (a) (i) POCl3, PhNEt2; (ii) nPrI, NaH, DMF, 31%; (b) 1 N NaOH in
H2O, 81%.
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and CRF2b receptors (IC50, >10 lM). Compound 16b also inhibited
human CRF-stimulated cAMP accumulation with IC50 value of
1.2 lM (0.83–1.7 lM; 95% confidential interval) in CHO cells
expressing human CRF1 receptor, indicating that this compound
functioned as CRF1 receptor antagonist. The non-carbonyl deriva-
tives, 4-chloro (30), 4-hydroxy (31), and 4-methoxy (35) analogues,
were significantly less active (IC50, >10 lM) (Table 2). These data
indicated that the carbonyl group of the pyrrolo[2,3-d]pyrimidine
derivatives functioned as HBA to bind selectively to the CRF1 recep-
tor. Our hypothesis of the carbonyl-based HBA could be supported
by these results.
We attempted to investigate the primary SAR for these unique
CRF1 receptor antagonists with the carbonyl-based HBA. We ini-
tially determined the effect of the 2-amino group on CRF1 receptor
binding affinity (Table 1). The N-di-n-propylamino 16b and N-di-
(cyclopropylmethyl)amino 16d derivatives displayed high binding
affinity (IC50 = 0.12 and 0.14 lM, respectively). Replacement of the
di-n-propylamino group with the N-diethylamino moiety resulted
in a 70-fold lower binding affinity (16a, IC50 = 7.7 lM). N-Di-n-
butylamino derivative 16c (IC50 = 0.97 lM) with longer alkyl
chains was also ninefold less active than the N-di-n-propylamino
derivative 16b. The cyclic tertiary amine 16e displayed diminished
affinity (IC50 = 3.8 lM). These data suggested that the 2 alkyls of C3
chain length (i.e., n-propyl and cyclopropyl) as 2-amino substitu-
ents adequately occupied the large lipophilic pocket on the top re-
gion in Figure 2(b).

Substituent effects at the 6-position orthogonal to the 5-aryl
group to the pyrrolo[2,3-d]pyrimidine core ring were also studied.
Introduction of a methyl group into compound 16b at the 6-position
resulted in a 10-fold lower binding affinity (21a, IC50 = 1.1 lM).
Comparison of 21b versus 29a of the 5-(2,4-dimethylphenyl) deriv-
atives also showed that the 6-methyl analogue 21b was less active
than the 6-unsubstituted analogue 29a. These results suggested
that the substituent at the 6-position of the core ring inhibited bind-
ing to the receptor due to its exterior location as expected from the
superimposed forms of 16b and 8.

We also briefly investigated the variation in substituents of the
5-phenyl group on binding affinity. The 2,4,6-trimethylphenyl
derivative 16b exhibited more potent binding affinity than the
2,4-dimethylphenyl derivative 21b (16b, IC50 = 0.12 lM and 21b,
IC50 = 3.3 lM). The orthogonal conformation of the aromatic ring
could be supported by the two ortho substituents. Introduction
of electron donating groups, that is, methoxy groups, led to dimin-
ished binding affinity (29b, IC50 = 3.1 lM and 29c, IC50 = 3.0 lM).
Compounds with electron withdrawing groups, that is, trifluoro-
methyl groups, also did not show improved binding affinity (com-
pare 29c vs 29d). These results suggested that the electron effects
on the 5-phenyl group were independent of the binding activity.



Scheme 5. Reagents: (a) Me2SO4, K2CO3, acetone; (b) nPrI, NaH, DMF, 4%.

Table 2
hCRF1 binding affinities of pyrrolo[2,3-d]pyrimidines

N

N

N
Me

R7
Me

N
Me

Me

Me

Me

Compound R7 hCRF1 IC50 (lM)

30 Cl >10
31 OH >10
35 OMe >10

Table 3
Ex vivo studies of 16b at 30 mg/kg (po) in mice

125I-sauvagine binding inhibition (%)

Frontal cortex Olfactory bulb Pituitary

35 22 53
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The penetration into the brain and the CRF1 receptor binding of
the most active compound 16b in the unique carbonyl-based HBA
series was evaluated by ex vivo 125I-sauvagine (CRF1 receptor li-
gand) binding in mice (Table 3).30 Compound 16b showed dis-
placement of 125I-sauvagine in the frontal cortex, olfactory bulb,
and pituitary gland in mice at 30 mg/kg (po). The inhibitory rate
of 125I-sauvagine binding to the pituitary gland (53%) with regard
to peripheral CRF1 receptor binding was higher than that to the
cortex (35%) and olfactory bulb (22%) in the brain. The relative
brain/plasma ratio (0.42–0.66) estimated by ex vivo binding stud-
ies was sufficiently acceptable for a CNS drug. These data indicated
that compound 16b penetrated into the brain after oral absorption
and bound to CRF1 receptors in the CNS.

In conclusion, we identified a new class of pyrrolo[2,3-d]pyrim-
idin-4-one derivatives as CRF1 receptor antagonists with a carbonyl-
based HBA. Eleven pyrrolo[2,3-d]pyrimidin-4-one derivatives,
prepared by efficient synthetic routes, showed CRF1 receptor bind-
ing affinity, and their carbonyl group on the pyrrolo[2,3-d]pyrimi-
dine core would function as HBA to bind CRF1 receptors.
Meanwhile, the non-carbonyl derivatives, 4-chloro (30), 4-hydroxy
(31), and 4-methoxy (35) analogues, were significantly less active
(IC50, >10 lM). These findings would provide support for the
hypothesis that the carbonyl group acted as a replacement for the
sp2-nitrogen atom as HBA in classical CRF1 receptor antagonists.
The representative compound 16b in this series showed potent
and selective CRF1 receptor binding affinity in in vitro and ex vivo
tests. Compound 16b was also well absorbed orally and penetrated
into the brain in mice. Further optimization studies of the pyrrol-
o[2,3-d]pyrimidin-4-one derivatives with a carbonyl-based HBA
will be reported in due course.
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