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Optimization of CRF1R binding affinity of
2-(2,4,6-trichlorophenyl)-4-trifluoromethyl-5-aminomethylthiazoles
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Abstract—An efficient approach was developed to synthesize 2-(2,4,6-trichlorophenylamino)-4-trifluoromethyl-5-aminomethylthiaz-
oles, corticotropin-releasing factor type 1 receptor (CRF1R) antagonists, by monoalkylation of amines with chloromethyl interme-
diate 5. The effect of variations in aminomethyl side chain of 6 on binding affinity is discussed.
� 2004 Elsevier Ltd. All rights reserved.
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Figure 1.
Corticotropin-releasing factor (CRF), an endogenous
neuropeptide involved in the regulation of the hypothal-
amus–pituitary–adrenal (HPA) axis, is a principal mod-
ulator of mammalian physiological and behavioral
responses to stress.1,2 Extensive pre-clinical and clinical
studies have provided significant evidence of the involve-
ment of CRF in pathology of major depression
and anxiety disorders.3–5 The potential of corticotro-
pin-releasing factor type 1 receptor (CRF1R) antago-
nists to provide a novel mechanism for the treatment
of anxiety and depression6 has prompted many
groups to search for suitable nonpeptide small mole-
cules.7,8 We have previously shown that 2-arylamino-
4-trifluoromethyl-5-aminomethylthiazoles 1 (Fig. 1) are
potent CRF1R antagonists that are readily accessible
from commercially available starting materials.9 System-
atic modulation of the steric and electronic properties of
the aniline portion of the molecule led to the identifica-
tion of lead compound 2 with Ki = 8.6nM (hCRF1R),
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possessing an optimal 2,4,6-trichlorosubstitution on
the phenyl ring. To address the issue of further optimi-
zation of 2-(2,4,6-trichlorophenylamino)-4-trifluoro-
methyl-5-aminomethylthiazoles, here we discuss the
effect of variations in the aminomethyl side chain on
binding affinity in the series, and report a quick and effi-
cient parallel synthesis of derivatives 6 by a highly selec-
tive amination of a chloromethyl intermediate 5.

We previously reported9 that target aminomethylthiaz-
ole derivatives 6 could be prepared from ester 3 by
sequential Weinreb amidation and borane–tetra-
hydrofuran complex reduction in good overall yields.
However, we found that this pathway was inconvenient
for rapid parallel synthesis of amines 6, due to the mois-
ture-sensitivity of both reactions and tedious aqueous
work-ups. As an alternative, ester 3 was quantitatively
reduced to alcohol 4 with DIBAL-H, followed by the
conversion of the latter compound to chloromethyl
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Scheme 1. Reagents and conditions: (a) DIBAL-H, THF, 0 �C to rt,

2h, 100%; (b) SOCl2, 85�C, 5min, 91%; (c) R1R2NH, Et3N, diethyl

ether, rt, 15min, 50–95%.

Table 2. hCRF1R binding affinities of cyclic aminomethylthiazoles 7
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intermediate 5 by heating in neat thionyl chloride
(Scheme 1). Happily, alkylation of both primary and
secondary amines with 5 in ether cleanly provided corre-
sponding monoalkylated products without any detect-
able overalkylation.10 The reaction occurred at room
temperature and was usually complete within 15min.
For convenience, no aqueous work up was necessary,
as triethylammonium chloride could be removed from
the reaction mixture by filtration.11

This selective monoalkylation of amines with chloro-
methyl intermediate 6 is in sharp contrast with the
majority of analogous alkylation reactions, where a mix-
ture of alkylated amines along with a significant amount
of quaternary ammonium salt is the usual outcome. We
believe that the nucleophilicity of the nitrogen atom in
Table 1. hCRF1R binding affinities of N,N-dialkylaminomethylthiaz-

oles 6

S

N

H
N Cl

C6 l

F3C Cl

N
R1 R2

Compound R1 R2 Ki (nM)

2 cPrCH2 nPr 8.6

6a cPrCH2 Et 23

6b cPrCH2 cPrCH2 26

6c cPrCH2 CF3CH2 43

6d cPrCH2 CF3CH2CH2 46

6e cPrCH2 Me2NCH2CH2 13,000

6f cPrCH2 H 29,000

6g nPr nPr 160

6h nPr Et 150

6i nBu Et 290

6j Allyl Allyl 57

6k Allyl nPr 100

6l cBuCH2 nPr 73

6m cHexCH2 nPr 6300

6n iBu nPr 240

6o iPr iPr 9800

6p cPrCH2CH2 nPr 420

6q cPrCH2CH2 Et 1100

6r Me2NCH2CH2 Et 19,000
product 6 is significantly reduced by the strong elec-
tron-withdrawing properties of the trifluoromethylthiaz-
ole core. As a result, the nitrogen atom losses its ability
to undergo further alkylation.

The general approach presented in Scheme 1 was ap-
plied successfully to the parallel synthesis of a number
of analogs 6 in 50–95% yields.12 Their CRF1R binding
affinities were determined by displacement of [125I]
Tyr-o-CRF from hCRF1R endogenously expressed on
IMR-32 human neuroblastoma cells13 and are summa-
rized in Table 1.

Initially, we decided to explore structural changes in
analogs 6a–f with various groups R2, while retaining
N-cyclopropylmethyl group as R1. Derivatives 6a
(R2 = Et) and 6b (R2 = cPrCH2) were less active than
2. Compounds 6a and 2 were somewhat more potent
than their trifluorinated analogs 6c and 6d. A single
example of a thiazole with a secondary amino side chain
was only weakly active (Ki = 29lM). Replacement of
the cyclopropylmethyl group in 2 with n-propyl resulted
in an almost 20-fold loss in activity for 6g. However,
allyl analogs 6j and 6k regained some of that potency.

The tolerance of the CRF1 receptor to the steric size of
substituents R1 and R2 was next investigated. We found
that the expansion of the cyclopropyl ring in 2 to
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Compound R Ki (nM)

7a N
10,000

7b N 6700

7c
N

OMe

5100

7d
N

N 18,000

7e
N

N 1800

7f N 55,000

7g N 12,000
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cyclobutyl led to an 8-fold decrease in binding affinity
for 6l. Analog 6m, with the bulkier cyclohexyl ring,
was nearly inactive. The introduction of b- and, espe-
cially, a-methyl branching to the nitrogen atom also
led to a decrease in potency. This is exemplified by a
3-fold loss of activity for 6n, compared to 6g, followed
by a further 40-fold decrease in activity for 6o. Homolo-
gation of the cyclopropylmethyl group resulted in a 50-
fold decrease in potency of 6p and 6q, compared to 2
and 6a. Analogs 6e (Ki = 13lM) and 6r (Ki = 19lM),
containing dimethylamino groups, were weakly active,
suggesting very little tolerance of the CRF1 receptor
for polar atoms in the side chain.

Thiazoles 7a–g, possessing cyclic amino side chains, dis-
played significantly lower binding affinities than acyclic
amines 6 (Table 2). Olefins 7b and 7g were slightly more
potent than their saturated analogs 7a and 7f. Imidazole
derivative 7d was less active than pyrrolidine 7a and
pyrroline 7b. The introduction of an ethyl group at the
2-position of the imidazole ring led to a 10-fold enhance-
ment in activity for 7e, compared to its unsubstituted
analog 7d. This �branching effect� could also be responsi-
ble for the marginally higher binding affinity of 7c com-
pared to that of 7a.

In the course of our optimization study we prepared and
tested a number of arylalkylthiazoles 8 (Table 3). The
Table 3. hCRF1R binding affinities of arylalkylaminomethylthiazoles

8

S

N

H
N Cl

Cl

F3C Cl

N
R1

Ar

n

8

Compound n Ar R1 Ki (nM)

8a 1 Ph nPr 38

8b 1 Ph Et 120

8c 1 p-F–Ph nPr 25

8d 1 p-Cl–Ph nPr 11

8e 1 p-MeO–Ph nPr 37

8f 1 m-F–Ph nPr 42

8g 1 2-Thiophenyl nPr 130

8h 1 2-Furanyl nPr 770

8i 1 4-Pyridyl nPr 100

8j 1 3-Pyridyl nPr 290

8k 1 2-Pyridyl nPr 1300

8l 1 Ph CF3CH2 390

8m 1 Ph CF3CH2CH2 6.1

8n 1 p-F–Ph CF3CH2CH2 4.8

8o 1 m-F–Ph CF3CH2CH2 3.7

8p 1 p-Cl–Ph CF3CH2CH2 3.2

8q 2 Ph nPr 28

8r 2 Ph Et 79

8s 2 Ph Me 560

8t 2 Ph H >10,000

8u 2 Ph CF3CH2 50

8v 2 Ph CF3CH2CH2 130

8w 0 5-(2-MeS-thiadiazolyl) H 1100
highest binding affinity was displayed by benzyl
3,3,3-trifluoropropyl amines 8m–p, which were more
potent, than our initial lead 2. These analogs were also
three to six times more potent than the corresponding
n-propyl amines 8c–g. Pyridyl-containing derivatives
8i–k were less active than benzyl amine 8a, again
suggesting that polar atoms in the side chain are not
well-tolerated by the receptor. Indeed, the more lipophi-
lic 2-thienyl compound 8g was 6-fold more potent
than 2-furanylmethyl analog 8h. Some of the phenethyl
alkyl amines 8q–v showed good binding to the CRF1

receptor. The highest potency in the series was displayed
by phenethyl n-propyl amine 8q (Ki = 28nM), and it
rapidly diminished as the size of the alkyl substituent
R2 was reduced. 5-(2-Methylthiothiazolyl) amine 8w
was nine times more potent than benzyl analog 8t.

In summary, we have developed an efficient parallel syn-
thesis of CRF1R antagonists, 2-(2,4,6-trichlorophenyl)-
4-trifluoromethyl-5-aminomethylthiazoles, by selective
monoamination of the common chloromethyl interme-
diate. Analogs containing benzyl 3,3,3-trifluoropropyl
amino side chains were found to have the highest bind-
ing affinities.
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