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Abstract—Based on the structure of N-[(R,R)-(E)-1-(4-chlorobenzyl)-3-(2-oxoazepan-3-yl)carbamoyl]allyl-N-methyl-3,5-bis(tri-
fluoromethyl)benzamide (1), attempts to improve the NK2 affinity have resulted in the discovery of N-[(R,R)-(E)-1-(3,4-dichloro-
benzyl)-3-(2-oxoazepan-3-yl)carbamoyl]allyl-N-methyl-3,5-bis(trifluoromethyl)benzamide (9,DNK333) exhibiting a 5-fold improved
affinity to the NK2 receptor in comparison to 1. Simplification of the structure via elimination of a chiral centre led to 3-[N0-3,5-
bis(trifluoromethyl)benzoyl-N-(3,4-dichlorobenzyl)-N0-methylhydrazino]-N-[(R)-2-oxo-azepan-3-yl]propionamide (22), a potent
and fairly balanced NK1/NK2 antagonist.# 2001 Elsevier Science Ltd. All rights reserved.

Neurokinins, also known as tachykinins, are a family of
small peptides and are widely distributed throughout
the central and peripheral nervous system where they
act as neurotransmitters and neuromodulators. Neuro-
kinins exhibit their effects via 7-transmembrane G-pro-
tein-coupled receptors (NK1, NK2 and NK3 receptors).
Neurokinins are proposed to be involved in a number of
pathological conditions (pain, arthritis, migraine,
emesis, cancer, anxiety, depression, schizophrenia,
asthma) and NK receptor antagonists have been pro-
posed to have potential clinical benefits.1 There is evi-
dence that neurokinins play an important role in airway
disease induction and progression via the activation of
NK1 and NK2 receptors.

2 A number of studies suggest
that neurokinin receptor antagonists, especially dual
NK1/NK2 antagonists, may represent a new treatment
option for asthma and other airway diseases, particu-
larly since lung tissue from asthma patients has been

shown to overexpress NK1 and NK2 receptors.
3 As a

consequence, many pharmaceutical companies have
shifted their efforts aiming at selective NK antagonists
towards the discovery of dual NK1/NK2 antagonists.

4

Recently we have reported the discovery of an orally
active NK1/NK2 antagonist. N-[(R,R)-(E)-1-(4-chloro-
benzyl)-3-(2-oxo-azepan-3-yl)carbamoyl]allyl-N-methyl-
3,5-bis(trifluoromethyl)benzamide (1)5 is derived from a
series ofN-[1-(4-chlorobenzyl)-3-carbamoyl]allyl-N-methyl-
benzamides (Fig. 1).
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Figure 1. N-[1-(4-chlorobenzyl)-3-carbamoyl]allyl-N-methyl-benzamides.
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Compound 1 exhibits a highly potent affinity to the
NK1 receptor (inhibition of

3H-sar9-substance P binding
to bovine retinal membranes: IC50=0.5 nM) and a good
affinity to the NK2 receptor (inhibition of

125I-NKA
binding to human NK2–CHO cells: IC50=24 nM). In
addition to the potent binding affinities, 1 also shows
oral activity in guinea pig bronchoconstriction.5

Although 1 in terms of NK1/NK2 antagonistic activity
is very promising, we wanted to explore possible ways
to improve the NK2 affinity and to simplify the struc-
ture (elimination of chiral centres). In order to explore
the effect of various benzyl substituents on the binding
properties, compounds were prepared as outlined in
Scheme 1. Starting from the corresponding amino acid
methylesters 2a,b, followed by BOC-protection and N-
methylation (methylation of the indole-nitrogen also
occurs in this step) the N-BOC-N-methylaryl-alanine
derivatives (5) were prepared. For compounds where
the amino acid-methylesters are not commercially
available, alkylation of N-BOC-sarcosine methylester6

using commercially available aryl-methyl bromides and
15a,b7 were used to prepare 5.

Reduction of the esters to the aldehydes followed by
chain elongation led to the a,b-unsaturated acids 6.

Condensation with enantiomerically pure d-a-amino-e-
caprolactam5,8 in the presence of EDC, removal of the
BOC protecting group and subsequent N-acylation,
followed by simple chromatography on silica gel to
remove the undesired diastereoisomer (diastereoisomers
are easily separable in all cases) led to the final products
as enantiomerically pure R,R-compounds.9

Compounds containing 4-chlorophenyl (1), dichloro-
thienyl (7), 3,4-dichlorophenyl (9), 2-naphthyl (10), and
3-(1-methyl)indolyl (11) substituents exhibit binding
affinities to the NK1 receptor in the low nanomolar
region, whereas the dibromothiophene containing com-
pound 8 has a somewhat decreased binding affinity to
the NK1 receptor. NK2 binding affinities stay between
17–60 nM, except for compound 9 where the additional
chlorine leads to a 5 times more potent affinity to the
NK2 receptor in comparison with the monochloro-deri-
vative 1. Both the dichlorophenyl- and the dibromo-
thiophene derivatives 9 and 8 exhibit balanced binding
affinities to both receptors (Table 1).

We also aimed at the simplification of the structure.
First (in a limited effort), ways to eliminate the chiral cen-
tre in the caprolactam residue were explored. Compounds
12 and 13 were prepared by reacting 6 (aryl=4-Cl–Ph)

Scheme 1. Preparation of compounds 1, 7–13. (a) (BOC)2O, Et3N; (b)
MeI, Ag2CO3, DMF; (c) LDA, THF, �78 �C to rt; (d) DIBAH, tol,
�78 �C; (e) n-BuLi, trimethylsilyl-P,P-diethylphos-phonoacetate, then
citric acid; (f) R-NH2, EDC, DMAP, CH2Cl2; (g) TFA, CH2Cl2; (h)
3,5-bis(trifluoromethyl)benzoyl chloride; Et3N, CH2Cl2, chromato-
graphy; (i) DIBAH, tol; (j) PBr3, CH2Cl2.

Table 1. In vitro binding affinities of compounds 1, 7–11 to NK1-

and NK2-receptors

Aryl
compound no.

NK1 binding
10

IC50 (nM)
a

NK2 binding
11

IC50 (nM)
a

0.5 24

1

3.6 17

7

20 26

8

4.8 5.5

9 (DNK333)12

1.1 60

10

0.5 24

11

aValues are means of three experiments.
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with the corresponding amines instead of d-a-amino-e-
caprolactam as outlined in Scheme 1.

As can be seen from the data shown in Table 2,
removal/replacement of the heteroatoms from the 7-mem-
bered ring leads to a significant decrease of binding affi-
nities to both receptors. Replacement of the chiral amino-
caprolactam with an amino-cyclohexylcarboxamide

residue leads to a compound that exhibits only a minor
decrease of binding affinities.

Another way to simplify the structure is the elimination
of the chiral centre in the backbone of the compounds.
Replacing the chiral carbon atom with a nitrogen leads
to hydrazine derivatives that can be prepared as
outlined in Scheme 2.

Condensation of the commercially available 3,5-bis(tri-
fluoromethyl)benzoyl hydrazide with the corresponding
commercially available aldehydes followed by N-
methylation and reduction led to hydrazides 19a–c.
Reaction of the latter compounds with 3-oxopropionic
acid ethylester13 followed by another reduction led to
the esters 20a–c. Subsequent saponification and reaction
with d-a-amino-e-caprolactam in the presence of EDC
yielded enantiopure hydrazine-derivatives 21–23. The
final compounds can be prepared in overall yields of up
to 43%.14

Replacement of the chiral carbon atom with a nitrogen
did not have a dramatic impact on the binding affinities
of the resulting hydrazine derivatives to the NK1 and
NK2 receptors. The 3,4-dichloro-benzyl-derivative 22
exhibiting an IC50 value of 1.4 nM (NK1) and an IC50
value of 5.5 nM (NK2) is as expected the most potent
and balanced dual NK1/NK2 antagonist from this small
series of hydrazine analogues (Table 3).

Based on the structure of N-[(R,R)-(E)-1-(4-chloroben-
zyl)-3-(2-oxoazepan-3-yl)carbamoyl]allyl-N-methyl-3,5-
bis(trifluoromethyl)benzamide (1), attempts to improve
the NK2 affinity have resulted in the discovery of the
balanced NK1/ NK2 antagonist N-[(R,R)-(E)-1-(3,4-
dichlorobenzyl)-3-(2-oxoazepan-3-yl)carbamoyl]allyl-N-
methyl-3,5-bis(trifluoromethyl)benzamide (9) exhibiting
a 5 times improved affinity to the NK2 receptor in

Table 2. In vitro binding affinities of compounds 1, 12, 13 to NK1-

and NK2-receptors

R Compound no. NK1 binding
10

IC50 (nM)
a

NK2 binding
11

IC50 (nM)
a

0.5 24

1

12 203

12b

1 66

13b

aValues are means of three experiments.
b12 and 13 are racemic compounds.

Scheme 2. Preparation of compounds 21–23. (a) 3,4-dichloro-
benzaldehyde, EtOH, heat; (b) MeI, K2CO3, acetone, heat; (c)
NaCNBH3, H

+; (d) 3-oxopropionic acid ethylester, EtOH, HOAc; (e)
NaCNBH3, H

+; (f) NaOH, THF, MeOH, H2O; (g) d-a-amino-e-
caprolactam, EDC, DMAP, CH2Cl2.

Table 3. In vitro binding affinities of compounds 21–23 to NK1- and

NK2-receptors

Aryl compound no. NK1 binding
10

IC50 (nM)
a

NK2 binding
11

IC50 (nM)
a

18 19.5

21

1.4 5.5

22

6.4 55

23

aValues are means of three experiments.
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comparison to 1. In addition to this, removal of the
chiral centre in the backbone of 9 resulted in the dis-
covery of the potent dual NK1/NK2 antagonist 3-[N

0-
3,5-bis(trifluoromethyl)benzoyl-N-(3,4-dichlorobenzyl)-
N0 -methylhydrazino]-N-[(R)-2-oxoazepan-3-yl]propion-
amide (22) exhibiting balanced affinity for both receptors.
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