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Substance P is an undecapeptide belonging to the 
tachykinin family of neurotransmitters which are related 
by a homologous C-terminal sequence: 

Phe-xxx-Gly-Leu-Met-NH2 

The mammalian tachykinins (substance P and the deca-
peptides neurokinin A and neurokinin B) bind to a class 
of neurokinin (NK) receptors NKi, NK2, and NK3 to which 
substance P binds with a selectivity in the order NKi > 
NK2 > NK3. Since being first described by von Euler and 
Gaddum in 1931,1 substance P has been the subject of 
considerable investigation and has been implicated in the 
transmission of pain signals and the initiation of inflam
matory responses. Because of these effects, substance P 
antagonists may have potential use in analgesia2 and as 
novel anti-inflammatory agents for use in the treatment 
of migraine3 and rheumatoid arthritis.4 Until recently, 
however, it has not been possible to fully evaluate this 
potential because of the absence of suitable pharmaco
logical tools. 

Since the disclosure5 in 1991 of CP 96,345 (1), the first 
non-peptide substance P antagonist, several reports of 
small molecule antagonists have appeared.6 Recent studies 
in our laboratories7 have demonstrated that high affinity 
for the NKi receptor is retained in analogues of CP 96,345 
in which the benzylamine moiety is replaced by a benzyl 
ether, with optimal activity observed in 3,5-disubstituted 
derivatives 2. Upon screening the Merck sample collection 
to identify novel compounds in this area, we found that 
JV-ethyl-L-tryptophan benzyl ester (3) is a weak inhibitor 
(IC50 = 3.8^M) of substance P binding to the human NKi 
receptor. In this paper we describe studies based on this 
lead compound resulting in the development of simple 
tryptophan derivatives8 that are highly potent NKi 
antagonists (see Table I). 

Table I. Human NKi Receptor Binding 

©s? 
(1) 

The compounds in this study were prepared by alkyl-
ation (Scheme I) of the cesium salt of iV-Boc-L-tryptophan 
in DMF with various substituted benzyl halides to give 
esters 4. Removal of the Boc group from 4 with ethereal 
HC1 gave primary amines, which were alkylated to the 
iV,N-dmetnylamines or iV^V^-trimethylammonium qua
ternary salts. iV-Acetyl derivatives 7 were similarity 
prepared from JV-acetyl-L-tryptophan. 

compd 

CP 96,345 
3 
5 
4a 
4b 
4c 
6a 
6b 
6c 
7a 
7b 

X 

NHEt 
NH2 
NHBoc 
NHBoc 
NHBoc 
NH2 
NMe2 
NMe3 
NHAc 
NHAc 

R 

H 
H 
H 
2-OMe 
3,5-(CH3)2 
3,5-(CH3)2 
3,5-(CH3)2 
3,5-(CH3)2 
3,5-(CH3)2 
3,5-(CF„)2 

mp (°C) 

132-133 
132-133 
152-153 
213-214 
129-130 
164-165 
145-146 
147-148 

IC50 (nM)° 
0.2 
3800 ± 235 
>10000 
413 ± 281 
280 ±99 
133 ± 33 
1533 ± 462 
553 ± 41 
125 ± 19 
67 ±10 
1.6 ± 0.7 

o Displacement of 12sI-labeled substance P from the cloned receptor 
expressed in CHO cells. Data are reported as the mean ± SD for n 
- 3 determinations. 

Scheme I* 

BocHN BocHN 

rja--
d r X = NMe2 

V x = *NMe; NMe3 

° Reagents: (a) cesium carbonate, DMF, and then substituted 
benzyl bromide; (b) HC1, methanol; (c) CH20, MeOH, NaCNBH ,̂ 
CH3C02H; (d) CH8I, acetone. 

Binding affinities for these compounds were measured 
in radioligand binding experiments determined by the 
displacement of 125I-labeled substance P from the cloned 
human NKi receptor, stably expressed in CHO cells.9 In 
the synthesis of the unsubstituted benzyl ester 5, it was 
found that the tert-butyl carbamate intermediate 4a had 
a greater than 9-fold higher affinity for the receptor than 
the screening lead (3) or the primary amine 5. Substitution 
on the benzyl ester with an o-methoxy group (4b), as found 
in CP-96,345, resulted in a small increase in binding affinity 
while 3,5-disubstitution with methyl (4c) (as found in the 
benzyl ether analogs of CP-96,345) gave a further en
hancement in potency to 133 nM. Removing the tert-
butyl carbamate from 4c led to a 12-fold loss in affinity 
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Figure 1. Schild analysis of compound 7b. 

(6a), some of which was recovered by progressive meth-
ylation of the primary amine to the dimethylamine 6b 
and quaternary ammonium salt 6c. Altering the carbam
ate group to an iV-acetyl side chain improved binding 2-fold 
(7a), but the most dramatic effect on affinity (7b) came 
from introducing electron withdrawing character into the 
benzyl ester substituents, while retaining lipophilicity at 
the meta positions. 

Using the 3,5-bis(trifluoromethyl)benzyl ester 7b,10 

inhibition of substance P induced inositol phosphate 
accumulation in CHO cells expressing the human NKi 
receptor was assayed as previously described.9 Increasing 
concentrations of 7b progressively increased the apparent 
ECeo for substance P without altering the maximal 
response to the agonist. Schild analysis of these data was 
linear with a slope of 1.15, indicating that the compound 
functions as a competitive antagonist of substance P 
activity (Figure 1). The K\, for 7b in this system was 25 
nM. At this stage, it is not known precisely how compounds 
of this class, or other non-peptide antagonists, relate to 
the endogenous peptide in its binding to the receptor. 
Finally, all of the compounds described above were highly 
selective for NKi, with affinities weaker than 5 nM at the 
human NK2 and NK3 receptors. These compounds 
represent a novel structural class of substance P receptor 
antagonists and are highly potent leads for further 
optimisation. 

Detailed structure-activity and functional studies with 
7b will be reported in subsequent papers. 
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