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A series of ghrelin receptor ligands based on the trisubstituted 1,2,4-triazole structure were synthesized and
evaluated for their in vitro binding and biological activity. In this study, we explored the significance of the
aminoisobutyryl (Aib) moiety, a common feature in numerous growth hormone secretagogues described in
the literature. Potent agonist and antagonist ligands of the growth hormone secretagogue receptor type la
(GHS-R1a) were obtained, i.e., compourds(JMV2894) andl7 (JMV3031). The best compounds were
evaluated for their in vivo activity on food intake, after sc injection in rodents. Among the tested compounds,
few of them were able to stimulate food intake and some others, i.e., compd(#Es/2959),17, and52
(JMV3021), acted as potent in vivo antagonist of hexarelin-stimulated food intake. These compounds did
not stimulate growth hormone secretion in rats and furthermore did not antagonize growth hormone secretion
induced by hexarelin, revealing that it is possible to modulate food intake without altering growth hormone
secretion.

Introduction His-D-Trp-Ala-Trp-D-Phe-Lys-NH, GHRP-6

Growth hormone secretagogues (GASs ghrelin receptor
agonists are compounds able to stimulate growth hormone (GH)
release in the pituitary. They were discovered by Bowensgl O
they act in a totally independent pathway from GHRH. Their O
biological target named growth hormone secretagogue receptor
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type la (GHS-R14&)and its natural ligand, ghrelthwere later “~ . n cH
identified. GHS-R1a agonists are able to substitute direct H2N></\)L'?‘ H/ TN
administration of GH for treatment of various disorders caused CH; O

by GH deficiency such as growth failure. Several peptide and
non-peptide agonists of the ghrelin receptor have been reporte

(Figure 1). We have recently described a new family of ghrelin C‘:igure 1. Peptide and pseudopeptide ghrelin receptor agonists.
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@ Abbreviations: GHS-R1a, growth hormone secretagogue receptor type o ) .
1a; GH, growth hormone; GHS, growth hormone secretagogue; GHRH, Figure 2. Structures of some known GHSs containing Aib residue.
growth hormone releasing hormone; Aif;aminoisobutyric acid; CHO,

Chinese hamster ovary; BOP, (benzotriazol-1-yloxy)tris(dimethylamino)- _ ; i i ; i i
phosphonium hexafluorophosphate; DME, ethylene glycol dimethyl ether; Trp-OH, the first point of diversity was introduced by coupling

DCM, dichloromethane; DMF, dimethylformamide; NMN;:methylmor- with primary amines to yield intermediatés After treatment
pholine; DMSO, dimethyl sulfoxide; EDTA, ethylenediaminetetraacetic acid. with the Lawesson’s reagent, the corresponding amidesre

10.1021/jm0704550 CCC: $37.00 © 2007 American Chemical Society
Published on Web 10/10/2007



1,2,4-Triazoles as Ghrelin Receptor Ligands

Journal of Medicinal Chemistry, 2007, Vol. 50, N6723

Scheme 1.General Synthetic Pathway to Trisubstituted 1,2,4-TriaZoles
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Scheme 2.Synthetic Route to Compourtl
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converted into thioamideB. The reaction oB with different
hydrazides in the presence of a thiophile metal salt yielded
trisubstituted 1,2,4-triazoleS. After deprotection of the Boc
protecting group, the generated primary amiheeacted with
acids, aldehydes, or sulfonyl chlorides to yield respectively
amides, alkylamines, or sulfonylamidgs Starting from Boc-
D-Trp-OH and within a few steps, we describe a route for the

synthesis of 1,2,4-triazole derived compounds presenting threepounds 7—10 having decreased affinity.
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ship study.
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Results and Discussion

The synthesized compounds were tested for their ability to
displace!?3-His®-ghrelin from the cloned hGHS-1a receptor
transiently expressed in LLC PK-1 cells. Binding affinities of
human ghrelin and MK-0677 obtained using these cells were
in accordance with the literature. The biological in vitro activity
of the compounds (I¢ M) was then evaluated on intracellular
calcium mobilization [C&"]; using CHO cells transiently
expressing GHS-R1a. Results are expressed as a percent of the
maximal response induced by T0M ghrelin (Table 1). The
best compounds were tested in vivo for their ability to stimulate
food intake or to inhibit hexarelin-stimulated food intake.

Compoundsl and2 containing the Aib residue are reported
as reference compounddib was first replaced by glycine. A
loss of affinity was observed (compoun@s-6) but was not
dramatic, the corresponding d€ranging from 30 to 150 nM
(see Figure 3 for compound)). Replacement of 4-methoxy-
benzyl or 2,4-dimethoxybenzyl in the Broup by 4-ethylbenzyl,
phenyl, 2,4-dimethoxyphenyl, or 4-ethylphenyl led to com-
Introduction of a
“reduced bond” replacing the amide bond led to compolihd
with an 1G;p of 190+ 10 nM. Substitution of glycine by alanine

In a previous study, we have shown that compound JMV1843 (reintroduction of one methyl group of Aib) did not lead to better

(Figure 2) was a very potent compound in stimulating GH
secretion in rodents and dogs and by oral route in fn&hAll

compounds 12, 13). Replacement of glycine by g-alanine
led to an analogue that exhibited ansy@f 59 + 16 nM

attempts to replace the Aib residue resulted in less potent(compoundl14). Replacement of glycine with phenylalanine

compounds, indicating the significance of this residue for the
stimulation of GH secretion. Recently, we reported that 1,2,4-

(compound15) failed to increase affinity for the GHS-R1a.
Because the Aib moiety is quite a hindered molecule, we decided

triazole was a good scaffold to obtain potent GHS-R1a ligands to rigidify this part of the molecule by introducing a cyclic
of the ghrelin receptor, leading to agonists, partial agonists, or residue. )-Proline and ©)-proline were introduced with

antagonistd.In this study, we showed that a benzyl group and
particularly 4-methoxybenzyl or 2,4-dimethoxybenzyl groups
in position 4 of the triazole ring and a two-carbon chain bearing
a phenyl or an indole group in position 5 of the triazole led to

4-methoxybenzyl as the;Ryroup and H-indole-3-ylethyl or
phenethyl as the Rgroup. Compoundsl6—19 exhibited
affinities comparable to those of compouridsnd2, compound
16 being the most potent (g = 9 = 1 nM). Because the

potent ligands of the GHS-R1a. Starting from these results, we L-configuration for proline seemed better for interaction with

investigated the replacement of the Aib moiety in theBsition

by natural or unnaturak-amino acids, piperidylcarboxyl, and
piperazinecarboxyl groups. All these compoundswere
obtained by coupling a carboxylic acid function on the primary
amineD except for compoundl, which was synthesized by
reductive amination of the correspondibgproduct with Boc-
glycinal as depicted in Scheme 2. All final compounds were

the GHS-1a receptor, we explored in this series the R
substituent with 2,4-dimethoxybenzyl (compourfsand21),
4-ethylbenzyl (compoun®2), phenyl (compound23), and
4-ethylphenyl groups (compourgd). As previously observed,
the 2,4-dimethoxybenzyl group was well tolerated whereas
4-ethylbenzyl and 4-ethylphenyl groups led to less potent
ligands. An inactive compound was obtained with a phenyl

purified by reversed-phase HPLC. The purity assessed by substituent in the Rposition (compoun@3). Introduction of a
analytical reversed-phase C18 HPLC was found to be greaterhydroxyl group on the pyrrolidine cycle of proline (hydrox-
than 95% for target compounds and greater than 98% for key yproline) caused a significant decrease of binding affinity

target compounds (compounds16, 17, 35, 39, 40, 41, 52),
and the structure was confirmed by MS (electrospray NNMR,
and13C NMR for the most interesting compounds.

(compound25) when compared with compourdd. The initial
studies with the proline scaffold validated the constrained
analogue approach and suggested to us to further explore other
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Table 1. Binding Affinity Constants and Biological Activities of Trisubstituted 1,2,4-Triazoles
% of max
[Ca*]i
1Cs0 response ECso Kp
compd R R> R3 (nM)2 at 10uMP (nM)e (nMm)d
1 benzyl H-indole-3-ylethyl aminoisobutyryl 155 73+ 13 64+ 14
2 4-methoxybenzyl H-indole-3-ylethyl aminoisobutyryl &3 9+ 11 4+ 1
3 4-methoxybenzyl H-indole-3-ylethyl glyeyl 138+ 23 2+3 NDf
4 4-methoxybenzyl phenethyl glycyl 323 0 19+ 6
5 2,4-dimethoxybenzyl H-indole-3-ylethyl glycyl 38+ 6 0 27+ 10
6 2,4-dimethoxybenzyl phenethyl glycyl 15444 0 ND
7 4-ethylbenzyl phenethyl glycyl 75% 38 0 ND
8 phenyl phenethyl glycyl >1000 7+1 NDf
9 2,4-dimethoxyphenyl phenethyl glycyl >1000 27+ 11 NDf
10 4-ethylphenyl H-indole-3-ylethyl glyeyl >1000 4+ 1 NDf
11 2,4-dimethoxybenzyl phenethyl 2-aminoethyl 1000 59+ 12 279+ 42
12 4-methoxybenzyl phenethyl L-alaninyl 113+ 29 13+ 5 NDf
13 4-ethylbenzyl phenethyl L-alaninyl 275+ 50 1+1 NDf
14 4-methoxybenzyl phenethyl 3-aminopropangsAla) 59+ 16 117+ 15 256+ 55
15 4-methoxybenzyl phenethyl L-phenylalaninyl 175+ 10 0 24+ 7
16 4-methoxybenzyl H-indole-3-ylethyl  L-prolyl 9+1 242 642
17 4-methoxybenzyl H-indole-3-ylethyl  p-prolyl 28+9 7+5 7+2
18 4-methoxybenzyl phenethyl L-prolyl 95+2 5+3 13+ 3
19 4-methoxybenzyl phenethyl D-prolyl 32+4 3+2 8+2
20 2,4-dimethoxybenzyl H-indole-3-ylethyl  L-prolyl 56+2 0 11+ 4
21 2,4-dimethoxybenzyl phenethyl L-prolyl 44+ 6 0 32+ 10
22 4-ethylbenzyl phenethyl L-prolyl 490+ 140 2+2 NDf
23 phenyl phenethyl L-prolyl >1000 24 ND
24 4-ethylphenyl H-indole-3-ylethyl  L-prolyl 350+ 10 5+£5 NDf
25 4-methoxybenzyl phenethyl E4R)-hydroxyprolyl 173+ 98 87+ 23 ND'
26 2,4-dimethoxybenzyl H-indole-3-ylethyl piperidyl-3-carboxyl 6.5+ 1 48+ 19 5.3+ 3
27 benzyl H-indole-3-ylethyl piperidyl-3-carboxyl 13+1 50+ 18 9.9+ 0.1
28 2-methyl pyridine phenethyl piperidyl-3-carbogyl >1000 15 ND
29 4-methoxybenzyl H-indole-3-ylethyl  L-piperidyl-3-carboxyl 10+ 2 11+ 6 25+1
30 4-methoxybenzyl phenethyl L-piperidyl-3-carboxyl 16+ 5 20+ 9 10+ 1
31 4-methoxybenzyl phenethyl p-piperidyl-3-carboxyl *®1 89+ 1 36+1.4
32 4-ethylbenzyl phenethyl L-piperidyl-3-carboxyl 1306t 1 11+1 NDf
33 2,4-dimethoxybenzyl H-indole-3-ylethyl piperidyl-2-carboxyl 53+ 13 2+1 18+ 8
34 4-methoxybenzyl phenethyl L-piperidyl-2-carboxyl 12 7+1 27+ 8
35 4-methoxybenzyl H-indole-3-ylethyl  Dp-piperidyl-2-carboxyl 29t 11 0 8+1
36 4-methoxybenzyl phenethyl p-piperidyl-2-carboxyl 23t 5 3+2 53+7
37 2,4-dimethoxybenzyl phenethyl D-piperidyl-2-carboxyl 134+ 4 0 NDf
38 4-ethylbenzyl phenethyl p-piperidyl-2-carboxyl 375E 6 0 NDf
39 4-methoxybenzyl H-indole-3-ylethyl isonipecotyl 0.30.2 93+1 3.0+£1.3
40 4-methoxybenzyl phenethyl isonipecotyl @60.3 93+ 4 1.6+0.7
41 2,4-dimethoxybenzyl H-indole-3-ylethyl isonipecotyl 0.50.3 77+ 4 0.6+ 0.0
42 2,4-dimethoxybenzyl phenethyl isonipecotyl &D.7 95+ 14 6.1+ 0.0
43 benzyl H-indole-3-ylethyl isonipecotyl 242 75+ 10 54+24
44 phenyl phenethyl isonipecotyl 46813 98+ 11 NDf
45 phenyl H-indole-3-ylethyl isonipecotyl 7& 28 100+ 0 23+1.1
46 4-ethylphenyl H-indole-3-ylethyl isonipecotyl 96 18 100+ 0 15+1.1
47 4-ethylbenzyl phenethyl isonipecotyl 196 101+ 13 7.7+1.2
48 2,4-dimethoxyphenyl phenethyl isonipecotyl £33 100+ 0 144+ 4
49 2-methylpyridine phenyl-methyl isonipecotyl >1000 78 ND
50 (thiophen-2-yl)methyl phenethyl isonipecotyl 25566 93+ 13 NDf
51 (furan-2-yl)methyl phenethyl isonipecotyl 56031 100+ 0 183+ 13
52 4-methoxybenzyl H-indole-3-ylethyl piperazine-2-carboxyl 18+3 37+9 8.7£1.1
53 4-methoxybenzyl phenethyl piperazine-2-carbéxyl 54+7 42+ 11 12+1.2
54 2,4-dimethoxybenzyl H-indole-3-ylethyl piperazine-2-carboxyl 32+13 2 5+1
55 2,4-dimethoxybenzyl phenethyl piperazine-2-carb®xyl 35+ 12 31+ 17 19.6+ 6
56 4-ethylbenzyl phenethyl piperazine-2-carbdéxyl 178+ 47 68+ 20 143+ 27
57 4-methoxybenzyl phenethyl tetrahydrétpyran-4-carboxyl 6t 2 0 51+ 8
58 4-methoxybenzyl phenethyl cyclohexylcarboxyl xS 17+7 390+ 77

a Specific binding was determined by incubation of membranes from GHS-R1a transfected LLC celi&Ivktis®-ghrelin in the presence of increasing
concentrations of compoundsThe activation percentage for each compound 1) was assessed relative to the maximal response, obtained with ghrelin
at 107 M (100%).° The signaling through the GHS-R1a, as determined by the accumulation of intracellular calcium and thus fluorescence output, was
measured in the presence of increasing concentrations of ag@rikes ability of the antagonists to inhibit ghrelin signaling through the GHS-R1a (measurement
of flurorescence output) was assessed using Schild plots, with increasing concentrations of ghrelin, alone, or in the presence of antagowisttddnipou

1077, or 108 M. © Racemic mixturef ND: not determined.

heterocyclic templates. We then explored the possibility of (benzyl, 4-methoxybenzyl and 2,4-dimethoxybenzyl groups)
extending the cycle size from 5 to 6 atoms, switching from with piperidyl-2-carboxyl and piperidyl-3-carboxyl substituents
proline to piperidine moiety and we also studied the influence in the R; position exhibited high affinity constants in the range

of the nitrogen position in the cycle. Piperidyl-2-, piperidyl-3-,

of 10-50 nM (compound26, 27, 29—31, 33—36) with the

and piperidyl-4-carboxylic acids were introduced in place of exception of compoun87. No real influence of the piperidyl

the Aib moiety. Compounds containing the ébtimized groups

configuration was observed (compour@d 31 and 34, 36).
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Figure 5. Signaling through the GHS-R1a, as determined by the the GHS-R1la (measurement of flurorescence output) was assessed using
accumulation of intracellular calcium and thus fluorescence output, was Schild plots, with increasing concentrations of ghrelin, aldlg 6r
measured in the presence of increasing concentrations of agonistsjn the presence of compourd? at 108 M (O), 10’ M (@), or 10°
compounds31 (0O0), 39 (@), and40 (A). M (O).

When the benzyl group in Rposition was substituted with a  value. The loss of affinity was more pronounced when the
4-ethyl group, a decrease in binding affinity was observed piperidyl ring was replaced by a cyclohexyl ring (compound
(compounds32 and 38). Introduction of a nitrogen in position 58 versus compound0) but was not so dramatic (kg= 18 +

2 of the R benzyl group led to a complete loss of affinity 6 nM for compounds8).

(compound28). Compounds containing the isonipecotyl moiety The ability of these compounds to activate the GHS-R1a and
in the R substituent exhibited affinities in the subnanomolar to stimulate a biological response was determined by assessing
range (compound89—42, Figure 4 for compound!2). The the increase in intracellular calcium levels in CHO cells
affinity decreased when ;Rsubstituents were not 4-methoxy- transiently transfected with the GHS-Rla. The activation
benzyl and 2,4-dimethoxybenzyl (compouri8s-51, Figure 4 percentage for each compound (30) was assessed relative
for compound43). We postulated that the high binding affinity  to the maximal response obtained with ghrelin 1B, 100%).
could be related to the nitrogen position on the piperidyl cycle For the most affine agonist compounds, sg@alues were

that can create an extra interaction with the receptor. Introduction determined as described in the Experimental Section and are
of a second nitrogen atom in the cycle did not improve the reported in Table 1 (see Figure 5 as an example). We considered
binding affinity as assessed by the results obtained with as potential antagonist any compound unable to elicit an increase
compoundss2—56. The best binding affinity constants were of intracellular calcium level greater than 10% of the maximal
obtained with compounds bearing a piperidine with a carboxylic response elicited by 1@ M ghrelin. For antagonist compounds
acid in position 4 of the piperidine ring. We replaced the with high affinities,Kp values were determined as described in
nitrogen atom by an oxygen atom (compoubd versus the Experimental Section and are reported in Table 1 (see Figure
compound40). We observed a 10-fold decrease in the affinity 6—8). In a previous stud§we postulated that the presence of
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Table 2. Cumulative Food Intake in Rats after Subcutaneous Administration of@i@ Compound and/or 80g/kg Hexarelin

cumulative food intakete? h for cumulative food intake cumulative food intaketé h for cumulative food intake
160ug of compound (cumulative food at 2 h for 16Qug of 16049 of compound (cumulative food at 6 h for 16Qug of
intake & 2 h for 80ug of hexarelin} compounct 80 ug intake & 6 h for 80ug of hexarelin} compoundt 80ug
compd of hexarelit of hexarelit
saline 0.06+ 0.02 0.16+ 0.05
4 0.01+ 0.0 (0.53+ 0.17) 0.01+ 0.01 0.04+ 0.01 (0.59+ 0.17) 0.02+ 0.01
5 0.01+ 0.0 (0.29+ 0.11) 0.39+0.13 0.01+ 0.0 (0.60+ 0.15) 0.74+0.33
6 0.01+ 0.0 (0.57+ 0.17) 1.26+0.13 0.08+ 0.05 (0.98+ 0.19) 1.48+ 0.32
7 0.01+ 0.0 (0.32+ 0.13) 0.79£ 0.32 0.03+ 0.0 (0.45+ 0.16) 0.81+ 0.40
14 0.01+ 0.0(0.46+ 0.15) 0.16+ 0.12 0.12+ 0.11(0.72+ 0.17) 0.60+ 0.20
16 0.05+ 0.05 (0.55+ 0.13) 0.44+0.16 0.20+ 0.09 (0.66+ 0.14) 0.48+0.18
17 0.01+ 0.0 (0.32+ 0.13) 0.05+ 0.04 0.03+ 0.0 (0.45+ 0.16) 0.07+ 0.04
19 0.01+ 0.0 (0.53+ 0.19) 0.35+ 0.20 0.02+ 0.0 (1.00+ 0.19) 0.47+0.19
25 0.01+ 0.0 (0.28+ 0.08) 0.02+ 0.01 0.01+ 0.0 (0.88+ 0.26) 0.35+0.21
26 0.01+ 0.0 (0.70+ 0.16) 0.33+0.12 0.01+ 0.0 (0.98+ 0.16) 0.65+ 0.31
27 0.52+ 0.29 (0.26+ 0.11) 0.16+ 0.15 0.60+ 0.30 (0.73+ 0.11) 0.62+ 0.22
29 0.01+ 0.0 (0.27+ 0.12) 0.62+ 0.21 0.06+ 0.02 (0.40+ 0.12) 0.76+ 0.26
33 0.02+ 0.02 (0.70+ 0.16) 0.84+ 0.27 0.02+ 0.02 (0.98+ 0.16) 1.01+ 0.27
34 0.01+ 0.0 (1.01+ 0.15) 0.85+ 0.13 0.01+ 0.0 (1.24+ 0.06) 1.07+0.08
35 0.04+ 0.01 (0.41+ 0.17) 1.25+0.24 0.06+ 0.01 (0.68+ 0.29) 1.68+ 0.14
36 0.01+ 0.0 (0.26+ 0.13) 0.06+ 0.03 0.01+ 0.0 (0.78+ 0.24) 0.56+ 0.21
39 0.01+ 0.0 (0.26+ 0.13) 0.40+ 0.20 0.374+ 0.21 (0.78+ 0.24) 1.05+ 0.26
40 0.43+ 0.07 (1.01+ 0.15) 1.27+0.13 0.71+ 0.15 (1.24+ 0.06) 1.40+0.12
41 0.01+ 0.0 (0.44+ 0.16) 0.11+ 0.09 0.01+ 0.0 (0.90+ 0.18) 0.86+ 0.22
42 0.01+ 0.0 (0.41+ 0.12) 0.17+0.16 0.08+ 0.06 (0.73+ 0.21) 0.24+0.16
43 0.01+ 0.0 (0.44+ 0.16) 0.38+0.13 0.11+ 0.10 (0.61+ 0.18) 0.60+ 0.23
47 0.03+ 0.01 (0.41+ 0.17) 1.40+0.34 0.35+ 0.18 (0.68+ 0.29) 1.66+ 0.35
52 0.02+ 0.01 (0.70+ 0.27) 0.02+ 0.01 0.03+ 0.01 (0.74+ 0.27) 0.11+ 0.08
53 0.01+ 0.0 (0.70+ 0.11) 0.85+ 0.23 0.01+ 0.0 (1.22+ 0.06) 1.48+ 0.25
54 0.01+ 0.0 (0.70+ 0.11) 0.63+ 0.32 0.01+ 0.0 (1.22+ 0.06) 0.75+ 0.31
58 0.01+ 0.0 (0.43+ 0.16) 0.21+0.13 0.14+ 0.12 (0.61+ 0.18) 0.49+ 0.26

aExpressed in g of food per 100 g of body weight.

Table 3. Dose-Response Study for Compourkld 7, and52 on Food Intake Stimulated by 8ty/kg Hexarelid

compound food intake compound food intake compound food intake
saline 0.16+ 0.05 saline 0.16: 0.05 saline 0.0% 0.04
hexarelin, 8Qug 0.81+0.09 hexarelin 8(xg 0.97+0.20 hexarelin 8Qxg 1.12+ 0.06
+20ug/kg4 0.63+0.23 +20ug/kg 17 0.17+0.12 +20ug/kg52 0.66+ 0.20
+80ug/kg4 0.56+0.18 +80ug/kg 17 0.15+ 0.08 +80ug/kg52 0.34+0.15
+160ug/kg 4 0.28+0.12 +160ug/kg 17 0.36+0.16 +160ug/kg 52 0.83+0.20
+320ug/kg 4 0.36+0.14 +320ug/kg 17 0.58+ 0.12 +320ug/kg 52 0.11+ 0.05

a Cumulative food intaketab h expressed in g of food per 100 g of body weight.

a 4-methoxybenzyl substituent in the gtoup led to antagonist 58 (ECsp = 390 4+ 77 nM) compared to 93% of the ghrelin
compounds, all of them containing the Aib moiety at the response for compourtD (ECGso = 1.6 & 0.7 nM) bearing the
N-terminus part. In this study, we have shown that when Aib isonipecotyl group]. Replacement of the Aib moiety by glycyl,
was replaced by different groups, the presence of the 4-meth-prolyl residues, or a piperidine-2-carboxyl group generally led
oxybenzyl in the R group was not sufficient to obtain full  to antagonist compounds. They were able to antagonize the
antagonists. Some of these compounds were able to stimulateghrelin-induced [C&T]; accumulation (Figure 6). Compounds
[Ca*]i accumulation. This is particularly true for compound 4, (Kp =194 6 nM), 16, (K, =6 & 2nM), 19, (Kp =8+ 2

11 with a 2-aminoethyl group replacing the Aib moiety (59% nM), 35 (Kp = 8 £ 1 nM), and54 (K, = 5 £ 1 nM) were

total response of 13 M ghrelin), compoundl4 with a among the most potent ghrelin receptor antagonists. They were
3-aminopropanoyl group instead of Aib (117% total response), able to dose-dependently antagonize ghrelin-inducedCa
compound5with a hydroxyprolyl group (87% total response). accumulation in CHO cells transiently transfected with the GHS-
When piperidyl-3-carboxyl (compound®6, 27, and 31) or Rla. Interestingly, in the presence of various increasing
isonipecotyl groups (compoun@9—51) substituted Aib, com- concentrations of compound$ 16—18, and 20, the dose-
pounds were also able to stimulate fCaraccumulation (from response curves of ghrelin on [€% accumulation were shifted
48% of the total response induced by~10M ghrelin for to the right in a parallel manner indicating a competitive
compound26to 100% of the total response for compout&). antagonism (see Figures 7 and 8 for compouhdsd 17 as

The EGyp values of the best ligands for the GHS-1a receptor examples). Introduction of an oxygen atom (compo&idin

were determined (Table 1). Surprisingly, in the case of the place of the nitrogen atom of compou#@ switched the agonist
isonipecotyl family, the 4-methoxy benzyl in the Rosition activity to antagonist activity (compourk, 0% total response,
can be replaced by a 4-ethyl group without a dramatic loss of K, =51 4+ 8 nM) while a good affinity was conserved g&=
activity (i.e., compound?7, EGo= 7.7+ 1.2 nM). Compounds 6 + 2 nM). A proton that can be engaged in a hydrogen bond
containing a piperazine-2-carboxyl group exhibited good to in the para position of the piperidine ring seems to be necessary
modest biological activities (Ef ranging from 8.7+ 1.1 to to maintain the agonist activity when keeping similar &d
143+ 27 nM, compound$2—56). When suppressing the NH R groups.

moiety in the isonipecotyl group, we observed a decrease in Selected compounds among the most active were tested in
the agonist efficacy [17% of the ghrelin response for compound feeding behavior in rats. They were first evaluated alone for
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Figure 9. Inhibition of hexarelin (8Qug/kg) induced cumulative food
intake (g of food/100 g of body weight} & h byacute administration
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Figure 10. Partial inhibition of hexarelin (8@g/kg) induced cumula-
tive food intake (g of food/100 g of body weight} & h by acute
administration (sc) of GHS-R1a agoni&S, 26, and42 (160 ug/kg).
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Figure 11. Stimulation of hexarelin (8@g/kg) induced cumulative

food intake (g of food/100 g of body weight)t & h by acute
administration (sc) of GHS-R1a antagoniéts, and35 (160 xg/kg).

A dose-response study was performed for the three com-
pounds 4, 17, and 52) able to totally inhibit the hexarelin-
induced food intaketés h after sc administration. These results
are gathered in Table 3. Compoufhdhowed a well-correlated
progressive inhibition of hexarelin stimulated cumulative food
intake with increasing doses (20, 80, and 1&fkg). Almost
total inhibition was observed at a dose of@§kg. The highest
doses did not improve the inhibition. Compouhdwas found
to be effective in suppressing feeding at very low doses (20
and 80ug/kg), but surprisingly, its efficiency seemed to decrease
at higher doses. For compoubg, a dose-response curve could
be obtained.

Information on the toxicity of the compounds could be
obtained by the observation on the adult rats that received

their effect on food intake and compared to hexarelin and then subcutaneous doses of the compounds—@ZD ug/kg) for

for their ability to inhibit hexarelin-stimulated food intake.

assessing the effect on food intake. We did not obtain mortality

Results are gathered in Table 2. A significant increase in with any of the tested compounds, and the observation of the

cumulative food intaketa6 h was found for compounday?,

animals during te 6 h of thefood intake experiments did not

39, 40, and47 when compounds were administered alone. These reveal altered locomotion behavior.

compounds were also characterized as agonist compounds in  Compound4 has been evaluated in a chronic model of diet-
vitro (ECs values of 9.9, 3.0, 1.6, and 7.7 nM, respectively). induced obesity in mice that were treated for 2 weeks with
Other potent in vitro agonists did not show any increase of subcutaneous daily doses of 1.5, 6, and 24 mg/kg. No signs of
cumulative food intake, suggesting either a poor in vivo toxicity were noticed by the routine observation of the animals
bioavailability (for example, compoundll with a EG, value during the entire experiment.

of 0.6 nM) or the presence of ghrelin receptor subtypes or a From these observations we can infer that the tested com-
different mechanism of action of ghrelin receptor in vivo. As pounds did not induce toxic effects at the tested doses in the

expected, when administered alone, in vitro antagonists did notfood intake experiments.

increase food intake. When inhibition of food intake induced
by hexarelin was evaluated, two compoundsad 17) were
found to totally suppress food intake while compolrtivas
also very potent in inhibiting hexarelin-stimulated food intake

The binding affinity of a model compound, compou#d,
was tested at 1@M versus a panel of 92 GPCRs including
cannabinoids, melanocortins, and NPY receptors (MDS Pharma
Services’ GPCR screen). Only GHS-R1a, CCKI, motilin,

(Figure 9). The first two were characterized as antagonists in tachykinin 2, and vasopressin 1a receptors showed significant

vitro, while compound2 was found to be an agonist. In fact,
there was no a clear correlation between in vitro and in vivo

binding with this compound. However, the binding affinity to
the ghrelin receptor GHS-R1a was 1000 times higher than the

experiments for several compounds. Some of them characterizedaffinity to the other receptors.

as full in vitro agonists were not very potent when administrered

alone but potentiated hexarelin-stimulated food intake (com-

pounds39, 40), compound4? being particularly potent, both
at 2 and 6 h after injection (Table 2). Alternatively, in vitro
agonist compounds such 25sand42 (Figure 10) or the partial
agonists26 and 52 were without effect on food intake when

administered alone but were able to antagonize the effect of

hexarelin on food intake both at 2 & h after injection. On
the other hand, compoundsand 17 characterized as in vitro

Selected compounds were also evaluated for their activity
on GH secretion in infant rats after sc administration, in the
presence or not of hexarelin. Indeed, it is known that in the
baby rats the pulsatility of the GH secretion is not yet activated
at the hypothalamic level, and therefore, a constant GH blood
level is measured in these young animals.

Results are reported in Table 4. As expected, when admin-
istered alone, GHS-R1a antagonists (compouhds, 19, and
34) did not significantly stimulate GH release. Compou#d@s

antagonists did not exhibit any activity when administered alone and 41, found to behave as full GHS-R1a in vitro agonists,
and decreased food intake induced by hexarelin as expectedstimulated GH secretion. Compou®@, which was found to

Compounds33, 35, and 54, also characterized as in vitro
antagonists and with no proper activity, were unable to

be a partial agonist in our in vitro test (with a total response
value of 37%), gave a very low response on GH release (18.6

antagonize the effect of hexarelin on food intake. Compounds ng/mL vs 10.7 ng/mL for saline). However, GHS-R1a in vitro

6, 7, and35were even able to potentiate this effect (Figure 11,
Table 2).

antagonists (compound$ 17, 19, and 34) were unable to
antagonize hexarelin-stimulated GH secretion. The efficacy of



5796 Journal of Medicinal Chemistry, 2007, Vol. 50, No. 23 Moulin et al.

Table 4. GH Secretion in Infant Rat (sc Injectich) pharmacological modulation of the ghrelin effect on appetite.

compd [rGH] (ng/mL) compd [FGH] (ng/mL) To assess the medical relevance of this observation, these
saline 40t 047 saline 524 0.73 compounds will be tested in several other animal models.
hexarelin 162.84-21.09  hexarelin 170.16 13.23 ) .
19 5.66+ 1.19 4 9.85+ 1.04 Experimental Section
éZJr hexarelin 6l_ggf62%393 52 i;r"ggxare"n 11%‘_1;;&2%;4 Chemistry. Ascending TLC was performed on precoated plates
34+ hexarelin~ 145.95 12.16  hexarelin 253.82 12.27 of silica gel 60 ks4 (Merck). Peptide derivatives were located with
40 87.524+ 15.07 17 16.864+ 2.15 charring reagent or ninhydrin. Column chromatography was
40+ hexarelin ~ 100.52- 12.11 17+ hexarelin ~ 218.84- 19.72 performed with Kieselguhr Merck G silica gel, 0:68.063 mm.
41 119.94+4+ 33.05 52 18.63+ 2.93 HPLC purifications were run on a Waters 4000 preparative
41+ hexarelin  103.53: 14.09 52+ hexarelin  216.5% 19.73

apparatus on a C18 Deltapak column (100 mrd0 mm, 15um,

100 A), with a UV detection at 214 nm, at a flow rate of 50 mL/
min of a mixture of A (water with 0.1% TFA) and B (acetonitrile
with 0.1% TFA in gradient mode). Analytical HPLC chromato-
graphs were obtained on a Beckman Gold apparatus composed of
the 126 solvent module, the 168 detector, and the 32 Karat software;
runs were performed on a VWR Chromolith column (50 nxm

3.9 mm) at a flow rate of 5 mL/min from solution A to solution B

in a 3 min gradient (conditions A) or on a Symmetry Shield C18
column (50 mmx 4.6 mm, 3.5um) at a flow rate of 1 mL/min

aHexarelin was tested at a dose of@@9kg, and compounds were tested
at 160ug/kg.

compound40 and41 was similar in the presence or absence
of hexarelin but remained lower than hexarelin itself. Compound
52 seemed to slightly inhibit hexarelin-stimulated GH secretion
(216.57 ng/mL vs 253.82 ng/mL for hexarelin alone).

For in vitro results and both GH secretion and food intake
stimulation, the situation is complex and no straightforward from solution A to solution B in a 15 min gradient (conditions B).
correlation can be drawn between in vitro results and in vivo 1H and3C NMR spectra were recorded in DMS-at 300 and
experiments on GH secretion and food intake. Compouhds 75 MHz or at 400 and 100 MHz, respectively, and at 300 K.
and 17 defined as in vitro GHS-R1a antagonists had no effect Chemical shifts were reported a% values (ppm) indirectly
on GH secretion or food intake when administered alone. referenced to the solvent signal. Mass spectrum analyses were
However, they were able to totally suppress hexarelin-induced recorded on a Quatromicro (Micromass, Manchester, U.K.) triple
food intake, while they were unable to inhibit GH secretion quadrupole mass spectrometer fitted with an electrospray interface.

elicited by hexarelin. The same observation was made for
compound52, which is a GHS-R1a agonist. Compountid
and34, also defined as in vitro GHS-R1a antagonists, partially
inhibited food intake induced by hexarelin but not hexarelin-
stimulated GH secretion. Compou#@, a potent in vitro agonist,
was able to stimulate food intake and GH secretion when
administered alone. However, it was able to potentiate both
hexarelin-stimulated food intake but not GH secretion. Com-
pound41, another potent GHS-R1a agonist, had no effect on
food intake when administered alone or with hexarelin but
stimulated GH secretion.

All these findings strongly suggest the existence of either
ghrelin receptor subtypes or a particular mechanism of action
of the ghrelin receptor correlated with GH secretion on one side

and food intake on the other side. This last hypothesis was

TheL- andp-aminoacids and derivatives were from Senn Chemi-
cals, Iris Biotech GmbH, NeoMPS, or Advanced Chemtech. Human
ghrelin was purchased from NeoMPS and iodinated in our labora-
tory. All reagents were of analytical grade.

General Procedure for Hydrazide Preparation. When hy-
drazides were not commercially available, they were synthesized
in two steps via the corresponding esters as described before.

General Procedure for Thioamide B Preparation.In a solution
of DCM, amine (1.0 equiv), Boo-Trp (1.0 equiv), NMM (2.2
equiv) and BOP (1.0 equiv) were successively added. After 1 h
stirring at room temperature, the mixture was concentrated in vacuo
and dissolved in AcOEt. The organic layer was successively washed
with aqueous solutionsfd M KHSQ,, saturated NaHC®and
brine. The organic layer was then dried over,8i@, filtered and
concentrated in vacuo to yield amide that was used without
purification. To 1.0 equiv. of amid& in DME (10 mmol/mL) was
added the Lawesson’s reagent (0.5 equiv) under argon. The reaction

recently suggested for ghrelin receptor inverse agonists that argyas heated to 85C for 2 h and then concentrated in vacuo. The

biased toward a particular signaling pathway.

Conclusion
A novel class of ghrelin receptor (GHS-R1a) ligands was

residue was purified by chromatography on silica gel with a mixture
of AcOEt/hexane 3/7 as eluent. The thioamilevas obtained as
a white powder.

(R)-tert-Butyl 1-(2,4-Dimethoxybenzylamino)-3-(H-indol-3-

identified from substituted 1,2,4-triazoles. The Aib moiety, often Yl)-1-0xopropan-2-ylcarbamate.5.2 g (90%)."H NMR (300 MHz,
present in the described GHS structures, has been successfullPMSO-ds, 300 K): 6 1.31 (s, 9H, CHBoc), 2.94 (dd, 1H) = 14

replaced to yield very potent in vitro GHS-R1la agonists
[compound39 (IMV2952), IGo = 0.3+ 0.2 nM, EGo = 3.0
+ 1.3 nM; 40 (JMV2951), IGo = 0.6 + 0.3 nM, EGo = 1.6
+ 0.7 nM; 41 (IMV2894), IGo = 0.5+ 0.3 nM, EGy = 0.6
#+ 0.0 nM] and GHS-R1a antagonists [compodndMV2959),
ICs0 = 32 + 3 nM, K = 19 + 6 nM; 16 (JMV3030), I1Go =
9+ 1nM,Kp,=6=2nM; 17 (IMV3031), IGo = 28+ 9 nM,
Ky, = 7 £+ 2 nM; 35 (IMV3029), IGy =29+ 11 nM,K, = 8

and 9 Hz, CH Trp), 3.11 (dd, 1HJ = 14 and 5 Hz, CHTrp),
3.71 (s, 3H, OCH), 3.75 (s, 3H, OCH), 4.23 (m, 3H, CHaTrp
and H; o,p-dimethoxybenzyl), 6.38 (dd, 1H, = 8 Hz andJ, =
2 Hz, H o,p-dimethoxybenzyl), 6.52 (d, 1Hl, = 2 Hz, H; o,p-
dimethoxybenzyl); 6.78 (d, 1Hl, = 8 Hz, H, Trp), 6.96 (d, 1H,
Jo = 8 Hz, Hs o,p-dimethoxybenzyl), 6.97 (t, 1H], = 8 Hz, Hs
Trp), 7.06 (t, 1H,J, = 7 Hz, H; Trp), 7.12 (s, 1H, H Trp), 7.34
(d, 1H,J, = 8 Hz, H; Trp), 7.60 (d, 1HJ = 8 Hz, NH Boc), 8.09
(t, 1H, J = 6 Hz, NH amide), 10.79 (1H, s, NH indole Trg¥fC

+ 1 nM]. The most potent compounds in this series were tested NMR (75 MHz, DMSO4s, 300 K): 6 28.3 (CTrp), 28.5 (CH

in vivo for their activity on hexarelin-stimulated food intake in
the rat. Compound4, 17, and52 (JMV3021) were found to be
able to inhibit hexarelin-induced food intake. These compounds
had no effect on GH secretion and were unable to inhibit
hexarelin-stimulated GH secretion in the rat. Our results show
for the first time that compounds characterized as in vitro GHS-
Rla ligands can inhibit food intake without altering GH
secretion. This study supports the concept of a specific

Boc), 37.4 (CH o,p-dimethoxybenzyl), 55.3 (OCH#)} 55.5 (CaTrp
and OCH), 78.4 (Cq Boc), 98.5 (€o,p-dimethoxybenzyl), 104.6
(Cs o,p-dimethoxybenzyl), 110.7 (Trp), 111.7 (G Trp), 118.6
(C4 Trp), 118.9 (G Trp), 119.2 (G o,p-dimethoxybenzyl), 121.2
(Cs Trp), 124.1 (G Trp), 127.8 (G Trp), 128.9 (G o,p-dimethoxy-
benzyl), 136.5 (g Trp), 155.6 (CO Boc), 158.0 (@,p-dimethoxy-
benzyl), 160.0 (¢ o,p-dimethoxybenzyl), 172.3 (CO amide). MS
(ES),m/z 454.2 [M+ H]*, 398.2 [M+ H — Bu]*, 354.2 [M+

H — Boc]". HPLC tg: 1.70 min (conditions A).
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(R)-tert-Butyl 1-(4-Methoxybenzylamino)-3-(H-indol-3-yl)-
1-oxopropan-2-ylcarbamate.Yield, 4.3 g (82%).H NMR (300
MHz, DMSO-dg, 300 K): 6 1.28 (s, 9H, CHBoc), 2,88 (dd, 1H,
J=9and 14 Hz, CHTrp), 3.04 (dd, 1HJ = 9 and 14 Hz, CH
pTrp), 3.68 (s, 3H, OCh), 4.17 (m, 3H, CH p-methoxybenzyl
and CHaTrp), 6.74 (d, 1HJ, = 8 Hz, H, Trp), 6.79 (d, 2HJ, =
8 Hz, H; and H p-methoxybenzyl), 6.93 (t, 1H], = 8 Hz, Hs
Trp), 7.02 (t, 1H, H Trp), 7.02 (m, 3H, H Trp, H, and H
p-methoxybenzyl), 7.30 (d, 1H, = 8 Hz, H; Trp), 7.56 (d, 1H,
J =8 Hz, NH Boc), 8.27 (t, 1HJ = 5 Hz, NH amide), 10.76 (s,
1H, NH indole Trp).13C NMR (75 MHz, DMSO#ds, 300 K): o
28.2 (CfATrp), 28.5 (CH Boc), 41.9 CH,-p-methoxybenzyl), 55.4
(OCHg), 55.7 (CaTrp), 78.4 (Cq Boc), 110.6 ({Trp), 111.6 (G
Trp), 112.0 (G and G p-methoxybenzyl), 118.5 (£Trp), 118.9
(Cs Trp), 121.2 (G Trp), 124.1 (G Trp), 127.7 (G Trp), 128.7
(C; and G p-methoxybenzyl), 131.7 (Jp-methoxybenzyl), 136.5
(Cs Trp), 155.6 (CO Boc), 158.5 ((p-methoxybenzyl), 172.3 (CO
amide). MS (ES)m/z 423.9 [M+ H]*, 367.8 [M+ H — Bu]*,
324.0 [M+ H — Boc]". HPLCtg: 1.75 min (conditions A).

(R)-tert-Butyl 1-(Benzylamino)-3-(1H-indol-3-yl)-1-oxopro-
pan-2-ylcarbamate. Yield, 5.3 g (95%).1H NMR (300 MHz,
DMSO-dg, 300 K): 6 1.31 (s, 9H, CHBoc), 2.95 (dd, 1H) = 14
and 9 Hz, CH Trp), 3.11 (dd, 1HJ = 14 and 5 Hz, CH/Trp),
4.28 (m, 3H, CH benzyl and CHxTrp), 6.79 (d, 1HJ, = 8 Hz,
H4 Trp), 6.96 (t, 1H,J, = 7 Hz, K5 Trp), 7.05 (t, 1H,J, = 7 Hz,
He Trp), 7.12 (s, 1H, K Trp), 7.15-7.27 (m, 5H, CHar benzyl),
7.33 (d, 1HJ, = 8 Hz, H; Trp), 7.60 (d, 1HJ = 8 Hz, NH Boc),

8.40 (t, 1H,J = 6 Hz, NH amide), 10.82 (s, 1H, NH indole Trp).

13C NMR (75 MHz, DMSO¢, 300 K): 6 28.2 (CfSTrp), 28.6
(CHs Boc), 42.5 (CH benzyl), 55.8 (GxTrp), 78.4 (Cq Boc), 110.6
(Cs Trp), 111.7 (G Trp), 118.6 (G Trp), 118.9 (G Trp), 121.2
(Cs Trp), 124.1 (G Trp), 127.0 (G benzyl), 127.4 (g Cs, Cs, and
Cs benzyl), 127.8 (€Trp), 136.5 (G Trp), 139.8 (G benzyl), 155.6
(CO Boc), 172.5 (CO amide). MS (ESp/z 394.2 [M + H]*,
338.2 [M+ H — Bu]t, 294.2 [M+ H — Boc]". HPLCtr: 1.52
min (conditions A).

(R)-tert-Butyl 3-(1H-Indol-3-yl)-1-ox0-1-(pyridin-2-ylmethyl-
amino)propan-2-ylcarbamate.Yield, 4.3 g (100%)H NMR (300
MHz, DMSO-dg, 300 K): 6 1.30 (s, 9H, CHBoc), 2.93 (dd, 1H,
J=14 and 9 Hz, CH/jTrp), 3.11 (dd, 1H]) = 14 and 5 Hz, CH
ATrp), 4.25 (m, 1H, CHaTrp), 4.34 (d, 2H,J = 6 Hz, CHy-0-
pyridyl), 6.85 (d, 1H,J, = 8 Hz, H, Trp), 6.95 (t, 1H,J, = 8 Hz,
Hs Trp), 7.04 (t, 1HJ, = 8 Hz, Hs Trp), 7.12 (m, 2H, H Trp and
Hs o-pyridyl), 7.21 (d, 1H,J, = 7 Hz, H; o-pyridyl), 7.31 (d, 1H,
Jo =8 Hz, H; Trp), 7.59 (m, 2H, NH Boc and JHo-pyridyl), 8.45
(m, 2H, NH amide and Ko-pyridyl), 10.77 (s, 1H, NH indole
Trp). 33C NMR (75 MHz, DMSO¢s, 300 K): 6 28.1 (CATrp),
28.5 (CH Boc), 44.8 (CH o-pyridyl), 54.8 (CaTrp), 78.5 (Cq
Boc), 110.6 (G Trp), 111.7 (G Trp), 118.6 (G Trp), 118.9 (G
Trp), 121.0 (G o-pyridyl), 121.2 (G Trp), 122.4 (G o-pyridyl),
124.5 (G Trp), 127.7 (G Trp), 136.5 (G Trp), 136.9 (G o-pyridyl),
149.1 (G o-pyridyl), 155.7 (CO Boc), 158.9 (Lo-pyridyl),
172.7 (CO amide). MS (ES)in/z 395.3 [M + H]*, 339.3
[M +H — Bu]*, 295.3 [M+ H — Boc]". HPLC tg: 1.14 min
(conditions A).

(R)-tert-Butyl 1-(4-Ethylbenzylamino)-3-(1H-indol-3-yl)-1-
oxopropan-2-ylcarbamate. Yield, 5.3 g (76%).*H NMR (300
MHz, DMSO-dg, 300 K): 6 1.11 (t, 3H,J = 7 Hz, CH3—CH,—
phenyl), 1.29 (s, 9H, CHBoc), 2.53 (q, 2HJ = 7 Hz, CH—
CH,—phenyl), 2.89 (dd, 1HJ = 14 and 9 Hz, CH Trp), 3.06
(dd, 1H,J = 14 and 5 Hz, CHTrp), 4.21 (m, 3H, CHx Trp and
CH, p-ethylbenzyl), 6.76 (d, 1H), = 8 Hz, H, Trp), 6.94 (t, 1H,
Jo =7 Hz, H Trp), 7.03 (t, 1HJ, = 8 Hz, Hs Trp), 7.07 (m, 5H,
H, Trp and CHarp-ethylbenzyl), 7.30 (d, 1H), = 8 Hz, H; Trp),
7.57 (d, 1HJ = 8 Hz, NH Boc), 8.30 (t, 1HJ = 6 Hz, NH amide),
10.77 (s, 1H, NH indole Trp):3C NMR (75 MHz, DMSOds, 300
K): 6 16.2 CH3—CH,—phenyl), 28.2 (CH Trp and CH-CH,-
phenyl), 28.6 (CHBoc), 42.3 CH, p-ethylbenzyl), 55.7 (G Trp),
78.4 (Cq Boc), 110.6 (€Trp), 111.7 (G Trp), 118.6 (G Trp),
118.9 (G Trp), 121.2 (G Trp), 124.1 (G Trp), 127.5 (Gand G
p-ethylbenzyl), 127.8 (€Trp), 127.9 (G and G p-ethylbenzyl),
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136.5 (G Trp), 137.0 (G p-ethylbenzyl), 142.5 (Cp-ethylbenzyl),
155.6 (CO Boc), 172.4 (CO amide). MS (E®)/z 421.9 [M +
H]*, 365.9 [M+ H — Bu]*, 322.0 [M+ H — Boc]*. HPLC tg:
1.93 min (conditions A).

(R)-tert-Butyl 3-(1H-Indol-3-yl)-1-oxo0-1-(thiophen-2-ylmethyl-
amino)propan-2-ylcarbamate.Yield, 3.6 g (71%)*H NMR (300
MHz, DMSO-dg, 300 K): 6 1.28 (s, 9H, CHBoc), 2.89 (dd, 1H,
J=14 and 9 Hz, CHATrp), 3.06 (dd, 1H,J = 14 and 4 Hz, CH
ATrp), 4.20 (m, 1H, CHaTrp), 4.42 (m, 2H, Ei,-o-thiophenyl),
6.74 (d, 1H,J, = 8 Hz, H, Trp), 6.90 (m, 2H, H and H,
o-thiophenyl), 6.94 (t, 1HJ, = 7 Hz, H Trp), 7.03 (t, 1IHJ, =7
Hz, He Trp), 7.08 (s, 1H, HTrp), 7.30 (d, 1H,J, = 8 Hz, H; Trp),
7.33 (dd, 1HJ = 4 and 2 Hz, H o-thiophenyl), 7.58 (d, 1H) =
8 Hz, NH Boc), 8.51 (brs, 1H, NH amide), 10.76 (s, 1H, NH indole
Trp). 3C NMR (75 MHz, DMSOds, 300 K): 6 28.2 (CATrp),
28.6 (CH Boc), 37.7 CH,—o-thiophenyl), 55.6 (CaTrp), 78.4
(Cq Boc), 110.6 (€ Trp), 111.7 (G Trp), 118.6 (G Trp), 118.9
(Cs Trp), 121.2 (G Trp), 124.1 (G Trp), 125.6 (G o-thiophenyl),
127.0 (G and G o-thiophenyl), 127.7 (gtrp), 136.5 (G Trp),
142.8 (G o-thiophenyl), 155.6 (CO Boc), 172.3 (CO amide). MS
(ES),m/z 400.2 [M+ H]*, 344.2 [M+ H — Bu]*, 300.2 [M+
H — Boc]". HPLCtr: 1.62 min (conditions A).

(R)-tert-Butyl 3-(1H-Indol-3-yl)-1-ox0-1-(phenylamino)pro-
pan-2-ylcarbamate. Yield, 5.6 g (88%).1H NMR (300 MHz,
DMSO-dg, 300 K): 6 1.32 (s, 9H, CHBoc), 3.04 (dd, 1H) = 14
and 9 Hz, CH f3Trp), 3.16 (dd, 1HJ = 14 and 5 Hz, CHTrp),
4.43 (m, 1H, CHaTrp), 6.87 (d, 1HJ, = 8 Hz, Hy Trp), 6.97 (t,
1H, J, = 7 Hz, H Trp), 7.05 (m, 2H, H phenyl and K Trp), 7.18
(s, 1H, K Trp), 7.28 (t, 2H,J, = 8 Hz, Ky and H phenyl), 7.33
(d, 1H,J, = 8 Hz, H; Trp), 7.61 (d, 2H,J, = 8 Hz, H, and H;
phenyl), 7.66 (d, 1H) = 8 Hz, NH Boc), 10.02 (s, 1H, NH amide),
10.80 (s, 1H, NH indole Trp)}-3C NMR (75 MHz, DMSOds, 300
K): 6 28.3 (CATrp), 28.6 (CH Boc), 56.2 (CaTrp), 78.5 (Cq
Boc), 110.4 (G Trp), 111.7 (G Trp), 118.6 (G Trp), 119.0 (G
Trp), 119.9 (G and G phenyl), 121.3 (gTrp), 123.7 (G phenyl),
124.2 (G Trp), 127.8 (G Trp), 129.0 (G and G phenyl), 136.5
(Cs Trp), 139.4 (G phenyl), 155.7 (CO Boc), 171.5 (CO amide).
MS (ES),m/z 380.2 [M+ H]*, 324.2 [M+ H — '‘Bu]*, 280.2
[M + H — Boc]". HPLC tg: 2.30 min (conditions A).

(R)-tert-Butyl 1-(2,4-Dimethoxybenzylamino)-3-(H-indol-
3-yl)-1-thioxopropan-2-ylcarbamate.Yield, 4.5 g (78%)H NMR
(300 MHz, DMSO#ds, 300 K): 6 1.27 (s, 9H, CHBoc), 2.97 (dd,
1H,J =8 and 14 Hz, CH/Trp), 3.30 (dd, 1HJ = 4 and 14 Hz,
CH, fTrp), 3.71 (s, 3H, OCH), 3.75 (s, 3H, OCHh), 4.58 (m, 3H,
CH,—o,p-dimethoxybenzyl and CHTrp), 6.37 (dd, 1HJ, = 8
Hz andJ, = 2 Hz, Hs o,p-dimethoxybenzyl), 6.53 (d, 1H, = 2
Hz, H; o,p-dimethoxybenzyl), 6.86 (d, 1H], = 8 Hz, H; Trp),
6.87 (d, 1H,J, = 8 Hz, Hs 0,p-dimethoxybenzyl), 6.95 (t, 1H],
=7 Hz, K Trp), 7.03 (t, 1HJ, = 7 Hz, H; Trp), 7.11 (s, 1H, H
Trp), 7.30 (d, 1H,J, = 8 Hz, H; Trp), 7.60 (m, 1H, NH Boc), 9.97
(t, 1H, J = 6 Hz, NH thioamide), 10.78 (s, 1H, NH indole Trp).
13C NMR (75 MHz, DMSO#dg, 300 K): ¢ 28.5 (CH; Boc), 31.3
(C pTrp), 44.2 CH, o,pdimethoxybenzyl), 55.6 (OCH), 55.9
(OCH), 61.9 (CacTrp), 78.6 (Cq Boc), 98.7 (£o,p-dimethoxy-
benzyl), 104.8 (€ o,p-dimethoxybenzyl), 110.4 (CTrp), 111.7
(C7 Trp), 116.7 (G o,p-dimethoxybenzyl), 118.6 (CTrp); 118.9
(Cs Trp), 121.2 (G Trp), 124.4 (G Trp), 127.8 (G Trp), 130.1
(Cs 0,p-dimethoxybenzyl), 136.5 (Trp), 155.5 (CO Boc), 158.6
(C; o,pdimethoxybenzyl), 161.1 (£ o,p-dimethoxybenzyl),
210.4 (CS thioamide). MS (ESh/z 470.0 [M+ H]*, 414.0 [M
+ H — Bu]f, 370.0 [M + H — Boc]t. HPLC tg: 1.97 min
(conditions A).

(R)-tert-Butyl 1-(4-Methoxybenzylamino)-3-(H-indol-3-yl)-
1-thioxopropan-2-ylcarbamate.Yield, 4.4 g (83%)H NMR (300
MHz, DMSO-ds, 300 K): ¢ 1.27 (s, 9H, CHBoc), 2.94 (dd, 1H,
J=9and 14 Hz, CHfTrp), 3.13 (dd, 1HJ =5 and 14 Hz, CH
BTrp), 3.69 (s, 3H, OCH), 4.62 (m, 3H, CH p-methoxybenzyl
and CHaTrp), 6.76 (s, 4H, CHap-methoxybenzyl), 6.94 (m, 2H,
Hsand K Trp), 7.03 (t, 1H, K Trp), 7.16 (s, 1H, HTrp), 7.30 (d,
1H, J, = 8 Hz, H; Trp), 7.59 (d, 1HJ = 8 Hz, NH Boc), 10.21
(t, 1H, J = 5 Hz, NH thioamide), 10.78 (s, 1H, NH indole Trp).
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13C NMR (75 MHz, DMSO#s, 300 K): 6 28.5 (CH; Boc), 31.3
(C BTrp), 48.2 CH, p-methoxybenzyl), 55.3 (OC#j 62.0 (C
aTrp), 78.6 (Cq Boc), 110.4 (CTrp), 111.7 (G Trp), 114.0 (G
and G p-methoxybenzyl), 118.6 (CTrp), 118.9 (G Trp), 121.2
(Cs Trp), 124.3 (G Trp), 127.7 (G Trp), 129.0 (G p-methoxy-
benzyl), 129.2 (gand G p-methoxybenzyl), 136.5 (Trp), 155.2

(CO Boc), 158.8 (@p-methoxybenzyl), 204.8 (CS thioamide). MS

(ES),m/z 439.9 [M+ H]*, 383.9 [M+ H — 'Bu]*, 339.9 [M+
H — Boc]*. HPLC tr: 2.01 min (conditions A).

(R)-tert-Butyl 1-(Benzylamino)-3-(1H-indol-3-yl)-1-thioxopro-
pan-2-ylcarbamate. Yield, 5.2 g (77%).1H NMR (300 MHz,
DMSO-dg, 300 K): 6 1.30 (s, 9H, CHBoc), 3.03 (dd, 1HJ) = 14
and 8 Hz, CH Trp), 3.20 (dd, 1HJ = 14 and 5 Hz, CH Trp),
4.65-4.85 (m, 3H, @&, benzyl and CHxTrp), 6.79 (d, 1HJ, =
8 Hz, H, Trp), 6.97 (t, 1H,J, = 7 Hz, H Trp), 7.06 (t, 1H,J, =
7 Hz, Hs Trp), 7.16 (m, 3H, Hand H; benzyl, H Trp), 7.26 (m,
3H, Hs, Hy and H benzyl), 7.34 (d, 1HJ, = 8 Hz, H; Trp), 7.64
(d, 1H,J =7 Hz, NH Boc), 10.32 (t, 1H) = 5 Hz, NH thioamide),
10.81 (s, 1H, NH indole Trp)-*C NMR (75 MHz, DMSO¢s, 300
K): 6 28.5 (CH; Boc), 31.3 (C5Trp), 48.6 CH, benzyl), 62.1 (C
oTrp), 78.6 (Cq Boc), 110.4 (CTrp), 111.7 (G Trp), 118.6 (G
Trp), 119.0 (G Trp), 121.3 (G Trp), 124.4 (G Trp), 127.4 (G
benzyl), 127.8 (g Trp), 128,8 (G and G benzyl), 128.6 (gand
Cs benzyl), 136.5 (€ Trp), 137.3 (G benzyl), 155.3 (CO Boc),
205.3 (CS thioamide). MS (ESh/z 410.0 [M+ H]*, 354.0 [M
+ H — ‘Bu]*, 310.0 [M + H — Boc]*. HPLC tg: 1.99 min
(conditions A).

(R)-tert-Butyl 3-(1H-Indol-3-yl)-1-(pyridin-2-ylmethylamino)-
1-thioxopropan-2-ylcarbamate.Yield, 2.5 g (49%)H NMR (300
MHz, DMSO-ds, 300 K): ¢ 1.29 (s, 9H, CHBoc), 3.01 (dd, 1H,
J= 14 and 8 Hz, CH/Trp), 3.23 (dd, 1HJ) = 14 and 5 Hz, CH
ATrp), 4.62 (m, 1H, CHxTrp), 4.89 (m, 2H, CH-o-pyridyl), 6.93
(m, 2H, H; and H Trp), 7.01 (m, 2H, K Trp and H o-pyridyl),
7.17 (s, 1H, H Trp), 7.32 (d, 1HJ, = 8 Hz, H; Trp), 7.46 (d, 1H,
Jo = 8 Hz, H; o-pyridyl), 7.61 (d, 1HJ = 8 Hz, NH Boc), 7.86 (t,
1H, J, = 8 Hz, H, o-pyridyl), 8.60 (brs, 1H, K o-pyridyl), 10.53
(brs,1H, NH thioamide), 10.83 (s, 1H, NH indole TrpjC NMR
(75 MHz, DMSO4g, 300 K): ¢ 28.5 (CH; Boc), 31.0 (CATrp),
48.8 (CH,—o-pyridyl), 62.4 (CaTrp), 78.8 (Cq Boc), 110.3 (£
Trp), 111.7 (G Trp), 118.7 (G Trp), 118.9 (G Trp), 121.3
(Cs Trp), 123.7 (G o-pyridyl), 124.5 (G o-pyridyl), 124.5
(C; Trp), 127.7 (G Trp), 132.7 (G o-pyridyl), 136.5 (G Trp),
140.0 (G o-pyridyl), 155.2 (CO Boc), 155.5 (LCo-pyridyl),
206.6 (CS thioamide). MS (ESh/z 411.0 [M+ H]*, 355.0 [M
+ H — ‘Bu]*, 311.0 [M + H — Boc]*. HPLC tg: 1.33 min
(conditions A).

(R)-tert-Butyl 1-(4-Ethylbenzylamino)-3-(1H-indol-3-yl)-1-
thioxopropan-2-ylcarbamate. Yield, 6.3 g (95%)H NMR (300
MHz, DMSO-ds, 300 K): 6 1.11 (t, 3H,J = 8 Hz, CH3-CH,-
phenyl), 1.28 (s, 9H, CklBoc), 2.53 (g, 2HJ = 8 Hz, CH;—
CH,—phenyl), 2.97 (dd, 1HJ = 14 and 9 Hz, CH Trp), 3.15
(dd, 1H,J = 14 and 5 Hz, CH fSTrp), 4.68 (m, 3H, G,
p-ethylbenzyl and CHxTrp), 6.75 (d, 1H,J, = 8 Hz, H; Trp),
6.85 (t, 1H,J, = 8 Hz, H Trp), 6.97 (t, 1H,J, = 8 Hz, H; Trp),
6.99-7.10 (m, 4H, CHap-ethylbenzyl), 7.13 (s, 1H, HTrp), 7.31
(d, 1H, J, = 8 Hz, H; Trp), 7.60 (d, 1H,J = 8 Hz, NH Boc),

10.24 (t, 1H,J = 5 Hz, NH thioamide), 10.79 (s, 1H, NH indole

Trp). 13C NMR (75 MHz, DMSO¢ls, 300 K): 4 16.1 (CH3—CH,—
phenyl), 28.2 (CH-CH,—phenyl), 28.5 (CHBoc), 31.3 (C5Trp),
48.5 (CH; p-ethylbenzyl), 62.1 (CuTrp), 78.6 (Cq Boc), 110.4
(Cs Trp), 111.7 (G Trp), 118.6 (G Trp), 118.9 (G Trp), 121.2
(Cs Trp), 124.4 (G Trp), 127.7 (G Trp), 127.9 (G, Cs, Cs and G
p-ethylbenzyl), 134.5 (€p-ethylbenzyl), 136.5 (€Trp), 143.0 (G

p-ethylbenzyl), 155.2 (CO Boc), 205.0 (CS thioamide). MS (ES),

m/z 438.2 [M+ H]*, 382.2 [M+ H — 'Bu]*, 338.2 [M+ H —
Boc]". HPLC tg: 2.17 min (conditions A).

(R)-tert-Butyl 3-(1H-Indol-3-yl)-1-(thiophen-2-ylmethylamino)-
1-thioxopropan-2-ylcarbamate.Yield, 4.5 g (69%)*H NMR (300
MHz, DMSO-dg, 300 K): 6 1.28 (s, 9H, CHBoc), 2.95 (dd, 1H,
J=14 and 9 Hz, CHjTrp), 3.12 (dd, 1H,) = 14 and 4 Hz, CH
pTrp), 4.55 (m, 1H, CHxTrp), 4.80 (m, 2H, El,—o-thiophenyl),
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6.82 (d, 1H,J, = 8 Hz, H; Trp), 6.90 (m, 2H, H and H,
o-thiophenyl), 6.94 (t, 1HJ, = 7 Hz, H5 Trp), 7.03 (t, 1HJ, = 7
Hz, He Trp), 7.08 (s, 1H, HTrp), 7.30 (d, 1H,J, = 8 Hz, H; Trp),
7.33 (dd, 1HJ = 4 and 2 Hz, H o-thiophenyl), 7.58 (d, 1H) =
8 Hz, NH Boc), 10.47 (brs, 1H, NH thioamide), 10.76 (s, 1H, NH
indole Trp).23C NMR (75 MHz, DMSO¢ds, 300 K): 6 28.2 (C
pTrp), 28.6 (CH Boc), 45.4 CH,—o-thiophenyl), 62.0 (GxTrp),
78.4 (Cq Boc), 110.6 (£Trp), 111.7 (G Trp), 118.6 (G Trp),
118.9 (G Trp), 121.2 (G Trp), 124.1 (G Trp), 125.6 (G
o-thiophenyl), 127.0 (¢ and G o-thiophenyl), 127.7 (¢ Trp),
136.5 (G Trp), 142.8 (G o-thiophenyl), 155.6 (CO Boc),
207.0 (CS thioamide). MS (ESn/z 416.2 [M+ H]*, 360.2 [M
+ H — '‘Bu]*, 316.2 [M+ H — Boc]*. HPLC tz: 1.92 min
(conditions A).

(R)-tert-Butyl 3-(1H-Indol-3-yl)-1-(phenylamino)-1-thioxopro-
pan-2-ylcarbamate. Yield, 5.3 g (75%).'"H NMR (300 MHz,
DMSO-ds, 300 K): 6 1.30 (s, 9H, CH Boc), 3.09 (m, 1H, Chl
pTrp), 3.17 (dd, 1HJ = 14 and 5 Hz, CH Trp), 4.74 (m, 1H,
CH aTrp), 6.80 (d, 1H,J, = 7 Hz, H, Trp), 6.96 (t, 1H,J, = 7
Hz, Hs Trp), 7.04 (t, 1HJ, = 7 Hz, Hs Trp), 7.20 (m, 2H, H Trp
and H, phenyl), 7.30 (d, 1HJ, = 8 Hz, H; Trp), 7.35 (t, 2HJ, =
8 Hz, H, and H; phenyl), 7.65 (m, 3H, Bland H phenyl, NH
Boc), 10.79 (s, 1H, NH thioamide), 11.42 (s, 1H, NH indole Trp).
13C NMR (75 MHz, DMSOsg, 300 K): ¢ 28.6 (CH; Boc), 31.6
(CpTrp), 62.8 (CaTrp), 78.7 (Cq Boc), 110.2 (CTrp), 111.7 (G
Trp), 118.6 (G Trp), 119.0 (G Trp), 121.2 (G Trp), 123.9 (G
Trp and G phenyl), 126.5 (¢ and G phenyl), 127.8 (g Trp),
128.8 (G and G phenyl), 136.4 (¢Trp), 139.6 (G phenyl), 155.3
(CO Boc), 204.7 (CS thioamide). MS (E®)/z 396.2 [M+ H],
340.2 [M+ H — 'Bu]t, 296.2 [M+ H — Boc]". HPLCtg: 1.85
min (conditions A).

General Procedure for Preparation of Triazole C. To a
solution of 1.0 equiv of thioamidB in 5 mL of tetrahydrofuran (1
mmol/10 mL) were added 2.0 equiv of hydrazide and then 1.1 equiv
of mercury(ll) acetate at room temperature. After 2 days, the
mixture was filtered on Celite and the filtrate was concentrated in
vacuo. The residue was purified by chromatography on silica gel
with a mixture of AcOEt/MeOH, 96/4, as eluent. The desired
compounds were obtained as a white powder (yield ranging between
48% and 65%).

(R)-tert-Butyl 1-(5-(2-(1H-Indol-3-yl)ethyl)-4-(2,4-dimethoxy-
benzyl)-4H-1,2,4-triazol-3-yl)-2-(1H-indol-3-yl)ethylcarbam-
ate. Yield, 1.2 g (60%).:H NMR (300 MHz, DMSOQ#¢l, 300 K):

0 1.21 (s, 9H, CH Boc), 2.90 (m, 4H, E,—CH,—indole), 3.28
(m, 2H, CH, Trp), 3.59 (s, 3H, OCH), 3.66 (s, 3H, OCH), 5.01
(m, 3H, (H,—o,p-dimethoxyphenyl and CHTrp), 6.26 (d, 1H,
Jo = 8 Hz, K5 o,p-dimethoxyphenyl), 6.49 (d, 1Hl, = 8 Hz, Hs
o,p-dimethoxyphenyl), 6.51 (s, 1H,36,p-dimethoxyphenyl), 6.89
(m, 2H, K Trp and H indole), 7.02 (m, 2H, kK indole and H
Trp), 7.03 (s, 1H, Hindole), 7.05 (s, 1H, HTrp), 7.26 (d, 1HJ,
=8 Hz, H, Trp), 7.29 (m, 3H, Hand H, indole, H; Trp), 7.57 (d,
1H, J = 9 Hz, NH Boc), 10.79 (s, 1H, NH indole), 10.81 (1H, s,
NH indole Trp).13C NMR (75 MHz, DMSO#ds, 300K): 6 22.4
(CH,—CH,—indole), 25.7 CH,—CH,—indole), 28.4 (CH Boc),
28,9 (CATrp), 42.6 CH,—o,p-dimethoxyphenyl), 46.8 (& Trp),
55.6 (OCH), 55.8 (OCH), 78.8 (Cq Boc), 98.9 (€o,p-dimethox-
yphenyl), 105.1 (g o,p-dimethoxyphenyl), 110.0 (Trp), 111.7
(C7 Trp), 111.8 (G indole), 112.9 (@ indole), 114.8 (¢ o,p-
dimethoxyphenyl), 118.4 (dndole and G Trp), 118.7 (G indole
and G Trp), 121.3 (G Trp), 121.4 (G indole), 123.0 (G indole),
125.1 (G Trp), 127.1 (G indole), 127.5 (G Trp), 128.5 (G o,p-
dimethoxyphenyl), 136.4 (Trp), 136.6 (G indole), 155.5 (Cq
triazole and CO Boc), 156.1 (Cq triazole), 157.8 Qp-dimethox-
yphenyl), 161.0 (¢ o,p-dimethoxyphenyl). MS (ES)n/z 621.0
[M + H]*. HPLC tr: 2.20 min (conditions A).

(R)-tert-Butyl 1-(4-(2,4-Dimethoxybenzyl)-5-phenethyl-#-
1,2,4-triazol-3-yl)-2-(IH-indol-3-yl)ethylcarbamate. Yield, 2.2 g
(65%).'H NMR (300 MHz, DMSO¢s, 300 K): 6 1.23 (s, 9H,
CHs Boc), 2.81 (m, 2H, €l,—CH,—phenyl), 2.94 (m, 2H, CkH-
CH,—phenyl), 3.28 (m, 2H, &, Trp), 3.58 (s, 3H, OCH), 3.68
(s, 3H, OCH), 5.05 (m, 3H, ®&,—o,p-dimethoxyphenyl and CH
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aTrp), 6.30 (d, 1HJ, = 8 Hz, H; 0,p-dimethoxyphenyl), 6.51 (s,
1H, H; o,p-dimethoxyphenyl), 6.62 (d, 1H], = 8 Hz, Hs o,p-
dimethoxyphenyl), 6.89 (t, 1H, = 7 Hz, H; Trp), 7.02 (t, 1H,J,
= 8 Hz, H; Trp), 7.06 (d, 2HJ, = 8 Hz, H, and H; phenyl), 7.08
(s, 1H, K Trp), 7.17 (d, 1HJ, = 7 Hz, H, Trp), 7.21-7.31 (m,
4H, H; Trp, Hs, Hy, and H phenyl), 7.65 (d, 1HJ = 8 Hz, NH
Boc), 10.85 (s, 1H, NH indole Trp}3C NMR (75 MHz, DMSO-
ds, 300 K): 6 26.1 (CH,—CH,—phenyl), 28.4 (CHBoc), 28.7 (C
BTrp), 32.0 (CH—CH,—phenyl), 43.1 CH,—o,p-dimethoxyphe-
nyl), 46.8 (CaTrp), 55.7 (OCH), 55.8 (OCH), 79.0 (Cq Boc),
99.0 (G o,p-dimethoxyphenyl), 105.2 (§o,p-dimethoxyphenyl),
109.7 (G Trp), 111.8 (G Trp), 114.2 (G o,p-dimethoxyphenyl),
118.4 (G Trp), 118.8 (G Trp), 121.3 (G Trp), 124.4 (G Trp),
126.8 (G o,p-dimethoxyphenyl), 127.4 (CTrp), 128.6-129.1 (G,
Cs, C4, G5, and G phenyl), 136.4 (gTrp), 140.0 (G phenyl), 155.1
(Cq triazole), 155.5 (Cq triazole), 156.2 (CO Boc), 158.9 ¢k
dimethoxyphenyl), 161.2 (£o,p-dimethoxyphenyl). MS (ES),
m/z 583.0 [M+ H]*. HPLCtg: 1.97 min (conditions A).

(R)-tert-Butyl 1-(4-(4-Methoxybenzyl)-5-phenethyl-4H-1,2,4-
triazol-3-yl)-2-(1H-indol-3-yl)ethylcarbamate. Yield, 1.7 g (65%).
1H NMR (300 MHz, DMSO#s, 300 K): ¢ 1.21 (s, 9H, CHBoc),
2.79 (m, 2H, ®,—CH,—phenyl), 2.88 (m, 2H, CKH-CH,—
phenyl), 3.33 (m, 2H, 8, Trp), 3.67 (s, 3H, OCk), 5.03 (m,
1H, CHaTrp), 5.17 (s, 2H, El,—p-methoxyphenyl), 6.72 (d, 2H,
Jo = 8 Hz, H; and H; p-methoxyphenyl), 6.81 (d, 2H, = 8 Hz,
H, and H p-methoxyphenyl), 6.88 (t, 1H], = 8 Hz, Hs Trp),
7.02 (t, 1H,J, = 8 Hz, Hs Trp), 7.04 (m, 2H, H and H; phenyl),
7.06 (s, 1H, H Trp), 7.16 (d, 1HJ, = 7 Hz, H, Trp), 7.19-7.32
(m, 4H, H; Trp, Hs, Hy, and H phenyl), 7.73 (d, 1HJ = 8 Hz,
NH Boc), 10.84 (s, 1H, NH indole Trp)t3C NMR (75 MHz,
DMSO-dg, 300 K): 6 26.2 (CH,—CH,—phenyl), 28.4 (CH Boc),
28.7 (CSTrp), 32.0 (CH—CH,—phenyl), 46.3 CH,—p-methox-
yphenyl), 46.8 (CaTrp), 55.5 (OCH), 79.0 (Cq Boc), 109.7 (£
Trp), 111.8 (G Trp), 114.5 (G and G p-methoxyphenyl), 118.4
(C4 Trp), 118.8 (G Trp), 121.3 (G Trp), 124.5 (G Trp), 126.7
(C4 phenyl, G Trp), 127.4 (G p-methoxyphenyl), 128.2 (Cand
Cs p-methoxyphenyl), 128.8 (£ C;, Cs, and G phenyl), 136.4
(Cg Trp), 140.1 (G phenyl), 154.9 (CO Boc), 155.6 (Cq triazole),
156.0 (Cq triazole), 159.3 ((p-methoxyphenyl). MS (ES)n/z
552.1 [M+ H]*. HPLC tr: 1.95 min (conditions A).

(R)-tert-Butyl 1-(5-(2-(1H-Indol-3-yl)ethyl)-4-(4-methoxyben-
zyl)-4H-1,2 4-triazol-3-yl)-2-(H-indol-3-yl)ethylcarbamate. Yield,
1.4 g (62%).'H NMR (300 MHz, DMSOsg, 300 K): 6 1.20 (s,
9H, CH; Boc), 2.93 (m, 4H, El,—CH,—indole), 3.32 (m, 2H, €,
BTrp), 3.66 (s, 3H, OCH), 5.02 (m, 1H, CHaTrp), 5.18 (m, 2H,
CH,—p-methoxyphenyl), 6.71 (d, 2H), = 8 Hz, Hy and H;
p-methoxyphenyl), 6.81 (d, 2HJ), = 8 Hz, H, and H p-
methoxyphenyl), 6.90 (t, 3H, = 7 Hz, Hs and H; Trp, Hs indole),
7.00-7.07 (m, 4H, H and H; indole, H, and H, Trp), 7.26-7.32
(m, 3H, H; and H; indole, H; Trp), 7.72 (d, 1H,J = 8 Hz, NH
Boc), 10.80 (s, 1H, NH indole), 10.83 (s, 1H, NH indole Tr{#C
NMR (75 MHz, DMSO4s, 300 K): ¢ 22.1 (CH—CH,—indole),
25.7 (CH,—CH,—indole), 27.5 (CH Boc), 27.7 (CATrp), 46.5
(CH,—p-methoxyphenyl), 46.9 (@Trp), 55.5 (OCH), 79.0 (Cq
Boc), 109.7 (@ Trp), 111.8 (G Trp and G indole), 112.6 (@
indole), 114.3 (G and G p-methoxyphenyl), 118.1 (CTrp and
C,4 indole), 119.1 (g Trp and G indole), 121.5 (¢ Trp and G
indole), 123.1 (gindole), 124.5 (g Trp), 126.6 (G indole), 127.0
(Cy Trp), 127.4 (G p-methoxyphenyl), 128.1 (Cand G p-
methoxyphenyl), 136.4 (Trp), 136.6 (G indole), 155.4 (CO Boc),
155.5 (Cq triazole), 156.0 (Cq triazole), 162.2 {EEmethoxyphe-
nyl). MS (ES), m/z 561.1 [M + H]". HPLC tg: 1.98 min
(conditions A).

(R)-tert-Butyl 1-(5-(2-(1H-Indol-3-yl)ethyl)-4-phenyl-4H-1,2,4-
triazol-3-yl)-2-(1H-indol-3-yl)ethylcarbamate. Yield, 0.8 g (49%).
1H NMR (300 MHz, DMSO#s, 300 K): ¢ 1.24 (s, 9H, CHBoc),
2.73 (m, 2H, CH—CH,—indole), 2.85 (m, 2H, €,—CH,—indole),
3.04 (m, 2H, CH fTrp), 4.51 (m, 1H, CHxTrp), 6.75 (m, 2H, H
indole and H Trp), 6.83 (t, 2H,J, = 7 Hz, Hs indole and H Trp),
6.92-7.04 (m, 7H, H indole, H, Trp and CHar phenyl), 7.26 (d,
2H, J, = 8 Hz, H; indole and H Trp), 7.46 (m, 3H, NH Boc, &
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indole and H Trp), 10.70 (s, 2H, NH indole and NH indole Trp).
13C NMR (75 MHz, DMSOég, 300 K): 6 23.3 (CH—CHy—
indole), 26.2 CH,—CH,—indole), 28.6 (CHBoc), 30.1 (C3Trp),
47.7 (CaTrp), 78.4 (Cq Boc), 110.1 (CTrp), 111.7 (G Trp), 111.8
(Crindole), 113.2 (gindole), 118.2 (¢indole and G Trp), 118.6
(Cs indole and G Trp), 121.2 (G indole), 121.3 (¢ Trp), 122.8
(C; indole and G Trp), 127.1 (G indole), 127.4 (G Trp), 127.7
(C4 phenyl), 130.0 (g Cs, Cs, and G phenyl), 133.5 (€phenyl),
136.4 (G trp), 136.6 (G indole), 154.3 (CO Boc), 155.3 (Cq
triazole), 156.1 (Cq triazole). MS (ESh/z 547.3 [M + H]*.
HPLC tg: 1.67 min (conditions A).

(R)-tert-Butyl 1-(5-(2-(1H-Indol-3-yl)ethyl)-4-(4-ethylbenzyl)-
4H-1,2 4-triazol-3-yl)-2-(H-indol-3-yl)ethylcarbamate. Yield, 0.8
g (58%).'H NMR (300 MHz, DMSO#s, 300 K): ¢ 1.08 (t, 3H,

J = 8 Hz, C(H3—CH,—p-ethylphenyl), 1.16 (s, 9H, C§Boc), 2.51
(q, 2H,J = 7 Hz, CH;—CH,—p-ethylphenyl), 2.92 (m, 4H, B,—
CH,—indole), 3.31 (m, 2H, @, fTrp), 5.01 (m, 1H, CHuTrp),
5.22 (m, 2H, ®, p-ethylbenzyl), 6.79 (d, 2H), = 8 Hz, H; and
Hs p-ethylbenzyl), 6.88 (t, 2HJ, = 7 Hz, Hs indole and H Trp),
6.89 (d, 2H,J, = 8 Hz, H, and H; p-ethylbenzyl), 6.99-7.11 (m,
5H, H, and H; indole, H, Hy, and H Trp), 7.23 (d, 1H,J, = 8
Hz, H, indole), 7.29 (d, 2HJ, = 8 Hz, H; indole and H Trp),
7.69 (d, 1H,J = 8 Hz, NH Boc), 10.79 (s, 1H, NH indole), 10.82
(s, 1H, NH indole Trp)X3C NMR (75 MHz, DMSOés, 300 K):
0 15.9 (CH3;—CH,—p-ethylphenyl), 22.2 (Ck+CH,—indole), 25.7
(CH,—CH,—indole), 28.1 (CH—CH,—p-ethylphenyl), 28.3 (Ckl
Boc), 28.6 (G3Trp), 46.7 CH, p-ethylbenzyl), 46.8 (@Trp), 79.0
(Cq Boc), 109.7 (€Trp), 111.7 (G Trp), 111.8 (G indole), 112.6
(Cs indole), 118.4 (¢ Trp and G indole), 118.7 (¢ Trp and G
indole), 121.3 (gindole), 121.4 (6 Trp), 123.1 (Gindole), 124.4
(C, Trp), 126.5 (G and G p-ethylbenzyl), 127.0 (€Trp), 127.4
(Co indole), 128.5 (¢ and G p-ethylbenzyl), 132.1 (€ p-
ethylbenzyl), 136.4 (€ Trp), 136.6 (G indole), 143.9 (G p-
ethylbenzyl), 155.5 (2 Cq triazole), 156.1 (CO Boc). MS (ES),
m/z 589.3 [M + H]*. HPLCtg: 2.00 min (conditions A).

(R)-tert-Butyl 1-(4-(4-Ethylbenzyl)-5-phenethyl-4-1,2,4-tria-
zol-3-yl)-2-(1H-indol-3-yl)ethylcarbamate. Yield, 0.8 g (63%)1H
NMR (300 MHz, DMSO#ds, 300 K): 6 1.08 (t, 3H,J = 8 Hz,
CH3;—CH,—p-ethylphenyl), 1.17 (s, 9H, C§Boc), 2.51 (q, 2H)J
= 7 Hz, CH;—CH,—p-ethylphenyl), 2.86 (m, 4H, B,—CH,—
phenyl), 3.31 (m, 2H, &, fTrp), 5.00 (m, 1H, CHuTrp), 5.20
(m, 2H, CH; p-ethylbenzyl), 6.78 (d, 2HJ, = 8 Hz, H; and H;
p-ethylbenzyl), 6.87 (t, 1HJ, = 7 Hz, H5 Trp), 7.02 (t, 1H,J, =
8 Hz, Hs Trp), 7.04 (m, 5H, H Trp, H, and H; p-ethylbenzyl, H
and H; phenyl), 7.15 (d, 1HJ, = 8 Hz, H, Trp), 7.18-7.31 (m,
4H, H; Trp, Hs, Ha, and H phenyl), 7.69 (d, 1HJ = 8 Hz, NH
Boc), 10.82 (s, 1H, NH indole Trp}3C NMR (75 MHz, DMSO-
ds, 300 K): 6 15.9 (CH3—CH,—p-ethylphenyl), 26.3C¢H,—CH,—
phenyl), 28.1 (CH—CH,—p-ethylphenyl), 28.3 (CklBoc), 28.6
(CpBTrp), 32.1 (CH—CH,—phenyl), 46.5 CH, p-ethylbenzyl), 46.8
(C aTrp), 78.9 (Cq Boc), 109.8 (£Trp), 111.7 (G Trp), 118.4
(C4 Trp), 118.8 (G Trp), 121.3 (G Trp), 124.4 (G Trp), 126.6
(Cs and G p-ethylbenzyl), 126.7 (¢ phenyl), 127.4 (g Trp),
128.5-128.8 (G and G p-ethylbenzyl, G, Cs, Cs, and G phenyl),
132.3 (G p-ethylbenzyl), 136.4 (€Trp), 140.2 (G phenyl), 143.9
(C4 p-ethylbenzyl), 155.0 (CO Boc), 155,5 (Cq triazole), 156.0 (Cq
triazole). MS (ES)m/z 549.9 [M + H]*. HPLC tg: 2.03 min
(conditions A).

(R)-tert-Butyl 1-(5-(3-(1H-Indol-3-yl)propyl)-4-benzyl-4H-
1,2,4-triazol-3-yl)-2-(IH-indol-3-yl)ethylcarbamate. Yield, 0.9 g
(48%).H NMR (300 MHz, DMSOsdg, 300 K): 6 1.18 (s, 9H,
CHs; Boc), 1.85 (m, 2H, Ck—CH,—CH,—indole), 2.53 (t, 2H,J
= 7 Hz, CH,—CH,—CH,—indole), 2.63 (t, 2HJ = 7 Hz, CH—
CH,—CH,—indole), 3.32 (m, 2H, CH Trp), 4.89 (m, 1H, CH
aTrp), 5.05 (s, 2H, CHbenzyl), 6.74 (d, 2HJ, = 7 Hz, H, and
Hg benzyl), 6.86 (t, 1HJ, = 7 Hz, Hs Trp), 6.88-7.02 (m, 5H, H
and H Trp, Hp, Hs, and H; indole), 7.14 (m, 3H, Kl Hy, and H
benzyl), 7.28 (m, 3H, Hindole, H, and H, Trp), 7.39 (d, 1H,J, =
8 Hz, H; indole), 7.50 (d, 1HJ = 7 Hz, NH Boc), 10.68 (s, 1H,
NH indole), 10.73 (s, 1H, NH indole Trp}3C NMR (75 MHz,
DMSO-ds, 300 K): 6 24.3 (CH,—CH,—CH,—indole), 24.5 (CH—
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CH,—CH,—indole), 27.7 (CH—CH,—CH,—indole), 28.4 (CH
Boc), 29.3 (CATrp), 45.7 (CH benzyl), 46.8 (CaTrp), 78.5 (Cq
Boc), 110.7 (G Trp), 111.6 (G indole and G Trp), 114.2 (G
indole), 118.5 (¢ indole and G Trp), 118.7 (G indole and G
Trp), 121.2 (G indole and G Trp), 122.7 (G indole), 124.3 (¢
Trp), 126.4 (G benzyl), 127.5 (g Trp), 127.6 (G indole), 127.8
(C; and G benzyl), 128.9 (g and G benzyl), 136.4 (g indole
and G Trp), 136.7 (G benzyl), 154.8 (CO Boc), 155.5 (Cq triazole),
155.6 (Cq triazole). MS (ESyn/z 575.4 [M + H]*. HPLC tg:
1.82 min (conditions A).

General Procedure for Preparation of Compound E.The Boc
protecting group of compourd was removed at room temperature
for 1 h with a solution of ACOEt/HCI, 4 M. The mixture was then

Moulin et al.

N-((R)-1-(5-(2-(H-Indol-3-yl)ethyl)-4-(4-methoxybenzyl)-4-
1,2,4-triazol-3-yl)-2-(1H-indol-3-yl)ethyl)-2-aminoacetamide (3).
IH NMR (300 MHz, DMSO¢g, 300 K): 6 2.86 (m, 4H, G,—
CH,—indole), 3.25 (dd, 1HJ) = 14 Hz and 7 Hz, CHTrp), 3.38
(m, 3H, CH, STrp and CH aGly), 3.64 (s, 3H, OCHh), 4.93 (m,
2H, CH, p-methoxybenzyl), 5.19 (m, 1H, CkTrp), 6.63 (s, 4H,
CHar p-methoxybenzyl), 6.89 (t, 1H], = 7 Hz, Hs indole), 6.86
(t, 1H,Jo =7 Hz, H5 Trp), 6.99-7.04 (m, 5H, H, Hs, and H Trp,
H, and H; indole), 7.22 (d, 1HJ, = 8 Hz, H, indole), 7.30 (m,
2H, H; indole and H Trp), 7.92 (brs, 3H, NH Gly TFA salt),
9.18 (d, 1H,J = 8 Hz, NH amide), 10.74 (s, 1H, NH indole), 10.80
(d, 1H,J = 2 Hz, NH indole Trp)13C NMR (75 MHz, DMSO¢l,
300 K): 6 22.8 (CH—CH,—indole), 25.8 CH,—CH,—indole), 29.8

concentrated in vacuo, diluted with MeOH, and concentrated several(C 5Trp), 39.1 (@Gly), 45.4 (CH p-methoxybenzyl and @Trp),

times in vacuo. The residue was then coupled with the correspond-

ing acid (1.1 equiv), in the presence of BOP (1.1 equiv) and NMM
(2.2 equiv) for 2 h, in DCM. The mixture was then concentrated
in vacuo and the residue dissolved in AcOEt. The organic layer
was successively washed with aqueous solutidris d KHSO,,
saturated NaHCS) and brine. The organic layer was then dried
over NaSQ,, filtered, and concentrated in vacuo to yield the desired
compound, which was then treated vt M ACOEt/HCI as already
described. The final compound was purified by preparative HPLC
on a C18 column using a water/acetonitrile/TFA, 0.1% gradient
(yield around 50% for the three steps).
(R)-N-(1-(5-(2-(1H-Indol-3-yl)ethyl)-4-benzyl-4H-1,2,4-triazol-
3-yl)-2-(1H-indol-3-yl)ethyl)-2-amino-2-methylpropanamide Tri-
fluoroacetate Salt (1).*H NMR (400 MHz, DMSO#s, 300 K): 6
1.29 (s, 3H, CHAIb), 1.30 (s, 3H, CH Aib), 2.88 (m, 2H,CH,—
CH,—indole), 2.97 (m, 2H, Ck+-CH,—indole), 3.37 (m, 2H, CH
BTrp), 5.11 (s, 2H, Chbenzyl), 5.21 (m, 1H, CHxTrp), 6.86 (t,
1H,J= 7.4, K Trp), 6.88 (d, 2H, Hand H; benzyl), 6.92 (t, 1H,
J= 7.6, K indole), 7.03 (t, 1HJ = 7.6, H; Trp), 7.05 (2H, K
indole, H; indole), 7.09 (d, 1HJ) = 1.8, H, Trp), 7.17 (d, 1HJ =
7.9, H, Trp), 7.26 (m, 2H, H and H benzyl), 7.27 (t, 1H, &
benzyl), 7.30 (d, 1H, Windole), 7.32 (m, 2H, K Trp and H
indole), 8.03 (brs, 3H, NKHAIib TFA salt), 8.95 (d, 1HJ = 8.1,
NH amide), 10.77 (s, 1H, NH indole), 10.81 (s, 1H, NH indole
Trp). 13C NMR (100 MHz, DMSOdg, 300 K): 6 22.4 (CH-CH,
indole), 23.1 (CH Aib), 23.3 (CH; Aib), 25.4 (CH,—CH, indole),
28.7 (CHTrp), 45.3 (CaTrp, CH; benzyl), 56.3 (Cq Aib), 109.5
(C3 Trp), 111.3 (G Trp, C;indole), 113.0 (G indole), 117.8 (¢
Trp), 118.0 (G indole), 118.2 (g indole), 118.3 (g Trp), 120.9
(Cs Trp, Gsindole), 122.4 (G indole), 124.3 (G Trp), 125.9 (G,
Cs benzyl), 126.7 (gIndole), 126.9 (g Trp), 127.6 (G benzyl),
128.8 (G, Cs benzyl), 135.7 (€ benzyl), 136.0 (g Trp), 136.1
(Cg indole), 154.3 (Cq triazole), 154.5 (Cq triazole), 171.4 (CO
amide).
(R)-N-(1-(5-(2-(H-Indol-3-yl)ethyl)-4-(4-methoxybenzyl)-2H-
1,2,4-triazol-3-yl)-2-(1H-indol-3-yl)ethyl)-2-amino-2-methylpro-
panamide Trifluoroacetate Salt (2)."H NMR (400 MHz, DMSO-
ds, 300 K): 6 1.30 (s, 3H, CHAIb), 1.33 (s, 3H, CHAib), 2.91
(m, 2H,CH,—CH,—indole), 2.97 (m, 2H, Ck+-CH,—indole), 3.37
(d, 2H, CH pTrp), 3.71(s, 3H, OCH), 5.02 (s, 2H, CH p-
methoxybenzyl), 5.23 (m, 1H, CHTrp), 6.78 (s, 4H, CHar
p-methoxybenzyl), 6.87 (t, 1Hl = 7.5, H Trp), 6.93 (t, 1HJ =
7.5, K indole), 7.03 (t, 1H, K Trp), 7.05 (t, 1H, H indole), 7.07
(s, 1H, K indole), 7.09 (s, 1H, K Trp), 7.21 (d, 1HJ = 8, H,
Trp), 7.32 (3H, H and H, indole, H, Trp), 8.02 (brs, 3H, NHAIib
TFA salt), 8.97 (d, 1HJ = 8.1, NH amide), 10.77 (s, 1H, NH
indole), 10.80 (s, 1H, NH indole Trp}3C NMR (100 MHz, DMSO-
ds, 300 K): 6 22.4 (CH—CH; indole), 23.1 (CHAib), 23.4 (CH;
Aib), 25.5 (CH,—CH, indole), 28.9 (CpTrp), 44.9 (CH p-
methoxybenzyl), 45.3 (G.Trp), 55.0 (OCH), 56.3 (Cq Aib), 109.5
(C3 Trp), 111.3 (G Trp, C; indole), 113.0 (G indole), 114.1 (G,
Cs p-methoxybenzyl), 117.9 (LTrp), 118.0 (G indole), 118.2 (¢
indole), 118.3 (g Trp), 120.9 (Gindole, G Trp), 122.0 (G indole),
124.4 (G Trp), 126.7 (G indole), 126.9 (G Trp), 127.3 (G, Cs
p-methoxybenzyl), 127.4 (Cp-methoxybenzyl), 135.9 (CTrp),
136.1 (G indole), 154.2 (Cq triazole), 154.5 (Cq triazole), 158.4
(C4 p-methoxybenzyl), 171.4 (CO amide).

55.4 (OCH), 109.7 (G Trp), 111.8 (G indole and G Trp), 113.4
(Csindole), 114.5 (gand G p-methoxybenzyl), 118.3 (gndole),
118.5 (G Trp), 118.6 (Gindole), 118.8 (g Trp), 121.3 (G indole
and G Trp), 123.0 (G indole), 124.6 (g Trp), 127.2 (G indole),
127.4 (G Trp), 127.7 (G and G p-methoxybenzyl), 136.4 (Trp),
136.6 (G indole), 154.7 (2Cq triazole), 159.0 (CO amide), 166.1
(C4 p-methoxybenzyl).
(R)-N-(1-(4-(4-Methoxybenzyl)-5-phenethyl-#-1,2,4-triazol-
3-yl)-2-(1H-indol-3-yl)ethyl)-2-aminoacetamide Trifluoroacetate
Salt (4). 'H NMR (300 MHz, DMSOdg, 300 K): ¢ 2.78 (m, 4H,
CH,—CH,—phenyl), 3.26 (1H, dd] = 14 Hz and 7 Hz, ChKi5Trp),
3.39 (m, 3H, CH ATrp and CH aGly), 3.65 (s, 3H, OCH), 4.95
(m, 2H, CH—p-methoxybenzyl), 5.20 (m, 1H, CHTrp), 6.63 (s,
4H, CHarp-methoxybenzyl), 6.86 (t, 1Hl, = 7 Hz, H5 Trp), 6.99
(s, 1H, K Trp), 7.02 (t, 1HJ, = 7 Hz, Hs Trp), 7.10 (m, 2H, H,
and H; phenyl), 7.15 (d, 1HJ, = 7 Hz, H, Trp), 7.23 (m, 3H, H,
H4, and H phenyl), 7.31 (d, 1HJ, = 8 Hz, H; Trp), 7.95 (brs,
3H, NH, Gly, TFA salt), 9.20 (d, 1HJ = 8 Hz, NH amide), 10.82
(s, 1H, NH indole Trp)13C NMR (75 MHz, DMSOsd,, 300 K):
0 26.5 (CH,—CH,—phenyl), 29.8 (CATrp), 32.7 (CH—CH,—
phenyl), 39.0 (CaGly), 45.3 (CH p-methoxybenzyl), 45.4 (C
aTrp), 55.4 (OCH), 109.7 (G Trp), 111.8 (G Trp), 114.5 (G
and G p-methoxybenzyl), 118.3 (CTrp), 118.9 (G Trp), 121.4
(Cs Trp), 124.6 (G Trp), 126.5 (G phenyl), 127.3 (gTrp), 127.7
(Cy p-methoxybenzyl), 127.8 (£and G p-methoxybenzyl), 128.7
(Cy, Cs, Cs, and G phenyl), 136.4 (€ Trp), 140.9 (G phenyl),
154.3 (Cq triazole), 154.8 (Cq triazole), 159.0Q, Emethoxyben-
zyl), 166.1 (CO amide).
(R)-N-(1-(5-(2-(1H-Indol-3-yl)ethyl)-4-(2,4-dimethoxybenzyl)-
4H-1,2,4-triazol-3-yl)-2-(1H-indol-3-yl)ethyl)-2-aminoaceta-
mide Trifluoroacetate Salt (5). 'H NMR (300 MHz, DMSOl,
300 K): 6 2.89 (m, 4H, ®i,—CH,—indole), 3.25-3.43 (m, 4H,
CH, Trp and CH aGly), 3.60 (s, 3H, OCHh), 3.65 (s, 3H, OCH),
4.80 (d, 1HJ = 17 Hz, CH—o,p-dimethoxybenzyl), 4.97 (d, 1H,
J = 17 Hz, CH—o,pdimethoxybenzyl), 5.16 (m, 1H, CHTrp),
6.15 (dd, 1HJ, = 8 Hz andJ,, = 2 Hz, H5 0,p-dimethoxybenzyl),
6.25 (d, 1H,J, = 8 Hz, Hs o,p-dimethoxybenzyl), 6.49 (d, 1H]
= 2 Hz, H; o,p-dimethoxybenzyl), 6.89 (m, 2H, HTrp and H
indole), 6.98-7.05 (m, 4H, Hand H Trp, H; and H; indole), 7.17
(d, 1H,J, = 8 Hz, H, Trp), 7.29 (m, 3H, H and H indole, H,
Trp), 7.93 (brs, 3H, NH Gly TFA salt), 9.16 (d, 1HJ = 8 Hz,
NH amide), 10.76 (s, 1H, NH indole), 10.80 (s, 1H, NH indole
Trp). 13C NMR (75 MHz, DMSO¢s, 300 K): 6 22.8 (CH—CH,—
indole), 25.8 CH,—CH,—indole), 29.8 (CATrp), 39.1 (@Gly),
41.7 (CH o,p-dimethoxybenzyl), 45.5 (GTrp), 55.6 (OCH), 55.9
(OCHg), 98.9 (G o,p-dimethoxybenzyl), 105.0 {,p-dimethoxy-
benzyl), 109.8 (¢ Trp), 111.8 (G indole and G Trp), 113.4 (G
indole), 115.5 (¢ o,p-dimethoxybenzyl), 118.2 (dndole), 118.4
(C4 Trp), 118.6 (G indole), 118.8 (g Trp), 121.3 (G indole and
Cs Trp), 123.0 (G indole), 125.1 (g Trp), 127.2 (G indole and
Cy Trp), 127.9 (G o,p-dimethoxybenzyl), 136.4 ({Indole and G
Trp), 154.9 (Cq triazole), 155.1 (Cq triazole), 157.6, (€p-
dimethoxybenzyl), 160.8 (Co,p-dimethoxybenzyl), 166.0 (CO
amide).
(R)-N-(1-(4-(2,4-Dimethoxybenzyl)-5-phenethyl4-1,2,4-tria-
z0l-3-yl)-2-(1H-indol-3-yl)ethyl)-2-aminoacetamide Trifluoro-
acetate Salt (6).*H NMR (300 MHz, DMSOsg, 300 K): ¢ 2.81
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(m, 4H, CH,—CH,—phenyl), 3.27 (t, 2HJ = 8 Hz, CH, aGly),
3.43 (m, 2H, CH fTrp), 3.60 (s, 3H, OCH), 3.67 (s, 3H, OCH),
4,79 (d, 1HJ = 17 Hz, CH—o,p-dimethoxybenzyl), 4.96 (d, 1H,
J = 17 Hz, CH—o,p-dimethoxybenzyl), 5.18 (m, 1H, CkTrp),
6.18 (dd, 1HJ, = 8 Hz andJ,, = 2 Hz, Hs 0,p-dimethoxybenzyl),
6.29 (d, 1H,J, = 8 Hz, H; 0,p-dimethoxybenzyl), 6.49 (d, 1H,
= 2 Hz, H; o,p-dimethoxybenzyl), 6.85 (t, 1H, = 8 Hz, Hs Trp),
6.99 (m, 2H, H and H Trp), 7.11 (m, 2H, H and H; phenyl),
7.18 (d, 1H,J, = 8 Hz, H, Trp), 7.21 (m, 3H, H, Hy, and H
phenyl), 7.29 (d, 1HJ, = 8 Hz, H; Trp), 7.93 (brs, 3H, NHGly
TFA salt), 9.14 (d, 1HJ = 8 Hz, NH amide), 10.81 (s, 1H, NH
indole Trp).13C NMR (75 MHz, DMSO#dg, 300 K): 6 26.4 CH,—
CH,—phenyl), 29.8 (CpTrp), 32.7 (CH—CH,—phenyl), 39.4
(CaGly), 41.7 (CH o,p-dimethoxybenzyl), 45.5 (CHTrp), 55.6
(OCHg), 55.9 (OCH), 99.0 (G o,p-dimethoxybenzyl), 105.1 (£
o,p-dimethoxybenzyl), 109.7 (CTrp), 111.8 (G Trp), 115.4 (G
o,p-dimethoxybenzyl), 118.2 (CTrp), 118.8 (G Trp), 121.4 (G
Trp), 124.6 (G Trp), 127.9 (G o,p-dimethoxybenzyl), 127.3 (£
Trp), 128.2 (G phenyl), 128.7 (& Cs, Cs, and G phenyl), 136.4
(Cs Trp), 140.8 (G phenyl), 154.4 (Cq triazole), 155.1 (Cq triazole),
157.7 (G o,p-dimethoxybenzyl), 160.8 ({b,p-dimethoxybenzyl),
166.0 (CO amide).
(S)-N-((R)-1-(4-(4-Methoxybenzyl)-5-phenethyl-#-1,2,4-tria-
z0l-3-yl)-2-(1H-indol-3-yl)ethyl)-2-aminopropanamide Trifluo-
roacetate Salt (12).'H NMR (300 MHz, DMSO¢, 300 K): 6
1.09 (d, 3HJ =7 Hz, CH; Ala), 2.84 (m, 4H, G1,—CH,—phenyl),
3.29 (m, 2H, CH jTrp), 3.68 (s, 4H, OCkland CHoAla), 5.06
(s, 2H, CH— p-methoxybenzyl), 5.19 (m, 1H, CHTrp), 6.73 (s,
4H, CHarp-methoxybenzyl), 6.81 (t, 1H, = 7 Hz, Hs Trp), 6.99
(m, 2H, H, and HK; Trp), 7.12-7.26 (m, 6H, H Trp and CHar
phenyl), 7.29 (d, 1HJ, = 8 Hz, H; Trp), 7.97 (brs, 3H, NKHAla
TFA salt), 9.14 (d, 1HJ = 8 Hz, NH amide), 10.81 (s, 1H, NH
indole Trp).23C NMR (75 MHz, DMSO#¢, 300 K): 6 17.3 (CH;
Ala), 26.4 CH,—CH,—phenyl), 29.5 (@ Trp), 32.7 (CH—CH,—
phenyl), 45.0 (CaTrp), 45.5 (CH p-methoxybenzyl), 48.9 (C
oAla), 55.5 (OCH), 109.6 (G Trp), 111.7 (G Trp), 114.6 (G
and G p-methoxybenzyl), 118.3 (LTrp), 118.7 (G Trp), 121.3
(Cs Trp), 124.8 (G Trp), 126.6 (G phenyl), 127.3 (gTrp), 127.8
(Cy p-methoxybenzyl), 128.0 (£and G p-methoxybenzyl), 128.7
(Cy, G, GCs, and G phenyl), 136.5 (€ Trp), 140.8 (G phenyl),
154.3 (Cq triazole), 155.0 (Cq triazole), 159.2 {EEmethoxyben-
zyl), 169.6 (CO amide).
(25)-N-((R)-1-(4-(4-Ethylbenzyl)-5-phenethyl-4-1,2 4-triazol-
3-yl)-2-(1H-indol-3-yl)ethyl)-2-aminopropanamide Trifluoroac-
etate Salt (13)."H NMR (300 MHz, DMSO#ds, 300 K): 6 1.06
(d, 3H,J =7 Hz, CH; Ala), 1.11 (t, 3H,J = 8 Hz, CH3—CH,—
p-ethylphenyl), 2.53 (q, 2H] = 8 Hz, CH;—CH,— p-ethylphenyl),
2.83 (m, 4H, ®,—CH,—phenyl), 3.26 (m, 2H, CHKfATrp), 4.65
(m, 1H, CHoAla), 5.10 (s, 2H, CH- p-ethylphenyl), 5.13 (m,
1H, CHaTrp), 6.74 (d, 2HJ, = 8 Hz, H; and H; p-ethylphenyl),
6.80 (t, 1H,J, = 7 Hz, H5 Trp), 6.99 (t, 1H,J, = 7 Hz, H; Trp),
7.0-7.17 (m, 6H, H and H, Trp, H, and H p-ethylphenyl, H
and H; phenyl), 7.26-7.29 (m, 4H, H Trp, H;, Hy, and H phenyl),
7.90 (brs, 3H, NH TFA salt), 9.09 (d, 1HJ = 8 Hz, NH amide),
10.76 (s, 1H, NH indole Trp)-3C NMR (75 MHz, DMSO¢s, 300
K): 6 15.9 (CH3;—CH,—p-ethylphenyl), 17.3 (CH Ala), 26.5
(CH,—CH,—phenyl), 28.1 (CH-CH,—p-ethylphenyl), 29.6 (C
pTrp), 32.8 (CH—CH,—phenyl), 45.0 (CaTrp), 45.6 (CH—p-
ethylphenyl), 48.5 (@Ala), 109.7 (G Trp), 111.7 (G Trp), 118.3
(C4 Trp), 118.7 (G Trp), 121.3 (G Trp), 122.9 (G Trp), 126.5
(Cs and G p-ethylphenyl, G phenyl), 127.3 (¢ Trp), 128.6 (G
and G p-ethylphenyl, G, C;, Cs and G phenyl), 133.5 (¢
p-ethylphenyl), 136.5 (¢ Trp), 141.0 (G phenyl), 143.7 (¢

p-ethylphenyl), 154.3 (Cq triazole), 155.0 (Cq triazole), 169.5 (CO

amide).
(R)-N-(1-(4-(4-Methoxybenzyl)-5-phenethyl-#-1,2,4-triazol-
3-yl)-2-(1H-indol-3-yl)ethyl)-3-aminopropanamide Trifluoroac-
etate Salt (14)."H NMR (300 MHz, DMSO#s, 300 K): ¢ 2.33
(m, 2H, (H,—CH,—NH,), 2.78 (m, 6H, G,—CH,—phenyl and
CH,—CH,—NH,), 3.26 (dd, 1HJ = 14 and 7 Hz, CHTrp), 3.40
(dd, 1H,J = 14 and 8 Hz, CH Trp), 3.64 (s, 3H, OCh), 4.91
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(d, 1H,J = 17 Hz, CH p-methoxybenzyl), 5.01 (d, 1H] = 17
Hz, CH, p-methoxybenzyl), 5.21 (m, 1H, CHTrp), 6.63 (s, 4H,
CHar p-methoxybenzyl), 6.86 (t, 1Hl, = 8 Hz, H Trp), 6.97 (d,
1H,J =2 Hz, H, Trp), 7.01 (t, 1H,J, = 8 Hz, H; Trp), 7.08 (m,
2H, H; and H phenyl), 7.15 (d, 1HJ), = 7 Hz, H, Trp), 7.18-
7.31 (m, 4H, H Trp, Hs, Hs, and H phenyl), 7.63 (brs, 3H, NH
TFA salt), 8.92 (d, 1HJ = 8 Hz, NH amide), 10.79 (s, 1H, NH
indole Trp).13C NMR (75 MHz, DMSO¢s, 300 K): ¢ 26.5 (CH—
CH,—phenyl), 29.4 (@B Trp), 32.2 CH,—CH,—NHy), 32.6 (CH—
CH,—phenyl), 35.4 (CH—CH,—NHy), 45.0 (CaTrp), 45.3 (CH
p-methoxybenzyl), 55.5 (OC§j, 110.1 (G Trp), 111.8 (G Trp),
114.4 (G and G p-methoxybenzyl), 118.4 (CTrp), 118.8 (G Trp),
121.3 (G Trp), 124.5 (G Trp), 126.5 (G phenyl), 127.4 (g Trp,
C; and G p-methoxybenzyl), 127.7 (Op-methoxybenzyl), 128.7
(C2;, C3, Cs, and G phenyl), 136.4 (g Trp), 140.8 (G phenyl),
154.3 (Cq triazole), 155.1 (Cq triazole), 159.0, Emethoxyben-
zyl), 169.5 (CO amide).
(9)-N-((R)-1-(5-(2-(H-Indol-3-yl)ethyl)-4-(4-methoxybenzyl)-
1,2,4-triazol-3-yl)-2-(1H-indol-3-yl)ethyl)pyrrolidine-2-carboxa-
mide Trifluoroacetate Salt (16).'H NMR (300 MHz, DMSO¢l,
300 K): 6 1.42 (m, 1H, H Pro), 1.52 (m, 1H, K Pro), 1.72 (m,
1H, H, Pro), 2.07 (m, 1H, KIPro), 2.94 (m, 4H, &,—CH,—indole),
3.05 (t, 2H,J = 6 Hz, Hs Pro), 3.30 (m, 2H, CHfTrp), 3.67 (s,
3H, OCHy), 3.96 (m, 1H, CHaPro), 5.02 (s, 2H, CH p-
methoxybenzyl), 5.19 (m, 1H, CHTrp), 6.73 (s, 4H, CHar
p-methoxybenzyl), 6.84 (t, 1Hl, = 8 Hz, Hs indole), 6.90 (t, 1H,
Jo = 8 Hz, H5 Trp), 6.93-7.06 (m, 4H, H and H; indole, H, and
He Trp), 7.17 (d, 1HJ, = 8 Hz, Hy Trp), 7.29 (d, 3HJ, = 8 Hz,
H, and H indole, H; Trp), 8.39 and 9.10 (2 m, 2H, NH Pro TFA
salt), 9.25 (d, 1HJ = 8 Hz, NH amide), 10.76 (s, 1H, NH indole),
10.80 (d, 1H,J = 2 Hz, NH indole Trp).23C NMR (75 MHz,
DMSO-ds, 300 K): 6 22.8 (CH—CH,—indole), 23.5 (G Pro), 25.8
(CH,—CH,—indole), 29.4 (G5Trp), 29.8 (G Pro), 45.2 (CaTrp),
45.5 (CH, p-methoxybenzyl), 46.0 (£Pro), 55.5 (OCH), 59.3 (C
aPro), 109.6 (@ Trp), 111.8 (G indole and G Trp), 113.4 (G
indole), 114.6 (g and G p-methoxybenzyl), 118.4 (Cindole),
118.5 (G Trp), 118.7 (G indole and G Trp), 121.4 (G indole
and G Trp), 123.0 (G Trp), 124.7 (G indole), 127.2 (G indole),
127.3 (G Trp), 127.7 (G p-methoxybenzyl), 127.8 (Cand G
p-methoxybenzyl), 126.5 (Trp), 136.6 (G indole), 154.8 (Cq
triazole), 154.9 (Cq triazole), 159.2 (@-methoxybenzyl), 168.2
(CO amide). MS (ES)n/z 588.2 [M+ H]". HPLCtg: 1.60 min
(conditions A).
(R)-N-((R)-1-(5-(2-(1H-Indol-3-yl)ethyl)-4-(4-methoxybenzyl)-
4H-1,2,4-triazol-3-yl)-2-(1H-indol-3-yl)ethyl)pyrrolidine-2-car-
boxamide Trifluoroacetate Salt (17).*H NMR (300 MHz, DMSO-
ds, 300 K): 6 1.23 (m, 1H, H Pro), 1.52 (m, 1H, K Pro), 1.74
(m, 1H, H, Pro), 2.08 (m, 1H, K Pro), 2.81 (m, 2H, kIPro), 2.96-
3,14 (m, 4H, ®,—CH,—indole), 3.31 (dd, 1HJ = 14 Hz and 7
Hz, CH, fTrp), 3.41 (dd, 1HJ = 14 Hz and 8 Hz, CHATrp),
3.63 (s, 3H, OCH), 4.05 (m, 1H, CHaPro), 4.86 (s, 2H, CH
p-methoxybenzyl), 5.21 (m, 1H, CkTrp), 6.63 (s, 4H, CHar
p-methoxybenzyl), 6.88 (t, 2Hl, = 7 Hz, H; indole and H Trp),
7.02 (m, 4H, H and H; indole, H, and H; Trp), 7.26-7.34 (m,
4H, Hy and H; indole, H, and H, Trp), 8.51 and 9.18 (2 m, 2H,
NH Pro, TFA salt), 9.27 (d, 1H) = 8 Hz, NH amide), 10.73 (s,
1H, NH indole), 10.80 (s, 1H, NH indole Trp}¥C NMR (75 MHz,
DMSO-ds, 300 K): 6 22.8 (CH—CH,—indole), 23.8 (G Pro), 25.9
(CH,—CH,—indole), 29.7 (CpTrp and G Pro), 45.4 (CH
p-methoxybenzyl), 45.8 (6.Trp), 46.1 (G Pro), 55.5 (OCH), 59.2
(CH aPro), 109.7 (Trp), 111.8 (G Trp), 111.9 (Gindole), 113.4
(Csindole), 114.4 (gand G p-methoxybenzyl), 118.3 (Gndole),
118.5 (G Trp), 118.6 (Gindole), 118.9 (g Trp), 121.4 (G indole
and G Trp), 122.9 (G indole and G Trp), 127.2 (G indole), 127.4
(Co Trp), 127.6 (G, C,, and G p-methoxybenzyl), 136.5 (Trp),
136.6 (G indole), 154.4 (Cq triazole), 155.0 (Cq triazole), 159.1
(C4 p-methoxybenzyl), 168.3 (CO amide).
(S)-N-((R)-1-(4-(4-Methoxybenzyl)-5-phenethyl-#-1,2,4-tria-
zol-3-yl)-2-(1H-indol-3-yl)ethyl)pyrrolidine-2-carboxamide Tri-
fluoroacetate Salt (18).'H NMR (400 MHz, DMSO#ds, 300 K):
0 1.46 (m, 1H, H Pro), 1.58 (m, 1H, KW Pro), 1.76 (m, 1H, K



5802 Journal of Medicinal Chemistry, 2007, Vol. 50, No. 23

Pro), 2.12 (m, 1H, KPro), 2.88 (m, 4H, €,—CH,—phenyl), 3.11
(m, 2H, H Pro), 3.35 (m, 2H, CH Trp), 3.72 (s, 3H, OCHh),
4.01 (m, 1H, CHaPro), 5.05 (s, 2H, CHp-methoxybenzyl), 5.25
(m, 1H, CHaTrp), 6.77 (s, 4H, CHap-methoxybenzyl), 6.88 (t,
1H, J, = 8 Hz, H; Trp), 7.03 (t, 1H,J, = 8 Hz, H; Trp), 7.04 (s,
1H, H, Trp), 7.22 (d, 1HJ, = 8 Hz, H, Trp), 7.25-7.29 (m, 5H,
CHar phenyl), 7.33 (d, 1H]}, = 8 Hz, H; Trp), 8.44 and 9.16 (2
m, 2H, NH Pro TFA salt), 9.27 (d, 1H] = 8 Hz, NH amide),
10.83 (s, 1H, NH indole Trp)**C NMR (100 MHz, DMSO#,
300 K): 6 23.1 (G, Pro), 26.0 CH,—CH,—phenyl), 29.0 (@ Trp),
29.3 (G Pro), 32.3 (CH—CH,—phenyl), 44.7 (GxTrp), 44.9 (CH
p-methoxybenzyl), 45.5 (§£Pro), 55.0 (OCH), 58.8 (CaPro), 109.3
(C3Trp), 111.2 (G Trp), 114.1 (G and G p-methoxybenzyl), 117.9
(C4 Trp), 118.3 (G Trp), 120.9 (G Trp), 124.2 (G Trp), 126.0
(C4phenyl), 126.9 (¢Trp), 127.4 (G, C; and G p-methoxybenzyl),
128.2 (G, G;, G5, and G phenyl), 136.0 (€Trp), 140.5 (G phenyl),
153.9 (Cq triazole), 154.3 (Cq triazole), 158.7, {Emethoxyben-
zyl), 167.7 (CO amide).
(S)-N-((R)-1-(5-(2-(1H-Indol-3-yl)ethyl)-4-(2,4-dimethoxyben-
zyl)-4H-1,2,4-triazol-3-yl)-2-(1H-indol-3-yl)ethyl)pyrrolidine-2-
carboxamide Trifluoroacetate Salt (20).'H NMR (300 MHz,
DMSO-dg, 300 K): 6 1.40 (m, 1H, H Pro), 1.53 (m, 1H, HPro),
1.71 (m, 1H, H Pro), 2.09 (m, 1H, K Pro), 2.90 (m, 4H, E,—
CH,—indole), 3.06 (t, 2HJ = 6 Hz, Hs Pro), 3.28 (m, 2H, Chl
BTrp), 3.40 (s, 3H, OCH), 3.80 (s, 3H, OCH), 3.80 (m, 1H, CH
oPro), 4.88 (d, 1HJ = 17 Hz, CH o,p-dimethoxybenzyl), 5.04
(d, 1H,J = 17 Hz, CH o,p-dimethoxybenzyl), 5.21 (m, 1H, CH
aTrp), 6.26 (dd, 1H,J, = 8 Hz andJ, = 2 Hz, H o,p
dimethoxybenzyl), 6.38 (d, 1H, = 8 Hz, Hs o,p-dimethoxyben-
zyl), 6.53 (d, 1H,J, = 2 Hz, H; o,p-dimethoxybenzyl), 6.84 (t,
1H, Hs indole), 6.91 (t, 1HJ, = 8 Hz, H Trp), 6.93-7.07 (m,
4H, H,; and Hindole, H, and H; Trp), 7.16 (d, 1HJ, = 8 Hz, H,
Trp), 7.29 (m, 3H, Hand H; indole, H; Trp), 8.39 and 9.10 (2 m,
2H, NH Pro TFA salt), 9.22 (d, 1H] = 8 Hz, NH amide), 10.76
(s, 1H, NH indole), 10.80 (s, 1H, NH indole TrpC NMR (75
MHz, DMSO-ds, 300 K): 6 22.9 (CH—CH,—indole), 23.5 (G
Pro), 25.8 CH,—CH,—indole), 29.6 (G5Trp), 29.8 (G Pro), 41.9
(CH,—o,p-dimethoxybenzyl), 45.2 (@&Trp), 46.0 (G Pro), 55.7
(OCHg), 55.9 (OCH), 59.3 (CaPro), 99.0 (G o,p-dimethoxyben-
zyl), 105.1 (G o,p-dimethoxybenzyl), 109.7 (£Trp), 111.8 (G
indole and G Trp), 113.4 (G indole), 115.6 (¢ o,p-dimethoxy-
benzyl), 118.4 (¢indole and G Trp), 118.7 (G indole and G
Trp), 121.4 (G indole and G Trp), 123.0 (G indole and G Trp),
127.2 (G indole), 127.3 (§Trp), 128.1 (G o,p-dimethoxybenzyl),
136.5 (G Trp), 136.6 (G indole), 155.0 (2Cq triazole), 157.8 {C
o,p-dimethoxybenzyl), 160.9 (,p-dimethoxybenzyl), 168.1 (CO
amide).
(S)-N-((R)-1-(4-(2,4-Dimethoxybenzyl)-5-phenethyl-4-1,2,4-
triazol-3-yl)-2-(1H-indol-3-yl)ethyl)pyrrolidine-2-carboxamide
Trifluoroacetate Salt (21). *H NMR (300 MHz, DMSO#ds, 300
K): 6 1.41 (m, 1H, H Pro), 1.54 (m, 1H, K Pro), 1.71 (m, 1H,
H4 Pro), 2.15 (m, 1H, K Pro), 2.84 (m, 4H, €,—CH,—phenyl),
3.06 (m, 2H, H Pro), 3.27 (m, 2H, CHK5Trp), 3.65 (s, 3H, OCHj,
3.69 (s, 3H, OCH), 3.98 (t, 1H,J = 7 Hz, CHaPro), 4.85 (d, 1H,
J = 17 Hz, CH o,p-dimethoxybenzyl), 5.02 (d, 1H] = 17 Hz,
CH,—o,p-dimethoxybenzyl), 5.22 (m, 1H, CHTrp), 6.27 (dd, 1H,
Jo = 8 Hz andJy, = 2 Hz, Hs o,p-dimethoxybenzyl), 6.40 (d, 1H,
Jo = 8 Hz, H; o,p-dimethoxybenzyl), 6.54 (d, 1H, = 2 Hz, H;
o,p-dimethoxybenzyl), 6.84 (t, 1H, = 8 Hz, H; Trp), 7.0 (t, 1H,
Jo = 8 Hz, Hs Trp), 7.01 (d, 1HJ = 2 Hz, H, Trp), 7.11-7.18
(m, 3H, H; Trp, H; and H phenyl), 7.2%+7.29 (m, 4H, H Trp,
Hs, Hy, and H phenyl), 8.39 and 9.07 (2 m, 2H, NH Pro TFA
salt), 9.21 (d, 1H,J) = 8 Hz, NH amide), 10.79 (s, 1H, NH indole
Trp). 3C NMR (75 MHz, DMSOsg, 300 K): 6 23.5 (G, Pro),
26.5 (CH,—CH,—phenyl), 29.6 (CATrp), 29.8 (G Pro), 32.7
(CH,—CH,—phenyl), 41.8 (CH o,p-dimethoxybenzyl), 45.2 (C
aTrp), 46.0 (G Pro), 55.7 (OCH), 55.9 (OCH), 59,3 (CaPro),
99.0 (G o,p-dimethoxybenzyl), 105.2 (£o,p-dimethoxybenzyl),
109.8 (G Trp), 111.7 (G Trp), 115.7 (G o,p-dimethoxybenzyl),
118.3 (G Trp), 118.7 (G Trp), 121.3 (G Trp), 124.4 (G Trp),
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126.6 (G o,p-dimethoxybenzyl), 127.3 (Trp), 128.2 (G phenyl),
128.7 (G, Cs, G5, and G phenyl), 136.5 (gTrp), 141.0 (G phenyl),
154.5 (Cq triazole), 155.0 (Cq triazole), 157.8 @p-dimethoxy-
benzyl), 160.9 (¢ o,p-dimethoxybenzyl), 168.1 (CO amide).
(29)-N-((R)-2-(1H-Indol-3-yl)-1-(5-phenethyl-4-phenyl-4-
1,2,4-triazol-3-yl)ethyl)pyrrolidine-2-carboxamide Trifluoroac-
etate Salt (23).'H NMR (300 MHz, DMSO¢s, 300 K): 6 1.52
(m, 1H, H; Pro), 1.60 (m, 1H, HPro), 1.75 (m, 1H, HPro), 2.17
(m, 1H, K Pro), 2.71 (m, 4H, E,—CH,—phenyl), 3.13 (m, 4H,
CH, fTrp and H Pro), 4.06 (1H, m, CHxPro), 4.79 (1H, m, CH
oTrp), 6.77 (1H, tJ, = 7 Hz, H5 Trp), 6.84 (t, 1HJ, = 8 Hz, Hs
Trp), 6.91 (s, 1H, HTrp), 6.96-7,21 (m, 10H, CHar phenyl), 7.28
(d, 1H,J, = 8 Hz, H, Trp), 7.47 (d, 1HJ, = 7 Hz, H; Trp), 8.37
and 9.15 (2 m, 2H, NH Pro TFA salt), 9.34 (d, 1H= 8 Hz, NH
amide), 10.78 (s, 1H, NH indole Trp¥C NMR (75 MHz, DMSO-
ds, 300 K): 0 23.7 (G Pro), 26.8 CH,—CH,—phenyl), 29.9 (g
Pro), 30.6 (G3Trp), 33.9 (CH—CH,—phenyl), 46.0 (gPro), 46.2
(C aTrp), 59.3 (CaPro), 109.5 (g Trp), 111.8 (G Trp), 118.1
(C4 Trp), 118.7 (G Trp), 121.3 (G Trp), 124.3 (G Trp), 126.5
(C4 phenyl from CH—CH,—phenyl), 127.2 (¢ Trp), 127.6 (G
phenyl), 128.6 and 130.1 $CCs, Cs, and G phenyl and phenyl
from CH,—CH,—phenyl), 133.2 (€phenyl), 136.4 (gTrp), 140.8
(C1 phenyl from CH—CH,—phenyl), 153.7 (Cq triazole), 155.1
(Cq triazole), 167.9 (CO amide).
(2S,4R)-N-((R)-1-(4-(4-Methoxybenzyl)-5-phenethyl-#H-1,2,4-
triazol-3-yl)-2-(1H-indol-3-yl)ethyl)-4-hydroxypyrrolidine-2-car-
boxamide Trifluoroacetate Salt (25).*H NMR (300 MHz, DMSO-
ds, 300 K): 6 1.50 (m, 1H, H hydroxyprolyl), 2.10 (m, 1H, Hl
hydroxyprolyl), 2.80 (m, 4H, &,—CH,—phenyl), 3.0 (m, 1H, &
hydroxyprolyl), 3.20 (m, 1H, Ehydroxyprolyl), 3.29 (d, 2H,J) =
7 Hz, CH fTrp), 3.63 (m, 1H, H hydroxyprolyl), 3.67 (s, 3H,
OCHg), 4.50 (brs, 3H, OH and NH hydroxyprolyl TFA salt), 5.00
(s, 2H, CH p-methoxybenzyl), 5.17 (m, 1H, CiTrp), 6.72 (s,
4H, CHarp-methoxybenzyl), 6.84 (t, 1Hl, = 8 Hz, Hs Trp), 6.99
(m, 2H, K, and K Trp), 7.09 (d, 1HJ, = 8 Hz, H, Trp), 7.13-
7.25 (5H, CHar phenyl), 7.29 (d, 1H, = 8 Hz, H; Trp), 9.30 (d,
1H,J =8 Hz, NH amide), 10.79 (s, 1H, NH indole Trg¥C NMR
(75 MHz, DMSO4s, 300 K): 6 26.5 CH,—CH,—phenyl), 29.5
(C STrp), 32.8 (CH—CH,—phenyl), 40.8 (G hydroxyprolyl), 46.3
(C aTrp), 53.9 (CH p-methoxybenzyl and £hydroxyprolyl), 55.5
(OCHg), 58.2 (G hydroxyprolyl), 69.3 (G hydroxyprolyl), 109.7
(C3Trp), 111.8 (G Trp), 114.6 (G and G p-methoxybenzyl), 118.4
(C4 Trp), 118.8 (G Trp), 121.4 (G Trp), 124.6 (G Trp), 126.5
(C4 phenyl), 127.3 (¢ Trp), 127.8 (G and G p-methoxybenzyl),
128.7 (G, Cs, G5, and G phenyl), 136.4 (gTrp), 141.0 (G phenyl),
154.4 (Cq triazole), 154.7 (Cq triazole), 159.1, {Emethoxyben-
zyl), 168.2 (CO amide).
(S)-N-((R)-1-(5-(2-(1H-Indol-3-yl)ethyl)-4-(4-methoxybenzyl)-
4H-1,2,4-triazol-3-yl)-2-(1H-indol-3-yl)ethyl)piperidine-3-car-
boxamide Trifluoroacetate Salt (29).*H NMR (300 MHz, DMSO-
ds, 300 K): 6 1.33 (m, 1H, H piperidyl), 1.53 (m, 3H, Hand H;
piperidyl), 2.72 (m, 2H, Hand H; piperidyl), 2.83 (m, 4H, Chk+—
CH,—indole), 3.03 (m, 2H, Hand H; piperidyl), 3.26 (dd, 1H,
= 14 and 7 Hz, CH Trp), 3.39 (dd, 1HJ = 14 and 8 Hz, CH
BTrp), 3.68 (s, 3H, OCh), 4.92 (s, 2H, CH p-methoxybenzyl),
5.20 (m, 1H, CHxTrp), 6.65 (s, 4H, CHap-methoxybenzyl), 6.87
(t, 2H,J, = 7 Hz, Hs indole and H Trp), 7.00 (m, 4H, Hand H;
indole, H, and H; Trp), 7.23-7.34 (m, 4H, H and H, indole, H,
and H, Trp), 8.53 (brs, 2H, NH piperidyl TFA salt), 8.88 (d, 1H,
J= 8 Hz, NH amide), 10.75 (s, 1H, NH indole), 10.78 (s, 1H, NH
indole Trp).1C NMR (75 MHz, DMSOsg, 300 K): 0 21.2 (G
piperidyl), 22.7 (CH—CH,—indole), 25.9 CH,—CH,—indole and
C, piperidyl), 29.3 (G5Trp), 38.7 (G piperidyl), 43.3 (G piperidyl),
44.5 (G piperidyl), 45.1 (CaTrp), 45.5 (CH p-methoxybenzyl),
55.5 (OCH), 110.1 (G Trp), 111.8 (G indole and G Trp), 113.2
(Csindole), 114.4 (gand G p-methoxybenzyl), 118.5 (dndole
and G Trp), 118.6 (G indole), 118.8 (¢ Trp), 121.4 (G indole
and G Trp), 123.0 (G indole and G Trp), 127.1 (G p-
methoxybenzyl), 127.5 (ndole and G Trp), 127.7 (G and G
p-methoxybenzyl), 136.4 (Trp), 136.6 (G indole), 155.0 (2Cq
triazole), 159.1 (@ p-methoxybenzyl), 171.9 (CO amide).
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(S)-N-((R)-1-(4-(4-Methoxybenzyl)-5-phenethyl-#-1,2,4-tria-
zol-3-yl)-2-(1H-indol-3-yl)ethyl)piperidine-3-carboxamide Tri-
fluoroacetate Salt (30).1H NMR (400 MHz, DMSO#s, 300 K):
0 1.33 (m, 1H, H piperidyl), 1.50 (m, 1H, H piperidyl), 1.61 (m,
1H, H, piperidyl), 1.64 (m, 1H, H piperidyl), 2.54 (m, 1H, H
piperidyl), 2.77 (m, 1H, H piperidyl), 2.80 (m, 3H, H piperidyl
and CH—CH,—phenyl), 2.84 (m, 2H, 8,—CH,—phenyl), 2.96
(m, 1H, H, piperidyl), 3.08 (m, 1H, H piperidyl), 3.30 (dd, 1H,J
= 14 and 7 Hz, CHjTrp), 3.45 (dd, 1HJ = 14 and 8 Hz, CH
BTrp), 3.69 (s, 3H, OCh), 4.94 (m, 2H, CH p-methoxybenzyl),
5.25 (m, 1H, CHxTrp), 6.70 (s, 4H, CHap-methoxybenzyl), 6.91
(t, 1H, J, = 8 Hz, Hs Trp), 7.02 (d, 1HJ = 2 Hz, H, Trp), 7.05
(t, 1H,Jo = 8 Hz, K5 Trp), 7.29-7.08 (m, 5H, CHar phenyl), 7.34
(d, 1H,J, = 8 Hz, H, Trp), 7.39 (d, 1HJ, = 8 Hz, H; Trp), 8.48
(brs, 2H, NH piperidyl TFA salt), 8.90 (d, 1H] = 8 Hz, NH
amide), 10.81 (s, 1H, NH indole TrgHC NMR (100 MHz, DMSO-
ds, 300 K): 6 20.7 (G piperidyl), 25.4 (G piperidyl), 26.1 CH,—
CH,—phenyl), 28.9 (G3Trp), 32.2 (CH—CH,—phenyl), 38.2 (g
piperidyl), 42.9 (G piperidyl), 44.0 (G piperidyl), 44.6 (CoTrp),
44.7 (CH p-methoxybenzyl), 55.0 (OC§), 109.8 (G Trp), 111.3
(C7 Trp), 114.0 (G and G p-methoxybenzyl), 118.0 (CTrp), 118.3
(CsTrp), 120.8 (G Trp), 124.0 (G Trp), 126.0 (G phenyl), 127.1
(Cy Trp), 127.2 (G, C, and G p-methoxybenzyl), 128.2 (£ Cs,
Cs, and G phenyl), 136.0 (g Trp), 140.4 (G phenyl), 154.0 (Cq
triazole), 154.4 (Cq triazole), 158.6 {@-methoxybenzyl), 171.4
(CO amide).

(R)-N-((R)-1-(4-(4-Methoxybenzyl)-5-phenethyl-#-1,2,4-tria-
zol-3-yl)-2-(1H-indol-3-yl)ethyl)piperidine-3-carboxamide Tri-
fluoroacetate Salt (31)."H NMR (400 MHz, DMSO#s, 300 K):
0 1.27 (m, 1H, H piperidyl), 1.49 (m, 2H, H piperidyl), 1.65 (m,
1H, H, piperidyl), 2.53 (m, 1H, H piperidyl), 2.70 (m, 1H, H
piperidyl), 2.75 (m, 1H, H piperidyl), 2.79 (m, 1H, H piperidyl),
2.83 (m, 2H, ®,—CH,—phenyl), 2.84 (m, 2H, CH-CH,—
phenyl), 3.01 (m, 1H, Klpiperidyl), 3.33 (dd, 1H,J = 15 and 8
Hz, CH, fTrp), 3.38 (dd, 1HJ = 15 and 7 Hz, CH Trp), 3.71
(s, 3H, OCH), 5.06 (m, 2H, CH p-methoxybenzyl), 5.26 (m, 1H,
CH aTrp), 6.77 (s, 4H, CHap-methoxybenzyl), 6.89 (t, 1H, =
8 Hz, H; Trp), 7.03 (t, 1H,J, = 8 Hz, Hs Trp), 7.06 (d, 1HJ =
2 Hz, H, Trp), 7.29-7.08 (m, 5H, CHar phenyl), 7.29 (d, 1H,
=8 Hz, H, Trp), 7.32 (d, 1HJ, = 8 Hz, H; Trp), 8.54 and 8.88
(2 m, 2H, NH piperidyl TFA salt), 8.92 (d, 1H] = 8 Hz, NH
amide), 10.82 (s, 1H, NH indole TrgfC NMR (100 MHz, DMSO-
ds, 300 K): 6 20.5 (G piperidyl), 25.7 (G piperidyl), 26.0 CH,—
CH,—phenyl), 28.6 (G3Trp), 32.2 (CH—CH,—phenyl), 37.8 (¢
piperidyl), 42.7 (G piperidyl), 43.8 (G piperidyl), 44.0 (CoTrp),
45.0 (CH p-methoxybenzyl), 55.1 (OCHji, 109.6 (G Trp), 111.2
(C7 Trp), 114.0 (G and G p-methoxybenzyl), 118.0 ((Trp), 118.2
(CsTrp), 120.8 (G Trp), 124.1 (G Trp), 126.1 (G phenyl), 127.1
(Cy Trp), 127.2 (G, Cy, and G p-methoxybenzyl), 128.2 (£ Cs,
Cs, and G phenyl), 136.0 (€ Trp), 140.4 (G phenyl), 154.0 (Cq
triazole), 154.4 (Cq triazole), 158.6 {@-methoxybenzyl), 171.5
(CO amide).

(39)-N-((R)-1-(4-(4-Ethylbenzyl)-5-phenethyl-4-1,2,4-triazol-
3-yl)-2-(1H-indol-3-yl)ethyl)piperidine-3-carboxamide Trifluo-
roacetate Salt (32)."H NMR (300 MHz, DMSO¢s, 300 K): 6
1.08 (t, 3H,J = 8 Hz, CH3—CH,—phenyl), 1.20 (m, 1H, H
piperidyl), 1.44 (m, 2H, H piperidyl), 1.55 (m, 1H, H piperidyl),
2.51 (g, 2H,J = 8 Hz, CH—CH,—phenyl), 2.53 (m, 1H, H
piperidyl), 2.83 (m, 7H, €l,—CH,—phenyl, H and H; piperidyl),
3.01 (m, 1H, H piperidyl), 3.28 (m, 1H, CHATrp), 3.36 (m, 1H,
CH, pTrp), 4.98 (s, 2H, CH p-ethylbenzyl), 5.20 (m, 1H, CH
aTrp), 6.65 (d, 2HJ, = 8 Hz, K and H; p-ethylbenzyl), 6.86 (t,
1H, J, = 7 Hz, K Trp), 6.977.07 (m, 7H, H, Hy, and H Trp,
H, and H; p-ethylbenzyl, H and H phenyl), 7.13-7.22 (m, 3H,
Hs, Ha, and H phenyl), 7.29 (d, 1HJ, = 8 Hz, H; Trp), 8.46 (brs,
2H, NH piperidyl TFA salt), 8.85 (d, 1H) = 8 Hz, NH amide),
10.78 (s, 1H, NH indole Trp):3C NMR (75 MHz, DMSOds, 300
K): 6 15.9 (CH3—CH,—phenyl), 21.2 (G piperidyl), 25.7 (G
piperidyl), 26.5 CH,—CH,—phenyl), 28.1 (CH—CH,—phenyl),
29.2 (CATrp), 32.6 (CH—CH,—phenyl), 38.7 (G piperidyl), 43.3
(Cs piperidyl), 44.5 (G piperidyl), 45.0 (CaTrp), 45.6 (CH—p-
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ethylbenzyl), 110.2 (€Trp), 111.7 (G Trp), 118.5 (G Trp), 118.7
(Cs Trp), 121.3 (G Trp), 124.4 (G Trp), 126.2 (G and G
p-ethylbenzyl), 126.5 (€phenyl), 127.5 (g Trp), 128.5 (G, GCs,
Cs, and G phenyl, G and G p-ethylbenzyl), 133.0 (€ p-
ethylbenzyl), 136.4 (¢ Trp), 140.8 (G phenyl), 143.6 (¢ p-
ethylbenzyl), 154.5 (Cq triazole), 155.1 (Cq triazole), 171.9 (CO
amide).
(R)-N-((R)-1-(5-(2-(1H-Indol-3-yl)ethyl)-4-(4-methoxybenzyl)-
4H-1,2 4-triazol-3-yl)-2-(1H-indol-3-yl)ethyl)piperidine-2-car-
boxamide Trifluoroacetate Salt (35).!H NMR (300 MHz, DMSO-
ds, 300 K): 6 1.28 (m, 1H, H piperidyl), 1.36 (m, 1H, H
piperidyl), 1.45 (m, 1H, H piperidyl), 1.66 (m, 2H, H and H;
piperidyl), 1.90 (d, 1HJ = 13 Hz, H; piperidyl), 2.82 (m, 4H,
CH,—CH,—indole), 2.89 (m, 1H, Kl piperidyl), 3.14 (d, 1HJ =
12 Hz, H; piperidyl), 3.25 (dd, 1HJ = 14 and 7 Hz, CHTrp),
3.39 (dd, 1HJ = 14 and 8 Hz, CHjTrp), 3.64 (s, 4H, OCkland
H, piperidyl), 4.88 (s, 2H, Ckt-p-methoxybenzyl), 5.19 (m, 1H,
CH aTrp), 6.65 (s, 4H, CHap-methoxybenzyl), 6.80 (m, 2H, H
indole and H Trp), 7.02 (m, 5H, H, Hy, and H; Trp, H; and H;
indole), 7.29 (m, 3H, Hand H, indole, H; Trp), 8.58 and 8.88 (2
m, 2H, NH piperidyl TFA salt), 9.22 (d, 1H,= 8 Hz, NH amide),
10.73 (s, 1H, NH indole), 10.81 (s, 1H, NH indole Trp3C NMR
(75 MHz, DMSO4s, 300 K): 6 21.6 (G piperidyl), 21.9 (G
piperidyl), 22.8 (CH—CH,—indole), 25.9 CH,—CH,—indole), 27.2
(Cs piperidyl), 29.7 (CATrp), 43.6 (G piperidyl), 45.4 (CH—p-
methoxybenzyl), 45.7 (@ Trp), 55.5 (OCH), 57.2 (G piperidyl),
109.7 (G Trp), 111.8 (G Trp), 111.9 (G indole), 113.4 (gindole),
114.5 (G and G p-methoxybenzyl), 118.3 (Ondole), 118.5 (¢
Trp), 118.6 (G Trp), 118.9 (G indole), 121.4 (g indole and G
Trp), 122.9 (G indole and G Trp), 127.2 (G indole), 127.3 (G
Trp), 127.5 (G p-methoxybenzyl), 127.7 (Cand G p-methoxy-
benzyl), 136.5 (gTrp), 136.6 (G indole), 154.5 (Cq triazole), 154.9
(Cq triazole), 159.1 (¢£p-methoxybenzyl), 168.8 (CO amide).
(R)-N-((R)-1-(4-(4-Methoxybenzyl)-5-phenethyl-#-1,2,4-tria-
z0l-3-yl)-2-(1H-indol-3-yl)ethyl)piperidine-2-carboxamide Tri-
fluoroacetate Salt (36).*H NMR (300 MHz, DMSOés, 300 K):
0 1.28 (m, 1H, H piperidyl), 1.36 (m, 1H, H piperidyl), 1.41 (m,
1H, Hs piperidyl), 1.66 (m, 2H, Hand H; piperidyl), 1.90 (d, 1H,
J = 14 Hz, HK; piperidyl), 2.77 (m, 4H, €,—CH,—phenyl), 2.86
(m, 1H, Hs piperidyl), 3.15 (d, 1H,J = 12 Hz, H; piperidyl), 3.25
(dd, 1H,J = 14 and 7 Hz, CH Trp), 3.41 (dd, 1HJ = 14 and
8 Hz, CH, fTrp), 3.64 (s, 4H, OCkland H; piperidyl), 4.86 (s,
2H, CH, p-methoxybenzyl), 5.19 (m, 1H, CHTrp), 6.65 (s, 4H,
CHarp-methoxybenzyl), 6.87 (t, 1Hl, = 7 Hz, Hs Trp), 7.01 (m,
2H, H; and K Trp), 7.09 (d, 2H,J, = 8 Hz, H, and H; phenyl),
7.14 (d, 1H, H Trp), 7.18-7.33 (m, 4H, H Trp, Hs, Hs4, and H
phenyl), 8.60 and 8.89 (2 m, 2H, NH piperidyl TFA salt), 9.21 (d,
1H,J= 8 Hz, NH amide), 10.81 (s, 1H, NH indole TrgfC NMR
(75 MHz, DMSO4s, 300 K): ¢ 21.6 (G piperidyl), 21.9 (G
piperidyl), 26.5 CH,—CH,—phenyl), 27.3 (G piperidyl), 29.8 (C
BTrp), 32.7 (CH—CH,—phenyl), 43.6 (G piperidyl), 45.2 (CH
p-methoxybenzyl), 45.6 (@Trp), 55.5 (OCH), 57.2 (G piperidyl),
109.7 (G Trp), 111.9 (G Trp), 114.5 (G and G p-methoxybenzyl),
118.3 (G Trp), 118.9 (G Trp), 121.4 (G Trp), 124.6 (G Trp),
126.5 (G phenyl), 127.3 (¢ Trp), 127.6 (G p-methoxybenzyl),
127.7 (G and G p-methoxybenzyl), 128.7 (£ C;, Cs, and G
phenyl), 136.5 (@ Trp), 140.9 (G phenyl), 154.4 (Cq triazole),
154.5 (Cq triazole), 159.1 (@-methoxybenzyl), 168.8 (CO amide).
(R)-N-(1-(5-(2-(H-Indol-3-yl)ethyl)-4-(4-methoxybenzyl)-4H-
1,2,4-triazol-3-yl)-2-(1H-indol-3-yl)ethyl)piperidine-4-carboxa-
mide Trifluoroacetate Salt (39).'H NMR (300 MHz, DMSO¢l,
300 K): 6 1.41 (m, 3H, H and H; piperidyl), 1.54 (dd, 1HJ =
13 and 2 Hz, H piperidyl), 2.23 (m, 1H, H piperidyl), 2.72 (m,
2H, H, and H; piperidyl), 2.77#2.93 (m, 4H, ®&,—CH,—indole),
3.06 (m, 2H, H and H; piperidyl), 3.32 (m, 2H, CH Trp), 3.65
(s, 3H, OCH), 4.94 (s, 2H, CH p-methoxybenzyl), 5.22 (m, 1H,
CH aTrp), 6.68 (s, 4H, CHap-methoxybenzyl), 6.87 (m, 3H, H
and H; Trp, Hs indole), 6.98 (m, 4H, KHand H; indole, H, and H,
Trp), 7.206-7.33 (m, 3H, H and H indole, H; Trp), 8.15 and 8.46
(2 m, 2H, NH piperidyl TFA salt), 8.64 (d, 1H] = 8 Hz, NH
amide), 10.74 (s, 2H, NH indole and NH indole TrpJC NMR
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(75 MHz, DMSO4s, 300 K): 6 22.9 (CH—CH,—indole), 24.9
(Cs piperidyl), 25.4 (G piperidyl), 26.0 CH,—CH,—indole), 29.3
(C pTrp), 39.1 (G piperidyl), 42.7 (G and G piperidyl), 44.7 (C
oTrp), 45.3 (CH p-methoxybenzyl), 55.5 (OC§), 109.5 (G Trp),
111.7 (G indole and G Trp), 113.5 (G indole), 114.4 (gand G
p-methoxybenzyl), 118.5 (dndole and G Trp), 118.6 (G indole
and G Trp), 121.2 (G indole), 121.3 (¢ Trp), 122.9 (G indole
and G Trp), 127.2 (G indole), 127.6 (g Trp, G, and G
p-methoxybenzyl), 127.9 (Cp-methoxybenzyl), 136.4 Trp),
136.6 (G indole), 154.9 (Cq triazole), 155.2 (Cq triazole), 159.0
(C4 p-methoxybenzyl), 173.0 (CO amide).

(R)-N-(1-(4-(4-Methoxybenzyl)-5-phenethyl-#-1,2,4-triazol-
3-yl)-2-(1H-indol-3-yl)ethyl)piperidine-4-carboxamide Trifluo-
roacetate Salt (40)."H NMR (300 MHz, DMSO¢, 300 K): 6
1.42 (m, 3H, H and H piperidyl), 1.55 (m, 1H, H piperidyl),
2.23 (m, 1H, H piperidyl), 2.75 (m, 6H, Hand H; piperidyl and
CH,—CH,—phenyl), 3.04 (m, 1H, Elpiperidyl), 3.13 (m, 1H, H
piperidyl), 3.32 (m, 2H, CHjTrp), 3.66 (s, 3H, OCk), 4.97 (m,
2H, CH,—p-methoxybenzyl), 5.23 (m, 1H, CKTrp), 6.70 (s, 4H,
CHarp-methoxybenzyl), 6.87 (t, 1H, = 8 Hz, H5 Trp), 7.00 (m,
2H, H; and HK; Trp), 7.07 (d, 2HJ, = 8 Hz, H, and H; phenyl),
7.14 (d, 1H,J, = 7 Hz, Hy Trp), 7.18-7.30 (m, 4H, H Trp, Hs,
H4, and H phenyl), 8.16 and 8.46 (2 m, 2H, NH piperidyl TFA
salt), 8.66 (d, 1HJ = 8 Hz, NH amide), 10.75 (1H, s, NH indole
Trp). 13C NMR (75 MHz, DMSO¢g, 300 K): ¢ 24.9 (G piperidyl),
25.4 (G piperidyl), 26.5 CH,—CH,—phenyl), 29.2 (G5Trp), 32.7
(CH,—CH,—phenyl), 38.7 (G piperidyl), 42.7 (G and G pip-
eridyl), 44.7 (CaTrp), 45.3 (CH p-methoxybenzyl), 55.5 (OC#)}
110.2 (G Trp), 111.7 (G Trp), 114.4 (G and G p-methoxybenzyl),
118.5 (G Trp), 118.7 (G Trp), 121.3 (G Trp), 124.4 (G Trp),
126.5 (G phenyl), 127.5 (¢ Trp), 127.8 (G, C, and G
p-methoxybenzyl), 128.7 (£ C;, Cs, and G phenyl), 136.4 (¢
Trp), 140.8 (G phenyl), 155.3 (Cq triazole), 155.4 (Cq triazole),
159.1 (G p-methoxybenzyl), 173.1 (CO amide).

(R)-N-(1-(5-(2-(H-Indol-3-yl)ethyl)-4-(2,4-dimethoxybenzyl)-
4H-1,2,4-triazol-3-yl)-2-(1H-indol-3-yl)ethyl)piperidine-4-car-
boxamide Trifluoroacetate Salt (41).*H NMR (400 MHz, DMSO-
ds, 300 K): 6 1.43 (m, 1H, H piperidyl), 1.48 (m, 2H, H
piperidyl), 1.59 (m, 1H, H piperidyl), 2.27 (m, 1H, H piperidyl),
2.77 (m, 2H, H and H; piperidyl), 2.91 (m, 2H, Ck—CH,—indole),
2.94 (m, 2H, ®,—CH,—indole), 3.10 (m, 1H, Klpiperidyl), 3.17
(m, 1H, H, piperidyl), 3.31 (dd, 1HJ = 15 and 8 Hz, CHATrp),
3.37 (dd, 1HJ = 15 and 7 Hz, CH jTrp), 3.66 (s, 3H, OCH),
3.70 (s, 3H, OCH), 4.89 (d, 1H,J = 17 Hz, CH, o,p-dimethoxy-
benzyl), 5.0 (d, 1HJ = 17 Hz, CH o,p-dimethoxybenzyl), 5.29
(m, 1H, CHaTrp), 6.26 (dd, 1HJ, = 8 Hz andJ, = 2 Hz, Hs
o,p-dimethoxybenzyl), 6.39 (d, 1H, = 8 Hz, H; o,p-dimethoxy-
benzyl), 6.54 (d, 1HJ, = 2 Hz, H; o,p-dimethoxybenzyl), 6.92
(t, 1H,J, = 7 Hz, Hs Trp), 6.93 (t, 1HJ, = 7 Hz, Hs indole), 7.04
(t, 1H,J, = 8 Hz, Hs Trp), 7.05 (t, 1HJ, = 8 Hz, Hs indole), 7.06
(s, 1H, K Trp), 7.07 (s, 1H, Hindole), 7.28 (d, 1H,), = 8 Hz,
H4 indole), 7.32 (m, 2H, Hindole and H Trp), 7.34 (d, 1HJ, =
8 Hz, H, Trp), 8.29 and 8.60 (2 m, 2H, NH piperidyl TFA salt),
8.65 (d, 1H,J = 8 Hz, NH amide), 10.80 (s, 1H, NH indole), 10.82
(s, 1H, NH indole Trp)}C NMR (100 MHz, DMSO#€g, 300 K):

0 22.3 (CH—CH,—indole), 24.5 (G piperidyl), 24.9 (G piperidyl),
25.3 (CH,—CH,—indole), 28.7 (G3Trp), 38.2 (G piperidyl), 41.5
(CH; o,p-dimethoxybenzyl), 42.2 (CandG piperidyl), 44.3 (C
aTrp), 55.2 (OCH), 55.4 (OCH), 98.5 (G o,p-dimethoxybenzyl),
104.6 (G o,p-dimethoxybenzyl), 109.7 (Trp), 111.2 (G indole),
111.3 (G Trp), 112.7 (Gindole), 114.9 (¢ o,p-dimethoxybenzyl),
117.9 (G indole), 118.0 (G Trp), 118.2 (G indole and G Trp),
120.8 (G indole), 120.9 (€ Trp), 122.5 (G indole), 123.9 (¢
Trp), 126.7 (G indole), 127.1 (g Trp), 127.5 (G o,p-dimethoxy-
benzyl), 136.0 (gTrp), 136.1 (Gindole), 154.7 (Cq triazole), 155.2
(Cq triazole), 157.2 (& o,p-dimethoxybenzyl), 160.4 (Co,p-
dimethoxybenzyl), 172.6 (CO amide).

Moulin et al.

(R)-N-(1-(4-(2,4-Dimethoxybenzyl)-5-phenethylH-1,2,4-tria-
z0l-3-yl)-2-(1H-indol-3-yl)ethyl)piperidine-4-carboxamide Tri-
fluoroacetate Salt (42).*H NMR (300 MHz, DMSO#g, 300 K):
0 1.43 (m, 3H, H and H; piperidyl), 1.56 (dd, 1HJ = 13 and 3
Hz, Hs piperidyl), 2.24 (m, 1H, H piperidyl), 2.672.83 (m, 6H,
CH,—CH,—phenyl, H and H; piperidyl), 3.09 (m, 2H, Hand H;
piperidyl), 3.28 (m, 2H, CH5Trp), 3.62 (s, 3H, OCh), 3.67 (s,
3H, OCH), 4.81 (d, 1H,J = 17 Hz, CH o,p-dimethoxybenzyl),
4.94 (d, 1H,J = 17 Hz, CH o,p-dimethoxybenzyl), 5.24 (m, 1H,
CH aTrp), 6.24 (dd, 1H,J, = 8 Hz andJ,, = 2 Hz, H
o,p-dimethoxybenzyl), 6.35 (d, 1H, = 8 Hz, H; 0,p-dimethoxy-
benzyl), 6.50 (d, 1HJn = 2 Hz, H; o,p-dimethoxybenzyl), 6.87
(t, 1H, J, = 8 Hz, K Trp), 7.0 (m, 2H, H and H Trp), 7.08 (d,
2H,J, = 7 Hz, H, and H; phenyl), 7.15 (d, 1H,), = 7 Hz, H,
Trp), 7.19-7.30 (m, 4H, H Trp, Hs, Hy, and H phenyl), 8.35 (m,
1H, NH piperidyl TFA salt), 8.61 (d, 1H] = 8 Hz, NH amide),
8.69 (m, 1H, NH piperidyl TFA salt), 10.78 (s, 1H, NH indole
Trp). 13C NMR (75 MHz, DMSOs, 300 K): 6 22.3 (G piperidyl),
25.0 (G piperidyl), 25.3 CH,—CH,—phenyl), 29.2 (@Trp), 32.6
(CH,—CH,—phenyl), 38.7 (G piperidyl), 41.9 (G and G pip-
eridyl), 42.6 (CH o,p-dimethoxybenzyl), 44.7 (GxTrp), 55.7
(OCHg), 55.9 (OCH), 98.9 (G o,p-dimethoxybenzyl), 105.1 (C
o,p-dimethoxybenzyl), 110.2 (CTrp), 111.7 (G Trp), 115.5 (G
o,p-dimethoxybenzyl), 118.5 (£Trp), 118.7 (G Trp), 121.3 (G
Trp), 124.4 (G Trp), 126.6 (G o,p-dimethoxybenzyl), 127.5 (£
Trp), 128.1 (G phenyl), 128.7 (& Cs, Cs and G phenyl), 136.4
(Cg Trp), 140.7 (G phenyl), 154.6 (Cq triazole), 155.6 (Cq triazole),
157.7 (G o,p-dimethoxybenzyl), 160.8 (,p-dimethoxybenzyl),
173.1 (CO amide).

N-((R)-2-(1H-Indol-3-yl)-1-(5-phenethyl-4-phenyl-4H-1,2,4-
triazol-3-yl)ethyl)piperidine-4-carboxamide Trifluoroacetate Salt
(44).'H NMR (300 MHz, DMSO#g, 300 K): 6 1.50 (m, 3H, H
and H piperidyl), 1.68 (m, 1H, H piperidyl), 2.37 (m, 1H, H
piperidyl), 2.65 (m, 2H, Hand H; piperidyl), 2.79 (m, 4H, E,—
CH,—phenyl), 3.05-3.21 (m, 4H, CH STrp, H; and H; piperidyl),
4.77 (m, 1H, CHaTrp), 6.76 (t, 1H,J, = 7 Hz, Hs Trp), 6.82 (t,
1H, J, = 8 Hz, Hs Trp), 6.90 (s, 1H, HTrp), 6.95-7.20 (m, 10H,
CHar phenyl), 7.26 (d, 1H], = 8 Hz, H, Trp), 7.45 (d, 1HJ, =
8 Hz, H; Trp), 8.20 and 8.50 (2 m, 2H, NH piperidyl TFA salt),
8.64 (d, 1H,J = 8 Hz, NH amide), 10.72 (s, 1H, NH indole Trp).
13C NMR (75 MHz, DMSOds, 300 K): ¢ 25.3 (G and G
piperidyl), 26.9 CH,—CH,—phenyl), 30.2 (G3Trp), 33.0 (CH—
CH,—phenyl), 38.6 (G piperidyl), 42.8 (G and G piperidyl), 45.9
(C aTrp), 110.0 (G Trp), 111.7 (G Trp), 118.2 (G Trp), 118.6
(Cs Trp), 121.2 (G Trp), 124.3 (G Trp), 126.5 (G phenyl from
CH,—CH,—phenyl), 127.3 (¢ Trp), 127.6 (G phenyl), 128.5 (g
Cs, Cs, and G phenyl and phenyl from CHCH,—phenyl), 133.4
(Cy phenyl), 136.4 (g Trp), 140.8 (G phenyl from CH—CH,—
phenyl), 153.7 (Cq triazole), 155.6 (Cq triazole), 172.9 (CO amide).

N-((R)-1-(5-(2-(1H-Indol-3-yl)ethyl)-4-phenyl-4H-1,2,4-triazol-
3-yl)-2-(1H-indol-3-yl)ethyl)piperidine-4-carboxamide Trifluo-
roacetate Salt (45) 'H NMR (300 MHz, DMSOsg, 300 K): ¢
1.54 (m, 3H, H and H; piperidyl), 1.71 (m, 1H, H piperidyl),
2.38 (m, 1H, H piperidyl), 2.71 (m, 2H, H and H; piperidyl),
2.83 (m, 4H, ®Gi,—CH,—indole), 3.06-3.17 (m, 4H, CH fTrp,
H; and H; piperidyl), 4.77 (m, 1H, CHxTrp), 6.74-6.85 (m, 3H,
Hs indole, Hs and H; Trp), 6.91 (d, 1HJ = 2 Hz, H, Trp), 6.95-
7.02 (m, 7H, CHar phenyl, Hand H; indole), 7.26 (d, 2HJ, = 8
Hz, H; indole and H Trp), 7.43 (m, 2H, H indole and H Trp),
8.20 and 8.52 (2 m, 2H, NH piperidyl TFA salt), 8.64 (d, 1Hs
8 Hz, NH amide), 10.71 (s, 2H, NH indole and NH indole Trp).
B3C NMR (75 MHz, DMSOdg, 300 K): 6 23.4 (CH—CH,—
indole), 25.3 (G and G piperidyl), 26.3 CH,—CH,—indole), 30.2
(C fTrp), 38.6 (G piperidyl), 42.8 (G and G piperidyl), 46.0 (C
aTrp), 110.1 (G Trp), 111.7 (G indole and G Trp), 113.3 (G
indole), 118.2 (¢ indole and G Trp), 118.6 (G indole and G
Trp), 121.2 (G indole), 121.3 (§ Trp), 122.8 (G Trp), 124.3 (G
indole), 127.1 (gindole), 127.4 (g Trp), 127.7 (G phenyl), 129.9
(Cy, G, Cs, and G phenyl), 133.5 (€phenyl), 136.6 (gindole),
136.4 (G Trp), 154.3 (Cq triazole), 155.6 (Cq triazole), 172.9 (CO
amide).



1,2,4-Triazoles as Ghrelin Receptor Ligands

(R,9-N-((R)-1-(5-((1H-Indol-3-yl)methyl)-4-(4-methoxyben-
zyl)-4H-1,2,4-triazol-3-yl)-2-(IH-indol-3-yl)ethyl)piperazine-2-
carboxamide Trifluoroacetate Salt (52).'H NMR (300 MHz,
DMSO-dg, 300 K): ¢ 2.18 (m, 2H, NH piperazinyl), 2.96 (m, 6H,
H,, Hs, and H; piperazinyl), 3.34 (d, 2HJ) = 7 Hz, CH, Trp),
3.57 (m, 4H, ®,—CH,—indole), 3.61 (s, 3H, OMe), 3.64 (m, 1H,
Hs piperazinyl), 4.82 (m, 2H, Ckp-methoxybenzyl), 5.40 (m, 1H,
CH aTrp), 6.45 (d, 2HJ, = 8 Hz, H; and H; p-methoxybenzyl),
6.51 (d, 2H,J, = 8 Hz, H, and H; p-methoxybenzyl), 6.657.47
(m, 10H, CHar, indole and indole Trp), 8.95 (m, 1H, NH amide),
10.88 (d, 1HJ = 2 Hz, NH indole), 10.91 (s, 1H, NH indole Trp).
13C NMR (75 MHz, DMSOdg, 300 K): 6 22.5 (CH—CHy—
indole), 25.6 CH,—CH,—indole), 31.3 (CATrp), 41.9 (CH—p-
methoxybenzyl), 47.7 (@Trp, G and G piperazinyl), 55.5 (OCHl
and G piperazinyl), 61.1 (¢ piperazinyl), 109.3 (¢Trp), 111.7
(C; indole and G Trp), 114.0 (G indole), 114.3 (g and G
p-methoxybenzyl), 118.6 (Cindole), 118.7 (¢ Trp), 118.9 (G
indole and G Trp), 121.4 (G indole), 121.5 (€ Trp), 123.9 (G
indole and G Trp), 127.0 (G indole), 127.2 (¢ Trp), 127.7 (G
p-methoxybenzyl), 128.1 (Cand G p-methoxybenzyl), 136.3 (€
Trp), 136.5 (G indole), 155.5 (2Cq triazole), 162.2 (Qo-
methoxybenzyl), 171.1 (CO amide).

(R,S)-N-((R)-1-(5-(2-(1H-Indol-3-yl)ethyl)-4-(2,4-dimethoxy-
benzyl)-4H-1,2,4-triazol-3-yl)-2-(1H-indol-3-yl)ethyl)piperazine-
2-carboxamide Trifluoroacetate Salt (54).!H NMR (300 MHz,
DMSO-dg, 300 K): 6 2.95 (m, 6H, H, Hs, and H piperazinyl),
3.32 (m, 4H, CH STrp and NH piperazinyl), 3.62 (m, 10H H;—
CH,—indole and OCH), 4.07 (m, 1H, H piperazinyl), 4.84 (m,
2H, CH,—o,p-dimethoxyphenyl), 5.16 (m, 1H, CiTrp), 6.00-
6.53 (m, 3H, CHaro,p-dimethoxyphenyl), 6.847.30 (m, 11H,
CHar indole, CHar indole Trp and NH amide), 10.75 (s, 1H, NH
indole), 10.79 (s, 1H, NH indole Trp}3C NMR (75 MHz, DMSO-
ds, 300 K): 6 22.9 (CH—CH,—indole), 25.8 CH,—CH,-indole),
29.8 (CpATrp), 41.2 (CH—o,p-dimethoxyphenyl), 47.7 (&Trp,
Cs and G piperazinyl), 55.6 (OCHKland G piperazinyl), 58.4 (¢
piperazinyl), 99.0 (€ o,p-dimethoxyphenyl), 105.0 #o,p-
dimethoxyphenyl), 109.6 (Trp), 111.8 (G indole and G Trp),
113.4 (G indole), 115.3 (€ o,p-dimethoxyphenyl), 118.2 (C
indole), 118.4 (G Trp), 118.6 (G indole), 118.8 (g Trp), 121.4
(Cs indole and G Trp), 123.9 (G indole and G Trp), 127.2 (G
indole and G Trp), 127.9 (G o,p-dimethoxyphenyl), 136.5 (Trp),
136.6 (G indole), 154.6 (Cq triazole), 154.8 (Cq triazole), 155.0
(CO amide), 157.6 (£ o,p-dimethoxyphenyl), 160.8 ({o,p-
dimethoxyphenyl).

N-((R)-1-(4-(4-Methoxybenzyl)-5-phenethyl-#-1,2,4-triazol-
3-yl)-2-(1H-indol-3-yl)ethyl)tetrahydro-2 H-pyran-4-carboxam-
ide Trifluoroacetate Salt (57).'"H NMR (300 MHz, DMSO«,
300 K): 6 1.20 (m, 1H, H tetrahydropyranyl), 1.30 (m, 3H, H
and H; tetrahydropyranyl), 2.17 (m, 1H,tetrahydropyranyl), 2.82
(m, 4H, CH,—CH,—phenyl), 3.16 (m, 2H, KHland H; tetrahydro-
pyranyl), 3.31 (dd, 1H) = 14 and 8 Hz, CHjTrp), 3.35 (dd, 1H,
J=14 and 7 Hz, CHTrp), 3.66 (s, 3H, OCH), 3.72 (m, 2H, H
and H; tetrahydropyranyl), 5.08 (m, 2H, GH-methoxyphenyl),
5.26 (m, 1H, CHuTrp), 6.73 (s, 4H, CHap-methoxyphenyl), 6.87
(t, 1H, Jo = 8 Hz, H; Trp), 7.02 (m, 2H, Hand H; Trp), 7.07 (d,
2H, Jo, = 7 Hz, H, and H; phenyl), 7.18 (m, 3H, & Hy, and H
phenyl), 7.30 (m, 2H, kland H, Trp), 8.52 (d, 1HJ = 8 Hz, NH
amide), 10.77 (s, 1H, NH indole Trp)®C NMR (75 MHz, DMSO-
ds, 300 K): 0 26.3 CH,—CH,—phenyl), 28.8 (gand G tetrahy-
dropyranyl), 29.2 (CG3Trp), 32.2 (CH—CH,—phenyl), 40.7 (G
tetrahydropyranyl), 44.8 (@Trp), 45.9 (CH p-methoxyphenyl),
55.5 (OCH), 66.6 (G and G tetrahydropyranyl), 109.8 (CTrp),
111.7 (G Trp), 114.5 (G and G p-methoxyphenyl), 118.4 (CTrp),
118.7 (G Trp), 121.3 (G Trp), 124.5 (G Trp), 126.7 (G phenyl),
127.2 (G Trp), 127.5 (G p-methoxyphenyl), 128.8 (Cand G
phenyl), 128.7 (g and G phenyl), 127.9 (g and G p-methox-
yphenyl), 136.4 (g Trp), 140.4 (G phenyl), 154.7 (Cq triazole),
155.7 (Cq triazole), 159.2 (@-methoxyphenyl), 174.2 (CO amide).

In Vitro Determination of the Binding Affinities for the
Human GHS-R1a. Transient Transfection of LLC PK-1 Cells
and Membrane Preparation: LLC PK-1 cells were grown at
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37°C, 5% CQ in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% FCS (v/v), glutamine (2 mM), and
antibiotics (50 units/mL penicillin and 5@g/mL streptomycin).

LLC PK-1 cells were transiently transfected wittxd of hGHS-

R1a using electroporation (Easyject Optima apparatus, Equibio)
according to the manufacturer’s protocol (Equibio). Electroporation
was carried out at room temperature according to the manufacturer’s
instructions with the following parameters: 250 V, 150®, and
infinite internal resistance. Transfected cells were plated in 10 cm
culture dishes containing complete growth medium without phenol
red. Approximately 48 h after transfection, cells were washed three
times with phosphate-buffered saline, pH 6.95, once with 10 mL
of homogenization buffer (HB) containing 50 mM Tris (pH 7.3), 5
mM MgCl,, 2.5 mM EDTA, and 3Qug/mL bacitracin and were
then collected by scrapping. The cells underwent two cycles of
freeze-thawing and were then centrifuged at 109G6r 20 min

at 4°C. The membrane pellet was resuspended in a minimal volume
of HB, aliquoted, and stored at80 °C until use. Membrane protein
concentrations were determined by the Bradford method using the
Bio-Rad protein assay Kit.

Receptor Binding Studies.Isolated plasma membranes from
LLC PK-1 cells (10ug of protein) were incubated in HB for 60
min at 25°C (steady-state conditions) with 60 pf¥f-His®-ghrelin
(Amersham) in the presence or absence of competing compounds.
Nonspecific binding was defined using an excessNY) of ghrelin.

The binding reaction was stopped by addition of 4 mL of ice-cold
HB followed by rapid filtration over Whatman GF/C filters
presoaked with 0.5% polyethyleneimine to prevent excessive
binding of radioligand to the filters. Filters were rinsed three times
with 3 mL of ice-cold wash buffer (50 mM Tris (pH 7.3), 10 mM
MgCl,, 2.5 mM EDTA, and 0.015% (w/v) X-100 Triton), and the
radioactivity bound to membranes was measured jncaunter.

Intracellular Calcium Mobilization Assay. The calcium experi-
ments were performed using the benchtop scanning fluorometer
FlexStation Il machine (Pharmacologie & Screening Plateform of
the Institut Felératif de Recherche 3, Montpellier, France).

CHO cells were transiently transfected with the hGHS-1a
receptor, using electroporation, and were then plated into 96-well
black-bottom plates (80 000 cells/well). Twenty-four hours later,
the cells were washed with 150 of buffer A (Hank’s balanced
salt solution, 0.5% BSA, 20 mM Cag12.5 mM probenecid, pH
7.4) and were then loaded withuM fluorescent calcium indicator
Fluo-4AM prepared in buffer A, containing 0.06% pluronic acid
(a mild-ionic detergent that facilitates Fluo-4AM ester loading).
The cells were left to incubate ifd h in thedark at 37°C.

Following the incubation, excess Fluo-4AM was removed from
the cells by washing twice with 1Q@L of buffer A, and 50uL of
the same buffer was then added to each well. The cells were left at
room temperature for 30 min to allow complete de-esterification
of intracellular Fluo-4AM esters. The black-bottom plate containing
the cells and the plate containing the compounds to be tested were
then placed into the temperature-regulated FlexStation machine.

The machine records the fluorescence output over a period of
60 s, with the compounds being automatically distributed into the
wells containing the cells after 15 s. The Fluo-4AM exhibits a large
fluorescence intensity increase on binding of calcium, and therefore,
the fluorescence output is used directly as a measure of intracellular
calcium mobilization. The excitation and emission wavelengths
were 485 and 525 nm, respectively. The basal fluorescence intensity
of dye-loaded cells was 860200 arbitrary units, and the
fluorescence peak upon maximal response was 5@000 units.

To assess the ability of each of the compounds to induce calcium
mobilization, they were tested at 1/ in triplicate in at least two
independent experiments. In each case, the change in fluorescence
upon addition of the compound was compared with the basal
fluorescence output measured with the control (addition of buffer
A only). The maximum fluorescent output was equivalent to that
achieved when the cells where stimulated with @M ghrelin.

For the compounds behaving as agonists and displaying a high
affinity binding for hGHS-R1a in radiolabeled binding experiments,
the EGy (the molar concentration of the agonist producing 50% of
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the maximal possible effect of that agonist) was determined using 27, 31, 39—43, 47, 52, and55; [Ca2"]; accumulation curves in the
a dose-response curve. presence of increasing concentration of agor2§s27, 29, 41—

In the case of high-affinity antagonists, thes¢@nd K, were 43, 47, 52, and 55; inhibition curves of ghrelin-induced [C#];
determined using antagonist inhibition curves in the presence of accumulation by compoundis8—20; Schild plots for compounds
0.1uM ghrelin (submaximal concentration). Thesh@vas calculated 16, 18, and 20. This material is available free of charge via the
as the molar concentration of antagonist that reduced the maximalinternet at http:/pubs.acs.org.
response of ghrelin by 50%, and an estimation ofkhgas made
using the ChengPrusoff Equation. Schild analysis was also used References
to determine the E& of ghrelin in the presence of different

concentrations of antagonist, and from this te pnd the exact (1) Bowers, C. Y.; Chang, J.; Momany, F.; Folkers, K. Effects of the

Enkephalins and Enkephalin Analogs on Release of Pituitary

Kp Wer_e determined. . . Hormones in Vitro. IfMolecular EndocrinologyMacintyne, |., Eds.;

In Vivo Experiments in the Rat. Animals. Male 10-day-old Elsevier: Amsterdam, The Netherlands, 1977; pp-2892.
Sprague-Dawley rats weighing about 25 g (Charles River, Calco, (2) Howard, A. D.; Feighner, S. D.; Cully, D. F.; Arena, J. P.; Liberator,
Italy) were used. Rats pups were received on the fifth day after P. A.; Rosenblum, C. I.; Hamelin, M. J.; Hreniuk, D. L.; Palyha, O.
birth and were housed in our facilities under controlled conditions }((?.,‘?_ngersons,Jé ngess’ PLS\-(' PIIEalé' C.I"ltCRO'uHM” Liu, *é "é‘?kg&
(22 4 2 °C, 65% humidity and artificial light from 06.00 to 20.00 (g FONg, 5. 5, Lhaung, L ¥, SIrecht, /1., Heavens, |x., Higoy.

. . . M.; Sirinathsinghji, D. J. S.; Dean, D. C.; Melillo, D. G.; Patchett,
h). A standard dry diet and water were available ad libitum to the A. A.; Nargund, R.; Griffin, P. R.; DeMartino, J. A.: Gupta, S. K.:
dams. One hour before the experiments, pups were separated from Schaeffer, J. M.; Smith, R. G.; Van Der Ploeg, L. H. T. A receptor
their respective dams and were divided randomly into groups of in pituitary and hypothalamus that functions in growth hormone
eight each. All the experiments were performed in accordance with releaseSciencel996 273 974-977.

the Italian Guidelines for the Use of Animals in Medical Research. ~ (3) Koiima, M.; Hosoda, H.; Date, Y.; Nakazato, M.; Matsuo, H.;
Kangawa, K. Ghrelin is a growth-hormone-releasing acylated peptide

Growth Hormone Assay. Pups were acute_ly challenged with from stomachNature 1999 402, 656-660.
solvent (DMSO, final dilution 1:300), hexarelin (3@/kg sc), or (4) Demange, L.; Boeglin, D.; Moulin, A.; Mousseaux, D.; Ryan, J.;
new compounds (16@g/kg sc). For combined treatments (test Berge G.; Gagne, D.; Heitz, A.; Perrissoud, D.; Locatelli, V.;
compounds plus hexarelin), test compounds were administered 10 Torsello, A.; Galleyrand, J.-C.; Fehrentz, J.-A.; Martinez, J. Synthesis
min before hexarelin. Pups were killed by decapitation 15 min later. and pharmacological in vitro and in vivo evaluations of novel triazole
Trunk blood was collected and centrifuged immediately. Plasma gg”‘l’gg‘éfslgé;'ga”ds of the ghrelin receptor).Med. Chem2007,
samples were stored a120.°C until assayed for thg determinatiqn ®) Séyler, D.E. bodge, J. A Osborne, J. J.: Cox, K. L.: Viswanath,
of plasma GH concentrations. GH was assayed in plasma using a D.. Wilmot, A. F.; Keaton, M. J.; Heiman, M. L.; Bryant, H. U.;
commercial rat GH enzyme immunoassay kit (Spibio, Montigny Cutler, G. B., Jr. Effect of growth hormone secretagogue LY444711
le Bretonneux, France). Values are expressed in terms of NIDDK- on IGFEjl' grovvtgm _rllormolnde, eg;d COS“SO'FJEVE;SJS ggazgé%ydggg after
rat-GH-RP-2 standard (potency 2 IU/mg) as ng/mL plasma. The one and seven cally oral dosesug Dev. Res , :
minimum detectable vafl%e of I}git GH w?i)s abogt 1 Opng/mL and (6) Patchett, A. A; Nargund, R. P.; Tata, J. R.; Chen, M. H.; Barakat,
. T 0 ) ! K. J.; Johnston, D. B.; Cheng, K.; Chan, W. W.; Butler, B.; Hickey,
intra-assay variability was about 6%. G.; Jacks, T.; Schleim, K.; Pong, S. S.; Chaung, L. Y. P.; Chen, H.

Experiments on Food Intake. Young-adult male Sprague- Y.; Frazier, E.; Leung, K. H.; Chiu, S. H. L.; Smith, R. G. Design
Dawley rats (Charles River Laboratories, Calco, ltaly) weighing and biological activities of L-163,191 (MK-0677): a potent, orally
125-150 g were used. All rats were housed in single cages under i\gg\éeg%fo%glh%"é%ne secretagogieoc. Natl. Acad. Sci. U.S.A.
controlled conditions (22t 2 °C, 65% humidity, artificial light (VAT IVAMO. ) ) )

- s (7) Pan, L. C,; Carpino, P. A.; Lefker, B. A.; Ragan, J. A.; Toler, S. M,;

from 08.00 to 20.00 h) with ad Ilbltt_Jm access to_s_tandard rat chow Pettersen, J. C.. Nettieton, D. O.; Ng, O.; Pirie, C. M.; Chidsey-
and water. Rats had 1 week of acclimation in individual home cages Frink, K.: Lu, B.: Nickerson, D. F.: Tess, D. A.: Mullins, M. A.:
and animal room conditions. The following week, they were trained MacLean, D. B.; Da Silva-Jardine, P. A.; Thompson, D. D. Preclinical
daily to mimic the experimental procedure. At the end of training, pharmacology of CP-424,391, an orally active pyrazolidinone-
rats were administered sc (around 16-00.00 a.m.) with graded Egzef'd'ne growth hormone secretagogBadocrine2001, 14, 121~
doses Qf the cqmpounds tp test (0, 20, 8(.)’ l60,;8ﬁ@g) attime (8) Guerlavais, V.; Boeglin, D.; Mousseaux, D.; Oiry, C.; Heitz, A,;
—10 min and Wlth hexare_lln (82g/kg) at time O to stimulate the Deghenghi. R.: Locatelli, V.: Torsello, A.; Ghe, C.; Catapano, F.:
feeding behavior. Immediately after, the animals were returned to Muccioli, G.; Galleyrand, J. C.; Fehrentz, J. A.; Martinez, J. New
their home cages, which contained a known amount of standard active series of growth hormone secretagogdelled. Chem2003
rat chow and ad libitum water. The remaining food was carefully 46, 1191-203.

~

collected and weighed to the nearest 0.1 g every hour for the (9) Broglio, F.; Boutignon, F.; Benso, A.; Gottero, C.; Prodam, F.; Arvat,
E.; Ghe, C.; Catapano, F.; Torsello, A.; Locatelli, V.; Muccioli, G.;

following 6 h. Food intake was normalized for the body weight of Boeglin. D.: Guerlavais, V: Fehrentz, J. A.: Martinez, J.. Ghigo, E.
the animals and expressed as grams of food eaten for 100 g of Deghenghi, R. EP1572: a novel peptido-mimetic GH secretagogue
body weight. with potent and selective GH-releasing activity in marEndocrinol.

] Invest 2002 8, RC26-RC28.
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