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Synthesis and SAR of 1,3-disubstituted cyclohexylmethyl urea
and amide derivatives as non-peptidic motilin receptor antagonists
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Abstract—A series of 1,3-disubstituted cyclohexylmethyl urea and amide derivatives were synthesized as motilin receptor antago-
nists. Starting from known motilin antagonists, 1a and 1b, the cyclopentene scaffold was replaced and the four recognition elements
optimized to arrive at a potent novel series.
� 2006 Elsevier Ltd. All rights reserved.
Motilin belongs to the ghrelin-motilin G-protein
coupled receptor family of ligands that as a whole regu-
late appetite and gastrointestinal motility.1,2 Motilin, as
a gastrointestinal paracrine hormone, stimulates smooth
muscle contractions affecting the motility and emptying
of both the antral stomach3 and the antroduodenal
region of the small intestine.3–5 Disruption of this coor-
dinated contractile activity may lead to a variety of gas-
tric motility disorders of GI tract origin. As a significant
subset among these, functional disorders, such as irrita-
ble bowel syndrome (IBS) and dyspepsia, are ill-charac-
terized multifactorial diseases with the hallmark of
abnormal gastric function.6 Discordant motilin levels
may play a central role in some patients presenting with
these illnesses.7 Unfortunately, clinical studies with
motilin agonists have thus far not demonstrably im-
proved symptoms in patients.8,9 It has recently been
shown that motilin levels are elevated in IBS patients
relative to healthy volunteers during all phases of motile
activity.10 This evidence would suggest that a motilin
antagonist might be an appropriate course of treatment
for IBS.

The discovery of compounds 1a and 1b represented a
fundamental shift away from peptidic and macrocy-
clic-based motilin antagonists.11 This small molecule
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series originated from a pharmacophore-model-directed
database search that ultimately focused on mimicking
four key binding amino acids (F1, I4, F5, Y7) of the
motilin peptide. Not surprisingly, when overlaid onto
this model, the peripheral functionality on compounds
1a and 1b overlap with these same four putative binding
amino acid side-chains of motilin. In the further explo-
ration of this series, we focused on changes to the series
that conceptually would maintain the spatial arrange-
ment of the peripheral functionality.
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On the basis of the model overlay and the structure–
activity relationship (SAR) of the lead structure we con-
cluded that the core cyclopentene ring serves largely as a
scaffold for spatially displaying recognition elements.12

Thus, it seemed plausible that the cyclopentene ring
could be replaced without compromising activity. In
considering possible changes to the scaffold we also
wanted to address the constraints imposed by the exist-
ing synthesis route.13 The existing approach was best
suited for SAR development of the urea portion of the
molecule. Benzylic groups were introduced early in the
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Table 2. Motilin inhibitory activity of 1,3-cyclohexylmethyl ureasa
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IC50 (lM)

7b Morpholino CCl3 H 0.957

7c Morpholino CCl3 Cl 23%

7d Morpholino CCl3 CF3 58%

7e Morpholino CCl3 NO2 0.035

7f Morpholino 3-NO2Ph H 1.16

7g Morpholino 2-Furyl H 0.656

7h Morpholino 2-Ph(ethyl) H 0.730

7i Morpholino 4-Biphenyl H 3%

7j Morpholino tert-Butyl H 50%

7k Pyrrolidin-1-yl tert-Butyl H 0.021

1a 0.020

1b 0.010

a IC50 values are means of at least two determinations; CV was ±24%.

% inhibition of 125I-motilin binding measured at 1 lM.
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synthesis through Grignard reagent addition to 1-eth-
oxycyclohexen-3-one. The stereogenic center was subse-
quently set by an aza-Claisen rearrangement. This
rearrangement step was particularly limiting in scope
as it necessitated the inclusion of the stereogenic center
in all analogs. Consequently, the significance of the qua-
ternary center was unknown, though the clear binding
preference for one enantiomer over the other was infor-
mative. In addition to conforming to the spatial require-
ment then, a new scaffold would ideally lend itself to a
facile synthetic route for substitution at all four recogni-
tion elements sites and provide some insight as to the
role of the stereogenic center. We reasoned all of these
objectives might be achieved by moving the benzylic
group in a peptoid-like fashion from the quaternary ste-
reogenic center in compounds 1a and 1b to the nitrogen
of the trichloroacetamide, initially giving derivatives
such as 7.

The compounds found in Tables 1–3 are representative
of the many analogs synthesized and were primarily
chosen to illustrate the major SAR advancements. All
of the compounds, with the exception of 13, were
synthesized according to Scheme 1.14 Starting from
cis-3-aminocyclohexanecarboxylic acid, 2, the amine
was protected with trityl chloride to give 3.15 The
protected amino acid was subsequently coupled with a
variety of substituted anilines, the first recognition
element, to arrive at amide intermediates 4 in good yield.
LAH reduction of the amide group then provided a
secondary amine that was capped with phenyl isocya-
nate or 4-fluorobenzoyl chloride to give compounds 5,
incorporating the second recognition element. After
trityl deprotection, Lewis acid-mediated reductive
amination proved to be a general method for introduc-
ing benzaldehydes, the third recognition element.16

The resulting secondary amines, 6, were then capped
with an acid chloride, the fourth recognition element,
to provide compounds 7a–s. The enantiomers 7n and
Table 1. Motilin inhibitory activity of alternative scaffoldsa
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6a (rac) H 3-ClBn 28%

7a (rac) 3-MeOPhCO 3-ClBn 0.650

7t (rac) 3-MeOPhCO H 26%

8 (rac) 3-MeOPhCO 3-ClBn 6%

13 (dia) Cl3CCO 3-ClBn 4%

a IC50 values are means of at least two determinations; CV was ±24%.

% inhibition of 125I-motilin binding measured at 1 lM.
7o were separated from a racemic mixture by chiral
chromatography. Compound 8 was prepared by an
analogous route starting from cis 4-aminocyclohexyl-
carboxylic acid. The des-benzylic analog 7t was synthe-
sized directly from intermediate 5 by deprotection of the
amine and capping with 3-methoxybenzoyl chloride.

The methylene spacer and the carbocyclic ring in the
scaffold were transposed according to Scheme 2. Reduc-
tive amination of 3-cyanopentanone with the substituted
aniline 9 gave the 1,3-substituted cyclopentane ring, 10.
This aniline was then reacted with phenyl isocyanate to
produce the highly congested trisubstituted urea 11 in
low yield. Reduction of the nitrile provided the primary
amine 12 for further substitution. A second reductive
amination and acylation gave the desired compound
13 as a 1:1 mixture of diastereomers.

We synthesized a variety of carbocyclic ring structures,
A, as cyclopentene ring replacements (Table 1). Among
these analogs only the 1,3-disubstituted carbocyclic
ring derivatives had appreciable activity. As an exam-
ple, the 1,3-disubstituted cyclohexyl ring systems were
uniformly more potent than their 1,4-disubstituted
counterparts (7a vs 8).17 It was also found that the
location of the methylene spacer was critical as trans-
posing it with the carbocyclic ring, as in 13, led to a
series devoid of activity. Each of the four recognition
elements on the carbocyclic core contributed to optimal
potency. For instance, removal of the benzyl group
from the amide diminished the little activity we had
seen, 7t versus 7a. Conversely, removal of the acyl
group had a similar effect, 6a versus 7a.

After exploring more than a dozen alternative scaffolds,
we focused our SAR development on 1,3-disubstituted
cyclohexyl ring systems (Table 2). When directly com-
pared with the original series, these derivatives showed
relatively poor inhibition, 7b–c versus 1a and 1b. Never-
theless, we did learn some important SAR from these



Table 3. Inhibitory and functional activity of select motilin antagonists
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R1 R3 X Binding assay19

IC50
a (lM)

Tissue assay20

IC50
b (lM)

Human21 recombinant cellular

assay IC50
c (lM)

7l Pyrrolidin-1-yl tert-Butyl H 0.029 0.024 0.990 ± 0.264

7m Morpholino tert-Butyl H 0.772 — —

7n (1S,3R) Pyrrolidin-1-yl tert-Butyl H 0.010 0.008 0.338 ± 0.059

7o (1R,3S) Pyrrolidin-1-yl tert-Butyl H 0.072 0.638 2.48 ± 0.737

7p Pyrrolidin-1-yl CCl3 H 0.058 0.027 —

7q Pyrrolidin-1-yl CCl3 3-Cl 0.058 0.036 0.267 ± 0.170

7r Piperidin-1-yl CCl3 3-Cl 0.063 0.021 0.228 ± 0.043

7s Pyrrolidin-1-yl CCl3 3-NO2 0.014 0.072 0.052

a IC50 values are means of at least two separate determinations; CV was ±24%.
b IC50 values are means of at least two separate determinations; CV was ±30%.
c IC50 values are means ± SE of 2–6 determinations.
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Scheme 1. Reagents and conditions: (a) (1) TMSCl, DCM–CH3CN; (2) TrtCl, TEA; (b) substituted anilines, PyBopTM, DIEA, DCM; (c) (1) LAH,

THF; (2) PhNCO, DCM or 4-FPhCOCl, DIEA, DCM; (d) (1) 10% TFA, DCM; (2) ArCHO, Ti(i-OPr)4, DCM; (3) EtOH, NaBH3CN; (e) R3COCl,

DCM; (f) (1) 10% TFA, DCM; (2) 3-MeOPhCOCl, DCM.
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analogs. As already shown by example 7a in Table 1, the
trichloroacetyl group found in 7b–c could be replaced
with a variety of aromatic and heteroaromatic contain-
ing carbonyls, 7f–h, without substantially altering
potency. It was only once multiple aromatic rings, such
as biphenyl 7i, or fused rings (data not shown) were
introduced that there was a marked reduction in inhibi-
tion. On the benzyl portion of the molecule, the addition
of electron-withdrawing groups to the meta-position
was tolerated, 7b–d, but only the introduction of a nitro
group significantly improved potency, 7e. The most dra-
matic improvement in activity resulted from replacing
the morpholino group with other tertiary amines, for
example, compound 7j versus 7k. This was a surprising
finding given that tertiary amines were interchangeable
in the original series.13

Data from the original series suggested that the phenyl-
urea group could be replaced with 4-fluorophenyl
amide. The results with this substitution in our series
are shown in Table 3. As a general rule this substitution
produced compounds with similar activity; for instance,
the amide 7l (IC50 = 29 nM) versus the urea 7k
(IC50 = 21 nM, Table 2). The nature of the basic side-
chain plays a critical role in these derivatives as well,
7l versus 7m. Activity was not strictly limited to pyrrol-
idine-containing molecules. The analogous piperidine
derivatives, absent the oxygen heteroatom of the mor-
pholino group, were nearly as active (7q vs 7r). With
the preferred pyrrolidine side-chain in place, the intro-
duction of a nitro group to the benzylic ring now had
a more modest 4-fold improvement in binding inhibi-
tion, 7p versus 7s. Once again, no similar improvement
was seen from electron-withdrawing halogen substitu-
ents (7q vs 7p) in the binding assay. In all cases the chi-
rality of the compounds plays a considerable role in
binding, with the (1S,3R) enantiomers consistently
showing 5- to 10-fold greater potency than their antipo-
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des (7n vs 7o). Analogs within the series were confirmed
as antagonists by agreement between the binding, cellu-
lar, and functional tissue data.

In summary we have demonstrated that the core cyclo-
pentene ring found in compounds 1a and 1b could be
replaced by a 1,3-disubstituted cyclohexyl ring system.
Moving the benzylic group to the amide nitrogen elimi-
nated the need for the quaternary stereogenic center.
A significant improvement in activity resulted from
replacing the morpholine side-chain with other tertiary
amines. These key modifications, allowing for rapid syn-
thesis and SAR exploration, led to novel and potent
motilin antagonists.
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