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Abstract—A series of structurally simple 7-hydroxynaphthalenyl ureas and amides were discovered to be potent ligands of human
vanilloid receptor 1 (VR1). 1-(7-Hydroxynaphthalen-1-yl)-3-(4-trifluoromethylbenzyl)urea 5f exhibited nanomolar binding affinity
(Ki=1.0 nM) and upon capsaicin challenge, behaved as a potent functional antagonist (IC50=4nM). The synthesis and structure–
activity relationships (SARs) for the series are described.
# 2003 Elsevier Ltd. All rights reserved.
The pungency and antinociceptive properties of Capsi-
cum species have been recognized and used ther-
apeutically for centuries. The active ingredient,
capsaicin,1 is small molecule agonist of vanilloid recep-
tor type 1, a non-selective ligand- and temperature-
gated cation channel. Opening of the vanilloid receptor
1 (VR1) channel leads to influx of cations (particularly
calcium), and subsequent depolarization of subpopula-
tions of mammalian sensory C- and Ad-fibers causing
initially excitation of primary afferents followed by
neuronal desensitization. These pharmacological
actions make capsaicin creams effective in relieving
minor muscle aches, but limited in clinical utility, due to
pungency.

The cloning of human and rat VR12�4 has reinvigorated
research in vanilloids with the promise of developing
novel therapeutic agents.5,6 In this regard, we chose to
pursue antagonists of VR1, hypothesizing that direct
blockade of the channel could provide a therapeutic
means to treat pain without pungency that is observed
with some agonists such as capsaicin. From a high
throughput functional assay, employing a Fluorometric
Imaging Plate Reader (FLIPRTM) technology, we iden-
tified urea 1 as a sub-micromolar agonist.
Optimization via chemical synthesis, described herein,
rapidly afforded a series of hydroxynaphthenyl ureas
and amides that bind to human VR1 with nanomolar
affinity and behave as functional antagonists of VR1, in
the presence of capsaicin.

N-Hydroxynaphthenyl ureas were synthesized in
straightforward fashion (Scheme 1). Aminonaphthol 2
was reacted with phenylchloroformate in the presence
of an aqueous base to form the corresponding phenyl-
carbamate 3. Subsequent reaction of hydroxy-
naphthalen-1-yl-carbamic acid phenyl ester 3 with
amines such as substituted anilines, benzylamines, and
phenethylamines (4), in dimethylsulfoxide (DMSO),
afforded the urea final products 5 in good yields. A
trialkylamine base was added to the reaction when the
amine was only available as an acid addition salt. The
choice of dimethylsulfoxide as solvent was important
with respect to obtaining clean and efficient conversion
of carbamate 3 to urea 5 under mild conditions.7 Sepa-
rately, aminonaphthol 2 could be directly reacted with
isocyanates to give 5. Furthermore, amide congeners 6
were prepared simply by coupling aminonaphthol with
benzoic, phenylacetic, or dihydrocinnamic acids, or by
reacting aminonaphthol with the corresponding acid
chloride. O-Protecting groups could be employed to
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mask the naphthol (–OH) moiety in cases in which
functionality, other than a phenolic center, was proble-
matic. Along these lines, preliminary studies indicate
that the free phenol is necessary for activity. O-Methyl-
ation abolished VR1 affinity and functional activity.
Similarly, simple naphthalenyl congeners, lacking the
8-OH moiety, were poorly active (data not shown).

Compounds 5–6 were assayed for binding affinity at
hVR1 using a modified version of the method pre-
viously reported by Szallasi and Blumberg (Table 1).8

Membranes harvested from a HEK293 cell line stably
expressing human VR1 cDNA (hVR1/HEK293)9 were
incubated with [3H]-RTX and the test compounds.
After incubation and centrifugation, bound [3H]-RTX
was quantified and from this, Ki values were deter-
mined. Ureas 5 and amides 6 were also assayed for
ability to antagonize capsaicin-induced calcium flux
using a Ca2+-sensitive fluorescent dye and FLIPRTM

technology (Molecular Devices, Inc.).10 hVR1/HEK
Cells4 were first challenged by exposure to compound (5
and 6) to determine if they possess inherent agonist
activity. Antagonist potency was subsequently determined
using a similar protocol except that after incubation
with compound, cells were challenged with capsaicin at
a concentration eliciting �80% maximal response.

Our starting point was 1-benzyl-3-(7-hydroxynaphtha-
len-1-yl)-urea 5a which had good binding affinity
(Ki=94 nM) and exhibited significant functional
antagonism of VR1 (IC50=45 nM). N-Alkylated con-
geners were poorly active in terms of binding affinity
(N-Me 5l >N-Me 5b �N-Et 5c >N-benzyl 5d) sugges-
tive of a requisite free NH group. The carbamate inter-
mediate 4 was also inactive (IC50=6300 nM). However,
in the case of the ureas, addition of lipophilic inert
electron-withdrawing groups onto the benzylic portion
of the urea enhanced both binding affinity and func-
tional antagonist potency. The preferred site of sub-
stitution was the distal end of the molecule; specifically
para-substitution was slightly favored over meta-analo-
gues and ortho-analogues (not shown). Thus, 3-tri-
fluoromethylated urea 5e represented a significant
Scheme 1. (a) PhOC(O)Cl/aq NaHCO3/CH2Cl2 (92%); (b) DMSO
(45–97%); (c) Ar-L-N¼C¼O/MeCN, microwave, 100 �C 5min (45%);
(d) Ar-l-CO2H, PyBROP, DIPEA, DMF; or Ar-l-C(O)Cl/aq
NaHCO3/CH2Cl2 (13–39%).
Table 1. Human VR1 binding affinities and functional activity of ureas 5 and amides 6a
X
 L
 R
 Binding affinity
Ki (nM)
Functional activity
IC50 (nM)
4
 O
 Nil
 (H)
 Ia
 6300

5a
 NH
 –CH2–
 (H)
 94
 45

5b
 NMe
 –CH2–
 (H)
 Iaa
 Ia

5c
 NEt
 –CH2–
 (H)
 1110
 Ia

5d
 NCH2Ph
 –CH2–
 (H)
 3280
 Ia

5e
 NH
 –CH2–
 3-CF3
 2.1
 26

5f
 NH
 –CH2–
 4-CF3
 1.0
 4

5g
 NH
 –CH(CH3)–
 4-CF3
 4.0
 ndb
5h
 NH
 –CH2–
 4-OCF3
 1.0
 27

5i
 NH
 –CH2–
 3,4-diF
 7.0
 nd

5j
 NH
 –CH2–
 2,4-diCl
 2.8
 nd

5k
 NH
 –CH2–
 3,4-diCl
 2.0
 15

5l
 NMe
 –CH2–
 3,4-diCl
 581
 nd

5m
 NH
 –(CH2)2–
 (H)
 53
 nd

5n
 NH
 –(CH2)2–
 3,4-diCl
 1.0
 90

6k
 –CH2–
 –CH2–
 3,4-diCl
 4.6
 17

6o
 –CH2–
 –CH2–
 4-Cl
 9.8
 21

6p
 –CH2–
 Nil
 3,4-diCl
 1830
 770

6qc
 Nil
 Nil
 4-Cl
 28% inh @10mM
 320

CPZ
 —
 —
 —
 120
 100
a Ia, inactive (>10 uM).
bnd, not done.
c Percent inhibition @ 10uM; CPZ, capsazepine.
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breakthrough in being nearly two orders of magnitude
more potent in terms of binding affinity (Ki=2.1 nM)
and 2-fold more potent as a functional antagonist
(IC50=26 nM) compared to the unsubstituted analogue
5a. 1-(7-Hydroxynaphthalen-1-yl)-3-(4-trifluoromethyl-
benzyl)-urea 5f was even more potent with a Ki value of
1 nM and an IC50 value of 4 nM. Methylation at the
benzylic carbon center retained strong VR1 affinity (5g:
Ki=4 nM). The trifluoromethylether congener 5h also
exhibited exquisite binding affinity (Ki=1 nM) but was
less active in the functional assay (IC50=27 nM) relative
to the directly trifluoromethylated 5f. The incorporation
of additional halogen substituents had relatively minor
impact on binding and functional activity, evident by
highly active 5i (3,4-difluoro), 5j (2,4-dichloro) and 5k11

(3,4-dichloro) which all displayed low nanomolar affi-
nity for VR1.

Conversion of the urea moiety into an amide linkage
retained VR1 activity. For example, 3-(3,4-dichloro-
phenyl) -N - (7-hydroxynaphthalen-1-yl) -propionamide
6k12 possessed similar affinity and potency (Ki=4.6 nM;
IC50=17 nM) as the urea analogue 5k. The mono-
chloro analogue 6o was also potent (Ki=9.8 nM;
IC50=21 nM). However, moving the aryl moiety closer
to the amide center significantly reduced activity, evi-
dent by both 2-(3,4-dichlorophenyl)-N-(7-hydroxy-
naphthalen-1-yl)-acetamide 6p13 and 3,4-dichloro-N-(7-
hydroxynaphthalen-1-yl)-benzamide 6q.14

In conclusion, ureas and amides derived from 8-amino-
naphthalen-2-ol and containing an appropriately posi-
tioned halosubstituted aryl moiety, display low nano-
molar affinity for human VR1 and behave as functional
antagonists of the channel upon capsaicin challenge.
These structurally simple molecules may provide a
starting point for the development of VR1 antagonists
as a potentially new family of analgesic agents. Indeed,
N-[4-(methylsulfonylamino)benzyl]-thioureas15 recently
have been disclosed as VR1 antagonists, thus demon-
strating that simple benzylic ureas, if appropriately
functionalized, can effectively modulate VR1.
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