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Abstract

In order to discover a novel type of analgesic,imestigated dual activity ligands with TRPV1
antagonism and mu-opioid receptor affinity with the@al of eliciting synergistic analgesia while
avoiding the side effects associated with singlgeiing. Based on a combination approach, a series
of 4-benzyl-4-(dimethylamino)piperidinyl analoguesre designed, synthesized and evaluated for
their receptor activities. Among them, compouffdl exhibited the most promising dual-acting
activity toward TRPV1 and the mu-opioid recepinorvitro. In vivo, 49 displayed potent, dose-
dependent antinociceptive activity in both tiféahd 29 phases in the formalin assay. Consistent
with its postulated mechanism, we confirmed thatvivo, as in vitro, compound49 both
antagonized TRPV1 and functioned as a mu-opioichiagoThis result indicates that dual-acting
TRPV1 antagonist / mu-opioid ligands can be madk r@present a new and promising class of

analgesic.



1. Introduction

Pain results from a complex interaction betweercigfized nerves and signalling systems.
Since the transmission of pain signals involves wtitnde of parallel processes, a single-target
analgesic may not be as effective as would be stggéy the agent’s high selectivity and potency.
An alternative approach is to seek simultaneousnmention at multiple nodes in these parallel
pathways through a single multi-target drug. Thenmow abundant validation of this multi-target
drug strategy showing the integration of simultargeactions on multiple target# further benefit
of this approach is that the relatively lower affinof multi-target agents may not only elicit a
synergistic therapeutic effect by the the comboratf various mechanistic actions but also show
reduced side effects.

Most strong pain-relieving analgesics currentlyuse act through the opioid receptor. The
opioid receptor has four subtypes, the mu, detippk and nociceptin receptéramong them, mu-
opioid receptor (MOR) agonists are the most commaskd opioids for pain management. MOR
is an inhibitory G-coupled protein receptor founmégynaptically and postsynaptically on various
nerve fibers in both the brainstem and spinal cBidding of an agonist to the receptor leads to a
reduction in cAMP, decreasing intracellular’Cevels and inhibiting release of the nerve fiber's
neurotransmitters. The other effect of MOR actimatis an increase in potassium efflux out of the
nerve fiber causing hyperpolarization of the nerve.

The transient receptor potential vanilloid 1 (TRRPVAas emerged as a promising
therapeutic target for the treatment of neuropaplaic and a range of other conditions, reflecting
the central role of this nociceptor in the functioh C-fiber sensory neurorfisThe receptor
functions as a non-selective cation channel withhhC&" permeability. Different classes of
activators, such as low pH, noxious heat, endogefipid mediators and natural vanilloids, cause
an increase in intracellular €athereby resulting in the excitation of the prisgnaensory neurons

and the consequent central perception. TherefdR®VIL antagonists inhibit this transmission of



nociceptive signaling from the periphery to the CN¥oviding therapeutic potential for novel
analgesic and antiinflammatory agehts.

In order to discover novel analgesics with a midtget mechanism, we investigated new
dual-target compounds acting both as a MOR ligand a TRPV1 antagonist. This type of
compound should not only block pain transmissiorbath the peripheral and central nervous
system but may also reduce the side effects asedamth single targeting, such as reinforcement
disorders, nausea, drowsiness and respiratory sl2prefrom mu-receptor agonism and marked

hyperthermia and impaired noxious heat sensatmn fRPV1 antagonism.
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Figure 1. Design of novel dual-acting scaffold

In order to design a dual-acting scaffold, we comedi the key pharmacophores of the
potent TRPV1 antagonist (GRT12360)° and the piperidine MOR agoni&t (M eperidine) to
generate a hydri@ (Figure 1). In this design, the 4-methylpiperidinyl moiety 1 was replaced
with the structurally similar 4-benzyl-4-(dimethgiéno)piperidinyl (BDP) group that was known
as a novel synthetic opioid (NSO)n addition, the pyridine and propanamide groapd were
switched with the synthetically more accessiblenyhe@nd urea surrogates, respectively. In this
new scaffold3, a variety of substituted phenyl and heterocygbessent in potent TRPV1

antagonists previously reported were incorporated the A-region. The synthesized compounds



were assayedn vitro for MOR binding affinity and TRPV1 receptor actii Then, the most
promising selected dual-acting compound in theeseanias tested in the formalin model to evaluate
its in vivo antinociceptive activity. Finally, it was confied that this compound indeed targeted

the mu-opioid receptor and TRPW1vivo, as it didin vitro.

2. Resultsand discussion

2.1. Chemistry

The C-region amine8 was synthesized from commercially available tett{butoxy
carbonyl)-4-piperidone! in 5 steps $cheme 1). The 4-keto group oft was converted to the 4-
cyano-4-dimethylamino moiety by the Strecker reacin which the cyano group was substituted
with a benzyl group by Grignard reagent to afférd’he piperidines was reacted with 2-fluoro-4-
(trifluoromethyl)benzonitrile under basic condit®to giveN-aryl piperidine7. The nitrile of7 was
reduced to the corresponding améwhich was converted to phenyl carbam@at&ither amine8
or carbamat® was used for the coupling reaction with the cqroesling A-region carbamate or

amine, respectively, to provide the final compounds

Scheme 1. Synthesis of the C-region.



Reagent and Conditions: (a) dimethylamine, KCN, MeOH, 4@, 0°C to r.t, 24 h, 99%; (b) BnMgCl,
THF, reflux, 3 h, 55%; (c) GEOH, CHCl, rt, 1 h, 95%; (d) 2-fluoro-4-
(trifluoromethyl)benzonitrile, KCOs;, 18-crown-6-ether, MeCN, reflux, overnight, 37%e) (
BH,>SMe,, THF, reflux, overnight, 11%; (f) phenyl chlorofoate, THF, MeCN, pyridine, @ to r.t,
1 h, 99%.

For the synthesis of 4-methylsulfonamidophenyl give analogues Scheme 2), the
propionic acid10® was coupled with the C-region amiBeunder EDC conditions to give the
propanamidell. The phenyl carbamatex? and14,” were condensed with ami8eto provide the

ureas13 and 15 as one-carbon elongated A-region analogues. Theylmmine16’ was reacted

with carbamat® to give the ured7 as a one-carbon elongated B-region analogue.

F3C

=7
Oo=0
I
%Z
—=
\

F3C

T
O
So é
.
=0
lm
ZT
(@)
T -
Z| ul
e

O
i
=
I

I
O

o4
I
<

-

i
O=w
I
%Z
—=
\

1:
=
S)
o=<(
ZT
g m
ZII
©==0
lc
o
O
P4
—=Z
\
:<ZI
ZT
=0

o
ZII
wn

I

@)

ZII
T

F3C

'n
O

|
<.

O

-

o R

i
Oo=w
I
%Z
—2Z
\

Scheme 2. Synthesis of 3-fluoro-4-methylsulfonamidophenyl A-region analogues
Reagent and conditions. (a) amine8, HOBt, EDC, TEA, 1,4-dioxane, r.t, overnight, 420%) amine
8, DMAP, MeCN, 50°C, overnight, 41-45%; (c) carbam&eDBU, DMF, 100°C, overnight, 34%.



As the A-region bioisosteres df, its sulfamoylamino and hydroxyl surrogates were
synthesizedScheme 3). Starting from 2-fluoro-4-nitrobenzyl amii8, the amine was converted to
the N-Boc sulfamoylamino group using chlorosulfonyl iganate and-butanol and then the 4-nitro
group was transformed to the phenylcarbante~or the synthesis of the hydroxyl analogue, 2-
fluoro-4-nitrobenzoic aci@l was reduced to the corresponding alcohol and tived-nitro group
was converted to the phenylcarbam2?e The condensation d9 and22 with amine8 provided

the final sulfamoylamino and hydroxyl analogug3and23, respectively.
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Scheme 3. Synthesis of (4-sulfamoylamino)methyl and 4-hydroxymethyl A-region analogues
Reagent and conditions: (a) CISR=C=0 , t-BuOH, CHCl,, TEA, 0°C to r.t., 75%; (b) 10%
Pd/C, B, THF-EtOH (1:1), r.t ., 3 h, 95%; (c) phenyl cldésrmate, pyridine, THF, MeCN, r.t., 1 h,
90%; (d) amine8, DMAP, MeCN, 50°C, overnight, 55-63%; (e) GEO,H, CH,Cly, r.t, 1 h, 64%;
(f) LiAIH 4, ELO, reflux, 30 min, 55%.

For the synthesis of 7-hydroxynaphthalen A-regioalagues $cheme 4), commercially
available 8-aminonaphthalen-2-24 was converted to the corresponding phenylcarbaiater
reduced and then carbamoylated to the tetrahydhdhalene27. The condensation &5 and 27

with amine8 provided the final product&6 and28, respectively.
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Scheme 4. Synthesis of 7-hydroxynaphthalen A-region analogues

Reagent and conditions: (a) pyridine, phenyl chloroformate, acetonéCao r.t, 30 min, 70-85%; (b)
2N HCl in 1,4-dioxane, Pt H,, ethanol, 45C, overnight, 65%; (c) aming& DMAP, MeCN, 50
°C, overnight, 59-60%.

For the synthesis of dihydrobenzofuran A-region legmae Gcheme 5), 2,3-
dihydrobenzofurar?9 was converted to the desired 6-nitro-2,3-dihydnaioéuran31 in 6 steps.

The nitro group of31 was tranformed to the corresponding phenyl carbar®2 which was

condensed with amirteto afford the final compoun8s.
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Scheme 5. Synthesis of the 2,3-dihydrobenzofuran A-region analogue.

Reagent and conditions: (a) acetyl chloride, AgN¢) MeCN, 0°C, 1 h, 35%; (b) 10 % Pd/C,,H
MeOH, THF, r.t., overnight, 82%; (c) acetic anhyeyi 1,4-dioxane, r.t, overnight, 86%; (d) HHNO
acetic acid, r.t, overnight, 28%; (e) c.HCI, ethaneflux, 2 h, 65%; (f) isoamylnitrite, THF, refly
41%; (g) 10 % Pd/C, kI MeOH, r.t., overnight, 75%; (h) phenyl chlorofata, THF, MeCN,
pyridine, 0°C to r.t., 1 h, 87%; (i) aming DMAP, MeCN, 50°C, overnight, 30%.



For the synthesis of quinolinone and isoquinolincar@alogues Scheme 6), the 5-
aminoquinolin-2-oneé34 and 5-aminoisoquinolin-1-or@6 previously reportétiwere converted the
corresponding phenyl carbamates and then couplédtiae amine3 to provide the quinolin-2-one

35 and isoquinolin-1-on87, respectively.

Scheme 6. Synthesis of the quinolinone A-region analogues.
Reagent and conditions: (a) phenyl chloroformatéf, TMeCN, Pyridine, 0C to r.t., 1 h, 80-86%;
(b) amine8, DMAP, MeCN, 50°C, overnight, 30-40%.

Finally, for the synthesis of quinoline and isodline analogues Stheme 7),
aminoquinolines and aminoisoquinolin@843), which were commercially available or previously
reported, were converted to the corresponding phenyl casbamr trichloroacetamide, which were

reacted with the amir&to provide the final compound44-49), respectively.
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Scheme 7. Synthesis of the quinoline A-region analogues.

Reagent and conditions: (a) [Method A] phenyl cbformate, pyridine, THF, MeCN, {C to r.t, 2
h for 44, 45, 47, 48, 49, 60-75% [Method B] Trichloroacetyl chloride, TEEH,CI, for 46, 63%; (b)
[Method A] amine8, DMAP, MeCN, 50°C, overnight fod4, 45, 47, 48, 49, F [Method B] amine,
DBU, MeCN, reflux, overnight fod6, 25%.

2.2. Invitro activity

The binding affinities and potencies as TRPV1ragjs/antagonists of dual-acting ligands
were assesseih vitro by a binding competition assay witfH]resiniferatoxin (RTX) and by a
functional ®C&* uptake assay using human TRPV1 heterologouslyesgpd in Chinese hamster
ovary (CHO) cellsas previously describéd.For the agonism assay, a saturating concentrafion
capsaicin (1 pM) was used to define maximal respor®r the antagonism assay, the dose-
dependent inhibition of the capsaicin (30 nM) stated calcium uptake was measured. Kae
values for antagonism take into account the cormipetbetween capsaicin and the antagonist. The
binding affinities as mu opioid ligands were measuby a binding competition assay with[-D-
Ala*>-MePhé-GlyolP-enkephalin (DAMGO)*? The K; values was calculated from the measured
ICso values using the Cheng-Prusoff equafidhe results are shown ifeble 1 together with
those for morphine (K= 6.08 nM) and. (Kiany= 2.22 nM) as references.

First, we investigated 4-methylsulfonamidophenyl refyion analogues. The direct
substitution of the 4-methylpiperidinyl group i with the BDP group, providindl, showed

10



similar activity in the binding affinity and antagem toward TRPV1 compared 10 However, its
binding affinity to MOR decreased significantly cpamed to that of morphine. The urea B-region
analogues o1l (13, 15, 17) were next examined. Compouh8, the urea surrogate @1, displayed
weak activity on both TRPV1 and MOR. On the othandh whereas compouidd, the one-carbon
elongated analogue in the A-region, exhibited imptb TRPV1 antagonism, compoudd, the
one-carbon elongated analogue in the B-region,lalisd enhanced MOR activity. However,
neither compound showed the desired dual-actinyigctThe sulfamide analogu20 showed
improved MOR activity comparable &7, but reduced TRPV1 antagonism comparetiStolrhe 4-
hydroxymethyl analogu€3 did not displayed any substantial improvement iitheg receptor
activity compared td5.

Next, we investigated the bicyclic A-region analegu Previously, the 7-
hydroxynaphthalen-1-¥t and 7-hydroxytetrahydronaphthalen-12yirea analogues showed potent
TRPV1 antagonism. Based on that fact, we examiheat BDP C-region analogue26 and 28.
Both showed high affinity and potent TRPV1 antagaonihowever, their MOR activity was modest.
In addition, the 2,3-dihydrobenofuran-6-yl urea lagae 33 was examined, but the receptor
activities were also moderate. Recently, we disgavéwvo distinct A-regions for TRPV1 functional
activity, quinolin-2-one-5-yl 34) and isoquinolin-1-one-5-yl 36), where derivatives o0f34
displayed potent antagonism and derivative8@tlisplayed potent agonism, regardless of the C-
region® Similarly, their BDP C-region analogue’5( 37) displayed the same functional activities,
respectively, however the potencies in TRPV1 andRvi@re moderate.

Finally, we explored quinoline and isoquinoline égion analogues. Previously, we
reported that 6,6-fused heterocyclic ureas displdyighly potent TRPV1 antagonishBased on
that, we investigated their BDP C-region analogmetuding quinolin-7-yl 44), isoquinolin-7-yl
(45), isoquinolin-6-yl @6), isoquinolin-8-yl @7), isoquinolin-5-yl @8) and quinolin-5-yl 49)

derivatives.

11



Whereas th@3-substituted ring analogued4(46) exhibited moderate TRPV1 antagonism, the
substituted ring analogue47¢49) displayed potent TRPV1 antagonism. Among thermpmaunds
46 and49 showed reasonable MOR activities withK17 and 29 nM, respectively, that were just
3- and 5-fold less potent than that of morphinensidering the two receptor activity, compoutsl

was selected as most promising candidate with hatiti;ng mechanism.

Table 1. In vitro activity of 4-benzyl-4-(dimethylamino)piperidingerivatives onhTRPV1 and

MOR
Qs SOk
N
e '
©$2 <{¥)
|
13-49
TRPV1® MOR
R Binding Affinity Agonism Antagonism Binding Affinity
Ki (nM) EC5Q (nM) Ki(ant) (nM) K, (nM)
Morphine 6.08
1 (rac) 7.9 (+1.6) NE 2.22(+0.47)

13

* F
1 \@ R 3.79 (¥0.19) NE 8.2(+1.7) 428

Q 1159 (+35) NE WE 368

- F
15 \CQHSO 16.4 (£0.90) NE 25.0+1.4) 322
&
F H o
17 \/@N;,s"\ 266 (+69) NE 85.9(+7.0) 76.2
*. O
* F
\@/H &
20 S, | 15.3(23.6) NE 120(+19) 72.4
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* F

23 \QQ/OH 27.9 (+7.6) NE 81(+19) 240
OH

26 . 0.46 (+0.07) NE 8.9(x1.2) 137
OH

28 . \& 0.95 (+0.20) NE 10.1(+0.78) 261

33 \©r\°) 41.4 (+8.1) NE 31.3(x9.5) 225
Z (0]

35 \5@ 1.67 (+0.50) NE 30.6(+3.8) 240
Z "NH

37 . o 111 (+15) | 43.7 (¢6.7) NE 105

* N

44 m 14.1 (+2.9) NE 42(+14) 166

45 \@' 7.33 (20.26) NE 56.1(7.2) 177

46 \©:>N 62 (+10) NE 156(50) 17.0
/N

47 \éj 12.3 (+4.3) NE 18.68(1.2) 205
z |N

48 \& 0.67 (+0.13) NE 8.8(x4.1) 507
~3

49 . N 10.8 (+1.6) NE 32(14) 29

& NE: no effect, WE: weak effect; values for TRPM& ¢he mean of at least three experiments;

values for MOR represent single experiments.

2.3. Invivo activity
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In order to evaluate antinociceptive activity oihqmound49, we conducted the formalin
assay in ICR mic&'" In this assay, the compound was administered bwgaritoneal (i.p.)
injection 30 min before subcutaneous (s.c.) ingectf 2% formalin solution into the hindpaw and
then the pain response of licking and biting ofitjected paw was evaluated over the next 30 min.
The evaluation was performed over two discrete gh#§' phase, 0-5 min;" phase, 20-30 min)
of the response upon formalin injection. THePhase (0-5 min) models acute pain, whereasthe 2
phase (20-30 min) models chronic pain. As showirigure 2, compound49 exhibited potent
antinociceptive activity in a dose-response fashiith an ER}, of 23.9 mg/kg in the *iphase and
10.5 mg/kg in the ¥ phase, respectively. In addition, at a dose aidfkg compound9 was able

to inhibit the pain behavior completely in phase 2.

1st phase 2nd phase
1001 1504
o %)
E. 80 g 125+
S )
E by S 1001
< 607 o §
-2 £ 757 *k
g 407 *k 8
c £ 507 *k
s = T
£ - sk g
g 20 T 5 257
b [
*%* *%*
0- 0-
Vehicle 10 20 40 80 Vehicle 10 20 40 80
[malka] [mg/kg]

Figure 2. Antinociceptive activity of compoub in formalin assay

2.4. Target engagement study

To determine whether the antinociceptive effectahpound49 was derived fromn vivo
MOR activation and TRPV1 antagonism, we confirntegl target engagement 49 employing the
capsaicin-induced paw licking modtand a MOR antagonist pain motiel

The involvement of TRPV1 in the antinociceptiveiaty of 49 was investigated using the

capsaicin-induced paw licking model as a modeladh pnduced by capsaicin. As shownHigure
14



3A, compound49 administered intraperitoneally showed a dose-ddgen reduction in the
capsaicin-induced nociceptive response, produckh@ @nd 89.6% inhibition against capsaicin-
induced pain compared to vehicle at doses of 204énehg/kg, respectively. These results confirm
that capsaicin-induced pain, which is mediatedughoTRPV1, was antagonizéaavivo by 49.

The involvement of MOR in the antinociceptive waityi of 49 was investigated using
naloxone, a MOR antagonist, in the formalin modes. shown inFigure 3B, intraperitoneal
administration of compourdd decreased the paw licking time by 52.5 and 90.2 hé £'and 2¢
phases at a dose of 30 mg/kg, respectively. Howdgkowing pretreatment with naloxone (10
mg/kg, i.p.), the licking time in response to compd49 was reduced to 5.7 and 47.9 % fhahd
2" phases, respectively, indicating that the anatgeffiect of49 was significantly reversed by

naloxone in both phases of the formalin-induceda®gtion.

A. B.
< 1507 1st phase : 2nd phase
o .
801 2
S
G .; *
2 601 2 1007 —
° o
g : —
] 3 -
E\ 40 2 g0 ok
= £
2 ®
3 201 £ x
Lo
0- Vehicle A B Vehicle A B
Vehicle 20 40 B A - 49 (30 mglkg)
[mg/kg] Il B: Naloxone (10 mg/kg) + 49 (30 mg/kg)

Figure 3. (A) Compound49 blocks capsaicin-induced licking behavior in mideesults are
expressed as mean + SEM (n = 3-4). *p<0.01 contpaerehicle-treated group. (B) Pretreatment
of naloxone significantly inhibits the analgesifeet of compound!9 in the formalin test. Results
are expressed as mean £ SEM (n=3-4). *p<0.05; **Pkx@ompared with vehicle-treated group:
**p<0.01 compared wit9 group.
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3. Conclusion

In order to discover a novel analgesic with a mialtget mechanism, we investigated dual-
acting compounds with MOR ligand and TRPV1 antagjoactivities. This type of compound could
potentially not only block the pain transmissionbioth the peripheral and central nervous system
but also minimize the side effects associated witiyle targeting. For the design of dual-acting
compounds, we combined the 4-benzyl-4-(dimethylajmiperidinyl group known as NSO with a
potent TRPV1 antagonist template to generate aswoaffold in which the A-region was variably
modified with substituted aryl groups, includingfl@ero-4-methylsulfonamidophenyl analogues,
(tetrahydro)naphthalene, and 6,6-fused heterocyded as the A-region in previous potent TRPV1
antagonists. Among them, compou#@ displayed the most promising dual-acting actiwtijh
Kiany= 32 nM for TRPV1 and K= 29 nM for MOR. Anin vivo study of compound? in the
formalin test indicated tha9 showed potent and dose-dependent antinocicepttixgty with EDsg
= 23.9 and 10.5 mg/kg in*land 39 phases, respectively. The target engagement &taitated
that capsaicin-induced nociception was signifigargbduced byl9 and the antinociceptive effect of
49 in the formalin model was blocked by the pretreatimef naloxone, suggesting that the
antinociceptive effect 049 was derived from both TRPV1 antagonism and MORvation. The
discovery of a new dual-acting compound with atgivas a TRPV1 antagonist and as a MOR
ligand presents a new direction for the developnoémtovel analgesics to overcome the problems

associated with single targeting.

4. Experimental

4.1. Chemistry

All chemical reagents were commercially availabfglica gel column chromatography was
performed on silica gel 60, 230-400 mesh, Merckclbar magnetic resonanc#H(NMR) spectra

were recorded on a JEOL JNM-LA 300 and a Brukern®ea400 MHz FTNMR spectrometer.

16



Chemical shifts are reported in ppm units with,Bleas a reference standard. Mass spectra were

recorded on a VG Trio-2 GC-MS and a 6460 Triple @Qu&/MS.

4.1.1. Synthesis of the C-region

4.1.1.1. tert-Butyl 4-cyano-4-(dimethylamino)piperidine-1-carboxylate (5)

To a solution of4 (1.0 mmol) in MeOH was added dimethylamine sohuti{@.0 mmol) and
dimethylamine hydrochloride (3.0 mmol). Conc. HOIS mmol) was then added to the reaction
mixture dropwise at C over 10 min and the mixture stirred for 1 h abmotemperature.
Potassium cyanide (3.0 mmol) was added in porttonthe reaction mixture and stirred 24 h at
room temperature. After completion, the reactiomtare was diluted with water and extracted with
EtOAc several times. The combined organic layer washed with brine, dried over Mg®O
filtered and concentrated vacuo. The residue was purified by silica gel columnochatography
to afford5 as a white solid in 99% yieldH NMR (CDCk, 300 MHz)6 3.97 (d,J = 13.2 Hz, 2H),
3.14 (btJ = 11.7 Hz, 2H), 2.35 (s, 6H), 2.08 (kb= 13.5 Hz, 2H), 1.69-1.59 (m, 2H), 1.46 (s, 9H);

FAB-MS miz 254 [M+HTJ".

4.1.1.2. 4-Benzyl-N,N-dimethylpiperidin-4-amine (6)

To a solution o6 (1.0 mmol) in anhydrous THF was added benzylmagneshloride (2.0 M in
THF, 2.24 mmol). After the reaction mixture waslugéd for 3 h, the reaction mixture was cooled
to room temperature, diluted with aqg. MH and extracted with EtOAc several times. The
combined organic layer was washed with brine, doedr MgSQ, filtered and concentratea
vacuo. The residue was purified by silica gel column chatography to afford the desired product.
By following the general procedure described in2111, the Boc group was deprotected to @ias

a white solid in 55% vyield'H NMR (CDCk, 400 MHz)s 7.03 - 7.37 (m, 5H), 3.19 @,= 12.2 Hz,
2H), 2.95 (dJ = 12.1 Hz, 2H), 2.66 (s, 2H), 2.25 (s, 6H), 1.88](= 14.0 Hz, 2H) 1.61 (dd} = 3.4

Hz, 16.5 Hz, 6H); FAB-MSz 219 [M+HT".
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4.1.1.3. 2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl)benzonitrile (7)

To a solution o6 (1.0 mmol) in CHCN, potassium carbonate (2.2 mmol) was added 18rc
ether (0.1 mmol) and 2-fluoro-4-(trifluoromethyl)tEnitrile (0.9 mmol). The reaction mixture was
refluxed for 15 h and cooled to room temperaturee mixture was diluted with water and extracted
with EtOAc several times. The combined organic tayas washed with brine, dried over Mgs0
filtered and concentrated vacuo. The residue was purified by silica gel columnachatography
to afford 7 as a white solid in 37% yieldH NMR (CDCk, 400 MHz)d 7.55 (d,J = 8.0 Hz, 1H),
7.35 (d,J = 4.6 Hz, 2H), 7.26 (d] = 7.2 Hz, 1H), 7.07 - 7.21 (m, 4H), 3.21 - 3.33 &Hl), 2.71 (s,
2H), 2.33 (s, 6H), 1.93 (dd,= 2.1, 14.4 Hz, 2H), 1.61 (dd= 4.2, 13.5 Hz, 2H); FAB-M$®Vz 388

[M+H]".

4.1.1.4. 1-(2-(Aminomethyl)-5-(trifluoromethyl)phenyl)-4-benzyl-N,N-dimethyl pi peridin-4-amine

)

To a solution of7 (1.0 mmol) in THF, borane dimethylsulfide complxM in THF, 5.0 mmol)
was added dropwise and refluxed for 15 h. The mixtuas cooled to 8C and quenched by water
until the remaining borane was inactivated. Thet@amixture was extracted with GEl, several
times. The combined organic layer was washed witheb dried over MgSQ filtered and
concentratedn vacuo. The residue was purified by silica gel colunmorhatography to affor8 as

a pale yellow solid in 11% yieldH NMR (CDCk, 300 MHz)d 7.45 (s, 1H), 7.29 - 7.34 (m, 3H),
7.16 - 7.23 (m, 4H), 4.73$, 2H), 3.92 (tJ = 7.3 Hz, 2H), 3.16 (1) = 11.2 Hz, 2H), 2.71 - 2.75 (m,

4H), 2.36 (s, 6H), 1.98 (d,= 12.8 Hz, 2H): FAB-MS1/z 392 [M+H]".

4.1.15. Phenyl (2-(4-benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl)benzyl)carb-
amate (9)

The title compound was obtained by following theeml procedure 0£.1.2.9 as a white solid in
99% vyield."H NMR (CDCk, 300 MHz)d 7.07 - 7.69 (m, 13H), 4.44 (d,= 5.9 Hz, 2H), 3.31 (t)
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= 11.3 Hz, 2H), 2.73 (m, 4H), 2.36 (s, 6H), 1.92J¢ 12.5 Hz, 2H), 1.58 (m, 3HFAB-MS m/z

512 [M+H]".

4.1.2. General procedures

4.1.2.1. Boc deprotection.

To a solution of N-Boc protected compound (1.0 mmol) in &Hb was added dropwise
trifluoroacetic acid (20 mmol) at 0 °C and stirfed 1 h at room temperature. Then, the reaction
mixture was quenched with saturated NaH@OIlution and extracted with EtOAc several times.
The combined organic layer was washed with brineddover MgSQ), filtered and concentrated
vacuo. The residue was purified by flash column chrorgedphy on silica gel to afford the desired

product.

4.1.2.2. N-Boc sulfamide.

Chlorosulfonyl isocyanate (CSI, 1.1 mmol) was digsd in CHCl, and cooled to 6C. A solution
of tert-butyl alcohol (1.1 mmol) in CkCl, was added dropwise and stirring continued for &® an
room temperature. The resulting solution was sloadgled into a solution df8 (1.0 mmol) in
CH.CI, and triethylamine (1.1 mmol) at 0 °C. The resgjtgolution was allowed to warm to room
temperature. The reaction mixture was diluted W@tfCl, and washed with 0.1 N HCI and water.
The organic layer was dried over Mg§&Qiltered, and concentrated vacuo. The residue was

puried by column chromatography on silica gel foraf the desired product.

4.1.2.3. Carboxylic acid reduction.

To a stirred suspension of LIAIK3.0 mmol) in ether was added dropwise a solutio®lan ether

at 0°C over 15 min. The mixture was refluxed for 30 mtimen the reaction cooled to°Q and
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quenched with 1IN HCI. The precipitate was filtei@tl and washed with ether. The combined
filtrate was dried over MgSQ filtered and concentrated wacuo. The residue was puried by

column chromatography on silica gel to afford tlesiced product.

4.1.2.4. Catalytic Hydrogenation

Method A. To a solution of nitro compound (1.0 mmol) in Me@HHF (1:1) was added 10% Pd/C
and charged with hydrogen gas. The mixture wasesdtifor 2 h at room temperature. After
completion, the mixture was filtered through cebtad the filtrate was concentratedvacuo. The

residue was puried by column chromatography ooasdel to afford the desired product.

Method B. To a solution o4 in EtOH, 2N HCI in 1,4-dioxane and Pi@as added and charged
with hydrogen gas. The reaction mixture was stiaed5°C for 15 h.After completion, the mixture
was filtered through celite and the filtrate was)@entratedn vacuo. The compound was used

without further purification.

4.1.2.5. Nitration

Method A. A solution 0f29 (1.0 mmol) in CHCN was cooled to C and was added with silver
nitrate (1.0 mmol) and acetyl chloride (1.0 mmadle reaction mixture was stirred at@for 1 h.
After completion, the reaction mixture was dilutdh water and extracted with EtOAc several
times. The combined organic layer was washed witebdried over MgS©and concentratesh
vacuo. The residue was purified by silica gel columnorhatography to afford the desire product.
Method B. To a mixture of acetic acid and nitric acid (1./ol) was added dropwise a solution of
30 (1.0 mmol) in acetic acid at® and stirred at room temperture for 15 h. Aftemptetion, ice
was added to the reaction mixture and the partieipas filtered and washed with water several
times. The filtrate was dried over Mg@@oncentratedn vacuo and the combined solid was used

for the next step without further purification.
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4.1.2.6. N-Acetylation

To a solution of the appropriate amine (1.0 mmol}l j4-dioxane was added acetic anhydride (2.1
mmol) and the mixture was stirred at room tempeeator 15 h. After completion, the solution was
diluted with water and extrated with EtOAc sevénales. The combined organic layer was washed
with brine, dried over MgSg)filtered and concentrated vacuo. The residue was purified by silica

gel column chromatography to afford the desireaipob.

4.1.2.7. Deacetylation

A suspension oN-acetyl compound (2.07 mmol) and conc. HCI (6.5 mmLEEtOH was refluxed for

2 h. The resulting solution was concentrated uadeduced pressure and carefully neutralized with
NH4OH solution to pH 8. The reaction mixture was ectied with EtOAc, dried over MgSQ
filtered and concentrated vacuo. The residue was purified by silica gel columnathatography

to afford the desired product.

4.1.2.8. Deamination

To a solution of the appropriate aryl amine (1.0ahmm THF was added isoamylnitrile (3.0 mmol)
and the mixture was refluxed for 3 h. After comiglef the reaction mixture was cooled to room
temperature and diluted with water and extractetht WtOAc several times. The combined organic
layer was dried over MgSQfiltered and concentrated vacuo. The residue was purified by silica

gel column chromatography to afford the desireaipob.

4.1.2.9. Carbamation

To a solution of the appropriate amine (1.0 mmol)THF was added pyridine (1.1 mmol) and
phenyl chloroformate (1.0 mmol) at°G and stirred at room temperature for 1 h. Thetimac
mixture was quenched with water and extracted wiBAc several times. The combined organic

layer was washed with brine, dried with Mg&@ltered and concentratdd vacuo. The residue
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was purified by silica gel colunm chormatographwatiord the desired product.

4.1.2.10. Trichloroacetamide

To a solution of the appropriate amine (1.0 mmolCH,Cl, was added triethylamine (1.0 mmol)
and trichloroacetyl chloride (1.1 mmol) at’© and stirred at room temperature for 15 h. After
completion, the reaction mixture was diluted withter and extracted with EtOAc several times.
The combined organic layer was washed with brineddover MgSQ, filtered and concentrated

vacuo. The residue was purified by silica gel columnorhatography to afford the desired product.

4.1.2.11. Urea coupling

Method A. To a solution of the appropriate carbamate (1.0 hmdCH3;CN was added amine (2.0
mmol) and 4-dimethylaminopyridine (1.0 mmol) aniretl at 50°C for 15 h. After completion, the
reaction mixture was cooled to room temperaturkeitetl with water and extracted with EtOAc
several times. The combined organic layer was was brine, dried with MgSQ filtered and
concentratedin vacuo. The residue was purified by silica gel column ochatography
(CH.Cl,:MeOH=20:1) to afford the desired product in 60%8Gield.

Method B. To a solution of trichloroacetamide or carbamdt® (mmol) in DMF was added the
appropriate amine (1.1 mmol) and 1,8-diazabicyctb(undec-7-ene (2.5 mmol). After stirring at
100 °C for 15 h, the reaction mixture was cooled to rommmperature, diluted with water and
extracted with EtOAc several times. The combineghoic layer was dried with MgSQfiltered
and concentratedn vacuo. The residue was purified by silica gel column ochatography

(CH.CI;:MeOH=20:1) to afford the desired product70-90% vyield.

4.1.2.12. EDC coupling
To a solution of10 (1.0 mmol) in 1,4-dioxane8 (1.05 mmol) was added 1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide (1.5 mmol), hydyeenzotriazole (1.5 mmol) and
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triethylamine (2.5 mmol). After stirring at roomntperature for 15 h, the reaction mixture was
diluted with HO and extracted with EtOAc several times. The comdbiorganic layer was washed
with brine, dried over MgSg)filtered and concentrated vacuo. The residue was purified by silica

gel column chromatography (GEl,:MeOH=20:1) to afford the desired product in 85%ldi

4.1.3. Chemical Spectra

4131 N-(2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl)benzyl)-2-(3-
fluoro-4-(methylsulfonamido)phenyl)propanamide (11)

42 % vyield, white solid, mp = 80-8€; *H NMR (300 MHz, CROD) d 6.99-7.35 (m, 11H), 4.25 (s,
2H), 3.54 (m, 1H), 2.96 (d, = 11.7 Hz, 2H), 2.88 (s, 3H), 2.76 (s, 2H), 2.62 RH), 2.36 (s, 6H),
1.94 (d,J = 11.0 Hz, 2H), 1.58 (m, 2H), 1.33 (d,= 7.0 Hz, 3H); HRMS (FAB) calcd for

C3oH3gFaN4O3S [M + H]+ 635.2679, found: 635.2668.

4.1.3.2. N-(4-(3-(2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl)benzyl)-
ureido)-2-fluorophenyl)methanesulfonamide (13)

41 % yield, white solid, mp = 115-13C; *H NMR (300 MHz, DMSO) 8.44 ps, 1H), 7.16 - 7.33
(m, 11H), 7.10 (dJ = 8.04 Hz, 2H), 4.15 (d] = 5.5 Hz, 2H), 2.96 (m, 5H), 2.65 (M, 4H), 2.28 (s
6H), 1.87 (m, 2H), 1.33 (m, 2H); HRMS (FAB) calcdr fCyoHasFaNs0sS [M + H]" 622.2475,

found: 622.2476.

4.1.3.3. N-(4-(3-(2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl)benzyl)-
ureido)-2-fluorobenzyl)methanesulfonamide (15)

45 % yield, white solid, mp = 204-26T; *H NMR (300 MHz, DMSO) 8.89 (s, 1H), 7.19 - 7.46
(m, 11H), 7.01 (ddJ = 1.8, 8.4 Hz, 1H), 6.66 (t, 1H), 4.21 (t= 5.4 Hz, 2H), 4.08 (d] = 6.0 Hz,
2H), 2.99 (tJ = 11.0 Hz, 2H), 2.84 (s, 3H), 2.70 (m, 4H), 2.30§H), 1.92 (dJ = 12.0 Hz, 2H),

1.43 (t, 2H); HRMS (FAB) calcd for £Hs7FaNsOsS [M + H]' 636.2632, found: 636.2625.
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4.1.3.4. N-(4-((3-(2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl )benzyl)-
ureido)-methyl)-2-fluorophenyl)methanesulfonamide (17)

34% yield, white solid, mp = 85-RT; *H NMR (300 MHz, DMSO) 9.5 ps, 1H), 7.861fs, 1H),
7.02 - 7.33 (m, 10H), 6.58 (t, 1H), 6.49 (t, 1HX4+(m, 4H), 2.98 (s, 3H), 2.69 (M, 4 H), 2.296s,
H), 1.90 (d,J = 14.0 Hz, 2H), 1.10 - 1.50 (m, 4H), 0.81 (m, 2; HIRMS (FAB) calcd for

C31H37F4N503S [M + H]+ 636.2632, found: 636.2624.

4.1.35. N-(4-(3-(2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl)benzyl)-
ureido)-2-fluorobenzyl)aminosulfonamide (20)

64% yield, white solid, mp = 98-10C; *H NMR (300 MHz, DMSOY 8.90 (s, 1H), 7.19 - 7.41 (m,
11H), 6.93 - 7.00 (M, 2H), 6.63 (s, 2H), 4.20J&; 5.7 Hz, 2H), 3.99 (d] = 6.2 Hz, 2H), 2.97 (d]

= 9.9 Hz, 2H), 2.69 (m, 4H), 2.29 (s, 6H), 1.93 (s 10.1 Hz, 2H), 1.43bs, 2H); HRMS (FAB)

calcd for GoHz6F4sN6O3S [M + H]Jr 637.2584, found: 637.2580.

4.1.3.6. 1-(2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl)benzyl)-3-(3-

fluoro-4-(hydroxymethyl)phenyl)urea (23)

55% yield, white solid, mp = 89-%€; *H NMR (300 MHz, CROD) 6 7.32 - 7.41 (m, 2H), 7.09 -
7.25 (m, 8H), 6.90 (dd] = 1.8, 8.2 Hz, 1H), 4.48 (s, 2H), 4.29 (s, 2HP23(t,J = 11.3 Hz, 2H),
2.69 - 2.77 (m, 4H), 2.37 (s, 6H), 1.92 Jd; 6.2 Hz, 2H), 1.68 (1] = 10.4 Hz, 2H); HRMS (FAB)

calcd for GoHz4F4N4O, [M + H]+ 559.2696, found: 559.2699.

4.1.3.7. 1-(2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl ) benzyl)-3-(7-
hydroxynaphthalen-1-yl)urea (26)
59% vyield, light pink solid, mp = 123-12C; *H NMR (300 MHz, CROD) é 7.74 (d,J = 8.4 Hz,

1H), 7.63 (dJ = 8.0 Hz, 1H), 7.07 - 7.48 (m, 12H), 4.37 (s, 28P3 (t,J = 11.3 Hz, 2H), 2.75 (s,
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2H), 2.67 (d,J = 11.3 Hz, 2H), 2.36 (s, 6H), 1.88 @@= 13.4 Hz, 2H), 1.53 (] = 7.1 Hz, 2H);

HRMS (FAB) calcd for GHzsFsN4O, [M + H]* 557.2790, found: 557.2788.

4.1.3.8. 1-(2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl ) benzyl)-3-(7-
hydroxy-5,6,7,8-tetrahydronaphthalen-1-yl)urea (28)

60% vyield, white solid, mp = 176-17€; *H NMR (300 MHz, CDCY) 6 7.39 - 7.29 (m, 3H), 6.99 -
7.21 (m, 8H), 6.00ks, 1H), 5.301¢s, 1H), 4.38 (dJ = 3.8 Hz, 2H), 4.11 (m, 1H), 3.05 ¢t= 11.2
Hz, 2H), 2.91 - 2.81 (m, 4H), 2.70 (s, 2H), 2.62 @hl), 2.33 (s, 6H), 1.87 (d,= 12.3 Hz, 2H),
1.45 (t,J = 11.9 Hz, 2H); HRMS (FAB) calcd for :gH30FsN4O, [M + H]* 581.3103, found:

581.3102.

4.1.3.9. 1-(2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl)benzyl)-3-(2,3-
dihydrobenzofuran-6-yl)urea (33)

30% vyield, white solid, mp = 87-€; 'H NMR (400 MHz, CROD) § 7.45 (d,J = 8.0 Hz, 1H)),
7.40 (s, 1 H), 7.18 - 7.33 (m, 6 H), 7.04 Jc& 8.0 Hz, 1H), 6.88 (d] = 1.7 Hz, 1H), 6.68 (dd] =
1.8, 7.8 Hz, 1H), 4.51 (f] = 8.6 Hz, 2H), 4.37 (s, 2H), 3.08 - 3.13 (m, 4H3&(s, 2H), 2.83 (m,
2H) 2.48 (s, 6H), 2.01 (m, 2H), 1.75 (m, 2H); HRNISAB) calcd for GiHzsFaN4O, [M + H]*

553.2790, found: 553.2787.

4.1.3.10. 1-(2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl)benzyl)-3-(2-
0x0-1,2-dihydroquinolin-5-yl)urea (35)

40% vyield, white solid, mp = 125-13€; *H NMR (300 MHz, CROD) § 7.99 (d,J = 8.4 Hz, 1H),
7.12 - 7.51 (m, 11H), 6.57 (d,= 9.9 Hz, 1H), 4.41 (s, 2H), 3.11 {t= 10.8 Hz, 2H), 2.79 (m, 4H),
2.41 (s, 6H), 1.97 (tJ = 14.1 Hz, 2H), 1.65 () = 10.6 Hz, 2H); HRMS (FAB) calcd for

C32H34F3N502 [M + H]Jr 578.2743, found: 578.2747.
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41311 1-(2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl)benzyl)-3-(1-
ox0-1,2-dihydroisoquinolin-5-yl)urea (37)

30% vield, white solid, mp = 104-16€; *H NMR (400 MHz, CROD) ¢ 8.14 (d,J = 8.1 Hz, 1H),
7.48 (m, 2H), 7.39 (s, 1 H, Ar), 7.33 (= 7.8 Hz, 1H), 7.13 - 7.26 (m, 8H), 4.40 (s, 2 Bi}L0 (t,J
=10.9 Hz, 2H), 2.78 (s, 2H), 2.73 @@= 11.4 Hz, 2H), 2.40 (s, 6H), 1.96 (M= 13.5 Hz, 2H), 1.62

(t,J=11.2 Hz, 2H); HRMS (FAB) calcd forsgHs4FsNsO, [M + H]* 578.2743, found: 578.2747.

4.1.3.12. 1-(2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl ) benzyl)-3-

(quinolin-7-yl)urea (44)

46% yield, white solid, mp= 103-10€; *H NMR (300 MHz, DMSOY 9.08 (s, 1H), 8.75 (dd}, =

1.8, 4.2 Hz, 1H), 8.19 (d, = 8.2 Hz, 1H), 8.13 (s, 1H), 7.82 @@= 8.8 Hz, 1H), 7.55 (dd] = 2.0,

8.8 Hz, 1H), 7.45 (d) = 8.1 Hz, 1H), 7.36 (d] = 8.1 Hz, 1H), 7.19 - 7.33 (m, 7H), 6.75( 1 H),

4.26 (d,J = 5.5 Hz, 2H), 3.01 (t) = 11.2 Hz, 2H), 2.70 - 2.74 (m, 4H), 2.31 (s, 6HP3 (d,J =

18.0 Hz, 2H), 1.45k6, 2H); HRMS (FAB) calcd for £HzFsNsO [M + H]* 562.2794, found:

562.2791.

4.1.3.13. 1-(2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl ) benzyl)-3-
(isoquinolin-7-yl)urea (45)

51% vyield, white solid, mp = 123-12C; 'H NMR (300 MHz, CRQOD) ¢ 9.06 (s, 1H), 8.27 (dl =
5.9 Hz, 1H), 8.18 (s, 1H), 7.85 (@ = 9.0 Hz, 1H), 7.70 (m, 2H), 7.49 @@= 8.0 Hz, 1H), 7.42 (s,
1H), 7.33 (dJ = 7.7 Hz, 1H), 7.16 - 7.29 (m, 5H), 4.44 (s, 2Bi)},2 (t,J = 10.8 Hz, 2H), 2.85 (m, 4
H), 2.45 (s, 6H), 2.02 (dl = 12.6 Hz, 2H), 1.74bs, 2H); HRMS (FAB) calcd for §H34FsNsO [M

+ H]" 562.2794, found: 562.2799.

4.1.3.14. 1-(2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl ) benzyl)-3-

(isoquinolin-6-yl)urea (46)
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25% yield, white solid, mp = 99-10Z; *H NMR (400 MHz, CRCls) § 9.06 (s, 1H), 8.38 (d] =
5.8 Hz, 1H), 7.92 (s, 1H), 7.79 (d= 8.8 Hz, 1H), 7.48 (d] = 5.8 Hz, 1H), 7.26 - 7.42 (m, 5H),
7.06-7.14 (M, 4H), 4.45 (s, 2H), 3.16Jt= 9.4 Hz, 2H), 2.79 (m, 4H), 2.42 (s, 6H), 2.01 @Hl),

1.75 s, 2H); HRMS (FAB) calcd for §Hs4FsNsO [M + H]* 562.2794, found: 562.2800.

4.1.3.15. 1-(2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl ) benzyl)-3-

(isoquinolin-8-yl)urea (47)

42% yield, white solid, mp = 144-14T; *H NMR (300 MHz, CDCJ) § 9.32 ps, 1H), 8.48 (dJ =

5.8 Hz, 1H), 7.60 (m, 4H), 7.34 (d= 7.9 Hz, 1H) 7.31 (s, 1H), 7.02 - 7.22 (m, 7THB& s, 1H),
4.40 (d,J = 5.00 Hz, 2H), 3.05 (] = 10.8 Hz, 2H), 2.65 (m, 4H,), 2.32 (s, 6H), 1(88 2H), 1.44

(m, 2H); HRMS (FAB) calcd for &Hz4F3NsO [M + H]* 562.2794, found: 562.2800.

4.1.3.16. 1-(2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl ) benzyl)-3-
(isoquinolin-5-yl)urea (48)

45 % vyield, white solid, mp = 106-128; *H NMR (300 MHz, CROD) ¢ 9.12 (s, 1H), 8.32 (d} =
6.03 Hz, 1H), 7.80 (m, 2H), 7.56 (m, 2H), 7.43Jd; 8.4 Hz, 1H), 7.32 (s, 1H), 7.25 @@= 7.5 Hz,
1H), 7.04 - 7.14 (m, 5H), 4.45 (s, 2H), 3.001)(& 12.5 Hz, 2H), 2.71 (m, 4 H), 2.32 (s, 6H), 1(89
J = 14.1 Hz, 2H), 1.57b6, 2H); HRMS (FAB) calcd for §HssFsNsO [M + H]* 562.2794, found:

562.2784.

4.1.3.17. 1-(2-(4-Benzyl-4-(dimethylamino)piperidin-1-yl)-4-(trifluoromethyl ) benzyl)-3-
(quinolin-5-yl)urea (49)

53 % yield, white solid, mp = 183-19C; 'H NMR (300 MHz, DMSO) 8.87 (d,J = 4.0 Hz, 1H),
8.83 (s, 1 H), 8.48 (d] = 8.6 Hz, 1H), 7.96 (d] = 6.2 Hz, 1H), 7.65 (m, 2H), 7.52 - 7.56 (dds
4.02, 8.61 Hz, 1H), 7.48 (d,= 7.9 Hz, 1H), 7.38 (d] = 8.3 Hz, 1H), 7.24 - 7.29 (m, 3H), 7.18 (m,

3H), 6.97 (M, 1H), 4.27 (d} = 5.3 Hz, 2H), 3.00 (tJ = 13.6 Hz, 2H), 2.71 (m, 4H), 2.29 (s, 6H),
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1.92 (m, 2H), 1.43 () = 11.2 Hz, 2H): HRMS (FAB) calcd forsHsFsNsO [M + H]* 562.2794,

found: 562.2784.

4.2. Biology

4.2.1. TRPV1 assay
4.2.1.1. Cdl culture

As previously reportetf the selected stable CHO cell line expressing hu@RV1 (Tet-Off
system) was cultured in maintaining medium (Hams2Fsupplemented with 10% fetal bovine
serum, 0.025M HEPES pH 7.5, 25@/mL Geneticin, and 1mg/L tetracycline). FGHJRTX
competition binding experiments, cells were seedefb cnf culture flasks in maintaining media
and grown to approximately 90% confluency aftetd48 he flasks were then washed with DPBS
(without C&" or Mg and the medium was replaced with inducing medi(ttam's F12
supplemented with 10% fetal bovine serum and OM2HEPES pH 7.3) for an additional 48 h.
The cells were harvested in Trypsin-EDTA and DPB® C&" or Md™) and pelleted by

centrifugation at 1000 rpm for 5 min. The pelleesrg/stored at —20 °C until use.

4.2.1.2. Radioligand binding assay

As previously reportel, competition binding studies were performed in fiesence of a fixed
concentration of 3H]RTX and various concentrations of competing ligenThe binding assay
mixtures were handled in borosilicate tubes andtainad DPBS (with Cdand Md"), bovine
serum albumin (0.25 mg/mL)*H]RTX (100 pM), and various concentrations of thgahds for a
total volume of 35QuL. Non-specific binding was determined in the preseof non-radioactive
RTX (100 nM). The tubes were incubated for 60 miai37 °C water bath. The mixtures were then
cooled on ice for approximately 10 min, after whimbvine glycoprotein fraction VI (104L; 2

mg/mL) was added to reduce nonspecific binding. iEleecold contents were then transferred to
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1.5 mL centrifuge tubes for centrifugation. Memlgdound RTX was separated from free RTX as
well as the glycoprotein-bound RTX by pelleting tinembranes in a Beckman (Coulter) Allegra
21R centrifuge for 15 min at 12,000 rpm. Radioattivn the pellets and in an aliquot of each
supernatant was determined by scintillation cogntin the presence of Cytoscint E.S. (MP
Biomedicals). Equilibrium binding parameters;,(Bmnax, and cooperativity) were determined by

fitting the Hill equation to the measured values.

4.2.1.3. Calcium uptake assay

As previously reportelf CHO-hTRPV1 cells were plated in 24-well tissueturd plates with
maintaining medium and grown to 50%-70% confluentiie following day, the maintaining
medium was aspirated and the cells were washee twith DPBS (no Cd or Mg®"). Inducing
medium (without tetracycline) was added and thésoskre incubated for an additional 48 h to
initiate TRPV1 expression. Experiments were dorn@pmately 48 h after induction. To measure
45ce&* uptake in the assays of agonism, the inducing umedias aspirated and replaced by assay
medium (40QuL) in each well. The assay medium consisted of DM&Mplemented with bovine
serum albumin (0.25 mg/mLf°C&* (37 kBg/mL), and increasing concentrations of tiom-
radioactive ligand. The cells were incubated fonif in a water bath at 37 °C. For a measure of the
uptake by a full agonist, a saturating concentnatid capsaicin (1 pM) was used. Background
uptake was determined in the absence of either cantpor capsaicin. For the antagonism assays,
capsaicin (30 nM) was included along with incregstoncentrations of the test compound. The
cells were incubated for 5 min in a water bath at’G. Immediately after incubation, the assay
medium was aspirated and the cells were washec twith DPBS (no C& or Mg?"). The cells
were then lysed in radioimmunoprecipitation assafyelb (50 mM Tris-Cl pH 7.5, 150 mM NacCl,
1% Triton X-100, 1% SDS, and 1% sodium deoxychold@® uL/well) for at least 20 min on a
shaker. Aliquots (30QL) of the cell lysates were counted in a liquidh¢itiation counter. Each data

point in the dose response curves for agonism atabjanism represents the mean of the values
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from four individual wells. Data from the dose respe curves were analyzed by computer fit to
the Hill equation. Reported values are the meaatdéast three independent experiments unless
otherwise indicated. For antagonism measurementsalkies were calculated from the measured

IDso values using the Cheng-Prusoff equation.

4.2.2. MOR binding assay***2

Five ug of protein (5uL) per assay was incubated in a final volume of 20@vith 0.9472 nM (k)

of [*H] DAMGO and unlabeled target material GtL0**M) at 35 °C for 60 min. Total binding
was measured in the presence of radioligand anchdhespecific binding was determined in the
presence of 1M unlabeled naloxone. The reaction was terminatedapid filtration under vacuum
using FC96 filter plates (Millipore), followed byashing three times with 2QQ ice-cold 50 mM
Tris-HCI (pH 7.4) buffer. The radioactivity of tidried filters was detected in Scint-Axf (Packard)
scintillation cocktail with Tri-Carb 2900TR liquiscintillation counter (PerkinEImer). Radioligand
binding assays were performed in triplicate. Expental data were analyzed by GraphPad Prism
5.0 to determine the concentration of the targeen that displaced 50% otH]] DAMGO (ICs).

Ki was calculated using the Cheng-Prusoff equdtion.

4.2.3. Formalin test

ICR male mice weighting 20-25 g in groups of 6-8evased in all experiments. Male ICR mice

were maintained on a 12 h light-dark cycle (lighth®etween 7:00 p.m. and 7:00 a.m.) and allowed
free access to food and water. The temperaturdvamadity of the animal room were maintained at

22 + 2°C and 50 + 5%, respectively.

The formalin induced licking paw test was modiffedm the method described by Dubuisson and
Dennist’ Each mouse was acclimated to an acrylic observatimmber for at least 5 min before

the injection of formalin. 2QL of a 2% solution of formalin in 0.9% saline wameicted into the
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dorsal surface of the right hindpaw. Each mouse thas placed in an individual clear plastic
observational chamber (15 x 15 x 15 cm) and tha pasponse was recorded for a period of 30
min. The summation of time (in seconds) spentdhkitig and biting responses of the injected paw
during each 5 min block was measured as an indicdtpain response. The test compound was
administered intraperitoneally 30 min before fonmahjection. The first period (early phase) was
recorded 0-5 min after the injection of formalirdaihe second period (late phase) was recorded 20-

30 min after the injection.

4.2.4. Target engagement study

ICR male mice weighting 20-25 in groups of 3-4 wased in all experiments. ICR mice were
maintained on a 12 hr light-dark cycle (light oriviaeen 7:00 p.m. and 7:00 a.m.) and allowed free
access to food and water. The temperature and litynadthe animal room were maintained at
22+2C and 50+5%, respectively. In this study, wikofeed the national guidelines in conducting
animal experiments. All procedures for animal tegtse approved by the Medifron Animal Care
and Use Committee (approval number, Medifron 201BACUC). Efforts were made to minimize

animal suffering and to reduced the number of alsimsed.

4.2.4.1. Involvement of the TRPV 1 receptor

The involvement of TRPV1 in the antinociceptiveidaty by 49 was investigated by using the
capsaicin-induced paw licking model. Mice were prated with49 or vehicle 30 min prior to
injection of 10ul of capsaicin (ug/paw) intraplantarly into the surface of the rigimd paw of the
mice. The animals were observed individually fomB after capsaicin injection. The amount of
time spent licking the injected paw was recorded ams considered as an indication of pain

behavior.
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4.2.4.2. Involvement of the Opioid receptors

To investigate the possible involvement of the @mp®ystem in the antinociceptive activity 49,
the mice were pre-treated with the mu opioid remephtagonist, naloxone (10 mg/kg, i.p.) 15 min
prior to the administration a9 or vehicle. After 30 min, the mice were subjededhe formalin-

induced paw licking test.
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