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A series of A-region analogues of 2-(3-fluoro-4-methylsufonamidophenyl)
propanamide 1 were investigated as TRPV1 antagonists. The analysis of structure-
activity relationship indicated that a fluoro group at the 3- (or/and) 5-position and a
methylsulfonamido group at the 4-position were optimal for antagonism of TRPV1
activation. by capsaicin. The most potent antagonist 6 not only exhibited potent
antagonism of activation of hTRPV1 by capsaicin, low pH and elevated temperature
but also displayed highly potent antagonism of activation of rTRPV1 by capsaicin.
Further studies demonstrated that antagonist 6 blocked the hypothermic effect of
capsaicin in vivo, consistent with its in vitro mechanism, and it showed promising

TRPV1 Antagonist
Analgesic

analgesic activity in the formalin animal model.

2017 Elsevier Ltd. All rights reserved.

The transient receptor potential vanilloid 1 (TRPV1), a key
nociceptor triggering C-fiber  sensory neurons, represents a
promising therapeutic target for the treatment of neuropathic
pain and a wide range of other conditions in which C-fiber
sensory neurons are involved."® The TRPV1 nociceptor is
activated by elevated temperature, by low pH, and by both
endogenous /endovanilloids and exogenous agents such as
capsaicin, as well-as being responsive to the state of the signaling
pathways in-the cells.*” Although intense efforts has been
directed at the development of potent TRPV1 antagonists,” side
effects such as hyperthermia or loss of sensitivity to heat pain
represent an on-going challenge. Recognition that different
modes of TRPV1 activation are differentially associated with
some side effects and are differentially manipulable by ligands
provides powerful motivation for detailed understanding of
TRPV1 structure-activity relations.>®

Previously, we have investigated an extensive series of 2-(3-
fluoro-4-methylsulfonamidophenyl)propanamides as  human
TRPV1 antagonist."®** Among them, antagonist 1 (R,=F, R,=H,
Rs;=H, R,=Me in Figure 1) showed highly potent antagonism for
multiple activators including capsaicin (Kjcap) = 0.2 nM, activity
of the S-isomer), N-arachidonoyl dopamine (NADA), low pH
and heat (45 °C). This antagonism was stereospecific to the S-
configuration in the propanamide. Consistent with the in vitro

mechanism of action, compound 1 antagonized capsaicin-
induced hypothermia in mice and demonstrated a strong
antiallodynic effect in neuropathic pain models. The basis for its
high potency was shown by molecular docking studies using our
established hTRPV1 homology model,’ indicating that the 6-
trifluoromethyl group and the 2-substituent in the pyridine C-
region made hydrophobic interactions with pockets composed of
Leu547/Thr550 and Met514/Leu515, respectively, regions that
have been identified as critical for potent antagonism.**™**

The pharmacophoric region of antagonist 1 can be divided
into so-called A, B and C-regions, as previously described for
capsaicin (Figure 1). The analysis of the structure activity
relationships (SAR) of 1 have initially focused on the C-region,
in which a variety of functional groups including the amino®,
oxy™, thio®, alkyl® aryl* and sulfonamido™ groups were
incorporated at the 2-position of 6-trifluorophenylpyridine along
with substitution at the 6-position with a tert-butyl group™ as
well as with the pyridine core modified by its isomers'’ or
replaced by phenyl® and pyrazole® surrogates. In addition, the
SAR of the B-region propanamide group was also explored by
the substitution with alpha-substituted acetamide” and urea™
surrogates.

As part of our continuing effort to optimize TRPV1
antagonists as clinical candidates for neuropathic pain, we herein
have investigated the SAR of the A-region corresponding to the



3-fluoro-4-methylsulfonylaminophenyl group in 1. In this study,
we modified the 3-position (R;) and 5-position (R,) on the
phenyl ring, and incorporated various substituents on the
nitrogen (Rs) and sulfur (R4) of the sulfonamide group (Figure
1).

We describe the synthesis of a series of 3,5-substituted 4-
sulfonamidophenyl derivatives and characterize their antagonism
toward activation of hTRPV1 by capsaicin. With a selected
potent antagonist in the series, we further characterized in detail
its in vitro activities and mode of action in vivo.
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Figure 1. Modification on the 4-methylsulfonamidophenyl A-region
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The syntheses of 3,5-substituted 4-methylsulfonamido
phenyl analogues are described in Schemes 1-3. For the
synthesis of 3 (or/and 5)-halo analogues (Scheme 1), Makosza’s
vicarious nucleophilic substitution’? of 2-halonitrobenzenes with
ethyl 2-chloropropanoate provided the corresponding ethyl 2-(4-
nitrophenyl)propionates in good yields. The nitro groups were
reduced to the corresponding amines by either hydrogenation or
tin(IT) chloride reduction and were then converted to the 4-
methylsulfonamino groups. Their esters were hydrolyzed to the
corresponding acids, which were coupled with the C-region
amine, (2-(4-methylpiperidin-1-yl)-6-(trifluoromethyl)pyridin-3-
yl)methanamine, to afford the final 3,5-halo analogues (1-4, 6).
The bromination of ethyl 2-(3-fluoro-4-methylsulfonamido
phenyl)propionate at the 5-position by oxybromination followed
by the preceding method, including hydrolysis and the coupling
reaction, gave the 3-fluoro-5-bromo analogue (7). The 3-methyl
analogue (5) was synthesized from the corresponding 3-bromo
analogue (4) by Migita-Kosugi<Stille coupling”. The C-region
derivatives (22-24) of the  3,5-difluoro analogue (6) were
synthesized using the corresponding C-regions previously
reported.'>"
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Scheme 1. Synthesis of 3 (or/and 5)-halo analogues

Reagents and conditions: (a) t-BuOK, DMF, 30 °C; (b) Pd/C, Hy, EtOH, r.t.
or SnCl,.2H,0, EtOH, reflux; (c) MsCl, pyridine, 0 °C to r.t.; (d) LiOH-H,0,
THF/H,O (1:1), r.t; (e) RNH,, EDC, HOBt, TEA, CH;CN (or DMF) (f)
oxone, NaBr, acetone/water; (g) Pd(PPhs)s, SnMey, toluene, reflux.
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For the synthesis of the 3-methoxy analogue (8), ethyl 2-(3-
hydroxyphenyl)acetate was nitrated and then O-methylated to
give the nitro intermediate. By following the preceding method,
the final 8 was readily obtained (Scheme 2).

Scheme 2. Synthesis of the 3-methoxy analogues
Reagents and conditions: (a) cH.SO,, EtOH, reflux; (b) HNO;, AcOH, 0 °C;
(c) KoCOs, Mel, acetone, r.t.; (d) NaH, Mel, 0 °C to r.t.; (e) Pd/C, H,,
THF/EtOH, rt; (f) MsCI, pyridine, 0 °C to r.t.; (g) LiOH-H,O, THF/H,O
(1:1), r.t.; (h) RNH,, EDC, HOBt, TEA, CHsCN

For the syntheses of the 3-fluoro-5-methoxy (9) and 3,5-
dimethoxy ~ (10)  analogues, ethyl  2-(3,5-difluoro-4-
nitrophenyl)propionate was selectively converted to either
monohydroxy or dihydroxy analogues under appropriate
hydrolysis and were then O-methylated to afford the 4-nitro
propionate intermediates. By following the preceding method, 9

and 10 were readily obtained (Scheme 3).
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Scheme 3. Syntheses of the 3-fluoro-5-methoxy and 3,5-dimethoxy
analogues

Reagents and conditions: (a) LiOH, THF/H,O, reflux, 12 h; (b) NaOH,
DMSO, reflux, 12 h; (¢) Mel, NaH, DMF, 0 °C to r.t.; (d) Pd/C, Hp, EtOH,
r.t.; (€) MsCl, pyridine, 0 °C to r.t.; (f) LIOH-H,O, THF/H,O (1:1), r.t.;; (e)
RNH,, EDC, HOBt, TEA, CH3;CN

The syntheses of  3-fluoro-4-(substituted)sulfonamido
analogues are described in Scheme 4. Starting from ethyl 2-(4-
amino-3-fluorophenyl)propanoate prepared in Scheme 1, the N-
sulfonylation with various sulfonyl chlorides followed by the
preceding method provided the final 4-
sulfonamido/sulfamoylaminophenyl analogues (11-16).
Meanwhile, the 4-methylsulfonamidophenyl analogue (1) was
alkylated or acylated on the nitrogen of the sulfonamido group to
afford the final N-substituted sulfonamidophenyl analogues (17-
21).
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Scheme 4. Syntheses of 3-fluoro-4-(substituted)sulfonamido analogues
Reagents and conditions: (a) RSO,CI, pyridine, 0 °C to r.t.; (b) LiOH-H,0,
THF/H;0 (1:1), r.t.; (c) RNH,, EDC, HOBt, TEA, CH:CN; (d) Mel, KoCOs,
ACN, 18-C-6, reflux, 8 h for 17; Etl, K,CO3;, ACN, 18-C-6, reflux for 18; 2-
iodoacetonitrile, K,CO;, ACN, 18-C-6, reflux for 19; Ac,O, pyridine/THF
(1:1), reflux, 12 h for 20; 3-bromopropanoyl chloride, K,CO;, ACN, 18-C-6,
reflux for 21.

The in vitro assay was conducted using a fluorometric
imaging plate reader (FLIPR) with hTRPV1 heterologously
expressed in Chinese hamster ovary (CHO) cells.” The
antagonistic activity of the synthesized compounds was
measured by inhibition of TRPV1 activation by capsaicin (100
nM) and expressed as binding affinity (Kjcap)). The results are
summarized in Tables 1-3 and the activities are compared to that
of the potent antagonist 1 (Kjcapy = 0.3 nM) previously
reported.*

First, we investigated the SAR of 3,5-substituted A-region
analogues (Table 1). The unsubstituted analogue (2) was 4-fold
less active than 1. In the SAR of 3-substituted analogues, the
substitution of the 3-fluoro group with other halogens, including
chloride (3) and bromide (4), decreased the. antagonism
progressively as the size increased. On the other hand, the
substitution with electron-donating groups, including methyl (5)
and methoxy (8) groups, led to relatively little reduction in
antagonistic potency. In the SAR of 3,5-disubstituted analogues,
incorporation of an additional fluoro group at the 5-position in 1
further enhanced the antagonism to afford the highly potent
antagonist 6 with a Kjcapy =70.2°'nM. On the other hand,
incorporation of bromo (7).and methoxy (9) groups caused a
slight reduction in antagonism. The 3,5-dimethoxy analogue (10)
exhibited a 2-fold reduction in-antagonism compared to that of
the 3-methoxy analogue (8):

Table 1. In vitro hTRPV1 antagonistic activities for 3,5-substituted 4-
methylsulfonamidopheny! derivatives

F3C. =
| H
Ny N
QN)

R R; Kicar) (NM)

1 F H 0.3%

2 H H 12 (£0.17)
3 cl H 23 (+0.38)
4 Br H 32 (:082)
5 Me H 0.6 (+0.13)
8 OMe H 0.8 (+0.04)
6 F F 0.2 (+0.07)
7 F Br 0.7 (£0.19)
9 F OMe 03 (x0.02)
10 OMe OMe 16 (£0.17)

2 refer 10

Overall, the SAR analysis of ring substitution in 1 indicated that
the fluoro group at the 3- and 5- positions was the optimal
substituent for potent antagonism.

Next, we explored the SAR of the 4-methylsulfonamido
moiety in 1 (Table 2). The increase in the size of alkyl group,
providing 11 and 12, led to a progressive decrease in
antagonism. The substitution of the terminal methyl group in 11
with the electron-withdrawing trifluoromethyl group (13) led to a
further reduction in antagonism. Meanwhile, while the
replacement of the methyl group of 1 by the electron-
withdrawing trifluoromethyl group (14) almost abolished the
antagonism, the substitution with an electron-donating amino
group (15) led to only a 9-fold reduction in antagonism. The N-
dimethylsulfamoyl analogue (16) showed further reduction in
antagonism compared to 15 due to its increased size, in line with
the SAR of alkyl groups. The nitrogen of the 4-
methylsulfonamido group was also modified by adding different
substituents. The incorporationof alkyl groups, such as the
methyl (17), ethyl (18) and cyanomethyl (19) groups, led to
dramatic loss in antagonism. In addition, the incorporation of an
acyl group, such as the acetyl (20) and acryl (21) groups, also
caused a decrease in antagonism, but with less extent compared
to those <of the ‘alkyl groups. Overall, the SAR of the
methylsulfonamido group in 1 indicated that any modification
led to the reduction in antagonism, suggesting that the
methylsulfonamido group was the optimal group at the 4-
position for antagonism.

Table 2. In vitro hTRPV1 antagonistic activities for N-substituted 3-fluoro-
4-sulfonamidophenyl derivatives

R3 Ry Kicar) (NM)
1 H CHs; 0.3
11 H CH,CHs 44 (+089)
12 H CH(CH) 8.7 (+1.34)
13 H CH,CF; 437 (+6.8)
14 H CF; WE
15 H NH, 27 (x0.73)
16 H N(CHs): 42 (+556)
17 CHs CHs 555 (+8.3)
18 CH,CH; CHs 227 (+41)
19 CH.CN CHs; WE
20 C(=0)CHs CHs 119 (+2.2)
21 C(=O)CH=CH,  CHs 24 (+0.64)

Finally, since the 3,5-difluoro analogue (6) was found to be
the most potent antagonist in this series, we further investigated
its representative C-region analogues (Table 3). As anticipated,
all of the pyridine and pyrazole C-region analogues displayed
potent antagonism with a range of Kjcapy = 0.2 -1.2 nM.

Detailed in vitro activities of 6, the most potent antagonist in
this series, were investigated for the different TRPV1 activators,
viz. capsaicin, low pH and heat (45°C) (Table 4). Antagonist 6
showed excellent antagonism of hTRPV1 activation toward pH
and heat with 1Cs, = 8.7 and 8.1 nM, respectively. In addition,
antagonist 6 also proved to be a highly potent antagonist of
capsaicin action against rat TRPV1 (rTRPV1) with Kjcap) = 0.1
nM.



Table 3. In vitro hTRPV1 antagonistic activities for the C-region analogues
of 6

Kicar (NM)
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Consistent with its in vitro mechanism of action, it was able
to block in vivo the acute hypothermic response to capsaicin (3
mg/kg) injected intraperitoneally (ip). The oral administration
(po) of 3 and 10 mg/kg 6 antagonized the effect of capsaicin on
body temperature with 57% and 100% inhibition, respectively,
of the hypothermia induced by capsaicin. The in vivo analgesic
activity of 6 was evaluated employing the formalin test® in mice
(Table 4). It demonstrated a reasonable antinociceptive effect in
the second period (20-30 min after injection),” with 43%
inhibition of response at the dose of 3 mg/kg by intravenous
injection (iv). However, it showed hyperthermia at 10 mg/kg po
as side effect probably due to strong antagonism to-all activators
as shown in Table 4.°

Table 4. Antagonistic activities of 6 for multiple activators in hTRPV1 and
rTRPV1.

Activators, parameter 6
hTRPV1

CAP (K (nM) 0.2
pH, |C50 (nM) 8.7
heat 45°C, ICsp (NM) 8.1
rTRPV1

CAP (fK; (nM) 0.1

Anti-hypothermia® 57% (3 mg/kg, po)
100% (10 mg/kg, po)
Formalin test 43% (3 mg/kg, iv)

# Inhibition percent to hypothermic response by 3 mg/kg ip capsaicin

In summary, a series of 3-fluoro-4-methylsufonamidophenyl
A-region analogues of potent antagonist 1 were investigated. The
analysis of SAR indicated that a fluoro group at the 3- (or/and)
5-position and a 4-methylsulfonamido group at the 4-position
were optimal for TRPV1 antagonism to capsaicin activation, and
any modification in the A-region led to a reduction in
antagonism except for incorporation of an additional fluoro
group into the 5-position. The most potent antagonist 6 exhibited
potent antagonism toward capsaicin, low pH and elevated
temperature for hTRPV1 and also displayed highly potent
antagonism to capsaicin for rTRPV1. Further studies indicated

that antagonist 6 blocked the hypothermic effect of capsaicin in
vivo, consistent with its in vitro mechanism, and showed
promising analgesic activity in the formalin mouse pain model.

Acknowledgments

This research was suppported by research grants from
Griunenthal in Germany and by Bio & Medical Technology
Development Program of the National Research Foundation
(NRF) funded by the Ministry of Science, ICT & Future
Planning (NRF-2016M3A9B5939892).

References and Notes

1. Szallasi A, Blumberg PM. Pharmacol Rev. 1999;51:159.

2. Moran MM, McAlexander MA, Biro T, Szallasi A. Nat Rev
Drug Dis. 2011;10:601.

3. Tabrizi MA, Baraldi PG, Baraldi S, Gessi S, Merighi S, Borea
PA. Med Res Rev. 2017;4:936.

4. Caterina MJ, Schumacher MA, Tominaga M, Rosen TA,
Levine JD, Julius D. Nature. 1997;389: 816.

5. Tominaga M, Caterina MJ, Malmberg AB, Rosen TA, Gilbert
H, Skinner K, Raumann BE, Basbaum Al, Julius D. Neuron.
1998;21:531.

6. Morales-Lazaro SL, Simon SA, Rosenbaum T. J Physiol.
2013;591:31009.

7. Szolcsanyi J, Sandor Z. Trend Pharmacol Sci. 2012;33:646.

8. (a) Kym PR, Kort ME, Hutchins CW. Biochem Pharmacol.
2009;78:211.

(b) Wong GY, Gavva NR. Brain Res Rev. 2009;60:267.

(c) Gunthorpe MJ, Chizh BA. Drug Discovery Today.
2009;14:56.

(d) Lazar J, Gharat L, Khairathkar-Joshi N, Blumberg PM,
Szallasi A. Expert Opin Drug Discovery. 2009;4:159.

(e) Voight EA, Kort ME. Expert Opin Ther Pat. 2010;20:1.

(F) Szolcsanyi J, Sandor Z. Trend Pharmacol Sci. 2012;33:646.
(9) Szallasi A, Sheta M. Expert Opin Invest Drug. 2012;21:1351.
(h) De Petrocellis L, Moriello AS. Recent Pat on CNS Drug
Discovery 2013;8:180.

(i) Lee Y, Hong S, Cui M, Sharma PK, Lee J, Choi S. Expert
Opin Ther Pat. 2015;25:291.

9. Reilly RM, McDonald HA, Puttfarcken PS, Joshi SK, Lewis
L, Pai M, Franklin PH, Segreti JA, Neelands TR, Han P, Chen J,
Mantyh PW, Ghilardi JR, Turner TM, Voight EA, Daanen JF,
Schmidt RG, Gomtsyan A, Kort ME, Faltynek CR, Kym PR. J
Pharm Exp Ther. 2012;342:416.

10. Kim MS, Ryu H, Kang DW, Cho S-H, Seo S, Park YS, Kim
M-Y, Kwak EJ, Kim YS, Bhondwe RS, Kim HS, Park S-g, Son
K, Choi S, DeAndrea-Lazarus |, Pearce LV, Blumberg PM,
Frank R, Bahrenberg G, Stockhausen H, Kégel BY, Schiene K,
Christoph T, Lee J. J Med Chem. 2012;55:8392.

11. Thorat SA, Kang DW, Ryu H, Kim MS, Kim HS, Ann J, Ha
T-H, Kim SE, Son K, Choi S, Blumberg PM, Frank R,
Bahrenberg G, Schiene K, Christoph T, Lee J. Eur J Med Chem.
2013;64:589.

12. Ha T-H, Ryu H, Ki, S-E, Kim HS, Ann J, Tran P-T, Hoang
V-H, Son K, Cui M, Choi S, Blumberg PM, Frank R, Bahrenberg
G, Schiene K, Christoph T, Frormann S, Lee J. Bioorg
Med Chem. 2013;21:6657.

13. Ryu H, Seo S, Cho S-H, Kim HS, Jung A, Kang DW, Son K,
Cui M, Hong S-h, Sharma PK, Choi S, Blumberg PM, Frank-
Foltyn R, Bahrenberg G, Stockhausen H, Schiene K, Christoph,
T, Frormann S, Lee J. Bioorg Med Chem Lett. 2014;24:4039.

14. Ryu H, Seo S, Cho S-H, Kim MS, Kim M-Y, Kim HS, Ann
J, Tran P-T, Hoang V-H, Byun J, Cui M, Son K, Sharma PK,



Choi S, Blumberg PM, Frank-Foltyn R, Bahrenberg G, Koegel
B-Y, Christoph T, Frormann S, Lee, J. Bioorg Med Chem Lett.
2014;24:4044.

15. Ann J, Ki Y, Yoon S, Kim M. S, Lee J-U, Kim C, Lee S,
Jung A, Baek J, Hong S, Choi S, Pearce LV, Esch T, Turcios
NA, Lewin NE, Ogunjirin AE, Herold BKA, McCall AK,
Blumberg PM, Lee J. Bioorg Med Chem 2016;24:1231.

16. Lee S, Kang DW, Ryu H, Kim C, Ann J, Lee H, Kim E,
Hong S, Choi S, Blumberg PM, Frank-Foltyn R, Bahrenberg G,
Stockhausen H, Christoph T, Lee J. Bioorg Med Chem.
2017;25:2451.

17. Ryu H, Seo S, Lee J-Y, Ha T-H, Lee S, Jung A, Ann J, Kim
S-E, Yoon S, Hong M, Blumberg PM, Frank-Foltyn R,
Bahrenberg G, Schiene K, Stockhausen H, Christoph T,
Frormann S, Lee J. Eur J Med Chem. 2015;93:101.

18. Ann J, Jung A, Kim M-Y, Kim H-M, Ryu H, Kim S, Kang
DW, Hong S, Cui M, Choi S, Blumberg PM, Frank-Foltyn R,
Bahrenberg G, Stockhausen H, Christoph T, Lee J. Bioorg
Med Chem. 2015;23:6844.

19. Lee S, Kim C, Ann J, Thorat SA, Kim E, Park J, Choi S,
Blumberg PM, Frank-Foltyn R, Bahrenberg G, Stockhausen H,
Christoph T, Lee J. Bioorg Med Chem Lett. 2017;27:4383.

20. Tran P-T, Kim HS, Ann J, Kim S-E, Kim C, Hong M, Hoang
V-H, Ngo VTH, Hong S, Cui M, Choi S, Blumberg PM, Frank-
Foltyn R, Bahrenberg G, Stockhausen H, Christoph T, Lee J.
Bioorg Med Chem Lett. 2015;25:2326.

21. Ann J, Sun W, Zhou X, Jung A, Baek J, Lee S, Kim C, Yoon
S, Hong S, Choi S, Turcios NA, Herold BKA, Esch TE, Lewin
NE, Abramovitz A, Pearce LV, Blumberg PM, Lee J. Bioorg
Med Chem Lett. 2016;26:3603.

22. Stahly GP, Stahly BC, Lilje KC. J Org Chem. 1984;49:579.
23. Stille JK. Angew Chem Int Ed Engl. 1986;25:508.

24. Dubuisson D, Dennis SG. Pain. 1977;4:161.



A series of A-region analogues of 2-(3-
fluoro-4-
methylsufonamidophenyl)propanamide
were investigated as TRPV1 antagonists.
Compound 6 showed highly potent
antagonism toward capsaicin activation.
Compound 6 displayed anti-hypothermic
effect and promising analgesic activity in

Vivo.



