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ARTICLE INFO ABSTRACT
Article history: A series of thirty-three thymol, p-cymene-3-carboxylic acid, and 3-amino-p-cymene derivatives was syn-
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TRPA1, TRPMS, and TRPV3 channels with ECso and/or ICsq values distinctly lower than those of thymol
and related monoterpenoids. Some of the compounds examined, that is, 3c, 4e, f, 6b, and 8b exhibited
an appreciable subtype-selectivity.
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The transient receptor potential (TRP) family of ion channels are

cation-permeable ion channels divided into six mammalian sub- OH OH
families based on sequence homology and denoted TRPA (Ankyrin),
TRPC (Canonical), TRPM (Melastatin), TRPML (Mucolipin), TRPP Y

OH (6]

(Polycystin), and TRPV (Vanilloid).! They are involved in a wide ar-
ray of physiological functions including vision, taste, olfaction,
hearing, touch, and thermo- and osmosensation and have emerged
as important drug targets in pathological conditions such as pain,
cancer, and bone development, kidney, and respiratory disorders.2 )\/\/k/\ M
Several TRP channels act as polymodal sensors that are activated o ~ N-"0H X Z
by physical stimuli such as temperature as well as chemical stim-

uli, a property that is exploited by several natural product derived Eucalyptol Geraniol (#)-Linalool

ligands.> Indeed, naturally occurring modulators, in particular
monoterpenoids, have now been reported for most thermo-TRP l

OH Y OH OH
PN

>/H

(+)-Borneol Camphor Carvacrol

-)-Carveol

channels, that is, TRP channels activated by distinct temperature
thresholds,2%* specifically TRPA1, TRPMS8, and TRPV1-4 (Fig. 1).
Thermo-TRPs are however generally not highly specific for one gi-

o

ven natural ligand, but are activated by a number of chemically re-
!ated _monqterpenoid agonists and overlapping features have been ()-Isopulegol (-)-Menthol Thymol (1)
identified in agonist profiles of thermo-TRPs, such as TRPA1,
TRPMS, TRPV1, and TRPV3. Figure 1. Structures of some monoterpenoid modulators of thermo-TRPs.
* Corresponding author. Tel.: +39 6 49913612; fax: +39 6 49693268. In this respect, thymol (1), an important phenolic monoterpene
E-mail address: giorgio.ortar@uniromal.it (G. Ortar). component of oils derived from thyme (Thymus vulgaris) and oreg-
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Table 1

G. Ortar et al./Bioorg. Med. Chem. Lett. 22 (2012) 3535-3539

Results of TRPA1, TRPMS, and TRPV3 assays of thymol-based compounds 2-8, thymol (1), and 3-amino-p-cymene hydrochloride (10)*
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Compd R TRPA1 TRPA1 TRPA1 TRPM8 TRPM8 TRPM8 TRPM8 TRPV3 TRPV3 TRPV3

(efficacy)®  (ECso, uM)  (ICso, UM)* (efficacy)’  (ECso, M) (ICsg, uM)®  (ICso, HM)f (efficacy)®  (ECso, uM)  (ICso, pM)®
2a Ph-4-Me 205.7+179 3.1+1.3 8.1x1.0 <10 ND 5.2+0.7 3.6+x04 555+1.2 5.7+0.6 6.9+2.2
2b Ph-4-t-Bu 194.1+£39 12.7+13 11.9+1.1 <10 ND 42.7+43 57.8+0.6 17.7+03 214+09 27.8%22
2c Ph-4-Ph 204.4+10.7 33+0.7 55+0.3 <10 ND 21.2+1.0 18.6+0.7 338+26 77%15 6.5+£0.8
2d Ph-4-OMe 1493+1.1 1.0x0.2 2.7+03 <10 ND 6.5+0.3 5.0+03 23.1+04 4903 9.7+1.5
2e CH,Ph-4-Ph 2257+238 1.8+1.0 209+6.0 <10 ND >100 >100 52.7+3.7 38%*13 1.5+03
3a Ph-4-t-Bu 244.7+42.6 141+104 >100 <10 ND >100 >100 253+04 122+06 >100
3b Ph-4-Ph 195.2+£272 7428 12.7+0.7 <10 ND >100 >100 643+64 145%+59 29105
3c Ph-4-Cl 259.6 +46.1 44+3.1 9.2+42 <10 ND >100 >100 423+05 209+08 16.6+43
3d Ph-4-OMe 1942+74 3.6+05 3.6+1.2 <10 ND >100 774+16 271+12 4.0+1.0 50+1.2
4a Ph-4-t-Bu 979+54 0.6+0.1 0.84+£0.07 40025 0.6+03 19+0.2 1.2+£0.1 365+3.6 12104 1.1£0.2
4b Ph-4-CF; 654+87 39124 3.6+08 139+13 458+234 3.210.1 4.4+0.1 22.1+0.6 59.7+109 751+44
4c Ph-4-Ph 194139 11109 34+08 <10 ND 123+14 3403 409+1.0 3.6+04 40+0.8
4d Ph-4-Cl <10 ND 26.15+40 432+1.0 08502 48:04 50+£0.15 434+22 11.8+28 4922
4e Ph-4-OMe 353%0.1 124+0.1 60.0£0.5 65315 1.7+0.2 3.4+02 2804 <10 ND 59.5+1.1
af CH,CH,Ph <10 ND >100 64.1+0.5 027+001 0.6+0.01 0.32+0.01 <10 ND 754+1.6

-~ OBz
4g \/Z_Q 241153 259+32 702+56 <10 ND 69.4+1.9 61.4+0.1 <10 ND 419%6.5
N
H

5a Ph-4-t-Bu 2044+10.7 64%1.6 8.8+0.6 245+3.1 044+0.14 1.0+0.1 1.0£0.1 348+18 106+28 6207
5b Ph-4-Ph 59.2+6.3 11347 179+59 <10 ND 0.9 £0.05 41+0.8 432+26 0803 25+0.6
5¢c Ph-4-OMe 1493 +1.1 45906 >100 581+1.2 4804 14.7+0.8 152+04 <10 ND >100
5d CH,Ph-4-Ph 2123+45 6.5%0.5 3.9+03 <10 ND 31.2+£4.0 783+84 393%0.1 63zx0.1 29.7+3.9
5e CH,Ph-3-1 1543 +£29.8 20.5+11.3 432+40 <10 ND 116+1.4 141+19 15001 159+0.1 204+1.7
5f (CH,);Ph 934+73 08+03 14+03 <10 ND 0.3+0.03 0903 <10 ND 395+11.2
6a Ph-4-t-Bu 132.1+3.1 1.3+0.2 0.78+0.04 <10 ND 0.7+0.1 0.85+£0.04 625+1.0 1402 19+03
6b Ph-4-CF; 1783 +17.7 41+16 41+13 <10 ND 23.1+£4.0 73.7+64 <10 ND 50.3 £4.2
6¢ Ph-3-Ph 162.8+2.7 47+04 7.2+0.6 <10 ND 5.8+1.0 139+16 322+13 343+49 40906
6d Ph-4-Ph 1759+4.6 127+12 4303 <10 ND 6.0+0.9 162+09 648+02 5210.1 9.6+0.8
6e Ph-4-OMe 159.5+53 345+42 257+02 <10 ND 9.8+0.2 104+04 <10 ND 59.7£8.7
7a Ph-4-t-Bu 1452 +129 41+1.8 244+38 <10 ND 11.8+1.8 6.1+£0.2 534+09 25+03 2.8+0.8
7b Ph-4-Ph 133.6+13.1 48+2.0 16.8+22 <10 ND 31.7+£2.7 11.7£31 276+15 151+26 92.5+30.9
7c Ph-4-OMe 263.6+122 74+15 45+0.2 303+£02 5105 25+x04 52+03 <10 ND 643 +14.3
8a Ph-4-t-Bu 2347 +18.6 43+2.1 25.0+£58 <10 ND >100 267+13 316+50 7.6%52 3.3+09
8b Ph-4-Ph 2239+542 322+263 279%51 <10 ND 374+04 254+13 169+0.1 59+0.1 128+24
8c Ph-4-OMe 1141+23 141+09 344+16 <10 ND 385+34 775+1.8 <10 ND 85.4+8.2
1 118.7+£9.6 286.6+86.3 1254+0.5 31.15 52.2 314.6+89 169.1+125 347+0.2 841+16 —
10 57.4+06 642+14 2123+80 33.8+23 434+6.6 238.0+13 1134+28 <10 ND >100

¢ Data are means + SEM of N = 3 determinations.

As percent of allyl isothiocyanate (100 pM).

Determined against the effect of allyl isothiocyanate (100 uM).
As percent of ionomycin (4 pM).

Determined against the effect of icilin (0.25 pM).

Determined against the effect of menthol (20 uM).
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ano (Origanum vulgare), behaves as a promiscuous TRP agonist,
activating TRPA1, TRPMS, and TRPV3 channels.?“> The evaluation
of the ability of eight thymol-related alkyl-substituted phenols to
activate hTRPA1 revealed that the potency of these compounds
generally diminished with decreasing logP values, while the
presence of sterically hindered and branched alkyl groups at the
ortho-position of the seemingly essential hydroxyl group increased
potency.>® Taken together, the SAR data suggest that thymol and
related alkylphenols might bind in a hydrophobic pocket to acti-
vate TRPA1 via a non covalent mechanism.

Determined against the effect of thymol (100 uM). ND, not determined when efficacy is lower than 10%.

In a recent work we have disclosed a series of (—)-menthyl-
amine derivatives acting as potent TRPM8 antagonists with ICsq
values similar or lower than those of previously reported unselec-
tive antagonists.® Since identification of monoterpenoid pharmaco-
phore through systematic SAR approaches can be expected to lead
to the individuation of TRP subtype-selective modulators and, per-
haps, of novel potential treatment options for TRP ‘channelopa-
thies’, we aimed at further investigating the pharmacological
profile of some thermo-TRPs by synthesizing and testing on TRPA1,
TRPMS8, and TRPV3 channels a series of compounds based on the
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