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Abstract—A novel series of N-alkylidenearylcarboxamides 4, a CB, receptor agonist, were synthesized and evaluated for activity
against the human CB, receptor. In a previous paper, we reported that sulfonamide derivative 1 acted as a potent CB, receptor
agonist (ICsyp = 65 nM, ECsq = 19 nM, E,,.x = 90%). However, compound 1 also exhibited poor metabolic stability in human liver
microsomes. During the structural modification of 1, we found that a novel series of N-alkylidenearylcarboxamide, 4-1, had a mod-
erate affinity for the CB, receptor (ICsq = 260 nM, ECsy = 86 nM, E, . = 100%) and good metabolic stability in human liver micro-
somes. We explored its analogues to discover compounds with a high affinity for the CB, receptor and with good oral
bioavailability. Among them, compounds 4-9 and 4-27 had high affinities for the human CB, receptor (CB, ICsq =13 nM and
1.2 nM) and a high selectivity for CB, (CB; ICso/CB, ICso = 270 and 1600); furthermore, significant plasma levels were observed
following oral administration in rats (Cpax = 233 ng/mL and 148 ng/mL, respectively, after a dose of 10 mg/kg). Furthermore, com-

pound 4-9 had good oral bioavailability (F = 52%, 3 mg/kg).
© 2007 Elsevier Ltd. All rights reserved.

Marijuana (Cannabis Sativa L.) has been used since time
immemorial as a therapeutic and recreational drug. In
the 1960s, Delta °-tetrahydrocannabinol (Delta °~-THC)
was isolated as marijuana’s major psychoactive compo-
nent.! THC and its analogues are classified as cannabi-
noids and exhibit numerous biological properties,
including analgesic, anti-inflammatory, anti-emetic,
anti-convulsive and anti-cancer effects.? Despite the syn-
thesis of analogues of Delta °-THC, difficulties in sepa-
rating their beneficial and psychotropic activities have
limited the therapeutic use of these compounds. The dis-
covery of two distinct cannabinoid receptors, the CB;
receptor?® and the CB, receptor,* has attracted new inter-
est in the cannabinoids. The CB; receptor is mainly
found in the CNS but is also present in peripheral tis-
sues. The CB; receptor is thought to be involved in
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the central effects of cannabinoids. In contrast, the
CB, receptor is found exclusively in the periphery and
is primarily associated with the cells of the immune sys-
tem.>"” Recently, the CB, receptor has also been found
in CNS tissue.® Both receptors are classified as G-pro-
tein-coupled receptors and share a 68% homology with
one another at the transmembrane level and a 44%
homology overall.* The development of highly selective
CB, receptor ligands is important for understanding
some of the physiological effects of cannabinoid, such
as their anti-inflammatory, immunosuppressive, and
antinociceptive activities. However, only a few com-
pounds are known to be selective for the CB, receptor,
such as aminopyrimidine’ (GW842166X, CB,
ECso =50 nM, CB; ECso > 30,000 nM), 3-carbonylin-
dole’®  (A-0796260, CB, ICso=0.77nM, CB,
ICso=330nM), and amionalkylindole!! (AM1241,
CB; K; = 3.4 nM, CB,; K; =280nM) (Fig. 1).

We previously reported that 1 was a potent CB,
agonist (ICso=65nM, ECso=19nM, Ep. = 90%).!2
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Figure 1. Structure of Delta °-THC, CP-55940, GW842166X,
A-796260, AM1241 and compound 1.

However, 1 also exhibited poor metabolic stability in
human liver microsomes (metabolic stability, 35%).!3
Thus, we attempted to chemically modify 1 to improve
its metabolic stability and binding affinity for the CB,
receptor. As a result, we discovered that the conversion
of a sulfonamide in 1 into an amide (4-1) increased its
metabolic stability in human liver microsomes (4-1:
metabolic stability, 71%).!> We attempted to explore
this compound’s analogues to discover compounds with
high affinities for the CB, receptor and with good oral
bioavailability using 4-1 as the lead compound. In this
paper, we discuss the synthesis and SARs of N-alkyli-
denearylcarboxamides 4, novel CB; receptor agonists.

Scheme 1 shows the syntheses of N-Alkylidenearylcarb-
oxamides 4-1-4-12 and 4-22-4-26. 2-Amino-5-tert-bu-
tyl-4-methylthiazole (2), a commercially available
compound (Fluorochem Ltd.), was reacted with corre-
sponding aryl carbonyl chlorides under basic conditions
or corresponding aryl carboxylic acids using coupling
reagents to yield 3-3 (Ar = 3-chlorophenyl), 3-4
(Ar = 3-bromophenyl), and 3-9 (Ar = 3-trifluoromethyl-
phenyl). Compounds 3-3, 3-4 and 3-9 were then treated
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Scheme 1. Reagents and conditions: (a) ArCOCI, Et;N, CHCI;, rt; (b)
ArCO,H, EDC, HOBt, DMF, rt; (c) cyclopropylmethyl bromide, Nal,
NaH, DMF, rt; (d) (CF3CO),0, pyridine, CHCl;, 0 °C-rt; (e) K,CO3
aq, MeOH, rt.

with cyclopropylmethyl bromide, Nal, and NaH to yield
4-3, 4-4 and 4-9 in 85%, 27%, and 76% yields, respec-
tively. Compounds 4-1-4-2, 4-5-4-8, 4-10-4-12, and 4-
22-4-26 were synthesized from 2 via intermediate 7.
The intermediate 7 was easily transformed into N-alky-
lidenearylcarboxamides 4 in one step. 2-Aminothiazole
(2) was treated with trifluoroacetic anhydride and pyri-
dine to obtain 5 with an 80% yield. The 3-position of
the thiazole ring of 5 was then alkylated, followed by
deprotection under basic conditions, producing the key
intermediate 7, which was in turn converted to 4-1-4-
2, 4-5-4-8, 4-10-4-12, and 4-22-4-26 by acylation with
the corresponding aryl carbonyl chlorides under basic
conditions or the corresponding aryl carboxylic acids
using coupling reagents.

Scheme 2 shows the synthesis of 4-13-4-17, with various
alkyl groups at the 3-position of the thiazole ring of 4.
Compound 3-9 was treated with corresponding alkyl ha-
lides Nal and NaH to yield 4-13-4-17 with yields of
82%, 74%, 47%, 23% and 16%, respectively.

Scheme 3 illustrates the preparation of 4-18-4-20, with
various substitutes at the 5-position of the thiazole ring
of 4. The reaction of 8-18-8-20'* with 3-trifluoromethyl-
benzoic acid in the presence of EDC and HOBt in DMF
resulted in 9-18 (R' = Me: 100%), 9-19 (R' = Pr: 100%),
and 9-20 (R! = CO,Et: 100%). Compounds 9-18-9-20
were transformed into 4-18-4-20 by alkylation with cyclo-
propylmethyl bromide, Nal, and NaH. The regioselectiv-
ity of compound 4-18-4-20 was supported by NOE
analysis (NOE were observed between H, and Hy).

Compound 4-20 were hydrolyzed under basic condition
to yield 4-29, and the reaction of 4-29 with HNMe, pro-
duced 4-21 at a yield of 83%, as shown in Scheme 4.

The introduction of the methoxy group and the dimeth-
ylamino group onto the phenyl ring was performed via
the fluorobenzene compound 4-25. Compound 4-25
was converted to 4-27 by treatment with MeONa. The
dimethylamino group was introduced by the treatment
of 4-25 with dimethylamine to yield the dimethylamino
compound 4-28 (Scheme 5) (The detailed procedure
for synthesizing compound 4-27 is described in the
note).'?

Initially, we modified the Ar group of N-Alkylidenearyl-
carboxamides to elucidate the substituent effects on the
CB, receptor. The results of binding tests for 4-1-4-12
(Table 1) demonstrated significant changes in their affin-
ities for the CB, receptor. The introduction of a chlorine
atom or a methoxy group at the meta position of the
phenyl ring in 4-1 tended to increase the binding affinity
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Scheme 2. Reagents and conditions: (a) R?X, Nal, NaH, DMF, rt.
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Scheme 3. Reagents and conditions: (a) 3-trifluoromethylbenzoic acid, EDC, HOBt, DMF, rt; (b) cyclopropylmethyl bromide, Nal, NaH, DMF, rt.
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Scheme 4. Reagents and conditions: (a) NaOHagq., THF, EtOH, rt; (b) HNMe,, EDC, HOBt, DMF, rt.
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Scheme 5. Reagents and conditions: (a) NaOMe, THF, EtOH, 95 °C; (b) HNMe,, K,CO;, DMSO, H,0, 100 °C.

by about 10-fold (4-3 and 4-7 vs. 4-1). Next, various
alternative 3-substituents were evaluated. 3-Bromo (4-
4), 3-dimethylamino (4-5), 3-methyl (4-6), 3-trifluoro-
methoxy (4-8), and 3-trifluoromethyl (4-9) compounds
exhibited high CB, receptor affinities (ICso=1.2, 17,
22, 5.7 and 13 nM, respectively). Among these, bulky
functional groups like bromo (4-4), trifluoromethoxy,
(4-8) and trifluoromethyl (4-9) exhibited much higher
CB, affinities. In contrast, small groups like fluoro (4-
2) exhibited a lower CB, affinity (44% inh [100 nM)]).
Although hydrophilic substituents like dimethylamino
(4-5) yielded a high CB, affinity, the metabolic stability
of 4-5 was low (metabolic stability, 44%).!3 These find-
ings suggest the following: (1) the electron density on
the benzene ring might not affect the binding affinity
for the CB, receptor, and (2) the CB, binding affinity in-
creased as the size of the functional group at the meta
position of the benzene ring increased. Chemical modifi-
cation of the meta position of the phenyl ring suggested
that the most suitable substituent for selectivity was a
trifluoromethyl group (4-9). Compound 4-9 exhibited
good selectivity (CBy ICs5o/CB, ICsy = 270), and had a
good metabolic stability in human liver microsomes
(4-9: metabolic stability, 93%)."> Next, we examined
the influence of the position of a trifluoromethyl group
in the benzene ring on CB, binding affinity. Compound
4-11, containing a para-trifluoromethyl group, exhibited
a lower affinity than that of 4-9. In contrast, an ortho-
trifluoromethyl compound, 4-10, exhibited a much high-
er CB, binding affinity (4-10: ICsy = 0.50 nM). How-
ever, 4-10 also exhibited a high affinity for the CB;
receptor (CB{ICsq =140 nM). The 3,5-bis(trifluorom-
ethyl) compound 4-12 exhibited a lower affinity for the
CB, receptor than that of the mono-trifluoromethyl
compound 4-9.

Next, the R? in the 3-position of the thiazole ring was
investigated. Exchanging the cyclopropylmethyl group
in 4-9 with a straight-chain alkyl group yielded a lower
CB, affinity (4-9 vs. 4-13, 4-14, and 4-15). The introduc-
tion of an alkoxyalkyl group significantly increased CB,
affinity (4-9 vs. 4-16 and 4-17). However, 4-16 and 4-17
were partial agonists (4-16: E. . = 59%, 4-17:
Enax = 45%).

Next, we performed modifications focusing on R' in the
5-position of the thiazole ring. Replacement of the tert-
butyl group using a methyl group (4-18), an isopropyl
(4-19) group, and hydrophilic groups like ester (4-20)
and amide (4-21) groups decreased the affinity for the
CB, receptor. In particular, amide compound 4-21 did
not exhibit a significant affinity for the CB, receptor.
These findings suggested that there was a requirement
for a lipophilic substituent at 5-position for CB, activity.

The final modifications focused on the introduction of
various substituents at the Ar group of 4-9. First, a chlo-
rine atom was introduced at the Ar group of compound
4-9 (4-22, 4-23, and 4-24). One of the resulting com-
pounds—4-24, containing a 2-chloro-5-trifluoromethyl
group—exhibited a high affinity for the CB, receptor
and a good selectivity (ICso =2.1 nM, CB; ICs,/CB,
ICs0 = 400). For this reason, we examined 2-substi-
tuted-5-trifluoromethyl compounds (4-25, 4-26, 4-27,
and 4-28). These compounds had much higher affinities
for the CB, receptor, with good selectivity (4-25-4-28:
IC50=34, 2.1, 1.2, and 9.4 nM, respectively; CB,
I1C50/CB, ICsq = 440, 570, 1600, and 1000, respectively).
In particular, the 2-methoxy-5-trifluoromethyl com-
pound 4-27 exhibited an excellent affinity and selectivity
for the CB, receptor. Furthermore, compound 4-27 had
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Table 1. Pharmacological profile of N-alkylidenearylcarboxamide

RZ
Me N
I =N
R' S Ar
[¢]

Compound Ar R! R~ Binding affinity ICs¢" (nM) Agonist activity
CB, CB, CB, ECse® (nM)  Ema (%)

4-1 Ph t-Bu CH,-(cyclopropyl) 260 — 86 100
4-2 3-F-Ph t-Bu CH,-(cyclopropyl) 44% inh (100 nM) — — —
4-3 3-Cl-Ph t-Bu CH,-(cyclopropyl) 20 — — —
4-4 3-Br-Ph t-Bu CH,-(cyclopropyl) 1.2 53 0.3 96
4-5 3-NMe,-Ph t-Bu CH,-(cyclopropyl) 17 — — —
4-6 3-Me-Ph t-Bu CH,-(cyclopropyl) 22 — — —
4-7 3-OMe-Ph t-Bu CH;-(cyclopropyl) 24 — — —
4-8 3-OCF5-Ph t-Bu CH,-(cyclopropyl) 5.7 1100 7.6 72
49 3-CF;-Ph t-Bu CH,-(cyclopropyl) 13 3500 10 91
4-10 2-CF;-Ph t-Bu CH,-(cyclopropyl) 0.50 140 — —
4-11 4-CF;-Ph t-Bu CH,-(cyclopropyl) 24% inh (100 nM) — — —
4-12 3,5-2CF;-Ph t-Bu CH,-(cyclopropyl) 10% inh (100 nM)  — — —
4-13 3-CF;-Ph t-Bu Me 220 — — —
4-14 3-CF;5-Ph -Bu Et 74 — — —
4-15 3-CF;-Ph t-Bu n-Pr 46 — — —
4-16 3-CF;-Ph t-Bu C,H4-OMe 10 4100 5.6 59
4-17 3-CF;-Ph t-Bu C,H,4-OEt 2.3 690 2 45
4-18 3-CF;-Ph Me CH,-(cyclopropyl) 25 — — —
4-19 3-CF;-Ph i-Pr CH,-(cyclopropyl) 29 — — —
4-20 3-CF5-Ph CO,Et CH,-(cyclopropyl) 110 — — —
4-21 3-CF;-Ph CONMe, CH,-(cyclopropyl) 1000 — — —
4-22 2-Cl1-3-CF;-Ph t-Bu CH,-(cyclopropyl) 0.41 19 — —
4-23 4-CI-3-CF3-Ph t-Bu CH,-(cyclopropyl) 230 — — —
4-24 2-Cl-5-CF;-Ph t-Bu CH,-(cyclopropyl) 2.1 830 4.0 95
4-25 2-F-5-CF3-Ph t-Bu CH,-(cyclopropyl) 34 1500 1.5 85
4-26 2-Me-5-CF5-Ph t-Bu CH,-(cyclopropyl) 2.1 1200 2.7 99
4-27 2-OMe-5-CF3-Ph t-Bu CH,-(cyclopropyl) 1.2 1900 0.62 100
4-28 2-NMe,-5-CF3-Ph t-Bu CH,-(cyclopropyl) 9.4 >10,000 7.3 89
CP-55,940'° 0.82 2.1 0.86 100

2 Evaluated by using [*H]-CP-55,940 binding to the membranes of Chinese hamster ovary (CHO) cells expressing the human CB, or CB, receptor.
®Evaluated by using a functional assay based on [*>S]-GTPyS binding to the membranes of CHO cells expressing the human CB, receptor.
¢Compared to the maximal response to CP-55,940, a full agonist of human CB, receptor.

a good metabolic stability in human liver microsomes
(4-27: metabolic stability, 85%).'3

Finally, we evaluated the plasma levels of 4-9 and 4-27.
These compounds showed high affinities for the CB,
receptor and good selectivity. Table 2 shows the plasma
levels and pharmacokinetic parameters for 4-9 and 4-27
following oral administration in rats.

Maximal plasma 4-9 concentrations (Cy,.x) of 43.1, 233,
and 498 ng/mL were reached 1.67-2.67 h after the oral

Table 2. Pharmacokinetic paremeters of 4-9 and 4-27 following oral
administration to rats

Compound 49 4-27

Dose (mg/kg) 3 10 30 10

Tmax (h) 1.67 £0.58 2.00£0.00 2.67+1.15 1.00%0.00
Chax (ng/ml) 431+ 11.7 223+ 18.1 498+72.6 148104
t12 (h) 4.80+0.25 4.96+0.08 4.70+0.16 4.07£0.31
AUC) 24n 326 £30.4 2050 £243 4240 +254 1120£ 118
(ng h/mL)

Each value represents the means = SD of three animals.

administration of 4-9 at doses of 3, 10, or 30 mg/kg.
The Cpax values and the corresponding exposure, as
measured using AUCy_»y4;,, increased less than dose,
proportionality. The plasma 4-27 level following oral
administration was also evaluated at a dose of 10 mg/
kg in rats. The Cp., level of 4-27 was 148 ng/mL,
slightly lower than that of 4-9, and the corresponding
AUC(_4p value was 1120 ng h/mL.

The oral administration of 4-9 and 4-27 at dose of
10 mg/kg (po) in rats resulted in significant plasma con-
centrations. Furthermore, 4-9 had good oral bioavail-
ability in rats (F = 52%) when administrated at a dose
of 3 mg/kg.

In this paper, we report the synthesis and SAR of 4, a
novel CB, receptor ligand. The SAR study showed that
the functional groups at 3- and 5-position in the thiazole
ring and the Ar group in the amide greatly affect the
affinity and selectivity for the CB, receptor. Further-
more, it was found that (1) introduction of the cyclopro-
pylmethyl group at 3-position of the thiazole ring was
suitable to obtain a high affinity for the CB, receptor,
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(2) presence of a bulky lipophilic group like terz-butyl at
S-position of the thiazole ring was important for obtain-
ing a high affinity for the CB, receptor, and (3) a 2-
substituted-5-trifluorometylphenyl amide yielded high
affinity and selectivity for the CB, receptor. These stud-
ies led to compounds 4-9 and 4-27, which showed a com-
bination of good potency for the CB, receptor and
excellent pharmacokinetics in rats.

Supplementary data
Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/
j.bmcl.2007.09.004.
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and the mixture was stirred at room temperature for
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15 min. To the reaction mixture was added 4-25 (0.90 g,
2.2 mmol), and the reaction mixture was stirred at 95 °C for
2 h. To the reaction mixture was added 2 M HCI, and the
mixture was extracted with ethyl acetate. The organic layer
was dried over sodium sulfate, evaporated in vacuo, and
purified by silica gel column chromatography (eluent:
hexane/ethyl acetate = 3/1) to give 0.60 g (yield; 65%) of
4-27 as colorless powder: mpl09-110°C; 'H NMR

16.

(200 MHz, chloroform-d) ¢ ppm 0.48-0.66 (m, 4H) 1.07—
1.34 (m, 1 H) 1.43 (s, 9H) 2.44 (s, 3 H) 3.95 (s, 3H) 4.18 (d,
J=7.0Hz,2H)7.02(d,J=9.2 Hz, 1H) 7.60 (d, J = 9.2 Hz,
1H) 8.27 (s, 1H); MS (ESI) m/z 427 (M+H); Anal. Calcd for
C21H25F3N2 OQSZ C, 5914, H, 591, N, 6.57. Found: C,
59.11; H, 5.89; N, 6.51.

Johnson, M. R.; Melvin L. S., Jr. US Patent 4,371,720,
1981.
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