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A focused SAR exploration of the lead 4-aminoquinazoline TRPV1 antagonist 2 led to the discovery of
compound 18. In rats, compound 18 is readily absorbed following oral dosing and demonstrates excellent
in vivo potency and efficacy in an acute inflammatory pain model.

© 2008 Elsevier Ltd. All rights reserved.

TRPV1 (VR1) is a member of the transient receptor potential
(TRP) family of ion channels and is highly expressed on sensory
neurons that innervate many organs, including the skin, bladder,
and gut. Activation of TRPV1 on sensory neurons by chemical stim-
ulants, including capsaicin and resiniferatoxin, as well as low pH
and heat, leads to an influx of calcium and sodium ions through
the channel, causing depolarization of the cell and transmission
of painful stimuli. Since the cloning of TRPV1 more than ten years
ago,! a great deal of research has been carried out to better under-
stand this ion channel and its pharmacology.? It is hypothesized
that blockade of the channel should provide a clinically effective
therapeutic method to treat pain. In addition, evidence suggests
that a number of other disorders may be treatable through modu-
lation of TRPV1 signaling.? Therefore, the identification of selective
and potent antagonists of TRPV1 has become a focus of attention
within the pharmaceutical industry.? Indeed, several TRPV1 antag-
onists have reached human testing and early clinical results for
some of these trials have been reported.*?

In a previous communication we outlined the discovery of a no-
vel class of TRPV1 antagonists, the aminoquinazolines, which were
derived from the conformational restriction of a biarylamide series
(Fig. 1),°> which in turn was derived from the initial arylurea series.®
The prototypical compound 2 was superior to its forerunners in a
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number of respects, most notably in vitro potency. In addition,
the quinazoline 2 demonstrated good in vivo efficacy, fully revers-
ing carrageenan-induced thermal hyperalgesia in rats following
oral dosing (MED 0.1 mg/kg).”® Although excellent oral exposure
was achieved with 2 using a vitamin E TPGS’ dosing vehicle, the
compound plasma levels were significantly diminished upon dos-
ing as a standard methylcellulose suspension (Table 5). Hence, a
primary goal was to improve the oral exposure of this series
through modulation of the drug-like properties of 2. Because the
quinazoline skeleton has had a history of use in pharmaceutical re-
search, a secondary goal was to enhance the structural novelty of
this class through appropriate substitutions. An important new as-
pect of the quinazoline series is that it allowed access to a hitherto
unexplored region of space within the urea/biarylamide TRPV1
pharmacophore, the area accessible by substitution of carbon-2
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Figure 1. Genesis of quinazolines (2) from biarylamides (1).
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Scheme 1. Reagents and conditions: (a) 4-methylphenylboronic acid, 2 M Na,CO3, Pd(PPhs),, DME, 80 °C, 83%; (b) HNOs, 0 °C, 2 h, 100%; (c) KMnOy, pyridine, H,0, reflux,
16 h, 63%; (d) EtOH, 30 psi Hy, Pd/C, 92%; (e) EtOH, HCI (gas), reflux, 6 h, 85%; (f) KOCN, HOAc, 100 °C, 16 h, then NaOH; (g) POCls, reflux, 16 h; (h) 1.2 equiv Ar-NH,, IPA,
diisopropylethylamine, 80 °C, 6 h; (i) excess NR;R;, sealed tube, 100 °C or ROH, NaH, THF, reflux, 16 h; (j) SOCl,, reflux, 2 h, then NH3 (gas), CH,Cl,, 0 °C, 30 min, 77%; (k) Raney
Ni, 40 psi H,, 4 h, EtOH, 95%; (1) RCOCI, THF, 25 °C, 1 h, then 15% NaOH, 50 °C, 30 min; (m) POCIs, reflux, 16 h; (n) Ar-NH,, IPA, diisopropylethylamine, 80 °C, 6 h; (o)
CICH,C(OMe)s, reflux, 3 h, 70%; (p) POCls, 2,6-lutidine, CHCls, reflux, 16 h, 82%; (q) Ar-NH,, acetonitrile, 80 °C, 4 h; (r) ROH, NaH, THF or NR;R,, DMA.

(C-2) (Fig. 1). This letter highlights our efforts to enhance the oral
exposure and structural novelty of 2 through structural exploration
of the quinazoline C-2 position and D-ring. Our goal was to do this
while maintaining low single-digit nM potency at TRPV1. The gen-
eral synthetic approach used to access these C-2 substituted com-
pounds is shown in Scheme 1. At the outset of our investigation,
several oxygen- and nitrogen-linked analogs at C-2 were found
to lack the desired hTRPV1 potency (<5 nM). For example, insertion
of a methoxy group at the 2-position of 2 yielded a compound
which was 154 nM at hTRPV1. More importantly, the O- and N-
linked analogs were not as novel structurally and thus were less
appealing from an intellectual property perspective. Therefore,
our efforts were quickly directed toward the exploration of a vari-
ety of carbon-linked analogs, both ether-containing (Table 1) and
amine-containing (Table 2). Within this first group, several alk-
oxy-alkyl analogs met our in vitro potency criterion of <5nM
(18, 19, 20, 21, and 24, Table 1). Not surprisingly, these analogs
did little to improve the aqueous solubility of 2, although they
were found to be sufficiently stable in rat liver microsomes to war-
rant further evaluation. C-2 substituents containing acidic func-
tionality were moderately (22, 23) or weakly active (27) and had
significantly improved solubility. It is important to note that in
principle, the phosphate analog 22 could hydrolyze to the highly
potent alcohol 17 and thus we cannot rule out the possibility that
small amounts of unmasked 17 contribute to the activity observed
for 22.° However, the experimental protocol used in the FLIPR as-
say and the observed potency of other acidic analogs suggest that
22 has intrinsic potency at TRPV1.

It was anticipated that the introduction of basic functional
groups at C-2 would significantly alter the physicochemical prop-
erties of 2. Indeed, this approach has been used successfully by
others as a means to improve the aqueous solubility of TRPV1
antagonists.>® As shown in Table 2, it was possible to retain our tar-
geted TRPV1 potency (<5 nM) with several basic amino-methyl
derivatives (33, 35, and 36), as well as in two of the extended chain
amine analogs (42 and 43). The trends in Table 2 suggested that the
potency of these amines increases with enhanced lipophilicity. In

Table 1
2-Alkoxyalkyl quinazoline analogs

CF3 SN
| X N/)\R

~ N
Compound R hTRPV1-cap? (nM) HTSol® (pg/mL)
2 H 0.8+0.07 0 [pK, 4.54]°
16 Me 0.5+0.13 0
17 CH,0H 4+1.20 0.6
18 CH,0Me 1.5+0.20 0.2 [pK, 3.7]
19 CH,O0Et 09+0.16 0.6
20 CH,O'Pr 0.3 +£0.08 0.04
21 CH,0OCH,Ph 0.5+0.11 0.1
22 CH,0POsH 46 + 14 >138
23 CH,0CH,CO,H 81122 125
24 (CH;),0Me 2+0.54 0
25 (CH,),0H 22+5.0 0.02
26 (CH;)30H 25+74 0.06
27 (CH;),CO,H 1627 £ 578 125
28 (CH3),SO>Me 36+9.5 0.2

2 Values are ICsos + SEM at human TRPV1 receptor activated by capsaicin (n > 4).
b See Ref. 8.
¢ See Ref. 11.

comparing 29 to 31, 35 to 36, and 38 to 37, for example, the
clogP'® values increase by 1.24, 1.04, and 1.26 log units, respec-
tively. Although the pK, values for some are sufficiently high to en-
sure a partially ionized species at physiological pH (36 pK, 7.51, 42
pK, 7.86),!! the higher lipophilicities and molecular weights of
these more potent compounds led to minimal improvements in
aqueous solubility (compare 38 with 37, e.g.). In addition, side-
chains featuring a basic amine tended to introduce a higher cardio-
vascular risk as measured by their enhanced inhibitory activity at
the hERG channel (see e.g., 33, 35, 36, 42, and 43, vs 2, Table 4).
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Table 2
2-Aminoalkyl quinazoline analogs

Compound R hTRPV1cap? (nM)  HTSol® (ug/mL)

29 -CH,NHMe 26+86 10
30 ~CH,NHPr 35+10 0

31 —CH,NH'Bu 8+2.1 8

32 —CH,;NH-cyclohexyl 6+1.8 —

33 ~CH,NEt, 1.2+0.32 0

34 3—(CH2)—N 25+54 25

35 3—(CH2)—N o 211021 2

_/
36 3—(CH2)—N 0.4+0.13 0.04 [pK, 7.51]°

L

37 $—(CHp)—N N—O 8+2.1 0
—/

38 3—(CH2)—N N— 62+13 57 [pK, 7.68]
—/

139 3—(CH2)2—NG 5011 36

40 $—(CHp),—N  N— 69 £15 28
—/

a1 5—(CH2)3—NG 184 £35 86

42 g_(CH2)3_N‘ 0 3+0.32 2 [pK, 7.86]
/

43 §—(CH2)3—N of 2+042 0.2

L

ab< See Table 1.

Having established some of the 2-position groups which impart
the greatest TRPV1 potency, we explored the consequences of uti-
lizing 2- and 3-aminopyridines as replacements for the 4-trifluoro-
methylaniline (TFMA) D-ring. These D-rings offered another
avenue to enhance structural novelty. These modifications were
well tolerated in the biarylamide series provided that a CF; substi-
tuent was present at the ‘para’ position.!? Excellent TRPV1 potency
could also be achieved in the biarylamide series with 4-tert-butyl
substitution on the D-ring, but these analogs were metabolically
unstable. Indeed, adequate TRPV1 potency was demonstrated with
either aminopyridine D-ring when used in conjunction with mor-
pholino-methyl (47, 55), small alkoxy-methyl groups (45, 50, 51),
or H (44, 48) at C-2 (Table 3). Compared to the TFMA-containing
analogs, the 2-aminopyridines (Ar1, Table 3) were approximately
4-fold less potent, and the 3-aminopyridines (Ar2, Table 3) approx-
imately 6- to 12-fold less potent at human TRPV1, respectively.
However, the hERG data suggested that the pyridine D-rings were
beneficial with respect to hERG channel inhibition. For example,
compare 46 (30% inhibition at 3 uM) vs 35 (53%) and 51 (5%) vs
20 (61%) (Table 4). No significant change was observed with re-
spect to aqueous solubility upon switching to the aminopyridine
D-rings. Like their trifluoromethylaniline counterparts, the potent
aminopyridine D-ring compounds (44, 46, 48, 50, and 51) were
found to be stable in both rat and human liver microsome prepara-

Table 3
Quinazoline analogs with 2- and 3-aminopyridine D-rings

CF.
7 A
%N
CF3
Z Ar2
‘?-e, N

Compound Ar R hTRPV1? (nM) HTSol® (pig/mL)
44 Arl H 2.5+0.45 ND [pK, 3.26]°
45 Arl CH,OMe 12+42 ND

A
46 Ar1 N o 9:15 2

_/

o _<
47 Arl \—N e} 1+0.10 0
48 Ar2 H 7+0.71 0 [pK, 3.48]
49 Ar2 CH,O0Me 25+5.8 4
50 Ar2 CH,OEt 4.5 +0.42 0
51 Ar2 CH,O'Pr 1£0.17 0
52 Ar2 (CH,);0H 380+ 100 5
53 Ar2 (CH,),COH >3000 125

A
54 Ar2 N o 24:44 31

-/

e
55 Ar2 \—N o 2+0.23 7
ab< See Table 1.
Table 4
hERG data for selected aminoquinazolines
Compound hERG @ 3 uM? SDP
2 8 6.9
16 25 33
17 68 10.7
18 44 10.7
19 35 114
20 61 125
21 11 8.6
24 35 4.1
33 86 6.3
35 53 6.5
36 40 35
42 90 6
43 79 8.3
44 13 3.5
46 30 5.1
48 0.2 5.3
51 5 (n=2)
55 23 2.6

2 Data are average percentage block of hERG potassium channels using an in vitro
electrophysiological whole cell (Cos7) assay.
b Standard deviation (n > 3).

tions.'> Based on their overall profiles (including in vitro potency,
metabolic stability, and hERG blockade), 44, 48, 55, and 18 were
advanced into rat pharmacokinetic experiments (Table 5). Both
44 and 18 demonstrated better oral exposure than our benchmark
compound (2) when dosed in their freebase forms in methyl cellu-
lose vehicle (AUCs of 7617 and 3251 ng h/mL, respectively). The
low clearance (4.2 mL/min/kg) and large volume of distribution
(12 L/kg) exhibited by 44 translated into a 38 h half-life in rat.
Unfortunately, subsequent investigation of the chemical stability
of 44 showed that this compound and other quinazolines incorpo-
rating 2-aminopyridines at the 4-position (D-ring) were too hydro-
lytically labile to warrant further evaluation. Indeed, stability
studies in 0.1 N HCl at 40 °C over 6 h (6 time points) indicated that
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Table 5
Rat pharmacokinetics for selected aminoquinazolines®

Compound iv dose (mg/kg) Cl (mL/min/kg) Ves (L/kg) Tyj2 (h) po dose (mg/kg) AUCg_i, (ng h/mL) Tiax (h) Cmax (ng/mL) f(%)
2 2.7 23 13 8 2.0 121 3.0 13 8
2.0° 1426 0.67 101 99
44 1.5 42 12 38 2.0 7617 5.7 137 89
48 1.5 22 5.5 42 2.0° 1449 1.7 211 94
2.1¢ 982 1.8 137 61
55 = = = = 2.0 218 0.9 93 =
18 1.0 53 35 6.9 2.0 3251 3.7 215 50
¢ Dosed in 50% PEG-400/water (iv) and 0.5% methylcellulose, 0.1% triacetin (po) unless otherwise indicated.
b Vehicle was 2% vitamin E TPGS/water.
¢ Dosed as the HCl salt.
44 degrades by ~70% after 6 h and ~57% after 4 h (approximate Table 6
stomach transit time in humans). The hydrolysis products were Key in vitro and in vivo data for 18
identified as thg parent quinazglin-4-one and the 2-amino-5-triflu- NTRPVi-cap ITRPVI-pH MDCK Papp hERG CITH MED  b/p
romethyl-pyridine. By comparison, 48 degraded by only 3% and 18 (nM)? (nM)® (x107% cm)© (%In @ 3 uM)?  (mg/kg)®
by only 1%, bqth over 6 h. Adequate exposure was achieved with 48 15 05 A—B14(25) 44 03 18
when dosed in vitamin E-TPGS (Table 5) or in MC as the HCI salt B A 17 (£2)

(AUC 982 ng h/mL @ 2.1 mg/kg). The potent amino-methyl analog
55 was stable in rat microsomal preparations'> but was poorly ab-
sorbed following oral dosing in methylcellulose (Table 5). The 2-
methoxymethyl analog (18) exhibited the best overall pharmaco-
kinetic profile in rat with low clearance (5.3 mL/min/kg), moderate
volume of distribution (3.5 L/kg), and a half-life of about 7 h. In
addition, 18 is 4- to 5-fold more potent than 48 in vitro (1.5 nM
vs 7.0 nM). Quinazoline 18 fully inhibited carrageenan-induced
thermal hyperalgesia (CITH) in rats following a 3 mg/kg oral dose
and led to a significant reversal of thermal hyperalgesia at doses
as low as 0.3 mg/kg (Fig. 2). Although it proved to be particularly
difficult to increase aqueous solubility starting from our lead
aminoquinazoline (2), the excellent cellular permeability of 18
may be one of the factors contributing to the excellent in vivo per-
formance of this compound. Experiments in MDCK-MDR1 cells
suggest that p-glycoprotein-mediated efflux mechanisms are not
an issue with this compound (Table 6). These data are important
in light of evidence that central exposure may be an important
parameter for achieving broad spectrum analgesic effects with
TRPV1 antagonists in preclinical pain models.!> Consistent with
the robust effect observed in CITH, 18 demonstrated significant
brain penetration with a brain-to-plasma ratio of ~1.8 (Table 6).
In summary, initial SAR exploration of lead aminoquinazoline
(2) at C-2 has led to a number of potent TRPV1 antagonists with
improved pharmacokinetic properties. In addition, we have further
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Figure 2. Effect of 18 (0.03, 0.1, 0.3, 1.0, and 3.0 mg/kg) and ibuprofen (10 mg/kg)
on carrageenan-induced thermal hyperalgesia following oral dosing in rats.
p<0.05 (see Ref. 14).
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ICsp at human TRPV1 receptor activated by capsaicin.
ICsp at rat TRPV1 receptor activated by low pH.
Permeability in MDCK cells over-expressing Pgp.

94 See Table 4.

€ Minimum effective oral dose to reverse carrageenan-induced thermal hyper-
algesia (CITH).

f Brain-to-plasma ratio at 4 h following a 3 mg/kg oral dose in rats (vit E-TPGS
vehicle).

c

demonstrated the utility of this series with respect to efficacy in an
acute inflammatory pain model in rats. The 2-methoxymethyl
analog 18 exhibits good in vitro and in vivo potency (CITH) and
is well absorbed following oral dosing. Unfortunately, hERG data
suggest that cardiac QT interval prolongation may be a potential
risk with this compound (Table 5). To address this potential liabil-
ity, further optimization of this series will be the topic of future
communications.
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