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A series of novel 4-oxopyrimidine TRPV1 antagonists was evaluated in assays measuring the blockade of
capsaicin or acid-induced influx of calcium into CHO cells expressing TRPV1. The investigation of the
structure-activity relationships in the heterocyckcregion revealed the optimum pharmacophoric elements
required for activity in this series and resulted in the identification of subnanomolar TRPV1 antagonists.
The most potent of these antagonists were thoroughly profiled in pharmacokinetic assays. Optimization of
the heterocyclidA-region led to the design and synthesi28f a compound that potently blocked multiple
modes of TRPV1 activation. Compou28 was shown to be effective in a rodent “on-target” biochemical
challenge model (capsaicin-induced flinch, B 0.33 mg/kg p.o.) and was antihyperalgesic in a model

of inflammatory pain (CFA-induced thermal hyperalgesia, MED.83 mg/kg, p.o.). Based on its in vivo
efficacy and pharmacokinetic profile, compow2®i(N-{ 4-[6-(4-trifluoromethyl-phenyl)-pyrimidin-4-yloxy]-
benzothiazol-2-yl-acetamide; AMG 517) was selected for further evaluation in human clinical trials.

Introduction compoundl demonstrated acceptable metabolic stability in rat
liver microsomes (RLM Cl, viro = 111uL/min/mg) and good

in vivo pharmacokinetic properties in ratg/{ = 2.8 h, Cly

vivo = 1.2 L/h/Kg, Fora = 31% at 5 mg/kg), measurements of
stability in human liver microsomes (HLM Glyiro = 250uL/
min/mg) suggested that this compound would be extensively
metabolized in humans. Further studies of compdurelealed

the region of the molecule that was most susceptible to
metabolism. Upon incubation of compoubhavith human liver

Vanilloid receptor-1 (TRPV1 or VR1), a well-characterized
member of the transient receptor potential family of ion
channels, has been implicated in the transmission of pain
signaling. For this reason, the in vivo pharmacological effect
of small molecule antagonists of TRPV1 has been the subject
of intense investigations among many pain research grbups.
This report is the second in a series describing the in vitro and

in vivo _prope_rties of a novel class of pyrimidine TRPV1 microsomes in the presence of NADPH, only two oxidative
antagonists discovered in our Iaborqtoﬁés. . metabolites were found1 andM2; Figure 1). Although the
Our general approach for developing the structaetivity — gyact sites of oxidation were not ascertained, analysis by MS/
relationships (SAR) within this series was to dissect the yg indicated that both metabolites were the result of mono-
pharmacophore into three regiors, B, andC; Figure 1) and  oyiqation on the quinoline ring, while the center pyrimidine core
to optimize each region in a systematic fashion. In our first ang the trifluoromethyl phenyl moieties were unaffected.
report, we discussed modifications to regiBnwhich led o therefore, our strategy to increase metabolic stability, as well
the identification of 4-oxopyrimidind, a potent inhibitor that 55 enhance potency in this series, was to systematically explore
blocks capsaicin-induced*Ca" influx in rat and human  3jtemative heterocycles as replacements for the quinoline ring
TRPV1-expressing CHO cells with tgvalues of 7.4 nM and  f5nd in compound. (exemplified by generic structu@ Figure
3.7 nM, respectively. While compountl was shown to be 1y This report describes the SAR investigations of&hegion,
efficacious at blocking an on-target TRPV1-mediated response yhich culminated in the identification of our first TRPV1
in vivo in the capsaicin-induced hypothermia model in rats, it jinical candidate, AMG 517N-{ 4-[6-(4-trifluoromethyl-phen-
did not show significant efficacy in the complete Freund's ) nvrimidin-4-yloxy]-benzothiazol-2-yi-acetamide; compound
adjuvant (CFA)-induced inflammatory pain model. We postu- 3) | the subsequent report, we will describe modifications
lated that the minimal effect observed in the pain model may yade to theC-region that resulted in improvements in the
be due to a combination of insufficient intrinsic TRPV1 potency - yharmacokinetic and solubility profile of AMG 517.
and inadequate exposure in vivo. Therefore, at this stage of our
SAR investigations, we sought to improve not only the potency Chemistry

of the 4-oxopyrmidine TRPV1 antagonists, but also to enhance Analogues of compound were prepared by one of four

their phgrrp.acokmenc pr0|.oert|es.|n VIVO. . general methods (methods—; Scheme 1). In method A,
As an .|n|t|al step towgrd improving the overall proflle of these 4-chloro-6-[4-(trifluoromethyl)phenyl]-pyrimidine3j was re-
antagonists, we examined compouhéh more detail. While  4cteq with the alkoxide prepared by treatment of the requisite
heteroaromatic alcohol (ArOH) with sodium hydride, as previ-
*To whom corresponde_nce should be addressed. Tel.: 805-447-1552. gusly described The reactions were followed by HPLC or TLC
Fafbgog;fnfgjoolféﬁémgt"r rg%rgggcimfn%”-sggéver and stirred at room temperature or heated until complete. In
b ] v method B, the products were obtained by first converting

* Department of Neuroscience. ) A
8 Department of Pharmacokinetics and Drug Metabolism. 4-chloro-6-[4-(trifluoromethyl)phenyl]-pyrimidine 3§ to the
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Scheme 1.General Methods for the Synthesis of
4-Oxopyrimidines 42
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aMethod A: ArOH, NaH, DMF, 25C or heat. Method B: KF, DMSO,
120°C; ArOH, K,CQO3, DMF, 25°C or 60°C. Method C: ArOH, KCQO;,
DMSO, 80-90 °C. Method D: ArOH, DBU, CHCN, reflux.

corresponding fluoropyrimidine intermediate and then treating
this intermediate with various heteroaromatic alcohols in the
presence of solid potassium carbonate in DMSO atQ%r

60 °C. In the third general procedure, method C, 4-chloro-6-
[4-(trifluoromethyl)phenyl]-pyrimidine §) was reacted directly

the phenol with AIC). Intermediate diaminobenzer® was
also used to prepare the requisite isomeric quinoxalindges
and 19 (Scheme 2; eq IV). In this case, diaminobenzédie
was condensed with ethoxy-imino-acetic acid ethyl ester under
conditions first described by Hermecz and co-workeis
provide a 1.7 to 1 mixture of isomeric quinoxalinorE&and

17. The two isomers were separated by silica gel chromatog-
raphy and independently deprotected with AlG@b afford
3-amino-5-hydroxy-H-quinoxalin-2-one 18) and 3-amino-8-
hydroxy-IH-quinoxalin-2-one 19).

The final five compounds needed for this investigation
required additional modifications following the initial heteroaro-
matic alcohol coupling (compoun@2—26; Scheme 3). Treat-
ment of the 2-aminoquinoline derivati2® (prepared by method
A, Scheme 1) with neat acetic anhydride at X@5provided

with the heteroaromatic alcohol in the presence of a base (solidthe corresponding acylated analogi#n good yield. Similarly,

K2CQO3) in DMSO at 86-90 °C. Finally, method D provided
the target compounds4) by conducting the reactions in
refluxing acetonitrile, with DBU acting as the base.

With the exception of six examples described herein, the

2-aminobenzothiazole derivativ&l (prepared by method C,
Scheme 1) was acylated with either acetic anhydride, propionyl
chloride, or isobutyryl chloride to provide the corresponding
amides23, 24and25. The final compound\-methylamide26,

requisite heteroaromatic alcohols were either commercially Was prepared by the reaction of compo@3avith methyl iodide
available or readily prepared following published methods. To @nd sodium hydride in DMF at &C.

obtain the six heteroaromatic alcohols needed to complete the

series 6, 7, 10, 14, 18, and19), the reaction sequences shown
in Scheme 2 were followed. For example, treatment of com-
mercially available 2-chloroquinolin-8-0b) with methylamine

or dimethylamine under microwave heating provided 2-(me-
thylamino)quinolin-8-ol §) and 2-(dimethylamino)quinolin-8-

ol (7), respectively (Scheme 2; eq 1). For the preparation of
2-amino-8-hydroxyquinazolinel(), 3-methoxy-2-nitrobenzal-
dehyde 8) was reduced to 2-amino-3-methoxybenzaldehgjle (
using Fe(0) and NECI (Scheme 2; eq Il). Condensation of
aminobenzaldehyd® with guanidine in decalin at 190C,
followed by deprotection of the phenol with NaSEt, afforded
compound10 in 48% yield. Aminoquinazolin-5-ol14) was
prepared in five steps starting from 2-amino-3-nitrophetdj (
Scheme 2; eq lll). Protection of phenal by methylation,
followed by reduction of the nitro group with iron, provided

Results and Discussion

Structure —Activity Relationships (SAR). The compounds
described were tested for their ability to block the capsaicin-
(CAP, 500 nM) or acid- (pH 5.0) induced uptake®®€&" in
CHO cells expressing rat TRPV1 (rTRPV1), as previously
described. Functional activity is reported as ¢+ SEM (nM)
in Tables 3. In a separate agonist assay, none of the
compounds presented showed agonist activity. Results for all
in vitro activities are the average of at least two independent
experiments, with three replicates at each concentration.

In our previous studies of the cinnamides series of TRPV1
antagonist8,we found that the 7-quinolinyl moiety imparted
superior antagonist activif§;however, this observation was
based on a limited set of 6,6-fused heteroaromatic groups
examined. Therefore, to more completely probe the heterocycle-

the corresponding diaminobenzene. This free base was unstableeceptor interactions in th&-region, we systematically exam-
upon standing and, therefore, was immediately converted to theined each position of the nitrogen by surveying all possible

more stable hydrogen sulfate saR. Condensation of aniline
12 with ethyl glyoxylate provided an isomeric mixture of
quinoxalinones from which the desired 8-metho}y-quinoxa-
lin-2-one (3) was isolated by silica gel chromatography.
Quinoxalinonel3was converted to 3-aminoquinoxalin-5-&kj

by first generating the chloroquinoxaline intermediate using
POCE, then introducing the amino group by treatment with/NH
OH and Cul under microwave heating, and finally deprotecting

quinoline and isoquinoline isomers in the 4-oxopyrimidine series
(27a—f and28a—g, Table 1). When the nitrogen was moved
around the ring, TRPV1 inhibitory activity decreased to varying
degrees in both series. We found that the derivatives that
contained the nitrogen in the 8-position gave the best results
regardless of whether the ether linkage was attached to the 1-
or 2-position of the quinoline ring (compoun@8a and 1,
respectively).
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Scheme 2.Preparation of Heteroaromatic Phen6)s7, 10, 14, 18, and19 (ArOH)2
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aReagents and conditions: (aypMMe, dioxane, microwave, 208C; (b) HNMe, dioxane, microwave, 200C; (c) Fe(0), HO, MeOH, 60°C; (d)
guanidine hydrochloride, N&Os, decalin, 190°C; EtSNa, DMF, reflux; () Mel, KCOs, DMF, 25°C; Fe(0), 12 M HCI, EtOH, KO, reflux; H.SOy; (f)
EtOH, NaHCQ, (HCO)CQEt, reflux; (g) PO, concd NHOH, Cul, microwave, 140C; (h) AICls, benzene, reflux; (i) EtOH, ¥, NaHCQ, 25 °C.
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Scheme 3. Preparation of 2-Aminoquinoline and 2-Aminobenzothiazole Amide Analog@e6

(o]
IHZN MNR
>:N CF3 R N CF3)
X X (o]
°© | N a,b,orc | N
N\7N N\7N
20: X = CH=CH 22: X=CH=CH;R=Me; R'=H
21: X=8S 23:X=S; R=Me;R'=H
d 24:X=S; R=Et; R'=H
25:X=S; R=/Pr; R'=H
26: X=S; R=Me; R'=Me

aReagents and conditions: (a) A%, 105°C; (b) propionyl chloride, BEMP resin, THF, room temperature, 16 h; (c) isobutyryl chloride, BEMP resin,
THF, room temperature, 16 h; (d) NaH, gHDMF, 0 °C.

While the 7-quinolinyl analoguel and the 8-quinolinyl at rates of 44 and 13bL/min/mg, respectively, compared to
analogue28awere approximately equipotent in the capsaicin- 111 and 25@.L/min/mg for compound.. Therefore, we focused
mediated assay, the 8-quinolinyl analogue was significantly lessour continued efforts on improving the potency and pharma-
potent in the acid-mediated assay. Presumably, the bindingcokinetic properties of the 8-quinolinyl analogue.
region on the receptor is subtly changed at pH 5.0, resulting in It has been our experience that subtle modifications to the
the observed difference in activityDespite an undesired A-ring heterocycle can impact activity in the TRPV1 acid-
reduction in activity in the acid-mediated as$dlge 8-quinolinyl mediated assay. Therefore, an initial set of compounds was
isomer 28a demonstrated an encouraging improvement in prepared to investigate the effect of an additional substituent
microsomal stability over compourid Specifically, in isolated on the 2-position of the quinoline ring of compoud8a(Table
rat and human liver microsomes, compow2h was cleared 2). The oxygen-substituted analogues (2-hydroxyquinolife,
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Table 1. Inhibition of CAP- (500 nM) and Acid- (pH 5.0) Induced From this initial set of 2-substituted quinolines, the 2-amino
“Ca" Influx into ITRPV1-Expressing CHO Cells for Compountls analogue20 was selected for further SAR development. To
27a-f, and28a-g examine this derivative in more detail, we conducted metabolism

CFs 6T CFy identification studies to obtain information regarding possible
®. (1. _O W/\KQ/ g ﬁ/K(oﬁA(@/ ways to further reduce clearance. As observed with compound
7% 2 X X X .. .
ol I e | | 1, the center pyrimidine core and the trifluoromethyl phenyl
® @

|
O Sy @ NN W @ NN moieties of compound0 were stable in human liver mi-
crosomes, but oxidative metabolism occurred on the quinoline
27 28 ring. Studies in isolated rat and human hepatoé{tsisowed
nitrogen TRPVL (CAP) FTRPVL (acid) that c_ompoundZO unde_rwent phase | and phase_ll metabo!lsm,
cmpd position ICs (NM)? ICs0 (NM)? rgsultlng in the formatlon of at least 15 metabqlltes. ConS|st¢nt
1 3 Ta1 10 80560 ywth the microsomal studies, Fhe prgdo_mlna_nt site _of metabolism
>7a 7 460-L 50 4000 in hepatocytes was the aminoquinoline ring (Figure 2). Hy-
27b 6 1400+ 200 >4000 droxylation on the quinoline ring, followed by sulfation,
27¢ 5 >4000 >4000 accounted for 70% of metabolism in rat hepatocytes.
27d 4 >4000 >4000 With this information in hand, we prepared a series of
g;‘? i gggi i’go iiggg analogues designed to block the proposed sites of metabolism,
28a 8 154+ 7 >4000 focusing initially on the 2-aminopyridyl portion ¢t0 (Table
28b 7 150+ 20 120+ 40 3). The 2-amino-8-quinazolinyl analogu&0f was prepared to
28c 6 120+ 10 >4000 determine if an additional nitrogen atom introduced at the
ggg 2 33%30240 :2888 3-position of the quinoline ring would serve to block metabolic
oaf 3 2900 1000 4000 oxidation. This modification resulted in the desired decrease in
28¢g 2 >4000 >4000 microsomal clearance, however, compod@dsuffered from a

aEach 1Gp value reported represents an average of at least two Slgmflcam reducthn in potency in th?. acid-mediated assay'
independent experiments with three replicates at each concentrationntroduction of a nitrogen to the 4-position to afford 2-amino-

(£SEM). 8-quinoxalinyl analogu&1 gave the desired improvement in
Table 2. Inhibition of CAP- (500 nM) and Acid- (pH 5.0) Induced microsomal clearance without the attendant reduction in potency
aple 2. Inhipition o - n an Cla- (p . nauce H i H _
45C2* Influx into rTRPV1-Expressing CHO Cells for Compoun#8&a, in the acid-mediated assay observed for Compmd\lever
29a—d, 20, and22 theless, compoungil demonstrated unacceptably high clearance
in vivo [CLin vivo = 4.3 L/h/kg], greater than the rate of rat

R oF hepatic blood flow. Despite this result, additional studies were
li SN w/\/(j/ 8 conducted or31, which provided insights leading to further
CNGFN specific structural modifications. For example, compo@id
N' _N dosed at 3 mg/kg, p.o., blocked 100% of the capsaicin-induced
~ hypothermic response in our on-target in vivo telemetry nfodel
29 (data not shown). This in vivo effect was surprising given the
ITRPV1 (CAP) rTRPV1 (acid) compound’s high clearance and modest potency and led us to
cmpd R ICs0 (NM)2 ICs0 (NM)2 postulate that the in vivo activity observed 8t was due to
28a H 15+ 7 >4000 the formation of an active metabolite. Literature precettent
29a OH >4000 >4000 indicated that hydroxylation of the 3-position of the 2-amino-
29b OMe >4000 >4000 quinoxaline was likely, and for this reason, we prepared the
ggc H:ﬁﬂe ééi g-5 gi 34 corresponding oxidized derivative 81 for further evaluation.
29d NMe, ~4000 > 4000 The putative metabolite, compoui@, demonstrated not only
22 NHAC 77+ 65 15+ 18 the anticipated improvement in clearance in the rati{Gle =

aEach 1Go value reported represents an average of at least two 0.26 L/h/kg) but also a dramatic improvement in potencys¢IC

independent experiments with three replicates at each concentration= 0.64 NM in the capsaicin assay, anddG 0.57 nM in the
(£SEM). pH 5.0 assay).

Based on the results foBO and 31, it was clear that
and 2-methoxyquinoline29b) proved to be significantly less  repjlacement of a single aromatic CH with nitrogen in the
potent in both assays. In contrast, the results for the nitrogen- pyridinyl portion of the quinoline ring was insufficient to block
substituted derivatives were more promising. For example, the metabolism of20. Therefore, the 2-aminobenzothiazole
activity in the acid-mediated assay was restored with the Z‘aminoanalogue21 was designed to block two of the proposed
(20), 2-methylamino 29¢), and 2N-acylamino @2) derivatives.  metabolic hot spots on the quinoline ring 20, replacing the
However, activity was diminished when the quinoline was c3-C4 atoms with sulfur. This modification resulted in a
substituted in the 2-position with dimethylamir20(). Taken dramatic improvement in the metabolic stability in human liver

together, these results suggest that the NH grou@0029c¢, micosomes (Ch vivo < 5 #L/min/mg). In addition, compound
and22 may act as hydrogen-bond donors to create a favorable

interaction with the receptor under the conditions of both the = NM, -
capsaicin and the acid-mediated assays. This favorable interac- CF
tion is eliminated in the case of the 2-methoxy and 2-dimethy- O-sulfate | =N

lamino substitutions29b and29d, respectively). Furthermore, °© S

given that the 2-hydroxy derivativ@9a is likely to exist NN
primarily in the quinolin-2-one tautomeric forfit may be less

active tharn20, 29¢ and22 because it cannot provide a similar M + 16 + 80]
hydrogen-bonding interaction in the 2-position. Figure 2. Major metabolites of compoun20 in rat hepatocytes.
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Table 3. Inhibition of CAP- (500 nM) and Acid- (pH 5.0) InducedCa* Influx into rTRPV1-Expressing CHO Cells and In Vitro and In Vivo
Clearance Data for Analogues 20

CF3
O
Heterocycle | A
N.N
rTRPV1 rTRPV1 Clearance data
Compound No. Heterocycle (CAP) (acid) HLM ) ) . .
ICsp (NM)? IC5p (nM)? (uL/min/mg)” RLM (uL/min/mg)”  rat in vivo (L/h/kg)
NH,
~N
20 | \ 11£6.5 62 + 34 183 110 1.2
NN
30 | P ‘\ 14+3 >4000 <14 38 1.5
NH,
=N
K\
31 No \ 63+18 16 £0.3 <14 15 4.3
NH,

0})%
32 HN /N \\ 0.64+0.04 0.57+0.06 <14 <14 0.26
(o]

HoN %NH
33 >4000 >4000 — — —

21 S©/\ 12+0.9 >4000 <5 47 0.22

23 S>\ \ \ 09+0.8 05+0.2 <5 50 0.25
26 S>\ \ \ >4000 860 £ 340 — — —

24 g \ 1100+200 1500 + 300 — — —
‘S\NH
25 =N >4000 >4000 — — —

aEach 1Gp value reported represents an average of at least two independent experiments with three replicates at each congeSiisjon (
b Rat liver microsomal (RLM) and human liver microsomal (HLM) cleararfdetravenous bolus injection, 1 mg/kg in DMS@,= 2 male Sprague
Dawley rats.
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receptor against three modes of activation (capsaicin, low pH,

and heat). The results shown in Table 4 confirm that compounds

23 and 32 are potent inhibitors of the human TRPV1 under

every condition tested.

S % To select a suitable clinical candidate, we compared some
of the pharmacokinetic and physicochemical properties for the

two most potent compounds in the seri2Z3and32 (Table 5).

23 In our preliminary pharmacokinetic studies, the compounds were
Figure 3. Binding elements required for optimum potency in the dosed at 1 mg/kg i.v. and plasma samples were collected and
A-region (compound82 and 23). analyzed up to an 8-hour time point. In these studies, both
Table 4. Inhibition of CAP- (500 nM), Acid- (pH 5.0), or Heat-(4%C) compounds demonstrated long half-livelsy), low plasma
Induced**C&* Influx into Human TRPV1-expressing CHO Cells for clearance (CL), and high volumes of distributidly. However,
Compound23 and 32 when administered orally as a suspension at 3 mg/kg, compound
hTRPVI (CAP)  hTRPVI(acid)  hTRPVI (heat) 23proved to be the supe_rior candidate in_terms_, of _b_ioavail_ability,
cmpd ICso (NM)2 ICso (NM)2 ICso (NM)2 Foral = 32%. In comparison, the oral bioavailability 82 in
P 076404 0.624 0.27 13501 rats was lower Fora = 7%, 5 mg/kg). While the aqueous
32 0.8+ 0.28 0.9+ 0.35 0.4+ 0.06 solubility was low for both compounds,the melting point of

aEach 1Gp value reported represents an average of at least two 32was 115 degrees higher tha. The higher melting point

independent experiments with three replicates at each concentration®f 32 and the resulting high-energy barrier to dissolution may
(£SEM). help to explain the differences in oral bioavailability observed

between32 and23. Furthermore, compoun82 showed dose-
limiting exposure at higher doses in rats (30 and 300 mg/kg,
p.o.), presumably due to solubility-limited absorption. Con-
versely, compoun@®3 exhibited excellent exposure levels at
the same doses, making it the better candidate for further safety
assessment studies in rodents.

With compound 23 selected as the lead candidate, its
pharmacokinetic properties were more extensively examined
(Table 6). For routine screening purposes, we had set an 8-hour
duration for initial in vivo pharmacokinetics studies in rats.
Because compound3 exhibited a relatively high volume of
distribution and low clearance, the calculated half-life from these
preliminary studies was an underestimation. To capture the true
elimination phase, an additional study was conducted in rats
measuring blood levels beyond an estimated four half-lives. In

in Figure 3. The orientation of these elements seems to be criticall"iS €xténded 72 h study, a more accurate half-life of 31 h was

for optimum potency, as evidenced by the significant reduction detérmined for compouns.

in potency observed for the isomeric analogu8atcompound The comparative pharmacokinetic profile for compo@#

33). In addition, when the amide NH of compour®® was was examined in rats, dogs, and monkeys (Table 6). In all spe-

methylated (e.g., compoun@6), key interactions with the  Cies examined, compour@B exhibited low clearance and mod-

receptor were disrupted that also resulted in lower potency. The€rately high volumes of distribution with consequently long half-

reduction in potency for thN_methwated Compoun(Q@ may lives. Oral bloavallablllty among the three SDECies tested ranQEd

be due to the elimination of the hydrogen-bonding interaction from 23 to 52%. The mean exposures (AUC) for compoR8&d

of the NH or due to an unfavorable conformational change in increased in a dose proportional manner in the dose range of

the acetyl group. Finally, the size of the pocket in this region 1—10 mg/kg in rats, dogs, and monkeys (Figure 4).

of the receptor also appears to be sensitive to steric bulk. For Human pharmacokinetic parameters were projected based on

example, significant decreases in TRPV1 inhibitory activity were allometric scaling and are presented in Table 6. Based on the

observed when the alkyl group of the amide was extended allometric projection, compoun@3 was predicted to have a

further into the pocket, as in the case of the ethyl and isopropyl long half-life in humans (66120 h). The projected half-life in

derivatives 24 and 25, respectively). humans was expected to result in a 4-fold accumulation at
In addition to being tested at the rat TRPV1 receptor, steady-state, based ona QD dosing regimen, with minimal peak-

compounds23 and 32 were evaluated at the human TRPV1 to-trough fluctuations and low variability.

21 showed a 10-fold improvement in potency o0& in the
capsaicin-mediated assay G 1.2 nM vs 11 nM); however,
activity in the acid-mediated assay was sacrificedd < 4000
nM). In contrast, theN-acylated analogu23 retained potency

in both assays (1§ = 0.9 and 0.5 nM in the capsaicin- and
acid-mediated assays, respectively), while also maintaining
excellent metabolic stability in human liver micosomes {(CL
viro < 5 ulL/min/mg).

Based on the overall SAR and the two exquisitely potent
TRPV1 antagonists identified (i.23 and32), a pharmacophore
model was constructed for th&-region of this series. The
proposed hydrogen-bond doneacceptor interactions between
the carbonyl oxygen, NH proton, and the aromatic nitrogen of
the antagonists and the receptor for baghand32 are shown

Table 5. Pharmacokinetic and Physicochemical Profile 28rvs 32

intravenous dosirfg human liver solubility? (ug/mL)
microsomal
CL tip AUCo-c Vss Foral stability HClaq mp
cmpd (mL/h/kg) (h) (ngr-h/mL) (mL/kg) (%) (uL/min/mg) (0.01N) PBS SIF (°C)
23 190 6.3 5400 1556 K7) <5 <1 <1 6.6 219-221
32 197 6.0 5143 1688 7 26 <1 <1 9.2 334-335

a Study in fed male SpragueDawley rats dosed at 1 mg/kg in DMSO with sampling time up to 6 #. 2 animals per study. Interanimal variability was
less than or equal to 30% Study in fasted male Spragu®awley rats dosed at 3 mg/kg as a suspension in 5% Tween 80/Oraplus with sampling time up
to 8 h.n = 2 animals. Interanimal variability was less than or equal to 30Siudy in fasted male Spragu®awley rats dosed at 5 mg/kg as a suspension
in 5% Tween 80/Oraplus with sampling time up to 8nhw= 2 animals. Interanimal variability was less than or equal to 3®%hermodynamic solubility
measured in a high-throughput automated format (ref @Rhosphate buffered saline, pH 7t&imulated intestinal fluid, pH 6.8.
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250 o Do Table 6. Mean Pharmacokinetic Parameters for Compo28d

° Ratg Following i.v. and p.o. Administration to Fasted Rat, Dog, and Monkey,

v Monkey with Projected Values for Human
- 221 oral
£ intravenous dosirfg dosing
=
g 150 - AUCp-w CL Vss t12 F
= species  (ngch/mL) (mL/h/kg) (mL/kg) (h) (%)
06 rat 8800 120 4000 31 51
2 100 - dog 7400 140 7000 41 23
= monkey 37 000 30 2300 62 52
2 human 50 4500 60-120
= -

50 - (projected)
a1 mg/kg in 80% PEG-400/4D, n = 3 animals per group. Variability
for AUCo-«, CL, Vss andty, values ranged from 7 to 38% for all species.
0 Y : T T T . . . . . b1 mg/kg suspension in 10% Pluronic/Oraplas: 3 animals per group.
0 1 2 3 4 5 6 7 8 9 10 11 Variability for Fora ranged from 26 to 50% for all species.
Dose (mg/kg)

Figure 4. Dose linearity o23in rat, dog, and monkey at 1, 3, and 10
mg/kg, dosed p.o. as suspensions in 10% Pluronic/Oraplus. Compound23 was then evaluated for its ability to reverse

thermal hyperalgesia in the CFA model in rats (Figure 6). The
h S ) s o compound was dosed orally at 0.1, 0.3, 1, 3, 10, and 30 mg/kg
the on-target in vivo efficacy a3 was measured in a capsaicin- to rats that had been treated 21 h in advance with CFA injected

g‘gsuecc‘fgtﬂ(')ncg'{]glmgdilomarna(;ss(g Ir?llgjr/?(;)z;\s-rgesﬁgpmepnoslijgr? ivr\]'aSS%in the paw. Paw withdrawal latencies from a heat source were

. - iy measurd 3 h post-dosing wit23. In this pain model, compound
Tween 80 in Oraplsi 1 h prior to capsaicin challenge. An &D L .
= 0.35 mg/kg was calculated based on number of flinches per ﬁ?’ ShO\;VQd _dosghde?fgndent |nh|b!t|(_)n of %FA"nSAuECSd t?%rrggl
minute counted after intraplantar injection of capsaicin (5 yperalgesia with efficacy at a minimum dose ( ) of 0.

in 5% EtOH /PBS). A significant correlation was found between M9/kg (p-0.). The maximal effect observed in this model was
number of flinches and plasma levels of compound, that is, the @PProximately 35% of control at a dose of 10 mg/kg. In

number of flinches decreased as plasma levels increasedComparison, in the on-target model we observed a 100% return
Furthermore, we demonstrated tha3 mg/kg dose (p.o.) of  to control levels at 10 mg/kg (Figure 5), suggesting that the
compound3 significantly inhibited capsaicin-induced flinching ~ target is fully covered at this dose. Therefore, the degree of
up to 24 h. At 48 h, the animals behavior had returned to control reversal of thermal hyperalgesia observed in the CFA model
levels!® These results demonstrated ti28 was a potent probably reflects the magnitude of involvement of TRPV1 in

In addition to the extensive in vivo pharmacokinetic studies,

inhibitor of TRPV1 in vivo. the CFA-induced inflammatory pain pathway in rodents.

1007 _ 5000+
‘-E 4000+

E 7.5 E
E g 3000+

5.0-

|:+E: - § 2000+
25 5 1000+

; = [}
oo S © O & O & -

R O & S S S & &
IR & & &
RSSO Q,_,,ﬁ & Al

Dose Dose

Figure 5. Efficacy and terminal plasma concentration of compoR8éh the capsaicin-induced flinch model (dosed p.o. in 5% Tween 80/Oraplus
1 h prior to capsaicin challenge;= 8 per group of Harlan SD male rats).

= Vehicle
@ Compound 23

ANOWVA with Dunnett's Multiple
Comparison Test * p< 0.05; ** p <0.001

MED = 0.83 mg/kg

% Inhibition of thermal hyperalgesia

-3 2 1 L] 1 2

Log dose of Compound 23 {mg/kg, p.o.)

Figure 6. Dose-response for compoun23 in CFA-induced paw thermal hyperalgesia (dosed p.o. in 5% Tween 80/Oraplus; 21 h post-CFA
treatment;n = 14—35 per group of Harlan SD male rats).
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Based on its excellent overall in vitro and in vivo profile,
compound23 was selected for further evaluation in human
clinical trials and was designated AMG 517. Additional details
of the pharmacological, toxicological, and clinical profiles of
AMG 517 will be reported elsewhere.

All final compounds were purified te-95% purity, as determined

by reverse-phase high-performance liquid chromatography (rp-
HPLC). Purity was determined on an Agilent 1100 spectrometer
by method A, Phenomenex Lung €olumn (100x 4.6 mm, 5u)

at 40°C with a 1 mL/min flow rate using a gradient of 3000%
0.1% TFA in acetonitrile in 0.1% TFA in water over 10 min; or
method B, YMC ODS-AM Gg column (100x 2.1 mm, 5u) at

40 °C with a 0.5 mL/min flow rate using a gradient of -£Q00%
0.1% TFA in acetonitrile in 0.1% TFA in water over 7 min. Silica
gel chromatography was performed using either glass columns
. : - X . packed with silica gel (206400 mesh, Aldrich Chemical) or
TRPV1 antagonists, with the aim of improving potency and prepacked silica gel cartridges (Biotage or RediSep). Melting points
increasing metabolic stability of lead compoubdThrough were determined on a Buchi-545 melting point apparatus and are
these SAR investigations, we developed several potent TRPV1uncorrected. NMR spectra were determined with a Bruker 300 MHz
antagonists and increased our understanding of the pharmaor DRX 400 MHz spectrometer. Chemical shifts are reported in
cophoric elements required in th&ring. The initial set of parts per million (ppme units). Low-resolution mass spectral (MS)
quinoline and isoquinoline derivatives revealed that the 8-quino- data were determined on a Perkin-Elmer-SCIEX API 165 mass
linyl isomer (compound®84) retained TRPV1 potency in the spectrometer using electrospray (ES) ionization modes (positive or

capsaicin-mediated assay, while being more stable than com-"€dative). High-resolution mass_spectral (HRMS) data were

Summary

In this investigation, we examined the structueetivity
relationships in the heterocycleregion of the 4-oxopyrimidine

pound 1 upon incubation in rat or human liver microsomes.

Furthermore, we found that an additional potency-enhancing

hydrogen-bonding interaction with the TRPV1 receptor could
be obtained by substituting the 2-position of the quinoline ring
with an amino group (e.g., compou@@). Metabolite identifica-
tion studies showed that compou2@ was extensively me-
tabolized on the 2-aminoquinoline moiety. Attempts to block
the metabolism of the quinoline ring led to the identification of
two metabolically stable and exquisitely potent TRPV1 antago-
nists, benzothiazol23 and quinoxalinon82. Further evaluation

of compound23 showed that it potently blocked multiple modes
of TRPV1 activation and was effective in a rodent on-target
biochemical challenge model (capsaicin-induced flinchg&D
= 0.33 mg/kg p.0.). In the CFA pain model in rats, compound

determined on a 7T Bruker FTICR mass spectrometer using ES
ionization mode (positive). Combustion analyses were performed
by Atlantic Microlab, Inc., Norcross, GA, and were within 0.4%
of calculated values unless otherwise noted.

General Methods for the Synthesis of 4-Oxopyrimidines (4).
Method A: In an oven-dried, round-bottomed flask, a solution of
the alcohol (1.1 equiv) in DMF (0.150.25 M) was stirred at room
temperature and treated portionwise with sodium hydride, as a 60%
dispersion in mineral oil (1.2 equiv). Upon complete addition, the
reaction mixture was stirred for 10 min and then 4-chloro-6-(4-
(trifluoromethyl)phenyl)pyrimiding (3; 1.0 equiv) was added in
one portion. The reaction mixture was stirred at room temperature,
or heated, until complete (as determined by TLC or HPLC). The
reaction mixture was diluted with 40 and extracted with EtOAc.
The organic extract was washed successivelis WiN NaOH, HO,
and satd NaCl, dried over MO, filtered, and concentrated in

23 showed a dose-dependent inhibition of thermal hyperalgesiavacuo to afford the crude product.

(MED = 0.3 mg/kg, p.0.). Because of its excellent pharmaco-
kinetic properties and in vivo efficacy, compou28 (AMG
517) was selected for further evaluation in human clinical trials
for the treatment of inflammatory pain. In part 3 of this series,
we will describe modifications made to th@-region that
resulted in improvements in the pharmacokinetic and solubility
profile of AMG 517.

Experimental Section

Capsaicin-Induced Flinch Model.Male Sprague-Dawley rats
(Charles River Laboratories (CRL), Wilmington, MA) weighing
250-300 g were used. Animals were allowed at teasl week
acclimation period in Amgen’s AAALAC-accredited animal care

Method B: To a solution of 4-chloro-6-(4-(trifluoromethyl)-
phenyl)pyrimidine 8; 2.0 g, 7.7 mmol) in DMSO (15 mL) was
added potassium fluoride (3.6 g, 61 mmol). The mixture was stirred
at 120°C for 6 h. After cooling to room temperature, the mixture
was poured into D (200 mL) and extracted with EtOAc (R
200 mL). The combined extracts were washed witDH3 x 200
mL) and satd NaCl (200 mL) and then dried over8i@, filtered,
and concentrated in vacuo onto silica gel. Purification by silica gel
chromatography (gradient: 0 to 6% EtOAc in hexanes) afforded
4-fluoro-6-(4-(trifluoromethyl)phenyl)pyrimidine (1.7 g, 90%) as
a white solid. MS (ESI, pos. ionjVz 243 (M + 1). IH NMR
(400 MHz, CDC}) 6 7.39 (t,J = 1.0 Hz, 1 H), 7.80 (dJ = 8.4
Hz, 2 H), 8.21 (dJ = 8.4 Hz, 2 H), 9.02 (tJ = 1.0 Hz, 1 H).

To an oven-dried, round-bottomed flask was added 4-fluoro-6-
(4-(trifluoromethyl)phenyl)pyrimidine (1.8 equiv), alcohol (1.0

facility prior to being tested. On test day, animals were dosed (p.0.) equiv), KCOs (2.0 equiv), and DMF (0.080.15 M). The reaction

with compound23 at a dosing volume of 5 mL¢1 h prior to the

mixture was stirred at room temperature, or at6Quntil complete

administration of a capsaicin challenge. The vehicle for compound (as determined by TLC or HPLC). The mixture was poured into
23 was 5% Tween 80 in Oraplus. Capsaicin was administered at aag NaHCQ and extracted with EtOAc. The extract was washed

dose of 0.5ug into the right paw of the animal. The injection
volume for capsaicin was 24, and the vehicle for capsaicin was
5% EtOH in PBS (Ca*and Mg *free). Immediately following

with H,O and satd NaCl, dried over B&Q,, filtered, and
concentrated in vacuo to afford the crude product.
Method C: A mixture of 3 (1.1 equiv), alcohol (1.0 equiv), and

intraplantar injection of capsaicin, flinch responses were counted solid K,CO; (1.4—2.0 equiv) in anhydrous DMSO (0-0.5 M) or

for a 1 min period. Investigators counting flinches were blinded to
the treatment conditions. For each treatment groug; 8. The

anhydrous DMF (0.£0.5 M) was stirred in an 80690 °C oil bath
until complete (as determined by TLC or HPLC). The reaction

EDso value was computed using GraphPad Prism software (Sanmixture was allowed to cool to room temperature and diluted with

Diego, CA). Significance level was set at < 0.05. Percent
inhibition was computed as 100 (1 — (test value— mean vehicle/
vehicle value)/(mean vehicle/capsaicin valte mean vehicle/
vehicle value).

Chemistry. Unless otherwise noted, all materials were obtained
from commercial suppliers and used without further purification.
Anhydrous solvents were obtained from Aldrich or EM Science
and used directly. All reactions involving air- or moisture-sensitive

EtOAc. The mixture was washed with,8 and satd NaCl, dried
over MgSQ, filtered, and concentrated in vacuo to afford the crude
product.

Method D: A suspension of the alcohol (1.2 equiv) in gEN
(0.05-0.1 M) was treated with 1,8-diazabicyclo[5.4.0]undec-7-ene
(1.2 equiv) followed by3 (1.0 equiv). The reaction mixture was
stirred at reflux until complete (as determined by TLC or HPLC).
The mixture was allowed to cool to room temperature and

reagents were performed under a nitrogen or argon atmosphereconcentrated in vacuo to afford the crude product.
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8-(6-(4-(Trifluoromethyl)phenyl)pyrimidin-4-yloxy)quinolin-
2-amine (20).Following method A, 2-amino-8-quinolinol (0.70 g,
4.4 mmol) and3 (1.2 g, 4.6 mmol), after purification of the crude
product by silica gel chromatography (98:2 &H,/2 M NH3 in
MeOH), followed by recrystallization from C}€l, and hexane,
afforded20 (1.0 g, 60%) as fine white crystals. Mp: 26304°C.
MS (ESI, pos. ionyjvz. 383 (M + 1).'H NMR (400 MHz, DMSO-
ds) 0 6.44 (s, 2 H), 6.77 (dJ = 8.9 Hz, 1 H), 7.20 (tJ = 7.8 Hz,
1H), 7.38 (ddJ= 1.3, 7.6 Hz, 1 H), 7.60 (dd] = 1.3, 8.0 Hz,
1H),7.89 (dJ=1.0Hz,1H),7.93(dJ)=8.3Hz, 2 H), 7.96 (d,
J=9.0Hz, 1 H), 8.45 (dJ = 8.2 Hz, 2 H), 8.74 (dJ = 1.0 Hz,
1 H) Anal. (CQQH13F3N40): C,H, N, F.

4-[6-(4-Trifluoromethyl-phenyl)-pyrimidin-4-yloxy]-benzothi-
azol-2-ylamine (21).Following method C, 2-amino-4-hydroxy-
benzothiazole (0.42 g, 2.5 mmol) aBd0.97 g, 3.8 mmol), after
purification of the crude product by silica gel chromatography (2:1
hexanes/EtOAc), provide?ll (0.77 g, 79%) as a white solid. Mp:
245-246 °C. MS (ESI, pos. ionynvz. 389 (M + 1). IH NMR
(400 MHz, CDC}) 6 5.23 (br s, 2 H), 7.167.25 (m, 2 H), 7.45
(s, 1H),7.55(dd)=1.6,7.8Hz, 1 H), 7.77 (d] = 7.8 Hz, 2 H),
8.18 (d,J = 7.8 Hz, 2 H), 8.84 (s, 1 H). Anal. (gH11F3N4Os): C,
H, N, S.

N-{ 8-[6-(4-Trifluoromethyl-phenyl)-pyrimidin-4-yloxy]-quin-
olin-2-yl} -acetamide (22).A mixture of 20 (0.79 g, 2.1 mmol)
and acetic anhydride (2.5 mL, 2.6 mmol) was stirred in a 405
oil bath for 8 h. The volatiles were removed in vacuo to afford a
solid residue. Purification of the crude product by silica gel
chromatography (1:2 EtOAc/hexane) followed by recrystallization
from EtOAc provided22 (0.56 g, 63%) as a white solid. Mp: 264
206°C. MS (ESI, pos. ionjz 425 (M+ 1). 1H NMR (400 MHz,
CDCl) ¢ 2.16 (s, 3 H), 7.49 (s, 1 H), 7.577.54 (m, 2 H), 7.74
7.80 (m, 3 H), 7.94 (s, 1 H), 8.22 (dd~= 8.4, 10.4 Hz, 3 H), 8.77
(S, 1 H) Anal. (Q2H15F3N402): C, H, N.

N-{4-[6-(4-Trifluoromethyl-phenyl)-pyrimidin-4-yloxy]-ben-
zothiazol-2-yl} -acetamide (23).A mixture of 21 (97 mg, 0.25
mmol) and acetic anhydride (0.24 mL, 2.5 mmol) was stirred in a
105°C oil bath for 8 h. The volatiles were removed in vacuo, and
the solid residue was recrystallized from EtOAc in hexanes. The
solid was dried in vacuo at 6TC to give 23 (52 mg, 48%) as a
white solid. Mp: 219-221°C. MS (ESI, pos. ionjnz. 431 (M +
1).'H NMR (400 MHz, DMSO¢g) 6 ppm 2.13 (s, 3 H), 7.35 (dd,
J=1.4,7.8Hz,1H),7.39 () =7.8Hz, 1 H), 7.8747.96 (m, 3
H), 7.97 (d,J=0.78 Hz, 1 H), 8.45 (d) = 8.0 Hz, 2 H), 8.80 (d,
J=0.78 Hz, 1 H), 12.42 (s, 1 H). Anal. Calcd fopE13F3N40,S:
0.75H0: C,54.11; H, 3.29; N, 12.62; S, 7.22. Found: C, 54.12;
H, 3.07; N, 12.61; S, 7.30. HPLC analysis, method A: 98.2% at
215 nm; 99.5% at 254 nm; retention time 8.76 min.

N-{4-[6-(4-Trifluoromethyl-phenyl)-pyrimidin-4-yloxy]-ben-
zothiazol-2-yl} -propionamide (24). To a solution 0f21 (0.19 g,
0.49 mmol) in THF (5 mL) was added propiony! chloride (8L,

1.0 mmol), followed by 2ert-butylimino-2-diethylamino-1,3-
dimethyl-perhydro-1,3,2-diazaphosphorine, polymer-bound (BEMP
resin; 0.34 g, 0.75 mmol). The reaction mixture was stirred at room
temperature for 16 h. The solid was removed by suction filtration
and washed with CkCl,. The combined filtrate and washes were
concentrated in vacuo to give a light-yellow solid. Purification by
silica gel chromatography (1:4 EtOAc/hexane) provi@ddq0.047

g, 42%) as a white solid. Mp: 197198 °C. MS (ESI, pos. ion)
m/z. 445 (M + 1).'H NMR (400 MHz, CDC}) 6 1.26 (t,J = 8.0

Hz, 3 H), 2.47 (qtJ = 8.0 Hz, 2 H), 7.29 (ddJ = 1.0, 8.0 Hz, 1

H), 7.40 (t,J= 8.0 Hz, 1 H), 7.45 (d) = 1.0 Hz, 1 H), 7.76-7.78

(m, 3 H), 8.18 (dJ = 8.0 Hz, 2 H), 8.80 (dJ = 1.0 Hz, 1 H),
8.90 (br s, 1 H). Anal. (&H1sFsN4O,S): C, H, N, S.

N-(4-(6-(4-(Trifluoromethyl)phenyl)pyrimidin-4-yloxy)benzo-
[d]thiazol-2-yl)isobutyramide (25). According to the procedure
described for the preparation @#, compound21 (0.19 g, 0.49
mmol) and isobutyryl chloride (0.11 mL, 1.0 mmol), after purifica-
tion of the crude product by silica gel chromatography (1:4 EtOAc/
hexane), provide@5 (0.10 g, 45%) as a white solid. Mp: 178
181°C. MS (ESI, pos. ionjvz: 459 (M+ 1).*H NMR (400 MHz,
CDCls) 6 1.28 (d,J = 4.0 Hz, 6 H), 2.62 (dgJ = 4.0, 8.0 Hz, 1
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H), 7.30 (ddJ = 1.0, 8.0 Hz, 1 H), 7.41 () = 8.0 Hz, 1 H), 7.48
(d,J=1.0Hz, 1 H), 7.7#7.79 (m, 3 H), 8.20 (d) = 8.0 Hz, 2
H), 882 (d,J = 1.0 Hz, 1 H), 9.18 (br s, 1 H). Anal
(C22H17F3N4OZS): C, H, N, S.

N-Methyl- N-(4-(6-(4-(trifluoromethyl)phenyl)pyrimidin-4-
yloxy)benzo[d]thiazol-2-yl)acetamide (26) A mixture of 23 (215
mg, 0.50 mmol) and iodomethane (3L, 0.50 mmol) in anhydrous
DMF (2 mL) was treated with NaH (24 mg, 0.60 mmol) at©.
The reaction mixture was stirred afG for 20 min, then quenched
with satd NHCI (10 mL) and extracted with EtOAc (8 30 mL).
The combined organic extract was washed wiOH2 x 20 mL)
and satd NaCl (20 mL), dried over b&0,, filtered, and concen-
trated in vacuo. Purification of the crude product by silica gel
chromatography (30% EtOAc in hexane) provide@ (140 mg,
63% yield) as a white solid. MS (ESI, pos. iomye 446 (M +
1).*'H NMR (300 MHz, CDC}) 6 2.40 (s, 3 H), 3.57 (s, 3H), 7.29
(dd,J=1.2,7.9Hz, 1 H),7.39 () = 7.8 Hz, 1 H), 7.45 (dJ =
1.0 Hz, 1 H), 7.727.81 (m, 3 H), 8.20 (dJ = 8.0 Hz, 2 H), 8.82
(d,J = 1.0 Hz, 1 H). Anal. (GH1sF3N40.S): C, H, N.

7-(6-(4-(Trifluoromethyl)phenyl)pyrimidin-4-yloxy)isoquino-
line (27a).Following method A, isoquinolin-7-ol (0.40 g, 2.8 mmol)
and3 (0.67 g, 2.6 mmol), after purification of the crude product
by silica gel chromatography (gradient-—2% 2 M NH; in MeOH/
CH,Cl,), afforded27a(0.35 g, 36%) as a tan solid. Mp: 167168
°C. MS (ESI, pos. ionyn/z 368 (M + 1). IH NMR (400 MHz,
DMSO-dg) 6 7.75 (dd,J = 2.4, 8.8, 1 H), 791 (d) =59 Hz, 1
H), 7.94 (d,J = 8.4 Hz, 2 H), 8.02 (s, 1 H), 8.04 (d,= 2.2 Hz,

1 H), 8.11 (d,J = 9.0 Hz, 1 H), 8.47 (dJ = 8.2 Hz, 2 H), 8.55
(d, J =57 Hz, 1 H), 889 (s, 1 H), 9.33 (s, 1 H). Anal.
(C20H12F3N30): C, H, N.
6-(6-(4-(Trifluoromethyl)phenyl)pyrimidin-4-yloxy)isoquino-
line (27b). Following method B, isoquinolin-6-ol (0.060 g, 0.41
mmol) and3 (0.18 g, 0.74 mmol), after purification of the crude
product by silica gel chromatography (gradient:—BD% EtOAc
in hexanes), afforde@7b (0.058 g, 39%) as an off-white solid.
Mp: 195-196°C. MS (ESI, pos. ionjn'z. 368 (M+ 1).'H NMR
(400 MHz, DMSO¢g) 6 7.64 (dd,J = 2.3, 8.8 Hz, 1 H), 7.85 (d,
J=5.9Hz, 1H),7.89 (d)=2.3Hz, 1H), 7.94 (dJ = 8.4 Hz,
2 H), 8.03 (dJ = 1.0 Hz, 1 H), 8.26 (dJ = 9.0 Hz, 1 H), 8.47 (d,
J=8.2 Hz, 2 H), 8.54 (dJ = 5.7 Hz, 1 H), 8.91 (dJ = 1.0 Hz,
1 H), 9.37 (s, 1 H). Anal. Calcd for £gH1,FsN30: C, 65.40; H,
3.29; N, 11.44. Found: C, 64.87; H, 3.27; N, 11.18.
6-(6-(4-(Trifluoromethyl)phenyl)pyrimidin-4-yloxy)quino-
line (27c¢). Following method A, 6-hydroxyquinoline (0.11 g,
0.77 mmol) and3 (0.20 g, 0.77 mmol), after purification of the
crude product by silica gel chromatography (2:1 hexane/EtOAc),
provided27c (0.14 g, 48%) as a white solid. Mp: 16366 °C.
MS (ESI, pos. ion)m/z 368 (M + 1). 'H NMR (400 MHz,
CDCly) 6 7.43 (d,J = 1.2 Hz, 1 H), 7.47 (dd) = 4.3, 8.2 Hz, 1
H), 7.59 (dd,J = 2.5, 9.2 Hz, 1 H), 7.67 (dJ = 2.7 Hz, 1 H),
7.80 (d,J=8.2 Hz, 2 H), 8.18 (ddJ = 1.6, 8.2 Hz, 1 H), 8.22 (d,
J=8.2 Hz, 2 H), 8.23 (dJ = 9.0 Hz, 1 H), 8.89 (dJ = 1.2 Hz,
1 H), 8.96 (dd,J = 1.6, 4.3 Hz, 1 H). Anal. (&@H12FsN30):
C, H, N.
3-(6-(4-(Trifluoromethyl)phenyl)pyrimidin-4-yloxy)quino-
line (27d). Following method A, quinolin-3-ol (0.15 g, 1.1 mmol)
and3 (0.30 g, 1.2 mmol), after recrystallization of the crude product
from EtOAc in hexane, provide@7d (0.25 g, 64%) as a white
solid. Mp: 208-209 °C. MS (ESI, pos. ionywz 368 (M + 1).
IH NMR (400 MHz, DMSO¢lg) 0 7.69 (dddJ = 1.2, 7.0, 8.0 Hz,
1 H), 7.81 (dddJ = 1.4, 7.0, 8.5 Hz, 1 H), 7.95 (d] = 8.2 Hz,
2 H), 8.03 (dJ= 7.8 Hz, 1 H), 8.08-8.12 (m, 2 H), 8.35 (dJ =
2.7 Hz, 1 H), 8.49 (dJ = 8.2 Hz, 2 H), 8.90 (dJ = 1.0 Hz, 1 H),
8.93 (d,J = 2.5 Hz, 1 H). Anal. (GoH15F3sN50-0.1H,0): C, H, N.
3-(6-(4-(Trifluoromethyl)phenyl)pyrimidin-4-yloxy)isoquino-
line (27e).Following method A, 3-hydroxyisoquinoline (1.6 g, 11
mmol) and3 (3.9 g, 15 mmol), after purification of the crude
product by silica gel chromatography (gradient-215% 2 M NH;
in MeOH/CH,Cly), then repeat purification by silica gel chroma-
tography (gradient: 0:51.8% 2 M NH; in MeOH/CH,CI,), and
washing the product with 10% EtOAc in hexane, affor@@e(0.10
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g, 2.5%) as a tan solid. Mp: 157.60°C. MS (ESI, pos. ionjn'z
368 (M + 1). *H NMR (400 MHz, DMSO¢) ¢ 7.70 (ddd,J =
1.0,7.0,8.0Hz, 1H),7.80(s,1H), 7.84 (ddi= 1.2, 7.0, 8.2
Hz, 1 H), 7.93 (dJ = 8.2 Hz, 2 H), 7.99 (dJ = 0.98 Hz, 1 H),
8.03 (d,J =8.0 Hz, 1 H), 8.22 (dJ = 7.6 Hz, 1 H), 8.46 (dJ =
8.0 Hz, 2 H), 8.91 (dJ = 0.98 Hz, 1 H), 9.23 (s, 1 H). Anal.
(C20H12F3N30’0.1Hzo): C, H, N.
2-(6-(4-(Trifluoromethyl)phenyl)pyrimidin-4-yloxy)quino-
line (27f). Following method A, quinolin-2-ol (0.30 g, 2.1 mmol)
and3 (0.58 g, 2.2 mmol), after purification of the crude product
by silica gel chromatography (40% EtOAc in hexanes), followed
by recrystallization from 20% EtOAc/hexane, afford2df (0.20
g, 26%) as a white solid. Mp: 145149 °C. MS (ESI, pos. ion)
m/z. 368 (M + 1). *H NMR (400 MHz, DMSO#ég) 6 7.49 (d,J =
8.6 Hz, 1 H), 7.64 (ddd) = 1.2, 7.0, 8.2 Hz, 1 H), 7.78 (ddd,=
14,6.9,83Hz, 1H), 786 (d=284Hz 1H),7.94 (d)=28.4
Hz, 2 H), 8.08 (dJ = 7.6 Hz, 1 H), 8.11 (dJ = 0.98 Hz, 1 H),
8.47 (d,J = 8.2 Hz, 2 H), 8.58 (dJ = 8.6 Hz, 1 H), 8.98 (dJ =
0.78 Hz, 1 H). Anal. (GoH12F3N30): C, H, N.
8-(6-(4-(Trifluoromethyl)phenyl)pyrimidin-4-yloxy)quino-
line (28a). Following method A, 8-hydroxyqunoline (0.17 g, 1.2
mmol) and3 (0.30 g, 1.2 mmol), after purification of the crude
product by silica gel chromatography (4:1 hexanes/EtOAc), pro-
vided 28a(0.30 g, 70%) as a white solid. Mp: 15357 °C. MS
(ESI, pos. ionywz 368 (M+ 1). 'H NMR (400 MHz, CDC}) 6
7.46 (dd,J=4.1, 8.4 Hz, 1 H), 7.597.67 (m, 3 H), 7.79 (dJ =
8.2 Hz, 2 H), 7.83 (dd) = 1.6, 7.8 Hz, 1 H), 8.23 (d] = 8.2 Hz,
2 H), 8.26 (ddJ = 1.6, 8.2 Hz, 1 H), 8.74 () = 1.2 Hz, 1 H),
8.85 (dd,J = 1.8, 4.1 Hz, 1 H). Anal. (&H12FsN3O): C, H, N.
8-(6-(4-(Trifluoromethyl)phenyl)pyrimidin-4-yloxy)isoquino-
line (28b). Following method A, isoquinolin-8-ol (0.060 g, 0.41
mmol) and3 (0.12 g, 0.45 mmol), after purification of the crude
product by silica gel chromatography (gradient:—2@% EtOAc
in hexane), afforde@8b (0.094 g, 63%) as a white solid. Mp: 194
195°C. MS (ESI, pos. ionjn'z 368 (M + 1). *H NMR (400 MHz,
DMSO-dg) 6 7.62 (dd,J = 0.7, 7.5 Hz, 1 H), 7.88 (] = 7.9 Hz,
1 H), 7.95-7.99 (m, 4 H), 8.16 (dJ = 1.0 Hz, 1 H), 8.49 (dJ =
8.2 Hz, 2 H), 8.60 (dJ = 5.7 Hz, 1 H), 8.82 (dJ = 1.0 Hz, 1 H),
9.30 (S, 1 H) Anal. (@)H12F3N30): C,H, N.
5-(6-(4-(Trifluoromethyl)phenyl)pyrimidin-4-yloxy)isoquino-
line (28c).Following method A, isoquinolin-5-ol (0.45 g, 3.1 mmol)
and3 (0.58 g, 2.2 mmol), after purification of the crude product
by recrystallization from 40% EtOAc in hexanes, affor@8d (0.51
g, 61%) as an off-white solid. Mp: 183L85°C. MS (ESI, pos.
ion) Wz 368 (M + 1).'H NMR (400 MHz, DMSO¢g) ¢ 7.70 (d,
J=5.9Hz, 1H),7.737.83 (m, 2 H), 7.96 (dJ = 8.4 Hz, 2 H),
8.07-8.18 (m, 2 H), 8.49 (dJ = 8.2 Hz, 2 H), 8.52 (dJ = 6.1
Hz, 1 H), 8.79 (d,J = 0.98 Hz, 1 H), 9.45 (s, 1 H). Anal.
(020H12F3N30): C, H, N.
5-(6-(4-(Trifluoromethyl)phenyl)pyrimidin-4-yloxy)quino-
line (28d). Following method A, 5-hydroxyquinoline (0.15 g, 1.0
mmol) and3 (0.26 g, 1.0 mmol), after purification of the crude
product by silica gel chromatography (5:1 hexanes/EtOAc), pro-
vided 28d (0.26 g, 70%) as a white solid. Mp: 15961 °C. MS
(ESI, pos. ionywWz 368 (M + 1). 'H NMR (400 MHz, CDC}) 6
7.40-7.46 (m, 2 H), 7.48 (dJ = 1.2 Hz, 1 H), 7.80 (dJ = 8.6
Hz, 2 H), 7.83 (dJ = 7.4 Hz, 1 H), 8.13 (dJ = 8.6 Hz, 1 H),
8.22 (d,J =8.2 Hz, 2 H), 8.25 (dJ = 8.6 Hz, 1 H), 8.83 (dJ =
1.2 Hz, 1 H), 899 (dd,J 18, 41 Hz, 1 H). Anal
(C20H12F3N30): C, H, N.
4-(6-(4-(Trifluoromethyl)phenyl)pyrimidin-4-yloxy)quino-
line (28e).Following method A, quinolin-4-ol (0.20 g, 1.4 mmol)
and3 (0.32 g, 1.2 mmol), after purification of the crude product
by silica gel chromatography (gradient:—000% EtOAc in
hexanes), afforde@8e(0.31 g, 68%) as a white solid. Mp: 269
210°C. MS (ESI, pos. ionjz. 368 (M+ 1).'H NMR (400 MHz,
DMSO-dg) 6 6.31 (d,J = 8.0 Hz, 1 H), 7.49 (dddJ = 0.8, 7.0,
7.8 Hz, 1 H), 7.67 (ddd) = 1.6, 6.8, 8.4 Hz, 1 H), 7.73 (d =
8.4 Hz, 1 H), 7.99 (dJ = 8.2 Hz, 2 H), 8.24 (ddJ = 1.5, 7.9 Hz,
1H), 8.35(dJ=7.8Hz, 1H),8.54(d)=28.2 Hz, 2 H), 8.63 (s,
1 H), 9.45 (s, 1 H). Anal. (&H12FsN30): C, H, N.
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4-(6-(4-(Trifluoromethyl)phenyl)pyrimidin-4-yloxy)isoquino-
line (28f). Following method B, isoquinolin-4-ol (0.060 g, 0.41
mmol) and3 (0.18 g, 0.74 mmol), after purification of the crude
product by silica gel chromatography (gradient:—2@% EtOAc
in hexanes), provide@8f (0.048 g, 32%) as a yellow solid. Mp:
206—-211°C. MS (ESI, pos. ionn/z 368 (M + 1). *H NMR
(400 MHz, DMSO¢g) 6 7.76-7.84 (m, 2 H), 7.857.89 (m, 1
H), 7.96 (d,J = 8.2 Hz, 2 H), 8.17 (dJ = 1.0 Hz, 1 H), 8.2#
8.30 (m, 1 H), 8.49 (dJ = 8.2 Hz, 2 H), 8.55 (s, 1 H), 8.80 (d,
= 1.2 Hz, 1 H), 9.34 (s, 1 H). Anal. Calcd for,§112F3sN3O: C,
65.40; H, 3.29; N, 11.44. Found: C, 64.83; H, 3.21; N, 11.33.

1-(6-(4-(Trifluoromethyl)phenyl)pyrimidin-4-yloxy)isoquino-
line (28g).Following method A, isoquinolin-1-ol (0.20 g, 1.4 mmol)
and3 (0.32 g, 1.2 mmol), after purification of the crude product
by silica gel chromatography (gradient: -580% EtOAc in
hexanes), afforde@8g(0.17 g, 37%) as a white solid. Mp: 186
187°C. MS (ESI, pos. ionjn'z 368 (M + 1).*H NMR (400 MHz,
DMSO-dg) 0 6.89 (d,J = 7.8 Hz, 1 H), 7.63 (dddJ = 1.2, 6.8,
8.0 Hz, 1 H), 7.77 (d) = 7.4 Hz, 1 H), 7.84 (ddd) = 1.2, 6.8,
8.0 Hz, 1 H), 7.98 (dJ = 8.2 Hz, 2 H), 8.03 (dJ = 7.6 Hz, 1 H),
8.35 (d,J = 7.4 Hz, 1 H), 8.44 (d) = 8.2 Hz, 2 H), 8.81 (dJ =
0.98 Hz, 1 H), 9.39 (s, 1 H). Anal. ¢gH12FNz0): C, H, N.

8-[6-(4-Trifluoromethyl-phenyl)-pyrimidin-4-yloxy]-1 H-quin-
olin-2-one (29a).Following method D, 2,8-quinolinediol (0.075
g, 0.46 mmol) and3 (0.10 g, 0.39 mmol) provided the crude
product. The solids were filtered, washed with EtOAc, and dried
in vacuo for 16 h to afford29a (140 mg, 94%) as long white
needles. Mp: 312°C. HRMS (TOF, pos. ion.) calcd for
C20H13F3N302+, 384.0954; found, 384.0951H NMR (400 MHz,
DMSO-dg) 6 7.27 (dd,J = 8.2, 9.0 Hz, 2 H), 7.65 (tJ = 8.2 Hz,
1 H), 7.93 (d,J = 8.2 Hz, 2 H), 8.00 (s, 1 H), 8.07 (s, 1 H), 8.46
(d,J = 82 Hz, 2 H), 879 (s, 1 H), 12.64 (s, 1 H). Anal.
(C20H12F3N302): C,H, N, F.

2-Methoxy-8- [6-(4-trifluoromethyl-phenyl)-pyrimidin-4-yloxy]-
quinoline (29b). Following method B, 2-methoxy-quinolin-8-ol
(0.090 g, 0.51 mmol) and (0.19 g, 0.71 mmol), after purification
of the crude product by silica gel chromatography (1:9 EtOAc/
hexanes), provide#@9b (0.17 g, 85%) as a white solid. Mp: 159
161°C. MS (ESI, pos. ionjz. 398 (M+ 1).H NMR (400 MHz,
CDCl3) 6 3.58 (s, 3 H), 6.92 (d) = 8.6 Hz, 1 H), 7.457.51 (m,

2 H), 7.56-7.61 (m, 1 H), 7.687.74 (m, 1 H), 7.80 (dJ = 8.2
Hz, 2 H), 8.06 (dJ = 9.0 Hz, 1 H), 8.22 (d,J = 8.2 Hz, 2 H),
8.79 (s, 1 H). Anal. (gH1:CIFsN3O): C, H, N.

Methyl-{ 8-[6-(4-trifluoromethyl-phenyl)-pyrimidin-4-yloxy]-
quinolin-2-yl}-amine (29¢).To a solution of 2-chloroquinolin-8-
ol (5; 0.18 g, 1 mmol) in 1,4-dioxane (3 mL) was added 2 M
methylamine in THF (10 mL, 20 mmol). The reaction mixture was
stirred and heated in a microwave (Smith Synthesizer, Personal
Chemistry, Inc., Upssala, Sweden) at 280 for 12 min. The
reaction mixture was allowed to cool to room temperature, then
partitioned between EtOAc dril N NaOH. The aqueous layer was
extracted with EtOAc (8), and the combined organic extracts were
washed with satd NaCl, dried over D, filtered, and concen-
trated in vacuo. The crude product was recrystallized from MeOH/
H,0 to provide 2-methylamino-quinolin-8-06) as a light-yellow
solid (0.12 g, 71%). MS (ESI, pos. iom¥yz 175 (M + 1).

Following method B, 2-methylamino-quinolin-8-06;(0.12 g,
0.71 mmol) and3 (0.22 g, 0.85 mmol), after purification of the
crude product by silica gel chromatography (1:5 EtOAc in hexanes)
and recrystallization from EtOAc in hexanes, providat (0.038
g, 14%) as a white crystalline solid. Mp: 16365°C. MS (ESI,
pos. ion)m/z. 397 (M + 1). *H NMR (400 MHz, CDC}) ¢ 2.64
(d,J=4.7 Hz, 3 H), 6.60 (dJ=9.0Hz, 1 H), 7.247.28 (m, 1
H), 7.44-7.48 (m, 2 H), 7.527.57 (m, 1 H), 7.77 (d) = 8.2 Hz,

2 H), 7.83 (dJ=9.0 Hz, 1 H), 8.18 (dJ = 8.2 Hz, 2 H), 8.79 (s,
1 H). Anal. Calcd for G;H1sF3N4O: C, 63.63; H, 3.81; N, 14.14.
Found: C, 62.98; H, 3.83; N, 13.77.

N,N-Dimethyl-8-(6-(4-(trifluoromethyl)phenyl)pyrimidin-4-
yloxy)quinolin-2-amine (29d). Following the same procedure
described for compoun€, 2-chloro-quinolin-8-ol §; 0.18 g, 1.0
mmol) ard 2 M dimethylamine in THF provided 2-(dimethylami-



Head: TRPV1 Antagonists: Selection of a Clinical Candidate

no)quinolin-8-ol 7; 0.10 g, 56%) as a light-tan solid. MS (ESI,
pos. ion)m/zz 189 (M + 1).

Following method B, 2-(dimethylamino)quinolin-8-of;(0.10
g, 0.53 mmol) an@ (0.14 g, 0.53 mmol), after purification of the
crude product by silica gel chromatography (1:5 of EtOAc in
hexanes) and recrystallization from EtOAc in hexanes, provided
29d (0.050 g, 23%) as a white solid. Mp: 17@82°C. MS (ESI,
pos. ion)m/z. 411 (M + 1). 'H NMR (400 MHz, CDC}) ¢ 2.87
(s, 6 H), 6.85 (dJ = 9.2 Hz, 1 H), 7.24 (t) = 8.0 Hz, 1 H), 7.43
(d,J=1.2 Hz, 1 H), 7.47 (ddJ = 1.2, 8.0 Hz, 1 H), 7.55 (dd]
=1.2,8.0Hz, 1 H), 7.76 (d) = 8.0 Hz, 2 H), 7.90 (dJ = 9.2
Hz, 1 H), 8.16 (dJ = 8.0 Hz, 2 H), 8.79 (dJ = 1.0 Hz, 1 H).
Anal. (GH17F3N4O): C, H, N.

8-[6-(4-Trifluoromethyl-phenyl)-pyrimidin-4-yloxy]-quinazo-
lin-2-ylamine (30). To a room temperature solution of 3-methoxy-
2-nitro-benzaldehyde8( 15 g, 81 mmol) and NkCI (4.4 g, 82
mmol) in 80% aq MeOH (250 mL) was added iron dust (21 g, 370
mmol). The reaction mixture was stirred at 80 for 2 h. After
allowing to cool to room temperature, the reaction mixture was
filtered through a pad of Celite. The filter cake was washed with
MeOH and the combined filtrate was concentrated in vacuo to
afford an aqueous mixture. The mixture was extracted with
CH.ClI; (3x), and the combined organic layers were washed with
satd NaCl, dried over N&Q,, filtered, and concentrated in vacuo.
Purification of the crude product by silica gel chromatography
(gradient: 0 to 20% EtOAc in hexanes) provided 2-amino-3-
methoxy-benzaldehyde®;(3.8 g, 31%) as a yellow oitH NMR
(400 MHz, CDC}) 0 3.88 (s, 3 H), 6.40 (br s, 2 H), 6.68 @,=
8.0 Hz, 1 H), 6.88 (ddJ = 1.2, 8.0 Hz, 1 H), 7.12 (dd] = 1.2,
8.0 Hz, 1 H), 9.89 (s, 1 H).

A mixture of 2-amino-3-methoxy-benzaldehyd& (8.8 g, 25
mmol), guanidine hydrochloride (4.9 g, 51 mmol), &5 (5.4 g,
51 mmol), and decalin (55 mL) was stirred at 190 for 2.5 h.
The hot solution was decanted from the solids and allowed to cool

to room temperature. The resultant suspension was diluted with

hexane. The solid was collected by suction filtration, washed with
hexane and pentane, and dried in vacuo to afford 2-amino-8-
methoxyquinazoline (2.2 g, 48%) as a yellow amorphous solid. MS
(ESI, pos ion.)ymwz 176 (M + 1). 'H NMR (400 MHz, DMSO-

ds) 0 3.86 (s, 3 H), 6.87 (br s, 2 H), 7.69.16 (m, 2 H), 7.29

7.36 (m, 1 H), 9.05 (s, 1 H).

To a suspension of NaH (60% dispersion in mineral oil, 1.4 g,
35 mmol) in DMF (100 mL), stirred at €C, was added ethanethiol
(5.0 mL, 67 mmol). [Gas evolution was observed.] After the reaction
mixture was allowed to warm to room temperature, 2-amino-8-
methoxyquinazoline (1.5 g, 8.6 mmol) was added and the mixture
was stirred at reflux for 4 h. The reaction was allowed to cool to

Journal of Medicinal Chemistry, 2007, Vol. 50, N852Eb

for 30 h. The reaction mixture was diluted with® and extracted
with EtOAc (3x). The combined organic extract was dried over
NaSQ,, filtered, and concentrated in vacuo. The resulting dark red
solid was recrystallized from hexanes to yield 2-methoxy-6-
nitrobenzenamine (24 g, 87%) as orange needles. MS (ESI, pos.
ion) Mz 169 (M + 1). 'H NMR (400 MHz, CDC}) 6 3.94 (s, 3

H), 6.46 (s, 2 H), 6.63 (dd] = 7.8,8.2 Hz, 1 H), 6.91 (] = 7.8

Hz, 1 H), 7.75 (ddJ = 1.2, 8.6 Hz, 2 H).

A mixture of 2-methoxy-6-nitrobenzenamine (4.6 g, 27 mmol),
iron powder (11 g, 190 mmol), EtOH (130 mL), and® (10 mL)
was stirred at 50C. A solution of 12 M aq HCI (1.7 mL) was
added to the reaction mixture, dropwise with stirring. The reaction
mixture was stirred at reflux fo3 h then allowed to cool to room
temperature. The reaction mixture was neutralizeti WiN NaOH
and filtered through Celite. The filtrate was concentrated in vacuo
to afford a residue. The residue was partitioned betweepOGH
and satd ag NaHC® The aqueous phase was extracted with
CH.Cl, (3x) and the combined organic layers were concentrated
in vacuo. The residue was dissolved in EtOH (30 mL) and treated
with concd HSO, until no more precipitate was formed. The
precipitate was collected by suction filtration, washed with EtOH,
and dried in vacuo for 20 h at room temperature to afford
3-methoxy-benzene-1,2-diamine hydrogen sulfate 4t 6.3 g,
97%) as an off-white powder. MS (ESI, pos. ianjz. 139 (M —
HSO;™). *H NMR (400 MHz, D,O) ¢ 3.84 (s, 3 H), 6.82 (dd] =
1.2,8.2 Hz, 1 H), 6.93 (dd]=1.2, 8.6 Hz, 1 H), 7.21 (1) = 8.2
Hz, 1 H).

A solution of 3-methoxy-benzene-1,2-diamine hydrogen sulfate
salt 12, 4.1 g, 17 mmol) in EtOH (21 mL) and 4@ (48 mL) was
neutralized by careful addition of solid NaHGO he mixture was
treated with ethyl glyoxylate solution (50% in toluene, 3.8 mL, 19
mmol) then stirred at reflux for 1 h. The reaction was allowed to
cool to room temperature and partitioned between satd agCNH
and 25%-PrOH/CHC}. The aqueous layer was extracted with 25%
i-PrOH/CHCE (3x). The combined organic layers were dried over
Na,SQ,, filtered, and concentrated in vacuo. Silica gel chromatog-
raphy of the crude residue (gradient—2.5% MeOH/CHCI,)
afforded two products. (1) 8-MethoxyHtquinoxalin-2-one13; 1.1
g, 37%) as an off-white powder. MS (ESI, pos. ion: 177 (M
+ 1). *H NMR (400 MHz, CDC}) 6 4.01 (s, 3 H), 7.03 (dJ =
8.2 Hz, 1 H), 7.26 () = 8.2 Hz, 1 H), 7.49 (ddJ = 1.2, 8.2 Hz,

1 H), 8.32 (s, 1 H), 9.28 (s, 1 H). (2) 5-Methoxyd4iquinoxalin-
2-one (0.82 g, 27%) as an off-white powder. MS (ESI, pos. ion)
m/z. 177 (M + 1). 'H NMR (400 MHz, CDC}) 6 4.06 (s, 3 H),
6.82 (d,J=7.4 Hz, 1 H), 6.95 (ddJ = 0.8, 8.2 Hz, 1 H), 7.51 (t,
J=8.2 Hz, 1 H), 8.33 (s, 1 H), 12.22 (s, 1 H).

room temperature and the solvent was removed in vacuo. The crude A Mixture of 8-methoxy-H-quinoxalin-2-one 13, 0.62 g, 3.5

residue was azeotroped in vacuo withQHand purified by silica
gel chromatography (gradient: -=30% 2 M NH; in MeOH/
CH,Cl,) to give 2-amino-8-hydroxyquinazoliné@ 500 mg, 58%)
as a pale-green amorphous solid. MS (ESI, pos iovz) 162 (M
+ 1). 'H NMR (400 MHz, DMSO¢g) 6 6.72 (br s, 2 H), 7.02
7.07 (m, 2 H), 7.2£7.26 (m, 1 H), 9.05 (s, 1 H), 9.19 (s, 1 H).
Following method D, 2-amino-8-hydroxyquinazoling0( 220
mg, 1.3 mmol) anc (390 mg, 1.5 mmol), after purification of the
crude product by silica gel chromatography (gradient-40%
EtOAc in hexanes) and a second purification by silica gel
chromatography (gradient: ®% 2 M NH; in MeOH/CHCIy,),
afforded30 (110 mg, 22%) as a white solid. Mp: 25253 °C.
MS (ESI, pos ion.)ym/z. 384.1 (M + 1). *H NMR (400 MHz,
CDCls) ¢ 5.17 (s, 2 H), 7.35 (1) = 8.0 Hz, 1 H), 7.54 (dJ = 0.8
Hz, 1 H), 7.59 (ddJ = 1.6, 7.6 Hz, 1 H), 7.69 (dd] = 1.6, 8.0
Hz, 1 H), 7.79 (dJ = 8.0 Hz, 2 H), 8.22 (dJ = 8.0 Hz, 2 H),
8.77 (d,J = 0.8 Hz, 1 H), 9.10 (s, 1 H). Anal. (gH12F3NsO):
C, H, N.
8-[6-(4-Trifluoromethyl-phenyl)-pyrimidin-4-yloxy]-quinoxa-
lin-2-ylamine (31). A mixture of 2-amino-3-nitrophenoll(; 25
g, 160 mmol) and KCOs (27 g, 195 mmol) in DMF (65 mL) was
stirred at room temperature for 1 h. Methyl iodide (12 mL, 195

mmol) and POG (6.0 mL, 64 mmol) was stirred at 10% in an

oil bath for 4 h. The reaction mixture was allowed to cool to room
temperature and the excess P©@las removed by vacuum
distillation. The residue was partitioned between satd aqg NaHCO
and CHCI, and stirred fo 3 h to quench residual POgIThe
aqueous layer was extracted with &H, (3x). The combined
organic extract was dried over p&0, and filtered through a pad
of silica gel, eluting with EtOAc. The filtrate was concentrated in
vacuo to afford 2-chloro-8-methoxyquinoxaline (0.66 g, 97%) as a
tan solid. MS (ESI, pos. ionjvz 195 (M + 1). *H NMR (400
MHz, CDCl) 6 4.10 (s, 3H), 7.16 (dd] = 3.6, 5.6 Hz, 1 H), 7.71
(d,J=3.6 Hz, 1 H), 7.71 (dJ = 5.6 Hz, 1 H), 8.80 (s, 1 H).

A mixture of 2-chloro-8-methoxyquinoxaline (0.42 g, 2.2 mmol)
and Cul (0.21 g, 1.1 mmol) in 2830% NH,OH (1.5 mL) was
stirred and heated in a microwave (Smith Synthesizer, Personal
Chemistry, Inc., Upssala, Sweden) at 140 for 10 min. The
reaction mixture was diluted with 4@ and the solids were collected
by suction filtration and washed with copious amounts @OH
The solid was dried in vacuo for 20 h at room temperature to afford
8-methoxyquinoxalin-2-ylamine (0.27 g, 70%) as a brown powder.
MS (ESI, pos. ionjvz 176 (M+ 1). 1H NMR (400 MHz, DMSO-
ds) 0 3.88 (s, 3 H), 6.98 (s, 2 H), 7.04 (d,= 8.0 Hz, 1 H), 7.24

mmol) was added, and the reaction was stirred at room temperaturgt, J = 8.0 Hz, 1 H), 7.34 (dJ = 8.4 Hz, 1 H), 8.27 (s, 1 H).
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To a suspension of 8-methoxyquinoxalin-2-ylamine (0.12 g, 0.68
mmol) in benzene (10 mL) was added A{G0.82 g, 6.2 mmol),
and the mixture was stirred at reflux for 2 h. The reaction was
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lin-2-one (7; 0.75 g, 3.9 mmol) was demethylated to provide
3-amino-8-hydroxy-H-quinoxalin-2-one 19). MS (ESI, pos. ion)
m/z. 178 (M + 1). *H NMR (400 MHz, D,O) 4 6.71 (d,J = 8.2

allowed to cool to room temperature and quenched by careful Hz, 1 H), 6.79 (dJ = 8.2 Hz, 1 H), 7.22 (tJ = 8.0 Hz, 1 H).

addition of satd aq NaHCOThe resulting mixture was extracted
with 25%i-PrOH/CHC} (5x). The combined organic extract was
dried over NaSQ,, filtered, and concentrated in vacuo. Purification
of the crude residue by silica gel chromatography (gradient:
0—7.5% MeOH/CHCI,) afforded 3-aminoquinoxalin-5-0l14;
0.050 g, 46%) as a brown powder. MS (ESI, pos. io}: 162

(M + 1). *H NMR (400 MHz, DMSO¢s) 6 6.83 (s, 2 H), 6.94
(dd,J=1.2, 7.4 Hz, 1 H), 7.14 (tJ = 8.0 Hz, 1 H), 7.24 (dd)

= 1.4, 8.4 Hz, 1 H), 829 (s, 1 H), 9.13 (s, 1 H).

Following method D, 3-aminoquinoxalin-5-dl4; 0.069 g, 0.43
mmol) and3 (0.13 g, 0.51 mmol), after purification of the crude
product by silica gel chromatography (gradient-1% EtOAc
in hexanes), afforde@1 (0.11 g, 66%) as an off-white powder.
Mp: 214-216°C. HRMS (TOF, pos. ion.) calcd forgH;3FNsO™,
384.1067; found, 384.1063H NMR (400 MHz, CDC}) o 4.95
(s, 2 H), 7.49 (m, 3 H), 7.78 (dl = 8.4 Hz, 2 H), 7.91 (ddJ =
2.4,6.8 Hz, 1 H), 8.20 (d] = 8.4 Hz, 2 H), 8.32 (s, 1 H), 8.77 (s,

1 H). Anal. Calcd for GgH;,F3NsO: C, 59.53; H, 3.16; F, 14.87;
N, 18.27. Found: C, 58.26; H, 3.24; F, 14.25; N, 17.63.
3-Amino-5-(6-(4-(trifluoromethyl)phenyl)pyrimidin-4-yloxy)-
quinoxalin-2(1H)-one (32). To a suspension of 3-methoxy-
benzene-1,2-diamine hydrogen sulfate sb% .4 g, 10 mmol) in
EtOH (15 mL) and HO (1 mL) was added solid NaHG@1.7 g,
20 mmol). When gas evolution was complete, ethoxy-imino-acetic
acid ethyl estéf (15; 1.6 g, 11 mmol) was added, and the mixture
was stirred at room temperature for 16 h. The reaction mixture
was diluted with satd aq NaHG@nd extracted with 25%PrOH/
CHCI; (5x). The combined organic extract was dried over
N&SO0,, filtered, and concentrated in vacuo. Purification of the
residue by silica gel chromatography (gradient:586 MeOH/CH-
Cl,) afforded two products: (1) 3-Amino-5-methoxy#dguinoxalin-
2-one (6; 0.44 g, 23%) as a light brown powder. MS (ESI, pos.
ion) m'z. 192 (M+ 1). *H NMR (400 MHz, DMSO#d) 6 3.81 (s,
3 H), 6.73 (d,J = 8.6 Hz, 1 H), 6.75 (dJ = 8.2 Hz, 1 H), 7.04
(t, J=8.2Hz, 1 H), 7.04 (br s, 2 H), 12.08 (s, 1 H). (2) 3-Amino-
8-methoxy-H-quinoxalin-2-one 17; 0.75 g, 39%) as a pale brown
powder. MS (ESI, pos. ionjvz. 192 (M + 1). IH NMR (400
MHz, DMSO-dg) 6 3.86 (s, 3 H), 6.79 (dJ = 7.8 Hz, 1 H), 6.90
(d,J=7.8Hz, 1 H), 7.05 (tJ = 8.0 Hz, 1 H), 7.07 (s, 2 H), 11.51
(s, 1 H).

To a suspension of 3-amino-5-methoxyl-tjuinoxalin-2-one 16;
0.47 g, 2.5 mmol) in benzene (25 mL) was added AlQL97 g,

7.4 mmol), and the mixture was stirred at reflux for 2 h. The reaction
was quenched by careful addition of satd aq NaH@ extracted
with 25%i-PrOH/CHC} (5x). The combined organic extract was
dried over NaSQ,, filtered, and concentrated in vacuo to afford
3-amino-5-hydroxy-H-quinoxalin-2-one 18, 0.34 g, 78%) as a
brown powder. MS (ESI, pos. ionjyz 178 (M + 1). 'H NMR
(400 MHz, DMSO¢g) 6 6.58 (dd,J = 1.2, 7.8 Hz, 1 H), 6.60 (dd,
J=1.2,82Hz, 1H), 6.89(s,2H),6.92 (dd=7.8,82Hz 1
H), 8.81 (s, 1 H), 12.04 (s, 1 H).

Following method C, 3-amino-5-hydroxyHtquinoxalin-2-one
(18;0.33 g, 1.9 mmol) an@ (0.49 g, 1.9 mmol), after purification
of the crude product by silica gel chromatography (gradient:
0—2.5% 2 M NH; in MeOH/CH,CI,), afforded32 (0.28 g, 38%)
as an off-white solid. Mp: 334335°C (dec). HRMS (TOF, pos.
ion) calcd for GoH13FsNsO, 1, 400.1016; found, 400.101%4 NMR
(400 MHz, DMSO€g) 6 7.03 (d,J = 7.6 Hz, 1 H), 7.10 (dJ =
6.8 Hz, 1 H), 7.12 (br s, 2 H), 7.16 (§ = 8.0 Hz, 1 H), 7.85
(s, 1H),7.91(dJ=8.4Hz, 2H),8.43 (dJ = 8.4 Hz, 2 H), 8.78
(s, 1 H), 12.30 (s, 1 H). Anal. Calcd fory6H1,F3NsO,+1.75H,0:
C, 52.97; H, 3.63; F, 13.23; N, 16.25. Found: C, 53.07; H, 3.61;
F, 13.00; N, 16.20. HPLC analysis, method B: 95.9% at 215 nm;
96.7% at 254 nm; retention time 5.67 min.

3-Amino-8-(6-(4-(trifluoromethyl)phenyl)pyrimidin-4-yloxy)-
quinoxalin-2(1H)-one (33).Following the method described for
the preparation of compourid, 3-amino-8-methoxy-H-quinoxa-

Following method D, 3-amino-8-hydroxyHtquinoxalin-2-one
(19; 0.69 g, 3.9 mmol) an® (1.0 g, 3.9 mmol), after purification
of the crude product by silica gel chromatography (gradient: 0
2.5% MeOH in CHCI,), afforded33(0.42 g, 27%) as a white pow-
der. Mp: 288°C. HRMS (TOF, pos. ion) calcd for,gH;3F3NsO5t,
400.1016; found, 400.10184 NMR (400 MHz, DMSO#¢) 6 7.03
(d,J=8.0 Hz, 1 H), 7.16 (tJ = 8.0 Hz, 1 H), 7.20 (br s, 2 H),
7.24 (d,J=8.0Hz, 1 H), 7.93 (s, 1 H), 7.95 (d,= 8.4 Hz, 2 H),
8.46 (d,J = 8.0 Hz, 2 H), 8.81 (s, 1 H), 12.11 (s, 1 H). Anal.
(C19H12F3N502): C,H, N, F.
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