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An efficient synthesis of 2-amino-oxazolo[4,5-c]quinoline
TRPV1 antagonists is described via a thiourea formation/
carbodiimide cyclization sequence. Synthetic route opti-
mization eliminates intermediate isolations and facilitates
the rapid preparation of a series of novel pentacyclic TRPV1
antagonists. From this series, compound (S)-4 was iden-
tified as a potent and selective ligand for the TRPV1 ion
channel.

Among the collection of ion channel targets believed to be
involved in pain transmission, the transient receptor potential
vanilloid-1 (TRPV1) receptor has been the subject of an out-
standing quantity of pain-related research since its discovery.1

A polymodal receptor, noxious stimuli (acid and heat),
endogenous ligands involved in pain (e.g., anandamide,
N-arachidonoyl-dopamine),2 and pain-producing exogenous
agonists (e.g., capsaicin from chili peppers) all activate TRPV1.
In preclinical models of inflammatory and neuropathic pain,
TRPV1 antagonists have shown promising analgesic efficacy;
however, clinical proof-of-concept remains a challenge for
the field.3

Our TRPV1 antagonist medicinal chemistry efforts have
resulted in the identification of clinical candidates ABT-102
(1)4 and ABT-116 (2)5 (Figure 1), both indazole ureas. In the
course of our efforts to identify a structurally distinct TRPV1
antagonist with good brain penetration and pharmacokinetic
properties as a backup compound, the 2-amino-oxazole urea
isostere was investigated, leading to the discovery of oxazole
(R)-3.6 Herein, we describe the synthesis of compounds with
an additional ring fusion tolerated by the TRPV1 receptor,
represented by oxazolo[4,5-c]quinoline (S)-4.

At the outset of this work, no known examples of 2-amino-
oxazolo[4,5-c]quinoline preparation had appeared,7 although
there were several reports of biologically active compounds
with various five- and six-membered ring heterocycles fused
to quinoline.8 A route via cyclodesulfurization of thioureas
was well precedented for the preparation of benzoxazoles.9

We anticipated the application of this strategy to the synthe-
sis of oxazoloquinolines 5, which would require thioureas 6
asprecursors (Figure 2). Initially, itwasunknownwhich enantio-
mer of 5 would be preferred for TRPV1 activity, so both

FIGURE 1. Abbott TRPV1 clinical candidates; structural modifi-
cations of TRPV1 antagonists.
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antipodes were targeted. The route in Figure 2 was particularly
attractive since chiral isothiocyanates (R)-7 and (S)-7 were
readily available in four steps (including a chiral HPLC sepa-
ration) from 1-amino-7-hydroxynapthalene (eq 1),10 and
3-amino-4-hydroxyquinolines 8 were either commercially
available or prepared via nitration of 4-hydroxyquinolines
11 followed by hydrogenation (eq 2).11

Starting from 7-trifluoromethylquinoline derivative 12,11

reaction with isothiocyanate (S)-7 in pyridine gave thiourea
(S)-13 (Scheme 1). Initially, a stoichiometric mercury(II)
oxide cyclodesulfurization was used to convert (S)-13 to
oxazoloquinoline (S)-14. However, low yields and the use
of an undesirable mercury reagent motivated efforts to find
alternative conditions. Oxidative cyclodesulfurization con-
ditions (LiOH, H2O2) were reported to work well for benz-
oxazole preparation.9Forquinoline substrates, these conditions
led to conversion of the thiourea to urea after prolonged
heating. This was presumably due to the lower nucleophili-
city of the 4-hydroxyquinoline oxygen atom. Cyclization
with EDC in EtOH proceeded readily,12 providing oxazolo-
quinoline (S)-14 in 57% yield. A final TBS group removal

was accomplished with 2 N HCl in THF, giving the desired
oxazoloquinoline (S)-4. Preparation of (R)-4 from (R)-7 by
the same three-step route demonstrated that the (S) stereo-
chemistry was preferred for affinity to the TRPV1 receptor;13

thus, the (S)-hydroxytetralin stereochemistry was maintained
for all additional oxazoloquinolines.

Since the EDC cyclization was carried out in EtOH, a one-
pot synthesis was anticipated if the thiourea formation and
deprotection could be carried out in the same solvent (Scheme 2).
Therefore, 3-amino-4-hydroxyquinoline 12 and isothiocya-
nate (S)-7were heated at 70 �C in EtOH.After completion of
thiourea formation, EDC was added, and the cyclodesulfu-
rization occurred rapidly (10 min) at the same temperature.
An aqueous 2 N HCl solution was then added, and TBS de-
protection to oxazoloquinoline (S)-4 was complete in 15 min.
The resulting yellow slurrywas cooled to room temperature and
filtered, giving pure oxazoloquinoline (S)-4 as an HCl salt
monohydrate in 74% yield.14 Recrystallization of (S)-4 from
MeOH gave X-ray quality methanol solvate crystals, allowing
confirmation of the structure via X-ray crystallography.

With an efficient method in hand to prepare oxazoloqui-
noline TRPV1 antagonists, the scope of the reaction with
respect to quinoline substitution was explored (Table 1). In
all cases, 3-amino-4-hydroxyquinolines 15-20 were converted
to oxazoloquinolines 21-26 in good yield (61-79%) using
the general procedure in Scheme 2. Unsubstituted (entry 1),
halogen-substituted (entries 2-4), and trifluoromethyl-
substituted (entries 5-6) substrateswere all tolerated, providing
efficient access to 6-, 7-, and 8-substituted oxazoloquinolines.
No intermediate purification or chromatographywas required,

FIGURE 2. Retrosynthetic analysis of oxazoloquinoline TRPV1
antagonists 5.

SCHEME 1. Stepwise Preparation of Oxazoloquinoline (S)-4

SCHEME 2. One-Pot Preparation of Oxazoloquinoline (S)-4
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since filtration of HCl salt monohydrate products provided
the target compounds with sufficient purity.14

In conclusion, a three-step, one-pot synthesis of pentacyclic
(S)-hydroxytetralin oxazolo[4,5-c]quinolines was developed

to facilitate structure-activity relationship studies in this
new series of TRPV1 antagonists. Compound (S)-4was identi-
fied as a potent and selective TRPV1 antagonist, with
hTRPV1 IC50=5nMand>100-fold selectivity versus other
TRP channels.13 The unique structure of this compound
among other TRPV1 ligands in the literature expands under-
standing of this important pain target at a structural level
and may provide new directions for future studies.

Experimental Section

(S)-8-(7-(Trifluoromethyl)Oxazolo[4,5-c]quinolin-2-ylamino)-
1,2,3,4-tetrahydronaphthalen-2-ol Hydrochloride Hydrate [(S)-4].
Typical Procedure for One-Pot Oxazoloquionline Preparation.
Aslurryof (S)-7 (560mg,1.75mmol),EtOH(4mL),and12 (400mg,
1.75 mmol) was heated to 70 �C. After 90 min, 1-(3-dimethyl-
aminopropyl)-3-ethylcarbodiimide (0.369 mL, 2.10 mmol) was
added dropwise.After 20min, 2NHCl (4mL) was added dropwise,
keeping the internal temperature>60 �C. After 15 min, the yellow
slurry was cooled slowly to room temperature and filtered,
washing with 1:1 EtOH/water (4 mL). The solid was dried in a
vacuum oven at 50 �C, giving (S)-4 HCl salt monohydrate
(587 mg, 1.29 mmol, 74%) as a light-yellow solid. Mp =
238-240 �C; [R]D20 = -0.9 (c = 0.76, MeOH); IR (cm-1):
3387, 3042, 2947, 2441, 2007, 1645, 1585, 1313, 1133, 1072. 1H
NMR (400 MHz, DMSO-d6) δ 10.46-10.72 (br s, 1H), 9.47
(s, 1H), 8.70-8.71 (br s, 1H), 8.39 (d, J=8.7 Hz, 1H), 8.10 (dd,
J=8.7, 1.7 Hz, 1H), 7.60 (d, J=7.8Hz, 1H), 7.25 (t, J=7.7Hz,
1H), 7.07 (d, J=7.6 Hz, 1H), 3.96-4.03 (m, 1H), 3.07 (dd, J=
16.8, 4.9 Hz, 1H), 2.97 (dt, J=16.7, 5.5 Hz, 1H), 2.74-2.90 (m,
1H), 2.64 (dd, J=16.9, 7.6 Hz, 1H), 1.91-1.98 (m, 1H), 1.64-
1.84 (m, 1H); 13C NMR (101 MHz, DMSO) δ 161.8, 150.0,
140.5, 139.0, 138.7, 137.4, 135.5, 129.6, 128.6, 126.1, 125.8,
123.8, 123.74, 123.68, 121.9, 121.6, 116.4, 65.0, 33.8, 30.8,
26.9; HRMS (ESIþ) m/e calcd for [M þ H]þ C21H16N3O2F3

399.11946, found 399.11947. Anal. Calcd for C21H16N3O2F3 3
HCl 3 1.3H2O: C, 54.92; H, 4.30; N, 9.15. Found: C, 54.85; H,
4.48; N, 9.21.
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TABLE 1. Scope of One-Pot Oxazoloquinoline Synthesis

aIsolated yields of HCl salt monohydrates. bIsolated yield of free base
oxazoloquinoline.


