Copyright © 1994 Elsevier Science Ltd
Printed in Great Britain. All rights reserved
0960-894X/94 $7.00+0.00

Bioorganic & Medicinal Chemistry Letters, Vol. 4, No. 19, pp. 2317-2322, 1994
Pergamon

0960-894X(94)00332-7

A CONVENIENT SYNTHESIS OF 2-AMINO-2-OXAZOLINES
AND THEIR PHARMACOLOGICAL EVALUATION
AT CLONED HUMAN « ADRENERGIC RECEPTORS

Wai C. Wong,* Diana Wang," Carlos Forray,®
Pierre J.-J. Vaysse,® Theresa A. Branchek® and Charles Gluchowski*

Departments of *Chemistry, ® Pharmacology, and *Molecular and Cell Biology,
Synaptic Pharmaceutical Corporation, 215 College Road, Paramus, NJ 07652

Abstract: A number of 2-amino-2-oxazolines including rilmenidine (7) were synthesized in good yield
by thermal cyclization of 2-chloroethylurea 2 in the presence of potassium fluoride on alumina. These compounds
were assayed for their binding affinity and efficacy at cloned human o adrenergic receptors.

INTRODUCTION

Rilmenidine is a 2-amino-2-oxazoline derivative which shows «, adrenergic' and imidazoline receptor
agonist activity,” and is used as an antihypertensive agent. Radioligand binding studies strongly indicate the
existence of three a, adrenergic receptor subtypes.” They are designated «,, , &, and ., according to their
affinities for different ligands. Although an additional ., subtype was proposed,* it was later demonstrated to
be a species homolog of the human a,, subtype.” Recently, the human genes encoding for three &, subtypes have
been cloned.® These genes have been localized to chromosomes 10, 2 and 4, and appear to express receptors
corresponding to the a,, , a3 and o, subtypes respectively. However, their exact physiological roles have not
yet been determined despite some evidence of differential tissue distribution.”

On the other hand, the imidazoline receptors are recently characterized sites which differ from the a,
receptors in that the former may not be coupled to G-proteins and do not bind catecholamines such as
norepinephrine.® There is strong evidence to suggest that rilmenidine exerts its antihypertensive effect through
the imidazoline I, receptor.’” Recently, an imidazoline I, site was isolated from the human liver, but no
physiological role has been assigned yet and rilmenidine showed only weak affinity (pKi = 5.6) at this site.'®

We are interested in designing novel o, ligands which are selective for each of the three «, subtypes."!
These compounds are expected to serve as useful pharmacological tools to distinguish and localize the receptor
subtypes. Moreover, an a, subtype selective compound may be usefu] for the treatment of such conditions as
pain, depression, ischemia, hypertension, diarrhea, glaucoma, cognitive deficiency, asthma, obesity, diabetes and
migraine'? with reduced adverse side-effects. Since 2-amino-2-oxazolines such as rilmenidine constitute an
interesting class of a, agonists, we have used a convenient synthesis to prepare a number of these compounds in
order to study their pharmacological profile at the cloned human a adrenergic receptors (o ,, &), , &}, %), »

oy and o).
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SYNTHESIS

2-Amino-2-oxazolines 3 (Scheme 1) have been prepared by a number of methods.'*'> We were intrigued
by the report that 2-oxazolines 5 could be obtained by thermal cyclization of N-(2-chloroethyl)amides
4 in the presence of potassium fluoride on alumina.'® To extend this methodology, we investigated the reaction
of several 2-chloroethylurea derivatives 2 (prepared by reaction of the corresponding amines with 2-chloroethy!
isocyanate) with KF/alumina in refluxing acetonitrile. Consequently, 2-amino-2-oxazoline derivatives

3 were isolated by simple filtration of the reaction mixture through Celite. The reaction was clean and no aqueous

Scheme 1
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work-up was necessary. In the absence of KF/Alumina, no reaction was observed. Table 1 shows the five 2-
amino-2-oxazolines 7-11 synthesized by this method. This method can also be used to prepare 2-amino-1,3-
oxazines such as structure 12" by cyclization of the corresponding 3-chloropropylurea derivative. However, in
this case, a significant amount of the cyclic urea byproduct 6 was isolated (41%). A typical procedure is as
follows:

2-(1,2,3,4-Tetrahydro-1-naphthylaminoe)-2-oxazoline (9)."* To a dry THF solution (10 mL) of 1,2,3,4-
tetrahydro- 1-naphthylamine (0.97 mL, d 1.026, 6.79 mmol) cooled by an ice-water bath was added dropwise 2-
chloroethyl isocyanate (0.7 mL, d 1.237, 8.21 mmol).” The solution was stirred at room temperature overnight
before the solvent was evaporated to give a slightly pinkish solid (1.62 g, 94%).

Without further purification, the above solid (332 mg, 1.31 mmol) was mixed with 40% potassium fluoride
on alumina'® (765 mg, 5.27 mmol) in CH,CN (10 mL) and heated at reflux overnight. Filtration of the reaction
mixture through Celite followed by concentration afforded a yellow solid which was flash chromatographed over
silica gel (14 g) eluting with EtOAc/Hexane/Et;N (20:40:3) to give 9 as a white solid (165 mg, 58%). An
analytical sample (white crystals) was obtained by recrystallization from EtOAc/Hexane: mp 115-116°C; 'H NMR
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(CDC,, 300 MHz) & 7.39 (m, 1H), 7.17 (m, 2H), 7.09 (m 1H), 4.82 (t, 1H, J=5.6 Hz), 4.32 (t, 2H, J=8.4 Hz),
3.85 (t, 2H, J=8.5 Hz), 2.77 (m, 2H), 2.06 (m, 1H), 2.00-1.80 (m, 3H); FTIR (NaCl) 1665 cm’'; EIMS m/e=216
(M"). Anal. Calcd. for C,;H,N,0: C, 72.19; H, 7.46; N, 12.95. Found: C, 72.11; H, 7.55; N, 13.06.

PHARMACOLOGY

The binding and functional assays were performed using stably transfected cloned human a adrenergic
receptors. The displacement of [*H]prazosin from the a, receptors'® and the displacement of {*H]rauwolscine
from the o, receptors® were used to calculate the binding affinities (pKi). The agonistic activity (expressed as
pECsyy) at the o, receptors was measured as a function of the ability to inhibit the forskolin-stimulated synthesis
of cyclic adenosine monophosphate.”

Table 1 shows the binding and functional activities of compounds 7-12 at the cloned human « adrenergic
receptors. To serve as a reference, the data for clonidine are also included. With the exception of compound 8
which is essentially inactive,'® all the compounds display high affinity at the &, receptors. As has been proposed
for other biogenic amine G protein-coupled receptors, it is reasonable to assume that the basic nitrogens of these
ligands, being protonated at physiological pH, probably form a salt bridge with the carboxylate anion of the
aspartate residue on the third transmembrane helix of the receptors.?' The receptor site around the oxazoline ring
is apparently very limited in space such that the bridge nitrogen of the ligands cannot be fully substituted for high
affinity to be maintained. This may explain why compound 8 shows weak binding affinity. Moreover, 2-amino-
1,3-oxazine 12 is about 10-fold less potent than its 2-amino-2-oxazoline analog 9 at the a, receptors possibly
because the six-membered oxazine ring is slightly too large for the receptor site. This phenomenon has also been
observed in clonidine analogs whereby the binding affinity is diminished when the imidazoline ring of clonidine
is expanded to a six-membered ring.”? In contrast, the receptor site surrounding the aliphatic region of the ligands
is more tolerant of ligand size such that a tetrahydronaphthyl moiety as in 9, as well as a cycloheptyl moiety as
in 11, can be accomodated.

Although most of the compounds in this study are reasonably specific for the cloned human «, relative
to the o, receptors, with 11> showing the biggest difference between the pKi at a, and that at «,, no ligand
displays greater than 10-fold selectivity among the o, subtypes. At the functional level, 9 and 10% are the most
potent compounds, whereas clonidine shows the greatest selectivity with its potency at o, being 20-fold higher
than that at o,,.

This is the first report describing the binding affinity and efficacy of rilmenidine at cloned human «
adrenergic receptors. As can be seen from Table 1, rilmenidine binds to the «, receptors with an affinity weaker
than that of clonidine, and shows only slight selectivity among the «, subtypes. Clonidine is a well-known
centrally mediated antihypertensive agent but, unlike rilmenidine, it also produces sedation at hypotensive doses.
The present data, therefore, tend to support previous suggestion that rilmenidine and clonidine exert their

antihypertensive effect through the imidazoline I receptor.” In addition, the lack of sedation observed in patients
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Table 1.2 Binding and Functional Activities at Cloned Human o Adrenergic Receptors.

mp °C pKi (PECq,)
Structure X
(% Yield) | %ea % Opc O1a O4p LT
N
HN)]\/Q> 140-142°{ 674 7.15 6.54 5.05 467 522

V)\V (63) |(6.56) (6.14) (6.72)

Rilmenldine (7)

J _(Nj 100-101 { 478 493 478 392 300 397
s o

67)

N
HN/”\? 115-116 | 863 867 792 | 669 561 690

C@ 9 (58) | (8.93) (8.45) (8.66)

HN o 151-155| 853 823 761 | 6256 540 685
m (88) |(8.79) (8.03) (8:39)

N

o 98-99 | 827 801 748 | 542 455 570

O 1 ©4) | (742" 667 @11

AL 165-167°| 759 760 7.07 | 566 517 571

HN (o]
@ 12 | 45 |64 (7.46) (761)
HN’>
N/’kN 8.10 8.21 7.25 6.29 5.62 6.01

cl \©/cn
(8.09) (6.78) (7.26)

Clonidine

'Partial Agonism
8pKi = -log(ICsg/(1+{LigandyKd)

PECg, = -log([Drug] inducing 50% of effect)

Standard Error Mean < 0.23 (Average of 2-4 experiments)
bFumarate Salt
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receiving rilmenidine may be due to its low efficacy (relative to clonidine) at the «, receptors rather than due to

@, subtype selectivity.

CONCLUSION

A convenient synthesis of 2-amino-2-oxazolines including rilmenidine has been described. Several of

these compounds show binding specificity for the a, receptors but only moderate selectivity among the «,

subtypes. Further structure-activity relationship studies on this class of compounds will be reported in due course.
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