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Abstract—2-(Anilinomethyl)imidazolines with 20-esters or 20-amides are potent agonists of the cloned human a1-adrenoceptors in
vitro. The size and shape of the ortho substituent can have significant effects on the potency, efficacy, and subtype selectivity of these
2-(anilinomethyl)imidazolines. a1A-subtype selective agonists have been identified. # 2001 Elsevier Science Ltd. All rights reserved.

In 1971, a Warner Lambert patent specifically claimed
20-carboxylic acid and methyl ester 2-(anilinomethyl)-
imidazolines (e.g., 1) as potent pressor agents.1 The sta-
ted mechanism of action, consistent with related known
pressor agents, was a-adrenergic activation. Since that
time, a-adrenoceptors have been subdivided into two
families based on structure and pharmacology (a1 and
a2). More recently, three subtypes have been isolated,
cloned, and expressed for both a1 and a2.

2 Among other
functions, a1-adrenoceptors are involved in smooth and
cardiac muscle contraction. The three different a1-sub-
types have varying expression levels in different tissues,
and therefore subtype selective agents may be useful as
pharmacological tools and possibly as improved ther-
apeutic agents.3 Due to evidence indicating that a1A is
the primary a1-subtype found in the urethra, we are
particularly interested in evaluating selective a1A-ago-
nists for the treatment stress urinary incontinence.4

Our evaluation of methyl ester 1 at the three cloned
human a1-adrenoceptor subtypes in a cell-based func-
tional assay5 revealed that it is a sub-nanomolar, full
agonist at a1A (pEC50=9.1), a1B (pEC50=9.4), and a1D

(pEC50=9.3) adrenoceptors (Fig. 1).6

This molecule can achieve favorable interactions with all
three a1-subtypes to facilitate binding to and activation
of the receptors, and is therefore a useful starting point
in the search for novel subtype selective agonists. We
have synthesized a series of 2-(anilinomethyl)imidazo-
lines with simple 20-ester and 20-amide substituents to
evaluate the effect of subtle ortho substituent variation
on the ability of these ligands to activate the individual
a1-adrenoceptor subtypes.

2-(Anilinomethyl)imidazolines were synthesized from o-
substituted anilines and 2-(chloromethyl)imidazoline
hydrochloride7 by heating in a protic solvent, such as
phenol, isopropanol, or ethanol (Scheme 1).8
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Figure 1.

Scheme 1.
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Non-commercial anthranilic acid esters were prepared
by heating isatoic anhydride and the appropriate alco-
hol with catalytic sodium hydride (Scheme 2).9 Anthra-
nilamides were prepared by opening isatoic anhydride
with primary or secondary amines.10

To model the potential ability of ligands to activate the
individual a1-subtypes in humans, all compounds were
evaluated in a cell-based functional assay using the
cloned human receptors expressed in rat-1 fibroblasts.5

The agonist potency (expressed as the pEC50) and effi-
cacy (expressed as a percent of the maximal effect of the
a1-adrenoceptor agonist standard, phenylephrine) of
select 2-(anilinomethyl)imidazolines with 20-esters and
20-amides are listed in Tables 1 and 2.

As previously mentioned, the 20-methyl ester reported
by Warner Lambert was a potent full agonist at all three
a1-adrenoceptor subtypes. Simple changes to the ester
alkyl group led to subtype selectivity. The ability to
activate a1D was significantly reduced (both potency
and efficacy) with every other ester, including straight
chain, a-branched, and b-branched alkyl groups.
Lengthening the ester alkyl chain from methyl to ethyl
produced a ligand that was still a full agonist at a1A and
a1B, however potency dropped off more than 10-fold at
a1A and more than 100-fold at a1B. Further lengthening
had an effect on a1B efficacy also, as the butyl ester was
only a partial agonist at the a1B-subtype. a-Branched
esters resulted in even greater subtype selectivity. The

isopropyl, sec-butyl, and 3-pentyl esters were potent,
full agonists at a1A, but were inactive at a1B and a1D at
the highest concentrations tested. Curiously, the t-butyl
ester was still a reasonably potent agonist (pEC50=7.2)
at a1B. Constraining the a-branched ester in the form of a
cyclopentyl group resulted in a loss of efficacy at all three
a1-receptor subtypes, and the larger cyclohexyl ester was
even inactive at a1A. The smallest b-branched ester, iso-
butyl, had only partial agonist activity at a1A and a1D,
and was more potent and efficacious at a1B than at a1A.
This is the only ester (larger than methyl) tested that
exhibited subtype selectivity (albeit slight) for a1B.

The structure–activity relationship in the secondary
ortho-amide series closely resembled the ester pattern.
The methylamide was potent and nonselective, and
lengthening the alkyl chain on secondary amides had a
similar, but somewhat greater, negative effect on the
ability of the ligands to activate the a1B and a1D recep-
tors. The ethylamide was only a partial agonist at a1B

compared to the full agonism of the ethyl ester, and the
n-butylamide was inactive at both the a1B and a1D

receptors. The ethyl, n-propyl and n-butyl amides were
full agonists at a1A with little difference in potency.
Simple a-branching on secondary amides also delivered
selectivity, but not as profoundly as in the ester series.
The isopropylamide was still a potent full agonist at a1B

and a potent partial agonist at a1D, while the sec-butyl-
amide was only efficacious at the a1A-receptor. Also, the

Scheme 2.

Table 1.a

Compd R �1A �1B �1D

pEC50 %
Maxb

pEC50 %
Maxb

pEC50 %
Maxb

Oxymetazo-

line

7.7 74 <5.3 — <5.3 —

Naphazoline 7.2 72 <5.3 — <5.3 —
Cirazoline 7.9 93 7.2 72 6.9 31
1 OMe 9.1 110 9.4 107 9.3 80
2 OEt 7.9 104 6.8 105 7.2 41
3 OBu 8.0 114 7.6 63 7.8 31
4 OiPr 8.5 100 <5.3 — <5.3 —
5 Osec-Bu 8.9 96 <5.3 — <5.3 —
6 O(3-pentyl) 7.7 94 <5.3 — <5.3 —
7 Ocyclopentyl 7.4 58 <5.3 — <5.3 —
8 Ocyclohexyl <5.3 — <5.3 — <5.3 —
9 Ot-Bu 8.1 96 7.2 81 <5.3 —
10 OiBu 6.3 68 7.1 90 6.6 59

aSee ref 5 for a description of the assay. Each entry represents the
mean of at least two experiments, with an average SEM of �0.16.
b% of phenylephrine response (40mM).

Table 2.a

Compd R a1A a1B a1D

pEC50 %Maxb pEC50 %Maxb pEC50 %Maxb

11 NHMe 8.6 104 8.8 99 8.0 115
12 NHEt 7.9 102 6.7 64 7.1 33
13 NHPr 8.1 104 7.1 77 6.8 69
14 NHButyl 7.7 103 <5.3 — <5.3 —
15 NHiPr 7.3 102 6.9 95 6.5 59
16 NHsec-Bu 6.3 82 <5.3 — <5.3 —
17 NHcyclopropyl 7.8 99 6.6 50 <5.3 —
18 NHcyclobutyl <5.3 — <5.3 — <5.3 —
19 NHcyclopentyl <5.3 — <5.3 — <5.3 —
20 NHiBu 7.1 58 7.9 90 7.8 31
21 N(Me)2 7.7 104 7.1 93 6.7 58
22 N(Me)(Et) 7.3 105 6.6 98 6.2 69
23 N(Et)2 7.5 105 5.7 32 <5.3 —
24 N(Pr)(Et) 7.0 115 <5.3 — <5.3 —
25 Pyrrolidinyl 6.9 105 6.5 79 <5.3 —
26 Piperidinyl 6.4 105 7.1 106 6.4 88

aSee ref 5 for a description of the assay. Each entry represents the
mean of at least two experiments, with an average SEM of �0.17.
b% of phenylephrine response (40 mM).

Figure 2.

2872 M. J. Bishop et al. / Bioorg. Med. Chem. Lett. 11 (2001) 2871–2874



sec-butylamide was approximately 400 times less potent
than the sec-butyl ester at a1A. While the cyclopropyl-
amide was a potent full agonist at a1A and a partial
agonist at a1B, cycloalkylamides larger than cyclopropyl
showed no agonist activity at any of the three a1-sub-
types. The isobutylamide exhibited the same type of
selectivity as the isobutyl ester, with greater potency and
efficacy at a1B than at a1A or a1D.

Tertiary amides were also evaluated for their ability to
activate a1-adrenoceptors. Steric bulk proved to be
important in accomplishing subtype selectivity in this
class as well, as long as the alkyl groups were not con-
strained. The diethylamide and the N-ethyl-N-propyl-
amide were quite selective for the a1A-subtype, showing
little agonist activity at a1B or a1D. Constraining the
alkyl groups reduced selectivity for the a1A-subtype.
The pyrrolidino amide regained potency and efficacy at
a1B and the larger piperidino amide was a potent full
agonist at a1B and a relatively potent partial agonist at
a1D. The constraint had little effect on a1A activation.

While the agonist activities of the isobutyl ester, iso-
butylamide, and the piperidino amide indicate that the
a1B-subtype (and, to a lesser extent, a1D) can achieve
favorable interactions that lead to receptor activation
with certain larger alkyl groups at the 20-position, steric
bulk at the 20-position of 2-(anilinomethyl)imidazolines
generally causes a more significant reduction in the
ability of ligands to activate the a1B and a1D-subtypes
than the a1A-subtype.11 The relative ability of the sub-
types to tolerate bulky 20-esters and 20-amides may be
influenced by their ability to tolerate a more rigid ligand
in the active ligand–receptor complex. An intramolecular
hydrogen bond between the anilino N–H and the car-
bonyl of the ortho substituent is a likely contributor to the
actual ligand conformation in the hydrophobic environ-
ment of the transmembrane regions of adrenoceptors
(Fig. 2).12 This hydrogen bond would constrain the
molecule, reducing the rotational freedom of the ester
or amide and the rotational freedom of the anilino
bond.

The importance of this intramolecular hydrogen bond
to a1A-subtype activation by 2-(anilinomethyl)imidazo-
lines with larger 20-esters and 20-amides is supported by
the fact that the o-diethylamide in a 2-(phenoxy-
methyl)imidazoline (27) lacks agonist activity at all
three a1-subtypes, while the o-diethylamide in the 2-
(anilinomethyl)imidazoline series is a potent full agonist
at the a1A-subtype (cirazoline, 28, a potent a1A agonist,
shows that the 2-(phenoxymethyl)imidazoline is accep-
table for a1-adrenoceptor activation) (Fig. 3).13,14

The size and shape of 20-substituents on 2-(anilino-
methyl)imidazolines have significant and variable effects
on interactions with a1-adrenoceptor subtypes. Gen-
erally, steric bulk at this position leads to selective
agonism at the a1A-subtype. The 20-n-butylamide was
greater than 100-fold selective for a1A versus a1B and
a1D, and the 20-isopropyl and 20-sec-butyl esters were
greater than 1000-fold selective for the a1A-subtype.
Notably, consistent with literature reports, the a1A-sub-
type selectivity observed in the agonist functional assays
did not correlate with affinities in binding assays, as
illustrated by select 2-(anilinomethyl)imidazolines in
Table 3.15
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