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Abstract—3,5,6,11-Tetrahydro-2H-imidazo[10,20:1,2]pyrido[3,4-b]indole (10) might be viewed as a fusion structure of two classes of
I2 imidazoline receptor ligands: 2-(2-benzofuranyl)-2-imidazolines and b-carbolines. Its high affinity (Ki=7.3 nM) provides insight
to how the two classes of agents might bind relative to one another at I2 receptors.
# 2003 Elsevier Ltd. All rights reserved.
Imidazoline binding sites (IBS), which have been var-
iously referred to in the literature as imidazoline/guani-
dinium receptive sites (IGRS) or simply as imidazoline
receptors, were proposed to explain actions of guani-
dine-containing (more typically, imidazoline-contain-
ing) agents that could not be accounted for by their
interaction with adrenergic receptors.1�4 Two main
types of imidazoline receptors have been proposed: I1
and I2 receptors, and there is some evidence for
others.1�4 Although the exact pharmacological sig-
nificance of I2 receptors has yet to be firmly established,
there are indications that they might be involved in
opioid-induced antinociception, neuroprotection,
depression and other CNS disorders.1,3,4

Most I2 ligands possess an imidazoline ring, and a gen-
eral problem associated with these compounds is a lack
of selectivity for I2 receptors versus I1 and/or a2-adre-
nergic receptors. This is not to say that imidazoline
receptor selectivity cannot be altered. For example, cer-
tain 2-arylimidazolines are fairly selective for I2 versus
I1 receptors whereas others are selective for I1 versus I2
receptors.5 One of the most widely used I2 ligands is 2-
(2-benzofuranyl)-2-imidazoline (2-BFI; 1). This agent
binds at I2 receptors with high affinity (Ki<10 nM),
displays modest selectivity versus I1 receptors (I1 Ki ca.
70 nM) and low affinity for a2-adrenergic receptors (Ki

ca. 4000 nM).1,2 A tritiated version has been introduced
as a radioligand.6,7
Surprisingly little has been published on the structure-
affinity relationships of 2-BFI (1). Nevertheless, it is
known that reduction of the benzofuranyl ring to its
2,3-dihydro analogue RX801080 (2; Ki�50 nM) reduces
I2 affinity by >10-fold,8 and oxidation of the imidazo-
line ring to an imidazole reduces affinity by several
hundred-fold (LSL 60101, 3; Ki �350–880 nM).2,7,9 2-
BFI aryl ring substituents are tolerated depending upon
the nature and location of the substituent,8 but the pre-
sence of the benzenoid portion of 2-BFI is a require-
ment for binding as seen by the >1000-fold reduced
affinity of 4 (Ki=2340 nM) as compared with 1
(Ki=2 nM).5

An intact benzofuran ring is not necessary for I2 bind-
ing. For example, compounds 5–7 bind with high
affinity at I2 receptors (Ki ca. 1–5 nM); 5 and 7 also dis-
play 794- and 1479-fold selectivity for I2 over I1
receptors.10�12 Tracizoline (6; I2 Ki=2 nM, I1
Ki=10 nM) is an example of an agent that displays very
low affinity for a2-adrenergic receptors (Ki=7,413 nM)
but little selectivity versus I1 receptors.
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We have recently described structure–affinity relation-
ships for the binding of a class of imidazoline-lacking I2
ligands: b-carbolines. In particular 7-methoxy-1,2,3,4-
tetrahydro-b-carboline (8) binds at I2 receptors with
high affinity (Ki=12 nM) and displays reduced affinity
for I1 (IC50 >10,000 nM) and a2-adrenergic
(Ki=8,840 nM) receptors.13 As such, b-carbolines offer
entry to I2 receptor ligands with enhanced selectivity.

Detailed QSAR studies conducted with various I2
ligands have shown that I2 receptors prefer a more pla-
nar structure than I1 receptors, and that there exist
receptor regions that favor or disfavor steric bulk and
electronic character.11,14�16 However, these studies were
conducted primarily on imidazoline-containing ligands.
It might be possible to extrapolate these findings to
further enhance the affinity and selectivity of the b-car-
bolines if it can be shown how the b-carbolines bind
relative to imidazolines. The purpose of the present
investigation was to provide evidence for this. That is,
the goal of the investigation was not necessarily to
develop an agent with enhanced selectivity for I2 versus
I1 or a2-adrenergic receptors. Rather, it was to define
how b-carbolines might bind relative to the imidazo-
lines, and specifically, relative to 2-BFI (1). To this
extent we fused an imidazoline moiety to 1,2,3,4-tetra-
hydro-b-carboline (9) to afford 3,5,6,11-tetrahydro-2H-
imidazo[10,20:1,2]pyrido[3,4-b]indole (10).17

Compound 10 (I2 Ki=7.3�3.8 nM) was found to bind
at I2 receptors with an affinity comparable to that of
1,2,3,4-tetrahydro-b-carboline (9; I2 Ki=9.4 nM), and
displayed moderate affinity for I1 (IC50=180�30 nM)
and a2-adrenergic (Ki=710�30 nM) receptors.18

Whereas 9 binds at I2 receptors and a2-adrenergic
receptors with >1000-fold and 170-fold selectivity,
respectively,13 the selectivity of 10 is somewhat lower,
and must be directly attributable to the presence of the
embedded imidazoline structure. Nevertheless, 10,
which incorporates relevant structural features of the
imidazoline and b-carboline classes of I2 ligands, pro-
vides important insight as to how these agents might
bind at I2 receptors relative to one another. It should
now be possible to utilize or extrapolate the results of
SARs and QSAR studies with imidazolines to enhance
the affinity of b-carboline derivatives for I2 imidazoline
receptors, and to include b-carbolines in future QSAR
studies.
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