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Abstract—1,2,3,4-Tetrahydropyrazino[1,2-aJindoles are described as a novel class of I, imidazoline receptor ligands. In particular,
8-methoxy-1,2,3,4-tetrahydropyrazino[1,2-alindole (8-OMe THPI; 3¢) binds with high affinity at I, imidazoline receptors (K;=6.2
nM) and with exceptional (>1000-fold) selectivity relative to its affinity for I; imidazoline receptors, a,adrenergic receptors, and

5-HT;4 and 5-HT,c serotonin receptors.
© 2003 Elsevier Ltd. All rights reserved.

Imidazoline receptors have been categorized as belong-
ing to at least two different types: I; and I, receptors.!—
Agents binding at I, receptors usually possess an imi-
dazoline moiety, and typically suffer from a lack of
selectivity for I, receptors versus 1, and/or a,-adrenergic
receptors. Only recently have I, ligands with appreciable
selectivity become available.!= One of the most widely
used I, ligands is 2-(2-benzofuranyl)-2-imidazoline (2-
BFI).? This agent binds at I, receptors with high affinity
(K; <10 nM), displays modest selectivity versus I,
receptors (I; K ca. 70 nM) and low affinity for o-adre-
nergic receptors (K; ca. 4000 nM).? Its tritiated version
has been introduced as a radioligand.®’

Given the previous unavailability of selective agents, it
has been difficult to identify potential physiological or
therapeutic roles for I, receptors. Some have suggested
that imidazoline receptors might represent regulatory
binding sites on monoamine oxidase (MAQ), but this
issue is controversial.>3 Evidence also suggests that I,
receptors might be involved in opioid-induced anti-
nociception, neuroprotection, depression and other
CNS disorders.'

B-Carbolines represent a new class of imidazoline

receptor ligands and several have been demonstrated to
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bind with K; values of <10 nM.%° Fully unsaturated
B-carbolines seem to bind both at I; and I, receptors
whereas 3.,4-dihydro and 1,2,3,4-tetrahydro-B-carbo-
lines are more selective for I, receptors.’ We have
recently reported on the structure—affinity relationships
for the binding of B-carboline analogues at imidazoline
I, receptors. Compound 1, for example, binds at I,
receptors with high affinity (K;=9.4 nM) and displays
reasonable selectivity over I; (K;=9,910 nM) and o»-
adrenergic (K;=1600 nM) receptors.” A problem with
B-carbolines, not common to the imidazolines class of I,
ligands, is that they typically bind at 5-HT,s recep-
tors;'? but, 1 shows low affinity (5-HT», K;= 3,800 nM)
for these receptors.!! Compound 2 also binds with high
affinity at I, receptors (Kj=7.3 nM)!? but displays
reduced selectivity that is likely due to the presence of
the fused imidazoline ring. It was reasoned that an
intact piperidine ring might not be necessary for I,
binding and that 3a, which represents an analogue of 2
lacking both the imidazoline ring and a portion of the
piperidine ring, might retain high affinity but display
enhanced selectivity. Hence, we prepared and evaluated
compound 3a with the expectation that it would bind at
I, receptors.
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Table 1. Radioligand binding data for compounds 3 and 4*

8.7
SR,
N NH
-/

R I,; K;, nM ox-Adrenergic
(+SEM) K, nM (+£SEM)

3a H 6.5 (£5.4) 516 (£210)
3b 7-OCH3 250 (£27) 4510 (£1330)
3c 8-OCHj3; 6.2 (+£3.3) 9550 (£1070)

4 — 6790 (£3270) 13,400 (+1230)

2Values are means of at least three experiments using binding assays
as previously reported.”!'* Compounds were synthesized following
literature procedures.'?
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Figure 1. Possible structural relationships between 1,2,3,4-tetrahydro-
B-carboline (1), 1,2,3,4-tetrahydropyrazino[l,2-alindole (3a), and a
hydrid structure 4.
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Tetrahydropyrazino[1,2-alindole 3a, prepared as pre-
viously described,'® was found to bind at I, receptors
with high affinity (I, K;=6.5 nM; Table 1). Compound
3a also showed nearly 100-fold selectivity for I, versus
ap-adrenergic receptors (K; =516 nM).

It quickly became apparent, although 3a binds with
high affinity, that it might not bind as initially envi-
sioned. That is, 3a might also be viewed as a B-carboline
analogue where the indolic nitrogen atom has been
moved from the B-carboline 9-position to a ring-fusion
position (Fig. 1).

One means to test this hypothesis was to re-incorporate
the indolic nitrogen atom to afford 4. However, 4 was
found to bind with > 1000-fold reduced affinity at I,
receptors (K;=06,790 nM). The low affinity of 4 sug-
gested that 3a might not bind in the same manner as 1
(as shown in Fig. 1). Alternatively, I, receptors might
not accommodate the hybridization state of the added
nitrogen atom of 4.

Another study to determine how 3a might bind relative
to 1 was to compare several methoxy-substituted deri-
vatives. Introduction of a methoxy group at the 7-posi-
tion (i.e., position B; Table 2) of 3,4-dihydro-p-
carbolines and 1,2,3,4-tetrahydro-f-carbolines has little
effect on I, affinity compared to the parent unsub-
stituted compounds. However, a methoxy group at the
6-position (i.e., position A; Table 2) is not as well toler-
ated. In the pyrazinoindole series, incorporation of a
methoxy group at the 8-position (position A) had no
effect on affinity whereas incorporation at the 7-position
(position B) resulted in reduced affinity. On the basis of
these comparisons, it is concluded that the pyr-
azinoindoles 3 (or at least compound 3c¢) likely bind(s),
relative to compound 1, at I, receptors as shown in
Figure 1. Apparently, the added nitrogen atom of 4
accounts for its reduced affinity.

Table 2. Comparative I, radioligand binding data for three series of
compounds (from left to right: 3,4-dihydro-B-carbolines, 1,2,3,4-tetra-
hydro-B-carbolines, and 1,2,3,4-tetrahydropyrazino[1,2-alindoles)*

NH
B H B H B N NH

\—7
I; K;, nM
H 7.3 9.4 6.5
A-OCHj; 480 1640 6.2
B-OCHj; 18 12 250

2 Binding data for the B-carboline derivatives were reported earlier and
are included only for comparison. Data for the pyrazinoindoles are
from Table 1.

Compound 3¢ (8-OMe THPI; K;=6.2 nM) binds at I,
receptors with high affinity and with > 1000-selectivity
over ar-adrenergic receptors. It was also found that 3c
(I; IC50=28280+340 nM) binds with > 1000-fold selec-
tivity over I; receptors. Unlike many B-carbolines, 3c
displays low affinity for 5-HT,4 (K;=5,830 nM) and 5-
HT,c (K;=9,930 nM) serotonin receptors,'3 making it a
rather selective I, ligand. Future studies are planned to
further characterize the pharmacology of 3e¢, and to
utilize 3¢ as a template for the development of novel I,
ligands.
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Crude P2 membranes were prepared from rat (male,
Wistar ~250 g) whole brains and kidneys, I;, I, and
ap-adrenoceptor competition binding was performed as
previously described.’ [*’H]2-BFI and [*H]clonidine (in the

15.

presence of rauwolscine) were used to label I, and I;
receptors, rtespectively, and [PH]JRX821002 was used to
label ao,-adrenergic receptors. Assay details have been
described.® Each assay was analyzed individually using
GraphPad Prism version 3.03 for Windows, (GraphPad
Software; San Diego, CA) and the ICsy value determined.
In the case of the I, and a,-adrenoceptor binding, this was
then used to calculate the K; using the method of Cheng
and Prusoff.!?

Cheng, Y. C.; Prusoff, W. H. Biochem. Pharmacol. 1973,
22, 3099.
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