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Abstract—The structure–activity relationships for semicarbazide-sensitive amine oxidase (SSAO) inhibitors based on
arylpropynylamines was investigated using solution-phase combinatorial Sonogashira coupling. The results suggest that binding to
the active site occurs by coordination of the amine to the proximal copper(II) and formation of a p-complex between topaquinone
and the electron-rich aryl group of the inhibitor. # 2001 Elsevier Science Ltd. All rights reserved.

Semicarbazide-sensitive amine oxidases (SSAOs) are a
widespread group of enzymes found in plants and ani-
mals, possessing a copper atom and an oxidised tyrosine
residue (topaquinone) in their active site.1,2 While they
appear to be involved in the oxidative deamination of
endogenous amines, their precise function has yet to be
fully elucidated. However in humans, SSAOs have been
implicated in the physiopathology of diabetes. Elevated
levels of SSAO have been reported in diabetics and it is
believed that vascular damage may be due to the toxi-
city of formaldehyde and hydrogen peroxide, formed by
the action of SSAO on endogenous methylamine.3

Drugs that inhibit SSAOs may thus prove useful as
prophylactics preventing long-term retinal damage
associated with diabetes mellitus.4

In the course of other work, we found that the arylpro-
penylamine 2, acted as a potent inhibitor of bovine
plasma SSAO (EC 1.4.3.6). Compound 2 was synthe-
sised in a straightforward manner as shown in Scheme 1.

Treatment of methyl 3,4-methylenedioxycinnamate with
diisobutylaluminum hydride in THF followed by reac-
tion of the alcohol with thionyl chloride afforded the
arylpropenyl chloride 1 in 72% yield. Heating this
chloride with methylamine in THF in a sealed tube gave
a mixture of both 2 and the disubstituted tertiary amine.

Enzymatic assay using the oxidation of benzylamine by
bovine plasma SSAO was carried out and showed that
amine 2 was a potent inhibitor (Ki=2.7 mM). Kinetic
analysis using Leonora indicated that 2 acted as a
competitive inhibitor.5

We initially suspected that 2 may inhibit the enzyme by
reversible addition to topaquinone forming a quinone
iminium species, which is unable to undergo conversion
to an aryl imine (Scheme 2). This view was supported by
reports that, aside from one exception,6 only primary
amines are substrates for SSAOs. With their therapeutic
potential in mind, we sought a simple procedure for
rapidly evaluating structure–activity relationships of
this class of compounds.

The Sonogashira reaction is amenable to combinatorial
synthesis on solid support8 and a recent report describes
the solid-phase synthesis of closely related tertiary aryl-
propynylamines using Sonogashira coupling, followed
by a Mannich condensation (Scheme 3).9 However, we
sought a procedure which would be amenable to the
synthesis of primary, secondary and tertiary amines in
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Scheme 1. Synthesis of arylpropenylamine inhibitor.
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solution. We were also encouraged to adopt a Sonoga-
shira reaction as the key step in our synthesis by reports
of the generation of libraries in solution-phase organo-
metallic couplings.10 In addition to this, while the cou-
pling of aryl halides with propargyl amines had not
been reported, many other examples of the Sonogashira
reaction suggested that there would be no need for pro-
tecting the amine.11 This synthetic plan would enable us
to examine the SAR for both the aryl and the amine
portions of the substrate. While this would afford
alkynes and not alkenes, it was envisioned that this
route would provide both arylpropynyl and arylprope-
nyl amines, after partial reduction of the triple bond.
Both these groups of compounds were of interest as
potential SSAO inhibitors. This communication reports
the inhibition of bovine SSAO by a small indexed
library of arylpropynylamines.

For this initial study, commercially available propargyl
amines, A1–A4 (Fig. 1), were coupled with a series of
alkoxyiodoarenes, B1–B5, selected to explore the
importance of both the position of the methoxy group
and the presence of the methylenedioxy group. The
dioxygenated iodoarenes, B4 and B5, were prepared by
iodonation of catechol dimethylether and benzene-1,3-
dioxole, respectively, with silver sulfate/iodine.12

Coupling of the alkynes with the iodoarenes was carried
out in THF/triethylamine at room temperature with
appropriate molar proportions of each reactant
(Scheme 3).13 GC–MS was used to confirm consump-
tion of the starting materials, and as expected, in all
cases the reactions went to completion with equimolar
amounts of the arylpropynylamines formed. The reac-
tion mixtures were purified simply by removal of the
solvent, followed by extraction with dilute hydrochloric
acid, then basification and back extraction. This afforded
mixtures of arylpropynylamines that were suitable for
combinatorial enzymatic assay.14 The results of these
assays are shown in Table 1.

While indexed combinatorial assays15 are fraught with a
number of possible complications, a number of trends
are apparent from the assays. Firstly, inhibition appears
maximised by methoxy substitution in the 4-position as
opposed to the 2- or 3-positions; secondly dioxygena-
tion appears to enhance inhibition, and thirdly, sub-
stitution on the amine carbon with bulky substituents
dramatically reduces inhibition. These results suggested
that the arylpropynylamine formed by coupling A3 with
B5, and A3 and B4 were the most potent bovine plasma
SSAO inhibitors of this group. In order to confirm these
results, both these compounds were synthesized in 80
and 81% yield, respectively, by Sonogashira coupling.16

Enzymatic assay17 confirmed that the arylpropynyl-
amine derived from A3 and B4 was a marginally more
potent inhibitor of bovine plasma SSAO (Ki=2.9 mM),
than that from A3 and B5 (Ki=3.1 mM).

The results indicate that increasing electron density of
the aryl substituent increases inhibition, possibly due to
the formation of a p-complex at the binding site. This
led us to closely examine the active sites of the family of
enzymes which have been studied quite extensively by
crystallographic studies. While the X-ray structure of
bovine plasma SSAO has not been reported, the
enzymes in this family that have been studied have
common conserved regions which correspond to the
active site. The topaquinone moiety is involved in oxi-
dative deamination, while the nearby copper(II) is
believed to be involved in reoxidation of the reduced
amino topaquinone (Scheme 2), thus regenerating the
active enzyme.19 X-ray studies on pea seedling amine
oxidase, also a topaquinone/copper-dependant amine
oxidase, show that the distance between the copper and
the oxygen at the topaquinone 2-position is about 6 Å.20

This same study also showed considerable structural
homology between the enzyme from pea seedlings and
Escherichia coli amine oxidase. The orientation of the
topaquinone unit varies, with considerable flexibility in
rotation about the b–g bond (Scheme 2), having been

Scheme 2. Proposed mechanism of SSAO oxidative deamination.7

Figure 1. Combinatorial library components.

Table 1. Product matrix showing % inhibition of SSAOa

B1 B2 B3 B4 B5 %I

A1 610 2013 3721 4270 4331 61
A2 450 1485 2745 3150 3195 45
A3 650 2145 3965 4550 4615 65
A4 280 924 1708 1960 1988 28
%I 10 33 61 70 71

aValues represent products of %I. Values in bold indicate the most
potent inhibitors.

Scheme 3. Sonogashira coupling of iodoarenes with propargyl amines.
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suggested.21 We speculate that these observations can be
explained by the formation of a p-complex between the
aromatic ring of the arylpropynylamines and topaqui-
none with additional binding of the amine to the nearby
copper atom (Fig. 2). It is reasonable to assume that
ligation of the amine to the copper involves displace-
ment of one of the two water molecules, which along
with the histidine residues H442, H444 and H603, form
a distorted square-pyramidal geometry.22

This proposed binding is supported by the reported
competitive inhibition of porcine kidney amine oxidase,
a closely related SSAO, by amiloride, gabexate and
clonidine (Fig. 3) (Ki 10, 27 and 900 mM, respectively).23

All of these drugs possess a copper ligand (guanidine
functional group) attached to an aromatic ring sepa-
rated by approximately 6 Å in amiloride, 13 Å gabexate
and 4 Å clonidine. Their relative efficacy as inhibitors
appears to be related to both the aryl–Cu ligand distance
and the electron density of the aryl substituent and thus
is consistent with the inhibition mechanism proposed
here.

We are now in the process of synthesising a series of
new inhibitors, based on these findings which are
designed to test this hypothesis. These results will be
reported in due course.
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