
Bioorganic & Medicinal Chemistry Letters 20 (2010) 6475–6478
Contents lists available at ScienceDirect

Bioorganic & Medicinal Chemistry Letters

journal homepage: www.elsevier .com/ locate/bmcl
A new insight on the hypochlorous acid scavenging mechanism
of tryptamine and tryptophan derivatives

Luísa C. Carvalho a, Mónica S. Estevão a, Luísa M. Ferreira a, Eduarda Fernandes b,⇑, M. Manuel B. Marques a,⇑
a REQUIMTE-CQFB, Departamento de Química, Faculdade de Ciências e Tecnologia, Universidade Nova de Lisboa, 2829-516 Caparica, Portugal
b REQUIMTE, Departamento de Química, Faculdade de Farmácia, Universidade do Porto, Rua Aníbal Cunha, 164, 4099-030 Porto, Portugal

a r t i c l e i n f o a b s t r a c t
Article history:
Received 9 August 2010
Revised 10 September 2010
Accepted 10 September 2010
Available online 17 September 2010

Keywords:
Hypochlorous acid
Reaction mechanism
Scavenging activity
Prenylated indoles
Tryptophan derivatives
Tryptamine derivatives
0960-894X/$ - see front matter � 2010 Elsevier Ltd. A
doi:10.1016/j.bmcl.2010.09.067

⇑ Corresponding authors.
E-mail addresses: egracas@ff.up.pt (E. Fernandes)

(M. Manuel B. Marques).
The reaction mechanisms of hypochlorous acid (HOCl) with several tryptophan and tryptamine deriva-
tives, previously reported to scavenge this powerful oxidant, was investigated to determine whether
ionic or radical pathways were involved. For this purpose, the reaction of tryptamine and tryptophan
derivatives with HOCl was optimized and some compounds were isolated by HPLC and their structures
assigned. In order to prevent possible radical reaction pathway, experiments have been carried in the
presence of the radical trap TEMPO (2,2,6,6-tetramethylpiperidine-1-oxyl). The obtained results show
that the reaction mechanisms are influenced by the type of structure and that a complex pathway is
involved, in which both ionic and radical mechanisms can occur.

� 2010 Elsevier Ltd. All rights reserved.
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In the event of inflammatory processes, reactive oxygen species
(ROS) are produced by endothelial cells, Kupffer cells, neutrophils,
and also macrophages, as a mechanism of defense against foreign
or infectious pathogens.1–3 When the production of ROS becomes
uncontrolled, or sustained for a long time, a wide number of pathol-
ogies may evolve, such as rheumatoid arthritis, atherosclerosis, sep-
sis, and accelerated senescence, and, in an ultimate instance,
cancer.4,5

Hypochlorous acid (HOCl) is one of the ROS that may be pro-
duced in excess during inflammatory processes. Consequently,
HOCl plays an important role in the above mentioned diseases
and, for that reason, is a potential target for the chemotherapy of
inflammation. Activated neutrophils contain the enzyme myelo-
peroxidase that oxidizes Cl-ions into HOCI, by using H2O2 as a
co-substrate, according to the following Eq. 1:6

H2O2 þ Cl� þH� ! HOClþH2O ð1Þ

Further than HOCl, activated neutrophils also release other ROS
such as superoxide radical (O��2 ), hydrogen peroxide (H2O2), singlet
oxygen (1O2) and peroxyl radical (ROO�). H2O2, O��2 , all contributing
to tissue damage at active inflammation sites.

7–9
In addition, during

inflammatory processes, ROS are also produced as a consequence of
cyclooxygenase activity.10 The non-steroidal anti-inflammatory
ll rights reserved.
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drugs (NSAIDs) indomethacin, acemetacin, and etodolac are indole
derivatives (Fig. 1), and block prostaglandin synthesis by non-selec-
tive inhibition of COX-1 and COX-2 (indomethacin, acemetacin),11

or by selective inhibition of COX-2 (etodolac).12

Despite of the fact that inhibition of prostaglandin synthesis is
the primary therapeutic mechanism of NSAIDs, it has been sug-
gested that the anti-inflammatory action of these drugs may be also
due, to some extent, to their ability to scavenge ROS, and to inhibit
the respiratory burst of neutrophils triggered by various activator
agents.2,3 Recently, the scavenging activity of these and other NSA-
IDs was evaluated against several ROS using non-cellular in vitro
systems.13 Thus, these effects may represent an additional mecha-
nism for the anti-inflammatory activity of these drugs that should
be taken into consideration for their pharmacological activity.

Curiously, regardless of their scavenging activity against HO�,
O��2 and ROO�, no HOCl scavenging activity has been found for the
Cl

indomethacin acemetacin etodolac

Figure 1. Structure of the NSAIDs indomethacin, acemetacin and etodolac,
containing an indole ring as a common scaffold.
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1  R1 = H, R2 = CH2CHC(Me)2, R3 = CO2Me, R4, R5 = Phth
2  R1 = CH2CHC(Me)2, R2 = H, R3 = H, R4 = H, R5 = H
3  R1 = CH2CHC(Me)2, R2 = H, R3 = CO2Me, R4 = H, R5 = Ac
4  R1 = CH2CHC(Me)2, R2 = H, R3 = H, R4, R5 = Phth
5  R1 = H, R2 = H, R3 = H, R4, R5 = Phth
6  R1 = CH2CHC(Me)2, R2 = H, R3 = CO2Me, R4, R5 = Phth
7  R1 = CH2CHCHPh, R2 = H, R3 = CO2Me, R4 = H, R5 = Ac
8  R1 = H, R2 = H, R3 = CO2H, R4 = H, R5 = H
9  R1 = H, R2 = H, R3 = H, R4 = H, R5 = H
10  R1 = H, R2 = H, R3 = CO2Me, R4 = H, R5 = H
11  R1 = H, R2 = H, R3 = CO2H, R4 = H, R5 = Ac
12  R1 = H, R2 = H, R3 = CO2Me, R4, R5 = Phth
13  R1 = CH2CHC(Me)2, R2 = H, R3 = CO2H, R4 = H, R5 = H
14  R1 = H, R2 = CH2CHC(Me)2, R3 = CO2H, R4 = H, R5 = H
15  R1 = CH2CH2CH(Me)2, R2 = H, R3 = H, R4, R5 = Phth
17  R1 = CH2CH2CH2Ph, R2 = H, R3 = CO2Me, R4 = H, R5 = Ac
18  R1 = H, R2 = CH2CH2CH(Me)2, R3 = CO2Me, R4, R5 = Phth

Figure 2. Substitution pattern of a previously reported indole library showing HOCl
scavenging activity.16
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indole-derived NSAIDs (indomethacin, acemetacin, and etodolac).
However, it is known that HOCl reacts with melatonin,14,15 which
is an indole hormone and one of the most recognized natural anti-
oxidants. In addition, we have recently reported a strong HOCl
scavenging activity for several compounds from an indole based li-
brary (Fig. 2).16 We have also explored the electrochemical profile
of these compounds,17 on the expectation that a correlation be-
tween the scavenging activity and the oxidation potential would
contribute to clarify the HOCl scavenging mechanism(s) of these
compounds. However, the correlation between the scavenging
activity and Epox was poor, suggesting that complex chemical
pathways should take place instead of a simple radical reaction
involving an electron donating process.

If linked to effective ability to inhibit COX enzymes (under study),
the observed HOCl scavenging activity of tested indole derivatives16

may strongly contribute for their putative anti-inflammatory poten-
tial. This idea stimulated us to perform experiments to elucidate the
reaction mechanism(s) of some of the active compounds with HOCl,
Table 1
Reaction of indole derivatives 2, 8–11 and 13 with HOCl

N

N

R3

R1

R4
R5

R2

 

Entry Compound R1 R2 R3

1 2 CH2CH(Me)2 H H
2 8 H H CO2H
3 9 H H H
4 9 H H H
5 10 H H CO2Me
6 11 H H CO2Me
7 11 H H CO2Me
8 13 CH2CH(Me)2 H CO2H

— Absence of TEMPO.
a All the experiments were carried in MeCN, with 1.5 equiv of HOCl.
b After 30 min the starting material 2 was the major component.
c Compound 8 was not soluble under the reaction conditions.
d Decomposition of the products during HPLC purification.
e The product was an insoluble oil.
and to understand the structure–activity relationship, for future
structural modification and therefore the development of com-
pounds with improved potency.

Several experiments were performed to establish the conditions
that allowed monitoring the reaction of indole derivatives with
HOCl, as well as detection of the products formed. The first attempts
were carried using indole as a model system, in order to optimize the
conditions for monitoring the reaction, such as solvent, reaction
temperature, and time. The choice of an organic solvent (in a buffer
medium) and a lower temperature were mandatory for the reaction
control due to the powerful reactivity of HOCl as oxidizing agent.
Thus, reactions were carried in acetonitrile, in the presence of
phosphate buffer solution (pH 7), and the HOCl solution,13,18 pH
6.2 (1.5 equiv), at 0 �C. Of note, the reaction mixtures obtained with
indole were extremely complex and difficult to analyze.

Subsequently, indolic compounds were selected from the li-
brary, the choice being done on the basis of their HOCl scavenging
potency. Accordingly, from the tryptamine derivatives, compounds
2—the less reactive and 9—the most reactive, were selected. From
the tryptophan derivatives, compounds 8 (the most reactive), 10,
11 (the less reactive—IC50 � 50) and 13 were selected. These com-
pounds were exposed to HOCl, the reaction was monitored by TLC,
and the products isolated were purified by HPLC (Table 1).19

Only compounds 9 and 11 generated a mixture from which it was
possible to isolate and characterize some of the reaction products.
Compounds 19 and 20 were the major products derived from the
mixtures of HOCl with compounds 9 and 11, respectively (Scheme
1).20 All the other compounds afforded complex co-eluting mix-
tures, making impossible to detect any isolable product, and/or the
products decomposed during HPLC purification (Table 1).

Since the reaction with tryptamine (9) and N-acetyl tryptophan
methyl ester (11) gave rise to chlorinated products either on the
side chain (19), or at the aromatic ring (20), respectively, the reaction
with HOCl was next investigated in the presence of the radical trap
TEMPO (2,2,6,6-tetramethylpiperidine-1-oxyl). Compound 11 was
the only one that afforded a product stable enough to allow isolation
and structure assignment (compound 21, Scheme 1).21 The struc-
tures for the isolated compounds were proposed on the basis of
1H, 13C NMR (also 2D experiments), and mass spectrometry assign-
ment. Unfortunately, compounds 20 and 21 decomposed after 24 h,
and further investigation of these structures was not possible.

The indole framework is widely identified as a privileged struc-
ture or pharmacophore,22 and one of the most promising endow-
HOCl

Reaction
Conditions

R4, R5 Reaction conditionsa (TEMPO) Product (Yield%)

H,H — b
H,H — c
H, H — 19 (2)
H, H 5 equiv d
H, H — d
H, Ac — 20 (8.6)
H, Ac 5 equiv 21 (2.6)
H, H — e
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Scheme 1. Reaction of HOCl with tryptamine (9) and tryptophan derivative 11.
Proposed structures for the isolated products 19–21.
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Scheme 2. Literature proposed routes for the scavenging of HOCl by melatonin.14
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ments of indole derivatives is their antioxidant potential.23 In addi-
tion, its substitution pattern has been reported to influence the
antioxidant activity and its efficiency in biological systems.23 In
particular, the indolic nitrogen, is described as the active redox
center of indoles.24,25 Similarly, the high reactivity of melatonin
with reactive species is probably due to the presence of an elec-
tron-rich aromatic ring system, reacting as an electron donor, to
form the melatoninyl cation radical, or by providing an electro-
philic radical addition at the C-3 position of the indole ring.26

However, when a cyclic voltammetric study was undertaken on
the studied library, no visible correlation could be observed with
the HOCl scavenging activity displayed by these compounds (data
not shown). Since the NSAIDs containing the indole skeleton are
not able to scavenge HOCl, the interesting experimental behavior
observed for the tested compounds prompted us to explore more
deeply the mechanism involved.

Although the mechanism of HOCl reactivity has been explored
in the literature, it is not possible to obtain a comprehensible an-
swer concerning the mechanism involved in the reaction with
HOCl. While Mason and co-workers concluded that the reactivity
of HOCl occurs via radical processes,24 other authors considered io-
nic mechanisms,27–32 and in fact, possible transition states for sev-
eral ionic reaction pathways have been calculated.33 Radical
dissociation of HOCl has only been discussed under photolytic
catalysis.34

In the hope of getting a clear answer, several experiments were
undertaken and, from the obtained results, it was possible to con-
clude that TEMPO prevents chlorination in the aromatic ring of
compound 11, which then might occur via a radical mechanism
(compound 20). In the absence of TEMPO, both the tryptamine
(9) and tryptophan derivative 11 gave halogenated compounds.
Tryptamine gives compound 19, which might result either form a
radical or ionic mechanism. On the other hand, for tryptophan
derivative 20, the position of chlorination suggests a radical mech-
anism. Nevertheless, in compound 21, no chlorination of the aro-
matic ring was observed, with the product formed being
chlorinated only at the side chain.

The results obtained indicate that both mechanisms (radical
and ionic) can be involved in the reaction between tryptamine/
tryptophan with HOCl. This would explain the observed lack of a
good correlation between the oxidation potential and scavenging
activity of HOCl by the tested indoles.

In the case of melatonin, its HOCl scavenging mechanism has
been described.14,15 However, the reaction of HOCl with melatonin
was proposed to proceed via nucleophilic addition of water (sol-
vent) at the C-2 position that, after loss of the proton, followed
by dehydrohalogenation, gave the 2-hydroxyindole compound
(22) (Scheme 2).

In conclusion, this study demonstrates that the reaction of in-
dole compounds with HOCl is complex and involves both radical
and ionic mechanisms.
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