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Abstract—Derivatives of 9,9-dimethylxanthene were synthesised and evaluated against trypanothione reductase (TR) and in vitro
against parasitic trypanosomes and leishmania. High in vitro antiparasitic activity was observed for some derivatives with one
compound showing high activity against all three parasites (EDsy values of 0.02, 0.48 and 0.32 uM, for Trypanosoma brucei, Try-
panosoma cruzi, and Leishmania donovani, respectively). The lack of correlation between inhibitory activity against TR and EDs,
values suggests that TR is not the target. © 2000 Elsevier Science Ltd. All rights reserved.

Introduction

Tricyclic compounds exemplified by acridines, benzoa-
zepines, phenothiazines, and pyridoquinolines have pro-
vided drug leads in the area of chemotherapy of
trypanosomiasis and leishmaniasis.'™ Inhibition of the
parasite enzyme trypanothione reductase (TR) is one
possible mechanism of action of these compounds. TR is
a vulnerable target for drugs that disrupt the natural
redox defence systems of the parasitic protozoa Trypa-
nosoma and Leishmania, the causative agents of human
African trypanosomiasis (7. brucei sspp), Chagas disease
(T. cruzi), and leishmaniasis (Leishmania sspp).>

A literature search revealed that tricyclics based on the
9,9-dimethylxanthene moiety have not been previously
investigated as potential TR inhibitors. Thus we decided
to conduct a preliminary investigation into the potential
of the subject compounds exemplified by 1-3 (Fig. 1). The
rationale behind the choice of the subject compounds was
as follows: First, being an aromatic hydrophobic tricyclic
moiety, the 9,9-dimethylxanthene moiety bears resem-
blance to the aromatic hydrophobic tricyclic moieties
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found in other tricyclic compounds already reported as
competitive inhibitors of TR, where the tricyclic moiety
binds in the hydrophobic pocket involved in the recog-
nition of the spermidine moiety of trypanothione dis-
ulfide, the substrate for TR.%7 Second, the chemically
reactive 2,7 and 4,5 positions of the xanthene moiety
provide potential multiple sites for introducing chemical
diversity.®® This would ultimately aid analogue syn-
thesis and exploration of structure—activity relationships
within this class of compounds. Third, a terminal ter-
tiary amino group (exemplified by the dimethylamino
group) was incorporated into compounds 1-3 to pro-
vide a positive charge which has been shown to favor TR
over glutathione reductase (GR), the closest related host
enzyme.'® Intermediary functional groups (amides,
amines and thioureas) were incorporated to improve
solubility properties.

Chemistry

The synthesis of derivatives 1-3 is depicted in Schemes 1
and 2. The starting materials 4b and 5 are commercially
available while 4a was synthesised from 5 by adapting a
literature method.!! Compound 1a was synthesised in
moderate yield in a one-pot reaction from 4a while 1c was
prepared via the corresponding acid chloride derivative of
4b (Scheme 1).
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Figure 1. Structures of 9,9-dimethylxanthene tricyclics with two side chains.

For the synthesis of compounds 1b, 2a, 2b, and 3, the
key intermediates were dialdehyde 6 and o,B-unsatu-
rated diester 7. Compound 6 was obtained via ortho
lithiation while Wittig two-carbon homologation of 6
gave 7. Compound 1b was synthesised in a one-pot
reaction from dialdehyde 6 and subsequent in situ
reduction of the imine formed using polymer-supported
borohydride while compound 2a was obtained in four
steps involving catalytic hydrogenation (Pd-C), hydro-
lysis, activation of the acid via acid chloride formation
and coupling to the appropriate amine. Compounds 2b
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Scheme 1. Reagents and conditions: (a) 2.5 equiv of (PhO),P(O)N3, 2.0
equiv of Et3N, 2.0 equiv of H,N(CH,);NMe,, PhMe, 85°C, 18 h, 65%;
(b) 3.0 equiv of (COCl),, DMF (cat.), CH,Cl,, reflux, 3 h; then (c) 2.0
equiv of HoN(CH,)3NMe,, 2.0 equiv Et;N, CH,Cl,, 25°C, 12 h, 91%.
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and 3 were synthesised from a common intermediate 9
as shown. While the two-step sequence to 2b proceeded
in satisfactory yield with the exception of the final step,
low yields were a feature of reactions leading to 3
(Scheme 2). All new compounds gave 'H NMR and
FABMS consistent with their structures.

Results and Discussion

The data in Table 1 shows the activity of derivatives 1-3
against TR, L. donovani amastigotes, T. cruzi amasti-
gotes as well as T brucei bloodstream form trypomasti-
gotes.!? The data for standard control drugs is included
for comparison purposes. As far as the inhibition of TR
is concerned compounds la—1c¢ bearing either one (1b)
or no methylene spacer (1a and 1c) between the tricyclic
moiety and the secondary nitrogen atom generally show
weaker inhibition of TR compared to derivatives with a
two or three carbon methylene spacer (2a, 2b, and 3).

For in vitro antiparasitic activity, the rapidly dividing
extracellular 7. brucei bloodstream form trypomastigotes
showed the highest in vitro sensitivity to derivatives 1-3
with EDs, values below 5 pg/mL in all cases while the
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Scheme 2. Reagents and conditions: (a) 3.0 equiv of BuLi, 3.0 equiv of TMEDA; then (b) 3.0 equiv of DMF, Et,0, 25°C, 18 h, 72%; (c) 1.8 equiv of
H,N(CH,);NMe,, MeOH, 25°C, 15 h; (d) 4.0 equiv of Amberlite IRA—400 borohydride resin, 25°C, 18 h, 100%:; (e) 3.0 equiv of Ph3P=CHCO,Et,
CH,Cl,, reflux, 1 h, 93%; (f) H,, Pd-C, EtOAc, 25°C, 18 h, 100%; (g) 3.0 equiv of LiOH.H,O, THF:H,O0 (10:1), 25°C, 12 h, 93%; (h) 3.0 equiv of
(COCl),, DMF (cat.), CH,Cl,, reflux 3 h, then 2.0 equiv of H,N(CH,);NMe,, 2.0 equiv Et;N, CH,Cl,, 25°C, 12 h, 65%; (i) 2.0 equiv of LiAlHy,
Et,0, 0°C, 0.5 h, 97%; (j) 3.0 equiv of I,, 3.0 equiv of Ph;P, 3.0 equiv of imidazole, Et,O:CH3CN (3:1), 25°C, 5 h, 72%; (k) 16.0 equiv of
H,N(CH,);NMe,, THF, reflux, 1 h, 68%.; (1) 2.0 equiv of Ph;P, 2.0 equiv of DIAD, 2.0 equiv of (PhO),P(O)N;, THF, —15 to 25°C, 4 h, 57%; (m)
14.0 equiv of carbon CS,, 2.0 equiv of DCC, THF, 25°C, 18 h, 20%; (n) 2.6 equiv of H,N(CH,);NMe,, CH,Cl,, 25°C, 18 h, 100%.
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Table 1. Inhibition of TR and in vitro antiprotozoal activity of control drugs and compounds 1-3'2

Compound % Inhibition of TR EDs (ug/mL) (uM) Cytotoxicity* MIC (png/mL)
L. donovani T. cruzi T. brucei

Pentostam — 12.5 (102.7)® — —

Benznidazole — — 8.5(32.7) —

Pentamidine — — — 0.01 (0.03)

la 40 >30 >30 4.5 (9.66) >300

1b 13.8 >30 >30 3.32 (7.58) >300

1c 28.4 0.32 (0.55) 0.28 (0.48) 0.01 (0.02) >30

2a 58 17.03 (32.6) >30 4.3 (8.24) >300

2b 63 >30 >30 0.07 (0.14) >30

3 52 >30 >30 0.06 (0.098) >30

aCytotoxicity is derived from the host macrophages used to culture the amastigote stages of 7. cruzi and L. donovani.
®Pentostam is sodium stibogluconate and the EDs, value is expressed as pg Sb¥/mL (mM SbY).

intracellular slow dividing amastigote stages of L.
donovani and T. cruzi were the least sensitive. Com-
pounds 1c, 2b, and 3 showed the highest in vitro
potency against 7. brucei. However, the most notable
compound is 1e, which on a molar basis, showed high
activity against all three parasites with EDso values
either comparable (7. brucei) or superior (L. donovani
and T. cruzi) to the standard control drugs.

Although compound 2a shows comparable activity
against TR to 2b and 3 it does not possess comparable
high in vitro activity against 7. brucei. Coupled with the
lack of activity of 2b and 3 against L. donovani and T.
cruzi but high activity against T. brucei, this suggests
that TR inhibition is not totally responsible for the
observed in vitro activities of these compounds. Other
factors such as cell penetration and metabolism, etc.,
may be playing a crucial role. It is noteworthy that for
the intracellular L. donovani and T. cruzi amastigotes,
the drug needs to pass through the macrophage to reach
the amastigote. Hence achieving selective toxicity is a
greater challenge in L. donovani and T. cruzi than in T.
brucei. For compound 1c¢, which showed high activity
against all three parasites but even weaker inhibitory
activity against TR, it is apparent that TR is not the tar-
get. Nevertheless it is encouraging that the more potent
compounds 1¢, 2b and 3 are not overtly toxic to the
mammalian macrophages at or below a concentration of
30 pg/mL (estimated microscopically).

In conclusion within this series of compounds: (i) there
is no clear correlation between potency as inhibitors of
TR and the in vitro antiparasitic activities, and (ii) there
is no apparent single structural feature controlling in
vitro antiparasitic activities. These observations are con-
sistent with conclusions of previous findings.?!%17 In the
case of compound 1c¢ which shows pronounced activity
against all three parasites, TR is clearly not the target.
The mechanism of action of the promising derivatives
1c, 2b, and 3 needs investigation if they are to serve as
useful leads for rational drug design.
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