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Abstract—A series of polyaminoguanidines and polyaminobiguanides were synthesized and evaluated as potential antitrypanosomal
agents. These analogues inhibit trypanothione reductase (TR) with ICsy values as low as 0.95 uM, but do not inhibit the closely
related human enzyme glutathione reductase (GR). The most effective analogues, 7a, 7b and 8d, inhibited parasitic growth in vitro
with ICsq values of 0.18, 0.09 and 0.18 uM, respectively. These agents represent a promising new class of potential antitrypanosomal

agents.
© 2006 Elsevier Ltd. All rights reserved.

Human African trypanosomiasis (HAT), caused by the
protozoan parasites Trypanosoma brucei gambiense
(West African trypanosomiasis) and Trypanosoma bru-
cei rhodesiense (East African trypanosomiasis),! is a dai-
ly threat to more than 60 million people in 36 countries
of sub-Saharan Africa. Between 300,000 and 500,000 are
thought to have the disease, with more than 50,000
deaths occurring in 2002.? Early stage disease is usually
treated effectively with suramin or pentamidine, but field
diagnosis is difficult in rural areas, and many patients
progress to late-stage disease before seeking treatment.
There are only two effective treatments for late-stage
HAT, as shown in Figure 1. The ornithine decarboxyl-
ase inhibitor eflornithine, 1, has been shown to be cura-
tive in end-stage infections caused by 7. b. gambiense,
but ineffective against T. b. rhodesiense.>° Eflornithine
is expensive to produce, and thus its availability in
impoverished nations is limited. End-stage HAT is most
often treated with melarsoprol, 2, which is converted to
the active metabolite melarsen oxide, 3.7° Serious side
effects of melarsoprol include a 10% incidence of
encephalopathy which is fatal in 3-5% of patients. The
situation is further complicated by the emergence of
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Figure 1. The structures of eflornithine (1), melarsoprol (2) and
melarsen oxide (3).

arsenic-resistant strains of 7. b. gambiense and T. b.
rhodesiense.

Trypanosomes possess a number of parasite-specific tar-
gets for drug design.® We, and others, have focused on
the discovery of agents that can interrupt polyamine
metabolism in trypanosomes. 7. brucei produces the
polyamines putrescine and spermidine from ornithine
in a manner analogous to the human pathway, but does
not produce the tetraamine spermine. Instead, these par-
asites convert spermidine and two molecules of host-de-
rived glutathione into trypanothione (4, Fig. 2), which is
used to protect the organism against oxidative
stress.!%!! The formation of 4 depends on two ATP-de-
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Figure 2. The structure of trypanothione, 4.

pendent enzymes, glutathionylspermidine synthetase
(GSPS) and trypanothione synthetase (TS).'>!3 In the
presence of oxidative species, trypanothione is oxidized
to the disulfide, and must be recycled to the reduced
form 4 by the enzyme trypanothione reductase (TR).
The arsenical drug melarsoprol acts by forming a cova-
lent complex with trypanothione, thus inactivating it
and exposing the organism to oxidative damage.

The crystal structure of TR from Trypanosoma cruzi has
been solved,!* but relatively few inhibitors of this en-
zyme have been described.!> 2> We previously reported
a series of alkylpolyamine analogues that exhibit potent
antitrypanosomal activity in vitro.?*2°> These analogues
disrupt polyamine metabolism through changes in pK,
values that alter their degree of protonation at physio-
logical pH.?® They enter proliferating cells using the
polyamine transport system and downregulate poly-
amine biosynthesis, but do not substitute for the natural
polyamines in terms of cell growth and survival func-
tions,? leading to polyamine depletion and cell death.
We identified a structurally distinct subset of polyamine
analogues with a 3-7-3 carbon skeleton that produce po-
tent and selective antitrypanosomal effects, and have
shown that these analogues are potent inhibitors of
TR (unpublished results). We reasoned that polyamine
analogues containing substituted terminal guanidines
or biguanides would produce similar cellular effects,
since these moieties would produce even greater charge
perturbations when compared to the natural poly-
amines. Substituted guanidines and biguanides, with
pK, values in the range of 13.5%7 and 13.0,%® respectively,
are more basic than secondary amines (pK, values near
11). In addition, the biguanide group appears in a num-
ber of important therapeutic agents,?® including chlorh-
exidine and the antimalarial chlorguanide. It has
recently been shown that non-polyamine amidines and
guanidines possess potent antitrypanosomal activity.>°
Also, the biguanide chlorhexidine acts as an inhibitor
of TR from T. cruzi.?? In order to test the hypothesis de-
scribed above, we designed and synthesized a limited
series of substituted polyaminoguanidines and bigua-
nides with general structures 5-10 (Fig. 3).

The synthetic route to alkylpolyaminoguanidines 5, 6
and 7 is shown in Scheme 1. Amines 11a-d were added
to cyanogen bromide in refluxing ethanol to afford the
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Figure 3. Structures of alkyl- and aralkylpolyaminoguanidines 5-7
and polyaminobiguanides 8-10 with potent antitrypanosomal activity
in vitro.
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Scheme 1. Reagents and conditions: (a) cyanogen bromide, EtOH,
reflux; (b) HCI, CH,Cl,; (c) 12a-d, chlorobenzene, reflux; (d) 30% HBr
in AcOH, phenol, CH,Cl,.

corresponding N-cyano intermediates 12a-d (85% av
yield).?! The bis-protected tetraamines 13e-g were then
prepared as previously described,?*2* converted to their
dihydrochloride salts (HCI,CH,Cl,) and appended to
12a-d (chlorobenzene, reflux, 75% av yield). The mesi-
tyl-protecting groups were removed (30% HBr in AcOH,
phenol, CH,Cl,) to afford the desired guanidines 5c¢—d,
6¢c—d and 7a-d (89% av yield). These syntheses were also
conducted using versions of 13e, 13f and 13g that were
N-Boc-rather than N-mesityl-protected (not shown),
allowing for deprotection in the final step under milder
conditions where appropriate (5% (v/v) trifluoroacetic
acid in CH,Cl,).
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Scheme 2. Reagents and conditions: (a) NaN(CN),, BuOH/H,O
EtOH, reflux; (b) HCl, CH,Cl,; (c) 14¢—d, chlorobenzene, reflux; (d)
30% HBr in AcOH, phenol, CH,Cl,.

A similar strategy was employed for the synthesis of
alkylpolyaminobiguanides 8, 9 and 10, as outlined in
Scheme 2. Amines 11c and 11d were converted to the
corresponding  cyanoguanidines 14¢ and  14d
(NaN(CN),, BuOH/H,0, 74% av yield),>*> which were
combined with 13e-g as previously described (76% av
yield) to afford the mesityl-protected target molecules.
Deprotection as described above then provided the
substituted biguanides 8c-d, 9¢c—d and 10c-d (69% av
yield). An analogous route (not shown) utilizing the
N-Boc protection group was also employed, as above.

In order to act as parasite-specific antitrypanosomal
agents, active molecules must inhibit TR without affecting
the closely related human enzyme glutathione reductase
(GR). It has been suggested that charge density is a major
factor in the ability of an inhibitor to discriminate be-
tween TR and GR.>3 Thus, all target molecules of general
structure 5-10 were evaluated as inhibitors of TR and
GR, and for the ability to kill cultured bloodforms of 7ry-
panosoma brucei brucei EATRO 110. TR and GR activity
were measured by monitoring the disappearance in UV
absorption at 340 nm resulting from the reduction of oxi-
dized trypanothione or glutathione in the presence of
NADPH.!® Antitrypanosomal activity was measured
in vitro as previously described.?*-?* The results of these
studies are summarized in Table 1. These data indicate
that all of the target molecules, except for 7a and 7b, are
effective inhibitors of TR, with ICs, values ranging from
0.95 to 5.07 uM. None of the analogues tested produced
any significant inhibition of GR at concentrations of up
to 100 uM, indicating that they are highly selective for

Table 1. ICs5y values for TR and GR inhibition, and for growth
inhibition of Trypanosoma brucei brucei for compounds 5-10

Compound TR inhibition GR inhibition Inhibition of
ICSO (HM) ICSO (I.I.M) T. b. brucei
ICso (WM)

5c 5.07 >100 1.95

5d 3.60 >100 2.05

6c 2.97 >100 2.4

6d 4.56 >100 3.35

Ta 17.68 >100 0.18

b 69.47 >100 0.09

Tc 2.24 >100 0.61

7d 4.72 >100 0.5

8c 3.68 >100 1.76

8d 4.16 >100 0.18

9c 2.96 >100 0.19

9d 2.74 >100 1.05

10c 0.95 >100 0.62

10d 1.66 >100 0.45

All ICs, values were derived from dose-response curves in which each
data point was the average of three determinations with <5%
variability.

the parasitic enzyme. Each analogue was a potent growth
inhibitor, with 1Csq values against T. b. brucei between
0.09 and 3.35 uM. In the guanidine series, compounds
with a 3-7-3 carbon backbone (7a—d) were the most effec-
tive agents, consistent with our earlier findings with
substituted polyamines.?3 2>

Although biguanide therapeutic agents are known, only
chlorhexidine has been reported to inhibit TR, and it
was not evaluated as a growth inhibitor.?> Thus, 8-10
are the first biguanides reported that possess antitrypan-
osomal activity. The most potent biguanides, 8d and 9c,
had a 3-3-3 or 3-4-3 carbon backbone, respectively,
although compounds 10c and 10d (3-7-3 backbone) were
also reasonably potent. Data from additional members
of the biguanide series will be required to make mean-
ingful SAR correlations. It is interesting that TR inhibi-
tion and antitrypanosomal activity did not seem to
correlate well in either series, and the weakest TR inhib-
itors, guanidines 7a and 7b, were the most potent anti-
trypanosomal agents. Oxidation of substituted
polyamines to toxic metabolites can contribute to their
activity,>*3> but polyamine oxidase cannot be detected
in T. brucei. It is more likely that differences in potency
can be attributed to differential uptake by the P2 amino-
purine transporter that is known to import pentami-
dine.%37 This transporter selectively concentrates
amidines and guanidines, producing lethal effects medi-
ated through accumulation in the mitochondrion and
disruption of kinetoplast function.?” Experiments are
underway to test this hypothesis, and we are currently
evaluating selected analogues in a murine model of try-
panosomal infection. These results, as well as the synthe-
sis of additional analogues, will be described in
subsequent publications.
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