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Abstract—New vanadium complexes of the type [VIVO(L)2], where L are 3-aminoquinoxaline-2-carbonitrile N1,N4-dioxide deriva-
tives, were prepared as an effort to obtain new anti-trypanosomal agents improving the bioactivity of the free ligands. Complexation
to vanadium of the quinoxaline ligands leads to excellent antiprotozoal activity, similar to that of the reference drugs nifurtimox and
benznidazole and in all cases higher than that of the corresponding free ligands. In addition, it is for the first time that the V(IV)O–
quinoxaline complexes are reported as a family of anti-Trypanosoma cruzi agents. Finally, the anti-trypanosomal activity of these
vanadium complexes could be explained on the basis of their lipophilicity and the electronic characteristics of the quinoxaline
substituents.
� 2006 Published by Elsevier Ltd.
1. Introduction

Chagas’ disease or American trypanosomiasis is an
important health problem that affects around twenty
million people in Central and South America. Two to
three million individuals develop the typical symptoms
of this disease that results in 50,000 yearly deaths.1,2

The causative agent of this disease is the hemoflagellate
protozoan Trypanosoma cruzi (T. cruzi), which is trans-
mitted to humans and other mammals, in rural areas, by
reduviid bugs such as Rhodnius prolixus and Triatoma
infestans.3 Current pharmacological treatment has been
based on benznidazole (Bnz, a nitroimidazole deriva-
tive) and nifurtimox (Nfx, a nitrofuran derivative), com-
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pounds that cause significant side effects and show poor
clinical efficacy.4–6

These two drugs are effective against the circulating
form of the parasite (trypomastigote) during the acute
phase of the disease, but not during the chronic stage.

Several types of compounds have been described as anti-
T. cruzi agents acting in different biological targets.7

May be trypanothione reductase (TR) is one of the most
thoroughly studied enzymes of the trypanothione redox
metabolism, it is a key enzyme of the parasite antioxi-
dant defence system, and it does not occur in the mam-
malian host.8 Rational drug design approaches on TR
led to the discovery of phenothiazines and other tricyclic
drugs (1 and 2, Chart 1) as specific competitive inhibi-
tors of the parasite enzyme with low micromolar inhib-
itor constants without inhibition of the host glutation
reductase (GR).9–11 Some quinoxaline derivatives devel-
oped by us12–14 resembled, by the planar structure and
by the kind of substituents, the skeleton of these inhib-
itors. Consequently, 33 quinoxalines were carefully
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Figure 1. Superimposed minimum-energy conformers of quinoxaline 3

and vanadyl complex 10V, molecular modeled using semiempirical

PM3 (hydrogens were omitted).28,29 Left: phenyl substituent of 3 (tube)

is located in the same spatial region of aromatic system of complex 10V

(wire). Right: stereoview of both compounds (tube) observing the

spatial proximity of halogen atoms.
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selected from our more than 100 quinoxaline library in
order to evaluate them against T. cruzi. While 3-amino-
substituted-2-carbonitrile derivatives (i.e., 3 and 4,
Chart 1) resulted in good in vitro T. cruzi growth inhib-
itors,15 the 3-amino-2-carbonitrile derivatives were inac-
tive (i.e., 5–8, Chart 2). However, the QSAR study
developed predicts derivatives 5–8 to be more active
than experimentally found, that is, percentage of growth
inhibition for derivative 5 at 25 lM would be 60% but
experimentally this compound inhibited 25% at this con-
centration. The low activities displayed by these deriva-
tives could be the result of their low solubilities in the
physiological media.16,17 Another possibility, which
was not identified in our previous QSAR studies,15 is
that anti-T. cruzi agents must comply with specific
structural requirements, that is, volume in the 3-amino
moiety like derivatives (3 and 4, Chart 1).

In recent papers we have reported the synthesis, charac-
terization, and biological studies of a series of
novel vanadyl complexes (6V, 7V, 10V, and 11V,
Chart 2) with bidentate 3-aminoquinoxaline-2-carbonit-
rile N1,N4-dioxide derivatives as ligands.18,19 One of the
most important physicochemical features of these com-
plexes is their improved solubility in hydrophilic media.
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Chart 2. Quinoxaline N1,N4-dioxide derivatives, inactive against

Trypanosoma cruzi, and their vanadyl complexes.
On the other hand, the structure of these products
resembles the framework of one of the best quinoxaline
anti-T. cruzi agents (3, Fig. 1). Although the inhibition
of T. cruzi acidocalcisome, an organelle with specific
functions in the parasite homeostasis,20,21 by vanadate
has been recently described,22 vanadium complexes have
not been previously described as anti-T. cruzi agents.
Medicinal applications of vanadium compounds have
mainly focused on their in vitro and in vivo activity in
the treatment of diabetes, but tumor growth inhibition
and prophylaxis against carcinogenesis due to selected
vanadium compounds are well known.23–27 Having this
in mind, we have studied the complexation of 3-amino-
2-carbonitrile-quinoxaline N1,N4-dioxide derivatives with
vanadium as an effort to develop novel anti-T. cruzi agents
by improving bioavailability of the organic ligands and
changing the volume at the 3-amino level.

In this work, three new V(IV) complexes with general for-
mulae VIVO(L)2, with L = 6(7)-substituted-3-aminoqui-
noxaline-2-carbonitrile N1,N4-dioxide, have been
synthesized and fully characterized. Characterization re-
sults were compared with those previously reported for
the analogous vanadium complexes (6V, 7V, 10V, and
11V, Chart 2) of this series.18,19 In addition, the ability
of the ligands and their complexes to inhibit T. cruzi
growth was tested. Complex lipophilicity was deter-
mined and R3-substituent physicochemical properties
were studied as anti-parasite descriptors.
2. Methods and results

2.1. Synthesis

Three novel vanadyl complexes VIVO(L)2 (8V, 9V, and
12V, Scheme 1), with L = 3-amino-6(7)-methoxyqui-
noxaline-2-carbonitrile N1,N4-dioxide and 3-amino-
6(7)-fluoroquinoxaline-2-carbonitrile N1,N4-dioxide,
and 3-amino-6(7)-trifluoromethylquinoxaline-2-carbo-
nitrile N1,N4-dioxide were synthesized in good yield
and high purity by reaction of 1 equiv of VIVO(acac)2

(where acac = acetylacetonate), 13, with 2 equiv of the
corresponding quinoxaline N1,N4-dioxide, 8, 9 or 12,
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Table 2. Results of vanadium determination (V%) for selected

derivatives

Compound V%

Calculated Founda

6V 10.2 10.8

7V 10.8 10.2

8V 9.6 9.5

10V 9.4 9.0

11V 8.1 7.9

a Mean value of two determinations.
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in methanol under reflux, through a ligand substitution
reaction where both acetylacetonates act as leaving
groups.30 Attempts to react quinoxaline N1,N4-dioxide
5 with VIVO(acac)2 were unsuccessful due to the very
low solubility of the ligand in the solvent of reaction.
The N-oxide moiety together with the amino group,
having suitable donor atoms, coordinates to the vanadi-
um atom. Quinoxaline N1,N4-dioxides (6–12,12–14,31

Scheme 1) resulted interesting tools for the development
of the desired compounds, due to their different electronic
and lipophilic properties that could lead to different
biological responses. They were prepared with excellent
yields from the corresponding benzofuroxan and were
generated as a mixture of 6- and 7-substituted isomers
that were not possible to separate either by chromatogra-
phy or by crystallization.31 Complexes were characterized
by microanalysis (C, H, N, and V) conductometric
measurements, FAB-MS, and FT-IR spectroscopy
(Table 1). Results of the vanadium quantification
performed to the new complexes and to the other com-
plexes of the series previously developed are summarized
in Table 2. It is interesting to note that the quantification
procedure was improved in order to allow the determina-
Table 1. Selected infrared vibrational bands (cm�1) of the new vanadyl compl

10V, and 11V,18,19 and the free ligands

Compound

masNH2 msNH2 mN–H

6 3329 s 3264 m

6V — — 3338 m, br

7 3353 s 3262 s

7V — — 3318 m, br

8 3338 s 3276 m —

8V — — 3344 m, br

9 3336 s 3255 s —

9V — — 3331 m, br

10 3430 s 3295 s —

10V — — 3334 m, br

11 3436 s 3295 s —

11V — — 3346 m, br

12 3403s 3284m —

12V — — 3342 m, br

m: stretching, mas: asymmetric stretching, ms: symmetric stretching, br: broad,
a See text.
tion of vanadium in vanadyl coloured complexes by per-
forming an acid oxidative process that destroyed
organic matter and oxidized vanadyl to vanadate.

Conductometric measurements performed to
10�4–10�3 M DMF solutions of the complexes
showed that they behave as nonelectrolytes, in agree-
ment with the assigned formula. FTIR spectra of the
new complexes showed a similar pattern to those pre-
viously reported for VIVO(L)2 complexes with 6, 7,
10, and 11 as ligands.18,19 Relevant vibrational bands
exes, VO(L)2, in comparison with those previously reported for 6V, 7V,

Infrared bands

mN–O mC@N! O mC„N mV@O

1333 vs 1617 s; 1644 s 2233 w —

1340 vwa 1555 s; 1616 sh 2230 w 965 s

1343 vs 1604 s; 1626 s 2237 w —

1330 vwa 1553 s; 1611 s 2231 w 991 s

1336 vs 1617 s; 1645 s 2236 w —

1340 vwa 1555 s; 1612 sh 2229 w 984 s

1345 vs 1594 s; 1630 s 2231 w —

1339 vwa 1555 s; 1619 sh 2234 w 992 s

1343 vs 1604 s; 1626 s 2237 w —

1338 vwa 1557 s; 1611 s 2229 w 980 s

1335 vs 1613 s; 1648 s 2237 w —

1336 vwa 1559 s; 1618 sh 2230 w 978 s

1347 vs 1614 s; 1627 s 2226 w —

1340 vwa 1578 s; 1629 sh 2232 w 977 s

sh: shoulder, s: strong, m: medium, w: weak, vw: very weak.



Table 3. In vitro anti-Trypanosoma cruzi behavior and lipophilic

characterization of the developed vanadium compounds and the free

ligands

Compound Biological activity RM
c –R3d rm

e

PGI (%)a,b IC50
a,b (lM)

6 5.0 ndf �3.5 –Me �0.7

6V 47.5 27.0 �2.3

7 25.0 nd nd –H 0.0

7V 59.5 20.0 �4.8

8 25.0 nd nd –OMe 1.2

8V 43.5 35.0 �5.2

9 5.0 nd nd –F 3.4

9V 84.0 19.9 �4.3

10 0.0 nd nd –Cl 3.7

10V 95.0 16.8 �2.5

11 31.5 nd �1.8 –Br 3.9

11V 91.5 12.8 �1.9

12 0.0 nd �1.0 –CF3 4.3

12V 15.5 nd �0.7

13 13.5 nd — — —

Nfx 92.0 7.7 — — —

Bnz 93.0 8.5 — — —

Physicochemical descriptor of quinoxaline ligand R3-substituents.
a PGI: percentage of growth inhibition at 25 lM.
b The results are mean values of three different experiments with a SD

less than 10% in all cases.
c RM = log[(1/Rf) � 1]. To autoscale this independent variable, the RM

reported are 10· RM, being RM the values experimentally obtained.
d According to Scheme 1.
e From Refs. 42,43. To autoscale this independent variable, the rm

reported are 10 · rm, being rm the substituent constants.
f nd, not determined.
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are summarized in Table 1. The IR spectra of each of the
new complexes showed the typical strong band due to the
V@O stretching mode of the VO2+ moiety in the
region 965–990 cm�1.32 The strong bands corresponding
to mas(NH2) and ms(NH2) of the amino group, located in
the 3200–3450 cm�1 region, disappeared and only one
band (m(NH)) of medium intensity around 3300–
3350 cm�1 was observed, supporting the coordination
of the ligand to vanadium through the deprotonated
amino group.18,19,31,33,34 This deprotonation of the
aromatic amine group has been previously reported
for vanadium (see Table 1)18,19 and copper complexes
of this family of ligands31 and for metal chelates of
quinoline N-oxides and other aromatic amine N-oxides
involving an amine substituent in ortho position to the
N-oxide.35 The strong m(N! O) stretching mode,
located near 1340 cm�1 for the free ligands, turned to
weak in the vanadium complex without a significant
displacement. As previously reported, this effect could
be explained by the coordination of only one of the
N! O groups per ligand molecule, keeping the other
N! O group uncoordinated.18,19 IR spectra showed
that the m(C„N) suffered only minor changes in agree-
ment with the fact that this group was not coordinated
to the metal.

The results of the physicochemical characterization
performed to the new vanadium complexes and their
comparison with those of the four vanadyl com-
pounds previously described are partially summarized
in Tables 1 and 2, confirm that the new compounds
are analogous. They are neutral vanadyl V(IV)
complexes with two molecules of deprotonated 3-ami-
no-6(7)-substituted quinoxaline-2-carbonitrile N1,N4-
dioxide derivative as ligand, coordinated through
the amine and the neighboring N! O group to the
vanadium central atom. On the other hand, of par-
ticular biological significance is the fact that the
solubility in hydrophilic solvents, like light alcohols,
resulted significantly higher for the vanadyl complex-
es than for the free ligands. The complexes result
soluble in acetonitrile, dichloromethane, dimethylsulf-
oxide (DMSO) and dimethylformamide (DMF) and
partially soluble in methanol, ethanol, and water.
Despite this favourable solubility behavior it was
not possible to attain single crystals adequate for
crystallographic studies.

2.2. Biological characterization

2.2.1. Anti-trypanosomal activities. As a first screening
the ability of complexes 6V–12V and ligands 9–12 to
inhibit the growth of the epimastigote form of T. cruzi
(Tulahuen 2 strain) was evaluated at 25 lM and the
IC50 was determined for the most active compounds
(Table 3).36–38 Parasites were grown in the presence of
the compound for five days and the percentage of
growth inhibition (PGI) was determined against control
(no drug added to the medium) as explained in experi-
mental section. Nfx and Bnz were used as the reference
trypanocidal drug and VIVO(acac)2, 13, was included to
know the trypanocidal effect of vanadium, as vanadyl
entity.
2.3. Lipophilicity studies

Lipophilicity was experimentally determined in order to
study the change of ligands’ physicochemical properties
due to the complexation to vanadium and their relation-
ship with activity. Reversed-phase TLC experiments
were performed for all the derivatives on precoated
TLC-C18 and eluted with MeOH–physiological serum
(40:60, v/v). The Rf values were converted into RM

39 val-
ues via the relationship: RM = log [(1/Rf) � 1].40–42 Table
3 summarizes RM for each compound.

2.4. Structure–activity relationships

Structure–activity relationship studies were performed
in order to know the vanadyl complexes’ structural
requirements for optimal activity. In this sense, electron-
ic and lipophilic substituent descriptors (Hammett con-
stants, rp, rm, and rI, and p constants)43,44 and values of
RM were examined in this study. The substituent p con-
stants resulted linearly correlated with the experimental
values of RM (r = 0.9691, p = 0.0003). In Eq. 1, n repre-
sents the number of data points, r is the root of correla-
tion coefficient, s is the standard deviation of the
regression equation, the F value is related to the F-statis-
tic analysis (Fischer test), and r2

adj defines the cross-vali-
dated correlation coefficient. Only structure–activity
models having a value of r2

adj above 0.5 were considered.
Activity used in the structure–activity relationship stud-
ies was the inhibitory effect on the growth of T. cruzi ex-
pressed as percentage of growth inhibition at day 5 at
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25 lM concentration, PGI. We used log10 (PGI) values
as the dependent variables in the linearization proce-
dure. First, one-variable and multivariable regressions
between activity and the physicochemical properties
were studied. The best one-variable equation was ob-
tained when we analyzed the correlation between log10

(PGI) and RM (r = 0.9067) resulting a typical quadratic
correlation (Fig. 2a). In order to analyze the influence of
the substituent electronic character on the activitym we
included Hammett constants in the studies and the best
multivariable correlation was obtained when we ana-
lyzed the correlation between log10 (PGI) and the inde-
pendent variables RM and rm (Eq. 1). Besides, the
correlation matrix for the used physicochemical descrip-
tors was performed and cross-correlations between the
descriptors used in this equation were not obtained.
These parameters are therefore orthogonal, a fact that
affords their use in the multilinear regression
procedure.45

log10ðPGIÞ ¼ 0:50ð�0:21Þ þ 0:05ð�0:02Þrm

� 0:82ð�0:14ÞRM � 0:12ð�0:02ÞR2
M

r2 ¼ 0:9264; r2
adj ¼ 0:8527; s ¼ 0:1057;

F ¼ 12:58; p ¼ 0:033; n ¼ 7

ð1Þ
3. Discussion

Three new vanadium complexes coordinated to 3-
aminoquinoxaline-2-carbonitrile N1,N4-dioxide deriva-
tives, 8V, 9V, and 12V, have been successfully
developed following an efficient methodology. Their
physicochemical behavior, especially solubilities in
hydrophilic solvents, showed to be similar to that of
the previously described analogues 6V, 7V, 10V. and
11V. The new anti-T. cruzi evaluation of the free
ligands, 9–12, confirmed the low activity pattern of this
kind of quinoxaline N1,N4-dioxide derivatives. The
anti-T. cruzi activity displayed by vanadium complexes,
6V–12V, resulted in all cases to be better than the
activity of each of the corresponding free ligands.
The new vanadium complex 9V and the previously de-
scribed 10V and 11V have shown excellent anti-T. cruzi
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Figure 2. (a) RM versus log10 of percentage of trypanosome growth inhibitio

calculated values from Eq. 1.
activity with IC50 values in the same order of that of
Nfx and Bnz.

According to the structure–activity studies, the biologi-
cal response of this family of complexes depends on
the lipophilic properties (Fig. 2a), being the most lipo-
philic complex, derivative 12V (see RM value in Table
3), the least active compound. However, according to
Eq. 1 the electronic effect of the quinoxaline substituents
plays a role in the complexes anti-parasitic activity. Hal-
ogen substituents, F, Cl, and Br, are present in the most
active derivatives, compounds 9V, 10V, and 11V,
respectively. Eq. 1 indicates that when rm increases,
the percentage of parasite inhibition increases. Deriva-
tive 12V is an outlier of this rule due to its high hydro-
philic character.

The results indicate that the vanadium complexation im-
proves the bioavailability of the bioactive entity, the qui-
noxaline N1,N4-dioxide system. The low bioactivity of
precursor 13 and some quinoxaline complexes, that is,
derivative 12V, indicates that vanadyl entity does not
posses anti-T. cruzi activity per se, behaving in this sense
different to vanadate anion.22

While we did not fit quinoxaline N1,N4-dioxides 6–12 in
our previous QSAR equation,15 in the current approach
the complexation allows to analyze quinoxaline substitu-
ent constants, like rm, in a QSAR study. This fact shows
that the inadequate physicochemical properties of com-
pounds 6–12, that is, low hydrophilic solvent solubility,
affect the biological properties of these derivatives.
4. Conclusions

The results presented above indicate that the developed
vanadium complexes could be a good starting point for
further chemical modifications in order to improve the
anti-T. cruzi activity of the selected ligands. The struc-
ture–activity relationship obtained in this work provides
a guide to design new vanadyl complexes with this fam-
ily of ligands, which could show the desired activity.
Synthetic attempts in this direction are currently in
progress.
1 2
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5. Experimental

5.1. Chemistry

All common laboratory chemicals were purchased from
commercial sources and used without further
purification. The ligands 5–12 were synthesized as a mix-
ture of 6- and 7-substituted isomers by reaction of the cor-
responding benzofuroxan and malonitrile, and
characterized, as previously described.12 VIVO(acac)2,
13, was prepared according to a well-established literature
procedure.30 The complexes 6V, 7V, 10V, and 11V were
prepared as previously described.18,19 For the organic
procedures the solvents were dried and distilled prior to
use, and the reactions were carried out in a nitrogen atmo-
sphere. C, H, and N analyses were performed with a Carlo
Erba Model EA1108 elemental analyzer. Vanadium was
determined by a modification of the tungstophosphate
method.46 Previously, destruction of organic matter was
performed by boiling the sample with sulfuric acid–nitric
acid. In the process vanadium(IV) is oxidized to vanadate
which is determined spectrophotometrically after addi-
tion of phosphoric acid and sodium tungstate. Routine
FAB+ spectra of the metal complexes were measured up
to m/z = 1500 with a TSQ spectrometer (Finnigan) with
nitrobenzylalcohol as matrix. The ion gun was operated
at 8 kV and 100 lA (probe temperature: 50 �C). Xenon
was used as primary beam gas. Conductometric measure-
ments were performed at 25 �C in 10�3 M dimethylform-
amide solutions using a Conductivity Meter 4310
Jenway.47 FTIR spectra (4000–400 cm�1) were measured
as KBr pellets on a Bomen M102 instrument.

5.1.1. General procedure for the synthesis of vanadium
complexes (8V, 9V, and 12V). A mixture of VIVO(acac)2

(13, 60 mg, 0.227 mmol), the corresponding ligand (8 or
9, 0.454 mmol), and methanol (18 mL) as solvent was
heated at reflux during 24–30 h. The vanadyl complexes
were filtered off from the hot solution as red solids. For
the synthesis of derivative 12V 10 mL of methanol was
used, the reflux was maintained during 36 h, and the
product was separated as a red solid by partial evapora-
tion of the methanolic solution.

5.1.1.1. [VIVO(3-amino-6(7)-methoxyquinoxaline-2-car-
bonitrile N1,N4-dioxide)2] (8V). Yield 23 mg (55%). Anal.
Calcd for VO(C10H7N4O3)2Æ3H2O: C, 41.18; H, 3.46; N,
19.21. Found: C, 41.89; H, 3.34; N, 19.30. FAB+ MS m/z
(assignment, percentage): 530 (M+�+H�, 61%), 513 (M+�

�O�, 59%), 502 (M+��HCN�, 8%), 307 (C9H12N4O5V+�,
100%), 289 (C9H10N4O4V+�, 60%) and 233 (L+H�, 20%).

5.1.1.2. [VIVO(3-amino-6(7)-fluoroquinoxaline-2-car-
bonitrile N1,N4-dioxide)2] (9V). Yield 34 mg (59%).
Anal. Calcd for VO(C9H4N4O2F)2ÆH2O: C, 41.32; H,
1.93; N, 21.41. Found: C, 42.52; H, 2.06; N, 21.79.
FAB+MS m/z (assignment, percentage): 495 (VO(C9H4-

N4O2F)2Æ H2O�HCN�, 4%), 402 (C17H10FN5O3V+�,
10%), 374 (C16H13N5O3V+�, 4%) and 202 (L+H��F�,
100%).

5.1.1.3. [VIVO(3-amino-6(7)-trifluoromethylquinoxa-
line-2-carbonitrile N1,N4-dioxide)2] (12V). Yield 23 mg
(41%). Anal. Calcd for VO(C10H4F3N4O2)2ÆH2O: C,
38.54; H, 1.62; N, 17.91. Found: C, 39.02; H, 1.55; N,
17.90. FAB+MS m/z (assignment, percentage): 605
(M+�, 40%), 589 (M+��O�, 20%), 580 (M+��CN�+H�,
5%), 336 (M+��L�, 35%) and 271 (L+H�, 100%).

5.2. Biology

5.2.1. Trypanocidal in vitro test. Trypanosoma cruzi epi-
mastigotes (Tulahuen 2 strain) were grown at 28 �C in
an axenic medium (BHI-tryptose) as previously de-
scribed, complemented with 5% fetal bovine serum. Cells
from a 10-day-old culture (stationary phase) were inocu-
lated into 50 mL of fresh culture medium to give an initial
concentration of 1 · 106 cells/mL. Cell growth was fol-
lowed by measuring everyday the absorbance of the cul-
ture at 600 nm. Before inoculation, the media were
added to the indicated amount of the drug from a stock
solution in DMSO. The final concentration of DMSO
in the culture media never exceeded 0.4% and the control
was run in the presence of 0.4% DMSO and in the absence
of any drug. No effect on epimastigote growth was ob-
served by the presence of up to 1% DMSO in the culture
media. The percentage of inhibition was calculated as fol-
lows: % = {1�[(Ap � A0p)/(Ac � A0c)]} · 100, where
Ap = A600 of the culture containing the drug at day 5;
A0p = A600 of the culture containing the drug just after
addition of the inocula (day 0); Ac = A600 of the culture
in the absence of any drug (control) at day 5; A0c = A600

in the absence of the drug at day 0.

5.3. Lipophilicity studies

Reversed-phase TLC experiments were performed on
precoated TLC plates SIL RP-18 W/UV254 and eluted
with MeOH–physiological serum (40:60, v/v). Stock
solutions were prepared in pure acetone (Aldrich) pri-
or to use. The plates were developed in a closed
chromatographic tank, dried and the spots were
located under UV light. The Rf values were averaged
from two to three determinations and converted
into RM.
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