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ABSTRACT

The binding properties of a 2-aminobenzimidazole toward the alkali,
akaline earth cations, some transition, and heavy metals and some
lanthanides have been investigated in acetonitrile and methanol, followed
by UV Spectrophotometry Absorption and conductivity. Thus, the
stoichiometries of complexes formed and their stability constants were

determined by digital processing of data.
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Theresults of liquid-liquid extraction show that theligand extracted only
aMg?*and Co? in the series of the picrate salts considered.
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INTRODUCTION

Heterocyclic contai ning nitrogen atomshave com-
mon featuresintegrated into the structuresof many natu-
ral products and pharmaceutics compounds. The
multidentateligandsarewiddy usadin coordinaionchem-
istry. Amongtheseligandssomeincluding derivatives of
benzimidazolebecause of their biologica importanceas
condtituentsof many biomoleculesand drugs™.

Thanksto its propertiesand with no toxicity!?, the
2-aminobenzimidazoleisinvolvedinthe pharmaceuti-
cd, therapeutic, industrid,, agricultura (asfongicide®#)
and pharmacologic fields. Indeed, the structure
aminobenzimidazoleiscommonly usedinalargenum-
ber of drugs®®. In addition, benzimidazole, being the
nucleus of several drugsand itsderivativeshave sev-
eral pharmacol ogical activitiesimportantes® because
they can act as anti-cancer, anti-parasitic and anti-hel -

minthic inflammatory!™. Some of these compounds
show an anti-HIV™ and it was confirmed that they had
acontrol activity againgt virusgrippe”. They dso show
activity antifongiquée?.

\% NH-
N
H
2-aminobenzimidazole
Similarly, aminobenzimidazoleisanimportant struc-
tura motif inmedicinal chemistry and canbefoundin
somehiologically actives®. Heterocydic aminesexibit
apower intheir complexing affinity with metallic cat-
iongd™ 9, In some cases, structural and biologica prop-
ertiesof organicligandscan bemodifiedtoimprovethe
cation coordination*¥. It wasfound that metal cations
arethe most studied transition metal§71°%, Giventhe
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above, recent studies of the coordination chemistry of
compounds containing these heterocycl es have been
made*?,

In search of new frameworks, the choice of 2-
aminobenzimidazolewasdueto thefact that compounds
containing thisheterocyclic have shown abroad spec-
trum of pharmacologica activities®?.

In some cases, the coordination complexesformed
from these organic compounds can improvethe bio-
logical activitied™. Thus, agroup of complex com-
poundsof 2-aminobenzimidazolederivativeswith some
metals, such as cobalt, zinc and copper, showed anti-
fungd and antibacterid activities, whilecomplexeswith
ruthenium exhibited cytotoxic activity against thecells
of human cancer cell lineg™3.

EXPERIMENTAL

I nstrument and materials

TheUV spectrawererecorded on aPerkin EImer
Lambda 11 spectrophotometer. Methanol (Riedel-
deHaén for HPLC), Acetonitrile (SDS for HPLC, 0.03%
water content) and dichloromethane (Huka, purum) were
commercia and used without further purification. The
supporting el ectrolyteused in the stability constant de-
terminationswasNEt,Cl and NEt,ClO, (Acros Organ-
ics). Themeta saltschosenwerechloridesor perchlor-
ates(Fluka, purum). The picrate sltsemployed in ex-
traction were prepared asdescribedin literature™,

Extraction studies

Theextractionexperimentsof dkdi, dkdi earth, tran-
gtionmetd picraefromwater intodichloromethanewere
performed according to a procedure described in the
literature®®. Equal volumes (5 mL) of neutral aqueous
solution of alkali metal picrate (2.5<10“mol.L 1) and
CH_CI, solution (5mL ) of heterocyclicamines(2.5x10
4 mol.L) were mixed and magnetically shakenin a
thermo-regulated water bath at 25° C for 30 min and
then left standing for 2to 6 hin order to obtain acom-
plete separation of thetwo phases. The concentration of
metd picrateremainingin the aqueousphasewas deter-
mined from the absorbanceA at 355 nm. The percent-
ageextraction (%E) wasderived fromthefollowing ex-
pressioninwhichA  isthe absorbance of the aqueous
solutionof ablank experiment without heterocydicamines
%E =100(A,-A)/A,
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Sability constant measurements

Thestability constants 8, being the concentration
ratios[M,L *]/[M™][L]* and corresponding to the
generd equilibrium:
yL+xM™ =ML
(whereM™ =metd ion, L =ligand) weredeterminedin
acetonitrile and methanol by UV-absorption spectro-
photometry at 25°C.

Theionic strength was been maintained at 0.01
mol.L*using Et,NCIO,. The spectraof ligand solu-
tions of concentrationsranging between 104 and 2x10-
4mol.L* andincreasing concentration of metal ionwere
recorded between 220 nm and 320 nm. Generally the
meta toligandratio R at the end of thetitration did not
exceed 20 and the equilibriums were quasi-instanta-
neousfor al the systems. Addition of themetal sdtsto
theligandinduced spectrachangeslargeenoughto d-
low theanalysisof theresulting datausing the program
“Letagrop”*¥l. Best valuesfor theformation constants
Bxy of thevarious complex speciesand their molar ab-
sorptivity coefficientsfor variouswavelengths, arede-
duced from the best fit between the experimental and
caculated UV spectra

The best fit isreflected by the lowest value of U
(thesum of U valuesfor al givenlambda) correspond-
ing to the square sum of adifferences between experi-
mental and calculated absorbances (U = “ (Acal -
Aexp)?). The Bxy values correspond to the arithmetic
meansof at |east threeindependent experiments.

Conductimetricstudies

While complexation by aneutral ligandisnot ex-
pected to dramatically alter themolar conductivity of a
cationic species, thedifferencescan usualy be detected
and so the measurement of conductance of asolution
of aligand into which ametal ion isadded can bea
useful rapid meansof establishing the stoi chiometry of
acomplex ion species. Thus, thisprocedurewasfol -
lowed to obtain preiminary estimates of themetd:ligand
ratiointhecomplexesformed by the heterocyclicamine.

RESULTASAND DISCUSSION

Complexation of metal cationsin methanol and
acetonitrile

Thelogarithmsof the stability constantslogBXy and
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the stoichiometriesfor thedifferent complexesformed
by ligandwith dkai metal, akaine-earth metal, some
transition metal and somelanthanidemetal cationsin
methanol and acetonitrilearegivenin TABLES 1-2.

The profile of the spectrum of aligand exchange
with the solvent nature, both principal and secondary
maximaisreversed in going from methanol to acetoni-
trile.

The profile of the spectrum of aligand exchange
with the solvent nature, both principal and secondary
maximaarereversed in going from methanol to aceto-
nitrile
TABLE 1: Sability Congants Iog[ixy of the complexesof 2-

aminobenzimidazolewith Alkali and Alkalineearth cations(a)
in M ethanol and (b) in acetonitrileat 25°C,I=102M.

M:L Li* Na* K' Rb" Cs" Mg* ca® &* Ba®
32-aminbenz 1:1 4.10 3.93 4.18 3.21 428 354 3.00 3.41 4.08

1:1 405 481 331 278 412 4.80 412 491 421

b2-aminbenz

0.0l <o, ,<0.16
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Figure1: Stability constantslog B,, (determined in metha-
nol and acetonitrile) for (a) alkali metalsseries; (b) alkaline
earth metalsserieswith 2-aminobenzimidazole.
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Thesdectivity profileof the 2-aminbenzimidazole
intheseriesof dkali cations, showsan affinity com-
plexation of sodiumin acetonitrilewhereasthisaffinity
isinfavor of potassiumin methanol. The solvent effect
Isnot observed for complexesof lithium and cesum
and their stabilities do not change with the change of
solvent. Moreover, thevariation profiles selectivities
leavessuggest that the size of the cationsisnot adomi-
nant factor inthe phenomenon of complexation.

Thesdectivity profileof the 2-aminbenzimidazole
in the series of alkaline earth cations shows a better
stability of the complexesformed in acetonitrile com-
pared tother counterpartsformed in methanol withthe
exception of barium complex wherethevaluesof sta-
bility constantsin the two solventsare almost equal.
Thegtability of complexesformedinacetonitrilecanbe
explained by abetter solvation of thecomplexesin ac-
etonitrilecompared to that in methanol.

Unlikeother cationfamilies, stability of complexes
formed with Ni?* and Cu?* showsgreater stability in
methanol compared with acetonitrile, indicating adif-
ferent solvation of these cationsin the solventsconsid-
ered. However, the stability of the complexesisnot
supported solely by the size. Indeed, theions of cobalt
and copper, which have the sameionic radius, have
different stability congtants.

The complexesformed with the heavy metalsand
the2-aminbenzimidazolearebiligands, whichimplies
aninteraction betweenthemetd andtheligand, insand-
wichor linear polymer (1D polymer)i73,

Regarding thel anthanum and neodymium complexes
areformedin acetonitrilebiligand specieswithimproved
stability for the complexes of lanthanum with respect to
neodymium.

Inthe other hand, the 1:1 stoichiometry of thecom-
plexeswith 2-aminbenzimidazole were confirmed by
conductimetric udies(Figure4)

Extraction of metal picrates

Extraction percentages (%E) of dkdi, akdineearth
and transition metal cationsby 2-aminbenzimidazole
from Water into dichloromethanearegivenin TABLE
3.

The study of the extraction of metal picratesfrom
water to dichloromethane with 2-aminbenzimidazole
showsthat the extraction percentagesobtained aregen-
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TABLE 2: Sability oonstantslog[ixy of thecomplexesof 2-aminobenzimidazolewith sometranstion, haveand lanthanidemetal (a)

in methanal and (b) in acetonitrileat 25°C,1=102M.

M:L Cr* co® N cu®  zn* cd®* Pb* Hg*¥ La* Nd*
#2-aminobenz 1.2 1140 1043 1010 1157 1004 904 770 899 - -
P2-aminobenz 1.2 11.60 1081 8.51 7.09 9.02 802 830 870 10.01 9.03
0.01 <o, < 0.16
12 - (a)
(a)
11 4
10 1
2
<
9 -
——MeDH
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Figure2: Sability constantslog B, (determined in metha-
nol and acetonitrile) for some (@) transition metalsand (b)
have metals serieswith 2-aminobenzimidazole.
erally low, with the exception of somecationssuch as
Mg? and Co?*, where the extraction percentages ex-
ceed 10%. Indeed, the 2-aminbenz cation retrieves any
of theseriesof dkali metasstudied.
Intheseriesof dkalineearth 2-aminbenzimidazole
extracts notable M g?* with percentages of 58%.
Thepicrateof cobdtistheonly extractintheseries
of transition metal s studied by theligand and thisone
only with apercentage of 45%.
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Figure3: UV absorption spectra on complexation of (a) Cu®
and (b) Pb*with 2-aminbenzimidazolein methanol (O<R,,,
<2.3)at 25°C.

However, 2-aminbenz show no affinity extraction
towardsthetranstion metals studied andlanthanide pi-
crate.

Furthermore, we can deduce that the complexing
2-aminbenzimidazol eisnot thedominant factor inthe
extraction of metd cationsasno cationisextracted by
thesetwo ligands, with the exception of Mg?, where
two ligandsextract themetal cation.
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Preliminary complexation studies of 2-
aminobenzimidazolewith Li*(Fic), Na'(Pic), Mg?*(Fic
),» C&*(Pic), and Ni*(Pic), weremonitored by means
of *HNMR. CDCl, solutionsof 2-aminobenzimidazole
(102 mol L) werereacted with the solid picrates (di-
rectly introduced inthe NMR tube) until the spectraof
the resulting solutionsremained unchanged (7 days).
Theformation of acomplex induced changesintheH
NMR patternswith the appearance of asinglet corre-
sponding to the extracted picrate at 8.70-8.80 ppm.

Theratio of theextracted speciestoligandin solu-
tion wasestimated by cd culating theintegrationratio of

= Pyl Paper
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Figure 4 : Conductometric titration in the case of 2-
aminbenzimidazole with Cu?*.

TABLE 3: Extraction percentages(% E) of metal picratesby 2-aminbenzimidazolefrom water intodichloromethane, at 25°

C(C_=C, =25x10*mol L.

Alkali cations Alkaline earth cations Transition metals cations
cations Li* Na" K* Rb" Cs* Mg¥ ca* Ba® Co* cCcu* zn* Cd* Hg" Pb*
%E <1 <1 <1 5 2 58 15 <1 45 8 5 <1 <1 <1

the picrate proton resonances vsthose of the protons
of the ligand. Li*, Na', Mg*, C&* and Ni#" induced
changesof thepectrum of ligand withtheformation of the
following 1:1 complexesLi*(Fic).2-aminbenzimidazole,
Na*(Pic’).2-aminbenzimidazole, Mg*(Pic).,.2-
aminbenzimidazole, Ca*(Pic),2-aminbenzimidazole
and 1:2 complexeNi*(Pic),.(2-aminbenzimidazol€),.

CONCLUSION

Theresultsshow theformation of mononuclear spe-
ciestoaligand complex withdkai metalsand dkaline
earth species biligandswith transition metal's, heavy
meta sand lanthanides. The conductimetrictitrationand
1H NMR solidHiquid extraction confirmed mainly sto-
ichiometriesof complexesformed in solutionwith 2-
aminobenzimidazol e determined by the UV Spectro-
photometric study.
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