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ABSTRACT

The inclusion properties of 3-amino-5-méthypyrazole (pyrazole) toward
the alkali, alkaline earth cations, some transition, 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.

Theresults of liquid-liquid extraction show that the ligand extracted only
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aCs' and Mg* in the series of the picrate salts considered.
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INTRODUCTION

Heterocyclic containing nitrogen atoms have com-
mon featuresintegrated into the structuresof many natu-
ral products and pharmaceutical compounds. The
multidentate ligands arewidely usedin coordination
chemistry. Among theseligandsinclude derivatives of
pyrazolebecauseof their biologica importanceascon-
stituents of many biomol ecules and drogues.! Hetero-
cyclicamineshaveattracted much interest inthe me-
tabolism of drugsand therapeutic effects. These het-
erocyclic amines are metabolically activated by the
mixed function oxidase system to produce genotoxic
hydroxylaminesends®.

Thebiological activity of pyrazoleanditsderiva
tivesiswell known?. These compounds have many

applications, for examplethey havearoleof inhibitor
of dcohol déshydrogénase! for their antidlergicaction
potentiell€?.

Somederivativesof pyrazolemay beinhibiting the
samemutation induction of certain cancérogénes'@, and
can also be an intermediate in the synthesis of
pharmaceutiques®. Thepyrazolesamineshavevarious
domainsof applications, they arefrequently foundin
pharmaceuticalsand ligands protéines!™. Pyrazole de-
rivatives are al so used as pesticides®. Heterocyclic
amineshaveapower saw withtheir complexing affinity
with cationsmétalliques®?.

In some cases, structura and biological properties
of organicligands can be modified or evenimproved
when anion coordination métallique!®. It wasfound
that metal cationsarethe most studied metalstransi-
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tion(®9H,

Given theabove, werecently studied the coordi-
nation chemistry of compounds containing this
hétérocycles*?.

EXPERIMENTAL

Materialsand products

TheUV spectrawererecorded on aPerkin EImer
Lambda 11 spectrophotometer. Methanol (Riedel-
deHaén for HPLC), Acetonitrile (SDS for HPLC,
0.03% water content) and dichloromethane (Fluka,
purum) werecommercia and used without further pu-
rification. The supporting € ectrolyte used in the stabil -
ity constant determinationswas NEt,Cl and NEt,CIO,
(AcrosOrganics). Themetal salts chosenwerechlo-
ridesor perchlorates (Fluka, purum). Thepicratesats
employed in extraction were prepared asdescribed in
literature™.

Extraction studies

Theextraction experimentsof dkal, alkali earth,
trandtionmetd picratefromwater into dichloromethane,
wereperformed according to aproceduredescribed in
theliteraturé*¥. Equal volumes (5mL) of neutral aque-
oussolution of akdi metal picrate (3x10“*mol.L*) and
CH,CI, solution (5 mL) of heterocyclicamines (3x10-
“mol.L %) weremixed, magneticdly shakeninathermo-
regulated water bath at 25° C for 30 min, and then left
standing for 2to 6hinorder to obtain acomplete sepa
ration of the two phases. The concentration of metal
picrate remaining intheagueous phasewasdetermined
from the absorbance (A) at 355 nm. The percentage
extraction (%E) wasderived from thefollowing expres-
soninwhichA istheabsorbance of theagueous solu-
tion of ablank experiment without heterocyclicamines:

%E =100(A,-A)/A,
Sability constant measurements

Thestability constants By being the concentration
ratios[M XLyX’”]/ [M™]X[L]¥ and corresponding to the
generd equilibrium:
yL +xM™ <M XLy xnt
(whereM™ =metd ion, L =ligand) weredeterminedin
acetonitrile and methanol by UV-absorption spectro-
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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* and increasing concentration of metal ionwas
recorded between 220 nm and 320 nm. Generally, the
meta toligandratio R at the end of thetitration did not
exceed 20 and theequilibrium was quasi-i nstantaneous
for all the systems. Addition of themetal saltsto the
ligand induced spectrachangeslarge enoughto allow
the analysis of the resulting data using the program
“Letagrop™*. Best val uesfor theformation constants
Bxy of thevarious complex speciesand their molar ab-
sorptive coefficientsfor variouswavelengths, arede-
duced from the best fit between the experimental and
caculated UV spectra

Thebest fit isreflected by the lowest value of U
(thesumof U vauesfor al givenlambda) correspond-
ing to the square sum of adifferences between experi-
mental and calculated absorbances (U = X (Acdl -
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 rgpid meansof establi shing the stoechiometry of
acomplex ion species. Thus, thisprocedurewasfol -
lowed to obtain preiminary estimates of themetd:ligand
ratiointhecomplexesformed by theheterocydicamine.

RESULTSAND DISCUSSION

Complexation of metal cationsin methanol and
acetonitrile

We eval uated the thermodynamic parameters of
complexation on pyrazolein ahomogeneous medium
limited to acetonitrileand methanol. Thestability con-
stantsin acetonitrileand in methanol were determined
by UV absorption spectrophotometry at 25°C. The
procedure consisted of adding increasing amounts of
metallic perchloratesto asolution of pyrazole. There-
sulting changes were analysed by the program
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Figurel: Absorption spectraintheUV at 25°C at a concen-

tration of thepyrazole2x10* mol.L
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Thelogarithmsof thestability constantslogBXy and
thestoechiometriesfor thedifferent complexesformed
by ligandwith akali metal, dkaine-earth meta, some
transition metal and somelanthanide metal cationsin
methanol and acetonitrilearegiveninTABLES 1,2.

The profile of the spectrum of pyrazole changes
withthenatureof thesolvent, infact the secondary maxi-
mum to disgppear from methanol to acetonitrile.

Intheseriesof theakali and akaline earth meta
cations only Mg which forms a complex with the
pyrazolein both solvents considered. So, Pyrazolehas
no affinity with the other elementsof these cation se-
ries. The addition of magnesium perchlorates solution

TABLE 1: Sability constantslogﬁxy of thecomplexesof pyrazolewith alkali and alkalineearth cations(a) in methanol and

b) in acetonitrileat 25°C,1=102M, 0.01<c_<0.10.
n-1

M :L Li* Na* K* Rb* cs' Mg** ca™ S Ba™
®pyrazole 11 C C Cc C C 3.21 c c C
bpyrazole 11 o c c (o o 371 c C o

c¢: Absorbance changes too small to enable satisfactory fitting

TABLE 2: Sability constantslogﬁ’xyof the complexesof pyrazolewith sometransition, haveand lanthanidemetal (a) in
methanol and (b) in acetonitrileat 25°C,1=10°M, 0.01<c, ,<0.16.

M:L Cr¥ co® N* cu*  zn®* Ccd®  Pb* Hg®¥ L& Nd*
*pyrazole 1:2 8.01 6.02 6.32 9.24 7.01 o o 9.10 - -
Ppyrazole 1:2 902 701 603 9.60 6.08 c c 830 7.02 6.3

c¢: Absorbance changes too small to enable satisfactory fitting

at thepyrazol e solution shown alowering of theinteng -
tiesand provides two i sosbestic points. It was noted
that the Mg complex in acetonitrileismore stablethan
the corresponding in methanol .

Thetrangtion metd cationsstudied show affinities
of complexation with the pyrazole despite of itstotal
absencewith the monovaent cations (alkaline) and di-
vaent (akaineearth). Thisislikely dueto thediffer-

0
19 1ogp)s
9 i

——CH30H
= CH3CN

th

Cr2+ Co2+ Ni2+ Cu2+ Zn2+
Figure2: Stability constantslog ., (determined in methanol
and acetonitrile) for some transition metals series-with
pyrazole

encein hardness considered cations. The profiles of
selectivity of the pyrazoleinthe seriesof transitions
metalsdo not changein passing the acetonitrileinthe
methanol and the complexesformed arebiligands, we
signaled agood sel ectivity of Cu?* inmethanol andin
acétonitrile, (S ,,>3700and S, ,=389).

About Heavy metd cations, the cadmium and lead
have no affinity with pyrazole, whileonly mercury is
complexed.

Complexation of lanthanide metalsstudied by the
pyrazoleleadsto sgnificant changesin the appearance
of the spectrathat arise by hypsochromic shifts, the
appearance of isosbestic points and the absorbance
decreasesin someareasof wavelengthsand anincrease
inother aress.

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

neodymium.
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Figure3 : UV absorption spectra on complexation of (a) zinc (IT) perchlorate (Zn(ClO,),) with pyrazolein acetonitrile and

(b) nickel(11) with pyrazolein methanol ) (0<R,, <4) at 25°C.
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Figure4: Conductometrictitration in thecase of pyrazole
with Cu®

Intheother hand, the 1:2 stoi chiometry of thecom-
plexeswith pyrazole were confirmed by conductimet-
ric studiesinthe case of Co**, Ni#, Cu*" and Zn**. For
example Figure 4 show the curve change of the con-
ductometrictitration in the case of pyrazolewith Cu?*
attheratioM/L =0.5.

Extraction of metal picrates

A preliminary eva uation of thebinding efficiency of
pyrazolewascarried out by solvent extraction of metal
picratesinto dichloromethane at 20°C under neutral
conditions. The Extraction percentages (%E) of akal,

akalineearthandtranstion meta cationsby pyrazole
from Water into dichloromethanearegivenin TABLE
3.

Inthe seriesof alkali cations, pyrazoleextract se-
lectively the Cs" with 25%. Thisresult isparticularly
interesting for the extraction of radioactive*’Cs*isin
thewatersof dischargesfrom nuclear power plantsac-
companied by Na'f'6-18l,

Intheseriesof dkalineearth the pyrazoleextracts
only the Mg 2* with percentages of 67%. However,
pyrazole show no affinity extractiontowardsthetrans-
tion metals and lanthanide studied. So the pyrazole
exhibeanimportant selectivity of extraction of theMg?*
intheseriesof the cationsM" studied (Alkadineearth
and Transition metal s cations), thisresult isin accor-
dancewith the complexation study.

Complexation sudiesof pyrazolewithMg* (Pic),,
Ca*(Pic), and Ni**(Pic), were monitored by means
of *HNMR. CDCl, solutionsof pyrazole (10° mol L)
werereacted with the solid picrates (directly introduced
intheNMR tube) until the spectraof theresulting solu-
tionsremained unchanged (7 days). Theformation of a
complex induced changesintheH NMR patternswith
the appearance of asinglet corresponding to the ex-

TABLE 3: Extraction per centages (% E) of metal picratesby pyrazolefromwater intodichloromethane, at 25°C (C =C,, =

2.5x10*mol L ).

Alkali cations Alkaline earth cations Transition metals cations
cations Li* Na* K" Rb" Cs° Mg* ca Ba® Co® ¥ zn* Ccd® Hg* P
% E 3 <1 <1 9 25 67 <1 <1 4 <1 4 8 <1 11

Physical CHEMISTRY oo
A udéan Journal



PCAIJ, 9(3) 2014

Lassaad Baklouti et al.

123

tracted picrateat 8.70-8.80 ppm.

Theratio of theextracted speciestoligandin solu-
tion wasestimated by cd culaing theintegrationratio of
the picrate proton resonances vsthose of the protons
of theligand. Mg?, C&?* and Ni?* induced changes of
the spectrum of ligand with the formation of thefol-
lowing 1:1 complexe Mg*(Pic),.pyrazole, absenceof
complex formation with calcium and 1:2 complexe
Ni#(Pic),.(pyrazole),.

CONCLUSION

Theresults show important complexation saectiv-
ity withMg? inthedcainsand akadine-Earth cations,
theformation of biligands speciesto aligand complex
withtrangtionmetds, heavy metdsandlanthanides. The
conductimetric titration and*H NMR solid-liquid ex-
traction confirmed mainly stoichiometriesof complexes
formed in solutionwith pyrazole determined by the UV
Spectrophotometric studly.
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