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Inthiswork, the compl exation reactions between 2,2'-dimethyl-4,4'-
bithiazole (DMDTZ) and Zn*, Ni#, Co*, Cd**, Pb*" and Cu*" ionswere
studied conductometrically and spectrophotometrically in acetonitrile
solution at varioustemperatures. Theformation constants of theresulting
1:2 complexes were calculated from the computer fitting of the molar
conductance-mole ratio data at different temperatures. At 25 °C, the
stability of the resulting complexes varied in the order Zn® > Ni®" >
Cu* > Co* > Cd** > Pb?. The enthalpy and entropy changes of the
complexation reactions were evaluated from the temperature depen-
dence of formation constants.
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INTRODUCTION

The first 2,2"-bithiazoles and 4,4'-bithiazoles have synthesized by Erlenmeyer and
Uberwasser and then other bithiazoles and it's derivatives have have been synthesized™?,
In recent years the bithiazole derivatives have been used for many application®®.
Bleomycins are antitumour agents™'® and the effect of bithiazoles for binding of
bleomycin to DNA has caused the design and synthesis of different compounds of
these ligands has done by researchers. The bithiazole moiety, one domain of
bleomycin, was shown to be responsible for binding of bleomycin to DNA, which
caused such great interest that there has been an explosion in the research effort
directed toward the design and synthesis of model compoundsthat can specifically
recognize and cleave DNA. A number of bithiazole derivatives, however, indicated
that many of these derivatives uniformly inhibit breakage of DNA by bleomycin.
The bithiazole derivatives examined only promote helix unwinding and overwinding
(positive supercoiling). Recently, Sasaki™ found that the bithiazole derivative 2,2 -
bis(2-aminoethyl)-4,4 -bithiazole demonstrates Co*-activated DNA cleaving activity.
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In recent years, the complexation of transition metal complexes with several
multidentate non-cyclic and macrocyclic ligands in nonaqueous and mixed solvents
has been investigated'??#. Since the study of complexation reaction in solution is
very important and the nature of solvent may strongly influence the stoichiometry
and thermodynamics of transition metal complexes in solution, it is decided to
study the complexation reaction between a recently synthesized bithiazole ligand
(Fig. 1) and sometransition metal ionsin acetonitrile. Consequently, we reported the
stoichio-metry and thermodynamic parameters (log ki, AH® and ASP) for the inter-
action of metallicions (Co*, Zn?*, Cu*, Pb** and Ni*") with DMDTZ ligand (L) by
conducto-metric and spectrophotometric methods?%,
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Fig. 1. Structure of 2,2'-dimethyl-4,4'-bithiazole (DMDTZ)

EXPERIMENTAL

Reagent grade nitrate salts of cobalt, copper, zinc, nickel andlead (all from Merck)
and recently DMDTZ ligand (L) synthesized were of highest purity available®
(> 99 %) and used without any further purification except for vacuum drying over
P,Os. Reagent grade acetonitrile (Merck) was purified and dried by the previously
described method®. The conductivity of the solvent was lessthan 1 x 107 Scm™.

Conductivity measurementswere carried out with aMetrohm712 conductometer
equipped with circulator model grant. In al measurements, cell was thermostated
at desired temperature + 0.1 °C. The cell constant at the different temperature was
determined by measuring the conductivity of a1 x 102 mol cm® solution of analy-
tical grade KCI (Merck) intriply distilled deionized water. The specific conductance
of this solution at various temperatures has been reported in the literature”. The
corresponding cell constant at 15, 25, 35 and 45 °C were 0.834, 0.832, 0.829 and
0.820 cm™, respectively. A dip-type conductivity cell made of platinum blak.

All UV-Vis absorbance spectra were collected using a Shimadzu 2550 UV-Vis
double-beam spectrophotometer using two matched 10 mm quartz cell.

Conductometry recommended procedure: Inatypical experiment 10 mL of
the corresponding metal nitrate solution (5 x 10° M) in acetonitrile was placed in
thetwo-wall conductometer glasscell equipped with amagnetic stirrer, thermostated
at the desired temperature and the conductance of the solution was measured and in
order to keep the ionic strength constant during the experiment the solution in the
titration vessel was mixed by means of a magnetic stirrer. Then aknown amount of
the concentrated solution of ligand (DMDTZ) in acetonitrile (5 x 10 M) was added
in a step wise manner using a 10 pL. Hamilton syringe. The conductance of the
solution was measured after each addition. Addition of the ligand was continued
until the desired ligand to cation mole ratio was achieved.
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Spectrophotometry recommended procedure: Inatypical experiment, 2 mL
of ligand solution (5 x 10°° M) in acetonitrile was placed in the quartz cell and the
absorbance of solution was measured. Then with an 10 uL Hamilton syringe a
known amount of the concentrated solution of corresponding metal nitrate (Co*,
Zn?*, Cu*, Cd* and Ni?) in acetonitrile (1.25 x 10° M ) was added in a stepwise
manner. The absorbance of the solution was measured after each addition. The salt
solution was continually added until the desired metal ion to ligand mole ratio was
achieved.

The formation constant (Kr) and the molar absorptivity (€) of the resulting 1:1
and 1:2 (metallic ion to DMDTZ) complexes between the DMDTZ and different
cations at 25 °C were cal culated by fitting the observed absorbance, Ao, at various
metal ion/ligand mole ratios to the previously derived equations'?’, which express
theAqs asafunction of the free and complexed metal ions and the formation constant
evauated from a non-linear least-squares program KINFIT?,

RESULTSAND DISCUSSION

The resulting molar conductance (A) vs. [DMDTZ]/metallic ions mole ratio
plots a 25 °C is shown in Fig. 2 and at different temperatures for nickel(I1) has
been recorded (Fig. 3). Ascan be seenin Fig. 2, it isfound that: 1) in some cases,
there is a gradual decrease in the molar conductance with adding of the DMDTZ
concentration. This behaviour indicates that the complexed ions are less mobile
than the corresponding solvated ions. I1) Plots begin to level off a a mole ratio
about two, indicating the formation of astable 2:1 (DMDTZ to metallic ion) complex.
I11) as expected, the corresponding molar conductance increased rapidly with temper-
ature, due to the decreased viscosity of the solvent and consequently, the enhanced
mobility of the charged species present. 1V) for each cation, the curvature of the
corresponding mole ratio plot decreased with increasing temperature, indicating
the formation of weaker complexes at elevated temperatures™*.

The 1:1 complexation of M? ion with DMDTZ ligand can be expressed by the
following equilibrium

M? +L = ML% (1)

The corresponding equilibrium constant, Ky, is given by
_ [ML*] y f(ML*)

[MPIILT F(MP)T(L) @
where [ML*], [M#], [L] and f represent the equilibrium molar concentrations of
the complex, free cation, free ligand and the activity coefficients of the species
indicated, respectively. Under the highly diluted conditions, we used the activity
coefficient of uncharged ligand, f(L), can be reasonably assumed as unity**, The
use of Debye-Huckel limiting law™ |eads to the conclusion that f(Mn*) = f(ML™),
so the activity coefficientsin egn. 2 can be canceled. Thus, the complex formation
constant in terms of the molar conductance can be expressed as>*%:

= [ML2+] = (AM_Aobs)
[MZ]L]  (Agye — A )IL] ©)

f

f
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where
Cy (A —
_ M ( M Aobs) (4)
Ay —Aw)
Awm, Novs, A, CL and Cy are molar conductance of the metal nitrate before addition
of theligand, the molar conductance of solution during titration, the molar conduc-
tance of the complex, theanalytical concentration of the ligand added and the analy-

tical concentration of the metal nitrate respectively.
The mass balance equations are given by:

Cu =[M*]+[ML*] ()

C_ =[L]+[ML*] (6)
where Cy and C, are the initial analytical concentration of M?* and the DMDTZ
ligand, respectively. The mass balance equationsfor the 1:1 model can be solved in
order to obtain an equation for the ligand concentration, [L], as:

K([L]* +(1+K,Cy —KC)[L]-C, =0 (7)
when the reaction between M?* and ligand produce ML, complex, the mass balance
eguations are given by:

[L]:CL

Cy =[M* [ +[ML* ] +[ML,] (8)

C_ =[L]+[ML*]1+2[ML,] (9)
The mass balance equations for the 1:2 models can be solved in order to obtain
an equation for the ligand concentration:

Kle[L]3 +K (1+K,(2Cy -C, )L +(1+ Ky (Cy —-C.)[L]-C_ =0 (10)

The formation constant (Kr) and the molar conductance (Aw.) of the resulting
1:1 and 1:2 (meta ion to ligand) complexes between the DMDTZ and different
cations were calculated at different temperatures by fitting the observed conduc-
tance, Ao, a various metal ion/ ligand moleratiosto the 7 and 10 equations, which
express the Aqs as a function of the free and complexed ligand. The formation
constant evaluated from a non-linear |east-squares program KINFIT?,

Sample computer fit of the mole ratio datafor Ni-DNDTZ systems are shown
in Fig. 4. The assumption of 1.1 and 1.2 (metallic ion to ligand) stochiometry for
the resulting complexes of metallic ions was further supported by excellent agree-
ment between the observed and calculated molar conductances in the process of
computer fitting of the mole ratio data.

It is noteworthy that in the process of calculation of formation constants, the
association between metal and NOs™ ionswas considered negligible under the highly
dilute experimental conditions (5 x 10° M). Since the concentration of ligand was
kept below (5 x 10 M) during the experiments, correction for the viscosity changes
was also neglected.
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Fig. 4. Computer fit of molar conductance vs. [DMDTZ]/[Ni*] moleratio plot in acetonitrile
at 25 °C, (x) experimental point, (+) calculated point, (=) experimental and calculated
points are the same within the resolution of the plot

In order to have a better understanding of the thermodynamic of the complex-
ation reactions of M ions with the DMDTZ ligand, it is useful to consider the
enthalpic and entropic contributions to these reactions. The AH and AS values for
the complexation reactions were evaluated from the corresponding log Kt and temper-
ature data by applying alinear least squares analysis according to the egn. 11.

2.303logK; = —ﬁJrA—S
RT R

Plots of log K; vs. /T for different metal ions-DMDTZ system were linear for
all cases, (Fig. 5, K value have been used). The enthal piesand entropies of comple-
xation were determined in the usual manner from the slopes and intercepts of the
plots and the results are included in Table-1. Comparison of the data given in Table-1
indicate that the stability of the MLML, complexes vary in the order of Zn** > Ni®
> Cu* > Co* > Cd* > Pb™.

(11)
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Fig. 5. logKgvs. UT for different M*-DMDTZ complexes (MLML,) in acetonitrile
solution
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TABLE-1
FORMATION CONSTANTS, ENTHALPIES, ENTROPIES FOR DIFFERENT M*-DMDTZ
COMPLEXESIN ACETONITRILE SOLUTION, (SD = STANDARD DEVIATION)

log Kz + SD MLML, Complex
M2 Temperature (°C) AH AS
15 25 35 45 (KIYmol) (¥mol K)

Co?* 821+001 814+001 807+001 804+001]| -102+12 121.7+40
cu* 806+001 819+001 829+001 836+004| 17616 2156+55
w* 9.26+0.03 888+0.02 874+0.02 833+0.02| -51.3+23 -804+09
Ni?* 853+0.07 862+0.04 884+002 892+002| 243+x13 2475+42
Po?* 733002 732+006 731+003 730+x002| -1.7+05 1343+16
Cd* 812+002 7.76+004 746+002 722+005| -526+23 -27.7+09

Some of of ML complexes have been stable with increase of temperature, but
all of them are entropy stable. At 25 °C, the stability of MLML, complexes (Kg
value) are in the order of Zn** > Ni** > Cu* > Co** > Cd** > Pb*. This stability
order can be explained by Irving-Williams stability order for Zn?*, Ni#, Cu?* and
Co*. The DMDTZ is amedium base, thus can not interact with Cd** as a soft acid.
The radius of Pb** ion is grater than other metal ions, thus have small stability than
other ions.

Spectrophotometric studies. The electronic absorption spectra of DMDTZ
ligand and its Cu®, Zn*, Ni%, Cd*" and Pb** complexesin acetonitrile are shownin
Fig. 6 and intheincreasing of Cu?* and Ni?" are shownin Fig. 7 and 8, respectively.
The stochiometry of the metal complexes was examined by the mole ratio method
at Ama Of its complexes. A sample of the resulting plotsisshownin Fig. 9anditis
evident that 1:2 (metal ion to ligand) complexes are formed in solution. The forma:
tion constants (Kg) of the resulting 1:1 and 1:2 metal ionsto DMDTZ complexes

0.8 1 L

0.6 1 Co

Absorbance

0.4

0-2 1 Cu

0 \ T

250 300 350 400
Wavelength (nm)

Fig. 6. Electronic absorption spectra of DMDTZ ligand and its metal complexes
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Fig. 7. Electronic absorption spectra of DMDTZ ligand in the presence of increasing
concentration of Cu? ions at 25 °C, [Cu?]/[DMDTZ] in 1 =0 (only ligand),
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Fig. 8. Electronic absorption spectra of DMDTZ ligand in the presence of increasing
concentration of Ni? ions at 25 °C, [Ni#*]/[DMDTZ] in 1 =0 (only ligand),
21=30
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Fig. 9. Moleratio plots of the DMDTZ ligand with metal ions at Ama Of cOmplexes

were obtained at 25 °C by absorbance measurements of solutionsin which varying
concentrations of metal ions were added to fixed amounts (5 x 10° M) of DMDTZ
solution, at Ama Of complexes. All the resulting absorbance-mole ratio data were
best fitted to egn. 10, which further supports the formation of MLML, complexes
in solution.

For evaluation of the formation constants and molar absorptivity coefficients
from absorbance vs. [M]/[L] mole ratio data, a non-linear least squares curve fit-
ting program KINFIT? was used. Sample computer fits of the absorbance - mole
ratio data for Cu?*-DMDTZ and Co**-DMDTZ at 25 °C are shown in Fig. 10 and
11, respectively. The resulting log K; of the M*-DMDTZ complexes at 25 °C are
listed in Table-2. The data given in Table-2 revealed that the stability (Kg) of the
complexes decrease in the order of Zn?* > Ni?* > Cu** > Co?* > Cd*" > Pb*".

TABLE-2
SPECTROPHOTOMETRIC FORMATION CONSTANTS FOR M*-(DMDTZ) AT A,
OF COMPLEXES, (SD = STANDARD DEVIATION)

Metallicions log Kg
zn 7.83+0.01
Ni* 714001
Cu* 6.96+ 0.01
Co™ 6.90+0.01

Cd* 6.77+0.01
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Fig. 10. Computer fit of absorbance vs. [Cu*]/[DMDTZ] mole ratio plot in acetonitrile
at the room temperature in wavelength 310 nm, (x) experimental point, (0)
calculated point, (=) experimental and calculated points are the same within the
resolution of the plot
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Fig. 11. Computer fit of absorbance vs. [Co*]/[DMDTZ] mole ratio plot in acetonitrile
at the room temperature in wavelength 310 nm, (x) experimental point, (0)
calculated point, (=) experimental and calculated points are the same within the
resolution of the plot

Conclusion

The stoichiometry of 2,2'-dimethyl-4,4'-bithiazole (DMDTZ) ligand (L) with
divalent metal ionsin acetonitrile solution is ML and ML, mixture. At 25 °C, the
stability of the resulting complexes that have been determined by spectrophoto-
metric and conductometric methods varied in the order Zn?* > Ni%* > Cu** > Co** >
Cd?* > Pb?*. The enthal py and entropy changes of the complexation reactions were
evaluated from the temperature dependence of formation constants and all of the
complexation reactions are entropy stable.
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