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ABSTRACT

The synthesis and the binding properties of novel phthalonitrile derivatives 1-3 towards metal cations have been described
in this paper. The complexation and extraction of some transition and heavy metal cations have been followed by UV-
visible spectrophotometry absorption in methanol. The conductivity studies have been used in order to confirm complex’s
stoichiometries. The treatment of UV spectra by digital program showed the formation of ML (with ML, in some cases)
(M=metal, L=ligand) sgecies. Beyond the discussion of the stability profiles of complexes particular attention is paid to the
selectivity towards Cu”" in the 1st sequence of transition metal cations and towards ng+ in the sequence of heavy metal
cations.
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INTRODUCTION

Since a long time, pharmaceutical industry required green chemistry to find new compounds able to copy the
metalloenzymes and to find a better way to mimic their reactions. Continuous challenge of researches is devoted in this
way to create new and efficient complexes. Among nitrile compounds, phthalonitriles are known as good candidates for
the complexation of metal cations. They are also thermally stable with high performance composite structures. Besides,
they constitute a class of high-temperature polymers that has a number of exceptional properties such as outstanding
thermal and thermo-oxidative stability, good moisture resistance and superior fire resistance. [1-12]

As a continuation of our interests in phthalonitriles [13-15], we report here the synthesis, complexation and extraction
properties of novel phthalonitriles 1-3 towards transition and heavy metal cations. The three compounds were prepared by
Hamdi et coll.[16] The studies were performed by UV-visible spectrophotometry absorption and by conductometry. The
last technique was used in order to test some stoichiometries of complexes formed. The liquid - liquid extraction of
metallic picrate salts by ligands 1 - 3 were followed from water into dichloromethane.
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Scheme 1: Sttucture c3)f studied phthalonitriles derivatives 1-3.
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Results and discussion

Synthesis
Synthesis of 1

4- nitrophthalonitrile (0.38 g, 1.92 mmol), 2.4.6 Trimethylphenylamine (0.55 g, 1.92 mmol) and anhydrous DMF (15 mL)
were added to a round bottom flask under a nitrogen atmosphere. A fine powder of anhydrous potassium carbonate (0.8
g, 5.76 mmol) was added to this mixture. The resulting mixture was then heated to 80 °C in an oil bath under a nitrogen
atmosphere for 6 hours. The crude product was collected by filtration and washed with distilled water. The crude product
was recr}/stallized from THF-petroleum ether to afford a white powder. Yield: 0.77 g (98 %). M.p. = 400 °C. IR (KBr pellet)
Vmax €M1 1305 (C-N), 1568 (C=C), 2235 (C=N), 3049 (C-H, aromatic). "H NMR (DMSO-ds): 8.38-8.98(m, 5H, Harom),
6.57 (s, 2H, Hz 5), 4.21(s, 1H, NH), 2.09(s, 3H, CHs), 2.02(s, 3H, CHa), 2.08(s, 3H, CH3). Anal. Calc. for C28H14N202: C,
78.135%; H, 5.786; N, 16.080, Found: C, 78.1; H, 5.6; N, 16.0%.

Synthesis of 2

The synthesis of 2 was similar to 1, except 4-Hydroxybenzaledhyde (1.27 g, 5.77 mmol) was employed instead of 2.4.6
Trimethylphenylamine. The amounts of the other reagents were: 4-nitrophthalonitrile (1 g, 5.8 mmol) and anhydrous
potassium carbonate (2 g, 13.88 mmol). Yield: 1.12 g (76%) M.p. = 350 °C. IR spectrum (cm™): 1263 (C-O-C), 1568
(C=C), 2236 (C=N), 3049 (C-H, aromatic). *H NMR (DMSO-dg): 9.1 (s, 1H, CHO),7.1-7.77(m, 8H, Ha). Anal. Calc. for
C28H14N202: C, 72.576; H, 3.248; N, 11.285, Found: C, 72.4; H, 3.1; N, 11.1%.

Synthesis of 3

The synthesis of 3 was similar to 1, 2-(3,4-diméthoxyphenyl)ethanol was employed instead of 2.4.6 Trimethylphenylamine.
The amounts of the other reagents were 4-nitrophthalonitrile, 1 g (5.55 mmol) and anhydrous potassium carbonate, 2 g
(13.88 mmol). Yield: 0.77 g (85%) M.p. = 370 °C. IR spectrum (cm™): 3077 (Ar-CH), 2227 (C-N), 1601 (C-C), 836, 797 (C-
F) : 1263 (C-O-C), 1568 (C=C), 2227 (C=N), 3049 (C-H, aromatic). "H NMR (DMSO-ds): 6.50-7.6(m, 6H, Har), 3.74(s, 6H,
OCHs ), 2.86 (t, 2H, CHy), 4.1(t, 2H, CH>), Anal. Calc. for C28H14N202: C, 70.117; H, 5.230; N, 9.085, Found: C, 70.1;
H, 5.2; N, 9.0%.

Instrumentations

The spectrophotometric and conductometric studies were followed in methanol (Riedel-de Haén for HPLC) and the
dichloromethane (Fluka, Purum) used in extraction, were commercial and used without further purification. The metal salts
chosen were chlorides (Fluka, Purum) and were dried under vacuum for at least 24 h before use. The concentrations of
the stock solutions of cations were standardized by complexometry using the appropriate colored indicators [17]. The UV
absorption spectra were recorded on a Perkin Elmer Lambda 11 spectrophotometer. The supporting electrolyte used in
the stability constant determinations was NEt4Cl (Acros Organics) according to the procedure already described [18]. The
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picrate salts employed in extraction were prepared as described in literature [19]. A conductivity measurement was made
by using Cyber Scan PC510 conductivity meter. The conductivity cell constant is K = 0.9 cm.

Melting points were determined using an Electrothermal apparatus and are uncorrected. "H NMR spectra were carried on
a Varian Gemini 400 (400 MHz) spectrometer using TMS as internal standard (& = 0 ppm). IR spectra were recorded on a
Perkin - ElImer 398 Spectrophotometer. Elemental analyses were performed on Perkin - EImer 2400 elemental analyzer,
and the values found were within £0.3% of the theoretical values.

Complexation by UV -visible spectrophotometer

The stability constants Bxy being the concentration ratio [MyLy ™ 1/(IMn']{L]y) (where M," = Metal ion and L = Ligand) were
determined by UV-absorption spectrophotometry at 25 °C. The addition of the metal salts to the ligand induced generally
spectra changes, large enough to allow the analysis of the resulting data using the program “Letagrop” [20]. Best values
for the formation constants Bxy of the various complex species and their molar absorptive coefficients for various
wavelengths, are deduced from the best fit between the experimental and calculated UV spectra. The best fit is reflected
by the lowest value of U (the sum of U values for all given lambda) corresponding to the square sum of a differences
between experimental and calculated absorbances (U = £ (Acal - Aexp)z). The Bxy values correspond to the average of at
least three independents experiments [20, 21].

The UV absorption spectra have been recorded between 220 and 360 nm. The free phthalonitriles 1-3 absorption spectra
exhibit one maximum of absorption at 285, 308 and 310 nm, respectively. One shoulder at 255 nm for 1 and at 280 nm for
2 and 3 is also observed. The complexation of metal cations by these ligands is expressed by a variation of spectra. In
fact, the titration is interpreted by both a decrease of absorbance and a light hypsochromic displacement of the maximum
of absorption in all cases of Metal/Ligand systems (AA=3nm). The end of interaction between the phthalonitriies and
catlons is shown by the superposition of the spectra at around a ratio R (R=Cw/C.) equals to 8. In the case of Ag'/1,
Hg */2 and 3, isobestic points are clearly observed.

Furthermore, the treatment of these spectra by the digital program [20] illustrates the stoichiometries of different
complexes formed and respectively their stability constants. The results are collected on table 1 for transition metal catlons
and on table 2 for heavy metal cations. The complexes formed in all cases are ML. However, in the case of Cu®* and Zn**
two complexes ML and ML, were found with ligand 3. For Pb®*/2-3 and Mn?'/1-3 the variations of spectra are very small to
not enable their treatments by the program Letagrop.

Table 1: Complexation of transition metal cations by 1-3 in methanol, at 25°C, 1=10 mol.L™.

M:L Mn** Co”” NI Ccu® Zn*
R 1: 1 a 3.45 412 4.76 3.42
G 11 a 2.80 3.60 4.05 3.56
s 18 ) 3.34 3.44 3.87 3.73
1:2 3 - 7.32 6.98

a: Absorbance changes too small to enable satisfactory fitting.
0.01 <on-1<0.2

Table 2: Complexation of heavy metal cations by 1-3 in methanol, at 25°C, =102 mol.L™.

M:L Hg** Pb** Ag”
P e, 4.78 4.09 3.12
2 11 4.00 a 3.41
3 11 3.89 a 3.09

a: Absorbance changes too small to enable satisfactory fitting.
0.01 < on-1<0.06

As regards to the complexes ML in the 1% sequence of transmon metal cations, the stability constants shift between 2.80
and 4.76 Iogarlthmlc unlts The highest value is in favor of Cu®" with ligand 1 which Ieads to a selectivity of this ligand
towards Cu (Scu*'lco?t = 26). Another selectively is detected with ligand 2 towards Cu?" with an approximate value S
c?leo? equals to 18. The profiles of stability of ML (figure 1) illustrate the resemblance of the stability sequence of high
spin octahedral metal complexes with the Irvmg -Williams rules which is translated by the increase of the complex stability
from Mn?* to Cu?" and then a decrease to Zn?". Furthermore, the complexes ML in the case of Cu®* and Zn?* with ligand
3 are less stable than their corresponding ML. Thelr stability constants are equal to 3.45 and 3.25 logarithmic units,
respectively. In the case of heavy metal cations, Hg®" is more interacted by the three derivatives 1-3 and the best value of
stability constants is 4.78 logarithmic units found with 1. Comparing between the three phthalonitriles, 1 seems to have
more affinity towards transition and heavy metal cations. In both case of series of metal cations, complexes ML formed by
ligand 1 are more stable than with 2 and 3 and even more stable than ML,. The presence of nitrile functions and nitrogen
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on the bridge between the two aromatic units seems to increase the affinity of ligand 1. The triple bond between N and C
atoms extends aromaticity and then leads to a higher interaction between the ligand 1 and the cation. Moreover, the soft
character of both nitrogen atom and aromatic units could be the reason of the high interaction with soft acid as transition
and heavy metal cations according to Lewis.

log 8, o1

@2
4 : 3

Fig ations , in methanol.

2+

Mn®  co* N* cu® Zn
Complexation by conductometry

The present work proposes a simple, accurate and low-cost method employing conductometric detection during the
complexation titration using metal cation chloride as titrant. The process was based on the chemical interaction between
cation coming from chloride ions and phthalonitriles 1-3. Under optimized experimental conditions the method was applied
for some cases of systems Metal/Ligand which created previously some difficulties in their treatments in UV-visible
spectrophotometer absorption studies.

This method is carried on by the projection of the meeting point of the slopes corresponding to the variation of
conductance values via the ratio R = Cuw/C. according to the literature. [29 30] The results obtained are in close
agreement with those obtained using the first technique. Only system cu®r3 (figure 2) is presented here. In fact, the
titration of the solution of phthalonitriles 3 by a solution of CuCl, shows a variation of conductance values, proportionally to
the ratio R = Cu/Cy. After plotting the conductance values, variation of the curve was observed and the projection of the
meetlng point of the slopes corresponds to the stoichiometry of the complex formed during the titration. In the case of
cu®'/3, complexes ML and ML, as shown on figure 2, are formed simultaneously.

Conductance

0 0.5 R=C'\;/CL 1.5 2
Figure 2: Conductometric titration of 3 by Cu®* in methanol, C. = 3.88 x 10°mol.L™.

Extraction studies

The extractlon experiments from water into dlchloromethane were performed according to the following procedure: 5 mL of
2.5x10” M aqueous picrate solution and 5 mL of 2.5x10™ M solution of ligand in CH,Cl, were mechanlcally shaken in
stoppered glass tube for 3 min, then magnetically stirred in a thermoregulated water bath at 20 + 0.1°C for 30 min and
finally left standing for a further 30 min in order to obtain a complet separation of the two phases. The absorbance A of the
metal picrates remaining in the aqueous phase was then determined spectrophotometrically at 355 nm. The percentage
extraction, %E, are derived from the expression 100(Ao - A)/Ag, where Ay is the absorbance of the aqueous solution of a
blank experiment without phthalonitrile. [22]

The percentages of extraction %E calculated are generally minor in all cases of cations, slightly improved for ligand 1,
where %E shifts between 4 and 36. This enhancement is probably due to the presence of N in addition comparing with 2
and 3. The highest value of %E is in favor of Cu®" (36%) and Ag* (27%) The first result confirms once again the high
affinity of this Ilgand towards Cu?". While the second, towards Ag", could be interpreted by the soft character of both base
N and acid Ag” though this preference have not been seen in the complexation study.
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onclusion

This review is dealing about the synthesis and the binding properties of new phthalonitriles derivatives 1-3 towards some
transition and heavy metal cations. The UV spectrophotometric and conductometric studies illustrates the formation of
complexes ML, and ML, in addition of ML in case of Cu®* and Zn*" with ligand 3. Moreover, the profiles of stability of
complexes ML is following the Irving-Williams rules and making evidence of the high stability of complexes of Cu®". A
selectivity S(cf*/cOz*) of 26 with 1 and 18 with 2 are detected. As regards to the stability, the presence of nitrogen atom in
the bridge between the two units in ligand 1 seems to improve its affinity comparing with 2 and 3 carrying oxygen, a hard
atom, in their structures.
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