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ABSTRACT

The structure of a new PtV complex, [Pt,V(TPTZ)CI].2H,0.4Cl, was
established and characterized by elemental analyses, spectral, magnetic,
thermal and cyclic voltammetry measurements. Electronic spectra of the
complex suggest distorted-octahedral structures around the Pt ion. The
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HOMO, LUMO and other DFT parameterson the atoms have been cal cul ated
to confirm the geometry of the ligand and the complexes using material
studio program. The redox properties were investigated by cyclic
voltammetry. Kinetic parameters were determined using Coats-Redfern and
Horowitz-Metzger methods. The results of biological activity for the PtV

complexes promised to be effective in tumour treatment.
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INTRODUCTION

2,4,6-Tri-(2-pyridyl)-1,3,5-triazine (TPTZ) has
been used asanaytica reagent for variousmetal ions®
8, asaspacer for designing supramol ecular complexes™
12 and for synthesisof transition metal complexeg>2,
Inrecent years, an explosion of interest inthe platinum
terpy family of complexes, Itiswidely acknowledged
that DNA isthemagjor target of platinum based antitu-
mor chemotherapy antitumor drug and widely used to
treat varioustypes of human cancer?Y, Inthis paper
wereport theisolation and characterization of anew
PtV complex using e emental analyses, spectral (UV-
Vis.,, IH-NMR and FTIR), magnetic, therma (TGA),
cyclicvoltammetry (CV) and DFT measurements. Ina
tridentate and bidentate manner threeindependent Pt
ionscoordinated withtwo TPTZ ligandssoit appears
astrinuclear complex and formed completeadistorted-

octahedral geometry around thethree PtV ions.
EXPERIMENTAL

2,4,6-Tri-(2-pyridyl)-1,3,5-triazine (TPTZ) was
purchased from BDH and used without purification. All
the solventsand PtCl,, were of BDH quality and used
without purification.

Synthesisof Pt'V complex

Theligand (2,4,6-tri-(2-pyridyl)-1,3,5-triazine; 1
mmol) wasdissolved in asolution of THF and EtOH
(3:1) and added to PtCl, solutionsin THF and EtOH
(1 mmoal; 3:1). Thereaction mixturewasrefluxedona
hot platefor 2 h. The complex wasisolated in the pH
5-6 range and the product wasfiltered off, washed sev-
eral timeswith hot EtOH, driedinanovenat 120 0C
for 0.5 handfinally kept in adesiccator over P,O, .
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The chemical formula of the orange Pt'V complex,
[P,Y(TPTZ)Cl,].2H,0.4Cl, wassuggested onthebasis
of elemental analyses (Found: C, 26.36; H, 2.35; P,
35.59; Cl, 24.6%. Calcd.: for C,H,,CI Pt.N.O,: C,

25.9;H,1.7; Pt, 35; Cl, 25.7%), mp >300°C; Yleld
69.4%).

Physical measur ement

Carbon and hydrogen contentswere performed at
theMicro-andyticd Unit at Cairo University. Metd and
chloride contents were determined by the standard
methods?. Cyclic voltammetric studieswerecarried
out on electroanalyzer CHI 610A, thethree electrode
cell comprised areferenceAgwire, Ptauxiliary and Pt
electrode. [(n-Bu),N]PF, (0.1 M) was used as elec-
trolyteand add to the complex (102 M). Thecacula
tionsof modeling have been carried out using Gaussian
energy calculation DFT. The DFT calculationswere
performed with theuse of B3LY P/LanL2MB hybrid
functiona asimplemented by materia sstudio®2, All
gpectra (IR and UV-Vis) measurementsweremade as
reported earlier™,

RESULTSAND DISCUSSION

TPTZ coordinateswith themeta ionsin different
modesasreported earlie™. TPTZ formsdifferent kinds
of mononuclear, binuclear and trinuclear complexes.

IR spectrumof TPTZ

ThelR spectrum of TPTZ showssix bandsat 1673,
1620, 1586, 1529, 1469, and 1436 cm™. Thefirst four
bands are assigned to (C=N) (triazine, free), (C=N)
(triazine, hydrogen-bonded), (C=N+C=C) (Py, free),
(C=N+C=C) (Py, hydrogen-bonded). Thelatter two
bands are attributed to v[(C-N)+(C-C)], respectively.
The spectrum al so shows two strong bands at 3382
and 3259 cm™* assigned to v_(H,0) and v (H,0) vi-
brations. Thesebands are mainly dueto the contami-
nation of KBr with small amountsof H,0O. Theexist-
enceof water withintheligand formsexterna hydrogen
bonding between C=N of TPTZ and OH (H,0). Weak
broad bands at 2173 cm confirm the existence of hy-
drogen bonding of thetype O-H.. .N. ButinNujol mull
theligand showsfour bandsdueto the C=N (triazine
and Py) and C=C vibrationsat 1652, 1586, 1529, and
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1464 cmrt. The C=N bands are observed at higher
wave-numbers. The shiftsindicatethe partial destruc-
tion of hydrogen bonding between C=N and OH. The
C=Cyvibrationsremainmoreor less at the same posi-
tionsindicating that they do not participatein hydrogen
bonding. The decrease of intensity of the OH bands
and the observation of new bands at 3363 and 3244
cnrt suggeststhat the hydrogen bonding isweak, but
still existswithintheligand asshowninFigure1. On
comparingthelR spectraof theligandin KBr and Nujol
with the Pt complex the results show abroad band at
3442 and 3426 cm'* assigned to the water mol ecules
(O-H dretching) and ashoulder at 1646 cmt assigned
totheH-O-H bending mode). Thebands characteris-
ticof TPTZ inthecomplex appear at 3068 cm* witha
shoulder at 3100 cm* assigned to the aromatic C-H
stretching vibrations. Also, the bands at 1614, 1579
and 1527 cmrt are attributed to v[C= N+CC] vibra-
tions. The bands observed in the 1481-1241 region
areassgned to thev[(C-N)+C-C] vibrationswhilethe
band at 771 cm! isassigned to the aromatic C-H de-
formation vibrationg?¢28, Also, our previous results
confirm that themode of bonding of TPTZ with Pt'V
ionsisquitesimilart?y,
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Figurel: Hydrogen bonding between C=N of TPT and OH
(H0)

'H-NMR spectrum of TPTZ

The *H-NMR spectrum of TPTZ in d,-DMSO
showsfour sgnasassigned for 12 aromatic protonsas
expected for threemagneticaly equivadent pyridyl rings.
Eachring of thethree pyridyl containsthesametype of
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protons. Also, the spectrum showsfour Sgnds(Supple-
mentary materid) with equal intensity at 6=7.72 (ddd,
3H), 8.13 (td, 3H), 8.75 (d, 3H), and 8.91 (d, 3H)
ppmwhichareassignedtoH,, H,, H, and H,, respec-
tively, with respect to TM Sasshownin Figure 2.

f.34

Figure2: Signals(d) of different protonsof TPTZ
Electronic spectraof Pt'"Y complex

Pt complex usudly showsintense pegksinthe UV
region corresponding to ligand-based n—7t* transitions
with overlapping metal-to-ligand charge-transfer
(MLCT) inthevisibleregion. Theeectronic spectrum
of thetri-nuclear PtV complex wasrecordedin Nujol.
The geometry of the octahedral Pt"' suggestsalow-
soinconfigurationwith (tzg)ﬁandshovv highintengty bands
at low energy region around (312—600 nm) refers to
thed-dtrangtionbands*A, *T,,*A, *T,*A, °T, A
and *A__°T,. But the bands at 470 and 600 nm are
characteristic of the metal ligand charge-transfer
(MLCT), Pt(dn)—L(z*) transitions involving the vari-
ouspyridyl componentsof the coordinated ligands, re-
Spectively.

H-NMR of of Pt'"V complex

TheH-NMR spectrum of the Pt complex was
recordedind,-DMSO. Thepositionand integrated in-
tensity of thevarioussignals correspondingto TPTZ
corroborated well to asystem involving coordination
of TPTZ with PtV ion expected for thesix magneticaly
equivalent coordinated pyridyl ringsasmodeof chela-
tion (V1) in(Fgure3). However, only four distinct Sg-

nalsareobservedinthe Pt" complex. The'H-NMR
spectrum of the Pt complex displaysoverlapping sig-
nalsat 6=9.02 (d, 6H), 8.93 (d, 6H), 8.3(t, 6H), and
7.9(t, 6H) ppm are assigned to H6-62 , H3-32 , H4-
42 and H5-52 , respectively, with respect to TMS.
Thesignal at & = 3.8 ppm in the PtV complex isas-
signed to the protons of the coordinated H,O which
appear asabroad sharp signal referring to the exist-
enceof H,O molecules. After comparing thisdatawith
theligand dll the protonshave shifted to downfiel d con-
firming the coordination of theligand tothe PtV ion.
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Figure3: Different protonsof [Pt,V(TPTZ)CI ].2H,0.4Cl
Thermal measurementsof Pt'Y complex

The TGA of the PtV complex (under nitrogen) was
carried out in therange 40-1000 °C to insight about
their thermal stability. The datashowed that the water
of crystallization arevolatilized at 62 °C*. The TGA
curveof the[Pt,"(TPTZ)CI].2H,0.4Cl showsafirst
stepinrange40-163 °C with gradual mass loss corre-
sponding to two water molecules (lattice) 2.2% (2.16).
The second step isobserved intherange 164-324 °C
with gradual massloss correspondingto six chlorine
ions 11.7% (12.7). Themass|oss correspondsto the
ligand of themain skeletonfor thecomplex and six chlo-
rineionsare48.9% (48.0%) inrange 315-718°C. The
experimenta residud part 37 %(37.2 %) refersto 3PC.
Thetotd 10ssis63.0%. Itisclear that, the TG curvefor
theinvestigated complex displays high decomposition
partinrangeover 324 °C to 805 °C indicating the high
sability of thiscomplex.

Molecular modellingand DFT calculations

All DFT cdculationswere performed cluster cal-
culationsusng DMOL 2 program® inMaterid s Studio
package’?, whichisdesigned for theredization of large
scdedendty functiond theory (DFT) calculations. DFT
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semi-core pseudopods cal cul ations (dspp) were per-
formed with the double numeric basissetspluspolar-
ization functiona (DNP). The DNP basis sets are of
comparable quality to 6-31G Gaussian basis setg%!.
Themolecular structure aong with atom numbering of
the Pt" complexisshownin Figures4-8. Thestructure
of complex consists of the cationic complex
[PtV(TPTZ)CI ]** and afour chlorine ascounter ion.
Inthiscomplex, therearethreeindependent Pt' ions
coordinated withtwo TPTZ ligands so it appears as
trinuclear complex. Two of thisions[Pt(49) - Pt(51)]
have same coordination by onetriazine and two pyri-
dinenitrogen atomsof two TPTZ ligand but the other
PtV ion [Pt(50)] is coordinated as a bridge between
thetwo TPTZ through onetriazineand one pyridine
ringsof each of them. The coordination spherearound
Pt(49) and Pt(51) hasadistorted-octahedra geometry
but around Pt(50) ahigh distortion is observed from
the difference of bond angels and bond length. The
digtortion around the Pt'V ionisdueto therigidity of the
donor environment of TPTZ. The coordination sphere
around Pt(49) through theatomsN(4) of triazine, N(18)
and N(10) of pyridineringswith oneof chlorineion
CI(55) in equatorial position and other two chlorine
Cl(56)- CI(57) ionsin axia position. Also, theresults
indicatethat all the bond distancesand anglesaround
the Pt(49) ion arequitedifferent inwhich thecheating
angles N4-Pt49-N18 [79.37°], N4-Pt49-N10
[79.04°], N10-Pt49-CI55 [100.84°] and N18-Pt49-
CI55[100.75° arelessor larger thanided vaue (90°)
and the CI56- Pt49-CI57 bond angle[178.9°] near from
ideal value (180°) but N4-Pt49-N18[158.4°] isless
than that observed for Pt49-Cl and the bond lengths
are approximately equal [2.369A and 2.373A]. The
Pt49-N (pyridyl) bonds [2.111and 2.113 A] tend to
bedightly longer than the Pt49-N(triazine) bond [1.99
A]. Similarly Pt(51) which has same block coordina-
tion position has quite different bond distances and
angles. Inwhichthe chelating anglesN34-Pt51-N28
[79.07], N42- Pt51-N28[79.36°, N34- Pt51-CI52
[100.85°] and N42- Pt51-CI52[100.71°] arelessor
larger thanideal value of 90° and the Cl54- Pt51-CI53
bond angle[179°] near fromided vaue(180°) but N34-
Pt51-N42[158.4%] but arelessthan it and the Pt51-
Cl bond lengthsare approximately equal [2.369, 2.372
and 2.351 A]. The Pt51-N (pyridyl) bonds [2.112 and
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Figure5: LUMO of [Pt,(TPTZ)Cl].2H,0.4CI

2.108 A] tend to be slightly longer than the Pt51-
N(triazine) bond [1.99 A]. Each of Pt(51) and Pt(49)
ionswithitstriazineand pyridinecoordinationringsfound
incoplanar plane. In case of Pt(50) havehigh deviation
initsgeometry and thisduetwo twisted an deviation of
thetwo pyridyl ringsof two TPTZ from the planarity of
itsligand inadditiontothehighrigidity of thetwotriaz-
ineringsintwo TPTZ sothat the Pt(50) and chelation
ringsnot found together asacoplanar. The pyridyl (N47)
ring twisted by dihedral angle [44.25°] along

mazme{:pyﬁ ine (C25-CA43) bond and deviation by angle
[14°] but The pyridyl (N23) ring twisted by dihedral
angle [47.07°] dong C . -C (C1-C19) bond

triazine — pyridine

and deviation by angle[15.74°]. Thecheating angles
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Figure7: Electron density of [Pt,V(TPTZ)CI ].2H,0.4Cl

N47-Pt50-N30 [59.59°], N6- Pt50-N23 [59.947,
N30- Pt50-Cl23 [120.28°] and N47- Pt50-Cl6
[120.85°] arelessor larger thanideal value of 90°and
the CI58- Pt50-CI59 bond angle[179.96°] likeideal
value 180° but N6- Pt50-N30[163°] lessthanit. The
Pt50-Cl bond lengths are approximately equal [2.3A]
but the Pt50-N bonds are different where Pt50-N6
[2.5A], Pt50-N30[2.47 A], Pt50-N47[2.110 A] and
Pt50-N23[2.111A]. The results show that the internal
C-N-Cangdsof triazineinthe PtV complex aresmaller
than 120° for thetwo angles C27-N26-C25 [ 115.75°]
and C25-N30-C29 [115.06°] while the third angle
C27-N28-C29[122.02] islarger than 120° but N-C-

Figure 8 : Tetrahedral and different angles of
[Pt,V(TPTZ)CI].2H,0.4Cl.3. 7. kineticdata

N isgreater than120° likein ligand crystal [30, 31],
andthisfor first triazine similarly second triazine has
two angle C1-N6-C5[115°] and C1-N2-C3[115.73°]
and thethird angle C5-N4-C3[121.96] islarger than
120°. All C-N-C anglesof thepyridyl ringsaregreater
than that of free ligand [114.3°] where this angles
pyridyl-N42 [120.47°], pyridyl-N34 [120.579],
pyridyl-N23 [118.45°], pyridyl-N47 [118.46°],
pyridyl-N10[115.73°] and pyridyl-N18[115°]. This
deviation of angleisdueto highrigidity of ligand during
thechelationwith metal ions.

Thekinetic and thermodynamic parametersof ther-
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mal degradation process have been calculated using
Coats-Redfern and Horowitz—Metzger modelst2=3. A
number of pyrolysis processes can berepresented asa
first order reaction. Particularly, the degradation of a
seriesof TPTZ complexeswas suggested to befirst
order®¥, therefore, we assume n=1for theremainder
of the present text. The other thermodynamic param-
etersof activation can be calculated by Eyring equa-
tion®>%¢l, Thermodynamic parameters of decomposi-
tion stepswerecal culated using Coats-Redfern and
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Horowitz—Metzgert®¥ methods. In both methods, the
Ln[-Ln (1-a)] values are plotted against 1/T and 6
((T-Ts). The negative va ues of the entropy of activa
tion (AS*) of the decomposition steps of the PtV com-
plex indicate that the activated fragments have more
ordered structure than the un-decomposed complex
and/or the decomposition reactions are slow*?. The
positivesign of AH* of the decomposition stages re-
vedlsthat the decomposition stages are endothermic
processes. Also, thepositivesign of AG*, indicates that

TABLE 1: Kinetic parameter sevaluated by Coats-Redfer n equation for TPTZ complex

Complex Peak Mid Temp(K) EaKJ/mol A (SYH AH* KJ/mol  AS* KJ/mol.K  AG* KJ/mal
1 361 30.47 0.0503 27.469 -271.35 125.428
[Pts(TPTZ)Clg].2H,0.4Cl 2n 545 69.447 0.018 X10° 64.916 -225.726 187.937
3 878 51.455 0.00138 44.155 -308.622 315.126
TABLE 2: Kinetic parameter sevaluated by Horowitz-M etzger equation for TPTZ complex
Complex Peak Mid (K) EaKJ/mol A (S AH*K J/mol AS*KJ/mol K AG*KJ/mal
1 361 33.426 0.174X10° 30.424 -203.623 103.93
[Ptx(TPTZ)Clg].2H,0.4Cl 2" 545 86.431 8.272X10° 91.34 -117.499 155.38
3 878 75.628 0.048x10° 68.328 -221.692 262.97

Figure9: Thedegradation power of thetested complex on
Calf-ThymusDNA

thefreeenergy of thefina residueishigher thanthat of
theinitial compound and henceall the decomposition
steps are nonspontaneous processes. Moreover, the
vauesof AG* increase significantly for the next stages
for agiven compound. Thisreflectsthat therate of re-
moval of the subsequent speciesislower thanthat of
the precedent one®%9. Thismay beattributed to the
structural rigidity of the remaining complex after the
expulsion of oneor moreligands, ascompared withthe
precedent complex, whichrequiresmoreenergy, TAS*,
for itsrearrangement before undergoi ng any decompo-
sition change. Accordingly thevauesof thetota acti-
vation energy, thethermal stability of themetal com-
plexeswith TPTZ ishigh“?.,

CONCLUSON

Inthiswork, the coordination chemistry of TPTZ
anditsPt(IV) ionwasinvestigated. Theligand coordi-
nated to the Pt'Y ionsin atridentate manner with two
pyridineN andtriazineN donor Stes Additiondly Py(1V)
complex possess high degradation power againgt Calf-
Thymus DNA. Also, thegeometry of the Pt(1\VV) com-
plex issuggested by DFT caculation.
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