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Synthesis, spectral, thermal and coordination aspects of pentadentate Schiff-base complexes
of the type [Mn(L)(X)]-H,O [where H,L =N,N'-diethylamine bis(1-phenyl-3-methyl-4-
acetylimino-2-pyrazoline-5-ol) and X=NCS, NO3, ClO4, CN or N3] are reported. The Schiff-
base ligand (H,L) and metal complexes have been characterized by elemental analysis, FT-IR,
"H-NMR, magnetic measurements, molar conductivity measurements, electronic spectra, cyclic
voltammetric and thermal studies. Magnetic moment values are close to 4.9 B.M. indicating
high spin complexes lacking exchange interaction. Infrared spectral data suggest coordination
of the secondary amino group making the ligand pentadentate. All complexes are
electrochemically inactive, indicating high stability. Thermal decomposition of the
Schiff-base complexes indicates loss of water of hydration and decomposition of
the ligand. Kinetic parameters such as order of reaction (1) and the energy of activation (E,)
are reported using the Horowitz—Metzger method, indicating first order kinetics and giving
the activation entropy (AS*), the activation enthalpy (AH*) and the free energy of
activation (AG¥).

Keywords: Pentadentate Schiff-base ligand (H,L); Mn(III) complexes; Spectroscopic studies;
Cyclic voltammetric studies; TG/DTG and DTA studies

1. Introduction

Manganese in various oxidation states is important in superoxide dismutase and azide
insensitive catalase [1], manganese ribonucleotide reductase [2], manganese peroxidase
[3] and the oxygen evolving complex in photosystem II of green plants [4]. Mn(III) ions
are believed to play a role in at least three of the above enzymes: manganese
superoxide dismutase, manganese catalase and oxygen evolving complex in photo-
system (II) [5]. A family of Mn(III) Schiff-base complexes catalyzes reactions such as
oxidative decarboxylation of carboxylic acids to the corresponding carbonyl
compounds, oxidation of primary amines, 1,4-dicarboxypyridines and sulfides [6],
C—H bond activation, olefin epoxidation, hydroxylation etc. [7].
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Compounds containing pyrazole have been shown to exhibit antihyperglycemic,
analgesic, anti-inflammatory, antipyretic, antibacterial and sedative-hypnotic activity
[8-10]. Extensive studies have been devoted to pyrazole derivatives such as Celecoxib, a
well-known cyclooxygenase-2 inhibitor [11-13]. Similarly, a few 1,5-diarylpyrazole
derivatives exhibit non-nucleoside HIV-1 reverse transcriptase inhibitory activity [14].
Corresponding arylpyrazole derivatives have been recently identified as high affinity
and selective A2B adenosine receptor antagonists [15].

Thermal analyses are widely applied in studying of thermal behavior of metal
complexes [16—18]. The thermal behavior of complexes involving pyrazolone derivatives
were studied by Xu et al. [19]. Pyrazolone-based Schiff bases are less extensive.
Our laboratory has been exploring the chemistry of this class of ligand [20-24]. During
the course of our research, we have synthesized tetradentate and hexadentate Schiff-
base complexes of Mn(IIl) with heterocyclic g-diketones and various polyamines
[25, 26]. Continuing our study, in this article we describe synthesis, spectral, thermal
and coordination aspects of pentadentate Schiff-base complexes of Mn(III) involving
heterocyclic B-diketone and diethylene triamine.

2. Experimental

All chemicals were of analytical grade. Organic solvents were purified by standard
methods [27]. 1-Phenyl-3-methyl-2-pyrazoline-5-ol was purchased from E. Merck
Ltd (India). Diethylenetriamine was purchased from Qualigens Fine Chemicals,
India, and used without further purification. Manganese(Ill) complexes were
synthesized using manganese(III) acetate prepared by using the Gilindiiz method [28].
1-Phenyl-3-methyl-4-acetyl-2-pyrazoline-5-ol (PMACcP) was prepared as reported
earlier [29].

2.1. Synthesis of N,N—diethylamine bis( I-phenyl-3-methyl-4-acetylimino-2-
pyrazoline-5-ol) (H,L)

An ethanolic solution (50 mL) of PMACP (2.16 g, 10 mmol) and an ethanolic solution
(25mL) of diethylenetriamine (0.54 mL, Smmol) in 2:1 molar ratio were mixed with
constant stirring. Refluxing was carried out on a water bath for 4h. The resulting
mixture was allowed to stand overnight at room temperature. The formed pink crystals
were collected by filtration, washed with diethyl ether and dried in air. Yield 75%,
m.p. 86°C.

2.2. Synthesis of Schiff-base complexes

H,L (2mmol, 1.0 g) was dissolved in 25mL of ethanol. To this solution, powdered
Mn(OAc);-2H,O (2mmol, 0.54g) was added with constant stirring over 30min,
followed by slow addition of 2 mmol of the inorganic salt containing the desired anion,
NaClOy4 - 6H,0O (0.46 g), NH4NCS (0.16 g), NH4NO; (0.19 g), KCN (0.13 g) or NaN;
(0.11g) dissolved in (25mL) ethanol. The reaction mixture was refluxed on a water
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bath for 3h. The resulting solution was filtered, the solvent removed by slow
evaporation, and the solid material thus obtained washed with water and diethyl
ether, recrystallized from chloroform and dried over fused CaCls,.

2.3. Physical measurements

Elemental analyses (C, H, N) were performed using a Carlo Ebra 1108 analyzer at the
Central Drug Research Institute, Lucknow. Manganese was determined by EDTA [30]
after decomposing the complex with a mixture of HCIO4, H,SO; and HNO;
(1:1.5:2.5). "H NMR spectra were recorded with JEOL-GSX-400 using CDCl5 as
solvent and TMS as an internal reference at SAIF, IIT, Mumbai. Infrared spectra were
recorded with a 1310 Perkin-Elmer IR spectrophotometer (4000-400 cm ') using KBr
pellets. The molar conductances of the complexes were recorded in 10°M MeOH
solution on an ELICO conductivity bridge type CM 82T. Electronic spectra were
recorded on a Shimadzu 160A UV-visible spectrophotometer using MeOH as the
solvent blank. The magnetic moments were obtained by Gouy’s method using mercury
tetrathiocyanato cobaltate(Il) as calibrant (x,=16.44 x 10® c.g.s. units at 20°C).
Diamagnetic corrections were made using Pascal’s constants. Cyclic voltammetric
studies were performed at the Department of Chemistry, IIT, Mumbai with a platinum
disc (working), saturated calomel (reference) and platinum foil (counter) electrodes.
Solutions (~10°M) were prepared in degassed acetonitrile, with 0.1 M tetrabutyl
ammonium perchlorate as supporting electrolyte. The TGA/DTA studies were
performed at the Regional Sophisticated Instrumentation Centre, IIT, Mumbai. The
TG/DTG curves were obtained under non-isothermal conditions in N, at a heating
rate of 10°Cmin ' in the temperature range 50-800°C using a Al,O; crucible with
sample sizes from 3-7 mg.

3. Results and discussion

The Schiff-base is a condensation product of 1-phenyl-3-methyl-4-acetyl-2-pyrazoline-
5-one and diethylenetriamine in 2:1 molar ratio (scheme 1). It has been established,
from our work [25, 26] and the work of others [31], that the heterocyclic S-diketone
Schiff bases exist in the enolic form, as shown in scheme 1.

The analytical and physical data of H,L and its complexes are presented in table 1.
The isolated solid complexes are stable at room temperature, non-hygroscopic and
almost insoluble in water and diethyl ether but readily soluble in methanol, ethanol,
chloroform, DMF and DMSO. Treatment of the complexes with potassium iodide
liberated iodine indicating manganese in the +3 oxidation state, further supported
by room temperature solid state magnetic moment values (table 1) which are close to
4.9 B.M., suggesting spin-free manganese(I11) with four unpaired electrons. The molar
conductances of 107>M MeOH [32, 33] solutions of the compounds lie in the range
0.03-0.86 0hm'cm?mol™! showing non-electrolytes with coordinated anions.
A slight increase in the molar conductances was observed after 2-4h due to partial
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Scheme 1. Suggested structure of the Schiff-base (H,L).

dissociation of the complexes. The complexes are given in balanced chemical equations
(1) and (2).

Mn(OOCCHy;); - 2H,0 + HyL — [Mn(L)(OOCCH;)] - H,0 + H,0 + 2CH;COOH
(1

Mn(L)(OOCCH,;)] - H,O + MX — [Mn(L)X] - H,O + CH;COOM (2)
(where X = NCS, NOj3, CIO4, CN or N3 and M = NHy4, Na, K).

3.1. IR spectral studies

Infrared spectral bands and their tentative assignments are summarized in table 2.
The infrared spectra of H,L and [Mn(L)CN]-H,O are shown in Supplemental Data.
For H,L, a broad band at 3390cm ' assigned to v(OH) of the enolic group suggests
the enolic form in the solid state. In solution an NMR signal at §11.25ppm
corresponding to OH protons also is consistent with the enol form. The observed
low frequency of v(OH) with respect to the free hydroxyl group is due to
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Table 2. IR spectral data (cm ') and electronic absorption data of H,L and its metal complexes.

Electronic absorption data in cm ' (¢, M 'em ™)

Charge transfer
Compounds v(~OH) v(C=N) v (C-0) v(M-N) v(M-0) transition d—d transition

H,L 3390br 1636s 1353s - - - -

[Mn(L)NCS]-H,O 3400w 1629s 1367s 512w 472w 31,500 (5.32><10‘:), 22,222 (2.10x101),
28,500 (4.26 x 10°) 18,590 (1.98 x 10%)

[Mn(L)NO;]- H,O 3434w 16285 1363s 515w 476w 31,590 (5.03 x 102), 18,500 (1.87 x 10%)
26,800 (4.20 x 10°)

[Mn(L)CIO4]- H,O 3400m 1628s 1362s 520w 472w 31,500 (4.89 x 10—:), 19,011 (1.86 x 10%)
28,985 (4.60 x 10°)

[Mn(L)CN]-H,O 3420m  1629m 13655 515w 476w 31,948 (5.00 x 103), 18,590 (1.83 x 10%)
28,500 (4.60 x 10°)

[Mn(L)N3]-H,O 3400w 1628s 1363s 516w 480w 31,948 (5.13 x 10%), 18,560 (1.96 x 10%)
28,500 (4.32 x 10%)

intramolecular H-bonding between H of OH and the azomethine nitrogen
(scheme 1). A very sharp singlet at 3304cm ' is assigned to stretching of the
secondary amino group. The strong band at ~1636cm ' is from the azomethine
C=N stretch of the Schiff-base, while pyrazoline ring C=N frequency is observed at
1590cm™ [34, 35]. The v(C-O) frequency is assigned to the peak observed at
1353cm . The aromatic C=C stretching vibrations is at 1540cm ', while aromatic
C-H stretching vibrations are at 3060 cm . Bands at 1200, 1150, 1090, 1040cm™
and 845, 800, 760cm ' are assigned to in-plane and out-of-plane deformation bands
of the aromatic C-H. The alkyl groups CH,, CH; show stretching absorptions at
2990, 2965, 2880 and 2810cm ', deformation bands at 1470 and 1390cm ™' and
rocking modes at 700 and 655cm ', in good agreement with our previous
findings [25, 26].

Infrared spectra of all the complexes (table 2) show a 6cm ' decrease in the C=N
(azomethine) stretching frequency, indicating coordination via this nitrogen. The
pyrazoline ring C=N stretching frequency remained at 1590 cm ', suggesting that the
ring nitrogen does not take part in coordination. The thiocyanato complex shows a
strong and sharp absorption band at 2079cm ' corresponding to v(C=N). The
stretching absorption due to v(C-S) is useful in distinguishing N or S coordination of
the thiocyanate group; v(C-S) in the present complex lies in the range 780-860 cm
suggesting N coordination [36]. In the nitrato complex bands at 1480, 1385 and
1011 cm ™' may be assigned to vs, v; and v, for C), symmetry of the unidentate NO;.
The difference between vs and v, is 95cm !, in agreement with reported values for
coordinated NOj [33, 37, 38]. For the perchlorate complex, bands centered at 1125 and
1100cm ' and a band at 935cm ™" are observed. Free ClO; exhibits bands near 1100
and 620 cm ! corresponding to the two IR active modes (v and v,) of free ClO; having
Td symmetry [39]. Splitting of the first band into a doublet and the appearance of
the new band near 950cm ' in the present complex suggest unidentate coordination.
The cyano complex exhibited v(C=N) at 2100 cm ', higher by 20 cm ! than the W(C=N)
for free CN (i.e. 2080cm ' in aqueous solution), suggesting the coordination [40, 41].
The azido complex shows v,(NNN) at 2090 cm ', vy(NNN) at 1333cm ' and (NNN)

at 550cm . Common in all the spectra is the absence of any band near 1580cm ',
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assigned as a v(COO) of coordinated acetate [42]. A broad band observed between
3400-3500 cm ! is indicative of lattice water. Since the complexes begin to melt below
100°C, no attempt was made to record the IR spectra after dehydration. In two of the
complexes, [Mn(L)NOs]-H,O and [Mn(L)NCS]-H,O, a weak band is observed
adjacent to v(C=N) (azomethine), probably the HOH bending mode of lattice water.
Since the complexes are hydrated, v(N-H) could not be observed due to overlap with
v(O-H). In the far-IR region, new bands at 512-520 and 472480 cm ' in the complexes
are assigned to v(M-N) [43] and V(M—-O)pyrazolones respectively. All of these data
confirm H,L as a dinegative pentadentate ligand forming a conjugated chelate ring,
in the enolized form.

3.2. "H NMR spectral studies

The '"H NMR spectrum of the Schiff-base shows the phenyl protons as a group of
multiplets between §7.10-8.10 ppm, including a sharp singlet at §7.26 ppm, due to
the residual protons of CDCIl;. The resonance due to methyl protons b (see scheme 1)
of the pyrazolone ring appears at § 2.28 ppm. The sharp singlet observed at § 2.24 ppm is
attributed to protons ¢. The d protons, i.e. protons adjacent to the azomethine nitrogen,
appear as a triplet at §3.01 ppm. The e protons, i.e. CH, protons adjacent to the -NH
group are a complex multiplet at §2.36 ppm due to coupling with neighboring CH,
protons. The f proton, i.e. -NH group proton is observed at § 2.12 ppm. The hydroxyl
proton g is present as a broad band at §11.25ppm. The high § value of the latter
suggests intramolecular H-bonding (scheme 1), complementing the IR data.

The proton NMR spectra of the complexes are complicated and broad, an indication
of the presence of Mn(III). In the complexes, the unpaired spin is delocalized to the
methylene protons, but delocalization does not extend to I-phenyl and 3-methyl
protons as their peak positions remain unchanged.

3.3. Electronic spectral studies

Vol. 61, No. 19, 10 October 2008, Electronic absorption spectra of H,L and its
[Mn(L)NO3]- H,O complex are shown in Supplemental Data. The Schiff-base
complexes (table 2) show a couple of bands in the ultraviolet portion of the spectrum
which are of charge transfer origin at ~31,500 and ~28,500 cm . The high energy of the
first band suggests an intraligand charge transfer corresponding to the 7 — 7*
transition of the azomethine group. Since Mn(III) is easily reduced, the second band in
this region is suggested as a L—M charge transfer transition [25, 26].
[Mn(L)NOs] - H,O shows two d—d transitions near 22,222 and 18,500cm ', whereas
all other complexes showed only a single broad shoulder at ~18,500cm '. From the
electronic spectral data, a six coordinated distorted octahedral stereochemistry is
proposed for all the complexes, supported by the low intensity of the d—d transitions.
Accordingly, the band at ~18,500 cm ' is assigned to the B, e A, o transition and the
band at ~22,222cm ' in [Mn(L)NO;] - H,O is assigned to the °B; e SElg transition.
The absence of this band in the remaining complexes is due to the greater absorption in
the ultraviolet portion of the spectrum. Similarly, the band corresponding to the
°B1 — “Bag transition is not observed because of its low energy [44].
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3.4. Cyclic voltammetric studies

The electrochemistry of the complexes is devoid of any redox potential over the
entire range of the experiment. Attempts to carry out cyclic voltammetric studies
at varied scan rates, i.e. 5, 10, 50 and 100mVSec™' gave no redox activity.
The observed inactivity points to high stability of the complexes, due to the presence
of (1) phenyl groups (and perhaps CHj3) in the parent heterocyclic B-diketone
which are good electron donors, (2) the Schiff-base is N-rich and N is a better
o donor and (3) the complexes have four chelate rings which may stabilize
the complexes.

3.5. Thermal studies

Each decomposition follows the trend

Solid-1 % Solid-2 + Gas

This process comprises several stages. The method reported by Horowitz and Metzger
[45] has been adopted. Plots of log [log wso/w,] versus 6 were linear for all of
the decomposition steps, showing first order reaction over the entire range of
decomposition for all of the complexes. The energy of activation Ea was
calculated from the slopes of these plots for a particular stage. A typical Horowitz—
Metzger plot for the thermal degradation of [Mn(L)NCS]- H,O is shown in figure 1.

3.6. Thermal behavior of the prepared complexes

The TG thermogram of [Mn(L)NCS]-H,O is taken as representative for the
decomposition of these complexes. Thermoanalytical data of the complexes are
given in table 3. The TG/DTG and DTA curves of [Mn(L)NCS]-H,O are shown in
figure 2. The decomposition undergoes three stages. The first mass loss (obs.
2.94%; caled. 2.86%) in the temperature range 50-140°C corresponds to the loss of
one water of hydration with an endothermic peak near 100°C in the DTA curve.
The broad nature of this peak is due to melting. The water of hydration has also
been substantiated by IR spectral data and the low activation energy (Ea) value
(table 4) in their thermogravimetry. The second step of decomposition between 140
and 440°C, with a DTG peak at 329°C, corresponds to decomposition of
thiocyanate anion, diethylenetriamine and one molecule of 1-phenyl-3-methyl-4-
acetyl-2-pyrazoline-5-ol (PMACcP). The observed mass loss for this stage is 56.46%,
consistent with the theoretical value of 56.69%. The DTA curve shows an
exothermic peak at 364°C. The third stage occurs between 440 and 660°C,
corresponding to decomposition of another molecule of 1-phenyl-3-methyl-4-acetyl-
2-pyrazoline-5-ol (PMACcP), with mass loss of 29.26% (theoretical 29.15%). The
maximum rate of mass loss is indicated by the DTG peak at 579°C and an
exothermic peak at 562°C in DTA. The total mass loss (88.66%) coincides with the
theoretical value of 88.70% (table 3).
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Figure 1. Horowitz—Metzger plot for the thermal degradation steps of [Mn(L)NCS]- H,O.
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Table 4. Thermodynamic data for decomposition of metal complexes.

Complex TG range (°C) E (KJmol™") AS* JK 'mol") AH* (KJmol™") AG* (KJmol™)
[Mn(L)NCS] - H,O 50-140 4.96 —101.37 1.88 39.48
140-440 36.23 —95.77 31.45 86.52
440660 98.58 —93.58 91.5 171.22
[Mn(L)NO5] - H,O 50-140 3.89 —101.98 1.02 36.21
140-360 31.17 —96.01 26.77 77.56
360580 77.35 —94.12 70.88 144.11
[Mn(L)ClO4]- H,O 50-140 4.76 —101.48 1.71 38.95
140-430 36.02 —95.75 31.29 85.77
430-650 97.06 —93.42 90.38 165.4
[Mn(L)CN]- H,O 50-130 4.54 —101.61 1.52 38.41
130-380 33.32 —95.84 28.84 80.5
380-630 96.12 —93.42 89.5 163.95
[Mn(L)N5]- H,O 50-130 4.28 —101.72 1.35 37.25
130420 32.01 —95.94 27.59 78.63
420-630 82.28 —93.93 75.76 149.4

HaC \I&m/N_ H,0
_— ‘
X

o
A

L CeHs CeHs -
(where X = CNS, CIO,, NO, CN or Ny)

Figure 3. The proposed structure of the complexes.

3.7. Calculation of activation thermodynamic parameters of the decomposed
complexes

The activation parameters of the decomposition process of dehydrated complexes were
calculated [46-48] (table 4). The parameters show a slight variation due to the anions
coordinated, despite the similar symmetry of the complexes. All complexes have
negative entropy, indicating more ordered systems than reactants [49]. The energies of
activation (E,) suggest thermal stability order as: [Mn(L)NCS]-H,0 >
[Mn(L)ClO,] - H,O > [Mn(L)CN] - H,O > [Mn(L)N;] - H,O > [Mn(L)NO;] - H,O.

4. Conclusion

IR and "H NMR spectral studies reveal that H,L exists in the tautomeric enol form.
Magnetic moment values indicate that all the Mn(III) complexes are high spin, lacking
exchange interactions. The IR spectra and thermal studies support the presence of one
water of hydration in all the complexes. All complexes have negative entropy indicating
that activated complexes have more order than reactants. Tentative structures of the
complexes are shown in figure 3.
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