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ABSTRACT

A series of four novel Schiff base methyl substituted salicyloylpyrazoleoxime and their Mn(Il) complexes were

synthesized and characterized by elemental analysis and thermal analysis, UV-Visible, IR, NMR spectroscopy. The

clemental analysis data suggest that the Schiff base Mn(Il) complexes have 1:2 (M:L) stoichiometry. The molar

conductivity data show them to be non-electrolytes. Based on analytical and spectral data, four-coordinate geometry was

assigned for all complexes. The electronic absorption spectra suggest the square planer geometry for the complexes. The

ligand salicyloylpyrazoleoximes and their Mn(Il) complexes were tested against gram positive bacteria Bacillus subtilis,

Staphylococcus aureus, Actinomycetes and gram negative bacteria Klebsiella, Pseudomonas aeruginosa. The most of the ligands

and metal complexes possess moderate antimicrobial activity.
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1. INTRODUCTION

Hydroxyoximes are flexible Schiff base ligands associated
with hydroxyl group in addition to imine functionality. It
is used as complexing agent and easy to make coordinate
bond with bivalent metal through oxygen atom of phenol
by deprotonation and through Nitrogen atom of imine
group. The oximes are prominently used in isolation,
separation and extraction of various metal ions [1-5]. The
coordination chemistry of oxime and their metal
complexes is remarkable because of these species exhibits
variety of reactivity modes. They have been widely
studied in variety of biochemical [6, 7] and analytical
applications [8, 9].

Recently, pyrazoleoxime and their derivatives have
attracted significant interest in chemical and medicinal
research. The oxime group attached to the pyrazole ring
is very good donor group because of its potential to
facilitate different coordination modes. Also it is well
known that Nitrogen atom of oxime group include in
bond formation with metal atom and O atom forms
bridge between two organic molecules through hydrogen
bond. A pyrazoleoxime ligand contains two different
bridging functions [10, 11]. A number of pyrazole
derivatives show biological activity as antipyretic [12],

antimicrobial [13] and antitumor activity [14]. Pyrazole
derivatives are also used in agriculture as pesticides [15].
Among the transition metals, manganese is an essential
metal in micronutrients of living organisms because it
plays an important role in enzyme catalyzed reaction.
The prospective use of manganese (II) complexes as a
catalytic scavenger for H,O, against oxidative stress [16-
19]. Bipyridine and phenanthroline Mn(Il) complexes
shows antifungal activity in comparison with the
antifungal drug ketoconazole [20]. Manganese (II)
complex derived from = Schiff base ligand 1,4-
diaminobutane and pyridoxal hydrochloride —exhibit
prominent anticancer activity against breast cancer [21].
The Schiff base complexes using vitamin B6 with Mn(II)
was found to and apoptosis inducer in human cancer
cell [22].

The aim of the study of chelating ligands associated with
oxime group invents from the fact that these types of
ligands gives coloured complexes with transition metal
ion and showing exciting properties. Transition metal
complexes with oxime ligands have attracted much
interest because they exhibit excellent coordination
ability. Knowledge of their coordination towards metal
ion will lead to better understanding of the structure,
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reactivity and stability of chelate complexes [23, 24]. metal in complexes were determined by volumetric
Motivated by the aforementioned findings of hydroxyl method [25]. The procedure used for synthesis of ligand
oximes, pyrazoleoximes and manganese (II) complexes, [26] and complexes was reported in earlier research [27].
we conceived our aim to synthesize Mn(Il) complexes
with pyrazoleoximes. In this paper we describe the 2.1. General procedure for synthesis of Metal
synthesis, spectral analysis and microbial activities of Complex
novel Mn(Il) complexes with salicyloylpyrazoleoximes. One equivalent of Manganese sulphate (0.001 mole) was

dissolved in distilled water and acidified by conc.
2. MATERIAL AND METHODS hydrochloric acid. The acidic solution of metal sulphate
All the solvents, reagents and chemicals used in this work was warmed slightly on hot water bath. It was further
were of research grade and purified before use. Distilled treated with alcoholic ligand solution (2 equivalents).
water and distilled ethanol always used. The melting The ligand solution was added slowly drop after drop in
points were determined by open capillary method and the acidic metal solution. Little excess of ligand solution
uncorrected. Solution conductivity of complexes were was added to ensure the complete complexation. The
measured using (Elico CM-180) conductivity meter in 1 above mixed solution was then treated with alcoholic
X 10° M solution in DMF. UV-Visible spectra recorded ammonia to make it alkaline. The solution was then
in the range 190-700nm on Schimadzu double beam digested on boiling water bath. The coloured complex
spectrometer (UV-1800) and IR spectra in the range precipitated out in alkaline medium. The resultant
350-4000 cm' on Schimadzu FT IR instrument. The product was filtered, washed first with slight hot distilled
thermal analysis of the complexes was performed at water followed by ethyl alcohol to remove excess of
Department of chemistry, New Arts, Commerce and ligand. The coloured precipitates of complexes were
Science college, Ahmednagar (MS). The percentage of dried under ambient conditions.
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Scheme 1: Synthetic route for Synthesis of Mn(II) Complexes of Methyl substituted
Salicyloylpyrazoleoxime

3. RESULT AND DISCUSSION complexation. The synthesized complexes are powder,
The Mn(II) complexes with bidentate Schiff bases ligand non-hygroscopic and stable at room temperature. All
methyl  substituted salicyloylpyrazoleoximes were the complexes are soluble in DMF, DMSO but
synthesized by the stoichiometric reaction of manganese insoluble in water and other organic solvents like
sulphate and ligands in a 1:2 (M:L) molar ratio. The acetone, chloroform, ethyl alcohol and carbon
synthesized metal complexes were characterized by tetrachloride. The solubility behavior and analytical data
several physical, analytical and spectroscopic methods. of the complexes suggest that all the synthesized
The proposed formula for complexes (ML2) was complexes are monomers. The low molar conductivity
supported by elemental analysis. The synthesized values for complexes indicates that the complexes are
complexes are coloured which are different from colour non-electrolyte and covalent in nature [28, 29]. This
of ligand supports the formation complexes. The non-electrolyte nature of complexes supports chelating
melting points of metal complexes are different and structure in complexes. The Physical, Analytical and
higher than that of free ligands is also an evidence for molar conductance values are represented in Table 1.
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3.1. IR spectrum

The free ligand shows broad band in the region 3130-
3170 cm’' due to hydrogen bonded V(O-H) stretching
frequency and absorption in the region 3220-3430 cm’’
assignable to free v(O-H) stretching frequency. The
absorption frequency in the range 3220- 3430 cm’”’
which is assignable to free hydroxyl group, which
was vanished upon metal complexation, suggest
deprotonation and formation of metal oxygen bond of
phenolic group. The hydroxyl stretching frequency in
the region 3130- 3170 cm’' was also shifted up to 30
cm' indicative of the coordination of nitrogen atom and
presence of inter molecular hydrogen bonding between
ligands to stabilize the complex [30].

The absorption frequency due to azomethine linkage
was observed in the range 1540- 1550 cm’ due to
V(C=N) and 1240- 1295 cm’' due to V(N-O) in the
spectra of free ligands. The small shifting of these
bands towards lower value in stretching frequency
of azomethine group is also strong evidence for the

coordination of nitrogen atom with metal ion [31, 32].
The absorption peaks due to V(C-O) observed in the
960-995 cm’ region. The spectra of free ligand
showed hypsochromic shift in the spectra of the
complexes. This supports bonding of the metal ions to
the phenolic -OH after deprotonation [33]. The shift
equally confirms the participation of oxygen in the C-O-
M bond [34].

The further convincing evidence of the coordination of
phenolic -OH group and oxime nitrogen was verified by
arrival of new weak bands in the range 560- 530 cm’'
and 450- 475 cm™ which is assigned to V(M-O) and
V(M-N) respectively [35, 36]. These bands are only
perceived in the spectra of manganese complexes not in
free ligand. Thus all the IR data the metal ion is bonded
to salicyloylpyrazole ligand through phenolic oxygen
and imino nitrogen atoms [37].

The important peaks in FTIR spectra of synthesized free
ligands and their manganese metal complexes are
presented in Table 2.

Table 1: Physical and analytical data of Mn(IT) complexes.

Complex Substituents Colour M. P. % Found [Calc-d.) % Molar conductance
(M. Formula) R, R, R, ' (OC) Yield M C H N (ohm'lcmzmol'l)
Mn-1 759 5746 39 1175
: . 189_95 - )
(CH,CLMnN,0,) . H H DakBrown 25225 78 ..o (57.64) (3.70) (11.86) 289
Mn-2 ] tan 844 6459 476 12.88
CHMNo) O H o H o DaukBown 23203+ 9% oo o 4y a2 59) 15.3
Mn-3 676 5156 344  10.66
- M7 i
C.HBMNo0) * H B DarkBrown 212214 89 (oo (51.22)  (3.29) (10.54) ==
Mn-4 ‘ 763 58.87 435  11.69
(CHCMN,0,) O G H o DakBrown 2300 81 o 00 oo 4yr) 41) 34
Mn-5 729 5233 335 10.75
¢1 H  DakB 208-210 86 26.1
(CyH,.CLMnN,0,) e (7.07)  (52.53) (3.11) (10.81)
Table 2: The significant peaks in FTIR spectra of free ligand and its Mn(II) complexes
Frequency
Compound vO-H vC:N vN-O vC-O vM-O vM-N
HLI 3364, 3160 1541 1295 985 - -
Mn-1 3145 1543 1275 960 553 459
HL2 3244, 3165 1548 1276 962 - -
Mn-2 3141 1516 1242 953 546 458
HL3 3223, 3157 1548 1274 991 - -
Mn-3 3138 1541 1261 957 560 458
HL4 3430, 3165 1549 1253 985 - -
Mn-4 3163 1553 1247 931 553 449
HL5 3264, 3159 1551 1247 971 - -
Mn-5 3135 1518 1235 953 557 459
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3.2. '"HNMR spectra

'H NMR spectra of selected compounds was recorded
in DMSO-d; as solvent and TMS as internal standard in
the range 0- 16 Oppm. However due to presence of
metal ion, proton resonance was not effected and gave
broad peaks indicating the formation of metal
complexes [38].

3.3. Thermal Analysis

The TG curve for manganese complexes did not show
considerable weight loss up to 200°C, signifying that
absence of lattice water and water of crystallization. The
metal complexes showed decomposition temperature
above 200°C also indicates that they are thermally quite
stable, suggesting strong metal-ligand bonding. The
decomposition of manganese complexes was started
beyond 200°C, which may be due to the weight loss of
organic ligands by evolution of gaseous products.
Further
completed leading to formation of stable residue of

increase in  temperature, decomposition

manganese oxides in the temperature range 600-800°C.

183

The TG spectra of Mn-1 and Mn-5 complexes are
presented in Figures-1. Mn-1 complex showed two step
and Mn-5 complexes showed single step decompositions
with formation for stable metal oxide as (Mn,0,). The
observed stable residue for Mn-1 complex is 10.78%
(Cal-11.08%) and for Mn-5 complex is 9.86% (Cal-
10.10 %).

3.4. Electronic Absorption Spectra
3.4.1. Electronic
Iigands

absorption spectral

study of
The UV-Visible spectra of salicyloylpyrazoleoxime
ligands were recorded to a known concentration (1 x
10“M) in DMF solution over a range 200- 700 nm. In
the present investigation the absorption spectra of
ligands exhibit two strong bands in the region 260- 340
nm, which are assigned to n—7* and T—7T* transitions
[39]. The observed A, values for all ligands are found
to be nearly same. The A values for synthesized
ligands are summarized in table and spectra are
represented in following Figs. 2 and 3.
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Fig. 1: TGA spectra of complex Mn-1 and Mn-5
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Fig. 2: Electronic absorption spectra of ligand (HL2)
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3.4.2. Electronic absorption spectral study of
complexes
The electronic absorption spectra of manganese

complexes showed two strong band in the region 280
nm and 330 nm due to T—7* and n—7TT* transitions.
These bands are attributed to organic molecules and
appeared to lower value than free ligands. Along with

that in the absorption spectra of manganese complexes,
a weak band observed in the region 450- 540 nm. These
are associated with strong charge transfer bands and
characteristics of square planar geometry for the
complexes. The electronic absorption spectra of

complexes Mn-2 and Mn-4 are presented in Figs. 4 and

5 and their Xmax values are summarized in Tables.
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Fig. 3: Electronic absorption spectra of ligand (HL4)
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Fig. 4: Electronic absorption spectra of complex (Mn-2)
4.800 =) T T
4.000 w\ —
1 - -
2.000 (- /A\ ]
MNo. Wavelength | Abscorbance
o \\ N n 1 524 00 0009
£  o.000 ~— 2 465.00 0.017
3 320.00 5533
4 289.00 2.353
5 569.00 EEEE)
-2.000 ‘ —|
~4.000 i —
-4 800 L. 1 1
190.00 400.00 600.00 700.00
nim

Fig. 5: Electronic absorption spectra of complex (Mn—4)
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3.5. Antimicrobial evaluation

All the synthesized ligands and manganese complexes
were tested against gram positive bacteria Bacillus
subtilis, Staphylococcus aureus, Actinomycetes and gram
negative bacteria Klebsiella, Pseudomonas aeruginosa. The
newly synthesized compounds exhibited varying degree
of inhibitory effect (low to moderate) on the growth of
tested bacteria. The antibacterial data for synthesized
ligand and complexes are presented in table 3 and fig. 6.
However, antimicrobial screening of synthesized Schiff
base metal complexes was found comparatively much

185

more active than free ligands. The antimicrobial activity
of metal complexes showed considerable zone of
inhibition compared to that standard drugs. Most of the
synthesized complexes showed antimicrobial activity
against Actinomycetesand = Pseudomonas aeruginosa. After
coordination with metal ion, the compounds which are
biologically inactive becomes active and biologically less
active compounds becomes more active [40-42]. Such
introduction and enhancement in the activity of metal
complexes were explained on the basis of Overtone’s
concept [43] and Tweedy’s chelation theory [44].

Table 3: Antimicrobial activity of salicyloylpyrazoleoxime and Mn(II) complexes.

Substi Bacteria

Compound ubstituents Gram-positive Gram-negative
R, R, R, R Sa Bs Am Ks Pa
HL1 Cl H H CH, 30 19 24 25 32
HL2 CH, H H CH, = 21 20 26 =
HL3 Br H H CH, 21 17 -- -- 23
HL4 CI CH, H CH, 20 3 16 = 21
HL5 Cl H Cl CH, -- 17 -- 24 --
Mn-1 Cl H H CH, 12 16 15 23 --
Mn-2 CH, H H CH, = 21 i5 23 =
Mn-3 Br H H CH, 16 -- -- -- 26
Mn-4 Cl CH, H CH, 16 = = = 24
Mn-5 Cl H Cl CH, 15 20 16 20 27
Control - - - - 10 08 10 22 20
Penicillin - - - - 43 42 36 32 32
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Fig. 6: Antimicrobial activity of salicyloylpyrazoleoxime and Mn(II) complexe

The dissimilarity in the activity of the different metal
complexes against different bacteria depends either on

the impermeability of the cells of the microbes or
difference in the ribosomes in the microbial cells [45,
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46]. The metal complexes may also be a vehicle for
activation of the ligand as a cytotoxic agent. Moreover,
complexation may lead to significant reduction of drug
resistant [47]. Besides this other factor such as solubility,
conductivity and dipole moment influenced by the
presence of metal ions may also be the possible reason
causing enhancement of the antimicrobial activity of
chelate complex as compared to free Schiff base
compounds [48]. The antimicrobial activity may also
enhance due to involvement of formation of hydrogen
bond through the azomethine group with the active
centers of cell constituents, resulting in an interference
with normal cell process [49].

Now it is clear that, these compounds possess
antibacterial properties. Use of these compounds as
antibacterial on therapeutic scale need to be further
elaborated. In many cases the bacterial pathogens have
acquired resistance against traditional compounds or
drugs. Under such conditions, these new compounds
can be tried as alternative compounds for the control of
these pathogens. However, further studies in this
direction are needed.

4. CONCLUSION

In this present study new salycyloylpyrazoleoxime and
its manganese complexes are reported. The newly
synthesized ligands and complexes are characterized by
physical methods and elemental analysis. The formation
of metal complexes confirmed by UV-Visible, IR and
'H NMR spectroscopy. The spectral data suggest that
the oxygen atom of phenol group and nitrogen atom of
imine group are involved in coordination with metal
ion. The formation of metal complexes is also
confirmed by thermal methods of analysis. All the metal
complexes are stable below 200°C and decomposes
slowly after 200°C giving formation of corresponding
metal oxide. The complexes are insoluble in water,
alcohol and other organic solvents but good solubility in
DMF and DMSO. The electronic absorption spectra
suggest probable square planer geometry. The molar
conductance values of these complexes suggest the non-
electrolytic nature. The antibacterial study revealed that
the most of the ligands and metal complexes possess
moderate antimicrobial activity.

5. ACKNOWLEDGMENT

The authors extend their thanks to the Department of
Chemistry, K. ]J. Somaiya College Kopargaon for
providing spectral analysis facilities.

6.
1.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

REFERENCES

Yang CI, Zhang ZZ, Lin SB. CoordChem Rev, 2015;
289-290.

Chakravorty A. Coord Chem Rev, 1974; 1:1-46.
Gupta BD, Kumar K. Inorg Chim Acta, 2011;
372(1): 8-16.

Woan S, Mori W, Yamada S, Murahashi SI. Bull Chem
Soc Jpn, 1989; 62(2):435-438.

Bhusare SR, Pawar VG, Shinde SB, Pawar RP,
Vibhute B. Int J Chem Sci, 2003; 1(1):31-36.

Mishra V, Saksena DK, Jain MC. Synth React Inorg
Met Org Chem, 1987; 17(10):987-1002.

Baseer MA, Jadhav VD, Phule RM, Archana YV,
Vibhute YB. Orient ] Chem, 2000; 16(3):553-560.
Mulwad VV, Shriodkar JM. Indian | Hetero Chem,
2002; 137:199-202.

Raman M, Muthuraj V, Ravichandran §,
Kulandaisamy A. Indian Acad Sci Chem Sci, 2003;
115(3):161-167.

. Ismil KZ, Dissouky AE, Shehada AZ. Polyhedron,

1997; 16(17):2909-2916.

Agrawal RK, Sharma D, Sing L, Agrawal H.
Bioinorg Chem and Appl, 2006; 1-9.

Chakraborty P. Text book of Microbiology, 20035 238.
Tong SY, Davis JS, Eichenberger E, Holland TL,
Fowler VG. Clin Microbial Rev, 2015; 28(3):603-
661.

Gillet Y, Issartel B, Vanhems P, Fournet JC, Lina
G, Bes M, et.al. Lancet, 2002; 359:753-759.

Logan NA, Turnbull PCB, Murrey PR, Baron E]J,
Faller MA, Tenover FC, Yolken RH. Manual of
Clinical Microbiology, 7"edi., ASM Press, Washington
DC, 1999.

Wu A], Penner-Hahn JE, Pecoraro VL. Chem Rev,
2004; 104(2):903-938.

Kani I, Atlier O, Guven K.J ChemSci, 2016; 128(4):
523-536.

Biava H, Palopoli C, Duhayon C, Tuchagues JP,
Signorella S. Inorg Chem, 2009, 48(7):3205—3214.
SignorellaS,Hureau C. Coord Chem Rev, 2012; 256
(11-12):1229-1245.

Devereux M, McCann M, Leonl V, Geraghty M,
McKee V. Wikaira ], Metal Based Drug, 2000;
7:275-288.

Yadamani S, Neamati A, Homayouni—TabriZi M,
Beyramabadi SA, Yadamani S, Gharib A. et.al.
Breast, 2018; 41:107-112.

Tabatabayi ZS, Tabrizi MH, Neamati A,
Beyramabadi SA. ] cell Biochem, 2020; 121:2677-
2689.

Journal of Advanced Scientific Research, 2021; 12 (3) Suppl 2: Oct-2021



23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

Dhokale et al., ] Adv Sci Res, 2021; 12 (3) Suppl 2: 180-187 187

Chang EL, Simmers C, Knight DA. Pharmace, 2010;
3(6):1711-1728.

Hierso ]JC, Bouwman E, Ellis DD,Cabero MP,
Reedijk A, Spek AL. | Chem Soc, Dalt Trans, 2001;
2:197-201.

Furniss BS, Hannaford AJ, Smith PWG, Tatchell
AR.Vogel’s, Text book of practical organic
Chemistry, 5" edition, J. Wiley, New York, 1989.
Dhokale NT, Karale BK, Nagawade AV. Res | of
Chem Sci, 2014; Vol. 1(NCCICR-2014):100-105.
Dhokale NT, Karale BK, Nagawade AV.Asian
Journal of Chemistry, 2017; 29(4):843-845.

Geary W].Coord Chem Rev, 1971; 7:81-122.
Chandra S, Kumar V. Spectrochim Acta A, 2005;
61(1-2): 219-224.

Bukhari HI, Arif M, Akbar ], Khan AH. Pak | Biol
Sc, 2005; 8(4):614-617.

Sashidhara GM, Goudar TR.J Ind Chem Soc, 2001;
78(7):360-361.

Kalluraya B, Gururaya R, Rai G.Ind J Chem, 2003;
42B(1):211-214.

Basavaraju B, Bhojyanaik HS, Prabhakasa MC.E-
Journal Chem, 2007; 4(1):39-45.

Gruber S], Harris CM, Sinn EJ. Inorg Nucl Chem,
1968; 30(7):1805-1830.

Black SI, Young GB. Polyhedron, 1989; 8(5):585-
596.

36.

37.

38.

39.

40.

41.

42.

43,

44,
45.

46.

47.

48.

49.

Mohapatra BB, Saraf SK. ] Ind Chem Soc, 2003;
8:696-699.

Wang G, Chang JC. Synth React Inorg Met Org Chem,
1994; 24(7):1091-1097.

Youssef NS, Hegab KH. Synth. React. Inorg. Met.
Org. Nano. Met. Chem., 2005; 35:391.

Boyd SA, Kohrman RE, West DX. J. Inorg. Nucl.
Chem., 1976, 38:1605.

Li M], Med Res Rev, 2003; 23(6):697-762.
Afanas’eva IB, Ostrakhovitch EA, Mikhal’chik EV,
Ibragimova GA, Korkina LG. Biochem Farmacol,
2001; 61(6):677-684.

Clark M], Stubbs M. Met lons Biol Syst, 1996;
32:727-780.

Parekh HM, Pansuria PB, Patel MN. Polish | Chem,
2005; 79(12):1843-1851.

Tweedy BG. Phytopathology, 1964; 55:910-918.
Kurtoglu M, Ispir E, Kurtoglu N, Serin S. Dyes Pig,
2008; 77(1):75-80.

El-Tabl AS, El-Saied FA, Plass W, Al-Hakimi AN.
Spectrchim Acta A, 2008; 71(1):90-99.

West DX, Padhye SB, Sonawane PB. Structure
bonding, SpringerVerlag, New York, 1991; 76:1-
49.

Chohan ZH, Pervez H, Khan KM. | EnzInhib Med
Chem, 2005; 20(1):81-89.

Dharamraj N, Vishwanathanmurthi P, Natarajan K.
Trans Met Chem, 2001; 26(1):105-109.

Journal of Advanced Scientific Research, 2021; 12 (3) Suppl 2: Oct-2021



