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Abstract: A novel bidentate Schiff base derived from vanillin and 4-aminoantipyrine, form 1:1
complexes with aryltellurium(IV) trichlorides and diaryltellurium(IV) dichlorides of the type VL-
AAP.ArTeCl; and VL-AAP.Ar,TeCl, (where Ar = p-methoxyphenyl, p-ethoxyphenyl, p-hydroxy-
phenyl and 3-methyl-4-hydroxyphenyl and VL-AAP =Schiff base). These complexes have been
characterized by elemental analyses, molar conductance, IR and 'H NMR spectroscopy. On the basis
of these studies the donor sites have been identified as carbonyl oxygen of the pyrazolone ring and
nitrogen atom of azomethine group (CH=N) to give five membered chelate ring with tellurium
centre having ¥-octahedral geometry. The synthesized ligand and its aryltellurium complexes were
screened for their antimicrobial activity against various bacterial and fungal strains.

Keywords: Vanillin, 4-Aminoantipyrine, Aryltellurium(IV), Diaryltellurium(IV), Antimicrobial activity

Introduction

In the last few decades, there has been a considerable interest in the chemistry of antipyrine
and its derivative due to their potential biological activity' as analgesic™ and anti-
inflammatory”, antiviral*®, antibacterial** and anticancer activity®.

Among the various derivatives, 4-aminoantipyrine form a variety of Schiff bases with
aldehydes/ketones and are reported to be effective ligands having biological and clinical
applications’”. The ligands contain antipyrine skeleton in their structure having the
hetroatoms in the ring'® which induces the biological activity''"?. The carbonyl group in the

base is a potential donor due to large dipole moment'* (5.48 D) and strong basic character.

Also, aryltellurium(IV) chlorides are known to act as Lewis acids'?! and form

complexes with several N-, O- and S- donor bases. As a part of our continuing interest on
the synthesis of potential bioactive compounds, we hereby report the synthesis,
characterization and biological studies on aryltellurium(IV) trichlorides, ArTeCl; and
diaryltellurium(IV) dichlorides, Ar,TeCl, complexes with Schiff base derived from
4-aminoantipyrine and vanillin.
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Experimental

All preparations were carried out under dry nitrogen atmosphere and the solvents used were
purified by standard method**** before use. The purity of compounds was checked by TLC
using Silica gel-G (Merck). Melting points were determined in open capillary tube and are
uncorrected.

Carbon, hydrogen and nitrogen analyses were obtained microanalytically from SAIF,
Panjab University Chandigarh on a ThermoFinnigan CHNS analyser. Conductivity was
measured in DMSO at 2542 °C with dip type conductivity cell on a microprocessor based
conductivity bridge type MICROSIL.

Infrared spectra (4000-400 cm) were recorded in KBr pellets on a FT-Infrared
spectrophotometer model RZX (Perkin Elmer) at SAIF, Panjab University Chandigarh.
Proton magnetic resonance spectra were recorded in DMSO-d¢ using tetramethylsilane as an
internal reference on BRUKER AVANCE II 400 NMR spectrometer. The antimicrobial
activity was evaluated by tube dilution method at Department of Pharmaceutical Sciences,
M. D. University, Rohtak,India.

Preparation of aryltellurium(IV) trichlorides and diaryltellurium(1V) dichlorides

p-Methoxyphenyltellurium(I'V) trichloride™, bis(p-methoxyphenyl)tellurium(IV)

dichloride™?®, ~ p-ethoxyphenyltellurium(IV) trichloride’’, bis(p-ethoxyphenyl)tellurium
dichloride® p-hydroxyphenyltellurium(IV) trichloride™, bis(p-hydroxyphenyl)tellurium(IV)
dichloride®®, 3-methyl-4-hydroxyphenyltellurium(IV) trichloride™ and bis(3-methyl-4-
hydroxyphenyl)tellurium(IV) dichloride™ were prepared by the reactions of TeCl, with
anisole, phenetole, phenol, o-cresol respectively, by the methods reported in the literature®.

Preparation of vanillin-4-aminoantipyrine Schiff base (VL-AAP)*

Equimolar amounts of saturated methanolic solution of vanillin and 4-aminoantipyrine were
mixed thoroughly and few drops of glacial acetic acid were added. The mixture was refluxed
for 4 hours at 70-80 °C on a water bath. The resulting solution was cooled at room
temperature and then poured into crushed ice with constant stirring. The sodium bisulphite
solution was added to the precipitate to remove excess aldehyde if any. The crystalline
product was dried under vacuum and kept in desiccator over P,O,( until further use. Yield =
90%, M.pt.=165-167 °C. Analysis (Calculated) C,oH,oN305:C(67.66), H(5.68) and N(12.46);
Found: C(67.50), H(5.82) and N(12.27)

Preparation of Schiff base complexes of aryltellurium(IV) trichlorides and
diaryltellurium(1V) dichlorides

Aryltellurium(IV) trichlorides, ArTeCl; and diaryltellurium(IV) dichlorides Ar,TeCl,
(Ar=p-methoxyphenyl, p-ethoxyphenyl, p-hydroxyphenyl and 3-methyl-4-hydroxyphenyl),
when reacted with VL-AAP in equimolar ratio, yield VL-AAP.ArTeCl; and VL-AAP.Ar,TeCl,
type complexes.

A saturated methanolic solution of 2 mmol of aryltellurium(IV) trichloride or
diaryltellurium(IV) dichloride was added dropwise to the suspension of 2 mmol Schiff base
in 60 mL benzene + 40 mL methanol. The reaction mixture was further refluxed for 3-4 h,
cooled and filtered off to remove any turbidity. The filtrate was then concentrated to about
one third of original volume under reduced pressure and cooled in an ice bath to obtain
coloured product. This was filtered, washed with benzene + methanol (1:1) and dried in
vacuum desiccator over P,Oy.
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TeCl, when heated with anisole®*?®, phenetole’, phenol®®, o-cresol® (Ar-H) appears to

undergo Friedel-Crafts type condensation reaction whereby TeCl;* unit attacks a position

para to the alkoxy/hydroxyl groups in the aromatic rings, thus resulting in the formation of
aryltellurium(IV) trichlorides and diaryltellurium(IV) dichlorides.

Ar-H + TeCly — ArTeCl; + HCI (1)

2 Ar-H + TeCly —> Ar,TeCl,+ 2 HCI 2)

Formation of Schiff base (VL-AAP) by the reaction of vanillin drug and
4-aminoantipyrine can be represented by following equations.

34-36

H;CO _CH,

H;CO \
Glacml acetic acid /
C =0 4+ R : N :

Vanillin 4-aminoantipyrine Schiff base(VL-AAP)

Schiff base (VL-AAP) reacts with aryltellurium(IV) trichlorides and diaryltellurium(I'V)
dichlorides in 1:1 molar ratio to yield the corresponding aryltellurium(IV) complexes.

VL-AAP + ArTeCl; — > (VL-AAP) ArTeCl; 3)

VL-AAP + Ar,TeCl, — > (VL-AAP) Ar,TeCl, 4)

All the tellurium(IV) complexes are coloured, crystalline solids, stable at room
temperature and non-hygroscopic in nature. The complexes have been analyzed for their

tellurium, chlorine, carbon, hydrogen and nitrogen contents and the data along with their
physical properties and yields are listed in Table 1.

Conductance studies

Molar conductance (Ay) data for the complexes at ca. 10° M in DMSO (Table 1) lie in the
range 12.41-25.22 S cm® mol ™', which predict the non electrolyte*"** type behaviour of these
complexes in DMSO.

Infrared spectra

The IR data of Schiff base and its tellurium(IV) complexes are listed in Table 2. The spectra
of VL-AAP Schiff base complexes are quite complex and an attempt has therefore been
made to identify the donor sites by comparing the spectra of complexes with parent ligand
and ArTeCl;/Ar,TeCl,.

In IR spectrum of ligand shows intense band at 1621 cm™ ascribed to carbonyl V(c=0) Of
the pyrazolone ring’®** has been shifted towards higher wavenumber in spectra of
complexes indicating the linkage between the tellurium atom and carbonyl oxygen
atom****_ The band at 1581 cm™ for the azomethine****** group of the Schiff base shifted
to higher frequency in the IR spectra of aryltellurium complexes due to the bonding of the
azomethine nitrogen to tellurium atom. This may be mixed w1th Vc=c) of the ArTe/Ar,Te
moieties. Also, a broad band in Schiff base around 3176 cm™ indicates the presence of
phenolic** OH. This band is slightly shifted to around 3450 cm™ in the Schiff base
tellurium complexes, this shows that the hydroxyl group oxygen does not contribute in
bonding pattern*®.



Tablel. Analytical data, molar conductance and physical properties of Schiff base (VL-AAP) complexes of tellurium(I'V)

. Analyses % Found (Calculated) Ay atca.

Compound Complex %‘22;13(1::1 Colour I\EIO' CP)t' 10°M

No. (Ar) (Formula we)  (Yield %) deo C H N Te Cl  Scm’mol’

: : in DMSO
W e ammo g we g9 oo BT o

. (VL-AAP).AITeCly CostheCLN;O,Te  Greenish oo (o0 4580 399 607 1872 1552 1678
(p-methoxyphenyl) (678.46) -yellow (85) (46.03) (3.86) (6.19) (18.81) (15.68) ’

5 (VL-AAP).AITeCly CHnCLN:O,Te Light yellow o0 (o) 4563 421 587 1855 1517 1576
(p-ethoxyphenyl) (672.07) (88) (46.83) (4.08) (6.07) (18.43) (15.36) :

3 (VL-AAP).AITeCly CosHoCLN;O,Te Darkyellow 1, o, 4507 352 615 1905 1589 1974
(p-hydroxyphenyl) (644.43) (85) (45.19) (3.64) (6.32) (19.20) (16.01) :

s e CaCINOTe Lightbrown (oo 4587 398 601 1851 1547 o
hy dmxyplylenyl) (678.46) (82) (46.03) (3.86) (6.19) (18.81) (15.68) :

s (X];'ﬁ‘g )- CyHuCLN;OsTe Darkbrown o, 5273 434 549 1692 933 1873
(p-methzoxyplfenyl) (750.14) (85) (52.84) (4.43) (5.60) (17.01) (9.45) '

; AR CHyCINOTe  Red s 5380 491 530 1631 901 .
(pe thozxyphényl) (778.19) (82) (54.02) (4.79) (5.40) (16.40) (9.11) :

(VL-
C31H29C12N305Te Brown 51.47 4.15 5.53 17.55 9.65
7 (p‘_*lgiigyflfg;l) (722.09) (85) 102-104 5156y (405) (5.82) (17.67) 982 1241
(VL-AAP).

. Ar,TeCl, C33H3;CLN;05Te B(r;’g;n Isgqgo  SXTL 424 549 1689 9.33 1595

(3-methyl-4- (750.14) (52.84) (4.43) (5.60) (17.01) (9.45) '
hydroxyphenyl)

Values of Ay reported” # for 1:1 electrolytes in DMSO=50-70 S cm® mol’’

9SH-8¥ “(€)9 ‘L10T “SuBL], 10§ WayD)

1554
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Table 2. Important infrared absorption bands (cm™) of Schiff base (VL-AAP) and complexes

Phenolic vio.yy  Carbonyl vic—gyof =~ Azomethine

Compound of ligand pyrazolone VieaN) Ve V(Te-0)
VL-AAP 3176 mb 1621 s 1582 s - -
1 3451 mb 1637 s 1587 s 420s 273w
2 3452 mb 1634 s 1586 s 418m 271w
3 3448 mb 1637 s 1586 s 418s 288w
4 3445 mb 1635 s 1588 s 420s 285w
5 3448 mb 1625 s 1581 s 420s 291w
6 3420 mb 1624 sh 1582 s 425m 277w
7 3451 mb 1625 sh 1583 s 420m 282w
8 3448 mb 1632 sh 1586 s 415m 287w

s=sharp, b=broad, mb=medium broad, sh=shoulder, w=weak

The two new bands appear in range 281-293 cm™' and 415-425 cm™ assigned due to
V(Te_o)49-52 and v(ren) mode> of vibration. Thus, IR data predict the bidentate nature of the
Schiff base (VL-AAP) involving azomethine nitrogen atom and carbonyl oxygen of
pyrazolone ring give rise to six membered chelate rings with the tellurium centre having
distorted octahedral geometry.

'H NMR spectra

In order to identify the solution structure of Schiff base (VL-AAP) and its complexes, 'H NMR
spectra were recorded in DMSO-dg and the data are given in Table 3. The proton signal for OH
group™ in Schiff base appears*****” at 9.49 § ppm as broad singlet and in complexes it resonate
at 9.76 & ppm. This indicates that OH group does not participate in the complexation™.

Table 3. '"H NMR spectral data of Schiff base (VL-AAP) and complexes in DMSO-dg

Compound Phenglic-OH of Azomethine-H N-Methyl protgn of C-Methyl protgn of
ligand pyrazolone ring pyrazolone ring
VL-AAP 9.495 bs 9.461 s 3451 m 2.445 m
1 9.761 s 9.487 s 3.829m 2.537m
2 9.762 s 9.493 s 3.871 m 2.533 m
3 9.763 s 9.356's 3.910 m 2.560 m
4 9.763 s 9.382 s 3.863 m 2.536 m
5 9.762 s 9.484 s 3.884 m 2.560 m
6 9.764 s 9.477 s 3.861 m 2.526 m
7 9.761 s 9474 s 3.864 m 2.528 m
8 9.780 s 9.385s 3.868 m 2.531m
bs=broad singlet s=singlet, m=multiplet

The azomethine protons which resonate as a singlet™**** at 9.47 § ppm, the coordination

of azomethine nitrogen to tellurium in the complexes are clearly demonstrated by a downfield
shift of this peak™. The signal for C-methyl proton (>C-CH3) attached to pyrazolone ring**°
appear at 2.44 & ppm, while the N-methyl proton (>N-CHj) attachéd to pyrazolone™*® appear
at 3.45 6 ppm in the spectra of Schiff base and these signal shift to down field in complexes
due to the effect of coordination of carbonyl oxygen. The ratios of ligand protons to the ArTe/

Ar,Te protons also confirm the stoichiometry of complexes as 1:1.
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Thus, Schiff base (VL-AAP) act as a bidentate-N(azomethine), -O(carbonyl) chelating
ligand in VL-AAP.ArTeCl; and VL-AAP.Ar,TeCl, complexes giving six coordinate
tellurium having ¥-octahedral geometry in these complexes as predicated from IR studies as
well. The proposed structures are as given below (Figure 1).

OH
OCH;

VL-AAP.ArTeCly

OH
OCH;

VL--AAP.Ar,TeCl,
Ar = p-methoxyphenyl, p-ethoxyphenyl, p-hydroxyphenyl and 3-methyl-4-hydroxyphenyl
Figure 1. Proposed structures of complexes

Biological activity

The Schiff base (VL-AAP) and newly synthesized aryltellurium(IV) schiff base complexes
were evaluated for their antimicrobial activity in vitro against Gram+ve bacteria (S.aureus
ATCC 11632 and B.cereus MTCC 7350), Gram-ve bacteria (E.coli ATCC 35218,
P.aeruginosa ATCC 23564, S.typhi ATCC 15499 and P.rettgeri DRDE) and fungal strains
(A.niger, A.fumigates and A.flavus) by tube dilution method™. Dilution of test and standard
compounds were prepared double strength nutrient broth- [.P (Antibacterial) and sabouraud
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dextrose broth -LP (Antifungal)®®. The samples were incubated at 37+1 °C for 24 h
(bacteria), 25+1 °C for 7 days (A.niger), 30£1 °C for 15 days (A.flavus), 35+1 °C for 72 h
(A.fumigates) respectively and results were recorded in terms of MIC. The lowest
concentration of test substances which inhibited values are presented in the Table 4.

Table 4. Minimum inhibitory concentration, MIC (ug/mL); (-) resistant

Bacterial strains Fungal strains

]

£

éS.aureus S.typhi P.aeruginosa E.coli B.cereus P.rettgeri

g (ATCC (ATCC (ATCC (ATCC (MTCC (DRDE A.niger A.fumigates A.flavus
S 11632) 15499)  23564)  35218) 7350)  strain)

1 5.0 10 5 20 - 0.625 10 10 -
2 125 2.5 1.25 5.0 - - - - -
3 50 - - - 1.25 2.5 5.0 - -
4 - - 5.0 1.25  0.625 - - 1.25 5.0
5 50 10 5.0 20 - 0.625 20 5.0 1.25
6 10 10 20 - 5.0 5.0 5.0 2.5 -
7 20 - 20 - 10 20 - - 2.5
8 - 5.0 1.25 - - - - 0.625 -

Comparative study of the MIC value for Schiff base (o-VAPH) and their tellurium(IV)
complexes indicates that the complexes shows higher antimicrobial (bacterial and fungal)
activity than Schiff base itself. From the data, the antibacterial activity shows following trend:

VL-AAP.ArTeCl; > VL-AAP.Ar,TeCl, > VL-AAP Schiff base
And for antifungal activity trend:
VL-AAP.Ar,TeCl, > VL-AAP.ArTeCl; > VL-AAP Schiff base

Conclusion

Aryltellurium(IV) and diaryltellurium(IV) dichlorides upon reaction with Schiff base
(VL-AAP) derived from vanillin and 4-aminoantipyrine yield new 1:1 type complexes of
tellurium(IV). The synthesized complexes were characterized by elemental analyses,
conductance measurement, IR and 'H NMR spectral studies. The analytical data suggest that
the VL-AAP Schiff base complexes have 1:1 stoichiometry. The Schiff base (VL-AAP) in
these complexes acts as a bidentate ligand through oxygen of the pyrazolone ring carbonyl
(C=0) and nitrogen atom of azomethine group (CH=N) to give five membered chelate ring
with tellurium centre having ¥-octahedral geometry. The complexes have been observed to
possess more antimicrobial activity against bacterial and fungal strains than parent Schiff base.

Acknowledgement

The authors are grateful to M. D. University, Rohtak for providing the necessary facilities. One
of the authors (Deepak) is also thankful to UGC New Delhi for providing fellowship. We also
thank SAIF, Panjab University Chandigarh for providing the CHN analyses and spectral data.

References

1. Jain S C, Sinha J, Bhagat S, Errngton W and Olsen C E, Synth Commun., 2003, 33(4),
563-577; DOI:10.1081/SCC-120015810

2. Filho V C, Vaz C Z, Calixto J B, Nunes R J, Pinheiro T R, Andricopulo A D and
Yunes R A, Farmaco, 1998, 53(1), 55-57; DOI:10.1016/S0014-827X(97)00006-2



Chem Sci Trans., 2017, 6(3), 448-456 455

vk

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

27.

28.
29.

Sondhi S M, Sharma V K, Verma R P, Singhal N, Shukla R, Raghubir R and Dubey M P,
Synthesis, 1999, 878-884; DOI:10.1055/s-1999-3472

Mishra A P, J Indian Chem Soc., 1999, 76, 35.

(a) Raman N, Kulandaisamy A, Jeyasubramanian K, Synth React Inorg Met., 2002,
32, 1583; b) Raman N, Kulandaisamy A and Jeyasubramanian K, Synth React Inorg
Met., 2004, 34, 17.

Sondhi S M, Singhal N, Verma R P, Arora S K and Dastidar S G, Indian J Chem.,
2001, B40, 113.

Hitoshi T, Tamao N, Hideyuki A, Manabu F and Takayuki M, Polyhedron, 1997,
16(21), 3787-3794; DOI:10.1016/S0277-5387(97)00148-4

Punniyamurthy T, Kalra S J S and Igbal J, Tetrahedron Lett., 1995, 36(46), 8497-
8500; DOI:10.1016/0040-4039(95)01780-L

Trivedi G S and Desai N C, Indian J Chem., 1992, B31, 336.

Kay Brune M D, Acute Pain., 1997, 1(1), 33-40; DOI:10.1016/S1366-
0071(97)80033-2

Prabhakaran C P and Patal C C, J Inorg Nucl Chem., 1969, 31(10), 3316-3319;
DOI:10.1016/0022-1902(69)80121-1

Mahmoud M R and El-Haty M T, J Inorg Nucl Chem., 1980, 42(3), 349;
DOI:10.1016/0022-1902(80)80005-4

Cimerman Z, Miljanic S and Antolic J, Spectrosc Lett., 1999, 32(1), 181-196;
DOI:10.1080/00387019909349976

Issa R M, Awad M K and Atlam F M, Materials Corrrosion, 2010, 61(8), 709-714;
DOI:10.1002/maco0.200905361

Wynne K J and Pearson P S, Inorg Chem., 1971, 10(12), 2735-2739;
DOI:10.1021/ic50106a022

Wynne K J and Pearson P S, J Chem Soc Commun., 1970, 556-557,
DOI:10.1039/C2970000556B

Wynne K J, Clark A J and Berg M, J Chem Soc Dalton Trans., 1972, 2370-2374;
DOI:10.1039/DT9720002370

Clark E R, Collet A J and Naik D G, J Chem Soc Dalton Trans., 1973, 1961-1962;
DOI:10.1039/DT9730001961

Berg M C, Diss Abstr Int., 1972, 33, 2982.

Srivastava T N, Singh M and Singh H B, Indian J Chem., 1982, 21A, 307-309.
Srivastava T N, Srivastava R C and Srivastava M, Indian J Chem., 1982, 21A, 539.
Srivastava T N, Srivastava R C and Srivastava V K, J Indian Chem Soc., 1983, 60,
891-892.

Garad M V, Polyhedron, 1985, 4(8), 1353-1355; DOI:10.1016/S0277-
5387(00)86963-6

Verma K K and Reena, Synth React Inorg Met Org Chem., 1999, 29(3), 499-512;
DOI:10.1080/00945719909349465

Verma K K, Dahiya R and Soni D, Synth React Inorg Met Org Chem., 1999, 29(6),
1033-1052; DOI:10.1080/00945719909349509

Verma K K and Dahiya R, Synth React Inorg Met Org Chem., 1999, 29(9), 1299-
1314; DOI:10.1080/00945719909349529

Verma K K and Reena, Phosphorus, Sulfur Silicon Related Elements, 1999, 148(1),
227-234; DOI:10.1080/10426509908037013

Verma K K and Seema, Int J Chem Sci., 2008, 6(1), 371-380.

Srivastava S, Soni D K and Gupta H S, J Indian Chem Soc., 1996, 73, 255.



456 Chem Sci Trans., 2017, 6(3), 448-456

30. Narwal J K, Chhabra S, Malik R K, Garg S and Verma K K, Oriental J Chem., 2014,
29(4), 1339-1349; DOI:10.13005/0jc/290409

31. Chhabra S and Verma K K, J Chem Pharm Res., 2010, 2, 569-575.

32.  Vogel A1, A Test Book of Organic Chemistry, 3 Edn., Longman, London, 1975.

33.  Weissberger A, Ed., Technique of Organic Chemistry, Vol. 7, ond Edn., Interscience
Publishers, Inc. N. Y., 1967.

34.  Morgan G T and Kellet R E, J Chem Soc., 1926, 1080-1088;
DOI:10.1039/JR9262901080

35.  Petragnani N and Stefani H A, Tellurium in Organic Chemistry, 2™ Edn., Academic
Press, London, 2007, 67, 76.

36.  Bergman J, Tetrahedron, 1972, 28(12), 3323-3331; DOI:10.1016/S0040-4020(01)93674-9

37. Khandelwal B L, Kumar K and Berry F J, Inorg. Chim. Acta, 1981, 99, 135-137,
DOI:10.1016/S0020-1693(00)87958-X

38. Berry F J, Kustan E H, Roshani M and Smith B C, J. Organometal. Chem., 1975,
99(2), 115-117.

39. Khandelwal B L, Kumar K and Raina K, Synth React Inorg Met Org Chem., 1981,
11(1), 65-78.

40. Vaghasiya Y K, Nair R, Soni M, Baluja S and Chandra S, J Serb Chem Soc., 2004,
69(12), 991-998.

41.  Geary W J, Coord Chem Rev., 1971, 7, 81-122; DOI:10.1016/S0010-8545(00)80009-0

42.  Greenwood N N, Straughan B P and Wilson A E, J Chem Soc A, 1968, 2209-2212;
DOI:10.1039/J19680002209

43.  Suresh M S and Parkash V, Int J Phys Sci., 2010, 5(14), 2203-2211.

44. TIssa R M, Khedr A M and Rizk H F, Spectrochem Acta Part A, 2005, 62(1-3), 621-
629; DOI:10.1016/j.s2a.2005.01.026

45.  Raman N, Raja S J and Sakthivel A, J Coordination Chem., 2009, 62(5), 691-709;
DOI:10.1080/00958970802326179

46. Bennie R B, David S T, Sivasakhi M, Mary S A J, Srrthalakshmi M, Abraham S D,
Joel C and Antony R, Chem Sci Trans., 2014, 3(3), 937-944,
DOI:10.7598/cst2014.805

47. Mashaly M M, Abd-Elwahab Z A and Faheim A A, J Chin Chem Soc., 2004, 51(5),
901-915; DOI:10.1002/jccs.200400135

48.  Shankar G, Premkumar R R and Ramalingam, Polyhedron, 1986, 5(5), 991-994;
DOI:10.1016/50277-5387(00)80140-0

49. Verma K K, Soni D and Verma, Phosphorus, Sulfur Silicon, 2000, 166(1), 231-241;
DOI:10.1080/10426500008076544

50. Pant B C, McWhinnie W R and Dance N S, J Organmetal Chem., 1973, 63, 305-310;
DOI:10.1016/S0022-328X(73)80043-9

51.  Srivastava T N, Singh J D, Indian J Chem., 1987, 26A, 260.

52.  Chauhan S, Garg S and Verma K K, Chem Sci Trans., 2016, 5(2), 431-441;
DOI:10.7598/cst2016.1193

53. Kulkarani Y D, Srivastava S, Abdi S H R and Athar M, Synth React Inorg Met Org
Chem., 1985, 15(8), 1043-1059; DOI:10.1080/00945718508060634

54.  Chauhan S, Garg S and Verma K K, Res J Pharm Biol Chem Sci., 2016, 7(2), 265-274.

55. Cappuccino J C and Sherman N, Microbiology- A Laboratory Manual, Addison
Wesley, California, 1999, 263.

56. Pharmacopoeia of India, Volume 1, Controller of Publications, Ministry of Health

Department, Government of India, New Delhi, 2007, 37.



