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The new organosilicon(IV) complexes of vanillin and thiophene-2-carboxylic acid hydrazide were synthesized and characterized by
elemental analyses, molar conductance, infrared and NMR (‘H, “C and *Si) spectral analyses. The synthesized compounds were screened
for antimicrobial activity against Gram-positive bacteria viz. K. pneumoniae and S. aureus, Gram-negative bacteria viz. E. coli and E. |
aerogenes, fungi viz. A. niger and C. albicans. The study revealed that some of compounds were found to be more active than the standard |

respective free ligands.

| drugs used in the assay and further increase in antimicrobial activity was observed on coordination with silicon atoms as compared to their |
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INTRODUCTION

Due to various applications in chemical, industrial and
medicinal fields [1-5], chemistry of organosilicon complexes
have gained a major importance in daily life. Schiff bases have
aggravated wide interest for their interesting biological and
pharmacological activities like anticancer [6], antimalarial [7],
anti-inflammatory [8], anti-HIV, antifertility [9], anticonvulsant
[10] and antimicrobial activities [ 1 1]. Recently, many research
papers have been published on Schiff bases as they contain diffe-
rent bonding site to coordinate with metal centers to form variety
of the complexes. Hence, in the pursuit for biologically active
antimicrobial agents, we targeted to synthesize the Schiff bases
derived from vanillin and hydrazide and further the synthesis of
their complexes with silicon metal. All the synthesized compo-
unds were characterized with the help of conductance measure-
ments, elemental analyses, IR, 'H, C and *Si NMR spectro-
scopy. Further these were evaluated for antimicrobial activity to
study their biological effect on different microbes.

EXPERIMENTAL

The chemicals procured from Aldrich were used as such
without any further purification but the solvents used were
purified according to the standard procedures. The IR spectra
were recorded using Spectrum BX Series FT-IR spectro-
photometer in the range 4000-400 cm™ as KBr pellets. The
NMR ('H, “C, *Si) spectra were recorded on Bruker Avance
IT 400 MHz NMR spectrometer and the chemical shifts ()

are reported in part per million (ppm) relative to tetramethyl
silane (TMS) as an internal standard in CDCl; and DMSO.

Synthesis of Schiff base ligands: Synthesis of ligands
(HL,-HL;) were carried out in the following two steps:

(i) Synthesis of 4-benzyloxy-3-methoxy-benzaldehyde
and 3-methoxy-4-(4-bromo/nitro-benzyloxy)-benzaldehyde
(I): A mixture of hydroxy benzaldehyde (10 mmol), alkyl
halide (benzyl bromide and para bromo/nitro benzyl bromide)
10 mmol and K,CO; (20 mmol) were taken in 30 mL of DMF
and the reaction mixture was stirred overnight. The progress
of reaction was monitored through thin layer chromatography
and the visualization was accomplished with UV light. The
reaction mixture was then quenched with approx. 25 g of ice
followed by the addition of 50 mL of water. The solid product
obtained was filtered over the vaccum pump and dried.

(ii) Synthesis of Schiff base ligands (HL-HL3): The Schift
base were synthesized by dissolving 4-benzyloxy-3-methoxy-
benzaldehyde and 3-methoxy-4-(4-bromo/nitro-benzyloxy)-
benzaldehyde (I) and thiophene-2-carboxylic acid hydrazide
(II) in equimolar ratio in methanol (Scheme-I). The reaction
mixture was refluxed for 3-4 h. The solid product so obtained
was filtered and recrystallized from hot methanol.

Synthesis of complexes: The organosilicon(IV) complexes
were prepared under dry nitrogen atmosphere. The weighed
amount of Schiff base ligand (20 mmol) and sodium (20 mmol)
was dissolved in dry methanol and refluxed the reaction
mixture for 3 h. Further weighed amount of dichlorodiorgano-
silicon (20 mmol) was added slowly to the above reaction
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Scheme-I: Synthetic route for HL,.3

mixture (Scheme-II). The final resulting mixture was refluxed
for 6 h and salt (EtzNHCI) formed during the course of reaction
was removed by filtration. The target compound was obtained
by the removal of the excess solvent under vacuum. The com-
pound was washed several times with dry hexane and finally
dried under reduced pressure. The entire series of organosili-
con(IV) complexes with Schiff base ligands were synthesized
by adopting the same procedure.

Test microorganism: Gram-positive bacteria (viz. K.
pneumoniae [NCDC No. 138], S. aureus [MTCC No. 3160])
Gram-negative bacteria (viz. E. coli [MTCC No. 443], E.
aerogenes [NCDC No. 106) and fungi (viz. A. niger [MTCC
No. 282], C. albicans [MTCC No. 227] were used for anti-
microbial assay.

in vitro antimicrobial activity: The synthesized com-
pounds were screened for in vitro antimicrobial activity against
bacterial and fungal strains by using serial dilution technique
to find their minimum inhibitory concentration. The medium
was prepared by dissolving weighed amount of nutrient broth/

'
1

3@ I
1|
N—NH—(I? 4'

sabouraud dextrose broth in 1 L of distilled water and 1 mL of
nutrient medium was transferred to each test tube. The test
tubes having nutrient medium were autoclaved for 30 min at
120 °C. The solution of test compounds was prepared by
dissolving 1.0 mg of synthesized compounds in dry DMSO,
which was further diluted to give a stock solution of 100 ug/mL.
The solution of test compounds was transferred to test tubes
having sterilized nutrient medium to get a set of five dilutions
of test compounds having concentrations 50, 25, 12.5, 6.25
and 3.125 pg/mL. The inoculation of test strains was done with
the help of micropipette with sterilized tips as 100 uL of freshly
cultured strain was transferred in to test tubes and incubated
at 37 °C for 24 h for bacterial strains, 48 h for C. albicans and
7 days at 25 °C for A. niger. The efficacy of ligands and their
organotin(IV) complexes against the tested microbes was com-
pared with standard drugs norfloxacin and fluconazole for
antibacterial and antifungal activity, respectively. Each sample
was assayed in triplicate and the concordant values were
reported.
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Scheme-II: Synthetic route for compounds 4-12
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RESULTS AND DISCUSSION

All the ligands (HL,-HL;) and their complexes were
synthesized using the same synthetic procedure as perdicted
in Scheme-I. The ligands were prepared by the reaction of
substituted vanillin derivatives with thiophene-2-carboxylic
acid hydrazide. The final organosilicon(IV) complexes were
synthesized by reaction of R,SiCl, with the sodium salt of
Schiff base ligands in equimolar ratio in the dry methanol.
The elemental analyses data of the synthesized compounds
were well in agreement with their corresponding molecular
formulae (Table-1). The molar conductance values of these
complexes in the range of 7.18-12.4 Q' cm” mol™' suggested
non-electrolytic nature of complexes.

Electronic spectra: The electronic spectra of ligands and
their silicon complexes were recorded in dimethyl formamide.
The Schiff base ligands HL,.; exhibited a maxima at 394-398
nm, respectively, which may be assigned to the n-7* transition
of the azomethine group and these bands showed blue shift in
the complexes suggesting the involvement of azomethine
nitrogen in complex formation. Some medium intensity bands
were also appeared at 238, 244 and 263 nm due to m-7* transi-
tion of benzene ring of Schiff base ligands, which remains
almost unchanged on complex formation.

IR spectra: The infrared spectra of compound were recorded
in the range of 4000-400 cm™ using KBr pellets. The IR
spectrum of the ligands showed strong bands at 1698-1690
cm™ [12] and 3392-3371 cm™ due to v(C=0) and v(N-H)
stretching, respectively. These bands were disappeared in the
spectra of complexes indicating the involvement of these
groups in bond formation with silicon after deprotonation.
Another sharp band appeared at 1568-1565 cm™ due to
azomethine v(C=N) group of Schiff base ligands was shifted
to lower frequency in the complexes due to the decrease in the
electron density over nitrogen of azomethine group suggested
the participation of nitrogen of this group in coordination with
silicon atom. Other new bands appeared in the range 466-453
and 561-530 cm™" were assigned to v(Si-N) and v(Si-O) modes,
respectively which confirmed the involvement of oxygen and
nitrogen as donor atoms to form bond with metal [13].

"H NMR spectra: The 'H NMR spectra of the synthesized
compounds were recorded in DMSO using TMS as internal
standard. In the '"H NMR spectra of the free ligands the signals
appeared at 8 8.70-9.11 ppm due to the NH proton, which
completely disappeared from the spectra of the complexes
indicating the participation of NH group. Another sharp singlet
due to azomethine proton appeared at & 11.90-12.03 ppm
which was shifted in the complexes indicating the participation
of azomethine proton in bond formation [14]. The aromatic
protons of the ligands appeared in the range & 7.05-8.72 ppm
and OCH; and OCH, protons appeared in the range & 3.82-
5.05 ppm. The signals due to OCH; and OCH, groups remains
unchanged in the spectra of complexes suggested the non-
involvement of these protons in bond formation. Further forma-
tion of complexes was confirmed by the appearance of new
signals at § 1.20-1.23, 1.18-3.10, 1.20-3.11 and 6.52-7.45 ppm
due to methyl, ethyl, butyl and phenyl protons attached to
silicon atom.

BC NMR: The “C NMR spectra of ligands exhibited
signals at 160.3-164.2 and 152.0-154.1 ppm due to carbon of
carbonyl and azomethine groups, respectively, which was
shifted to the lower values in the spectra of complexes, indi-
cating the participation of these carbons in bond formation.
The aromatic carbons of ligands were observed in the range
114.0-152.1 ppm while OCH;3 and OCH, carbons appeared
at 55.5 and 73.7 ppm, respectively. The extra signals in the
complexes due to the carbons of methyl, ethyl and n-butyl
groups attached to the silicon atom appeared in the range of
8.52-8.61 ppm, 8.47-12.89 ppm and 8.25-27.11 ppm, respec-
tively and signals due to the carbons of phenyl ring attached
to the silicon atom appeared at 128.19-129.21 ppm.

¥Si NMR spectra: The *Si NMR spectra of the comp-
lexes were recorded in CDCl; with small amount of dimethyl
sulfoxide (DMSO-ds) and chemical shift values for all the
organosilicon(IV) complexes were appeared in the range
-74.13 to -125.31 ppm with reference to TMS, indicated penta
coordinated geometry around silicon atom [15].

Antimicrobial evaluation: The Schiff base ligands and
their silicon complexes were evaluated for in vitro antimicrobial
activity against two Gram-positive bacteria viz. Klebsiella

TABLE-1
PHYSICO-CHEMICAL CHARACTERIZATION AND ELEMENTAL ANALYSIS OF
SYNTHESIZED SCHIFF BASES AND THEIR COMPLEXES

C;mp. Compounds m.f. m/z Yield Elemental analysis (%): Calcd. (found) -

0. (%) C H N Si
1 HL, CHN,058 366.10 81 65.55 (6546)  4.95 (4.69) 7.64 (1.34) _
2 HL, CyH,,BIN,0,S 444.01 84 53.94(53.98)  3.85 (3.78) 6.29 (6.27) -
3 HL CH,:N,058 411.09 78 5838(5824)  4.16 (4.32) 1021 (10.36) -
4 MeSiL)Cl  Cy,H,CIN,O,SSi 460.10 86 5731(57.48)  5.47(5.34) 6.08 (6.21) 6.09 (6.11)
5 ELSIL)Cl  C,H,CIN,0,SSi 488.14 85 58.94 (5873)  5.98(5.88) 573 (5.62) 5.74 (5.65)
6 Bu,Si(L,)Cl C,¢H;;CIN,O;SSi 516.17 84 60.38 (60.62) 6.43 (6.64) 542 (5.34) 5.43 (5.15)
7 PhSI(L)Cl  CyH,CIN,OSSi 584.14 87 65.68 (6532)  5.00(5.23) 479 (4.63) 4.80 (4.68)
8 Me,Si(L,)Cl1 C,,H,,BrCIN,0,SSi 538.01 85 48.94 (48.65) 4.48 (4.44) 5.19 (5.34) 5.20(5.34)
9  EtSi(L)Cl  CuHuBrCIN,OSSSi  566.05 74 5075 (50.90)  4.97 (4.88) 4.93 (4.72) 4.94 (4.67)
10 BuwSi(L)Cl  CyHuBrCIN,O,SSi  594.08 86 5239(5245)  5.41(5.35) 4770 (4.49) 471 (4.34)
11 PhSI(L)Cl  CyuHyBrCIN,O,SSi  662.05 77 57.88 (57.36)  4.25 (4.48) 4.22 (4.34) 4.23 (4.64)
12 Me,Si(L;)Cl1 C,,H,,CIN;05SSi 505.09 89 52.22 (52.34) 4.78 (4.74) 8.30 (8.44) 5.55 (5.46)
13 ELSI(L)Cl  CypuH,CIN,OSSSi 533.12 78 53.97(53.78)  5.28(5.21) 7.87 (7.82) 5.26 (5.48)
14 BuwSI(LyCl  CyH,CIN,O.SSi 561.15 82 55.55(55.68)  5.74(5.35) 7.47 (132) 5.00 (5.11)
15 Ph,Si(L;)Cl1 C;,H,4CIN;O4SSi 629.12 89 60.99 (60.78) 4.48 (4.32) 6.67 (6.44) 4.46 (4.52)
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TABLE-2
MINIMUM INHIBITORY CONCENTRATION (MIC) VALUES OF SCHIFF
BASE LIGANDS AND THEIR ORGANOSILICON(IV) COMPLEXES
Minimum inhibitory concentration (ug/mL)
Comp. No. Compounds Gram-positive bacteria Gram-negative bacteria Fungus
S. aureus K. pneumonia E. coli E. aerogenes C. albicans A. niger
1 HL, 50 25 25 50 50 50
2 HL, 50 25 25 50 50 50
3 HL; 25 12.5 12.5 25 25 25
4 Me,Si(L,)Cl 50 25 25 25 50 12.5
5 Et,Si(L,)Cl 25 12,5 25 25 25 12.5
6 Bu,Si(L,)Cl 12.5 12,5 12.5 25 12.5 6.25
7 Ph,Si(L,)Cl 6.25 12,5 12.5 12.5 6.25 6.25
8 Me,Si(L,)Cl1 12.5 12.5 25 25 12.5 12.5
9 Et,Si(L,)Cl 12.5 6.25 12.5 12.5 12.5 6.25
10 Bu,Si(L,)Cl1 12.5 6.25 12.5 12.5 12.5 6.25
11 Ph,Si(L,)Cl1 6.25 6.25 6.25 12.5 6.25 6.25
12 Me,Si(L;)Cl 12.5 12.5 25 25 12.5 12.5
13 Et,Si(L;)Cl 12.5 12.5 12.5 12.5 12.5 6.25
14 Bu,Si(L;)Cl1 6.25 6.25 6.25 12.5 6.25 6.25
15 Ph,Si(L;)Cl1 6.25 6.25 6.25 12.5 6.25 6.25
16 Fluconazole - - - - 12.5 3.12
17 Norfloxacin 12.5 12.5 12.5 25 — -
pneumoniae and Staphylococcus aureus, two Gram-negative 2. S.Belwal, N. Fahmi and R.V. Singh, Appl. Organomet. Chem., 22, 615
bacteria viz. Escherichia coli and Enterobacter aerogenes and (2008);
. . . . . https://doi.org/10.1002/ao0c.1426.
two fungal strains Aspergillus niger and Candida albicans. 3 ingh Dharampal and V. Parkash, Phosphorus Sulfur Silicon Rel. Elem.
The antimicrobial behaviour of compounds was assessed by 183, 2784 (2008);
serial dilution method and minimum inhibitory concentrations https://doi.org/10.1080/10426500802013577.
(MIC) were recorded as pg/mL (Table-2). The negative and 4. 11{6V7511;152121,()§)2C) Joshi, A. Gajraj and P. Nagpal, Appl. Organomet. Chem.,
positive controls were taken as dimethyl sulphoxide (DMSO) htps://doi.ore/10.1002/a0c.378.
and standard drugs (norfloxacin and fluconazole), respectively. 5. M. Jain, S. Maanju and R.V. Singh, Appl. Organomet. Chem., 18, 471
The antimicrobial activity data generalized that almost (2004);
P . . https://doi.org/10.1002/aoc.711.
all the compqunds showed S.lgmﬁcfm.t efflclency against all 6.  G.L. Parrilha, R.P. Vieira, A.P. Rebolledo, I.C. Mendes, L.M. Lima, E.J.
the tested strains. The biological activity of these compounds Barreiro, O.E. Piro, E.E. Castellano and H. Beraldo, Polyhedron, 30,
might be due to the presence of azomethine group in Schiff 1891 (2011);
bases, which express some transformation reaction in the biolo- https://doi.org/10.1016/j.poly.2011.04.024.
gical system [16]. Another important effect observed in the 7. TM Ammabhav1,'N.S. Biradar, S.B. Patil, D.E. Hoffman and V.N.
. . .. . . Biradar, Inorg. Chim. Acta, 135, 139 (1987);
study was that blOlOglCE.ll actlylty of Schiff bgse ligands got https://doi.ore/10.1016/S0020-1693(00)83278-8.
enhanced on complexation with metal and this enhancement 8. G.-P.Yu,W.-Z.Bi,G.-D. Si,Y.-X. Yang, H.A. Aisa and L.-Z. Xu, Struct.
in activity was explained on the basis of Overtone’s concept Chem., 20, 569 (2009);
of cell permeability and chelation theory [12.17]. Second hutpsc/fdoi.org/ 101007/ |1 224-008-9404-x.
p y. . . . y L ] 9.  S.S. Panda and S.C. Jain, Med. Chem. Res., 23, 848 (2014);
remarkable obser.vatlon m.the b1ploglcal study. of .the com- https://doi.ore/10.1007/500044-013-0686-1.
pounds was that in the entire series phenyl derivatives were 10. V.M. Buha, D.N. Rana, M.T. Chhabria, K.H. Chikhalia, B.M. Mahajan,
found to be more potent antimicrobial agent in comparison to P.S. Brahmkshatriya and N.K. Shah, Med. Chem. Res., 22,4096 (2013);
the other derivatives and this effect was explained on the basis hitps:/doi.org/L0.1007/500044-012-0408-0. .
. . . .. 11. V. Judge, B. Narasimhan, M. Ahuja, D. Sriram, P. Yogeeswari, E. De
of llpophIhClty and efff?cltwe bmdm.g Of. the mqlecules to the Clercq, C. Pannecouque and J. Balzarini, J. Med. Chem. Res., 21, 1451
membrane through additional m-cation interactions. (2012);
Conclusion https://doi.org/10.1007/s00044-011-9662-9.
12. J. Devi, S. Devi and A. Kumar, MedChemComm, 7, 932 (2016);
A series of 15 compounds was synthesized and characte- https://doi.org/10.1039/C5SMD00554J.
rized using elemental analyses and various spectral techniques 13. 11\:[15.( 12\’([)‘(1)‘; ya. S.Agarwal, C. Bader and D. Rehder, Eur. J. Inorg. Chem.,
: 1 13 29Q; 4
like UV, IR and (H, “C and ~Si) NMR. All the compounds hitps://doi.org/10.1002/ejic.200400211.
were screened for antimicrobial activity and the test comp- 14. L. Dawara and R.V. Singh, Appl. Organomet. Chem., 25, 643 (2011);
ounds were found to be active against all the tested bacterial https://doi.org/10.1002/a0c.1813.
and fungal strains. The complexes were found to be more active 1>+ - Shi.HM. Ge, S.H. Tan, H.Q. Li, Y.C. Song, H.L. Zhu and R X. Tan,
.. . . . . Eur. J. Med. Chem., 42, 558 (2007);
antimicrobial agent in comparison to the Schiff bases. https://doi.ore/10.1016/i.eimech.2006.11.010.
16. J. Devi, S. Devi and A. Kumar, Monatsh. Chem., 147, 2195 (2016);
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