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Organosilicon(IV) complexes of the types R,Si(Cl),(Li-L»),., where
(R = methyl, ethyl or phenyl, L, = 3-hydroxy-2-pyridinecarboxylate
and L, = 2-pyridine carboxylate, n = 0 or 1) have been synthesized and
characterized by elemental analyses, IR, 'H, "*C and *Si NMR spectro-
scopy. These studies indicated that ligands L, and L, chelated through
nitrogen of pyridine and oxygen of carboxylate group and have penta-
and hexa-coordinated state around the silicon atom. The ligands and
their organosilicon complexes have been screened for their in vitro
antimicrobial activities against several fungi and bacteria in order to
explore their possibility to use as biocidal agents.
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INTRODUCTION

The pyridine carboxylic acids and their derivatives belong to the category of
ligands present in natural products as well as in biological systems. Nicotinic acid
and nicotinamide are present in cells as the pyridine nucleotides, belong to coen-
zymes and vitamins and are necessary for their metabolisms. Complexes of hydroxy
substituted pyridine carboxylic acid as ligands are of bioinorganic interest and also
pose structural ambiguities because of different number of possible bonding modes'?,
as these are potential tridentate ligands but can act as bidentate either having N,O-
chelation or O,0O-chelation. Organosilicon compounds exhibit a broad spectrum of
biological activities™* and the activity of some biologically active compounds was
appreciably enhanced on coordination with metal ion or with organosilicon halides’.
Keeping this in mind we have synthesized organosilicon(IV) complexes of 3-hydroxy-
2-pyridine carboxylic acid and 2-pyridine carboxylic acid and evaluated for in vitro
antimicrobial activity against the bacteria Bacillus subtilis, Escherichia coli, Staphylo-
coccus aureus and fungi Candida albicans and Aspergillus niger. Some of these
complexes were found to be quite active against these microorganisms.
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EXPERIMENTAL

All the operations were carried out under nitrogen atmosphere in a vacuum
line. All the solvents used were dried by conventional methods. Dichlorodimethyl/
ethyl/ phenylsilane, 3-hydroxy-2-pyridine carboxylic acid and 2-pyridine carboxylic
acid were obtained through Aldrich and were used as such without any further
purification. IR spectra were obtained as KBr pellets using Perkin-Elmer spectrum
RX1 instrument. 'H and "C NMR spectra were determined on Bruker Avance 11
400 MHz NMR Spectrometer in CDCl; and two drops of DMSO-d, using TMS as
an internal standard. Elemental analysis were carried out on Perkin-Elmer 2400.
Molar conductance measurements were carried out using a Model-306 Systronics
conductivity bridge in DMSO solvent. Silicon was determined gravimetrically as
Si0s.

Synthesis of organosilicon(IV) complexes, R,Si(Cl)n(L1-L2)2.n: The sodium
salt of the ligand (NaL,, Nal,) was obtained by mixing the ligand and sodium
ethoxide in dry benzene with stirring for about 30 minutes. The diorganodichloro-
silanes were added dropwise in 1:1 or 1:2 molar ratios with constant stirring at
room temperature. The mixture was then refluxed for 0.5 h under continuous flow
of nitrogen. On completion of the reaction, the precipitated sodium chloride was
removed by filtration and the excess solvent was removed under reduced pressure
to yield crude solid organosilicon complexes, which were then repeatedly washed
with dry hexane so as to ensure their purity and dried under reduced pressure. The
elemental analysis of these silicon complexes are given in Table-1.

Antimicrobial activity: The in vitro antibacterial and antifungal activity of
ligands HL,;, HL., and their organosilicon(IV) complexes were carried out against
the bacteria Bacillus subtilis, Escherichia coli, Staphylococcus aureus and fungi
Candida albicans and Aspergillus niger. Adequate temperature, requisite nutrients
and growth media free from other microorganisms were used for the growth of the
culture of both bacteria and fungi. The ligands and their organosilicon complexes
were dissolved in DMSO and concentration was made up to 100 pg/mL and used as
a stock solution. The microbiocidal activity of the synthesized complexes were
carried out using two fold serial dilution technique® and are presented in Table-2.
The incubation period of A. niger and C. albicans was 7 d at 25 + 1 °C and 36 h at
37 £ 1 °C, respectively where as for all other bacteria it was 24 h at 37 + 1 °C. The
conventional bactericide tetracycline, chloramphenicol, kanamycin, cefazoline sodium,
cefotaxime and fungicide cycloheximide, carbendazim and fluconazole were used
as standards for comparing the activity of compounds.

RESULTS AND DISCUSSION

The complexes were obtained by the reaction of dichlorodiorganosilane R,SiCl,
(R =Me, Et or Ph) with the sodium salt of 2-pyridine carboxylic acid and 3-hydroxy-
2-pyridine carboxylic acid in 1:1 and 1:2 molar ratio at room temperature, in dry
benzene/petroleum ether. The reactions proceed as follows:
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TABLE-1
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ANALYTICAL DATA OF ORGANOSILICON(IV) COMPLEXES

Elemental analysis (%): Found (Calcd.)

Complexes  Yield (%) C i N Si al

Me,SiCI(L,) 75 41.49 4.32 6.09 12.06 15.35
41.47) 4.35) (6.04) (12.12) (15.30)

Me,Si(L,), 67 50.32 4.26 8.34 8.43 -
(50.29) 4.22) (8.38) (8.40)

Et,SiCI(L)) 65 46.27 5.40 542 10.85 13.70
(46.24) (5.43) (5.39) (10.81) (13.65)

E,Si(L), 70 53.08 5.00 7.69 7.70 -
(53.03) (5.01) (7.73) (7.75)

Ph,SiCI(L)) 66 60.80 4.00 3.92 7.93 9.98
(60.75) 3.97) (3.94) (7.89) (9.96)

Ph,Si(L,), 73 62.89 3.92 6.16 6.10 -
(62.87) (3.96) (6.11) (6.13)

Me,SiCI(L,) 68 44.60 4.63 6.52 13.00 16.48
(44.54) 4.67) (6.49) (13.02) (16.44)

Me,Si(L,), 70 55.59 4.60 9.30 9.33 -
(55.61) 4.67) (9.26) (9.29)

Et,SiCI(L,) 65 49.0 5.80 5.72 11.56 14.50
(49.27) (5.79) (5.75) (11.52) (14.54)

Et,Si(L), 70 58.20 5.44 8.49 8.54 ;
(58.16) (5.49) (8.48) (8.50)

Ph,SiCI(L,) 65 63.65 4.18 4.10 8.29 10.40
(63.61) 4.15) 4.12) (8.26) (10.43)

Ph,Si(L,), 63 67.53 422 6.60 6.55 ;
(67.59) (4.25) (6.57) (6.59)

TABLE-2
In vitro ANTIMICROBIAL ACTIVITY* OF LIGANDS AND THEIR
ORGANOSILICONIV) COMPLEXES (MIC in pg/mL)
Complexes/ Bacteria Fungi
Ligands B. subtilis E. coli S. aureus C. albicans A. niger

HL, 25 50 50 50 50

HL, 50 25 25 50 25

Me,SiCI(L,) 12.5 12.5 25 12.5 12.5

Me,Si(L,), 6.25 125 125 125 125

Et,SiCI(L)) 12.5 6.25 12.5 25 25

Et,Si(L)), 6.25 6.25 12.5 3.12 12.5

Ph,SiCI(L,) 6.25 12.5 6.25 12.5 12.5

Ph.Si(L,), 3.12 125 125 6.25 6.25

Me,SiCI(L,) 25 12.5 12.5 25 25

Me,Si(L,), 12.5 6.25 12.5 12.5 12.5

E,SiCI(L,) 25 12.5 25 12.5 12.5

Et,Si(L,), 6.25 12.5 6.25 12.5 12.5

Ph,SiCI(L,) 6.25 12.5 25 12.5 3.12

Ph.Si(L,), 3.12 6.25 3.12 6.25 6.25

*The MIC of standard drugs for antibacterial activity (tetracycline, chloramphenicol,
kanamycin, cefazoline sodium and cefotaxime) and antifungal activity (cycloheximide,
carbendazim and fluconazole) were found to be < 3.12 ug/mL.
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C.H
HL + NaOEt —2% » NaL + EtOH

. CeHe .
R,SiCl, + NaL. ——— > R,SiCI(L) + NaCl
1:1

. C¢H
R,SiCl, + 2NaL —&% » R,Si(L), + 2NaCl
1:2

Where, HL. = 2-pyridine carboxylic acid or 3-hydroxy-2-pyridine carboxylic acid;
R =Me, Et, Ph.

These organosilicon complexes were white solids, insoluble in most of the
common organic solvents except in dry DMSO and DMF. The molar conductivity
of these complexes have low values (5-15 ohm™ ¢cm? mol) indicating non-electro-
Iytic nature.

IR spectra: The infrared spectra of the complexes were compared with that of
the free ligands HL, and HL, to ascertain the coordination sites on the basis of
shifting in the frequency of various groups and/or from the lowering in the intensities
of the absorptions (Table-3). The v(C=N) band, occurring in the range of 1600-
1591 cm’', is shifted towards lower frequencies with respect to that of free ligands
at 1606 and 1607 cm’', respectively, which is due to the displacement of electron
density from nitrogen to silicon on coordination, thus confirming the involvement
of the heterocyclic N coordination. The symmetric mode v,(COO) shows shifts (up
to 40 cm™) to higher wavenumber on coordination when compared to the free ligands
at 1323 and 1293 cm™, respectively, suggesting that the ligand is bound to the metal
through a carboxylate oxygen’. The asymmetric mode v,,(COO) shows small shifts
(up to 8 cm™) on coordination when compared to the free ligand at 1676 and 1716 cm™,
respectively. The formation of the resulting complexes has also been supported by
the presence of new strong bands at 810 % 10, 650 + 20 and 520 + 10 cm™ which
may be assigned to V,(Si-0), v,(Si-O) and v(Si-N), respectively®'’. IR spectra of
dimethylsilicon derivatives show bands at 1460 + 20 and 1250 + 15 cm™, due to the
asymmetric and symmetric deformation modes of CH;-Si respectively”''. Where
as the IR spectra of diphenylsilicon derivatives shows bands at 1487 +2, 1128 £3
and 700 £ 3 cm™', which is possibly due to v(Si-C¢Hs) modes'".

"H NMR spectra: In '"H NMR spectra of the free ligands, single resonance is
observed at 8 14.27 and 8 9.22 due to -COOH group in the ligands HL, and HL.,,
respectively, which is absent in the spectra of the complexes, indicating the coordi-
nation of oxygen of carboxylate ion after the deprotonation of the carboxylic acid
proton to silicon moiety. Further in '"H NMR spectra of diorganosilicon(IV) com-
plexes of the type R,SiCI(L;) and R,Si(L;), a strong sharp singlet at & 11.00-12.00
is observed due to the phenolic proton which is not involved in coordination and
also it is not intramolecularly hydrogen bonded in the complexes, otherwise it becomes



198 Sonika et al. Asian J. Chem.

TABLE-3
IR FREQUENCIES (cm™) AND 'H NMR SPECTRA (8) OF LIGANDS AND
THEIR ORGANOSILICON(IV) COMPLEXES

Complexes/ v (COO)IR (Cmrl)v (Si-0) 'HNMR (3)

Ligands  v(C=N) v.(CO o & vsio) VO

a e SR - IGO0 TR
sy s 0 i 890 sy L2000 1
s, sy 955 0 S0 sy 1 L 005 i
sy s 907 oy 201 s R IOBOR 20
R et
HL, 1607 ¢ gégz o ) Zi—zl)Z(S, 1H, COOH), 7.53-8.74 (m,
Me,SiCI(L,) 1586 w ggg L 242£$ 522 vs ﬁﬁfng’ 6H, Me), 7.72-8.88 (m, 4H,
Me,Si(L,), 1587's ggg‘: 372 i%lsn 527 w ﬁ'gfng’ 6H, Me), 7.71-8.89 (m, 8H,
ELSIiCI(L,) 1588 m gggfn 379 2;2? 525m ?iﬁfﬁéﬁd%oﬂ Ep), 7.70-8.87
BLSi(L), 1589 gégiv 380 23; 530 ?i%;?lziginl’dﬁm’ Ep,7.73-8.89
Ph,SiCI(L,) 1590 s ggzlsn 383 2;3:1 515m 2504;7151;; d§0H’ Ph), 7.80-8.95
PhSi(L,), 1592 ggg? 377 223;“ 517w Zigéyi;?{dﬁoﬂ Ph), 7.85-9.10

broadened'?. The signals for the aromatic protons of the ligands HL, and HL, are
observed in the range 8 7.22-8.08 and & 7.53-8.74, respectively. The downfield
shift of these positions in the spectra of the complexes shows their coordination
with these ligands. The spectra show the chemical shift of the methyl, ethyl and
phenyl in the range 8 0.90-0.93, 8 0.91-1.32 and J 7.18-7.75, respectively (Table-3).
The integrated proton ratio for each group was in agreement with the proposed
structures.

BC NMR spectra: The *C NMR spectra of the ligands and their organo-
silicon(IV) complexes were recorded in CDCl; with a few drops of DMSO-d; (Table-4).
For ligand HL; the C-2, C-3, C-4, C-5 and C-6 carbon of pyridine ring showed
signals at § 137.4, 159.4, 129.4, 129.7 and 140.6, respectively, while for the ligand
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TABLE-4
13C NMR CHEMICAL SHIFTS (8) OF ORGANOSILICON(IV) COMPLEXES
Complexes/ o) 2 €3 €4 C5  C6 SiC
Ligands

HL, 1756 1374 1594 1294 1297 1406 -
Me,SiCI(L,) 167.7 1325 149.6 1283 1282 1435 191
Me,Si(L,), 166.5 1312 1489 1282 128.1 1432 194
Et,SiCI(L)) 167.6 1305 1488 127.8 1279 1431 222,55

Et,Si(L,), 167.5 1303 1487 1279 127.8 1432 2.29,5.57

Ph,SiCI(L,)) 1674 1304 148.6 1275 1277 1434 129.5,133.3,135.6,137.3
Ph,Si(L,), 167.3 1305 1488 127.4 127.8 143.5 130.1,133.6,135.7,137.5
HL, 167.7 1484 1286 137.6 1272 1492 -

Me,SiCI(L,) 157.6 1422 1283 1394 127.1 1494 197
Me,Si(L,), 1584 1423 1282 1392 1273 1495 1.99
Et,SiCI(L,) 1585 142.1 1281 1393 1272 1493 232,5.6

Et,Si(L,), 158.8 1422 1283 1394 1274 149.1 2.28,5.8
Ph,SiCI(L,) 157.6 1414 128.1 139.1 1273 1492 130.2,133.2,135.5, 1374
Ph,Si(L,), 157.8 1413 1282 1392 127.1 149.1 130.4,133.3,135.7, 137.5

HL, signals due to the same carbons were observed at 6 148.2, 128.6, 137.6, 127.2
and 149.2. These peaks were slightly altered on complexation with organosilicon(IV)
halide indicating the involvement of nitrogen of pyridine moiety on complexation.
The carbon of carboxylate group of the ligands was observed at d 175.6 and 8 167.7
for HL, and HL,, respectively and was shifted to 8 167 and & 156 on complexation
indicating the involvement of oxygen atom of COO group. No shift in the position
of resonance of C attached to OH group was observed thereby suggesting that OH
group is not involved in coordination.

»Si NMR spectra: Si NMR of 1:1 complexes give sharp signals at 8 -80 to
-110 and the spectra of 1:2 complexes give sharp signals at d -160 to -180, which
clearly indicates the penta- and hexa-coordinated environment, respectively, around
the silicon atom and is well in agreement with the reported values". This value of
chemical shift varies with the nature of R group attached to silicon atom. When R
is phenyl, shielding of the *Si nucleus is observed because the localized system of
phenyl group allows for pnt-d7 interactions. Thus the chemical shift is lowered by
O 12-15 in these complexes as compared to those which have greater ‘s’ donation
capacity i.e. R when R = alkyl group. Thus on the basis of the spectral features, as
well as the analytical data, the following structures of 1:1 and 1:2 complexes having
around silicon atom have been proposed in Fig. 1.

Antimicrobial activity: The ligands (3-hydroxy-2-pyridine carboxylic acid
and 2-pyridine carboxylic acid) and their silicon complexes were evaluated for in
vitro antibacterial activity against Gram-positive Bacillus subtilis, Staphylococcus
aureus, Gram-negative Escherichia coli and in vitro antifungal activity against Candida
albicans and Aspergillus niger. Minimum inhibitory concentrations (MIC) were
determined by means of two fold serial dilution technique and are presented in
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Table-2. Most of the complexes show lower minimum inhibitory concentration
(MIC) values in comparison to the parent compounds against all the bacteria and
fungi used, signifying the greater activity of the complexes.
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