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In the present study, the equimolar reactions of dialkyltin (IV) dichlorides with Schiff base ligands have been

processed, and from these reactions a series of new organotin complexes have formed with the general for-

mula R
2
SnL

1–5
where R = Me, Bu and Ph and L = Schiff base ligands (obtained by the reaction of

5-phenylisoxazole-3-carboxylic acid hydrazide with salicylaldehyde and its derivatives) and the synthesized

compounds were characterized by various spectroscopic techniques such as IR,
1
H,

13
C,

119
Sn NMR, and mass

spectrometry, and it was found that the Schiff bases bind to the metal center through ONO donor atoms in a

tridentate manner. The synthesized ligands and the complexes were further tested for their antimicrobial prop-

erties against two Gram-positive bacteria (Bacillus subtilis (MTCC 441) and Staphylococcus aureus (MTCC

2901)), two Gram-negative bacteria (Escherichia coli (MTCC 732) and Pseudomonas aeruginosa (MTCC

424)), and two fungal strains (Candida albicans (MTCC 227) and Aspergillus niger (MTCC 9933)). The ac-

tivity of the ligands becomes appreciably enhanced on binding with tin metal. Diorganotin complexes having

diphenyl substrate showed better activity than the dibutyl and dimethyl substrates. Complex 17m, which has

–NO
2
and Ph

2
Sn groups, found the most active one. The synthesized compounds were also tested for their an-

tioxidant activity using DPPH free radical method and it was found that compound 20 showed the best result.
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INTRODUCTION

Antimicrobial diseases are seriously devastating to peo-

ple’s health and the numbers of patients affected by

antimicrobial diseases are increasing day by day. Curing bac-

terial or fungal diseases using antimicrobial drugs is getting

bothersome and is becoming a global health concern because

of the mounting resistance of the microbes toward the

antimicrobial drugs [1–3]. The microbes are becoming more

resistive to the developed drugs because of the mutations in

their genetic material [4]. In order to overcome the unwhole-

someness and the fatality caused by the pathogenic microbes

there is a demand to explore more in this sector, and the syn-

thesis of new antimicrobial medicines that have better action

against pathogenic microbes is requisite; thus, divergent re-

search has been going on to develop antimicrobial drugs with

better action on a broad spectrum of pathogenic microbes.

Among all this, metal complexes are also increasing in rec-

ognition among mankind because of their appealing benefits

in the field of pharmacology [5–13]. Metal-based drugs pos-

sess distinctive valuable properties and have been already

used in the treatment of the several diseases; therefore, a

large number of metal complexes have been synthesized and

studied every year [14–18] and there is persistent research is

going on worldwide to develop more metal-based com-

plexes. Among them the Schiff base metal complexes main-

tain their significance and there is recommendable interest of

researchers in the synthesis of Schiff base metal complexes

because of their easily chelation [19, 20] and flexible struc-

ture. The Schiff bases easily bind to the metal center because

their molecular structure consists of donor atoms such as ni-

trogen, oxygen, and sulfur. The organotin complexes of

Schiff bases have their potential usefulness in the biological

field [21–28] and they can be used as antimicrobial [29–36],

antioxidant [37–40], and anticancer [41–45] agents. With the

inspiration to do more in this area, a series of organotin com-

plexes using Schiff bases as ligands have been synthesized

and characterized using several spectroscopic techniques and
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studied for their biological application as antibacterial and

antifungal agents.

EXPERIMENTAL

The used chemicals were purchased from Sigma Aldrich.

All the chemicals were pure, checked by TLC, and hence

they were used as such without purification. Solvents were

dried before use and by a standard procedure. THF was used

directly. Necessary precautionary measures have been taken

to avoid the addition of impurities and moisture. All the ap-

paratus and instruments used were clean and dry. The electri-

cal melting point apparatus took melting points by the use of

capillaries. The FTIR spectra were recorded with the help of

pressed techniques, on that account a small amount of KBr

and synthesized samples were uniformly powdered together

to prepare pellets and spectra were recorded with the

Shimadzu IR Affinity-I 8000 FT-IR spectrophotometer. The

NMR spectra (
1
H,

13
C, and

119
Sn) of the ligands and their

complexes were recorded on the multinuclear Bruker Avance

II 400 MHz NMR spectrometer in the solvents DMSO-d
6

and CDCl
3
respectively. The references used were tetrame-

thylsilane for
1
H and

13
C NMR and tetramethyltin for

119
Sn

NMR. The mass spectroscopy of ligands and their complexes

was recorded on a SCIEX-QTOF mass spectrometer by us-

ing acetonitrile as a solvent.

Synthesis of Schiff base ligands (1–5)

The Schiff bases were synthesized by the reaction of the

5-phenylisoxazole-3-carboxylic acid hydrazide (3 mmol)

dissolved in methanol with salicylaldehyde and its deriva-

tives (3 mmol), which were also dissolved in methanol by

refluxing or 1 h. and the status of the reactions was moni-

tored from time to time by taking TLC. After completion of

the reactions and by evaporating the solvents, yellow-colored

solid products were obtained and the obtained crude solid

products were purified by recrystallization techniques, which

were used to prepare the complexes.

(N
-(2-Hydroxybenzylidene)-5-phenylisoxazole-3-car-

bohydrazide (1): yield: 86%; light yellow solid; m.p.

218–222°C; IR (KBr pellets, cm
-1
): 3283 (�O–H), 3448

(�N–H), 1679 (�C=O), 1609 (�C=N).
1
H NMR (400 MHz,

DMSO-d
6
) �: 12.56 (s, 1H, NH), 11.01 (s, 1H, OH), 8.75 (s,

1H, –N=CH), 8.00–7.97 (m, 2H, Ar-H), 7.60–7.56 (m, 4H,

Ar-H), 7.52 (s, 1H, -OC=CH), 7.36–7.31 (m, 1H, Ar-H),

6.97–6.92 (m, 2H, Ar-H).
13
C NMR (100 MHz, DMSO-d

6
)

�: 171.12 (CHONH), 159.10 (C=N–N), 157.96, 155.42,

150.22, 132.33, 131.48, 129.84, 129.75, 126.62, 126.34,

119.92, 119.13, 116.93 (aromatic carbons), 100.74 (–OC=C).

MS: m/z (M
+
) for C

17
H

13
N

3
O

3
: 307.10; found: 308.12

(M+H)
+
.

N
-(5-Chloro-2-hydroxybenzylidene)-5-phenylisoxazo-

le-3-carbohydrazide (2): yield: 90%; light yellow solid;

m.p. 225–228°C; IR (KBr pellets, cm
-1
): 3218 (�O–H), 3418

(�N–H), 1678 (�C=O), 1608 (�C=N).
1
H NMR (400 MHz,

DMSO-d
6
) �: 12.60 (s, 1H, NH), 11.10 (s, 1H, OH), 8.73 (s,

1H,–N=CH), 7.98 (dd, J = 7.4, 1.9 Hz, 2H, Ar-H), 7.68 (d,

J = 2.6 Hz, 1H, Ar-H), 7.60–7.55 (m, 3H, Ar-H), 7.53 (s, 1H,

–OC=CH), 7.37–7.31 (m, 1H, Ar-H), 6.96 (t, J = 7.0 Hz, 1H,

Ar-H).
13
C NMR (100 MHz, DMSO-d

6
) �: 171.08

(CHONH), 159.22 (C=N–N), 156.65, 155.74, 147.59,

131.65, 131.48, 129.86, 127.62, 126.64, 126.34, 123.49,
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121.26, 118.77 (aromatic carbons), 100.79 (–OC=C) MS:

m/z (M
+
) calc. for C

17
H

12
ClN

3
O

3
: 341.06; found: 342.44

(M+H)
+
.

N
-(5-Bromo-2-hydroxybenzylidene)-5-phenylisoxazo-

le-3-carbohydrazide (3): yield: 91%; yellow solid; m.p.

248–251°C; IR (KBr pellets, cm
-1
): 3306 (�O–H), 3435

(�N–H), 1696 (�C=O), 1610 (�C=N).
1
H NMR (400 MHz,

DMSO-d
6
) �: 12.65 (s, 1H, NH), 11.03 (s, 1H, OH), 8.73 (s,

1H,–N=CH), 8.01–7.97 (m, 2H, Ar-H), 7.82 (s, 1H, Ar-H),

7.61–7.56 (m, 3H, Ar-H), 7.55 (s, 1H, –OC=CH), 7.46 (dd,

J = 8.7, 2.6 Hz, 1H, Ar-H), 6.92 (d, J = 8.8 Hz, 1H, Ar-H).

13
C NMR (100 MHz, DMSO-d

6
) �: 171.12 (CHONH),

159.09 (C=N-N), 156.92, 155.58, 147.39, 134.49, 131.50,

130.44, 129.86, 126.60, 126.34, 121.85, 119.19, 111.02 (aro-

matic carbons), 100.79 (–OC=C). MS: m/z (M
+
) calc. for

C
17
H

12
BrN

3
O

3
385.01; found: 386.12 (M+H)

+
.

N
-(2-Hydroxy-5-nitrobenzylidene)-5-phenylisoxazole-

3-carbohydrazide (4): yield: 92%; yellow solid; m.p.

254–258°C; IR (KBr pellets, cm
-1
): 3201 (�O–H), 3483

(�N–H), 1668 (�C=O), 1610 (�C=N).
1
H NMR (400 MHz,

DMSO-d
6
) �: 12.73 (s, 1H, NH), 12.12 (s, 1H, –OH), 8.84 (s,

1H,–N=CH), 8.60 (d, J = 2.9 Hz, 1H, Ar-H), 8.20 (dd,

J = 9.1, 2.9 Hz, 1H, Ar-H), 7.99 (dd, J = 7.4, 2.1 Hz, 2H,

Ar-H), 7.60–7.55 (m, 3H, Ar-H), 7.56 (s, 1H, –OC=CH),

7.13 (d, J = 9.1 Hz, 1H, Ar-H).
13
C NMR (100 MHz,

DMSO-d
6
) �: 171.17 (CHONH), 159.07 (C=N-N), 163.07,

155.72, 146.05, 140.42, 131.50, 129.85, 127.45, 126.59,

126.34, 123.75, 120.59, 117.99 (aromatic carbons), 100.82

(–OC=C). MS: m/z (M
+
) calc. for C

17
H

12
N

4
O

5
: 352.08;

found: 353.26 (M+H)
+
.

N
-(3-Ethoxy-2-hydroxybenzylidene)-5-phenylisoxazo-

le-3-carbohydrazide (5): yield: 81%; light yellow solid;

m.p. 150–155°C; IR (KBr pellets, cm
-1
): 3260 (�O–H), 3420

(�N–H), 1660 (�C=O), 1606 (�C=N).
1
H NMR (400 MHz,

DMSO-d
6
) �: 12.59 (s, 1H, NH), 10.64 (s, 1H, OH), 8.76 (s,

1H,–N=CH), 8.01–7.97 (m, 2H, Ar-H), 7.60–7.56 (m, 3H,

Ar-H), 7.55 (s, 1H, –OC=CH), 7.17 (dd, J = 7.9, 1.3 Hz, 1H,

Ar-H), 7.05 (dd, J = 8.1, 1.2 Hz, 1H, Ar-H), 6.86 (m, 1H,

Ar-H), 4.08 (q, J = 7.0 Hz, 2H, –OCH
2
CH

3
), 1.36 (t,

J = 7.0 Hz, 3H,,–OCH
2
CH

3
).

13
C NMR (100 MHz,

DMSO-d
6
) �: 171.11 (CHONH), 159.11 (C=N-N), 155.38,

150.19, 147.99, 147.56, 131.49, 129.86, 126.61, 126.33,

121.16, 119.64, 119.42, 115.90, (aromatic carbons), 100.79

(–OC=C), 64.62 (–OCH
2
CH

3
), 15.19 (–OCH

2
CH

3
). MS: m/z

(M
+
) calc. for C

19
H

17
N

3
O

4
: 351.12; found: 351.95 (M+H)

+
.

Synthesis of complexes (6–20)

The organotin(IV) complexes were synthesized by the

reflux of ligands (0.5 mmol) dissolved in warm THF and

dialkyltindichloride (0.5 mmol) dissolved in methanol with a

few drops of triethylamine. The reactions were monitored by

TLC and took 7–8 h for completion. The obtained products

were cooled and solidified by evaporating the solvent under

vacuum.

2,2-Dibutyl-4-(5-phenylisoxazol-3-yl)benzo[h][1,3,5,6,2]-

dioxadiazastannonine (6): yield: 52%; yellow solid; m.p.

118–120°C; IR (KBr pellets, cm
-1
): 1610 (s, �-C=N), 684

(�Sn-C), 569 (�Sn-O), 429 (�Sn-N),
1
H NMR (400 MHz,

CDCl
3
) �: 8.79 (s, 1H,–N=CH), 7.86–7.77 (m, 4H, Ar-H),

7.56–7.41 (m, 5H, Ar-H), 6.95 (s, 1H, –OC=CH), 1.68–1.62

(m, 12H, Sn-Bu), 0.89 (t, J = 7.3 Hz, 6H, Sn-Bu).
13
C NMR

(100 MHz, CDCl
3
) �: 170.66 (CHONH), 159.69 (C=N-N),

161.45, 161.02, 158.32, 139.09, 131.78, 130.15, 128.17,

126.12, 122.12, 121.45, 117.48, 115.52 (Ph-C), 98.95

(–OC=C), 26.78, 26.45, 23.01, 13.52 (Sn-Bu).
119

Sn NMR

(400 MHz, CDCl
3,
) �: -185.15. MS: m/z (M

+
) calc. for

C
25
H

29
N

3
O

3
Sn: 539.12; found: 540.11 (M+H)

+
.

2,2-Dimethyl-4-(5-phenylisoxazol-3-yl)benzo[h][1,3,5,

6,2]dioxadiazastannonine (7): yield: 65%; yellow solid;

m.p. 125–127°C; IR (KBr pellets, cm
-1
): 1607 (�-C=N), 676

(�Sn-C), 593 (�Sn-O), 476 (�Sn-N).
1
H NMR (400 MHz,

CDCl
3
) �: 8.79 (s, 1H,–N=CH), 7.85 (dd, J=7.7, 1.6 Hz, 2H,

Ar-H), 7.57–7.35 (m, 4H, Ar-H), 7.26–7.15 (m, 3H, Ar-H),

6.95 (s, 1H, –OC=CH), 0.98 (t, J = 7.3 Hz, 6H, Sn-Bu).
13
C

NMR (100 MHz, CDCl
3
) �: 170.18 (CHONH), 159.45

(–C=N-N), 164.39, 161.98, 159.82, 153.87, 151.98, 148.55,

137.73, 136.60, 128.92, 126.43, 125.78, 118.57, 116.35 (aro-

matic carbon), 98.80 (–OC=C), 2.61 (Sn-Me).
119

Sn NMR

(400 MHz, CDCl
3,
) �: -146.68. MS: m/z (M

+
) calc. for

C
19
H

17
N

3
O

3
Sn: 455.03; found: 456.14 (M+H)

+
.

2,2-Diphenyl-4-(5-phenylisoxazol-3-yl)benzo[h][1,3,5,

6,2]dioxadiazastannonine (8): yield: 56%; yellow solid;

m.p. 128–130°C; IR (KBr pellets, cm
-1
): 1612 (�-C=N), 690

(�Sn-C), 576 (�Sn-O), 417 (�Sn-N).
1
H NMR (400 MHz,

CDCl
3
) �: 9.05 (s, 1H,–N=CH), 8.59 (s, 1H, Ar-H),

7.94–7.64 (m, 4H, Ar-H), 7.60–7.31 (m, 10H, Ar-H),

7.12–7.00 (m, 2H, Ar-H), 6.99 (s, 1H,-OC=CH), 6.94 (dd,

J = 17.9, 9.5 Hz, 1H, Ar-H), 6.79 (s, 1H, Ar-H).
13
C NMR

(100 MHz, CDCl
3
) �: 171.02 (CHONH), 159.35 (C=N-N),

166.36, 161.13, 151.50, 146.14, 145.97, 143.00, 138.94,

136.70, 135.76, 134.41, 132.51, 130.53, 129.21, 129.10,

129.05, 128.33, 128.29, 128.24, 125.86, 125.51 (aromatic

carbons), 99.39 (–OC=C),
119

Sn NMR (400 MHz, CDCl
3,
): �

–330.19. MS: m/z (M
+
) calc. for C

29
H

21
N

3
O

3
Sn: 579.06

found: 580.18 (M+H)
+
.

2,2-Dibutyl-9-chloro-4-(5-phenylisoxazol-3-yl)benzo-

[h][1,3,5,6,2]dioxadiazastannonine (9): yield: 57%; yellow

solid; m.p. 151–156°C; IR (KBr pellets, cm
–1
): 1609

(�-C=N), 668 (�Sn-C), 553 (�Sn-O), 440 (�Sn-N).
1
H NMR

(400 MHz, CDCl
3
) �: 8.71 (s, 1H, -N=CH), 7.88–7.84 (m,

2H, Ar-H), 7.54–7.46 (m, 3H, Ar-H), 7.32–7.28 (m, 1H,

Ar-H), 7.16 (d, J = 2.7 Hz, 1H, Ar-H), 6.95 (s, 1H,

–OC=CH), 6.76 (d, J = 9.0 Hz, 1H, Ar-H), 1.68–1.58 (m,

12H, Sn-Bu), 0.93 (s, 6H, Sn-Bu).
13
C NMR (100 MHz,

CDCl
3
) �: 170.76 (CHONH), 159.67 (C=N-N), 162.48,

161.43, 160.34, 158.87, 137.87, 136.55, 131.52, 128.98,

127.87, 125.65, 122.84, 118.95, 116.72 (aromatic carbons),

98.96 (–OC=C), 26.71, 26.48, 23.06, 13.56 (Sn-Bu).
119

Sn

1374 Sonia Saroya et al.



NMR (400 MHz, CDCl
3
): � -188.17. MS: m/z (M

+
) calc. for

C
25
H

28
ClN

3
O

3
Sn: 573.08; found: 574.25 (M+H)

+
.

9-Chloro-2,2-dimethyl-4-(5-phenylisoxazol-3yl)benzo-

[h][1,3,5,6,2]dioxadiazastannonine (10): yield: 69%; yel-

low solid; m.p. 154–158°C; IR (KBr pellets, cm
-1
): 1609

(�-C=N), 669 (�Sn-C), 557 (�Sn-O), 464 (�Sn-N).
1
H NMR

(400 MHz, CDCl
3
) �: 8.71 (s, 1H, -N=CH), � 7.88–7.82 (m,

2H, Ar-H), 7.55–7.46 (m, 3H, Ar-H), 7.34–7.27 (m, 1H,

Ar-H), 7.17 (d, J = 2.7 Hz, 1H, Ar-H), 6.95 (s, 1H,

–OC=CH), 6.75 (d, J = 9.0 Hz, 1H, Ar-H), 0.93 (s, 6H,

Sn-Me).
13
C NMR (100 MHz, CDCl

3
) �: 170.86 (CHONH),

159.16 (C=N-N), 162.50, 135.89, 132.62, 130.50, 129.07,

127.07, 125.91, 123.55, 121.72, 116.91 (aromatic carbons),

98.82 (–OC=C), 2.11 (Sn-Me).
119

Sn NMR (400 MHz,

CDCl
3,
): � -148.09. MS: m/z (M

+
) calc. for

C
19
H

16
ClN

3
O

3
Sn: 488.99; found: 489.18 (M+H)

+
.

9-Chloro-2,2-diphenyl-4-(5-phenylisoxazol-3-yl)benzo-

[h][1,3,5,6,2]dioxadiazastannonine (11): yield: 61%; yel-

low solid; m.p. 158–160°C; IR (KBr pellets, cm
-1
): 1618

(�-C=N), 668 (�Sn-C), 532 (�Sn-O), 448 (�Sn-N).
1
H NMR

(400 MHz, CDCl
3
) �: 8.98 (s, 1H,–N=CH), 8.44 (d,

J = 16.9 Hz, 2H, Ar-H), 7.92–7.75 (m, 3H, Ar-H), 7.70–7.36

(m, 8H, Ar-H), 7.20–7.12 (m, 4H, Ar-H), 7.00 (s, 1H,

–OC=CH), 6.89 (m, 1H, Ar-H).
13
C NMR (100 MHz,

CDCl
3
) �: 170.79 (CHONH), 159.24 (C=N-N), 163.56,

162.92, 157.71, 156.27, 151.51, 135.96, 135.76, 134.49,

132.63, 130.88, 130.62, 129.77, 129.34, 129.19, 129.08,

128.25, 125.99, 125.91, 125.52, 118.43 (aromatic carbons),

99.50 (–OC=C).
119

Sn NMR (400 MHz, CDCl
3
) �

–332.14 MS: m/z (M
+
) calc. for C

29
H

20
ClN

3
O

3
Sn: 613.02;

found: 614.26 (M+H)
+
.

9-Bromo-2,2-dibutyl-4-(5-phenylisoxazol-3-yl)benzo-

[h][1,3,5,6,2]dioxadiazastannonine (12): yield: 54%; yel-

low solid; m.p. 150–152°C; IR (KBr pellets, cm
-1
): 1609

(�-C=N), 686 (�Sn-C), 551 (�Sn-O), 480 (�Sn-N).
1
H NMR

(400 MHz, CDCl
3
) �: 8.70 (s, 1H,–N=CH), 7.86 (dd, J = 7.8,

1.7 Hz, 2H, Ar-H), 7.55–7.39 (m, 4H, Ar-H), 7.31–7.27 (m,

1H, Ar-H), 6.95 (s, 1H, –OC=CH), 6.71 (d, J = 9.0 Hz, 1H,

Ar-H) 1.78–1.47 (m, 12H, Sn-Bu), 0.89 (t, J = 7.3 Hz, 6H,

Sn-Bu).
13
C NMR (100 MHz, CDCl

3
) �: 170.78 (CHONH),

159.25 (C=N-N), 166.48, 163.44, 162.14, 138.41, 135.72,

130.45, 129.06, 127.13, 125.91, 125.52, 123.87, 117.76,

108.00 (aromatic carbons), 98.94 (–OC=C), 26.72, 26.45,

22.92, 13.55 (Sn-Bu).
119

Sn NMR (400 MHz, CDCl
3,
): �

-189.27.MS: m/z (M
+
) calc. for C

25
H

28
BrN

3
O

3
Sn: 617.03;

found: 617.25 (M+H)
+
.

9-Bromo-2,2-dimethyl-4-(5-phenylisoxazol-3-yl)benzo-

[h][1,3,5,6,2]dioxadiazastannonine (13): yield: 64%; yel-

low solid; m.p. 248–250°C; IR (KBr pellets, cm
-1
): 1607

(�-C=N), 672 (�Sn-C), 554 (�Sn-O), 483 (�Sn-N).
1
H NMR

(400 MHz, CDCl
3
) �: 8.71 (s, 1H,–N=CH), 7.91–7.80 (m,

2H, Ar-H), 7.56–7.40 (m, 4H, Ar-H), 7.31 (d, J = 2.6 Hz,

1H, Ar-H), 6.95 (s, 1H, –OC=CH), 6.70 (d, J = 9.0 Hz, 1H,

Ar-H), 0.93 (s, 6H, Sn-Me).
13
C NMR (100 MHz, CDCl

3
) �:

170.87 (CHONH), 159.15 (C=N-N), 162.43, 152.92, 151.05,

149.98, 138.55, 135.73, 130.50, 129.07, 127.06, 125.92,

125.52, 123.94, 117.71, 108.38 (aromatic carbons), 98.82

(–OC=C), 2.13 (Sn-Me).
119

Sn NMR (400 MHz, CDCl
3
) �

-145.16. MS: m/z (M
+
) calc. for C

19
H

16
BrN

3
O

3
Sn: 532.94;

found: 533.08 (M+H)
+
.

9-Bromo-2,2-diphenyl-4-(5-phenylisoxazol-3-yl)benzo-

[h][1,3,5,6,2]dioxadiazastannonine (14): yield: 58%; yel-

low solid; m.p. 250–252°C; IR (KBr pellets, cm
-1
): 1610

(�-C=N), 689 (�Sn-C), 552 (�Sn-O), 448 (�Sn-N).
1
H NMR

(400 MHz, CDCl
3
) �: 9.04 (s, 1H,–N=CH), 8.45–7.74 (s, 5H,

Ar-H), 7.60–7.31 (m, 9H, Ar-H), 7.32–6.99 (m, 4H, Ar-H),

6.92 (s, 1H, –OC=CH).
13
C NMR (100 MHz, CDCl

3
) �:

171.04 (CHONH), 161.25 (C=N-N), 167.94, 166.45, 163.78,

161.67, 159.32, 156.89, 152.56, 135.32, 134.19, 131.12,

130.12, 129.56, 128.17, 127.83, 125.93, 123.84, 122.23,

121.58, 117.87, 115.78 (aromatic carbons), 99.37 (–OC=C),

119
Sn NMR (400 MHz, CDCl

3,
): � –331.19. MS: m/z (M

+
)

calc. for C
29
H

20
BrN

3
O

3
Sn: 656.97; found: 657.12 (M+H)

+
.

2,2-Dibutyl-9-nitro-4-(5-phenylisoxazol-3-yl)benzo-

[h][1,3,5,6,2]dioxadiazastannonine (15): yield: 51%; yel-

low solid; m.p. 156–160°C; IR (KBr pellets, cm
-1
): 1610

(�-C=N), 671 (�Sn-C), 561 (�Sn-O), 452 (�Sn-N).
1
H NMR

(400 MHz, CDCl
3
) �: 8.85 (s, 1H,–N=CH), 8.28–8.20 (m,

2H, Ar-H), 7.87 (dd, J = 7.7, 1.8 Hz, 2H, Ar-H), 7.55–7.45

(m, 3H, Ar-H), 6.97 (s, 1H, –OC=CH), 6.86–6.79 (m, 1H,

Ar-H), 1.82–1.57 (m, 12H, Sn-Bu), 0.90 (t, J =7.3Hz, 6H,

Sn-Bu).
13
C NMR (100 MHz, CDCl

3
) �: 172.35 (CHONH),

158.96 (C=N-N), 171.00, 163.93, 162.12, 138.09, 131.43,

130.58, 130.32, 129.10, 127.01, 125.93, 122.61, 115.38 (aro-

matic carbons), 98.94 (-OC=C), 26.66, 26.43, 23.49, 13.52

(Sn-Bu).
119

Sn NMR (400 MHz, CDCl
3,
): � -187.78. MS:

m/z (M
+
) calc. for C

25
H

28
N

4
O

5
Sn: 584.11; found: 585.11

(M+H)
+
.

2,2-Dimethyl-9-nitro-4-(5-phenylisoxazol-3-yl)benzo-

[h][1,3,5,6,2]dioxadiazastannonine (16): yield: 69%; yel-

low solid; m.p. 180–182°C; IR (KBr pellets, cm
-1
): 1610

(�-C=N), 668 (�Sn-C), 567 (�Sn-O), 428 (�Sn-N).
1
H NMR

(400 MHz, CDCl
3
) �: 8.86 (s, 1H,–N=CH), 8.24 (m,

J = 2.6 Hz, 2H, Ar-H), 7.91–7.83 (m, 2H, Ar-H), 7.58–7.46

(m, 3H, Ar-H), 6.97 (s, 1H, –OC=CH), 6.82 (d, J = 8.8 Hz,

1H, Ar-H), 1.01 (s, 6H, Sn-Me).
13
C NMR (100 MHz,

CDCl
3
) �: 171.70 (CHONH), 159.71 (C=N-N), 165.58,

162.43, 136.04, 136.00, 135.91, 135.67, 131.35, 130.61,

130.38, 129.14, 129.11, 126.96, 125.94 (aromatic carbons),

98.83 (–OC=C), 2.64 (Sn-Me).
119

Sn NMR (400 MHz,

CDCl
3,
): � -146.98. MS: m/z (M

+
) calc. for C

19
H

16
N

4
O

5
Sn:

500.01; found: 501.40 (M+H)
+
.

9-Nitro-2,2-diphenyl-4-(5-phenylisoxazol-3-yl)benzo-

[h][1,3,5,6,2]dioxadiazastannonine (17): yield: 57%; yel-

low solid; m.p. 181–184°C; IR (KBr pellets, cm
-1
): 1609

(�-C=N), 676 (�Sn-C), 572 (�Sn-O), 429 (�Sn-N).
1
H NMR

(400 MHz, CDCl
3
) �: 9.01 (s, 1H,–N=CH), 8.41–7.83 (m,

7H, Ar-H), 7.81–7.34 (m, 11H, Ph), 6.98 (s, 1H, –OC=CH).
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13
C NMR (100 MHz, CDCl

3
) �: 171.03 (CHONH), 160.17

(C=N-N), 163.64, 161.98, 157.28, 155.68, 150.67, 136.87,

135.56, 133.21, 131.69, 129.56, 128.23, 128.02, 127.49,

125.78, 121.89, 120.23, 119.57, 118.02, 116.44 (aromatic

carbons), 99.48 (–OC=C).
119

Sn NMR (400 MHz, CDCl
3
): �

-331.49. MS: m/z (M
+
) calc. for C

29
H

20
N

4
O

5
Sn: 624.05;

found: 625.18 (M+H)
+
.

2,2-Dibutyl-11-ethoxy-4-(5-phenylisoxazol-3-yl)benzo-

[h][1,3,5,6,2]dioxadiazastannonine (18): yield: 45%; yel-

low solid; m.p. 122–126°C; IR (KBr pellets, cm
-1
): 1605

(�-C=N), 686 (�Sn-C), 570 (s, �Sn-O), 481 (�Sn-N).
1
H

NMR (400 MHz, CDCl
3
) �: 8.79 (s, 1H,–N=CH), 7.89–7.82

(m, 2H, Ar-H), 7.54–7.47 (m, 3H, Ar-H), 7.02–6.97 (m, 1H,

Ar-H), 6.95 (s, 1H, –OC=CH), 6.84 (dd, J = 8.0, 1.5 Hz, 1H,

Ar-H), 6.68 (t, J = 7.8 Hz, 1H, Ar-H), 4.11 (q, J = 7.3 Hz,

2H, –OCH
2
CH

3
), 1.37 (t, J = 7.0 Hz, 3H, –OCH

2
CH

3
),

1.69–1.63 (m, 12H, Sn-Bu), 0.88 (t, J = 7.3 Hz, 6H, Sn-Bu).

13
C NMR (100 MHz, CDCl

3
) �: 170.64 (CHONH), 159.44

(HC=N), 163.64, 162.98, 158.93, 150.52, 130.38, 129.04,

127.22, 126.57, 125.90, 119.48, 116.58, 116.46 (aromatic

carbons), 98.92 (–OC=CH), 65.07 (–OCH
2
CH

3
), 14.95

(–OCH
2
CH

3
), 26.74, 26.46, 23.05, 13.58 (Sn-Bu).

119
Sn

NMR (400 MHz, CDCl
3
): � -186.65. MS: m/z (M

+
) calc. for

C
27
H

33
N

3
O

4
Sn: 583.15; found: 583.91 (M+H)

+
.

11-Ethoxy-2,2-dimethyl-4-(5-phenylisoxazol-3-yl)ben-

zo[h][1,3,5,6,2]dioxadiastannonine (19): yield: 58%; yel-

low solid; m.p. 180–182°C; IR (KBr pellets, cm
-1
): 1604

(�-C=N), 690 (�Sn-C), 578 (�Sn-O), 444 (�Sn-N).
1
H NMR

(400 MHz, CDCl
3
) �: 8.79 (s, 1H, -N=CH), 7.89–7.82 (m,

2H, Ar-H), 7.55–7.44 (m, 3H, Ar-H), 7.02–6.97 (m, 1H,

Ar-H), 6.96 (m, 1H, –OC=CH), 6.85 (dd, J = 8.0, 1.5 Hz,

1H, Ar-H), 6.70 (dd, J = 10.1, 5.6 Hz, 1H, Ar-H), 4.13 (q,

J = 7.0 Hz, 2H, –OCH
2
CH

3
), 1.42 (t, J = 7.0 Hz, 3H,

–OCH
2
CH

3
), 0.97 (s, 6H, Sn-Me).

13
C NMR (100 MHz,

CDCl
3
) �: 170.72 (CHONH), 159.36 (C=N-N), 164.48,

162.75, 150.46, 130.42, 129.05, 127.17, 126.44, 125.91,

125.52, 119.03, 116.79, 116.46 (aromatic carbons), 98.80

(–OC=C), 64.95 (–OCH
2
CH

3
), 14.85 (–OCH

2
CH

3
), 2.63

(Sn-Me).
119

Sn NMR (400 MHz, CDCl
3,
): � -149.29. MS:

m/z (M
+
) calc. for C

21
H

21
N

3
O

4
Sn: 499.06; found: 499.98

(M+H)
+
.

11-Ethoxy-2,2-diphenyl-4-(5-phenylisoxazol-3-yl)ben-

zo[h][1,3,5,6,2]dioxadiaza stannonine (20): yield: 51%;

yellow solid; m.p. 125–127°C; IR (KBr pellets, cm
-1
): 1606

(�-C=N), 688 (s, �Sn-C), 581 (s, �Sn-O), 434 (�Sn-N).
1
H

NMR (400 MHz, CDCl
3
) �: 9.05 (s, 1H,–N=CH), 8.47 (m,

2H, Ar-H), 7.95–7.77 (m, 3H, Ar-H), 7.59–7.34 (m, 7H,

Ar-H), 7.16–7.01 (m, 3H, Ar-H), 7.00 (s, 1H, –OC=CH),

6.97 (d, J=9.4Hz, 1H, Ar-H), 6.87 (dd, J = 12.7, 4.9 Hz, 1H,

Ar-H), 6.72 (d, J = 7.9 Hz, 1H, Ar-H), 4.14–4.06 (q,

J = 7.0 Hz, 2H, –OCH
2
CH

3
), 1.39 (t, J = 7.0 Hz, 3H,

–OCH
2
CH

3
).

13
C NMR (100 MHz, CDCl

3
) �: 171.01

(CHONH), 160.28 (HC=N), 164.21, 162.35, 161.95, 159.32,

157.01, 156.92, 145.59, 137.97, 136.21, 135.32, 129.23,

125.98, 124,56, 122.74, 121.28, 119.87, 118.65, 117.85 (aro-

matic carbons), 99.48 (–OC=CH), 65.01 (–OCH
2
CH

3
), 14.75

(–OCH
2
CH

3
).

119
Sn NMR (400 MHz, CDCl

3,
): � -334.78.

MS: m/z (M
+
) calc. for C

31
H

25
N

3
O

4
Sn: 623.09; found:

623.92 (M+H)
+
.

In vitro antimicrobial activity assay

The synthesized hydrazone ligands and their correspond-

ing complexes were assessed for their antibacterial and

antifungal activities against the Gram-positive bacteria, Ba-

cillus subtilis and Staphylococcus aureus, two Gram-nega-

tive bacteria, Escherichia coli and Pseudomonas aeruginosa,

and two fungal strains, Candida albicans and Aspergillus

niger, by serial dilution method [46, 47] to obtain a minimum

inhibitory concentration (MIC). For this, the nutrient broth

and potato dextrose broth were freshly prepared, autoclaved

to inoculate bacteria and fungi in the respective media, and

incubated at 37 � 1°C for 24 h (all bacteria), 25 � 1°C for 7

days (A. niger) and 37 � 1°C for 48 h (C. albicans). The

stock solution of 100 µg/mL of the ligands and complexes

were prepared by dissolving 1 mg of the synthesized com-

pounds in 10 mL of DMSO and further diluted to get the

concentrations of 50, 25, 12.5, 6.25, 3.12, and 1.56 �g/mL.

The bacteria and fungi were transferred into each set of test

tubes and incubated at a favorable temperature. The standard

drugs used for the comparison of the results were

ciprofloxacin (for antibacterial study) and fluconazole (for

antifungal study). The microbial growths were observed vi-

sually and MIC values were calculated. The experiment was

repeated three times with the same procedure and each time

the growth of the microbes were observed visually in same

serially diluted test tube; thus, only the MIC values have

been reported with no standard deviation. The data for the

microbial study are listed in Table 1.

Antioxidant activity

The synthesized ligands and their corresponding com-

plexes were screened for their antioxidant strength using the

conventional DPPH free radical method. This method is pri-

marily based on the percentage free radical scavenging activ-

ity of the synthesized compound by DPPH. For this, initially,

a solution of 12.5, 25, 50, 100, or 200 µg/mLwas prepared in

DMSO and then 1 mL of each solution was transferred into a

different test tube, with 1 mL of the DPPH, and kept in the

dark for 30 min. After that, the absorbance was recorded as

517 nm. Ascorbic acid was used as the reference compound

whereas the DPPH in DMSO was used as the blank. The per-

centage scavenging activity for each compound was calcu-

lated using the formula

% scavenging activity = {(A
0
– A)/A

0
} � 100,

where, A
0
is the absorbance of the control whereas A is the

absorbance of the sample at 517 nm.
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The experiment was repeated three times with the same

procedure and IC
50
was reported as the average of three rep-

licates. The IC
50
values were calculated by plotting the graph

of percentage scavenging activity against the concentration

of the compounds, as depicted in Fig. 1. The IC
50

values of

the ligands and their corresponding complexes are listed in

Table 2.

RESULTS AND DISCUSSION

The synthetic route started with the preparation of Schiff

bases, which were synthesized by the reactions of 5-phenyl-

isoxazole-3-carboxylic acid hydrazide with salicylaldehyde

and its derivatives. All reactions gave a good yield and these

Schiff bases were further reacted with the dialkyltin

dichlorides to prepare the organotin complexes (Scheme 1).

IR spectra

A comparative analysis of the IR spectra of the ligands

and their complexes was carried out. The peaks appeared

around 3306–3201 cm
-1

owing to –OH of the salicylalde-

hydic part of the ligands being entirely dissipated in the com-

plexes, which indicates that the proton of –OH had been

removed completely and oxygen had bonded to the tin atom.

The –C=O peaks, which appeared between 1690 and

1660 cm
-1
and the –NH peaks, which were between 3483 and

3418 cm
-1
, that were present in the ligands, were also absent

in the complexes indicate that the ligands bonded to the tin

metal through its enolic form. The formation of the com-

plexes were also established by the appearance of the new

peaks, which were observed at 690–668 cm
-1
, 593–532 cm

-1
,

and 481–417 cm
-1
owing to (�Sn-C), (�Sn-O), and (�Sn-N)

[48, 49].

NMR spectral Analysis

1
H NMR Spectra

Structures of Schiff base ligands and their respective tin

complexes were further confirmed by analyzing and compar-

ing their proton NMR spectra. In the proton NMR, the peak
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TABLE 1. Minimum inhibitory concentration (MIC) values (�mol/mL) of the antimicrobial activity of Schiff base ligands and their corre-

sponding complexes

Compound. No. MIC, �mol/mL

Gram-positive Bacteria Gram-negative Bacteria Fungi

B. subtilis S. aureus E. coli P. aeruginosa C. albicans A. niger

1 0.0813 0.0813 0.0813 0.0813 0.0813 0.0813

2 0.0731 0.0731 0.0731 0.0731 0.0731 0.0731

3 0.0647 0.0647 0.0647 0.0647 0.0647 0.0647

4 0.0354 0.0709 0.0354 0.0709 0.0709 0.0354

5 0.0711 0.0711 0.0711 0.0711 0.0711 0.0711

6 0.0464 0.0464 0.0464 0.0464 0.0232 0.0464

7 0.0275 0.0550 0.0550 0.0550 0.0550 0.0550

8 0.0216 0.0108 0.0216 0.0216 0.0216 0.0216

9 0.0436 0.0436 0.0218 0.0218 0.0218 0.0218

10 0.0255 0.0511 0.0511 0.0511 0.0255 0.0511

11 0.0204 0.0102 0.0204 0.0204 0.0204 0.0204

12 0.0405 0.0405 0.0405 0.0405 0.0405 0.0405

13 0.0234 0.0469 0.0234 0.0234 0.0234 0.0469

14 0.0190 0.0095 0.0190 0.0190 0.0190 0.0190

15 0.0214 0.0428 0.0428 0.0428 0.0428 0.0428

16 0.0500 0.0500 0.0250 0.0500 0.0500 0.0500

17 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100

18 0.0429 0.0214 0.0429 0.0429 0.0429 0.0214

19 0.0250 0.0250 0.0501 0.0250 0.0501 0.0501

20 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200

Ciprofloxacin 0.0047 0.0047 0.0047 0.0047 – –

Fluconazole – – – – 0.01020 0.01020

Note: Active values have been marked bold



appeared between � 12.73 and 12.56 ppm owing to the –NH

group in the Schiff base ligands, which were absent in the

complexes. The –OH peak of the salicylaldehydic part of the

ligands assigned at � 12.12–10.64 ppm had also completely

disappeared in the complexes, which also strongly supports

the formation of the complexes. The peak of the azomethine

hydrogen (CH=N) assigned at � 8.84–8.73 ppm were shifted

downfield, indicating its coordination to the tin atom because

of the electron density shifted toward the tin atom. Addi-

tional new peaks also appeared in the complexes between �

1.79 and 0.88 ppm because of the dibutyl, between � 1.01

and 0.93 ppm because of the dimethyl part, and � 8.47 and

6.72 ppm because of the phenyl part of the complexes, which

were not present in the ligands [50–52].

13
C NMR Spectra

The structure formations were investigated by the study

of the
13
C NMR spectra. In the

13
C NMR, the signal ap-

peared in the region � 171.17–170.18 ppm owing to the car-

bon atoms of the CHONH and � 161.25–159.07 ppm owing

to C=N-N carbon atoms. New peaks observed in the aliphatic

region of the complexes between � 26.78 and 26.66, 26.48

and 26.43, 23.49 and 22.92, and � 13.58 and 13.52 ppm be-

cause of the butyl group, and between � 2.64 and 2.11 ppm

because of the methyl group and 171 and 108 ppm because

of the phenyl group present in the complexes, which were

not there in the ligands [53].

119
Sn NMR Spectra

The
119

Sn NMR spectra exhibit the coordination number

and geometry of the tin atom in complexes. The tin NMR

showed the intense singlet peak at � -149.29 to -145.16 ppm

for methyl, � -189.27 to -185.15 ppm for butyl and � -334.78

to -330.19 ppm for phenyl complexes. All these peaks indi-

cate the formation of the pentacoordinated geometry around

the tin atom [27, 54].
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Mass Spectra

The mass spectra further verified the synthesis of the lig-

ands and their corresponding complexes. In the ligands the

(M+H)
+
peak appeared at the calculated values and in the

complexes also molecular ion peaks (M+H)
+
appeared at

their calculated value but additionally one more peak ap-

peared at the gap of 2 m/z units; this is due to the presence of

the different isotopic abundance of the tin atom, one is due to
119

Sn and another due to
117

Sn. The mass spectroscopy indi-

cates the mononuclear nature of the ligands and they bind to

the metal in a 1:1 ratio.

Antimicrobial Studies

The synthesized Schiff base ligands and their corre-

sponding diorganotin complexes have been studied for their

antibacterial and antifungal potency. They have been tested

against Gram-positive bacterial strains Bacillus subtilis and

Staphylococcus aureus, two Gram-negative bacterial strains

Escherichia coli and Pseudomonas aeruginosa for their anti-

bacterial activity by using ciprofloxacin as a standard drug,

whereas Candida albicans and Aspergillus niger were used

for the antifungal study of synthesized compounds 1–20 by

selecting fluconazole as the standard drug. The MIC values

of all the tested compounds are listed in Table 1.

1. The general trend followed by the Schiff base ligands

as 4 > 3 > 5 > 2 > 1 against B. subtilis, E. coli, and A. niger

whereas the trend followed by S. aureus, P. aeruginosa, and

C. albicans was 3 > 4 > 5 > 2 > 1. Thus, the Schiff base lig-

ands, having groups such as –NO
2
and –Br showed better ac-

tivity than other Schiff base ligands, having groups such as

–Cl, –OC
2
H

5
, and –H. Therefore, when the target molecule

consists of groups such as –NO
2
and –Br, then it was more

selective against the chosen microbes.
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Fig. 2. Percentage radical scavenging activity of the most active compounds and the IC
50

value of the ligands (1–5) and their complexes

(6–20).



2. The presence of the R’’
2
Sn group with the target mole-

cule helps to enhance its antimicrobial activity. As depicted

from the MIC value, the activity of the Schiff base ligands

enhanced as they coordinated with R’’
2
Sn groups, or it can

also be stated that the diorganotin complexes showed better

activities than their corresponding Schiff base ligands. This

can be explained by the chelation theory because as the

ligand chelates to the metal center there has been sharing of

the positive charge of the metal with the ligands and hence,

the lipophilicity of the metal complexes increases and they

can easily penetrate through the cell membrane of the mi-

crobes, bind to the DNA of the microorganism, and work

more efficiently [27, 55].

3. The results of antimicrobial activity signified that the

diphenyl substituted complexes showed better activity than

dimethyl and dibutyl substituted complexes against the cho-
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Scheme 1

Synthesis of Schiff base ligands (1–5) and their organotin(IV) complexes (6–20).

Antimicrobial studies (structure activity relationship):



sen microbes. Thus, the substitution of the Ph
2
Sn group with

the target molecule helps to increase the antimicrobial activ-

ity of the molecule.

4. The complexes 14, 17, and 20 showed promising anti-

bacterial activity but none of the compounds displayed better

antibacterial activity than the standard drug ciprofloxacin

(MIC value = 0.0047 �g/mL).

5. Among all the synthesized compounds, compound 17,

having both –NO
2
and diphenyltin groups, showed the best

antibacterial activity, with an MIC value of 0.0100 �g/mL

against all the chosen bacterial strains. Therefore, the pres-

ence of the diphenyltin and –NO
2
groups with the target mol-

ecule helps to strengthen the antibacterial activity of the tar-

get molecule. Complex 17 was found to be most selective

against all the chosen bacterial strains.

6. Compounds 8 and 11 (MIC values = 0.108 and

0.102 �g/mL) specifically showed very good activity against

S. aureus, and their MIC values were around 2-fold higher

than the standard drug ciprofloxacin (MIC value =

0.0047 �g/mL).

7. The antifungal activity results demonstrated that Com-

pound 17 was the most potent antifungal compound and it

showed better activity than the standard drug fluconazole,

with an MIC value of 0.0100 �g/mL against both fungal

strains.

8. Compound 14 also showed some good antifungal ac-

tivity results and MIC values were around two-fold higher

than the standard drug fluconazole.

From the structure–activity relationship (SAR), as dis-

cussed above, it can be concluded that the antimicrobial ac-

tivity of the target molecule has been greatly influenced by

different group substitutions. The presence of groups such as

–NO
2
, –Br, and Ph

2
Sn with the target molecule helped to en-

hance its antimicrobial activity. Therefore, when the target

molecule had the –NO
2
and Ph

2
Sn groups (in Compound 17),

then the maximum selectivity was observed against the cho-

sen bacterial and fungal strains. Of the bacterial and fungal

strains, the compounds showed more selectivity toward fun-

gal strains.

Antioxidant Activity

The synthesized compounds 1–20 were tested against

DPPH free radical scavenging activity using ascorbic acid as

the standard compound. From the IC
50

value as depicted in

Table 2, it can be concluded that:

1. The antioxidant activity of the Schiff base ligands en-

hances as the electron-donating group is attached to the lig-

ands [56] and the antioxidant activity strength trend is fol-

lowed by the ligands as such 5 1 > 2 > 3 > 4. This can be ex-

plained as such after the donation of the hydrogen radical to

the DPPH, the Schiff base ligands, having electron-donating

groups, become more stabilized than the Schiff base ligands,

which have electron-withdrawing groups.[PF1] So when the

–OC
2
H

5
group is attached to the target molecule, it becomes

more selective against DPPH free radical scavenging activ-

ity.

2. Attachment of the R’’
2
Sn group to the target molecule

further helps to enhance the antioxidant activity of the target

molecule. The result of the DPPH free radical scavenging ac-

tivity signified that the complexes showed better activity

than their corresponding parent Schiff base ligands. The

better results of the complexes can be explained based on the

proton-donating ability of the complexes being better than

their corresponding Schiff base ligands [57].

3. Among the various R’’
2
Sn group substitutions with the

target molecule, when the R’’ was the phenyl group it

showed better activity than when R’’ was butyl and methyl.

Therefore, the attachment of the diphenyltin group with the

target molecule made it more selective against the DPPH free

radical scavenging activity.

4. Compounds 6, 8, and 18 showed good activity and

their IC
50

value was around 1.5-fold more than the standard

compound ascorbic acid.

5. Compound 20 (IC
50
= 53.2 �g/mL), which has elec-

tron-donating group (–OC
2
H

5
) and has two phenyl groups at-
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TABLE 2. Antioxidant activity of the ligands and their correspond-

ing complexes

Compounds IC50 (�g/mL)

1 180.43 � 4.77

2 234.94 � 8.93

3 239.93 � 3.87

4 252.53 � 12.72

5 157.12 � 3.43

6 78.03 � 3.83

7 112.42 � 11.34

8 66.91 � 8.41

9 100.93 � 0.64

10 140.81 � 2.02

11 86.22 � 2.73

12 89.91 � 1.80

13 102.1 � 2.91

14 80.13 � 2.55

15 132.14 � 3.42

16 140.18 � 2.57

17 122.32 � 1.29

18 62.16 � 0.65

19 92.2 � 3.18

20 53.2 � 1.09

Ascorbic acid 59.19 � 1.90

Note: Most active value has been marked bold



tached to tin, showed better activity than the reference com-

pound ascorbic acid (IC
50
= 59.19 �g/mL).

From the SAR of the DPPH free radical scavenging ac-

tivity, it can be deduced that when groups such as –OC
2
H

5

and Ph
2
Sn are attached to the target molecule, they help to

boost the free radical scavenging activity of the target mole-

cule, whereas the attachment of groups such as –NO
2
and

Me
2
Sn to the target molecule diminishes its free radical scav-

enging activity. Therefore, Compound 20 showed the most

selectivity against the DPPH free radical scavenging activity.

CONCLUSION

A series of new diorganotin (IV) complexes had synthe-

sized successfully from the Schiff base ligands, which were

formed by the reaction of 5-phenylisoxazole-3-carboxylic

acid hydrazide with the salicylaldehyde and its derivatives.

The synthesized compounds were characterized by the vari-

ous spectroscopic techniques such as IR,
1
H NMR,

13
C

NMR,
119

Sn NMR, and mass spectroscopy. From the spec-

troscopy analysis it was concluded that the ligands had

bonded to the tin metal in a tridentate manner. The Schiff

base ligands bonded with the oxygen atom of the hydroxyl

group of the salicylaldehyde part, the nitrogen atom of the

azomethine group, and the oxygen atom of the –OH of the

hydrazide group that was involved in the enolization. The tin

atom exhibited the pentacoordinated geometry. All the syn-

thesized ligands and their corresponding complexes were

tested for their biological efficiency against microbes (bacte-

ria and fungi). The result obtained indicated that the activity

of the Schiff bases has increased magnificently on binding

with the tin metal. Some of the complexes showed promising

activity and it was found that the different group substitu-

tions greatly affected the antimicrobial activity. The

phenyl-substituted complexes showed better activity fol-

lowed by the butyl- and then methyl-substituted complexes.

Complex 17 showed the best activity. The antioxidant results

explained that the ligands that have an electron-donating

group acted better as antioxidant agents and the antioxidant

activity of the complexes were better than that of the ligands.
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