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APENDIX A 

 

 

 Spectra of compounds in chapter II 
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1
H NMR spectrum (400 MHz, DMSO-d6) of H2L
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 NMR spectrum (400 MHz, DMSO-d6) of H2L
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IR spectrum (KBr) of H2L
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1
H NMR spectrum (400 MHz, DMSO-d6) of H2L
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 NMR spectrum (400 MHz, DMSO-d6) of H2L
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1
H NMR spectrum (400 MHz, DMSO-d6) of H2L
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1
H NMR spectrum (400 MHz, THF-d8) of H2L
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 NMR spectrum (400 MHz, DMSO-d6) of H2L
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 NMR spectrum (400 MHz, THF-d8) of H2L
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IR spectrum (KBr) of H2L
3 
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1
H NMR spectrum (400 MHz, DMSO-d6) of [Zn(HL

1
)2] 
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 NMR spectrum (400 MHz, DMSO-d6) of [Zn(HL

1
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1
H NMR spectrum (400 MHz, DMSO-d6) of [Ni(HL

1
)2].H2O 
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IR spectrum (KBr) of [Ni(HL
1
)2].H2O 
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1
H NMR spectrum (400 MHz, DMSO-d6) of [Ni(HL

2
)2] 
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IR spectrum (KBr) of [Ni(HL
2
)2] 

 

 

UV-Vis spectrum (solid) of [Ni(HL
2
)2] 
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1
H NMR spectrum (400 MHz, DMSO-d6) of [Cd(HL

2
)2] 
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 NMR spectrum (400 MHz, DMSO-d6) of [Cd(HL

2
)2] 

 

 

IR spectrum (KBr) of [Cd(HL
2
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1
H NMR spectrum (400 MHz, DMSO-d6) of [Zn(HL

2
)2] 
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 NMR spectrum (400 MHz, DMSO-d6) of [Zn(HL

2
)2] 

 

 

IR spectrum (KBr) of [Zn(HL
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1
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 NMR spectrum (400 MHz, THF-d8) of [Cd(HL

3
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 NMR spectrum (400 MHz, THF-d8) of [Cd(HL

3
)2] 

 

 

IR spectrum (KBr) of [Cd(HL
3
)2] 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400.0

23.0

24

26

28

30

32

34

36

38

40

42

44

46

48

50.6

cm-1

%T 

3406.85

3058.91

1590.01

1573.09

1439.12

1343.88

1234.32

1098.47

1040.08

982.31

794.47

727.38

599.81



 
181 

 

 

NOESY spectrum (400 MHz, THF-d8) of [Cd(HL
3
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COSY spectrum (400 MHz, THF-d8) of [Cd(HL
3
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HMQC spectrum (400 MHz, THF-d8) of [Cd(HL
3
)2] 
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1
H NMR spectrum (400 MHz, DMSO-d6) of [Zn(L

3
)(H2O)] 
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13
C NMR spectrum (400 MHz, DMSO-d6) of [Zn(L

3
)(H2O)] 

 

 

IR spectrum (KBr) of [Zn(L
3
)(H2O)] 
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1
H NMR spectrum (400 MHz, DMSO-d6) of [Cd(L

3
)(H2O)] 
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13
C NMR spectrum (400 MHz, DMSO-d6) of [Cd(L

3
)(H2O)] 

 

 

IR spectrum (KBr) of [Cd(L
3
)(H2O)] 
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IR spectrum (KBr) of [Ni(L
3
)(H2O)] 

 

 

UV-Vis spectrum (solid) of [Ni(L
3
)(H2O)] 
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IR spectrum (KBr) of [Ni(L
3
)(Et3N)(H2O)] 
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APENDIX B 

 

 

 Spectra of compounds in chapter III 
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1
H NMR spectrum (400 MHz, DMSO-d6) of 2a 

 

 

13
C NMR spectrum (400 MHz, DMSO-d6) of 2a 
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1
H NMR spectrum (400 MHz, DMSO-d6) of 3a 

 

 

13
C NMR spectrum (400 MHz, DMSO-d6) of 3a 
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1
H NMR spectrum (400 MHz, DMSO-d6) of 3b 

 

 

13
C NMR spectrum (400 MHz, DMSO-d6) of 3b 
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1
H NMR spectrum (400 MHz, DMSO-d6) of 3c 

 

 

13
C NMR spectrum (400 MHz, DMSO-d6) of 3c 
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1
H NMR spectrum (400 MHz, DMSO-d6) of 3d 

 

 

13
C NMR spectrum (400 MHz, DMSO-d6) of 3d 
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1
H NMR spectrum (400 MHz, DMSO-d6) of 3e 

 

 

13
C NMR spectrum (400 MHz, DMSO-d6) of 3e 
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1
H NMR spectrum (400 MHz, DMSO-d6) of 3f 

 

 

13
C NMR spectrum (400 MHz, DMSO-d6) of 3f 
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1
H NMR spectrum (400 MHz, DMSO-d6) of 7a 

 

 

13
C NMR spectrum (400 MHz, DMSO-d6) of 7a 
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APENDIX C 

 

 

 Spectra of compounds in chapter IV 
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1
H NMR spectrum (400 MHz, CDCl3) of 2-(diformylmethylidene)-3,3-dimethylindole 
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13
C NMR spectrum (400 MHz, CDCl3) of 2-(diformylmethylidene)-3,3-dimethylindole 

 

 

IR spectrum (ATR) of 2-(diformylmethylidene)-3,3-dimethylindole 
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IR spectrum (ATR) of Co(II) complex 1 

 

 

UV-Vis spectrum (solid) of Co(II) complex 1 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400.0

40.0

42

44

46

48

50

52

54

56

58

60

62

64

66

68

70

72

74

76

78

80

82

84

86

88

90

92

94

96

98.5

cm-1

%T 

3553.95

3017.17

2960.20

2927.44

2867.11

2819.09

1634.67

1541.44

1452.57

1392.68

1296.36

1247.10

1202.20

1155.67

1064.86

1022.81

937.62

801.96

767.48

746.31

730.15

689.37

639.71 569.51

502.69

479.45

2782.00



 
203 

 

 

IR spectrum (ATR) of Co(II) complex 2 

 

 

UV-Vis spectrum (solid) of Co(II) complex 2 
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IR spectrum (ATR) of Ni(II) complex 3 

 

 

UV-Vis spectrum (solid) of Ni(II) complex 3 
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IR spectrum (ATR) of Ni(II) complex 4  

 

 

UV-Vis spectrum (solid) of Ni(II) complex 4 
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IR spectrum (ATR) of Cu(II) complex 5 

 

 

UV-Vis spectrum (solid) of Cu(II) complex 5 
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IR spectrum (ATR) of Zn(II) complex 6 

 

 

IR spectrum (ATR) of Zn(II) complex 7 
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IR spectrum (ATR) of Cd(II) complex 8 

 

 

IR spectrum (ATR) of Cd(II) complex 9 
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1
H NMR spectrum (400 MHz, CDCl3) of Pd(II) complex 10 

 

 

13
C NMR spectrum (400 MHz, CDCl3) of Pd(II) complex 10 
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IR spectrum (ATR) of Pd(II) complex 10 

 

 

UV-Vis spectrum (solid) of Pd(II) complex 10 
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APENDIX D 

 

 

 Spectra of compounds in chapter V 
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1
H NMR spectrum (400 MHz, DMSO-d6) of 4 

 



 
213 

 

 

13
C NMR spectrum (400 MHz, DMSO-d6) of 4 

 

 

 

IR spectrum (KBr) of 4 
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1
H NMR spectrum (400 MHz, DMSO-d6) of 5 
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13
C NMR spectrum (400 MHz, DMSO-d6) of 5 

 

 

IR spectrum (KBr) of 5 
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1
H NMR spectrum (400 MHz, DMSO-d6) of 6 
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13
C NMR spectrum (400 MHz, DMSO-d6) of 6 

 

 

IR spectrum (KBr) of 6 
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1
H NMR spectrum (400 MHz, DMSO-d6) of 7 
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13
C NMR spectrum (400 MHz, DMSO-d6) of 7 

 

 

IR spectrum (KBr) of 7 
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1
H NMR spectrum (400 MHz, DMSO-d6) of 8 
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13
C NMR spectrum (400 MHz, CDCl3) of 8 

 

 

IR spectrum (KBr) of 8 
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1
H NMR spectrum (400 MHz, DMSO-d6) of 9 



 
223 

 

 

13
C NMR spectrum (400 MHz, DMSO-d6) of 9 

 

 

IR spectrum (KBr) of 9 
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1
H NMR spectrum (400 MHz, CDCl3) of 11 
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13
C NMR spectrum (400 MHz, CDCl3) of 11 
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1
H NMR spectrum (400 MHz, DMSO-d6) of 12 
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13
C NMR spectrum (400 MHz, DMSO-d6) of 12 

 

 

IR spectrum (KBr) of 12 
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 Spectra of compounds in chapter VI 

 

 



 
229 

 

 

 

 

1
H NMR spectrum (400 MHz, CDCl3) of 1 
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13
C NMR spectrum (400 MHz, CDCl3) of 1 
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IR spectrum (ATR) of 5 

 

 

 

 

 

 

 

 

 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400.0

27.0

28

30

32

34

36

38

40

42

44

46

48

50

52

54

56

58

60

62

64

66

68

70

72

74

76

78

80

82

84

86

88

90

91.0

cm-1

%T 

3416.15

3066.33

2957.25

2927.02

2863.33

1731.47

1625.03

1593.84

1558.08

1491.37

1458.18

1362.16

1301.26

1261.18

1215.46

1166.60

1104.23

1046.19

1013.91

981.25

964.32

953.20

917.80

814.52

751.55

726.15

691.57

603.62

568.07

528.51

508.53



 
232 

 

LIST OF PUBLICATIONS 

 

1. Coordination behavior of three geometric isomers of indole-based S-

benzyldithiocarbazone ligands towards nickel, zinc and cadmium divalent ions 

Hamid Khaledi, Hapipah Mohd Ali and Marilyn M. Olmsteada 

Inorganica Chimica Acta, 2011, 366, 233-240 

 

2. Versatile Coordination Modes of 2-(Diformylmethylene)-3,3-dimethylindole towards 

Late-Transition-Metal Ions: C–H Bond Activation and Formation of Cyclic Acyl–

Palladium(II) Complexes 

Hamid Khaledi, Hapipah Mohd Ali and Marilyn M. Olmstead 

European Journal of Inorganic Chemistry, 2011, pp. 2394-2404. 

 

3. Reactions of 2-(diformylmethylidene)-3,3-dimethylindole with hydrazides: Synthesis of 

new pyrazolylindolenine derivatives—the unprecedented one-pot pyrazole–thiadiazole 

double annulations 

Hamid Khaledi, Hapipah Mohd Ali, Noel Francis Thomas and Seik Weng Ng 

Journal of Heterocyclic Chemistry, 2011, 48, 663-670. 

 

4. Antioxidant, Cytotoxic Activities, and Structure-Activity Relationship of Gallic Acid-

based Indole Derivatives 

Hamid Khaledi, Abeer A. Alhadi,  Wagee A. Yehye, Hapipah Mohd Ali, Mahmood A. 

Abdulla and Pouya Hassandarvish 

Archiv der Pharmazie - Chemistry in Life Sciences   Accepted: September 24, 2010 

DOI: 10.1002/ardp.201000223 

 



 
233 

 

5. Benzyl N
’
-(1H-indol-2-ylmethylene)-hydrazinecarbodithioate ethanolhemisolvate 

Hamid Khaledi, Hapipah Mohd Ali and Seik Weng Ng 

Acta Crystallographica Section E., 2008, 64, o2445 

 

6. Benzyl N
’
-(1H-indol-3-ylmethylidene)-hydrazinecarbodithioate 

Hamid Khaledi, Hapipah Mohd Ali and Seik Weng Ng 

Acta Crystallographica Section E., 2008, 64, o2107 

 

7. Bis[benzyl N
’
-(1H-indol-3-ylmethylene)-hydrazinecarbodithioato-κ

2
N

’
,S]-nickel(II) N,N-

dimethylformamide disolvate 

Hamid Khaledi, Hapipah Mohd Ali and Seik Weng Ng 

Acta Crystallographica Section E., 2008, 64, m1615 

 

8. 3,4,5-Trihydroxy-N
’
-(1H-indol-3-ylmethylidene)benzohydrazide pentahydrate 

Hamid Khaledi, Hapipah Mohd Ali and Seik Weng Ng 

Acta Crystallographica Section E., 2008, 64, o2481 

 

9. N
’
-(5-Chloro-1H-indol-3-ylmethylidene)-3,4,5-trihydroxybenzohydrazide 

Hamid Khaledi, Hapipah Mohd Ali and Seik Weng Ng 

Acta Crystallographica Section E., 2009, 65, o169 

 

10. N
’
-(5-Bromo-1H-indol-3-ylmethylidene)-3,4,5-trihydroxybenzohydrazide 

Hamid Khaledi, Hapipah Mohd Ali and Seik Weng Ng 

Acta Crystallographica Section E., 2008, 64, o2108 

 

 



 
234 

 

11. A second monoclinic polymorph of 2-(diformylmethylidene)-3,3 dimethyl-2,3- dihydro-

1H-indole 

Hamid Khaledi, Siti Munirah Saharin, Hapipah Mohd Ali, Ward T. Robinson and Mahmood A. 

Abdulla 

Acta Crystallographica Section E., 2009, 65, o2585 

 

 

 

PRESENTATIONS AT THE FOLLOWING CONFRENECES 

 

 International Conference on Molecular Chemistry, 25-27 november 2008, University of 

Malaya 

 

 Singapore International Chemical Conference 6, 15 to 18 December 2009. 

 

 14th Asian Chemical Congress 2011, 5 – 8 September 2011, Bangkok, Thailand 

 

 

 

 

 

 

 

 

 

 

 

 




