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Abstract

In the present thesis 14 new selenosemicarbazones and their complexes with iron(II),
cobalt(II), nickel(II), copper(Il) and zinc(II) are synthesized and characterized using various
spectroscopic techniques. Reaction of cyclohexanone with KSeCN and hydrazine hydrate in
acidic medium results in the formation of cyclohexanone selenosemicarbazone, which was
then reacted to various aldehydes or ketones to form respective selenosemicarbazones. These
selenosemicarbazones are: Cyclohexanone selenosemicarbazone (Heysesce, H'L); 2-furfural
selenosemicarbazone (2-Hfursesc, H2L); 2-thiophene selenosemicarbazone (2-Hthiosesc,
H3L); N-methyl-2-pyrrole selenosemicarbazone (N-MeHPysesc, H*L); 3-methyl-2-oxindole
selenosemicarbazone (3-MeHOxsese, H3L); 2-oxindole selenosemicarbazone (2-HOxsesc,
HfL); 6-chloro-2-oxindole selenosemicarbazone (6-CIHOxsesc, H’L); 5-chloro isatin
selenosemicarbazone (5-ClHIstsesc, H®L); 1-methyl isatin selenosemicarbazone (1-
MeHIstsesc, H°L); indole-3-selenosemicarbazone (3-HIndsesc, H'’L); 3-acetyl indole
selenosemicarbazone (3-AcHIndsesc, H''L); 9-anthraldehyde selenosemicarbazone (9-
HAnsesc, H'?L); 1-Naphthaldehyde selenosemicarbazone (1-HNapsesc, H'’L) and 2-
Naphthaldehyde selenosemicarbazone (2-HNapsese, H'L). All these ligands are
characterized using M.P., IR and NMR ('H and '*C NMR).

Reaction of iron acetate with selenosemicarbazones (HL) in 1: 3 (M : L) molar ratio
in methanol has fomed complexes of stiochiometry, [Fe(L)s] (L = 'L 1; 2L 2; °L 3; ‘L 4;°L
5;5L 6;L 7; 5L 8;°L 9;'°L 10; 'L 11; 2L 12; 3L 13; L 14). Complexes are characterized via
IR and VSM studies. Representative complexes are also studied using ESR, Mdssbauer
spectroscopy and XRD studies to establish their geometry. From the VSM graphs, three
parameters has been calculated: 1) Saturation magnetization (Ms): A point when no further
increase in magnetization is possible with increase in external magnetic field; ii) remanence
(M:): magnetization left behind after removal of external magnetic field; iii) coercivity (Hc):
it is the measure of reverse field required to bring the magnetization to zero after saturation.
The remanence magnetization of 1-14 lie in the range, -0.37866 to -0.29117emu/g, indicates
that the iron metal in these complexes is magnetically soft. To establish the oxidation state
and spin state, complex 2 was studied for Mdssbauer spectroscopy. Isomer shift value of
0.393 mm/s in complex 2 indicates the formation of iron(Ill) high spin octahedral complex.
Quadrupolar splitting indicates the asymmetric charge distribution around the iron(IIl) nuclei.

ESR spectrum of complex 12 give a broad signal with g value approximately equal to 2
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supports formation X-ray diffraction analysis was employed for complex 7, 10 and 12
respectively and peaks obtained confirmed the formation of complexes.

Reaction of synthesized selenosemicarbazones ligands (H'L-H'L) with cobalt
acetate in 2: 1 formed complexes of stiochiometry, [Co(L)2] (L = 'L 15;2L 16;°L 17;“L 18;
L 19; L 20; L 215 8L 22; °L 23; 'L 24; 'L 25; 2L 26; '°L 27; "*L 28). Complexes are
characterized by IR spectroscopy, Mass spectrometry and elemental analysis. Parent ion peak
in mass spectrum and % age carbon, hydrogen and nitrogen in elemental analysis are in well
agreement with the proposed stiochiometry. Electron Spin Resonance spectroscopy has been
used as a powerful technique to determine the spin state of cobalt(II) complexes. From ESR
spectrum, the structure of complex 28 is found to be square planar as measured with respect
to given g values (g-2.0 and gi- 2.2).

Reaction of nickel acetate with selenosemicarbazones (H'L-H'L) in 1 : 2 molar ratio
has yielded complexes of stiochiometry, [Ni(L):] (L = 'L 29;°L 30;°L 31;*L 32;°L 33;°L 34;
'L 35; 8L 36; °L 37; 'L 38; ''L 39; 2L 40; 'L 41; '“L 42). All the complexes are
characterized using IR, NMR (‘H and *NMR) spectroscopy and Mass spectrometry.
Similarly reaction of synthesized selenosemicarbazones ligands (H'L-H'"L) with copper
acetate in 2: 1 may form complexes of stiochiometry, [Cu(L)2] (L = 'L 43;°L 44;’L 45; “L 46;
SL 47; L 48; L 49; 3L 50; °L 51; 1°L 52; 'L 53; 2L 54; °L 55; '*L 56). All the complexes
are characterized using IR, Electron Spin Resonance spectroscopy and Mass spectrometry
(few complexes). Parent ion peak obtained in the mass spectrum of complexes is in
accordance to the proposed stiochiometry. The two well-defined g values i.e. gjand g1 in
these complexes (except 53), represents axially symmetrical system. In these complexes g
value follows the trend, g-gi-ge, suggesting the dxz-y2 ground term in square planar geometry.
The ESR spectrum of complex 53 gave three g values (g1, 2.095; g, 2.15; g3, 2.26) indicate
rhombic distortion in its geometry. Reaction of synthesized selenosemicarbazones ligands
(H'L-H™L) with zinc acetate in 2: 1(L : M) molar ratio has formed complexes of
stiochiometry, [Zn(L)3] (L = 'L 57; 2L 58; *L 59; “L 60;°L 61;°L 62;’L 63; L 64;°L 65;'°L
66; 'L 67; 2L 68; "L 69; 'YL 70). The complexes are characterized using IR, NMR
spectroscopy and mass spectrometry.

Selenosemicarbazones (H'L-H'L) and their complexes 1-70 are tested for their
antimycobacterial against M. tuberculosis. Hcysesc (H'L), 2-Hthiosesc (H3L), 1-MeHIstsesc
(H°L), 9-HAnsesc (H2L), 1-HNapsesc (H'3L) and 2-HNapsesc (H'L) are found to be most
active (MIC = 1.6pg /mL). The antiTB activity of H*L, H*L, H3L, H'’L and H"L get
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enhanced on complexation. Enhancement in antiTB activity is more in case of H''L (MIC =
25 png/mL) and its nickel(IT) complex (39) is found to be most active (MIC = 0.8 pg/mL). Its
activity is even better than the standard drugs used Pyrazinmide (MIC = 3.125 pg/mL),
Ethambutol (MIC = 1.6 ug/mL) and Isoniazid (MIC = 1.6 ug/mL). Amongst the various
metals, copper(Il) and nickel(Il) complexes have shown better result. Fused ring
selenosemicarbazones (H3L-H'YL), cyclohexanone selenosemicarbazone (H'L) and their
complexes with nickel(IT) and zinc(II) has been tested for their anticancer activity against PA-
1 (human ovarian cancer) and DU145 (human prostate cancer) cell lines. All the ligands
exhibit very good anticancer activity against PA-1 as compare to DU145. In case of
anticancer activity against PA-1, amongst the various selenosemicarbazones, 2-oxindole
selenosemicarbazone (HSL, ICso, 1.76 pg/ml) and 3-acetyl indoleselenosemicarbazoe (H''L,
ICs01.63 pg/ml) are most active compounds. Their activity is almost similar or close to the
Doxorubicin (control, ICso, 1.60 pg/ml). On complexation with zinc(Il) or nickel(II) metals,
anticancer activity of most of the selenosemicarbazones get enhanced against both the cell
lines PA-1 and DU145. Selenosemicarbazone complexes of zinc(Il) metal have shown better
results than nickel(Il). Complexes [Zn(°L),]65 and [Zn('’L):]69 have shown highest
anticancer activity against PA-1 with ICso value of 1.30 pg/ml and 1.26 pg/ml respectively.
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CHAPTER 1

1.1 Introduction of Selenium

Discovery of selenium was done in 1817 by the scientist Jones Jacob Berzelius, a Swedish
Chemist. The name is derived from ‘selene’ Greek word meaning ‘moon’. Selenium belongs
to p-block and has atomic number 34. The electronic configuration of selenium is ([Ar] 3d'°
4s? 4p*). It is a member of chalcogen family (oxygen, sulfur, tellurium and polonium).
Selenium is widely distributed in the earth’s crust and it occurs mainly in iron, copper, nickel
and lead ores in the form of metallic selenides and it is obtained from the anode muds during

electrolytic refining of copper. The various properties of selenium are listed in the Table 1.1.1

Table 1.1.1 Various Properties of Selenium

Atomic Mass 78.971

Atmic Number 34

Density 4300

Milting Point 404K I 8°C

Boiling Point 0FSK, 685°C

Tzotopes *Se, "82. "Se, "5e, "5e, Ve, “Se
Electronegativity 2.33

(Pauling Scale)

Electron Affinity -4 2ev

Tonization Potential 1% 841.0 Kj/'mol

2% 2045.0 Kj/'mol

37 2973.7 Kj'mol

Covalent Radius 116 pm

Atomic Radius 103 pm
Electronic Confizuration [Ar] 3474~ 47
Van Der Waals Radius 1% pm
Cridation States -2, 0, +4 16

Selenium exists in amorphous as well as crystalline forms. The crystalline allotropes have
monoclinic selenium ranging in color from red to brown to gray or black [1]. Grey form of
selenium is the most stable and dense form. Gray selenium is formed by mild heating of other

allotropes and gray selenium is a semiconductors showing photoconductivity. Selenium
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shows five stable "Se, "°Se, 7’Se, "Se, #'Se isotopes and twenty-four radioactive isotopes [2-

4]. Half-life range of radioactive isotopes is from 20 minutes to 295000 years. Selenium

radioactive isotopes are used for the production of medical and industrial bromine

radioisotopes. Selenium can form organic and inorganic compounds. Inorganic selenium

compounds can be divided into three categories:

1) Selenide (Se*): The oxidation state of selenium in selenide is -2. Example: Lead
selenide (PbSe), Zinc selenide (ZnSe) and Hydrogen selenide (H2Se).

1) Selenite (SeOs%): The oxidation state of selenium in selenite is +4. Example: Silver
selenite (Ag2SeO3) and Sodium selenite (NaSeO3).

1i1) Selenate (SeO4%): The oxidation state of selenium in selenate is +6. Example:

Anhydrous potassium selenate (K2SeOs4).

Bioavailability of organoselenium compounds is more than its inorganic forms [5, 6].
Organoselenium compounds play the main role in certain biochemical processes such as
anticancer, antioxidants and antiviral agent [7-9]. Organoselenium compounds include
selenols (RSeH analogues of thiols), diselenides (R2Se> analogues of disulfides), selenoxides,
selenones, selenium acids, selenides (R>Se analogues of thioethers), selenium halides and
selenaheterocyclic compounds. Structured of organoselenium compounds are listed in Table

1.1.2.
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Table 1.1.2 List of Organoselenium Compounds

Compound General formula Examples
Selenoks R-Se-H u
H“Ee'/\\-._/JJ\ OH
Selenocysteine
Selenides R-5e-R Bz ] ]
«" ™ Dimethyiselenide
Dizelenides R-Se-Se-R
s2—
@7-\./
=1
Diphenyidiselenide
Selenoxides R-Se(0)R 2
T T
S S
Phenylselenoxide
Selenones
R-Se(OkR O=Se=0
G%S E”'G @
R R
Ethylzelenosd benzene
Selenium acids o
Il
Seleninic acid R—Se—(OOH 7 g
Selenenic acid R-5e-0OH
MEthyd seleninic acid
Selenomic acid R-5e(0);H

Selenium is also present in plants and animals in the form of selenoprotein and
selenopeptides [10]. Selenium containing amino acids present in plant and animals are listed

in Table 1.1.3.
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Table 1.1.3 List of selenium containing amino acids present in plants and animals

Name Molecular structure Distribution
Selenchomocyzieine b o Plantz and Mammals
=z ]
F R
Hz |
NH 2
Selenomethionine b ﬁ Plantz and Mammal=
H3C ISERE’;EH‘: “om
H, |
NH;
Methyl o Plants
szlenocisteine H l,_.!
HiC o CH” o
MH
Selenocysteine Ti' Plants
MHz. o
L
Hoge™™
Se-cyetathionine o Plant=
- NHz Hz 1l
| - c c
HOw . CH  Cmger” ™oy OH
|
I ay
o H H NH;
Se-containing protein y r‘Il Plants and Mammalz Amino acid
CH; Selznomethionine
o™“ NH
y _CH
o | E//D
I
HiT HM
HSE/ TH~
g

Main class of organoselenium contains selenols, which is present in the amino acid
selenocysteine. It is also present in the active sites of various enzymes such as glutathione
peroxidase, iodothyronine deiodinase and thioredoxin reductase [11]. Selenides can be
generated form alkyl halides using selenol as neutrophiles [12]. Diselenides also acts as
antioxidant [13]. Selenocyanates also exhibits antioxidative, antimutagenic and
anticarcinogenic properties [14, 15]. Selenaheterocyclic compounds also acts as antioxidants,

enzyme inhibitors and antiinfective agents [16-23].
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1.2. Applications of Selenium

The chemical, physical and the biological interest in this element have been growing along
the years [24-26]. Selenium plays an important role in each field. Due to its semiconductor
nature, it is used in photocells and solar cells. It is also used in manufacturing of transistors,
lithium selenium batteries, electronic games and photocopy machines. As some of the
selenium compound decolorize glass and some can give red color, these compounds are used

in paints, rubber, pigments and enamels [27-34].

1.3. Biological properties of Selenium

Biological importance of selenium for microorganism was discovered in 1954, whereas it is
an essential element for mammals was identified in 1957 [35-38]. Selenium is an essential
trace element and its deficiency leads to the serious diseases such as cancer, diabetes, HIV/
AIDS and tuberculosis [39-52]. Caspase 3 gets activated by selenium dioxide, which stop
apoptosis thus can act as anticancer agent. Glutathione peroxidase (GPX), protects against
oxidative damage against cells is also activated by selenium [53-59]. Selenium and Vitamin E
Cancer Prevention Trial are in process as for examining the role of selenium in cancer
prevention. Apart from that selenium containing compound shows a wide of biological
activities like, antimalaria, antiproliferative, anticancer, antimicrobial, antiinflammatory,

antitumor, antioxidant and antiviral activity etc.
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CHAPTER 2

2. 1 Introduction of selenosemicarbazones

Selenosemicarbazones contains selenium and nitrogen donors available for binding to the co-
ordination site of the metal due to the presence of a lone pair of electrons on these atoms.
They are the selenium analogue of thiosemicarbazaones [60]. In neutral form, binding to
metal centre takes place through selenosemicarbazone atom (E-mode, I), whereas on

deprotonation of hydrazine N?H hydrogen, it form a chelate ring (Z mode, II).

5 /N1R3R4
e
// R! N—C

R! HN—C M \ / \

\ / \ —_— c=

C=N N'R3R4 -H / Se

] R? /

R M

(I, E) (I, 2)
The various methods to prepare selenosemicarbazones are mentioned:

Method 1. Semicrabazide can be directly condensed with aldehyde or ketone to give

respective selenosemicarbazone (Chart I) [61, 62].

Se
Se 1 4

] I - , R HN—C

R acidic mediun \ / \

/Eo + BN & _C ~——— C=N N'R3R*
) N NH, H* /
R H R?

Chart 1

Method II. Aldehyde / ketone can be reacted cyclohexanone selenosemicarbazone, which
was prepared by reaction of hydrazine hydrate, cyclohexanone and KSeCN and in acidic

medium to form respective selenosemicarbazone (Chart 2) [63, 64].
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Se
HN
H2NNH2 —N/ NH2
+ KSeCN T>
R1
Y=o
R2
Se
R1 HN
__/ NH,
RZ

Chart 2

Method III. Selensemicarazones can also be prepared by replacement of sulfur by selenium
in thiosemicarbazones. Thiosemicarbazone was first methylated by reacting it with methyl
iodide (CHsl) and then treated with sodium hydride selenide and NaBH4 under inert

atmosphere to give corresponding selenosemicarbazone (Chart 3) [65].

//s
S
R! “ R1\ BN—C\
>=O * N _C_ CH,COOH C=N NTROR*
R N NR3R? =7
NaHSe| CHsl
Na2CO3
Se
/
R“\ HN—C\
/
P=N N'R3R4
RZ
Chart 3

Method IV. Not only sulfur, oxygen of semicarbazone can also be replaced by selenium to
form selenosemicarbazone. In this method, PCls was added to a solution of semicarbazide in

dry CH2Cl: at 0°C and then reacted witha freshly prepare THF solution of LiAIHSeH (Chart
4) [66].
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Se

0
4 R! in—d
R! HN—C i) PCl5,CH,CI, ,0°C \ / \
o= N'R3R > C=N N'R°R*
/ ii) LIAIHSeH, THF ,0°C R2/

Chart 4

Selenosemicarbazone can coordinate with metal centre in different ways like: i) bind
terminally through selenium only, n'-Se (mode A) [67]; ii) bridging of two cental centres by
selenium atom , p-Se (mode B) [68]; ii1) N, Se- chelation (mode C) [69]; iv) N, Se- chelation-
cum-Se-bridging (mode D) [70]; v) Se-bridging-cum-Se, N- bridging (mode E) [71].

Se Se /Se /_\3 Se/_\N3
N
M

-
=
/
=
=
/

(A) (B) (C) (D) (E)

Coordination of selenosemicarbazone with metal centre also affects their biological
properties, as in many cases biological activities of selenosemicarbazones get enhanced on
complexation. Selenosemicarbazone and their complexes showed various biological activity
such as antifungal [72, 73], antiparasitic [74], antibacterial [75-77], antimalarial [78-81],
anticancer [64, 65, 82-92], antioxidant, antiproliferative [93], antiangiogenic [94] and
antidiabetic activity [84]. Some of the complexes of selenosemicarbazones displayed better
biological activities as compare to their sulfur analoguevities than the corresponding
thiosemicarbazones and their complexes[64, 74, 76, 84, 92, 95-97] while oxygen analogues
showed the lower activity [64, 72, 77, 83, 97, 98].

2.2 Literature survey: A number of selenosemiarbazones has been reported in literature.
Depending on the substituent at C? carbon and number of selnosemicarbazone moiety, these
ligands are divided into following categories:

I. Selenosemicarbazones with un-substituted and substituted aromatic ring at C?
carbon: Selenosemicarbazones with mono-substituted, di-substituted and tri-substituted

benzene rings are known. Halogens, methyl group, hydroxyl, diphosphines etc. are presented
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at ortho- or meta- or para- positions of benzene ring [63, 65, 83, 99-102]. The various ligands

with un-substituted and substituted aromatic ring at C> carbon are listed in Table 2.2.1.

Table 2.2.1 List of selenosemicarbazones with un-substituted and substituted aromatic ring at

\

C4Hg

m,p-dichlorbenzaldehyde

selenosemicarbazone

C? carbon
S.No. Ligand S.No. Ligand
1. e 2. Se
/
H N— HN—C
H = \NH
2 cl /C N 2
H H
benzaldehyde selenosemicarbazone
o-chlorobenzaldehyde
selenosemicarbazone
3. e 4, Cl /Se
HN_ HN—C
/
H2 C=N NH,
H,C /

H
m-chlorophenylethanone p-chlorobenzaldehyde
selenosemicarbazone selenosemicarbazone

5. 6. Cl
e Se
HN C/
HN — Cl -
= / NH
H2 /C =N 2
HsC
m,p- dichlorocarbaldehyde m,p-dichlorophenylethanone
selenosemicarbazone selenosemicarbazone
7. 8 Se
e HN C//
Br 7 \
HN— /C=N NH
H2 H

m-bromobenzaldehyde
selenosemicarbazone
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10.

Se //
// FSC 5 N— C\
Br ;'N_C\ C=N NH,

C=N NH, /

/ H
H3C m-trifluorocarbaldehyde
selenosemicarbazone
m-bromobenzaldehyde
selenosemicarbazone
11. 12. Se
Se //
4 AN
FaC ?N_C\ C=N NH,
/C=N NH, HO H/
CoHs
salicylaldehyde selenosemicarbazone
m-trifluoromethylphenylpropanone
selenosemicarbazone
13. H3;CO Se 14. H
V4 I N
— CH / NH—

H H
p-methoxybenzaldehyde ) ) .
selenosemicarbzone cinnamicaldehyde selenosemicarbazone

15. 16. Cl Se
Se Vi
/ HN—C
HN—C / \
_/ \ C=N NH,
C=N NH, /
CI/ Cl
benzoylchloride p-chlorobgnzoylchlorlde
) selenosemicarbazone
selenosemicarbazone
17. Se 18. Se
HN C// HN C//
7/ \ HaC /. A\
/ /
H HsC

2(diphenylphosphino)benzaldehyde
selenosemicarbazone

m-methylphenylethanone
selenosemicarbazone
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19.

N(Me), se
4
HN—C
/ \
C=N NH,
/
H

p-dimethylamino benzaldehyde
selenosemicarbazone

20.

N / HN—C//
N\ AN
C=N NHAr

/
H

3-hyroxy
3, 4-dihydroxy
3, 4, 5-trihydroxy

phenolicaldehyde selenosemicarbazone

I1. Selenosemicarbazones with aliphatic chain at C? carbon:

Selenosemicarbazones with aliphatic chains having carbon atom ranging from 3 to 10 at C?
carbon are also known and listed in Table 2.2.2 [102, 66].

Table 2.2.2 List of selenosemicarbazones with aliphatic chain at C? carbon

n-decanal selenosemicarbazone

S.No. Ligand S.No. Ligand
1. Se /Se
" C// HN—C\/
- CH; (CH2)5CH\ /
CH(CHg), / \ C=N NH
SCc=N NH, / 2
H
H5;C
n-heptnal selenosemicarbazone
isopropylethanone
selenosemicarbazone
3. /Se /Se
HN—C” HN—C”
CHs (CH,)sCH / CHs (CH,);CH /
o (CHale Se=N NH; T =N NH,
H H
n-octanal selenosemicarbazone n-nonanal selenosemicarbazone
5. /Se /Se
HN—C” HN—C”
CHs (CH,)gCH / CHs (CH,)oCH /
o (CHale Se=N NH; T Ne=N NH,
H H

n-undecanal selenosemicarbazon
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Se
y
HN—C\/
CHg (CH,);oCH /
I S =N NH;
/
H

n-dodecanal selenosemicarbazon

III. Selenosemicarbazones with heterocyclic ring at C? carbon: Selenosemicarbazones

with un-substituted and substituted pyridine ring at C? carbon are well known. With five

membered heterocyclic ring, a few selenosemicarbazones are formed for example thiophen-2-

carbaldehyde selenosemicarbazone, thiazol-4-carbaldehyde selenosemicarbazone, where two
heteroatoms are present in the ring is also known [61-63, 65, 75, 87, 89, 101, 103-107]. These
ligands are listed in Table 2.2.3.

Table 2.2.3 List of selenosemicarbazones with heterocyclic ring at C? carbon

S.No. Ligand S.No. Ligand
1. — Se — Se
7 7
N/ HN—C N/ HN—C
N / \ N / \
C=N NH, C=N NH,
/ /
H H
formylpyridine selenosemicarbazone picolinaldehyde selenosemicarbazone
HO
3. _ . _ //Se
NH2 //
/ =
N C=N NH, JC=N NH,
/ H
H
(Se-3-Ap) 5-hydroxy72-formylpyridine
selenosemicarbazone
5. — Se — Se
i J
N\ / ?N —C N\ / HN—C_ N
/ /
H3C H3C

2,acetylpyridine 4,4-dimethyl-3-

1-azabicyclo[3,2,7] nonane-3-
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selenosemicarbazone

thiocarboxylic acid 2-[1-(2-
pyridine)ethylidene] hydrazide

7. 8. //Se
- //Se Z/ \S BN S
N\ / HN—C_ =N 2
N / N S /
C=N H
C,Hs 2-thiophencarboxaldehyde
N4,Ns-azacyloheptane 2-acylpyridine, selenosemicarbazone
l-acetylisoquinoline, and 2-
acetylquinoline selenosemicarbazones
9. — Se 10. Se
i 7
N/ HN—C HN—C
N /C=N N(CHs), <:>=N N(CHs),
\ y N cyclohexanone selenosemicarbazone
di-2-pyridyl ketone 4,4-dimethyl-3-
selenosemicarbazide(2-24a)
11. Se 12. = Se
LN A L) wd
CGHS S ,CgN NHZ N / \
H C=N NR'R?
2-phenyl- thiazol-4- carbaldehyde H C/
) ’ H3;C
selenosemicarbazone NR'RZ=  NH Ph O
, N N\
AN
N-substituted 2-acetylpyridine
selenosemicarbazone

IV. Selenosemicarbazones with fused ring at C? carbon:

Few selenosemicarbazones with fused ring at C? carbon are also known [63, 75, 90, 107-

111]. Fused ring in these ligands is either aromatic or one aromatic and one heretocyclic.

Such types of ligands are listed in Table 2.2.4.
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Table 2.2.4 List of selenosemicarbazones with fused ring at C? carbon

S.No. Ligand S.No. Ligand
1. 2.
Se / A N
o HN—C Se
/ ~NH, /4
/ /C =N HN—C_ NH
N H c= N/ 2
/

H
2-quinolin@arboxaldehyde 8-quinolinecarboxaldehyde
selenosemicarbazone selenosemicarbazone

3. OH
Se
OO NH—c”
Cx, 7 \
7 N
H NH;

2-hydroxynaphthaldehyde selenosemicarbazone

V. Bis-Selenosemicarbazones at C2 carbon:

Selenosemicarbazones, where two arms are connected via a ring or a C—C bond are reported

[75, 88, 112-115]. These are called bis-ligands and are listed in Table 2.2.5.
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Table 2.2.5 List of bis-selenosemicarbazones at C? carbon

S.No. Ligand S.No. Ligand
1. 2.
>_< HsC CHs
N N >_<
HN™ NH N AN
GNP SR G
Se NH -Cx PON
HoN Se 2 HoN™  Sge Se” “NH,
glyoxal bis(selenosemicarbazone) ) ) ]
2,3-butanedione bis(selenosemicarbazone)
3. 4.
| X
H3C = CHj
7\ N
¢\ [ |
/ AN
W F HN” “NH
)\ J\ /L Se Se
H,N SeH HSe NH, HoN NH,
2,6-diacetylpyridine-bis
pyruvaldehyde selenosemicarbazone
bis(selenosemicarbazone)
5.

N N
HN SNH

P

NH,

iso-phthaloydicarboxaldehyde selenosemicarbazone
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2.3. Complexes of selenosemicarbazones:

A large number of complexes of thiosemicarbazones with d-block elements are known [60,
116-139], but only few complexes of selenosemicarbazones are reported till date. A brief
description of coordination chemistry of complexes of selenosemicarbazones is given below:

Vanadium and Cobalt: Vanadium(Il) reacted with 2-acetylpyridine N,N- dimethyl
selenosemicarbazone (HLSe) to form complexes of stiochiometry, [V(O)2(LSe)]1 and
[VO(acac)(LSe)]2 [131]. Complex1 has distorted trigonal bipyramidal geometry, whereas
complex2 is octahedral. In complex1, axial positions are taken up by pyridine nitrogen atom
and selenium atom. Two oxygen atoms from oxo ligands and imine nitrogen atom were
present in the triangular base. In these complexes, selenosemicarbazone bind via N, N, Se-

donor atoms and act as monanionic tridentate ligand.

(Vo D

N4— Ve /I/,. | awse
Se
@]
1 2
- N(CHs)
—~ 2 3)2
Se Nt N® = N4 ,N=(
=N Se
HsC
2-quinolinecarboxaldehyde selenosemicarbazone (Hqasesc) and 8-

quinolinecarboxaldehyde selenosemicarbazone (Hqasesc) reacted with cobalt(Il) to
complexes of stiochiometry, [Co(2qasesc):]X.H2O (X= ClO43; BF+4) and
[Co(8qasesc)2]ClO45 respectively [75, 109, 111]. Geometry around cobalt is octahedral in all

these complexes.

TN R N=
4I/,, | “‘\\\ N3> >= NIN _<Se'
' :

/ | \N4
>N
Se B |
3-5
3,4 5

31



Nickel, Platinum and Palladium:

Reaction of Ni(OAc)-4H,O with 2,6-diacetylpyridine-bis(selenosemicarbazone) (HzL)
formed complex, [Ni(L)]6, where one arm of the ligand bind to metal through N3, Se but the
second arm gets modified hydrazine carbonitrile with evolution of hydrogen selenide
resulting. A diamagnetic complex of formula [Ni(L)(NCS)]7 is obtained with 2-
(diphenylphosphino) benzaldehyde selenosemicarbazone (HL) [99, 112]. Both the complexes
exhibited square planer geometry with ligand binding via hydrazinic nitrogen, selenium and

heteroatom of the ring.

X
Mes o’ N7 o Me /_\Ns
N V ,l\ll "~
e 's\ ) N’ Ni
N Ni— nes” Dse
C C 7
NH” S Se )
6 N
N _~~P(Ph), ;
| P NT Be. | , 1 N
= X~ \2_3_N=C
N ,C=N \Se

Nickel(I) reacted also with 2-quinolinecarbaxaldehyde selenosemicarbazones
(Hgasesc) to form complex of stiochiometry, [Ni(qasesc)2]8 [107]. Geometry around nickel is

octahedral in complex8.
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Platinum(II) and  Palladium(Il)  reacted  with  2-acetylpyridine-N,N-dimethyl
selenosemicarbazone (HL) and bis(diphenylphosphine) ethane to form dimeric complexes,
[M2(L)2(p-dppe)](BPhs), (M = Pt, 9; Pd, 10) [132]. The geometry around each metal is

square planar and dppe acts as bridging ligand between two metal centers.

e _ N(Me)2
N %% _ ,N=<
N Se’
HsC

Pyridine-2-carboxaldehyde selenosemicarbazone also formed a four coordinated complex,

[Pt(L)CI]11  [67]. Palladium(Il) also reacted with  2-hydroxynaphthaldehyde

selenosemicarbazone (HoL) and triphenylphosphine to form, [Pd(L)(PhsP)]12 [63, 75].
Geometry around plalladium in complex12 is square planar with selenosemicarbazone ligand

binding via selenium atom, the imine N and O of hydroxyl group.

Se///,, \\\\\ N2 R N _<N H2
-M.‘ ) =
v )>=N e

H

A OH
= O

N bl
X N 0

Cl PhsP
M Pt Pd

11 12

Copper and Gold: Copper(ll) reacted with 2-acetylpyridine 4,4-dimethyl
selenosemicarbazone (Ap44mSe) to form complex of formula, [Cu(Ap44mSe)(OAc)]13 and
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[Cu2(AP44mSe)3](Cl104).3H,014 [61]. The complex13 have distorted square planar
geometry. Selenosemicarbazone bind via hydrazinic nitrogen, selenium and pyridine nitrogen
to act as tridentate ligand and also co-ordinate through a monodentate acetate ligand. The
dinuclear-square planar complex14 is also showing the connectivity of copper ions via Cu-

Se-Cu bridges.

YR

//1 \\Se (N . ‘\\\Se //I’I: \\\NA>
1, RS\
C\‘ / 'V o N4( \SeON

13
NH2 AN
R N rR= (| _
>=N Se N

A dinuclear complex of gold(I) phosphine with acetylpyridyl based selenosemicarbazones
(HL), [Auz(L)2(u-dppf)] 15 [133] has been formed. Geometry around gold in this complex15
is linear. The linear co-ordination about gold atoms is completed by phosphine ligand. The

nitrogen atom of the pyridyl ring is directed towards the azomethine nitrogen atom.

ASG_AU_F/_\P—Au—Se/\

Q
N2
~N3 Se

Zinc and Cadmium: Zinc(II) reacted with 2-quinolinecarboxaldehyde selenosemicarbazones
(Hgasesc) to form complex of formula, [Zn(Hqgasesc)2](C104),.EtOH16 [110]. The geometry

of this complex16 is octehadral.
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Cadmium(II) also reacted with 2-formypyridine selenosemicarbazone (Hfpsesc) to form the
complex[CdClx(Hfpsesc)]17 [89]. Selenosemicarbazone chelates with the cadmium cation by
tridentate (NNSe) system having the involvement of the pyridinic and iminic nitrogen as well
as selenium donor atoms. The cadmium ion completes its five- co-ordination by other two
chloride ligands. The square pyramid geometry is in distorted form in which one chloride

ligand occupies the base and other in apical position.

£

4
Se/l/'l:. | ‘\\\\\ N

cd
o N

17
NH, | N
R ,N— R= 7
>=N Se N
H 17

Indium, Tin, Antimony and Bismuth:

Indium(IIl) and antimony(IIl) reacted with pyridine based selenosemicarbazone to form
complexes [In(L)Br2]18 and [Sb(L)Cl2]19 respectively [134]. Coordination number of indium
is six in complex18. Sixth coordination site was taken by bromide ligand of next molecule
takes through weak interaction. Chlroride ligands attached on axial site of complex19 are

slightly bent slightly towards the selenosemicarbazone ligands.
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4
N 18 19
z
NANT Se - | , lflC1/N1(Me)2
N _3/ = \
NCH/C N Se
3

Similar complexes of pyridine based selenosemicarbazone with tin(IV) of type, [SnLCIRz] (R
="Bu 20, Me 21, C1 22) are also known [105].

R | R
Sn ~
N4/ \Se {// S
k,NS\_/ 3
R=Cl22

R = "Bu 20; Me 21

CH;
g ()
NWQ& | 2 1/ ©2 Z | N’
\N/\Z 3 N=C

< b=t

/s 2 =

LC=N N g N \C=N3/ g ]

CH / Se
3 CHj

2.4. Biological applications of selenosemicarbazones and their complexes: Importance of
selenosemicarbazones and their complexes lies in their vide range of biological activities.
These activities include Anticancer, Antiproliferative, Antibacterial, Antioxidant, Antitumor,
Antituberculosis,  Antidiabetic, ~ Antiproapoptotic,  Antineoplastic,  Antimicrobial,
Antimetastatic, Antimalarial, Antiangiogenic, Antifungal and Antichagasic etc.

A brief description of biological activities of selenosemicarazones and their complexes are

given below:
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i) Anticancer activity: 2-formylpyridine selenosemicarbazone (Hfpsesc) and its complexes
[CAClx(Hfpsesc)].DMSO and [ZnCl(Hfpsesc)].H20 showed anticancer activity against eight
tumor cell lines- MDA-453, MDA-361, HeLa cells, human melanoma (FemX), murine
melanoma (B16), human colorectal adenocarcinoma (LS-174), EA.hy 926, human
osteosarcoma U20S and MS 1. It has been observed that anticancer activity of complexes is

more as compare to free ligand [75, 86, 87, 89].

2, 6-diacetylpyridinebis (selenosemicarbazone) (Hzdapsesc) and its metal complexes
[Cd(dapsesc)] and [Zn(dapsesc)] showed anticancer activity [75, 88, 112, 113].
Aminopyridine-2-carboxaldehyde selenosemicarbazone (selenotriapine) (Se-3-Ap) has
shown better apoptosis inducer property than 3-aminopyridine-2-carboxaldehyde
thiosemicarbazone (S-3-Ap) [103].

2-quinolinecarboxaldehyde selenosemicarbazone (Hqasesc) was evaluated against
human cervix carcinoma cells (HeLa), human melanoma cells (FemX) and breast cancer cells
(MDA-361). Its palladium(II) complex, [PdCl(qasesc)] showed a strong dose-dependent
cytotoxicity activity than platinum(II) complex, [PtCl(qasesc)] due to higher reactivity or
lower stability of palladium complex. [Cd(AcO)(L)].H2O and [Ni(L);]DMSO metal
complexes also showed cytotoxicity activity and this activity was tested against lung
carcinoma (H460) and glioma (U251). Cell cycle analysis of H460 cells after treatment with
the complexes, explained that [Cd(AcO)(L)].H20O and [Ni(L)]DMSO complexes exhibit cell
cycle disturbance. Only complex [Cd(AcO)(L)].H20O showed the most efficient effects
regarding cytotoxicity activity and also some effects on cell cycle [75, 90, 108-110].
8-quinolinecarboxaldehyde selenosemicarbazone (Hgasesc) and its complex,
[Co(8qasesc)2]C104+.DMSO  complex showed anticancer activity and pancreatic
adenocarcinoma cell line (AsPC-1) that is expressing epithelial-masenchymal transition
(EMT)- connected genes which promote tumor progression and also label that cell line as a
good cancer stem cell line. Evaluation of anticancer potency of ligand and cobalt(IIl)
complex was managed in order to determine pro-apoptotic activity on two malignant cell
lines with pro-differentiation activity on cancer stem cells . The complex [PtCI(L)] with this
same ligand showed cytotoxicity activity and this activity was tested against lung carcinoma
(H460) cell lines and glioma (U251) cell lines. Cell cycle analysis of H460 cells after
treatment with the complex, explained that [PtCI(L)] complex exhibit cell cycle disturbance
[108, 111].
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2-acetylpyridine 4, 4-dimethyl-3-selenosemicarbazone (Ap44mSe) has ability to form
redox active copper complexes [Cu(Ap44mSe)(OAc)], that mediate intracellular reactive
oxygen species generation and target the lysosome to induce lysosomal membrane
permeabilization. Ap44mSe acts as an anti-cancer agent that limits metHb formation and
significantly plays a very high therapeutic and pharmacological feature [61].
ii) Antiproliferative activity: Phenolic selenosemicarbazones developed multi- target drugs
in the treatment of cancer like diseases. In vitro, the isosteric phenolic selenosemicarbazone
compounds showed antiproliferative activity against A549 (non-small cell lung), HBL-100
(breast), SWI1573 (non-small cell lung) and T-47D (breast). N-naphthyl
selenosemicarbazones exhibited a better antiproliferative activity against HBL-100, HelLa,

SW1573, T-47D and WiDr cell lines than cisplatin and 5-fluorouracil [84].

2-formylpyridine selenosemicarbazone (Hfpsesc) with corresponding cadmium(Il), zinc(II)
and nickel(Il) complex showed antiproliferative activity [87, 89]. 2, 6-diacetylpyridine-
bis(selenosemicarbazone) (Hadapsesc) with [Cd(dapsesc)], [Zn(dapsesc)] and [Ni(hcn)]
complexes showed antiproliferative characteristics [88].

iii) Antioxidant activity: 2- quinolinecarboxaldehydeselenosemicarbazone (Hqasesc)
showed that the free selenosemicarbazone ligand (Hqasesc) is more active than cobalt(Il)
complex [108, 109].

2, 6-diacetylpyridine-bis (selenosemicarbazone) (H:dapsesc) with [Cd(dapsesc)],
[Zn(dapsesc)] and [Ni(hcn)] selenosemicarbazone complexes showed high in vitro
antioxidant potential. The ICso values indicated that ligand 2, 6-diacetylpyridine-bis
(selenosemicarbazone) (Hodapsesc) and the complexes showed antioxidant activity. It has
observed that the antioxidative capacity of ligand is lowest as compare to the complexes and
the complex [Cd(dapsesc)] shows the highest antioxidative activity [113].

iv) Antitumor activity: 2-quinolinecarboxaldehyde selenosemicarbazone (Hgqasesc) The
antitumor activity of the ligand and as well as metal complex [Zn(Hqasesc)2](Cl04)..EtOH,
AsPC-1 and THP-1 cells. Both the compounds are strong apoptosis inducers in THP-1 cells
and activity is dependent on the concentaration [110].

v) Antituberculosis and antidiabetic activity(insulin-mimetic activity) : 2-acetylpyridine-
N,N-dimethylselenosemicarbazone (Hdapsesc) revealed as insulin-mimetic activity which is
mainly for the treatment of diabetes and this activity showed in complexes [VO(acac)(LSe)]

and [V(O)(LSe)] [131].
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vi) Antiproapoptotic and antineoplastic activity: 8-quinolinecarboxaldehyde
selenosemicarbazone (Hqasesc) and [Co(qasesc)2]C104.DMSO  complex showed
antineoplastic activity which was tested on THP-1 and AsPC-1 cancer cell line [111].

vii) Antineoplastic activity: 5-hydroxy-2-formylpyridin thiosemicarbazone (5-HP) and its
seleno analog (5-HPSe) both revealed inhibition of DNA synthesis in vitro. 5-HP and its
selenosemicarbazone depressed the subsequent progression of radioactivity traces into the
DNA of Sarcoma 180 ascites cells [64].

viii) Antimicrobial activity: The ligand 8-quinolinecarboxaldehyde selenosemicarbazone
(L") shows modest activity against the Gram-positive strains and ligand 2-
quinolinecarboxaldehyde selenosemicarbazones (L?) has activity against gram-positive
strains. The complexes [PACI(L')], [PACI(L?)], [PtCI(LY)], [PtCI(L?)], [Ni(L?)] and
[Cd(AcO(L?)] are more active as comparsion to the ligands. 2-quinolineselenosemicarbazone
(Hgasesc) has greater antibacterial activity against Bacillus cereus and this ligand also shows
selectivity to E.coli [75, 108].

2-formylpyridineselenosemicarbazone (Hfpsesc) and synthesized complexes [PtCl(fpsesc)],
[PdClI(fpsesc)] and [Co(fpsesc)|BF4..2H>0 screened antibacterial activity against three Gram-
positive bacteria, Staphylococcus aureus ATCC 25923, Micrococcus lysodeikticus ATCC
4698 and Escherichia coli ATCC 35218. It has been determined that the ligands and
complexes are active [75].

ix) Antimalarial activity: 2-acetylpyridine selenosemicarbazone (Hdepsesc) with gold(I)
phosphine complex significantly represents antimalaria activity. The ICso data shows that
selenium derivatives [Au(Se1)(PPh3)] and [Au(Sez)(PPh3)] display moderate antimalaria
activity [133].

x) Antifungal activity: 2-formylpyridineselenosemicarbazone (Hfpsesc) with all the
synthesized complexes[PtCl(fpsesc)] ,[PdCl(fpsesc)] and [Co(fpsesc):]BF4.H2O were
showing antifungal activity. One fungus was also observed by using Candida albicans strain
ATCC 244433 on different medium. It has been observed that both the ligand and complexes
are active [75].

xi) Antichagasic activity: A series of selenosemicarbazone compounds which are act as
Cruzipain inhibitors and anti Trypanosoma cruzi agents against non-infective and infective
form of the parasite. In vitro, selenosemicarazone compounds showed anti-chagasic activity
at low uM concentration [66].

2.5. Aims and objectives: From the above literature survey, it has been observed that

selenosemicarbazones already known mainly contain aromatic ring or pyridine ring or

39



aliphatic chain at C? carbon. Selenosemicarbazones with five membered heterocyclic rings
containing or more than one hetero atoms at C? carbon are not known till date. Moreover
selenosemicarbazone with fused ring at C* are also very limited in number. Heterocyclic
rings either alone or fused are very important, as these rings are important part of biological
system. Also only few x-ray characterized complexes of selenosemicarbazones are known till
date. Keeping in mind the biological importance of heterocyclic ring / fused rings and a huge
gap in the complexes synthesized, current research is aimed to have following objectives:

1. Synthesis and characterization (IR, NMR) of selenosemicarbazones given in Scheme 1 and
Scheme 2

2. Synthesis and characterization (Elemental analysis, UV-Vis, IR, magnetic susceptibility,
single crystal X-ray crystallography (wherever possible)) of complexes of
selenosemicarbazones (Scheme 1 and 2) with Fe, Co, Ni, Cu and Zn.

3. Evaluation of biological activities (antitubercular and anticancer) of synthesized ligands.

4. Evaluation of biological activities (antitubercular and anticancer) of complexes and their

comparison vis-a-vis free ligand.
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CHAPTER 3

GENERAL EXPERIMENTAL

3.1 Materials and Instrumentation:

3.1.1 Materials

Cyclohexanone, hydrazine hydrate, HCI, methanol, ethanol are purchased from LobaChem,
whereas KSeCN, furfural-2-carbaldehyde, = N-methyl-2-pyrrole  carbaldehyde, 2-
naphthaldehyde, 3-acetyl indole carbaldehyde, 6-chloro-2-oxindole, isatin, 5-chloro isatin, i-
methyl isatin, 3-indole, 2-oxindole, I1-naphthaldehyde, 9-anthraldehyde, 2-thiophene
carboxaldehyde, 3-methyl-2-oxindole, iron acetate, cobalt acetate, nickel acetate, copper

acetate and zinc acetate are procured from Sigma-Aldrich.

3.1.2 Instrumentation:
3.1.2.1 Melting Point: With the lab fit electrically heated apparatus, the melting point of

synthesized selenosemicarbazones ligands and their complexes were determined.

3.1.2.2 Infrared Spectroscopy: Infra-red (IR) spectra were recorded using KBr pellets by
SHIMADZUFTIR 8400S, Fourier Transform, Infrared spectrophotometer.

3.1.2.3 Nuclear Magnetic Resonance (NMR) Spectroscopy: A BRUCKER ADVANCE III
NMR Spectrophotometer at 500 MHz in DMSO and CDCl3 with TMS (trimethyl silane) as

the internal reference used for recording 'H and '3C NMR spectra.

3.1.2.4 Mass Spectrometry: Model Q-ToF with electrospray ionization (ESI) and
atmospheric pressure chemical ionization (APcl) sources having mass Range of 4000 amu in

quadruple and 20000 amu in ToF used for recording Mass spectra on LC-MS Spectrometer.

3.1.2.5 Electron Spin Resonance Spectroscopy (ESR): JEOL, JES - FA200 ESR
Spectrometer with X band used for recording ESR spectra at room temperature. The standard
frequency for X- band used is 8.75-9.65 GHz. ESR spectra were recorded at 295K on JEOL,
JES - FA200 ESR Spectrometer. Simulation studies are done using a MATLAB program

based on Easy Spin sub routines.
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3.1.2.6 CHN Analysis: Elemental analysis for C, H and N were carried out using a thermo
scientific FLASH2000 analyzer.

3.1.2.7 Vibrating Sample Magnatometer (VSM): VSM studies of iron(Ill)-

selenosemicarbazone complexes was done on Lakeshore VSM7410 at room temperature.

3.1.2.8 Powder X-Ray Diffractometer (XRD):
The powder XRD spectrum of some representative complexes was obtained from BRUKER

D8 X-ray diffractometer using Cu K a radiation with A= 1.5405A.

3.1.2.9 Mossbauer Spectroscopy: Mossbauer spectra of complex were obtained from MS-

1104E rapid spectrometer and analyzed using UNIVEM computer program.
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3.2 Synthesis of Selenosemicarbazone ligands

3.2.1 Synthesis of cyclohexanoneselenosemicarbazone (Hcysesc, H'L):

Cyclohexanone selenosemicarbazone was prepared by the similar methods used in literature
[63, 64] Yield, 70%, m. p., 180-182°C. Important IR peaks (KBr, cm™): v(NH2) 3362s,
3225s; v(-NH-) 3157s; v(C—Hcyclo), 2986s, 2854s; b(C=N) 1591s; v(C=C) 1489s; 3(NH>)
1454s; v(C=Se) 856s (selenoamidemoiety). 'H NMR (CDCls, Sppm): 9.23 s (1H, N> H), 7.65
s (1H, N'Ha), 7.15 s (1H, N''H>), 2.32-1.54 m (10H, cyclic ring proton). *C NMR (CDCl;,
Sppm): 175.6 (C1), 35.4-25.3 (cyclic ring carbon) respectively.

. Se
3 2 2 g://
KSeCN ; NATX
> 4 =N NH,
H,NNH,.OH/ HCI 3 1
5 6

Cyclohexanoneselenosemicarbazone (Hcysesc, H'L)

3.2.2 Synthesis of 2-furfural selenosemicarbazone (2-Hfursesc, H?L):

Cyclohexanoneselenosemicarbazone, (0.5g, 2.29mmol) was dissolved in 20 ml of ethanol
with heating. To it was added 2-furfural (0.22g, 2.29mmol) and the mixture was refluxed for
2 hours. Iml of glacial acetic acid was added during refluxing. Light reddish solution formed
was then filtered and at room temperature reddish solution kept for crystallization. Yield,
62%, m. p., 140-143°C. Important IR data (KBr, cm™): b(NHz2) 3379m, 3240m; v(-NH-)
3142w; v(C=N) 1600s; v(C=C) 1579s; & (NH2) 1464s; v(C=Se) 812s (selenoamidemoiety).
'H NMR (CDCl, dppm): 10.95 s (1H, N*H), 10.00 s (1H, C*H), 7.87 d (1H, C°H), 7.74 d
(1H, C*H), 7.58 t (1H, C*H), 6.60 s (1H, N'H>), 6.54 s (1H, N''H,). *C NMR (CDCls,
Sppm): 145.2 (C?), 133.9 (C3), 127.5 (C*), 117.3 (C%), 112.3 (C?).

C//Se ethanol A 3
HN-C_ + / \ refluxing for 2 hrs. / \ 3 Se
-N NH; o 40 -cyclohexane =0 2 2'4N\ 2'/8\ 1
G O c N™ 1 7NH,

2-furfural selenosemicarbazone (2-Hfursesc, H2L)
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3.2.3 Synthesis of 2-thiophene selenosemicarbazone (2-Hthiosesc, H3L):
Cyclohexanoneselenosemicarbazone, (0.5g, 2.29mmol) was dissolved in 20 ml of ethanol
with heating. To it was added 2-thiophene (0.25g, 2.29mmol) and the mixture was refluxed
for 2 hours. 1ml of glacial acetic acid was added during refluxing. Light brownish solution
formed was then filtered and at room temperature brownish solution kept for crystallization.
Yield, 60%, m. p., 140-142°C. Important IR peaks (KBr, cm™): b(NHz) 3389m, 3221m; v(-
NH-) 3095w; u(C=N) 1599s; vo(C=C) 1527m; Oo(NH2) 1415s; v(C=Se) 844s
(selenoamidemoiety). 'H NMR (CDCls, ppm): 9.64 s (1H, N>H), 8.10 s (1H, C*H), 7.47m
(1H, C*H), 7.37 d (1H, C*H), 7.12 d (1H, C°H), 7.58 s (1H, N''H»), 6.71 s (1H, N''Hy). 1*C
NMR (CDCls, ppm): 155.8 (C?), 132.4 (C?), 130.0 (C*), 127.8 (C?), 127.3 (C?).

Se ethanol 4
Z
B HN—C< + (/j\ refluxing for 2 hrs.. / \3 3 ﬁe
N NH; s ~0 -cyclohexane ° 22_N_2

2-thiophene selenosemicarbazone (2-Hthiosesc, H3L)

Io0
wn
ON
N\
/

3.2.4 Synthesis of N-methyl-2-pyrrole selenosemicarbazone (N-MeHPysesc, HYL):

Cyclohexanoneselenosemicarbazone, (0.5g, 2.29mmol) was dissolved in 20 ml of ethanol
with heating. To it was added N-methyl-2-pyrrole (0.25g, 2.29mmol) and the mixture was
refluxed for 2 hours. 1ml of glacial acetic acid was added during refluxing. Bright reddish
solution formed was then filtered and at room temperature reddish solution kept for
crystallization. Yield, 60%, m. p., 150-152°C. Important IR peaks (KBr, cm™): v(NH>)
3412m, 3223m; v(-NH-) 3110w; v(C=N) 1633s; v(C=C) 1562m; d(NH2) 1496s; v(C=Se)
854s (selenoamidemoiety). 'H NMR (CDCls, éppm): 10.05 s (1H, N*H), 7.98 d (1H, C°H),
6.82 t (1H, C*H), 6.62 d (1H, C°H), 3.84 (CH3), 6.21s, 6.20s (2H, N'H,), 3.87 (CH3). *C

NMR (CDCls, Sppm): 173.4 (C1), 138.3 (C%), 129.2 (C*), 125.8 (C°), 117.9 (C3), 109.3(C?),
36.8 (CHs).
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N-methyl-2-pyrrole selenosemicarbazone (N-MeHPysesc, H*L)

3.2.5 Synthesis of 3-methyl-2-oxindole selenosemicarbazone (3-MeHOxsesc, H°L):

Cyclohexanone selenosemicarbazone, (0.5g, 2.29mmol) was dissolved in 20 ml of ethanol
with heating. To it was added 3-methyl-2-oxindole (0.33g, 2.29mmol) and the mixture was
refluxed for 2 hours. 1ml of glacial acetic acid was added during refluxing. Light reddish
solution formed was then filtered and at room temperature reddish solution kept for
crystallization. Yield, 60%, m. p., 160-162°C. Important IR peaks (KBr, cm™): v(NH>)
3358m, 3248m; v(-NH-) 3157w; v(C=N) 1591s; v(C=C) 1425m; 6(NH2) 1450s; v(C=Se)
854s (selenoamidemoiety). 'H NMR (CDCls, dppm): 9.16 s (1H, N*H), 7.24-6.95m(4 H,
C>678H), 1.54 s (cyclic proton ring), 3.51 s (3H, CH3). *C NMR (CDCls, dppm): 181.6
(Ch), 141.3 (C3), 131.2 (C®), 127.8 (C"), 123.7 (C®), 109.8 (C%), 41.1 (CH3), 15.2 (cyclic

carbon ring).

CH 2'
Se 3 ethanol 4 Hs N—C
HN% + 0 reﬂuxmg for2hrs. g 2
/ NHz
<:>:N NH, N -cyclohexane
H 9

3-methyl-2-oxindole selenosemicarbazone (3-MeHOxsesc, H5L)
3.2.6 Synthesis of 2-oxindole selenosemicarbazone (2-HOxsesc, HL):

Cyclohexanone selenosemicarbazone, (0.5g, 2.29mmol) was dissolved in 20 ml of ethanol
with heating. To it was added 2-oxindole (0.30g, 2.29mmol) and the mixture was refluxed for
2 hours. Iml of glacial acetic acid was added during refluxing. Light reddish solution formed
was then filtered and at room temperature reddish solution kept for crystallization. Yield,
60%, m. p., 180-183°C. Important IR peaks (KBr, cm™): b(NHz) 3362m, 3225m; v(-NH-)
3157w; v(C=N) 1591s; L(C=C) 1489m; 5(NH>) 1454s; v(C=Se) 856s (selenoamidemoiety).
"H NMR (CDCls, dppm): 9.03 s(1H, N*H), 5.54 s (1H, N' Hy), 5.46 s (1H, N'H>), 8.34-6.90
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m(4H, C>%78H), 3.56 (cyclic proton ring). '*C NMR (CDCls, ppm): 177.4 (C"), 142.3 (C>),
127.9 (C®), 124.6 (C7), 122.3 (C?), 109.7 (C°), 36.1 (cyclic carbon ring).

ethanol 1, Se

5 3 2 a
HN% o refluxmg for 2 hrs. 6 4 5 9N—C\
—cyclohexane 1 —N NI"|2
7 N 3 1
9 H
8

2-oxindole selenosemicarbazone (2-HOxsesc, HL)

3.2.7 Synthesis of 6-chloro-2-oxindole selenosemicarbazone (6-CIHOxsesc, H'L):

Cyclohexanone selenosemicarbazone, (0.5g, 2.29mmol) was dissolved in 20 ml of ethanol
with heating. To it was added 6-chloro-2-oxindole(0.38g, 2.29mmol) and the mixture was
refluxed for 2 hours. Iml of glacial acetic acid was added during refluxing. Light brownish
solution formed was then filtered and at room temperature brownish solution kept for
crystallization. Yield, 65%, m. p., 187-189°C. Important IR peaks (KBr, cm™): v(NH>)
3417m, 3255m; v(-NH-) 3142w; v(C=N) 1589s; v(C=C) 1512m; 6(NH2) 1499s; v(C=Se)
879s (selenoamidemoiety). '"H NMR (CDCls, dppm): 9.51 s (1H, N*H), 7.13 d (1H, C°H),
6.99 d (1H, C*H), 6.92s (1H, C'H), 4.89s (1H, N' Hz), 4.26 s (1H, N' ' Hz). *C NMR (CDCls,
Sppm): 177.9 (C1), 143.6 (C?), 133.1 (C°), 125.3 (C7), 110.7 (C?), 58.2 (CH), 35.3 (C>).

ethanol 3 2'_1 436
0 refluxmg for 2 hrs. HN—C
HN 5 2 v/ \
z cyclohexane 1 )—N ’;"Hz
Cl7g N o3
7 H

6-chloro-2-oxindole selenosemicarbazone (6-CIHOxsesc, H'L )

3.2.8 Synthesis of 5-chloro isatin selenosemicarbazone (5-ClHIstsesc, H3L):

Cyclohexanone selenosemicarbazone, (0.5g, 2.29mmol) was dissolved in 20 ml of ethanol
with heating. To it was added 5-chloroisatin (0.41g, 2.29mmol) and the mixture was refluxed
for 2 hours. Iml of glacial acetic acid was added during refluxing. Light reddish solution
formed was then filtered and at room temperature reddish solution kept for crystallization.
Yield, 60%, m. p., 150-152°C. Important IR peaks (KBr, cm™): v(NHz) 3219m; v(-NH-)
3110w; v(C=0) 1694s; v(C=N) 1618s; vL(C=C) 1559m; O(NH>) 1447s; v(C=Se) 885s
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(selenoamidemoiety). 'H NMR (CDCls, Sppm): 11.21 s (1H, N*H), 8.80 s (1H, N''Hy), 8.56
s (1H, N'Hy), 7.49 d (1H, C*H), 7.21 d (1H, C'H), 6.83 m (2H, C>®H). *C NMR (CDCl;,
Sppm): 163.1 (C1), 131.0 (C?), 129.8 (C°), 125.2 (C7), 119.5 (C*), 42.1(C%), 34.9 (C?).

O
z ethanol 3 2
HN% o refluxmg for 2 hrs. c12 = \
Q NHz -cyclohexane

5-chloro isatin selenosemicarbazone (5-CIHIstsesc, H%L)

Iz

3.2.9 Synthesis of 1-methyl isatin selenosemicarbazone (1-MeHIstsesc, H’L):
Cyclohexanone selenosemicarbazone, (0.5g, 2.29mmol) was dissolved in 20 ml of ethanol
withheating. To it was added 1-methylisatin (0.41g, 2.29mmol) and the mixture was refluxed
for 2 hours. 1ml of glacial acetic acid was added during refluxing. Bright reddish solution
formed was then filtered and at room temperature reddish solution kept for crystallization.
Yield, 60%, m. p., 120-122°C. Important IR peaks (KBr, cm™): v(NH;) 3408m, 3228m; v(-
NH-) 3134w; v(C=0) 1676s; v(C=N) 1604s; v(C=C) 1492m; d(NH>) 1415s; v(C=Se) 889s
(selenoamidemoiety). 'H NMR (CDCls, Sppm): 13.1 s (1H, N*H), 7.61-6.90 m (4H,
C>%78H), 8.01 s (1H, N'Hy), 7.60 s (1H, N'H>), 3.29 (CHs). *C NMR (CDCl;s, dppm):
178.7 (C"), 161.0 (C>), 144.1 (C®), 132.0 (C?), 129.2 (C"), 123.5 (C%), 121.1 (C?), 119.2 (C?),
109.3 (C*), 25.6 (CH3), 20.4(cyclic ring).

3 'S
o) 2 17
Se z ethanol 2 4 /N\ g
HN—{ + o refluxing for 2 hrs. NH N
) —J — < 26 2 NH,
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CHj3 7 N
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1-methyl isatin selenosemicarbazone (1-MeHlstsesc, (H°L)

3.2.10 Synthesis of indole-3-selenosemicarbazone (3-HIndsesc, H''L):

Cyclohexanone selenosemicarbazone, (0.5g, 2.29mmol) was dissolved in 20 ml of ethanol
with heating. To it was added indole-3-carboxaldehyde (0.33g, 2.29mmol) and the mixture
was refluxed for 2 hours. Iml of glacial acetic acid was added during refluxing. Bright
brownish solution formed was then filtered and at room temperature brownish solution kept

for crystallization. Yield, 60%, m. p., 110-113°C. Important IR peaks (KBr, cm™): v(NH2)
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3356m, 3246m; v(-NH-) 3153w; v(C=N) 1591s; v(C=C) 1487m; d(NHz) 1450s; v(C=Se)
898s (selenoamidemoiety). 'H NMR (CDCls, dppm): 10.0 s (1H, N*H), 7.85 s (1H, C*H),
7.76 s (1H, N'Hy), 7.56 s (1H, N''H>), 8.30-7.28 (5H, Cyclic ring proton). *C NMR (CDCls,
Sppm): 145.2 (C?), 133.9 (C®), 127.5 (C%), 117.3 (C*), 112.3 (C).

Se =0 ethanol
HN% \ refluxing for 2 hrs.
/ + >
<:>:N NH, H cyclohexane

indole-3-selenosemicarbazone (3-HIndsesc, H'L)

3.2.11 Synthesis of 3-acetyl indole selenosemicarbazone (3-AcHIndsesc, H''L):
Cyclohexanone selenosemicarbazone, (0.5g, 2.29mmol) was dissolved in 20 ml of ethanol
with heating. To it was added 3-acetylindole (0.36g, 2.29mmol) and the mixture was refluxed
for 2 hours. Iml of glacial acetic acid was added during refluxing. Light reddish solution
formed was then filtered and at room temperature reddish solution kept for crystallization.
Yield, 60%, m. p., 100-103°C. Important IR peaks (KBr, cm™): v(NH2) 3290m; v(-NH-)
3142w; v(C=N) 1624s; V(C=C) 1502m; 3(NH2) 1406s; v(C=Se) 877s (selenoamidemoiety).
'"H NMR (CDCl3, 8ppm): 8.42 d (1H, C'H), 7.90 d (1H, C°H), 7.65 s (1H, N''Hy), 7.46-7.32
m (2H, C>%H), 7.29 s (1H, C?H), 6.63 s (1H, N'H,), 2.58 s (3H, CH3). '3C NMR (CDCls,
Sppm): 193.6 (C1), 158.2 (C?), 131.5 (C®), 123.7 (C), 122.6 (C7), 118.6 (C?), 111.3 (CH),
35.4 (CH3), 26.9 (C%).
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3-acetyl indole selenosemicarbazone (3-AcHIndsesc, H''L)
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9-anthraldehyde selenosemicarbazone (9-HAnsesc, H'"’L), 1-Naphthaldehyde
selenosemicarbazone(1-HNapsesc, H'’L) and 2-Naphthaldehyde selenosemicarbazone(2-

HNapsesc, H!L) are synthesized using method similar to that of H2L.

3.2.12 Synthesis of 9-anthraldehyde selenosemicarbazone (9-HAnsesc, H'?L):

Yield, 60%, m. p., 210-213°C. Important IR peaks (KBr, cm™): b(NH;) 3385m, 3248m; v(-
NH-) 3151w; u(C=N) 1639s; vo(C=C) 1587m; o(NH2) 1402s; v(C=Se) 887s
(selenoamidemoiety)."H NMR (CDCls, Sppm): 11.5 s (1H, N*H), 9.02 s(1H, C*H), 8.73 d
(2H, C>!'H), 8.08 d (2H, C**H), 7.73 t (2H, C>*H), 7.60 t (2H, C*!°H), 7.29 s (1H, C'H).!*C
NMR (CDCl3, dppm): 193.0 (C), 135.0 (C?), 132.4-122.7 (aromatic ring carbon), 114.0
(C).

H. .20
Se % ethanol

Y
3
|'JN é . refluxing for 2 hrs. H\2‘//N
=N NH» > Cc
-cyclohexane 3. 1 1
C

9-anthraldehyde selenosemicarbazone (9-HAnsesc, H'?L)

3.2.13 Synthesis of 1-Naphthaldehyde selenosemicarbazones (1-HNapsesc, H'3L):

Yield, 50%, m. p., 175-179°C. Important IR peaks (KBr, cm™!):0(NH2) 3400s, v(-NH-)
3147w; v(C=N) 1599s; L(C=C) 1516m; 6(NH>) 1452s; v(C=Se) 871s (selenoamidemoiety).
'H NMR (CDCls, dppm): 9.51 s (1H, N*H), 9.00 s (1H, C*H), 8.17 d (1H, C°H), 8.02 d (1H,
C*H), 7.95 d (1H, C®H), 7.97 s (1H, N"H>), 7.62 m (2H, C>'H), 7.29 s (1H, C®H). *C NMR
(CDCl3, éppm): 162.1 (C1), 134.1 (C?), 131.8-124.9 (Aromatic ring carbon), 115.0 (C).
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1-naphthaldehyde selenosemicarbazone (1-HNapsesc, H'3L)

3.1.14 Synthesis of 2-Naphthaldehyde selenosemicarbazones (2-HNapsesc, H4L):

Yield, 50%, m. p., 178-180°C. Important IR peaks (KBr, cm™): v(NHz) 3352m; v(-NH-)
3124w; v(C=N) 1597s; V(C=C) 1533m; 3(NH>) 1446s; v(C=Se) 856s (selenoamidemoiety).
'"H NMR (CDCl;3, Sppm): 10.1 s (1H, N?H), 8.38 s (1H, C*H), 7.70 s (1H, N"'H,), 8.05-7.29
m (ring proton). C NMR (CDCls, dppm): 192.2 (C!), 136.4 (C?*), 134.5-122.8 (ring
carbon), 115.0 (C).
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2-naphthaldehyde selenosemicarbazone (2-HNapsesc, H'4L)

3.2 Complexes of Iron (I1I)
3.2.1 Synthesis of [Fe(cysesc)s]1:

Iron acetate (0.025g, 0.103mmol) was dissolved in 30 ml of methanol with heating. To it was
added cyclohexanoneselenosemicarbazone, (0.070g, 0.32mmol) and the mixture was refluxed
for 4 hours. Light red solution formed was then filtered and at room temperature red solution
kept for crystallization. Yield, 60%, m. p., 210-213°C. Important IR peaks (KBr, cm™):
L(NH2) 3354m; u(C=N) 1635s; uv(C=C) 1504m; O(NHz) 1438s; v(C=Se) 748s
(selenoamidemoiety). The Saturation magnetization, Coercivity magnetization and
Remanence magnetization parameters obtained from the VSM analysis are Ms =
0.00520emu/g, Mr = 0.00268emu/g and Hc = -0.34888emu/g respectively. Mass spectra
(m/z): [Fe(C7H14N3Se)3]": 709amu (parent ion peak).
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3.2.2 Synthesis of [Fe(2-fursesc)s]2:

Iron acetate (0.025g, 0.10mmol) was dissolved in 20 ml of methanol with heating. To it was
added 2-furfural selenosemicarbazone (0.069g, 0.32mmol) and the mixture was refluxed for 4
hours. Light reddish solution formed was then filtered and at room temperature reddish
solution kept for crystallization. Yield, 60%, m. p., 210-213°C. Important IR peaks (KBr, cm"
D L(NH2) 3366m; v(C=N) 1617s; v(C=C) 1537m; &(NH2) 1439s; v(C=Se) 738s
(selenoamidemoiety). The Saturation magnetization, Coercivity magnetization and
Remanence magnetization parameters obtained from the VSM analysis are Ms =
0.03626emu/g, Mr = 0.02722emu/g and Hc= -0.35224emu/g respectively. Mass spectra
(m/z): Na-[Fe(CeHeN30Se)3]": 675amu (parent ion peak).
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3.2.3 Synthesis of [Fe(2-thiosesc)3]3:

Iron acetate (0.025g, 0.10mmol) was dissolved in 20 ml of methanol with heating. To it was
added 2-thiophene selenosemicarbazone (0.074g, 0.31mmol) and the mixture was refluxed
for 4 hours. Light reddish solution formed was filtered and kept for crystallization at room
temperature. Yield, 60%, m. p., 210-213°C. Important IR peaks (KBr, cm™): b(NH>) 3219m;
L(C=N) 1671s; v(C=C) 1605m; O(NH2) 1419s; v(C=Se) 715s (selenoamidemoiety). The
Saturation magnetization, Coercivity magnetization and Remanence magnetization

parameters obtained from the VSM analysis are Ms = 0.07771emu/g, Mr = 0.03224emu/g
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and Hc= -0.35406emu/g respectively. Mass spectra (m/z): [Fe(CcHsN3SSe)s]™: 751amu

(parent ion peak).
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3.2.4 Synthesis of [Fe(N-mepysesc)s]4:

Iron acetate (0.025g, 0.10mmol) was dissolved in 20 ml of methanol with heating. To it was
added N-methyl-2-pyrrole selenosemicarbazone (0.073g, 0.30mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 60%, m. p., 215-218°C. Important IR peaks
(KBr, cm™): v(NH2) 3399m, 3244m; v(C=N) 1599s; v(C=C) 1504m; S(NH») 1465s;
v(C=Se) 767s (selenoamidemoiety). The Saturation magnetization, Coercivity magnetization
and Remanence magnetization parameters obtained from the VSM analysis are Ms =
0.00565emu/g, Mr = 0.00267emu/g and Hc= -0.32375emu/g respectively. Mass spectra
(m/z): [Fe(C7H13N4Se)s]": 73 1amu (parent ion peak).
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3.2.5 Synthesis of [Fe(3-meoxsesc)3]5:

Iron acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it was
added 3-methyl-2-oxindole selenosemicarbazone, (0.085g, 0.31mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature

reddish solution kept for crystallization. Yield, 62%, m. p., 210-213°C. Important IR peaks
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(KBr, cm™): b(NH2) 3226m; v(C=0) 1695s; L(C=N) 1617s; V(C=C) 1559m; S(NH,) 1447s;
v(C=Se) 747s (selenoamidemoiety). The Saturation magnetization, Coercivity magnetization
and Remanence magnetization parameters obtained from the VSM analysis are Ms =
0.0745emu/g, Mr = 0.02590emu/g, and Hc = -0.37635emu/g respectively. Mass spectra
(m/z): [Fe(CioH11N4Se)3]": 851amu (parent ion peak).
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3.2.6 Synthesis of [Fe(2-oxsesc)3]6:

Iron acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it was
added 2-oxindole selenosemicarbazone, (0.082g, 0.30mmol) and the mixture was refluxed for
4 hours. Light reddish solution formed was then filtered and at room temperature reddish
solution kept for crystallization. Yield, 62%, m. p., 205-208°C. Important IR peaks (KBr, cm"
1): (NH2) 3267m; V(NH)ox 3147m; v(C=N) 1656s; L(C=C) 1570m; §(NHz) 1411s; v(C=Se)
740s (selenoamidemoiety). The Saturation magnetization, Coercivity magnetization and
Remanence magnetization parameters obtained from the VSM analysis are Ms =
0.0531emu/g, Mr = 0.01702emu/g, and Hc = -0.31422emu/g respectively. Mass spectra
(m/z): [Fe(CoHoN4Se)3]": 809amu (parent ion peak).
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3.2.7 Synthesis of [Fe(6-cloxsesc)s]7:

Iron acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it was
added 6-chloro-2-oxindole selenosemicarbazone, (0.092g, 0.30mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 220-225°C. Important IR peaks
(KBr, cm™): b(NH2) 3267m; v(NH)cox 3192m; v(C=N) 1646s; v(C=C) 1517m; §(NH>)
1427s; v(C=Se) 739s (selenoamidemoiety). The Saturation magnetization, Coercivity
magnetization and Remanence magnetization parameters obtained from the VSM analysis are
Ms = 0.0957emu/g, Mr = 0.03276emu/g, and Hc = -0.37866emu/g respectively. Mass spectra
(m/z): [Fe(CsHeN4ClISe)3]" : 905amu (parent ion peak).
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3.2.8 Synthesis of [Fe(5-clistsesc)s]8:

Iron acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it was
added 5-chloro isatin selenosemicarbazone, (0.085g, 0.30mmol) and the mixture was refluxed
for 4 hours. Light reddish solution formed was then filtered and at room temperature reddish
solution kept for crystallization. Yield, 62%, m. p., 225-228°C. Important IR peaks (KBr, cm"
: V(NH2) 3217m; v(C=0) 1703s; V(C=N) 1614s; L(C=C) 1511m; d(NH2) 1460s; L(C=Se)
747s (selenoamidemoiety). The Saturation magnetization, Coercivity magnetization and
Remanence magnetization parameters obtained from the VSM analysis are Ms =
0.0711emu/g, Mr = 0.02738emu/g, and Hc = -0.35183emu/g respectively. Mass spectra
(m/z): [Fe(CoHsN4ClOSe)3]": 950amu (parent ion peak).
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3.2.9 Synthesis of [Fe(1-meistsesc)3]9:

Iron acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it was
added 1-methyl isatin selenosemicarbazone, (0.090g, 0.30mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 230-233°C. Important IR peaks
(KBr, cm™): b(NH2) 3219m; uv(C=0) 1701; v(C=N) 1607m; L(C=C) &(NH,)1466s; L(C=Se)
750s (selenoamidemoiety). The Saturation magnetization, Coercivity magnetization and
Remanence magnetization parameters obtained from the VSM analysis are Ms =
0.00490emu/g, Mr = 0.00204emu/g, and He = -0.29117emu/g respectively. Mass spectra
(m/z): [Fe(C10HsN4OSe)3]": 895amu (parent ion peak).
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3.2.10 Synthesis of [Fe(3-insesc)3]10:

Iron acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it was
added 3-indole selenosemicarbazone, (0.085g, 0.32mmol) and the mixture was refluxed for 4
hours. Dark reddish solution formed was then filtered and at room temperature reddish
solution kept for crystallization. Yield, 62%, m. p., 213-215°C. Important IR peaks (KBr, cm"
: V(NH2) 3394m, 3240m; V(NH)inda 3146m; L(C=N) 1643s; V(C=C) 1576m; S(NH2) 1464s;
L(C=Se) 764s (selenoamidemoiety). The Saturation magnetization, Coercivity magnetization

and Remanence magnetization parameters obtained from the VSM analysis are Ms =
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0.00929emu/g, Mr = 0.00253emu/g and Hc = -0.33698emu/g respectively. Mass spectra
(m/z): [Fe(C10H13N4Se)3]": 850amu (parent ion peak).
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3.2.11 Synthesis of [Fe(3-acinsesc)3]11:

Iron acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it was
added 3-acetyl indole selenosemicarbazone, (0.089g, 0.31mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 218-220°C. Important IR peaks
(KBr, cm™): b(NH)acind 3172m; v(C=N) 1613s; v(C=C) 1572m; 8(NHz) 1432s; v(C=Se) 744s
(selenoamidemoiety). The Saturation magnetization, Coercivity magnetization and
Remanence magnetization parameters obtained from the VSM analysis are Ms =
0.00513emu/g, Mr = 0.00198emu/g, and Hc= -0.31079emu/g respectively. Mass spectra
(m/z): [Fe(C11H11N4Se)3]": 930amu (parent ion peak).
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3.2.12 Synthesis of [Fe(9-ansesc)3]12:

Iron acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it was
added 9-anthracene selenosemicarbazone, (0.015g, 0.32mmol) and the mixture was refluxed
for 4 hours. Light brownish red solution formed was then filtered and at room temperature

brownish red solution kept for crystallization. Yield, 62%, m. p., 220-225°C. Important IR
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peaks (KBr, cm™): u(NH2) 3257m; u(C=N) 1665s; v(C=C) 1552m; §(NH) 1437s; v(C=Se)
780s (selenoamidemoiety). The Saturation magnetization, Coercivity magnetization and
Remanence magnetization parameters obtained from the VSM analysis are Ms =
0.00665emu/g, Mr = 0.00298emu/g, and Hc = -0.37337emu/g respectively. ESR data (g,
tensor, A, gauss): g, 2.1; g1, 2.65; Hyperfien values, 40 gauss. Mass spectra (m/z): Na-
[Fe(C17Hi6N3Se)3]": 1076amu (parent ion peak).
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3.2.13 Synthesis of [Fe(1-naphsesc)s3]13:

Iron acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it was
added 1-naphthaldehyde selenosemicarbazone, (0.088g, 0.37mmol) and the mixture was
refluxed for 4 hours. Light brownish solution formed was then filtered and at room
temperature brownish solution kept for crystallization. Yield, 60%, m. p., 210-213°C.
Important IR peaks (KBr, cm™): u(NH2) 3358m; uv(C=N) 1631s; uv(C=C) 1597s;
O0(NH2)1446s; v(C=Se) 744s (selenoamidemoiety). The Saturation magnetization, Coercivity
magnetization and Remanence magnetization parameters obtained from the VSM analysis are
Ms = 0.00898emu/g, Mr = 0.00383emu/g, and Hc= -0.36404emu/g respectively. Mass
spectra (m/z): [Fe(Ci2H12N3Se)s]": 884amu (parent ion peak).
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3.2.14 Synthesis of [Fe(2-naphsesc)s3]14:

Iron acetate (0.025g, 0.10mmol) was dissolved in 30 ml of ethanol with heating. To it was
added 2-naphthaldehyde selenosemicarbazone, (0.088g, 0.37mmol) and the mixture was
refluxed for 4 hours. Light brownish solution formed was then filtered and at room
temperature brownish solution kept for crystallization. Yield, 60%, m. p., 230-233°C.
Important IR peaks (KBr, cm™!): v(NH2) 3219m; u(C=N) 1618s; v(C=C) 1539m;
O8(NH2)1442s; v(C=Se) 745s (selenoamidemoiety). The Saturation magnetization, Coercivity
magnetization and Remanence magnetization parameters obtained from the VSM analysis are

= 0.01652emu/g, Mr = 0.00768emu/g, and Hc = -0.35653emu/g respectively. Mass
spectra (m/z): [Fe(C12HoN3Se)3]" : 875amu (parent ion peak).
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3.3Complexes of Cobalt(II)

3.3.1 Synthesis of [Co(cysesc)2]15:

Cobalt acetate (0.025g, 0.103mmol) was dissolved in 30 ml of methanol with heating. To it
was added cyclohexanoneselenosemicarbazone, (0.061g, 0.27mmol) and the mixture was
refluxed for 4 hours. Light red solution formed was then filtered and at room temperature red
solution kept for crystallization. Yield, 60%, m. p., 210-213°C. Important IR peaks (KBr, cm"
D: L(NH2) 3301m; u(C=N) 1627s; v(C=C) 1556m; S(NH2) 1422s; v(C=Se) 752s
(selenoamidemoiety). Mass spectra (m/z): [Co(C7H13N3Se)2]™: 492amu (parent ion peak).
CHN analysis (% age) of [Co(C7Hi3N3Se)]": Calculated values, C, 33.9, H, 5.2, N, 16.9;
Found values, C, 33.7, H, 5.0, N, 16.6; respectively.
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3.3.2 Synthesis of [Co(2-fursesc):]16:

Cobalt acetate (0.025g, 0.10mmol) was dissolved in 20 ml of methanol with heating. To it
was added 2-furfural selenosemicarbazone (0.060g, 0.27mmol) and the mixture was refluxed
for 4 hours. Light reddish solution formed was then filtered and at room temperature reddish
solution kept for crystallization. Yield, 60%, m. p., 210-213°C. Important IR peaks (KBr, cm"
N v(NH2) 3303m; v(C=N) 1582s; v(C=C) 1499m; S(NH.) 1466s; v (C=Se) 744s
(selenoamidemoiety). Mass spectra m/z: [Co(CsHsN3OSe).]": 484amu (parent ion peak).
CHN analysis (% age) of [Co(CsH7N30Se)2]": Calculated values, C, 25.7, H, 2.9, N, 17.9;
Found values, C, 25.4, H, 2.7, N, 17.6; respectively.
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3.3.3 Synthesis of [Co(2-thiosesc)2]17:

Cobalt acetate (0.025g, 0.10mmol) was dissolved in 20 ml of methanol with heating. To it
was added 2-thiophene selenosemicarbazone (0.065g, 0.28mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 60%, m. p., 210-213°C. Important IR peaks
(KBr, cm™): b(NH2) 3304m; v(C=N) 1605s; v(C=C) 1564m; §(NH,) 1416s; v(C=Se) 703s
(selenoamidemoiety). Mass spectra m/z: [Co(C¢H3N3SSe)2]™: 513amu (parent ion peak).
CHN analysis (% age) of [Co(CsH7N3SSe)2]": Calculated values, C, 24.0, H, 2.8, N, 16.9;
Found values, C, 23.8, H, 2.6, N, 16.5; respectively.

4 Methanol
/ \3 Se Refluxing 4 hrs Selm,,, o \\\\\N
Co(OAc) * 2 5 3 "CH,COOH
22 N_2_C_ 1 ° N3/ \
S ¢ N™ 1 NH,

[Co(2-thiosesc),]17
(2-Hthiosesc)

~~
N3  Se

3.3.4 Synthesis of [Co(N-mepysesc)2]18:

Cobalt acetate (0.025g, 0.10mmol) was dissolved in 20 ml of methanol with heating. To it
was added N-methyl-2-pyrrole selenosemicarbazone (0.064g, 0.27mmol) and the mixture
was refluxed for 4 hours. Light reddish solution formed was then filtered and at room
temperature reddish solution kept for crystallization. Yield, 60%, m. p., 215-218°C.
Important IR peaks (KBr, cm™): b(NH2) 3344m; v(C=N) 1603s; v(C=C) 1567m; (NHz)
1417s; v(C=Se) 728s (selenoamidemoiety). Mass spectra m/z: [Co(C7HsN4Se)2]": 511amu
(parent ion peak). CHN analysis (% age) of [Co(C7H10N4Se)2]": Calculated values, C, 34.3,
H, 4.0, N, 17.1; Found values, C, 34.0, H, 3.8, N, 16.8; respectively.
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3.3.5 Synthesis of [Co(3-meoxsesc)2|19:

Cobalt acetate (0.25g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it was
added 3-methyl-2-oxindole selenosemicarbazone, (0.075g, 0.28mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 210-213°C. Important IR peaks
(KBr, cm™): b(NH2) 3208m; v(C=N) 1613s; v(C=C) 1572m; §(NH>) 1427s; v(C=Se) 742s
(selenoamidemoiety). Mass spectra m/z: [Co(CioH13N4Se)2]": 593amu (parent ion peak).
CHN analysis (% age) of [Co(CioH12N4Se)]": Calculated values, C, 40.4, H, 4.0, N, 18.8;
Found values, C, 40.1, H, 3.8, N, 18.5; respectively.
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3.3.6 Synthesis of [Co(2-0xsesc)2]20:

Cobalt acetate (0.25g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it was
added 2-oxindole selenosemicarbazone, (0.071g, 0.28mmol) and the mixture was refluxed for
4 hours. Light reddish solution formed was then filtered and at room temperature reddish
solution kept for crystallization. Yield, 62%, m. p., 205-208°C. Important IR peaks (KBr, cm"
D: v(NH2) 3249m; uv(C=N) 1616s; v(C=C) 1554m; S(NH2) 1436s; v(C=Se) 814s
(selenoamidemoiety). Mass spectra m/z: [Co(CoH10N4Se)2]": 563amu (parent ion peak). CHN
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analysis (% age) of [Co(CoHioN4Se):]": Calculated values, C, 33.9, H, 5.2, N, 16.9; Found
values, C, 33.6, H, 5.0, N, 16.7; respectively.
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3.3.7 Synthesis of [Co(6-cloxsesc)2]21:

Cobalt acetate (0.25g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it was
added 6-chloro-2-oxindole selenosemicarbazone, (0.081g, 0.28mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 220-225°C. Important IR peaks
(KBr, cm™): b(NH) 3339m; v(C=N) 1606s; v(C=C) 1598m; §(NH>) 1418s; v(C=Se) 717s
(selenoamidemoiety). Mass spectra m/z:  [Co(CoHoN4ClISe)2]": 631amu (parent ion peak).
CHN analysis (% age) of [Co(CoHgoN4ClSe)>]": Calculated values, C, 33.9, H, 5.2, N, 16.9;
Found values, C, 33.7, H, 5.1, N, 16.4; respectively.
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3.3.8 Synthesis of [Co(5-clistsesc)2]22:

Cobalt acetate (0.25g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it was
added 5-chloro isatin selenosemicarbazone, (0.075g, 0.28mmol) and the mixture was refluxed
for 4 hours. Light reddish solution formed was then filtered and at room temperature reddish

solution kept for crystallization. Yield, 62%, m. p., 225-228°C. Important IR peaks (KBr, cm"
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N: V(NH2) 3256m; L(C=0) 1697s; L(C=0) 1610s; VL(C=C) 1575m; §(NH>) 1481s; L(C=Se)
767s (selenoamidemoiety). Mass spectra m/z: [Co(CoH7N4OCISe)2]™: 658amu (parent ion
peak). CHN analysis (% age) of [Co(CoH7N4OCISe),]": Calculated values, C, 33.9, H, 5.2,
N, 16.9; Found values, C, 33.8, H, 5.3, N, 16.6; respectively.
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N3  Se

3.3.9 Synthesis of [Co(1-meistsesc)2|23:

Cobalt acetate (0.025g, 0.136mmol) was dissolved in 30 ml of methanol with heating. To it
was added 1-methyl isatin selenosemicarbazone, (0.079g, 0.28mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 230-233°C. Important IR peaks
(KBr, cm™): b(NHz) 3248m; v(C=0) 1693s; v(C=N) 1505m; v(C=C) 1505m; &(NH)
1464s; v(C=Se) 749s (selenoamidemoiety). Mass spectra m/z: [Co(C1oHsN4OSe)>]": 614amu
(parent ion peak). CHN analysis (% age) of [Co(CioH10N4OSe)2]": Calculated values, C,
33.9,H, 5.2, N, 16.9; Found values, C, 33.7, H, 5.0, N, 16.7; respectively.
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3.3.10 Synthesis of [Co(3-insesc)2]24:

Cobalt acetate (0.025g, 0.136mmol) was dissolved in 30 ml of methanol with heating. To it
was added 3-indole selenosemicarbazone, (0.074g, 0.27mmol) and the mixture was refluxed
for 4 hours. Dark reddish solution formed was then filtered and at room temperature reddish
solution kept for crystallization. Yield, 62%, m. p., 213-215°C. Important IR peaks (KBr, cm"
D V(NH2) 3361m; v(C=N) 1615s; v(C=C) 1567m; &(NH,) 1441s; v(C=Se) 784s
(selenoamidemoiety). Mass spectra m/z: [Co(CioHoN4Se):]": 587amu (parent ion peak). CHN
analysis (% age) of [Co(CioHioN4Se)2]": Calculated values, C, 40.8, H, 3.4, N, 19.0; Found
values, C, 40.5, H, 3.2, N, 18.8; respectively.
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3.3.11 Synthesis of [Co(3-acinsesc)2|25:

Cobalt acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it
was added 3-acetyl indole selenosemicarbazone, (0.078g, 0.27mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 218-220°C. Important IR peaks
(KBr, cm™): O(NH)acind 3156w; b(C=N) 1610s; v(C=C) 1573m; 8(NHz) 1426s; v(C=Se) 749s
(selenoamidemoiety). Mass spectra m/z: [Co(C11Hi2N4Se):2]™: 615amu (parent ion peak).
CHN analysis (% age) of [Co(Ci1H12N4Se).]": Calculated values, C, 42.8, H, 3.8, N, 18.1;
Found values, C, 42.7, H, 3.6, N, 18.0; respectively.
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3.3.12 Synthesis of [Co(9-ansesc)2]26:

Cobalt acetate (0.025g, 0.100mmol) was dissolved in 30 ml of methanol with heating. To it
was added 9-anthracene selenosemicarbazone, (0.092g, 0.28mmol) and the mixture was
refluxed for 4 hours. Light brownish red solution formed was then filtered and at room
temperature brownish red solution kept for crystallization. Yield, 62%, m. p., 220-225°C.
Important IR peaks (KBr, cm™): v(NH2) 3243m; v(C=N) 1635s; v(C=C) 1547m; &(NH>)
1485s; v(C=Se) 752s (selenoamidemoiety). Mass spectra m/z: [Co(Ci6Hi3N3Se)2]": 709amu
(parent ion peak). CHN analysis (% age) of [Co(CisH13N3Se)2]": Calculated values, C, 54.0,
H, 3.6, N, 11.8; Found values, C, 53.8, H, 3.4, N, 11.6; respectively.
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3.3.13 Synthesis of [Co(1-naphsesc)2]27:

Cobalt acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it
was added 1-naphthaldehyde selenosemicarbazone, (0.077g, 0.28mmol) and the mixture was

refluxed for 4 hours. Light brownish solution formed was then filtered and at room
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temperature brownish solution kept for crystallization. Yield, 60%, m. p., 210-213°C.
Important IR peaks (KBr, cm™): b(NH2) 3358m; v(C=N) 1604s; v(C=C) 1545s; S(NH>)
1456s; v(C=Se) 765s (selenoamidemoiety). Mass spectra m/z: [Co(C12H;0N3Se)2]": 608amu
(parent ion peak). CHN analysis (% age) of [Co(C12H11N3Se).]": Calculated values, C, 47.1,
H, 3.6, N, 13.7; Found values, C, 46.9, H, 3.4, N, 13.6; respectively.
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3.3.14 Synthesis of [Co(2-naphsesc)2]28:

Cobalt acetate (0.25g, 0.10mmol) was dissolved in 30 ml of ethanol with heating. To it was
added 2-naphthaldehyde selenosemicarbazone, (0.077g, 0.28mmol) and the mixture was
refluxed for 4 hours. Light brownish solution formed was then filtered and at room
temperature brownish solution kept for crystallization. Yield, 60%, m. p., 230-233°C.
Important IR peaks (KBr, cm™): b(NHz) 3331m; v(C=N) 1614s; v(C=C) 1543m; §(NH>)
1460s; v(C=Se) 765s (selenoamidemoiety). Mass spectra (m/z): [Co(C12H12N3Se)2]": 610amu
(parent ion peak).CHN analysis (% age) of [Co(C12H11N3Se)2]": Calculated values, C, 47.1,
H, 3.6, N, 13.7; Found values, C, 46.9, H, 3.4, N, 13.5; respectively. ESR data (g, tensor, A,
guass): g, 2.2; g1,2.0; Aj, 20; A1, 165.
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3.4 Complexes of Nickel(II)

3.4.1 Synthesis of [Ni(cysesc)2]29:

Nickel acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it
was added cyclohexanoneselenosemicarbazone, (0.061g, 0.27mmol) and the mixture was
refluxed for 4 hours. Green solution formed was then filtered and at room temperature green
solution kept for crystallization. Yield, 62%, m. p., 216-219°C. Important IR peaks (KBr, cm"
D: V(NH2) 3492m, 3372m, 3320m; L(C=N) 1630s; L(C=C) 1584m; §(NHz) 1423s; L(C=Se)
781s (selenoamidemoiety). Mass spectra (m/z): [Ni(C7Hi3N3Se)2]": 492 amu (parent ion

peak).
3 2 2 1// Methanol Sey,, WN3
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Ni(OAc), +2 4 =N NH, -CH,COOH
3' 1
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3.4.2 Synthesis of [Ni(2-fursesc)2]30:

Nickel acetate (0.025g, 0.10mmol) was dissolved in 20 ml of methanol with heating. To it
was added 2-furfural selenosemicarbazone (0.060g, 0.27mmol) and the mixture was refluxed
for 4 hours. Light reddish solution formed was then filtered and at room temperature reddish
solution kept for crystallization. Yield, 62%, m. p., 208-210°C. Important IR peaks (KBr, cm"
D: V(NH2) 3410m, 3300m; v(C=N) 1649s; v(C=C) 1597s; S(NH>) 1454s; v(C=Se) 738s
(selenoamidemoiety). 'H NMR (8, ppm; d°-dmso and CDCl;): 8.80 s (1H, C*H), 7.51 d (1H,
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C°H), 7.45 d (1H, C*H). 7.29 s (1H, N'H;) and 7.14 t (1H, C*H). 3C NMR (8, ppm): 155.8
(C?), 139.3 (CH), 132.3 (C?), 130.0 (C®) and 127.9 (C?) respectively.
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3.4.3 Synthesis of [Ni(2-thiosesc)2]31:

Nickel acetate (0.025g, 0.10mmol) was dissolved in 20 ml of methanol with heating. To it
was added 2-thiophene selenosemicarbazone (0.065g, 0.28mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 60%, m. p., 210-213°C. Important IR peaks
(KBr, cm™): v(NH2) 3291m; v(C=N) 1607s; v(C=C) 1563s; 8(NHz) 1417s; v(C=Se) 798s
(selenoamidemoiety). 'H NMR (8, ppm; d°-dmso and CDCl3): 8.80 s (1H, C*H), 7.51 d (1H,
C°H), 7.45 d (1H, C*H), 7.29 s (1H, N"'H) and 7.14 t (1H, C*H). '*C NMR (5, ppm): 155.7
(C?), 139.0 (CH), 132.3 (C?) 129.9 (C?) and 127.7 (C?) respectively.
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3.4.4 Synthesis of [Ni(N-mepysesc)2]32:

Nickel acetate (0.025g, 0.10mmol) was dissolved in 20 ml of methanol with heating. To it
was added N-methyl-2-pyrrole selenosemicarbazone (0.064g, 0.27mmol) and the mixture
was refluxed for 4 hours. Light reddish solution formed was then filtered and at room
temperature reddish solution kept for crystallization. Yield, 60%, m. p., 215-218°C.
Important IR peaks (KBr, cm™): v(NH2) 3443m, 3390m, 3242m; v(C=N) 1548s; v(C=C)
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1467s; 8(NH2) 1410s; v(C=Se) 731s (selenoamidemoiety). '"H NMR (8, ppm; d®-dmso and
CDCl3): 7.94 s (1H, CZ'H), 7.32 d (1H, C’H), 6.61 d (1H, C*H) and 6.20 m (1H, C*H) and
3.87 s (CHs). ®C NMR (3, ppm): 138.2 (C?), 129.3 (C*) 125.8 (C%), 118.0 (C?), 109.4 (C?)
and 36.8 (CH3) respectively.
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3.4.5 Synthesis of [Ni(3-meoxsesc)2]33:

Nickel acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it
was added 3-methyl-2-oxindole selenosemicarbazone, (0.075g, 0.28mmol) and the mixture
was refluxed for 4 hours. Light reddish solution formed was then filtered and at room
temperature reddish solution kept for crystallization. Yield, 62%, m. p., 200-202°C.
Important IR peaks (KBr, cm™): v(NH2) 3377m, 3327m, 3273m; O(NH)meox 3123w; 0(C=N)
1626s; v(C=C) 1595m; &(NH2) 1473s; v(C=Se) 792s (selenoamidemoiety). 'H NMR (3,
ppm; d®-dmso and CDCl3): 8.50 s (1H, N''Hy), 7.29 m (2H, C%"H), 7.04 d (1H, C°H), 6.92 d
(1H, C¥H), 3.57 (CH3) and 1.69 s (1H, N'H). 3C NMR (§, ppm): 181.3 (C"), 141.1 (C?),
131.2 (C%) 127.8 (C7), 123.7 (C®), 122.4 (C*), 109.6 (C’) and 41.0 (CH3) respectively. Mass
spectra m/z: [Ni(CioH14N4Se)2]" : 594 amu (parent ion peak).
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3.4.6 Synthesis of [Ni(2-oxsesc)2]34:
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Nickel acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it
was added 2-oxindole selenosemicarbazone, (0.071g, 0.28mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 210-213°C. Important IR peaks
(KBr, cm™): b(NH2) 3269m; b(NH)ox 3134w; v(C=N) 1643s; v(C=C) 1602m; §(NH,) 1448s;
v(C=Se) 742s (selenoamidemoiety). 'H NMR (8, ppm; d®-dmso and CDCls): 8.50 s (1H,
N'H,), 7.25 m (2H, C%"H), 7.04 d (1H, C°H), 6.92 d (1H, C®H), 3.56 (cyclic proton ring)
and 1.68 s (1H, N'H). 3C NMR (8, ppm): 142.4 (C%), 127.9 (C7) 125.2 (C®), 124.6 (C"),
122.3 (C?), 109.6 (C*) and 36.2 (C?) respectively.
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3.4.7 Synthesis of [Ni(6-cloxsesc)2]35:

Nickel acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it
was added 6-chloro-2-oxindole selenosemicarbazone, (0.081g, 0.028mmol) and the mixture
was refluxed for 4 hours. Light reddish solution formed was then filtered and at room
temperature reddish solution kept for crystallization. Yield, 62%, m. p., 215-217°C.
Important IR peaks (KBr, cm™): b(NH2) 3429m, 3267m; b(NH)ciox 3147w; 0(C=N) 1656s;
v(C=C) 1507m; 3(NH) 1411s; v(C=Se) 740s (selenoamidemoiety). 'H NMR (8, ppm; d°-
dmso and CDCl;): 8.64 s (1H, N'Hy), 7.28 d (1H, C'H), 7.01 d (1H, C*H), 6.93 s (1H, C°H)
and 3.45 (cyclic ring). 3C NMR (5, ppm): 143.4 (C%), 133.6 (C%), 125.5 (C7), 123.3 (C?),
110.3 (C°) and 35.7 (C?) respectively.
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3.4.8 Synthesis of [Ni(5-clistsesc)2]36:

Nickel acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it
was added 5-chloro isatin selenosemicarbazone, (0.075g, 0.28mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 218-220°C. Important IR peaks
(KBr, cm™): v(NH2) 3464m, 3257m; v(NH)eiste 3147w; v(C=0) 1681s; v(C=N) 1612s;
v(C=C) 1575m; O(NH2) 1448s; v(C=Se) 779s (selenoamidemoiety). Mass spectra m/z:
[Ni(CoHsN4OCISe)2]": 593amu (parent ion peak).
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3.4.9 Synthesis of [Ni(1-meistsesc)2]37:

Nickel acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it
was added 1-methyl isatin selenosemicarbazone, (0.079g, 0.28mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 210-213°C. Important IR peaks
(KBr, cm™): b(NH2) 3410m, 3300m; v(C=N) 1649s; v(C=C) 1597m; S(NH») 1454s;
v(C=Se) 738s (selenoamidemoiety). 'H NMR (8, ppm; d®-dmso and CDCls): 8.71 s (1H,
N'H,), 7.24 m (2H, C>8H), 7.06 d (1H, C°H), 6.93 d (1H, C’H), 3.49 (CH3). '3C NMR (3,
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ppm): 181.4 (C1), 141.1 (C%), 131.2 (C®) 127.8 (C7), 123.8 (C°), 122.4 (C?), 109.6 (C*) and
41.0 (CHs) respectively. Mass spectra m/z: [Ni(C10HioN4OSe)2]": 619amu (parent ion peak).
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3.4.10 Synthesis of [Ni(3-insesc)2|38:

Nickel acetate (0.025g, 0.136mmol) was dissolved in 30 ml of methanol with heating. To it
was added 3-indole selenosemicarbazone, (0.075g, 0.28mmol) and the mixture was refluxed
for 4 hours. Light reddish solution formed was then filtered and at room temperature reddish
solution kept for crystallization. Yield, 62%, m. p., 210-215°C. Important IR peaks (KBr, cm"
D: v(NH2) 3461m; V(NH)ing 3050w; L(C=N) 1533s; V(C=C) 1495m; §(NH2) 1413s; L(C=Se)
739s (selenoamidemoiety). Mass spectra m/z: [Ni(CioH2N4Se)2]": 587amu (parent ion peak).
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3.4.11 Synthesis of [Ni(3-acinsesc)2]39:

Nickel acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it
was added 3-acetyl indole selenosemicarbazone, (0.079g, 0.28mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 230-233°C. Important IR peaks
(KBr, cm™): O(NH)acinda 3153w; b(C=N) 1608s; v(C=C) 1564m; S(NH>) 1421s; v(C=Se) 798s
(selenoamidemoiety). 'H NMR (8, ppm; d®-dmso and CDCls): 8.81 s (1H, N'H,), 8.43 d
(IH, C°H), 7.89 s (1H, C*H), 7.45 d (1H, C®H), 7.32 m (2H, C® "H) and 2.58 (CHs)
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respectively. 3C NMR (8, ppm): 136.3 (C?), 131.4 (C®) 125.4 (C%), 122.4 (C7), 118.6 (C®),

111.3 (C*) and 27.6 (CHs) respectively.
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3.4.12 Synthesis of [Ni(9-ansesc)2]40:

Nickel acetate (0.025g, 0.10mmol) was dissolved in 30 ml of methanol with heating. To it
was added 9-anthracene selenosemicarbazone, (0.092g, 0.28mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 65%, m. p., 220-223°C. Important IR peaks
(KBr, cm™): v(NH,) 3458m, 3262m; v(C=N) 1616s; v(C=C) 1523m; S(NH,) 1440s;
L(C=Se) 728s (selenoamidemoiety). 'H NMR (8, ppm; d®-dmso and CDCl3): 9.50 s (1H,
C?H), 9.00 d (1H, C*H), 8.56 s (1H, N''H), 8.18 d ( 1H, C®H), 8.01 d (1H, C''H), 7.96 d
(1H, C®H), 7.70-7.62 m (4H, C*> % 1°H). 13C NMR (CDCls, dppm): 162.0 (C"), 131.8 (C?),
131.5-124.6 (ring carbon) respectively.
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3.4.13 Synthesis of [Ni(1-naphsesc):]41:

Nickel acetate (0.025g, 0.10mmol) was dissolved in 30 ml of ethanol with heating. To it was
added 1-naphthaldehyde selenosemicarbazone, (0.077g, 0.28mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 220-225°C. Important IR peaks
(KBr, cm™): b(NH2) 3396m; v(C=N) 1602s; v(C=C) 1519m; §(NH>) 1465s; v(C=Se) 759s
(selenoamidemoiety). '"H NMR (8, ppm; d°-dmso and CDCls): 9.04 d (2H, C% °H), 8.75 s
(1H, N'Hy), 8.12 d (2H, C*?H), 7.71 -7.59 m (4H, C>"H).!*C NMR (CDCls, dppm): 193.0
(Ch), 135.2 (C%), 132.1(C7), 131.1(C%), 129.3(C®), 129.1(CY, 125.7(C*) and 123.5(C%)

respectively.
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3.4.14 Synthesis of [Ni(2-naphsesc)2]42:

Nickel acetate (0.025g, 0.10mmol) was dissolved in 30 ml of ethanol with heating. To it was
added 2-naphthaldehyde selenosemicarbazone, (0.077g, 0.28mmol) and the mixture was
refluxed for 4 hours. Light brownish solution formed was then filtered and at room
temperature brownish solution kept for crystallization. Yield, 60%, m. p., 240-242°C.
Important IR peaks (KBr, cm™): b(NH2) 3269m; v(C=N) 1662s; v(C=C) 1593m; &(NH>)
1448s; v(C=Se) 744s (selenoamidemoiety). 'H NMR (8, ppm; d®-dmso and CDCls): 8.89
s(1H, N'Hy), 7.16 d(1H, C°H), 7.01 d(1H, C*H), 5.12 s (1H, C’H), 2.97-2.38 m(4H, C*>°H)
respectively. Mass spectra m/z: [Ni(C12H1oN3Se)2]": 606amu (parent ion peak).
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3.5 Complexes of Copper(1l)
3.5.1 Synthesis of [Cu(cysesc)2]43:

Copper acetate(0.025g, 0.137mmol) was dissolved in 30 ml of methanol with heating. To it
was added cyclohexanoneselenosemicarbazone, (0.060g, 0.27mmol) and the mixture was
refluxed for 4 hours. Light red solution formed was then filtered and at room temperature red
solution kept for crystallization. Yield, 60%, m. p., 215-220°C. Important IR peaks (KBr, cm"
D: O(NH2) 3274m; v(C=N) 1647s; v(C=C) 1547s; &(NH2) 1413s; v(C=Se) 717s
(selenoamidemoiety). ESR data (g, tensor, A, gauss): g, 2.24; g1,2.07; Ay, 20; AL, 250. Mass
spectra m/z: [Cu(C7H11N3Se)2]": 496amu (parent ion peak).
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3.5.2 Synthesis of [Cu(2-fursesc):]|44:

Copper acetate (0.025g, 0.13mmol) was dissolved in 20 ml of methanol with heating. To it
was added 2-furfural selenosemicarbazone (0.026g, 0.27mmol) and the mixture was refluxed
for 4 hours. Light reddish solution formed was then filtered and at room temperature reddish
solution kept for crystallization. Yield, 60%, m. p., 210-213°C. Important IR peaks (KBr, cm"
D: V(NH2) 3333m; v(C=N) 1648s; v(C=C) 1546s; &(NH2) 1461s; v(C=Se) 736s
(selenoamidemoiety). ESR data (g, tensor, A, gauss): gj, 2.28; g1,2.07; Ay, 15; A1, 125.
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3.5.3 Synthesis of [Cu(2-thiosesc)2]45:

Copper acetate (0.025g, 0.13mmol) was dissolved in 20 ml of methanol with heating. To it
was added 2-thiophene selenosemicarbazone (0.063g, 0.27mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 60%, m. p., 210-213°C. Important IR peaks
(KBr, cm™): b(NH2) 3361m; v(C=N) 1606s; v(C=C) 1548m; §(NH,) 1418s; v(C=Se) 717s
(selenoamidemoiety). ESR data (g, tensor, A, gauss): g, 2.19; g1, 2.075; A, 20; A1, 210.
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3.5.4 Synthesis of [Cu(N-mepysesc)2]46:

Copper acetate (0.025g, 0.13mmol) was dissolved in 20 ml of methanol with heating. To it
was added N-methyl-2-pyrrole selenosemicarbazone (0.063g, 0.27mmol) and the mixture
was refluxed for 4 hours. Light reddish solution formed was then filtered and at room
temperature reddish solution kept for crystallization. Yield, 60%, m. p., 215-218°C.
Important IR peaks (KBr, cm™): b(NH2) 3215m; v(C=N) 1619s; v(C=C) 1542m; &(NH>)
1464s; v(C=Se) 721s (selenoamidemoiety). ESR data (g, tensor, A, gauss): g, 2.30; g, 2.08;
Ay, 20; Al 110.
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3.5.5 Synthesis of [Cu(3-meoxsesc)2]47:

Copper acetate (0.025g, 0.13mmol) was dissolved in 30 ml of methanol with heating. To it
was added 3-methyl-2-oxindole selenosemicarbazone, (0.073g, 0.27mmol) and the mixture
was refluxed for 4 hours. Light reddish solution formed was then filtered and at room
temperature reddish solution kept for crystallization. Yield, 62%, m. p., 205-210°C.
Important IR peaks (KBr, cm™): v(NH2) 3373m; u(C=N) 1608s; v(C=C) 1527m;
O(NH2)1421s; v(C=Se) 754s (selenoamidemoiety). ESR data (g, tensor, A, gauss): g|, 2.25;
g1,2.0; Ay, 20; A1, 160.
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3.5.6 Synthesis of [Cu(2-oxsesc)2]48:

Copper acetate(0.025g, 0.13mmol) was dissolved in 30 ml of methanol with heating. To it
was added 2-oxindole selenosemicarbazone, (0.069g, 0.27mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 205-210°C. Important IR peaks
(KBr, cm™): b(NH2) 3342m; v(C=N) 1601s; v(C=C) 1547m; 8(NH>) 1413s; v(C=Se) 730s
(selenoamidemoiety). ESR data (g, tensor, A, gauss): g, 2.31; g1, 2.05; Ay, 30; AL, 150.
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3.5.7 Synthesis of [Cu(6-cloxsesc)2]49:

Copper acetate(0.025g, 0.13mmol) was dissolved in 30 ml of methanol with heating. To it
was added 6-chloro-2-oxindole selenosemicarbazone, (0.079g, 0.27mmol) and the mixture
was refluxed for 4 hours. Light reddish solution formed was then filtered and at room
temperature reddish solution kept for crystallization. Yield, 62%, m. p., 210-215°C.
Important IR peaks (KBr, cm™): b(NHz) 3453;0(C=N) 1610s; v(C=C) 1483m; §(NH,) 1435s;
v(C=Se) 723s (selenoamidemoiety). ESR data (g, tensor, A, gauss): g, 2.21; g1,2.0; Ay, 20;
Al 210.
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3.5.8 Synthesis of [Cu(5-clistsesc)2]50:

Copper acetate (0.025g, 0.137mmol) was dissolved in 30 ml of methanol with heating. To it
was added 5-chloro isatin selenosemicarbazone, (0.073g, 0.27mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 210-215°C. Important IR peaks
(KBr, cm™): b(NH2) 3249m; v(C=0) 1694s; L(C=N) 1648s; L(C=C) 1470m; S(NHz) 1443s;
v(C=Se) 742s (selenoamidemoiety). ESR data (g, tensor, A, gauss): g, 2.24; g1,2.05; A, 20;
AL 165. Mass spectra m/z: [Cu(CoHsN4OCISe)>]": 666amu (parent ion peak).
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3.5.9 Synthesis of [Cu(1-meistsesc)2]51:

Cobalt acetate (0.025g, 0.136mmol) was dissolved in 30 ml of methanol with heating. To it
was added 1-methyl isatin selenosemicarbazone, (0.076g, 0.27mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 210-215°C. Important IR peaks
(KBr, cm™): b(NH2) 3380m; v(C=0) 1695s; b(C=N) 1607s; L(C=C) §(NH>) 1465s; L(C=Se)
749s (selenoamidemoiety). ESR data (g, tensor, A, gauss): gy, 2.19; g1,2.07; Aj, 20; A1, 202.
Mass spectra m/z: [Cu(C1oH10N4sOSe)2]": 624amu (parent ion peak).
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3.5.10 Synthesis of [Cu(3-insesc)2|52:

Copper acetate (0.025g, 0.136mmol) was dissolved in 30 ml of methanol with heating. To it
was added 3-indole selenosemicarbazone, (0.072g, 0.27mmol) and the mixture was refluxed
for 4 hours. Light reddish solution formed was then filtered and at room temperature reddish
solution kept for crystallization. Yield, 62%, m. p., 213-215°C. Important IR peaks (KBr, cm"
N: v(NH2) 3452m; v(C=N) 1602s; v(C=C) 1546s; &(NH2) 1417s; v(C=Se) 759s
(selenoamidemoiety). ESR data (g, tensor, A, gauss): g, 2.24; g1, 2.13; A, 35; AL, 220. Mass
spectra m/z: [Cu(CioH11N4Se)2]": 594amu (parent ion peak).
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3.5.11 Synthesis of [Cu(3-acinsesc)2]53:

Copper acetate (0.025g, 0.13mmol) was dissolved in 30 ml of methanol with heating. To it
was added 3-acetyl indole selenosemicarbazone, (0.076g, 0.27mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 210-215°C. Important IR peaks
(KBr, cm™): v(NHz) 3220m; v(C=N) 1609s; v(C=C) 1572s; §(NH,) 1430s; v(C=Se) 748s
(selenoamidemoiety). ESR data (g, tensor, A, gauss): gx, 2.04; gy, 2.15; g, 2.26; A}, 35; AL,
155. Mass spectra m/z: [Cu(C11H11N4Se)2]": 617amu (parent ion peak).
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3.5.12 Synthesis of [Cu(9-ansesc)2]54:

Copper acetate (0.025g, 0.137mmol) was dissolved in 30 ml of methanol with heating. To it
was added 9-anthracene selenosemicarbazone, (0.056g, 0.27mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 220-225°C. Important IR peaks
(KBr, cm™): v(NH2) 3481m, 362m; v(C=N) 1569s; v(C=C) 1499m; S(NH2) 1406s; v(C=Se)
732s (selenoamidemoiety). ESR data (g, tensor, A, gauss): g, 2.24; g1,2.07; Ay, 20; A1, 250.
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3.5.13 Synthesis of [Cu(1-naphsesc)2]55:

Copper acetate (0.025g, 0.137mmol) was dissolved in 30 ml of methanol with heating. To it
was added 1-naphthaldehydeselenosemicarbazone, (0.075g, 0.275mmol) and the mixture was
refluxed for 4 hours. Light brownish solution formed was then filtered and at room
temperature brownish solution kept for crystallization. Yield, 60%, m. p., 210-215°C.
Important IR peaks (KBr, cm™): b(NHz) 3331m; v(C=N) 1614s; v(C=C) 1543m; §(NH>)
1460s; v(C=Se) 765s (selenoamidemoiety). ESR data (g, tensor, A, gauss): gy, 2.3; g1,2.08;
Ay, 15; AL, 145.
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3.5.14 Synthesis of [Cu(2-naphsesc)2]56:

Copper acetate (0.025g, 0.137mmol) was dissolved in 30 ml of ethanol with heating. To it
was added 2-naphthaldehyde selenosemicarbazone, (0.075g, 0.27mmol) and the mixture was
refluxed for 4 hours. Light brownish solution formed was then filtered and at room
temperature brownish solution kept for crystallization. Yield, 60%, m. p., 230-235°C.
Important IR peaks (KBr, cm™): v(NHz) 3218m; v(C=N) 1607s; v(C=C) 1546s; S(NH>)
1466s; v(C=Se) 758s (selenoamidemoiety). ESR data (g, tensor, A, gauss): g, 2.23; g1,2.04;
Ay, 20; A1 170. Mass spectra m/z: [Cu(Ci12H10N3Se)2]": 612amu (parent ion peak).
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3.6 Complexes of Zinc(II)

3.6.1 Synthesis of [Zn(cysesc)2]57:

Zinc acetate (0.025g, 0.136mmol) was dissolved in 30 ml of methanol with heating. To it was
added cyclohexanoneselenosemicarbazone, (0.059g, 0.270mmol) and the mixture was
refluxed for 4 hours. Whitish solution formed was then filtered and at room temperature
whitish solution kept for crystallization. Yield, 60%, m. p., 200-203°C. Important IR peaks
(KBr, cm™): v(NH2) 3364m, 3293m; v(C=N) 1606s; v(C=C) 1580m; S(NH2) 1432s;
v(C=Se) 710s (selenoamidemoiety). 'H NMR (8, ppm; d®-dmso and CDCl3): 5.08 s (1H,
N'"H>), 3.52-1.73 m (10H, Cy ring proton). 3C NMR (§, ppm): 172.6 (C'), 36.1-25.5 (cyclic
ring carbon) respectively. Mass spectra m/z: [Zn(C7H12N3Se)2]" : 497 amu (parent ion peak).

83



., Se
3 2 VI V/4 Methanol Sey, NE
NH—C Refluxing 4 hrs Y, W
Zn(OAc), + 2 1 7 \ — T o Zn
N

4 =N NH, -
y CHyCOOH NG
5 6
(Hcysesc) [Zn(cysesc),]57
N
N3  Se

3.6.2 Synthesis of [Zn(2-fursesc):]58:

Zinc acetate (0.025g, 0.13mmol) was dissolved in 20 ml of methanol with heating. To it was
added 2-furfural selenosemicarbazone (0.026g, 0.27mmol) and the mixture was refluxed for 4
hours. Light reddish solution formed was then filtered and at room temperature reddish
solution kept for crystallization. Yield, 60%, m. p., 218-220°C. Important IR peaks (KBr, cm"
D: L(NH2) 3350m, 3230m; v(C=N) 1595s; L(C=C) 1531m; §(NH2) 1479s; v(C=Se) 744s
(selenoamidemoiety). Mass spectra m/z: [Zn(CsHeN30Se)2]" : 494 amu (parent ion peak).
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3.6.3 Synthesis of [Zn(2-thiosesc)2]59:

Zinc acetate (0.025g, 0.13mmol) was dissolved in 20 ml of methanol with heating. To it was
added 2-thiophene selenosemicarbazone (0.063g, 0.27mmol) and the mixture was refluxed
for 4 hours. Light reddish solution formed was then filtered and at room temperature reddish
solution kept for crystallization. Yield, 60%, m. p., 220-223°C. Important IR peaks (KBr, cm"
D: V(NH2) 3451m; v(C=N) 1645s; v(C=C) 1542s; &(NH2) 1420s; v(C=Se) 702s
(selenoamidemoiety. '"H NMR (CDCls, dppm): 8.80 s (1H, C*H), 7.50 d (1H, C*H), 7.44 d
(1H, C*H), 7.37 s (1H, N'"Hy), 7.22 s (1H, N'Hy), 7.15 t (1H, C°H). *C NMR (CDCls,
Sppm): 155.7 (C%), 132.3 (C3), 130.0 (C*), 127.8 (C?), 115.0 (C?) respectively. Mass spectra
m/z: [Zn(CeH7N3SSe)2]": 528 amu (parent ion peak).
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3.6.4 Synthesis of [Zn(N-mepysesc)2]60:

Zinc acetate (0.025g, 0.13mmol) was dissolved in 20 ml of methanol with heating. To it was
added N-methyl-2-pyrrole selenosemicarbazone (0.062g, 0.27mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 60%, m. p., 225-228°C. Important IR peaks
(KBr, cm™): b(NH2) 3397m, 3248m; v(C=N) 1586s; vL(C=C) 1560s; S(NHz) 1477s; v(C=Se)
734s (selenoamidemoiety). Mass spectra m/z: [Zn(C7H7N4Se)2]": 514 amu (parent ion peak).
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3.6.5 Synthesis of [Zn(3-meoxsesc)2|61:

Zinc acetate(0.025g, 0.13mmol) was dissolved in 30 ml of methanol with heating. To it was
added 3-methyl-2-oxindole selenosemicarbazone, (0.072g, 0.26mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 220-223°C. Important IR peaks
(KBr, cm™): b(NH) 3417m, 3255m; u(NH)ox 3142w; 0(C=N) 1589s; v(C=C) 1512s; 8(NH2)
1499s; v(C=Se) 723s (selenoamidemoiety). Mass spectra m/z: [Zn(CioH11N4Se)2]": 596 amu

(parent ion peak).
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3.6.6 Synthesis of [Zn(2-oxsesc)2]62:

Zinc acetate (0.025g, 0.13mmol) was dissolved in 30 ml of methanol with heating. To it was
added 2-oxindole selenosemicarbazone, (0.068g, 0.27mmol) and the mixture was refluxed for
4 hours. Light reddish solution formed was then filtered and at room temperature reddish
solution kept for crystallization. Yield, 62%, m. p., 230-233°C. Important IR peaks (KBr, cm"
D: L(NH2) 3398m, 3242m; V(NH)ox 3147w; L(C=N) 1599s; L(C=C) 1516s; §(NH,) 1452s;
LV(C=Se) 761s (selenoamidemoiety). Mass spectra m/z: [Zn(CoHoN4Se)2]": 574 amu (parent
ion peak).
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3.6.7 Synthesis of [Zn(6-cloxsesc)2]63:

Zinc acetate (0.025g, 0.136mmol) was dissolved in 30 ml of methanol with heating. To it was
added 6-chloro-2-oxindole selenosemicarbazone, (0.078g, 0.27mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 228-230°C. Important IR peaks
(KBr, cm™): b(NH2) 3396m; v(NH)ox 3146w; 0(C=N) 1599s; v(C=C) 1514m; &(NH2)
1498s; v(C=Se) 763s (selenoamidemoiety). 'H NMR (CDCls, Sppm): 8.48 s (1H, N''H»),
7.15 d (1H, C'H), 7.03 d (1H, C*H), 6.92 s (1H, C°H), 3.54 (cyclic proton ring). 3C NMR
(CDCl3, dppm): 177.1 (CV), 143.4 (C3), 133.6 (C®), 125.5 (C7), 110.2 (C®), 35.3 (C%)

respectively.
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3.6.8 Synthesis of [Zn(5-clistsesc)2]64:

Zinc acetate (0.025g, 0.13mmol) was dissolved in 30 ml of methanol with heating. To it was
added 5-chloro isatin selenosemicarbazone, (0.072g, 0.27mmol) and the mixture was refluxed
for 4 hours. Light reddish solution formed was then filtered and at room temperature reddish
solution kept for crystallization. Yield, 62%, m. p., 225-228°C. Important IR peaks (KBr, cm"
D: V(NH2) 3417m, 3254m; V(NH)ist 3144w; L(C=0) 1668s; L(C=N) 1589s; L(C=C) 1516m;
S(NH) 1448s; v(C=Se) 725s (selenoamidemoiety). Mass spectra m/z: [Zn(CoHsNsOClSe)2]":
662 amu (parent ion peak).

3
Se
4 N_ o 14 Methanol Seyy, WN3
cs 32 NS Refluxing 4 hgs R
Zn(OAc), + 2 N, ot
)50 N2 -CH;COOH
6 N
7 H [Zn(5-Clistsesc),]64
(5-ClIHistsesc)
VR
N®  Se

3.6.9 Synthesis of [Zn(1-meistsesc)2]65:

Zinc acetate (0.025g, 0.136mmol) was dissolved in 30 ml of methanol with heating. To it was
added 1-methyl isatin selenosemicarbazone, (0.076g, 0.27mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 60%, m. p., 230-235°C. Important IR peaks
(KBr, cm™): NH2) 3281; v(NH)ist 3161w; v(C=N) 1683s; v(C=C) 1566m; S(NH2) 1404s;
V(C=Se) 740s (selenoamidemoiety). Mass spectra m/z:  [Zn(C10HoN4sOSe)2]": 624 amu

(parent ion peak).
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3.6.10 Synthesis of [Zn(3-insesc)2]66:

Zinc acetate (0.025g, 0.136mmol) was dissolved in 30 ml of methanol with heating. To it was
added 3-indole selenosemicarbazone, (0.072g, 0.27mmol) and the mixture was refluxed for 4
hours. Light reddish solution formed was then filtered and at room temperature reddish
solution kept for crystallization. Yield, 62%, m. p., 228-230°C. Important IR peaks (KBr, cm"
D: V(NH2) 3352m, 3234m; V(NH)ina 3126w; L(C=N) 1595s; L(C=C) 1533m; §(NH) 1498s;
L(C=Se) 742s (selenoamidemoiety). 'H NMR (CDCls, dppm): 8.86 s (1H, C>H), 8.51 d (1H,
C°H), 8.35 d (1H, C®H), 7.45-7.36 m (2H, C%'H), 7.86 s (1H, N''H,). Mass spectra m/z:
[Zn(C10HoN4Se)2]": 591 amu (parent ion peak).

2 N 2 E:'//SG Methanol Se//”, \\\\\\\\N
4 3 _3.\N/\ Refluxing 4 hrs zZn
Zn(OAc)+ 2 © N, R NH Toncoon
1
7 N
) 9 H [Zn(3-insesc),]66
(3-Hinsesc)
~
N3 Se

3.6.11Synthesis of [Zn(3-acinsesc)2]67:

Zinc acetate (0.025g, 0.13mmol) was dissolved in 30 ml of methanol with heating. To it was
added 3-acetyl indole selenosemicarbazone, (0.076g, 0.27mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 62%, m. p., 230-232°C. Important IR peaks
(KBr, cm™): b (NH)ina 3155; v(C=N) 1608s; v(C=C) 1572m; S§(NH2) 1418s; v(C=Se) 750s

(selenoamidemoiety). Mass spectra m/z: [Zn(C11H12N4Se)2]": 621 amu (parent ion peak).
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3.6.12 Synthesis of [Zn(9-ansesc)2|68:

Zinc acetate(0.025¢g, 0.136mmol) was dissolved in 30 ml of methanol with heating. To it was
added 9-anthracene selenosemicarbazone, (0.056g, 0.27mmol) and the mixture was refluxed
for 4 hours. Light reddish solution formed was then filtered and at room temperature reddish
solution kept for crystallization. Yield, 64%, m. p., 230-233°C. Important IR peaks (KBr, cm"
D: V(NHz) 3317m; v(C=N) 1566s; v(C=C) 1496m; S(NH.) 1400s; v(C=Se) 796s
(selenoamidemoiety). 'H NMR (CDCls, dppm): 9.84 s (1H, N'Hz), 9.26 s (1H, N'H»), 9.10 s
(1H, C*H), 8.10 m (2H, C*!'H), 8.01m (2H, C**H), 7.86 t (2H, C>°H), 7.67 t (2H, C*!°H).
Mass spectra m/z: [Zn(C16HoN3Se)2]": 707 amu (parent ion peak).

2-| HNH2 Me’FhanoI Se/l/,,
I g Refluxing 4 hrs

Zn(OAc), + 2 H.27 _CH;COOH

2
4 OOO 10 [Zn(9-ansesc),]68
5 9

9-HAnsesc
7N\
N® Se

\\\\\\\ N

3.6.13 Synthesis of [Zn(1-naphsesc)2]69:Zinc acetate(0.025g, 0.136mmol) was dissolved in
30 ml of methanol with heating. To it was added 1-naphthaldehydeselenosemicarbazone,
(0.074g, 0.269mmol) and the mixture was refluxed for 4 hours. Light brownish solution
formed was then filtered and at room temperature brownish solution kept for crystallization.
Yield, 62%, m. p., 215-219°C. Important IR peaks (KBr, cm™): v(NH2) 3346m, 3228m;
L(C=N) 1593s; L(C=C) 1527m; §(NH>) 1440s; L(C=Se) 736s (selenoamidemoiety). 'H NMR
(CDCl3, dppm): 9.51 s (1H, C*'H), 8.98 d (1H, C*H), 8.16 d (1H, C°H), 8.01 d (1H, C*H),
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7.97 d (1H, C®H), 7.70 m (1H, C*H), 7.62 m (1H, C®H). *C NMR (CDCls, dppm):162.0
(Ch), 133.9 (C?), 131.6-124.2 (ring carbon). Mass spectra m/z: [Zn(C12HsN3Se)2]": 610 amu

(parent ion peak).

\\\\\ N

4
o5 3 Methanol Se/,,,“
7 Refluxing 4 hrs
Zn(OAc), + 2 —_——
8 2., 1 Se -CHsCOOH

H 1
9 10 , 3,N_C/
2c=N"2 \NH [Zn(1-naphsesc),]69
4 2
H 1
1-HNapsesc
7\
N3  Se

3.6.14 Synthesis of [Zn(2-naphsesc)2]70:

Zinc acetate(0.025g, 0.136mmol) was dissolved in 30 ml of ethanol with heating. To it was
added 2-naphthaldehyde selenosemicarbazone, (0.074g, 0.26mmol) and the mixture was
refluxed for 4 hours. Light reddish solution formed was then filtered and at room temperature
reddish solution kept for crystallization. Yield, 63%, m. p., 240-242°C. Important IR peaks
(KBr, cm™): v(NH2) 3348m, 3230m; v(C=N) 1568s; v(C=C) 1535m; &(NH) 1400s;
v(C=Se) 742s (selenoamidemoiety). '"H NMR (5, ppm; d®-dmso and CDCls): 10.1 s (1H,
C?H), 8.91 s (1H, N''H,), 8.18-7.29 (ring proton). Mass spectra m/z:[ Zn(C12HoN3Se)>]": 611

amu (parent ion peak).

Se N3
P Methanol Y, - e
6 2 , 1,Se Refluxing 4 his
Zn(OAc),+ 2 7
7 ; 2 HN-C -CH;COOH
8 10 H/C_'C\: ';I.H2 [Zn(2-naphsesc),]70
2-HNapsesc
VR
N  Se
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CHAPTER 4
RESULT AND DISCUSSION

(SELENOSEMICARBAZONES)

4.1 Discussion on Synthesis of Ligands

Reaction of cyclohexanone with KSeCN and hydrazine hydrate in acidic medium results in
the formation of cyclohexanone selenosemicarbazone.

The mechanism of formation of cyclohexanone selenosemicarbazone is given in Scheme 4.1

_NH,
03 o N .OH N
IN\—NHZ : !T{_NHz
/‘\ ‘i-l‘, H H
* HN—NH, > > +Se=C=N
H+
e c=nH

Hoy
|/
|
.

Se) H
LN ~N~c=nH
_N\ Se € N—NH—CiﬂHz - =N~ + C=—
HN—{ S
NH,

(Cyclohexanone selenosemicarbazone)
Scheme 4.1

Cyclohexanone selenosemicarbazone is reacted with aldehyde or ketones to for other
selenosemicarbazones. The synthesized selenosemicarbazones along with their structures and

numbering scheme are listed in table 4.1
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Table 4.1 List of synthesized selenosemicarbazones (H'L - H'4L)

Sr. No. | Name of Synthesized Structure of Synthesized
Selenosemicarbazone Compound and Selenosemicarbazone Compound
Ligands and Ligands
1. Cyclohexanone selenosemicarbazone . Se
3 2 V4
(Hcysesc, H'L) 1 /NH’C\
4 =N NH,
3' 1
5 6
2. 2-furfural selenosemicarbazone 4 3
/ , Se
(2-Hf H%L) ° \22' r?l 2 él: 1
-Hfursesc Z '
, 0 ¢ N7 1NH,
H H
3. 2-thiophene selenosemicarbazone 4 3
/ , Se
(2-Hthiosesc, HL) P 2 N2 b
-Hthiosesc _ : :
’ s c” N7 1ONH,
H H
4. N-methyl-2-pyrrole selenosemicarbazone 43
Se
(N-MeHPysesc, H'L) @ 3 I
2 _N_20 _C_ 1
N ¢~ N7 ANH,
HaC H
5. 3-methyl-2-oxindole selenosemicarbazone CH " 49, Se
AL HN—C
(3-MeHOxsesc, H5L) 6 N2 v \
1 N NH,
7 oo N 3 1
8 H
6. 2-oxindole selenosemicarbazone

(2-HOxsesc, HL)
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7. 6-chloro-2-oxindole selenosemicarbazone 4 3 2' Se
HN—
(6-CIHOxsesc, H'L) 5 2_ 7
1 N NH;
Cl g N 3
7 H
8. 5-chloro isatin selenosemicarbazone 3 Se
cld 3 7 N\I\%LVC
(5-ClHIstsesc, H3L) o NH,
1/ 2 '
6 N
7 H
9. I-methyl isatin selenosemicarbazone 3 Se
5 N_2
4_RZ TNHT
(1-MeHIstsesc, H°L) 6 2 o NH,
1
7 N
s 2 CHj
10. indole-3-selenosemicarbazone
(3-HIndsesc, H''L)
11. 3-acetyl indole selenosemicarbazone
(3-AcHIndsesc, H!''L)
12. 9-anthraldehyde selenosemicarbazone 1 //Se
(ONT
n
(9-HAnsesc, H'2L) E”L NH;
g
H. 2y
~ C/
3 2 1 11
4 10
L.
6 7 8
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13. 1-Naphthaldehyde selenosemicarbazone

(1-HNapsesc, H'3L)

H 1_Se
C=N 2
’ NH
H 2
14. 2-Naphthaldehyde selenosemicarbazone 5 3
6 v
14 2 1,5€e
(2-HNapsesc, H'*L) HN-C”7
7 2" v
9 =
8 10 LCTN - NH
H 3

4.2 IR Spectroscopy:

Important IR peaks of selenosemicarbazones are given in table 4.2 and IR spectra are given in

figures 4.2.1-4.2.14. The v(-NH-) band can be divided broadly in two categories (i) bands

in the range 3417-3219cm™! for symmetric and asymmetric stretching, (ii) bands due to

amide group v(-NH-) of selenosemicarbazone in the range 3157-3095 cm™!. The stretching

bond of NH group of isatin ring and indole ring gets merged with amide group. The

characteristic C=Se in ligands H'L -H"L appeared in the range, 898-812 cm™. Apperence of

v(C=N) band in the range, 1639-1591cm™ supports formation of condensation product

(selenosemicarbazones). The results are in line with the previous reported results in literature

[61-80].

Table 4.2 Important IR peaks of selenosemicarbazones (H'L - H¥L)

Synthesized Selenosemicarbazones | y(NUHz)| v(-N?’H-) | v(C=N), v(C=C) | v(C=Se)
Ligands ,0 (NH>)
Cyclohexanone 3157w 1591s, 1489m, 856s
. 3362m 1454s
1 )
selenosemicarbazone(Hcysesc, H'L) 3225m
2-furfural selenosemicarbazone 3142w 1600s, 1579m, 812s
3379m 1464s
- 2 ?
(2-Hfursesc, HL) 3340m
2-thiophene selenosemicarbazone 3095w 1599s, 1527m, 844s
(2-Hthiosesc, H°L) 3389m, 1413
’ 3221m
N-methyl-2-pyrrole 3110w 1633s, 1562m, 854s
) 3412m, 1496s
selenosemicarbazone 3223m
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(N-MeHPysesc, HYL)

3-methyl-2-oxindole 3157w | 1591s, 1489m, 854s
selenosemicarbazone 1425s
5 3358m,
(3-MeHOxsesc, H°L) 3248m
2-oxindole selenosemicarbazone 3157w 1591s, 1489m, 856s
(2-HOxsesc, H'L) o 1454s
6-chloro-2-oxindole 3142w 1589s, 1512m, 879s
selenosemicarbazone 1499s
(6-CIHOxsesc, H'L) g;gg’
5-chloroisatin selenosemicarbazone 3219m 3110w 1618s, 1559m, 8835s
1447s
(5-ClHIstsesc, H®L)
1-methylisatin selenosemicarbazone 3408m, | 3128w 1604s, 1492m, 889s
(1-MeHIstsesc, H°L) 3228m 1413s
3-indole selenosemicarbazone 3153w 1591s, 898s
3356m, 1487m,1450s
(3-HIndsesc, H''L) 3246m
3-acetylindole selenosemicarbazone 3142w 1624s, 1502m, 877s
3290m 1406s
(3-AcHIndsesc, H''L)
9-anthracene selenosemicarbazone 3151w 1639s, 1518m, 887s
3385m 1402s
- 12 5
(9-HAnsesc, H'’L) 3248m
1-naphthaldehyde 3147w | 1599s, 1516m, 871s
selenosemicarbazone(1-HNapsesc, 1452s
HISL)
3400m
2-naphthaldehyde selenosemicarbazone 3124w | 1597s, 1533m, 856s
1446s
(2-HNapsesc, H4L)
3352m
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4.3 NMR Spectroscopy:
4.3.1 '"H NMR Spectroscopy:

For establishing the structure of ligands using spectroscopic techniques, these
selenosemicarbazones are divided into the following three types. Important NMR signals of
selenosemicarbazones are given in Table 4.3 and '"H NMR spectra of synthesized ligands are
given in figures 4.3.1.1-4.3.1.14. For the discussion on 'H NMR signal,
selenosemiracbazones are splitup into three types: i) Cyclohxanone Selenosemicarbazone
(H'L); i) Heterocyclic Selenosemicarbazones (H?L-H*L); iii) Fused ring
Selenosemicarbazones (H’L-H'L). Signal due to N?H proton signal of cyclohexanone
selenosemicarbazone (H'L) appeared at § 9.23 ppm. The amino protons (N!'Hz) gave two
broad singlet at & 7.65 ppm and 6 7.15 ppm indicating that two protons are non-equivalent
probably due to the H-bonding between one at the amino hydrogen and azomethine nitrogen
(I). Cyclic ring protons signal of cyclohexanone selenosemicarbazone (H'L) appeared in the

range 6 2.32- 6 1.54 ppm.

N7
0\
. -
S
@

In selenosemicarbazone, containing five membered heterocyclic (H?L-H*L), N*H
proton signal appeared at the range 6 10.95-8 9.64 ppm. The amino protons appeared as two
broad singlets (Table 4.3.1). The C*'H proton signal in these ligand appeared in the range &
10.00-6 8.10 ppm. This signal cannot be obtained for N-methyl-2-pyrrole
selenosemicarbazone (H*L) probably due to its poor solubility. The amino protons (N!'Hz)
gave two broad singlet at the range 6 7.58-0 6.20 ppm indicating that two protons are non-
equivalent probably due to the H-bonding between one at the amino hydrogen and
azomethine nitrogen (I). Other ring protons appeared in the range, 6 7.89-8 6.62 ppm. The
methyl protons of N-methyl 2- pyrrole ring appeared as singlet at 6 3.87 ppm.

In case of fused ring selenosemicarbazones ligands H'°L-H'"L, N*H proton signal
appeared at the range § 11.6-8 9.51 ppm. The C>'H proton signal in these ligand appeared in
the range § 9.02-8 7.85 ppm. The amino protons (N! Ha) gave two broad singlet at § 7.97-8
6.63 ppm indicating that two protons are non-equivalent probably due to the H-bonding
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between one at the amino hydrogen and azomethine nitrogen (I) (Table 4.3.1). Due to low

solubility, two broad singlet of the amino protons (N!'H.) not appeared in case of

selenosemicarbazones ligand H''L. Other ring protons signal appeared in the range, § 8.73-8

7.28 ppm. The methyl protons of 3-acetyl indole ring appeared as singlet at  2.58 ppm. The

"H NMR data of selenosemicarbazones is in well agreement with literature [65-80].

Table 4.3.1 '"H NMR signals of synthesized selenosemicarbazones ligands

Synthesized
Compound and (1H, (1H, (1H, (Ring protons)
Selenosemicarbazones | NZ?H) C¥H) | N'Hy)
Ligands
Cyclohexanone - 7.65 s, 2.32-1.54 m (10H, cyclic proton ring)
7.15
selenosemicarbazone 5
(Hcysesc, H'L) 9.23 s
2-furfural 10.00s | 6.60 s, 7.87 d (1H, C°H), 7.74 d (1H, C*H),
6.54
selenosemicarbazone > 7.58 t (1H, C*H)
(2-Hfursesc, H?L) 10.95s
2-thiophene 8.10s | 7.58s, 7.47 m (1H, C*H), 7.37 d (1H, C*H),
6.71
selenosemicarbazone > 7.12d (1H, C°H)
(2-Hthiosesc, H3L) 9.64 s
N_methyl_z_pyrrole 10.05 s - 6.21 S, 7.98d (lH, CSH), 6.82t (IH, C4H),
: 6.20 s 6.62 d (1H, C3H), 3.87 (CH3)
selenosemicarbazone
(N-MeHPysesc, H'L)
3_methyl_2_oxindole 9.16 s - - 7.24-6.95 m (4 H, C5’6’7’8H), 3.51 (3H,
) CH3), 1.54 s (cyclic proton ring)
selenosemicarbazone
(3-MeHOxsesc, HL)
2-oxindole 9.03s - 5.54s, 8.34-6.90 m (4H, C>*7H), 3.56
. 546 (cyclic proton ring)
selenosemicarbazone
(2-HOxsesc, HL)
6-chloro-2-oxindole 9.51s - 4.89 s, 7.13 d (1H, C°H), 6.99 d (1H, C*H),
4.26s

selenosemicarbazone

(6-CIHOxsesc, H'L)

6.92 s (1H, C'H)
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5-chloroisatin 11.21s - 8.80 s, 7.49 d (1H, C*H), 7.21 d (1H, C'H),
selenosemicarbazone 8.56 6.86 m (2H, C>°H)
(5-ClHIstsesc, H3L)
1-methylisatin 13.1s - 8.01s, 7.61-6.90 m (4H, C>%"*H), 3.29 (CH3)
selenosemicarbazone 760
(1-MeHIstsesc, H’L)
3-indole 10.0's 7.85s | 1.76s, 8.30-7.28 (5H, Cyclic ring proton)
selenosemicarbazone 7565
(3-HIndsesc, H''L)
3-acetylindole - Zgg 5 8.42 d (1H, C"H), 7.90 d (1H, C°H),
selenosemicarbazone 7.46-7.32 m (2H, C>®*H), 7.29 s (1H,
(3-AcHIndsesc, H''L) - C?H), 2.58 s (3H, CH3)
9-anthracene 9.02s | - 8.73 d (2H, C*''H), 8.08 d (2H, C**H),
selenosemicarbazone 7.73 t (2H, C>°H), 7.60 t (2H, C*!°H),
(9-HAnsesc, H'2L) 11.5s 7.29 s (1H, C'H)
1-naphthaldehyde 9.00s | 7-97s 8.17d (1H, C°H), 8.02 d (1H, C*H),
selenosemicarbazone 9.51s 7.95 d (1H, C®H), 7.62 m (2H, C*"H),
(1-HNapsesc, H'L) 7.29 s (1H, C®H)
2-naphthaldehyde 8.38s | 770s 8.05-7.29 m (ring proton)
selenosemicarbazone

10.1s

(2-HNapsesc, H'4L)

In ketone based selenosemicarbazones HL-H’L, N> H proton signal appeared at the

range 0 13.1-0 9.16 ppm. Two broad singlets for amino protons appeared at & 8.80-6 4.26

ppm indicating that two protons are non-equivalent probably due to the H-bonding between

one at the amino hydrogen and azomethine nitrogen (I) (Table 4.3.1). Due to low solubility,

two broad singlet of the amino protons (N!'H») not appeared in case of selenosemicarbazones

ligand H’L. Ring protons signal appeared in the range, § 8.34-6 6.83 ppm. The methyl

protons of 3-methyl-2-oxindole and 1-methyl isatin selenosemicarbazone ring appeared as

singlet at 6 3.51 ppm and & 3.29 ppm respectively. Appearance of all the protons present in

selenosemicarbazones confirmed their formation.
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4.3.2 3C NMR Spectroscopy

Important signals in *C NMR specta of selenosemicarbazones are given in Table 4.3.2 and
spectra are given in figure 4.3.2.1-4.3.2.14. C" carbon signal of H'L appeared at & 175.6 ppm,
whereas the cyclic carbons signal appeared in the range, & 35.4-8 25.3 ppm. The C! signal of
N-methyl-2-pyrrole selenosemicarbazone (H*L) appeared at 6 173.4 ppm whereas same
signal could not be detected in H2L — H3L due to low solubility of these ligands. The C*
signal of heterocyclic selenosemicarbazones appeared in the range, 6 155.8-6 138.3 ppm. The
ring carbons signal appeared in the range, 6 133.9-0 109.3 ppm. Methyl carbon of N-methyl-

2-pyrrole selenosemicarbazone appeared as singlet at 6 36.8 ppm.

In case of fused ring selenosemicarbazones ligands H'’L - H™L, C"and C?'signal
appeared in the range, 6 193.6-0 162.1 ppm and 6 158.2-6 134.1 ppm respectively. Other ring
carbons signal appeared at the range between 6 134.5-8 112.3 ppm and methyl group showed
a signal at 8 35.4 ppm in case of 3-acetylindole selenosemicarbazone (3-AcHIndsesc, H''L).
In ketone based selenosemicarbazones HSL — H°L, C!" carbon signal appeared in the range &
181.6-0 163.1 ppm. Other ring carbons signal appeared in the range, 6 161.0- & 109.3 ppm.
The methyl carbons of 3-methyl-2-oxindole and 1-methyl isatin selenosemicarbazone ring
appeared as singlet at 5 41.1 ppm and & 25.8 ppm respectively. Appearance of *C signal due

to all the carbon atoms present in the selenosemicrabaones confirms its formation.

Table 4.3.2 Important '*C signal of selenosemicarbazones (H'L-H'"L)

Synthesised Ligands (C") (C?) | (Ring carbons)
Cyclohexanone -
) 35.4-25.3(cyclic carbon ring)
selenosemicarbazone
(Hcysesc, H'L) 175.6
2-furfural 145.2
. 133.9 (C%), 127.5 (C%, 117.3 (C?), 112.3
selenosemicarbazone ().
(2-Hfursesc, H*L) -
2-thiophene 155.8

: 132.4 (C3), 130.0 (C*), 127.8 (C%), 127.3
selenosemicarbazone (C2)

(2-Hthiosesc, H3L) -

N-methyl-2-pyrrole 1734|1383

selenosemicarbazone 36.8 (CHs)
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129.2 (C%), 125.8 (C%), 117.9 (C3), 109.8 (C?),




(N-MeHPysesc, H'L)

3-methyl-2-oxindole

141.3 (C%), 131.2 (C9), 127.8 (C7), 123.7 (C?),

selenosemicarbazone 181.6 109.3 (C°), 41.1 (CHs), 15.2 (cyclic carbon
ring).

(3-MeHOxsesc, HL)

2-oxindole - s 6 ;

142.3 (C?), 127.9 (C%), 124.6 (C7), 122.3 (C}),
selenosemicarbazone 177.4 109.7 (C%), 36.1 (cyclic carbon ring).
(2-HOxsesc, H°L)
6-chloro-2-oxindole -

. 143.6 (C3), 133.1 (C%), 125.3 §C7)’ 123.4 (C¥),
selenosemicarbazone 177.9 110.7 (C%), 58.2 (C*), 35.3 (C)
(6-CIHOxsesc, H'L)
5-chloroisatin 163.1 -

‘ 131.0 (3C5), 129.8 (C®), 125.2 (C7), 119.5 (C%),
selenosemicarbazone 42.1(C%), 34.9 (C?).

(5-ClHIstsesc, H3L)
1-methylisatin 178.7 } 161.0 (C°), 144.1 (C°), 132.0 (C?), 129.2 (C),

‘ 123.5 (C%), 121.1 (C?), 119.1 (C?), 109.3 (C*Y),
selenosemicarbazone 25.8(CH3), 20.4(cyclic ring).
(1-MeHIstsesc, H°L)
3-indole - 145.2 | 133.9(C%), 127.5 (C%), 117.3 (C*%, 112.3

) (C3).
selenosemicarbazone
(3-HIndsesc, H''L)
3-acetvlindol 1582 | 131.5(C%), 123.7 (C°), 122.6 (C"), 118.6

acetylindote (C%). 111.3/(CY), 35.4 (CHs), 26.9 (C°)
selenosemicarbazone
(3-AcHIndsesc, H!''L) 193.6
9-anthracene 135.0 | 132.4-122.7 (ring carbon), 114.0 (C%)
selenosemicarbazone
(9-HAnsesc, H'?L) 193.0
1-naphthaldehyde 134.1 | 131.8-124.9 (ring carbon), 115.0 (C°)
selenosemicarbazone (1-
HNapsesc, H3L) 162.1
2-naphthaldehyde 136.4 | 134.5-122.8 (ring carbon), 115.0 ()
selenosemicarbazone

192.2

(2-HNapsesc, H'4L)
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Figure 4.2.7 IR spectrum of 6-chloro-2-oxindole selenosemicarbazone(HL)
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Figure 4.3.1.1a) '"H NMR spectrum of cyclohexanoneselenosemicarbazone(H'L)
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Figure 4.3.1.2b) 'H NMR spectrum of 2-furfural selenosemicarbazone(H2L)(expanded form)
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Figure 4.3.1.5a) '"H NMR spectrum of 3-methyl-2-oxindole selenosemicarbazone(H5L)

3-methyl L oxindcls REE 3 z
A rE 1 {cvelic proton ring) ! [9000
[
Faonn
r
| P Foonn
p=
J ] I
i Lrann
L5000
) k=000
(Ring protons)
k5000
k3000
(CHs)
— I-2¢:||:||}
(1H, N* H) l
\ L
T ELE ] L
Q.. s ':':-.'I HI.E Ftl.ﬂ '.‘: 5 ?I.I1 EI.E E\.I.ﬂ y EI.IZI -1: 5 4I¢'I ?I.E 3.0 ?j 5 ?IJL'I |I 5

5.5
f1 (ppm)

Figure4.3.1.5b)!HNMRspectrumof 3-methyl-2-oxindole selenosemicarbazone(H5L)(expaned

form)

113



2-oxindole seleno(NMR)
Sample-3

7 6
f1 (ppm)

Figure 4.3.1.6a) '"H NMR spectrum of 2-oxindole selenosemicarbazone(H°L)

2-oxndole seleno(NMR) 3 T =z = - =
Sam?\e—3 @ B o oo i
(I [
7
Vi
' I
/ /
' {
[ [
|
' |
) | [
I
—— { | I ~
S A | i i) -~
{cyclic proton ring) |
(Ring protons)
|
]
|
(1H, N H) . J (1H, N'Hy)
‘ '\
h |
n |
A A L___k,u._w}q\;‘ R | I I W O I N A N A IS N | | S
T T T T T L E—— A
e s g o o & z
= = o | = = =
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
90 88 86 84 82 80 78 76 74 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 3.8 3.6 34

f1 (ppm)

Figure 4.3.1.6b) 'H NMR spectrum of 2-oxindole selenosemicarbazone(H®L)(expanded

form)

114

r1E+05

- 1E+05

90000

80000

70000

60000

50000

40000

30000

20000

10000

~-10000

38000
LESDDD
134000
;32000
;BDDDD
-ZSDDD
lZGDDD
124DDD
22000
LZUDDD
:lSDDD
llGDDD
;14000
;IZUUU
:lUDDD
;SDDD

1GUUU

;4000

2000

~-2000




RINKU1 [ 55000

SAMPLE-03

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

=-5000

7 6
f1 (ppm)
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Figure 4.3.2.4a) 3C NMR spectrum of N-methyl-2-pyrrole selenosemicarbazone(H*L)
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Figure 4.3.2.5a) 3C NMR spectrum of 3-methyl-2-oxindole selenosemicarbazone(H’L)
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Figure 4.3.2.7a) 3C NMR spectrum of 6- chloro-2-oxindole selenosemicarbazone(H’L)
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Figure 4.3.2.11a) '*C NMR spectrum of 3-acetyl indole selenosemicarbazone(H''L)
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Figure 4.3.2.13a) '3C NMR spectrum of 1-naphthaldehyde selenosemicarbazone(H'3L)
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CHAPTER 5

IRONIIT) COMPLEXES

5. Complexes of Iron(III)
5.1 Discussion on Synthesis of Iron metal complexes

Reaction of synthesized selenosemicarbazones ligands (H'L-H'“L) with iron acetate in 3: 1(L
: M) molar ratio has formed complexes of stiochiometry, [Fe(L);] (L = 'L 1; 2L 2; °L 3; ‘L
4;°L 5;5L 6;'L 7; 8L 8;°L 9;'°L 10; ''L 11; 2L 12; °L 13; '“L 14) (Scheme 5.1)

N3
5 Se Sﬁ/h, | “\\\\Se
R! HN —_— ‘Fe'
37 1 —
Fe(OCOCHz); * n =N NH, n=3 g | W3
R2 S
[Fe(L)s]
(L="L1;202;3.3;%L4;5L5;°.6; 7L 7;8L 8; °L 9;'°L 10; 'L 11; "2L 12; 3L

13; 4L 14)

Scheme 5.1

All the synthesized complexes alongwith the structure of their respective

selenosemicarbazones are given in Table 5.1

Table 5.1list of selenosemicarbazone complexes of iron(IIl) 1-14

Sr. | Selenosemicarbazone | Structure of Selenosemicarbazone Complexes Formed
No. | Ligands Ligands
1. | Cyclohexanone s o y 1,//Se [Fe(cysesc)s]1
selenosemicarbazone 1 /NH’C\
(Hcysesc, H'L) 4 —';l '1\1'H2
5 6
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2-furfural 4 3 [Fe(2-fursesc)s]2
. S
selenosemicarbazone 5 / \ ) '3 ge
2 2' 1
c” N7 1ONH,
(2-Hfursesc, H2L) H
2-thiophene 4 3 [Fe(2-thiosesc)s3]3
. S
selenosemicarbazone 5 / \ ) 'i’] P;e
2 2' 1
(2-Hthiosesc, H3L) H H

N-methyl-2-pyrrole

selenosemicarbazone

[Fe(N-mepysesc)s]4

(N-MeHPysesc, HL) N c N™ 1 NH;
Hs;C
3-methyl-2-oxindole 5 5 CH 2 9 //Se [Fe(3-meoxsesc)s]5
HN—C
selenosemicarbazone 6 F 2_ 7/ \
1)—N NH,
(3-MeHOxsesc, HL) | 7 9 N 8 T
8 H
2-oxindole 5 5 2 1 //Se [Fe(2-oxsesc)3]6
4 HN—C
; 2 \
selenosemicarbazone | 6 1 =N NH,
. =N 2 1
(2-HOxsesc, HL) 8 H
6-chloro-2-oxindole 4 3 le\i 1C 25e [Fe(6-cloxsesc)s]7
selenosemicarbazone 5 2_ 7\
1 N NH,
(6-CIHOxsese, H’L) | Cl7g H 3 T
7
5-chloro isatin 3 ' Se [Fe(5-clistsesc)3]8
4 3 N2 2://
selenosemicarbazone cl Z “NH™ ™A\
0 ’1\“"2
2 L}
(5-CIHIstsesc, HL) 6 :rj
7
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I-methyl isatin

selenosemicarbazone

(1-MeHIstsesc, H’L)

[Fe(1-meistsesc)s3]9

10.

indole-3-

selenosemicarbazone

(3-HIndsesc, H'’L)

[Fe(3-insesc)3]10

11.

3-acetyl indole

selenosemicarbazone

(3-AcHlIndsesc,
H'L)

[Fe(3-acinsesc)s]11

12.

9-anthraldehyde

selenosemicarbazone

(9-HAnsesc, H'’L)

[Fe(9-ansesc)3]12

13.

1-Naphthaldehyde

selenosemicarbazone

(1-HNapsesc, H'L)

[Fe(1-naphsesc)3]13

14.

2-Naphthaldehyde

selenosemicarbazone

(2-HNapsesc, H'4L)

[Fe(2-naphsesc)s3|14
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5.2 IR Spectroscopy:

Important IR peaks of selenosemicarbazones and their iron(IIl) complexes are given in Table
5.2 and IR spectra of complexes 1-14 are given in Figures 5.2.1-5.2.14. The v(NH) band due
to amino group in free ligands appeared in the range 3417-3223 cm™ (H'L - H'L), which
get slightly shifted to lower energy and appear in the range, 3399-3217 cm™..
Disappearance of amide band v(-NH-) vis-a vis free ligands (appeared in the range 3157-
3110 cm) in complexes 1-14 indicates deprotonation and co-ordination of ligand to metal
in anionic form. In some of the complexes a weak peak may appear in the range 3192-
3147cm™! due to the NH group of heterocyclic ring which makes it difficult to determine the
binding of ligand in neutral or anionic form.

The C=Se band in the ligands appeared in the range 898-854 cm™'. On complexation
with Fe(III), this band shifted to low energy and appeared in the range 780-715 cm™'. The
lower energy shift indicates the change of C=Se to C-Se” thus suggests binding of ligand in
selenate form [75]. Other IR peaks like v(C=N), v(C=C) and 6(NH2) appeared in the range

1671-1411 cm™ in complexes and showed no significant change vis-a-vis free ligands.

Table 5.2 Important IR peaks of selenosemicarbazones (H'L-H™L) and iron(IIl) complexes
(1-14)

Synthesised Ligands and Metal v(NH2) | v(-NH-) | »(C=N), v(C=Se) V(-NH-)
Complexes v(C=C), d heterocyclic
ring
(NH2)
Cyclohexanone Selenosemicarbazone 3157w 1591s, 1489m, | 856s -
(Hcysesc, H'L) 33322’ 1454s
[Fe(cysesc)s]1 1635s, 1504m, | 748s
1438s
3354m
2-furfural selenosemicarbazone 3142w 1600s, 1579m, | 812s -
(2-Hfursesc, H*L) ggzgﬁ’ 1464s
[Fe(2-fursesc)s]2 - 1617s, 1537m, | 738s -
1439s
3366m
2-thiophene selenosemicarbazone 3095w | 1599s, 1527m, | 844s -
. 3 3389m, 1415s
(2-Hthiosesc, H’L) 3921m
[Fe(2-thiosesc)s]3 - 1671s, 1605m, | 715s -
1419s
3219m
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N-methyl-2-pyrrole 3110w | 1633s, 1562m, | 854s -
selenosemicarbazone 1496s
4 3412m,
(N-MeHPysesc, H*L) 3223m
[Fe(N-mepysesc)s |4 3399m, | 1599s, 1504m, [767s -
3244m 1465s
3-methyl-2-oxindole 3157w 1591s, 1489m, | 854s -
selenosemicarbazone 1425s
5 3358m,
(3-MeHOxsesc, HL) 324%m
[Fe(3-meoxsesc)s]5 - 1695s, 1617s, | 747s -
1559m, 1447s
3226m
2-oxindole selenosemicarbazone 3157w 1591s, 1489m, | 856s -
(2-HOxsesc, H°L) g;g%ﬁ’ 1454s
[Fe(2-oxsesc)3]6 - 1656s, 1570m, {740s 3147w
1411s
3267m
6-chloro-2-oxindole 3142w | 1589s, 1512m, | 879s -
selenosemicarbazone 1499s
(6-CIHOxsesc, H'L) p417m,
’ 3255m
[Fe(6-cloxsesc)3]7 - 1646s, 1517m, [739s 3192w
1427s
3267m
5-chloroisatin selenosemicarbazone [3219m 3110w 1694s, 1618s, | 885s -
1559m, 1447s
(5-ClHIstsesc, H3L)
[Fe(5-clistsesc)s]8 - 1614s, 1511m, | 747s -
3217m 1460s
1-methylisatin selenosemicarbazone [3408m, 3128w 1676s, 1604s, | 889s -
(1-MeHIstsesc, H'L) 3228m 1492m, 1415s
[Fe(1-meistsesc)3]9 - 1607m, 1466s | 750s -
3219m
3-indole selenosemicarbazone 3153w | 1591s, 898s -
3356m, 1487m,1450s
(3-HIndsesc, H''L) 3246m
[Fe(3-indsesc)3]10 3394m, - 1643s, 1576m, (764s 3146w
3240m 1464s
3-acetylindole selenosemicarbazone 3142w | 1624s, 1502m, | 877s -
3290m 1406s

(3-AcHIndsesc, H''L)
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[Fe(3-acindsesc)s;]11

1613s, 1572m,
1432s

744s

3172w

9-anthracene selenosemicarbazone 3151w 1639s, 1518m, | 887s -
3385m 1402s
- 12 )
(9-HAnsesc, H'*L) 324%m
[Fe(9-anthrasesc)3]12 - 1665s, 1552m, | 780s -
1437s
3257m
1-naphthaldehyde 3147w 1599s, 1516m, | 871s -
. 1452s
selenosemicarbazone
- 13
(1-HNapsesc, H’L) 3400m
[Fe(1-naphthsesc)3]13 - 1631s, 1597s, | 744s -
3358m 1446s
2-naphthaldehyde 3124w 1597s, 1533m, | 856s -
. 1446s
selenosemicarbazone
(2-HNapsesc, H'4L)
3352m
[Fe(2-naphthsesc)s]14 - 1618s, 1539m, | 745s -
3219m 1442s
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5.3 Vibrating Sample Magnetometer Spectroscopy:

VSM analysis was performed to measure the magnetic properties of the synthesized

complexes.Complexes 1-14 were taken for VSM analysis. Magnetic hysteresis loops obtained

experimentally and hysteresis loop after linear correction are given in figures 5.3.1-5.3.14.
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From the VSM graphs, three parameters can be calculated: 1) Saturation
magnetization (Ms): A point when no further increase in magnetization is possible with
increase in external magnetic field; i1) remanence (M:): magnetization left behind after
removal of external magnetic field; iii) coercivity (Hc): it is the measure of reverse field
required to bring the magnetization to zero after saturation.The area within the loop indicates
the amount of energy absorbed by the material during each cycle of the hysteresis loop [140-
142]. These parameters calculated from hysteresis loop of complexes 1-14 are given in Table

5.3.
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Table 5.3 Saturation magnetization, coercivity and remanence values of complexes 1-14

Synthesized Iron Metal Saturation Coercivity Remanence
Complexes magnetization(emu/g) magnetization magnetization

(emu/g) (emu/g)
[Fe(cysesc)s]1 0.00520 0.00268 -0.34888
[Fe(2-fursesc)s]2 0.03628 0.02722 -0.35224
[Fe(2-thiosesc)3]3 0.07771 0.03224 -0.35406
[Fe(N-mepysesc)s |4 0.00565 0.00267 -0.32375
[Fe(3-meoxsesc)3 |5 0.06816 0.02590 -0.37635
[Fe(2-oxsesc)3]6 0.05313 0.01702 -0.31422
[Fe(6-cloxsesc)s3]7 0.09573 0.03276 -0.37866
[Fe(5-clistsesc)3 |8 0.07117 0.02738 -0.35183
[Fe(1-meistsesc)3]9 0.00490 0.00204 -0.29117
[Fe(3-indsesc)3]10 0.00929 0.00253 -0.33698
[Fe(3-acindsesc)3]11 0.00513 0.00198 -0.31079
[Fe(9-anthrasesc);[12 0.00665 0.00298 -0.37337
[Fe(1-naphthsesc)3;]13 0.00898 0.00383 -0.36404
[Fe(2-naphthsesc):]14 0.01652 0.00768 -0.35653

From the table it is clear that saturation magnetization is high in case of complexes 3, §, 6, 7

and 8 (0.05313-0.09573 emu/g) as compare to other complexes 1, 2, 4, 9-14 (0.00490-

0.01652 emu/g). The remanence magnetization of complexes 1-14 falls in the range -0.37866

to -0.29117emu/g. The low ramanence magnetization values indicate that the iron metal in

these complexes is magnetically soft.
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5.4 Mossbauer spectroscopy:

To find out the geometry of complexes, a representative complex (complex 2) was studied
for Mossbauer spectroscopy.Complex 2 was also studied for Mdssbauer spectroscopy.
Information regarding chemical state of and environment around iron can be obtained from
Mobssbauer spectroscopy. In >’Fe, ground state has I value of % and its first excited state has I
value 3/2. In the absence of any field gradient, the excited levels are degenerate thus give
only one peak, but in the presence of filed gradient degeneracy of excited levels (ground as
well as excited) removed and the level gets split up (split up into doublets) thus giving a

quadrupole splitting QS (Figure 5.4.1)

m;
—_—  +
| I A a2
3/2 e Y,
- —+1/2
LT TTTTTTTTTTTTTTT — t1/2
1/2 -
2 %
X S ° Q.S.
1 1 1 1 1 1 1 1 1 1 1 1

3

3 0 3 0 3
Velocity (mmny/s) Velocity (mm/s)

Figure 5.4.1 Splitting of Mossbauer peak in the presence of field gradient

Maossbauer spectrum of complex 2 was taken at two different temperatures i.e 300K and 15K.
Spectrum is given in Figure 5.4.2 and various parameters like isomer shift, quadrupole
splitting etc. are given in Table 5.4. Isomer shift (8) is obtained as distance of center of
quadrupolar distance from zero velocity, whereas quadrupolar splitting (A) give difference

between velocities of two peaks obtained due to the interaction of quadrupolar moment of the
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nucleus and electric field gradient. The formula to obtain & and A is given in equation 1 and 2

respectively.
S (isomer shift) = K(pex’ - pe’)[Rex —Rg/Rg]  ...o...o. Eq. 1

Where K = constant, pex= s- electron density in excited state, pg = s- electron
density in ground state, Rex - radii of nucleus in excited state, Rg -radii of nucleus in ground

state

A(quadrupolar splitting) = %5 €2,Q(1+1/3n?)1/2 e Eq. 2

e, - electric field, Q = °’Fe nuclear quadrupole moment, 1- symmetry parameter

100.0-
o 998
- _
O 996
[72]
R ]
£ o
@ 100.0
i
F g95.

99.0
Y 2 0 ; :
v, mm/s

Figure 5.4.2 Mossbauer spectra of [Fe(2-fursesc)s;]2

Table 5.4 Parameters of [Fe(2-fursesc)s;]2 complex

+0. +0. +0.
T.K Component 0+0.002, A+0.002, TI+0.002, A+, % Fe state X2
mm/s mm/s mm/s
D1 0.393 1.012 0.399 52 Fe’™ HS
300 0.931
D2 0.391 0.618 0.328 41 Fe’" HS
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D3 1.037 2.766 0.326 7 Fe?" HS
Dl 0.496 1.172 0.522 33 Fe** HS

15 D2 0.496 0.688 0.495 47 Fe’* HS 1.049
D3 1.196 2.928 0.792 20 Fe** HS

d - isomer shift, A -quadrupole splitting for paramagnetic component, I" - linewidth, A -

component area, y2 - Pirson's criterion

For high spin iron(IIl) octahedral complexes, isomer shift (3) generally obtained in the range

of ,0.4 mm/s-0.9mm/s [143]. In complex 2 the isomer shift value of 0.393 mm/s indicates the

formation of iron(Ill) high spin octahedral complex. Quadrupolar splitting indicates the

asymmetric charge distribution around the iron(III) nuclei.

5.5 ESR spectroscopy:

Electron Spin Resonance spectroscopy has been used as a powerful technique to determine

the spin state of iron(IIl) complexes [144-150]. To determine the oxidation and spin state of

synthesized complexes, ESR spectrum of representative complex 12 was recorded and

spectrum is give in Figure 5.5.1.

CW-EPR of sample RR9. Simulation paramelers are:
g, =2.65,g, =2.1, “’Fe hyperfime = 40G

1000

2000

Magnetic Fiekd< Gauss

Figure 5.5.1 Experimental (black) and simulated (red) best fit EPR spectrum of [Fe(9-

anthrasesc);]12 complex
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Complex 12 give a broad signal with g value approximately equal to 2 supports formation of

Fe(III) high spin complex with S = 5/2 in an octahedral environment [151,152].

5.6 Mass spectrometry:

Mass spectraof complexes 1-14 have been recorded and given in Figures 5.6.1-5.6.14. The
observed molecular ion peaks [M]" are given in Table 5.6 and it is clear from the table that
m/z value for complexes 1-14 are close to their proposed stiochiometry, [Fe(L)3] and thus
confirmed the coordination of iron(IIl) with selenosemicarbazones.

Table 5.6 m/z value (amu) of complexes 1-14 obtained from mass spectra

Complex | Parent peak obtained from | Expected formula for parent ion
No. Mass spectra (m/z)"

1 709 [Fe(C7H14N3Se)3]
2 675 Na-[Fe(C¢HsN30OSe)s]
3 751 [Fe(CsHgN3SSe)3]
4 731 [Fe(C7H13NsSe)s]
5 851 [Fe(CioH11N4Se)s]
6 809 [Fe(CoHoN4Se)s3]
7 905 [Fe(CsHgN4ClSe);3]
8 950 [Fe(CoHsN4ClOSe)s]
9 881 [Fe(Ci0HsN4OSe);3]
10 850 [Fe(CioH13N4Se)s]
11 930 [Fe(C11H11N4Se)s3]
12 1076 Nay-[Fe(C17H16N3Se)s]
13 884 [Fe(Ci12H12N3Se)s]
14 875 [Fe(Ci12H9oN3Se)s]

5.7 XRD studies:

In order to get more information about the crystalline structure of the metal-ligand complexes

X-ray diffraction analysis was employed, and the results are presented in Figure 5.7.1.
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Figure 5.7.1 XRD patterns of iron-based (7, 10, and 12) metal-ligand complexes

As shown in Figure 5.7.1, all complexes showed a broad peak in the 20 range of 15°-35°.
Furthermore, in the XRD patterns of all complexes, the peaks of selenium (JCPDS No. 00-
006-0362 with hexagonal crystalline structure) can be seen at 20 =23.5° and 29.7°, attributed
to the diffraction from the (1 0 0) and (1 1 0) crystalline planes. For complexes 7, 10 and 12,
three diffraction peaks can be seen at around 20 =45.3°, 66.0° and 83.8° which are ascribed to
the diffraction from the (0 1 1), (00 2) and (1 1 2),crystalline planes of face-centered cubic (f
¢ ¢) iron structure, respectively, with JCPDS No. 96-900-6601. The lattice parameter values
obtained for complexes 7, 10 and 12 was 2.827, 2.826 and 2.828 A, respectively. No peaks
from iron oxides species can be observed, indicating the formation of pure phases.

Crystallite size of the crystalline phases was assessed by Scherrer’s equation (Eq. (1) [153-
156]

D = ABcos(0) 1)

Where D is the crystal size, A is the X-ray wavelength (0.15418 nm), B is the corrected
integral width, and 0 is the Bragg angle for the (0 1 1) reflection for complexes 7, 10 and 12.
According to the equation, the crystallite size of complexes 7, 10 and 12 was equal to 20.1,
22.5 and 18.0 nm, respectively. For the selenium phase in the complexes, the Scherrer’s

formula was used for the (1 1 0) reflection and the obtained crystalline sizes were equal to
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33.8, 33.9 and 34.1 nm for complexes 7, 10, and 12 respectively. Crystalline size and lattice

parameters are represented in table 5.7.

Table 5.7 Crystallite size and lattice parameters of crystalline structures

Complex Crystalline Crystallite Lattice Lattice Lattice
No. phase size (nm) parameter | parameter | parameter
®A) | (© @A)
(a) (A)

7 Se 33.8 4.366 4.366 4.954
(Hexagonal)

Fe (FCCO) 20.1 2.827 2.827 2.827

10 Se 33.9 4.366 4.366 4.954
(Hexagonal)

Fe (FCC) 22.5 2.826 2.826 2.826

12 Se 34.1 4.366 4.366 4.954
(Hexagonal)

Fe (FCC) 18.0 2.828 2.828 2.828
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CHAPTER 6

COBALTII) COMPLEXES

6 Complexes of Cobalt(II)
6.1 Discussion on Synthesis of cobalt metal complexes

Reaction of synthesized selenosemicarbazones ligands (H'L-H'L) with cobalt acetate in 2:
Imay form complexes of stiochiometry, [Co(L)2] (L = 'L 15;°L 16;°L 17; “L 18;°L 19; °L
20; 'L 21; %L 22;°L 23; 1°L 24; 'L 25; 1°L 26; °L 27; '“L 28) (Scheme 6.1 )

1 HN ———> Ce/’h \\\\N
R <
NH2

Co(OCOCHg), + n Y=N. N3/ \

R2
[Co(L).]
(L= "L 15; 2L 16; 3L 17; “L 18; 5L 19; 6L 20; 7L 21; 8L 22; °L 23; "OL 24; 'L 25;
12| 26; 181 27; 4L 28)
Scheme 6.1

All the synthesized complexes along with the structure of their respective
selenosemicarbazones are given in table 6.1

Table 6.1 List of selenosemicarbazone complexes of cobalt(Il) 15-28

Sr. | Selenosemicarbazone | Structure of Selenosemicarbazone | Complexes Formed
No. | Ligands Ligands
1. Cyclohexanone s Y Se [Co(cysesc)2]15
selenosemicarbazone( ] /NH’C\
Hcysesc, H'L) 4 —';l ,1\1'H2
5 6
2. 2-furfural 4 [Co(2-fursesc)2]16
3
: / , Se
selenosemicarbazone 5 \ ) 3 I
2'/ N 2' C 1
(0] C/ ~N N 7~ 1 ~ NH,
(2-Hfursesc, H*L) H H
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2-thiophene

selenosemicarbazone

(2-Hthiosesc, H3L)

[Co(2-thiosesc)2]17

N-methyl-2-pyrrole
selenosemicarbazone

(N-MeHPysesc, H'L)

[Co(N-mepysesc)2]18

3-methyl-2-oxindole
selenosemicarbazone

(3-MeHOxsesc, HL)

[Co(3-meoxsesc)2]19

2-oxindole

selenosemicarbazone

(2-HOxsesc, HL)

[Co(2-0xsesc)2]20

6-chloro-2-oxindole
selenosemicarbazone

(6-CIHOxsesc, H'L)

[Co(6-cloxsesc)2]21

5-chloro
isatinselenosemicarbaz

one

(5-ClHIstsesc, H3L)

[Co(5-clistsesc)2]22

I-methyl
1satinselenosemicarbaz

one

(1-MeHIstsesc, H'L)

[Co(1-meistsesc)2]23
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10. | indole-3- [Co(3-insesc)2]24
selenosemicarbazone
(3-HIndsesc, H'’L)
11. | 3-acetyl [Co(3-acinsesc)2|25
indoleselenosemicarba
zone
(3-AcHIndsesc, H''L)
12. | 9-anthraldehyde 1 //Se [Co(9-ansesc)2]26
c”
i \
selenosemicarbazone I?HL NH,
3
(9-HAnsesc, H'’L) H \g//
3 o J1 1
4 10
1909
6 7 8
13. | I-Naphthaldehyde 6 4 [Co(1-naphsesc)2]27
3
selenosemicarbazone ! OO
2 :
° 10 3 H—éése
(1-HNapsesc, H*L) ® 2c=N"2 O
/ NH2
H T
14. | 2-Naphthaldehyde S A 3 [Co(2-naphsesc)2]28
. 2
selenosemicarbazone | ° QO 2 1,5€
HN-C
7 9 2" \
(2-HNapsesc, H'4L) 8 10 H/C_';l, ’}I.HZ
6.2 IR Spectroscopy:

Important IR peaks of selenosemicarbazones are given in table 6.2 and IR spectra are given in

figures 6.2.1-6.2.14. The v(NH) band due to amino group in free ligands appeared in the
range 3417-3223 cm™'(H'L-H™L). On complexation with Cobalt(II) these bands showed

slight shift to lower energy and appear in the range 3361-3208 cm™'. The amide band v(-
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NH-) in free ligands appeared in the range 3157-3110 cm ' (H'L-H"L). In ligands H5L-
HU''L, amide band gets observed by stretching of -NH- group present in heterocyclic
rings. In complexes 15-24, 26-28 absence of this band indicates deprotonation and co-
ordination of ligand to metal in anionic form. In complex 25, the presence of band in the
range 3153 cm™ is due to the NH group of heterocyclic ring which makes it difficult to
determine the binding of ligand in neutral or anionic form.

The C=Se band in the ligands appeared in the range 898-854 cm™'. On complexation this band
shifted to low energy and appeared in the range 792-703 cm'. The lower energy shift
indicates the change of C=Se to C-Se™ thus suggests binding of ligand in selenate form.

Other IR peaks like v(C=N), v(C=C) and 8(NH>) appeared in the range 1627-1418 cm! in
complexes and showed no significant change vis-a-vis free ligands.

Table 6.2 Important IR peaks of selenosemicarbazones (H'L-H'L) and cobalt(Il) complexes
(15-28)

Synthesised Ligands v(NH2) |[v(-NH-) | »(C=N),v(C=0), v(C=Se)| v(-NH-)
and Metal Complexes o(NH>) heterocyclic
ring
Cyclohexanoneselenose 3157w 1591s, 1489m, 1454s | 856s -
micarbazone
(Hcysesc)H'L 3362m,
3225m
[Co(cysesc)2]15 - 1627s, 1556m, 1422s [752s -
3301m
2-furfural 3142w 1600s, 1579m, 1464s | 812s -
selenosemicarbazone
(2-Hfursesc) H’L 3379m,
3340m
[Co(2-fursesc)2]16 - 1582s, 1499m, 1466s 744s -
3303m
2-thiophene 3095w 1599s, 1527m, 1415s | 844s -
selenosemicarbazone
(2-thiosesc) H’L 3389m,
3221m
[Co(2-thiosesc)2]17 - 1605s, 1564m, 1416s 703s -
3304m
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N-methyl-2-pyrrole 3110w 1633s, 1562m, 1496s | 854s
selenosemicarbazone
(N-Hmepysesc) H'L 3412,
3223m
[Co(N-mepysesc)2]18 - 1598s, 1567m, 1417s 728s
3344m
3-methyl-2-oxindole 3157w 1591s, 1489m, 1425s | 854s
selenosemicarbazone
(3-Hmeoxsesc) H'L 3358,
3248m
[Co(3-meoxsesc)2]19 - 1613s, 1572m, 1427s 742s
3208m
2-oxindole 3157w 1591s, 1489m, 1454s | 856s
selenosemicarbazone
(2-Hoxsesc) H°L 3362m,
3225m
[Co(2-o0xsesc)2]20 - 1616s, 1554m, 1436s 792s
3249m
6-chloro-2-oxindole 3142w 1589s, 1512m, 1499s | 879s
selenosemicarbazone
(6-Hcloxsesc) H'L 3417m,
3255m
[Co(6-cloxsesc)z]21 - 1608s, 1598m, 1418s 717s
3339m
5-chloroisatin 3219m 3110w 1694s, 1618s, 1559m, | 885s
selenosemicarbazone (5- 1447s
Hclistsesc) H3L
[Co(5-clistsesc)2]22 3256m - 1697s, 1610s, 1481m, | 767s
1446s
1-methylisatin 3408m, 3128w 1676s, 1602s, 1492m, | 889s
selenosemicarbazone (1-355g 1415s
Hmeistsesc) H’L
[Co(1-meistsesc)2]23  3248m - 1693s, 1604s, 1505m, | 749s

1464s
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3-indole 3153w 1591s, 1487m,1450s 898s -
selenosemicarbazone
(3-Hindsesc) H''L 3356m,
3246m
[Co(3-indsesc)2]24 - 1615s, 1567s, 1500s 784s -
3361m
3-acetylindole 3142w 1624s, 1502m, 1406s | 877s -
selenosemicarbazone
(3-Hacindsesc) H''L  3290m
[Co(3-acindsesc)2]25 - 1610s, 1573m, 1426s | 749s 3156w
9-anthracene 3151w 1639s, 1518m, 1402s | 887s -
selenosemicarbazone
(9-Hanthrasesc) H’L  3385m_
3248m
[Co(9-anthrasesc)2]26 - 1635s, 1547m, 1419s | 752s -
3243m
1-naphthaldehyde 3147w 1599s, 1516m, 1452s | 871s -
selenosemicarbazone
(1-Hnaphthsesc) H'3L
3400m
[Co(1-naphthsesc)2]27 - 1604s, 1545m, 1456s | 765s -
3358m
2-naphthaldehyde 3124w 1597s, 1533m, 1446s | 856s -
selenosemicarbazone
(2-Hnaphthsesc) H'“L
3352m
[Co(2-naphthsesc)2]28 - 1614s, 1543m, 1460s | 765s -
3331Im

6.3 Mass Spectrometry:

Mass spectra of complexes 15-28, has been recorded and given in figures 6.3.1-6.3.14. The

observed molecular ion peak [M]" are given in table 6.3. From the table it is clear that m/z

values for complexes 15-28 are close to their proposed stoichiometry [Co(L)] and thus

confirmed the co-ordination of Cobalt(Il) with selenosemicarbazones.
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Table 6.3 m/z values (amu) of complexes 15-28 obtained from Mass Spectra

Complex No. Parent peak obtained from Expected formula for parent ion
mass spectra (m/z)*

15 492 [Co(C7H12N3Se):2]

16 484 [Co(CsHsN30Se):2]

17 513 [Co(CsH3N3SSe):]

18 511 [Co(C7HsNaSe)2]

19 593 [Co(CioH13N4Se)2]

20 563 [Co(CoH10N4Se)2]

21 631 [Co(CoH9N4ClISe)2]

22 658 [Co(CoH7N4OClSe)2]

23 614 [Co(C10HsN4OSe):]

24 587 [Co(C10HoN4Se)2]

25 615 [Co(C11H12N4Se):]

26 709 [Co(Ci6H13N3Se):]

27 608 [Co(Ci2H10N3Se):]

28 610 [Co(Ci2H12N3Se):]
6.4 CHN Spectroscopy:

The percentage carbon, hydrogen and nitrogen in complexes 15-28 has been determined by
elemental analysis and the result are given in Table 7.4. From the table, it is clear that the
experimental values are in close proximity with the calculated value for the molecular

formula [Co(L)2] of complexes 15-28.
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Table 6.4 Carbon, hydrogen and nitrogen (%age) present in complexes 15-28

S. No | Carbon Hydrogen Nitrogen Expected formula for
parent ion
Calculated Found | Calculated | Found | Calculated | Found
1. 33.9 33.2 52 5.0 16.9 16.4 [Co(C7H13N3Se)2] 15
2. 25.7 25.4 2.9 2.0 17.9 17.1 [Co(CsH7N30Se)2]16
3. 24.0 23.8 2.8 2.3 16.9 16.4 [Co(CsH7N3SSe)2]17
4. 343 34.0 4.0 3.8 17.1 16.8 [Co(C7H10N4Se)2]18
5. 40.4 40.1 4.0 3.8 18.8 18.0 [Co(Ci0H12N4Se)2]19
6. 33.9 33.2 52 5.0 16.9 16.4 [Co(CoH10N4Se)2]20
7. 33.9 33.2 5.2 5.0 16.9 16.4 [Co(CoHyN4ClSe)2]21
8. 33.9 33.2 52 5.0 16.9 16.4 [Co(CoH7N4ClOSe)2]22
9. 33.9 33.2 52 5.0 16.9 16.4 [Co(C10H10N4OSe)2]23
10. 40.8 40.3 34 3.0 19.0 18.8 [Co(CioH10N4Se)2]24
11. 42.8 42.2 3.8 3.2 18.1 18.0 [Co(C11H12NaSe)2]25
12. 54.0 53.8 3.6 3.2 11.8 11.6 [Co(Ci6H15N3Se)2]26
13. 47.1 46.9 3.6 34 13.7 13.3 [Co(C12H11N38e)2]27
14. 47.1 46.9 3.6 33 13.7 13.5 [Co(Ci2H11N3Se)2]28
6.5 ESR Spectroscopy:

Electron Spin Resonance spectroscopy has been used as a powerful technique to determine

the spin state of Cobalt(Il) complexes. To determine the oxidation and spin state of

synthesized complexes, ESR spectrum of representative complex 28 was recorded and

spectrum is give in Figure 6.5.1.
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Figure 6.5.1 Experimental (black) and simulated (red) best fit EPR spectrum of [Co(2-
naphthsesc)2]28 complex

From ESR spectra, the structure of complex 28 is found to be square planar as measured with

respect to given g values (g-2.0 and gi- 2.2) [157-170].
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Figure 6.2.1 IR spectrum of [Co(cysesc)2]15
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Figure 6.2.2 IR spectrum of [Co(2-fursesc)2]16
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Figure 6.3.1a) Mass Spectrum of [Co(cysesc)2]15
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CHAPTER 7
NICKELII) COMPLEXES

7 Complexes of Nickel(II)
7.1 Discussion on Synthesis of nickel metal complexes

Reaction of synthesized selenosemicarbazones ligands (H'L-H'YL) with nickel acetate in 2:
Imay form complexes of stiochiometry, [Ni(L)2] (L = 'L 29;%L 30;’L 31;“L 32;°L 33;°L 34;
'L 35;3L 36; °L 37; '°L 38; ''L 39; '°L 40; '°L 41; '“L 42) (Scheme 7.1)

R éf ( SeI[,’ \\\\\N

3/
Ni(OCOCH3), * n >—N NH,

[Ni(L)2]
(L= "L 29; 2L 30; 3L 31; “L 32; 5L 33; °L 34; "L 35; 8L 36; °L 37; '°L 38; ''L 39;
12 40; L 41; 'L 42)

Scheme 7.1

All the synthesized complexes along with the structure of their respective

selenosemicarbazones are given in Table 7.1

Table 7.1 List of selenosemicarbazone complexes of nickel(Il) 29-42

Sr. | Selenosemicarbazone | Structure of Selenosemicarbazone | Complexes Formed
No. | Ligands Ligands
.S i
1. Cyclohexanone s o > 1y e [Ni(cysesc)2]29
selenosemicarbazone ;. NHTE
4 =N NH,
(Hcysesc, H'L) 3 1
5 6
2. 2-furfural 4 3 [Ni(2-fursesc)2]30
/ Se
selenosemicarbazone 5 \ 2, ,5\51 g
' 2| 1I
0 Elé \H/ 1'\NH2
(2-Hfursesc, H*L)
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2-thiophene

[Ni(2-thiosesc)2]31

4
) / 3 , Se
selenosemicarbazone 5 \ 2, '5\”] C”: 1
: o :
S ﬁé \H/ 1'\NH2
(2-Hthiosesc, H3L)
4. N-methyl-2-pyrrole 43 [Ni(N-mepysesc)2]32
. / Se
selenosemicarbazone 1 \ 5 3 I
2 __N_20 _C_ 1
(N-MeHPysesc, H'L) N ¢ N7 1'\NH2
HaC H H
3
5. 3-methyl-2-oxindole CH 2 1,Se [Ni(3-meoxsesc)2]33
4 3C 3% HN—C
selenosemicarbazone 6 2_ 7/ \
1 N NH,
(3-MeHOxsesc, H’L) | 7 5 H 3 T
6. | 2-oxindole 2 1,Se [Ni(2-oxsesc)2]34
| ath 48, HN—C”
/
selenosemicarbazone 6 =N NH,
7 S ” 3 1
(2-HOxsesc, HL)
7. 6-chloro-2-oxindole 2 1 _Se [Ni(6-cloxsesc)2]35
_ A3 . HN—C
selenosemicarbazone 5 2_ < )
1 . NH>
(6-CIHOxsesc, H'L) Cl7g N 3 1
7
- — 3 ' YT,
8. S5-chloro isatin A Ny ’ //Se [Ni(5-clistsesc)2]36
selenosemicarbazone cld Z S-S
O NH2
6 1/°2 1
(5-CIHIstsesc, H3L) ? N
0. I-methyl isatin 3' , 1,Se [Ni(1-meistsesc)2]37
' s 32"~ -G
selenosemicarbazone
6 2 NH,
1/-0 T
(1-MeHIstsesc, H'L) | ' 9 OH,
10. | indole-3- [Ni(3-insesc)2]38
selenosemicarbazone

(3-HIndsesc, H''L)
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3-acetyl indole [Ni(3-acinsesc)2]39

selenosemicarbazone

(3-AcHIndsesc, H''L)

9-anthraldehyde 1C //Se [Ni(9-ansesc)2]40
) 1"
selenosemicarbazone IN
2
AN NH,
3
(9-HAnsesc, H'2L) H\é'//N
3., 1 U
IDOOH
5 9
6 7 8

1-Naphthaldehyde 6 4 [Ni(1-naphsesc):]41

5
. 7 3
selenosemicarbazone
8 ! 2 ' _Se
9

(1-HNapsesc, H'3L)

2-Naphthaldehyde S 3 [Ni(2-naphsesc)2]42

. 6 y 2
selenosemicarbazone 2 1,8e
HN-C
7 2
8

(2-HNapsesc, H'“L)
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7.2 IR Spectroscopy:

Important IR peaks of selenosemicarbazones are given in table 7.2 and IR spectra are given in
figures 7.2.1-7.2.14. The v(NH) band due to amino group in free ligands appeared in the
range 3417-3223 cm™'(H'L-H'L). On complexation with nickel(II) these bands showed
slight shift to higher energy and appear in the range 3492-3273 cm™'.

The amide band v(-NH-) in free ligands appeared in the range 3157-3110 cm™'(H'L-
H'"L). In ligands H’L-H''L, amide band gets observed by stretching of -NH- group
present in heterocyclic rings. In complexes 29-32, 37, 40-42 absence of this band
indicates deprotonation and co-ordination of ligand to metal in anionic form. In
complexes 33-36, 38, 39, the presence of band in the range 3147-3050 cm™ is due to the
NH group of heterocyclic ring which makes it difficult to determine the binding of ligand in
neutral or anionic form.

The C=Se band in the ligands appeared in the range 898-854 cm™. On complexation this band
shifted to low energy and appeared in the range 798-728 cm™. The lower energy shift
indicates the appearence of C=Se to C-Se" thus suggests binding of ligand in selenate form.
Other IR peaks like v(C=N), v(C=C) and §(NH:) appeared in the range 1649-1410 cm™ in
complexes and showed no significant change vis-a-vis free ligands.

Table7.2 Important IR peaks of selenosemicarbazones (H'L-H™L) and nickel(IT) complexes
(29-42)

Synthesised Ligands and | y(NH>) v(-NH-)| v(C=N), v(C=Se) v(-NH-)
Metal Complexes v(C=C), o heterocyclic
(NH2) rns
Cyclohexanone 3157w | 1591s, 1489m, | 856s -
. 3362m, 1454s
Selenosemicarbazone 3295m
[Ni(cysesc)2]29 3492m, 3371m,| - 1630s, 1584m, [781s -
3320m 1423s
2-furfural 3142w | 1600s, 1579m, | 812s -
. 3379m, 1464s
selenosemicarbazone 3340m
[Ni(2-fursesc)2]30 - 1649s, 1597s, 738s -
3410m, 1454s
3300m
2-thiophene 3095w | 1599s, 1527m, | 844s -
. 3389m, 1415s
selenosemicarbazone 3221m
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[Ni(2-thiosesc)2]31 - 1607s, 1563m, | 798s -
1417s
3291m
N-methyl-2-pyrrole 3110w | 1633s, 1562m, | 854s -
. 3412m, 14965
selenosemicarbazone 3203m
[Ni(N-mepysesc)2]32 - 1548s, 1467m, | 731s -
3443m, 1410s
3390m, 3242m
3-methyl-2-oxindole 3157w | 1591s, 1489m, |854s |-
. 3358m, 1425s
selenosemicarbazone 3248m
[Ni(3-meoxsesc)2]33 - 1626s, 1595m, | 792s 3123w
3377m, 3327m, 1473s
3273m
2-oxindole 3157w | 1591s, 1489m, | 856s -
. 3362m, 1454s
selenosemicarbazone 3295m
[Ni(2-oxsesc)2]34 - 1643s, 1602m, | 742s 3134w
1448s
3269m
6-chloro-2-oxindole 3142w | 1589s, 1512m, 879s -
. 3417m, 1499s
selenosemicarbazone 3055m
[Ni(6-cloxsesc)2]35 - 1656s, 1507m, | 740s 3147w
3429m, 1411s
3267m
S-chloroisatin 3219m 3110w 16945, 16185, 885s -
. 1559m, 1447s
selenosemicarbazone
[Ni(5-clistsesc)2]36 3464m, - 1681s, 1612s, 779s 3147w
3257m 1575m, 1448s
1-methylisatin 3408m, 3128w | 1676s, 1604s, 889s -
. 3228m 1492m, 1415s
selenosemicarbazone
[Ni(1-meistsesc)2]37 3410m, - 1649s, 1597m, | 738s -
3300m 1454s
3-indole 3153w | 1591s, 898s -
| . 1487m,1450s
selenosemicarbazone 3356m, 3246m
[Ni(3-indsesc).]38 - 1533s, 1495s, 739s 3050w
3461m 1413s
3_acetylind0]e 3142w 1624s, 1502m, 877s -
3290m 1406s
selenosemicarbazone
- 1608s, 1564m, | 798s 3153w

[Ni(3-acindsesc)2]39

1421s
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9-anthracene 3151w | 1639s, 1518m, | 887s
I icarb 3385m, 1402s
selenosemicarbazone 324%m
[Ni(9-anthrasesc),]40 - 1616s, 1523m, | 728s
3458m, 1440s
3262m
1-naphthaldehyde 3147w | 1599s, 1516m, | 871s
1 icarb 1452s
selenosemicarbazone 3400m
[Ni(1-naphthsesc)2]41 - 1602s, 1519m, | 759s
3396m 1465s
2-naphthaldehyde 3124w | 1597s, 1533m, | 856s
- 1446s
selenosemicarbazone 3350m
[Ni(2-naphthsesc)]42 - 1662s, 1593m, | 744s
3269m 1448s

7.3 NMR Spectroscopy:

7.3.1 'H NMR Spectroscopy:

Important "H NMR signals of metal complexes are given in Table 7.3.1a) and 7.3.1b) and 'H

NMR spectra of synthesized metal complexes are given in figures 7.3.1.1-7.3.1.11. For

discussion of 'H NMR signals of complexes of nickel(Il) selenosemiarbazones, the

complexes need to be divided in Type 1 and Type 2 depending upon the type of ligand

attached to them.

0.0.0.05

R2=H, CH3

Type 1
Scheme 7.3.1

In ligands H2L- H*L and H"L- H"L the N*'H signal appeared in the range & 11.6-5 9.51

ppm and § 10.95-8 10.05 ppm. Disappearance of N*> H signal in complexes Type 1 (scheme
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7.3.1) ensure the deprotonation of ligand and is binding to metal atom in anionic form. The

C?H proton signal appeared at the range & 9.50-5 7.88 ppm. The amino protons (N' H,) gave

two or one broad singlet in the range & 8.89- & 7.29 ppm. Ring protons signal appeared in the

range 6 9.04-5 6.20 ppm. The methyl (CH3) proton signal appeared at the range 6 3.87 ppm

and 6 2.58 ppm respectively (Table 7.3.1a).

Table 7.3.1a) '"H NMR Signals of Selenosemicarbazones (Type 1) with nickel(II) complexes

Ligands and | (1IH, N”H) | (1H, (1H, (Ring protons)
Complexes C*H) |N'H»)
2-Hfursesc, (H2L) 10.00s | 6.60 s, 7.87 d (1H, C°H), 7.74 d (1H, C*H),
654 7.58 t (1H, C*H)
10.95 s
[Ni(2-fursesc)>]30 8.80s |7.29s 7.51 d (1H, C°H), 7.14 t(1H, C*H),
] 7.45d (1H, C*H)
2-Hthiosesc, (H’L) 8.10s | 7.58 s, 7.47 m (1H, C*H), 7.37 d (1H, C*H),
064 s 671 7.12 d (1H, C°H)
[Ni(2-thiosesc)2]31 8.80s |7.29s 7.51 d (1H, C°H), 7.14 t (1H, C*H),
] 7.45 d (1H, C*H)
N-MeHPysesc, 10.05 s - g%(l) . s, Z_Zg g (1H, C35H), 6.82 t (1H, C*H),
(H'L) .62 d (1H, C3H), 3.87 (CH3)
[Ni(N- - 7.94s |- 7.32 d (1H, C°H), 6.61 d (1H, C*H),
mepysesc)2]32 6.20 m (1H, C*H), 3.87 s (3H, CH3)
3-AcHIndsesc, - ggg . s, | 8.42 d (1H, C'H), 7.90 d (1H, C°H),
(H''L) 7.46-7.32 m (2H, C>®*H), 7.29 s (1H,
] C?H), 2.58 s (3H, CH3)
[Ni(3- - 7.89s | 8.81s 8.43 d (1H, C°H), 7.45 d (1H, C%H),
acindsesc)2]39 7.32 m (2H, C%’H), 2.58 (CH3)
9-HAnsesc, (H'2L) 9.02s | - 8.73 d(2H, C>''H), 8.08 d (2H,
C%%H), 7.73 t (2H, C>°H), 7.60 t (2H,
115 s C*!°H), 7.29 s (1H, C"H)
[Ni(9- - 9.50s | 8.56s 9.00 d (1H, C°H), 8.18 d (1H, C*H),
anthrasesc),]40 8.01 d (1H, C''H), 7.96 d (1H, C°H),
7.70-7.62 m (4H, C*>>1°H)
1-HNapsesc, 9.51s 9.00s | 7.97s 8.17d (1H, C°H), 8.02 d (1H, C*H),
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(H13L)

795 d (1H, C°H), 7.62 m (2H,
C*"H), 7.29 s (1H, C®H)

[Ni(1- - - 8.75s 9.04 d (2H, C%H), 8.12 d (2H,
naphthsesc),]41 C*?H), 7.71 -7.59 m (4H, C>"H)
2-HNapsesc, 10.1s 8.38s | 7.70s 8.05-7.29 m (ring proton)
(H"L)
[Ni(2- - - 8.89 s 7.16 d (1H, C°H), 7.01 d (1H, C°H),
naphthsesc),]42 5.12 s (1H, C'H), 2.97-2.38 m (4H,
C2,6H)
Crs- O -
2 1'/Se ” H H
NH—C<
R'=N NH,
3 1

R'=
N N
H CHs

Type 2

Scheme 7.3.1.1

In ligands HSL- HBL, the N*H signal appeared in the range & 13.1-3 9.03 ppm.

Disappearance of N?H signal in complexes Type 2 (scheme 7.3.1.1) ensure the

deprotonation of ligand and is binding to metal atom in anionic form. The amino protons

(N'H,) gave two or one broad singlet in the range & 8.71-8 8.50 ppm. Ring protons signal

appeared in the range & 7.29-6 6.92 ppm. The methyl (CH3) proton signal appeared at the

range 6 3.57 ppm and 6 3.49 ppm respectively (Table 7.3.1b).
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Table 7.3.1b) 'H NMR Signals of Selenosemicarbazones (Type 2) with nickel(I) complexes

Ligands and | (1H, (1H, | (H, (Ring protons) Heterocyclic
Complexes N*H) | C*H) | N'Hy) (1H, N'H)
3-MeHOxsesc, |9.16s | - - 7.24-6.95 m (4 H, C>¢"*H), | -

@) xclic protonsing)

[Ni(3- - - 8.50's 7.29 m (2H, C%’H), 7.04 d | 1.69s
meoxsesc)2]33 (1H, C°H), 6.92 d (1H, C*H),

3.57 (CHa3)
2-HOxsesc, 9.03s | - 24512 . S, 2.2461-6.90‘m (4H, C5’6’7’8H), -
(HL) .56 (cyclic proton ring)

[Ni(2- - - 8.50s 7.25 m (2H, C%"H), 7.04 d | 1.68s
oxsesc)2]34 (1H, C°H), 6.92 d (1H, C*H),

3.56 (cyclic proton ring)
6-CIHOxsesc, |9.51s | - 4.89 s, 7.13 d (1H, C'H), 6.99 d | -
(H'L) 4265 (1H,C*H), 6.92s (1H, C°H)

[Ni(6- - - 8.64 s 728 d (1H, C'H), 7.01 d| -
cloxsesc)2]35 (1H, C*H), 6.93 s(1H, C°H),

3.45 (cyclic ring)
1-MeHIstsesc, | 13.1s | - 8.01s 7.61-6.90 m (4H, C>¢78H), | -
(H°L) 760s 3.29 (CH3)

[Ni(1- - - 8.71s 724 m (2H, C>*H), 7.06 d | -
meistsesc)2]37 (1H, C°H), 6.93 d (1H, C'H),

3.49 (CHs)

The amino protons (N''Hz) gave two broad singlet in the selenosemicarbazones ligands of

Type 1 and Type 2 indicating that two protons are non-equivalent probably due to the H-

bonding between one at the amino hydrogen and azomethine nitrogen (I).
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Se
HN—C”

—N/ N
. N\,
W

W)

The amino protons (N''H,) gave one singlet in the complexes of Type 1 and Type 2
indicating that the two protons are equivalent probably during chelation (II) and also

confirming that two protons are present in same environment.

/HN—C<Se Ne—C~ 2
=N~\ /N\H S =N{ /\Se
S \s‘M

(M (D

The amino protons (N!'H) in the selenosemicarbazones ligands of Type 1 and Type 2
indicating that presence of one proton or no proton probably due to the low solubility of two
protons of amino protons. The amino protons (N Hz) in the complexes of Type 1 and Type 2
indicating the presence of no proton is probably due to the low solubility of two protons of

amino protons.

7.3.2. 13C NMR Spectroscopy:

Important '3C NMR signals of metal complexes are given in Table 7.3.2a) and 7.3.2b). 1*C
NMR spectra of synthesized metal complexes are given in figures 7.3.2.1-7.3.2.10. For
discussion of *C NMR signals of complexes of nickel(Il) selenosemiarbazones, the
complexes need to be divided in Type 1 and Type 2 categories depending upon the type of
ligand attached to them.
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/ N\
C=N N
rZ 3 v

R1

N

0000

Type 1

H, CH,

Scheme 7.3.2

In Type 1 (scheme 7.3.2) complexes, C! signal appeared at the range between & 193.0-8

162.0 ppm and C? signal appeared at the range between & 155.8-5 131.8 ppm respectively

and ring carbons showed the signal in between the range of 6 139.0-6 109.4ppm and whereas

methyl group (CH3) presented the signal at 6 36.8 ppm and 6 27.6 ppm in complexes of Type

1 respectively (Table 7.3.2a).

Table 7.3.2 a) 1*C NMR Signals of Selenosemicarbazones (Type 1) with nickel(II)

complexes
Ligands and Complexes | (C") | (C?) (Ring carbons)
2-Hfursesc, (H2L) 1452 | 133.9 (C9), 127.5 (CY), 117.3 (CY), 112.3
_ ()
[Ni(2-fursesc)2]30 - 155.8 | 127.9 (C?) 139.3 (C%), 130.0 (C°), 132.3 (C?)
2-Hthiosesc, (H’L) 1558 | 132.4 (C%), 130.0 (C%), 127.8 (C%), 1273
_ (@)
[Ni(2-thiosesc)2]31 - 155.7 127.7 (C?) 139.0 (C*), 129.9 (C?), 132.3 (C?)
N-MeHPysesc, (H'L) 1383 | 129.2 (C%), 125.8 (C), 117.9 (C%), 109.3 (C),
1734 36.8 (CHs)
[Ni(N-mepysesc)2]32 - 138.2 129.3 (C*) 125.8 (C%), 118.0 (C?), 109.4 (C?),
36.8 (CH3)
3-AcHIndsesc, (H''L) 1582 | 1315 (C%, 123.7 (C%), 122.6 (C)), 1186
103.6 (C%,111.3 (C*), 35.4 (CH;), 26.9 (C?)
[Ni(3-acindsesc)2]39 - 1363 | 131.4 (C%) 125.4 (C), 122.4 (C7), 118.6(C%),
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111.3 (C%), 27.6 (CH3)
9-HAnsesc, (H'2L) 193.0 135.0 132.4-122.7 (ring carbon), 114.0 (C®)
[Ni(9-anthrasesc),]40 162.0 | 131.8 131.5-124.6 (aromatic carbon ring)
1-HNapsesc, (H'*L) 162.1 134.1 131.8-124.9 (ring carbon), 115.0 (C°)
[Ni(1-naphthsesc),]41 193.0 | 135.2 132.1(C7), 131.1(C®%), 129.3(C?), 129.1(CH,
125.7(C%) and 123.5(C?)

1 Ri=
N N
H CH,

Type 2
Scheme 7.3.2.1

In Type 2 (scheme 7.3.2.1) complexes, C! signal appeared at the range & 181.4 ppm. Ring
carbons showed the signal in between the range of & 143.4-6 109.6 ppm and whereas methyl
group (CH3) presented the signal at the range 6 41.0 ppm (Table 7.3.2b).

Table 7.3.2 b) 3C NMR Signals of Selenosemicarbazones (Type 2) with nickel(II)
complexes

Ligands and | (C") (C?) (Ring carbons)
Complexes
3-MeHOxsesc, (H’L) | 181.6 - 1413 (C), 131.2 (C°), 127.8 (C'), 123.7 (C%),

109.8 (C%), 41.1 (CH3), 15.2 (cyclic carbon ring).

[Ni(3-meoxsesc)2]33 | - - 141.1(C3), 131.2 (C%), 127.8 (C7), 123.7 (C®), 122.4
(C*), 109.6 (C?) and 41.0 (CH3)
2-HOxsesc, (H°L) 177.4 - 1423 (C), 127.9 (C%), 124.6 (C'), 122.3 (CY),

109.7 (C°), 36.1 (cyclic carbon ring).

[Ni(2-oxsesc)2]34 - - 142.4(C%)127.9 (C°), 124.6 (C7), 1223 (C), 109.6
(C* and 36.2 (C?)
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6-CIHOxsesc, (H'L) | 177.9 _ 143.6 (C°), 133.1 (C°), 125.3 (C7), 110.7 (C®), 58.2
(CH, 35.3(C3)

[Ni(6-cloxsesc)]35 | -. - 143.4(C%), 133.6 (C%), 125.5(C7), 123.3 (C®) 110.3
(C9), 35.7 (C?)
1-MeHIstsesc, (HL) | 178.7 _ 161.0 (C°), 144.1 (C°), 132.0 (C¥), 129.2 (C),

123.6 (C%), 121.1 (C%), 119.1 (C?), 109.3 (C%,
25.8(CH3), 20.4(cyclic ring).

[Ni(1-meistsesc)2]37 | - - 141.1(C®%, 131.2 (C%), 127.8 (C7), 123.8 (C%),
122.4(C%), 109.6 (C*) ,41.0 (CH3)

7.4 Mass Spectrometry:

Mass spectra of complexes 29, 33, 36-38 and 42, has been recorded and given in figures
7.4.1- 7.4.5. The observed molecular ion peak [M]" are given in table 7.4. From the table it is
clear that m/z values for complexes 29, 33, 36-38 and 42, are close to their proposed
stoichiometry [Ni(L);] and thus confirmed the co-ordination of nickel(I) with

selenosemicarbazones.

Table 7.4 m/z values (amu) of complexes 29, 33, 36-38 and 42 obtained from Mass Spectra

Complex No. Parent peak obtained from mass | Expected formula for parent
spectra ion (m/z)"

29 492amu [Ni(C7H13N3Se):]

33 594 amu [Ni(CioH14N4Se):]

36 649 amu [Ni(CoH4N4OClSe)>

37 619 amu [Ni(C10H10N4OSe)2]

38 591 amu [Ni(Ci0H12N4Se):]

42 606 amu [Ni(Ci2H10N3Se):]
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Figure 7.2.12 IR spectrum of [Ni(9-anthrasesc)>]40
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Figure 7.3.1.1b) 'H NMR spectrum of complex 30(expansion form)
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Figure 7.3.1.2b) '"H NMR spectrum of complex 31(expansion form)
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Figure 7.3.1.4b) 'H NMR spectrum of complex 33(expansion form)
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Figure 7.3.1.7a) '"H NMR spectrum of complex 37
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Figure 7.3.2.1a) *C NMR spectrum of complex 30
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Figure 7.3.2.4a) 3*C NMR spectrum of complex 33
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Figure 7.3.2.7a) 3C NMR spectrum of complex 37
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Figure 7.3.2.8a) 3C NMR spectrum of complex 39
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Figure 7.3.2.9a) *C NMR spectrum of complex 40
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Figure 7.3.2.10a) *C NMR spectrum of complex 41
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CHAPTER 8
COPPER(II) COMPLEXES
8 Complexes of Copper(Il)
8.1 Discussion on Synthesis of copper metal complexes

Reaction of synthesized selenosemicarbazones ligands (H'L-H!*L) with copper acetate in 2:
Imay form complexes of stiochiometry, [Cu(L)2] (L = 'L 43;°L 44;’L 45; L 46;°L 47; °L
48; L 49; %L 50; °L 51; '°L 52; 'L 53; 1°L 54; °L 55; '“L 56) (Scheme 8.1)

R1 :|3-|N 2’\/ (Se//,, ‘\\\\N
Cu(OCOCHg), * n >—N NH,

R?
[Cu(L),]

(L= "L 43; 2L 44; 3L 45; “L 46; °L 47; °L 48; "L 49; 8L 50; °L 51; "L 52; 'L 53;
2| 54; 13 55; 14 56)

Scheme 8.1

All the synthesized complexes along with the structure of their respective

selenosemicarbazones are given in Table 8.1

Table 8.1 List of selenosemicarbazone complexes of copper(Il) 43-56

Sr. | Selenosemicarbazone | Structure of Selenosemicarbazone | Complexes
No. | Ligands Ligands Formed
1. Cyclohexanone s > 1Y Se [Cu(cysesc)2]43
Selenosemicarbazone 1 /NH’C\
(Hcysesc, H'L) 4 —': ’1\1'H2
5 6
2. 2-furfural 4 3 [Cu(2-fursesc):]44
Se
selenosemicarbazone 5 / \ ) l?l g
2 _N_ 2 1
[0) C/ \N/ 1'\NH2
(2-Hfursesc, H*L) H H
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3. 2-thiophene 4 3 [Cu(2-
) / . Se .
selenosemicarbazone 5 \ ) rf] (II: thiosesc)2]45
2 2 1"
s ¢ N7 1TNH,
(2-Hthiosesc, HL) H
4. N-methyl-2-pyrrole 43 [Cu(N-
. Se
selenosemicarbazone / 1 \ ) 3 I mepysesc)2]46
2 _N_2 _C_ 1
(N-MeHPysesc, H'L) N cZ SN NH,
HaC H H
3
5. 3-methyl-2-oxindole 5 Y CH, | ’i_ 1C ,5e [Cu(3-
selenosemicarbazone 6 @; N \NH meoxsesc)2]|47
1 , 2
(3-MeHOxsesc, HL) | 7 o N 3 T
6. | 2-oxindole 2 1 //Se [Cu(2-0xsesc)2]48
| carb 4 3 HN—C’
/
selenosemicarbazone 6 =N NH,
7 S H 3 1
(2-HOxsesc, HSL)
7. 6-chloro-2-oxindole 2 1 _Se [Cu(6-
A3 . HN—C
selenosemicarbazone 5 2_N/ \NH cloxsesc)2]49
1 : Ry
(6-CIHOxsesc, H'L) Cl7g N 3 1
7
- isati 3 , -
8. 5-chloro isatin A Ny ’ //Se [Cu(5
selenosemicarbazone cl Z S-S clistsesc)2]50
O NH2
6 1/°2 1
(5-ClHIstsesc, H3L) ? ”
- isati 3 - -
0. I-methyl isatin N2 /1 ,Se [Cu(1
selenosemicarbazone 6 4 X NHT R meistsesc)2]51
2 NH,
1/-0 T
(1-MeHIstsesc, HL) | ' 9 OH,
10. | indole-3- [Cu(3-insesc)2]52
selenosemicarbazone

(3-HIndsesc, H''L)
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11. | 3-acetyl indole [Cu(3-
selenosemicarbazone acinsesc)2]53
(3-AcHIndsesc, H''L)

12. | 9-anthraldehyde 1C //Se [Cu(9-ansesc)2]54

. 1"
\
selenosemicarbazone lg"L NH,
URY
(9-HAnsesc, H'2L) H \é'//N
3 2 M 11
4 10
1999
6 7 8
13. | 1-Naphthaldehyde 6 . 4 [Cu(1-
3
selenosemicarbazone ! OO naphsesc)2]55
2 L}
; 8 10 . H_g: P Se
(1-HNapsesc, H'3L) 9 2C=N"2 A
H 1o
14. | 2-Naphthaldehyde S 4 3 [Cu(2-
2
selenosemicarbazone ® OG 2 1,Se naphsesc)2]56
NI
(2-HNapsesc, H'*L) 8 0.7 3 12

8.2 IR Spectroscopy:

Important IR peaks of selenosemicarbazones are given in table 8.2 and IR spectra are given in
figures 8.2.1- 8.2.14. The v(NH) band due to amino group in free ligands appeared in the
range 3417-3223 cm™' (H'L-H'"L). On complexation with copper(Il) these bands showed
slight shift to higher energy and appear in the range 3481-3204 cm™.

The amide band v(-NH-) in free ligands appeared in the range 3157-3110 cm™ (H'L-
H'"L). In ligands H’L-H''L, amide band gets observed by stretching of -NH- group
present in heterocyclic rings. In complexes, absence of this band indicates deprotonation
and co-ordination of ligand to metal in anionic form. The C=Se band in the ligands

appeared in the range 898-854 cm™'. On complexation this band shifted to low energy and
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appeared in the range 765-717 cm™'. The lower energy shift indicates the appearance of C=Se
to C-Se thus suggests binding of ligand in selenate form.
Other IR peaks like v(C=N), v(C=C) and §(NH:) appeared in the range 1647-1406 cm™ in

complexes and showed no significant change vis-a-vis free ligands.

Table 8.2 Important IR peaks of selenosemicarbazones (H'L-H™L) and copper(Il)
complexes (43-56)

Synthesised Ligands and| y(NHz) | v(-NH-) | v(C=N),v(C=C),d |v(C=Se)
Metal Complexes
(NH2)
Cyclohexanone 3157w 1591s, 1489m, 1454s | 856s
Selenosemicarbazone p362m,
3225m
[Cu(cysesc)2]43 - 1647s, 1547m, 1413s  [717s
3274m
2-furfural 3142w 1600s, 1579m, 1464s | 812s
selenosemicarbazone 3379m,
3340m
[Cu(2-fursesc).]44 - 1648s, 1546m, 1461s | 736s
3333m
2-thiophene 3095w 1599s, 1527m, 1415s | 844s
selenosemicarbazone 3389m,
3221m
[Cu(2-thiosesc),]45 - 1606s, 1548m, 1418s | 717s
3361m
N-methyl-2-pyrrole 3110w 1633s, 1562m, 1496s | 854s
lenosemicarbazon 3412m,
selenosemic zone 3293m
[Cu(N-mepysesc)2]46 - 1619s, 1542m, 1464s | 721s
3215m
3-methyl-2-oxindole 3157w 1591s, 1489m, 1425s | 854s
selenosemicarbazone 3358m,
3248m
[Cu(3-meoxsesc):]47 - 1608s, 1527m, 1421s | 754s
3373m
2-oxindole 3157w 1591s, 1489m, 1454s | 856s
selenosemicarbazone p362m,
3225m
[Cu(2-oxsesc):]48 - 1547s, 1489m, 1413s | 730s
3342m
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6-chloro-2-oxindole 3142w 1589s, 1512m, 1499s | 879s
selenosemicarbazone p417m,
3255m
[Cu(6-cloxsesc)2]49 - 1610s, 1483m, 1435s | 723s
3453m
5-chloroisatin 3219m 3110w 1694s, 1618s, 1559m, | 885s
. 1447s
selenosemicarbazone
[Cu(5-clistsesc)2]50 3249m - 1694s, 1617s, 1470m, | 742s
1443s
1-methylisatin 3408m, 3128w 1676s, 1604s, 1492m, | 889s
. 3228m 1415s
selenosemicarbazone
[Cu(1-meistsesc)2]51 3440m - 1695s, 1607m, 1465s | 749s
3-indole 3153w 1591s, 1487m,1450s 898s
. 3356m,
selenosemicarbazone 3046m
[Cu(3-indsesc)2]52 - 1602s, 1546s, 1417s 759s
3452m
3-acetylindole 3142w 1624s, 1502m, 1406s | 877s
3290m
selenosemicarbazone
[Cu(3-acindsesc)»]53 - 1609s, 1572m, 1430s | 748s
3204m
9-anthracene 3151w 1639s, 1518m, 1402s | 887s
selenosemicarbazone p385m,
3248m
[Cu(9-anthrasesc)2]54 - 1569s, 1499m, 1406s | 732s
3481m,
3362m
1-naphthaldehyde 3147w 1599s, 1516m, 1452s | 871s
selenosemicarbazone 3400m
[Cu(1-naphthsesc)2]55 - 1614s, 1543m, 1406s | 765s
3331m
2-naphthaldehyde 3124w 1597s, 1533m, 1446s | 856s
selenosemicarbazone 3350m
[Cu(2-naphthsesc)2]56 - 1607s, 1546m, 1406s | 758s
3218m
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8.3 ESR Spectroscopy:

ESR spectroscopy is widely used to determine the electronic structure of paramagnetic metals
like copper(Il) (one unpaired electron). Magnetic energy of unpaired electrons in copper(II)
depend upon two factors:1)The Zeeman effect: energy changes due to unpaired electron spin
with the applied magnetic field Bointercations. 2) Hyperfine coupling (hfc): resulted from
interaction between electron spin and nuclear spin. The energy changes can be collectively
expressed by spin Hamiltonian, H:

H=BeS.g -Bo+hS.A.1I (1)

Where g =the electronic g-tensor
Be = electron Bohr magneton
S =electron spin operator
A = hfc tensor
h=Planck’s constant
I =nuclear spin operator (3/2 for **Cu)
A powder Pattren ESR spectra is obtained for solid samples such as polycrystalline samples,
powder or frozen solution, molecular motions are restricted, and the complexes are oriented
in random directions with respect to the applied magnetic field

Symmetry of the ligand field reflects from the shape of spectra. The g value is
generally written as gx, gy and g, according to the direction of the direction of the g tensor. In
case of symmetric ligand field (isotropic), a single line is obtained where, gx = gy = g
indicating a cubic symmetry coordination environment. In case of axial symmetry, gx = gy#g-
indicates a tetragonal field and possible geometries can be elongated octahedral, square
pyramidal or square planar. In case of asymmetric field, gx # gy # g- indicates rhombic. The
various barameters like crystal-field splitting, covalency, and electron delocalization can be
determined through g value.

The ESR spectra of copper(I1l) complexes 43-56 in polycrystalline state was taken at
RT. The ESR parameters are given in table 8.3.1 and 8.3.2. The ESR spectra of complexes
43-56 are given in Figures 8.3.1- 8.3.14. The two well-defined g values i.e. giand g1 in these
complexes (except 53), represents axially symmetrical system. In these complexes g value
follows the trend, gi>gi-ge suggesting the dx2-y2 ground term in square planar geometry [171].
The ESR spectrum of complex 53 gave three g values (g1, 2.095; g», 2.15; g3, 2.26) indicate

rhombic distortion in its geometry. In a polycrystalline material, exchange interaction
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between copper centers can be measured in terms of geometric parameter, G. The geometric

parameter for axial spectra and rhombic spectra can be calculated by using equation 2 and 3

respectively.
Gaxial) = g-2.0023/ g1- 2.0023 Q)
Gthombic) = £3-2.0023/ g1-2.0023, where gi= gi+g»/2 3)

According to Hathaway and Tomlinson, G value greater than 4 indicates parallel alignment of
tetragonal axes with very less misalignment. In this condition, the exchange interactions will
be negligible. If the G value is less than 4, significant exchange interactions are present with
considerable misalignment [172, 173]. In complexes 43, 45, 46, 49, 51, 52, 53 and 54, 55 the
value of geometric parameters is less 4 hence a significant exchange interaction, whereas no
exchange interactions are observed in complexes 44, 47, 48, 50 and 56 (G > 4). The empirical
factor £ = gi/Ai (cm™) can be used to identify the geometry of complexes and extend of
distortion [174-176]. In square planar complexes, reported range of empirical factor is 105-
135 cm. For tetrahedral complexes the range is 150-250 cm. The value of f for complexes 43,
45-47, 49-54 and 56 lies in the range, 102-135 cm indicating a square planar geometry with
small distortion, where as in complex 44, 53 and 55 value (/= 182 cm, 146 cm and 153 cm) is
close to tetrahedral geometry with larger distortion. The isotropic value of g factor and
hyperfine coupling constant can be calculated using equation 3 and 4 respectively [177]. The
isotropic value of g factor and hyperfine coupling constant can be calculated using equation 3
and 4 respectively.

Ziso=gt2g1/3 3
Aiso=AIt2A1/3 “)

Equation 5 indicates relationship of isotropic g factor and isotropic hyperfine coupling

constant with o-bonding parameter [178].

2 = %_I_giso—;.oom 5)

Where P is free ion dipole term (P=0.036 cm™) and K is Fermi contact (K = 0.43) [171]. The
value of o = 1 supports pure ionic bonding and that of 0.5 to pure covalent bonding. The
values of ain complexes 43-46, 48, 50-56 ranges from 0.500-0.787 indicating a mixed ionic-

covalent bonding.
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Table 8.3.1 ESR parameters of complexes 43-56 at RT

Compound Polycrystalline gl gl giso Al | A ] TAiso
state (at RT) 1
[Cu(cysesc)2]43 224/2.07 (z/g) |2.07 224 2126 | 180 | 20 | 73.3
[Cu(2-fursesc):2]44 2.28/2.07 (g/gu) |2.07 |2.28 2.14 | 125 15 | 88.3
[Cu(2-thiosesc)2]45 2.19/2.07 (g/ gy [2.07 |[2.19 |211 210 |20 |147
[Cu(N-mepysesc)2]46 230/2.07 (g/g1) |2.08 |230 215 | 110 |20 |80
[Cu(3-meoxsesc)2]47 225/2.02(gi/gr) |2.02 |225 2.08 160 20 | 113
[Cu(2-o0xsesc)2]48 2.31/2.05(g/gu) |[2.05 |231 213 | 150 |30 | 110
[Cu(6-cloxsesc)z]49 221/20(@/ g |20 |221 [207 |210 |20 | 147
[Cu(5-clistsesc)2]50 2.24/2.05(g/g) |2.05 224 | 2113 | 165 | 20 | 68.3
[Cu(1-meistsesc)z]51 2.19/2.075(gi/gu) | 2075 | 2.19 | 2.113 | 202 | 20 | 80.6
[Cu(3-insesc)2]52 224/2.13 (gi/gr) |2.13 224 | 2.166 | 220 | 35 |96.6
[Cu(3-acinsesc)2]53 226 / 2.15 / 2.04 | 2.095 | 2.26 2.15 155 | 35 | 75.0
(g3/g2/g1)

[Cu(9-ansesc)2]54 224/2.07(g/g) [2.07 (224 212 250 |20 | 175
[Cu(1-naphsesc)2]55 224/2.07(g/gy) [2.08 |23 2.15 | 145 15 102
[Cu(2-naphsesc)2]56 223/2.04(g/g) | 2.04 | 223 | 2103 | 170 | 20 |70.0

* Expressed in units of cm™ multiplied by a factor of 10*
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Table 8.3.2 ESR bonding parameters for complexes 43-56

Compound G (at RT) o f2
[Cu(cysesc)2]43 3.51 0.761 124
[Cu(2-fursesc):2]44 4.08 0.468~0.5 182
[Cu(2-thiosesc)2]45 2.58 0.487=0.5 109
[Cu(N-mepysesc)2]46 3.83 0.487=0.5 115
[Cu(3-meoxsesc)2]47 8.94 0.369~0.4 112
[Cu(2-0xsesc)2]48 6.45 0.496~0.5 77
[Cu(6-cloxsesc)2]49 1.7 0.394~0.4 110
[Cu(5-clistsesc)2]50 4.98 0.698 135
[Cu(1-meistsesc)2]51 2.58 0.776 108
[Cu(3-insesc)2]52 1.86 0.787 102
[Cu(3-acinsesc)2]53 2.78 0.634 146
[Cu(9-ansesc)2]54 3.51 0.547 112
[Cu(1-naphsesc)2]55 3.83 0.510 153
[Cu(2-naphsesc)2]56 6.04 0.555 131

# Expressed in units of (cm)
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8.4 Mass Spectrometry:

Mass spectra of few complexes 43, 50-53 and 56, has also been recorded and are given in
figures 8.4.1- 8.4.6. The observed molecular ion peak [M]" are given in table 8.4. From the
table it is clear that m/z values for complexes 43, 50-53 and 41, are close to their proposed
stoichiometry [Cu(L)2] and thus confirmed the co-ordination of copper(Il) with

selenosemicarbazones.

Table 8.4 m/z values (amu) of complexes 29-42 obtained from Mass Spectra

Complex No. | Parent peak obtained from | Expected formula for parent ion
mass spectra (m/z)*

43 496 amu [Cu(C7H11N3Se)2]

50 666 amu [Cu(CoHsN4OCISe):]

51 624 amu [Cu(C10H10N4OSe):]

52 594amu [Cu(CioH11N4Se):]

53 617amu [Cu(C11H11N4Se):]

56 612 amu [Cu(Ci2H10N3Se):]
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9. Complexes of Zinc(II)

CHAPTER 9

ZINC(I) COMPLEXES

9.1 Discussion on Synthesis of zinc metal complexes

Reaction of synthesized selenosemicarbazones ligands (H'L-H!*L) with zinc acetate in 2: 1(L

: M) molar ratio has formed complexes of stiochiometry, [Zn(L)2] (L =

'L 57; °L 58; °L 59;

L 60;°L 61;°L 62;’L 63; 3L 64;°L 65;'°L 66; ''L 67; '°L 68; '°L 69; '“L 70) (Scheme 9.1)

Zn(OCOCHs), * n )—N
R?

Scheme 9.1
All

the synthesized

complexes

Se//,, ‘\\\\N
N — (e
NH,

[Zn(L)2]

(L="L57;°L 58;3L 59; %L 60; °L 61; 6L 62; L 63; 3L 64; °L 65;
101 66; "L 67;'2L 68; "3L 69; 4L 70)

selenosemicarbazones are given in Table 9.1

along with

the structure

Table 9.1 list of selenosemicarbazone complexes of zinc(I) 57-70

of their

respective

Sr. | Selenosemicarbazone | Structure of Selenosemicarbazone | Complexes Formed
No. | Ligands Ligands
1. | Cyclohexanone s » 1y Se [Zn(cysesc)2]57
Selenosemicarbazone ] /NH’C\
= NH
(Hcysesc, H'L) 4 2 7 2
5 6
2. | 2-furfural 4 3 [Zn(2-fursesc)2]58
. / , Se
selenosemicarbazone | 5 \ 2, '3 u 1
: o .
o ﬁé \H/ 1'\NH2
(2-Hfursesc, H*L)
3. | 2-thiophene 2 [Zn(2-thiosesc)2]59
, / , Se
selenosemicarbazone | 5 \ 2 5 '3 (II: 1
L} 2 '
S Cé SN \NH2

(2-Hthiosesc, H3L)
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4. | N-methyl-2-pyrrole 43 . [Zn(N-mepysesc)2]60
. e
selenosemicarbazone / 1 \ ) 3 I
2_N_2 _C_1
(N-MeHPysesc, H'L) N ¢ N7 DN H,
HyC H H
5. | 3-methyl-2-oxindole 5 4 CHs . rfl— 1C Se [Zn(3-meoxsesc)2]61
selenosemicarbazone | © P 2_ /7 \
1 ';‘ NH;
(3-MeHOxsesc, H'L) | 79" N !
6. | 2-oxindole 5 s y ’3 é P [Zn(2-0xsesc)2]62
4 —
selenosemicarbazone 6 1 Z_N’ \NH2
3 1"
N
7 s 9 H
(2-HOxsesc, HL)
7. | 6-chloro-2-oxindole 3 Hﬁi—g 25e [Zn(6-cloxsesc)2]63
selenosemicarbazone ° 2\ \
1 N ';”"2
(6-CIHOxsesc, H'L) Cl%6 - N
8. | 5-chloro isatin A ; 'i’] ) 58 [Zn(5-clistsesc)2]64
selenosemicarbazone | ¢|3 Z SH-G
O NH2
1/2 1
(5-ClHIstsesc, H3L) 6 : N
0. I-methyl isatin 5 ’3\‘1 y To Se [Zn(1-meistsesc)2]65
selenosemicarbazone 4 NH™ ™\
6 2 0 NIHZ
1 1
(1-MeHIstsesc, HL) | ’ ~ o CH,
10. | indole-3- [Zn(3-insesc)2]66
selenosemicarbazone
(3-HIndsesc, H'’L)
11. | 3-acetyl indole [Zn(3-acinsesc)2]67
selenosemicarbazone

(3-AcHIndsesc,
HllL)
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12. | 9-anthraldehyde 9 //Se [Zn(9-ansesc)2]68
c” 4
selenosemicarbazone IN
AN NH2
N
(9-HAnsesc, H'2L) H \g//
3 o 1 1
4 10
L
6 7 8
13. | 1-Naphthaldehyde 6 . 4 [Zn(1-naphsesc)2]69
3
selenosemicarbazone | ’ OO
8 2y 1 _Se
(1-HN 13 0 0,1 _aN-c”
-HNapsesc, H''L) 2c=N"y \
/ NH2
H "
14. | 2-Naphthaldehyde 5 A 3 [Zn(2-naphsesc)2]70
selenosemicarbazone | © OO 2 1,5€
HN-C
7 9 2" \
(2-HNapsesc, H'*L) 8 10 H/C_’; ';‘.H2
9.2 IR Spectroscopy:

Important IR peaks of selenosemicarbazones are given in table 9.2 and IR spectra are given in
figures 9.2.1- 9.2.14.The v(NH) band due to amino group in free ligands appeared in the
range 3417-3223 cm’!(H'L - HL). On complexation with zinc(II) these bands showed
shift to lower energy and appear in the range 3398-3228 cm’!.

The amide band v(-NH-) in free ligands appeared in the range 3157-3110 cm™ (H'L -
H'"L). In ligands H’L-H''L, amide band gets observed by stretching of -NH- group
present in heterocyclic rings. In complexes 57-60, 68-70 absence of this band indicates
deprotonation and co-ordination of ligand to metal in anionic form. In complexes 61-67
the presence of band in the range 3161-3126cm™ is due to the NH group of heterocyclic
ring which makes it difficult to determine the binding of ligand in neutral or anionic form.
The C=Se band in the ligands appeared in the range 898-854 cm™. On complexation this band
shifted to low energy and appeared in the range 796-710 cm™. The lower energy shift
indicates the change of C=Se to C-Se" thus suggests binding of ligand in selenate form.

Other IR peaks like v(C=N), v(C=C) and §(NH,) appeared in the range 1683-1400 cm™! in
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complexes and showed no significant change vis-a-vis free ligands.

Table 9.2 Important IR peaks of selenosemicarbazones (H'L-H'L) and zinc(II) complexes

(57-70)
Synthesised Ligands v(NH2) | v(-NH-) v(C=N), v(C=C), 6 | v(C=Se) | v(-NH-)
and Metal Complexes heterocyclic
(NHZ) I'illg
Cyclohexanone 3157w 1591s, 1489m, 1454s | 856s -
Selenosemicarbazone 3362m,
3225m
[Zn(cysesc)2]57 3364m, - 1606s, 1580m, 1432s [710s -
3293m
2-furfural 3142w 1600s, 1579m, 1464s | 812s -
selenosemicarbazone 3379m,
3340m
[Zn(2-fursesc):]58 - 1595s, 1531m, 1479s | 744s -
3350m,
3230m
2-thiophene 3095w 1599s, 1527m, 1415s | 844s -
selenosemicarbazone 3389m,
! z 3221m
[Zn(2-thiosesc)2]59 - 1645s, 1542m, 1420s | 702s -
3451m
N-methyl-2-pyrrole 3110w 1633s, 1562m, 1496s | 854s -
selenosemicarbazone 3412m,
3223m
[Zn(N-mepysesc)2]60 - 1586s, 1560m, 1477s | 734s -
3397m,
3248m
3-methyl-2-oxindole 3157w 1591s, 1489m, 1425s | 854s -
lenosemicarbazon 3358m,
selenosemicarbazone .5
[Zn(3-meoxsesc)2]61 - 1677s, 1585m, 1446s | 771s 3142w
3362m
2-oxindole 3157w 1591s, 1489m, 1454s | 856s -
selenosemicarbazone 3362m,
3225m
[Zn(2-oxsesc)2]62 - 1599s, 1516m, 1452s | 761s 3147w
3398m,
3242m
6-chloro-2-oxindole 3142w 1589s, 1512m, 1499s | 879s -
selenosemicarbazone 3417m,
3255m
[Zn(6-cloxsesc)2]63 - 1599s, 1514m, 1498s | 763s 3146w
3396m
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5-chloroisatin 3219m 3110w 1694s, 1618s, 1559m, | 885s -
) 1447s
selenosemicarbazone
[Zn(5-clistsesc)2]64 3417m, - 1668s, 1589s, 1516m, | 725s 3144w
3254m 1448s
1-methylisatin 3408m, 3128w 1676s, 1604s, 1492m, | 889s -
. 3228m 1415s
selenosemicarbazone
[Zn(1-meistsesc)2]65 3281m - 1683s, 1566m, 1404s | 740s 3161w
3-indole 3153w 1591s, 1487m,1450s | 898s -
. 3356m,
selenosemicarbazone 3046m
[Zn(3_indsesc)2]66 3352m, - 15958, 15338, 1498s 742s 3126w
3234m
3-acetylind01e 3142w 1624s, 1502m, 1406s | 877s -
3290m
selenosemicarbazone
[Zn(3-acindsesc)2]67 - 1608s, 1572m, 1418s | 750s 3155w
9-anthracene 3151w 1639s, 1518m, 1402s | 887s -
selenosemicarbazone p385m,
3248m
[Zn(9-anthrasesc),]68 - 1566s, 1496m, 1400s | 796s -
3317m
1-naphthaldehyde 3147w 1599s, 1516m, 1452s | 871s -
selenosemicarbazone 3400m
[Zn(1-naphthsesc)2169  [3346m, |- 1593s, 1527m, 1440s | 736s -
3228m
2-naphthaldehyde 3124w 1597s, 1533m, 1446s | 856s -
selenosemicarbazone 3350m
[Zn(2-naphthsesc)2]70  [3348m, 3128w 1568s, 1535m, 1400s | 742s -
3230m
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9.3 NMR Spectroscopy:
9.3.1 'H NMR Spectroscopy:

Important NMR signals of metal complexes are given in Table 9.3.1a) and 9.3.1b). 'H NMR
spectra of synthesized metal complexes are given in figures 9.3.1.1-9.3.1.7. For discussion of
'H NMR and '*C NMR signals of complexes of zinc(II) selenosemiarbazones, the complexes

need to be divided in Type 1 and Type 2 depending upon the type of ligand attached to them.

Type 1
Scheme 9.3.1

In ligands H3L, H'’L, H'2L. — H'L, the N> H signal appeared in the range & 11.5-5 9.51 ppm.
Disappearance of N?H signal in complexes of Type 1 (scheme 9.3.1) ensured the
deprotonation of ligand and is binding to metal atom in anionic form. The C*> H proton signal
appeared in the range & 9.51-5 8.80 ppm and the amino protons (N!'H,) gave one or two
broad singlet in the range 6 9.84-8 7.22 ppm. Ring protons signal showed the range in
between o 8.98-06 7.15 ppm (Table 9.3.1a).
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Table 9.3.1a) Important 'H NMR signals of selenosemicarbazones (Type 1) with zinc(II)

complexes
Ligands and | (1H, (1H, (1H, N'H>) (Ring protons)
Complexes N?H) | C*H)
2-Hthiosesc, (H3L) 8.10s 7.585s,6.71 s 7.47 m (1H, C*H), 7.37 d (1H,
9.64 s C*H), 7.12 d (1H, C°H)
[Zn(2-thiosesc)2]59 8.80s 7.37s,722s 7.50 d (1H, C*H), 7.44 d (1H,
) C*H), 7.15 t (1H, C°H)
3-Hlndsesc, (H''L) 10.0s 7.85s 7.76's,7.56 s 8.30-7.28 (5H, cyclic ring
proton).
[Zn(3-indsesc)2]66 8.86s 7.86s 8.51 d (1H, C°H), 8.35 d (1H,
] C®H), 7.45-7.36 m (2H, C*’H),
9-HAnsesc, (H'2L) 9.02 s - 8.73 d (2H, C>!'"H), 8.08 d
(2QH, C®'H), 7.73 t (2H,
C>°H), 7.60 t (t, 2H, C*!°H),
115 7.29 s (1H, C'H)
[Zn(9-anthrasesc):]68 9.10 s 9.845,9.26s 8.10 m (2H, C*»''H), 8.01 m
(2H, C**H), 7.86 t (2H, C>’H),
] 7.67 t (2H, C*'°H)
1-HNapsesc, (H'3L) 9.00s 797 s 8.17d (1H, C°H), 8.02 d (1H,
C*H), 7.95 d (1H, C°H), 7.62
931 m (2H, C3H), 7.29 s (IH,
C%H)
[Zn(1- 9.51s - 8.98 d (1H, C*H), 8.16 d (1H,
naphthsesc)2169 CH), 8.01 d (1H, C*H), 7.97 d
(1H, C®H), 7.70 m (1H, C*H),
] 7.62 m (1H, C¥H)
2-HNapsesc, (H'“L) 8.38s | 7.70s 8.05-7.29  (aromatic  ring
10.1 s proton)
[Zn(2- 891 s - 8.18-7.29  (aromatic  ring
naphthsesc)>]70 proton)

270




2' 1 _Se
/ y
R'=N NH, Cl H

Type 2
Scheme 9.3.1.1

In ligands H'L and H’L, the N?'H signal appeared at the range & 9.23 ppm and § 9.51 ppm
respectively, disappearence of N> H proton signal in complexes of Type 2 (scheme 9.3.1.1)
confirmed deprotonation and is binding of ligand to metal in anionic form and the amino
protons (N!'Hz) gave one broad singlet in the range & 5.08 ppm and & 8.48 ppm respectively.
Ring protons signal showed the range at 8 7.16-8 6.92 ppm and cyclic ring protons showed
the signal range at & 3.31- 8 1.65 ppm respectively (Table 9.3.1b).

Table 9.3.1b) Important 'H NMR signals of selenosemicarbazones (Type 2) with Zn(II)
complexes

Ligands and | (1H, (1H, (1H, (Ring protons)
Complexes N’H) |C*H) |N'Hy)
Hcysesc, H'L 923s |- 7.65 s, 2.32-1.54 m (10H, cyclic ring proton)
7.15s
[Zn(cysesc)2]57 - - 5.08s 3.52-1.73 m (10H, cyclic ring proton).
6-CIHOxsesc, (H'L) | 9.51s | - 4.89 s, 7.13 d (1H, C'H), 6.99 d (1H, C*H),
4.26s s
6.92s (1H, C°’H)
[Zn(6-cloxsesc)2]63 - - 8.48 s 7.15 d (1H, C'H), 7.03 d (1H, C*H),
6.92 s (1H, C°H), 3.54 (cyclic proton
ring)

The amino protons (N''Hz) gave two broad singlet in the selenosemicarbazones ligands of
Type 1 and Type 2 indicating that two protons are non-equivalent probably due to the H-

bonding between one at the amino hydrogen and azomethine nitrogen (I).
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Se
HN— 7

VAN
(N,
N

W)

Similarly in some cases the amino protons (N''H,) gave one singlet in the complexes of
Type 1 and Type 2 indicating that the two protons are equivalent probably during chelation

(IT) and also confirming that two protons are present in same environment.

se N:-_—C/NH2

/ N\
=N, _ /Se

" y
@) 1D

HN—C*
\

—N\\\ /N\H —_—

The amino protons (N!'H) in the selenosemicarbazones ligands of Type 1 and Type 2
indicating that presence of one proton or no proton probably due to the low solubility of two
protons of amino protons.The amino protons (N!'H») in the complexes of Type 1 and Type 2
indicating that presence of no proton probably due to the low solubility of two protons of

amino protons.

9.3.2 13C NMR Spectroscopy:

Important *C NMR signals of metal complexes are given in Table 9.3.2a) and 9.3.2b), 13C
NMR spectra of synthesized metal complexes are given in figures 9.3.2.1-9.3.2.4.

EH_1 /Se
R 2 \ f E
\/C=N/ NH2 R1_ / \ ,
RZ 3 1 S
R2= H
Type 1
Scheme 9.3.2
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In case of complexes of Type 1 (scheme 9.3.2), C! signal appeared at the range § 162.0 ppm
and disappearance of C! signal in some cases showed the low solubility of complexes of
Type 1. C? signal appeared at the range § 155.7 ppm and & 133.9 ppm respectively. Ring
carbons showed the signal in between the range of & 132.3 ppm and & 115.0 ppm
respectively. These signals gave the assurance that there is the formation of metal complexes
(Table 9.3.2a).

Table 9.3.2a) Important'3C NMR signals of selenosemicarbazones (Type 1) with zinc(II)
complexes

Ligands and Complexes [(CT) [ (C%) (Ring carbons)

2-Hthiosesc, (H3L) 155.8 1322.4 (C3), 130.0 (C*%, 127.8 (C%), 127.3

- (C)
[Zn(2-thiosesc)2]59 - 155.7 132.3 (C), 130.0 (C*), 127.8 (C?), 115.0 (C?)
1-HNapsesc, (H'*L) 601 134.1 |131.8-124.9 (aromatic ring carbon), 115.0 (C°)

[Zn(1-naphthsesc),]69 162.0 | 133.9 |131.6-124.2 (aromatic ring carbon)

Type 2

Scheme 9.3.2.1

In case of complexes of Type 2 (scheme 9.3.2.1), C! signal appeared at the range & 177.1
ppm and & 172.6 ppm respectively. Ring Carbons and cyclic ring carbons showed the signal
in between the range of 6 143.4-5 110.2 ppm and o 36.1-8 25.3 ppm respectively. The signals

gave the assurance that there is the formation of metal complexes (Table 9.3.2b).

Table 9.3.2b) Important!3C NMR signals of selenosemicarbazones (H'L, H’L) with zinc(II)
complexes (Type 2)

Ligands and Complexes (Ch) (C?)| (Ring carbons)
1 4-25.
Hcysesc, H'L 175.6 35.4-25.3
[Zn(cysesc)2]57 172.6 - 36.1-25.5 (cyclic carbon ring)
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6-CIHOxsesc, (H'L) 177.9 |- [143.6 (C°), 133.1 (C%), 125.3 (C7), 110.7 (C®), 58.2
(C%), 35.3(CY)

[Zn(6-cloxsesc)2]63 1771 |- [143.4 (C%), 133.6 (C%), 125.5 (C7), 110.2 (C®)35.3
(C)

9.4 Mass Spectrometry:

Mass spectra of complexes 57-70 have been recorded and given in Figures 9.4.1-9.4.14. The
observed molecular ion peaks [M]"are given in Table 9.4. From the table it is clear that m/z
value for complexes 57-70 are close to their proposed stiochiometry, [Zn(L)2] and thus

confirmed the coordination of zinc(Il) with selenosemicarbazones.

Table 9.4 m/z value (amu) of complexes 57-70 obtained from mass spectra

Complex No. Parent peak obtained from | Expected formula for parent ion
mass spectra (m/z)"

> 497amu [Zn(C7H12N3Se):]

>8 494amu [Zn(CsHeN30Se):]

> 528 amu [Zn(CsH7N3SSe):2]

60 514 amu [Zn(C7H7N4Se).]

61 596 amu [Zn(C1oH11N4Se)2]

62 574 amu [Zn(CoHoN4Se): |

o 662amu [Zn(CoHsN4ClOSe):]

65 624 amu [Zn(C10HoN4OSe):]

66 591 amu [Zn(C10HoN4Se):]

o1 621amu [Zn(C11H12N4Se):]

08 707amu [Zn(C16HoN3Se):]

6 610amu [Zn(C12HsN3Se):]

70 611amu [Zn(C12H9NsSe),]
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Figure 9.2.1 IR spectrum of [Zn(cysesc)2]57
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Figure 9.2.2 IR spectrum of [Zn(2-fursesc)2]58
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Figure 9.2.4 IR spectrum of [Zn(N-mepysesc)2]60
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Figure 9.2.5 IR spectrumof [Zn(3-meoxsesc)2]61
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Figure 9.2.6 IR spectrum of [Zn(2-o0xsesc)2]62
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Figure 9.2.7 IR spectrum of [Zn(6
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Figure 9.2.9 IR spectrum of [Zn(1-meistsesc)2]65
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Figure 9.2.10 IR spectrum of [Zn(3-indsesc)>]66
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Figure 9.2.11 IR spectrum of [Zn(3-acindsesc)2]67

Figure 9.2.12 IR spectrum of [Zn(9-anthracene)>]68
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Figure 9.2.14 IR spectrum of [Zn(2-naphthsesc)»]70
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Figure 9.3.1.2a) '"H NMR spectrum of complex 59
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Figure 9.3.1.3b) 'H NMR spectrum of complex 63(expansion form)
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CHAPTER 10

10.1 Anti M. Tuberculosis Activity:

BIOLOGICAL ACTIVITIES

Synthesized selenosemicarbazones and their metal complexes were tested for their anti-M

Tuberculosis activity. Table 10.1.1 and 10.1.2 contains the list of ligands and complexes

along with their numbering.

Table 10.1.1 List of selenosemicarbazones and their iron(III) and cobalt(Il) complexes

Selenosemicarbazones

Iron(I1I)-complexes

Cobalt(II)-complexes

Hcysesc, H'L

[Fe(cysesc)s]1

[Co(cysesc)3 |15

2-Hfursesc, H2L

[Fe(2-fursesc)3]2

[Co(2-fursesc):]16

2-Hthiosesc, H3L

[Fe(2-thiosesc)3]3

[Co(2-thiosesc)3]17

N-MeHpysesc, H'L

[Fe(N-mepysesc)s; |4

[Co(N-mepysesc)3]18

3-MeHOxsesc, H’L

[Fe(3-meoxsesc)3]5

[Co(3-meoxsesc):]19

2-HOxsesc, H°L

[Fe(2-oxsesc)3]6

[Co(2-0xsesc)3]20

6-C1HOxsesc, H'L

[Fe(6-cloxsesc)3]7

[Co(6-cloxsesc)s3]21

5-ClHIstsesc, H3L

[Fe(5-clistsesc)3]8

[Co(5-clistsesc)3]22

1-MeHIstsesc, H°L

[Fe(1-meistsesc)3]9

[Co(1-meistsesc)3]23

3-HIndsesc, H''L

[Fe(3-insesc)3]10

[Co(3-insesc)3 |24

3-AcHIndsesc, H''L

[Fe(3-acinsesc)3]11

[Co(3-acinsesc)3]25

9-HAnsesc, H'?L

[Fe(9-ansesc)3]12

[Co(9-ansesc)3]26

1-HNapsesc, HP*L

[Fe(1-naphsesc)3]13

[Co(1-naphsesc)3]27

2-HNapsesc, H'L

[Fe(2-naphsesc):]14

[Co(2-naphsesc)3 |28
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Table 10.1.2 List of nickel(II), copper(Il) and zinc(Il) complexes

Nickel(II)-complexes | Copper(II)- Zinc(II)-complexes
complexes
Ni(cysesc)2]29 [Cu(cysesc)2]43 [Zn(cysesc)2]57

Ni(2-fursesc)>]30 [Cu(2-fursesc), |44 [Zn(2-fursesc)>]58
Ni(2-thiosesc)2]31 [Cu(2-thiosesc)2]45 [Zn(2-thiosesc)2]59
Ni(N-mepysesc)2]32 | [Cu(N-mepysesc)2]46 | [Zn(N-mepysesc)2]60
Ni(3-meoxsesc)2]33 | [Cu(3-meoxsesc)2]47 | [Zn(3-meoxsesc)2]61
Ni(2-oxsesc)2]34 [Cu(2-oxsesc)2]48 [Zn(2-o0xsesc)2]62
Ni(6-cloxsesc)2]35 [Cu(6-cloxsesc)2]49 [Zn(6-cloxsesc)2]63
Ni(5-clistsesc)2]36 [Cu(5-clistsesc)2]50 [Zn(5-clistsesc)2]64
Ni(1-meistsesc)2]37 | [Cu(1-meistsesc)2]51 | [Zn(1-meistsesc)2]65

Ni(3-insesc)2]38 [Cu(3-insesc)2]52 [Zn(3-insesc)2]66
Ni(3-acinsesc)2]39 [Cu(3-acinsesc)2]53 [Zn(3-acinsesc)2]67
Ni(9-ansesc)2]40 [Cu(9-ansesc)2]54 [Zn(9-ansesc)2]68

Ni(1-naphsesc)»]41 [Cu(1-naphsesc)>]55 [Zn(1-naphsesc)2]69
Ni(2-naphsesc)2]42 [Cu(2-naphsesc)2]56 | [Zn(2-naphsesc)2]70

| | | | | | | | ] ] ]

The antimycobacterial activity of compounds (H'L-H'"L) and complexes 1-70 were assessed
against M. tuberculosis using a microplate Alamar Blue assay (MABA) [34]. This
methodology is non-toxic and uses a thermally stable reagent and shows good correlation
with proportional and BACTEC radiometric methods. Briefly, 200 pl of sterile de-ionized
water was added to all outer perimeter wells of a sterile 96 wells-plate to minimize
evaporation of the medium in the test-wells during incubation. The 96 wells-plate received
100 pl of the Middlebrooks 7H9 broth and a serial dilution of the compounds was carried out
directly on the plate. The final drug concentrations were tested at 100 to 0.2ug/ml. Each test
was carried out in triplicate. Plates were covered and sealed with para film and incubated at
37°C for five days in sealed plastic bags with 5% CO» atmosphere. After this time, 25 ul of a
freshly prepared 1:1 mixture of Almar Blue reagent and 10% tween 80 was added to the plate
and incubated for 24 h. A blue color in the well was interpreted as no bacterial growth, and a
pink color was scored as growth. Pyrazinamide, ciprofloxacin and streptomycin were
included as markers for standard drugs [179,180]. The acceptable range (MIC) of the
standard drugs used 3.125ug/ml, 3.125pg/ml and 6.25ug/ml, respectively.
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10.1.1 Anti M. Tuberculosis activity of selenosemicarbazones (H'L-H'“L)

The MIC values of selenosemicarazones (H'L-H'L) are given in Table 10.1.3. Hcysesc
(H'L), 2-Hthiosesc (H3L), 1-MeHIstsesc (HL), 9-HAnsesc (H2L), 1-HNapsesc (H'3L) and
2-HNapsesc (H'L) are found to be most active (MIC = 1.6ug /mL). Presence of fused
benzene rings in H'?L, H'*L. and HL may have enhanced the lipophilicity of the ligands,
which thus facilitated the permeability of these ligands through the lipid rich bacterial wall
and increased anti-microbial activity. Lipophilicity of H°L is also more than it chloro-
substituent due to the presence of methyl group at N-atom atom of isatin ring, thus increasing
the permeability of HL through lipid rich wall of bacteria. Sulfur atom at thiophene ring of
H3L have tendency for intermolecular interactions with amino acids of bacterial cell wall
thus capable of inhibiting bacterial growth. The small size of H'L as compare to other
selenosemicarbazones has an advantage for its movement inside the bacterial cell wall and
responsible for its high antiM.tuberculosis activity. Their anti-TB activities are similar to
standard drugs Isoniazid, Ethambutol (MIC = 1.6 pg/ml) and more than Pyrazinamide (MIC
=3.125 pg/mL).

Table 10.1.3 Anti-tubercular activity of selenosemicarbazones (H'L-H'L)

Mycobacterium tuberculosis H37RV strain

S.No Compound MIC (pg/mL)

100 50 25 12.5 6.25 | 3.12 1.6 0.8
1. H'L S S S S S S S R
2. H’L S R R R R R R R
3. H3L S S S S S S S R
4, HL S S R R R R R R
5. H3L S S S S S S R R
6. H°L S S S S S R R R
7. H'L S S S S S S R R
8. HEL S S S R R R R R
9. H°L S S S S S S S R
10. H''L S S S R R R R R
11. H''L S S S R R R R R
12. H"L S S S S S S S R
13. HBL S S S S S S S R
14. H™L S S S S S S S R
15. Isoniazid” S S S S S S S R
16. | Ethambutol” S S S S S S S R
17. Pyrazinamide” S S S S S S R R

* = Control

S= Sensitive, R = Resistant
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Complexes of selenosemicarbazones (H'L-HM™L) with iron(Ill), cobalt(Il), nickel(II),

copper(Il) and zinc(II) were also tested for their antiTB activity and MIC value obtained is
given in Table 10.1.4. The antiTB activity of H?L, H*L, H8L, H''L and H''L get enhanced

on complexation. Enhancement in antiTB activity is more in case of H'L (MIC = 25 pg/mL)

and its nickel(II) complex (39) is found to be most active (MIC = 0.8 pug/mL). Its activity is

even better than the standard drugs used Pyrazinmide (MIC = 3.125 pug/mL), Ethambutol

(MIC = 1.6 pg/mL) and Isoniazid (MIC = 1.6 pg/mL). Amongst the various metals,

copper(Il) and nickel(II) complexes have shown better result.

Table 10.1.4 Anti-TB activity of selenosemicarbazones (H'L-H'L) and their complexes (1-

70)

Mycobacterium tuberculosis H37RYV strain

MIC (png/mL)

HL [Fe(L)s] | [Co(L)2] | [Ni(L)2] | [Cu(L)] | [Zn(L)2]
Hcysesc, H'L 1.6 12.5 12.5 3.12 12.5 100
2-Hfursesc, H*L 100 25 25 50 12.5 100
2-Httsesc, H’L 1.6 6.25 25 12.5 25 12.5
N-MeHPysesc, HYL 50 3.12 3.12 50 25 0.8
3-MeHOxsesc, HL 1.6 3.12 25 1.6 25 3.12
2-HOxsesc, H°L 6.25 25 12.5 12.5 6.25 25
6-CIHOxsesc, H'L 3.12 12.5 12.5 3.12 12.5 100
5-ClHIstsesc, H3L 25 12.5 12.5 1.6 12.5 1.6
1-MeHIstsesc, H’L 1.6 3.12 12.5 1.6 12.5 6.25
3-HIndsesc, H''L 25 3.12 12.5 50 25 6.25
3-AcHIndsesc, H''L 25 6.25 12.5 0.8 12.5 1.6
9-HAnsesc, H’L 1.6 1.6 12.5 12.5 12.5 100
1-HNapsesc, H*L 1.6 25 25 12.5 100 50
2-HNapsesc, H*L 1.6 100 100 1.6 1.6 100

304




10.2 Anticancer activity:

It has been observed from literature survey that selenosemicarbazone with fused ring and
their complexes of nickel(Il) and zinc(II) have shown good anticancer activities against
various cell lines, thus in current research work, only fused ring selenosemicarbazones (H’L-
H!L), cyclohexanone selenosemicarbazone (H!L)and their complexes with nickel(I) and
zinc(Il) has been considered for testing their anti-cancer activities activity against PA-1
(human ovarian cancer) and DU145 (human prostate cancer) cell lines. Doxorubicin was
taken as control.

10.2.1 Cell culture

PA-1 (human ovarian cancer) and DU145 (human prostate cancer) cell lines were used to
study the anticancer activity of selenosemicarbazone and their nickel(Il) and zinc(II)
complexes. Cell lines were maintained in Dulbecco’s Modified Eagle Media (DMEM) with
low glucose. To the medium 10% fetal bovine serum (Gibco, Invitrogen) and 1% antibiotics
(Antimycotic 100X, Thermofisher Scientific) was added.

10.2.2 MTT assay

This is a colorimetric assay that measures the reduction of yellow 3-(4, 5-dimethythiazol-2-
yl)-2,5-diphenyl tetrazolium bromide (MTT) by mitochondrial succinatedehydrogenase. The
MTT enters the cells and passes into the mitochondria where it is reduced to an insoluble,
coloured (dark purple) formazan product (Scheme I). The cells are then solubilized with an
organic solvent (eg. DMSO, Isopropanol), and the released, solubilized formazan reagent, (E,
Z) -5- (4, 5- dimethylthiazol- 2- yl) - 1, 3- diphenylformazan is measured
spectrophotometrically. Since reductions of MTT can only occur in metabolically active cells

the level of activity is a measure of the viability of the cell.

MTT Formazan

Scheme 1
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The cells were seeded in a 96-well flat-bottom microplate and maintained at 37°C in 95%
humidity and 5% CO> overnight. Different concentration (100, 50, 25, 12.5, 6.25, 3.125
pg/ml) of samples were treated. The cells were incubated for another 48 hours. The wells
were washed twice with PBS and 20 pL of the MTT staining solution was added to each well
and the plate was incubated at 37°C. After 4h, 100 uL of DMSO was added to each well to
dissolve the formazan crystals, and absorbance was recorded with a 570 nm using microplate
reader [181-200]. The percentage survival cells were calculated using formula given below:
Surviving cells (%) = Mean OD of test compound /Mean OD of Negative control
x100

Sample codes used for selected selenosemicarbazones and their complexes are mentioned in

the table 10.2.1.

Table 10.2.1 Sample codes of selenosemicarbazones and their complexes for anticancer

activity
S.No | Compound Sample
Code

l. Cyclohexanone selenosemicarbazone, Heysesc (H!L) C1

2. 3-methyl-2-oxindole selenosemicarbazone, 3-MeHOxsesc(H’L) | C2

3. 2-oxindole selenosemicarbazone, 2-HOxsesc(HCL) C3

4. 6-chloro-2-oxindole selenosemicarbazone, 6-CIHOxsesc (H'L) | C4

5. 5-chloro isatin selenosemicarbazone, 5-ClHIstsesc(H3L) Cs5

6. 1-methyl isatin selenosemicarbazone, 1-MeHIstsesc(H’L) Co6

7. indole-3-selenosemicarbazone, 3-HIndsesc (H''L) C7

8. 3-acetyl indoleselenosemicarbazone, 3-AcHIndsesc(H''L) C8

9. 9-anthraldehyde selenosemicarbazone, 9-HAnsesc(H'?L) C9
10. 1-Naphthaldehyde selenosemicarbazone, 1-HNapsesc(H'3L) C10
11. 2-Naphthaldehyde selenosemicarbazone, 2-HNapsesc(H'¥L) Cl1
12. [Ni(3-MeOxsesc)2] 33 RC1
13. [Zn(3-MeOxsesc)2] 61 RC2
14. [Ni(2-Oxsesc)2] 34 RC3
15. [Zn(2-Oxsesc)2] 62 RC4
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16. [Ni(6-ClOxsesc)2] 35 RC5

17. [Zn(6-ClOxsesc)2] 63 RC6

18. [Ni(1-Melstsesc)2] 37 RC7

19. [Zn(1-Melstsesc)z] 65 RC8

20. [Ni(3-Indsesc)2] 38 RC9

21. [Zn(3-Indsesc)2] 66 RCI10
22. [Ni(9-HAnsesc)2] 40 RC11
23. [Zn(9-HAnsesc)2] 68 RC12
24, [Ni(1-Napsesc):] 41 RCI13
25. [Zn(1-Napsesc)2] 69 RC14
26. [Ni(cysesc)2] 29 RC15
27. [Zn(cysesc)2] 57 RC16
28. [Ni(3-Aclndsesc)2] 39 RC1"
29. [Ni(5-ClIstsesc)z] 36 RC2"
30. [Zn(5-Cllstsesc)z] 64 RC3"
31. [Ni(2-Napsesc)2] 42 RC4"
32. [Zn(2-Napsesc)2] 70 RC5"

* Samples sent in second slot

The anticancer activity of all the compounds was tested in triplicates (Annexure 1). ICso

value of compounds was calculated using graph Pad Prism Version 5.1. ICso value of free

ligands and their nickel(II) and zinc(I) complexes against PA-1and DU145 is given in Table

10.2.2 and 10.2.3 respectively.
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Table 10.2.2 ICsovalue of free ligands and their nickel(II) and zinc(II) complexes against PA-

1

ICso values (pg/ml) ICso values (ug/ml)

Compound | Sample code | Mean | SD Compound Sample Mean | SD
H'L Cl1 12.70 | 0.22 [Ni('L).] 29 lczocdfs 248 [0.25
HL C2 8.42 1030 [Ni(L),] 33 | RCl 829 [0.25
HL C3 1.76 | 0.04 [Ni(°L)2]34 | RC3 1.41 {0.05
H'L C4 6.80 | 0.10 [Ni('L)2]35 | RC5 4.14 1020
HSL Cs 557 ]0.06 [Ni(’L)2]36 | RC5" 594 (025
HL C6 791 |0.11 [Ni(’L)2]37 | RC7 423 10.09
H''L C7 534 10.09 [Ni('L)2]38 | RC9 2.93 10.10
H''L C8 1.63 | 0.01 [Ni(''L)2]39 | RC1" 1.99 {0.05
H"’L C9 372 [0.07 [Ni(°’L),]40 | RC11 2.57 |0.05
HBL C10 6.51 |0.11 [Ni(’L).]41 | RC13 128 |0.04
HML C11 322 10.02 [Ni(**L),]42 | RC4" 7.73 10.77
[Zn('L),] 57 | RC16 312 |0.04 [Zn('°L),]66 | RC10 491 |0.15
[Zn(*L)2] 61 | RC2 5.94 10.05 [Zn(''L).]67 | - - -
[Zn(°L),]62 | RC4 322 |0.10 [Zn('*L);]68 | RC12 232 |0.08
[Zn("L),]63 | RC6 6.10 |0.21 [Zn("*L),]69 | RC14 126 |0.01
[Zn(®L),]64 | RC3" 3.51 0.04 [Zn(**L)2]70 | RC5™ 594 |0.25
[Zn(°L),]65 | RC8 1.30 | 0.03 Doxorubicin 1.60 | 0.06
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Table 10.2.3 ICso value of free ligands and their nickel(II) and zinc(II) complexes against
DU145

ICso values (pg/ml) ICso values (pg/ml)

Compound | Sample code | Mean | SD Compound | Sample | Mean | SD
H'L Cl 22.107 | 0368 | [Ni('L)2] 29 f{ocdfs 6.25 |1.35
HL C2 3.179 [0.021 | [NiCL)]33 |RCl 7.48 1056
HSL C3 13.747 | 0318 | [Ni(°L)2]34 | RC3 832 [0.38
H'L C4 9.565 [0.178 | [Ni(L)2]35 |RC5 3.83  [0.78
HSL Cs 24987 | 0.856 [Ni(®L)2]36 RC5" 22.71 |0.29
HL C6 34.790 | 1.170 | [Ni’L)2]37 | RC7 11.80 |4.35
H''L C7 6.094 | 0.182 [Ni(*°L),]38 | RC9 6.97 0.18
H''L C8 72.053 | 0.972 [Ni(!'L)2]39 | RC1® 4.63 0.08
H"2L C9 4463 [0.004 |[Ni("’L),40 |RCI1l [12.79 [o0.11
HBL C10 10.427 | 0204 | [Ni(°L),J41 |RC13 [8.67 [0.04
HYL Cl1 81.873 | 1.407 | [Ni("L),]42 |RC4™ [23.63 |0.1
[Zn('L),] 57 | RC16 1337 |0.31 [Zn('°L),)66 |RC10 [6.38 [0.15
[Zn(°L),] 61 | RC2 10.60 | 0.07 [Zn(''L),167 | - - -
[Zn(°L)2]62 | RC4 7.69 |3.05 [Zn("2L),]68 |RC12 [7.00 |0.02
[Zn(’L),]63 | RC6 405 |0.15 [Zn(**L)2]69 | RC14 | 13.31 |0.06
[Zn(®L),]64 | RC3" 443 1030 [Zn("*L),]70 |RC5" [22.71 [0.29
[Zn(°L)2]65 | RCS8 3.29 0.07 Doxorubicin 3.60 0.16

All the ligands exhibit very good anti-cancer activity against PA-1 as compare to
DU145. In case of anticancer activity against PA-1, amongst the various
selenosemicarbazones, 2-oxindole selenosemicarbazone (H®L, ICso, 1.76 pg/ml) and 3-acetyl
indoleselenosemicarbazoe (H''L, ICs01.63 pg/ml) are most active compounds. Their activity
is almost similar or close to the Doxorubicin (control, ICso, 1.60 pg/ml). On complexation
with zinc(Il) or nickel(IT) metals, anticancer activity of most of the selenosemicarbazones get
enhanced against both the cell lines PA-1 and DU145. Selenosemicarbazone complexes of
zinc(Il) metal have shown better results than nickel(Il). Complexes [Zn(°L).]65 and

[Zn('3L)>]69 have shown highest anticancer activity against PA-1 with ICso value of 1.30
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pg/ml and 1.26 pg/ml respectively. The anticancer activity of these complexes is even better

than standard drug doxorubicin (ICso, 1.60pug/ml).

A comparative studies of ICso value of free ligands and their nickel(Il) and zinc(II)

complexes against PA-land DU145 is given in Table 10.2.4 and 10.2.5 respectively.

Table 10.2.4 Comparative studies of ICsovalue of free ligands and their nickel(II) and zinc(II)
complexes against PA-1

H'L 12.70 [Ni('L):] 29 2.48 [Zn('L)2] 57 3.12
HL 8.42 [Ni(°L)2] 33 8.29 [Zn(°L),] 61 5.94
HL 1.76 [Ni(°L),]34 1.41 [Zn(°L),]62 3.22
H'L 6.80 [Ni("L)2]35 4.14 [Zn("L),]63 6.10
H°L 5.57 [Ni(*L)2]36 5.94 [Zn(*L)»]64 3.51
HL 7.91 [Ni(°L)2]37 4.23 [Zn(°L)2]65 1.30
H''L 5.34 [Ni('°L),]38 2.93 [Zn('°L),]66 491
H''L 1.63 [Ni(''L)>]39 1.99 [Zn(''L).]67 |-

H2L | 3.72 [Ni('2L),]40 2.57 [Zn('’L),]68 | 2.32
HBL 6.51 [Ni(*L).]41 1.28 [Zn('*L),]69 1.26
HYL |3.22 [Ni('“L),]42 7.73 [Zn('*L),]70 | 5.94

All the ligands, nickel(II) and zinc(I) metal complexes exhibit very good anticancer
activity against PA-1. In case of anticancer activity against PA-1, amongst the various
selenosemicarbazones, 2-oxindole selenosemicarbazone (H®L, ICso, 1.76 pg/ml) and 3-acetyl
indoleselenosemicarbazoe (H''L, ICs01.63 pg/ml) are most active compounds. Their activity
is almost similar or close to the Doxorubicin (control, ICso, 1.60 pg/ml). On complexation
with zinc(Il) or nickel(Il) metals, anticancer activity of most of the selenosemicarbazones get
enhanced against the cell lines PA-1. Selenosemicarbazone complexes of zinc(Il) metal have
shown better results than nickel(II) metal. Complexes [Zn(°L).]65 and [Zn('’L)]69 have
shown highest anticancer activity against PA-1 with ICso value of 1.30 pg/ml and 1.26 pg/ml
respectively. The anticancer activity of zinc(I) metal complexes is even better than standard
drug doxorubicin (ICso, 1.60pug/ml) and also better than selenosemicarbazone ligands and

nickel(IT) metal complexes.
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Table 10.2.5 Comparative studies of ICsovalue of free ligands and their nickel(II) and zinc(II)
complexes against DU-145

H'L 22.107 [Ni('L)] 29 6.25 [Zn('L)] 57 13.37
H’L 3.179 [Ni(°L).] 33 7.48 [Zn(°L).] 61 10.60
HCL 13.747 [Ni(°L)2]34 8.32 [Zn(°L),]62 7.69
H'L 9.565 [Ni("L)>]35 3.83 [Zn("L)»]63 4.05
H°L 24.987 [Ni(®L)2]36 22.71 | [Zn(®L).]64 4.43
HL 34.790 [Ni(°L)2]37 11.80 | [Zn(°L).]65 3.29
H''L 6.094 [Ni('°L),]38 6.97 [Zn('°L),]66 6.38
H''L 72.053 [Ni(''L)>]39 4.63 [Zn(''L),]67 -
H'"’L 4.463 [Ni('°L).]40 12.79 | [Zn('?L),]68 7.00
HPL 10.427 [Ni(*L),]41 8.67 [Zn(">L),]69 13.31
H'L 81.873 [Ni('*L),]42 23.63 | [Zn(**L)2]70 22.71

All the ligands, nickel(II) and zinc(II) metal complexes exhibit very good anticancer
activity against DU145. In case of anticancer activity against DU 145, amongst the various
selenosemicarbazones, 3-methyl-2-oxindole selenosemicarbazone (H’L, ICso, 3.17 ug/ml) is
most active compound. The activity is almost similar or close to the Doxorubicin (control,
ICs0, 3.60 pg/ml). On complexation with zinc(Il) or nickel(Il) metals, anticancer activity of
most of the selenosemicarbazones get enhanced against the cell lines DUI145.
Selenosemicarbazone complexes of zinc(Il) metal have shown better results than nickel(II).
Complexes [Zn(°L)2]65 has shown highest anticancer activity against DU145 with ICso value
of 3.29 pg/ml and ligand shows(H’L, ICso, 3.17 pug/ml) better anticancer activity as compare
with nickel(Il) and zinc(I) metal complexes. The anticancer activity of zinc(Il) metal
complex and ligand is even better than standard drug doxorubicin (ICso, 3.60ug/ml) and also

better than nickel(I[) metal complexes.
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Results

ANNEXURE I

The ICso value of compounds (ng/ml) against PA-1

1C50 valuesTable
Sample Code Mean SD
C1 12.70 0.22
C2 8.42 0.30
C3 1.76 0.04
C4 6.80 0.10
G5 5.57 0.06
Cé6 7.91 0.11
C7 5.34 0.09
C8 1.63 0.01
C9 3.72 0.07
C10 6.51 0.11
Cl11 3.22 0.02
Cl12 3.13 0.07
Dox 1.60 0.06
Concentration C1 C2 C3 C4
pg/ml
100 15.64 | 14.69 | 14.38 | 17.69 | 18.01 | 17.54 | 16.75 | 1596 | 16.11 | 16.59 16.9 | 16.27
50 19.12 1 19.75 | 17.85 | 18.17 | 18.33 | 18.64 | 18.8 | 18.33 | 18.64 | 16.59 16.9 | 16.9
25 37.6 |36.49 |36.97 [ 19.59 | 19.91 | 21.17 | 19.59 | 1943 | 20.06 | 18.8 19.12 | 19.75
12.5 55.92 | 57.66 | 57.66 | 34.76 | 34.6 34.44 | 20.22 | 20.38 | 20.54 | 24.17 | 23.38 | 23.54
6.25 75.99 | 76.94 | 76.62 | 65.09 | 66.03 | 65.72 | 21.17 | 20.85 | 21.33 | 31.75 | 32.39 | 32.7
3.12 49.92 | 51.66 | 51.03 | 73.93 | 66.03 | 65.09 | 26.38 | 25.59 | 26.54 | 99.21 | 100.16 | 100.95
5
Negative 100
Control
Concentration Cs5 Cé6 C7 C8
pg/ml
100 19.75 | 18.8 17.54 | 17.69 | 16.11 | 16.27 | 16.59 | 16.9 17.85 | 158 | 17.06 | 17.38
50 20.22 1 19.75 | 19.59 | 1896 | 19.59 | 20.22 | 21.01 | 21.01 | 21.64 | 18.01 | 18.48 | 17.69
25 20.85 | 21.64 | 22.59 | 28.75 | 27.49 | 27.01 | 22.27 | 22.43 | 23.54 | 18.96 | 19.12 | 19.43
12.5 28.91 |1 29.86 | 29.54 | 38.23 | 37.6 36.18 | 24.49 | 24.33 | 25.12 | 20.06 | 19.27 | 20.06
6.25 37.28 | 35.7 3444 | 51.5 | 51.66 | 51.97 | 36.81 | 35.7 35.86 | 20.7 | 20.38 | 20.54
3.125 67.14 | 69.19 | 69.19 | 68.25 | 68.09 | 68.88 | 67.46 | 68.88 | 69.04 | 24.01 | 24.8 24.01
Negative 100
Control
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C"““ﬁ;‘;ﬁ“"“ C9 C10 ci1
100 18.8 17.69 18.33 30.65 30.96 30.17 15.17 15.48 14.53
50 22.27 20.7 21.01 31.12 32.23 3191 15.64 15.96 16.11
25 24.17 24.49 24.64 34.12 33.97 33.81 18.64 18.33 18.64
12.5 30.96 31.75 32.39 36.18 35.39 34.28 26.38 25.12 24.8
6.25 34.12 33.49 33.97 42.02 40.92 39.97 35.39 36.49 37.44
3.125 41.07 39.81 40.28 50.71 52.61 53.24 39.02 38.7 38.7
Negative Control 100
Conc:g;:;‘;lltlon C12 Doxorubicin
100 12.01 11.85 10.58 | 12.8 13.9 13.11
50 16.32 16.01 17.482 | 13.59 14.22 14.53
25 20.9 21.75 21.06 | 16.27 15.96 16.27
12.5 27y 28.49 26.64 | 16.43 17.06 16.9
6.25 33.18 33.65 33.49 | 20.7 20.38 20.7
3.125 39.02 37.28 36.97 | 25.59 27.96 25.59
Negative Control 100

The ICso value of compounds (ng/ml) against DU-145

IC50 values

Sample Code Mean SD

Cl 22.107 0.368
C2 3.179 0.021
C3 13.747 0.318
C4 9.565 0.178
C5 24.987 0.856
C6 34.790 1.170
C7 6.094 0.182
C8 72.053 0.972
C9 4.463 0.004
C10 10.427 0.204
Cl1 81.873 1.407
C12 10.710 0.106
Dox 6.206 0.286
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Cell Viability of DU 145
Concentration C1 C2 C3 C4

pg/ml

100 14.51| 13.72 |12.92 5.39 5:2:7. 5.63 [15.55 [15.13 |14.27 6.06 6.67 6.18
50 26.94| 25.23 25.60 6.31 6.49 6.18 |17.27 |17.58 |18.19 7.29 7.29 6.98
25 42.56| 43.42 4293 |11.51 |11.82 |12.06 [25.96 [24.00 [24.19 7.72 8.27 8.14
12.5 76.91| 76.00 [75.57 |12.49 |12.80 (12.43 63.81 [63.56 [64.24 54.01 | 53.70 | 53.09
6.25 80.34| 80.71 80.59 [24.25 24.00 [23.58 [72.14 [71.95 [71.46 73.12 | 70.79 | 70.91
3.125 82.30| 81.32 81.57 163.99 63.20 [63.56 [78.63 [75.57 [715.87 76.79 | 75.81 | 75.81
Negative 100

Control

Cell Viability of DU145

Concentration Cs C6 C7 C8

pg/ml

100 20.27| 19.72 (17.94 29.88 27.37 [28.41 4.47 4.78 4.96 4391 45.38 45.68
50 36.68| 35.76 [32.95 45.68 43.66 #4391 [5.51 5.94 5.63 68.46 68.71 68.89
25 53.64| 53.52 |53.34 61.79 |61.36 [61.79 [21.86 [19.66 [19.78 70.42 169.87 69.99
12.5 68.03| 68.46 [68.52 72.93 [72.50 [72.20 [31.17 [30.74 [31.05 76.67 (76.85 76.30
6.25 77.59| 75.14 [75.26 74.53 [74.65 [75.14 |51.87 14893 148.38 79.79 (79.67 79.91
3.125 79.06| 79.67 [79.98 83.53 81.81 [81.87 [69.01 (69.63 [69.32 88.00 [87.69 87.88
Negative 100

Control
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Concentration
pg/ml Cc9 C10 C11
100 6.06 5.88 5.57 | 15.98 | 13.35 1298 | 57.99 | 5848 | 57.99
50 6.80 6.98 6.86 | 33.80 | 31.90 31.97 | 65.09 | 64.61 | 64.79
25 8.45 8.27 8.82 | 39.01 | 38.33 37.84 | 68.28 | 68.34 | 68.46
12.5 12.06 | 12.49 | 13.29 | 45.07 | 45.25 45.13 | 78.63 | 76.85 | 75.08
6.25 37.11 | 37.29 | 36.93 | 50.70 | 50.89 50.64 | 80.47 | 80.40 | 80.53
3.125 78.51 | 77.95 | 77.59 | 67.61 | 67.67 68.28 | 83.83 | 83.04 | 82.91
Negative 100
Control
Concentration

pg/ml C12 Dox

100 4.72 5.39 5.08 12.80 1231 |12.61

50 5.82 5.51 5.63 12.86 [12.98 |13.78

25 8.70 8.02 8.14 28.05 [28.23 [28.35

12.5 66.81 65.03 [64.73 3821 [38.27 [39.56

6.25 72.20 [72.87 [72.93 45.13 4476 48.07

3.125 75.44 7575 [75.44 [55.85 [57.07 |57.26

Negative

Control
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Cvtotoxic activit

Cytotoxic activity carried by MTT assay

MTT

Principle of assay:

This is a colorimetric assay that measures the reduction of yellow 3-(4,
5-dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) by
mitochondrial succinatedehydrogenase. TheMTT enters the cells and
passes into the mitochondria where it is reduced to an insoluble,
coloured (dark purple) formazan product. The cells are then solubilized
with an organicsolvent (eg. DMSO, Isopropanol), and the released,
solubilized formazan reagent is measuredspectrophotometrically. Since
reductions of MTT can only occur in metabolically active cells the level
of activity is a measureof the viability of the cells.
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3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide  (E, Z)-5-(4,5-dimethylthiazol-2-yi)-1,3-diphenylformazan
(MTT) (Formazan)
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Results
The ICso value of compounds (ng/ml) against PA-1

IC50 values (ng/ml)
Sample Code Mean SD
RCl1 8.29 0.25
RC2 5.94 0.05
RC3 1.41 0.05
RC4 3.22 0.10
RCS5 4.14 0.20
RC6 6.10 0.21
RC7 4.23 0.09
RC8 1.30 0.03
RC9 2.93 0.10
RC10 491 0.15
RCI11 2.57 0.05
RCI12 2.32 0.08
RCI13 1.28 0.04
RC14 1.26 0.01
RCI15 2.48 0.25
RC16 3.12 0.04
RC17 1.60 0.06
Cell Viability of PA-1
Concentration RC1 RC2 RC3 RC4
pg/ml
100 13.45 ] 12.04 | 11.64 | 1537 [15.13 | 14.59 [14.48 | 13.22 13.26 | 1434 | 14.1 | 1341
50 16.7 | 16.76 | 14.89 | 15.81 [15.43 | 15.62 | 164 | 15.43 |15.62 | 1434 | 14.1 | 14
25 33.95]32.39 | 3273 | 17.14 | 16.9 | 17.98 [17.14 | 16.46 [16.95 164 | 16.17 | 16.66
12.5 42.46 | 43.55 | 41.86 | 31.3 30.62 | 30.37 |17.73 | 17.35 ]17.39 | 21.42 | 20.15 | 20.2
6.25 51.06 | 52.15 | 52.05 | 49.62 |51.97 | 53.58 [18.61 | 17.79 |18.13 28.5 | 28.56 | 28.75
3.125 65.79 | 66.15 | 63.75 | 62.88 [59.97 | 58.99 23.48 | 22.21 |23 51.48 | 50.83 | 48.47
Negative 100
Control
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Cell Viability of PA-1
Concentration RCS RC6 RC7 RCS8
pg/ml
100 17.29 | 15.87 [ 14.59 | 1537 |13.36 | 13.41 |14.34 | 14.1 | 1489 | 13.6 | 14.25 | 14.44
50 17.73 116.76 | 16.51 | 16.55 | 16.61 |17.1 18.47 | 17.94 | 18.43 | 15.66 | 15.58 | 14.74
25 18.32 | 18.53 | 19.31 |25.69 |23.98 |23.44 |19.65 | 19.26 | 20.2 | 16.55 | 16.17 | 16.36
12.5 25.84 [ 26.2 |25.8 34.54 3342 |32 21.71 | 21.03 | 21.67 | 17.58 | 16.31 | 16.95
6.25 33.66 | 31.65 | 30.37 |46.93 |46.55 | 46.75 |33.22 | 31.65 | 31.7 | 18.17 | 17.35 | 17.39
3.125 58.53 | 56.92 | 55.82 | 60.57 | 61.89 |59.53 |58.83 | 61.63 | 62.67 | 21.27 | 21.48 | 20.64
Negative 100
Control

318


mailto:mmcrl0l@gmail.co

Maratha Mandal's
Nathajirao G. Halgekar
Institut of Dental Sciences
& Research Centre,
BELAGAVI

MarathaMandhal's CentralResearchLaboratory

MarathaMandal's NGH Institute of Dental Science sand Research Centre,
R. S. No. 57B/2, Bauxhite Road, Belgaum-590010

Ph.N0.0831-2477681E-mail:mmnghidsc@gmail.com/mmcrl0l@gmail.co

Cell Viability of PA-1
Concentration RC9 RC10 RC11 RC12
pg/ml
100 16.4 14.84 | 1533 | 2746 | 27.23 | 26.39 | 13.01 | 12.77 | 11.79 | 10.06 [9.38 8.1
50 19.65 | 17.64 | 17.84 | 27.91 | 28.41 | 28.01 | 13.45|13.22 | 13.26 | 13.16 | 12.33 [12.67
25 2142 | 21.18 | 21.23 | 30.71 | 30.03 | 29.78 | 16.25 | 1543 | 15.62 | 14.63 | 13.95 |14.15
12.5 27.76 | 27.97 | 28.46 | 32.63 | 31.36 | 30.23 | 23.48 | 21.77 | 21.38 | 20.97 | 21.18 [21.23
6.25 30.71 | 29.59 | 29.93 | 38.08 | 36.52 | 35.54 | 31.89 | 32.39 | 33.18 | 29.82 |29.74 [29.49
3.125 37.2 35.49 | 35.83 | 46.2 47.44 | 47.93 | 35.28 | 34.46 | 34.36 | 35.28 | 33.13 [32.73
Negative 100
Control

Cell Viability of PA-1
Concentration RCI3 RC14 RCI15
pg/ml
100 10.8 11.3 10.46 |11.09 |10.27 |10.9 23.04 |22.21 |21.82
50 11.53 | 11.59 | 11.79 |[11.24 |11.89 |[10.76 |25.25 |24.57 |23.74
25 14.04 | 13.22 |13.41 | 133 13.22 | 13.41 |27.02 |26.34 |26.54
12.5 14.19 | 1425 |14 18.02 |16.76 |16.8 27.76 | 13.22 |13.41
6.25 18.17 | 17.35 | 17.54 | 1891 |19.12 |18.13 |29.23 |29 27.87
3.125 22.74 | 24.43 |22.11 |20.38 |20.74 |21.08 |30.27 |32.1 32.29
Negative Control 100
Concentration RC16 Dox
pg/ml
100 14.04 | 14.1 13.26 | 12.8 13.9 13.11
50 14.19 | 13.81 | 13.85 | 13.59 | 14.22 | 14.53
25 164 |16.31 |16.66 |16.27 | 1596 |16.27
12.5 17.88 | 17.64 | 17.84 |16.43 | 17.06 |16.9
6.25 28.35 [27.08 |27.13 |20.7 20.38 |20.7
3.125 51.09 |51.89 |50.9 25.59 | 27.96 |25.59
Negative Control 100
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The IC50 value of compounds (ng/ml) against DU-145

IC50 values
Sample Code Mean SD
RCI1 7.48 0.56
RC2 10.60 0.07
RC3 8.32 0.38
RC4 7.69 3.05
RC5 3.83 0.78
RC6 4.05 0.15
RC7 11.80 4.35
RC8 3.29 0.07
RC9 6.97 0.18
RC10 6.38 0.15
RCl11 12.79 0.11
RC12 7.00 0.02
RC13 8.67 0.04
RC14 13.31 0.06
RCI15 6.23 1.35
RC16 13.37 0.31
Doxo 3.60 0.16
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Cell Viability of DU145
Concentration RC1 RC2 RC3 RC4

pg/ml

100 347 378 3.4l 15.83 [15.73 ]16.09 | 5.43 548 528 |11.85 [11.23 [11.54
50 27 28.19 7.4 25.92 26.49 [26.28 | 22.71 | 22.56 | 22.3 [26.69 [26.23 [26.75
25 41.02 |41.65 41.59 B37.97 B7.71 373 |31.87 | 31.71 |314 3792 37.71 [38.02
12.5 4237 |42.68 432  43.61 43.51 43.15 |42.01 | 41.33 36.37 4428 4335 @42.89
6.25 47.13 14744 A47.85 [56.96 |57.84 |57.73 | 49.25 | 48.73 48.89 [52.2  0.26  52.1
3.125 54.01 |54.16 [52.92 168.75 |68.18 [67.87 | 72.53 | 72.01 [71.81 |64.87 [63.84 164.1
Negative 100

Control
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Cell Viability of DU 145

Concentration RC5 RC6 RC7 RCS
pg/ml
100 548 |5.64 523 931 9.93 9.98 |33.63 |33.47 |33.11 [B.59 .17 [7.81
50 6.88 | 6.67 16.93 [12.21 [12.11 12.31 | 36.78 | 36.89 | 37.09 [15.47 |15.88 |16.14
25 9 60.79 [8.43 [19.24 [19.35 8.85 |43.66 |43.04 |42.89 [18.11 [16.61 |16.71
12.5 11.07 [11.23 [11.23 21.06 P1.62 | 21.68 | 51.16 | 50.91 | 50.65 [24.57 21.83 [22.09
6.25 19.5 [18.42 |18.52 37.56 [37.61 | 37.71 | 55.87 | 54.84 | 53.13 30.21 [30.99 [30.52
3.125 74.19 [74.39 [74.39 5732 [56.96 | 57.22 | 64.56 | 12.21 | 63.99 48.58 48.47 48.22
Negative 100
Control

Cell Viability of DU 145

C""if;/t;st"’“ RCY RC10 RC11 RC12

100 10.76 |9.88 [9.98 |1148 |11.85 [11.54 |28.09 |27.88 |27.78 [13.86 [13.19 [11.69
50 17.69 | 17.18 [1733 1971 [193 [18.99 |37.87 |36.63 | 3683 [19.09 [1842 [1831
25 3099 |31.09 B3 P6.13 [6.07 D675 |4242 |4247 | 4252 plez Pl.52 P1.62
125 389 |39.06 PB8.59 WH0.71 W1.18 K092 |49.41 |49.72 |50.03 P6.75 P6.13 [P6.23
6.25 49.15 | 48.68 4894 W3.61 W35 [3.04 |522 |52.04 |52.15 [57.63 582  [57.84
3.125 60.99 |58.04 582 |60.53 [57.68 [57.63 |62.96 | 62.34 | 62.86 6839 |68.8  [69.06
|
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Cell Viability of DU 145

Conf;'/t;:;m“ RC13 RC14 RC15
100 1029 104 | 105 |2442 [2385 P3.95 | 20121676 | 16.61
50 2509 | 2535 | 254 |2845 |2871 P825 | 21.68|1987 |19.5
25 344 | 3425 |33.99 |3295 |33.16 B342 | 2804 2137 |21.57
125 433 | 4283 | 4299 |51.94 |51.84 [51.99 | 43252819 |27.63
6.25 46.77 | 46.92 | 46.66 |65.7 | 6627 6648 | 48.16 42.73 | 4247
3.125 69.01 | 69.17 | 6891 | 6937 |6891 [69.06 | 61.87 6l.61 |61.72

o
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1.

Reference

Cell Viability of DU 145

Conc:gn/t;stmn RC16 Dox

100 21.62 | 2199 | 2131 |128 13.9 | 13.11
50 3233 | 32.13 | 32.18 | 13.59 | 1422 | 14.53
25 43.04 |42.73 | 42.83 |20.7 20.38 | 20.7
12.5 4899 |4837 | 47.34 |2559 | 2796 |25.59
6.25 59.08 | 58.51 583 (3643 |37.06 |36.9
3.125 70.1 69.27 | 69.17 |43.59 | 4422 |45.53

Negative

Control 100

Kumbar VM, Muddapur UM, Bhat KG, Shwetha HR, Kugaji MS, Peram MR, Dindawar S.Cancer stem

cell traits in tumor spheres derived from primary laryngeal carcinoma celllines. Contemporary Clinical

Dentistry. 2021Jul;12(3):247.

Place:Belagavi
Date:02.09.2022

[odar

Dr.KishoreJ.Bhat
MD,(Microbiology)
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Results

IC50 value of compounds (ng/ml)

Sample Codes PA-1 DU145
Mean SD Mean SD
RC-1 1.99 0.05 3.54 0.02
RC-2 3.27 0.12 4.63 0.08
RC-3 3.51 0.04 443 0.30
RC-4 7.73 0.77 23.63 0.51
RC-5 5.94 0.25 22.71 0.29
Doxorubicin 2.72 0.13 4.63 0.08
Cell Viability of PA-1
CO“;;‘}:;;‘""“ RC1 RC2 RC3
100 20.73 [20.36 [19.27 [1.82 P1.09 [20.73 [20.73 [20.73 | 20.36
50 21.09 [20.73 [21.09 [3.27 P2.55 2291 [22.18 [21.82 |21.82
25 21.45 [21.45 [21.82 [3.64 P4.36 [24.73 [22.55 [22.91 |23.27
12.5 22.18 [23.27 [2.55 545 P6.18 [26.55 [23.64 [24.00 | 24.36
6.25 24.00 2291 P3.64 [27.27 [28.36 [28.73 [P7.64 [26.91 |27.27
3.125 27.64 [26.18 P26.55 |41.09 H42.18 42.55 K48.73 149.82 |48.00
Negative
Control 100
Cell Viability of PA-1
C"“;eg‘}:;ft“’“ RC4 RC5 Doxorubicin
100 22.55 [25.82 | 2545 25.82 [23.64 [25.82 [15.82 [13.64 |15.82
50 26.18 [28.36 |29.09 28.73 [28.36 [26.91 [18.73 |18.36 |16.91
25 27.64 [31.64 |30.55 (30.55 [30.18 [29.82 [20.55 [20.18 [21.82
12.5 31.27 [34.55 |35.27 33.45 [36.00 [31.64 [23.45 [26.00 [25.64
6.25 32.73 3891 |37.45 37.45 [38.91 [39.27 P27.45 [2891 [29.27
3.125 79.27 [7891 |79.64 5491 |56.73 [56.00 [34.91 [36.73 [36.00
Ry

325



Cell Viability of DU145
Concentration RCI1 RC2 RC3
pg/ml
100 25.28 24.54 23.42 2491 21.56 21.19 22.30 21.19 20.82
50 27.88 26.77 26.39 28.25 27.51 27.14 27.14 27.51 26.77
25 28.25 29.37 29.00 30.48 31.60 30.86 29.37 29.00 28.25
12.5 31.23 31.23 30.48 31.97 32.34 32.71 30.86 29.74 30.11
6.25 32.34 33.46 34.20 33.09 33.46 34.20 31.60 31.23 27.88
3.125 34.94 34.20 34.57 46.10 46.84 4721 51.67 50.93 49.07
Negative
Control 100
Cell Viability of DU145
Concentratigy RC4 RC5 Doxorubicin
pg/ml
100 26.77 26.02 27.14 37.17 35.32 36.06 2491 21.56 21.19
50 30.48 30.11 31.60 37.92 40.15 38.66 28.25 27.51 27.14
25 33.46 32.71 33.09 41.64 42.01 41.64 30.48 31.60 30.86
12.5 68.77 69.52 64.68 56.13 55.39 54.65 31.97 32.34 32.71
6.25 90.33 91.08 88.10 68.40 69.52 69.89 33.09 33.46 34.20
3.125 94.05 95.54 96.28 95.91 95.17 94.42 46.10 46.84 4721
Negative
Control LY
Reference

1. Kumbar VM, Peram MR, Kugaji MS, Shah T, Patil SP, Muddapur UM, Bhat KG. Effect of curcuminon
growth, bio film formation and virulence fact or gene expression of Porphyromonas gingivalis.

Odontology. 2021 Jan; 109(1):18-28.

fodar

Place:Belgaum Dr.KishoreG. Bhat

Date:15.05.2022
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Conclusion

Reaction of cyclohexanone with KSeCN and hydrazine hydrate in acidic medium results in the formation of
cyclohexanone selenosemicarbazone, which was then reacted to various aldehydes or ketones to form
respective selenosemicarbazones. These selenosemicarbazones are: Cyclohexanone Selenosemicarbazone
(Heysese, H'L); 2-furfural selenosemicarbazone (2-Hfursesc, H2L); 2-thiophene selenosemicarbazone (2-
Hthiosesc, HL); N-methyl-2-pyrrole selenosemicarbazone (N-MeHPysesc, H4L); 3-methyl-2-oxindole
selenosemicarbazone (3-MeHOxsesc, H’L); 2-oxindole selenosemicarbazone (2-HOxsese, H®L); 6-chloro-2-
oxindole selenosemicarbazone (6-CIHOxsesc, H'L); 5-chloro isatin selenosemicarbazone (5-CIHIstsesc,
HB8L); 1-methyl isatin selenosemicarbazone (1-MeHIstsese, H°L); indole-3-selenosemicarbazone (3-
HlIndsesc, H!'’L); 3-acetyl indole selenosemicarbazone (3-AcHIndsesc, H!L); 9-anthraldehyde
selenosemicarbazone (9-HAnsesc, H'2L); 1-Naphthaldehyde selenosemicarbazone (1-HNapsesc, H'3L); 2-
Naphthaldehyde selenosemicarbazone (2-HNapsesc, H'YL). All these ligands are characterized using M.P., IR
and NMR ('H and '*C NMR).

Reaction of iron acetate with selenosemicarbazones (HL) in 1: 3 (M : L) molar ratio in methanol has
fomed complexes of stiochiometry , [Fe(L);] (L = 'L 1; °L 2; °L 3; “L 4;°L 5;°L 6;’L 7; 5L 8;°L 9;'°L 10; ''L
11; °L 12; L 13; L 14). Complexes are characterized via IR and VSM studies. Representative complexes
are also studied using ESR, Mossbauer spectroscopy and XRD studies to establish their geometry. From the
VSM graphs, three parameters has been calculated: 1) Saturation magnetization (Ms): A point when no further
increase in magnetization is possible with increase in external magnetic field; i) remanence (M,):
magnetization left behind after removal of external magnetic field; 1ii) coercivity (Hc): it is the measure of
reverse field required to bring the magnetization to zero after saturation. The remanence magnetization of 1-14
lie in the range, -0.37866 to -0.29117emu/g, indicates that the iron metal in these complexes is magnetically
very soft. To establish the oxidation state and spin state, complex 2 was studied for Mossbauer spectroscopy.
Isomer shift value of 0.393 mm/s in complex 2 indicates the formation of iron(IIl) high spin octahedral
complex. Quadrupolar splitting indicates the asymmetric charge distribution around the iron(IIl) nuclei. ESR
spectrum of complex 12 give a broad signal with g value approximately equal to 2 supports formation X-ray
diffraction analysis was employed for complex 7, 10 and 12 respectively and peaks obtained confirmed the
formation of complexes.

Reaction of synthesized selenosemicarbazones ligands (H'L-H'L) with cobalt acetate in 2: 1 formed
complexes of stiochiometry,[Co(L)2] (L = 'L 15;*L 16;°L 17;“L 18;°L 19; L 20; 'L 21; 5L 22;°L 23; '°L 24;
"L 25; 2L 26; °L 27; L 28). Complexes are characterized by IR spectroscopy, Mass spectrometry and
elemental analysis. Parent ion peak in mass spectrum and % age carbon, hydrogen and nitrogen in elemental
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analysis are in well agreement with the proposed stiochiometry. Electron Spin Resonance spectroscopy has
been used as a powerful technique to determine the spin state of cobalt(Il) complexes. From ESR spectra, the
structure of complex 28 is found to be square planar as measured with respect to given g values (g-2.0 and
gi=2.2).
Reaction of nickel acetate with selenosemicarbazones (H'L-H'L) in 1 : 2 molar ratio has yielded complexes
of stiochiometry, [Ni(L)2] (L = 'L 29;2L 30;’L 31;“L 32;°L 33; L 34; L 35;5L 36;°L 37; '°L 38;''L 39; °L
40; °L 41; *L 42). All the complexes are characterized using IR, NMR ('H and "’NMR) spectroscopy and
Mass spectrometry. Similarly reaction of synthesized selenosemicarbazones ligands (H'L-H'L) with copper
acetate in 2: 1 may form complexes of stiochiometry, [Cu(L)>] (L = 'L 43;%L 44;°L 45;*L 46;°L 47;°L 48; 'L
49;3L 50;°L 51; '°L 52; 'L 53; 1°L 54; 3L 55; 'YL 56). All the complexes are characterized using IR, Electron
Spin Resonance spectroscopy and Mass spectrometry (few complexes). Parent ion peak obtained in the mass
spectrum of complexes is in accordance to the proposed stiochiometry. The ESR spectra of copper(Il)
complexes 43-56 in polycrystalline state was taken at RT. In complexes 43, 45,46,49, 51, 52, 53 and 54,55 the
value of geometric parameters (G) is less 4 hence a significant exchange interaction, whereas no exchange
interactions are observed in complexes 44, 47, 48, 50 and 56 (G > 4). The value of f for complexes 43, 45-47,
49-54 and 56 lies in the range, 102-135 cm indicating a square planar geometry with small distortion, where as
in complex 44, 53 and 55 value (= 182 cm, 146 cm and 153 cm) is close to tetrahedral geometry with larger
distortion. The values of o in complexes 43-46, 48, 50-56 ranges from 0.500-0.787 indicating a mixed ionic-
covalent bonding. The observed molecular ion peak [M]" in mass spectra and m/z values for complexes 43,
50-53 and 41, are close to their proposed stoichiometry [Cu(L)2] and confirmed the co-ordination of Cu(II)
with selenosemicarbazones.

Reaction of synthesized selenosemicarbazones ligands (H'L-H'L) with zinc acetate in 2: 1(L : M)
molar ratio has formed complexes of stiochiometry, [Zn(L)3] (L = 'L 57; 2L 58; °L 59; “L 60;°L 61;°L 62;'L
63; 5L 64;°L 65;'°L 66; 'L 67; '°L 68; '*L 69; “L 70). The complexes are characterized using IR, NMR
spectroscopy and mass spectrometry. Based on the various analytical and spectral characterizations the

proposed geometry for the complexes 1-70 is given below:
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Expected geometry for complexes 1-70
Selenosemicarbazones (H'L-H'L) and their complexes 1-70 are tested for their antimycobacterial

against M. tuberculosis. Hcysesc (H!L), 2-Hthiosesc (H3L), 1-MeHIstsesc (HL), 9-HAnsesc (H'L),1-
HNapsesc (H'3L) and 2-HNapsesc (H'L) are found to be most active (MIC = 1.6ug /mL). The antiTB activity
of H2L, H*L, H3L, H'’L and H''L get enhanced on complexation. Enhancement in anti-TB activity is more in
case of H''L (MIC = 25 pg/mL) and its nickel(Il) complex (39) is found to be most active (MIC = 0.8 pug/mL).
Its activity is even better than the standard drugs used Pyrazinmide (MIC = 3.125 pg/mL), Ethambutol (MIC =
1.6 pg/mL) and Isoniazid (MIC = 1.6 pg/mL). Amongst the various metals, copper(Il) and nickel(Il)
complexes have shown better result. Fused ring selenosemicarbazones (H’L-H'L), cyclohexanone
selenosemicarbazone (H'L) and their complexes with nickel(Il) and zinc(I) has been tested for their
anticancer activity against PA-1 (human ovarian cancer) and DU145 (human prostate cancer) cell lines. All
the ligands exhibit very good anticancer activity against PA-1 as compare to DU145. In case of anticancer
activity against PA-1, amongst the various selenosemicarbazones, 2-oxindole selenosemicarbazone (H°L, ICso,
1.76 pg/ml) and 3-acetyl indoleselenosemicarbazoe (H!'L, ICs01.63 pg/ml) are most active compounds. Their
activity is almost similar or close to the Doxorubicin (control, ICso, 1.60 pg/ml). On complexation with
zinc(II) or nickel(II) metals, anticancer activity of most of the selenosemicarbazones get enhanced against both
the cell lines PA-1 and DU145. Selenosemicarbazone complexes of zinc(I) metal have shown better results
than nickel(II). Complexes [Zn(°L):]65 and [Zn('’L),]69 have shown highest anticancer activity against PA-1
with ICso value of 1.30 pg/ml and 1.26 pg/ml respectively.
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SYNTHESIS, CHARACTERIZATION AND ANTI-TUBERCULAR ACTIVITY OF
SELENOSEMICARBAZONES CONTAINING FUSED AROMATIC RINGS

Rinku Malhi® and Rekha Sharma®
“Department of Chemistry, Lovely Professional University, Phagwara, 144411, India.

Abstract

Reaction of cyclohexanone selenosemicarbazone with 9-anthraldehyde, N-methyl-2-pyrrole carbaldehyde, Indole-3-carbaldehyde, 1-
naphthaldehyde and 2-naphthaldehyde in 1:1 molar ratio resulted into the formation of 9-anthraldehyde selenosemicarbazone (9-Hansesc,
H'L), N-methyl-2-pyrrole carbaldehyde selenosemicarbazone (N-MeHpsesc, H’L), Indole-3-carbaldehyde selenosemicarbazone (HInsesc,
H’L), l-naphthaldehyde selenosemicarbazone (l-Hnapsesc, H'L) and 2-naphthaldehyde selenosemicarbazone (2-Hnapsesc, H’L)

respectively. All the synthesized compounds were characterized using elemental analysis, IR and

"HNMR. These compounds were tested for

anti-tubercular activity and selenosemicarbazone ligands with no heteroatom are found to be more active.
Keywords : cyclohexanone selenosemicarbazone. naphthaldehyde. elemental analysis, anti-tubercular activity.

Introduction

Ligands containing chalcogen (O, S, Se) or nitrogen as
donor atoms are prime focus of research for many
researchers. Main reason for that is the number of biological
activities exhibited by them for example, 1,2,3-triazole based
ligands show antibacterial activity (Singh er al., 2018),
chromone based thiosemicarbazones exhibit antioxidant
properties (Singh er al., 2019; Singh er al., 2018; Singh er al.,
2015) and chalcone based ligands exhibit ant-tubercular
activities (Jaryal er al., 2017; Rawat er al., 2017; Talniya et
al., 2016) Many other such ligands known to be bioactive
molecules (Arora et al., 2016; Handa et al., 2019) and also
exhibit number of biological applications (Bashary er al.,
2019; Bhat er al., 2019; Sharma et al., 2017; Sharma et al.,
2017; Sharma er al., 2016; Sharma er al., 2016; Shiekh et al.,
2014; Mansoori er al., 2018; Niranjan er al., 2019; Masta er
al.,2019; Divya et al., 2019; Kumar et al., 2018; Mansoori et
al., 2018; Bedi et al., 2018; Datusalia er al., 2018; Khatik er
al., 2018; Kumar er al., 2018; Sarma er al., 2017; Kumar er
al., 2017; Sharma er al., 2016; Sharma et al., 2017). Apart
from biological activites, these ligands can be used as sensors
(Singh et al., 2019; Singh et al., 2019; Kaur et al., 2018;
Kaur er al., 2014), in photocells (Kumar er al., 2018; Malik er
al., 2018), as corrosion inhibitors (Ansari er al., 2014; Ansari
et al., 2015; Ansari et al., 2015; Ambrish et al., 2015; Bashir
et al., 2019) and sensors (Gupta er al., 2012). Ligand of
selenium donor are less common as earlier it was considered
toxic. Importance of selenium in human body comes into
existence after the discovery of selenocystein, the 21% amino
acid (Sunde er al, 1997). Selenoproteins with enzymatic
activity have selenocystein in their active site, where
selenium acts as redox centre (Sunde et al.,, 1997; Allan et
al., 1999; Diplock et al., 1994). Thus now a days, selenium
compounds like selenosemicarbazones are not treated as
toxic, rather they exhibit number of biological activities like
antitumor, antimicrobial, antiviral etc. (Liu er al., 1992; Turk
et al., 1986; Al-Eisawi et al., 2016; Filipovic et al., 2014).
But the chemistry of selenosemicarbazone is still not
explored much due to: i) elemental selenium get separated
out during complexation (Castle er af., 2003)], ii) ligands get
changed, leaving hydrogen selenide as side product
(Todorovic et al., 2006), iii) undergo oxidation to form
diselenide bridge (Andaloussi er al., 2010).

Selenosemicarbazones, {R1C2H:N7NH7C'(:S)N'HR2}(I)
known till date can be categorized into: a) having un-
substituted and substituted aromatic ring at C? carbon
(Bippus et al., 2010; Pizzo er al., 2016; Liu et al., 1992;
Calcatierra et al., 2015; Gingrxs et al., 1965); b) with
aliphatic chain at C? carbon (Bhoon er al., 1984): ¢) with
heterocyclic ring at C? carbon (Al-Eisawi et al., 2016; Shen
etal.,2014; Ma. Lourenco er al., 2007).

In present paper, synthesis of new selenosemicarbaze
namely, 9-anthraldehyde selenosemicarbazone (9-Hansesc),
N-methyl-2-pyrrole carbaldehyde selenosemicarbazone (IN-
MeHpsesc), Indole-3-carbaldehyde selenosemicarbazone
(HInsesc), I-naphthaldehyde selenosemicarbazone (1-
Hnapsesc) and 2-naphthaldehyde selenosemicarbazone (2-
Hnapsesc) (Scheme 1) has been done. Characterization of
synthesized molecules is done by elemental analysis, IR, 'H
NMR. All these compounds were also tested for their anti-
tubercular activity.
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Abstract

Reaction of cyclohexanoneselenosemicarbazone with aldehydes and
ketones containing heterocyclic rings (2-oxindole, 6-cholro-2-oxindole,
3-methyl-2-oxindole, isatin, 1-methyl isatin, furfural, pyrrole-
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hydrazine (A) and 1, 2-bis(4-chlorobenzylidiene) hydrazine (B) rather
than selenosemicarbazone. All the synthesized compounds were
characterized using IR and NMR (*H, 1C) spectroscopy. Structure of A
and B were confirmed by single crystal X-ray crystallography. The
synthesized selenosemicarbazones were tested for their anti-tubercular
activities and H'L, H?L, H°L and H°L are found to exhibit excellent
anti-TB activity. The experimental data will give an opportunity to
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Certificate No. 182075
a—

Yy -

R

Certificate of Participation

This is to certify that Prof./Dr. Rinku Malhi of

v
Lovely Professional University, Phagwara has given poster |/ oral presentation

on Synthesis, Characterization and Anti-tubercular activity of Sel: icarb.

in the International Conference on "Recent Advances in Fundamental and Applied Sciences" (RAFAS 2019) held on
November 5-6, 2019, organized by School of Chemical Engineering and Physical Sciences, Lovely Faculty of Technology
and Sciences, Lovely Professional University, Punjab.

Date of Issue : 05-11-2019
Place of Issue: Phagwara (India)

mpak (2, Dl i ;

Organizing Secretary
(Administrative Officer-Records)

Convener
(RAFAS 2019)

(RAFAS 2019)

8™ INTERNATIONAL

SELENIUM CONFERENCE

November 20-23, 2019, TIET, Patiala, India

%&Mﬁafe g/ @;@@/zfa{m;&

This certificate has been awarded to zé‘étéﬂ %«%& for presenting a poster entitled “The

Essentiality of Selenium Trace Element” at 8" International Selenium Conference held at Thapar

Institute of Engineering and Technology, Patiala, India during November 20-23, 2019.

fo TP b ot

Dr N.Tejo Prakash
Organizing Secretary

Prof. Ajay Batish Prof. P. Gopalan =
Patron Chief Patron
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Paper ID: ID-ICSET-CBTR-230221-7274

I Video Conference
21°* February 2021

- ISSRO - =

INTERNATIONAL SOCIETY FOR SCIENTIFIC RESEARCH
AND DEVELOPMENT

International Conference on
Science Engineering & Technology

This is to certify that RinRu Malhi has presented a paper
entitled “Introduction of Selenosemicarbazone” at the
International Cornfererice ornt Science Engineerirtg <Z
Techrnology (ICSETD) held in Coimbatore, India
on 23™ February, 2021.

—hHhairman
International Society for
Scientific Research and Development

International Chemical Engineering Conference 2021
Organised by
Department of Chemical Engineering
Dr. B.R. Ambedkar National Institute of Technology, Jalandhar
September 16 to 19, 2021

Ref.: ICHEEC 2021/142/ICHECR9544

CERTIFICATE OF PARTICIPATION

This certificate is presented to Mr./Ms./Dr. Rinku Malhi for presenting “ A Study on
Selenium and its Comparative Analogues “ by Dr. Rekha Sharma, Rinku Malhi ,
from Lovely Professional University.

b b Ry s

Organising Chairman Conference Patron Head of Department and  Conference Secretary
i Organising Secretary
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National Conference of Science Communicators & Science Teachers

Indian Independence Movement & the Role of Science
November 29-30, 2021

Certificate of Participation
This is to certify that
RINKU MALHI, LOVELY PROFESSIONAL UNIVERSITY

has participated in the National Conference of Science Communicators & Science Teachers
held on November 29-30, 2021

-——@m]@(U
Dr. Nakul Parashar Shri Jayant Sahasrabudhe
Director, CSIR-NIScPR Director, Vigyan Prasar National Organising Secretary, Vijnana Bharati
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Eurasian Conference on
‘Science, Engineering & Technological Innovations’
Date: 20 & 21 November, 2021. (Online mode)

r
Keyvyi Rib National Universicy

c e
Cortificate of Participation and Presentation.
Ref.No: RCS/ECSETI-21/CPP/001 This is to Certify that

'RINKU MALHI
has partlclpmg& presented a Paper titled
Biological Importance of Selenium Element

in the ‘E i ce on Sci Engineering & Technological In tions’ dated 20 - 21 November, 2021.
e o

27 ¥Y

D ece e — %
Prof. Natalia Morkun Dr. C. M. Patel
ECSETI-2021 Conference Chair ECSETI-2021 Conference Chair
C and Director, Research Culture Society.
Kryvyi Rih L Associati
www.knu.edu.ua www, jetv.org

28 CHANDIGARH unveRsiTYe
o UNIVERSITY ERAAAD(E: |"“":.“"'& ?Concordual@(}sm

Ref. No.TCEMST[427

= ACCREDITED UNIVERBITY OVERALL RANK 271-280 Montresl, QC, Canada

Discover. Leorn. Empower

ICFMST-2022
Certificate of Participation

This is to certify that Dr./Mr./Ms. __Tein®u Mallhs of

chaired/delivered invited lecture/ participated/ prese‘n/ted a

paper on

his/her paper adjudged as the C_J in the 2™ International Conference

on “Functional Materials and Simulation Techniques” jointly organized by University Institute of Sciences
(UIS), Chandigarh University and Concordia University, Canada sponsored by SERB, DST, India, held on

10" and " January, 2022 at Chandigarh University, Gharuan, Punjab (India).

Prof. (Dr.) S. S. Chauhan Prof. (Dr.) R. M. Bhagat
Convener - ICFMST-2022 Program Chair-ICFMST-2022
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Two Days International e-Conference on
Recent Advancements in Chemical Sciences: Health, Environment and Society

(ICRACS - 2022)
8™ . 9™ April 2022

Certificate of Participation

Proudly presented to
Rinku Malhi, Lovely professional University, Jalandhar

for active participation in the International e-Conference ICRACS - 2022, organized by
Department of Chemistry, Deshbandhu College, University of Delhi

(pien b Ko b
Dr Umesh Kumar Prof. Sushila Singhal Prof. Rajiv Aggarwal
(Convener) (Convener) (Principal)
I Cortificase Mo, 245308
' BIOVELY
IBIROFESSIONAL
BENIVERSITY { Y,
[ S S S——— N

Certificate of Participation

Presented to Ms. Rinku Malhi of Lovely Professional University in recognition of his/her
participation in “International Conference on Innovation and Intellectual Property Rights” held
on 18-19" April, 2022 organized by Division of Research and Development, Lovely Professional

University, Punjab.

Oute of haue: 130%-2022
Place Phagwara (Punjad) indis

N

(Administrative Officer Recerds) e oaden SrSutmnur Ot
Lo €O, Ohvisson of Research

ond Develcoment
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International Conference on

‘Science, Engineering & Technological Innovations’

Date: 13 -14 August, 2022. Bangkok, Thail.

=5

Sci
Chreso University (CU), Zambia, Southern Africa
Research Culture Society
&

Institute of Science and Technology, Eurasian University

o

)

Corlificats of Participation and Preserdation

This is to Certify that

RINKU MALHI

has participated and presented a Paper / Article / Poster / Project titled

Selenium Biochemistry

in the ‘International Conference on Science, Engineering & Technological Innovations’ dated 13 - 14 August, 2022.

at Bangkok, Thailand.

Certificate Ref.No: ICSETI-22/CPP/015

2 i
r. Jessica C. Prof. tﬁ;ﬂstophor Simoonga

ICSETI - 2022 Conference Chair ICSETI - 2022 Conference Chair

Institute of Science and Technology, EU https://chresouniversity.edu.zm/

Director, Research Culture Society.
Head, Scientific Research Association Vice Chancellor, Chreso University, Zambia President, Scientific Research Organization.

http://www.researchculturesociety.org
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CERTIFICATE of PUBLICATION

THIS ACKNOWLEDGES THAT
Rinku Malhi
HAS SUCCESSFULLY PUBLISHED RESEARCH PAPER

An Importance of Selenium Element
Related Analogues

SEPTEMBER D Gl R Miathinsn- | Fobone fomitde m
2021

o >
Members | IJSER Review Board Panel | www ijser.org //& EKR

L 8 @ ol ) VI e ﬁ/ﬁ%@

INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN
MULTIDISCIPLINARY FIELD

{@} ” : 2 , Indexed : ’ Tt
s e, Certificate of Publication

is awarded to

I IMPACT FACTOR : 8.719J I PAPER ID : ECSETIO1

For the research p;pe}l article entitled

Biological Importance of Selenium Element

Published in IJIRMF Volume -7, Conference Special Issue - 31, November - 2021.

Certificate for Publication of :
Eurasian Conference on Science, Engineering & Technological
Innovation
The Manag!ng Editor 20 & 21 Nov, 2021
o cuwn\;t‘lw.utnna::g‘:ar Jointly organized by: B
Email: rcsjournals@gmail.com 5 G and s Kryvy! Rih National
Email: editor@ijirmf.com University, Ukraine, Research Culture Society and

>

\ NET)
-t et Pt et

e B e, e e
AN NI NCE:
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INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN
MULTIDISCIPLINARY FIELD

3 Journal

Cortificate of Publication

is awarded to
SMVL,p, LPAPER ID : ICSETI-2022/008 ]

ﬁn&;‘_{ f'{?ihl

IMPACT FACTOR : 6.719 l

For the research pépe'r | article entitled
Synthesis, Characterization and Biological Activity of Aromatic Ring Selenosemicarbazone

Published in IJIRMF Volume -8, Conference Special Issue - 37, August - 2022,

e

< ',

Certificate for Publication of :
International Conference on Science, Engineering &
Technological Innovations
The Managing Editor 13 - 14 August, 2022 Bangkok, Thailand
ch Culture Society and Publicati Joinii i v
WWW.IJIRMF.COM i Bt bty

Email: rcsjournals@gmail.com Scientific R i Chresol ity (CU), Zambia ; Institute of Science
Email: editor@ijirmf.com and T Culture Society’
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HUMAN RESOURCE DEVELOPMENT CENTER

[Under the Aegis of Lovely Professional University, Jalandhar-Delhi G.T Road, Phagwara (Punjab)]

Certificate No. 211999

Certificate of Participation

This is to certify that Ms. Rinku Malhi D/o Sh. Surinder Malhi participated in Short Term Course on
Scientific Writing Using Typesetting Software LaTeX organized by Lovely Professional University w.e.f.

October 17, 2020 to November 01, 2020 (6 Days):

Date of Issue : 01-11-2020
Place : Phagwara (Punjab), India

C/l;ﬂ q\\»»'- .

Prepared by Checked By
(Administrative Officer-Records) Program Coordinator

| Ba

PerkinEimer’

For the Better Bruker India Pvt. Ltd

Head
H R ce D lop Center
B i Iy P
~SEOw Pvt. Ltd
Jeol India Pvt. Ltd. EsHIMADZU

Certificate No.235504

Certificate of Participation

This is to certify that Dr./Mr./Ms. Rinku Malhi has presented his/her poster successfully during the conduct of the online Short

Term Course on Material Characterization: Analysis and Interpretation held during 23+ to 28t August 2021 organized by

PerkinElmer-LPU Centre of Excellence in Materials’ Characterization, Bruker-LPU Centre of Excellence for Microstructural

Studies, JEOL -LPU Centre of Excellence for Advanced Microscopic Studies and Shimadzu-LPU Centre for Advanced

Chromatography and Mass Spectrometry in association with Central Instrumentation Facility, Division of Research and

Development at Lovely Professional University, Punjab.

Date of Issue : 30-10-2021
Place : Phagwara (Punjab), India

& Bl (P““"\?"'ulra

bWﬁ'

Prepared by Central Instrumentation Facilty, LPU Head

(Administrative Officer-Records)

Division of Research and development, LPU
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Marwadi
University

CERTIFICATE OF PARTICIPATION

This is to certify that
Mr/Ms/Dr. RINKU MALHI
has participated in a Five days International Short Term Training Programme On
“Advanced Approaches for Sustainable Environmental Management (AASEM-2021)"

Organised by:
DEPARTMENT OF ENVIRONMENTAL SCIENCE & ENGINEERING, MARWADI UNIVERSITY
Co-Sponsored by:
GUJARAT COUNCIL ON SCIENCE AND TECHNOLOGY, GOVERNMENT OF GUJARAT
On 20" - 24" September, 2021

g ‘Xy % At —

DR NITIN KUMAR SINGH MRABHISHEKGUPTA  PROF.(DR) RAJENDRA SINH JADEJA PROF.(DR) SANDEEP SANCHI
COORDINATOR HoD & COORDINATOR DEAN, MU PROVOST. MU

One Week Multi-disciplinary
FACULTY DEVELOPMENT PROGRAM (FDP)

Environmental Security : Approaches & Issues
(November 5 - 11, 2021)

Organized by : Faculty of Sciences

BARING UNION CHRISTIAN COLLEGE

BATALA-143505 (Punjab)

L4

Selenitinn
in one week multi-disciplinary Faculty Development Program (FDP) from November s 11 ,2021.

= % , N L X Me&f‘
e Most Rev. (Dr.) P.K. Samanta Prof. (Dr.) Edward Masih Prof. Mandeep Bedi Dr. Amita Prof. (Dr.) Derick Engles
E ; Ci
-,

hief Patron (Chairman) Patron (Principal) Co-Patron Co-Patron Secretary E g
o
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] == PARTICIPATION ==

This is to Certify that
Rinku Malhi

For actively attending the Faculty Development Programme on the topic
"Teaching and Learning in Higher and Professional Education-the
challenges and opportunities” organized by Institute For Engineering
Research and Publication on 18" April 2022.

SESSION SPECIFICS

Date : 18-April-2022 | Tlrn. 12:30 pm 01:30 pm
Topic : Teaching and Learning in Higher and the ct

ges and opportunities
Speaker : Dr. Indranil Bose

v

s

Dr. lndraml Bose

| 4

& { 2: 21 o
Mr.Rudra Bhanu Satpathy f
Dean, School CEOC & Founder
Univaraity of BOROMUAE n

.. A |
.. ‘
.
)
I

Institute For Engineoring Resocarch
and Publication (IFERP)

CHITKARA B

This certificate is presented to

Rinku Malhi
of

Lovely Professional University, Jalandhar

for successful participation in One Week National Workshop on
‘“Deep Dive Into Python” from 24th August to 28th August, 2021
organized by Department of Applied Sciences,
Chitkara University, Himachal Pradesh.

' T
W e BT e
Dr Shefali Batra

Dr Sita Ram Sharma
Convener Dy. Dean(Applied Sciences)
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MOLECULAR DOCKING & ANALYSIS
VIRTUAL HH‘N’D WORKSHOP

have attended “MOLECULAR
WORKSHOP”™ organizc&)b
August, 2022,

ALYSIS VIRTUAL HANDS-ON
Hyd erabad on 18th & 19th

-~
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EACEL Education Services
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	Next, my thanksto these wonderful people -RaananCarmieli, Ahmet Savci, Charan Singh, Vijay Kumbar,Dr. Jay Singh Meena, Preeti, Brad Dodrill - who have supported me in completing the research work.
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