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Summary
The work in this thesis is described as follows:
A: Mixed-Ligand metal complexes

A A: Sulphamethoxazole (SMZ) (antibiotics) are used as primary ligands
and/or L-Proline( L-ProH), and L-Valine ( L-ValH) as secondary ligands
with M(Il) and M’ (111) complexes (as listed in the Table below.

T Secondary
ype Primary i
Mixed ligand ) Ligand Compositions
ligand amino
complexes acid
. L-Pro). M (SMZ
Style 1 Sulfamethoxazole | L-Proline L M= h};(”)'( Fe )
L-ProH -M - SMZ (SM2) (L-ProH) | (11),Ni(11), Cu(11),Cd(1),
211 Hg(ll) and Sn(ll)
1'1 .1 Sulfamethoxazole| L-Proline [L'PrOI)(Z |\)/|'(3|2/|Z))]C|d
1. SMZ ) M= Al(lI1) ,Cr(l1l) an
(SM2Z) ( L-ProH) Fe(lll)
Sulfamethoxazole| L-Proline
(SMZ) ( L-ProH) [ Sn(SMZ)( L-Pro)]CI
Stvle 2 Sulfamethoxazole | |\, [ (L-Val): M (SM2Z)]CI
y M= Mn (I1), Fe (11),
L-Val- M - SMZ (SM2) (L-ValH) Co(I1),Ni(11), Cu(ll),
21.1 ,Cd(11), Hg(I1) and Sn(Il)
Sulfamethoxazole| L-Valine | [( L-Val). M"(SMZ)]CI
(SM2) ( L-ValH) M' = FE(I,IAR(I’l(I:)r(I”) and




B : Mono Ligand Complexes
Sulphamethoxazole (antibiotics) , L-Proline and L-Valine

Were used as mono ligand complexes (as listed in the Table

below:
Type ligands Compositions
Style 1 S“'fazg‘f\t/lhg)xazo'e [Sn(SMZ)2ICl
amino acid [Sn(L-Pro)s]
n(L-Pro
Style 2 L-Proline ( L-ProH) ?
amino acid [Sn(L-Val)]
n(L-Va
Style 3 L-Valine (L-ValH) ’
I Sulfamethoxazole [ M'(SM2)s]Cls
Style 4 (SM2) M'=Fe(l11),Cr(I1)and Al(I11)

Products were found to be solid complexes, which were characterized
through the following techniques: Molar conductance, Melting point
measurements and spectroscopic methods i.e., [FT-IR, UV-Vis and AA].

According to the results obtained from the different techniques, the

following structures are suggested.
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The biological activity of the synthesized compound as well as their free

ligands was studied by the zone of inhibition (ZI) .
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Chapter One Introduction

Introduction and Literatures Review
1. General Introduction

The field of bioinorganic chemistry, explores the roles that metals
play in biology. A large number of compounds are important and using
various bioanalytical and spectroscopic techniques. They synthesize metal
enzymes, catalysts and materials structures chemistry, and study their
mechanism of action. ™
1.1. Antibiotics Drugs and elemental medicine:

Elemental medicine " Medical inorganic - chemistry " is an
important  major key area of chemistry for many researches [*-*l who
are interested in coordination field between metal ions and antibiotics.
Many diseases which are currently intractable
Figures (1-1) and (1-2) !

Essential elements Therapeutic agents Radiopharmaceuticals
Food (eg. LiV,As, R Therapeu e *fe]
Mineral supplements Ag, Pt, Au) Diagnostic (e.g. **"Tc)
e.g. F, Ca, Fe, Co (vit B12)
Zn, Se
: Medicinal Protein/enzyme regulators
Transport and signaling hermi angiotensin-converting enzyme
pamwa ys C Emlslry 02, OD, NO
Genomic codes for elements /
Chelation therapy Contrast agents
Overload diseases (e.q. Fe, Cu) | | Enzyme mimics MR! (e.9. Gd, Mn, Fe)
Removal of radionuclides Synzymes (e.g. for SOD) | | X-ray (eg. |

Figure (1-1): The major key areas of medical inorganic chemistry. 1
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|\ Antibacterial | |

| DNAbinding | "\ swudy
study : =
< T
‘ f\ :
Antioxidant " _ «"Amicancer' \
study| Uses study
| == of "

complexes /)

el
/ Corrosion ”

inhibition g
study \

Figure (1-2): The major key areas of metal complexes , on corrosion
inhibition biological and optical properties.

The term "antibiotic" originally referred to natural compounds produced
by a fungus or other microorganisms that Kill disease causing by bacteria.
Introducing metal ions into a biological system may be carried out for
diagnostic purposes or therapeutic 221, Increasing knowledge of metal
biochemistry will provide the design of new drugs both inorganic and

organic in many other areas too. [*©l,
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Many organic drugs require interaction with metals as complexes for

activity, as shown in Table (1-1).

Table (1-1): Some medical uses of complexes

Element Compounds Uses references
. . high binding
|1_N~—rN_ L affinities
o o toward human
pt! at = serum [7]
A albumin in
= buffer
Pt''-amino acid complexes solutions.
o X
| P Anti-
pt!! T inflammatory [8]
N H A
/\< New, o agents
Platinum (I1)-Piroxicam
pt! Antibacterial [°]
agents
[
Au (1) and Au ' Y Q anti- [10]
(1) “eg 4 cancer drug
NHC gold amino acid
Anti-
cal Hypertensive [11]
Drug
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) L
— f ”\H ‘— cope
Z/;\I—-He-—-\ —p—
oV i /
Re (V) ﬁi“/' R VA ‘ Pharmacology |  [12]
w' : ‘
[ReO(tpb)(L-pro)]
R-4" Malar
1] /‘\ f:e CH,CH, dalaria 13
Fe }j Parasite. =
Terroquine
@ @ [14]
Te (IV) TN ey Antibiotics
OH CI/Z\CI HO@/
Tellurium (1V) sulphonamide
Schiff base complex
M T A
Se (IV) AT 9 antibiotics [14]
Selenium (1V) Sulphonamide
Schiff base complex
QAR D ;
Sn (IV) B INE P fungicidal |~ 115]
- O activity
Sn(IV) Schiff bases
_ Me,Si F'\ PMe; SiMes )
Tetraatomic | Me;Si B SiMes |  Crystalline [16]
Boron(0) B /T BngABAT 4 Research
meo” N N ome
Dip Dip
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e /°
Rl . :
‘7 e >M %RZ vitro anti-
in . .
Pg-g Anipolfeaion &1 @ ) prOl_If(_eratlve
@‘\’ DV e AN activity on
D cemg i human cancer
Fe (|||) and ; No cells. DNA [17]
Mn (111) %’ﬁ“ binding and
%& Plasnid DNA ' CleaV.a.ge
iron(111)—and manganese(lll)— studies
thiosemicarbazone
Ir(bis-NHC)-
Catalyzed
Direct
Ir (111) Conversion of [18]
Amines to
Alcohols
Cr (1) A Antioxidant [19]
‘ O OH
Cr(111)-Morin Complex

1.2. Sulfamethoxazole and its complexes
Sulfamethoxazole, Sulfa-drug (abbreviated SMZ or SMX)

molecular formula: C10H11N303S is a sulfonamide bacteriostatic antibiotic.
Figure (1-3) % trade names ; ( Bactrim, Septrin , or Septra ). Systematic
(IUPAC) name:4-aminoN(5methylisoxazol3yl) benzene sulfonamide
combination with trimethoprim (TMA) in a 5:1 ratio in co-trimoxazole,
trade names such as Bactrim, Septrin or Septra. Other names include
sulfadimerazine , sulfadimezine and sulphadimethyl-pyrimidine. is an off-

5
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white and crystalline powder. Sulfamethoxazole Figure (1-3) is commonly
used to treat urinary tract infections and it affects primarily patients with
HIV choice for Pneumocystis pneumonia. ! Larson et al (2005). were
reported Sulfamethoxazole is in the class of Sulfonamides, with para
amino benzoic acid which are used as antibacterial agent interfere in the
biosynthesis of tetrahydrofolic acid, ?2.In literature survey, many authors
have reportedthe antimicrobial activity of Sulfamethoxazole and their
metal complexes BellG et al (2005) 31, Ma et al (2007); and Monti et al
(2010) 241,

A
O, /,O/“\j)\ \L \/ 4 o
H,N : O S

Figure (1-3): Sulfamethoxazole structure

The metal sulfamethoxazole complexes have a great pharmacological
and physiological rather than their free drugs itself [25-%1 . Complexes of
Co (Il) and Cd (Il) - sulfamethoxazole (SMZ) have been prepared for the
first time and their Infra-red spectra were investigated. The SMZ wave
numbers observed in the Infra-red of the metal complexes were compared
with those of free SMZ indicated the vibrations due to the sulfonamide
and amino groups are shifted with respect to the free molecule in line with
their coordination to the metal. In the Cd (1) complex, the active binding
sites of (SMZ) are the sulfonamide nitrogen (N) and sulfonic oxygen(O);
in cobalt compound, the metal atom coordinates through the sulfonamide

and amino nitrogen 21 ‘The coordination site of (SMZ) chelating via

6
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M(I1) = Cu (1), Ni (11), Mn (11), Zn (11), Ln(111)) = Y(111) , La(l11), Nd(111)
, and Gd(I11) metal ions have been investigated by Yasmin et al (2017), 28
and formulated for all these complexes as: [M (SMZ2),Cl,].2H,0 and [Ln
(SMZ),Cl5)].3H,0

Fatima and AL-khodir (2015 ) 2° have been reported synthesis,
anticancer evaluation and spectroscopic studies Ca(ll), Zn(1l) and Au(lll)
sulfamethoxazole complexes are formulated as shown
[Ca(SMZ)(CI)2)].8H, O , [Zn(SMZ)(CI)2].2H,0 and [Au(SMZ)(CI), ]ICI
.The (SMZ)-complexes were discussed with the conductance and
spectroscopic study. indicated the vibrations due to the sulfonamido (—NH
and SO,) and isoxazole (C=N) groups are shifted with respect to the free
molecule compared with their coordination to the metal.
Ca (II) and Zn(Il) complexes , the coordination site of (SMZ) are the
sulfonyl oxygen and SO2 -NH sulfonamide- N, but in [Au(SMZ)(CI), ]CI
complex, the Au(l11) coordinates through the sulfonyl - O and isoxazole —

N ,as shown in Figure (1-4).

NHp NH, NH,
Tl
) CIH‘HATI“‘--O
o}
N \5 8H,O N \\\\5 2H,0 N \S cl
o \ / S o \ / X 2 o \ X0
IO, £ :
= Ca~—, = Zn~— \\
/ /
cl cl

Figure (1-4): [Ca(SMZ)(CI),)].8H,0,[Zn(SMZ)(CI),].2H.0 and
[Au(SMZ)(CI),]CI complexes .
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Mixed [Sulfamethoxazole — Cloxacillin ] complexes were
synthesized by Bamigboye et al., (2012).E% The complexes were
characterized using solubility, Thin layer - chromatography, M.p,
Conductivity measurement, and FT-IR spectroscopy. Both
Sulfamethoxazole (SMZ) and Cloxacillin (Clox) acts as bidentate ligands.
Evaluation  of biological activities of the complexes against the
tested;(Escherichia coli, Pseudomonas aureginosa and klebsiella
pneumonia), revealed that the complexes were found to be more active
against the organisms than SMZ and Clox ligands. Karthikeyan et
al.,(2006) U reported the synthesis and evaluation of non -electrolytic
lanthanide(l11) complexes , [M(SMZ) ,Cls].2H,0, Figure (1-5) where M is

Ln(ll1) =[ La, pr, Nd, Sm, Gd, Y and Dy ] containing (SMZ) ligand. Figure

(1-6) The structures and site bonding of the ligand are studied by C.H.N
, magnetic susceptibility, FT-IR,*HNMR, X-ray and UV, VIS spectra
studies of the complexes . The stereochemistry around the Ln(lll) is (a
mono capped trigonal prism ) in which 4 of the coordination sites are
occupied by two each from two chelating ligands, sulfonyl oxygen (O) and
nitrogen (N) of the amide group and the remaining three positions are
occupied by 3 (Cl atoms). The ligand and the complexes were tested in
vitro to evaluate their activity against the Escherichia coli. and

Staphylococcus aureus.
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Loy = L. Pr. MNd, S, (Gd, Th, Db, ¥

R = —< <> > MNHa:
®r =—Iﬁ

™~
e T T
[ -

Figure (1-5): Lanthanide (I11)- (SMZ) complexes

Sulfamethoxazole (SMZ) and sulfadiazine (SDZ) have exhibited activity
against Mycobacterium tuberculosis 21 and atypical mycobacteria (NTM)
as nontuberculous !

Shrikant et al 2013 -2014 3+*I have reported synthesis complexes
of Schiff bases of [sulfamethoxazole — salicylaldehyde] (SMZ- SDZ)
Figure (1-6) and VO(II) , Ni(Il) Cu(ll), Hg(Il) complexes, Figure (1-7)
To (1-9).

OH
Figure (1-6) : Structure of (SMZ-SD2Z)




Chapter One Introduction

NS, 29 O N—q¢
e IS Qo/ SN
H3C“<\J\ ) |
NH \\O

Figure (1-8) : Structure of [ (SMZ-SDZ)-M] M(II) =Cu, Ni

y D‘E _NH
| V" WCHE
0 0

N | M~
Hzc’—&/l\ m53 Z
A\ s
MNH 0 ‘
/’

Figure (1-9) : Structure of [(SMZ-SDZ)-Hg]
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Julia et al (2015) ¥ have been reported synthesis Ag (1) -

Sulfonamides (SFM ) sulfathiazole (SFT) complexes : C.H.N indicate a
1:1  ligand / metal composition for [AgC:HsN.O.S,, Ag-SFT]and
[AgCHN:O,S, Ag-SFM] complexes . *H,NMR and FT-IR evidence the

coordination of (SFM ) and (SFT) to Ag (I) through the N atom of the

sulfonamide group, Figure (1-10) and also indicate the participation of the

5-membered N-heterocyclic ring in the coordination.
0 : ) ‘\L
:2 o 4,
1 o

Figure (1-10) : [ Ag () - (SFM) -(SFT) ]

Naggar et al (2016) have been reported synthesis complexes of
binary and ternary complexes of (SMZ) and glycine (Gly) with metal ions;
Fe(111), AI(I), La (1), pb (11), Co(11), Sr(I), Cr(111), Th(IV), Sn(Il) and
Zr (IV). The stoichiometry’s of all complexes were determined conducts
metrically and indicated that the formation of 1:3 ,1:2 and/or 1: 1, (M:L)
(metal M: ligand) complexes . Also, the species distribution diagrams of

(SMZ) and its metal ion complexes Figure (1-11) were reported. 7]

11


https://www.sciencedirect.com/science/article/pii/S0277538714006135#!

Chapter One Introduction

O
I CH,
N — AN —( N
O N—O
N
M
7N
O—N (I)
\ _
O

Figure (1-11) : (SMZ) - metal ion complexes .

Varghese,et al 2018 [® have reportedsynthesis complexes of
(SMZ) with (2-hydroxypropyl) beta-cyclodextrin, Figure (1-12) and beta
-cyclodextrin in solid state and characterized by X-ray diffraction,
(Raman and FT-IR ) techniques. The association constants (K;) and
stoichiometry’s of all complexes have been determined by the
fluorescence data . The results showed that complexes of (SMZ) with both
beta-cyclodextrin are stabilized in aqueous media by

strong hydrogen bonding interactions.

Figure (1-12) : (SMZ) - (2-hydroxypropyl) beta-cyclodextrin

12
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Hany et al 2018 [ have been reported microwave method
synthesis1-4, metals of azo-dye- sulfonamide complexes of Cu(ll), derived
from sulfamethoxazole Scheme (1-1), results observed that the reaction

completed in a high yield with short time .

o
HN—é'.—( >—N=N—< CDH
‘,r _\<N 5 =0
JCO..

HaG—
Metal salt
Microwave
! b lGrinding

o
N —0 4,
- N=N .
\“_f( o HM.-Z'DQ @E A nHZO
(=] CH4y

M:L(1:2) M=Cu*? Ag"

M:L{1:2) M=2Zn*2 Zn*2

Scheme (1-1): Synthesis 1-4. metal of azo-dye- sulfonamide

complexes n= number of crystalline H,O

Rostamizadeh et al 2019 [ have reportedSynthesis of
Sulfabenzamide (SBZ ) and (SMZ) as ligands with Zn(Il) Spectroscopic
methods *H NMR, UV-Vis, FT-IR spectroscopy and XRD confirmed the
coordination of ( SBZ ) and (SMZ) ligands to metals through the (O and
N ) atoms of the sulfonamide group. Both ( SBZ ) and (SMZ) metal
complexes were active against Gram-positive(+) and negative(-) bacterial

strains.

13
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('
Suffonamide metal complex Sulfonamide drugs

1.3. Amino acids
1.3.1. Structure, classification and biochemical role

Only 20 amino acids Figure (1-14)

H,NCHRCOOQOH are found in the human peptides and proteins. These
naturally occurring amino acids are used by cells to synthesize peptides

and proteins. [41].Amino acids are biochemical low molecular weight

compounds

functional group (-COOH) and amine functional group (-NH,), both
grafted to the same carbon atom in o position “' are important in humans

and other bio systems 42,

14

Figure (1-13) : Sulfabenzamide —Zn complexes

generic formula:

as ligands with mixed operation as containing a carboxyl
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R-group R Side Chain
O‘f/ side chain Alpha carbon (Functional Group)
R (Chiral Carbon| _\

o carbon

o hydrogen
z N3H* COOK
HyN—CH—C=0 ,
| Amino group Carboxyl group
o amino : ce;rboxyi
group 0 grow "

Figure (1-14): The basic structure of an amino acid

Depending on the structural Tables (1-2) to (1-4) features of side
chain (R) amino acids (AA) are classified as follows: #
1. Aliphatic amino acids include:
(Gly), (Ala), (Val), (Leu) and (lle) .

2. Amino acids containing (OH), group or (s) atom:
(Ser), (Thr), (Cys), and (Met).

3. Aromatic amino acids include:

(Phe), (Tyr) and (Trp)

4. Basic Amino acids:
(Lys), (Arg) and (His)

5. Acidic Amino acids:
(Asp), and (Glu).

6. Neutral Amino acids =  (Asn), and (GIn).

7.Aliphatic cyclic side chain =  (Pro).

15
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Table (1-2) : Structural of Amino acids
H H H H H
I 0 I o I .0 0 0o
HN' -"C - Ci2 H,N* -°C - Cl H;N' -°C - C5 HN' -°C - C8 HN" -=C - O3
I ‘O | ‘o | ‘0 | 0 | ‘O
(CHyls CH, CH, CH, CH,
I I
NMH CH, | |
M
I I H
C=MH, o=
I | OH
MH, MH, Phenvlalanine Twvrosine Tryptophan
Arpinine Clutamine (Phe / F) (Tyr{7) (Trp, W)
Arg fE Ciin /
[Arg i R) (Gln/ Q) H H H
H I O I o I o
| 0 H H3N+-mc-cf_-_:i:n HN* oC e H3N+-°Lc-c’fé
H,N* -=C - c\«? | s | ‘0 | N | S0
| O | HN*-°C-C@ CH, i % TCH, CH,
(CHyl, I O HH N |
| H \/// o OH
MH, Glycine Alanine H1s.t1d1ne Serine
Lysine (Gly £ ) (alad A) (His / H) (Ser i@
Lys (K] H H H H
H I o I o I u] I o
o HN*—"-C—C{? H3N+—°°C—C% H3N+—“C—Ci¢- H,M* “C-c'fé
we” Sen | o | o | ‘0 | O
2 ‘o CH, CH, H-C—-0H CH,
A I I I I
HN* =0 - O
2 o CH, COoOH CH, SH
Proline |
(Pro/ F) COOH
H Glutamic &cid Aspartic Acid Threonine Cysteine
| o (Clu/ E) (fsp £ D) {Thr { T} (Cys F )
HoM* -=C - O 6 H H H H
' o | 0 | O | o | O
L ! et A
CH, HN*—"‘C—C% H3N+-°°c-cfé H3N+-mc-c’f_é HN* -oC - C0%
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C|3Hz CH, CH, HC-CH, C/C{C
I I I
E CH C=0 CH, Hs H;
| ~, | |
CH3 CHB CHZ NHQ CH3
Methinnite Leucine Asparagine Isoleucine WValine
(et / WD) {Leuf L) (fsn {1 (Tle / I (al £ vy
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Table (1-3): Common amino acid abbreviations
Name Three letter code Mvcillgicguhlilr '\gglﬁzﬂﬁr
Alanine | Ala 89.10 | CsH/NO:

Arginine | Arg 174.20 | CeH14N4O>
Asparagine | Asn 132.12 | C4HsN2Os3
Aspartic acid | Asp 133.11 | C4H7NOs4

Cysteine | Cys 121.16 | CsH7NO,S
Glutamic acid | Glu 147.13 | CsHoNO4
Glutamine | Gln 146.15 | CsH1oN203

Glycine | Gly 75.07 | CzHsNO:

Histidine | His 155.16 | CsHoN3O:

Hydroxyproline| Hyp 131.13 | CsH9oNO;
Isoleucine | lle 131.18 | CeH13NO>
Leucine | Leu 131.18 | CeH13NO2
Lysine | Lys 146.19 | CeH14N20,
Methionine | Met 149.21 |CsHuNOS
Phenylalanine | Phe 165.19 | CoH11NO;
Proline | Pro 115.13 | CsHoNO;
Pyroglutamatic | Glp 139.11 | CsH/NOs
Serine | Ser 105.09 | C3H/NO;

Threonine | Thr 119.12 | C4H9NO3
Tryptophan | Trp 204.23 |C11H12N20

Tyrosine | Tyr 181.19 | CoH11NOs

Valine | Val 117.15 | CsHuNO>

17
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Table (1-4) : Classification of Amino Acids According to Biological
value (Essential and Non — Essential ) Amino Acids

Essential Amino Acids Non Essential Amino Acids
1- Arginine Arg 1- Alanine Ala
2- Histidine His 2- Aspartic acid Asp
3- Isoleucine lle 3- Asparagine Asn
4- Leucine Leu 4- Cysteine Cys
5- Lysin Lys 5- Glutamine Gln
6- Methionine Met 6- Glycin Gly
7- Phenylalanine Phe 7- Proline Pro
8- Threonine Thr 8- Serine Ser
9- Tryptophan Try 9- Glutamic acid Glu
10- Valine Val 10- Thyrosine Tyr

1.3.2 Basicity of Nitrogen L-a-amino-acid

Amino acids are molecules containing both acidic and alkaline
functional groups. They show chirality Except for glycine, and their
properties vary with attached side chains. Table 1 and 2 The N atom in
amines unshared pair of electrons. a substantial difference in the
chemistry of this classes of compounds. In nature for metalloproteinase,
amino acids are excellent complexes for metal ions. all proteins are thought
to need metals such as Zn, Fe , Cu, Co, Ni, Mg, and Ca as co-factors [>-
441 Metallo proteins and -enzymes, the metals are bonded via the nitrogen,
oxygen or sulfur atoms of the amino acid side chains. amino acids are
mostly bidentate (N,O)-complexes, or tridentate in the presence of suitable
side chains [, Sakiyan et t al 2004 ,have reported the vitro antibacterial
antifungal activities of 5 amino acid - Schiff bases derived from the
reaction of 2-hydroxy-1-naphthaldehyde Ci;HsO, with L-[His, Ala, Try,
Phe] and complexes of these bases were studied, Figure (1-15) for Mn(l11)
-Schiff base [+,

18
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Figure (1-15): Structure of the Schiff base and Mn(lII) -Schiff base

Waujec et t al 2007 81 have reported the relationship between
antimicrobial activities and the formation constants (Kf) of amino acid-
Schiff bases prepared from DL- (glycine , alanin) and 5 bromo- or
chloro (2-hydroxybenzaldehyde). and their Nickel (I1) and Cupper (II)
complexes Figure (1-16) M. The complexes were determined
potentiometric ally in a water— dioxane (1:1) solution at 25°C.
Antimicrobial activities of the complexes were estimated for six bacteria
The role of halogen ( Cl and Br )substitution on the (2-
hydroxybenzaldehyde C;Hs0,), effect of the metal ion.
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Figure (1-16) Structure of Amino Acid-Schiff basses

Sutha et al (2015) have been reported synthesis of nine mixed
ligand complexes from 5—fluorouracil (5-FU) and via (L-Gly), (ala) and
(L-Val) with Ni(ll), Cu(ll) and Zn(lIl) ions #1 These complexes were
characterized by physico—chemical and spectral studies and tested for their
biological and antioxidant activities , structure of all the complexes are
given in Figure (1-17).
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R = H; Glycine (gly)
CHy; L-Alanine (ala)
CH-CHy; L-Valine (val)
CH

M = Ni(ly/Cu(LI)Zn(1)

X=0Ac

M(11)-5-FU(A)-gly/ala/val(B); MAB

Figure (1-17) :General structure of (5-FU) - amino acids .

One of the most interesting features of metal coordinated systems is the
concerted spatial arrangement of the amino acid - metal ions [’ |n this
thesis we use L-Valine is an essential branched-chain amino acid. and L-
proline is essential amino acid as binds natural amino acids Bioactive
Ligands . Here we show that a rationally designed metal complex formed
fromatrivalention, divalentions. Proline can cause a number of problems
in the human body and in plants 1, For example, this can lead to multiple
strains. also it can be liable for slower than normal healing and it is
responsible for the creation of collagen . This ability of the amino acid
(AA) is useful for maintaining the appropriate pressure levels throughout
the body [“°-59 ysed to treat urinary tract infections. and it used as part of

a synergistic combination with in a 5 trimethoprim:1 Trimoxazole ratio .

21



Chapter One Introduction

Proteins
NADPH / NADP+ {proline tich)
Metabolism
(e.g. carbohydrate,
amino acid) ROS
Development
: (embryo,
/\ Pholosynthesis  pehydration PDH, root growth,
Enzymes P5CDH flowering)
GST, CAT, APX .
Lipid damage
PCD
Mitochondrial
functions
(ROS, PCD)

Figure (1-18) : Multiple functions of proline in plants.

L-Valine  branched chain amino acid important for smooth
nervous system and cognitive functioning. L-Valine with L-Isoleucine
and L-Leucine use to promote muscle growth . It is a non-polar, acts as
a bidentate ligand and has wide applications in the field of food industry
and pharmaceutical studies of L-Valine with transition metal ions have

been an active field of research 152
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Table (1-5) : UPAC names and some physical properties of L- Proline

and L- Valine
L-Proline i
Synonyms name | Pyrrolidine-2-carboxylic . L-valine .
acid 2-Amino-3-methylbutanoic acid
Molecular formula CsHoNO2 CsH11NO2
O
CH; O
OH
NH HsC OH
NH,

Structure formula

3D ball Structure

P £
Molar mass 115.132 g.mol* 117.148 g.mol*
Meltingpoint (M.P) 205 to 228 °C 298 °C (decomposition)

Zwitter ionic

co,H co, -
+ pKal +
H3N ~|— He=—== H3N
R R

acidic media
low pH

coy

pK32
H === HyN _|_ "

R
basic media
high pH

netural
form

History

1900 by
Richard Willstatter

1901 by
Hermann Emil Fischer

Both L- proline and L-valine are bidentate ligands with high affinity to

metals .We selected L- proline and L-Valine as ligands to study the effect

of imino group and cyclic

side chain of L-proline on the stability of

complexes with metal ions and amino and carboxyl groups in L-Valine .

1.4. L-Valine complexes

Aijaz et al 2002 have synthesized 5 coordinated of Ni

and

Cu of L-Valine from benzyl CisHip O, and 1,3- dieminopropene-Cu/Ni

complex and kinetic study. The k °* values calculated under pseudo-
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first order conditions. spectral data, proposed the coordination of the

complexes as given in Scheme (1-2) B,

NI N ff\ L

H NH
Ph EIT\/ 2 LCl, Pli K/ Cl,
-HCl| +Valine
NH, €H, Y
R = %.‘—C—H
%’H \CHj Ph\\ (H
'CﬁN\gM/NHE
M:Culi,Nill 1:"}121':‘:,'[—15 | s ‘\— O—C3R
/C%N NH, g
P K ol

Scheme (1-2): synthesis nickel (I1) and cupper (I1) complexes of L-
valine from benzyl

Nursen et al.(2003) 12 reported the synthesis and derivatives of
characterization Schiff Base (N-indoladene-DL-Glycine, N-indalidiene-
DL Alanine, and N-indoladene-DL-Valine complexes .The antibacterial
screening of the Schiff bases ind- DL -Gly, ind- DL- Ala, and ind- DL-

Val, against four different microorganisms.

Ammar et al. (2011). 5% used MINIQUAD?75 to calculate stability
constants of Ni(ll) complexes . Aliyu and Naaliya calculated the stability
constant of ternary system of Fe(ll), Ni(ll), Co(ll), Zn(ll), Cu(ll), Cr(Il)
and Mn(l1) complexes with amino acids such as[ Ala, Arg, Asp, Gly, His,
Lys, Met, pha, pro, Thre, Trp and Val. The protonation constants of amino
acid (AA) and steps wise formation constants of metals complexes were

determined potentiometrically.
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Fayad et al. (2013), ¥ have synthesized and characterized mixed-
ligand complexes of M (Il) ions with Saccharin (SacH) as a primary
ligand and (L-Val) as a secondary ligand have general formula
[M(Val),(SacH);] .L- Val H= (CsH11NO,) , SacH =C;HsNO3S. All the
synthesized complexes were characterized by molar conductance,
magnetic susceptibility (infrared and electronic) spectra, (C.H.N) and
(ALA.S).

Figure (1-19) - structure 3D-geometrical [M(Val),(SacH),]

Peketi & Gollapalli (2013) B were reported biomimetic and
modelling studies of Co(ll), Ni(ll) and Cu(ll) complexes with L-Valine

in water— acetonitrile mixtures.

Shilpi et al (2014), ® have been reported physicochemical
investigations of the complexes L-valine with M(lI). All Ni(ll), Cu
(I1) and Zn(Il) ions complexes are characterized by C.H.N, EDAX-SEM
, molar conductance, TEM, mass spectroscopy , FT —-IR, UV. Vis, TG/DTA,

and fluorescence. Quantum chemical - computational geometrical parameters
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carried out in (aqueous and gas) phase . Analysis suggests the molecular

structure of L-valine as a result of metal binding. as Figure (1-20).

Figure (1-20) : Metal binding with L-valine

Takeshita et al. 2015 P71 synthesized the mixed ligand complexes
Cu(ll) of L-Valine as primary ligand and imidazole as a secondary
ligand.Under (N2) atmosphere Cyclic. Voltammetry (C.VV) were carried
out reduction of Cu (Il)ion species to Cu (1) ones, after UV light irradiation
At the fourth coordination sites and examined their photo-induced
reactions with (TiOy), Figure (1-21).
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Figure (1-21) : Four Molecular structures of Cu(ll) complexes

Nanami etal 2016 8  report L-Valine - derivative — A chiral
Schiff base Zn(l1l) —complexes, Figure (1-22)., (X’ =H" .,ClI.,and CH;3

O ; L= imidazole)

Figure (1-22): A chiral Schiff base Zn(ll)
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Saravanan et al (2017), D% have synthesized and characterized
ternary complexes of Cu (Il) - 1,10-phenanthroline ,2,2’-bipyridyl, L-
Valine and Urea .Figure (1-23) as formula :

(1) [Cu(L-Val)(pzta)(H.0O)]CIO,
(2) [Cu(L-Thr)(pzta)(H20)]CIO,

Binding , - Binding

Complex2 7/

Figure (1-23) mixed ligand complex of [Cu(L-Val)(pzta)(H,O)]CIO, and
[Cu(L-Thr)(pzta)(H,0)]CIO,.

Thakur et al (2018) %% have synthesized ternary complexes of
Ce(ll) general formula [Ce(Aa)(1N2N)22H,0] , Figure (1-24) Aa=
Amino acid = (a) (L-Val), (b) (Ser), (c) (Iso) , IN2N = 1-Nitroso-2-
Naphthol /and characterized by elemental analysis , UV-Vis IR
spectroscope , Tg, DTA and molar conductance studies .
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&'V Qi) Hf’o\/ §
S )5\53 : ;

Figure (1-24) : Structures of [Ce(1N2N).(AA) 2H,0]
(AA) = (a) (L-Val), (b) (Ser), (c) (Is0)

Saravanan et al (2019), 1 have synthesized and characterized

DNA binding and biological activities of

complex 1 [Cu(phen)(L-valine) TU]NO;

complex 2 [Cu(bpy)(L-Val)U]JNO;

U=Urea and TU-=thiuorea

Results suggest that the complex 1 can bind to CT-DNA through

intercalation and complex 2 binds through partial intercalation.

Figure (1-25) Structures of Cu (I1) complex 1and 2
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1.5. L- Proline complexe

The molecular formula of L- proline has the secondary amino
group known as imino group which belongs to a [5-member ring] in a
molecule.major application L- Proline complexes in blood pressure
maintenance, collagen formation, arteriosclerosis prevention and tissue
repair. [

Teo,et al (1995), 921, have synthesized and characterized cupper
(1) - methyleneda(4-hydroxy-L-proline), Figure (1-26) proline.
EERS

2wl Clia
%,

Figure (1-26) Structure of Cupper (Il) - methyleneda(4-hydroxy-L-

proline)

Yamaguchi, et al (1996), %3 have synthesized and characterized
[(L-proline)-Pt(Il) ], Figure (1-27) .

Figure (1-27) : Structure of [(L-proline)-Pt(I1) ]
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Ramakrishna et al (2007) ¥ have synthesized characterized and
their DNA binding and cleavage activity studied mixed ligand Cupper (
I1) complexes having N,O-donor amino acid L-proline and N,N-donor
heterocyclic bases [Cu(L-pro)(B)(H.0)]J(NOs) (1, 2) where L-pro = L-
proline, B is a N,N-donor heterocyclic base, viz. 2,20 - bipyridine (bpy,
1), 1,10-phenanthroline (phen, 2), Figure (1-28) .

. ull -+
N (I)}1 .
Cu— H Y (INO.)
. £ B -
O O
(1-2) '
bpyv ( 1) phcn_( Z)

Figure (1-28): Structure of Complexes 1 and 2 and the heterocyclic
bases

Rao et al 2006 %% have been reported thermal study in controlled
atmosphere carried out to understand stages of temperature range of
decomposition on molecular formulae [Th(Q).(L-Pro)NOs-H,O] and
[Th(Q)2(H-L-Pro)NO3; H,O]complexes . The mixed ligand complexes
contained 8-hydroxy quinoline as a primary ligand, L-proline and L-4-
hydroxy proline containing N- and 0- donor atoms as a secondary
ligand.The, respectively. The TG study of the complexes shows that the
deaquation of both the complexes takes place in the temperature range
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130-200 deg C and the anhydrous form is stable up to 500 deg C. The
complexes show mass loss corresponding to loss of water molecule, amino
acid moiety, nitrate and 8-hydroxy quinoline moiety. The complexes
display endothermic DTA peak attributed to release of water molecule and
a broad exothermic peak corresponding to elimination of ligand fragments.
It has been observed that reaction is completed at 760 deg C yielding a fine

powder of metal oxide (ThO>) confirmed by X-ray diffraction study. ¢

Fintan Kelleher et al (2007) [ have synthesized starting from
L-proline a series of homochiral [4.4]-spirodiamines and its metal
complexation in particular been studied for their use in constraining

peptides with L-proline residues to mimic the S-turn,

Boddu etalo (2014), ¥"Thave been reported chemical speciation
of mixed ligand L-proline and L-valine with of Ca(ll), Zn(1l) and Mn(ll)
complexes in various concentrations (0-60% v/v) of acetonitrile—water
mixtures .Stability constants of mixed ligand complexes were calculated
from the modelling studies. Reactions of [Ru(NO)CIs]*>" with glycine
(Gly), L-alanine (L-Ala), L-valine (L-Val), L-proline (L-Pro), D-proline (D-
Pro), L-serine (L-Ser), L-threonine (L-Thr), and L-tyrosine (L-Tyr) inn-
butanol or n-propanol afforded eight new complexes (1-8) of the general
formula [RuCl;(AA-H)(NO)]~, where AA = Gly, L-Ala, L-Val, L-Pro, D-
Pro, L-Ser, L-Thr, and L-Tyr, respectively. The compounds were
characterized by elemental analysis, electrospray ionization mass
spectrometry  (ESI-MS),'H NMR, UV-visible and ATR IR

spectroscopy,cyclic voltammetry, and X-ray crystallography 681,
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Figure (1-29) :(a) [RuCI3(L-Pro—H)(NO)]™ (b) [RuCI3(D-Pro—H)(NO)]™
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Junyi Du, [ reported a novel nonheme chiral Fe(IV)-oxo complex
bearing an L-proline-derived aminopyridine was synthesized and
spectroscopically characterized by UV-vis, CSI-TOF MS and EPR. The
appropriate half-life of about 1 h at 0 °C allows us to study its reactivity in the
C—H activation of various hydrocarbons in detail. In addition, its reactivity in

asymmetric sulfoxidation and C—H hydroxylation was also investigated.

O O s
~

@)LO/ A ,_O

o :
N/\r\\l
g =
FeV=0 ;
N N 1.
@@é" W) @ﬁ\
OH

Figure (1-30) : Fe(IV)—oxo complex bearing an L-proline-derived

aminopyridine

Mosarrat Parveen et al 2018 [ reported the inhibition efect of L-
proline (LPr) and LPr mixed with sodium benzoate (LPr+NaBenz) for mild
steel (MS) corrosion in 1M HC in different temperature and concentration
of LPr was varied between (100-600ppm, )were test by spectroscopic
measurements, scanning electron microscopy technique) and theoretical
(DFT) approach are in good agreement and correlate well with theoretical

quantum chemical descriptors.

+
. 0 ) ONa
HM )
07 “OH
l-proline (LPr) Sodium Benzoate (NaBenz)

Figure (1-31): Molecular structure of studied inhibitors
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Figure (1-32): Quantum chemical results of Proline in the absence and
prsence of NaBenz calculated by the ORCA
Programme: (A) optimized molecular structure, (B) HOMO; (C) LUMO
(D) Mulliken charges (E) MEP.

When LPr is combined with NaBenz, the corrosion inhibition rate
was improved greatly. Corrosion mitigating efcacy of LPr or LPr mixed
with NaBenz obtained by diferent techniques are in good agreement and
correlate well with theoretical quantum chemical descriptors.
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Mala et al " have been reported relationship structure-
cytotoxicity of di—/tri-organotin(lV) derivatives of mandelic acid - , L-
proline and mixed ligand complexes of latter with 1,10-phenanthroline
, having enhanced cytotoxicity.Various biophysical experiments such as
DNA fragmentation. The observed results indicated that the cause of
cancer cell death is apoptosis, and the number and nature of organic groups
bonded to organotin(IV) as well as the nature of counter anions play an
important role in determining the cytotoxicity of organotin(IV) derivatives

compounds.

MCF-7 cancex cells
Cantrol(MCF7)  [(BuySn)(MalhOXMCF-7)

"
frop, 0-5 ”“"L
n Dyvpg Omag

Lane I DNA kadder; bane I1-

Jame I [(BaySo), (Mal)yOf
Tane IV:

[(PinSa) (Mal) Ch]

Mocoplate s
absmbance at 580 m
ICy: 2 03+ 040 pM

MIT assay

Figure (1-33): di—/tri-organotin(lV) derivatives of mandelic acid - ,L-
+proline and mixed ligand complexes of 1,10 phenanthroline
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1.6 Aim of The Present Work

Mixed ligands, and their coordination compounds which have
played a great importance in medicine, bioinorganic chemistry and

industry/ Due to these facts, aim of the present work deals with

1. The synthesis of some mixed ligand sulfamethoxazole and L= Valine
and L-proline then react with metal chloride of [Cr", Fe'', Al'"l, Mn',
Fe'' ,Co'", Ni"", Cu", zn", Cd", Hg "and Sn""] complexes.

2. To determine structure of the products using different spectroscopic
techniques such as : FTIR , Electronic spectra , Magnetic moment
measurement, and molar conductance for complexes.

3. The ligands and their metal complexes have been tested against gram

positive and gram negative bacteria and pathogenic fungi.
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2. The Experimental

2.1. Chemicals
The chemicals used in this work and their suppliers are listed in

Table (2-1). All these chemicals were used without further purification.

No. Chemicals Company Purity%
1 Absolute ethanol Scharlau 99.90%
2 Acetone Merck %99
3 Aluminum(I1) Chloride Merck %98
4 Benzen Merck %99
5 Cadmium(1r)Chloride dehydrate Merck %99
6 Chromium (111) chloride hexahydrate Merck %99
7 Cobalt(1l) chloride hexahydrate Riedial — Dehaen %99
8 Copper (1) chloride dihydrate Merck %99
9 Dimethy sulfoxoamide Merck %99.80
10 Dimethyl formamide BDH %99.90
11 Dimethyl sulfoxide (DMSO) CDH %99.5
12 Hexane Merck %99
13 Hexanol Merck %99
14 Hydrochloric acid BDH %98
15 Iron(111) chloride Merck %99
16 Manganese(ll) chloride tetrahydrate Merck %99
17 Mercury (1) chloride Merck %99
18 Nickel (I1) chloride hexahydrate Merck %99
19 Potassium hydroxide BDH %99.90
20 proline PDH %99
21 Silver Nitrate BDH 98%
22 sulfamethoxazole PDH %99
23 Tin(I1) Chloride dehydrate Merck %98
24 Iron(11) chloride Merck %99
25 Valine PDH %99

2.2. Instruments and apparatus
2.2.1. The Melting point measurements

The Melting points of the all compounds in this study
were determined by using (Gallenkamp) (USA) melting point

apparatus.
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2.2.2. Electrical conductivity measurements
The measurements for complexes were recorder at lab

tembreture for (10 molar) solution of the samples in DMSO by using

an a Multi 740, Tram (Germany ).

~1000L
" C

L Specific - conductivity = (olcm?)

A

AM Molar - conductance of the metal = (ocm? mol?)
C Concentration = (mole/cm?). [
2.2.3. Metal determination

The metal contents of the complexes were determined by atomic
absorption (A.A) technique, using a Phoenix -986 AA spectrophotometer,
at lbn Sina [
2.2.4. Chloride contents

Chloride contents were determined by standard methods
[Vogel 1962]To the resultant solution of the complexes , agueous
solution of AgNOj3 was added, white precipitate of AgCl was formed in
the case of metals complexes have Chloride content I3,
2.2.5. Electronic (U.V-Vis) spectra

The electronic spectra of the compounds were obtained at range
(200-900) nm, with quartz cell of (1.0 cm) length by using (SHIMADZU
UV-Vis 160A) and the concentration of (1x 10 Molar ), in Ibn Sena
company
2.2.6. Magnetic susceptibility

The magnetic susceptibility of the complexes was obtained by
using Balance magnetic susceptibility, Model (MSB-Mk1) at the College
of Science, Al-Nahrain University. The effective magnetic moment (peft)

values obtained using the following Eqgs.[747]
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X = CBGIL (R_R(J)
10° M

g

Where:
Ro =  reading of empty tube,
L = sample length cm.
M = sample mass (@),
R = reading for tube
sample, CBal =2.84. =balance calibration constant
M = yg x M.Wt. where, yM = molar magnetic susceptibility
Yg=gram magnetic susceptibility
The ym diamagnetic correction = Pascal constants to obtain corrected
magnetic susceptibility (ym corr) .7
Magnetic moment e =2.828 VXa.T = T=1(°C)+ 273
2.2.7. Elemental micro analysis
Elemental micro analysis for some complexes performed from

(C.H.N.S.) analyzer EURO EA (EA3000) elemental analyzer at the
College of Science, Al-Mustansiriyah University.
2.2.8. The infrared spectra

The infrared spectra were recorded on a SHIMADZU 8300
Fourier Transform Infrared Spectrophotometer (F.T.IR) by (4000-400)
cm,
2.3 Procedures For (Biological ) Evaluation

Antibacterial & antifungal- activities of the all compounds in this
study were using disc diffusion method( cultivated on neutral agar
medium) tested in vitro against ( 1- fungi and 2- bacterial) species. The
degree of biological activities was determined by measuring [(1Z)
diameter of the inhibition zone] and compared with the Dimethy
sulfoxoamide (DMSO) as Control [78 The test solution (3x10 * M) was
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prepared by dissolving the compounds in DMSO. The dishes were
incubated at 37 C for 2-days where clear or inhibition zones were
detected around each hole. 0.1 mL DMSO alone under the same condition
for each organism and by subtracting the (1Z) resulting with DMSO from

that obtained in each case [,

Figure (2-1) : Antibiotic sensitivity testing
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2.4 General Preparation of Mixed- ligand Metal

Complexes with some metal ions

All the complexes were prepared by a similar procedure: /77!

using all salts as metal chlorides. Table (3.2) weights metals chloride

2.4.1 preparation of potassium L-prolinate

Potassium L- prolinate (K + proH) was prepared by neutralization
A solution in ethanol: water ( 1:1) of (2 mmol, 0.22) gm ) of L-proline
acid with (2 mmole ,0.11 gm) of KOH according to the following

reaction.
0]
0]
OH
2 ethanol: water ( 1:1)
+2KOH ——mMm 2 ok" t2H)0
NH
NH
L—proline potassium hydroxide
potassium [ -prolinate

Scheme (2-1): preparation of potassium L-prolinate
2.4.2 preparation of [M(SMZ)(L-Pro);] and [M’(SMZ)(L-pro).] CI
complexes .

Set of metal chloride solution MCIl,.nH,O [n=0....6] and
M'Cl3.6H,0 .
M= Sn(l1). Mn(11), Ni(11), Cu(ll),Fe (11) ,Cd(l1), and Hg(l1)
M= AI(lI) , Cr(ll) and Fe(lll). (1 mmol ,10 mL) of metal chloride
was prepared by dissolving (Weight of metal chloride (gm.1mmole)

showed in Table (2-2) and reaction mixture to raise the pH up to ~6.0
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Table (2-2): Weights metals Chloride

of metal Weight
Metal Salts chloride (gm)
(Immole)

SnCl,.2H20 0.225
MnCl2.4H,0 0.197

FeCl, 0.126
CoCl,.6H,0 0.238
NiCl,.6H,0 0.237
CuCl,.2H,0 0.170
CdCl2.2H,0 0.219
CrCl;.6H20 0.266

FeCl; 0.161

AICl; 0.133

A solution of sulfamethoxzole (0.252 gm, 1 mmole , 10 mL )
ethanol: water 1:1and 10 mL solution of potassium L-prolinate method
that mentioned in 2.7.2 were added simultaneously to stirred for 1 hour
solution of metal chloride in the stoichiometric ratio. [SMZ: M: 2(K * L-
Pro )] (Scheme 2.2). The solution was stirred for (20-60 ) minute and
allowed to stand for over night . The product formed was filtered off ,
washed with aqueous ethanol (1:1) dried in air ,and analyzed employing

standard method according to the following reaction Scheme (2-2).
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0
0
i
\\O Y>~ +2 oK MCl, .nH,O
H,N N5 NH * 2
O —
\ N \
oo
HoN i N\O 0

M= Sn(II). Mn(II), Ni(II), Cu(II),Fe (IN)Cd(II), and Hg(II) M'= Al(IIT) , Cr(Ill) and Fe(III).

Scheme (2-2) : preparation of [M(SMZ)(L-Pro),] and
[M’(SMZ)(L-pro)] CI.
2.4.3 Preparation of potassium L-Valinate
potassium L- Valinate (K * L-Val ) was  prepared by
neutralization of 2mmol ( 0.22 gm ) of L-Valine acid with (2
mmole ,0.11 gm)of KOH in a flask and stirred at room

temperature according to the Scheme (2-3)
(0]
(0]
ethanol: water ( 1:1)
2 OH + 2KOH —————> + 2H,0
oK
NH,
NH,
L-valine potassium hydroxide potassium L-valinate

Scheme (2-3): Preparation of Potassium L- Valinate
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2.4.4 Preparation of [M(SMZ)(L-Val).] and [M’(SMZ)(L-
Val).] Cl complexes

The same procedure as described under 2.5.2 was employed, except
use potassium L-Valinate method that mentioned in 2.5.3 were added
simultaneously to a stirred for 1 hour solution of metal chloride in the
stoichiometric ratio [SMZ: M: 2(K * L-Val °) ] according to the reaction
Scheme (2-4).

M=Sn(II). Mn(II),Co (II) ,Ni(II), Cu(ID), M'= Al(IIT) , Cr(IT) and Fe(II).
Fe (I) ,Cd(II), and Hg(II)

Scheme (2-4): Preparation of [M(SMZ)(L-Val);] and [M’(SMZ)(L-Val),]
Cl

2.4.5 Preparation of [ Sn(SMZ)( L-Pro)]CI
A solution of sulfamethoxzole (0.252 gm, 1 mmole , 10 mL)
ethanol: water ( 1:1) and 10 mL solution of potassium L-prolinate
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method that mentioned in 2.5.2 were added simultaneously to a stirring

for (1 hour) solution of

Sn (1) chloride (0.22 gm,1 mmole)

in the

stoichiometric ratio.[SMZ: Sn: (K * L-Pro ) Scheme (2-5) .

OH

H
_~N
0]

HoN

(0]
O
(@)
\
S
\

N\O

=
=z
&"’\

pe

ZT

ethanol: water ( 1:1)

o)
oK + H,0
NH
0
oK SnCl
ntl,
NH *

+

(1:1 ) 1o7em :Joueylo

B S—— e
/

/Z
©)

Cl

Scheme (2-5) : Preparation of [ Sn(SMZ)( L-Pro)]CI

2.5 Preparation of mono - ligand Metal Complexes

2.5.1 Preparation of [Sn(L-Pro):]
A solution of potassium L-prolinate (2mmol, 0.22 gm ), 10 mL)

in (1/1) ethanol-water (20 mL) was added with stirring to Sn (11) chloride
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(0.22 gm,1 mmole) dissolved in in ethanol: water 50 % 20mL in a flask
and stirred at room temperature by using stoichiometric amount (1:2)
Metal : ligand molar ratios, the mixture was stirred for (30 mint) . The
solid precipitate obtained collected by the filtration and recrystallized

from H,Ol/ethanol as light yellow powder .

0
0
OH
5 KON ethanol: water ( 1:1) OK +2H,0
—_— >
NH - 2
NH
0
O 6]
oK \Sn)/HN
2 SnCl, ethanol: water (1:1)
NH * 2 / \O
H
o

Scheme (2-6) : Preparation of [Sn(L-Pro),]

2.5.2 Preparation of [Sn(L-Val),]

A solution of potassium L-Valinate (K* L-Val ") (2mmol), 10 mL)
in (1/1) ethanol-water was add with stirring to Sn (Il) chloride (0.22 gm,1
mmole) dissolved in in ethanol: water 50 % 20mL in a flask and stirred
at room temperature by using stoichiometric amount (1:2) metal : ligand
molar ratios, the above reaction mixture to raise the pH up to ~ six and
the mixture was stirred for (30 min) , The solid precipitate obtained
collected by the filtration and recrystallized from H,O/ethanol , Scheme
(2-7).
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o}
O
ethanol: water ( 1:1)
2 OH + 2KOH ———> + 2H,0
oK
NH,
o NH,
H
) o o) 2
oK + SnCl, ethanol: water ( 1:1) /Sn
—»
(6]
NH, NH» o

Scheme (2-7) . Preparation of [Sn(L-Val),]

2.5.3 Preparation of [Sn(SMZ)2]CI2

A solution of sulfamethoxzole (0.5 gm, 2 mmole) in (1/1) ethanol-
water (20 mL) was add with stirring to Sn (I1) chloride (0.22 gm,1 mmole)
dissolved in in ethanol: water 50 % 20mL in a flask and stirred at room
temperature by using stoichiometric amount (1:2) metal : ligand molar
ratios, the mixture was stirred for (30mint). The solid precipitate obtained
collected by the filtration and recrystallized from H,O/ethanol as light

yellow powder .
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H
2 \
\o , +  SnCl
H,N N ~g
J— O P

Scheme (2-8) : Preparation of [Sn(SMZ),]ClI,

Stoichiometry of the [Sn(SMZ),]Cl, complex formed by Sn (I1) chloride
and sulfamethoxazole is determined using the Job's (CVM),
spectrophotometry is based on the measurement of a series of different
solutions such as those shown in Table 2 in which the molar concentrations
of two reactants differ but their sum is constant( 1x102 M). Ten clean 100-
mL volumetric flasks were labeled 1 to 10 . The mole fraction of SMZ and
Sn inthe solution at a suitable wave length (408 nm) was calculated using
distilled water as reference. Table (2-3). After (5 minutes)the
absorbance(A) of each solution was measured at 408 nm . The mole fraction
of each component in the solution was calculated and plotted against

absorbance using distilled H,O as reference. ['®]
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Table (2-3): Data for (CVM)of Determining Stoichiometry of Complex

Volumes of Flask 1 mL

sulfamethoxazole Flask 2 mL
Sn sol’n metal
sol’n ligand 1x10 3 M
1x103 M
10 0
9 1
8 2
7 3
6 4
S 5
4 6
3 7
2 8
1 9
0 10

The mole fraction in which the number of moles of Sn?* and SMZ are in

the stoichiometric ratio. Since the sum of mole fractions in a mixture

always =1.
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Chapter Three Results & Discussion

3.1. General Methodology

Many biologically important reactions take place with the aid
of drugs and amino acids in which transition-metal atoms play an
important roles. 8%-81 The effects of M(11) and M’ (111) metal ions on
the catalase-like activities One types of antibiotics including
Sulfamethoxazole and two amino acids including (L-Proline, and L-
Valine ) have been selected to synthesis and characterization of the
five style of complexes as below:

A: Mixed-Ligand metal complexes
B: Mono Ligand metal complexes
A: Sulphamethoxazole (antibiotics) are used as primary ligands and/or

L-Proline, and L-Valine respectively as secondary ligands with M(I1)

and M’ (II1) complexes as shown in the Table (3-1).

Table (3-1): Compositions of synthesised Mixed- Ligand Metals

Complexesc
Secondary
Ttype : .
Mixed ligand Plf'mary nggnd Compositions
igand amino
complexes .
acid
[(L-Pro). M (SM2)]
Sulfamethoxazole | L-Proline | M= Mn(ll), Fe (I1),Ni(ll),
Style 1 (SM2) (L-ProH) | Cu(ll),cd(ll), Hg(ll) and
L-ProH M SMZ. sn(I1)
211 Sulfamethoxazole | L-Proline I\[/I(’ I;-FXIO()Izu)M C(rs(ll\:ll?]a(ri:j
Sulfamethoxazole | L-Proline
(SM2) ( L-ProH) [ Sn(SMZ)( L-Pro)]CI
[ (L-Val)2 M (SM2Z)]CI
style 2 Sulfamethoxazole | | /pline M= Mn (11}, Fe (II)
(L-ValH) | Co(Il),Ni(l1), Cu(ll), ,Cd(l),
L-Valzl\lﬂ.lSMZ. (SM2) Hg(I1) and Sn(l)
Sulfamethoxazole | L-Valine [I\/I(’ I;;é a(ll I)IZ) Mcg(SIII\/II)Z);%I
(SM2) (L-ValH) AI(I’II)
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B : Mono Ligand Complexes

Sulphamethoxazole (antibiotics) L-Proline,and L-Valine are used

as mono ligand complexes as shown in the Table (3-2)

Table (3-2): Compositions of synthesised Mono ligand Metals Complexes

Type ligands Compositions
Style 1 S“'fazg‘f\t/lhzo)xazo'e [Sn(SMZ).ICl
amino acid
Style 2 L-Proline ( L-ProH) [Sn(L-Pro)z]
amino acid
Style 3 L-Valine ( L-ValH) [Sn(L-val)e]
Sulfamethoxazole [ M'(SM2)s]Cls
Style 4 (SM2) M'=Fe(I11),Cr(111) and Al(111)

3.2. (U.V-Vis) Spectra of the Ligands
The electronic spectral studies of ligands Table (3-3) were carried
out in DMSO (10°M) solution 7781

Table (3-3) : Electronic data of starting materials and ligands

Symbol nmi € n_llax 1 v' em? Assignment
molar~.cm
SMZ 275 1951 36363 ot
*
L oroH 240 312 41666 o
chno, | 284 131 35211 n—m
STONE2 1 349 40 28653 n—=mn
L-ValH 279 36900 38314 T o
CsHuNO; | 342 885 3250 N

3.2.1 (U.V-Vis) Spectrum of the (SMZ2Z)

The UV -Vis spectrum of the (SMZ)in (DMSOQO) solvent appeared a
high intense absorption band due to the C=N chromophore at 275 nm
(36363 cm™) (emax=1951 molar.cm?) (n-n* transition) within the organic
ligand. [82-8]
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Figure (3-1) : U.V-Vis- Spectrum of the (SMZ)

3.2.2 (U.V-Vis) Spectrum of the (proH)

The (U.V-Vis) spectrum of the (L-proH ), Figure (3-2) and Table
(3-7), exhibits three band at 240 ,284 and 349 nm. The first one may be
assigned to intraligand (m—n*) transition, where as the second and third
band may be assigned to the (n—n*) transition of the heterocyclic and COO-

groups [nnn]. It is found that these bands were shifted to lower energy on

complexation, [81
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3.2.3. (U.V-Vis) Spectrum of the (L-ValH)
The (U.V-Vis) spectrum for the L-Valine, Figure (3-3), exhibits
absorption peak at (279 nm)( 36900 cm™) and an intense peak at 342 nm

(3250cmY), assigned to (m—n*),and (n— ©*) transition respectively 84
™
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Figure (3-3): U.V-Vis- Spectrum of the (L-ValH)

3.3. FT-IR Spectra of the Ligands
3.3.1. FT-IR Spectrum of (SM2)

The FTIR spectrum of the sulfamethoxazole. Table (3-4) and
Figure(3-4) showed bands at (3468,3379) cm™!' and (3300) cm™ were
assigned to stretching vibrations of —NH, and —NH respectively of free
(SMX) ,(C=N) of isoxazol ring at (1622) cm™. Sulfoxide (SO,) stretching
occurs at 1365 cm™' [vasmy.(SO2)] and 1148 cm™ [veym (SO2)]. The stretching
band v of aromatic (C=C) showed at 1504 cm™. &
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Figure (3-4) : FT- IR spectrum of (SM2)
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3.3.2. FT-IR Spectrum of L- proline

The FT- IR spectrum of free ligand amino acid such as (L- proline){
v NH,+ and v COO- } regions free amino acids exist as zwitterions. [
.The chelation of L- proline (ProH) was evidently present in its
(zwitterionic form) therefore, the N-H moiety must be protonated,
generating a (NH; *) group whereas the acid group remains in the anionic

(COO) group form, Scheme (3-1) .

NH NH, *

Scheme (3-1): Zwitter ion of L-proline

FT-IR spectrum for the (L- proline ) summarized in Table (3-5) , Figure
(3-5) exhibited a band around v(3417)cm™ that corresponds to the stretching
vibration of v(N-H) ,u (O-H), strong absorption band at v (3080) cm™ is due
to the u(N-H)sym while the very strong bands at 1650 cm? |
v(CO0)ssy 1415 -1360 cm? | v( -COO)sym and. v(C-N) 1242 cm'

respectively.

Table (3-5): FT-IR Spectrum of L- proline

L-proH Vv('(\'é'l)l;’ v(C-H) |v(-COO)asy | v (-COO)sym | v C-N
CsHoNO> | 3417s-br | 22985 | 1g50vs | 1415-1360vs | 1242 vs
2874m
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Figure (3-5): FT- IR spectrum of L- proline

3.3.3. FT-IR Spectrum of L- Valine

The FT- IR spectrum of free amino acid ligand such as (L-
Valin){ v NH3;" and v COO- } regions free amino acids exist as zwitterions.
81 Scheme (3-2), exhibited a strong band around (3382) cm™ that
corresponds to the v (N-H) + v (O-H), strong absorption band at (1597) cmr
1is appeared which could explained as v (OCO)asym Where the v (OCO) sym
was noticed at (1300) cm™ 4, A broad band at 2927 cm™ is due to
asymmetric stretch of v CH; group , three peaks at (2880, 2865, 2835)
and 2810 cm™ due to Asymmetric v CH, group, A broad band is seen at
2104 cm™ in IR spectrum of valine molecule. This is due to combination
CHs bend and the rocking vibration of amine ( NH,) group (1065+1032).
Table (3-6) and Figure (3-6).
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Scheme (3-2): Zwitter ion of L-Valine
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Figure (3- 6) FT-IR spectrum of (L-Valine)
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Table (3-6): Infrared Spectrum Data (wave number ¥) cm™ for the

L- Valine
L- Valine v (N-H2) + v | b(C-H2) | v(-COO)asy | v(-COO)sym | Av(-COO)
(O-H), asy-sym
CsH11NO2 3382 br 2927 s 1597vs 1457vs 140
2880
2865m
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3.4. Physico-Chemical Characterization of Mixed — ligand (L-prolin
-Metal - SMZ) Complexes

Generally, the metal chloride reacted with the mixed ligands
according to the following proposed general equation:
2 L-ProH +2KOH — 2 L-ProK+ 2H,0

MCl; . nH,0 + 2ProK +SMZ— [M (SMZ)( L-Pro),] +2KCI + 2H,0
n =0-6

where; L-Pro = deprotonated L-proine symbolized as L-ProH
(primary ligand).
Sulfamethoxazole = SMZ (secondary ligand).

M= Sn(Il) , Mn (1), Fe (1I), Ni(ll), Cu(ll), Cd(ll), and Hg(ll)
M'Cl; . nH,O + 2ProK +SMZ— [M' (SMZ)( L-Pro),]Cl +2KCI + 2H,0
n =0-6
M" = Al(II1) Cr (I11) and Fe (I1l)  as Scheme (2-2)

L-ProH +2KOH — L-ProK+ H,0O

SnCl;, . + proK +SMZ— [M (SMZ)( L-Pro)] +KCI + H,O

As in Scheme (2-5).

All the synthesized complexes were stable in air with varying colors and
found to be nonhygroscopic solids, and have higher melting points of the
ligand than that of their corresponding complexes reveals that the complexes
were much more stable than SMZ and L-ProH ligands .The physical and
analytical data of complexes are presented in Table (3-7) .The results of
elemental analysis were found a direct correlation between the
experimentally and the calculated found values indicating the formation of
the complexes as shown in Table (3-8). The [M (SMZ)( L-Pro).] complexes
were prepared by reacting the respective with the ligands using 1:1:2 mole
ratios. [Matel : (SMZ): (L-proK); ].and i.e., one mole of metal chloride :
one mole of (SMZ), and two moles of potassium L-prolinate .while

[Sn(SMZ)(Pro)]CI uses one mole of potassium L-prolinate. B! Atomic
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Absorption Spectroscopy (AAS) analysis of the complexes was carried out
by the direct method which gave total metal content [”®l. The calculated and
experimental values of metal percentage M % in each complex are in fair
agreement. some complexe are not soluble in ethanol, benzene or water ,
but are soluble in DMF and are more soluble in in dimethyl sulfoxide
(DMSO) Table (3-9). All complexes soluble in HCI except [Sn(SMZ)(L-
Pro),] .The important of determining Cl ion estimation in the complex is to
confirm whether the ClI ion is present in the complex or not. The test for
chloride ion for [M(SMZ)(Pro);],[Sn(SMZ)(Pro)]Cl and [M'
(SM2)(Pro);]JCI  with  AgNO; (+) for
[Sn(SMZ)(Pro)]Cl and [M'(SMZ)(Pro),]Cl indicating that chloride ion is out
side of coordination sphere but negative (-) for all [M (SMZ)(Pro),] which

solution was positive

in depicted in Table (3-7) n supports of molar conductance measurements
.Conductivity measurements of the synthesis complexes in the appropriate
solvent are used to decide whether a complex is electrolyte or neutral©%2
Table (3-10).

Table (3-7) : The Physical Properties & Atomic Absorption Results of the
[M-SMZ - L-ProH] and [ M’-SMZ - L-ProH] Complexes.

Metal Am
: M.P°c | Yield | analysis Q1cm?
Chemical Formula Color (de) °c % (% found) mol-.
(% cal) In DMSO
[SMZ -M-L-ProH]
Pale (23.91)
[Sn(SMZ)(L-Prol | oo, 85 o 9
[Mn(SMZ)( L-Pro)] | Gray 235 80 (1%’2) 7
[Fe(SMZ)(L-Pro)] | Brown | >260 | g2 | (9% 11
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[Ni(SMZ)(L-Pro),] | Green | >260 | 72 | (939 10
[CUSMZ)(L-Pro)] | Blue | >260 | 77 (1112'754> 8
[CA(SMZ)(L-Pro)s] | White | >260 | 89 (1%85> 14
(26.58)
[Hy(SMZ)(Pro)] | White | 230d | 82 25 16
[M-SMZ —L-ProH]
-Pro)s ite | > | 3
[Al (SMZ)( L-Pro)]Cl | Whi 260 | 77 5.35
[Cr (SMZ)( L-Pro),]CI Green >260 88 ?083 32
[Fe(SMZ)(L-Pro);]Cl | Orange | >260 | 78 o 34
[Sn(SMZ)( L-Pro)]
White 27.57
[Sn(SMZ)(Pro)] CI off 260 | 66 /s 3

M.wt = Molecular Weight, Am=Molar Conductivity, d

Table (3-8): Microanalysis results

= decomposition

Elemental analysis Elemental analysis
Chemical Formula Found%o calculate %

C H N C H N
[Mn(SMZ)( L-Pro);] 4737 | 5.11 | 13.15 | 47.37 5.11 5.91
[Ni(SMZ)( L-Pro)] 47.04 | 5.08 | 13.06 | 47.04 5.08 13.39
[Cu(SMZ)( L-Pro)2] 46.62 | 5.03 12.94 | 46.00 5.03 13.31
[CA(SMZ)( L-Pro),] 4275 | 4.61 | 11.87 | 42.00 | 4.61. | 11.11

Chemical Formula: C21H27MN506S
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Table (3-9): Solubility of all complexes in different solvents

Chemical Formula | C3Hs0 | CsHs | DMF | DMSO | EtOH | H20 | Hexanol | HCI
[Sn(SMZ)(L-Pro).] ; ] - ¥ - - - -
[Mn(SMZ)(L-Pro),] ) T * - - - *
[Fe(SMZ)(L-Pro),] ) ] - * ] - - *
[Ni(SMZ)(L-Pro).] + - + + - + + +
[Cu(SMZ)(L-Pro),] + + + + + + + +
[Cd(SMZ)(L-Pro),] - M + - | - ¥ +
[Hg(SMZ)( L-Pro)] ; S * o - *
[Al (SMZ)(L-Pro);] * - + - |+ i +
[Cr (SMZ)(L-Pro)] ) T ¥ ] - - *
[Fe(SMZ)(L-Pro),] ¥ Tt ¥ S - *
[Sn(SMZ)(L-Pro)ICl |~ i ¥ - i +

(+) Soluble, (-) Insoluble, (---) Sparingly
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Table (3-10): Molar Conductivity (€ 'cm?mol™) in water and some

organic solvents

Non Electrolyte Type
No. Solvent
Electrolyte 1:1 1:2 1:3 1:4
1 Water 0 120 240 360 480
2 Ethanol 0-20 35-45 70-90 120 ~ | ~160
3 Nitromethane 0-20 75-95 | 150-180 | 220-260 2393%
4 Methyl cyanide 0-30 120-160 | 220-300 | 340-420 | ~500
Dimethyl
5 formamide 0-35 65-90 | 130-170 | 200-240 | =~ 300
6 Dimethy| 020 | 3040 | 70-80 i i
sulfoxide

3.4.1. FT-IR spectra of [M-SMZ - L-ProH] and [M'-SMZ - L-ProH]
complexes

In order to determine the coordination sites of the ligand in the
complexes, FT-IR spectrum of the ligand was compared with the spectra of
the complexes. The relevant vibration bands of the all compounds were
recorded in KBr disc in the region 400-4000 cm™!. The assignment of the
characteristic bands FT-IR spectrum of the free ligand L-ProH, Figure (3-2)
and SMZ Figure (3-1) are summarized in Table (3-6) and (3-4),.The
characteristic frequencies of the all complexes are given in Tables (3-11)and
(3-12) and shown in Figures (3-7) to (3-17) were supported by comparison
with the vibrational frequencies of the free L-ProH. ligands and other related
complexes. 281 In all amino acids the stretching vibration of v(NHz+)
appears at (3030-3130) cm™® region, in the spectrum of L-proline it appears
at (3080) cm™. In complexation this band was vanished in all complexes
with appearance bands of coordinated (NH;) within the range (3141-
3471)cm?, 13141091 The pands at (1650) cm™ and (1400) cm™* were assigned
to the v(-COO)ssy and vV(-COO) sym respectively.in L-proline reveals to
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difference between asymmetric (Vasym) Symmetric (Vsym), AL(-COO)asy-
om=200cm* B3] was appeared in the prepared complexes within the
range (214-239) cm™ Table (3-11) indicating of participate the (COO") group
as a mono dentate donor in the coordination process with the metal ion . IR

all spectra demonstrate that the L-proline act as bidentate ligand in

coordination with metal ion involving ( -COO— M Oxygen carboxylate)

a bands due to v(N-S) in all groupand M<«—NH- nitrogen imine group

The IR spectrum of the free (SMX) ligand Figure (3-4) showed the
stretching vibration band at (1622) cm™ is due to the v(C=N) of isoxazol
ring, this band was shifted to lower frequencies within the rang (1588-1614)
cm?, Table (3-11) proving the involvement C=N group of isoxazol ring in
the complexes formation with metal ions 35381, The band appears at (1365)
cmt is due to the asymmetrical streaching vibration of v(SO,) group which
is shifted in complexation to higher frequencies within the rang (1367-1394)
cm while the band which appears at (1148) cm™ attributed to symmetrical
stretching vibration band of v(SO;) group, on complexation this band was

shifted to lower frequencies within the range (1026-1136) cm™.

65



Results & Discussion

SA S 0.TE
SA z(04d- )
LvS | €86 | copr L6GT 0€e 6TET ever | BLET | ZOST | 1gss | zoge | [F(OM-)(ZINS) OH ]
SA 2GET SA 8182 | 9g¢¢E
w SA z(04d-
c9v | WLLS | €86 | oorp | LBST 6€C ageT T6ST 88ET | 9S5T | Misgsz | goze | L(A-(ZIS) PO ]
SA SA SA weggz | OVTE
6GY | VS | 626 09T 992 L6GT | SAGOET | /6ST goze | [¢(oad-T7)(ZINS) D ]
9TTT ¥GET w1862
0291 1A%
oA SA SA 9¢TE
MISY | /¥S | 626 SeTT 00ST GGZ S /6ST WGOET | L6GT | SAT862Z | 602€ | [¢(01d-T1)(ZINS) IN ]
GOET 0291 89t¢
m 166 | T¥6 |WoZzTT| 2T9T 2z S 16ST €LET W 19 Sh [¢(0ad-T7)(ZINS) o4 ]
L9Y €LeT GLYT | SAV.6C | 86EE
w 009T S weyee | T9TE |,
0id- u
¢8y | €95 | T¥6 | SYOT | oo 02 JIET 701 | soer | ST | syiez | gppe | E(OA-D(ZNS) UA]
Bula
ul |ozexos|
As (ZINS WwAs-Ase (N-D) HN spunodwo)
(0-] (N-IN) | (N-S) | (z0S) | (N=D) |(00D) va [wis(00D-)iAse(00D-)|Ase cOS)| 4y D=D| (H-D) @ | ZHN

Chapter Three

[HOoId-T1- IN — ZINS] 10} ;w2 (Q Jagquinu anem)elep [ea1dads pateyul : (11-€) ajqeL

66



Chapter Three Results & Discussion

Some new bands observed in the regions around (507-559) cm™ and
(437-474) cm™ may be ascribed to M-N and M-O vibrations, respectively
[76.911 "1t may be noted that, these vibrational bands are absent in the spectra
of the ligands.

The FTIR spectral date of [Sn(SMZ)(L-pro),] Such [Sn(SMZ)(L-pro)].
All free amino acids show a strong carboxyl asymmetric stretching band at
(1560-1680) cm™ and weaker symmetric stretching band at ~ ( 1380-
14000)cm’* 135281 jin the spectrum of L- L-proH it appears at (1506- 1650)
cm?® and respectively. The asymmertic stretching band of v(COO-) was
shifted to a higher frequency metal complexe, whereas the v (-COO)sym
band was shifted to a lower frequency at (1379-1393) cm™, these values
are quite agreeable with the values reported earlier % %1 The large
difference between v(COO- carboxylato)asy-sym value of ~ 200 cm®
indicates the monodentate binding nature of the v(COO- carboxylato)
group. Accordingly, one can deduce that the L-proH binds the Sn(ll) on as
bidentate fashion (NO). The bonding sites are the ( Imine NH ) nitrogen
and the (COO- carboxylato) oxygen atoms. L-prolin acts as mononegative
bidentate ligand and forms M-N and M-O bonds.
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Figure (3-8) FT-IR Spectrum of [Fe(SMZ)( L-Pro),]

69




Chapter Three

Results & Discussion

i i i
4000 3600
FTIR Measurement

E) sHIMADZU

E sHIMADZU

Figure (3-10) FT-IR Spectrum of [Cu(SMZ)( L-Pro);]
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B sHIMADZU

) sHIMADZU

Figure (3-12) FT-IR Spectrum of [Hg(SMZ)( L-Pro)]
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Figure (3-13) :

FT-IR Spectrum of [Al (SMZ)(L-pro),]CI
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Figure (3-14) :

FT-IR Spectrum of [Cr (SMZ)(L-pro),]CI

72




Chapter Three

Results & Discussion

4000 3600
FTIR Measurement

[ sHIMADZU

=

FT-IR Spectrum of [Fe (SMZ)(L-pro),]CI

0 360
FTIR Measurement

E sHiMADZU

Figure (3-16) : FT-IR Spectrum of [Sn(SMZ)( L-Pro)]
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Figure (3-17) FT-IR Spectrum of [ Sn(SMZ)( L-Pro)]CI
3.4.2 UV/Vis spectra , magnetic properties of compunds

Magnetic properties "4l and  electronic absorption spectra of
transition metal complexes are usually attributed to the partially filled d-
orbital of the metal. The energy required for such transitions is that of the
near U.V and visible region. are due to absorption bands due to the ligand,
Charge transfer (CT) transitions between ligand (L) and metal (M), d —d
transitions and lon pair, Figures (3-18) to (3-21) .The d—d transitions are
forbidden due to (Laporte law Forbidden) appeared in the visible region at

lower energy with low intensity.
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Laporte Selection Rule

This way of 'relaxing’ the orbital selection rule is not available in octahedral
complexes

L L

no overlap

L L
£ . / «——— out of phase
L 6
A metal p-orbital overlaps with A metal d-orbital cannot overlap
ligand orbitals with the same ligand orbitals

In general, no mixing of the 'd’ and 'p’ orbitals is possible if the
molecule has a centre of inversion (Laporte rule)

Figure (3-18) :Laport Selection rule
The Orgel- and Tanabe-Sugano diagrams Figure (3-19) are now universally

used for the interpretation of the spectra of transition metal complexes.

T, A,
\ / T1
T1 F T2
T, T
A2
<= /\ -
d?, d’ tetrahedral d?,d’ octahedral

I d3, d@ octahedral d3,d8 tetrahedral I

Figure (3-19):The Orgel- diagrams
Charge transfer spectra are due to transitions between metal and ligand.
Study of electronic spectra of complexes help in the determination of
structure of the complexes through the electronic interaction of the metal d-

orbital and ligand orbital.
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2 Y2Y,
ATLS

Empty d or x°
:(% antibonding
molecular orbital

Backbonding between a filled Typical ligands that exhibit this type of
metal orbital and an unfilled bonding include phosphines (PR;),
ligand orbital - has a greater arsines (AsR,), cyanide (CN), and
polarity in the M-L bond and carbonyl (CO).

greater splitting of the d-orbitals.

Figure (3-20) : Types Of Charge transfer (CT) transition

Ligand to Metal Charge Transfer

* These involve excitation of an electron from a ligand-based orbital into a d-
orbital

« This is always possible but LMCT transitions are usually in the ultraviolet
+ They occur in the visible or near-ultraviolet if

» metal is easily reduced (for example metal in high oxidation state)
» ligand is easily oxidized

If they occur in the visible or near-ultraviolet, they are much more intense
than ‘d-d” bands and the latter will not be seen

Figure (3-21) : Involve Electron from Ligand based orbital
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In the electronic spectral studies the ligand field parameters such as ligand
field splitting energy (10 Dq), Racah's interelectronic repulsion parameter

(B) and nephelauxetic ratio () have been determined by using the following
relationships:

(a) Ligand Field Splitting Energy (10 Dq)
10Dq = v, -V,

10 Dq = v

10 Dq = v, - 12 v -1/3 (v3 —0)

(b) Racah's Interelectronic Repulsion Parameters (B')
g2t —3v,

15

v; —2v, +10Dgq
15

(c) Nephelauxetic Ratio (f)

p :g = (B complex/B')

B=

Table (3-13): Racah's (B)values for some lons(Cm™)

Free ion (Cm?) (B")
Mn ! 960
Cr!! 1030
Fe' 9010
Co' 970
Ni" 1080
Cu'" 1240
Nephelauxetic Series order for donor atom as
F">0>N>CI>Br >52]

The spectral region where these occur spans the near infrared, visible
and U.V. region as listed in Table (3-14).

77



Chapter Three Results & Discussion

Table (3-14): Visible and U.V. region

Ultraviolet Visible . i
(Uv) (Vis) Near infrared (NIR) | Unit
50,000 — 26300 26300 -12800 12800 -5000 cm?
200 — 380 380 -780 780 - 2000 nm

Charge transfer spectra are due to transitions between metal and
ligand. Study of electronic spectra of complexes help in the determination
of structure of the complexes through the electronic interaction of the metal
d-orbital and ligand orbital. In our work the spectra were recorded in the
range (200-1100) nm, using dimethyl sulfoxide (DMSO) as a solvent of
values magnetic moment peff were corrected for diamagnetic effects using
the relationship monated in Chapter 2 ["4. The results obtained from the
equation were compared with the actual values obtained through magnetic
measurements. Table (3-15) show the positions of electronic absorption
bands and their transitions and also include show the magnetic moment
measurements per for prepared complexes and the suggested structure for
each complex.

Table (3-15) : Electronic Spectral Data of the [M-SMZ - L-ProH] complexes

Complexes A " € max : Heff
Y am | YTl o ot Assignments (BM)
279 | 35842 2027 CT
[Mn(SMZ)(Pro)s] | 742 | 13477 12 6Alg — 4T1g, 5.79
803 | 12453 11 6Alg — 4T29(G)
265 | 37735 1919 cT
[Fe(SMZ)(Pro)e] | 545 | 28085 1670 CT -
. 296 | 33783 2259 Lf
[INISMZ)(Pro)a] | 96> | 10395 6 3A29(F)—3TigPs | 228
295 | 33898 2206 cT
410 | 24390 12 2810 - 2B,
[CuSM2)Pro)] | <35 | Ts70¢ 5 ! g ! g 1.83
804 | 12437 7 Big — °Eg
274 | 36496 1845 0
[CASMZ)(Pro)2] | o5 | 19422 | c.T Dima,
285 | 35087 2103 0
[HaSMZ)(Pro)zl | o7 | 12391 1 cT Dima.
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Table (3-16): Electronic Spectral Data of the [M'-SMZ - L-ProH] Complexes

€ max
Complexes Anm viem?® | (molar Assignments Heff
L em) (BM)
[AI(SMZ)(Pro),]Cl | 283 35335 2052 CT Dima
270 37037 257 CT
[Cr(SMZ)(Pro);]CI | 861 11614 25 Pog—4Tg (v3), 1.91
989 10111 32 “Aog—*T1g (v2)
286 34965 2138 CT
[Fe(SMZ)(ProICl |15 | 11750 3 6Alg—4T2g (4G) 5.22
*
285 | 35087 1935 "E’%‘ 0
[Sn(SMZ)(Pro)2] 885 11299 46 cT Dima
994 10060 61 '
279 35842 1984 T—m* 0
[SnEM)Pro)ICH | 15 | 12004 4 cT Dima.

3.4.3 Ultraviolet / Visible [UV/Vis] spectra of [M-SMZ - L-ProH] and
[M'-SMZ - L-ProH] complexes

3.4.3.1 UV/Vis spectrum of [Mn(SMZ)(Pro)]

The UV/Vis of Mn(Il) (d°) spectrum gave one essential symbol
in the free ion ,(5S) as shown in Figure (3-22), if any transition between the
crystal field to being spin-forbidden, °S term give one symbol, 6A;g, in the
octahedral field therefore the electronic spectra and the colors of (d®) ions

were very weak (which unoccupied from charge transfer observations).
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/
%

20

Figure (3-22): Tanabe-Sugano diagram for d® system for Mn(ll)

The UV/Vis of [Mn(SMZ)(Pro),] exhibits three peaks, Figure (3-23) and
Table (3-15). First high intense peaks at 279 nm (35842) is due to the
(Charg-Transfer ) and two bands in the d-d transition region can be
assigned to the following transitions:
(v2) °Aig — “Eg*Alg (G) 742 nm(13477 cm™)
(vs) SAig — “*T,g(G) 803 nm(24531 cm™)

These results reveal the octahedral geometry , for this complex. The value
of the per 1S (5.79 B.M.) in accordance with the presumption of high-spin
d® Mn(I1) ion in (Oh) geometry €7
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DATA PROCESSIHNG YoM 7
+2.58A . . !

b -

M
188 .8¢HM DIV, > 1668.4
1886 .8NN 3.06854a|

Figure (3-23) Electronic Spectrum of [Mn(SMZ)( L-Pro),]

3.4.3.2. UV/Vis Spectrum of [Fe(SMZ)( L-Pro),]

Electronic spectrum of [Fe(SMZ)( L-Pro).] shows two bands high
intense peaks Figure (3-24), at 265 nm (37735 cm™) and 345 nm (28985
cm?) are to the (Charg-Transfer (CT )-ligand to metal ) because they
occure near uletraviolete and high intense peaks than d-d bands and the

latter not, see Figure (3-21) .

OAaTA PROCESSIHNG Y/H 7
+2 .880A

+0.88A 3
Z266.08 188 .8CNMsDIV. 2 1aaa .8
g:11 6,12 '79 [1eaa.aNM_ -8.8a3a|

Figure (3-24): UV/Vis Spectrum of [Fe(SMZ)( L-Pro),]
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3.4.3.3 UV/Vis Spectrum of [Ni (SMZ)( L-Pro)2]

Ni(I1) d®(Term 3F) complex is paramagnetic at room temperature
with perr equal to 2.28 B.M. which is consistent with an (Oh) field and
correspond to two unpaired electrons as expected for (six coordinated )spin
free Ni(ll) species. In the electronic spectrum of the Ni(Il) complex Figure
(3-25): shows two distinct bands appears at (296 nm)33783cm™ and (962
nm)10395cm™* which may be assigned to ligand field and d-d

3A,0®) —3T1g® v3 transitions

DATA FPROCESSIHG YoM 7

+2.508A

B.35808
CASDIU. D

- " NN
186 .8¢HM-DIU . > 10@6 .8 |

[16a@.6HH A.06850]

)

Figure (3-25): Electronic Spectrum of [Ni(SMZ)( L-Pro),]

3.4.3. 4. UV/Vis Spectrum of [Cu(SMZ)( L-Pro).] Complex

The value of ( M) that have been measured for [Cu(SMZ)(Pro),]
d® (Term 2D), complex was (1.83 B.M.). This value is in the range of
mononuclear octahedral geometry which is in agreement with data
reported by several research workers which in dicates the presence in (Oh)
structure 28 - 931 The Cu (ll)ion is characterized by large distortion from
octahedral symmetry and the bond is unsymmetrical, being the result of a

number of transitions, according to the diagram in Figure (3-26) [,
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2T,g T A
LT el 2
~~~~~ B2g
’ A
2
——
freeion " Vv
. 2A10 , 3
N ) .- V.
~ Eg - - T
.. 2 '
‘‘‘‘‘ Big |V1
Oh crystal field Tetragonal crystal field

Figure (3-26) : overlapping of bands which occurs in the case of Cu(ll).

[Cu(SMZ)( L-Pro),] complex spectrum showed four bands in the
region[(295nm)35898cm-1 may be due, to LMCT, which is a characteristic
of copper(Il) complexes with amines , *! and show a broad band at
(24390-12437 cm-1) which can be assigned to 2B1g — 2B2g and 2Bl1g —
2Eq transitions, Figure (3-27) which also compatible with complexes have
(Oh) structure [©1

DATA PROCESSING YsH 7
+2.508A :

+@.0848 [ ‘ : : ;

aha

Z@a.8 160.8(HM-DIV. ) 199@?5

3783 '79 [1e66.aNHM 6.66540]

Figure (3-27) : UV/Vis Spectrum of [Cu(SMZ)( L-Pro),]
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3.4.3.5 UV/Vis Spectrum of [Cd(SMZ)( L-Pro);]

The Cd(Il) complex showed diamagnetic properties as expected
from their electronic configuration. The electronic spectrum of
[CA(SMZ)( L-Pro),], d'°® complex show two transitions Table (1-15). The
high intensity band in the (274 nm (36496 c¢cm™?) assigned to m—mn*
transitions due to conjugated  system The low intensity second band was
observed at wavelength. 805 nm (12422 cm™) ascribed to L-M (C.T)
transitions. Figure (3-28) which also compatible with complexes have a

(Oh) structure [26.:95],

DATA PROCESSIHG Y~sMN 7
+2.88A0 . 4 .

U
+@.80A A\

» : : : : - : N
280 .0 188 .8¢NM-0TU . ) 1660 .0
23:39 2.85 '19 [ieGG.6NN __ B.080084A]

Figure (3-28) : UV/Vis Spectrum of [Cd(SMZ)( L-Pro),]

3.4.3.6 . UV/Vis Spectrum of [Hg(SMZ)( L-Pro);]

The [Hg(SMZ)(Pro),] complex showed diamagnetic properties as
expected from their electronic configuration. The electronic spectrum of
Hg (I1) , d, complex show two transitions Table (1-15).The high
intensity band in the 285 nm (35087 cm™) due to n—m* transitions due to
conjugated m system The low intensity second band was observed at

wavelength. 80 7 nm (12391 cm?) ascribed to L-M charge transfer  (C.T)
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transitions. Figure (3-29) which also compatible with complexes have (Oh)

structure [26:57.95]-

DATA PROCESSIHG YoM 7
+2.88A0 . : .

+8 .88/

e ' : : ' : N |
208 .0 188 .8¢HM-DIY. ) 1866.0
23:39 2,85 '19 [1666.6NH  8.0004]

Figure (3-29) UV/Vis Spectrum of [Hg(SMZ)( L-Pro),]
3.4.3.7 UV/Vis Spectrum of [Al (SMZ)(L-pro).]CI

The (U.V-Vis) [AI(SMZ)(Pro);]CI complex spectrum
Figure (3-30) and Table (1-16). exhibits one high intense peak at 283 nm
(35335cm™), due to the intra ligand charge transfer (INCT) .The Al (111)

complex showed diamagnetic properties [74:100],

DATA PROCESSING V/H 7

+2.58A e 3

: : : N
1008 .0CNM/DIV.) 1000.0|

{1ooe.enM  -0.081A4

Figure (3-30) : UV/Vis Spectrum of [Al (SMZ)(L-pro).]CI
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3.4.3.8 UV/Vis Spectrum of [Cr (SMZ)(L-pro):]CI

The UV/Vis [Cr (SMZ)(L-pro);]JCI complex spectrum
Figure (3-31) and Table (1-16). exhibits three transitions. The first high
intense peak at 270 nm (37037cm?), due to the intra ligand charge
transfer(INCT) and second and third bands at 8 61nm(11614 cm®), 989nm
(10111cm™) Table 3-8 which are assignable to “Ay—*Ti; (V3 ),
‘Agg—*T1g (v2)  respectively 2831 The magnetic moment of the
[Cr(SMZ)(Pro).]Cl is (1.91 B.M.) Table (3-16), therefore an octahedral
geometry was assume[Cr (SMZ)(L-pro),]ClI for Cr (I111) complex.

DATA FROCESSING Y/N 7
+0.58A/ H . .

' 1
————]
A

K
1898 .8¢NM/DIU . > 1999]3
196@.6HM 6.615a4]

Figure (3-31) : UV/Vis Spectrum of [Cr (SMZ)(L-pro),]CI

3.4.3.9 UV/Vis Spectrum of [Fe (SMZ)(L-pro)2]CI

The UV/Vis spectrum of the [Fe (SMZ)(L-pro),]Cl complex
Figure (3-32) showed two bands in the d-d transition assigned to the
® Ajg — “Tig (20366cm™) and °A;g — “T,g(12195cm™) and one
obscured by the intense charge-transfer band observed at 294 nm (34013
cm?) these assignments are to the other earlier report made for Fe(lll)
complexes ©®®. The higher energy ligand field bands were The value of the
measured magnetic moment is (5.22 B.M.) in accordance with the

presumption high-spin d® ferric ion in octahedral geometry .
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DATA PROCESSIHG Y.~
+2.508A

-B.882

7E9.6

+8.868a

. . . s . N
288 .0 188 .8(HNM~-DIV. > 1666 .5

23:35 2-85 '19 [166a.6NM @.BBBQIJ

Figure (3-32) : UV/Vis Spectrum of [Fe (SMZ)(L-pro),]CI
3.4.3.10 UV/Vis Spectrum of [Sn(SMZ)( L-Pro).]

The [Sn(SMZ)( L-Pro);] ClI complex showed diamagnetic
properties as expected from their electronic configuration.The electronic
spectrum of Sn (1) complex, Figure (3-33), in the 285 nm 35087
cm? assigned to #—a* transitions due to conjugated m system and atwo
bands were observed at wavelength 885nm, nm (11299cm™) and 994nm
, nm (10060cm™) ascribed to L-M charge transfer (C.T) transitions of
the heterocyclic and COO- groups .

DATA PROCESSIMG Ys/H 7

+2.688A i
/\

+0.80A T : — ]
A3 N M
206.0 188 .8¢NHN/DIV. > 1866 .0

3/18 '?9 [16ea.ann__ 6.0564A]

Figure (3-33) : UV/Vis Spectrum of [Sn (SMZ)(L-pro)2]
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3.4.3.11 UV/Vis Spectrum of [Sn(SMZ)( L-Pro)] Cl

The [Sn(SMZ)(L-Pro)] Cl complex showed diamagnetic properties
as expected from their electronic configuration.The electronic spectrum of
Sn (1) , complex inthe 279 nm 35842 cm™ assigned to m—n* transitions
due to conjugated m system and a second band was observed at
wavelength, 818nm (12224cm™) ascribed to L-M charge transfer (C.T)
transitions. of the heterocyclic and COO- groups , Figure (3-34)

DATA PROCESSING Y/MH ?
+2.50A : - :

-8.6881

665.48
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Figure (3-34) : UV/Vis Spectrum of [Sn(SMZ)( L-Pro)] CI

3.4.4 The Proposed Molecular Structure for[L- pro H- Metal - (SM2Z) ]
Complexes M-(I1), M "-(111)

Studying complexes on bases of the above , spectral observations
suggest the octahedral (Oh)geometry for all synthesized complaxes which
exhibited coordination number six and may be formulated as [M(SMZ)(L-
pro);] for M-(Il) and [M' (SMZ)(L-pro),] CI for M ’'-(1lIl). And
coordination number four [Sn(SMZ)(L-pro)] ClI complex. The general
structure of the complexes are 3D as shown in Figures (3-35) ,(3-36) and
(3-37).
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Figure(3-36) : 3D Molecular Modeling Proposed [M'(SMZ)(L-pro)-].
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- /s\ ) Z 4 &\‘»“'t
RS

Figure(3-37) : 3D Molecular Modeling Proposed [Sn(SMZ)(L-pro)]CI
3. 5 Physico-Chemical Characterization of Mixed - ligand
(L-Valine -Metal-SMZ) Complexes.

Generally, the complexes were prepared by reacting the respective
metal salts with the ligands using 1:2:1 mole ratio, i.e., one mole of metal
chloride, one mole of (SMZ) and two moles of potassium L -Val linate

(L -Val K). The synthesis of mixed ligand metal complexes may be
according to the following proposed general equation:

L -ValH +KOH— L -Val K" +H;0

2 Val-K* + SMZ + MCl,. nH,O — [M(SMZ)( L - Val);] + nH,0 +2KClI
where; L-Valine symbolized as L-ValH

(primary ligand). L-Valinate ion L-Val = deprotonated L-ValH
Sulfamethoxazole = SMZ (secondary ligand).

M= Sn (II) ,Mn(ll), Co(Il), Ni(ll), Cu(ll), Cd(ll) and Hg(l).
See Scheme (2-7) .
M’ Cl;.nH,O + 2 L-ValK +SMZ— [ M' (SMZ)( L-Val),]CI +2KCI + 2H,0
n =0-6

M’ = AI(IIT) Cr (111) and Fe (I11)
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The physicochemical based on formula weights characteristics are
given in (Table 3-17). The complexes are soluble in dimethyl sulfoxide
(DMSO) while insoluble in common solvents, Table (3-18) [l The
calculated and experimental values of metal percentage in each complex are
in fair agreement. The test for chloride ion content with AgNO3 solution
was negative (Cl % = Nil) for [M(SMZ)( L - Val);] indicating that no
chloride ion outside of the coordination sphere 4 wile positive for
[M'(SMZ)(Val);]ClI indicating that chloride ion outside of the coordination
sphere , the molar conductance's values (Am) of 1073 solutions of the
complexes in DMSO lie in very low range (7-16) Q*cm?mol which are
located in the range of non-electrolytes for M(IIl). and they proposed to
have the general formulae [M(SMZ)( L - Val);], . While the[ M’
(SM2)(Val),]Cl complexes, they behave as 1:1 electrolytes .
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Table (3-17) : The Physical Properties & Atomic Absorption Results of the
[M-SMZ - L-ValH] and [M’-SMZ - L-ValH] Complexes

Metal Am
Chemical Formula Color M'Po ¢ | Yield | analysis Q1 cm? mol?
(de) °c % (%found)
In DMSO
% cal
[ M-SMZ - L- Val H]
Pale (20.7) 9
[Sn(SMZ)( L-Val);] yellow >260 85 (19.16)
] (11.1)
[Mn(SMZ)( L-Val);] Gray 235 80 (9.61) 7
] (11.7)
[Fe(SMZ)( L-Val)2] Brown >260 82 (10.30) 11
. ) (10.18)
[Ni(SM2Z)( L- Val);] Green >260 72 (10.20) 10
] (11.62)
[CUu(SMZ)( L- Val);] Blue | >260 77 (11.55) 8
) . (12.1)
[Cd(SMZ)( L-Val)7] White | >260 89 (18.00) 14
[Hg(SMZ)( Val)2] White | 230d 82 (27.92) 16
[ M’-SMZ - L-ProH]
[Al (SMZ)( L- Val)7] White | >260 81 (4.94) 10
[Cr(SMZ)(L-Val);] | Green | >260 | 81 (11.4) 18
(9.12)
[Fe(SMZ)( L- Val)2] Orange | >260 81 gzzég 16
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Table (3-18): The solubility of complexes

Chemical Formula | CsHeO | CeHs | DMF | DMSO| EtOH | Hz0 | Hexanol | HCI
[SN(SMZ)(Pro)] - : - ¥ i i .
[Mn(SMZ)(L-Val),] - - + + - - i +
[Fe(SMZ)(L-Val))] | - T : .
[Ni(SMZ)(L-Val))] | ¥ ~- ]+ + - |+ ¥ "
[CuSMZ)(L-Val )] | + + + - oo+ ¥ "
[Cd(SMZ)(L-Val )] | - + - ¥ I ; .
[Hg(SMZ)( L-Val )] - - - " v i .
[Al (SMZ)(L-Val)]] | ¥ ~ |+ ¥ |- . ;
[Cr(SMZ)(L-Val)] | + ~ |+ ¥ oo+ ¥ .
[Fe(SMZ)(L-Val)]] | ¥ - + ¥ oo+ ¥ ,
[SN(SMZ)( L-Val )] + - | - ¥ I ' .
(+) Soluble, (-) Insoluble, (---) Sparingly
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3.5.1. FT-IR spectra of [SMZ -M-L-ValH] and [SMZ - M'-L-ValH]
complexes

The assignment of the characteristic bands (FT-IR) spectrum of the
free ligand L-ValH, Figure (3-3), and, SMZ Figure (3-1) are summarized
in Table (3-6) and (3-4).The characteristic frequencies of the all complexes
are given in Tables (3-19) and (3-20) and shown in Figures (3-38) to (3-49)
were supported by comparison with the vibrational frequencies of the free
L-ValH. ligand and other related complexes.
The asymmertic stretching band of v (COO") were shifted to a higher
frequency in metal complexe at  (1543-1672) cm™, whereas the
v (-COO)sym band were shifted to a lower frequency at
(1315-1396) cm™, these values are quite agreeable with the values reported
earlier 57861 The coordination mode of ,(SMZ) with metal ions is predicted
as a bidentate through the O,N atoms of sulfonylamid group for all
complexes, more evidence new bands which appeared in the range (520-
567)cm™ and,(466-482) cm™ due to the stretching frequencies of (M-0),
(M-N).The bands appeared at (1111-1153 cm™) and (1311 - 1278 cm™)
may be assigned to the bending of SO,) sym and (SO,) sy groups 8 . The
medium and strong bands likes bands which mentioned in 3. 4.1 for
most .Function groups .The multiband and shifting of sulfonamide —NH in
the spectra of the all complexes indicating the involvement of —NH in
chomplexation with central metal ion by nitrogen of sulfonamide —NH
according to the data reported in literaturet48  The value of
Av=[v (COO)] asym - [V (COO)sym] is ranging from (201-294) cm™,
indicating a monodentate bonding of carboxylate (COO-) group. Thus,
(L-Val) acts as bidentate monobasic ligand through Oxygen (COO") group,
and Nitrogen primary amine —NH, group.
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Figure (3-39) : FT-IR Spectrum of [Co(SMZ) (L-Val),]
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Figure (3-40): FT-IR Spectrum of [Ni(SMZ) (L-Val),]
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Figure (3-41): FT-IR Spectrum of [Cu(SMZ) (L-Val),]
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Figure (3-42) FT-IR Spectrum of [Cd(SMZ) (L-Val),]
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Figure (3-43) : FT-IR Spectrum of [Hg(SMZ) (L-Val)]
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Figure (3-44) FT-IR Spectrum of [Al (SMZ) (L-Val).]CI
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Figure (3-45) : FT-IR Spectrum of [Cr (SMZ) (L-Val),]CI
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Figure (3-46) : FT-IR Spectrum of [Fe (SMZ) (L-Val),]CI
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Figure (3-47) : FT-IR Spectrum of [Sn(SMZ) (L-Val)]
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3.5.2. Ultraviolet / Visible [UV/Vis]
Spectra of [M-SMZ -L-ValH] and [M'-SMZ - L-ProH]
complexes Tables (3-21) and (3-22) show the positions of electronic

absorption bands and their transitions and et

Table (3-21): Electronic Spectral Data of the Mixed- Ligand (L-Valin -
Metal(ll) -(SMZ) Complexes

€ max
ff
Complexes Anm | viemt? Mol2.L. Assignments |:e|v|
cmt '
2297 «T
295 | 33898
675 | 14814 ’4 6Alg — 4T2g V3 5 61
[MNSMZ)(L-Val)2] | 276 | 12886 22 6Alg— 4Tlgv2 |
802 | 12468 6A1g—4T1g(G v2)
CT
271 | 36900 1591
[Co(SMZ)( L- Val)] | 499 | 20040 15 3A2g(F)—3T1g(P) | 5.67
899 | 11123 3 3A2¢(F)—3T2g(F)
CT
297 | 33670 2240 A S
[Ni(SMZ)( L. Val),] | 373 | 26809 34 Ag —°Tig% v | 2.14
803 | 12453 16 372G —3T1g" v
CT
298 | 33557 2259 , ,
[Cu(SMZ)( Val),] 816 | 12254 3 Big — “B2g 1.62
950 | 10526 2 28,0 » 2Eg
C.T Diama
275 | 36363 1910
[CAEMO)(L-Val)] | 615 | 12315 2 cT gnetic
C.T Diama
290 | 34482 2193
[Ho(SMZ)(L-Val)] | g55 | 12150 4 CT gnetic
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Table (3-22): Electronic Spectral Data of the Mixed- Ligand (L-Valin -

'Metal(l1l) -(SMZ) Complexes

€ max

' -1 H Heff
Complexes Anm | viem (molar.cm) Assignments (BM)
c.t
289 | 34602 2138 The 3d « 3p .
[AISMZ)( L-Val)|Cl 848 | 11792 3 transitions in the Dima
Al-N
[Cr(SMZ)( L-Val )2]CI ggg ﬁggz 2220 INCT 1.85
*Asg—*Tig (v3)
295 | 33898 2206 CT
[Fe(SMZ)(L-Val 2ICl | 255 | 13831 9 6Alg—4T2g | >
(4G)
¥
295 | 33893 2262 0
[Sn(SMZ)( L. Val);] | 850 | 11764 175 C.T Diama
984 | 10162 180 CcT
279 | 35842 1984 T 0
[Sn(SMZ)(L-Vah)ICl | g18 | 12004 4 cT Diama

3.5.2.1 UV/Vis Spectrum of [Mn(SMZ)(L- Val);]

The magnetic moment shown in Table (3-21) of the brown Mn(Il)

d® (Term ®S)  complex is 5,61 B.M. corresponding to five unpaired
(3-48), of the
[Mn(SMZ)(Val),] complex showed four bands one in 295nm (33898cm™)

electrons. However,

assigned to the charge transfer

UV-Vis spectrum, Figure

transition and threed bands in the d-d

transition region at 12468 cm, 12886 cm™ and 14814 cm? and can be

assigned to the following transitions:
(vi) SAig — *T19(G) 802nm (12468cm™)
(v2) SA;g — “*Eg*Alg (G) 776nm (12886cm™)
(vs) SA;g — “T,9(G) 675nm (14814 cm™)

In the (d°) system the octahedral splitting equal to tetrahedral yellow and

green colors but the O.h geometry are characterize by the

pale pink or

without color 2 as the present complex .The value of the measured
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magnetic moment is (5,61 B.M.) in accordance with the presumption of
high-spin d® Mn(ll) ion in octahedral geometry 7, 10 Dq = v = 12468cm’

L The value which is the ratio of B complex / B-ion shows a value of 0.39
. B value of (971 cm™) for the free Mn(II) ion, v2/vl=0.59, vl/ v2=

1.69, first spin-allowed transition Ao= AE= 12468 x 0.01196=149.1172
kd/mol , AE = Ao =12468 x1.24 x 10* =1.546032 eV

Table (3-23) : Electronic Spectral Data of the [Mn(SMZ)( L-Val),]

Absorption
Band transitions B Dq/B' | B’ B 10Dq | 15B°
(cm™)
12.468 ®A1g — Tig (v1)

21,077 ®Aig —*E1g*A1g (v2) | 960 1.9 589 | 0.39 | 12.468 | 8835
22.222 SA1g — “Tag(va)

DATA FPROCESSIHNG b 3

Ni
1006.0

198 .8CNN DIV,
1080 .6HN @.3450

Figure (3-48) : UV/Vis Spectrum of [Mn(SMZ)(L- Val),]

The relatively high value of 10Dq and low value of () (0.39) indicate the

participation of the nitrogen in the coordination with Mn (11) ion through a
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bond of high covalent character. The low ratio of vo/ v1 (1.69) indicates the
octahedral geometry .
3.5.2.2 UV/Vis Spectrum of [Co (SMZ)(L- Val)2]

The magnetic moment shown in Table (3-21) of the brown Co (Il)
d” complex is 5,67 B.M. corresponding to (five unpaired ) electrons.
Electronic spectrum of Cobalt (II) complex Figure (3-49) show three
transitions, but these transitions can not be assigned because of the greater
overlapping of them ©7%)_ QOctahedral complex of Co (lI) consists of two
bands one in the (15,400-15,500) cm™ and the other in the (20,000-20,830)

cm* regions ©9),

4p T19 (P)
A
*Asg (F)
A
1,9 (F)
, A
\\ \.-'2
.V .
* T.9 (F)

Figure (3-49) : Electronic transition for d’ system for Co(ll).

The UV-Vis spectrum of the [Co(SMZ)(Val),] Figure (3-50) three bands
appear;one at (15,382 cm?) and the other two d-d transition at
(20040 cmt) and (11123cm™®) which were assigned to the transitions vz and
v2 respectively. The value of v; were calculated using Tanabe-Sugano
diagram for d’ system, Figure (3-51) and found to be (22,724 cm™) which
refer to *T1g (F) — *T.g (P) transition.
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Figure (3-51): Tanabe-Sugano diagram for d’ system.
From appendix Figure. (3-49) and Figure (3-50) as

499+ 899 =1390 nm
1390+ 2 =699 nm

3495 nm = 28612cm™,*Tig (F) — *“To0(P) (v2).
1390 nm = 71942 cm™?, *Axg < *Tag. (v1).

106




Chapter Three Results & Discussion

ol _ 71942,

v, 28612

B

Ao =18 x 749 = 13482 cm™?

_ B complex 749
B 971

B =077

On the basis of analytical, conductance and spectral data, octahedral
geometry is assigned to Cobalt complex.
3.5.2.3 UV/Vis Spectrum of [Ni (SMZ)(L- Val)2]

The magnetic moment of the Ni(ll) d® (Term 3F) complex is 2.14
B.M, indicating the octahedral configuration of this complex 4. The
electronic spectrum of the [Ni(SMZ)( L-Val),] complex shows three bands
at (297 nm) 35842 cm?, * which may be assigned to charge transfer
transitions and show other two d-d transitin bands at (373nm) 26809 cm
and (803nm) 12453 cm?, (Table 3-21) which are assignable to
AgP—3T1g® (v3) and 2A,g® —3T1g® v,
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Figure (3-52) : Electronic Spectrum of [Ni (SMZ)( L-Val),]
3.5.2.4 UV/Vis Spectrum of [Cu (SMZ)(L- Val)]

Cu(ll) compounds are blue or green because of single broad absorption

band in the region (11,000-16,000) cm™*(%). The d° ion is characterized by
large distortion from Oh symmetry and the bond is unsymmetrical, being
the result of a number of transitions, for free ion ground 2D term.

according to the diagram in Figure (3-53)

Zng T A
LT sl 2
R Bzg
’ A
2
——
freeion " Vv
. 2A.0 , 3
2 --° Vo
~ Eg _—"— T
..l 2 '
‘‘‘‘‘ Big |V1
Oh crystal field Tetragonal crystal field

Figure (3-53): Diagram transition of Cu(ll)
The value of ( pesr) that have been measured for [Cu(MZ)(Val),]Jcomplex
was (1.62 B.M.) this value is in the range of mononuclear octahedral
geometry192193)  The electronic spectrum of the [Cu(SMZ)( L-Val),]
complex, Figure (3-54) shows three bands at (298 nm) 33557 cm assigned
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to charge transfer transitions and show other two d-d transitin  bands at
(816nm) 12254 cm™ and (950nm) 10526 cm™, Table 3-22 which are
assignable to ?B;g — 2B,g and (v3) and 2B;g — %Eg v»,

No spectral bands were found below( 10000 cm.;) which supports (Oh)
geometry.

DATA PROCESSING YoM 7

|

+2.58A

: - ‘ - HH
168 .8(HNM-DIV.> 1868 .8
[16686.6HH ECEED

Figure (3-54) : Electronic Spectrum of [Cu (SMZ)( L-Val),]

3.5.2.5 UV/Vis Spectrum of [Cd (SMZ)(L- Val)]

The [Cd (SMZ)(L-Val),] d*complex showed diamagnetic
properties as expected from their electronic configuration.The electronic
spectrum of Cd (I1) , complex show two transitions (Table 3-21). The
high intensity band in the 275 nm (36363 cm™) assigned to m—na*
transitions due to conjugated zt system The low intensity second band was
observed at wavelength. 8 12 nm (12315 cm™) ascribed to L-M charge
transfer (C.T) transitions. which alsocompatible with complexes have (Oh)

structure [84,
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Figure (3-55) : Electronic Spectrum of [Cd (SMZ)( L-Val),]

3.5.2.6 UV/Vis Spectrum of [Hg(SMZ)( L- Val);]

The [Hg(SMZ)( L-Val);] complex, Figure (3-56), showed
diamagnetic properties as expected from their electronic configuration. The
electronic spectrum of Hg (1) , d*°, complex show two transitions Table
(3-21). The high intensity band in the 290 nm (34482 cm™) assigned to
a—na* transitions due to conjugated m system .The low intensity
second band was observed at wavelength. 823 nm (12150 cm™) ascribed to

L-M charge transfer (C.T) transitions. which alsocompatible with

complexes have a (Oh)  structure [8285],
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Figure (3-56) : Electronic Spectrum of [Hg (SMZ)( L-Val)]

3.5.2.7 UV/Vis Spectrum of [Sn(SMZ)(L- Val),]

The electron configuration of [Sn(SMZ)( L- Val),;] complex such

Sn is [Kr] 4d*°552 5P° whose all electrons are paired., there are no unpaired
electrons and no permanent magnetic moment per atom that reported in
literature .The UV -Vis spectrum of the (SMZ)in (DMSO) solvent appeared
a high intense absorption band due to the C=N chromophore at 279 nm (36900
cm?) (n-n* transition) shifts to a higher wave length in the spectrum of
[Sn(SMZ)(L-Val);] complex and appears at 295nm (33893 cm™) in the
complex 2681 This indicates the coordination of C=N nitrogen to metal atom.
The complex also show two week band 850 nm (11764 cm™) and 984
nm (10162 cm™), Figure (3-57), may be assigned as charge transfer bands. It
has been reported that the metal is capable of forming dn—pn* bonds with
ligands containing nitrogen or oxygen as the donor atom. The Tin atom has
its d orbital completely vacant, and hence v (N—Sn) or v(O—Sn) bonding
can take place by the acceptance of the lone pair of electrons from the nitrogen
or oxygen of the (SMZ). [26.67.71]
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Figure (3-57) : Electronic Spectrum of [Sn (SMZ)( L-Val),]

3.5.2.8 UV/Vis Spectrum of [AI(SMZ)(L- Val)]ClI

The (U.V- Vis) spectrum of [AI(SMZ)( L-Val),]Cl complex in
DMSO, Figure (3-58) , exhibits two transitions. The first high intense peak
at 289 nmcm™) due to the intra ligand charge transfer(INCT) and second
band at 34602 848nm (11792 cm™) due to the 3p transitions in the
Al— ligand were observed by monitoring 4s — 3p emission from Al(4s)

atoms produced by pre dissociation of the excited complex. 1%
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Figure (3-58) : Electronic Spectrum of [AI(SMZ)( L-Val),]CI

3.5.2.9. UV/Vis Spectrum of [Cr (SMZ)( L-Val).]CI

The (U.V- Vis) [Cr(SMZ)(Val),] cI complex spectrum in DMSO,
Figure (3-59) exhibits two transitions. The first high intense peak at 300
nm (33333cm™) due to the intra ligand charge transfer(INCT) and second
band at 845 nm(11834 cm?) Table (3-22) which are assignable to
PAog—*T1g (v3), 11931951 The magnetic moment of the [Cr(SMZ)(Val),] cl
is (1.85 B.M.), therefore an octahedral geometry was assume
[Cr(SMZ)(Val),] cI stereochemistry
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Figure (3-59) : Electronic Spectrum of [Cr(SMZ)( L-Val),]CI

3.5.2.10 UV/Vis Spectrum of [Fe (SMZ)( L-Val)2]CI

The UV-Vis spectrum of the [Fe(SMZ)(Val),] complex Figure
(3-60), showed one bands in the d-d transition can be assigned to the ® A;g
— “T19 ,723nm (13831cm™) and one obscured by the intense charge-
transfer band observed at 295nm (13831 cm™ ) these assignments are
comparable to the other earlier report made for Fe. (111) complexes®.
The higher energy ligand field bands were The value of the measured
magnetic moment is (5.13 B.M.) in accordance with the presumption of

high-spin d® ferric ion in octahedral geometry ©7,
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Figure (3-60) : Electronic Spectrum of [Fe (SMZ)( L-Val);]CI

3.5.3. The Proposed Molecular Structure for [L-VValin - Metal - (SMZ) ]
Complexes

Studying complexes on bases of the above C.H.N , spectral
observations suggest the octahedral geometry for all synthesized complaxes
which exhibited coordination number six and may be formulated as
[M(SMZ)(L-Val),] for M-(1l) and [M’ (SMZ)(L-Val),] CI for M’-(lll). The
general structure of the complexes are 3D as shown in Figures (3-61) and
(3-62) .
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Figure (3-61) : 3D Molecular Modeling Proposed Complexes [M(SMZ)(L-
Val),]. [Sn(I1),Mn(11), Co(Il), Ni(II), Cu(ll), Zn(11), Cd(I1) and Hg(I1)]

Figure (3-62) : 3D Molecular Modeling Proposed [M’ (SMZ)(L-Val),] CI
[AI(I11), Cr (111), and Fe(111)]
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3.6. Synthesis and Characterization of Mono Ligand Complexes
3.6.1 Sn (1) Compexes

3.6.1.1 Synthesis and Characterization of [Sn(L-pro).] , [Sn(L-Val)]
and [Sn(SMZ):]Cl> Complexes

The two complex were prepared by reacting SnCl, with the Two
amino acids [ L-Valinate and L-prolinate] using 1:2 mole ratios, [M : L-
Valineate ],and [M : L-prolinate ] i.e. one mole of metal chloride and one
mole of L-amino acids 751 The synthesis of mixed ligand metal
complexes may be according to the following proposed general equation:
Set [Sn(L-pro)]
.ProH +KOH— Pro-K* +H,0

2 Pro- K* + SMZ + SnCl; — [M(SMZ)( L-Pro)2] +2 KCI

Set [Sn(L- Val);]

2Val H + 2KOH— 2Val- K* +2H,0

2 Val-K* + SMZ + SnCl, — [M(SMZ)(Val).] +2 KCI

(primary ligand). SMZ = Sulfamethoxazole

(secondary ligand). Val H= L-Valine , Val = L-Valinate ion

The suggested -molecular formula, and the results obtained from the
physical proberties[color, M.P temperatures, conductivity ] and Sn% and
are given in Table (3-24) , (3-25) .The test for chloride ion with AgNO3
solution was negative indicating the no presence of chloride ion outside
the coordination sphere (¢ Microanalysis and analytical data for the Tin(I1)
complexes indicated 1:2 ( M: L).mole retio. Thetwo complexes are non-
hygroscopic, of white and yellow in colours and stable at room
temperature. The lower value of molar conductance (Am) in low range
8-10. ohm* cm? mol™, in DMSO indicates non-electrolytic type . The low
conductivity value is in agreement with low solubility of the complexes in

water, ethanol, acetone and most organic solvents. On the other hand,
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complexes are

soluble in

DMSO and HCI. Melting point at higher

temperatures are listed Table (3-26).

Table (3-24): The Physical Properties & Atomic Absorption Results of the
(11) Compexes

Metal Am
Chemical Formula | Color M'Po C | Yield | analysis Q1 cm? molt
(de) °c % (% found)
In DMSO
% cal
Pale 33.82 8
[Sn ( L-Pro)] yellow | 280 85 o]
[Sn (L-Val)] V\g;:fe 260 | 82 34.21 10
[SN(SMZ)2]Cl. V\g]l:fe 260 | 82 19.48 73

Table (3-25): Microanalysis and analytical data for [Sn(SMZ)2]Cl;

Elemental analysis Elemental analysis
] Found%o calculate %
Chemical Formula
C H N C H N
[Sn(L-Pro);] 3480 | 479 | 880 | 3462 | 465 | 8.07
[Sn(SMZ).]Cl 30.05 | 364 | 1379 | 3943 | 3.86 | 14.67

Table (3-26): Solubility of [Sn (I1)] complexes in different solvents

Chemical Formula | C3HeO | CeHs | DMF | DMSO| EtOH | H0 | HCI
[Sn(Val)] - - . + i i .
[Sn(Pro)2] - - - + - + +

[Sn(SM2)] Cl. - S - + " " .

(+) Soluble, (-) Insoluble, (---) Sparingly
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3.6.1.2 FT-IR spectra of [Sn(L-Val):] and [Sn(L-pro)z] complexes

The assignment of the characteristic bands (FT-IR) spectra for the
free ligand (L-ProH), Figure (3-5), are summarized in Table (3-5), and (L-
ValH) Figure (3-6), are summarized in Tables (3-6) and . The important IR
peaks of the complexes are given in Table (3-27) and shown in Figures
(3-63) and (3-64). In all amino acids the stretching vibration of v(NH;3*)
appears at (3030-3130) cm™ region!*%7-1%9 The bands at (1635 cm™) and
(1400 cm™?) for [Sn(L-Val),;] and (1620 cm™) and (1396 cm™) for [Sn(L-
Pro),] were assigned to the v (-COQO 4y) and v (-COO ¢ym). And A v (-
COO)asy-sym = (224 and 235 ) cm?* respectively 13731, The value of A v (-
COOQO)asy-sym Were appeared in the two prepared complexes within the range
(208-239) cm™ Table (3-33) indicating of participate the (COO") group as a
mono dentate donor ligand in the coordination process with the metal ion
541 Information about the ions coordination were obtained by comparing the
IR frequencies of the [ two amino acids] free ligands with those of the
Sn(Il) complexes 8, IR spectra demonstrate  that the amino acid act as
bidentate ligand in coordination with Sn (I1) involving Nitrogen of (-NH;
) group in L-Valin and Nitrogen of (-NH) group in L-proline , and oxygen
(-COO) group . B4 The absorption bands at 543 cm*  and 559
corresponds to the stretching vibration of the Sn-O group, in good agreement
with literature data for related complexes. a peak displayed at 1504 and
1508 cm*for [Sn(L-Val);] and [Sn(L-pro).] ,assigned for v (C=0) acid
stretching respectively .New bands of weak intensity observed in the regions
around (543-559) cm™ and (474-489) cm™ may be ascribed to SnN and Sn -
O vibrations, respectively B, It may be noted that, these vibrational bands

are absent in the spectra of the free two amino acids
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3.6.1.3. UV/Vis Spectrum of [Sn(L-Val)2] and [Sn(L-pro).] complexes

Sn [Kr] 4d195S%5P° all electrons are paired therefore the magnetic

moment values for Sn (I1) are zero ,Table (3-28), which indicate that they

are diamagnetic. All transitions may be assigned as m-n* and

charge

transfer bands. It has been reported that the metal is capable of forming

dn—pn* bonds with ligands containing nitrogen or oxygen as the donor

atom. The Tin

atom has its d orbital completely vacant, and hence

v (N—Sn) or v(O—Sn) bonding can take place by the acceptance of the

lone pair of electrons from the nitrogen or oxygen of the (L-Val ) and
(L-Pro) [54#81 Figure (3-65) and (3-66).
Table (3-28) : Electronic Spectral Data of the [Sn (L-Val)2] and [Sn

(L-Pro )]
Comp. Anm viem'? (mo|€arl'l'llﬁj‘():(m‘1) Assignments (gf\f/fl)
212 47169 687 .
[Sn (L-Val)] 275 36363 224 CT 0
305 32786 217 C.T Dima
974 10266 164 '
*
265 37735 2155 o 0
[Sn (L-Pro)] | 476 14792 301 CT | Dima
dn—pmn
0
286 34965 2103 -m* .
[Sn(SMZ)2]Cl: 834 11990 4 CT Dima
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Figure (3-65) : Electronic Spectrum of [Sn (L-Val)]
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Figure (3-66) : Electronic Spectrum of [Sn ( L-Pro),]

3.6.1.4 The proposed molecular structure [Sn(L-Val)2] and [Sn(L-pro)]
complexes

The results obtained lead to the conclusion that (L-Val) and (L-
pro) acts as a bidentate ligand complexing the Sn (Il ) ion through the
involving oxygen (COQO") group in both amino acids and Nitrogen of
NH; group in (L-ValH) and NH group in (L-proH) . The Sn (Il)
acquires a coordination number of foure . In conclusion, ourinvestigation
this suggest that the L-ValH and L-proH) coordinate with Sn (11) forming
tetrahedral geometry.The general structure of the complexes is 3D as is
shown in Figures (3-67) and (3-68).
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Figure (3-67) : The geometry structure , 3D of [Sn(L-Val),]
(3S,8S)-3,8-diisopropyl-1,6-dioxa-4,9-diaza-5-stannaspiro[4.4]nonane-
2,7-dione

Figure (3-68) : The geometry structure , 3D of [Sn(L-Pro);]
(3aS,3a'S)-octahydro-3H,3'H-1,1"-spirobi[pyrrolo[1,2-
c][1,3,2]oxazastannole]-3,3'-dione
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3.6.1.5 Synthesis and Characterization of [Sn(SMZ).]ClI
The synthesis of complex may be according to the following

proposed equation: 2 SMZ + SnCl,. 2H,0 — [Sn(SMZ),]Cl, + 2H,0

SMZ = Sulfamethoxazole.[Sn(SMZ),]Cl, complex was dissolved in various
solvents and HCI.[Sn(SMZ),]Cl, complex . The complex was soluble in
DMSO, DMF, H,0 , and HCI, while partially soluble in Benzene and aceton.
conductance data of Sn(ll) complex refer that two of chloride ions presence
outside of the coordination sphere. The obtained results were strongly matched
with the (C.H.N) analysis data where CI" ions are detected after degradation of
this complex by using nitric acid (HNO3) then precipitation of chloride ions
using (AgNO3) solution. 82, light yellow .The conductivity value 73 Q-
lem? mol? in DMSO Table( 3-24) imply the presence of electrolyte type 1.2
using FT.IR spectroscopy. Bands of IR spectra for selected ligand and its ion
metal complexes are represented in Table (3-4) and Figure (3-4), 6 (N-H)
vibrations (aromatic sec. amine) of -NH, occur at [3468 and 3378] cm™! for
free (SMZ) due to v [a symmetric and symmetric] NH,, respectively. The
hypochromic effect (decreasing in the intensity of v (NH) vibrations in case of
complex rather than (SMZ) alone as well as the blue-shifted in the
wavenumbers from 3299 cm™ more evidence new bands appeared in[(567) and
( 451)] cm™ due to the stretching frequencies of (Sn-O) and (Sn -N) bonds,
respectively .The absorption band at 567 cm™ corresponds to the stretching
vibration of the Sn-O group, in good agreement with literature data for

related complexes (68821
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Table ( 3-29 ) :FT-R spectral data (v') cm™ for the SMZ

Results & Discussion
complexes SMZ [Sn(SMZ)2]Cl;
Sn-N - 451
Sn-0 - 567
v(C-S) 831 833
1157 1153
v(SO2) sy 1143 1141
v(C-0) 1267 ms 1261ms
vC-N 1311s 1309
SOz asy 1365 s 13775
v(C=C): 1597 vs 1597 vs
phenyl ring 1504 1504 vs
S(NH2) 1622 1620
0]
(ACr_Hh) 2929 2981 w
P 2831 2858
and
Arom
as (NH):
And 3360
vs (NH): gggg 3140
sulfonamide group
vas NH):NH:2 3468 s 3468 vas
vs (NH):NH2 78533 3384vs
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Figure (3-69) : FT-IR Spectrum of [Sn(SMZ).]Cl,

The UV -Vis spectrum of the (SMZ)in (DMSO) solvent showed a
high intense absorption band due to the C=N chromophore at 275 nm
(36363 cm™) (n-n* transition) shifts to a higher wavelength in the spectrum
of [SN(SMZ)]Cl, complex and appears at 286 nm (34965 cm™) in the
complex. This indicates the coordination of C=N nitrogen to metal atom.
The complex also show one week 5181 band 834 nm (11990 cm™) may be
assigned as charge transfer bands. It has been reported that the metal is
capable of forming dn—pn* bonds with ligands containing nitrogen or
oxygen as the donor atom. The Sn atom has its d orbital completely vacant,
and hence v (N —Sn) or v ( O — Sn) bonding can take place by the
acceptance of the lone pair of electrons from the nitrogen or oxygen of the
(SMZ). [37-38l.
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Figure (3-70) : UV -Vis spectrum of the [Sn(SMZ),]ClI,

CONTINUOUS-VARIATIONS METHOD (CVM)

When a colorless aqueous a solution of SnCl; is treated with SMZ
solution color changes light yellow. Stoichiometry of the complex formed
by Sn(ll) and sulfamethoxazole is determined using
the Job's (CVM), spectrophotometry is based on the measurement of a
series of different solutions such as those shown in Table)( 3-30 in which
the molar concentrations of two reactants differ but their sum is constant
(1x10° M). Ten clean 100-mL volumetric flasks were labeled 1 to 10. The
mole fraction of SMZ and Sn in the solution at a suitable wavelength (408
nm) was calculated using distilled water as areference. Table (3- 30
After (G minutes) the absorbance(A) of each solution was
measured at 408 nm. The mole fraction of each component in the solution
was calculated and plotted against absorbance using distilled H,O as
reference. The experimental results of the stoichiometry Figure 3-71 of the

complex of Sn (11) and sulfamethoxazole is 1:2 [105-106],
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Table (3- 30):Data for (CVM) of Determining Stoichiometry of Complex

Volumesof | Volumes of Mole Fraction
Flask 1 mL Flask 2 mL
sulfametrloxazole Sn sol’n Ligand | Metal | ABS

sol’n ligand metal

1x1023 M 1x102 M
10 0 1.0 0 0
9 1 0.9 0.1 |0.123
8 2 0,8 0.2 |0.283
7 3 0.7 0.3 |0.392
6 4 0,6 0.4 | 0.441
5 5 0.5 0.5 |0.571
4 6 0.4 0.6 |0.723
3 7 0.3 0.7 |0.610
2 8 0.2 0.8 | 0.392
1 9 0.1 0.9 |0.201
0 10 0 0.1 0

The mole a fraction in which the number of moles of Sn?* and SMZ is in the

stoichiometric ratio Since the sum of mole fractions in a mixture always =1

ABS
=)
L

=)
(=)

0 01 | 02 | 03 ©04 | 05 | 06 | O7 | OB | 09 1
1 00 | 08 | 07 06 | 05 | 04 | 03 | 02 | 01 0
WALV

Figure (3-71): Mole ratio (M: L)(1:2) by continues variation method

The stability of the complex in  solution was investvestigated by the
evaluation of (Ky) (stability formation constants or (stability Constant)(K)
according to the following equation [107-108],
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XM +nL — Mx L,

Sn +2 (smz) — [Sn (sMz);]

The stability constants of the complex containing SMZ were calculated
from Eqgs. Below Sn (SMZ) <> Sn(SM2)

The formation constant Ky (or equilibrium constant) for the reaction can

be calculated once the equilibrium concentrations are known:

_ [MxLn]

Ke = rm”

— [sn(sMZ)]
[sn] [(sM2)] °

ligand concertation[L]= metal concentration [M] = 1x10°M

Beer's Law,gives the relationship between concentration: ¢®  and

absorbance A using quartz cell of (1.0)cm length with concentration

(1x 103) mole L* solution in concentration at 25+1 °C.

AG=-23R.T. LogK (Gibs free energy)

Table (3- 31): Results of continues variation method

€1 &2 €ava Co
ABS* ABS* metal ligand primary
low low average concentration KT Log AG
concentration | concentration _ ABs*S for matel or | Mol Kealimol
for metal for ligand be . Kf
(L.mol-1.cm™) ligand
0.123 0.201 1230 | 2010 | 1620 0.00026 3.52x10° | 5.546 | -7576

The composition and the stability constant evaluated the mole ratio methods
(Figure 3 and Table 3). The method showed that the molar ratio of Sn(ll)
is 1:2, ( metal : ligand ). The stability constant is found to be (3.52x10°)
L.molt. and -7576 Kcal/mol Gibs free energy According to their results
and discussed through different techniques the, tetrahedral geometry has

been proposed for the resulting tin(I11) complex, as shown in Figure 4. The
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sulfamethoxazole ligand behaves as a bidentate ligand and coordinate to the
metal ions (O-SO2 and C=N) groups.

Ch A"Lf' @

IUPAC NAME: (2S,2'R)-2,2'-bis(4-aminophenyl)-7,7'-dimethyl-1H,1'H-
2'14,313,3'13,514,5'14-4,4'-spirobi[isoxazolo[3,2-d][1,2,3,5,6]
oxathiadiazastannine] 2-oxide dichlorine

Figure (3-72) : Probable 3-D structure of the [Sn(SMZ),]Cl,

3.6.2. Synthesis and Characterization of [M’ (SMZ):]Cls Complexes
The three complex were prepared by reacting the metal chloride

M’ Cl3 . nH,O. with the (SMz) using 1:3 mole ratios, i.e. one mole of metal
chloride and three mole of (SMz). The synthesis of complexes may be
according to the following proposed general equation:

M’ Cl; . nH,0 + 3SMZ— [ M’ (SMZ)]Cl; +3KCI + nH,O . n =0-6

M’ = AI(lI) Cr (1) and Fe (I1) , SMZ = Sulfamethoxazole

The suggested -molecular formula, and the results obtained from the physical
proberties [color, M.P temperatures, conductivity] and M'% and are (given
in  Table . (3-32) . Molar conductance's (Am) of 102 solutions of the
complexes in DMSO lie in very high range (76-97) Qcm? mol supporting
their electrolytic behavior type 1:3 "4,
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Table (3- 32) : The Physical Properties & Atomic Absorption Results of
the [[SMZ - M’-] Complexes

Metal

) . . Am
Chemical M.P°c | Yield analysis
Formula M.wt | Color (de) °c % (% found) Q-1 cm2 mol-1
In DMSO
% cal
[AI(SMZ)s]Cl3 891 White 175 85 3.2 7
[Cr(SMZ)s]Clz | 918,2 | White 177 80 5.66 87
[Fe(SMZ)3]Cl3 922 White 178 82 6.60 76

Table (3- 33): Solubility of [SMZ - M'-] Complexes in different solvents

,22?:252' CsHsO | CeHs | DMF | DMSO| EtOH | H20 | Hexanol | HCI
[AISMZ)s[Cls | + - + + + .
[Cr(SMZ)3]Cls + -- + + + +
[Fe(SMZ)3]Cls + - + + + + + +

(+) Soluble, (-) Insoluble, (---) Sparingly

In three complexes. according to the results, the coordination mode of this
SMZ with metal ions is clearly predicted as a bidentate
through the N ,0 atoms of sulfonylamid group, more evidence new bands
which appeared in the range (447-567 )cm™ and (466-482) cm™ due to the
stretching frequencies of (M-0), (M-N).
3.6.2.1 FT-IR spectra of [AI(SMZ)3]Cls, [Cr(SMZ):]Cl;, and [Fe
(SM2Z)3]Cls, complexes

The assignment of the characteristic bands (FT-IR) spectra for the
free ligand (SMZ), Figure (3-4), are summarized in Table (3-4), and
[SMZ - M'] complexes ( The important IR peaks of the complexes) are
given in Tables (3-34) and shown in Figures (3-73) , (3-74) and (3-75).
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Figure (3-73) :FT-IR Spectrum of [AI(SMZ);3]Cl3

I sHIMADZU

FTIR Measurement

Figure (3-74) :FT-IR Spectrum of [Cr (SMZ)3]Cls
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Figure (3-75) : FT-IR Spectrum of [Fe (SMZ)3]Cl3

Table (3-35) Electronic Spectral Data of [Al(SMZ)3] Cl; [Cr (SMZ)3]Cls
and [Fe (SMZ);]Cl; Complexes

A | viem € max . Meff
Complexes am 1 (molar.cm?) Assignments (BM)
C.T 0
290 | 34482 2151 The 3d — 3p \
[AISMZ)s]Cls 803 | 12453 1 transitions in the | 02
Al-N
Charge transfer
300 | 33333 2366 . A
[Cr (SMZ)3]Cls 758 | 13192 10 A2g—"T1g(P) v3 1.97
973 | 10277 7 “Aog—*T1g v2
294 | 34013 2182 CT
[Fe (SMZ)3]Cl3 491 | 20366 2 6A1g—4T2g (4G) | 5.14
820 | 12195 2 6A1—4T1 (4G)
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3.6.2.2 .1 UV/Vis Spectrum of [AI(SMZ)3]Cl3

The (U.V-Vis) of spectrum [AlI(SMZ)3]Cl; complex of (SMZ)
spectrum in DMSO, Figure (3-76) , exhibits two transitions. The first high
intense peak at 290 nm (34482cm™), due to the intra ligand charge
transfer(INCT) and second band at 803 nm(12453 cm™),The 3d « 3p
transitions in the Al— ligand were observed by monitoring 45 — 3p
emission from Al(4s) atoms produced by pre dissociation of the excited

complex. (21 Figure (3-79)

-0.6884

pDaTA PROCESSIHNG Y-sH 7
+2.58A ! . 4

562.8

-3.881

- » : HH
198 .8CNM DIV, D 1968.0

[teoo.oNn_-@.6614]

443.8

Figure (3-76) : Electronic Spectrum of [AI(SMZ);3]Cl;

3.6.2.2 .2 UV/Vis Spectrum of [Cr(SMZ)3]Cls

The (U.V- Vis), spectrum of [Cr(SMZ)s;]Cl; complex of
(SMZ)spectrum in DMSO, Figure (3-77) , exhibits three transitions. The
first high intense peak at 300 nm (33333cm™), due to the intra ligand
charge transfer(INCT) and second and third bands at 758 nm(13192 cm™)
973 m (10277cm?) table 3-8 which are assignable to *Ay—*T1y (V3 ),
‘Agg—*T1g (v2) respectively 183103105 The magnetic moment of the
[Cr(SMZ)3]Cl; is (1.97 B.M.) Table (3-35), therefore an octahedral
geometry was assume [Cr(SMZ);]Cls for Cr (111) complex. The following

structure can be suggested as in Figure (3-79)
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Figure (3-77) Electronic Spectrum of [Cr (SMZ)3]Cls

3.6.2.2. 3 UV/Vis Spectrum of [Fe(SMZ)3]Cls

The UV-Vis spectrum of [Fe(SMZ)s]Cl; complex, Figure (3-78),
showed two bands in the d-d transition the can be assigned to the
® Aijg — “Ti9(20366cm™) and ®A;g — “*T.g(12195cm™) and one
obscured by the intense charge-transfer band (34013 cm™ ). 294nm
observed at nm.these assignments are comparable to the other earlier report
made for ferric ion Fe(lll) complexes ©* %8 The value of the measured
magnetic moment .Table (3-35), is (5.14 B.M.) in accordance with the
presumption of high-spin d® Fe(111) in octahedral geometry €7:95190) Figure
(3-79).
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Figure (3-78) Electronic Spectrum of [Fe (SMZ);]Cl;

3.7 The proposed molecular structure for M’ (111)- SMZ)
complexes

Studying complexes on bases of the above analysis, spectral
observations suggest the octahedral geometry for the [AI(1I1), Cr(ll1), and
Fe(l11)] complexes, exhibit the coordination number six and may be
formulated as .[AI(SMZ);]Cls, [Cr (SMZ);3]Cl;and [Fe(SMZ)3]Cls . It was
found that (SMZ) interacts with all of three metal ions coordinates as a

bidentate ligand , The general structure of the complexes is 3D as shown in
Figure (3-79).
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Figure (3-79) : 3D Molecular Modeling Proposed [M’ (SMX);3]Cl;

[M’ AI(II), Cr(11T), and Fe(lI1)
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4 Biological activity
4.1. Introduction

Biological [pharmacological] activity spectrum of a compound
represents the biochemical vs, physiological such as antibacterial, anti-
inflammatory, antifungal and anti-HIV, Inspired by the groundbreaking
work of Domagk (sulfa drugs ) and Fleming, (Penicllin), 21 The
mechanisms of action of antimicrobial drugs, Figure (4-1) , can be
discussed under inhibition of DNA synthesis , cell membrane function,
cell wall synthesis , and protein synthesis. The broad-spectrum drug affects
a wide range of disease-causing bacteria, Gram-positive and Gram-

negative bacteria [1*2,

Inhibition of cell wall synthesis Inhibition of proteinsynthesis
1 |
OO
(\J 1 Transcription Translation
DNA) ( T > -
mRNA
Replication l\

e

1 Inhibition of nucleic »
CL 8 8 acid replication and @
transcription
o X Ugf™

| |

Injury to plasma membrane Inhibition of synthesis of
essential metabolites

Figure (4-1) :The mechanisms of action of antimicrobial drugs

For a better understanding, in Figure (4-2) The classification of different

types of antimicrobial drugs and their applications
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targeted
pathogens

Figure (4-2) : applications of antimicrobial drugs

sulfonamides and Aminoglycosides are only effective against aerobic

organisms, while nitroimidazoles are only effective for anaerobes 1131,

Figure (4-3) : Aerobic And anaerobes organisms
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The interest in antimicrobial amino acids opens new perspectives in
antimicrobial drug design. Such as Hunter-Kkiller peptides as a novel class

of targeted peptides efficacy including therapeutics for cancer B
4.2 Material & equipment's

Nutrient agar medium, Macferr land tube ,Cork borer Dish,. Autoclave

Refrigerator petri Distilled water and DMSO as (solvent & control)
4.3 Principle of antimicrobial susceptibility test

The test solution (3x10 2 Molar ) was prepared by dissolving the
compounds in DMSO and filled with the test solution using micropipette.
The size of the zone of inhibition (ZI) is compared with control to
determine the sensitivity of the organism to the compounds , The diameter
of (Z1) is determined intermediately susceptible or resistant. any samples
since the (Z1) interpretation chart is as listed in  Table (4-1)

Table (4-1):-Observation and Report of Diameter of the (IZ) around the
Hole (mm) by scale.

Observation Report
Inhibition zone > 15mm Highly active
Inhibition zone >10mm moderately active
Inhibition zone > 5mm Slightly active

Inhibition zone <5-0 mm Inactive

The results of the tested samples in this study was compared with the
control (DMSO).
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4.4 Types of Pathogenic Bacteria and fungus in this Study

Table (4-2):- Types of bacteria , fungus and their report.

Bacteria Report Ref.
Staphlaylococcus S.P effects skin and causes skin [ 113-114]
( Gram-positive ) wound and skin necrosis and

later on pus discharge. This
may progress to cause
bacteria in blood and lymph

system
Acinetobacter baumanni spread to civilian hospitals in | [113-114]
(Gram-negative part due to the transport of

infected soldiers through
multiple medical
facilities.!%]

"Iraqgi bacter")

due to its seemingly sudden
emergence in military
treatment facilities during the

Irag War.
Fungi Report
Candida albicans appear as white patches on [113]
yeast-type the skin or mucus
Figure (4-5) membrane, mainly in people

with impaired immune
system (i.e., cancer,
transplant, or HIV patients).

Figure (4-4) :(a) S. aureuscells and (b) skin infection by S. aureus.

Compounds were tested against the Candida albicans Figure (4-3) using

agar plate technique .The linear growth of the fungus was obtained by
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measuring the diameter of colony in a petri plate after 96 h and the
Percentage of Inhibition (I) = 100(C-T)/C, where .

C = diameters of the fungus colony in the control plate

T = diameters of the fungus colony in the test plates.

Figure (4-5) : Candida albicans

4.5 Results and Discussion

All the compounds including DMSO (as solvent and control), ligands and
there complexes and were screened against two bacterial strains
Staphylococcus aureus, and Acinetobacter. and Candida albicans fungal
strains to assess their potential as antimicrobial agent by Disc Diffusion
method. The Zones of inhibition (1Z) based upon zone size around the discs
were measured. and listed in Tables (4-3) and (4-4).As mentioned in
Chapter (1), sulfamethoxazole, , amino acids and mixed ligand Complexes
are known for a wide variety of biological activities. Higher bacteriacidal
activity exhibited by the complexes than ligand reveals positive impact of
coordination of metals with the ligand in enhancing the activity. The
increase activity of the metal complexes can be explained on the Tweedy’s
chelation theory.[***l and overtones concept.On chelation, the polarity of
the metal ion will subside to a greater extent due to the overlap of the

(ligand orbital) and partial sharing of the positive charge of the metal ion
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with donor groups. complex have shown highest bactericidal activity
against both bacterial strains and fungicidal activity. Furthermore, The rate
of inhibition diameter was varied according to the variation in the ligands
type , bacteria type ,covenant of metals and types of structure Th or
octahedral as in Sn(ll) complexes , Comparative study of the control
DMSO, free ligands and its metal complexes indicates that most of the

metal complexes exhibit higher biological activity 2.

Table (4-3) : The (1Z mm) data of ligands

: . Candida

Ligands Acineto staphylococcus albicans
(SM2) 11 23 -
L- Valin 12 20 -
L- prolin 10 25 -

Table (4-4) : The (IZ mm) data of [M (SMZ)(L-Pro),] and [M' (SMZ)(L-Pro),]

Complexes Acineto | staphylococcus | Candida | sympol
albicans
[Mn(SMZ)(L-Pro),] 10 19 12 Mnl
[Sn(SMZ)(L-Pro),] - - - Snl
[Cd(SMZ)(L-Pro)] 11 20 - Cd1
[Cu(SMZ)(L-Pro),] 11 22 - Cul
[Ni(SMZ)(L-Pro)] 12 19 - Nil
[Hg(SMZ)(L-Pro),] 12 17 14 Hgl
[Sn (SMZ)(L-Pro),]CI - Sns
[AI(SMZ)(L-Pro);]CI 10 19 14 Al3
[Cr(SMZ)(L-Pro),]CI - - 15 Cr3
[Fe(SMZ)(L-Pro),]ClI - 20 14 Fe3
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Table (4-5) The (IZ mm) data of [M(SMZ)(L- Val),] and [M’ (SMZ)(L-

Val),]ClI
Acinetobacte | Staphylococcu | Candida
Complexes . : Symbol

r bomanii S aureus albicans
[Mn(SMZ)(L-Val);] 11 20 - Mn7
[Sn(SMZ)(L-Val);] 16 21 - Sn7
[Cd(SMZ)(L-Val),] 11 27 - Cd7
[Cu(SMZ)(L-Val),] 13 29 - Cu7
[Ni(SMZ)(L-Val),] - 10 15 Ni7
[Co(SMZ)(L-Val),] - - - Co7
[Hg(SMZ)(L-Val),] 10 21 11 Hg7
[Fe(SMZ)(L-Val).]ClI 11 25 12 Fe7
[Cr(SMZ)(L-Val).]CI 11 27 - Cr7
[AlI(SMZ)(L-Val),]CI 11 25 14 Al7

Table (4-6): The (1Z mm) data of M’ (111 )and Sn(Il ) mono ligand complexes

Complexes | Acineto staphylococc Car]dida Symb
us albicans ol
[AI(SMZ);]Cl; 11 23 - Al2
[Cr(SMZ);]Cl; 12 20 - Cr2
[Fe(SMZ);]Cl; 10 25 - Fe2
[Sn(SMZ).]Cl, 11 20 - Sn4
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oghjorccus aureus Acincobacler bovans
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Figure (4-6): Photograph of Antimicrobial Activity of complexes
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Conclusion

1.

The different ligands have been used in this stdudy showed

different physical properties.

. All the prepared complexes were soluble in DMSO.

All mixed ligand complexes showed octahedral(Oh)] geometry

In some the ligand field calculations showed different strength
(according to the 10Dq value and electron-repulsion parameter (j3),
which refers to different ionic character between the metal and (O
and N) donor atoms of the ligands. These complexes showed (Oh)
geometry.

All mono M (I1) ligand complexes showed tatrahedral (Th) geometry
while M’ (I11) showed (Oh) geometry.

Comparing the spectral data (Ft-IR and (U.V- Vis) L- L-Valin and
L-Proline ligands with corresponding M(I1) and M’ (I11)- complexes
may provide the idea about such peaks which either have newly
formed or disappeared or even changed their position afer

complexation.

. In all complexes the sulfamethoxazole ligand behaves as a bidentate

ligand and coordinate to the metal ions through sulfonamide —NH
[26.95]

Some the values data for C, H, N, and M % obtained are in the
range of accepted thereotical values except for Sn complex which
shows large difference range between the actual than theoretical
values for the differences exists probably because of the presence of

impurities or solvent in the analyzed compound %4,
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