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ABSTRACT

Six Zn(ll) complexes of rosmarinic acid and nitrogen-donor ligands,
formulating as [(Zn(RA)2] (1), [Zn(RA).(2-(methylamino)py).] (2),
[Zn(RA)2(2,2°-bipy)] (3), [Zn(RA)4(4,4°-bipy)] (4), [Zn(RA)2(2,9-
dmp)] (5), and [Zn(RA)(2-ampy),] (6) were synthesized and
characterized using IR, 'H-NMR, 2C{'H}-NMR and UV-Vis

spectrometry and other physical properties.

The in-vitro antibacterial activity of the synthesized complexes was
tested against Gram-positive (S. epidermidis, M. luteus , B. subtilis, S.
aureus, and E. faecalis) and Gram-negative (K. pneumonia, P.
aeruginosa, E. coli, and P. mirabilis) bacteria using agar diffusion
method. AIl prepared complexes have exhibited considerable
antibacterial activity against different Gram-positive and Gram-
negative bacteria. Complex 1 has shown higher antibacterial activity
against the tested bacteria of P. aeruginosa and K. pneumonia
compared to RA. Complexes 5 and 6 have shown higher antibacterial

activity than their parent ligands.

The rate of BNPP (bis(4-nitrophenyl)phosphate) hydrolysis was
determined in order to study the effect of zinc complexes on the

phosphate hydrolysis. According to the obtained results the hydrolysis



Xl

rate of BNPP for the 1, 3, and 4 complexes as follow: 5.2 at 25 °C, 4.2

at 37 °C, and 8.3 at 41 °C, respectively.
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[(Zn(RA)2] (1), [Zn(RA)x(2-(methylamino)py).] (2), [Zn(RA)(2,2°-
bipy)] (3), [Zn(RA)4(4,4’-bipy)] (4), [Zn(RA)2(2,9-dmp)] (5), and [Zn
(RA)(2- ampy).] (6).
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1. INTRODUCTION

1.1. General Principles

There are eleven elements in the Periodic Table that are needed for all
parts of life, additionally thirteen elements are crucial components of
most living species.” Seven or eight other elements are used by many
organisms on the planet.! The Periodic Table of biological elements

are coded according to their relative essential for life, Figure 1.%

1
H
3 4 5 [6 47 d® _d° 10
Li |Be B Ne
1" 12 13 1
Na /Mg Al |Si|P | S |CI|Ar
5] g ] Eul
K [Ca Ti|V Co| Ni Zn Ge|As|Se Br
43 a8 31 |52 |
Sr|Y Nb Mo Ru|Rh|Pd|Ag|Cd Sn|Sb| Te
i &4 )
Cs La|Hf |Ta|W |Re|Os| Ir AuHg Bi |Po|At |Rn
87 04 105 108 107 108 109 110 m 112 13 14 115 116 17 118
Fr|Ra|Ac|Rf |Db|Sg|Bh|Hs|Mt|Ds|Rg|Cn|Nh | Fl |Mc|Lv|Ts |Og
: EB I L & | T A
Ce | Pr |Nd |Pm|Sm|Eu Dy|Ho |Er [Tm|Yb|Lu

" € [X) 96 100 101 102 1

9 [ 97 98 » 103
Th|Pa| U |Np/Pu|Am|Cm|Bk| Cf|Es [Fm|Md|No|Lr

. Therapy . Diagnosis X | Medical radioisotope

Figure 1. The Periodic Table of the elements highlighting those elements used by
living organisms.*

Over 30 elements of this Periodic Table needed for diversity of life on
Earth. ' C, H, N, O, P, and S; the letters represent the six most
essential element of life on Earth: carbon, hydrogen, nitrogen, oxygen,

phosphorus, and sulfur.* They provide the building blocks for the main



cellular components such as nucleic acid, proteins, lipids-membranes,

metabolites, and polysaccharides, Table 1.%**

Table 1: Example of essential metal-containing biomolecules and their functional
biological system.’

Category Biological function Examples (metal ion involved)
Nomprotetns ~ metal transport and structural ~ siderophores (Fe): skeletal
(Ca. )

photo-tedox chlorophyll (M)
Protetns oXygen transport hemocyann (Cu)

structural Infingers (Zn)

electron transfer cytochromes (Fe): azurin (Cu)
Enzymes oxidation of phepol catechole oxidase (Cu)

oxido - reductases phenoxazmone synthase (Cu):

mtrmogenases (Fe, Mo, V)
isomerases and synthesases  vitanun B12 coenzymes (Co)

Despite the great diversity that is shown, yet life cannot continue with
only these basic elements.® Over 20 additional elements are important
for most species to do their function.! The six elements are required
for conduction of nerve impulses, regulation of gene expression,
hydrolysis and formation of adenosine tri-phosphate (ATP), control of
cellular processes and signaling, and catalysis of many key reactions
of metabolic.™* The goal of biological inorganic chemistry is to study
and understand the roles of metallic and nonmetallic elements that

play in a biological system.*



The concentration and distribution of several metals among the
different cell compartments as well as their incorporation into
metalloproteinase is hardly controlled.>” For a healthy phenotype, a
correct balance of the equilibrium in these control processes is
needed.? However, less than half of the known metals are considered
to be toxic to humans and animals and there are some of the metals
found to be carcinogens to humans and animals including Cr, As, Ni,
Cd, and Be.?®

1.2. Zinc Metal Chemistry

Zinc is considered as the most common element in the earth’s crust
and trace element in the body of human, having atomic weight 65.37
and atomic number 30 and is essential in the living world.*® The
zinc(I1) cation does not undergo oxidation-reduction reactions because
its filled d-shell, which is in contrast to other transition metal ions,
such as copper and iron.” Moreover, because of its small radius to
charge ratio (i.e. 0.83 A, coordination number (CN) = 6) Zn*" has
Lewis acid characteristics and consequently forms strong covalent
bonds with O, N, and S donors.™ The electron configuration of Zn?*
complexes prefer octahedral geometry, still CN = 4 and CN = 5

geometries are also possible and found in literature.*!



1.3. Zinc Metal in the Human Body

About 2-4 grams of zinc are distributed in the human body, Figure 2.
The large amount of zinc is found in the organs (such as brain, kidney,
and liver), tissues, bones, fluids, as well as cells."* The highest
concentrations of Zn is found in the prostate and parts of the eye.'
Zinc is considered as the 2™ most abundant transition metal in
organisms after iron and is considered the only metal that appears in
all six classes of enzyme (hydrolases, oxidoreductases, lyases,

transferases ligases and isomerases). >

The reactivity of the enzyme and its function is determined by both
geometric and binding characteristic of Zn’* complexes with ligand as
well as three primary Zn*? ligand binding sites are known as catalytic,

structural, and co-catalytic, Figure 3.
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Figure 2. Schematic representation for the storage and distribution of zinc in the

human body.*
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Figure 3. Catalytic, structural, and cocatalytic zinc binding sites in enzymes. The
letters D, E and H refer to the amino acids, aspartic acid, glutamic acid
and histidine, respectively.*®



For catalytic Zn sites, Zn is directly participating in the catalytic
function of the enzyme.' In general, a catalytic zinc ions are
coordinated to the amino acid of histidine (His), aspartic acid (Asp),
glutamic acid (Glu), and cysteine (Cys).***® Because of its ability to
disperse charge through hydrogen bonding of its free nitrogen atom,

His is being the predominant amino acid chosen.***®

In structural Zn sites, there are four protein ligands (frequently
cysteine) in the structural site with no bounded water molecule.
Alcohol dehydrogenases are considered the first enzymes that have
been identified to have a structural zinc site as well as the regulatory
subunit of aspartate carbamoyltransferase.'® In cocatalytic sites, Zn

ion can be used for structural, regulatory, and catalytic roles.*!

At such sites, two or three Zn ions found in close proximity and are
coordinated to amino acid residues, especially glutamic acid (Glu) or
aspartic acid (Asp), but His and may be a water molecule are also
found, but not Cys.*® Zinc binding sites also found in a wide range of
other membrane lipids, proteins, and molecules of DNA/RNA, Figure

416



Figure 4. The Zn ion (green), coordinated by two histidine side chains in Zn
fingers.

1.4. Biological Role of Zinc

Zinc metal has various biological roles from enzymatic catalysis to
playing an essential role in cellular neuronal systems.*® Zinc plays
essential role in cellular metabolism.™® About 10% of human body
proteins bind zinc potentially, as well as to hundreds that transport and
traffic zinc."™® It was estimated that about 200 enzymes and more
require zinc for the catalytic activity of these enzymes, in addition to
playing an important role in the immune system, DNA synthesis and
cell division, wound healing, protein synthesis, and several other

specialized functions, as tissue growth, sperm formation, bone



mineralization,  cognitive  functions, photoreception, and

neurotransmission.371°

In addition, zinc is protect cells against oxidative stress, usually by
acting on superoxide dismutase and catalase.?’ Several studies showed
that zinc is also involved in the modulation of apoptosis, and cell
death program.?! It has been shown in many cell lines that zinc can
stop apoptosis induced through different factors and that cells
maintained under conditions of zinc deficiency can undergo apoptosis
spontaneously.”>* The DNA fragmentation is suppressed by zinc
ions, in which its considered as one of the characteristics of apoptosis,
through inhibiting the calcium/magnesium-dependent

endonuclease.?*®

Moreover, researches proved that Zn(ll) has an essential anti-
bacterial and anti-viral effects®®, and the high concentration of zinc
ion may lead to some anti-bacterial properties.?’” In addition, zinc is
contributed to the inhibition of the growth of many bacteria, such as
Escherichia coli, Enterococcus faecalis and some types of soil
bacteria.”® Moreover, zinc is needed for correct smell and sense of
taste, and participate in the growth and development of fetal during

pregnancy, childhood, and adolescence.*?



For communication with other cells, cells in the prostate, the salivary
gland, intestine, and immune system use zinc ion singling.”® In the
brain, in specific synaptic vesicles by glutamatergic neurons zinc is
stored, and it is can modify brain excitability.”® It plays a critical role

in synaptic plasticity and consequently in learning.**?°

1.5. Natural Foods that Contain Zinc

Foods and diets having carbohydrates were found to be lower in zinc
content, whereas foods with high protein content are excepted to be
rich in zinc content, Table 2.*° High percentage of zinc (0.40 to 6.77
mg per 100 g) is obtained from foods that derived from meat.*® About
0.30 to 2.54 mg per 100 g of zinc is found in the grain group, 0.36 to
0.49 mg per 100 g in dairy product, 0.12 to 0.60 mg per 100 g in

vegetables, and 0.02 to 0.26 mg per 100 g in fruits.®
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Table 2. Zinc content of some foods.>!

High Ranking Plant-Based Zinc Sources

Food Source Zinc Content (mg)
Wheat germ (1/4 cup) 3.3 mg
Tahini (2 tbsp.) 28 mg
Pumpkin seeds (2 tbsp.) 2.1mg
Oatmeal (1 cup cooked) 1.5 mg
White Beans (1/2 cup cooked) 1.5mg
Tofu (1/2 cup) 1.3 mg
Sunflower Seeds (2 tbsp.) 9 mg

High Ranking Animal-Based Zinc Sources

Food Source Zinc Content (mg)
Oysters (100 grams) 78.5 mg
Beef and Lamb Liver (100 grams) 12.8 mg
Beef and Lamb (100 grams) 124 mg
Pork and chicken (100 grams) 5.1mg

According to previous studies, the major sources of zinc in human
food are foods of animal’s origin.’® Oyster is expected to be rich in
zinc and copper complexes.® Other good sources of protein are turkey
meat, beef liver, lean red meat, and poultry red muscle meat.”® Zinc is
also provided through cheddar cheese, egg yolk, and skimmed milk

powder.'®

1.6. Intake of Zinc

The recommended human daily intake of zinc intake is from 4.7 to
18.6 mg.** According to the US Department of Agriculture 1994—1996
Continuing Survey of Food Intakes by Individuals, the mean daily

intake of zinc for men and women less than 20 years, are 13.5 and 9.0
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mg, respectively® ; for those who are above (60 years) were 12.0 mg
in men and 8.0 mg in women®, for children 1-5 years old ranges from
6.6 mg to 9.1 mg.*®> Insufficient zinc intake has been linked to an
increased risk of zinc deficiency.®® Limited food availability, food
preferences, and poverty factors are contributing to high risk.®
Widespread deficiency of zinc has significant impact on health and
productivity.*® Prevention of zinc deficiency is considered a serious

challenge.®
1.7. Excess of Zinc

An excess intake of zinc can lead to overweight, and increases the risk
of other linked diseases such as diabetes in adolescents, by measuring
the amount of hemoglobin in the blood and is also related to
happening of hard anemia.®”* Fermentation of the nutrients in the
upper part of gastrointestinal tract to a lesser extent, extra energy is
formed by the body, and this is lead to better growth of body, in the
presence of sufficient amount of zinc oxide in the food.'® When zinc
intake is high, the pancreas enzymatic activity increases.® Excess
zinc is not only related to copper deficiency but also cytopenias that

typically resolved by the removal of surplus zinc sources.®® The
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primary metabolic defect is hyperzincemia, whereas the copper

deficiency is considered as the secondary phenomenon.*

1.8. Zinc Metal in Medicine

Medicinal inorganic chemistry plays a crucial role in studying and
examining the properties of metal ions for the designing of new drugs,
Table 3. Almost all drugs that are available in the market are non-
metal organic substances.” Recently, medicinal chemistry offers
potential for the development of metal complexes to use them as a
drugs or diagnostic agents.*"** Medicinal inorganic chemistry offers
real capabilities to pharmaceutical industries, that have traditionally
been controlled by organic chemistry only, for the exploring of new
novel drugs with new mechanisms of action.*>* It presents, real
potential was done for the discovery and design of new novel
therapeutic and diagnostic agents and thus for the understanding and

treatment of diseases that are currently intractable, Figure 5.4
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Table 3. A summary for some metals used in medicine.**

MMetals Medicinal Usage
Ti Anticancer dmig therapy
Fe MEI contrast agent
Cr Insulin receptor activation
An Antiarthntic dmigs therapy
Zn Anti-inflanmatery agent
Pt Anticancer therapy, diabetes and
Alzheimer’s
Aln MEI contrast agent, 30D mimics

Medicinal inorganic chemistry is of extreme importance as metal-
based compounds have the potential for the design of therapeutic
agents and diagnostic medicine not readily found in an organic
compounds.** The exploring and development of the antitumor cis-
platin compound, cis-[Pt(NH3),Cl,] played an important role in
establishing the field of medicinal inorganic chemistry, Figure 6.*
Cisplatin and carboplatin (which is the second generation alternative)

are still the most commonly used as chemotherapeutic agents for
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cancer, greatly enhancing the survival rates of patients in the

world.*>*

\

I-'_/_ﬁ
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Figure 5. Some of the key areas of medicinal inorganic chemistry.**
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Figure 6. Molecular structure of cisplatin (a) 2D, (b) 3D, respectively.

45,46

Zinc is a vital element for all physiological functions, it’s also a drug,

that has been used as a therapeutic agent versus different diseases.™

For example, a brown colored zinc(I1)-instant coffee complex, which
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Is a water soluble, was exhibited the highest chelating activity as well

as anti-oxidative effect.°

Zinc exhibited medical treatment in gastrointestinal ailments, bacterial
and microbial diseases, liver diseases, and even diabetes has
confirmed beneficial effects because zinc play an important role in the
synthesis, storage, and secretion of insulin. It’s also maintainS

conformational integrity of insulin in the hexameric form, Figure

7 10

Increased prevalence of hypertension,

hypertriglyceridemia and other factors

suggestive of mild insulin resistance in

urban subjects. (Singh and others 1995)

Lower consumption of dictary zinc and

low scrum zinc levels
= = Coronay Artery
Zinc has the ability to modulate Discsss Zine supplementation
NFkappaB (a ROS-scnsitive o also alleviated the
transcription factor that regulates hyperglycemia
immune responses) activation in immunity Diabetes  Obesity
the diabetogenic pathway. Enhancement of

) . insulin activity.

Key mechanism for zinc's (Chen and others 1998)
protective effect. Chronic hyperzincuria
(Ho and others 2000 )

Hemoglobin A (Hb, ) increases markedly
in the zinc-supplemented Insulin-Dependent
Diabetes Mellitus (IDDM) groups.

A potential for toxicity from large-dose
zinc supplementation. (Cunningham and others 1994)

Figure 7. Role of zinc in diabetes with related disease conditions.*
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1.9. Coordination Chemistry of Zinc

The coordination between zinc ion and ligand can form complexes
with different stereochemistry and geometry.*® The coordination
number of zinc ion in its complexes take ranges from 2 to 8, Table 4.%
By using both the size of the Zn*? cation and the steric requirements of
the ligands, the coordination number as well as the stereochemistry
can be determined *® In general, tetrahedral and octahedral geometry
are present in complexes.”® In the biological systems, all zinc ions are
found in tetrahedral coordination due to the fact the zinc is a transition
metal with filled d valence electrons, which means a stable 18-
electron complex can be produced through 4- coordination number
with its ligands.”** Consequently, zZn(ll) in complexes with 5-
coordination numbers is expected to be unstable and considered
unusual.’®>* Octahedral or trigonal prismatic geometry may appear in
six-coordinate complexes.*® Zn?* can show two coordination numbers
in the same compound, the maltol complex [Zn(malt),]*1.5H,0
contain both five —and six-coordinate Zn(I1) ion.”> Zn** exhibits both
octahedral and trigonal bipyramidal sites in Zn3V4(PO,)s, and square

pyramidal sites in Zn,(VO)(PO.),,>® while Zn*? occupies trigonal



planar,

tetrahedral, and

trigonal
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bipyramidal  sites in

[ZNn4(thf)a(MeZn)4(03SiR)4], where R = —N(SiMes)(2,6-iPr,CeHs).>’

Table 4. Stereochemistry of some Zn(I1) compounds.*®

Coordination

number Stereochemistry Example
2 Linear ZnCl; (g), ZnEt,
3 Planar [ZnMe(NPh3) ],
bis(ethylxanthato)
(py)Zn
4 Tetrahedral [ZnCls)>~,
[Zn(NH3)s)**
Planar [Zn(TPP)}**
5 Trigonal bipyramidal- [Zn(tren)NCS]*
‘Square’ pyramidal [Zn(S;CNEt; )z 15,
[Zn(acac),OH; ]
6 Octahedral [Zn(en):]**
7 Pentagonal bipyramidal  [Zn(H,dapp)(H,0),]**
8 Distorted dodecahedral  [Zn(NO;)s]?

1.10. Metal Carboxylates

Carboxylic acids play an important role as a substrate in many

biochemical processes.”® Metal carboxylates are subject to research

for the last decades.”® They are used to study the anti-ferromagnetic

interaction phenomenon, as a model compound of metalloenzymes,

or they exhibit anti-bacterial activity.”

The coordination of carboxylate group cannot be distinguished from

the number of Raman active or infrared vibrations due to its low
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symmetry.®® Alternately, attempts have been made to relate the values
of the carbon-oxygen stretching frequencies to the nature of the
carboxylate coordination mode.®

A carboxylate group, (RCOQ), can coordinate to metals in different
coordination modes, like monodentate, chelate, bidentate bridging in
a syn-syn, syn-anti or anti-anti configuration, monoatomic alone or

additional bridging and chelating bridging, Figure 8.9

MMy M 4 I M 5

Figure 8. Coordination modes of carboxylate group: syn monodentate (1a), anti
monodentate (1b), syn-syn symmetric chelate (2a), syn-syn asymmetric
chelate (2b), chelating bridging (3), syn-syn bridging (4a), syn-anti
bridging (4b), anti-anti bridging (4c), monoatomic bridging (5).

There are many factors that contribute to the determination of

coordination modes including the temperature of the reaction,
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the solvent used, the preparation method, and the nature of

ligands used. °%%

The infrared spectroscopy is a useful method that used to determine
the coordination mode of carboxylate in inorganic complexes.®® The
criteria that used in determining the mode of carboxylate binding is
the value of the difference between the carboxylate stretches, A =
Vas(COO ) — v5(COO ), where v, (COO ) is known as the frequency of
the asymmetric carboxylate vibration in the IR spectra and vs (COO )
is the frequency of the symmetric carboxylate vibration.”® These
criteria are used to assign the coordination modes of the carboxylate in
organic compounds and biomolecules.®®® In general, the following

order is suggested for metal carboxylates coordination *°:

A[chelating] < A[bridging] < A[ionic] < A[monodentate]

The redistribution of the electron density occurs and the v,(COQO)
shift to higher wavenumber is noted in the monodentate mode
compared to the ionic group as well as increasing the value of A.> On
the contrary, the v,(COQO’) of the chelating mode shifts to the lower

wavenumbers compared to the ionic group and lower the value of A.*®
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In the bridging mode, when one divalent metal coordinates to one of
the oxygen atoms of the COO™ group and the other divalent metal
cation to the other one, thus the band of asymmetric carboxylate
stretch (vas(COQ))) is taking place at the same location as that of the

ionic group.>®®’

1.10.1 Zinc Carboxylate Complexes

Zinc(I1) complexes of amino acid, peptide, nucleotide, and nucleoside
ligands possess important biological activities.* The amino acid can
bind through one or more nitrogen (N), oxygen (O), sulfur (S) donor
atoms.” In metalloenzymes and metalloenzyme modes, almost all
coordination environment of the Zn* ion is usually NNN, NNO, or
NNS, and the water molecule occupied the fourth position Figure 9).®
Histidine, glutamate, and aspartate are the most common ligating

residues. For example, the Zn?* ion bonded to cysteine and histidine in

zinc finger proteins, Figure 10.%
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cacs

Figure 9. Overall structure and example of a Zn(ll) site in a self-assembling
protein crypt and templated by disulfide bonds. (a) Overlay of protein
backbones of the apo and Zn(Il)-bound forms of C81/C96 RIDCl,. (b)
One of four ZnHis3(H,O)sites in A74/C81/C96 RIDCI4.

Figure 10. (a) Amino acid sequence of the zinc finger parent peptide. (b) Natural
zinc finger fold (afff structure) and (c) zinc finger afff fold modified
as a metallohydrolase.

From this point of view, mono and dinuclear zinc carboxylate play an
essential role as biological models.”® Regardless of the bioactive role
of zinc carboxylate compounds, the design and synthesis of a

carboxylic acid with metal-organic frameworks (MOFs) continue to
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be excited because of their potential applications in optics, magnetism,
catalyst, guest-host chemistry, and also due to their intriguing
architectures.®®’*"? Zinc carboxylate complexes have been used as
catalysts, magnetism, dye, pharmaceutical, plastic industry, liquid
crystal technology, optics, paints drying agents, hydrogen storage
etc.”" For example, alkoxy zinc carboxylates play an important role
as catalysts for the polymerization or copolymerization of a wide

range of organic monomers, Figure 11.7

Figure 11. Molecular structure of alkoxy zinc carboxylate.”

A common structure of zinc carboxylate complexes is that in which
two Zn atoms are bounded by three syn-syn bridging carboxylate
ligands to produce a binuclear unit with the general formula

[Zn,0,CR)s]", where R = alkyl or aryl.”” Linear (3,1) polymer is
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formed when these units are linked to one another through a syn-anti
binding carboxylate ligand. For example, zinc crotonate, benzoate,

methacrylate, 3,3-dimethylacrylate, and o-chlorobenzoate were

synthesized, Figure 12.”

Figure 12. The basic unit of (a) zinc benzoate structure. (b) zinc crotonate unit.
(c) zinc crotonate polymer.”

Zinc carboxylates complexes exhibit coordination modes like those of

metal carboxylates that were previously prepared, Figure 13.
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Figure 13. The bonding mode of carboxylates with metals (a) monodentate,
[Zn(sul)2.2H,0]™ (b) bidentate chelate, [Zn(furo)(quin),]™. (sul =
sulindac, furo= furosemide, quin= quinoline).

1.10.2 Zinc Complexes with Nitrogen Ligands

There are many nitrogen donor ligands such as, bis-pyrazole (pz),
bipyridine (bpyr), and 1,10- phenanthroline (phen) derivatives have
been utilized in the synthesis of several metal complexes, that are
considered useful in many applications from biological to
nanostructured materials, especially the development of anti-cancer,
anti-bacterial, anti-malarial complexes.” According to previous
studies, these nitrogen donor ligands can play an important role in the
anti-cancer activities that might lead to the electronic interactions
between the -electrons in the rings and the metal center.” Sometimes
the use of these nitrogen-chelating ligands in the synthesis of anti-

cancer metal complexes have few or no attention on the anti-cancer
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activities in an individual way, so some derivatives of common
nitrogen donor ligands are synthesized and their anti-cancer activities
are studied.*® So, many nitrogen-based ligands have been prepared
and their biological activity were studied.?* According to these and
other studies, heterocyclic nitrogen ligands played an essential role in
coordination chemistry.®" Heterocyclics which contain more than one
nitrogen atoms are essential part in a large variety of biochemical

processes.?*#

In general, many nitrogen-based ligands have been
used in complexation with transition metals such as, 4,4'-bipyridine
(4,4'-bipy), 1,10-phenanthroline  (phen), 2,9-dimethyl-1,10-
phenanthroline (2,9-dmphen), 1,2-dimethylimidazole (1,2-

dmimidazole), and 2-amino-6-picoline (2-am-6-picoline), Figure 14.%*
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Figure 14. Heterocyclic N-donor ligands.

Zinc(Il) complexes with N-donor ligand are attracting a great attention
due to their pharmaceutical effects since they can catalyze many

enzymatic activities in biological systems, for example, aliphatic

84,85

Zn(Il) carboxylates with nitrogen-based ligands. Recently,
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aromatic metal carboxylates with nitrogen-based ligands have been
synthesized and their anti-bacterial and anti-malarial activities and
many other biological applications were studied.®*

1.11. Rosmarinic Acid

Polyphenolic compounds are usually referred to as a diverse group of
phytochemicals that are widely found in plants, such as vegetables,
fruits, tea, olive oil, tobacco and so on.* Structurally, these
compounds have an aromatic ring bearing one or more hydroxyl
groups and their structures may range from that of a simple phenolic
molecule to that of a complex high-molecular mass polymer.*” They
have been exhibited an important role against several diseases and
health risks, including hyperglycemia, hepatotoxicity, tumor cell
proliferation, carcinogenesis, apoptosis, ischaemic heart disease,
depression, bronchial asthma, peptic ulcer atherosclerosis, cataract,
poor sperm motility, metastasis, and spasmogenic disorders, in
addition to roles as a powerful antioxidant, anti-carcinogenic, anti-
microbial, anti-allergy, anti-inflammatory, cardioprotective and

87,88

vasodilatory effects. One of the most important polyphenol

compounds is rosmarinic acid (RA).%
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Rosmarinic acid (RA) is known as a-O-caffeoyl-3,4-
dihydroxyphenillactic acid and as an ester of caffeic acid as well as
is present in nature as a bioactive phenolic compound, Figure 15.5%
The fundamental sources of RA belong to the families called
Lamiaceae and Boraginaceae.” It was formally extracted for the first
time in 1958 from the rosemary (Rosmarinus officinalis) which
belongs to the Lamiaceae family.” RA is considered one of the
essential active components that present in several medicinal plants

(such as Salvia Officinalis, Thymus Vulgaris, Symphytum Officinale,

Melissa Officinals) within the mentioned families.%

HO
OH

Figure 15. The chemical structure of rosmarinic acid (C1gH160s).

Rosmarinic acid molecule has highly lipophilic and slightly
hydrophilic properties, which is usually found in the form of a red-
orange powder.” Its mostly soluble in organic solvents.*? Its melting

point is 171-175° and its molar mass is 360.32 g/mol.%
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According to recent studies, RA possesses several biological
activities including, anti-bacterial, anti-oxidant, anti-cancer, anti-
aging, anti-diabetic, anti-allergic, hepatoprotective, cardioprotective,
nephroprotective, anti-viral, anti-inflammatory, and anti-depressant

activities, Figure 16.%’
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Figure 16. Potential functions of rosmarinic acid.*®

RA is considered to be an effective candidate as a natural feed
additive/supplement and pharmaceutical plant-based products.®® RA

behaves like a good anti-oxidant by protecting the cell membrane and
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decrease the induction of oxidative reactive oxygen species (ROS)
through improving the activity of the antioxidant defense mechanism
by multiple enzymes throughout the body.® In addition, RA has an
advantageous role in improving growth and enhancing productive and
reproductive performance as a result of its potential effect on nutrient
absorption.®® It showed many nutritional benefits by reducing lipid
peroxidation in eggs, meats, and sera. Also, RA as a natural anti-
oxidant exhibited many healthy and pharmacologic activities
including, anti-spasmodic, anti-fungal, immune modulatory in

addition to the activities that previously mentioned in Figure 16.%

The modes of action and potential activities of RA (antimicrobial &

antioxidant) are shown in Table 5.

In the present work Zn(Il) rosmarinic acid complex will be prepared
and then will reacts with different bioactive nitrogen donor ligands
The prepared complexes will be characterized by different techniques,
and their anti-bacterial activities will be tested against Gram-negative

and Gram-positive bacteria.



Table 5. Bioactive effects of rosmarinic acid.

Bioactive Effects

Mechanism

Antimicrobial
(Invivo)

Antioxidant
(Invitro & in vivo)

Exert anti-microbial activity against
Enterobacteriaceae, lactic acid  bacteria,
Pseudomonas spp., psychotropic, yeast, and
mold.*®

Show anti-bacterial activity against S.aureus.*

Decreased counts of pathogenic bacteria such as
E COI' 100,101

Anti-oxidant Reduced the production of
hydrogen geroxide (H20,) and superoxide (O )
radicals.™

Up regulated catalase, heme oxygenase-1, and
superoxide dismutase, reduced
malondialdehyde.®

1.12. Anti-bacterial Activity Study

The discovery of new anti-microbial agents is important because of

31

the resistance gained by several pathogenic microorganisms, due to

the incorrect dosage used of anti-biotic.'® Over 13 millions of people

die due to the emergence of new infectious diseases and the re-

emergence caused by microorganisms'

antibiotics.'® Consequently, the discovery of new drugs is neede

resistance to available

104
d.
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The bioinorganic chemistry, which deals with the study of the role of
transition metal complexes in biological systems during the last
decades, great attention has been given to the synthesis of new metal
complexes and testing their ability for anti-bacterial activity.'** Metal
jons are needed for many essential functions in the biological
system.'® In general, coordination complexes or metal complexes
have been used in medicine and pharmaceutical fields owing to their
broad bioactivities of anti-fungal, and anti-bacterial.!®* Metal ions are
needed for many essential functions in the biological systems.’® In
general, coordination complexes or metal complexes have been used
in medicine and pharmaceutical fields owing to their broad

bioactivities of anti-fungal, and anti-bacterial.'®

They have been
tested against many pathogenic fungi and bacteria with promising
results.'® Recent studies showed that metal complexes act as anti-
tumor, anti-viral, anti-HIV, and they are used in diabetes treatment.'®*
Also, some metal complexes have been used as diagnostic agents and
drugs to treat a variety of diseases and conditions.'®* In the biological

systems, the importance of metal ions is well known. The coordination

of transition metal complexes with nitrogen donor ligands, which
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showed better anti-microbial activity and a broad range of

pharmacological activity compared to the free ligands, .*’

To check the enhanced anti-bacterial activity of the free ligands, .the
anti-bacterial activities of the prepared zinc RA complexes in the
presence of nitrogen donor ligands will be tested against Gram-
negative (Escherichia coli, Klebsiella pneumonia and Proteus
mirabilis) and Gram-positive (Micrococcus luteus, Staphylococcus
aureus and Bacillus subtilis) bacteria will be tested by measuring the

inhibition zone diameters (mm).
1.13. Kinetic Measurements of BNPP Hydrolysis

Bis-p-nitrophenyl phosphate (BNPP) is a kind of phosphodiester
compound and it can be used to examine the formation or the cleavage
of the P-O bond. At physiological pH, phosphodiester compound are
kinetically highly stable and show high resistance to hydrolytic
cleavage. The half-life time (t;,) of BNPP compound in water at 20

°C is two thousand years, while at 50 °C (in water) is 53 years.' %™
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Figure 17. Structure of BNPP.

The hydrolysis of phosphodiesters important in biological and
industrial processes.'*"*** Many researches have concentrated on
studying and developing biomimetic models for metalloenzymes with
high efficiency and selectivity to achieve environmentally-save and
great economy processes.”***® The metal ions play an important role
in catalytically active sites in phosphate ester hydrolysis.**"**
Therefore, Co(lll), Cu(ll), Zn(11), Ni(Il) and La(lll) complexes haven
been served as metalloenzyme models in phosphate ester

120-124

hydrolysis.

In general, metal ions with suitable Lewis acidity and high reactivity
were preferred in the synthesis of chemical enzymes.”® Zinc
complexes are highly efficient because of its suitable Lewis acidity,
rapid exchange of ligands, harmless and reduction inert. In addition,

zinc(ll) ion has no LFSE achieve the requirement of structure in
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reactions.?61%7

The mononuclear zinc(II):OH— complex of 1,5,9-
triazacyclododecane (Zn:([12]aneN3)) was wused to study the
hydrolysis mechanism of the DNA analog BNPP. The proposed

mechanism for the cleavage of BNPP catalyzed by mononuclear

Zn(I1):OH— complex of Zn:([12] aneN3) is shown in Scheme 1.'%

The stepwise and concerted reaction paths have the same starting
reactant RC but their transition states TS differ. When the nucleophilic
hydroxyl ion attacks the P atom in BNPP transition state TS1s is
produced subsequently and both of the phophoryl oxygens bind zinc
center. The distance between O1 atom and the zinc center becomes
longer and the intermediate IMs forms. The bond length in MIs is
1.744A° and 1.878A° for P-Ol1 and P-O5, respectively. The five
oxygen atoms binding to P atom produce a quasi-trigonal bipyramid
structure with two elongated polar. In TS2s the bond length of P-O5
Is increase to 1.938 A° and vibrations corresponding to the imaginary
frequency in TS2s predict a tendency of cleaving the P-O5 bond. The
O5 leaving group departs form P atom and turns to bind with zinc
center keeps a six-coordination number with both of the phosphoryl

oxygen atoms binding to it.'?®
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Scheme 1. The possible mechanism for the cleavage of BNPP catalyzed by

mononuclear Zn(II):OH— complex of Zn:([12] aneNg).128
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The calculation of K, constant for the hydrolysis of BNPP depend
on the initial rate (Vo) method according to the following equation
(rate)o = (dc/dt)o= (dA/dt)o/e and (rate)o = Kons [ML]o Where ( rate), is
initial rate, A is absorbance, ¢ is a concentration and [ML], is the
initial concentration of the complex. The rate of release of p-
nitrophenol from BNPP hydrolysis was determined at 400 nm by

using UV-Vis spectrophotometer.”
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1.14. Aim of the Project.

The main objectives of the present work is the synthesis,
characterization and anti-bacterial activity of new Zn(ll) rosmarinic
acid complexes  with 2-aminopyridine (2-ampy), 2-
aminomethylpyridine (2-ammethylpy), 2,2"-bipyridine (2,2'-bipy ),
4,4'-bipyridine (4,4'-bipy), 1,10-phenanthroline (phen), 2,9-dimethyl-
1,10-phenanthroline (2,9-dmphen), and 2-(methyl amino)pyridine (2-

methylampy).

These complexes will be characterized by different techniques such as
IR, UV-Vis, *H-NMR spectroscopic techniques, and other physical
properties. The in-vitro, biological activities for the characterized
complexes i.e. anti-bacterial and the hydrolysis of BNPP bis-(p-

nitrophenyl phosphate will be screened and tested.

2. EXPERMINTAL

2.1. Chemicals, reagents, and biological species

All chemicals, solvents, and reagents used for the synthesis of the
desired complexes were purchased from commercial sources (such as,
Sigma Aldrich) and used without further purification. Biological

species: Bacillus subtilis, Klebsiella pneumonia, Escherichia coli,
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Staphylococcus aureus, Micrococcus luteus, Proteus mirabilis,
Enterococcus faecalis, Pseudomonas aeruginosa and Staphylococcus
epidermidis were obtained from the Biology and Biochemistry

Department at Birzeit University.
2.2. Instrumentation

Infrared (IR) spectra were recorded in the 200-4000 cm™ region using
a Varian 660 FT-IR Spectrometer using KBr pellets. Melting points
were determined in capillary tubes using MPA120 EZ-Melt apparatus.
UV-Vis spectra were recorded using Hewlett Packard 8453 photo
diode array spectrophotometer in the 200-800 nm regions using
suitable solvent for each complex prepared. NMR spectra were
recorded on a Varian Unity Spectrometer operating at 300 MHz for *H
measurements and 400 MHz for the **C{*H} measurements. Spectra
were recorded in DMSO. Chemical shifts are given in ppm downfield
from the internal standard Me,Si, and coupling constants are given in
Hz. Melting points were determined in glass capillary tubes with EZ-

Melt apparatus without any correction.
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2.3. Synthesis and characterization of zinc with rosmarinic acid
complexes

All zinc rosmarinic acid complexes were prepared at room

temperature (RT).
2.3.1 Synthesis of zinc with rosmarinic acid [Zn(RA),] (1)

Appropriate amount of zinc chloride (0.1967g, 1.443 mmol) in 10 ml
of methanol was added to a solution of rosmarinic acid (1.012 g, 2.808
mmol) in 50 ml of methanol containing sodium hydroxide (0.1539 g,
3.848 mmol). The pale yellow mixture was stirred for 3 h. Then the
mixture was filtered and the filtrate was reduced under vacuum using
rotary evaporator. Anhydrous ether was added to wash the pale yellow
precipitate and the crude product was re-crystallized from mixture of
methanol and water to give complex 1 as a pale yellow solid in 60.75

% yield.

[Zn(RA),](1): 60.75% vyield, m.p. (> 250) °C. IR (cm™): 3233.69,
1686.90, 1596.86, 1522.68, 144550, 1358.19, 1252.67, 1158.77,
1114.62, 1069.23, 975.57, 852.67, 809.78, 592.06, 524.83, 437.55,
and 285.11. "H-NMR (DMSO, & (ppm)): 7.35 (d, *Jun) = 15.8 Hz,
1H, CH), 7.01 (s, 1H, CH), 6.92 (d, *Jjumy = 7.2 Hz, 1H, CH), 6.72 (d,

*Jn = 6.5 Hz, 1H, CH), 6.65 (d, *J.) = 1.8 Hz, 1H, CH), 6.58 (d,
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*Jny = 8.0 Hz, 1H, CH), 6.47 (dd, *J4ny = 1.8 Hz, 1H, CH), 6.16 (d,
*Jy = 15.6 Hz, 1H, CH), 4.87 (d, *Jpyy = 8.2Hz, 1H, CH), 2.99 (d,
Iy = 11.9, 2H, CHy), 2.73 (dd, *Jp.y = 14.2, 2H, CH,). C{ 'H}
NMR (DMSO, & (ppm)): 37.55 (CHy), 75.80 (O-C=0), 115.07 (CH),
115.35 (CH), 115.84 (CH), 116.35 (CH), 117.03 (CH), 120.19 (CH),
121.47 (CH), 129.4 (C-CH,), 129.94 (C-CH,), 144.04 (C-OH), 144.98
(C-OH), 145.33 (C-OH), 146.22 (CH), 148.92 (C-OH), 166.61 (C=0),

173.00 (C=0). UV-Vis (H,0O, A (nm)): 197, 218, 287, and 324.

2.3.2 Synthesis of zinc rosmarinic acid with 2-(methylamino)
pyridine complex [Zn(RA)n(2-(methylamino) py)m] (2)

Aqueous solution of 2-(methylamino) py (0.2185 g, 2.025 mmol) was
gradually added to a stirred aqueous solution of complex 1 (0.7866 g,
1.0 mmol). The mixture was stirred for 3.5 h. Then the mixture was
filtered off and the filtrate was reduced under vacuum using rotatory
evaporator. Anhydrous ether was added to wash the brown precipitate
and the crude product was re-crystallizes from methanol to give
complex 2 as a beige solid in 37.10 % vyield. The complex was
characterized by using IR-spectroscopy, UV-spectroscopy and ‘H-

NMR spectroscopy.



41

[Zn(RA)n(2-(methylamino) py)m] (2): 37.10% Yield, M.p. 175 °C,
IR (cm™): 3113.83, 1661.44, 1591.11, 1518.77, 1441.93, 1392.37,
1255.76, 1159.37, 1116.66, 1066.09, 1030.51, 979.00, 855.44, 813.01,
761.79, 592.10, 516.09, 455.39, and 208.78. 'H-NMR (DMSO, &
(ppm)): 7.98 (d, *Jupy = 8.1 Hz, 1H, CH), 7.93 (d, *Jup) = 7.5 Hz,
1H, CH), 7.44 (d, *J.n) = 9.9 Hz, 1 H, CH), 7.37 (d, *Jj4.1) = 9.9 Hz,
1H, CH), 7.32 (d, *J44.1y) = 7.2 Hz, 1H, CH), 7.04 (s, 1H, CH), 6.75 (d,
*Jy = 8.4 Hz, 1H, CH), 6.66 (s, 1H, CH), 6.61 (d, *J4m) = 7.5 Hz,
1H, CH), 6.50 (d, *J4my = 7.5 Hz, 1H, CH), 6.42 ( t, 411y = 5.4 Hz,
1H, CH), 6.22 (d, *J.) = 15.6 Hz, 1H, CH), 4.95 (t, *J41.1y) = 4.8 Hz,
1H, CH), 2.98 (d, *Jp.p = 11.7 Hz, 2H, CH,), 2.86 (d, *Jg.4y = 11.7
Hz, 2H, CH,), 2.72 (d, )4y = 3.3 Hz, 3H, CHs). UV-Vis ((H,0 and

MeOH in 1:1 ratio), A (nm)): 201, 238, 289, and 323.

2.3.3 Synthesis of zinc rosmarinic acid with 2,2'-pyridine complex
[Zn(RA)n(2,2"-bipy)m] (3)
2, 2'-bipy (0.0780 g, 0.499 mmol) in 20 methanol was added to a

solution of complex 1 (0.393 g, 0.50 mmol) in 25 ml of methanol. The
clear solution was stirred for 3 h. Then the mixture was filtered and
the filtrate was reduced under vacuum using rotatory evaporator.

Anhydrous ether was added to deposit the yellowish precipitate and
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the crude product was re-crystallized from a mixture of absolute
ethanol and water to give complex 3 as a yellowish solid in 63.86 %
yield. The complex was characterized by using IR-spectroscopy, UV-

spectroscopy and "H-NMR spectroscopy.

[Zn(RA),(2,2"-bipy)m](3): 63.86%  Yield, M.p. 159 °C
(decomposed). IR (cm™): 3080.19, 2102.53, 1694.99, 1592.80,
1515.33, 1439.81, 1393.02, 1252.72, 1155.43, 1115.32, 1064.28,
1017.97, 977.24, 855.13, 811.48, 762.40, 735.36, 649.22, 626.41,
521.60, 411.57, and 218.74. 'H-NMR (DMSO, & (ppm)): 8.71 (d, %I
h = 4.2 Hz, 2H, CH), 8.42 (d, *Ju) = 7.5 Hz, 2H, CH), 7.98 (s, 2H,
CH), 7.95 (d, *J4.ny = 7.8 Hz, 1H, CH), 7.49 (s, 2H, CH), 7.37 (d, *J .
h = 15.6 Hz, H, CH), 7.03 (s, 1H, CH), 6.75 (d, *J.) = 7.8 Hz, 1H,
CH), 6.66 (s, 1H, CH), 6.60 (d, *J.1y) = 4.2 Hz, 1H, CH), 6.48 (d, *Ju.
h = 6.0 Hz, 1H, CH), 6.18(d, *J4.) = 7.8 Hz, 1H, CH), 4.91(d, *Jg1y
= 9.6 Hz, 1H, CH), 2.99 (d, *J44+y = 13.2 Hz, 2H, CHy), 2.77 (dd, *J.
h = 13.2 Hz, 2H, CHy). UV-Vis (MeOH, A (nm)): 200, 222, 233, 284,

and 328.
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2.3.4 Synthesis of zinc rosmarinic acid with 4,4'-pyridine complex
[Zn(RA)n(4a4"bipy)m] (4)

4, 4'-bipy (0.2648 g, 1.695 mmol) in 20 ml methanol was added to a
solution of complex 1 (0.300 g, 0.833 mmol). The mixture was stirred
for 3 h. Then the mixture was filtered and the filtrate was reduced
under vacuum using rotatory evaporator. Anhydrous ether was added
to deposit the brown precipitate and the crude product was re-
crystallized from a mixture of methanol and water to give complex 4
as a yellowish solid in 84.52 % yield. The complex was characterized
by using IR-spectroscopy, UV-spectroscopy and ‘H-NMR

spectroscopy.

[Zn(RA).(4,4"-bipy)m](4): 84.52% Yield, M.p.157 °C (decomposed),
IR (cm™): 3104.24, 2108.93, 1685.59, 1589.02, 1520.71, 1445.23,
1403.92, 1256.23, 1160.37, 1066.48, 976.60, 853.57, 806.99, 592.09,
522.63, and 453.57. '"H-NMR (DMSO, & (ppm)): 8.71 (d, *J.y) = 4.5
Hz, 4H, CH), 7.83 (d, *Jj4y = 5.1 Hz, 4H, CH), 7.36 (d, *Jjun) = 15.9
Hz, 1H, CH), 7.02 (s, 1H, CH), 6.92 (d, *J4.) = 8.4 Hz, 1H, CH),
6.73 (d, *Jg41y) = 8.1 Hz, 1H, CH), 6.64 (s, 1H, CH), 6.58 (d, *Jg.1y) =
16.8 Hz, 1H, CH), 6.47 (d, *Jj44y = 7.8 Hz, 1H, CH) 6.17 (d, *Juy) =

15.9 Hz, 1H, CH), 4.86 (d, *Jj4y = 7.5 Hz, 1H, CH), 2.98 (d, *J.m) =
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13.2 Hz, 2H, CH,), 2.77 (d, 3J(H.H) = 13.2 Hz, 2H, CHy). UV-Vis (H,0

and MeOH in 1:1 ratio, A (nm)): 195, 219, 254, 273, and 327.

2.3.5 Synthesis of zinc rosmarinic acid with 2,9-dimethyl-1, 10-
phenanthroline complex [Zn(RA)\(2,9-dmp)m] (5)

2, 9-dmp (0.1050 g, 0.5041 mmol) was dissolved in 10 ml MeOH, and
added to a stirred methanol solution of complex 1 (0.3945 g, 0.5019
mmol). The solution was stirred for 5 h. Then the mixture was filtered
and the filtrate was reduced under vacuum using rotatory evaporator.
Anhydrous ether was added to deposit the yellowish precipitate. The
solvent was allowed to decant to give yellowish solid in 40 % vyield.
The complex was characterized by using IR-spectroscopy, UV-

spectroscopy and *H-NMR spectroscopy.

[Zn(RA)A(2,9-dmp)m] (5): 40.00% Yield, M.p. 80 °C (decomposed).
IR (cm™): 3448.98, 3059.91, 2957.16, 2921.56, 1669.85, 1615.92,
1593.63, 1500.39, 1430.53, 1362.89, 1268.16, 851.41, 814.80, 783.90,
756.26, 732.13, 638.37, 548.09. 'H-NMR (DMSO, 8): 8.75 (t, *Jn)
= 8.1 Hz, 2H, CH), 7.98(d, *J4.1y) = 8.1 Hz, 2H, CH), 7.60 (d, *J.ry =
7.5 Hz, 1H, CH), 7.36 (d, *J@w) = 15.9 Hz, 1H, CH), 7.04 (s, 1H,
CH), 6.92 (d, *J441y) = 8.1 Hz, 1H, CH), 6.75 (d, *Ju.ny) = 7.8 Hz, 1H,

CH), 6.67 (s, 1H, CH), 6.57 (d, *J+y = 4.2 Hz, 1H, CH), 6.47 (d,
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*Jin) = 6.6 Hz, 1H, CH), 6.17 (d, *Juw) = 16.2 Hz, 1H, CH), 4.91 (d,
*Jin) = 8.1 Hz, 1H, CH), 3.00 (d, *J4.+vy =15.3 Hz, 2H, CHy), 2.79 (d,
*Jny = 15.3 Hz, 2H, CH,). UV-Vis (DMSO, A (nm)): 286, 306, and

324.

2.3.6. Synthesis of zinc rosmarinic acid with 2-aminopyridine
complex [Zn(RA)n(2-ampy)m] (6)

Agueous solution of 2-aminopyridine (0.1886 g, 2.004 mmol) was
gradually added to a stirred aqueous solution of complex 1 (0.7870 g,
1.001 mmol). The solution was stirred for 3 h. Then the mixture was
filtered off and the filtrate was reduced under vacuum using rotatory
evaporator. Anhydrous ether was added to wash the brown precipitate
and the crude product was re-crystallizes from methanol to give
complex 6 as a beige solid in 41 % vyield. The complex was
characterized by using IR-spectroscopy, UV-spectroscopy and ‘H-

NMR spectroscopy.

[Zn (RA), (2- ampy) m] (6): 40% Yield, M.p. 180 °C (decomposed).
IR (cm™): 3081.55, 2098.26, 1667.99, 1587.08, 1517.10, 1485.70,
1441.13, 1382.46, 1255.56, 1156.66, 1118.33, 981.32, 853.39, 816.65,
765.45, 620.75, 550.49, 514.87, 415.53. 'H-NMR (DMSO, § (ppm)):

8.70 (d, *J.ny) = Hz, 1H, CH), 7.85 (s, 2H, NHy), 7.45 (t, *Jj1) = Hz,
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1H, CH), 7.35 (d, 34 = Hz, 1H, CH), 7.01 (s, 1H, CH), 6.90 (d,
Iy = Hz, 1H, CH), 6.70 (d, *Jp.y = Hz, 1H, CH), 6.64 (s, 1H,
CH), 6.60 (d, *Jj1.1y = Hz, 1H, CH), 6.50 (d, *J1y = Hz, 1H, CH),
6.40 (t, *J.ry = , 1H, CH) 6.20 (d, *Jg.pyy = Hz, 1H, CH), 4.99 ( d, *J .
1 = Hz, 1H, CH), 2.99, 2.80 (d, 3J.) =Hz, 2H, CH,). UV-Vis (H,0

and MeOH in 1:1 ratio, A (nm): 233, 289, 321, and 427.

2.4. In-vitro Biological Activity

In order to show any participating roles of DMSO in the biological
screening study, separate study was carried out with DMSO alone, and
exhibited hardly any activity against any bacterial and fungal
strains.'®® The tests were carried out in triplicate.

2.4.1. Agar -well diffusion method

The nitrogen donor ligand metal complexes were tested for
antibacterial activity against five Gram- positive bacteria (M. luteus,
B. subtilis, S. aureus, S. epidermidis, and E. faecalis) and four Gram-
negative bacteria (E. coli, P. mirabilis, K. pneumoniae, and P.
aeruginosa) using the agar-well diffusion method. The nutrient agar
powder was added to distilled water and brought it to boil to dissolve
completely and then sterilization was carried out at 121 °C for 15

minutes in an autoclave. 10 ml aliquots of nutrient agar was inoculated
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with the test bacteria and incubated at 37 °C for 24 h. In the sterile
saline solution (0.9% of NaCl), single bacteria colonies were
dissolved until the cell suspension’s turbidity in the range of the Mc
Farland 0.5 turbidity standard. By using the sterile cotton swab the
bacterial inocula were put on the sterile surfaces of the nutrient agar.
The required numbers of holes were cut by using sterile plastic borer.
Using a micro pipette, 25 pl of the test complex (12 mg/ml in DMSO)
dissolved in an appropriate solvent was transferred into appropriately
labeled holes. The same concentrations of the standard antimicrobial
agents: gentamycin 12 mg/ml, erythromycin 12 mg/ml and the solvent
(DMSO) as controls were used. The plates were incubated at 37 °C for
24 h. The diameter of the zones of inhibition is measured in millimeter
by using caliper. The results were recorded as average of the three

trails and compared with standard antimicrobial drug.
2.4.2. Tube dilution method

The broth dilution methods is used to determine the lowest
concentration of the tested antimicrobial agent (minimal inhibitory
concentration, MIC) to stop growth of bacteria. The complexes 1-6

were selected for the MIC test against P. aeruginosa. The standard
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antimicrobial agents: gentamycin 2 mg/ml, ampicillin 2 mg/ml and the

solvent (DMSOQ) as controls were used.

For broth dilution method, often determined in sterile 96-well
microtitre plates, bacteria are inoculated into a liquid growth medium
(broth) in the presence of different concentration of the complexes
prepared and antibiotics agent. Growth is obtained after incubation for

a defined period of time (16-24 h.) and the value of MIC is assessed.
2.5. Kinetic studies of the hydrolysis reaction of BNPP

The kinetics of the hydrolysis of BNPP in the catalytic system
containing nitrogen-donor ligand and zinc(Il) with rosmarinic acid 1-3
were performed at different pH, temperature, and concentrations by a

spectrophotometric method.

HEPES buffer, (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid)
was utilized to maintain the pH constant. The buffer system were
prepared by adding 0.0012 g (50 pM) to minimum amount of
deionized water then the pH was adjusted to the desired value by
using NaOH or HCI, then the BNPP (0.0034 g) was dissolved in the
buffer system and the volume of the solution was completed to 100 ml

in the100 ml volumetric flask.
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The prepared zinc (1) complexes 1-3 were utilized as catalyst in the
BNPP hydrolysis process, these complexes were dissolved in DMSO
solvent with different concentrations. A 1.5 ml of the zinc complex
was added to 1 cm cuvette in the spectrophotometer with a
temperature control system. A buffer solution of BNPP was added
into the cuvette, the absorbance of the produced p-nitrophenol from
the BNPP hydrolysis at wavelength of 400 nm was recorded. The

Kinetic experiments were carried in triplicates.

3. RESULTS AND DISSCUTION

3.1. Synthesis of zinc rosmarinic acid complexes

Zinc rosmarinic acid complex [(Zn(RA),] was obtained at room
temperature by adding 0.5 equivalent of ZnCl; to a solution mixture
of 1 equivalent of rosmarinic acid and 1.1 equivalent of NaOH as
shown in Scheme 2. The white to faint beige solid complex was

obtained in 60.75% vyield.
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Scheme 2. Proposed structure of [(Zn(RA).].
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A series of novel mixed ligand zinc complexes were prepared by
adding N-donor ligands such as (2-ammethylpy), (2,2'-bipy ), (4,4'-
bipy), (2,9-dmphen), and (2-ampy) to complex 1, as shown in
Schemes 3 and 4. The ligand solution was added to the reaction
mixture of Zn(RA), precursor. The addition of ligand resulted in either
precipitation of complexes and the complexes were filtered, dried, and
obtained as dry powder or the complexes were soluble in the solvent

and separated from solvent by evaporation.
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Scheme 3. Synthesis of complexes 2-4.
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Scheme 4. Synthesis of complexes 5 and 6.
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The physical properties and the percent yields of complexes 1-6 are

listed in Table 6.

Table 6. Analytical and physical data of the ligands and their complexes.

Compound

Color

%

Yield

m.p
(°C

Solubility

[Zn(RA)2(MeOH)] (1)

Pale
yellow

60.75

>250

Water,
DMF,
DMSO, and
slightly
soluble in
methanol

[Zn(RA)(2-
(methylamino)py)] (2)

Beige

37.10

175

Methanol,
DMSO,
DMF

[Zn(RA)2(2,2-bipy)] (3)

Yellowish

63.86

185

Methanol,
DMSO,
DMF

[Zn(RA)«(4,4-bipy)] (4)

Yellowish

84.52

157

DMSO and
DMF

[Zn(RA)2(2,9-dmp)] (5)

Yellowish

40.00

80

DMSO and
DMF

[Zn(RA)(2-ampy).] (6)

Brown

40.00

180

DMSO and
DMF
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3.2.'H and “*C{ *H} NMR spectral results

The 'H and *C NMR of the diamagnetic Zn(Il) complex (1) was
examined and compared with that of Naga and RA as shown in
Tables 7 and 8. The intensities of *H NMR signals exhibited clear
correlation with the proposed structures. From the *H NMR spectra of
rosmarinic acid and sodium rosmarinate the calculated chemical shifts
for H3, H4, and H3", and H4" protons are in the range of 4.30-5.47
ppm, whereas in complex 1 spectrum the corresponding signals are
not found. The phenolic proton signals is usually a sharp singlet (H2
and H2") in the range of 6.56-7.01 ppm. The presence of two group
attached to each other in the ortho position strongly influences the
chemical shift of phenolic protons (signals are in the range of 12-10
ppm). This is due to the formation of intramolecular hydrogen bonds.
In the *"H NMR spectrum of complex 1, the decrease in chemical shifts
in comparison to sodium rosmarinate is observed in the case of H2,
H5,H6, H7, HS, H2", H5", H7", and H8" protons, while H6" chemical
shift was unchanged. In general, only slight changes are noticed when

the spectra of complex 1 and sodium rosmarinate, were compared.



Table 7."H NMR spectral data for 1, Naga, and RA.

Number.?

*ppm downfield related to TMS as internal standard (CDCl5).
a: Confirming to following atoms numbers (R = rosmarinate):

H

o o1 B WwWN

~N =~
o o

X 3 B YW N o

'H NMR"
1

6.65 (d, 1H, 1.8)

6.58 (d, 1H, 8.0)
6.47 (dd, 1H, 1.8)
2.73 (dd, 2H, 14.2)
2.99 (d, 2H, 11.9)

4.87 (d, 1H, 8.2)
7.01 (s, 1H)

6.72 (d, H, 6.5)
6.92 (d, 1H, 7.2)
7.35 (d, 1H, 15.8)
6.16 (d, H, 15.6)

0,90
(0]
HO_,; %X ., L
3 X907
1) 8' 7
HO™ ¢
rosmarinate

'H NMR®
Nara

6.68

6.61
6.50
2.78
3.03
4.89
7.05

6.76
6.92
7.38
6.19

'H NMR®
RA

6.59

6.54
6.47
2.85
2.93
5.03
6.88

6.61
6.79
7.39
6.11
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b: The data are stated as : chemical shift (multiplicity, integration, and coupling
(Jn-H)). c: Reference (130).

constant
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In the **C-NMR spectra there are resonances attributed to the carbon
of aromatic rings (C1-C6) and (C1'-C6"), the double bond (C7'-C8"),
the ester group C9 and carboxyl group C9'. **C NMR spectra of
rosmarinic acid and complex 1 show the highest value of chemical
shift for C9" carbon atom (171.30-173.01 ppm), slightly lower values
of chemical shifts are observed for C9 atom (166.50-166.61 ppm). In
the *C NMR spectrum of complex 1 the chemical shifts observed for
C3, C4 and C3°, C4" nuclei as well as for C7 are in the range 144.04-
148.93 ppm. The lowest chemical shift in complex 1 is observed for
C7 of CH; group (37.55 ppm). The chemical shifts for C8 atom are
75.81 ppm. The highest changes in complex 1 spectrum in comparison
to acid spectrum are noticed for C4'and C4. The increase in chemical
shifts in complex 1 spectrum in comparison to acid spectrum is
observed in the case of C2°, C8°, C9, C1, C4, C7, C8, and C9 atoms.
In contrast, a decrease is noticed for C3°, C4, C5°, C6°, C7", C2, C3,

C5, and C6 atomes.



Table 8. *C-NMR spectral data for 1, Naga, and RA.

C
Number.?
1

= © 0o N o o b~ w N

X 3 a9 B v

9"

Bc{*H} NMR"
1
129.95

117.04
145.33
148.93
116.36
121.48
37.56
75.81
173.01
115.07
144.99
144.04
115.84
121.48
146.23
115.36
166.61

BC{*H} NMR®
Nara
129.83

116.06
144.98
143.63
115.11
119.67
37.25
75.95
173.07
125.48
114.73
146.00
148.73
116.70
120.82
144.39
115.49
166.30

BC{*H} NMR®
RA
129.40

117.50
146.10
145.20
116.50
121.80
37.40
75.00
167.4
127.60
114.50
146.80
149.70
116.20
123.10
147.60
115.20
168.50

*ppm downfield related to TMS as internal standard (CDCl5).
a: Confirming to following atoms numbers (R = rosmarinate):

HO_ .,

HO™ "¢

OH
0.0
(o] 2
-
90
8' 7 6
rosmarinate

b: The data are: chemical shift. c: Reference (130)

57
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In summary, comparison of the 'H NMR spectra of complex 1 and
sodium rosmarinate exhibited a slight upfield shift of the former due
to complex formation. In addition, the OH resonance in the spectra of
complex 1 was absent indicating the coordination with the zinc metal
center as shown in Figure 18. While the C=0 resonance in complex 1
was shifted downfield from 171.30 (RA) t0173.01 ppm in the **C
NMR (Figure 19) showing a deshielding effect due to pull the electron
density from the carboxylate group to the zinc ion. The 'H NMR
spectral data for 2-6 and their parent N-donor ligands are listed in
Tables 9-13. The results are in agreement with the proposed structures
shown in Schemes 2 and 3. Figure S1-S5 of complexes 2-6 *H-NMR

spectra are shown in Appendix A.

Tables 9-13 show the resonance chemical shifts of the complexes 2-6,
some of the resonance chemical shifts of these complexes are slightly
upfield shifted and others are downfield shifted compared to the same
resonance in H-RA which may be to complexation with Zn metal
cation. The OH group was absent in the spectra of complexes 2-6 may

be also indicating the complexation with the zinc metal center.
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Figure 19. ®*C{*H}-NMR spectra of complex 1.
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Table 9. *H NMR spectral data for 2, and 2-(methylamino)py.

H 'H NMR® 'H NMR®
Number.? 2 2-(methylamino)py

2R 6.66 (s, 1H) -

5R 6.61 (d, 1H, 7.5) -

6R 6.50 (d, 1H, 7.5) -
7aR 2.86 (dd, 2H, 11.7) -
7bR 2.98 (d, 2H, 11.7)

8R 4.95 (d, 1H, 4.8) -
2R 7.04 (s, 1H) -

SR 6.75 (d, 1H, 8.4) -
6'R 7.98 (d, 1H, 8.1) -
7R 7.32 (d, 1H, 7.2) -
8'R 6.22 (d, 1H, 15.6) -

1 2.72 (d, 3H, 3.3) 2.72

2 7.93 (d, 1H, 7.5) 8.07

3 6.42 (t, 1H, 5.4) 6.62

4 7.44 (d, 1H, 9.9) 7.86

5 7.37 (d, 1H, 9.9) 7.13

*ppm downfield related to TMS as internal standard (CDCls).
a: Confirming to following atoms numbers (R = rosmarinate):

OH
5 0.90 OH
32N LT i I/i@
| HOWO 8 :
4 N/l g’ P 6
5 H HO 5 6'
2-methylamino pyridine rosmarinate

b: The data are stated as: chemical shift (multiplicity, integration, Jy.4 (Hz)). c:
Reference (131).
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Table 10. *H NMR spectral data for 3, and 2,2"-bipy.

H
Number.?

2R
SR
6R
7aR
7b R
8R
2'R
5'R
6'R
TR
8'R

1
2
3

4

'H NMR® 'H NMR®
3 2,2"-bipy
6.66 (s, 1H) -

6.60 (d, 1H, 4.2) -
6.48 (d, 1H, 6.0) -
2.77 (dd, 2H, 13.2) -
2.99 (d, 2H, 13.2)
4.91(d, 1H, 9.6) -
7.03 (s, 1H) -
6.75 (d, 1H, 7.8) -
7.95(d, 1H, 7.8) -
7.37 (d, 1H, 15.6) -
6.18(d, 1H, 7.8) -

8.42 (d, 2H, 7.2) 8.496
7.49 (s, 2H) 7.124
7.98 (s, 2H) 7.658

8.71(d, 2H,4.2) 8.587

*ppm downfield related to TMS as internal standard (CDCl5).
a: Confirming to following atoms numbers (R = rosmarinate):

1 2
I\ N,
—N N_4

2,2-bipyridine

b: The data are stated as:
Reference (132).

OH
0.9 O OH
O 2
HO_, X_, X !
3 X007 °
| 8 7 6
HO -
rosmarinate

chemical shift (multiplicity, integration, Jy.4 (H2)). c:



Table 11. *H NMR spectral data for 4, and 4.4"-bipy.

H
Number.?
2R
5R
6R
7aR
7b R
8R
2'R
5'R
6'R
7R
8'R

*ppm downfield related to TMS as internal standard (CDCl5).
a: Confirming to following atoms numbers (R = rosmarinate):

1
NN

_ N N

4,4-bipyridine

'H NMR"
4
6.64(s, 1H)
6.58 (d, 1H, 16.8)
6.47 (d, 1H, 7.8)
2.77 (dd, 2H, 13.2)
2.98 (d, 2H, 13.2)
4.86(d, 1H, 7.5)
7.02 (s, 1H)
6.73 (d, 1H, 8.1)
6.92 (d, 1H, 8.4)
7.36(d, 1H, 15.9)
6.17 (d, 1H, 15.9)
8.71 (d, 4H, 4.5)
7.82 (d, 4H, 5.1)

HO

'H NMR®
4,4'-bipy

8.75
7.99

rosmarinate
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b: The data are stated as: chemical shift (multiplicity, integration, Jy.4 (Hz),c:

Reference (133).
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Table 12. 'H NMR spectral data for 5, and 2,9-dmphen.

H 'H NMR" 'H NMR®
Number.? 5 2,9-dmphen
2R 6.67 (s, 1H) -
5R 6.57 (d, 1H, 4.2) -
6R 6.47 (d, 1H, 6.6) -
7aR 2.79 (d, 2H, 15.3) -
7b R 3.00 (d, 2H, 15.3)
8R 491 (d, 1H, 8.1) -
2'R 7.04 (s, 1H) -
5'R 6.75 (d, 1H, 7.8) -
6'R 6.92 (d, 1H, 8.1) -
7R 7.36(d, 1H, 15.9) -
8'R 6.17(d, 1H, 16.2) -
1 2.45 (s, 6H) 2.53
2 7.60 (d, 2H, 7.5) 7.12
3 7.98 (d, 2H, 8.1) 7.92
4 8.75 (t, 2H, 8.1) 8.587
*ppm downfield related to TMS as internal standard (CDCls).
a: Confirming to following atoms numbers (R = rosmarinate):
4 OH
—N N= OH
\ /3 :
1 6
2
2,9-dimethyl-1,10-phenanthroline ¥ rosmarinate

b: The data are stated as: chemical shift (multiplicity, integration, and Jy.4
(H2)).c: Reference (134).



Table 13. *H NMR spectral data for 6, and 2-ampy.

H 'H NMR" 'H NMR®
Number.? 6 2-ampy

2R 6.64 (s, 1H) -
5R 6.60 (d, 1H) -
6R 6.50 (d, 1H) -
7aR 2.80 (d, 2H) -
7bR 2.99 (d, 2H) -
8R 4.99 (d, 1H) -
2R 7.01 (s, 1H) -
5'R 6.70 (d, 1H) -
6'R 7.90 (d, 1H) -
7R 7.35 (d, 1H) -
8'R 6.19 (d, 1H) -

1 7.85 (s, 2H) 7.74

2 6.40 (d, 1H) 6.70

3 7.45(d, 1H) 7.55

4 5.85 (s, 1H) 6.62

5 8.70 (d, 1H) 8.07

*ppm downfield related to TMS as internal standard (CDCls).
a: Confirming to following atoms numbers (R = rosmarinate):

OH
OO OH
s N H03"'7'OIj©t
HO™ ™ 6’
2-aminopyridinee rosmarinate

b: The data are stated as: chemical shift (multiplicity, and integration). c:
Reference (135).



65

The *H NMR spectral data for complex 2 shows that the ligand
resonances (8.07, 7.13, 6.62, and 2.72 ppm) were observed at 7.93,
7.37,6.42, and 2.72 ppm in the complex. The significant shift of the —
CH- proton from 7.86 in the free ligand ppm to 7.44 ppm in the

complex was observed.

The spectrum of complex 3 shows that the ligand resonances (8.587,
8.50, 7.66, and 7.12 ppm in the ligand) were observed at 8.69, 8.45,

8.04, and 7.53 ppm in the complex, respectively.

In the *H NMR spectra of complexes 4- 6 the upfield shifts compared
to the corresponding free ligands chemical shifts are observed in the
case of Hland H2 in 4, H1 in 5, H2, H3, and H4 protons in 6. In

comparison, an increase is noted for H2 in 5 and Hland H5 in 6.

Particularly, NMR is a powerful technique that can give useful
information regarding the determination of the binding modes of the
carboxylate group. Both NMR and IR techniques are providing
complementary data for diagnosing the binding modes of the
carboxylate groups. Its well-known that the **C chemical shift of the
carbonyl carbon (COQ") depends on both the coordination number of

metal ions and on the coordination modes. The chemical shifts of
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carbonyl carbon §coo in metal carboxylates are in the following

order:

dcoo-) Bidentate chelating > dcoo-) bidentate bridging > §(coo.)
monodentate.

However, the *C{'*H} NMR chemical shifts may be influenced by
different factors that form a little but not equal shift of signals. In
order to determine the carboxylate binding mode of Zn(Il) rosmarinate
complex 1; it was essential to use an internal standard in *C{1H}
NMR spectra. It can be noticed that the chemical shift of the C7 of the
rosmarinate group is less affected due to the complexation and metal
environment. This suggestion is in confirmation with the small change
showed in the chemical shift values for the C7 in zinc rosmarinate
complex 1. The small change in this chemical shift may be due
toexternal effects such as temperature or concentration. Therefore, the
BC{"H} NMR chemical shifts of the carbonyl group (COO") have
been calculated using the C7 chemical shift value as a reference.
3 (COOY) = [6(COOY) - 8(C7)]. 6 (COO) is 135.46 for complex 1.
Using the results of Av(COO-) and &' **C(COQ") for zinc rosmarinate
complexes, the binding mode of the rosmarinate in complex 1 can be

assumed as chelating bidentate.
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3.3. Infrared spectra

IR spectroscopy has confirmed to be suitable technique to determine
the method of bonding of the ligand to the metal ion.*®® The
determination of the nature of coordinating atoms is made on the
basis of the comparison of the IR spectra of the parent ligand and the
complexes.? ' The FT-IR spectra of the complexes show all the
absorption peaks from the ligands and other new absorption peaks
showing coordination of the ligands with metal ions through nitrogen
and oxygen atoms.'*® The carboxylate binding mode has often been
determined from the magnitude of the observed difference between
the symmetric and asymmetric carboxylate stretching frequencies, [A
= 125(CO0) - v(CO0)].***¥" The differences between v.,(COO") and
vs(COQO) of rosmarinate group complexes 1-6 are given in Tables 14
and 15 with Av (COO") values = 151.36, 149.18, 152.99, 1484,
145.95, and 152.61 for complexes 1-6 respectively, supporting the

chelating bidentate coordination mode of carboxylate groups.

Table 13 shows the bands assignment and their corresponding wave
numbers for RA, Nagra, and complex 1. The IR spectrum for complex
1 exhibits two (COO’) stretching frequencies symmetric and

asymmetric, v(COQO") at 1445.50 cm™ and v(COO") at 1596.86 cm™.
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The difference between them is Av(COO’) = 151.36 cm™) which is
less than (Av(COO’) = 183.31cm™) of Naga indicating chelating
bidentate coordination modes between the zinc cation and rosmarinic
acid (Figure 20). Figure S6-S10 of complexes 2-6 IR spectra are

shown in Appendix B.

Table 14. Important IR spectral data of the RA, Na ra) and complex 1.

Assignments RA Na (ra) Complex 1
v(C-H)ar 3163.39 2975.62 3190.45
v(C=C) 1645 1684.24 1686.90

V(C=0)carb 1709.23 - -

W(COO)asym - 1585.65 1596.86

W(COO)gym - 1402.34 1445.50
v(C-0) - 1159 1158.77

V(C-Cring 1517.50 1508.92 1522.68
Av(COO-) - 183.31 151.36

v(Zn-0) - - -
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In general, The peaks appearing in the (430-520) cm™ range
correspond to v(M-O) as weak ones.*****° In complex 2, Av(COO) =
149.18 cm™ is less than Av(COO’) of Naga, indicating chelating
bidentate coordination of the carboxylate groups. Also in complexes
3-6, Av(COO") = 152.99, 148.4, 145.95, 152.61, and cm™ respectively
and all are less than Av(COO") of Naga (Av(COO) = 183.31 cm™),
that indicate chelating bidentate coordination mode of the carboxylate

groups.

Traanttace[9q
a 66 O A 80 a8 9O 95 100
| I |
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i
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Wavenumber cm™

Figure 20. IR spectra of RA (red), Nara (black), and complex 1(blue).

500
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Table 15. Important IR spectral data (in cm™) of complexes 2-6.

Assignments  Complex Complex Complex Complex Complex
2 3 4 5 6

V(C-H)ar 3113.83 3080.19 3014.24  3448.98 3081.55
v(C=C) 1661.44 1694.99 1685.59 1669.85 1167.99
V(C=0)carp - - - . }
V(COO)asym 1591.11 1592.80 1589.02 1593.63  1587.08
v(COO)sym 1441.93 1439.81 1445.23 1430.53  1441.13
v(C-0) 1159.37 1155.43 1160.37 1268.16  1156.66
V(C-C)ring 1518.77 1515.33 1520.71 1500.39  1517.10
Av(COO) 149.18 152.99 143.79 163.10 145.95

v(Zn-0) - - - - -

3.4. Electronic Absorption Spectral Results
As shown in Figure 21, UV-Vis spectra of RA and its metal complex
in water measured in the range of 200-500 nm show two distinct

regions. The lower wavelength in the range of 200400 nm is specific
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for the electronic intra-ligand transitions.”® The higher wavelength
region is specific for d—d transition.’® The observed absorption bands

and their assignments are shown in Table 16.

0.08 - — _RA

0.07 — Complex 1
0.06 .
0.05 -

0.04

0.03 +

Absorbance (AU)

0.02 H

0.01 +

0.00

-0.01

T T T
200 400
Wavelength (nm)

Figure 21. UV-Vis spectra of RA and complex 1.

Table 16. Electronic spectral data (nm) of the RA and complex 1.

Compound 6—>6* mw—oT n—ox d-d

Rosmarinic acid 197 324 287 -

[Zn(RA), ] (1) 197 324 261 -
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RA exhibits a band at 287 nm assignable to n—=* transition, which is
changed in the spectra of their metal complexes. In addition, in the
spectrum of RA there are two bands at 197 nm and 324 nm, which

may be attributed to c — o*andw — w* transitions, respectively.

Absorption spectra of all complexes 2-6 were performed in suitable
solvent and were similar to those of the parent N-donor ligands with
only small changes caused by coordination to the zinc cation, Table
17. Figure S11-S15 of complexes 2-6 UV-Vis spectra are shown in

Appendix C.

Thus almost all bands exhibited by the complexes are due to the
ligands bands. Complex 1 exhibited no UV-Vis band maximum
between 400-800; which is in agreement with the spectra of RA.
However, there is a spatial configuration of d*° track in the metal ion
Zn(I1) and the d orbitals are completely filled; thus no d-d electronic

transition bands will be shown for all complexes.
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Table 17. Electronic spectral data (nm) of the ligands and their complexes.

Compound 6—>6¢* mW—oT noT d-d
[Zn(RA)n(2-(methylamino)py)m] 201 324 288 -
)

2-(methylamino)py 195 306 242 -
[Zn(RA)(2,2"-bipy)m] (3) 200 328 284 -
2,2"-bipy 201 280 236 -
[Zn(RA)n(4,4"-bipy)m] (4) 195 327 273 -
4,4'-bipy 203 270 243 -

[Zn(RA)n(2,9-dmp)m] (5) 194 326 273

2,9-dmp

[Zn(RA)n(2-ampy)m] (6) 233 321 289 -
2-ampy 195 298 240 -

3.5. Bioassay Antibacterial Activity

The ligands and their metal complexes were screened for their
antibacterial activity by using the agar-well diffusion method. Both
gentamycin and erythromycin were used as standard antibacterial
agent. The concentration was 12 mg ml™ in DMSO with a volume of

25 uL per well. The values of antibacterial activity are obtained by
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calculating the average of the three trials and are expressed as average

+ standard deviation. Figure 22 shows the agar diffusion plates.

The results obtained are presented in Tables 18 and 19. The negative
control, DMSO, did not exhibit any inhibition zone against all the
tested bacteria. The first positive control, gentamycin, showed an
average inhibition zone (mm) of 35.6, 26.3, 33.3, 25.0, 25.6, 28.0,
38.6, 18.6, and 36.0 against M. luteus, B. subtilis, S. aureus, E. coli,
P. mirabilis, K. pneumoniae, S. epidermidis, E. faecalis, and P.
aeruginosa, respectively. Also, the second positive control,
erythromycin, showed an average inhibition zone (mm) of 38.6, 38.3,
38.7, 20.0, 14.3, 21.7, 39.5, -, 19.0 0 against M. luteus, B. subtilis, S.
aureus, E. coli, P. mirabilis, K. pneumoniae, S. epidermidis, E.

faecalis, and P. aeruginosa, respectively.

As shown in Tables 17 and 18 agar the well-diffusion analysis results
revealed that complex 1 showed antibacterial activity against the test
bacteria of P. aeruginosa, K. pneumoniae, and M. luteus with average
inhibition zones of 31.0 mm, 15.0 mm, and 10.0 mm, respectively.
However, it showed more significant antibacterial activity against the

of P. aeruginosa strains compared with the other test strains.
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Table 18. Results of antibacterial bioassay against Gram- positive bacteria
(concentration used in 12 mg ml™* of DMSO)?

Diameter of zones showing complete inhibition of growth (mm)b

Compound M. luteus B. subtilis S. aureus S. epidermidis E.
faecalis
Gentamycin 356+1.0 26.3+1.1 33.3+£0.5 38.6+4.6 18.6 +3.2

Erythromycin 38.6+0.5 38.3+3.8 38.7+0.5 39.5+0.6 -
ZnCl, - - - - -
DMSO - - - - -

RA - - - - -
Complex 1 - - - - -
2- (methylamino) - 16.7+3.5 21.0+£6.0 15.7+35 -
Py
Complex 2 9.7+1.0 - 21.7 £ 2.7 - -
2,2"-bipy 343+7.0 17.6 £3.2 - 28327 -
Complex 3 - - - - -
4,4'-bipy - - - -
Complex 4 - - - - )
2,9-dmp - - - - -
Complex 5 15.0+0.0 157+1.0 11.3+1.1 - 12.0+0.8

2-ampy - - 13.3+£2.7

Complex 6 9.0+0.0 - 19.0+1.6 - 18.6 +0.9

& Gentamycin and erythromycin were used as a standard antibacterial agent, ® the data expressed
as average + sta. deviation (N = 3), - dashes showing zero inhibition of growth, all tested
bacteria were resistance to DMSO.
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Complex 2 showed good antibacterial activity against Gram-negative
bacteria: P. aeruginosa and E. coli with average inhibition zones of
32.0 mm and 18.3 mm, respectively. For the Gram-positive bacteria,
M. luteus, complex 2 showed weaker inhibition activity with 1ZD of
9.7 mm. The complexes 1-4 did not show any antibacterial activity

against E. faecalis and B. subtilis.

Complex 3 showed good inhibition activity against all screened Gram-
negative bacteria except for E.coli with 1ZD ranging between 16.0-
23.0 mm. For the Gram positive bacteria, M. luteus, complex 3

showed antibacterial activity with average inhibition zone of 15.0 mm,

Complex 4 showed more significant antibacterial activity against the
strains of P. aeruginosa and P. mirabilis with average inhibition zones
of 22.0 mm and 21.3 mm, respectively. This complex showed weak
inhibition activity against M. luteus, E. coli, and K. pneumoniae with
average inhibition zones of 8.0 mm, 10.3 mm, and 12.7 mm

respectively.
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Table 19. Results of antibacterial bioassay against Gram- negative bacteria

(concentration used in 12 mg ml™ of DMSO)

Compound
Gentamycin
Erythromycin
ZnCl,
DMSO
RA
Complex 1
2- (methylamino)
Py
Complex 2
2,2'-bipy
Complex 3
4,4'-bipy
Complex 4
2,9-dmp
Complex 5
2-ampy

Complex 6

Diameter of zones showing complete inhibition of growth (mm)

E. coli

25.0+0.9

20.0+0.9

18.3+1.4

24.0+4.2

16.0£4.0

11.3+0.5

10.3+0.5

19.5+0.6

240+0.9

P. mirabilis

25.6£1.4

143 2.7

9.5+21

26.0+1.4

22.3+0.5

213+1.1

10.5+0.6

K. pneumoniae

28.0+1.38

21711

15.0+0.0

28.0+24

14.7+0.5

125+21

12.7+1.1

9.5+0.6

P. aeruginosa
36.0+3.2

19.0+1.6

11.6+0.5

31.0+£1.4

13.0+2.0

320+1.0

23.0+£2.6

220+2.0

220+2.0

18.0+2.0

Complexes 5 and 6 did not show antibacterial activity against S.

epidermidis. These complexes showed good antibacterial activity
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against P. aeruginosa and E. coli with 1ZD ranging between 18.4-24.0
mm. For the Gram-positive bacteria, complex 6 showed good
inhibition of growth against S. aureus (19.0 mm). On the other hand,
complex 5 showed weak inhibition towards S. aureus. The ligands
generally exhibited moderate antibacterial activity against three or
four species and insignificant activity against two or three species.

A cursory view of the data indicates the following trends in the
activity of complex 3 under investigation against M. luteus, P.

mirabilis, and K. pneumonia:

Parent ligand (2,2'-bipy) > complex 3

The parent ligand (2,2'-bipy) was found to be more active than
complex 3. The complexes 2 and 6 showed substantially enhanced
antibacterial activity against P. aeruginosa compared with the parent

ligand.

The minimum inhibition concentration (MIC), which is known as the
lowest concentration of the injected sample that inhibits the bacterial
growth, was determined for complexes 1-6 and their parent ligands

against P. aeruginosa. The data are summarized in Table 20
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Table 20. In-vitro antibacterial activity data of complexes 1-6 at 18 mg/ml.”

Complex 1 2 3 4 5 6 L1 L2 L3 L4 L5 L6

MIC 45 45 45 45 - 9 9 225 225 45 9 45

*The data are the rounded average of three trials, - dashes indicated error, all
microorganisms were resistant to DMSO. The concentration of complexes and
their ligands is 18 mg/ml in DMSO. ERYC = Erythromycin (2.0 mg/ml) and
AMP = Ampicillin (2.0 mg/ml). The MIC values for the ERYC and AMP are 0.25

and 0.5 mg/ml, respectively.

The complexes 2-6 showed good antibacterial activity against P.
aeruginosa compared with the parent ligand. The MIC values for the
complexes 1-4 are 4.5 mg/ml, undetermined for 5, and 9 mg/ml for 6.
In general, the enhancement of metal complexes in the bacterial
activity can be rationalized on the basis of chelation theory.'”
Chelation decreases the polarity of the metal ion mainly because of
the partial sharing of its positive charge with the donor groups and
possible z-electron delocalization through the chelate ring system
produced during coordination.*®**'*2 Moreover, chelation increase
the lipophilic character of the central metal atom, that favors its
permeation more efficiently within the lipid layers of the cell

membrane and blocking the metal binding sites in the enzymes of the
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microorganism.*** Furthermore, the variation in the effectiveness of
different metal complexes against different organism depends on the
Impermeability of the microbes or on the ribosomes of microbial

cells. '

Figure 22. Agar diffusion plates.

3.6. Kinetic Measurements of BNPP Hydrolysis Results

The system made up of a nitrogen heterocyclic ligand with zinc(Il)
cation (complex 1, 3, and 4) were used in the catalytic hydrolysis of
bis(4-nitrophenyl) phosphate ester (BNPP). The rate of BNPP
hydrolysis was performed at different pH, concentrations, and
temperatures. The optimum conditions for hydrolysis of BNPP were
determined by changing one of these factors and adjusting the other

two factors constant.
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3.6.1. Effects of temperature on the reactions of BNPP with
complex (1)

Figure 23 shows the relationship between the absorbance and time at
different temperature and constant pH and concentration of both
complex 1 and BNPP. The initial rate of BNPP hydrolysis (Vo) was
determined through plotting the absorbance of p-nitrophenol vs. time
at 400 nm. For complex 1, the value of Vyare 7.0 x 10 8, 3.0 x 10°®,
and 4.0 x 10® mol/L.S at T= 25 °C, 37 °C, 41 °C, respectively. The

maximum initial rate observed at 25 °C for complex 1.
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Figure 23. Plots of absorbance at 400 nm vs. time for BNPP hydrolysis by
complex 1 in DMSO/HEPEs buffer solution with different
temperature under the selected conditions (pH = 7.40, [complex 1] =
5.8 x 10 M, [HEPEs buffer] = 50 x 10°® M and [BNPP] = 1x10*
M).
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3.6.2. Effects of pH on the reactions of BNPP with complex 1

Figure 24 shows the relationship between the absorbance and time at
various solution pH values in the presence of 5.8 x 10*M of complex
1 and constant temperature and concentration of both complex 1 and
BNPP. The values of V, at the pH = 6.96, 7.4, and 8.1 are 3.0 x 107,
5.0 x 10®, and 3.0 x 10°® mol/L.S, respectively for complex 1. The

maximum initial rate observed at pH = 7.40 for complex 1.
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Figure 24. Plots of absorbance at 400 nm vs. time for BNPP hydrolysis by
complex 1 in DMSO/HEPEs buffer solution with different solution
pH values under the selected conditions (T = 25 °C, [complex 1] =
5.8 x 10 M, [HEPEs buffer] = 50 x 10°® M and [BNPP] = 1x10*
M).
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3.6.3. Effects of temperature on the Reactions of BNPP with
complex 3

Figure 25 shows the relationship between the absorbance and time at
different temperature in the presence of 2.0 x 10 M of complex 3 and
constant pH and concentration of both complex 3 and BNPP. For
complex 3, the value of Vo are 6.0 x 10 ®, 1.0 x 107, and 1.0 x 10"
mol/L.S at T= 25 °C, 37 °C, 43 °C, respectively. The maximum initial

rate observed at 25 °C for complex 3.
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Figure 25. Plots of absorbance at 400 nm vs. time for BNPP hydrolysis by
complex 3 in DMSO/HEPEs buffer solution with different
temperature under the selected conditions (pH = 7.47, [complex 3] =
2.0 x 10 M, [HEPEs buffer] = 50 x 10°® M and [BNPP] = 1x10™
M).



84

3.6.4. Effects of pH on the reactions of BNPP with complex 3

Figure 26 shows the relationship between the absorbance and time at
various solution pH value in the presence of 2 x 10 M of complex 3
and constant temperature and concentration of both complex 3 and
BNPP. The values of Vqat the pH =6.96, 7.47, and 7.91 are 5.0 x 10
® 6.0 x 10®, and 4.0 x 10® mol/L.S, respectively for complex 3. The
maximum initial rate observed at pH = 7.47 for complex 3.
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Figure 26. Plots of absorbance at 400 nm vs. time for BNPP hydrolysis by
complex 3 in DMSO/HEPEs buffer solution with different solution
pH values under the selected conditions (T = 25 °C, [complex 3] = 2
x 10 M, [HEPEs buffer] = 50 x 10°M and [BNPP] = 1x10™ M).
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3.6.5. Effects of complex 3 concentration on the reactions of
BNPP with complex (3)

Figure 27 shows the relationship between the absorbance and time at
different concentration of complex 3 and constant pH and
temperature. The initial rates were determined to be 1.0 x 107 and 3.0
x 10 mol/L.S for 2.0 x 10* M and 1.0 x 10 M, respectively. The

maximum initial rate observed at 2.0 x 10 M for complex 3.
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Figure 27. Plots of absorbance at 400 nm vs. time for BNPP hydrolysis by
complex 3 in DMSO/HEPEs buffer solution with different
concentration of complex 3 under the selected conditions (pH =
7.47, T = 37 °C, [HEPEs buffer] =50 x 10° M and [BNPP] = 1x10™
M).



86

3.6.6. Effects of complex 4 concentration on the Reactions of
BNPP with complex (4)

Figure 28 shows the relationship between the absorbance and time at

different concentration of complex 4 and constant pH and

temperature. The initial rates were determined to be 1.0 x 10”7 and 5.0

x 10 mol/L.S for 5.3 x 107" M and 5.3 x 10° M, respectively. The

maximum initial rate observed at 5.3 x 10" M for complex 4.
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Figure 28. Plots of absorbance at 400 nm vs. time for BNPP hydrolysis by
complex 4 in DMSO/HEPEs buffer solution with different
concentration of complex 4 under the selected conditions (pH =
6.99, T = 41 °C, [HEPEs buffer] = 50 x 10° M and [BNPP] = 1x10*
M).
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ON the basis of Michaelis—Menten equation (1/V, = 1/Vmx +
Kn/Vmax[BNPP]) and experimental data, the plots 1/V, versus
1/[BNPP] is shown in Figure 29. From the intercept of the straight
lines in Figure 29, obtained via a linear fit using the least-squares
method, Vmax values were evaluated and are listed in Table 21. The
curve of Figure 29 shows a good linear relationship between the
variables, with R* = 0.9368, which means the above mathematical

model is reasonable. All complexes 1, 3, and 4 have the similar

relationship.
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Figure 29. Second order rate for complex 3 with different [BNPP] under the
selected conditions (pH = 7.91, temp = 37 °C and [complex 3] = 2x10
4
M).
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The hydrolysis rate of BNPP for the 1, 3, and 4 complexes as follow:
5.2at25°C,4.2 at37 °C, and 8.3 at 41 °C, respectively.

Table 21. Kinetic parameters of the BNPP hydrolysis for complexes 1, 3 and 4 at
different BNPP concentrations.

Concentration (M) Vo Vimax Km Keat (S) " | 2-order
(mol/L.S) | (mol/L.S) | (mol/L) rate
Ksnpp
(L.mol™
Sh
Complexes BNPP
1(5.8x10% |1.0x10* | 7.0x10°
1(58x10% | 20x10*| 9.0x10% |20x107 | 46x10° | 24x10* | 52
1(5.8x10% | 1.0x10”° | 6.0x 10°
3(20x10% |1.0x10*| 50x10°
3(2.0x10% | 2.0x10% | 6.0x10® |10x107 | 1.2x10* | 5.0x10" | 4.2
3(20x10% | 1.0x10° | 1.0x 10"
4(53x10°) | 1.0x10* | 3.0x10°
4(53x10%) | 20x10% | 9.0x10% | 80x10° | 1.8x10% | 15x10" | 83
4(53x10°) |1.0x10°| 7.0x10°

(*) Keat = Vimax/ [C0mp|eX], (**) Kener = Keat! Km
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4. CONCLUSIONS

'H NMR, “C{*H} NMR, IR and UV-Vis spectrometric techniques
were used to study and characterize new mixed ligand complexes of
zinc rosmarinate with N-donor heterocyclic ligands. The synthesized
complexes were [(Zn(RA),] (1), [Zn(RA),(2-(methylamino)py).] (2),
[Zn(RA)2(2,2"-bipy)] (3), [Zn(RA)4(4,4"-bipy)] (4), [Zn(RA)2(2,9-

dmp)] (5), and [Zn (RA)(2- ampy),] (6).

The prepared zinc complexes with rosmarinic acid in the presence of
N-donor ligand were characterized by using various techniques such
as IR, UV-Vis, *H-NMR,*C{*"H}NMR, and other physical properties.
The proposed structure of complex 2 has two bidentate rosmarinate
group and 2 monodentate 2-(methylamino)py ligand, complex 3 has
two bidentate rosmarinate group and one bidentate 2,2'-bipy ligand,
complex 4 has four monodentate rosmarinate group and one
monodentate 4,4'-bipy ligand, complex 5 has two bidentate
rosmarinate group and one bidentate 2,9-dmphen ligand, and complex
6 has one bidentate rosmarinate group and two monodentate 2-ampy

ligand .
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All prepared complexes showed antibacterial activity against different
Gram-positive and Gram-negative bacteria. Complex 1 has shown
higher antibacterial activity against the test bacteria of P. aeruginosa
and K. pneumonia compared to RA. Complex 2 has shown good
antibacterial activity against the test strains of P. aeruginosa, and S.
aureus compared to pure ligand (2,2'-bipy). Complex 3 showed good
inhibition activity against all tested Gram- negative bacteria. Complex
4 showed more significant antibacterial activity against the strains of
P. aeruginosa and P. mirabilis. Complex 5 and 6 have shown higher

antibacterial higher than their parent ligand.

The rate of the BNPP hydrolysis was determined in order to study the
effect of zinc complexes on the phosphates hydrolysis. According to
the obtained results the hydrolysis rate rate of BNPP for the 1, 3, and 4
complexes as follow: 5.2 at 25 °C, 4.2 at 37 °C, and 8.3 at 41 °C,
respectively.

Rosmarinic acid has a lot of interesting biological activities. Its

E % and it is the

antioxidant activity is higher than that of vitamin
strongest in the hydroxycinnamic acid derivatives series: Rosmarinic

acid > chlorogenic acid > caffeic acid > ferulic acid > coumaric acid

144,145
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The antiviral, antiallergic, neuroprotective, antiinflammatory, anti-
HIV, and antitumor effects of rosmarinic acid were showed in the
literature.**®**" Therefore, further experimental work may include
further biological applications of these complexes as anti-cancer

agents.
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6. APPENDICIES
Appendix A: 'H-NMR spectra of complexes 2-6.
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Figure S1. 'H-NMR spectra of complex 2.
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Figure S2. *H-NMR spectra of complex 3.
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Figure S3. 'H-NMR spectra of complex 4.

Ceedient Shiemies

g L —
s mpeae Giee
Dmta Coliectes o
— 100 -y 36T
Asemive Slrectery .

—’.l- AL vty

FAArLLes PmoToR

Puiee Segeescn. FRoTON | edwell
-u- n.n:::t — —— e
P TE;

Yemw. ¥7.3 € s 3002 W ?-'-!.

Cormeat i ——— LTTTS
Belan. Suley | 068 ses
e 45 8 '
e f 3403 weg 3 i
waarh aRRe. - - |
e o S il
CasERYE WA, P68 ASIIINS s
Cara FRocEss T
P e
" miee BaTES
Tenad Lhme LANARSE We. 7 !
|

e —
I —_
3 v ¥ e T
11 10 L] o
».re R R
PR T T R e

Figure S4. *H-NMR spectra of complex 5.
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Figure S5. "H-NMR spectra of complex 6.

Appendix B: IR spectra of complexes 2-6.
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Figure S6. IR spectra of complex 2 (red) and 2-(methylamino)py (blue).
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Figure S8. IR spectra of complex 4 (dark red) and 4,4’-bipyridine (black).
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Figure S9. IR spectra of complex 5 (black) and 2,9-dmp (green).
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Figure S10. IR spectra of complex 6 (green) and 2-ampy (black)
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Appendix C: UV-Vis spectra of complexes 2-6.
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Figure S11. UV-Vis spectra of complex 2.
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Figure S12. UV-Vis spectra of complex 3.
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Figure S13. UV-Vis spectra of complex 4.
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Figure S14. UV-Vis spectra of complex 5.
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Figure S15. UV-Vis spectra of complex 6.



