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2-(2"-thiazolylazo)-5-aminoanisolg-@mino TAA) and4-(2-thiazolylazo)-
3-aminoanisoled-amino TAA) was synthesized by diazotization ofr@iaothiazole
and coupling withm-anisidine. FT-IR;'H-NMR, mass spectroscopy and elemental
analysis were used to identify the structur@-@imino TAA ando-amino TAA. The
acid dissociation constantsKyg of the two compounds determined by half-height
method and limiting absorbance methods were 3.0 Z&Bd respectively. The
stoichiometric studies showed that the ratio ofdibm(lIl) with both ligands and
platinum(IV) with o-amino TAA were 1:2 with the stability constantsie range of
10°to 10*°while the ratio between platinum(IV) apeamino TAA were 1:1 with the
stability constant of 10 The complexes of rhodium(lll) were prepared hijuseng.
The structures of complexes were characterized BAyIRF and 'H-NMR
spectroscopy. The structures of complexes betweetium(lll) andp-amino TAA
were also determined by quantum chemical calculatet B3LYP level of theory
using 6-31G* basis set for all atoms and SDD basisfor rhodium atom. The
results showed thdtans[Rh(p-TAA-n)»(Cl),]* was the most stable complex with
the stabilization energy of -1350.72 kcal/mol.

Binding of calf thymus DNA with rhodium(lll) comptes was studied by
UV-Vis spectroscopy. There was evidence from thegeerent which showed the
interaction between these complexes and CT DNA. fdsalts from quantum
chemical calculations indicated that this inte@etlid not occur via the dissociation
reaction of chloride ion. So this interaction cobkl spontaneous reaction via other

mechanisms or mode of binding.
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SYNTHESIS, CHARACTERIZATION AND
APPLICATION OF RHODIUM(III) AND
PLATINUM(IV) COMPLEXES WITH
2-(2-THIAZOLYLAZO)-5-AMINOANISOLE AND
4-(2'-THIAZOLYLAZO)-3-AMINOANISOLE

INTRODUCTION

1. Rhodium

Rhodium is a metallic element of atomic number d8& atomic weight
102.905 which was discovered in 1803 by W.H.WotlasiThe namehodium,
naming it after the Greek word for “rose” becaus#sorose-color, commonly found
in aqueous solutions of its salts. Rhodium is a bamof platinum group metals, of
which it is found the widest application due toseseral properties. It is unaffected
by air and water up to 875 K, and unaffected bydgdiut is attached by molten
alkalis(Emsley, 1998). Rhodium remains bright in all atpteeric exposures at room
temperatures and is completely resistant to a tyamiecorrosives. These properties
plus the high and relatively uniform reflectivity3-80%) and the ease with which
hard, bright electrodeposits can be produced hevéol wide use of rhodium for
jewelry, reflectors and electrical contacts. Rhadinas certain specific uses but the
principle application of rhodium is an alloying elent for platinum. The 10% of
rhodium-platinum alloy is used in the oxidationamimonia, for spinnerets, glass-
fiber bushings, furnace windings and thermocouesace of rhodium is requires in
the liquid bright gold used for decorating glasd aorcelain to achieve a very fine-
grained, bright deposit. Rhodium has been useargelquantities as the reduction
catalyst for NQin catalytic converters. Small amounts of rhodium hasum or
ruthenium are used in dental alloys to producerg fnree-grained casting.



All the platinum metals are generally associatetth wach other including
rhodium. However, the relative proportions of thdividual metals are by no means
constant and the more important sources of rhoditenthe nickel-copper-sulfide ores
found in South Africa and in Sudbury, Canada, wlichtain about 0.1% rhodium.
The production methods of rhodium are used by lieerative solvent extraction
processes and ion exchange techniques. These meifiedsuperior efficiency and
they are increasingly replacing the classical pgedhat is not high efficiency and
costly recycling (Greenwood, 1997). The diagramr&dining rhodium is shown in
Figure 1.

2. Properties of the rhodium

The oxidation states of rhodium are listed in Tabl&he oxidation state 1 and
3 are the most important, the other oxidation state rare. The -1 and O states occur
in carbonyls including clusters and in nitrosyls t2 state principally in the
carboxylates, and the +4, +5 and +6 states magfijuarides. The geometry of
rhodium(l), €°) is predominantly square planar, but a few fiverdinate species
have been isolated. Many of the square planar caxeplare of importance in
catalysis, since the metal atom can increase dedawate number by accepting
ligands in the apical sites (Emsley, 1998).

The geometry of rhodium(lI1)df) is almost invariable octahedral. The
electronic (visible) spectra of rhodium(lll) compés display two bands toward the
blue end of the spectrum, although in many instaiecdy the first spin allowed
ligand-field band {T14< 'A;g) is observed, since the second band is often obscu
by charge transfer transitions which the band espansible for the yellow, red or

reddish-brown colors for the rhodium(lll) compour{@asomsap, 1989).
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Table 1 Some properties of an elemental rhodium

Properties Value
Atomic symbol Rh
Atomic number 45

Atomic weight/g mof 102.90550
Electronic configuration [Kr] 4d®5st
Density(20°C)/g cni 12.39
Melting point/°C 1,960
Boiling point/°C 3,760
AHyd kJ mol* 21.6
AHya kJ mot* 494

AH; (monoatomic gas)/ kJ nidl 556(+11)
Electronegativity (Pauling Scale) 2.2
Electrical resistivity (20°C)/2 cm 4.33
Number of naturally occurring isotopes 1

Metal radius (12-coordinate)/pm 134
Effective ionic radius

(6-coordinate)/pm

\Y 55

v 60

1 66.5

Source: Greenwood (1997)



3. Compounds of rhodium

Heating rhodium metal or the trichloride in oxygar600C, or simply
heating the trinitrate, produces dark-greyp®4 it is the only stable oxide formed by
this metal. The yellow precipitate formed by theliidn of alkali to aqueous
solutions of rhodium(lll) is actually RB3;-5HO rather than a genuine hydroxide.
Electrolytic oxidation of RF solutions and addition of alkali gives a yellow
precipitate of Rh@2H,0, but attempts to dehydrate this produce@hBlack

anhydrous Rh@is obtained by heating RB; in oxygen under pressure.

The octahedral hexafluorides are obtained dirdotiy the elements and both
are volatile, extremely reactive and corrosiveds)lRhE being the least stable of the
platinum metal hexafluorides. The pentafluorideshaidium may be prepared by the

thermal dissociation of the hexafluorides.

The most familiar and most stable of the halideshotlium is the trihalides.
Those of rhodium range in color from the red Rtd=black Rh4. The anhydrous
trinalides are generally unreactive and insolubleater but excepting the triiodide
which is only known in this form, water-soluble mgites can be produced by wet
methods. The dark-red Rh&3HO is the most common compound of rhodium and
the usual starting point for the preparation oeotthodium compounds, and is itself
best prepared from the metal sponge. This is heeitedKCl in a stream of Gland
the product extracted with water. The solution aorg K;[Rh(H,O)Cls] and
treatment with KOH precipitates the hydrous,@hwhich can be dissolved in
hydrochloric acid and the solution evaporated tmdss. RhBy:2H,0 also is formed

from the metal by treating it with hydrochloric d@nd bromine.



4. Complexes of rhodium

For rhodium element, oxidation +&8% is the most prolific oxidation state,
providing a wide variety of kinetically inert congples. All the compounds of Bh
are diamagnetic, low-spin and octahedral, a maghilizing influence being the high
CFSE associated with tfiey configuration {¥/sA., the maximum possible for am}
configuration). Rhodium can form the stable aquamglex, [Rh(HO)¢**, yellow ion
when hydrous RIO; is dissolved in mineral acid, and it occurs in $léd state in
salts such as the perchlorate, sulfate and aluheseTis also clear evidence from
predominantly class-a to class-b metal that rhodijpntoordinate readily with P-,
As- and S- donor ligands. Ternary hydrides of rbadilll) containing the octahedral
[MH¢]® anions have been prepared by the reaction of hitHtae metal under a high
pressure of Kl It is, however, unusual for hydrides of metalsuch a high formal
oxidation state as +3 to be stable in the absehgeoceptor ligands and in the
presence of n-acceptor ligands such as tertiarggitinoes and arsines, the stability of
rhodium(lll) hydrides is enhanced. ThugRD, reduces [RhGL3] to either
[RhHCLL3] or [RhH,CIL3], depending on L; and the action of éh [RH(PPh)sX]

(X =C1, Br, 1) yields [RhH(PPh)3X] which is, formally at least, an oxidation by

molecular hydrogen.

Furthermore, the oxidation state +1 with electraminfigurationd®, that
normally required the stabilizing effect @facceptor ligands and some of these are
appropriately considered along with organometallimpounds. These complexes are
usually prepared by the reduction of compounds s8dRhC{3H,0 in the presence
of the desired ligand. It is often unnecessarysi a specific reductant, the ligand
itself or alcoholic solvent being adequate, andimiméquently leading to the presence
of CO or H in the product. A considerable propartaf the complexes of Rhare
phosphines and particular demand attention isWsl's catalyst, [RhCI(PBJ],
essentially square planar. [RhCI(BRRhis red-violet compound which is readily
obtained by refluxing ethanolic Rh&H,O with an excess of PBtwas discovered
in 1965. It undergoes a variety of reactions, nedsthich involve either replacement
of a phosphine ligandce(g.with CO, CS, GH., O, giving trans products) or oxidative



addition g.g.with H,, Mel) to form rhodium(lll), but its importance aes from its
effectiveness as a catalyst for highly selectiverbgenations of complicated organic
molecules. Its use allowed, for the first time,iddpomogeneous hydrogenation at
ambient temperatures and pressures. The rhodilatystis able to fulfill its role
because the metal is capable of changing its caatidn number (loss of phosphine
from the dihydro complex being encouraged by tihgdaize of the ligand) and it
possesses oxidation states (+1 and +3) which diffe and are of comparable
stability. The discovery of the catalytic propestigf [RhCI(PPB)s] naturally brought
about a widespread search for other rhodium phasghwith catalytic activity. In
addition, its selectivity and the ability of rhodiuo change its coordination number
and oxidation state make the great advantage beasther conventional other
catalysts.

5. The biochemistry and organometallic compounds of rbdium

Transition-metal-based compounds constitute a cdbssemotherapeutics,
which are widely used in the clinic (Brabec and Bkwa, 2006). Especially precious
metals, for example, platinum compounds being uséde treatment of cancer, silver
compounds being used for antimicrobial agents ahdl gpmpounds use in the
treatment of rheumatoid arthritis (Allardyce andsby, 2001). The interaction
between DNA molecules and heavy metal compoundbés studied by several
researchers for nanoelectronics (Bratial, 1998), development of antitumor drugs
(Takusagawat al, 2001) and tracing biological activities. In retgaars, rhodium
complexes have attracted in the interaction of dergs with biomolecules, for
example, the binding effect of the antitumor compteodium(ll) acetate
[Rhy(O,CCHg)4] to the plasmid DNA has been studied under deffiemolar ratio of
[Rh(O,CCHs)4] compound to base pair of DNA and reaction timiee Structure of
[Rh(O,CCHg)4] is shown in Figure 2.



Figure 2 Structure of [RE(O.CCH)4], L, axial ligand; R, carbon chain of
carboxylate groups; R = -GHrhodium(ll) acetate.

Source: Rahmaret al (2007)

For the organometallic compounds, carbonyl hydrates carbonylate anions
are obtained by reducing neutral carbonyls andiditeon to mononuclear metal
anions, anionic species of very high nuclearityehbgen obtained, often by
thermolysis. These are especially numerous foritdmeénd in certain R, Rh, and
Rhys anions have structures conveniently visualizeaeeias polyhedra encapsulating
further metal atoms, or alternatively as arraymefal atoms forming portions of
hexagonal close packed or body centred cubic éattstabilized by CO ligands.
[RhisH3(COY4)* (Figure 3a) is typical.

The incorporation of interstitial or encapsulatetenoatoms is a common and
stabilizing feature. Carbon is the most commonraag originate from the solvent or
from cleavage of a CO ligand. The carbido C conteb 4 electrons to the cluster
bonding and in the 90-electron speciesdRICO)s]* features trigonal prismatic
coordination of Rgabout the central C (Figure 3b). Even more corapdid
structures are found for the large rhodium clustergaining 2 carbido C atoms:
[Rh12(C)2(CO)s) (Figure 3c); the cluster also has 14 pendantitah€O groups, 10
H-CO groups and ongs-CO. In contrast, [Rf3(C)(CO)g” has individual 6-
coordinate (octahedral) carbide C atoms symmelyipghced on each side of a
central rhodium which itself has 12 rhodium nearesghbours in addition to the 2 C

atoms. Again, the approach to metal structurestiabie and is one of the main



interests in constructing large clusters and sagltteir chemicals and catalytic

activities. The structures of compounds mentior®al/a are shown in Figure 3.

(@) (b)

Figure 3 Schematic representations of the metal coresroe<clusters;
(a) [RhsH3(CO)q™ , (b) [RRC(CO)s* and (c) [RhA(C)2(COes.

Source: Martinengoet al (1992)

H, P, As, S have also been encapsulated in iofsasif Rhs(H)3(CO)4?,
[Rho(P)(CO}1]*, [RhoAS(CO)s* and [Rh#(S)(CO)2]*. More recently N has been
encapsulated in [RE(N)2(CO)5]* and [Rhs(N)s(CO)g>. The latter is the largest
rhodium cluster so far characterized. It consi$@mirregular polyhedron of 21
rhodium atoms encapsulating a pair of particulalbge (257.1 pm) rhodium atoms as
well as 4 N atoms each of which is located in aisertahedral site.

Rhodocene, [Riyf-CsHs)2], is also known but is unstable to oxidation aad h
a tendency to form dimeric species. However, thi®werhodicenium cations are
certainly known and are entirely analogous to thigatticenium cation in their

resistance to oxidation and susceptibility to naplalic attack.
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6. Platinum

Platinumwas discovered by pre-Columbian South Americanstakeh to
Europe about 1750. Platinum is a metallic eleméata@mic number 78 and atomic
weight 195.08. It is found the widest applicatiaredo its several properties.
Platinum is a lustrous, silvery-white, malleablel aluctile metal. It is unaffected by
air and water, and will only dissolve in aqua re@i&l/HNO3) and molten alkali.
Platinum is used in jewellery, anti-cancer drugdalysts and catalytic convertors.

The properties of platinum are shown in Table 2.

The production methods of platinum are used byatteznative solvent
extraction processes and ion exchange techniquaseasly shown in Figure 1.

7. Properties of the platinum

Platinum is silvery-white and lustrous, and is bothlleable and ductile. It is
also readily obtained in finely divided forms whiafe catalytically very active.
Platinum blacks a velvety-black powder obtained by adding ethéma solution of
PtChL in aqueous KOH and warming. Another property atipum which has led to
numerous laboratory applications is its coefficiehéxpansion which is virtually the
same as that of soda glass into which it can tbezdde fused to give a permanent
seal. Like rhodium and iridium, platinum has the $tructure predicted by band

theory calculations for elements with nearly filleédhells (Emsley, 1998).

The maximum oxidation state of platinum is +6 iRd2tnd has no oxidation
state below zero. For platinum, however, both +@ & are prolific and form a vital
part of early as well as more recent coordinatieenaistry. Platinum exhibits a strong
preference for the square planar geometry. Theikimertness of platinum(ll)
complexes has led to their extensive use in stuafigeometrical isomerism and
reaction mechanisms. In the divalent state, platishows the class-b characteristic
of preferring CNand ligands with nitrogen or heavy donor atomseathan oxygen
or fluorine. Platinum(IV) by contrast is more ngaglass-a in character and is
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frequently reduced to platinum(ll) by Bad As-donor ligands. The organometallic

chemistry of these metals is rich and varied, &adl involving unsaturated

hydrocarbons is the most familiar of its type.

Table 2 Some properties of an elemental of platinum

Properties Value
Atomic symbol Pt

Atomic number 78
Atomic weight/g mof 195.078
Electronic configuration [Xe] 4f°5d%s"
Density(20°C)/g cni 21.45
Melting point/°C 1,769
Boiling point/°C 4,170
AHzd kJ mot* 19.7(+2.1)
AHya kJ mol* 469(+25)
AH; (monoatomic gas)/ kJ nidl 545(+21)
Electronegativity (Pauling Scale) 2.2
Electrical resistivity (20°C)/2 cm 9.85
Metal radius (12-coordinate)/pm 138.5
Effective ionic radius

(6-coordinate)/pm

\% 57

v 62.5

Il 80

Source: Greenwood (1997)
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8. Compounds of platinum

Platinum forms only one reasonably well-charactstiaxide PtQ although
the existence of many others has been made. Thie stade of platinum is found,
instead, in the higher oxidation state. Platinum foem a mono and a di-sulfide.
Black Pt$ is obtained when §$ is passed through aqueous solution of platinuin(lVv
and green PtS are best obtained by heating,M@ICO; and S. The only hexa- and
penta-halides are the dark-red £aRd [Ptks], which are both obtained by controlled
heating of Pt andZ=It is one of the strongest oxidizing agents knpexidizing both
O, (to @, [PtR]). Platinum alone forms all 4 tetrahalides andehesry in color.

The diamagnetic “trichloride” and “tribromide” ofgiinum contain platinum(ll) and
platinum(IV) and the triiodide probably does alBtatinum dichlorides are less well-

known.

9. Complexes of platinum

Apart from the few platinum(VI) and platinum(V) thoo and oxofluoro
compounds, there is no chemistry in oxidation stateove +4. Platinum(ll) and
platinum(lV) are both thermodynamically stable &ntktically inert. The oxidation
state +4 @°), K,PtCl is commercially the most common compound of platirand
H,[PtClg](aq), the brownish-red chloroplatinic acid, is tieual starting material in
platinum(IV) chemistry. It is prepared by dissolyiplatinum metal sponge in aqua
regia, followed by one or more evaporations witdreghloric acid. A route to
chemistry is also provided by precipitation of #paringly soluble KPtCJs followed
by its reduction with hydrazine to,RtC1,. The chloroammines were extensively
used by Werner and other early coordination chenmstheir studies on the nature of
the coordinate bond in general and on the octahgdoametry of platinum(1V). In
particular, O-donor ligands such as OH- and acetgtone also coordinate to
platinum(lV), but S- and Se-, and more especiallgriRi As-donor ligands, tend to

reduce it to platinum(ll).
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The oxidation state +2), their complexes are diamagnetic and planar. Not
many complexes are formed with O-donor ligandsabtibe few that are,
[Pt(H,0)4]?" ions, and the polymeric anhydrous acetates Jet@),]4 is the most
important. Approximately square planar [Pt(§§*” anions containing the unusual
unidentate nitrato ion are also known. Fluoro cares are even less prevalent, the
preference of these cations being for the othadésl cyanide, Nand heavy atom-
donor ligands. The complexes [R}X (X = C1, Br, I, SCN, CN) are all easily
obtained and may be crystallized as salts ofNi&hd the alkali metals. Aqueous
solutions of red [PtC]* are common starting materials for the preparatioother
platinum(ll) complexes by successive substitutibthe chloride ligands. In both
[Pt(SCN)]* complexes the ligands bond through theircceptor (S) ends, though in
the presence of strongefacceptor ligands such as £&hd AsR, they tend to bond
through their Nends.

Complexes with ammonia and amines are among thtecbmplexes of
platinum to be prepared and interest in them. Kanwple, the colorless [Pt(N}d]
C1,-H,O can be obtained by adding dltd an aqueous solution of PtCMany
substitution reactions are possible with these aramilt is noticed that when there
are alternative positions at which an incomingrigianight effect a substitution; the
position chosen depends not so much on the suirsgitor substituted ligand as on
the nature of the liganmansto that position. This became known as ttiaris
effect” and has had a considerable influence osyhthetic coordination chemistry
of platinum(ll). In 1969 B.Rosenberg and co-workeiscovered the anti-tumour
activity of cis-[PtClx(NHs),] (cisplatin). Binding of cisplatin to DNA appear&abe
the central feature of the action and, sinceithies-isomer is inactive, it was evident
that chelation (or at least coordination to dortones in close proximity) is an

essential part of the activity.

Stable complexes of platinum(ll) are formed withagiety of S-donor ligands
which includes the inorganic sulfite (§Q and thiosulfate (£5°). The essentially
class-b character of platinum(ll) is further inded by the ready formation of
complexes with phosphines and arsines. [P{{PR] and the arsine analogues are
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particularly well known. Zero dipole moment indieatthat platinum complexes may
be eithercisor trans the latter being much more soluble and havingelomelting

points.

10. Organometallic compounds of platinum

Platinum has played major roles in the developméntganometallic
chemistry. The first compound containing an unsdaéd hydrocarbon attached to a
metal was [Pt(gH,)Cl,]> and platinum methyls were among the first-knovamsition

metal alkyls.

Forc-bonded compounds, platinum have been known shrecbeginning of
this century and commonly involve the stable (P§Mgoup; and compounds of the
divalent metals. In the platinum(ll) compounds thetal is always octahedrally
coordinated and this is frequently achieved inreggng ways. Moreover,
platinum(ll) are among the most stablonded organo-transition metal compounds.

On the basis of the 18-electron rule, ¢fig configuration is expected to lead
to carbonyls of formula [M(CQ) and this is found for nickel. On the other hand,
carbonyl complex of platinum is not stable. It neyadded that the introduction of
halides (which are-bonded) can reverse the situation: the colorle§BtX3(CO)J
are quite stable. Reductions of [PgZ1lin an atmosphere of CO provide a series of
clusters, [P{CO)].Z (n = 1-6, 10) consisting of stacks of Rtangles in slightly
twisted columns; Pt-Pt = 266 pm in triangles, 308-pm between triangular planes.
A feature of these and other platinum clusterbas they mostly have electron counts

lower than predicted by the usual electron countirigs (Hacet al.,, 1995).

The cyclopentadienyls of platinum are less stdida those of nickel, and
while the heavier pair of metals form some monomyehtadienyl complexes, neither
forms a metallocene. Alkene and alkyne complexesmportant not only for their
parts in stimulating the development of bondingtlgebut also for their catalytic
roles in some important industrial processes (Atbeatral, 1994). These are of the
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forms [PtC3AIK] ", [PtCLAIK] » and [PtC32Alk,] which provide the most stable
compound of this type. They are generally prepasetteating a platinum(ll) salt
with the hydrocarbon when a less strongly bondedneis displaced. A common
property of coordinated alkenes is their suscdjités to attack by nucleophiles such

as OH, OMe, MeCGQ, and Cl.

11. Thiazolylazo dyes

Thiazolylazo dyes are organic compounds easilygyezl by the diazotization
of 2-aminothiazole and its derivatives. The intediagy diazotate form is highly
reactive that it has to be coupled with aromatlzstances in acidic solutions at low

temperature (-5C) to yield thiazolylazo dyes.

General appearances of thiazolylazo dyes arevi@dt or brownish colors in
their crystalline states. Most of these compoumesaly partly soluble or water
insoluble. Nevertheless, their solubility can beréased by the addition of organic
solvents such as chloroform, methanol, ethanohldiomethane, dimethylformamide,
tetrahydrofuran and acetone. The general struofuteazolylazo dyes is shown in

Figure 4.

Azo dyes comprise the largest group of organiceetigsed in
spectrophotometric analysis. They are found inreetyaof industrial applications
because of their color fastness. These dyes araatbazed by chromophoric azo
group (-N=N-) offering a wide range spectrum oforsl They also used for coloring
consumer goods such as leathers, clothes, fogds,giastics and cosmetics
(Ahlstrom, 2005).
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Figure 4 General structure of thiazolylazo dyes. G mayib®H, NH,, SG;H,
halogen atoms or other groups.

Source:Lemos (2007)

Thiazolylazo dyes are sensitive chromogenic reagardaddition to being
interesting complexing agents, and have been iseshgents for spectrophotometry,
solid phase extraction (Saeed, 2005) and liquidrolatography (Chen, 2005). The
application in spectrophotometry is based on tha@ed compounds resulting from
their reactions with most metals, especially saraesition metals, usually stable
chelate complexes are produced. They have beerogadpin separation procedures,
because of their limited solubilities in aqueousisons but greater in organic solvents.
Some of them have also proved to be particulagyuligs indicators in

complexometric titrations.

The thiazolylazo dye derivatives chosen in thiskname 2-(2'-thiazolylazo)-5-
aminoanisoleg-amino TAA) and 4-(2'-thiazolylazo)-3-aminoanis@teamino TAA)
which are structural isomers as showirigure 5. Foilo-amino TAA, it is the new
thiazolylazo compound that has been synthesizedtamied in this work. Due to the
platinum group metal relationship of rhodium(lindaplatinum(lV) with
palladium(ll), p-amino TAA ando-amino TAA might act as a complexing agent with
rhodium(lll) and platinum(IV).
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Figure 5 The structures of
(a) 2-(2'-thiazolylazo)-5-aminoanisole-amino TAA) and
(b) 4-(2'-thiazolylazo)-3-aminoanisole-eamino TAA).

For the application, calf thymus DNA solution wasgared from DNA
sodium salt from calf thymus. After that, the pyiaf DNA was studied by
A260/A280 method (Warburg, 194@hd then DNA binding properties with the
rhodium (1) complexes were investigated by expemtal and theoretical study to
calculate the energies and optimize the structiresicleobases with rhodium(lll)-

(p-amino TAA) complex.

12. Complexation and stability constant

The complex formation betwegramino TAA ando-amino TAA with
rhodium(lll) and platinum(1V) are determined by nigicontinuous variation method
and mole ratio method for studying the ratio of ahein andp-amino TAA and
o-amino TAA in complex. The quantum chemical caltiolais used to calculate the
energy of complex formation between rhodium(llifgmamino TAA for predicting

the molecular geometry of the complex. Then, thesjide structure and stability
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constant of complex is studied. The determinatiostability constant was performed
by Benesi-Hildebrand’s equation (Benesi, 1949) withtinuous variation method
(Connors, 1987).

12.1 Stability constant by Benesi-Hildebrand’s equation
12.1.1 The stoichiometric ratio between metal agahids is 1:2

The determination of equilibrium constant, K, thenBsi-

Hildebrand’s equation was applied from equilibrivsaction of complex.

K

E— .

M+2L ~=— MLy  ----- (1)

The equilibrium constant for the above reactiodaned by the equation

- [ML 5]
(MFML DIL-ME )2 7 )2

Where [MLy] is molar concentration of the complex, [M]-[MILis molar
concentration of free metal ion and [L]-[M]Lis molar concentration of free ligand.

From Beer’s law, the true molar extinction coe#iai, g,, of the complex at

the wavelength of maximum absorption will then beeg by the equation

_A A
%= e T MLgb
A
ML =—— ©
&b

In this reaction, ligand is added in excess. Thegef[L] is much more than
[ML 5]. The [ML;] can be eliminated and the equation (2) can beaeged and

obtained as the relationship;
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[ML 5]
K S(MI-ML 2D([L]-[MK 2)*

Aleb
(IM]-A/ eb)(L)?

K=

A
eb[M][L] *-[L] “A

A = eB{M][L] * - K[L]?A
KO[M][L] 2= A +K[L]?A

KO[M][L] *= A(L + K[L]?)

Mb 1 1
A kew® e T @

The equation (4) is “Benesi-Hildebrand’s equatiaiich is in the form of the
linear equation, y = mx + c.

12.1.2 The stoichiometric ratio between metal agahld is 1:1

The determination of equilibrium constant, K, thenBsi-
Hildebrand’s equation was applied from equilibrivsaction of complex.

The equilibrium constant for the above reactiodaned by the equation

_ [ML] .
K ML ML) 8)(
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Where [ML] is molar concentration of the compleM]{[ML] is molar
concentration of free metal ion and [L]-[ML] is namlconcentration of free ligand.
From Beer’s law, the true molar extinction coe#iti, ¢, of the complex at

the wavelength of maximum absorption will then beeg by the equation

_A_ A
“% b ML
A
M= — e 71
gb

In this reaction, ligand is added in excess. Tlweeef[L] is much more than
[ML]. The [ML] can be eliminated and the equatid@) ¢an be rearranged and
obtained as the relationship;

[ML]
K= (M-ML])([L-MK)

Aleb
(IM]-A/ eb)[L]

K =

A
eb[M][L]-[L]A

A = eBM][L] — K[L]A
K[M][L] = A+ K[LJA

BO[M][L] = A(1 + K[L])

[M]b 1 1

A kg & —{8)

The equation (8) is “Benesi-Hildebrand’s equatiaiich is in the form of the

linear equation, y = mx + c.
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For the experiment, the concentration of rhodiuéhd platinum(lV) are
fixed while the concentrations of ligands are v@dri€he equilibrium constant is

obtained from the slope of the plotted between fvghd 1/[L] or between [M]/A and
1/[L].

12.2 Stability constant by continuous variation method

Another method for the determination of equilibrigonstant is
obtained from continuous variation method by usggation (2), where [M] and [L]
are initial concentration of free metal ion ancefligand, respectively. [ML] is
equilibrium concentration of the optimum ratio aiheplex solution from continuous
variation method which observed from equation {8l extinction coefficient can

obtained from linear calibration curve of completuion.
12.2.1 The stoichiometric ratio between metal agahids is 1:2

Igtab

M + 2L - ML, ------ 9)

[ML 2]
[M][L] 2

I‘<stab

(= [M] + [ML ]

[M]=@-[MLs] = Cu - 2= G when M= 2 G,

AeX Aex
U=G-ML] =G -2 G whenMy= 2 g
Aex Aex
MI-LZ]ex = Gu

Aex = eb[ML7Jex = €bCy
A = eb[ML,]



A = eb[ML]
Aex ebCy
[ML7] = A g
Aex
A
— Aex G
stho = 5
A_(Cu-2-Cu)(CL-Cu)
Aex Aex
A
SO, stlﬁ): Aex """ (10)
A (1-A)CL-Cu)
Aex Aex

12.2.2 The stoichiometric ratio between metal agahld is 1:1

I'gtab

[ML]
Kstab = [M][L]

¢ = [M] +[ML]

M = €-[ML] = Cu- 2 G whenMU= 2 g

Aex Acx
L=6MJ =c-A G whenMU= 2 ¢
Acy Aex
[ML]ex = Gu
Aex = €b[ML] ex = €bCy

22



23

A = eb[ML]
A eb[ML]
Aex  €bCy
My = A,
Acx
A
_ Aex G
st = A y
— (Cu ——Cw)(CL - Gu)
Aex Aex
A
So, st = Aex - (12)
2 @A) c-G
AeX AeX

13. Quantum chemical calculation

The computational calculation has a potential noldhe molecular modeling
development. Molecular structure can be createddrvirtual model on computer by
bonding the elements into 3-dimension structure fAkrmodynamic parameters and

some physical properties can be calculated.

Ab initio was used as quantum chemistry method. This meftiichtes that
the calculation is from first principles and that@mpirical data is used. Each type of
methods has several classes of electronic strucalicalation. Density functional
theory (DFT) is a quantum mechanical theory usqghiysics and chemistry to
investigate the electronic structure of many-boghteams, in particular atoms,
molecules and the condensed phases. DFT is amemgdst popular and versatile
methods available in condensed matter physics, atatipnal physics, and
computational chemistry. This theory uses the tpaameter compound functions of
Becke (B3LYP (Lee-Yang-Parr) correlation functiores a hybrid functional with
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the 6-31G* basis set for all atoms except metahaaod electron core potential of
SDD which is mixed basis set for metal was usechtoulate the energies of

complexes betwegmamino TAA and rhodium(lll).

14. Calf thymus DNA (CT-DNA)

Calf thymus DNA is a deoxyribonucleotide polymeattrs the primary
genetic material of all cells. Eukaryotic and pngkdic organisms normally contain
DNA in a double-stranded state, yet several immbidéological processes transiently
involve single-stranded regions. Calf thymus DNAall/ used for a number of
purposes, such as a substrate for DNA-modifyinyees, in DNA-binding assays,
as carrier DNA and a blocking agent in hybridizatsmlutions (Sun, 2008). Calf
thymus DNA has been used in many DNA researchesadodatories probably

because it is available in large quantities, stédnléong time and easy to handle.

Calf thymus nuclei are extracted from calf thymablscby chopping up calf
thymus tissue in a blender with a buffer contairangild detergent to break the
plasma membrane of the cells. The resulting mixttebe centrifuged in order to
separate the large dense nuclei from organellagnfents of membranes and soluble
components. The centrifugal force developed théentw collect at the bottom of the
tube. Next, DNA will be liberated from the proteifoaind in chromatin. These
nucleoprotein complexes will be dissociated usimigi@rgent (sodium dodecyl
sulfate) and the DNA will be precipitated in therfoof long fibers using alcohol. In
the presence of alcohol, DNA molecules precipigstéong fibers, whereas

contaminating RNA molecules and proteins precipite finer particles.
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OBJECTIVES

There are four main objectives for this work.

1. To synthesize and characterize the ligands of 2Rjazolylazo)-5-
aminoanisoleg-amino TAA) and4-(2’-thiazolylazo)-3-aminoanisole
(o-amino TAA).

2. To study the formation of rhodium(lll) and platin(iiv)) complexes with
p-amino TAA ando-amino TAA.

3. To characterize the structures of the ligands amdptexes by experimental
methods and theoretical study via the calculatiostabilization energy of
rhodium(lll)-(p-amino TAA) complex.

4. To study the possibility in binding betweendhon(lll)-(p-amino TAA)
and rhodium(lll)-6-amino TAA) complexes and calf thymus DNA.
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LITERATURE REVIEW

The reviews studied the previous researches ahesis of thiazolylazo dyes
and their complex formations with various metalsday several methods. The acid
dissociation constants of organic compounds werdied to determine the
dissociation constants of thiazolylazo dyes. Quanthemical calculations of metal
complexes including application in studying theshatction of their complexes with

DNA are also reviewed.

1. Synthesis thiazolylazo dyes

Thiazolyl azo dyes have known and have been widsdygl in many analytical
procedures for years. The main applications ofztilidazo dyes in chemical
operations include spectrophotometry, solid phasaetion, liquid chromatography,
electrochemistry and liquid and cloud point exti@tt The reviews have been
focused on synthesis, characterization and appicatf new thiazolyl azo dyes in the

pass 10 years.

Fan and Zhu (1998) synthesized three new thisaodythromogenic reagents
of the benzoic acid 2-[2-(6-methylbenzothiazoly§krs-(N-ethyl-N-carboxylmethyl)
aminobenzoic acid (6-Me-BTAECB), 2-[2-(6-methylbettaazolyl)azo]-5-N-
methyl-N sulfomethyl) aminobenzoic acid (6-Me-BTAMSB) andi22(6-methyl
benzothiazolyl)azo]-5N-ethyl-N-sulfomethyl)aminobenzoic acid (6-Me-BTAESB).
These compounds were synthesized by diazotizat@rling with3-(N-ethyl-N-
carboxylmethyl)aminobenzoic acid. For the applmatithese compounds were
applied to the determination of nickel in aluminafioy certified reference materials
and alloy steel certified reference materials. fdsilts showed that 6-Me-BTAECB

was one of the most sensitive reagents for themeatation of nickel.

Matsuiet al.(1998) synthesized bathochromic thiazolylazo having
hydroxyethyl group(s) in a molecule. These compsundre prepared by

diazotization of 2-amino-5-chlorothiazole-4-carledigide, coupling with anilines
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which had different functional groups on nitrogéona and then the mixture was
refluxed with 3-cyano-6-hydroxy-2-pyridones for 8nutes. All the compounds
were studied in physical properties, absorptiocpdgosition temperatures and
solubility. The films of these compounds were pregaand measured the relaxation
behavior. The results indicated that tris(2-hydetkyl) derivatives gave the best

relaxation behavior.

Georgiadou and Tsatsaroni (2001) synthesized aacterized four disperse
dyes of amino-substituted thiazole and thiophendiagotization of the heterocyclic
amines followed by coupling witN-2-hydroxyethyl-1-naphthylamine. Diazo liquors
of these compounds were slowly added into a saluwdantainingN-2-hydroxyethyl-
1-naphthylamine in a mixture of sulfuric acid, hgdnloric acid, or acetic acid-
phosphoric acid (7:1), sulfamic acid and surfact@ihe crude product was purified by
recrystallization from ethanol which gave a solidlet to greenish-blue of azo dyes.
The results from absorption spectra of benzoisetiéaand thiophene systems
showed the significant bathochromic shifts compaoettheir phenyl analogues.

Maradiya and Patel (2001) synthesized a seriesspetse dyes from 5-acetyl-
2-amino-4-methylthiazole using various substitutedlkyl-N-(2-hydroxyethyl)
aniline derivatives as coupling components. Thetrea took place readily on adding
the diazonium salt to the solution of coupling caments in acetic acid at 0. The
purity of all the dyes were checked by TLC usinghmeaol/ water/ acetic acid (12:3:7
v/v) as the solvent system and silica chromatogragbédies as the absorbent. The
results from the absorption spectra indicatedtti@introduction of electron donating
or electron withdrawing groups at suitable posgiamthe coupled ring affected the
absorption characteristics of the dyes. The inttramectra of dyes showed that bands
at 820-830 crif and 1515-1520 crhcorresponded tpara disubstituted ring and azo
group stretching, respectively.

Georgiadou and Tsatsaroni (2002) synthesized rabyte greenish-blue azo
dyes by diazotization of heterocyclic amines, cowypWith N,N-di-B-hydroxyethyl
aniline and\,N-di-B-acetoxyethylaniline to study the effect of suhsrits in the
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diazo component on the color shifts in these dyeld\W-Vis spectroscopy. The
results showed that dyes derived from 2-methoxgdiydaminoN,N-di-B-acetoxy
ethylaniline had absorption maxima at longer wawvgiles than those of dyes derived
from 3-acetylamindN,N-di-p hydroxyethyl aniline. This result was caused bgato
methoxy substituent in the coupling component asiyhich resulting in

bathochromic shifts of these dyes.

Karet ancErtan (2002) synthesized hetarylazopyrazolone dyes
diazotization of five heterocyclic amines usingostyl sulphuric acid, coupling with
3-methyl-1-(3",5 -dipiperidino-s-triazinyl)-5-pyralone. The infrared spectra of all
the compounds showed carbonyl bands at 16511739 e visible absorption
spectra of dyes showed the dyes spectra which dedesn the types of solvents. The
results indicated that the hetarylazopyrazolonésex in the tautomeric form in
chloroform and acetonitrile, in the anion form iMB and DMSO and in a partly
dissociated form in methanol and acetic acid. Thdiss of substituent effects
indicated that the electron-donor methyl and megrgmoups stabilized the excited
state of the neutral form of the dyes whereas tifoeg electron-accepting nitro group

stabilized the excited state of the common aniomfof the dyes.

Wanget al. (2003)prepared bis(hetaryl)azo dyes by diazotization of
hetarylamine and coupling with heteroaromatic coomais. The compounds were
characterized by UV-Vis spectroscopy. Thermo graria differential thermal
analysis (TG-DTA) which used to study the therntabagity of azo dyes showed an
endothermic peak corresponding to melting a’@&ind then decomposed with
exothermic peaks at 253 and 820respectively. From the investigation, compounds
having high melting point also have high decompmsitemperature (. The
photostability study showed that the highly elestvathdrawing nature of the
substituent gave the less stable of the dyes uddearradiation.

Karet ancErtan (2005) synthesized some novel hetarylazocaordges by
diazotization of nine heterocyclic amines usingasyl sulphuric acid, coupling with
4-hydroxy-H-1-benzopyran-2-one (4-hydroxycoumarin). These dy@®
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characterized by UV-Vis, FT-IR artéh NMR spectroscopic techniques and elemental
analysis. The infrared spectra of all the compoisidsved intense carbonyl bands at
1766-1678 cnf and broad hydroxy bands at 3536-3500'cthcan be suggested that
these compounds existed as the azo-enol form i siaite. ThéH NMR spectra
measured in DMSO showed that the dyes existech@gtare of several tautomeric
forms in DMSO. The results from the study of solveifiects indicated that the

hetarylazocoumarins existed in a dissociated stateethanol, DMSO and DMF.

Renet al. (2005) synthesized two new fluorinated chromops@a@ntaining
amino groups; 2,4-diamino-fluoro-3-nitroazobenzene (2R-4F-3N-DIAMINE) and
2,4-diamino-2fluoro-5-nitroazobenzene (2R-2F-5N-DIAMINE), and a non-
fluorinated analogue; 2,4-diaminé+3itroazobenzene (2R-3N-DIAMINE) as shown
in Figure 6. Chromophores were synthesized thraligiotization and coupling with
1,3-phenylenediamine and were characterizetHb)MR, ESI and elemental
analysis. The theoretical calculations showedfthatine in different positions in the
structure could significantly influence the absaort@because the position of fluorine
group affected the energy levels of the chromophdrbe results from the
decomposition temperatures study showed that tleeiflated chromophores had a
higher thermal decomposition temperature than haorihated analogues, possibly
the presence of fluorine.

O,N

N NH,

Figure 6 The structure of fluoronitroaryl azo diaminobemzehromophores and

non-fluorinated analogue.
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Lui et al. (2007) synthesized the new azo-phophyrins, in vthe
azonaphthalene was jpara position of the tetraphynylporphyrin and they were
tri- and tetra- substituted. The compounds weréhggized by diazotization of
amino-porphyrins and coupling with naphthol or riagtamine. The azo-porphyrin
dyes were characterized by FT-fiR, NMR, ESI-MS and UV-Vis spectroscopic
techniques. The IR spectra of chromophores showesbit band within the range
3483-3395 cri corresponding too anduny of each compound which
corresponding to the intramolecular hydrogen bogdtincompounds. The
fluorescence peak intensity decreased significanttile order of di-, tri- and tetra-
azo group substituted compounds. These resultsated] that substantial amount of
electron transfer occurred from the azonaphthaigaep to the porphyrin
chromophore in the excited state. Owing to fluoeese quenching, they were

potentially capable of molecular sensing or swiighapplications.
2. The acid dissociation constants

Perigic-Janjicet al.(1973) studied the acid dissociation of arsenaiO,,
structure as shown in Figure 7, and reaction dhiamum with this reagent. Arsenazo-
p-NOs- in slightly acidic solution (from 1N to pH 6) hath absorption spectrum with a
maximum at 545 nm. Upon the increasing the pH filotm 6, dissociation of sulfo
and arsono groups occured, but the absorptionrspedf the reagent remained
unchanged. With further pH increase, dissociatio®td groups from the naphthalene
ring took place and effected to the absorption spet The result showed that the
maximum absorption at pH 8 was shifted toward lowgavelength (580 nm). This
can be attributed to the dissociation of the fdkt group of the naphthalene ring. The
dissociation constanK() can be calculated by the relatio®,p= pH-log (R)/(HR)
when (R) and (HR) were the concentration of reagent inciamd neutral forms,
respectively. The result showed th#t,f arsenaz@-NO, was 7.40. The reaction of
lanthanum with this reagent was studied accordirgeter’'s law. The results showed
that Beer’s law was valid from 5 to n@ of lanthanum per 25 ml. The molar

absorptivity calculated from Beer’s law was 6.20%. 1Al these indicated that
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arsenaz@-NO, was very sensitive reagent for spectrophotomdgtermination of

lanthanum.

ASO3H2 N02
OH OH
N N
— S
NZ Y
HO5S SGO;H

Figure 7 The structure of arsenapeNO,.

Ertan and Gurkan (1997) synthesized azo pyridges dy the coupling of 3-
cyano-6 -hydroxy-4-methyl 2 (IH) pyridone with d@zedpara andmetasubstituted
anilines. The acid dissociation constants of thesdyere determined by measuring
the pH and the absorbance by spectrophotometthaitgee of the dyes in either the
ionic medium or 80% (v/v) ethanol as a blank. Thiegh the sample solutions were
increased by addition of small volume of conceetitatarbonate-free potassium
hydroxide. The value of theKg was calculated from the data and using the equatio
pKa = pH + log(Aq - A)/(Ai - Ap). The absorption spectra showed two maxima in the
ranges of 416-430 nm and 445-494 nm for the anianécmolecular species,
respectively. As the pH value of the solution irased, the height of the former band
increased and the latter band decreased. Spectnaleel at different pH values in
each case showed an isosbestic point. This indich two species were in
equilibrium. The ,values of the dyes were found to be within the eanig6.98-
8.57.

Mitchell et al. (1998) studied the acid dissociation constarits)(pf multi-
protic histamine kreceptor, namely icotidine (SK&F 93319), lupitidi{SK&F
93479) and SK&F 93944 by a multiwavelength spedtodpmetric (WApH) titration
method over the pH range of 2—-10. The result shahatthe K, values as
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determined using the WApH method were in agreeméhtthose obtained from the
pH-metric titration. Spectral data was recordetharegion of 210-350 nm and
calculated by the SPOIL function. The concentrati@s related to the operational

pH reading by a multi-parametric equation. Theselts showed that the WApH
technique could determine thKjvalues in excellent agreement with those measured

using a conventional pH-metric method.

Ibrahimet al. (1999) studied the electronic spectra of 5-amir(a4lazo)-3-
methyl-1-phenylpyrazole derivatives in buffer sauas containing various organic
solvents with different polarities. The acetatefbusolutions were used to control the
pH and the spectra were measured in the waveleagge of 240-580 nm. The acid
dissociation constants were determined from theatrans of the absorbance with pH
by using three different methods namely, half-curegght, isobestic point and
limiting absorbance method. The results showedpKatalues decreased within an
increase of the organic cosolvent content. Thisaussto the high stability constants
of the free base by hydrogen bonding in pure agsi@oaomparison to that in the
presence of organic solvents. From the investigatite K, values increased
according to the following sequence DMF < acetonethanol < methanol,

respectively.

Bartaket al. (2000) studied the dissociation constant of 6-plminopurine
(BAP) by ultraviolet spectrometry. The relationpif, to absorbance was assigned as
pKa = pH — [ log(A-Asy)/(As-A)]+ logyBH. The equation of sigmoidal curve was
obtained by mathematical transformation in form
A Asn .\ Asn
141 (fPH-PKarlogBH) 1 4 4 (f PKa-pH-log;BH)

The neutral molecule of BAP exhibited the absorpband at 270 nm and
protonation of BAP shifted the maximum wavelengtl275 nm. The pH-absorbance
curve at 280 nm was used to obtain the sigmoidaiect he result from UV
spectrometry was corresponded with the result ftomputer fitting, so this method

was used as a standard procedure for the measinpkg values.
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Perez-Urquiza and Beltran (2001) studied the diasion constants of
sulfonated azo dyes by two different systems, Epiklectrophoresis (CE) and UV-
Vis absorption spectrophotometry. For CE methoel ellectrophoresis buffers were
used in the pH range between 5.6-12.0 and the ladosoe from 275-550 nm. Th&p
determination was based on the principle thatdked tonized form gave the highest
electrophoretic mobility, the total protonated fogawe the lowest mobility and in the
pH region of its ygave an intermediate mobility. The relationshipnalzstn
dissociation constant, pH and electrophoretic nitdslwas K, = - log [H'] - log(me-
my/mp-me) (Me = the electrophoretic mobility at the pH of thdfeuin the capillary
electrophoresis column,u the electrophoretic mobility of the fully ionidecid and
m,, = the electrophoretic mobility of the protonatpeéaes). The results from this
method were corresponding to the result form UV-8fiectrophotometric method.

So, it was possible to determine th€, palues by capillary electrophoresis.

Masoudet al.(2003) studied structures and chemical equilibfia-ocarboxy-
2-thiouracil ), 5,6-diphenyl-3-hydroxy-1,2,4-triazin@)( 1-phenyl-3-methyl-5-
pyrazolone 8) and 2-mercapto-4,6-dimethylpyrimidine hydrochtierid) by heating
a mixture of all solutions under reflux for 3 houwsll compounds which formed in a
solution of different pH were characterized by apson spectroscopy to explain the
mechanism of ionization of such compounds and &buate their dissociation
constants (). The Kawere obtained from the absorbance-pH curves byicgan
of the half height method, the modified limitingsaloption method and the colleter
method. The results from the half height methoda&tbthat the dissociation
constants ofX) were 4.7 and 7.72 were 4.3 and 7.63] was 8.1 and4) were 3.6
and 8.1 at 335 nm, respectively. Besides, the teefoim the modified limiting
absorption and the colleter methods also correggmbtalthe half height method.

Wojciechowskaet al. (2003) synthesized the azo compound by diazobtizati
and coupling of 8-amjno- naphthalene-2-sulfonidd€A-CA). The structure was
characterized by NMR, FT-IR, UV-Vis which compangith the spectra from
MM/PMS5 followed by ZINDO calculation method. Thedit dissociation constant of
the dye was also studied. The UV-Vis spectra shavedximum absorption at 470
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nm upon increasing of pH, the absorption band wédtes toward longer wavelength
at 534 nm. The isobestic point at 499 nm indicéitedcompound occurrence in two
forms at equilibrium. The first constant of dissdmn corresponding to the
equilibrium of the azo compound was determined. @52 10°. The results from
FT-IR can indicate the protonation in compound fritva shift of wavenumber in IR
spectra. The calculated structure of CA-CA showedrst good correlation between
their azo bond lengths and torsion angles andasesponded to the result from the

experiment.

Yazdanbakhsket al. (2007) synthesized a series of coumarin by diaabtn
of aniline and its derivatives, coupling with 4-inggy coumarin. The —OH group of
coumarin in synthesized dyes was confirmed by I&8p. The spectra also showed
typical lactone carbonyl group at 1732-1745%amd azo group (-N=N-) at 1470-
1508 cnt. The'H NMR spectra of the dyes, which have —Qjtoup on diazo
component showed the different chemical shifthéortho, metaandpara position
of the substituentH NMR spectra were also exhibited a broad signat id.2-14.4
ppm, indicating a NH proton resonance of the hyainaZform. Electronic absorption
properties of the dyes were also studied. The teshbwed that introduction of an
electron donor substituent into diazo moiety pradulbathochromic shift, whereas
electron acceptor substituent produced hypsochremit The acid dissociation
constants (i) were determined by the spectrophotometric taratnethod. In basic
solution, the spectra showed lower absorption vength which assigned to anionic
form. So, log (AHh—AI/A-A|,) at eactimaxagainst the pH of the solution were
plotted. From the intercept, th&pvalues of the dyes were determined. The results
showed that electron withdrawing groups could redhe electron density on the
aromatic rings resulting in the increasing 8§ palues. On the other hand, electron
donating groups such as —OEt and s€buld decrease the acidic character resulting

in the decreasing of th&kpvalues.

Razuset al. (2009) synthesized azo-benzene derivatives, sutestiwith
(azulene-1-yl)-azo group and compared some pr@seofithese compounds with

those of the corresponding derivatives that coethionly phenyl and phenylene
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moieties. From the electronic spectra, the visitilsorption maximum was well
defined and had a high molar extinction coefficidrite substitution of azo-benzene
with phenylazo moiety had a small influence ondleztronic spectra. It was also
observed that there was the change in color welpth modification, so the acid
dissociation constant Kp) values of their conjugated acids were determiide. K,
values can be considered as equal to the pH vahaea the absorptions of the base
and conjugated acid of the dyes were 50% of theammax values of the bands. The
results showed that th&pvalues increased smoothly with the azulenyl alikyta

due to their inductive effects.

3. The complexes between transition metal ions and @zolylazo dyes

Lihong and Fulong (1996) synthesized 2-(2—-thiazag)-5-[(N,N-
dicarboxymethyl) amino] benzoic acid (TADCAB), thewly water-soluble reagent,
by introducing N,N-dicarboxymethyl)amino into the benzene ring. TADEWas
characterized by elemental analysis and spectrggecpniques. The acid
dissociation constantsaKand Ky, were 0.88 and 4.28, respectively. The complexes
between TADCAB and the 29 kinds of the metal iomsersynthesized and
characterized to study their color reactions. Tdwsilts showed that the sensitivities of
TADCARB reacting with copper(ll), nickel(ll), cob#lt), vanadium(V), and
palladium(ll) were relatively high. The reactionplladium with TADCAB was
further studied to determine the microamounts dadaim in Pt/Pd catalysts by the
dual-wavelength method. The results indicatedttiatmethod agreed well with the
data obtained by atomic absorption spectrophotgméth good results.

Nonoyama and Nakajima (1998) studied the intevaai 2-(2-pyridyl)
benzeo[b]furan (Hbpf), 1-(2-pyridyl)indole (Hpyihd 1-(2-pyrimidyl)indole (Hpmi)
with palladium(ll) acetate and trichlorobis(tributylphosphine)rhodium(lll). The
complexes were synthesized by keeping a mixtutkesfe ligands and Pd(OAdh
acetronitrile solution under reflux giving the prmd of [Pd(NQ)(L)(CH3CN)]

(L = bpf, pyi or pmi). The formation of NOwas unexpected and was assuumed to
result from the oxidation of €N catalyzed by metallic palladium produced during
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the reaction. Rhodium complexes were also syntbddiy mixing of these ligands
with RhCE(PBuws), (PBu; = tri-n-butylphosphine) in toluene solution to give
[RhCL(L)(PBws),]. These complexes were characterized by specipasotethods.
The IR spectra showed two strong bands which asdigy(Rh-Cl) indicatingcis
coordination of the two Cl donor atoms. The strueswof these complexes were

confirmed by X-ray analysis.

Alder et al. (1999) studied the reaction of Na[ME{{M=Pd or Pt) with the
azo-containing phosphines #1-(4-RGHjNy)-2-OR-CyoHs} (R=Me or NMe;
R'=C(O)Me) which afforded the complexiesgood yield. The complexes were
characterized by elemental analysis;, **C{*H}-, and **P{*H}-NMR spectroscopy
and UV-Vis spectroscopy. The complexes were ingattd in the Heck reaction, the
reaction between unsaturated halide and alkerteeipresence of catalysts. The
palladium complexes were used as the catalystwindupling reaction. The results
showed that the palladium complexes containingfamotionalised phosphines can
be prepared and were reasonably used as the ¢at@alythe Heck reaction.

Rauthet al. (2001) studied the reaction of 2-(arylazo)pyridit@ap) with
K2PtCl, which gave the product Pt(aap)Clhe addition of catechols to a solution of
Pt(aap)Cl yielded complexes with the formula Pt(aap)(cad} (e catecholate). The
complex of Pt(aap)Giwas prepared by mixing of,RtCl, with 2-(arylazo)pyridines
in CH3CN under reflux for 24 hours. Pt(aapy@las dissolved in CHglnd the
solution of catechol was slowly added followed bgthylamine under N The
absorption spectra of Pt(aap)(cat) complex wagwfft from their parent complexes.
The most significant difference of the spectra Wasnew band in near-IR region
which assigned as a ligand to ligand charge traifsteCT) transition. In catecholato
complexes Pt(aap)(cat), the NMR signals showed an upfield shift compared with
the parent compound Pt(aap)CThis might be attributed to charge transfer friw
catecholato group to platinum(ll) ion. The redorperties of the complexes were
also studied by cyclic voltammetry. Pt(aap)@ave two responses and Pt(aap)(cat)

gave four responses for redox processes at negadteatial. The two couples were
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due to the azo reduction and others due to theatigiul of catechol to be semiquinone

and quinone, respectively.

Kaim et al. (2003) studied the oxidative coupling of of 2-aopgrimidine
(abpy) with LiOCI to produce 2'zazobis(5-chloropyrimidine) (abcp) which increase
then- acceptor capacity of abpy ligand. The abcp ligaad characterized and the
results showed that abcp had a twisted conformatitime crystal, appproacing a
transconfiguration. The N=N double bonds had typicaghinl.246 A for
azoaromatics. The ligand abcp was reacted with teap to give |{-abcp)
[Cu(PPR)3]2}(PFs). The results from spectroscopy methods and stre@nalysis
showed the radical nature of the isolated dicoppetplex. The superior-accepting
capability of the abcp ligand was evident from shét to more positive in reductive
potentials of the ligand and its complex from oyesloltammetry. The complex of
abcp radical showed decrease and hypsochromidisiNfLCT features which
indicated the concept of stabilizetlorbital of abcp. The structure of complex was
also confirmed by DFT calculations on the radi@lan model which indicated that
the experiment could be supported by DFT calcutatié\ll these results indicated
that the metal complex fragments showed the steaccepting bis(chelate) of abcp
ligand.

Castroet al. (2004) studied the structure, stability and malasorptivity of
the complex between Algand 5,7-dihydroxy-flavonelf in methanol. The UV-Vis
spectrum of 1) was shifted to the higher frequency after formiognplex with AlC4.
The stoichiometry of the complex was performed lmyanratio and continuous
variation methods. The results showed the stoickidmcomposition of the complex
formed was 1:2. The stability constaKi] of the complex showed the high value of
Kc 4.55 x 13*. The structural properties of the complex weraited by the
guantum semi-empirical AM1 method. It was evidéwit the ligand sufferd some
structural changes when it reacted with AlGrom the quantum calculation, it was
obvious that the simultaneous increased of a bemgth and the charges of the
implied atom can increase the polarization of thedband dipole moment of the
complex molecule. This explained the higher dipntament of the complex than that
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of free ligand. From the results, it can be conetlithat two classes of metal-ligand
interactions were involved in the formation of twnplex, two covalent bonds
between the aluminum atom and the oxygen atomshgfiroxyl groups ofX) and
coulombic interactions between the aluminum atochtae carbonyl oxygen atoms of

the ligand.

El-Shazlyet al.(2004) prepared several ligands and complexes of
thiosemicarbazone derivatives with Ni(ll). Struesiof the ligands and their
complexes were characterized by elemental analysignetic moment, spectral and
thermal studies. Most of these ligands had mefiimigt below 245C. The thermal
decomposition of some ligands and complexes wex@aded at temperature of
30-1000C. The TG thermograms of complexes correspondétktexpulsion of
water of crystallization or coordination. The endgucts for most complexes were
NiS or NiO. The activation energies calculatedha TG thermograms of the ligands
and complexes were in the ranges 83.9-127.7 an®-4824.0 kJ mof, respectively.
The cyclic voltammogram of the complexes showed tteaNi(Il) compounds were
reduced and oxidized to form the Ni(l) and Ni(k)mpounds by the strong reducing
and oxidizing agents, respectively. The redox caipabf Ni'/Ni" andNi"/Ni" was
resulted from solvents, electrolyte solutions andcsures of ligands and complexes.

Abildgaardet al.(2006) synthesized and characterized the complaixes
platinum(ll), nickel(ll) and palladium(ll) with tleeo,o0-dihydroxydiarylazalyes.
5, 5"-dichloro-2, 2"-dihydroxyazobenzene (dhabias prepared by coupling and
reduction reaction. 2-(5-chloro-2-hydroxyphenylhgziv)-3-oxoN-phenylbutanamide
(hpabH) and 2-(5-chloro-2-hydroxyphenylazo)-2-naphthgdhH) were prepared
by diazotization followed with coupling reactionhdir complexes with platinum(ll),
nickel(ll) and palladium(Il) were synthesized byxmg the solutions and reflux for 1
hour. The structures of the complexes were confirneXRD, NMR ¢3C Chemical
Shift) and compared with the theoretical calculatiy ab initio method. The results
showed that the calculated structures and the legéelt*C chemical shifts
corresponded well to the X-ray structures and teasured®C chemical shifts in
solution showing that the structures were the santige solid and in solution.
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Senapotket al. (2006) studied the reaction between 2-(arylazajmgine
(aapm) which wer&l,N-chelating ligands with gPtCl, to give the product
Pt(appm)Cl. The reaction of Pt(appm)QNith C;HsNH, were also synthesized under
reflux for 4 hours to give Pt(aapM-CsHs)Cl. The arylamination of §HsNH, took
places at thertho position to azo group of aapm and formed platinrepmplex of
tridentateN,N',N"-chelating ligand. The structure of Pt(aaphtsHs)Cl is shown in
Figure 8. The FT-IR spectra showed the elongatfdd=iN azo of complex in
comparison to that of the free ligand aapm whick de to the electron donation of
ligand to platinum(ll) ion. The spectral data shdwiee low energy band in Pt(aapm-
N-Ce¢Hs5)Cl which was associated with HOM@LUMO charge transfer. From
'H NMR, a significant observation was that azo-grgtons in Pt(aapr\CgHs)Cl
were shifted to highfield relative to Pt(appm)Clhe structures of complexes were

also characterized by X-ray crystallography.

; t\/u
N\N e

Figure 8 The structure of Pt(aapm-Nsids)CI.

Chenet al. (2007) synthesized the azo dye using a diazo coso
((2-aminothiazole-4-yl) acetic acid) and a couplaagnponent (3-(N, N-
diethylamino) trifluoromethanesulfonanilide) andified by column
chromatography. The complexes of the azo dye vafper(ll) and nickel(ll) were
also synthesized. Their structures were confirmedlémental analysis, UV-Vis
spectroscopy, FT-IRH NMR and MALDI-MS. The results indicated that tmelar
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ratio of metal to ligand was 1:2. The thin filmsa@implexes were prepared on single
crystal silicon substrates by the spin-coating et he absorption spectra of the
metal-azo complexes thin films were compared wWithabsorption spectra of the azo
dye and a metal complex film, respectively. From differences and the shifts of

absorption spectra suggested that the complexefhadd.

Garza-Ortizet al. (2007) synthesized the new Au(lll) coordinatiompmund
with the ligand 2-(phenylazo)pyridine and chardzest by various techniques.
Dichlorido{2-(phenylazo)pyridine}gold(lll) chloridelihydrate, [Au(azpy)G]

CI2H,0 (abbreviatedAu-azpy: was synthesized by keeping the mixture solution
under reflux for 1 hour. The IR studies showeddhanges in spectrum alu-azpy
comparing to the free ligand and also showed tlagacheristic peak assigned to Au-
Cl bond at 352ci which was accordance with a chloride ion imaams position to

the nitrogen of the azo group as shown in Figureh@. electronic spectra showed that
the energy of the—nx* transition in a free azpy at 315 nm was lowentAa-azpyat
335 nm which was corresponding with coordinatioazjfy Cytotoxicity activities
were studied by using tumor cell lines and muriekk @heAu-azpyshowed high
cytotoxic activity in the human solid tumors, baoivier toxicity in leukemia cells. This

evidence indicated th&u-azpywas able to travel inside the cells.

B
N
N P =
Au
o \ N CI2H,0

Figure 9 The structure oAu-azpycompound.
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Mansouriandet al. (2007) prepared the cyclometalated rhodiumlll) pter,
[Rh(phpy«°N,C*)»(phen-dione)]PE where phpy®N, C* was pyridine-2-yl-2-
phenyl and phen-dione was 1,10-phenanthroline-®6ed respectively. The
complexes were characterized by elemental anali&isH NMR and electronic
absorption spectroscopies, cyclic voltammetry af@crystallography. The cyclic
voltammogram showed that two reversible reductimmptes of [Rh(phpyeN,C?),
(phen-dione)]PEwere assigned to the reduction of phen-dione liganghen-
semiquinonate and phen-diolate, respectively. leantlore, the mononuclear
[M(phpy-k®N, C?)»(N-N)]* series were also investigated which shown that the
reduction of the pyridine-2-yl-2-phenyl ligands koglace at the low potential energy.
These results indicated that the coordinating Nighinlds (phen or bpy) were much
easier to reduce than the orthometalated pyridige22phenyl ligand. Besides, the
crystal structure of [Rh(phpy2N,C?),(phen-dione)]Pgin acetonitrile showed that
the coordination geometry around the rhodium(li§sva distorted octahedron for the

three bidentate ligands.

Steyl (2007) synthesized the rhodium(l) complex@b(TropNMe)(CO)
(PPR)] (TropNMe = 2-(N-methylamino)tropone, £1lON) and [Rh(Trop)-(CO)
(PPh)]-acetone (Trop = Tropolone;s0,) and characterized by single-crystal X-ray
diffraction analysis. A distorted square planarrmgetry of the rhodium(l) metal center
was also studied and indicated that the changgeametrical parameters depending
on a methylamino moiety on the troponoid ring systkd not seem to affect the
coordination to the rhodium(l) center. Substitutafran oxygen atom with a methyl
functionalized nitrogen atom did not significandliyer the bond distances and angles
in the rhodium(l) complex. A theoretical study &LB'P/6-31G(d) (main group) and
LANL2DZ (Rh) level was presented to clarify theiddtate behavior of these
complexes. The calculated result confirmed thelanity of the structural between
Rh(TropNMe)(CO)(PP#)] and [Rh(Trop)-(CO)(PP{) acetone.

Szymczyket al. (2007) synthesized and characterized dye ligaodtaming
ortho-trifluoroacetamido or mesylamido groups in thezdi@omponents. The iron
complexes with azo dyes were also synthesizedrtgpace the acidity and metallizing
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properties with amrtho-OH group. The conversion of these dyes to thamnmexes
was conducted in DMFA® using Fe(lll) sulfate in the presence of NaOAlge T
molecular modeling studies using semi-empiricallrodtwith DFT calculations
showed that the electron density at N-22 was saanfly diminished by the electron-
withdrawing power of the GHmoiety which causing the inhibiting complex
formation. The calculated structure is shown iruFéglO(X = COCF). From

negative ion FAB mass spectrometry, a weak moledoia]M*] peak and a strong
pseudo molecular ion [M-Napeak were detected. The absorption spectra showed
that Fe-atom into dyes caused a 20-nm bathochrsiificin Lnax and an increase in
€max The color strengths and light fastness studieget that the presence of azo
and formazan dye ligand were not influent to Fe+alemx formation when aartho-

NHCOCEF; group of trifluoroacetamido component replaceaidho-OH group.

X
\N
™H
H
/ O
\
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Figure 10 The calculated structure oftho-trifluoroacetamido or mesylamido
groups (X = COCfkor SQMe).

4. Quantum chemical calculation

Kishneret al (2000) used Density functional (DF) and MQllee$det second
order perturbation (MP2) calculations to studyNsacetyl-duocarmycin SAN-Ac-
DSA). These levels were used to determine the éagfrground state destabilization
of the ligand along with examination of structuagesl electronic changes that could
cause the enhanced rate of DNA alkylation. The @ométion ofN-Ac-DSA and
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protonatedN-Ac-DSA was calculated to study the effect of protm the structure.
The results showed that the protonated speciesaegpeo be influenced more by
changes in the torsion angles than the neutralespethe electronic energies, the
molecular geometries, partial charges, HOMO and IQJ8ifferences oN-Ac-DSA
in gas phase of DNA-unbound and DNA boiéc-DSA were examined for
evidence of disruption of electron delocalizatidhe results suggested that the
binding-induced changes in the ligand structurdctogsult in large changes in
reactivity. In addition, bond lengths changes upmotonation were of the magnitude
which was suggested to account for ligand activatioe to ground state
destabilization. These concluded that the changgsound state stabilization
energies may not fully account for the significeate increasing of alkylation of-
Ac-DSA upon binding to DNA.

Andreet al. (2007) studied the formation of a complex betwakHl) and
protocatechuic acid (PCAH) by electronic absorpspactroscopy in acidic aqueous
and in methanol. The structural, electronic andcapproperties were also studied by
the DFT/TD-DFT calculations with 6-31G(d,p) bas#s$. $-or the free and complexed
forms, harmonic vibrational frequency calculatiovere performed to ensure that the
optimized structures corresponded to the minimuerggn The calculation of the
stability constants of the two complexes indicdtest the formation of complex was
occured easier in methanol than in acidic aquebus frontier orbitals of
[AIPCAH(H,0),]" had the difference in energy compared to theR@AAH which
explained the bathochromic shifts observed uponptexation. The results from
electronic spectroscopy and quantum chemical caioms were in good agreement

with those obtained for other ligands involving game complexing group.

El-Gogary and Koehler (2007) studied the interacbbpsoralen and 8-
methoxy psoralen (8-MOP) with DNA-bases; thymirggr@ne and thymine-adenine
base pair by using high level quantum chemical ogktAnab initio quantum
chemical method. The calculations were performeddiyg DFT, HF and MP2
methods with correlation functional B3LYP. Diffetdrasis sets were used with these
methods as 6-31G(d,p) and (cc-pVDZ). The resultsveld that psoralen molecule
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had a planar geometry, on the other hand, 8-MOPnet&llly planar due to out of
plane of methoxy group. The optimized structurethese compounds are shown in
Figure 11. The calculated natural atomic chargeoofpounds were studied via the
dipole moment and polarizability. The results shdwe high values for these values
which suggested that the electrostatic contribupiayed a role in the interaction with
nucleobases. The interaction of compounds was leaéclifor both co-planar and
stacked complexes geometry. The results indicsiaickthe thymine-adenine was
more stable than the complexes of psoralen and &Mih thymine and adenine
which meaned that these compounds were not aléplace nucleic acid bases from
their base pair H-bond complexes. So, the optimstaedttures of the complexes were
the interaction of psoralen and 8-MOP with thymauenine base pair by electrostatic
in nature. The complexes geometrical calculatialicizted that stacking stabilization
energies were lower than the stabilization energiethe optimized planar geometry.
These could be concluded tladit initio methods were the minimum level for

investigating the non-covalent (H-bond) interacsion

Jaseet

Figure 11 The optimized structures of (a) psoralen and (M@P.

9

Burda andsu (2008) studied the thermodynamic behavior ferrtgplacement
reaction of one and two acetyl-ligands from theydetetrakis(u-acetylato)
dirhodium(Il,Il) complex by purine DNA bases. Thetionization of the structures
was performed by using DFT techniques with the B3RWInctional and 6-31G(d)
basis set. For rhodium atom, the Stuttgart-Dregsdendopotentials (SDD) were
used. The final energy analyses (reaction, stabitim and bonding energies) were
determined at the B3LYP/6-31++G(d,p) level of DA he starting point for the
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substitution reactions was the neutral moleculdhotlium compound and one of
acetyl groups was replaced by deprotonated guatier,the replacement of adjacent
acetyl ligand by another deprotonated base waslatietu The binding energies of the
DNA bases showed that adenine bonds were sligttdpger in comparison with
guanine bonds. The higher affinity of dirhodiurmitrogen atom in adenine than
oxygen atom in guanine was corresponded with tlaes®a’s Hard-Soft-Acid-Base
(HSAB) principle. The reaction energiesQ) for the acetyl ligand replacement were
also determined. Although the thermodynamic po&fdr guanine in the first
reaction step was lower than for adenine, the bopénergies of DNA showed the
higher energy in adenine than guanine. Therefaieniae complexes had the higher

reactivity than guanine complexes.

Machuraet al. (2008) studied the reaction of copper dichlorideydrate and
bis(3,5dimethylpyrazol-1-yl)methane which afford€@ii{H.C(3,5-Mepz)}, Cl]
CI'3H,0. The electronic structure of the [CWE(3,5-Mepz)}.Cl]" cation was
calculated with the density functional theory (DFigthod with the B3LYP
functional. The calculations were performed by ggire LANL2DZ effective core
potential (ECP) set of Hay and Wadt for Cu atom thredstandard 6-31+G** basis
for Cl and N atoms, 6-31G* for C and 6-31G for logken atoms. The results
observed in the experiment data were in good ageaewith the calculations. The
transitions in the UV-Vis spectrum of the complearevstudied by the time-
dependent density functional (TDDFT) method. Theults showed that the two
longest wavelengths from the experiment at 1014d)788.5 nm were due to the
transitions of Cl/bis(3,5-dimethylpyrazol-1-yl)metie— Cu (LMCT) andd — d

(Ligand Field; LF) transitions, respectively.

Teimouriet al. (2008) synthesized a new azo reactive dye byehetion ofp-
thiazonium benzene sulfonyl azide with'dhinaphthalene-2;2iol (BINOL) as
coupling component in the presence of base. Theculdr structures of six
compounds in the ground state had been optimize¢debifartree—Fock (HF) method,
Becke 3—-Lee-Yang—Parr (B3LYP) functional and by bonmg the results of the
GaussView progranThe vibrational frequencies of normal modes, ttsgle
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absorption maxima, NMR and thermodynamic propextiese also calculated with
these methods and HF/6-31G* and B3LYP/6-31G*, @ISIDO, and the time-
dependent density functional theory (TD-DFT) cadtioins. The observed and
calculated vibrational spectra were found to bgaad agreement with each other.
The calculated chemical shifts and coupling corsttor'H, **C NMR was in line
with the experimental findings. The calculated Ngjpectra also revealed that the
coupling had occurred at position 6 as shown imfed 2. These results indicated
that the computational analysis of this compoundiByand B3LYP methods was in

excellent agreement with all the experimental figi.

Figure 12 Chemical structure of 6-[4-(azidosulfonyl)phenyidiazenyl-1,1-
binaphthalen-2;2liol.

Rakicet al. (2009) synthesized the new complexes of platin)mfth 3- (1)
or 4-acetylpyridineZ) and characterized by elemental analysesHRand>*C NMR
spectroscopy. DFT calculations were used to conttrerformation for both
complexes. The possible isomeris, andtrans of both complexes were optimized,
the most stable isomers gave the lowest energytemchodynamically the most
stable form. Calculations of their geometrical pagters were performed by the DFT

method, the B3LYP total energies calculated wittD3iasis set. The results showed
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that the total energies obtained fy &nd @) indicated the formation dfans
geometrical isomers. The optimized structures & lsomplexes are shown in Figure
13. The results also showed that data from X-rggtalography studies and DFT

calculations were in very good agreement.
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Figure 13 The optimized structures of (apns[PtChL(3-acetylpyriding)] (1) and
(b) trans[PtCly(4-acetylpyridine)] (2) complexes.

Ucunet al. (2009) studied the optimized molecular structuvésational
frequencies of ten tautomeric forms of a heteracydisazo dye, [5-(3-methyl-4
phenylazo-1H-pyrazole-5-ylazo) barbituric acid].eiesults from the experiment
could be suggested that the disazo dye was predothyrin the azo-hydrazo-keto

form. All computations were calculated by using &aan 03 program. The
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vibrational frequencies and optimized structureapeaters of all tautomeric forms of
disazo dye were calculated by using HF and DFT austlat 6-31G(d,p) basis set
level. The results showed that the calculated apeéremental geometric parameters
were good agreement. So, it can conclude thatdtexdrcyclic disazo dye may exist
in azo-hydrazo-keto form in the ground state. Tp#naized structure is shown in

Figure 14.

<
©

Figure 14 Calculated optimized structure of azo-hydrazo-Kketm of the

compound.
5. Interaction of transition metal complexes with bionolecules

Nair et al. (1997) synthesized and characterized the comglex o
[Ru(NHs)4dppzf* (dppz = dipyridophenazine) and also studied theA\Eihding
properties of this complex. The absorption spectoficomplex showed the
maximum absorption at wavelength 370 nm which wesacteristic ofr— 7*
transition of the dppz ligand and the broad ped&dtnm which assigned as a MLCT
band. The absorption spectrum of [Ru@Udppzf* with calf thymus DNA did not
show any wavelength shift in the charge transfedbaowever, the addition of DNA
caused to the absorbance hypochromism ( H% mf{Avound/Afred * 100%) of
13.6% which was indicated the intercalative bindighe complex with the helix of
DNA. The binding constank( of complex for DNA was determined to be 1.24 % 10
M™. The thermal denaturation was studied for theintetemperature of DNA.



49

Intercalation mode of binding should promote bdaeking in DNA and hence
should lead to an increase in the melting tempezafiDNA. The result showed that
thermal denaturation of [Ru(Njidppzf* (UTr) was +5.2C compared to calf thymus
DNA alone. The results from both binding constait M™ and4T,, +5.2C were on

the border between simple electrostatic associatitinthe helix and intercalation.

Wu et al. (1998) synthesized the new ligand 2-(4-methoxyphanilazo[4,5-
f] [ 1,10] phenanthroline (MOP) and studied thesiattion of Ru(bpgMOP?* with
calf thymus DNA (CT DNA). The structure of MOP wii® planarity which might
provide the intercalation of MOP into DNA base paifhe UV-Vis spectra showed
that the visible band at 460 nm was due to the I@tagand charge transfer
transition and the ultraviolet band at 285 nm bgéxhtor— #* transition of the
ligand. After addition of DNA, the drops in the apstivity of the MLCT andr— 7*
of complex were observed and also showed a sleghshift of these bands. So, it can
be concluded that the complex can bind to DNA tglotihe intercalation of MOP
into the base pairs. The CD spectra were also tessiidy the interaction of
Ru(bpyyMOP?* complex with CT DNA. The result showed that theximel
ellipticity arised at the shorter wavelength wherdee minimal arised at the longer
which indicated the interaction of this complextw@T DNA. The luminescence
studies were also shown the interaction of compligtx CT DNA.

Hao and Shen (2000) used the Pd(ll) complex wigh-Bromo-2-pyridylazo)-
5-diethylaminophenol (5-Br-PADAP) as a new absanpspectroscopic probe for
nucleic acids. The absorption spectra showed thidte presence of nucleic acids,
there was little variation in the absorption spaatrof (5-Br-PADAP), whereas in the
presence of nucleic acids, the absorbance of R8(By-PADAP complex decreased
which was related to the concentration of nucleids The binding constantk) of
nucleic acids to the complex were also studied. vidiees oK for calf thymus DNA
by the two methods based on different modes wenestlclose to some degree. The
structure planarity and non-negative charge, gdgenateracted with nucleic acids in
the intercalative mode. The Pd(l1)-5-Br-PADAP comphad these two features
including the hypochromic shift in absorption spaathich corresponding to the
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intercalation. So, the binding of Pd(II)-5-Br-PADAWth nucleic acids can be

assumed to occur in an intercalation way.

Messoriet al (2001) studied the interaction of calf thymus DRGT DNA)
with gold(lll) complexes by using various physiceatical techniques including
circular dichroism, absorption spectroscopy, DNAtmg and ultradialysis.
Electronic spectra of complexes were recorded bedad after mixing with DNA at
ratio 0.1 metal per DNA in phosphate buffer pH THe spectra showed that addition
of DNA produced significant effects on the changmsfer transition bands in the
visible after the samples were carried out oveerdgod of 24 hours at room
temperature. For the ultradialysis experimentsstraples were dialyzed to separate
CT DNA in upper solution and complexes in lowensioin. The spectra of two
phases showed similar spectral patterns and coivlpardensities suggesting that the
binding of the various complexes to CT DNA was weaall reversible which
corresponding to the electrostatic binding modeation of metal with the
polyanionic nature of CT DNA. Circular dichroismedlsto determine the effects that
gold(lll) complexes produced on the structure amaf@rmation of CT DNA. The
results showed that the disappearance of negadive Wwas observed as well as a
reduction in intensity and a characteristic shap@ositive band when the ratio
increased. The effects of complexes on the DNAingelhdicated that all complexes

did not favor appreciably the renaturation process.

Denget al. (2003) synthesized the new ligand acenaphtherghb[11,4,8,9-
tetraazariphenylence (actatp) and its complexefRp(actatp)](ClQ),2H,0 (1)
(bpy = 2,2' —bipyridine) and [Ru(phefgctatp)](CIQ).2H.,0 (2) (phen = 1,10-
phenanthroline) and also studied the interacticimn@fcomplexes with DNA. From
the characterization, both complexes showed agtticCT band at 400-500 nm
attributed to the overlap of Ru(h bpy or phen¢*) and Ru(ll)— actatpf*). The
electronic absorption titration for DNA-binding gias showed that, as the
concentration of DNA was increased, the MLCT traosibands of complexes
exhibited hypochromism and insignificant bathochismwhich presumed that there
were some interaction between complexes and DNA.ifitninsic binding constant
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(Kp) of the two complexes with CT DNA were obtaineainrthe changes in
absorbance with increasing the concentration of DIN#e results showed thigg, of
complex () and @) were (8.3+0.5)x10M™ (s= 0.5) and (1.2+0.3) x®m™ (s = 3.1),
respectively. These results might be attributetth¢origid plane of phen in complex
(2) which effected to the depth of intercalationhie base pairs of DNA.

Gaoet al. (2003) synthesized the complex [(DOTA)Co(I)(TPYIO,)-
(DOTA = 1,4,7,10-tetraaza-cyclododecane-2,9-didif® = 2, 2".6',2"-terpyridine)
and studied the binding properties with calf thyrDA (CT DNA). The structure
was confirmed by crystallographic analysis whicbwh the tridentate coordination
of DOTA to Co(ll). The complex of DOTA-Co(ll) in thabsence of TPY was also
studied and showed tetra coordinate by four nitnagems. The structures of
complexes are shown in Figure 15. Spectrophotooitration method was used for
studying the interaction of complexes with CT DNIe changes from UV-Vis
spectra in the 280-320 nm range were significantkvimdicated high affinity
association of the chromophore with double-strandezieic acid. The spectra were
also shown the isobestic point at 325 nm which emsistent with the presence of

two forms of the complex, free and intercalated.

Figure 15 The molecular structures of (a) DOTA-Co(I)-TPY dbi DOTA—-

Co(ll) complexes.
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Efthimiadouet al. (2007) studied the interaction of Cu(ll) with tpeinolones,
N-propyl-norfloxacin and pipermidic acid, in the peace or absence of nitrogen-
donor heterocyclic ligands. These complexes werdied the interaction with calf
thymus DNA (CT DNA) by using spectroscopic tech@guUV and circular
dichroism spectroscopies. Generally, DNA can previtee distinctive binding sites
for quinolone metal complexes, namely, groove-bigdbinding to phosphate group
and intercalation. The results from UV spectroscsipgwed the changes in UV
spectra of the complexes after mixing with CT DNAe increase of the intensity at
Amax = 258 nm and the shift of the,.x up to 270 nm indicated that the interaction of
complexes with DNA took place by the direct formatof complexes with double-
helical CT DNA. So, it can be concluded that compgecan interact with CT DNA
and can bind to DNA by the intercalative mode.

Kashanairet al. (2007) studied the DNA interaction witN,N'-bis
(salicylidene)-1,2-phenylenediaminoaluminum(lirate]. The Al-salophen
complex showed an absorbance at the range of 3A@#89vhich was due to MLCT
transition. Upon the addition of DNA, the compleadha hyperchromism and a slight
red shift which was due to higher formation of toenplex to DNA. The fluorescence
spectra of complex showed an increase in the iityeofsexcitation and emission
along with a red shift, indicating the interactiminAl-salophen with DNA. The
binding site size can identify the mode of bindimgercalating and non-intercalating
mode. Complex showed large binding site sizes wimdltated the non-intercalation
as a probable mode of binding. The interactiorhefAl-salophen with DNA induced
a change in the CD spectrum of DNA and their integssof both the negative and
positive bands decreased significantly. The sniahges in the CD spectra were due
to the non-intercalative mode of binding of complaih CT DNA.

Basuet al. (2008) studied the interaction of 1-(2'-pyridylg2snaphthol
(Hpan) with [Ru(dmsa)Cl,] (dmso = dimethylsulfoxide) to give the [Ru(pad)y
refluxing mixture solutions for 24 hours. The sture showed that Hpan was
coordinated to the metal center, via dissociatioim® phenolic proton, as a

monoanionid\,N,Gdonor. The coordination of this compound is shanvRigure 16.
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The complexes showed several absorptions, in theddgwn was due to the transition
within the ligand orbitals and in the visible regivas due to the metal to ligand
charge transfer transition. For the DNA bindingdsts, the absorbance at 480 nm
assigned to complex was found to increase thesittenpon addition of DNA. The
results indicated that the complex could bind toADNthout causing damage to the
DNA double helix.

Figure 16 The coordination via a monoaniogN,O-donor of 1-(2'-pyridylazo)-2-
naphthol (Hpan) to Ru(ll).

Guet al.(2008) synthesized a dinuclear copper(ll) compax(TATP),
(L-Leu)(ClQy)7]22H0 (TATP = 1,4,8,9-tetraazatriphenylene dntleu=L-leucinate)
and studied the interaction of this complex with BNIA. The electronic absorption
spectra of the complex showed the band in the negi@00-300 nm attributed to
m—7* transition of TATP. After the addition of DNA, tltemplex had a
hypochromism which indicated that the complex migihtd to DNA by intercalation
of TATP to adjacent base pairs to DNA. The fluoegse spectra showed the
reduction in fluorescence intensity with the adutitof complex. The results indicated
that the complex could interact with DNA. The visitp measurement was also
studied. The result showed that the presence oplenincreased the viscosity of
DNA which indicated the intercalation mode of bimgliof complex with DNA.
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Sunet al. (2008) studied the trend in DNA-binding affinitietwo
ruthenium(ll) complexes, [Ru(pheh)]** (1) and [Ru(phen).?]** (2) (phen = 1,10-
phenanthroline, L= 5,5-di(1-(triethylammonio)methyl)-2/ipyridyl cation, 1* =
5,5-di(1-(tributylammonio)methyl)-2,2dipyridyl cation) and the important
difference in some properties. The intrinsic bimgdoonstantsK,) of these complexes
to DNA were determined by studying the change sbataence in the metal to ligand
charge transfer (MLCT) band with increasing conian of DNA. The results
showed that the binding activity df)(and @) were much higher than [Ru(pheli}
and [Ru(phen)bpy)](PFs). which indicated that the increasing of the charigihe
ligands could enhance the affinity of complexes BhA. The emission spectra
showed the fluorescence intensity of these complex@eased with the increasing of
DNA concentration. The CD spectral technique hazhhesed to study the
enantiomer that prefering to bind with DNA. Theuks showed that th&-
enantiomer of the complex had a greater affinignttheA-enantiomer with the right-
handed calf-thymus DNA helix which was due to thprapriate steric matching of
former enantiomer. The results from the viscodityles suggested that the binding
mode of complex1) might partially intercalate between DNA base ghie to the
decreasing of viscosity of DNA decreased with iasieg concentration of).
Conversely, the binding mode of compl&x host likely interacted with DNA in an
electrostatic mode due to the unchanged viscoS§IDNA when increasing the

concentration of complex).

Wanget al. (2008) synthesized a new dinuclear complex, [AGLE:CN)].
(C1Oy)22H.0 (L=2,3-di-2-pyridylquinoxaline) and studied thtaraction of complex
with CT DNA by absorption, fluorescence spectrosgc@md viscosity measurement.
Absorption spectroscopic studies showed that theasing amounts of DNA
resulted in the hypochromism and bathochromisnhe@fatsorption bands. These
results might be attributed to the intercalatiomdong mode which was corresponding
to thex* orbital of the intercalated ligand couple with therbital of the base pairs,
thus reducing the—x * transition energy and resulting in bathochromignem the
luminescent spectroscopic studies, the main enmgmak positions of the Ag(l)
complex had a blue-shift compared to that of tkee frgand which would be assigned
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to the emission of the intraligame>7z* transition. The quenching of the
luminescence of the Ag(l) complex by DNA was reggltfrom the interactions
between the aromatic rings of ligand and the bags.prhe viscosity studies
indicated that increasing the amount of Ag comphexeased the viscosity of DNA.

This could be suggested that the dinuclear Ag cermpbuld intercalate into DNA
base pairs.
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MATERIALS AND METHODS

Materials

1. Apparatus

Absorbance measurements were carried out on anPelrkier Lambda 35
UV-Vis spectrophotometer. Melting Point pfamino TAA,0-amino TAA and their
rhodium(lll) complexes were measured by meltingyp&MP10 Stuart Scientific.
Infrared spectra (4000-370 &inwere obtained by a Perkin Elmer system 2000
Fourier transform infrared spectrometer. All absiorpwere reported in wavenumber
(cmY). Nuclear magnetic resonance spectra were rec@io4@0 MHz on an
INNOVA VARION NMR spectrometer 400 MHz. An elemehéealyzer was
performed with a LECO CHNS-932 and VTF-900. Masscsfum ofp-amino TAA
ando-amino TAA were obtained from Mass Spectrometerilgdg 1100). The pH
values were measured by using an inolab level Ingktér. Quantum chemical
calculations were performed using Guassian 03 progm a Linux PC 2.4 GHz. and
a windows XP (home edition) operating system la@d® GHz.

2. Reagents

2-aminothiazole (&HsN2S, Lab. grade, Fluka, Buchs, Switzerland)
Sodium nitrite (NaN@ Lab. grade, Merck, Darmstadt, Germany)
mranisidine (GHgNO, Lab. grade, Fluka, Buchs, Switzerland)
Sodium hydroxide (NaOH, Lab. grade, Carlo Erba, &ad Milan, Italy)
Hydrochloric acid (HCI, Lab. grade, Lab Scan, BawigkThailand)
Hexane (GH14, A.R. grade, Fisher Scientific, Leicestershire,)UK

7. Ethyl acetate (¢HsO,, A.R. grade, J.T. Baker Chemicals, Deventer,
Holland)

8. Thin layer chromatography (TLC) : aluminium she#ic& gel 60 Fsq4
(MERCK, Darmstadt, Germany)

9. Silica gel 60 0.040-0.063mm (A.R. grade, Merck, @stadt, Germany)

o a0k 0w N PE
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10. Ethyl alcohol (GHsOH, AR. grade, Mallinckrodt, St. Louis, Missouri,
USA)

11.Boric acid (HBOs, A.R. grade, Fisher Scientific, Leicestershire,)UK

12.Citric acid (GHgO7, A.R. grade, APS Finechem, Seven Hills, Australia)

13. Sodium phosphate (MaO,-12H,0, A.R. grade, Fluka, Buchs,
Switzerland)

14.Rhodium(lihtrichloride hydrate (Rh@kH,O, A.R. grade, Fluka, Buchs,
Switzerland)

15. Potassium hexachloroplatinate(IV)f&Ck, A.R. grade, Carlo Erba,
Rodano, Milan, Italy)

16. Perchloric acid (HCIQ Lab. Grade, BDH, Poole, England)

17.Methyl alcohol (CHOH, A.R. grade, Fisher Scientific, LeicestershirK)

18.Pyridine (GHsN, A.R. grade, Merck, Darmstadt, Germany)

19.N,N-dimethylformamide (gH;NO, A.R. grade, Merck, Darmstadt,
Germany)

20.Acetonitrile (CHCN, A.R. grade, Merck, Darmstadt, Germany)

21. Tetrahydrofuran (¢HsO, HPLC grade, Scharlau, Port Adelaide, Australia)

22.Chloroformd (CDCls-d) TMS(1 vol%) : for NMR spectroscopy (Merck,
Darmstadt, Germany)

23.Potassium bromide (KBr, A.R. grade, Merck, Darmst&grmany)

24. Dimethylsulfoxide, D-6 (@D30S, AR. grade, Merck, Darmstadt, Germany)

25. Deoxyribonucleic acid sodium salt from calf thymysph. (AR. grade,
Fluka, Steinheim, Germany)

26. Tris(hydroxymethyl)aminomethane4d:;NOs, Lab. grade, Fluka, Buchs,
Switzerland)

27.Double distilled water



58

Methods

1. Synthesis of 2-(2thiazolylazo)-5-aminoanisole §-amino TAA) and
4-(2'-thiazolylazo)-3-aminoanisole ¢-amino TAA)

One gram of 2-aminothiazole was dissolved in 1&h@ M hydrochloric acid
and cooled in an ice-bath. Sodium nitrite (0.7@vg} dissolved in a small amount of
water. After crushed ice was added to both solstiartrite solution was slowly
poured into the 2-aminothiazole solution whilergig with a glass rod under low
temperature (-5 to ©C). The solution of diazonium salt was slowly dregpvhile
stirring into a well cooled solution efranisidine (1.12 ml) in 40 ml of 4 M
hydrochloric acid. The mixture was stirred in the-bath for 1 hour and then 0.001 M
sodium hydroxide solution was added into the mixtumtil pH 6 was reached which
an orange-red precipitate began to settle immdygidtbe solution was filtered and
the precipitate was washed with water and drie®0%E in an oven to give the
mixture product consisted of 24thiazolylazo)-5-aminoanisolg{@amino TAA) and

4-(2-thiazolylazo)-3-aminoanisol@@mino TAA).

2. Separation and purification of p-amino TAA and o-amino TAA

To separat@-amino TAA fromo-amino TAA, the crude product was tested
by thin layer chromatography (TLC) over various ni®phases such as hexane,
dichloromethane, ethanol and ethyl acetate. Fostitable solvent, the TLC plate
coated with silicondioxide, was placed in the chambhich contained a mobile
phase of ethyl acetate: hexane (50:50). Flash gokthmomatography was used as a
purification technique. The stationary phase, aiggel 60 (0.040-0.063 mm), was
placed 8-inch height in glass column and the mqathigse, a mixture of ethyl acetate:
hexane (30:70), was added to the top and flowechdbvough the column by
external pressure. The individual components welleated and tested by TLC with
a mixture of ethyl acetate: hexane as mobile pagae to confirm the purity of each
component. A mixture solvent was evaporated byakary evaporator. The products

were purified by recrystallization with a mixturéethanol-water (3:1) to give red
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needles-shaped crystalsppmino TAA with melting point of 170-17& and green
needles-shaped crystals@amino TAA with melting point of 207-22C. The
resultant products were characterized by FT*HRRNMR, mass spectrometry and

elemental analysis.
3. Preparation of solutions

3.1 Preparation of buffer solutions

Universal buffer solutions used in this work weregared by mixing of
mixture of 0.30 M boric acid and 0.05 M citric aswith 0.10 M sodium phosphate at
various ratios as stated in Table 3.

3.2 Preparation of 1.0xIDM p-amino TAA ando-amino TAA solution

For the preparation of 1.0x?0M solution, 0.0177 g of each TAA was

dissolved and made up to 50 ml by absolute etharelolumetric flask.
3.3 Preparation of 1.0xIHM rhodium(lll) solution

For the preparation of 1.0x2® rhodium(lil) solution,0.0105 g of
RhCk-xH,O was dissolved and made up to 50 ml by 0.10 MiH@lvolumetric flask.

3.4 Preparation of 1.0xIHM platinum(IV) solution

For the preparation of 1.0x20M platinum(lV) solution, 0.0244 g of
K,PtCk was dissolved and made up to 50 ml by 0.10 M HG volumetric flask.
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Table 3 The preparation of universal buffer solutiongldtrange from 2 to 6

Mixture of 0.20 M HBOs3
pH 0.10 M NaPO, (ml)

and 0.05 M @HgO7 (1:1) (ml)

2 188 12
3 176 24
4 155 45
5 134 66
6 118 82

4. Determination of the acid dissociation constants (6,) of p-amino TAA and

o-amino TAA

Separately added 0.5 ml of 1.0%l8! of bothp-amino TAA and
o-amino TAA into each of 10 ml volumetric flasks ah@n made up volume by
universal buffer solution at pH 2 to 6 (shown ibl&a3). The absorbances of the
solutions were measured by UV-Vis spectrophotonegtd00-700 nm. Thely, of
p-amino TAA ando-amino TAA were determined by two different methaitie half
height method and the limiting absorbance methoas@id, 2003). The calculations
are shown irAppendix B and Appendix C.

5. Complex formation of p-amino TAA and o-amino TAA with rhodium(lll)
and platinum(lV)

Both p-amino TAA ando-amino TAA are thiazolylazo dye, which could form
color complexes with transition metals. The reaiofp-amino TAA and
o-amino TAA with rhodium(lll) and platinum(IV) at veous pH and in various
concentrations of perchloric acid were investigatedrder to determine the
appropriate pH for studying on the formation of @exes of rhodium(lll) and
platinum(IV) with TAA. The following procedure fdhe formation of complexes was
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used in this work. Pipetted 0.50 ml of 1.0%14 of each TAA into 10 ml volumetric
flasks and then 0.50 ml 4f0x10% M rhodium(l1l) or platinum(lV) solution in buffer
solution (pH range 2 to 6) and 1.0 M to 6.0 M HEWas pipetted into the previous
volumetric flasks. The complex solutions were théated to the mark with buffer
solutions and perchloric acid. The formation of pbemes of rhodium(lll) and
platinum(IV) with TAA were studied by spectrophotetric method. The results are
shown in Figure 36 to Figure 45 for rhodium(liDneplexes and Figure 46 to Figure

55 for platinum(1V) complexes, respectively.

6. Stability of complexes betweem-amino TAA and o-amino TAA with
rhodium(lll)

The stability of complexes betwepramino TAA and rhodium(lll) and
betweern-amino TAA and rhodium(lll) were determined by medisg the
absorbance every five minutes over a period of@sat wavelength 478 nm for
rhodium(lll)-(p-amino TAA) complex and 553 nm for rhodium(l1p-&mino TAA)
complex in universal buffer at pH 5 and pH 3, respely. The results are shown in

Figure 56 and Figure 57.

7. Stability of complexes betweem-amino TAA and o-amino TAA with

platinum(IV)

The stability of complexes betwepramino TAA and platinum(lV) and
betweem-amino TAA and platinum(lV) were determined by measg the
absorbance every five minutes over a period of@$at wavelength 554 nm for
platinum(IV)-(-amino TAA) complex and 543 nm for platinum(I\M)-&mino TAA)
complex in universal buffer at pH 3 for both conya@s. The results are shown in
Figure 58 and Figure 59.
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8. Stoichiometric determination of complexes betweep-amino TAA and

rhodium(lll) and between o-amino TAA and rhodium(lll)

From the studying on the complex formation in thevpus section, the
suitable pH for studying on the stoichiometry ofrgexes of rhodium(lll) were pH 5

for p-amino TAA and pH 3 foo-amino TAA, respectively.

8.1 Stoichiometric determination of complexes betwpemino TAA ando-

amino TAA with rhodium(lIl) by mole ratio method

Pipetted 0.50 ml of 1.0xT0M rhodium(lll) into each of eleven 10 ml
volumetric flask, after that, 0.00, 0.10, 0.20,00.8.40, 0.50, 0.60, 0.70, 0.80, 0.90 and
1.00 ml of 1.0x18 M solutionof both ofp-amino TAA ando-amino TAA were
separately pipetted into each volumetric flaskpeetively. Then, the mixture solutions
were diluted to the mark with universal buffer $imo at pH 5 fop-amino TAA
complexes and at pH 3 foramino TAA complexes. The buffer solutions usethia
study were stated in Table 3. The absorbancesadlutions were measured by
UV-Vis spectrophotometer at 478 nm and 553 nnpfamino TAA complexes and
o-amino TAA complexes, respectively. The resultssii@wvn inFigure 60 and Figure
61.

8.2 Stoichiometric determination of complex betwgeamino TAA ando-

amino TAAwith rhodium(lIl) by continuous variatianethod

Pipetted 0.00, 0.10, 0.20, 0.30, 0.40, 0.50, @&M, 0.80, 0.90 and 1.00
ml of 1.0x10* M rhodium(lll) into each of eleven 10 ml volumetfiask, after that,
1.00, 0.90, 0.80, 0.70, 0.60, 0.50, 0.40, 0.30) &rdl 0.10 ml of 1.0x1DM solutionof
both ofp-amino TAA ando-amino TAA were separately pipettedo each volumetric
flask, respectively. Then, the mixture solutionsewvéiluted to the mark with universal
buffer solution at pH 5 fogp-amino TAA complexes and at pH 3 fmamino TAA
complexes. The buffer solutions used in this studge stated in Table 3. The
absorbances of the solutions were measured by W\sp&ctrophotometer at 478 nm



63

and 553 nm fop-amino TAA complexes anokamino TAA complexes, respectively.

The results are shown in Figure 62 and Figure 63.

9. Stoichiometric determination of complexes betweep-amino TAA and

o-amino TAA with platinum(IV)

From the studying on the complex formation in thevpus section, the
suitable pH for studying on the stoichiometry ofrqexes of platinum(lV) was pH 3
for bothp-amino TAA ando-amino TAA.

9.1 Stoichiometric determination of complex betwgeamino TAA ando-
amino TAA with platinum(lV) by mole ratio method

Pipetted 0.50 ml of 1.0xT0M rhodium(lll) into each of eleven 10 ml
volumetric flask, after that, 0.00, 0.10, 0.20,00.8.40, 0.50, 0.60, 0.70, 0.80, 0.90 and
1.00 ml of 1.0x18 M solutionof both ofp-amino TAA ando-amino TAA were
separately pipetted into each volumetric flaskpeesively. Then, the mixture solutions
were diluted to the mark with universal buffer $imo at pH 3 for both complexes. The
buffer solutions used in this study were state@ldhle 3. The absorbances of the
solutions were measured by UV-Vis spectrophotonetéb4 nm and 543 nm for
p-amino TAA complexes anotamino TAA complexes, respectively. The results are

shown in Figure 64 and Figure 65.

9.2 Stoichiometric determination of complex betwgeamino TAA ando-

amino TAA with platinum(IV) by continuous variationethod

Pipetted 0.00, 0.10, 0.20, 0.30, 0.40, 0.50, (61, 0.80, 0.90 and 1.00
ml of 1.0x10° M platinum(IV) into each of eleven 10 ml volumetfiask, after that,
1.00, 0.90, 0.80, 0.70, 0.60, 0.50, 0.40, 0.30) @&l 0.10 ml of 1.0xIHM solution
of both ofp-amino TAA ando-amino TAA were separately pipettado each
volumetric flask, respectively. Then, the solutievere diluted to the mark with
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universal buffer solution at pH 3 for both complex€he buffer solutions used in this
study were stated in Table 3. The absorbancesddhutions were measured by
UV-Vis spectrophotometer at 554 nm and 543 nnpfamino TAA complex and
o-amino TAA complex, respectively. The results dreven in Figure 66 and Figure
67.

10. Determination for stability constant of p-amino TAA and o-amino TAA with
rhodium(lll) and platinum(1V)

10.1 Equilibrium constant by continuous variation method

The stability constant of the complexes can berdeteed by using data
from the continuous variation method (Job’s plgtiassuming that only single
complex is present (Likussar, 1971). The compl@tgsamino TAA ando-amino
TAA with rhodium(lll) in universal buffer solutionf pH 5 and pH 3 were studied by
UV-Vis spectrophotometer at wavelength 478 andri3respectively. The
complexes op-amino TAA ando-amino TAA with platinum(IV) in universal buffer
solution of pH 3 for both complexes were studiedJ+Vis spectrophotometer at
wavelength 554 and 543 nm, respectively. The catimr of stability constants of
complexes are shown in Appendix E.

10.2 Equilibrium constant by Benesi-Hildebrand's Equatio

The solutions of rhodium(lll) and platinum(lV) cofeges were
prepared by mixing variable amountspsdmino TAA oro-amino TAA solutions into
a constant volume of rhodium(lll) or platinum(I\flstion The concentrations of
TAA ranged between 1.0xPM and 1.0x1d M while the concentrations of metal
remained constant at 5.0%1M. The series of complex solutions were prepaned i
universal buffer at pH 5 fqgr-amino TAA and at pH 3 fop-amino TAA in
rhodium(lll) complexes and at pH 3 for both com@sf platinum(1V). The
absorbances were measured by using UV-Vis speditopteter at the wavelength
478 and 553 nm fgs-amino TAA ando-amino TAA with rhodium(lll) and at the
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wavelength 554 nm and 543 nm fsamino TAA ando-amino TAA with
platinum(IV). The calculation of stability constardf complexes are shown in

Appendix D.

11. Structural determination of complexes betweemp-amino TAA and

rhodium(lll) and between o-amino TAA and rhodium(lll)

These complexes were synthesized according totlweving procedure. Each
TAA 0.0655 g (0.28 mmol) was dissolved in absoteteahydrofuran 8 ml and then
0.0293 g (0.140 mmol) of Rh&xH,O dissolved in 2 ml of 0.10 M HCI was added to
TAA solution in 50 ml round bottom flask. Next, 0B g (0.1 mmol) of NaCl was
added in the mixture solution. The system was kepger reflux for eight hours. The
precipitate was collected after evaporation. Findhe precipitate of complex was

dried at room temperature under low pressure amtiest by FT-IR andH NMR.

12. Calculation of the complex formation energy of comfgxes between
p-amino TAA and rhodium(lll)

All guantum chemical calculations of various rhad{lil) complex structures
were performed with the Gaussian 03 suite of prmogran a Linux PC 2.4 GHz and
windows XP (home edition) operating system laptd®2Z5Hz. The study of
molecular structure of complex between rhodium@hgp-amino TAA was
predicted. Therefore, the formation energy of theplex was theoretically
calculated to predict the possible structure bypgihe Density Functional Theory
(DFT) at B3LYP level of theory using 6-31G* baset for each atom on thiazolylazo
compounds and the effective core potential (ECFS@D was employed on transition
metal of rhodium. The theoretical background anah@xes of method for quantum
chemical calculation are shown in Appendix G.

The formation energy of the complex when bound wiithleobases and the

optimized structures were also calculated by tineesaethod.
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13. Preparation of calf thymus DNA solution

Fifty mg of deoxyribonucleic acid sodium salt fraalf thymus (CT-DNA)
was dissolved in 50 mM tris-HCI (tris-hydroxymetatginomethane hydrochloride)
buffer and 5 mM NaCl pH 7.4 which prepared in boitkeionized water (Tercero,
2003). CT-DNA solution was stored at low tempermt{#'C). The concentration of
the DNA solution was determined by spectroscopithockat wavelength 260 nm
usinge = 6600 M'cm™.

14. Nucleic acid purity assessment by using A260/A28@tios

Calf thymus DNA should be test to confirm thdt@e of any proteins by
measuring the absorbance at wavelengths 280 andr268bsorbance at 260 nm
(A260) is frequently used to measure DNA or RNA@amtration and absorbance at
280 nm (A280) is used to measure protein conceotrad ratio of A260/A280 > 1.8
suggests little protein contamination in a DNA/RE&mple (Glasel, 1995). This
method is fully explained in Appendix F.

To determine the absorbance ratio, the samplaweasured by
spectrophotometer at wavelengths 260 and 280 nmall¥;i the ratio of absorbance at
A260 and A280 was calculated. The result is showigure 108.

15. DNA-binding investigation of rhodium(lll)-( p-amino TAA) and
rhodium(lil)- (o-amino TAA) with calf thymus DNA

To determine the interaction between the complexescalf thymus DNA
(CT DNA), the solutions were prepared by mixingtoddium(lil)-(p-amino TAA) or
rhodium(Il)-(c-amino TAA) 1.0 x1¢* M and CT DNA 2.0 x18 M in 50 mM
tris-HCI buffer. The solutions were kept under rotmmperature for 1 hour before the
absorption measurement. The absorption spectrare@eoeded for both a constant
complexes concentration in the presence of CT Di\vadous concentration ratios (r
= mole DNA: mole complex) and a constant CT DNA@amtration in the presence
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of complexes at various concentration ratios (ratentomplex: mole DNA). The
various concentrations of complexes were also iiyeged to compare the absorption
spectra of complexes in the presence or abserncé& &fNA. The results are shown in
Figure 109 to Figurell4.

16. Stability of rhodium(lll)-( p-amino TAA) and rhodium(lll)- (o-amino TAA)
with calf thymus DNA

The stability of CT DNA with rhodium(lll)y§-amino TAA) and rhodium(lll)-
(o-amino TAA) complexes in tris-HCI buffer pH 7.4 rgedetermined by measuring
the absorbance every five minutes over a peridtadurs. The absorbances were
measured at wavelength 260 nm which is used toume&INA concentration, at
wavelength 483 nm which gave the maximum absorpmifgmamino TAA complex
and at wavelength 513 nm which gave the maximurorgtien ofo-amino TAA

complex. The results are shownFigure 115 to Figure 118.

17. Calculation for the formation energy between rhodium(lIl)-( p-amino TAA)

complex and nucleobases

The optimized structure of rhodium(llipamino TAA) complex which has
the lowest formation energy was used as the stiébu calculations. Two types of
nucleobases, adenine and guanine, were optimizieiingeometries by using
Guassian03 program with density functional the@¥T), B3LYP correlation
functional and 6-31G* basis set. The rhodium(Iamino TAA) complex and each
nucleobase was combined and rearranged the seutdrSDD basis set was added
to the function to calculate the energy of rhodiaimm to optimize the formation
energies of the compounds. The selected donor atbarsadenine and a guanine
base are shown in Figure 120 and Figure 121, résphc The five coordinated
intermediate of rhodium(lll)gamino TAA) complex is shown in Figure 119. The
optimized structures of all adducts are shown gufé 122 and Figure 123. The

stabilization energy of all adducts are shown ibl&&3.
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RESULTS AND DISCUSSIONS

1. Synthesis of 2-(2thiazolylazo)-5-aminoanisole §-amino TAA) and

4-(2'-thiazolylazo)-3-aminoanisole ¢-amino TAA)

Figure 17 shows the synthesis pathway of 2-(2"ztilidazo)-5-aminoanisole
(p-amino TAA) and}-(2-thiazolylazo)-3-aminoanisole-emino TAA) which were
synthesized by diazotization of 2-aminothiazoléydrochloric acid at -5 to TC,
then coupling withm-anisidine in hydrochloric acid at the same tempeea Finally,
the crude of a mixture product was precipitateti wi0x10> M sodium hydroxide
solution. The components of a mixture product wevestigated by thin layer
chromatography (TLC) with ethyl acetate: hexaneg8Pas mobile phase. The
retention factors (f of two components were 0.52 and 0.32, respegtivdie
mixture product was then separated by flash colahmamatography which the
stationary phase was silica gel 60 and the molitse was ethyl acetate: hexane
(30:70). Each component of the mixture productpeatfied by recrystallization from
ethanol-water (3:1) solution, which gag&amino TAA as red needles-shaped crystals
with the melting point of 170-178 ando-amino TAA as green needles-shaped
crystals with melting point of 207-23@. The high melting point af-amino TAA in
comparison to that gi-amino TAA may be attributed to the hydrogen bogdm
o-amino TAA as shown in Figure 18. The percentagédyofp-amino TAA and
o-amino TAA from the crude of mixture produgere 21.43 and 29.40 % respect to

the starting materials.

The crystalline op-amino TAA ando-amino TAA were characterized by
FT-IR, *H NMR, mass spectrometry and elemental analJ$is.results are shown in
Figure 19 and Figure 20 for FT-IR, Figure 21 anguié 22 forH NMR, Figure 23
to Figure 26 for mass spectrometry and Table £liemental analysis, respectively.
The solution op-amino TAA ando-amino gave various colors in universal buffer pH
2 to 6. The results are shown in Table 7g@mino TAA and Table 8 for

o0-amino TAA.
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S S
HCI +__ ]
| / NH, + NO; —_ / N=NCI
N -5to0°C N

2-Aminothiazole diazonium salt
S
+ -5to0°C
| / N=NCI + — -
N H4CO NH,
diazonium salt m-Anisidine
S HsCQO S H,N
| > N + | N
/ A / N\
N N NH, N N OCH;
2-(2'-thiazolylazo)-5-aminoanisole 4-(2'-thiazolylazo)-3-aminoanisole
(p-amino TAA) (0-amino TAA)

Figure 17 Synthesis pathway of 2-(2"-thiazolylazo)-5-amimisale p-amino TAA)

and4-(2’-thiazolylazo)-3-aminoanisole-amino TAA).
H—NH

S
N N OCH,

Figure 18 The intramolecular hydrogen bondingaramino TAA.
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Mechanism of the reaction (Wade, 1999)

1. The unstable nitrous acid is generated in situ bymm sodium nitrite with
cold and dilute hydrochloric acid.

HO— N=0 + Na CI

Na + {O—N=—=0OH *+ Hcl

sodium nitrite nitrous acid

2. In an acidic solution, nitrous acid is protonated &st water to give the

reactive intermediate, nitrosonium ion.

/_\ + .. 'Hzo .. .. .._+
HO— N=—0Q + H = H,O— N_O _— N:OH N=0

nitrous acid protonateious acid nitrosonium ion

3. A nucleophilic attack on nitrosonium ion from prirgamine (2-

aminothiazole) forms an unstalenitrosoammonium ion as an intermediate.

[ ¢ i [ /}N—N—d

2-aminothiazole nitrosonium ion N-nitrosoammonium ion

4. This N-nitrosoammonium ion then loses a proton to fornNan

nitrosamine.

Es/>7("¥+_N:O - Hs0* [ />—N—N—o

N-nitrosoammonium ion Nnitrosamine
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5. N-nitrosamine then tautomerizes to a diazohydroxide.

tautomerization S
[ />fN—N—O —_— ‘ />—N:N—OH
N

N-nitrosamine diazohydroxide

6. In the presence of acid, the diazohydroxide losgemto form the

diazonium ion.

. s ;
. +
E Yy, N=N—OH H—0—H ——— E />*N:N—OH2
N N

diazohydroxide

S -H,0
/>—[\|§N—/c;>: />—N_N cr
N

diazoniunmio

7. Finally, diazonium ion reacts with aromatic compdsito give a

thiazolylazo dye.

-5to 0 °C
/ N N CI

diazonium ion m-anisidine
S HCQ s HoN
) )
[ / A + [ / N\
N N NH, N N OCH;
2-(2'-thiazolylazo)-5-aminoanisole 4-(2'-thiazolylazo)-3-aminoanisole

(p-amino TAA) (0-amino TAA)
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2. Characterization of 2-(2-thiazolylazo)-5-aminoanisole and

4-(2'-thiazolylazo)-3-aminoanisole
2.1 Infrared spectrum
The KBr disks ofp-amino TAA ando-amino TAA which ground and

dried at 128C were prepared by mixing of these compounds wBh. IKT-IR spectra
were run in KBr disks in the 4000-370 ¢megion.

WT

1107

3158 ™ 1157

1 - 1541
3218 1615

4000.0 3000 2000 1500 1aoa S00 0 3F0.0

Wavenumber {cm’')

Figure 19 The IR spectrum of 2-(2hiazolylazo)-5-aminoanisol@{amino TAA).

The infrared spectrum (KBr: chhwas as followed: 3328, 3238 (w, N-H
stretch), 3158 (w, C-H stretch aromatic), 16155sN stretch), 1541 (m, N=N
stretch), 1190 (s, C-N stretch), 1157 (m, C-S sltheaind 1107 (m, C-O-C stretch)
(Pavia, 1996).
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Figure 20 The IR spectrum of 4-(2hiazolylazo)-3-aminoanisol®{amino TAA).

The infrared spectrum (KBr: chiwas as followed: 3343, 3186 (w, N-H
stretch), 3082 (w, C-H stretch aromatic), 160N stretch), 1541 (m, N=N
stretch), 1205 (s, C-N stretch), 1130 (m, C-S slreaind 1015 (m, C-O-C stretch)
(Pavia, 1996).
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2.2 Elemental analysis

Compounds op-amino TAA ando-amino TAA were ground and dried at
120°C. Two milligrams ofo-amino TAA ando-amino TAA were analyzed to find the
percentage of each element excepting oxygen atbepé&rcentage of oxygen atom can
obtain from one hundred percent of total elementaisby the percentage of carbon,

sulfur, hydrogen and nitrogen atoms.

Table 4 The elemental analysis pfamino TAA ando-amino TAA

_ p-amino TAA o-amino TAA
Element Theoretical Experimental % Error Experimental % Error
Value (%)
value (%) value (%)
C 51.28 51.34 0.06 % 49.34 -1.94%
H 4.29 4.20 -0.09 % 4.31 0.02%
O 6.83 7.31 0.48 % 8.72 2.09%
N 23.91 23.98 0.07 % 23.90 -0.01%
S 13.69 13.17 -0.52% 13.73 0.04%
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2.3 'H NMR spectrum

For'H NMR, 0.020 g op-amino TAA ando-amino TAA were dissolved
in dimethylsulfoxide, D-6 (€D;0S). The'H NMR spectra were recorded at 400 MHz
on an INNOVA VARION NMR spectrometer 400 MHz.

(7.63, Fg) (6.37, Fg)

/(7.90, Fa) [
(7.57, ko)
(3.82, ko) (6.40; tp)
(B) (G)
(F
NH,

(E)
(7.73, k) H HiCQ H
[
PO
(A) ® 011
H H T : T T 1
J ’L (C) (D) 384 38.2 _ hj/

1.0000 20114 1.03071.04954 1.06T4 361
T T T T T T T T

7.8 7.6 7.4 7.2 7.0 6.8 6.6 6.4
6 (ppm)

Figure 21 The'H NMR spectrum of 2-(2thiazolylazo)-5-aminoanisole
(p-amino TAA) in DMSOé.

The'H NMR spectrum (DMSQs, 400 MHz) of 2-(2thiazolylazo)-5-
aminoanisoleg-amino TAA) shows chemical shifts &7.90 (1H,d, Ha, Jag = 3.44
Hz), 7.73 (2Hps Hg), 7.63 (1Hd, Hg, Jga = 3.44 Hz), 7.57 (1H], Hc, Xp = 9.04
Hz), 6.40 (1Hdd, Hp, Jbe = 2.60 Hz, dc = 9.04 Hz), 6.37 (1H], He, Jp = 2.60 Hz)
and 3.82 (3Hs, Hg).
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The peak of the two protons on the amino group-afino TAA was not
sharp and without any coupling to hydrogens ondjacant carbon atom. This may
be caused by chemical exchange of proton with demeatoms of solvent (DMSO-
ds) and acidity of the hydrogen atom on the aminaigr@Pavia, 1996).

(7.86,Fn) || _——(7.53, kg) (6.31, p)
(7.67, ko) e
(6.32, k)
'EB) (F)H N H (E)
S 2
a G

HIN/>7 \\N of:Hg)
(A)

., (D)

©)"

oono 10518 1.0012 20598 21420

7.8 7.6 7.4 7.2 7.0 6.8 6.6 6.4

Figure 22 The'H NMR spectrum of 4-(2thiazolylazo)-3-aminoanisole
(0-amino TAA) in DMSOé.

The'H NMR spectrum (DMSQs, 400 MHz) of 4-(2thiazolylazo)-3-
aminoanisoleq-amino TAA) shows chemical shifts &7.86 (1H,d, Ha, Jag = 3.44),
7.67 (1H,d, He, Xp = 9.47 Hz), 7.53 (1Hj, Hs, Jea = 3.44), 6.83 (2Hs, He), 6.32
(1H,d, Hg, Jp = 2.16), 6.31 (1Hdd, Hp, Joe = 2.16, p = 3.88) and 3.89 (3H; Hg).

The peak of the two protons on the amino group-afmino TAA was
sharper thap-amino TAA and without any coupling to hydrogensasnadjacent
carbon atom. This may be caused by chemical exehahgroton with deuterium
atoms of solvent (DMS@;) the same ag-amino TAA. The peaks also show low
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chemical shift in comparison to that@imino TAA which might be attributed to the
hydrogen bonding in-amino TAA as mentioned in the results of their tingl points.
This was resulting from protons on the amino grangipe shielded by electrons from
nitrogen atom of azo group resulting in the peat shhighfield.

2.4 ESI-Mass spectrum

1001 122.5
= 57
(7]
c
9 954
c
g 50
k&
(]
o
25 +
107.4 150.5 234.0
| | | | | | | | |
50 100 150 200 250
m/z

Figure 23 The ESI-Mass spectrum of 24thiazolylazo)-5-aminoanisole

(p-amino TAA).

Them/z(relative intensity) op-amino TAA was as followed: 234.0
(10.48), 150.5 (7.36), 122.5 (100.00), 107.4 (IYlaf@ 95.4 (57.30). The possible
pathway of the fragmentation of(2'-thiazolylazo)-5-aminoanisol@{amino TAA) is

shown in Figure 24.
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— I+
NH, | -
(\ N>/ S N
m/z=234.0
NH,
N
® N—N
S
OCH;
m/z= 150.50
NH,
@ + N=N
OCH;
m/z=122.50

S/ N

OCH, OH
m/z=107.4 m/z=95.4

Figure 24 Pathway of the fragmentation of 2-(Biazolylazo)-5-aminoanisole
(p-amino TAA).
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Figure 25 The ESI-Mass spectrum of 44thiazolylazo)-3-aminoanisole
(o-amino TAA).

Them/z(relative intensity) ob-amino TAA was as followed: 234.0
(17.21), 151.0 (22.56), 123.0 (16.80), 107.6 (362B@ 94.6 (100.0). The possible
pathway of the fragmentation of of 4-¢hiazolylazo)-3-aminoanisol®{amino TAA)

is shown in Figure 26.
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Figure 26 Pathway of the fragmentation of 4-thiazolylazo)-3-aminoanisole
(o-amino TAA).
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FT-IR, *H NMR, mass spectroscopy and elemental analysis used to
identify the structures gi-amino TAA ando-amino TAA. IR peaks of functional
groups of botlp-amino TAA ando-amino TAA such as N=N, N-H, C-S, C=N and
C-O-C were identified as shown in Figure 19 andiFég20.*H NMR spectrum
showed chemical shifts and integration of protanisath compounds including
intramolecular hydrogen bonding of proton from aongnoup oro-amino TAA, the
results corresponded to the structurep-amino TAA ando-amino TAA,
respectively. Mass spectrum gave the moleculabase peak ah/z234.0 of both
compounds and their successive fragmentation pgtawahown from Figure 23 to
Figure 26. In addition, the percentage of theoa¢tnd experimental values from C,
H, N, S and O analysis ramino TAA ando-amino TAA were insignificantly

different as seen in Table 4.

From the results of these methods, it can be cdeduhat the

synthesized products wepeamino TAA ando-amino TAA.
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3. Determination of the acid dissociation constants ¢6.) of p-amino TAA and

o-amino TAA

The absorption spectra pfamino TAA ando-amino TAA in universal buffer
solutions at pH 2.0 to 5.0 were measured in thesleangth range of 300-700 nm and

the results are shown in Figure 27 and Figure 28

Absorbance

Wavelength (nm)

Figure 27 The absorption spectra of 1.0<181 p-amino TAA at pH 2.0 to 5.0.
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Absorbance

300 350 400 450 500 550 600 650 700
Wavelength (nm)

Figure 28 The absorption spectra of 1.0%18l o-amino TAA at pH 2.0 to 5.0.

The spectra gb-amino TAA ando-amino TAA showed the shift of maximum
absorption to lower wavelength when pH increaseciwhiight be attributed to the

dissociation of proton from each compound.

The dissociation constant valuespedimino TAA ando-amino TAA were
determined by two methods, half-height method andihg absorbance methods
(Masoud, 2003). Thely values were readily obtained from the absorbarte-p
curves by application of these methods as showAppendix B and Appendix O.he
guantum chemical calculations were also used tpga® the dissociation mechanism

of these compounds.
3.1 Half Height Method

This method was studied in the range of waveleB§3:530 nm for both
p-amino TAA ando-amino TAA which showed the maximum difference of
absorption between low pH and high pH. The redtits this method indicated that
the calculated g, of p-amino TAA ando-amino TAA were approximately 3.0 and



3.3, respectively. The IogAAisA-pH curves are shown in Figure 29 and Figure
S max— AS

30.

Log As/Asmax-AS
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0.90 | i 3C
0.80 ‘ ‘ S A ‘ ‘ ‘ ‘
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Figure 29 The absorbance-pH curvemémino TAA (half-height method).
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Figure 30 The absorbance-pH curvemamino TAA (half-height method).
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3.2 Limiting Absorbance Method

This method was studied in the range of waveleB§8t530 nm for both
p-amino TAA ando-amino TAA which show the maximum difference of aipgion
between low pH and high pH. The results from thethod indicated that the
calculated i, of p-amino TAA ando-amino TAA were approximately 3.0 and 3.3,

respectively. The Iog'b‘s_iAS;in - pH curves are shown in Figure 31 and Figure 32
S

AS max— AS

2.00 -
1.50 A —— 505 nm
——510 nm
— 1.00 515 nm
Y]
5 < 520 nm
< &
o ¢ 050 —e—525nm
< < : —e— 530 nm
S v S
- 0.00 T 5 T 1
2l0 2‘3// 2.6 29 32 35 3.8 4.1 4.4
-0.50 -
pH
-1.00 -
. AS— ASmin . L
Figure 31 The IogA— - pH curve ofp-amino TAA (limiting absorbance
Smax— AS

method).
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Figure 32 The log——— — - pH curve ofo-amino TAA (limiting absorbance
AS max— AS
method).

3.3 The quantum chemical calculations

The molecular structures for determining the prated position of both
p-amino TAA ando-amino TAA were optimized by the Density Functioakeory
(DFT) method, Becke 3—Lee—Yang—Parr (B3LYP) funwiiovith the Guassian 03
program The change in colors with the pH modification frpmk to orange in
p-amino TAA and from orange-red to orange#amino TAA suggested that the
change in their structures by the dissociationrofgn in each molecule could occur.
The noticeable change in maximum wavelength of eaampound could observe
once in this pH region which indicated that thegeswnly one proton that could
dissociate fronp-amino TAA ando-amino TAA. Moreover, the spectra in each case
showed an isobestic point which indicated that $pecies were in equilibrium,
protonated by one proton and deprotonated in thgalgorms. In acid solution (pH
2.0 to pH 5.0), there were five positionsgamino TAA ando-amino TAA that

could be protonated. So, the protonated structfrfeese compounds in the possibly
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various positions were proposed as shown from Ei§drand Figure 35. The
protonated position that gave the lowest energyhtrbg assigned to the structure in
protonated form before the dissociation of protoousred to form the neutral
structures for each ligand. The energies of patp-amino TAA and

o-amino TAA are shown in Table 5 and Table 6.

(b)

Figure 33 The optimized structure of (p)Jamino TAA and (bp-amino TAA
(GaussView 3.09).
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() (d)

Figure 34 The proposed structures in protonated formsaiino TAA for
the possibly various positions
(a) nitrogen atom of amino group
(b) nitrogen atom of azo group that adjacent to thenata ring
(c) nitrogen atom of azo group that adjacent to thaztbie ring

(d) nitrogen atom of thiazole ring.
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Figure 35 The proposed structures in protonated forms-amino TAA for the
possibly various positions
(a) nitrogen atom of azo group that adjacent to thenat ring
(b) nitrogen atom of azo group that adjacent to theztble ring

(c) nitrogen atom of thiazole ring.

Table 5 Energies of the proposed structures in protonatadd ofp-amino TAA for

the possibly various positions

protonated position

energy (a.u.)

p-amino TAA (amino)
p-amino TAA (n-thiazole)
p-amino TAA (s-thiazole)*
p-amino TAA (azo-thiazole)

p-amino TAA (azo-aromatic)

-1079.944099

-1080.020949

-1079.974032

-1080.018306

-1080.042442
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Table 6 Energies of the proposed structures in protonaisdd ofo-amino TAA for

the possibly various positions

protonated position energy (a.u.)
o-amino TAA (amino)** -1080.040727
o-amino TAA (n-thiazole) -1080.029370
o-amino TAA (s-thiazole)* -1079.983961
o-amino TAA (azo-thiazole) -1080.028272
o-amino TAA (azo-aromatic) -1080.040727

*  distorted structure

** changed structure

The results showed that the protonation on nitragem of azo group
which was adjacent to the aromatic ring for bptimino TAA ando-amino TAA
gave the lowest energies. It can conclude thaetfa@sns might be the structures of
p-amino TAA ando-amino TAA before the dissociation of proton ocearto form
the neutral structures for each ligand. For thegoration on sulfur atom of thiazole
ring, the structures gi-amino TAA ando-amino TAA were converted to be other
structures. So, this position was not expectecetthb protonated position. Similarly,
the protonation on nitrogen atom of amino group-amino TAA was changed in its
position. The proton transferred from nitrogen atammino group to nitrogen atom
of azo group which was adjacent to aromatic riegheir energies were equal. These
results could confirm by their energies which haghtvalues in comparison to other

protonated structures.
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4. Complex formation of p-amino TAA and o-amino TAA with rhodium(lll)

The absorption gf-amino TAA ando-amino TAA in visible region were
studied in universal buffer solutions at various fHe azo compound displayed
mainly a broad band in the visible region (479-58%. The formation of complex
betweerp-amino TAA and rhodium(lll) and betweeramino TAA and rhodium(lIl)
at various pH were studied by UV-Vis spectroscdpe spectra showed that at pH 5
was the optimum pH for the formation of rhodium)d{p-amino TAA) complex
because of the highest difference between the ptisohbands of the rhodium(lll)-
(p-amino TAA) complex ang-amino TAA. Foro-amino TAA, pH 3 was the most
suitable pH for the formation of rhodium(llip{amino TAA) complex due to the shift
in wavelength of rhodium(lll)g¢-amino TAA) fromo-amino TAA. The absorption
spectra of the complexes at various pH are showiaigare 36 to Figure 45.
Moreover, color an@max Of p-amino TAA,0-amino TAA and their complexes at

various pH are shown in Table 7 and Table 8.
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Figure 36 Absorption spectra g-amino TAA and rhodium(lll){-amino TAA)

complex at pH 2.
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Figure 37 Absorption spectra g-amino TAA and rhodium(lll)4§-amino TAA)

complex at pH 3.
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Figure 38 Absorption spectra g-amino TAA and rhodium(lll)4§-amino TAA)

complex at pH 4.

92



Absorbance

0.90 -

075 -

0.60 -
0.45 -
0.30 -

0.15

0.00

p-amino TAApH 5

-- Rh(lll)-(p-amino TAA)

400

Wavelength(nm)

Figure 39 Absorption spectra g-amino TAA and rhodium(lll)4§-amino TAA)

complex at pH 5.
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Figure 40 Absorption spectra gi-amino TAA and rhodium(lll)4§-amino TAA)

complex at pH 6.
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Figure 41 Absorption spectra a-amino TAA and rhodium(lll)-¢-amino TAA)

complex at pH 2.
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Figure 42 Absorption spectra a-amino TAA and rhodium(lll)-¢-amino TAA)

complex at pH 3.
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Figure 43 Absorption spectra a-amino TAA and rhodium(lll)-¢-amino TAA)

complex at pH 4.
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Figure 44 Absorption spectra a-amino TAA and rhodium(lll)-¢-amino TAA)

complex at pH 5.
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Figure 45 Absorption spectra @tamino TAA and rhodium(lil)-¢-amino TAA)

complex at pH 6.

Table 7 The color and.max 0f p-amino TAA and rhodium(lll) complex at various pH

Rhodium(lll)-(p-amino TAA)

H p-amino TAA
P complex
Color Amad{nm) color Amax(NmM)

2 Pink 523 Pink 519
3 Orange 483 Orange 493
4 Orange 480 Orange 479
5 Orange 479 Orange 478
6 Orange 479 Orange 477
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Table 8 The color and.max 0f 0-amino TAA and rhodium(lll) complex at various pH

Rhodium(lll)-(0-amino TAA)

4 o-amino TAA
P complex
Color Amax{(Nm) color Amax{(Nm)

2 Deep-pink 535 Deep-pink 535
3 Orange-red 505 Deep-pink 527
4 Orange 489 Orange 492
5 Orange 488 Orange 489
6 Orange 488 Orange 489

5. Complex formation of p-amino TAA and o-amino TAA with platinum(I1V)

The same as rhodium(lll) complexes, the formatiboomplex between
p-amino TAA ando-amino TAA with platinum(lV) at various pH were slied by
UV-Vis spectroscopy. The spectra showed that pHa8 tlie suitable pH for the
formation of platinum(IV)-f-amino TAA) and platinum(IV)4-amino TAA)
complexes because of the shift in wavelength af twnplexes fronp-amino TAA
ando-amino TAA. The absorption spectra at various pHlie complexes formation
are shown in Figure 46 to Figure 55. Moreover, caltlax of p-amino TAA,

o-amino TAA and their complexes at various pH arevahin Table 9 and Table 10.
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Figure 46 Absorption spectra gkamino TAA and platinum(IV){amino TAA)

complex at pH 2.
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complex at pH 3.
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Figure 48 Absorption spectra gFamino TAA and platinum(IV){amino TAA)

complex at pH 4.
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Figure 50 Absorption spectra gFamino TAA and platinum(IV){amino TAA)
complex at pH 6.
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Figure 51 Absorption spectra aFamino TAA and platinum(IV)¢-amino TAA)

complex at pH 2.
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Figure 52 Absorption spectra aFamino TAA and platinum(IV)g¢-amino TAA)

complex at pH 3.
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Figure 53 Absorption spectra aFamino TAA and platinum(IV)g¢-amino TAA)

complex at pH 4.
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Figure 54 Absorption spectra aFamino TAA and platinum(IV)¢-amino TAA)

complex at pH 5.

102

1.80 -

1.50

1.20

0.90

Absorbance

0.60

0.30

o-amino TAApH 6

Pt(IV)-(o-amino TAA)

0.00 ‘
400 450

500

550
Wavelength (nm)

600 650

700

Figure 55 Absorption spectra aFamino TAA and platinum(IV)¢-amino TAA)

complex at pH 6.
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Table 9 The color and.max 0f p-amino TAA and platinum(lV) complex at various
pH

Platinum(IV)-(p-amino TAA)

H p-amino TAA
P complex
color Amad{nm) color Amax{(Nm)

2 Pink 523 Orange-Pink 520
3 Orange 483 Orange 494
4 Orange 480 Orange 480
5 Orange 479 Orange 479
6 Orange 479 Orange 480

Table 10 The color andunax Of 0-amino TAA and platinum(lV) complex at various

pH
o-amino TAA Platinum(IV)-(-amino TAA)
pH complex
color Ama{NM) color Ama{nm)
2 Deep-pink 535 Deep-pink 536
3 Orange-red 505 Deep-pink 528
4 Orange 489 Orange 493
5 Orange 488 Orange 488
6 Orange 488 Orange 488
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6. Stability of rhodium(lll)-( p-amino TAA) and rhodium(lll)-( o-amino TAA)

complexes

The stability of complexes betwepramino TAA and rhodium(lll) at pH 5
and betweew-amino TAA and rhodium(lll) at pH 3 were studiedhelresults in
Figure 56 and Figure 57 showed thamino and-amino simultaneously formed

complex with rhodium(lll) and the absorbance reradinonstant for at least 2 hours.
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Figure 56 Relationship between absorbance of rhodium(tHutino TAA) complex and

time.
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Figure 57 Relationship between absorbance of rhodium@Htino TAA) complex and

time.

7. Stability of platinum(IV)-( p-amino TAA) and platinum(lV)-( o-amino TAA)

complexes

The stability of complexes @amino TAA ando-amino TAA with
platinum(IlV) at pH 3 were studied. Figure 58 angufe 59 showed thatamino and
o-amino simultaneously formed complex with platiniv)(and the absorbance

remained constant for at least 2 hours.



106

1.00 -

080 ¢ 0000000000000 000+ 00 00

0.60 -

0.40 -

Absorbance

0.20 -

0.00

0 20 40 60 80 100 120

Time (minutes)

Figure 58 Relationship between absorbance of platinum(@vgrino TAA) complex and

time.
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8. Stoichiometric determination of rhodium(lIl)-( p-amino TAA) and

rhodium(ll)-( o-amino TAA) complexes

From the previous sections, the suitable pH fonglexes formation of
p-amino TAA ando-amino TAA with rhodium(lll) were 5 and 3, respetiy.
Stoichiometric determination of these complexesewerformed by mole ratio
method and continuous variation method (Job’s ntbthrouniversal buffer at pH 5
for p-amino TAA complex and at pH 3 foramino TAA complex.

8.1 Mole ratio method

The stoichiometry op-amino TAA ando-amino TAA with rhodium(lIl)
complexes were determined by mole ratio methodHah or thep-amino TAA
complex and pH 3 for the-amino TAA complex. The plot between absorbance and
the fraction of mole of rhodium(lll) per mole pfamino TAA is shown in Figure 60
and the plot between absorbance and the fractiomoté of rhodium(lll) per mole of
o-amino TAA is shown in Figure 61. The results shdwleat the stoichiometric ratio
between rhodium(lll) ang-amino TAA and between rhodium(lll) amdamino TAA
were 1:2.
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Figure 60 Mole ratio plot of complex between rhodium(lindyp-amino TAA in

universal buffer at pH 5.
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Figure 61 Mole ratio plot of complex between rhodium(lindo-amino TAA in

universal buffer at pH 3.
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8.2 Continuous variation method

The stoichiometry op-amino TAA ando-amino TAA with rhodium(lIl)
complexes were determined by continuous variatiethod at pH 5 for the
p-amino TAA complex and pH 3 for theeamino TAA complex. The plot between
absorbance and mole fractionémino TAA is shown in Figure 62 and the plot
between absorbance and mole fraction-afino TAA is shown in Figure 63. The
results showed that the stoichiometric ratio betwd®dium(lll) andp-amino TAA

and between rhodium(lll) armtamino TAA were also 1:2.
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Figure 62 Job’s plot of complex between rhodium(lll) gm@dmino TAA in

universal buffer at pH 5.
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Figure 63 Job’s plot of complex between rhodium(lll) am@mino TAA in

universal buffer at pH 3.

The results from mole ratio method agreed well vt results from
continuous variation method, which indicated that $toichiometry of rhodium(lil)-
(p-amino TAA) and rhodium(lll)-¢-amino TAA) complexesvere 1:2 (metal: ligand).

9. Stoichiometric determination of platinum(lV)-(p-amino TAA) and

platinum(IV)-( o-amino TAA) complexes

From the previous sections, the suitable pH fonglexes formation of
p-amino TAA ando-amino TAA with platinum(IV) were 3. Stoichiometric
determination of these complexes were performeshblg ratio method and

continuous variation method (Job’s method) in urgaebuffer at pH 3.

9.1 Mole ratio method

The stoichiometry op-amino TAA ando-amino TAA with platinum(IV)
complexes were determined by mole ratio methodHa3.pTrhe plot between
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absorbance and the fraction of mole of platinum{@e) mole ofp-amino TAA is
shown in Figure 64 and the plot between absorbandehe fraction of mole of
platinum(IV) per mole ob-amino TAA is shown in Figure 65. Figure 64 showieak
the fraction of mole of platinum(lV) per mole pfamino TAA was 0.73 which
correspond to the stoichiometric ratio in the rabdeto 1:2 between platinum(IV)
andp-amino TAA while Figure 65 showed that the stoichédric ratio between

platinum(lV) ando-amino TAA was 1:2
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Figure 64 Mole ratio plot of complex between platinum(I\fjcgp-amino TAA in

universal buffer at pH 3.
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Figure 65 Mole ratio plot of complex between platinum(I\fjceo-amino TAA in

universal buffer at pH 3.

9.2 Continuous variation method

platinum(1V) were determined by continuous variatioethod at pH 3. The plot

The stoichiometry of complexes pfamino TAA ando-amino TAA with

between absorbance and mole fractiop-amino TAA is shown in Figure 66 and the

plot between absorbance and mole fractioo-amino TAA is shown in Figure 67. The

results showed that the stoichiometric ratio betwgatinum(lV) ando-amino TAA

was 1:1 and the stoichiometric ratio between plati(iV) ando-amino TAA was 1:2.



0.35

0.30

0.25

0.20

Absorbance

i 052
v

0.2 0.4 0.6

mole fraction of p-amino TAA

0.8

1.0

113

Figure 66 Job’s plot of complex between platinum(lV) gmdamino TAA in

universal buffer at pH 3.
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Figure 67 Job’s plot of complex between platinum(lV) amdmino TAA in

universal buffer at pH 3.
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The results from mole ratio method agreed well vt results from
continuous variation method in platinum(I\-&mino TAA) which indicated that the
stoichiometry of platinum(IV)g¢-amino TAA) complex was 1:2 (metal: ligand). On
the other hand, platinum(IVp{amino TAA), the result from mole ratio method
showed the stoichiometry of metal: ligand was betwg:1 and 1:2, however, the
result from continuous variation method showedstioechiometry of metal: ligand
was 1:1 which indicated that the stoichiometry latipum(1V)-(o-amino TAA)
complexe tended to be 1:1.

10. Determination for stability constant of rhodium(lll )-(p-amino TAA) and

rhodium(lll)-( o-amino TAA) complexes

The stability constant of complexes betwgesimino TAA and rhodium(lil)
at pH 5 and betweemamino TAA and rhodium(lll) at pH 3 were studied by
continuous variation method (Job’s method) and BeHddebrand’s equation. The
results are shown in Table 11.

Table 11 The stability constants of rhodium(llip@mino TAA) and rhodium(lil)-
(o-amino TAA) by continuous variation method (Job’sthod) and
Benesi-Hildebrand’s equation

Stability constant

Complexes
Job’s method Benesi-Hildebrand
rhodium(ll)-(p-amino TAA) 3.59 x 1& 1.82 x10
rhodium(l1)-(c-amino TAA) 2.69 x 18 1.26 x18

The stability constants of rhodium(llipamino TAA) and rhodium(lll)-
(o-amino TAA) complexes from both methods had diffienealues due to the

different process in calculation which describedppendix D for Benesi-
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Hildebrand’s Equation and Appendix E for continueasiation method. From these
methods, it was found that the stability constdmhodium(lil)-(p-amino TAA) was
higher than rhodium(lil)¢-amino TAA). These results might be attributedhe t
intramolecular hydrogen bonding in freemino TAA which enhanced the stability

of this compound, so its complex was less stalde that ofp-amino TAA complex.

11. Determination for stability constant of platinum(lV )-(p-amino TAA) and

platinum(IV)-( o-amino TAA) complexes

The stability constant of complexes betwgesmmino TAA and platinum(IV)
and between-amino TAA and platinum(lV) at pH 3 were studieddmntinuous
variation method (Job’s method) and Benesi-HildeBimequation. The results are

shown in Table 12.

Table 12 The stability constants of platinum(lVp-amino TAA) and platinum(IV)-
(o-amino TAA) by continuous variation method (Job’sthod) and

Benesi-Hildebrand’s equation

Stability constant

Complexes
Job’s method Benesi-Hildebrand
platinum(IV)-(p-amino TAA) 8.00 x 10 1.62 x10
platinum(IV)-(0-amino TAA) 9.02 x 19 5.35 x18

As in rhodium(lll) complexes, the stability constsif complexes of
platinum(IV)-(-amino TAA) and platinum(IV)4-amino TAA) from both methods
had different values but still in the same ordeonfthe two methods, it was found
that the stability constants of platinum(I\g-&mino TAA) were higher than
platinum(IV)-(p-amino TAA). These might be resulting from the oxidation stateof-

platinum which had characterized as octahedral Wimhspintﬁzgconfiguration.
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These structures were stabilized by the influeridbehighest crystal field
stabilization energy (CFSE¥/sA., which was the maximum possible for aiffy
configuration (Greenwood, 1997). The stoichiomedfiplatinum(IV) with

o-amino TAA which might be acted as tridentate lidavas 1: 2 corresponding to the
octahedral structure of platinum(IVy-@mino TAA) complex. On the other hand, the
stoichiometric of platinum(IV) withp-amino TAA was 1:1 which might be attributed
to the square planar or tetrahedral structureafmim(IV)-(p-amino TAA) complex.
These results could be concluded that the octahgeloaetric structure of
platinum(IV)-(0c-amino TAA) leading to the higher stability congtahthis complex
than platinum(IV)-p-amino TAA).

Foro-amino TAA complexes, rhodium(lieamino TAA) had higher
stability constant than platinum(IVp{amino TAA). This result could consider from
hard and soft acids and bases characteristic amsinolable 13 and Table 14. The
ligand,o-amino TAA, was a polydentate ligand which couldhiccomplex with metal
ions via nitrogen atom of amino group classifiedaslerline base. Rhodium(lll) was
a borderline acid, while platinum(IV) was a softcawhich resulted in the more
stable of rhodium(lll)-¢-amino TAA) than platinum(lV){-amino TAA) complex.



Table 13 Hard and soft bases
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Hard bases Borderline bases Soft bases

b

F, Cr Br I

H,0, OH, O* HoS, HS, S

ROH, RO, CH;COO RSH, RS RS

- - 2- -

NOjg’, ClOy NO™, N3 SCN, CN, RNC, CO

COs*, SQ7, PQ™ Sy 2
$03

NH3, RNH;, NoHg

CeHsNHy, GsHsN, N»

RsP, (RO}P, GHa,CoHe

Source: Miessler (1999)

Table 14 Hard and soft acids

Hard acids

Borderline acids

Soft acids

H*, Li*, Na', K

Be?*, Mg?*, C&*, SF*
BF;, BCl;, B(OR)
Al**, Al(CHs)s, AICI3
cr’, Mn*, Fé*, co**

B(CHs)3

Fe', Cd*, Ni®*, Cu,

zr?t, REY, I, RO, O

BHs, TI", TI(CHy)s

Cu', Ag", Au’, cd™,
Hg,*", HE", CHHg",
Pd*, PE*, PE

Source: Miessler (1999)
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12. Characterization of rhodium(lll)-( p-amino TAA) and rhodium(lll)-

(o-amino TAA) complexes

Complexes of rhodium(lll)p-amino TAA) and rhodium(lll)-¢- amino TAA)
were synthesized by mixing of ligands and Rh¢1,0 in tetrahydrofuran (THF)
solution under reflux for 8 hours. The productseverecipitated to give rhodium(lll)-
(p-amino TAA) as dark brown precipitate and rhodidii{lo-amino TAA) as black
precipitate with melting point more than 3Q0for both complexeshe percentage
yield of rhodium(lll)-p-amino TAA) and rhodium(lil)-¢-amino TAA) were 60.13
and 64.77%, respectively. The products were cheriaet by FT-IR andH NMR.

12.1 Infrared spectrum

The KBr disks of rhodium(lil)4§-amino TAA) and rhodium(lll)-
(o-amino TAA) which ground and dried at P2Dwere prepared by mixing of these
compounds with KBr. FT-IR spectra were operatelBisdisks in the 4000-370 cfn

region.

IR spectroscopy was a technique that could be tasieléntify the donor
atoms in the molecule gfamino TAA ando-amino TAA in a complex, observed by
the red shift of the spectrum due to the decreasiitige bond order of the donor atoms.
The IR spectra and their assigned peaksahino TAA,o-amino TAA and their
rhodium(lll) complexes are shown in Figure 68 amadl€ 15 fop-amino TAA, and in
Figure 69 and Table 16 foramino TAA. The peaks assigned fsamino and
rhodium(l11)-(p-amino TAA) showed C-O-C stretching was shiftedifrd107 crit to
1015 cmt, N=N stretching was shifted from 1541 ¢no 1537 crit, C=N stretching
was shifted from 1615 cfrto 1605 crit and C-S stretching was shifted from 1157'cm
to 1126 crif and the peaks assigned éeamino TAA amino and rhodium(l11)e¢
amino TAA) showed N-H stretching was shifted fro8#3 cn' and 3186 cfto 3195
cm?, N=N stretching was shifted from 1541 ¢o 1505 crit, C=N stretching was
shifted from 1600 cihto 1598 crit and C-S stretching was shifted from 1130"dm
1129 cnt'. Therefore,
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p-amino TAA ando-amino TAA might acted as tridentate ligands bygsiitrogen

atom of —NH for p-amino TAA and oxygen atom of —OGlfbr o-amino TAA,

nitrogen atom of N=N and nitrogen or sulfur atonthiazole ring as donor atoms.
From the differences in the shift (red shift) ofueaumber of C=NAv™ = 10 cn") and
C-S (W™ = 31 cm) bonds in the-amino TAA complex, the sulfur atom in the
thiazole ring should act as the donor atom in tieglium(lil)-(p-amino TAA) complex.
Since the differences in the shift of wavenumbeZsN and C-S bonds in the

o-amino TAA complex were equak¢™ = 1 cm') so IR spectrum could not be used to
identify that nitrogen or sulfur atom in the thiszadng should be the donor atom in the

rhodium(lll)-(o-amino TAA) complex.
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Figure 68 Infrared spectra of (g-amino TAA and (b) rhodium(lil)gamino TAA)

complex.



Table 15 Data from the IR spectra pfamino TAA and rhodium(lIl)-

(p-amino TAA) complex
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Wavenumber (cif)

Functional group

Wavenumber (cif)

of p-amino TAA of rhodium(lll)-(p-amino TAA)
complex
3328 and 3228 N-H stretch 3198
3158 C-H Stretch aromatic 3099
1615 C=N stretch 1605
1541 N=N stretch 1537
1190 C-N stretch 1222
1157 C-S stretch 1126
1107 C-O-C stretch 1015
] e
-‘—Wﬁ -
4 \\-\jn\f e
A " \ M ()
| 3195 2114 \ 1019
| 1129
1505
1598
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Figure 69 Infrared spectra of (@-amino TAA and (b) rhodium(lil)g¢-amino TAA)

complex.
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Table 16 Data from the IR spectra ofamino TAA and rhodium(lll)-

(o-amino TAA) complex

Wavenumber (cif Wavenumber (cif)
of o-amino TAA Functional group of rhodium(lll)-(c-amino TAA)
complex
3343 and 3186 N-H stretch 3195
3082 C-H Stretch aromatic 3114
1600 C=N stretch 1598
1541 N=N stretch 1505
1205 C-N stretch 1192
1130 C-S stretch 1129
1015 C-O-C stretch 1019

12.2 *H NMR spectrum

For'H NMR, 0.020 g of rhodium(lIl)4¢-amino TAA) and rhodium(lll)-
(0-amino TAA) were dissolved in dimethylsulfoxide,@(CGD30S). The'H NMR
spectra were recorded at 400 MHz on an INNOVA VARIOMR spectrometer 400
MHz.
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Figure 70 *H NMR spectra (DMSQyg) of
(a) p-amino TAA and (b) rhodium(lll)f-amino TAA) complex.

Table 17 Data from théH NMR spectra op-amino TAA and rhodium(lll)-

(p-amino TAA) complex

p-amino TAA rhodium(lll)-p-amino TAA) complex
Chemical shift Chemical shift
Proton Proton
(Ppm) (Ppm)
7.90 Ha 7.82 Ha
7.63 Hs 7.66 Hs
7.57 Hc 7.50 Hc
6.40 Hp 6.33 Hp
6.37 He 6.28 He
7.73 He 7.78 He
3.82 He 3.85 He
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Figure 71 'H NMR spectra (DMSQs) of
(a) o-amino TAA and (b) rhodium(lll)¢-amino TAA) complex.

Table 18 Data from theéH NMR spectra ob-amino TAA and rhodium(lll)-
(o-amino TAA) complex

123

o-amino TAA rhodium(lll)-6-amino TAA) complex
Chemical shift Chemical shift
Proton Proton
(ppm) (Ppm)
7.86 Ha 7.88 Ha
7.53 Hs 7.54 Hs
7.67 Hc 7.61 Hc
6.31 Hp 6.36 Hp
6.32 He 6.25 He
6.83 Hr 6.72 Hr
3.89 He 3.91 He
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'H NMR spectrum could be used to indicate the datom of ligand for
bonding with metal ions. Generally, the chemicidiit € the proton closed to the
donor atom was changed to the higher chemical @oftnfield) due to the
decreasing of electron density (deshielded) of phaton. The'H NMR spectra of
p-amino TAA, rhodium(lll)-p-amino TAA) complex and their assigned chemical
shifts are shown iffigure 70 and Table 17. THE NMR spectra ob-amino TAA
and rhodium(lIl)-6-amino TAA) are shown in Figure 71 and Table 18 peak
assigned fop-amino TAA and its complex showed that &tom at 7.90 ppm was
shifted to 7.82 ppm, glatom was shifted from 7.63 ppm to 7.66 pprg was shifted
from 7.57 to 7.50, Hwas shifted from 6.40 to 6.33gkvas shifted from 6.37 to 6.28,
Hr was shifted from 7.73 to 7.78 ang kWas shifted from 3.82 to 3.85. It was found
that chemical shift of protons from —OgHroup (Hs) was shifted to downfield
because of electrons donation from oxygen atorhadium(lil). However, for the
thiazole ring whicht-backbonding could possibly occur, nitrogen atorghhact as
donor atom due to the higher change of chemicfl ghH, compared to El The
n-backbonding will increase the electron densitshia thiazole ring which changed
the chemical shift to higher field (lower chemighift). In addition, there were
changes in chemical shift of protons in benzeng (it, Hob and H) which indicated

some interactions between benzene ring and rhodijum(

In the case of-amino TAA, the peak assigned fmamino TAA and its
complex showed thatAhtom at 7.86 ppm was shifted to 7.88 ppratbm was
shifted from 7.53 ppm to 7.54 ppm¢ias shifted from 7.76 to 7.61phivas shifted
from 6.31 to 6.36, Hwas shifted from 6.32 to 6.25¢k/as shifted from 6.83 to 7.72
and Hs was shifted from 3.89 to 3.91. It was found tin&t difference of chemical
shift of Ha was higher than the difference of chemical sHiftlg. This result
indicated that nitrogen atom of thiazole ring might as donor atom to rhodium(lIl).
In addition, there were some protons that changele lower chemical shift. These
might be attributed ta-backbonding similar to the case@amino TAA complex as

previously mentioned.
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From IR and'H NMR spectra, it could be concluded that donometof
p-amino TAA to rhodium(lll) might be the nitrogenoat of thiazole ring, the
nitrogen atom of the azo group and the oxygen atbtine methoxy group in
mranisidine ring while donor atoms ofamino TAA to rhodium(lll) might be the
nitrogen atom of thiazole ring, the nitrogen atanthe azo group and the nitrogen

atom of the amino group m-anisidine ring.
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13. Structural determination of complexes betweemp-amino TAA and

rhodium(lll) by quantum chemical calculations

According to the high stability constant of comphetween rhodium(lll) and
p-amino TAA, the quantum chemical calculations apgliaation for binding with
DNA of this complex have been studied. The liggndmino TAA, was polydentate
ligand which can form complexes with metal ionsuising nitrogen or sulfur atom of
thiazole ring and oxygen atom of —Oggtoup as donor atoms. They may act as
either bidentate or tridentate ligands to form atiecomplexes. In the case of
bidentate ligand, Cfrom starting material, RhgkH,O, and HO were two potential
ligands in the complex formation. The formatiorcomplex between rhodium(lil)
andp-amino TAA should be as followed:

RA* + 2-amino TAA <———== [Rhp-amino TAA)]*"

Therefore, the stabilization energies of possiblaglex structures as shown

in Figure 72 to Figure 75 were calculated by Gaurg¥3 program.

SRS Q ~0)

.4 A TE-. R N
HoCO 4 o
\©\ NH,
0] (i)

Figure 72 Postulated structures of complexes between rhdiil) and p-amino TAA
as tridentate ligand
() nitrogen atoms of thiazole rings as donor atomsfRIAA-n),]**
(i) sulfur atoms of thiazole rings as donor atoms-fRAAA-s),]**
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Figure 73 Postulated structures of complexes between rhadiil) and p-amino TAA

as bidentate ligand using oxygen atoms dhme groups as donor atoms

(i) cisstructure with chloride atoms as donor atoms-
cis[Rh(p-TAA)(Cl)s]"

(i) cisstructure with oxygen atoms of water as donor atom
cis[Rh(p-TAA) »(H20),]**

(i) transstructure with chloride atoms as donor atoms-
trans[Rh(p-TAA) »(Cl),]*

(iv) transstructure with oxygen atoms of water as donor atoms
trans[Rh(p-TAA) »(H-0),]*".
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Figure 74 Postulated structures of complexes between rih(dil) and

p-amino TAA asbidentate ligand by using nitrogen atoms of thiazol

rings as donor atoms

(i)

cis structure with chloride atoms as donor atoms

cis[Rh(p-TAA-n)»(Cl)3]*

(ii)

cis structure with oxygen atoms of water as donor atoms

cis-[Rh(p-TAA-n)»(H;0),]*

(iii)

transstructure with chloride atoms as donor atoms-

trans[Rh(p-TAA-n),(Cl),]*

(iv)

trans structure with oxygen atoms of water as donor atom

trans[Rh(p-TAA-n)»(H-0),]*".
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Figure 75 Postulated structures of complexes between rha(dlil) and
p-amino TAAas bidentate ligand using sulfur atoms of thiaziolgs as
donor atoms
(i) cisstructure with chloride atoms as donor atoms-
cis-[Rh(p-TAA-s)»(Cl),]*

(i) cisstructure with oxygen atoms of water as donor gtom
Cis-[Rh(p-TAA-8)2(H20)]**

(ii) transstructure with chloride atoms as donor atoms-
trans[Rh(p-TAA-s)>(Cl),]"

(iv) transstructure with oxygen atoms of water as donor atom
trans[Rh(p-TAA-s)(H,0)5]*".

The optimized structures of rhodium(llp-amino TAA) complexes obtained

from quantum chemical calculations are displayeligure 76 to Figure 89.
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Figure 77 The optimized structure of [RIHTAA-s),]** (GaussView 3.09).
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Figure 79 The optimized structure ofs-[Rh(p-TAA) »(H-0),]** (GaussView 3.09).
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Figure 81 The optimized structure tfans[Rh(p-TAA) »(H,0),]**
(GaussView 3.09).
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Figure 83 The optimized structure afs-[Rh(p-TAA-n)»(H,0),]**
(GaussView 3.09).
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Figure 85 The optimized structure afs-[Rh(p-TAA-s),(H20),]**
(GaussView 3.09).
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Figure 86 The optimized structure afans[Rh(p-TAA-n)»(Cl)3]"
(GaussView 3.09).

Figure 87 The optimized structure afans[Rh(p-TAA-n)2(H,0),]**
(GaussView 3.09).
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Figure 89 The optimized structure afans[Rh(p-TAA-s)>(H20),]>*
(GaussView 3.09).
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The geometric parameters of all optimized stredwrere selected to describe
the orientation of atoms in each complex. The Btalf these compounds were
compared to identify the most possible structuréhoflium(lll) complex. Firstlycis
andtransisomers with the same donor atomes,bond angles afis-[Rh(p-TAA-
n)(Cl);]* andtrans[Rh(p-TAA-n),(Cl)5]*, were compared as shown from Figure 90
to Figure 96 and from Table 19 to Table 25. Seogrile same isomers of complexes
with different donor atoms,e. bond lengths ofis-[Rh(p-TAA) 2(Cl),]", cis-[Rh(p-
TAA-Nn)»(Cl),]" andcis-[Rh(p-TAA-s),(Cl),]" were compared as shown from Figure
97 to Figure 101 and in Table 26 to Table 30. Fynéhe distinctive coordination
between bidentate and tridentate characteristiceofigand were compared in their
torsion angles as shown in Figure 102 to Figure Ed®rgies of atoms, molecules
and possible structures of rhodium(lig-&mino TAA) complexes and formation
energies of all possible structures of rhodiumyd{f}amino TAA) complexes are

shown in Table 31.
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(ii)

Figure 90 The geometry of coordinated bond between rhodamand donor atoms
in (i) [Rh(p-TAA-n),]* and (i) [RhE-TAA-s),]*".

Table 19 Selected bond angles in (i) [RH{AA-n)2] **and (ii) [Rhp-TAA-s),] **

[Rh(p-TAA-n),]**

[Rh(p-TAA-s),]*"

Bond angles Degree Bond angles Degree
70-1Rh-2N 77.4711 70-1Rh-2N 76.2387
70-1Rh-3N 156.1040 70-1Rh-3S 157.1363
70-1Rh-4N 92.9818 70-1Rh-4S 95.2610
70-1Rh-5N 104.0360 70-1Rh-5N 100.6307
70-1Rh-6° 92.3530 70-1Rh-60 95.5253
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&

J
() (i)

Figure 91 The geometry of coordinated bond between rhodiumaiad donor atoms
in (i) cis[Rh(p-TAA) 2(Cl),]" and (ii) trans-[Rh(p-TAA) »(Cl),] .

Table 20 Selected bond angles in ¢is-[Rh(p-TAA)»(Cl),]" and (i) trans-[Rh(p-

TAA)2(Cl);]"
cis-[Rh(p-TAA) »(Cl),]* trans-[Rh(p-TAA) »(Cl),]"
Bond angles Degree Bond angles Degree
2N-1Rh-3N 104.6604 2N-1Rh-3N 170.9533
2N-1Rh-40 79.7417 2N-1Rh-40 101.5164
2N-1Rh-50 165.9013 2N-1Rh-50 78.4836
2N-1Rh-6Cl 85.3788 2N-1Rh-6ClI 88.8082

2N-1Rh-7ClI 107.2909 2N-1Rh-7ClI 89.4519
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9 ¥)
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Figure 92 The geometry of coordinated bond between rhodiumaiad donor atoms
in (i) cis[Rh(p-TAA)»(H-0)]*"and (ii) trans[Rh(p-TAA) »(H,0),]**.

Table 21 Selected bond angles in ¢is-[Rh(p-TAA) »(H-0),]** and (ii) trans[Rh(p-

TAA) 2(Hz0)]**
cis[Rh(p-TAA) »(H-0)]** trans[Rh(p-TAA) »(H-0),]**
Bond angles Degree Bond angles Degree
2N-1Rh-3N 104.5651 2N-1Rh-3N 179.4221
2N-1Rh-40 173.4285 2N-1Rh-40 103.5057
2N-1Rh-50 79.9203 2N-1Rh-50 78.5699
2N-1Rh-60 97.5543 2N-1Rh-60 91.7508

2N-1Rh-7° 86.6736 2N-1Rh-70 89.4005
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(i) (ii)

Figure 93 The geometry of coordinated bond between rhodiumaitd donor atoms
in (i) cis-[Rh(p-TAA-n),(Cl);] " and (i) trans[Rh(p-TAA-n)(Cl);] .

Table 22 Selected bond angles in ¢is-[Rh(p-TAA-n),(Cl),]*and (i) trans-[Rh(p-
TAA-n)z(C|)2]+

cis-[Rh(p-TAA-n),(Cl)7]* trans[Rh(p-TAA-n)»(Cl),]"
Bond angles Degree Bond angles Degree
2N-1Rh-3N 178.7708 2N-1Rh-3N 179.3817
2N-1Rh-4N 103.6750 2N-1Rh-4N 103.4947
2N-1Rh-5N 76.7366 2N-1Rh-5N 76.5631
2N-1Rh-6CI 93.2386 2N-1Rh-6CI 89.6906

2N-1Rh-7ClI 86.8692 2N-1Rh-7ClI 90.3099
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Figure 94 The geometry of coordinated bond between rhodamand donor atoms
in (i) cis-[Rh(p-TAA-n)»(H,0),]**and (ii) trans[Rh(p-TAA-n)2(H,0),]*".

Table 23 Selected bond angles in ¢is-[Rh(p-TAA-n)(H,0),]*" and (i) trans
[Rh(p-TAA-N)o(H20)]**

cis[Rh(p-TAA-n),(H,0),]>*

trans[Rh(p-TAA-n)2(H,0),]**

Bond angles Degree Bond angles Degree
5N-1Rh-2N 78.1683 70-1Rh-2N 88.2849
5N-1Rh-3N 100.5288 70-1Rh-3N 97.4993
5N-1Rh-4N 97.5483 70-1Rh-4N 93.9813
5N-1Rh-60 88.1312 70-1Rh-5N 91.4839
5N-1Rh-7° 168.5477 70-1Rh-60 176.9363
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(i) (ii)

Figure 95 The geometry of coordinated bond between rhodamand donor atoms
in (i) cis-[Rh(p-TAA-s)x(Cl),]" and (i) trans[Rh(p-TAA-s),(Cl)] ™.

Table 24 Selected bond angles in ¢is-[Rh(p-TAA-s),(Cl),] " and (i) trans[Rh(p-

TAA-S)z(C|)2]+
cis-[Rh(p-TAA-s)5(Cl)3]* trans[Rh(p-TAA-S)(Cl),]"
Bond angles Degree Bond angles Degree
3N-1Rh-2N 101.1027 7CI-1Rh-2N 86.6128
3N-1Rh-4S 96.0499 7CI-1Rh-3N 93.4085
3N-1Rh-5S 80.1557 7CI-1Rh-4S 94.6689
3N-1Rh-6CI 165.9672 7CI-1Rh-5S 85.3269

3N-1Rh-7ClI 85.8008 7CI-1Rh-6ClI 179.9661
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Figure 96 The geometry of coordinated bond between rhodamand donor atoms

in (i) cis-[Rh(p-TAA-s)»(H-0),]*" and (ii) trans[Rh(p-TAA-s)2(H,0),]*".

Table 25 Selected bond angles in ¢is-[Rh(p-TAA-s)(H,0),]*" and (i) trans
[Rh(p-TAA-s)2(H20)5]**

cis-[Rh(p-TAA-8)2(H;0),)**

trans[Rh(p-TAA-s),(H,0),]**

Bond angles Degree Bond angles Degree
2N-1Rh-3N 107.4777 70-1Rh-2N 94.5343
2N-1Rh-4S 169.1682 70-1Rh-3N 86.7677
2N-1Rh-5S 83.0441 70-1Rh-4S 83.4412
2N-1Rh-60 96.8697 70-1Rh-5S 95.3607
2N-1Rh-7° 80.7724 70-1Rh-60 174.8533
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Figure 97 The coordination of different donor atoms to riooa ion in
(i) cis[Rh(p-TAA),(CI),]%, (ii) cis[Rh(p-TAA-n),(Cl),]" and
(iii) cis-[Rh(p-TAA-s),(Cl)3]".

Table 26 Selected bond lengths in ¢is-[Rh(p-TAA) »(Cl)5]", (ii) cis[Rh(p-TAA-
n)2(Cl)2]" and (iii) cis[Rh(p-TAA-s)(Cl)2]"

cis- cis- cis-
[Rh(p-TAA)»(Cl)2]" [Rh(p-TAA-n),(Cl)7]" [Rh(p-TAA-s)5(Cl)2]"
Bond Distance Bond Distance Bond Distance
(A) (R) (R)
1Rh-2N 2.0468 1Rh-2N 2.0399 1Rh-2N 2.2293
1Rh-3N 2.1316 1Rh-3N 2.0384 1Rh-3N 2.2516
1Rh-40 2.1903 1Rh-4N 2.1411 1Rh-4S 2.4981
1Rh-50 2.1714 1Rh-5N 2.1810 1Rh-5S 2.3691
1Rh-6ClI 2.3543 1Rh-6ClI 2.3480 1Rh-6Cl 2.3650

1Rh-7ClI 2.3123 1Rh-7Cl 2.3603 1Rh-7Cl 2.3439
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(i) (ii) (iii)

Figure 98 The coordination of different donor atoms to riooa ion in
(i) trans[Rh(p-TAA),(CI)j], (ii) trans[Rh(p-TAA-n),(Cl);]* and
(iii) trans[Rh(p-TAA-s)(Cl),]".

Table 27 Selected bond lengths in {fans[Rh(p-TAA)»(Cl)2]", (i) trans[Rh(p-
TAA-n)(CI),]" and (iii)trans[Rh(p-TAA-s)»(C)2]*

trans trans trans
[Rh(p-TAA)2(Cl)2]" [Rh(p-TAA-n),(Cl)2]" [Rh(p-TAA-5)2(Cl)2]"
Bond Distance Bond Distance Bond Distance
(A) (A) (A)
1Rh-2N 2.1449 1Rh-2N 2.1173 1Rh-2N 2.1684

1Rh-3N 2.1417 1Rh-3N 2.1173 1Rh-3N 2.1683
1Rh-40 2.1271 1Rh-4N 2.0812 1Rh-4S 2.4290
1Rh-50 2.1260 1Rh-5N 2.0813 1Rh-5S 2.4295
1Rh-6Cl 2.3869 1Rh-6CI 2.3893 1Rh-6CI 2.3891
1Rh-7Cl 2.3681 1Rh-7Cl 2.3852 1Rh-7Cl 2.3892
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(i) (ii) (iii)

Figure 99 The coordination of different donor atoms to riooa ion in
() cis[Rh(p-TAA)(H-0)]%, (i) cis{Rh(p-TAA-n),(H,0),]** and
(iii) cis-[Rh(p-TAA-s)2(H,0)5]>".

Table 28 Selected bond lengths in ¢is-[Rh(p-TAA) 2(H-0),]*", (ii) cis{Rh(p-TAA-
np(H-0)]**and (iii) cis-[Rh(p-TAA-s),(H-0),]**

cis- cis- cis-

[Rh(p-TAA) 2(Hz0)]** [Rh(p-TAA-N)(H20)*"  [Rh(p-TAA-S)2(H20),]**

Bond Distance Bond Distance Bond Distance

(A) (A) (A)

1Rh-2N 2.0818 1Rh-2N 2.0682 1Rh-2N 2.1966
1Rh-3N 2.0724 1Rh-3N 2.0520 1Rh-3N 2.1221
1Rh-40 2.1297 1Rh-4N 2.0749 1Rh-4S 2.4737
1Rh-50 2.1282 1Rh-5N 2.1251 1Rh-5S 2.3930
1Rh-60 1.9914 1Rh-60 2.1395 1Rh-60 2.1563

1Rh-70 2.1763 1Rh-70 2.1894 1Rh-70 2.1979
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Figure 100 The coordination of different donor atoms to ribmalion in
(i) trans[Rh(p-TAA)2(H20)5]%*, (i) trans{Rh(p-TAA-n)2(H,0),]** and
(iii) trans[Rh(p-TAA-s)2(H,0),]%".

Table 29 Selected bond lengths in {fans[Rh(p-TAA) 2(H,0),]*, (ii) trans
[Rh(p-TAA-n),(H-0)]** and (iii) trans[Rh(p-TAA-s),(H-0)]**

trans trans- trans
[Rh(p-TAA) 2(H;0)]** [Rh(p-TAA-N)2(H0)]*"  [Rh(p-TAA-5)2(H20)]**
Bond Distance Bond Distance Bond Distance
(A) (A) (A)
1Rh-2N 2.1312 1Rh-2N 2.1818 1Rh-2N 2.1536

1Rh-3N 2.1197 1Rh-3N 2.1821 1Rh-3N 2.1696
1Rh-40 2.1025 1Rh-4N 2.0936 1Rh-4S 2.5547
1Rh-50 2.0885 1Rh-5N 2.0899 1Rh-5S 2.5782
1Rh-60 2.1255 1Rh-60 2.0950 1Rh-60 2.1511
1Rh-70 1.9958 1Rh-70 2.0959 1Rh-70 2.1586
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0) (ii)

Figure 101 The coordination of different donor atoms to rismal ion in
(i) [Rhe-TAA-n),]*" and (i) [Rhp-TAA-s),]*".

Table 30 Selected bond lengths in (i) [RRTAA-n),]** and (i) [Rhp-TAA-s),]**

[Rh(p-TAA-n);]** [Rh(p-TAA-s)]**

Bond Distance (A) Bond Distance (A)
1Rh-2N 2.0285 1Rh-2N 2.1536
1Rh-3N 2.0107 1Rh-3N 2.1696
1Rh-4N 2.0107 1Rh-4S 2.5547
1Rh-5N 2.0285 1Rh-5S 2.5782
1Rh-60 2.2170 1Rh-60 2.1511

1Rh-70 2.2170 1Rh-70 2.1586s
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Torsion angles

Degree

2C-3C-4N-5N
3C-4N-5N-6C
4N-5N-6C-7S
4N-5N-6C-8N
9C-10C-11N-12N
10C-11N-12N-13C
11N-12N-13C-14S
11N-12N-13C-15N

168.3746
-158.8345
13.7684
-165.1109
-7.4730
154.9183
-15.2788
162.6855

Figure 102 The optimized structure afans[Rh(p-TAA-s),(H,0),]** with torsion

angles op-amino TAA.

Torsion angles

Degree

2C-3C-4N-5N
3C-4N-5N-6C
4N-5N-6C-7S
4N-5N-6C-8N
9C-10C-11N-12N
10C-11N-12N-13C
11N-12N-13C-14S
11N-12N-13C-15N

-132.7762
-168.1413
26.4683
-145.9121
161.6809
170.6035
25.1091
-148.4532

Figure 103 The optimized structuref cis-[Rh(p-TAA-s)2(H20),]** with torsion

angles op-amino TAA.
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Torsion angles Degree
2C-3C-4N-5N -179.3643
3C-4N-5N-6C 179.7965
4N-5N-6C-7S -178.9416
4N-5N-6C-8N 0.6230

9C-10C-11N-12N  -179.3659

10C-11N-12N-13C  179.7958
11N-12N-13C-14S  -178.9497
11N-12N-13C-15N 0.6180

Figure 104 The optimized structuref [Rh(p-TAA-s),]** with torsion angles of

p-amino TAA.

<

Torsion angles Degree
ﬁ 2C-3C-4N-5N 168.7785
3C-4N-5N-6C -178.7992
4N-5N-6C-7S -22.6655
4N-5N-6C-8N 149.3114
9C-10C-11N-12N 170.2996
10C-11N-12N-13C  -177.7826
? 11N-12N-13C-14S -23.9230
11N-12N-13C-15N 148.3061

Jd

9

Figure 105 The optimized structure of [RiMTAA-s),]>* in the presence of two

water molecules with torsion anglepa@mino TAA.
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The selected bond angles of the optimized strastas shown in Table 19 to
Table 25 were used to compare the distortion frotaleedral geometric structure of
rhodium(lll) complex betweeais andtransisomers with the same donor atoms. The
results showed that bond angles between donor aaachshodium(lll) ion irtrans
isomers were close to 9and 1860 which indicated the smaller distortion from
octahedral geometry tfansthancis isomers. For example in Figure 95 and Table
24, the angles 7CI-1Rh-6Cl and 7CI-1Rh-3Nrans[Rh(p-TAA-n)(Cl),]" (i) were
179.97 and 93.41 degrees while the angles 3N-1Ra&C3N-1Rh-5S iris-[Rh(p-
TAA-n),(Cl),]" (ii) were 165.97 and 80.16 degrees. This mighativbuted to the
less steric hindrance pfamino TAA intransthan incisisomers of which two
molecules op-amino TAA were approached resulting in the digidrangles between
donor atoms and rhodium(lll) ion for the formatioihoptimized octahedral structure.
These results were also corresponding with theltaiion energies of these
structures as shown in Table 31. The optimizecttra which had the smaller
distortion from octahedral geometrytodins[Rh(p-TAA-n),(Cl),]" with the energy
of -1350.72 kcal/mol indicated the more stableddtrte than the optimized structure
of cis-[Rh(p-TAA-n),(Cl),] " with the stabilization energy of -1348.33 kcal/nibhe
bond angles of other optimized structures were @etpand the similar results were

observed.

The selected bond lengths of the optimized strastas collected in Table 26
to Table 30 were used to compare the distancesriodium(lll) ion to each donor
atom in the same isomers with different donor atobhe shorter distances between
donor atoms and rhodium(lll) ion signified to thenma stable of the structure. The
results showed that bond lengths between rhodiljnigh and donor atoms decreased
in the order of Rh-S > Rh-O > Rh-N, respectivelgr Example in Figure 98 and
Table 27, the distances of 1Rh-4Qtians[Rh(p-TAA)»(Cl)2]* (i) was 2.13 A, 1Rh-
4N intrans[Rh(p-TAA-n),(Cl)2] " (i) was 2.08 A and 1Rh-4S tnans[Rh(p-TAA-
sh(CI),]" (iii) was 2.43 A, respectively. This implied thvodium(lll) ion preferred
to form complex with nitrogen atoms and this stnoetshould be the most stable form
for rhodium(lll) complex. These results midig described by hard and soft acids and

bases characteristic of each atom as shown in T&béand Table 14. Rhodium(lll)
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was a borderline acid as well as nitrogen atonmiazble ring. Conversely, oxygen
atom was classified as hard base and sulfur atosrclaasified as soft base, so these
atoms were less preferable to form complex witlditm(l11) ion than nitrogen atom
resulting in the longer distances of oxygen antus@atoms to rhodium(lll) ion.

The stabilization energies of these complexea®/s in Table 31 showed
that the energies dfans[Rh(p-TAA)(Cl),]*, trans[Rh(p-TAA-n),(Cl);]* and
trans[Rh(p-TAA- s)(Cl),]* were -1304.69, -1350.72 and -1297.08 kcal/mol,
respectively. These indicated that the stabilityrafs[Rh(p-TAA-n)(Cl),]" > trans-
[Rh(p-TAA)2(Cl),]" > trans[Rh(p-TAA- s)»(Cl),]* which corresponding to their bond
strength as mentioned which decreased in the ofdeh-N > Rh-O > Rh-S,
respectively. Besides, the bond distances betwesdium(lll) ion and chloride ions
and between rhodium(lll) ion and oxygen atoms diewavere insignificant
differences for all of the optimized structurese™elected bond lengths of others

were compared and gave the similar results.

Figure 106 Dihedral angle defined by three bond vectorsoaf faitoms.

Torsion angles of the complexes were useful infdionao explain the
planarity of the ligang-amino TAA and the orientation of octahedral stauetin
each complex. Figure 106 showed the torsion angieuo atoms; g &, & and a

which g and g were located in the center and the second bondés) was
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coming out of the page. The dihedral angle (@) thasangle made by the vectors b
and k. The planarity of the ligang-amino TAA in the complexesans[Rh(p-TAA-
sk(H-0)]%" (Figure 102)¢is-[Rh(p-TAA-s)2(H,0),]*" (Figure 103), [Rh-TAA-

sk]®* (Figure 104) and [RIXTAA-s),](H,0),>" (Figure 105) were considered. These
optimized structures were selected because all oangs have sulfur atoms of
thiazole ring and nitrogen atoms of azo group aswdatoms. The results showed that
two p-amino TAA molecules of [RIETAA-s),]*" had planar geometry as seen in
Figure 104 which torsion angles were nearly 1i88%orsion angle 10N-11N-12C-

13N was 179.79 degree. This might be due to thderitate characters and less steric
repulsions between eapkamino TAA molecule. In contrast, gtamino TAA
molecules irtrans{Rh(p-TAA-s),(H,0),]** andcis{Rh(p-TAA-s),(H,0),]** had
distorted planar geometry as shown in Figure 1@2FRagure 103 which torsion

angles inp-amino TAA were in the range of 150° to 14@. torsion angle 11N-12N-
13C-15C oftrans{Rh(p-TAA-s),(H-0),]*" was 162.69 degrees and torsion angle 9C-
10C-11N-12N ofcis{Rh(p-TAA-s),(H,0):]** was 161.68 degrees, respectively. This
might be because of their bidentate characterarhino TAA and steric repulsion

betweerp-amino TAA and HO in these two compounds.

From the stabilization energies as shown in T8hlethe energies afans-
[Rh(p-TAA-s)»(H,0),]*" andcis{Rh(p-TAA-s),(H-0),]** were -966.32 and -899.55
kcal/mol which less than [Rp{TAA-s),]** with the stabilization energy -875.21
kcal/mol. This could be described by using theindbangles. The bond angles
between donor atoms and rhodium(lll) ion (Table iB8jcated thastructures otis-
[Rh(p-TAA-s)»(H-0),]**andtrans{Rh(p-TAA-s),(H,0),]** were close to octahedral
geometry than [RIETAA-s),]*" which the bond angles between donor atoms and
rhodium(lll) ion (Table 19) showed a distorted ¢atdral geometry. This was due to
p-amino TAA in [Rhp-TAA-s),]*" acted as tridentate ligand, so it had more steric
hindrance and more rigidity. On the other handebtdte character gfamino TAA
in cis{Rh(p-TAA-s),(H,0),]**andtrans{Rh(p-TAA-s),(H-0),]** made this structure
more flexible. So, it could be concluded that rlumdlfli) complex with the higher

planarity ofp-amino TAA was not necessary to be the most stthleture for
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rhodium(lll) complex. This was because it was ndy@lanarity ofp-amino TAA

but also other effects as mentioned above thatteffiehe stability of the complex.

The effect of water molecules that solvate [RAA-s);]** complex was also
studied. The results showed that the torsion arieSN-6C-8N and 11N-12N-13C-
15C of [Rhp-TAA-s),]*'with two water molecules (Figure 105) were 149.6d a
148.31degree which indicated the distorted plapafip-amino TAA. This was
owing to hydrogen bonding between hydrogen atongsashino TAA and oxygen
atom of water molecules as shown in Figure 105.Ayjtgogen bonding also caused
the less stability of this compound which couldsieen in Table 31. The stabilization
energy of [Rhg-TAA-s),]**with two water molecules was -824.33 kcal/mol while
that of [Rhp-TAA-s),]** was -875.21 kcal/mol.

Table 31 Energies of atoms, molecules and possible strustfrenodium (111)-
i0-amino TAA) complexes and formation energies ofgtae structures of
rhodium(lll){§-amino TAA) complexes obtained by the calculation o
Gaussian03 at B3LYP level of theosing 6-31G* and SDD basis sets

Stabilization Stabilization

Atoms, molecules and Figure Energy (a.u.) Energy Energy

complexes (a.u.) (kcal/mol)

Atoms and molecules

Rhodium(lll) - -108.26190 - -
cr - -460.25223 - -
H,0 - -76.40895 - -

p-amino TAA 33 -1079.43408
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Stabilization  Stabilization
Atoms, molecules and Figure Energy (a.u.) Energy Energy
complexes (@au)  (kcal/mol)
Complexes
* tridentate ligand
[Rh(p-TAA-n),]** 77 -2268.63477  -1.50471 -944.22
[Rh(p-TAA-s),]** 78 -2268.52479  -1.39473 -875.21
[Rh(p-TAA-s),](H-0),>" 106 -2421.26164  -1.31368 -824.33
* bidentate ligand
(methoxy group)
cis-[Rh(p-TAA) »(CI),]* 79 -3189.72042  -2.0859 -1308.90
cis[Rh(p-TAA) »(H-0)]** 80 -2421.45747  -1.50951 -947.22
trans[Rh(p-TAA) »(Cl)5]* 81 -3189.73172  -2.09719 -1315.99
trans[Rh(p-TAA) »(H20),]** 82 -2421.45744  -1.50948 -947.20
* bidentate ligand
(n-thiazole rings)
cis[Rh(p-TAA-n),(Cl),]* 83 -3189.78326  -2.14874 -1348.33
cis-[Rh(p-TAA-n),(H,0),]** 84 -2421.49022  -1.54226 -967.77
trans-[Rh(p-TAA-n),(Cl),]* 87 -3189.78706  -2.15254 -1350.72
trans[Rh(p-TAA-n),(H,0),]** 88 -2421.47556  -1.52760 -958.57
* bidentate ligand
(s-thiazole rings)
cis-[Rh(p-TAA-s),(Cl)3] " 85 -3189.68019  -2.04567 -1283.66
cis[Rh(p-TAA-s)2(H,0),]*" 86 -2421.48792  -1.53996 -966.32
trans-[Rh(p-TAA-s),(Cl),]* 89 -3189.70158 -2.06706 -1297.08
trans[Rh(p-TAA-s),(H,0),]** 90 -2421.38151  -1.43355 -899.55
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The data in Table 31 showed that the optimizeatires with chloride ions acted
as donor atoms, dllansisomers had larger stabilization energies thigisomers (more
negative) which was referred to the more stalwlitthese geometric structures. On the
other hand, the optimized structures with oxygematof water molecules acted as donor
atoms, altisisomers had larger stabilization energies tramsisomers. This could be
described by hydrogen bonding that occurred iretegsictures as shown in Figure 107.
Hydrogen atom of water molecule could interact witrogen atom of thiazole ring led to
intramolecular hydrogen bonding and resulted irhtgker stability otisisomers than

transisomers.

Figure 107 The optimized structure efs-[Rh(p-TAA),(H-0),]*" with
intramolecular hydrogen bonding.

Due to the size, electronic configuration of rhad({Ul) and geometric
parameters from quantum chemical calculationsetepred an octahedral structure
and stable with six coordinated bonds. It was fotlnadtrans-[Rh(p-TAA-n)(Cl),]*
as shown in Figure 86 should be the possible strediecause of its largest
stabilization energy. The stabilization energylo$ ttomplex -1350.72 kcal/mol was

the lowest because its structure was less rigial tihe others. The twist of benzene
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ring in p-amino TAA suggested from calculations also agreell with the results
from *H NMR that indicated some interaction between beazéng inp-amino TAA
with rhodium(lll) ion as previously mentioned. Ttesults from the quantum
chemical calculations was supported the results fté NMR which indicated that

nitrogen atom in thiazole ring was the donor atom.
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14. Binding of calf thymus DNA with rhodium(lll)-( p-amino TAA) and
rhodium(ll)-( o-amino TAA)

14.1 Nucleic acid purity assessment by using A260/A28s

The spectroscopic study of the CT DNA solution watermined at
wavelength 260 nm with molar absorptivig) 6600 M'cm™ (Sunet al, 2008). The
procedure of this method is shown in Appendix Fe Tésult showed that the
concentration of CT DNA was 4.09x 104. The absorbances of CT DNA at 260 and
280 nm were 2.6987 and 1.4550, respectively. S0AR60/A280 ratios at
wavelength 200 nm to 350 nm are shown in Figurevtl®di8h approximately 1.85
indicated a slightly contamination of CT DNA sampleprotein.

2.70 -

2.40 -

2.10

1.80 -

1.50

1.20

0.90 -

Apo-350/A 250 Ratio

0.60 -

0.30 -

0.00 | | v 260 nm
200 220 240 260 280 300 320 340

Wavelength (nm)

Figure 108 A260/A280 ratios of CT DNA containing DNA and/orotein.

14.2 The binding of rhodium(lil)4¢-amino TAA) and rhodium(lll)-
(o-amino TAA) with calf thymus DNA
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Figure 109 The absorption spectra of rhodium(lIp-&mino TAA) 1.0 x1d M in
the presence of CT DNA at various concentratioiosgr = mole DNA:

mole complex).
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Figure 110 The absorption spectra of rhodium(l1§-&mino TAA) 1.0 x10 M in

the presence of CT DNA at various concentratioionsat = mole DNA:

mole complex).
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The DNA-binding of rhodium(lll)4-amino TAA) and rhodium(lII)-
(o-amino TAA) complexes were studied. The constanteatration of the complexes
1.0 x10* M was studied in the presence of DNA at variouscentration ratios. The
absorption spectra of the DNA-complexes are shawngure 109 and Figure 110.
The spectra of rhodium(ll)ptamino TAA) with DNA showed that the absorbance at
260 nm which was the characteristic peak for DNAensdightly changed to lower
wavelength (blue shift) from 266 nm with the absorbe 0.113 to the wavelength
263 nm with the absorbance 0.400 while increasiedXNA concentration. Similar
to rhodium(lIl)-@-amino TAA), the DNA-binding of rhodium(lll)g-amino TAA)
showed that the absorbance were also slightly addhtglower wavelength from
262 nm with the absorbance 0.133 to the wavele2gihnm with the absorbance
0.433 while increasing the DNA concentration. Hoarthere was no change in the
absorbance at the maximum wavelength of rhodiujr(pHamino TAA) at 483 nm
and of rhodium(lIl)-6-amino TAA) at 518 nm.

1.40 + r=01
1.20 - r=02
r=0.3
1.00 r=0.4
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Figure 111 The absorption spectra of CT DNA 2.0 £1d in the presence of
rhodium(lll)-(p-amino TAA) at various concentration ratios (r =leno

complex: mole DNA).
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Absorbance

Wavelength (nm)

Figure 112 The absorption spectra of CT DNA 2.0 £14 in the presence of
rhodium(lll)-(o-amino TAA) at various concentration ratios (r =leno

complex: mole DNA).

The DNA-binding of rhodium(lll)4-amino TAA) and rhodium(lIl)-
(0-amino TAA) complexes by using the constant conegian of CT DNA 2.0 x17
M was also studied at various concentration ralibe absorption spectra of these
DNA-complexes are shown in Figure 111 and Figur2 The spectra of rhodium(lII)
-(p-amino TAA) with DNA show that the absorbance ad 26n which was the
characteristic peak for DNA were slightly changedhigher wavelength (red shift)
from 260 nm with the absorbance 0.176 to the wangtle265 nm with the
absorbance 0.552 while increasing the rhodium(ggmino TAA) concentration. In
addition, the absorption spectra in visible randpctv showed the band of
rhodium(lll)-(p-amino TAA) were also changed. The maximum absonpif the
complexes was significantly changed to higher wavgih (red shift) from 480 nm
with the absorbance 0.036 to the wavelength 49%vitmthe absorbance 0.626.
Similar to rhodium(lll)-p-amino TAA), the DNA-binding of rhodium(lll)-
(o-amino TAA) show that the absorption of DNA wergltly changed to lower

wavelength from 258 nm with the absorbance 0.13Bdavavelength 264 nm with
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the absorbance 0.484 while increasing the rhodillr{@-amino TAA)
concentration. Similarly, the maximum absorptiorha rhodium(lll)-

(o-amino TAA) was also significantly changed to higlhwvelength (red shift) from
488 nm with the absorbance 0.001 to the waveleb2®hnm with the absorbance
1.416.
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Figure 113 The absorption spectra of rhodium(llp-&mino TAA) 1.0 x1¢' M, CT
DNA 2.0 x10* M and rhodium(lIl)-p-amino TAA) in the presence of

CT DNA at concentration ratio 0.5.
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Figure 114 The absorption spectra of rhodium(l1§-&mino TAA) 1.0 x1d' M, CT
DNA 2.0 x10* M and rhodium(lIl)-p-amino TAA) in the presence of
CT DNA at concentration ratio 0.5.

The figures showed the absorption spectra of rhm@il)-(p-amino
TAA) complex, pure DNA and rhodium(lll)ptamino TAA) in the presence of DNA
in Figure 113 and the absorption of rhodium(lb}gmino TAA) complex, pure DNA
and rhodium(lll)-6-amino TAA) in the presence of DNA in Figure 114oin the
spectra, it was evidence that there was the chianggesorption characteristic of both
complexes and DNA. So, it could be concluded thete might be an interaction
between the complexes and DNA. To determine theimgncharacter between calf
thymus DNA and the complex, the more appropriatediteons and other techniques

should be used for the further study.

14.3 Stability of rhodium(lIl)-f-amino TAA) and rhodium(lll)-

(o-amino TAA) complexes with calf thymus DNA

The stability of rhodium(lIl)4-amino TAA) and rhodium(lll)-
(o-amino TAA) complexes with CT DNA in tris-HCI buff@H 7.4 were investigated.
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Figure 115 showed the stability of rhodium(lig-&dmino TAA) with DNA at
wavelength 260 nm which was used to measure DNAamnation and at
wavelength 483 nm which gave the maximum absorgifgmnamino TAA complex.
Similarly, the Figure 116howed the stability of rhodium(lll)eamino TAA) with
DNA at wavelength 260 nm and at wavelength 513 rintlvgave the maximum
absorption ob-amino TAA complexThe results showed that rhodium(lll)-
(p-amino TAA) and rhodium(lll)-¢-amino TAA) complexes simultaneously formed
with calf thymus DNA and the absorbance of eachmlemnand DNA remained

constant (not change in the range 0.01 of the Bhsoe) for at least 2 hours.
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Figure 115 Relationship between absorbance of rhodium(figthino TAA)
complex in the presence of CT DNA and tatie = 260 nm and
A =483 nm.
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Figure 116 Relationship between absorbance of rhodium(tigthino TAA)
complex in the presence of CT DNA and tete = 260 nm and
A =513 nm.

Furthermore, the formation of rhodium(lIp-@mino TAA) and
rhodium(lll)-(o-amino TAA) complexes with CT DNA after mixing f@d, 48 and 78
hours were also studied. The absorption spectraroplexes with CT DNA in tris-HCI
buffer pH 7.4 are shown in Figure 117 and Figui& 11
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Figure 117 Absorption spectra of rhodium(llip{amino TAA) in the presence of
CT DNA after mixing for 1, 248 and 72 hours (cpx1 = rhodium(lil)-

E-amino TAA)).
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Figure 118 Absorption spectra of rhodium(llip{amino TAA) in the presence of
CT DNA after mixing for 1, 24, 48 and 7@uns (cpx2 = rhodium(lll)-
¢-amino TAA)).
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The absorption spectra showed that the absorbard&®am of DNA
and the absorbance at 483 and 518 nm of rhodiurffHamino TAA) and
rhodium(lll)-(o-amino TAA were decrease upon the increasing ofrgiime. The
spectra dramatically decreased after mixing oftsmts for 24 hours, after that there
were slight decreases in the absorbance of bottisbdie results indicated that the
interaction between complexes and CT DNA was raidilstunder room temperature
upon the increasing of time to 1 day. This mighatigbuted to the decomposition of
complex solution by light resulting in the dropstle¢ir intensities. According with
the nature of DNA, generally, CT DNA should be keptier low temperature @)
for preventing their denaturation. So, DNA mighhdtired at room temperature

resulting in the decrease of absorbance at 260ssigreed for DNA.

Furthermore, the spectra also showed slight batioul shifts for both
bands of complexes-DNA after mixing for 1 hour o8 hours, after that the
maximum wavelengths remained constant. These sesaltid confirm the loss of
their stabilities upon the increasing of time.

14.4 Calculation for the stabilization energy betweeodiam(lil)-
(p-amino TAA) complex and nucleobases

The interaction between rhodium(llip-@mino TAA) complex and
nucleobase was studied by quantum chemical caicnlaia the Gaussian03 program
with density functional theory (DFT) and B3LYP cslation function. The optimized
structure of rhodium(lil){§-amino TAA) complex which had the lowest formation
energytrans[Rh(p-TAA-n)»(Cl);]* as shown in Figure 8&vas used as the starting of
complex formation with adenine and guanine basesrder to form bond with DNA
base, one of the donor atom of the comhlad to dissociate from rhodium(lll) ion to
give five coordinated intermediate complex. Therefohe structure of five
coordinated structure of the starting complex watsmized. One chloride ion was
removed frontrans[Rh(p-TAA-n),(Cl),]* (Figure 119) due to the longest distance
between this donor atom and rhodium(lll) ion in gdex. Then, adenine and guanine

were inserted to the available site of each complae donor atoms of adenine and
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guanine were chosen from the free nitrogen of Ard @-G base pairs as shown in
Figure 120 and Figure 121, respectively. The o@nistructures of complexes
bound with DNA bases are shown in Figure 122 agdré 123. The stabilization
energies of all compounds are shown in Table 32.

J
9 J

Figure 119 The five coordinated complex wans[Rh(p-TAA-n),(Cl)]" by removing
chloride ion.

9

J
Sugar

Adenin Thymine

Figure 120 The available donor atom of adenine base (tmegeh atom in a circle).
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Guanine Cytesin

Figure 121 The available donor atom of guanine base (thegeh atom in a circle).

The chosen donor atoms of adenine and guanine \wasesitrogen as
shown in Figure 120 and Figure 121, respectivaly déenine, the other two nitrogen
atoms in six membered ring formed double hydrogerdb with thymine base (Wade,
1999). The other nitrogen atom in five membereg was screened by deoxyribose sugar
and phosphate group. For guanine, an oxygen anditkegen atom in six membered ring
formed triple hydrogen bonds with cytosine based®ya999). The other nitrogen atom

was also screened by deoxyribose sugar and phegphap.
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Figure 122 The optimized structure trE‘;ms[Rh(pTAA-n)2(CI)]2+ bonding with adenine
base.
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Figure 123 The optimized structure trE‘;ms[Rh(pTAA-n)2(CI)]2+ bonding with guanine

base.



172

Table 32 Energies of atoms, molecules, adenine base,rgubase, and compound of
trans[Rh(p-TAA-n),CI]** with adenine and guanine base obtained by the
calculation orisaussian03 at B3LYP level of theory using 6-31Gd 8DD

basis sets.
Stabilization Stabilization
Atoms, molecules and Energy (a.u.) Energy Energy

complexes (a.u.) (kcal/mol)
Atoms and molecules
Rhodium(lll) -108.26190 - -
CI -460.25223 - -
p-amino TAA -1079.43408 - -
Compounds
Adenine base -467.29017 - -
Guanine base -542.50466 - -
trans[Rh(p-TAA-n)(Cl),]* -3189.78706 -2.15254 -1350.72
trans[Rh(p-TAA-n),CI# -2729.23238  -1.85009 -1160.93
trans[Rh(p-TAA-n),CI]%-A* -3196.60950 -1.93704 -1215.49
trans[Rh(p-TAA-n)ZCI]2+—G** -3271.81276 -1.92581 -1208.45

According to the structure of the five coordinatednplex,trans[Rh(p-
TAA-n)-Cl]** had the higher energy and available space forukabase. This was
due to the bidentate character and the orientafigramino TAA as described in the
previous section. The energies of nucleobase bjstundies as collected in Table 32
showed that all binding compounds had larger statibn energies than its parent six
coordinated complex. The results also showedtthas[Rh(p-TAA-n),CI]**
—Adenine with the stabilization energy of -1215k&al/mol was more stable than
trans[Rh(p-TAA-n),Cl]**~Guanine with the stabilization energy of -1208.45

kcal/mol.
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This was probably due to the structures of theenlmhses. Adenine
base had three nitrogen atoms in the pyrimiding (&% membered ring) and two
nitrogen atoms in the imidazole ring (five membetied). Similarly, guanine base
had two nitrogen atoms in the imidazole ring arré¢mitrogen atoms in the
pyrimidine ring with one extra oxygen atom. As thigogen donor atom was in the
six membered ring as shown in Figure 120 and Fi@@de consequently, the electron
density in the pyrimidine ring of the guanine waaér than the adenine due to the
electron withdrawing character of the oxygen atdherefore, nitrogen atom of
adenine base could act as donor atom better thegean atom of guanine. So the
chemical bond between adenine and the complex tn@sger than the bond between
a guanine and the complex. Another reason mihebaudse the structure of adenine
in complex was perpendicular to the plane as shaviAiigure 124 which unlikely to
occur in guanine. The geometric structurérahs[Rh(p-TAA-n)-Cl]**~Guanine
showed that guanine base bent and got clopeatnino TAA ligand of complex. This
might cause the repulsion betwgeamino TAA and guanine resulting in the higher
stabilization energy and more steric in their coomab So, if the interaction occurs
via the dissociation of chloride ion and repladygnitrogen atom of each base,
trans[Rh(p-TAA-n),Cl]**~Adenine will be the most stable structure for this

formation.
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0 (ii)

Figure 124 The geometric structuresteins[Rh(p-TAA-n)2(CN)]** bonding with
() adenine and (i) guanine bases.

From Table 32, the stabilization energiesrahs[Rh(p-TAA n),Cl]**-
Adenine andrans[Rh(p-TAA-n),Cl]>*~Guanine were -1215.49 and -1208.45
kcal/mol which larger than its parent six coordethtomplexirans[Rh(p-TAA-
n)(Cl)z]* with the stabilization energy of -1350.72 kcal/mbhe results from total
energies of six coordinated complex with free bése,coordinated complex with
free base and chloride ion and the complex-nuckesbhinding with chloride ion are
shown in Figure 125 and gave the information a$. wéis was indicated that the
interaction between rhodium(lill{amino TAA) complex and DNA could not occur
via the dissociation of chloride ion and replaciygnitrogen atom of each base. This
might be attributed to the stronger interactionngen positive charge of rhodium(lll)
ion and negative charge of chloride ion in compmari® ligands which were neutral
molecules such as these nucleobases. This migiisbelue to the larger sizes of

nucleobases for replacing the position of chlorae So, it was implied that this



175

interaction could occur via other mechanisms or engichinding. On one side of the
possible interaction was that chloride ion wasaegtl by other neutral ligands as
well as nucleobases which had similar sizes toricddaon such as water molecule
then the neutral ligand was replaced by molecukedehine or guanine. The other
side of the possible interaction was that the cempbuld be bound to CT DNA by
the intercalative mode which involved the insertodra planar of aromatic ring

system between the DNA base pairs (Efthimiadouy7200

-3656.77

—e— Cpx-guanine -3656.86

—=— cpx-adenine

-3731.99

-3657.08
—~ -3732.06
>
S
%)
Q
> -3732.29
(]
c
|

five coordinated
six coordinated + bonding with base
+ free base +
free base + chloride ion

chloride ion

Figure 125 The total energies of six coordinated complexhwiieée base, five
coordinated complex with free base and chloridesiod the complex

nucleobases binding with chloride ion.

According to the experimental study which descrilvethe previous
section, the changes in UV-Vis spectra was probeddylted from the interaction
between rhodium(lll){g-amino TAA) complex and CT DNA but this interactidid
not occur via the dissociation of chloride ion aaglacing by nitrogen atom of each
nuclelobase. This interaction could be spontanesastion via other mechanisms or
mode of binding as mentioned above. To determia@tcurately binding character
between CT DNA and the complex, the more appropganditions and other
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techniques should be used for the experiment agtdlbvel of method and
correlation function should be used for the quantivemical calculations in further

studies.
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CONCLUSION

The structural isomer of thiazolylazo dyes, 2-(#atolylazo)-5-aminoanisole
(p-amino TAA) and}-(2-thiazolylazo)-3-aminoanisole-emino TAA) were
synthesized by diazotization of 2-aminothiazole eoadpling withm-anisidine. From
our knowledgep-amino TAA has never been synthesized before. ©hgponents of
a mixture product were separated by flash colunmorohtography and purified by
recrystallization which gave-amino TAA as red needles-shaped crystals and
o-amino TAA as green needles-shaped crystals. Tgteeshimelting point of
o-amino TAA in comparison to that pfamino TAA might be attributed to the
intramolecular hydrogen bonding @ramino TAA structure. Each compound was
characterized by FT-IRH NMR, mass spectroscopy and elemental analysis. Th
results of these methods indicated that the syizb@products werp-amino TAA
ando-amino TAA. The acid dissociation constant&{pof these compounds were
determined by UV-Vis spectroscopy with two methddsf-height and limiting
absorbance methods. Thi€gvaluesof p-amino TAA ando-amino TAA from both

methods were 3.0 and 3.3, respectively.

The complexes formation between rhodium(lll) aratipum(IV) with these
ligands were studied. The optimized condition far tormation of rhodium(lil)-
(o-amino TAA), platinum(IV)-p-amino TAA) and platinum(IV)4-amino TAA)
complexes were at pH 3, the formation of rhodiutj(p-amino TAA) was at pH 5.
The stoichiometric studies verified by continuoasiation and mole ratio methods
showed that the ratio of rhodium(lIl) with bothdigds and platinum(1V) with
o-amino TAA were 1:2 with the stability constantstfire range of 10to 13°while
the ratio between platinum(1V) apdamino TAA was 1:1 with the stability constant
in the order of 10 The complexes of rhodium(lll) were prepared bgpiag the
solution of these ligands and RBQH,O under reflux which gave dark-brown
product of rhodium(lll)-p-amino TAA) and black product of rhodium(lll)-
(0-amino TAA). The structures of the complexes weztethined by FT-IR antH
NMR spectroscopy.
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According to Job’s method, the optimized structfrenodium(lll)-
(p-amino TAA) which had the highest stability congt&h59 X 10'°, was determined
by theoretical calculation optimized by using th8185* and SDD basis sets at
B3LYP level of theory. Fourteen octahedral struesunf complex between
rhodium(lll) andp-amino TAA were proposed. The ligan@amino TAA, acted as
tridentate ligand by using nitrogen or sulfur atofithiazole ring, nitrogen atom of
azo group and oxygen atom of —Ogdgtoup as donor atoms. The ligand acted as
bidentate ligand by using nitrogen atom of azo grand different donor atoms,
namely, nitrogen atom of thiazole ring, sulfur atohthiazole ring, and oxygen atom
of —OCH; group. Due to the octahedral structure of rhodlUya(p-amino TAA)
complex, Clfrom starting material, RhgkH,O, and HO were two potential ligands
in the complex formation gf-amino TAA as bidentate ligand. Furthermore,
geometric isomergis andtrans were also proposed. The geometric parameters;
bond lengths, bond angles and torsion angles ddltloptimized structures were
selected to describe the stability and the oriesrtadf atoms in each complex. It was
found thatrans-[Rh(p-TAA-n)»(Cl)2]" was the most stable complex with the
stabilization energy -1350.72 kcal/mol.

Binding of CT DNA with rhodium(lll)-p-amino TAA) and rhodium(lll)-
(o-amino TAA) were studied by UV-Vis spectroscopyeTesults showed the
changes in UV-Vis spectra which possibly resultednfthe interaction between
trans[Rh(p-TAA-n)»(Cl);]" complex and CT DNA. The results from quantum
chemical calculations showed that if the interactocurred via the dissociation of
chloride ion and replacing by nitrogen atom of ebakefrans[Rh(p-TAA-
n),Cl]**~Adenine would be the most stable structure fa tnimplex formation. On
the other hand, the results from quantum chemmlaliations also showed that the
interaction did not occur via this mechanism whigks due to the stabilization
energies ofrans[Rh(p-TAA-n),Cl]**~Adenine andrans[Rh(p-TAA-n),CI]**
—Guanine which larger than its parent six coordidatomplexirans[Rh(p-TAA-
n)(Cl)5]*. So, this interaction could be spontaneous remsfi® other mechanisms or
mode of binding. To determine the accurately bigdiharacter between CT DNA

and the complex, the more appropriate conditionathdr techniques should be used
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for the experiment and high level of method andelation function should be used

for the quantum chemical calculations in furtheidgs.
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APPENDIX A
Calculation of the percentage of elementp-aimino TAA ando-amino TAA
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Molecular formula of botip-amino TAA ando-amino TAA which are
structural isomer are gH100N4S. From molecular weight gkamino TAA and
o-amino TAA (234.28 g/mol), the percentage of eleta@ip-amino TAA and
o-amino TAA can be determined as followed:

Percentage of carbon = number of carbon x atoraight of carbon x 100
Molecular weight of TAA

=10x12.011 x 100
234.28

=51.28 %

Percentage of hydrogen = number of hydrogen x iatamight of hydrogen x 100
Molecular weight of TAA

=10 x1.008 x 100

234.28
=4.29%
Percentage of nitrogen = number of nitrogen x aameight of nitrogen x 100
Molecular weight of TAA
=4 x14.007 x 100
234.28
=23.91%
Percentage of sulfur = number of sulfur x atomaght of sulfur x 100

Molecular weight of TAA

=1 x 32.066 x 100
234.28

=13.69%
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Percentage of oxygen = number of oxygeamomic weight of oxygen x 100
Molecular weight of TAA

=1 x 15.999 x 100
234.28

=6.83%
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APPENDIX B

Determination of the acid dissociation constantsibif Height Method
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At a constant wavelength, th& palue of the compound can be evaluated
(where half of the compound exists in the ionizexhf and the other half in the

nonionized form). It is known that:

PH = (K + logy + log — 5

S max— AS

(y = activity coefficient term and controlled by ierstrength of a supporting

electrolyte)

WhereAsis the absorbance of the solution at given fbl;axthe absorbance

of the solution when the total amount of reageim i®rm H.A.

The relationship between pH (x-axis) and legASiAc (y-axis) were

AS max—
plotted at various wavelengths which selected ftberrange of wavelength that
showed the maximum difference of absorption betweerpH and high pH, in the
range of 510-530 nm for boflkamino TAA ando-amino TAA. The absorption at pH
2.0 is assigned for the absorbance ghldAsnay). All absorbances and log

values at given pH in each wavelength are showAppendix Table B1

A max— AS
to Appendix Table B10. Thelg was obtained from the interception of lines on pH

value as shown in Figure 29 and Figure 30 of resuit discussion part.
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p-amino TAA;

Appendix Table B1 Thelog __As values ak = 510 nm withAsnax= 1.5972

AS max— AS
Absorbance
pH | As
0 -
As g AS max— AS
2.3 1.5418 1.4440
2.6 1.5468 1.4868
3.0 1.5345 1.3887
3.3 1.5091 1.2333
3.6 1.5079 1.2274
4.0 1.4347 0.9458

Appendix Table B2 Thelog __As values ak = 515 nm withAsyax= 1.5801

AS max— AS
Absorbance
pH o As
As g AS max— AS
2.3 1.5301 1.4853
2.6 1.5321 1.5034
3.0 1.5173 1.3826
33 1.4952 1.2455
3.6 1.4877 1.2068

4.0 1.4221 0.9541
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Appendix Table B3 Thelog __As values ak = 520 nm withAsnax = 1.5509

AS max— AS
Absorbance
pH o As
As g AS max— AS

2.3 1.5055 1.5202
2.6 1.5097 1.5643
3.0 1.4913 1.3981
33 1.4667 1.2411
3.6 1.4587 1.1990
4.0 1.3941 0.9490

Appendix Table B4 Thelog __As values ak = 525 nm withAsyax= 1.5147

AS max— AS
Absorbance
pH o As
As g AS max— AS

2.3 1.4728 1.5461
2.6 1.4739 1.5582
3.0 1.4567 1.4003
3.3 1.4286 1.2199
3.6 1.4195 1.1735
4.0 1.3555 0.9303

Appendix Table B5 Thelog __As values ak = 530 nm withAsnax= 1.4742

AS max— AS
Absorbance
pH o As
As g AS max— AS
2.3 1.4348 1.5609
2.6 1.4324 1.5340
3.0 1.4163 1.3880
33 1.3832 1.1816
3.6 1.3725 1.1300

4.0 1.3088 0.8982
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o-amino TAA;

Appendix Table B6 Thelog __As values ak = 510 nm withAsyhax = 3.5505

AS max— AS
Absorbance
pH | As
o -
As g AS max— AS
2.3 3.5403 2.5412
2.6 3.5433 2.6934
3.0 3.5437 2.7197
3.3 3.5469 2.9908
3.6 3.5474 3.0613
4.0 3.5473 3.0501

Appendix Table B7 Thelog __As values ak = 515 nm withAsyax = 3.6648

AS max— AS
Absorbance
pH o As
As g AS max— AS
2.3 3.6580 2.7337
2.6 3.6595 2.8386
3.0 3.6594 2.8297
33 3.6615 3.0401
3.6 3.6618 3.0898

4.0 3.6617 3.0668
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Appendix Table B8 Thelog __As values ak = 520 nm withAsyax = 3.7618

AS max— AS
Absorbance
pH o As
As g AS max— AS

2.3 3.7574 2.9246
2.6 3.7578 2.9662
3.0 3.7572 2.9067
33 3.7585 3.0458
3.6 3.7587 3.0732
4.0 3.7583 3.0304

Appendix Table B9 Thelog __As values ak = 525 nm withAshax = 3.8199

AS max— AS
Absorbance
pH o As
As g AS max— AS

2.3 3.8170 3.1112
2.6 3.8169 3.0975
3.0 3.8160 2.9863
3.3 3.8164 3.0359
3.6 3.8164 3.0363
4.0 3.8159 2.9741

Appendix Table B10 Thelog __As values ak = 530 nm withAshax = 3.8520

AS max— AS
Absorbance
pH o As
As g AS max— AS
2.3 3.8500 3.2816
2.6 3.8496 3.1963
3.0 3.8485 3.0349
33 3.8481 2.9880
3.6 3.8477 2.9450

4.0 3.8468 2.8654




200

APPENDIX C
Determination of the acid dissociation constants.inyiting Absorbance Method
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For an organic compound of formulg Ad the first ionization for the ligand
takes place as follows:

HLA HA™ + H*
pH = Ky + logy + log ls;'"

WhereAsis the absorbance of the solution at given pAgl;, is the
absorbance of solution when total amount of sofuisan the form HA andAsnaxis

the absorbance of solution when total amount aftsnt is in the form KA

The relationship between pH (x-axis) and ;eéﬂ (y-axis) were

plotted at various wavelengths which selected ftbenrange of wavelengths that
showed the highest difference of absorption betWwee&rand high pH, in the range of
505-530 nm for botip-amino TAAo-amino TAA. The absorption at pH 5.0 is
assigned for the absorbance f/A™ (Asnay and at pH 2.0 is assigned for the

absorbance of #A (Asnin) at each wavelength. All absorbance andfégis_ ASmin

Smax— AS
values at given pH are shown in Appendix Table €Apgpendix Table C12. Thep
was obtained from the interception of lines on @tie as shown in Figure 31 and

Figure 32 of results and discussion part.
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p-amino TAA;
. AS— ASmin .
Appendix Table C1 Thelog e Ac values ak = 505 nm withAsyhax = 0.9900
andAsyin = 1.5970
Absorbance
pH A |Og AS— ASmin
S ASmax— AS
2.3 1.3920 -0.2924
2.6 1.2057 0.2588
3.0 1.1515 0.4407
3.3 1.0737 0.7961
3.6 1.0100 1.4678
4.0 0.9982 1.8645
. AS— ASmin _ . _
Appendix Table C2 Thelog e Ac values ak = 510 nm withAsyax= 0.8956
andAsyin = 1.5972
Absorbance
pH A |Og AS— ASmin
S ASmax— AS
2.3 1.3744 -0.3322
2.6 1.2023 0.1097
3.0 1.0757 0.4617
3.3 1.0130 0.6970
3.6 0.9280 1.3147

4.0 0.9095 1.6933




203

Appendix Table C3 Thelog ﬂ values ah = 515 nm withAs,a= 0.7931

< max— -~

andAsnin= 1.5801

Absorbance
S AS max— AS
2.3 1.3560 -0.4000
2.6 1.1874 -0.0018
3.0 1.0010 0.4451
3.3 0.9209 0.7127
3.6 0.8346 1.2543
4.0 0.8146 1.5523
. AS— ASmin .
Appendix Table C4 Thelog e Ac values ak = 520 nm withAshax = 0.6901
andAsnin = 1.5509
Absorbance
S AS max— AS
2.3 1.3250 -0.4488
2.6 1.1442 -0.0479
3.0 0.9224 0.4323
3.3 0.8267 0.7246
3.6 0.7396 1.2149

4.0 0.7129 1.5649
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Appendix Table C5 Thelog ﬂ values ab. = 525 nm withAsna= 0.5903

< max— -~

andAsnin = 1.5146

Absorbance
pH A |Og AS— ASmin
S AS max— AS
2.3 1.2826 -0.4748
2.6 1.1040 -0.0972
3.0 0.8409 0.4295
3.3 0.7354 0.7299
3.6 0.6467 1.1873
4.0 0.6207 1.4679
. AS— ASmin .
Appendix Table C6 Thelog e Ac values ak = 530 nm withAshax = 0.4975
andAsnin = 1.4742
Absorbance
pH A |Og AS— ASmin
S AS max— AS
2.3 1.2380 -0.4963
2.6 1.0523 -0.1189
3.0 0.7614 0.4315
33 0.6488 0.7368
3.6 0.5589 1.1733

4.0 0.5300 1.4623
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o-amino TAA;

Appendix Table C7 Thelog W values ak = 505 nm withAsmax = 2.8481

< max— -~

andAsnmin = 3.3739

Absorbance
S AS max— AS
2.3 3.2816 -0.6716
2.6 3.1963 -0.2924
3.0 3.0349 0.2588
3.3 2.9880 0.4407
3.6 2.9450 0.6461
4.0 2.8654 1.4678
. AS— ASmin .
Appendix Table C8 Thelog e Ac values ak = 510 nm withAspax = 2.6625
andAsnmin = 3.5505
Absorbance
S AS max— AS
2.3 3.4191 -0.7602
2.6 3.2685 -0.3322
3.0 3.0507 0.1097
3.3 2.8905 0.4617
3.6 2.8111 0.6970

4.0 2.7036 1.3147
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Appendix Table C9 Thelog AS— ASmn | olues at. = 515 nm WithASnax= 2.4345

S max— AS

andAsnin = 3.66480

Absorbance

pH A |Og AS— ASmin

S AS max— AS
2.3 3.5320 -0.9172
2.6 3.3145 -0.4000
3.0 3.0509 -0.0018
3.3 2.7594 0.4451
3.6 2.6342 0.7127
4.0 2.4994 1.2543

AS— ASmin

S max— AS

andAsyin = 3.7618

Appendix Table C10 Thelog values ak = 520 nm withAsnax= 2.1717

Absorbance

pH A |Og AS— ASmin

S AS max— AS
2.3 3.6018 -0.9512
2.6 3.3445 -0.4488
3.0 3.0106 -0.0479
33 2.6008 0.4323
3.6 2.4239 0.7246

4.0 2.2631 1.2149




207

Appendix Table C11 Thelog m values ab = 525 nm withAsnhax = 1.8856

AS max— AS

andAsyin = 3.8199

Absorbance
S AS max— AS
2.3 3.6415 -0.9931
2.6 3.3344 -0.4748
3.0 2.9606 -0.0972
3.3 2.4100 0.4295
3.6 2.1893 0.7299
4.0 2.0036 1.1873

AS— ASmin

S max— AS

andAsyin = 3.8520

Appendix Table C12 Thelog values ak = 530 nm withAshax= 1.5902

Absorbance

pH A |Og AS— ASmin

S AS max— AS
2.3 3.6628 -1.0395
2.6 3.3051 -0.4963
3.0 2.8749 -0.1189
33 2.2014 0.4315
3.6 1.9406 0.7368

4.0 1.7325 1.1733
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APPENDIX D
Calculation of stability constant by Benesi-Hildabd's equation
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1. The stoichiometric ratio between metal anddands is 1:2

The determination of equilibrium constant, K, thenBsi-Hildebrand’s

equation (Benesi, 1949) was applied from equilforieaction of complex.

M+ 2L

The equilibrium constant for the above reactiodaéned by the equation

_ [ML 2]
(IMI-IML 2])([L]-[ML 2])?

Where [MLy] is molar concentration of the complex, [M]-[MILis molar

concentration of free metal ion and [L]-[M]Lis molar concentration of free ligand.

From Beer’s law, the true molar extinction coe#iti, ¢,, of the complex at

the wavelength of maximum absorption will then beeg by the equation

_A A
® "% [MLjb
M= A 3)
&b

In this reaction, ligand is added in excess. Tloeeef[L] is much more than
[ML ;]. The [ML;] can be eliminated and the equation (2) can beaeged and

obtained as the relationship;

K [ML 5] ,
(IMI-ML 2D)([L]-ML2])

— Alegb
([IM]-A/ ggb)[L]*

A
gb[M][L] “[L] “A
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A= Keb[M][L] 2 = K[L]?A
KOb[M][L] 2= A +K[L]?A

Keb[M]IL] 2= A(L + KIL]D)

Mb _ 1 1

= 2 -+
A Ke [L]© &

The equation (4) is “Benesi-Hildebrand’s equatiadiich is in the form of the

linear equation, y = mx + c.

2. The stoichiometric ratio between metal anddand is 1:1

The determination of equilibrium constant, K, thenBsi-Hildebrand’s

equation was applied from equilibrium reaction ofmplex.

The equilibrium constant for the above reactiodaned by the equation

[ML]
K= (MHML)[U-ML) (6)

Where [ML] is molar concentration of the compleM]{[ML] is molar concentration
of free metal ion and [L]-[ML] is molar concentrati of free ligand.
From Beer’s law, the true molar extinction coe#it, ¢,, of the complex at

the wavelength of maximum absorption will then beeg by the equation

e B A
" cb  [ML]b

A
ML = —— e (7)

b
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In this reaction, ligand is added in excess. Tleeef[L] is much more than
[ML]. The [ML] can be eliminated and the equatid@) ¢an be rearranged and
obtained as the relationship;

[ML]
(IMI-[MLD)([L]- ML)

K=

K = Alglb
(IM]-A/ ggb)[L]

_ A
e [M][L]-[L]A

A= Kb[M]L] - K[L]A

KbMIL] = A +K[LJA
Kb[M][L] = A(1 +K[L])
L .

The equation (8) is “Benesi-Hildebrand’s equatiaiich is in the form of the

linear equation, y = mx + c.

For the experiment, the concentration of rhodium@hd platinum(lV) are
fixed while the concentrations of ligands are v@ri€he plots from Benesi-

Hildebrand’s equation are shown in Appendix Fighfeto Appendix Figure D4.



[Rh(p-amino TAA),] **;

The stoichiometric ratio between metal and ligaisdks 2.

y = 2.54E-14x + 4.63E-05
R®=0.9703

Rh(lll)/Abs

2.00E-05 + ‘

0.00E+00 4.00E+09 8.00E+09

1U[p-TAA)?

Appendix Figure D1 The relationship between [Rh(ll)]/A and p/TAA]>.

The stability constant was obtained from the slapay-intercept.

Slope = 1/K, = 2.54 x10*

1, = 4.63 x10

y-intercept

Stability constant (Ka) = y-intercept/slope = 1.82 x10
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[Rh(o-amino TAA),] **;

The stoichiometric ratio between metal and ligasdk 2.

2.51E-04 -
2.01E-04 - y =1.77E-14x + 2.23E-05
7]
< R®=0.9837
= 151E-04 -
=
a4
1.01E-04
5.09E-05 -
9.00E-07 - : :
0.00E+00 4.00E+09 8.00E+09
1/[o-TAA)?

Appendix Figure D2 The relationship between [Rh(ll)]/A and D-TAA] 2.

The stability constant was obtained from the slapay-intercept.

Slope = 1/K, = 1.77 x10*

1, = 2.23 x10

y-intercept

Stability constant (Kap

y-intercept/slope = 1.26 x10



[Pt(p-amino TAA)] **

The stoichiometric ratio between metal and ligentt1.

2.00E-04 -
y = 6.90E-10x + 1.12E-04
1.80E-04 |
R?=0.9689
3 1.60E-04 |
<
S
& 140E-04 -
1.20E-04 |
L 3
1.00E-04 : |
0 40000 80000
1/[p-TAA]

Appendix Figure D3 The relationship between [Pt(IV)]/A and p/TAA].
The stability constant was obtained from the slapay-intercept.

Slope = 1/K, = 6.90 x10°

y-intercept = 1¢, = 1.12 x1d

Stability constant (Kan

y-intercept/slope = 1.62 x10
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[Pt(o-amino TAA);] **;

The stoichiometric ratio between metal and ligaisds 2.

3.00E-04 -

2.50E-04 -

2.00E-04 -

1.50E-04 -

[Pt(IV)/Abs

1.00E-04 -

5.00E-05 -

0.00E+00

y = 2.60E-14x + 1.39E-05

R®>=0.9972

0.00E+00

4.00E+09
1/[0-TAA]2

8.00E+09

Appendix Figure D4 The relationship between [Pt(IV)[/A and &/TAA] %

The stability constant was obtained from the slapay-intercept.

Slope = 1/K, = 2.60x10*

y-intercept = 14, = 1.39 x10

Stability constant (Kay) = y-intercept/slope = 5.35 x10
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APPENDIX E
Calculation of stability constant by continuousiaaon method
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For the continuous variation method (Connors, 1987ability constant
(Kstap Of the complex can be evaluated from measurenwéitke deviations from the
theoretical straight line, which represent the euhat would result if the reaction
between the ligand and the metal produced to cdiople

Rhodium complexes

Kstab
Rh+2TAA <——> [Rh(TAA}*

[Rh(TAA),**

o = [RIS][TAA] 2

RC=  [RH] + [Rh(TAA),*]
[Rh = Gan- [Rh(TAA)™]

6 = [TAA]+[Rh(TAA),]
[TAA] =Craa - [Rh(TAA),>]

When Gn total concentration of rhodium(lll) ion

Craa total concentration gF-amino TAA oro-amino TAA

[Rh(p-amino TAA),] **

[Rh(p-amino TAA),] ** was prepared by mixing of Rh&tH,0 1.0 x10° M
with p-amino TAA 1.0 x1G M.

When Vg3* = 0.400 ml and Yraa = 0.600 ml

So, initial concentration of gaand G.raa are
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£ = (0.400 ml)(1.0x18M) = 4.0 x 10 M
10.0 ml
Gaa = (0.600 ml)(1.0x18 M) = 6.0 x10° M

10.0 ml

If the complex is stable, two straight lines areinoepted and thus the

complex concentration is equal to the original enration of metal ion.

When [ML] = [Rh{p-TAA)]

[RNG-TAA) 2> Tex [ML2]ex Grn
Ay = 8b[MI—Z]ex = ¢bCgp

When A = The highest absorbance from the ¢ureaof the experiment
Aex = The highest absorbance from the theoreticaigsit line

but A = £b[MLJ]
A _ _eblML]
Aex ebCrn
So, m = 2 G
Aex
Thus . = JRNOTAN;"] MLe]
’ T [RR[p-TAA] 2 [Rh*[p-TAA]
- [ML 7]
[Cri- ML2][Cp-raa- ML)
A—GRh
Aex

A A
(@n _A_ Crn)(Cp-aa _A_ Gn)’

ex ex
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A
Aex
Kstab = A A
(1= ){Gar — —Crn)’
Aex i Aex
When A =0.390 and &= 0.435
So, Kab = 0.390/0.435

[1 — (0.390/0.435)][6.0 xID— (0.390/0.435)(4.0 x 19]°

Kab = 3.59 x 16
[Rh(o-amino TAA),] **:

[Rh(o-amino TAA)>"] was prepared by mixing of Rh§&H,0 1.0 x10° M
with o-amino TAA 1.0 x1G M.

When k3t = 0.400 ml and Y1aa = 0.600 mi

So, initial concentration of ggand G.taa are

£ = (0.400 ml)(1.0x18M) = 4.0x 10 M
10.0 ml
Gan = (0.600 mlI)(1.0x18 M) = 6.0 x10° M

10.0 ml

If the complex is stable, two straight lines areioepted and thus the

complex concentration is equal to the original @miation of metal ion.

When [ML] = [Rh(-TAA),*"]
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[RhQ'TAA) 234] ex = [M L2] ex Grn
Ax = eb[MLoJex = €bCrn

but A = &b[MLy]
A _ _ebML]
Aex ebCrn

So, m = 2 G

Aex
[Rh(0-TAA),*'] [ML;]
Th , ab = =
us |§t b [Rh3+_|[O-TAA] 2 [Rh3+][0_TAA] 2

[ML 7]
[Cri- ML2][Co-aa- ML

A G
A
Kstap = i
(Gr—2 Cad(Commn —2— GuY?
h— Rh -TAA — h
Acx ° Acx
A
Aex
Kstab = A A
(1= )Ga——Crn’
AEX Aex
When A =0.440 and &= 0.505
So, Kab = 0.440/0.505

[1 — (0.440/0.505)][6.0 xID— (0.440/0.505)(4.0 x 19]?

Kap= 2.69 x 1¢



Platinum complexes

[Pt(p-amino TAA)] **;

Kstab

Pt + p-TAA [Ptp-TAA)]**

[Pt(p-TAA)]
Kb =  [Pt*][p-TAA]

nG  [PE]+ [PtR-TAA) ]
fBt= G- [Pt-TAA)Y]
pGa = [P-TAA] + [Pt(p-TAA)™]
PTAA] = Cpran - [PtR-TAA)*]

[Pt(p-amino TAA)"] was prepared by mixing of RtCk 1.0 x10°> M with
p-amino TAA 1.0 x1G M.

When k(' = 0.500 ml and Yraa = 0.500 ml
So, initial concentration of &and G.raa are

Cet = (0.500 mi)(1.0x18M) = 5.0 x 1G M
10.0 ml
Gaa = (0.500 ml)(1.0x18 M) = 5.0 x10° M

10.0 ml

If the complex is stable, two straight lines areioepted and thus the

complex concentration is equal to the original enration of metal ion.

When [ML] = [Ptp-TAA)*]
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[PETAA) “Tex=  [MUex = G
Ax = eb[ML]ex = €bCpt
but A = eb[ML]
A _ _ebML]
Aex ebCpt
So, m= A G
Aex
) B [Pt(p-TAA)* _ [ML]
Thus. S0 = PFIpTAA | PETPTAA

- [ML]

[Cprr ML][C p-1aa- ML]

A G,
Kstab = Aex
G L Comn — 2= )
t Aex P p-TAA Aex
A
Aex
Kstab=
Aex AA A P
When A =0.298 and & = 0.349
So, Kap = 0.298/0.349
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[1 — (0.298/0.349)][5.0 xID— (0.298/0.349)(5.0 x 1]

Kiap = 8.00 x 16
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[Pt(o-amino TAA)] **

[Pt(0-amino TAA)] ** was prepared by mixing of;RtCl 1.0 x10° M with
o-amino TAA 1.0 x1G M.

When Wb = 0.400 ml and Y1aa = 0.600 ml

So, initial concentration of &gand G.taa are

FC= (0.400 ml)(1.0x18M) = 4.0x 10 M
10.0 ml
Gan = (0.600 ml)(1.0x18 M) = 6.0 x10° M

10.0 ml

If the complex is stable, two straight lines areinoepted and thus the

complex concentration is equal to the original @miation of metal ion.
When [ML] =

[P-TAA) " ex=  [MLex = Gt
Ax = eb[MLglex = €bCpt

but A = gb[MLj]
A _ _cbML]
Aex ebCpy

So, m = A G



Thus o = [Pto-TAA)"T [ML ]
) tab — [Pt4+][O-TAA] 2 - [Pt4+][O-TAA] 2
= [ML 2]

[Cpr ML2][Coan- ML)

A g
A
Kstap = i
(Gi= 2 Cod(Cormn — 2= G
t Aex P o-TAA Aex
A
Aex
Kstab = A A
(1= )Ga——"Cr)’
AeX Aex
When A =0.502 and &= 0.586
So, Kab = 0.502/0.586
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[1 — (0.502/0.586)][6.0 xID— (0.502/0.586)(4.0 x 19]?

Kstab = 9.02 x 16
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APPENDIX F
Nucleic Acid Purity Assessment Using A260/A280 Batti
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A common practice in molecular biology is to penfica quick assessment of
the purity of nucleic acid samples by determinimg tatio of spectrophotometric
absorbance of the sample at 260 nm to that of B&0Tihe basis of this test rests on
the Beer-Lambert Law:

The absorbance (A) is the product of the extinctioefficient €), the
concentration of the sampl€)( and the optical pathlength)( With an optical
pathlength of 1 cm, which is commonly used in spgttotometers, the pathlength
can be ignored and extinction coefficients canxj@agned as an absorbance value at
a specific concentration as seen in the equatitowbe

The commonly accepted average extinction coefftsi@or 1 mg/ml nucleic
acid solutions at 260 nm and 280 nm are 20 aneédjiectively. Similarly the
extinction coefficient values at 260 nm and 280atra concentration of 1 mg/ml are
0.57 and 1.00 respectively for proteins. Thus lathee terms, nucleic acid samples
would be expected to have a higher absorbancefat@Ghan at 280 nm, while with
a protein sample, the inverse would be true. Uthiege extinction coefficients, pure
nucleic acid samples would have agd g0 ratio of 2.0, while protein would be
0.57. Samples that contain a mixture of protein 2Né\ would of course be
influenced by both macromolecules. The theore#ical/Aso ratio for samples that
contain a mixture of protein and nucleic acid carebtimated by using the following

formula:

Azed/Azgo = (2600 X (%P) +eo600 X (%N))  ----- 3)
(e2800 % (%0P) +e280n X(%N))
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Absorbance of DNA and protein
at various wavelengths

35
DA
-:2 3_} — — — Protein
= 11 ------ DhA/protein
=
m 25 "\
Q | =
5 2 t .—'-—“) H“‘
sl \ Tad et E
.5 \ f.ai____ \\
w15} TN - i A
-t B N
< Gl e
1 .;/ T -
"\.\ .
- .
0.5 H‘““-
4]

240 245 250 255 260 265 270 275 280 285 260
Wavelength

Appendix Figure F1 Absorbance profiles of DNA and protein samplesif240 to 290

nm.

The data depicted in Appendix Figure F1 demonredrtiie positioning of peak
absorbance of pure DNA and protein solutions, dsagea mixture of the two
macromolecules. The peak in absorbance for DNAav2%7 nm and for protein was
at 277 nm. A 10:1(w/w) mixture DNA/protein resuitsa peak absorbance at 259 nm
and an absorbance profile very similar in shapdbaisdemonstrated by pure DNA
with a small increase at wavelength below 240 nthrapresents a sum of the two

absorbance patterns of the macromolecules.

Azgo ratio measurements were then calculated by digithe absorbance
determination at each wavelength by thgoAletermination for that sample as shown
in Appendix Figure F2t was found that samples containing only prote@mdnstrate
a peak at 280 nm, reflecting the maximal absorbahpeoteins at this wavelength.
The sample containing a mixture of DNA and prot#monstrates a profile very
similar to that of pure DNA in shape, but with viaduthat are much lower, despite

having equivalent amounts of nucleic acid in batimples.
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Appendix Figure F2 A280 ratio of samples containing DNA and/or prosd

wavelengths from 240 nm to 290 nm.
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Appendix Figure F3 Comparison of theoreticab&/A2so ratios with those determined

using the PowerWave 200 scanningapiate spectrophotometer.
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The absorbance of various mixtures of DNA andgiroivere determined at
260 nm and 280 nm. Subsequently thedA 250 ratios were determined for each
mixture and compared to the theoretical value ¢aled from the extinction
coefficients. Filled circles indicate theoreticatioswhile filled boxed denote
experimentally determined ratios. When thg g ratio is determined for a range
of different DNA/protein mixtures one finds thaethatio is relatively insensitive to
the addition of protein to pure nucleic acid. Asmbastrated in Appendix Figure F3
as increasing percentages of protein are measditttecthange is seen in thedyA2so

ratio until the percentage of protein is approxieha?5%.

It is important to note that the;&/A2gp ratio is only an indication of purity
rather than a precise answer. Pure DNA and RNAgvetions have expected
Azso/Azgp ratios of> 1.8 and> 2.0 respectively and are based on the extinction
coefficients of nucleic acids at 260 nm and 280 hhere are several factors that may
affect Apgd/ Azgp ratios. The 260 nm measurements are made veryheepeak of the
absorbance spectrum for nucleic acids, while tif@Er##i8 measurement is located in a
portion of the spectrum that has a very steep slapea result, very small differences
in the wavelength in and around 280 nm will effgitater changes in thed/A2so
ratio than small differences at 260 nm. Consequgedifferent instruments will result
in slightly different Agd/A2g0 ratios on the same solution due to the variabafty
wavelength accuracy between instruments. Indivichstuments, however, should
give consistent results. Concentration can alsecathe results, as dilute samples will
have very little difference between the absorbat@60 nm and that at 280 nm. With
very small differences, the detection limit andotaion of the instrument
measurements begin to become much more signifi¢aettype(s) of protein present
in a mixture of DNA and protein can also affect fgdA2so ratio determination.
Absorbance in the UV range of proteins is primattilg result of aromatic ring
structures. Proteins are composed of 22 differemb@ acids of which only three
contain aromatic side chains. Thus the amino amdience of proteins would be
expected to have a tremendous influence on thgyatiila protein to absorb light at
280 nm.
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APPENDIX G

Determination of stabilization energies by quanttmamical calculations
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The formation of complex between rhodium(lll) gmdmino TAA should be

as followed:

RR* + Z-amino TAA [Rh(p-amino TAA)]**

The molecular structures of reactants and preduete created on
GaussView version 3.0 and their cartesian coordgatere used as input structures
on Gaussian03. The quantum chemical calculatioms wagried out at BSLYP (Lee,
Yang and Parr correlation functional) level witl36* basis set for all atoms and
SDD (Stuttgart/Dresden) basis set for rhodium atbne stabilization energy, E, of

[Rh(p-amino TAA)]** complex was calculated as followed:

E = (Boroducty - (Ereactant

= [(Ecompiey] - [(Ern)+2(Epran)]

= [(-2268.63477)] — [(-108.26190)+2(-1079.43408)]
E = -1.50471 atomic unit

= -1.2464812 x 627.51

= -944.22057 kcal/mol



1. The example of input data

p-amino TAA;

%chk=p-aminoTAA.chk

%mem=6MW
%nproc=1
# opt b3lyp/6-31g*

Title Card Required

o
[N

0.000000
1.395160
2.092698
1.395044
0.000219
-0.697382
-0.549759
1.944668
-0.549903
2.110512
-2.167382
3.562698
4172772
5.642749
6.452183
7.838844
8.007878
6.539814
8.644774
8.962977
1.766777
1.829955
2.444760
0.768414
-2.500626
-2.500934

IITITIITITOIITONDOOZ0ZZZ0ITIITITOOO0OOO0

0.000000
0.000000
1.207751
2.416260
2.416182
1.207976
-0.952317
-0.952513
3.368463
3.654406
1.208221
1.207858
0.139286
0.131197
1.243662
0.886383
-0.478177
-1.277642
1.621340
-0.998803
4.403490
5.449645
4.160825
4.160502
2.085498
0.470500

0.0@00
0.0@n00
0.0@n00
-0.0®119
-0.0@8L67
-0.00068
0.00m45
0.0831
-0.00262
-0.0@L27
-0.00®92
0.0a084
0.06239
0.0&371
0.0aD55
0.08256
0.10045
0.14492
-0.0¥830
0.13D76
-1.16887
-0.98130
-1.96129
-1.46841
0.343152
0.58502
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Rh(p-aminoTAA-n), complex;

%chk=Rhp-aminoTAA-n).chk
%mem=6MW
%nproc=1

#b3lyp/gen pseudo=read opt

Title Card Required

31

C 5.370919 -0.845290 0.455592
C 4.192427 -0.342650 0.920814
C 2.933830 -0.637686 0.291863
C 2.965730 -1.518074 -0.849687
C 4.143790 -2.044625 -1.309288
C 5.387317 -1.722873 -0.679094
H 6.305468 -0.580772 0.941152
H 4.188030 0.316120 1.780513
H 4.114174 -2.749062 -2.134532
N 1.767653 -0.142011 0.808329
N 1.826369 0.367935 2.014695
o 1.805823 -2.004548 -1.426840
N 6.532712 -2.228248 -1.132177
H 6.569639 -2.852767 -1.930629
H 7.418695 -2.024268 -0.681238
C 0.658338 0.889013 2.434408
C -1.265467 1.815456 3.624191
C -1.545187 1.463622 2.335201
H -1.936265 2.264049 4.346029
H -2.487373 1.601065 1.822098
H -5.482216 -4.283300 0.444199
N -5.706402 -3.421753 -0.041657
C -4.806049 -2.463473 -0.251694
H -6.662696 -3.330659 -0.369617
C -5.181663 -1.264174 -0.948655
C -3.456396 -2.624676 0.210824
C -4.264883 -0.278922 -1.166362
H -6.202873 -1.150643 -1.299109
C -2.542612 -1.631595 -0.020110
H -3.186990 -3.540089 0.723161
C -2.921194 -0.423425 -0.702846
H -4.536878 -0.631349 1.689463
o -1.203975 -1.719206 0.359554
N -1.964309 0.525247 -0.863736
C -0.738820 -2.911962 1.073367
N -2.161003 1.659838 -1.460060
H -0.918450 -3.790325 0.451072
H 0.329296 -2.768744 1.216483



H
C
C
C
H
H
R

0

C
H
H
H
N
N
S
S

-1.254258
-1.016010
1.182930
0.828424
2.156044
1.452913
-0.134287
1.110408
0.516981
0.306990
1.736765
0.138021
-0.452411
-0.848229
0.393338

CHNSOO
6-31G*

*kkk

Rh O
SDD

*kkk

Rh O
SDD

-2.981497
2.388023
2.832253
3.928950
2.638136
4.764607
0.132935
-1.195989
-1.825043
-0.564555
-0.483705
1.970583
0.951808
3.886592
1.504835

2.033308
-1.496927
-1.159031
-1.891650
-0.726358
-2.180979
-0.125091
-2.314504
-2.981315
-1.778751
-2.859437
-0.928705
1.670936
-2.325257
4.027066
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