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CIIAVTER CONI

GeNZUAL INTRODUCTION

In recent years there have been renewed interests in the
study of chelating agents for iron (III), with the ultimate goal
in mind as drugs for use in iron-overload diseases, The only
practical method of iron mobilization in such discases is the
use of iron-chelating drugs, of which the commercially available
agent desferroraniiac (.)I‘)1 is distinguished by its lacl: of
significant toxnicity, lovever bhecaw:ec of its limited castrointes-
tinal absorpiion and ils high cost, current iaterest is focused
on the developrient of new iron-chelating agents that might be
better suited for lar;e-scale clinical use,

2

since ‘onka et al,” discovered pyridoxal isonicotinoyl
hydrazonce as a chelating agsent of promise, rcscarch has been
undertalien to asscss the ability of this hydrazone and reclatced
compounds to bhind iron. Pyridoxal beuzoyl hydrazone was found to
pitoduce high level: of iron cexciretion in vivo which exceed that
1 o cquivaleal doeso o desforroxamine D? Jyridoxal
salicyloyl hydrazone has been used as a spectrophotometric réagcnt
for deternining trace amount of zirconium (IV)? aluminium-(III)s.
Investigation of mechanism by kinectic studies will help to
understand the detailed progress of reaction, i.c the elementary
steps involved and their relative rates in the over all mechanism
scheme, This work is to study the kinetics of the reaction of

. 3+ . . .
Fe(u20)6 ion with pyridoxal benzoyl hydrazone and pyridoxal

salicyloyl hydrazone,

’
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In order to provide a relevant basis for the kinetic study,
the general nechanism of complex formation is presentcd, and

exauples arc shown,

1,1) solvated Iletal Ton

The reactions of metal complexes in solution are
accounted lor from the propertiecs of the solvated cation, The
information acoded to characterise ioaic solvation includes the
solvatioa 1.u . er o” L he ioa, tue dislauce beilween the ion and
adjacent solvewnd wiolecules, the strength of ion-solvent inter-
actions, and delocalisation of charge from the ionﬂbnto adjacent
"solvent molecules,

- ¢ation in aqueous solution has a primary solvation
shell, containing water molecules dircctly interacting or bonding
with the cation, and region of sccondary solvation resulting from
the clectron-withdrawiing eoffect of the cation on the primary

waters of Ly drotion which ci.cornges them to hydrogen-bond to

sccouadary vaiters of hydrationC’T. several methods to determining
the solvation number of cation have been reviewed by Burgess
(Chapter2-%), These are spectroscopic techniques (nmr- , esr-.
spectroscopy,-UV-Visible spectroscopy, vibhrational spectroscopy)
non-spectroscopic methods (transport properties, for example
transference no,, ionic conductance, viscositices, diffusion ;
thermochemical approaches eg, entropy, compressibility, volume ;

other approaches such as diffraction methods) and isotope dilution

techniques, ..1though there is a range of values for ihe hydration



number of each cation depcending on methods and assumption used,

for cation of a given charge, hydration numbers tend to decreasc

as cation size increcases ; for cation of similar size, the

hydration number increases greatly as cation charge increases,

The solvent exchange process is generally written as

n+

*(3501v) +
1

*Sn].v;::::i}'(:-olv)1

_1(*Solv)mb + Colv (1.1)

If the solution also contains nother ligand, solvent

in the solvated ion can be replaced. The sccond ligand may occupy

one (unidentate ligand) or more (multidentatec ligzond) of the

solvent positions ; for example, in the simple case of a neutral

unidentate ligand ,L, replacing In,c

MU0 b L —— n01,0) L7 e

n + <~ -1 . 12 (102)

lcading eventually tn

+ L

e m+ Ly M+
”(Hzo)Ln_1 ML, "+ 11,0 (1.3)

In order to measure tne mctal-ligand interactions, the

stability constant for eqns. (1,2) and (1.3) is introduced as

m+
~1F ] (1.1)

[raa,007] 1]

X ) [M(uzo)n




and K = [HLzﬂ (1.5)

[31(1120)1‘:-1:1] [L]

The value Ki’ Kn are often essential and uscful in the

interpretation of the kinetics of metal complex formation,

1.2) JSubstitutioun “cactions of Octahed:ral Cotiplexes in \queous

So0lutian
The Lnrdie ¢lassification of substitution rcactions is

into dissociative and associative or unimolecular (SNI) and

bimolecul ir (JNB) processes, The use of a slightly more detailed
3

classification can subdivide the range of possible mechanisms

into the followving four groups ; one is SNi(lim) or D mechanism,

in wvhich a transient intermediate of five-coordination number is

gencrated aud persist long enough to discriminate between

potential ligands dn its vicinity,

GRS = B HU RO L ¢ lego k_, (1.6)
j[ . (n-m)
M(11,C) ;L kyy k_, (1.7)

where k k, and k¥ _, k , are the forward and backward

1' T2 -1
ratc constants respectively,

The second mechanism is the dissociative interchange
(Id) mechanism which involve outer-sphere or ion-pair association

’
between the starting complex and ligand. Because of this, the
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incoming ligand is suitably placed to entoer the primary coor-
dination sphere of the metal ion as soon ;s the water molecule

has left from the inner sphere. For most labile mctal ions the
rate-determining step is the breaking of }I-OII2 bond, not the
Tformation of M-L bond, Therefore, the rates of ligand substitution
reactions arec described as being controlled by the rate of . -

cxchange of watecr from 1he inner sphere and are independent of the

nature of the inco-ing Tisnand,
i
M(1,0) " + LT ———2%~ (y 0)::(i10).L (") (1.8)
(n-m) kl (n-m)
(11,0) M(11,0) .7, =——1(11,0) _L + 11,0 (1.9)
5 4\_1 P p) -

This mechanism lecads to an observed Pscudo~Tirst order

rate constant,

(1.,10)

l:obsd
(1+KOS[YJ)

where [X] is the species in excess (i.e pseudo-first
order in X]). In most cxperiments the concentration of reactants

are small so that Kos[K]<<<1' Then the equation (1,10) reduces to

K 1 sd = Koe K [X] + k_, (1.11)

1t

ko [x] o+ e (1.12)



Although an interchange dissociative mechanism is
favored in large number of reaction of octahedral complexes,
evidence for the two mechanisms, the associative ,A, or SN2(1im)
and the interchange associative (Ia) process have been found for
selected system, Just as the Id mechanism there is an interchange
of ligands betwcen the primary and secondary coordination regions
in Ia mechanism, But the main feature in A mechanism is the

formation of on interiicdiate of seven-coordination number,

1.3) lUinetics of ‘'cnlacement of Coordinated Vater Involving

llultidentate Ligand

The recaction rates of multidentate ligands with
aquomctal ions are found to vary more than the rate of monodentate

ligands, Considecring the bidentate ligands as a gencral mechanism

K
HOL0) 0T 4 (Lal) T ——25 (11,0) H(I,0) . (L-L)™™™  (1,13)

(1)

o0

" I, .
(:1,,@)52.(11,,0).(L—L)““‘“—,—_<_—"—'__—-‘~[(n,,(‘),_:;--L-L]‘l TL,0 0 (1.14)

1‘._2 — D ]
(11) x
fr1,0) piep-r]™-" -—IL\ [ar,00, 1\1<i‘)]n'm + M,0  (1.15)
2 - 2
(1I1) = (IV)

where species (II) is an outer-sphere complex, species
(III) is mono-coordinated complex and species(IV) is chelated
complex,

It is assumed that the diffusion to form the outer-

sphere complex is very rapid and that the stationary state



approximation can be applied to the intermediate (species (III)).

The rate expression is then given by,

kf = I\oskzk3 (1.16)
(k_2 + k3)
Ky = Con g (1.17)

For most bidentate ligands, the chelale ring-closure

step is much faster than the breaking of the first metal-ligand

bond, i.e 1c37>k_2.

k (1.18)

H
2]
[

1

i
-
r
|
[\S]
——
il
l
1

(1.19)

Xk

In this casc "normal substitution" is indicated and
the bidentate (or multidentate) ligand resembles the appropiate
unidentate ligand, for which only the rate of formation of M-L-L
entity is meaningful,

For example, the rate constant for 1lhe complex formation
£ Ni(11,0) .py>*, Ni(11,0),bipy~" and Ni(l,0),terpy-', in which
o i1, Sp} y Ni(11,0),bipy an 1,00, cerpy , in whic
only one Ni=N bond has to form, is very similarg.

If Xk 2>:>k3 (i.c ring closure is rate determining step),



B

‘this is called "sterically controlled substitution" (SCS) process

with

k 1
kf = (3(2Kos (1.20)
k_2
koo s (1.21)

1.4) Outer-Sphere ‘ssociation Constant

There are several methods for estimating Kow’ the

-

outer~sphere association constant. These may cmerge as a result
of kinetic studies, or they may be obtained directly from ;
spectral, polarimetry, nmr measurement, but only for inert”

complexes, For labile metal ions Kos values are morc difficult ’

to determine. Thecoretical expressions derived from a consideration
10

of statistical argu-ent Ly Fuos-: and the thceory of diffusion
by Eig,en:"1 for calculating the Lo" value is given Ly
q _ o - '
K g = lna®e™®, exp bKa ] (1,22)
3000 (1:Ka)
wl b = Z e2
rere = 44418,
atkT
a = center to center distance (ecm) between the

species M and L



N = Avogadro's number

ZM = formal charge on the metal ion

ZL = formal charge on the ligand

e, = - electric charge (esu)

& = dielectric constant of the solvent
k = Boltzmann constant (erg)

T E absolute tempcrature (K)

*& = Nebyre-lluckel ion oatrmosphere paranmeter
?iﬂ - §ﬂfoﬂ

1000€!:T
where /& = ionic strength of the solution

The value of Kos is sensitive to the choice of a, which
varies from oune complex to another, The frequently uscd value of
. .0 . . .
a is 1-5 i and gives the simpler exprcssion,
<
Lo = (jf_”
3

3 3

3. =b -] . -
a’Ne 7). 10 mol ~dm (1.23)
Jor cases wiere a bidentate lizands such as nmono-

protonated ethylenediamine, eniit rcacts, Norabacher et al12 have

modificd expression (1.23) to

<« o
- _ i3 5 g ae -3 -1, =3
Koo = i”a N exp [ ZHZLeo] « 10 mol “dm “(1,24)
3 alekT
where a,a' = center to center distance between the metal

ion and the unprotonated, protonated nitrogen



10

donor of en respcctively

1.5) TFactor Giving Niso to .\namalous Natcs

1) “Steriec Lfrect

In multidentate ligand complex formation, steric effect*
may become imnportant in the riung-closure step as well as in the
initial coordination StCPt Steric hindrance can be large enough
to change the rate-deterrining sten Cronw firste to second-=bond
formation,

Uroa equstion (1.16) and (1.17), if 1<3<< k_, then the

ring-closure step can be rate-limiting step, Therefore

& = “os5 0 3 (1.25)

and i = Kk

1

Tooooarvaag the o valae.n Lo Lhe iwvo conditions eqns,

(1.23) and (1.25), it is found experivientally that the ring-

closure step causes the kf value to bec abnormally slow, For

example, the lower rate constant observed for}ﬂ-alanine (35. 10X
. . . . 24 2+ 13

slower) as compared to «-alanine binding with Ni and Co -

Similar steric effects have becn reported for the reaction of of—

. 14 24 .
and P-amlnobutyrates with Ni and ol - andlg-alanlnes and

2+ 15

histidine with Cu e This is thought to be the difficulty in
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~the forming 6-membered ring compared to a S5-membered ring,

2) Lffect of Ilydroxide Ton

Most labile metal ions can hydrblyse easily even in the
acidic medium, The hydrogen ion in ,‘-I(Hzo)SOIIm+ can modify reac-

tivity of the system. It labilizecs the remaining water molecule

and thus kf value ivcreascs, The rate constant for wator exchange
2+
on Fe(Il,0) _CII is very vor: Nhly 127 (imes larqor than that for
2°'5 ;
: . + 16
water exchange on Fo(ﬁzo)g J

3) Effect of "rotonatcd Lizand

In general, the rates hetween o metal ion and the
protonated form of the ligaid are lower than the rates for binding

with the basic form, Dy considering the ratios of kf vilues for

un-lL comparaed with HHL, it can he zeen 9t iep roush cases
may be formed. Tirsl v, the protonatinca ¢.nge; = Jisnificant
decreases in thc formation rete, rosuvliing in a “f ratio for
Hn—iL to HnL which is between 10 and 103. In this casec protonation

will have less effect if the rate-determining step nccur early

in the coordination of the multidentate liganrd, Therefore, the
decrease. in the rate constant is not too great when these
bidentate ligand add a proton. Secondly protonation has a greater
effect, causing the kL/kIIL ratio to be 10° to 107. Several
factors can cause a large decrease in the formation rate as a

result of protonation such as internal conjugate base rate



enhancement, electrostatic repulsion, statistical effcct and

intramolecular hydrogenbonding,

k) Effect of Buffers

In order to kecp the concentration of hydrogen ion
constant, a buffer must be employed., The presence of sufficiently
high concentration o bhuffer mecans ithat the proton-iransfer step
occur cfficicntly via the buffer sysboryy, YT a7 »17,

L + Bl —/—————— 1 &« 1,1

Buffer which may be regarded as being “"good" huffer must

Tulfill the following conditions :

1) Must not bind with the metal ion.

2) The concentration of buffer must be sulfficicntly high
to ensure that the hydrogen ion couceniration resain constant
(normal buffering),

3) The proton-transfer step rust be faster than the
metallation step, Then, the observed rates will be independent
of the buffer (kinetic buffering).

lfowever, if an insufficient concentration of buffer is

used, the observed rate will be a %unction of buffer concentration.

1.6) Statistical Factor for Id Mcchanism
18,19

Eigen has proposed thc observed formation rate

constant for the interchange dissociative rnechanism to be Kosk .



There are conflicting interpretation in the literaturc on whether
k, =k or k, = S'k where S' is a statistical factor, and k

1 ex 1 ex ex
is the first-order rate constaht for exchange of a particular
solvent molecule from the first coordination sphere of the metal
into the bulk solvent., This rate can be independently evaluated

17 20,2

from O0""~IMR line width broadenings~ '“",

~uppose the ounler-sphere coordinaticn mrier is S, and
that only onec of the 5 sites is ozcunicd by ine ming iizand
molecule ,L, then the change that the incoming ligand is in a
favorable position for entering into the hole loft by the
depérting inner~sphere solvent rmolecule is (1/3)« Therefore the
rate k1 should be roughly equal to (1/3) x kex' For the metal-.
aquo cation, M(H20)2+, there are 6 equivalent water molecules and
therefore the first-order complex formation rate constant k. will

1
G 22
be (6/5) x ket -

-

-

Lin and Ro:*nbnc'.m.rN), on ihe other M ad, have ignoredd
the statistical factor. They have instead attomnpted to calculate
the actual magnitude or electros£atic interactions hy considering
steric and solvent cffects, and proposcd kf = Koskct/P where P is
introduced té account for apparent steric hin-drance cffccts

(including 1ligand conformational cffects),

1.7) Ilydrolysis of Ferric Ion Solution

The hydrolysis of inorganic Fe(III) solutions consists
of several steps : (1) formation of low-molccular-weight species;

(2) formation of a red cationic polymer ; (3) aging of the polymer,



-

with eventual conversion to oxide phases ; and (%) precipitation

of oxide phases directly from low-niolecular-wveight precursors,

2427 3+

The species that exist in aqueous Fe(III) solution are Fe ’

2 .
FeOIll +, Fe(OH); and some formation of polynuclear species,

4
Feg(CH)2+ or F6204+ :

fo + 11,6 T=——= TFeCll + 11 Koy (1.27)

RIS | It ™ ro(plig + ot (4o (1.28)
=z !/,

2re”” 4 21,0 === Fe,(0m),* 4 2n* Koo (1.29)

The valuces obtained by Iledstrom for equilibrium

constants involved are the followings s

3 0.90 x 1072

Y11
¢
. 2 ] AT
g0 0,7 ~. 10
- =3 0 o s . Lo
Ve 1.22 x 1077 (25%, 3 NaClO& ionic medium,
2]
26,29

lecently, Bino and Gibson has proposed that
hydrogeh oxide bridging ligand (H3O;) nay be an important
intermediate in the hydrolytic process for mononuclear metal ion
such as Fe(H20)2+. lossbauer spectroscopic study by Carrano and
Spartalian30 using Fe(IIIGS) (LI1IGS: N-[2-(salicylidenimino)ethyq
(o-hydroxyphienyl) glycine.) shows that bridges of this type are

expected to be pll dependent, At low pll, Fe(TIIGS) is entirely in

the aquo form ; at higher pll, ncar the pKa, the aquo and hydroxo



forms coexist and may form hydrogen oxide brided dimers ; at pH
* higher than the pﬂa, only the hydroxo form exists and the dimer
disappears., This result supports the view of Bino and Gibson,

Thermnodynanic data on Fe(IIXI) hydrolysis have been
25

!
reviewed or complied by LangmuirZL, Sylva™", Baes and Mesmer26,

7

: o
and Smith and ilartell™‘,

1,8) ..quo-Licnd Complexes of Tron(IIT) lletal Ton

bl §

«f 211 the las-three ions o the first transition
metal series, fce{ITI) =5 heen one of the most difficult to study
kinetically. This has been due to the fact that the free metal

1,32 ! . .
ion readily hydrolyzes3 Y , even in moderatly acid solutions,

to F00H2+, which can dimcrize33. In addition, the complexing
ligand can react with either the free ion or the FeOII2+ species,
or both34. Complexation pathwayé involving the protonated ;nd un-
protonated ligand, have been found for both Fe3+ and FeOH2+. In
many of the '‘inetic studics, the data could Be interpreted on the
basis of two or :ore inctically anbignous mechanism, C.gey by
pathways involving I‘e31 + L or FeLH2+ + llLe In such instances, it
was necessary to choose between possible alternatives by examining
the "resonabless"35 of the rate constants obtained, It should be

noted that the observed rate constant for complex formation of -

these metals generally has the form

1 =  k, + k_ /[H]

(obsd 1

where k1 and k, refer to the rate constants for complex

n
formation for Fe(HOO)2+ and 1«‘e(u,,o)5(m“+ respectively,
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36,37

The rate constants given in table 1 are from

studies in which the hydrogen ion concentration is varied,

Table 1 Sumnary of rate constants (Mfls—l) for various Fe(III)

pathways
. 3+ 2+
Licand IFe + L IFeOIl + I,
- L
Cl 9.4 1,1 x 10
19 1.2 x 101i
- 1
Dr 50 h,1 x 10
20 2,6 x 104
T It x 103 -
1P 11 3.1 x 10°
~ = 2 I
52: 1,27 x 10 1.0 x 10
JC;- 6.4 x 103 -
1,0 = 10~ 3 x 10°
(3.5=-".73 = 107 1.1 x 10°
- h
L), 39 5 x 10
!
- 3 x 10°
-
- 1.4 x 10°
- 2
1,107 2.7 x 10 -
110 : L
H5405 13 2.1 x 10
N; 1,6 x 105 L
1.4 x 105 -

2]
=

- 3 x 10° - 4 x 10



Table 1 (continued)

SH.COU™
2

ol T
:?e(;r:)G+
c1cn2coc‘
C1CIl_CCOIl
1 2
clr.cia_cco”
5372 ’
cnscnzcoou
2=
vrblt

HCrOZ

.1 _CII
6 -

)
Inm.o-
C6 5O

Cell, (NI, )OI

CGH&(NHQ)O

17

.0 x 105
A0
1.75 x 103
he9 x 103
2 m 2

-
4,2 x 10°

5.7

v
»
[y
O

FeoH>" 4 L

W

6,83 x 10
7.4 x 10

W u

6.1 x 10

10

~
.

r
”

10°

e
L ]
[y
L

10

0
”

1.

1.4 x 10
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** a values, if computed, would excecd the diffusion-controlled

limit

1,9) The Scope of This Thesis

There arc two main aspects of this research, One is
the synthesis, and subsequent determination of pKa of pyridoxal
salicyloyl hydrazone, The second is to measure the rates of
couplexation betwecen ie(7TI) with pyridoxal benzoyl hydrazone
and pyrido- -7 calicyloyl h&d;axuno <.:.l to deduce the reaction

mechanism,
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In this chapter, appararus and general method used in the
synthesis, the determination of pKa and the kinetic experimemts
arc presented, The experimental procedurc and the method to

determine the observed rate constants are also discussed,

2.,1) _Dbbreviations and cymbols

A
‘

e follovia; lists are the co.inon abbreviations,

structural _oiieloao Ll symbols ased in this thesis

Abbreviation comnound structure
, T
,, CLZ(JxI
\.r—
111l pyridoxal isonicetinoyl 4 ”
0
hydrazoic
DI pryridoxal heazoyl hyd nzone !),
il pyridoxal salicyloyl Y urazolle ©\/ﬁo
D 1o
34 30 3
Fe hexaaquoiron (ITII) ion Fe(II,)O)6
2+ . N s 2+
FeCll monochydroxoiron (IfI) ion Fe(HnO)S(OH)
Fe(oiu)t dihydroxoiron (ITII) ion Fe(11,0), (om)
2 2774 2

B

/7

/ 2} . N
Fe, (c11) 2t dimer of FeON”" (HZO)qui Fe(ll,C),



Abbreviation Compound Structure

Te 01&+ dimer of FeCII2+ (H.0),Fe—0—TFe(H,0)
2 274 2L

Symbol Namc

A absorbance at infinite time

At absorbance at time t

Ao “hsorb.ace at iatlial tiue

I icaTe stroength in nole litre”

K cquilibrium constaﬁt

'k rate constant

s second

t tinme

A wavelensth in nanometer (nm)

[x] concentration of  snecies in ¥

[x] concecutralion of & species in

at equilibrium

H3L fully-nrotonated 2BII and P’Gil
H2L° clectrically neutral 3l and Dol
HL™ mono-protonated P3Il and DPSH

2~

L Tully-dissociated PBII and DSI
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2.2) Chemicals
The chemical used in this rescarch and their grades

are listed below

Caeciiical Supplier Grade
chloroacetic acid BDH AR
formic acid tiay & DBaker . AR
acetic acid J. T Malker AR
potassiw: i, rojen T.oaphinle M iaerodt AR
disodiw: hy'rosen shiosnhate Misher Jcientific AR
trishydroxylauine hydrochloride SBR Pro-analysi
sodium tetr-borate decahydrate J.T.DBaker AR
boric acid J.T.laker AR
potassiwm hydroxide B AR
sodium chloride D.lierck I'ro-analysi
hydrochloric acid CelMerelk Pro-analysi
nitiic acid J. . ver AN
me tiyl red ce 0V Indicator
ammoniunm hvdro:ide Ze-crels AR
sodium nitrate L.Merck AR
tritinlex (:DTV) E.Merck AR
iron(III) nitrate nonahydrate D.Merck Pro-analysi
pPyridoxine hydrochloride EJ.llercikk AR
salicyloyl hydrazide SIGHS ’ A

"mangancse oxide activated Fluka Akivicert
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2.3) Spcctrophotoncters

1) UV-Visible Spectrophotometer

-+11 the kinetic runs and pI{a measurements were carried
out on the 3eckman Acta V spectrophotometer, Spectra were recorded
using the Jasco Graphicard spectrophotometer,

2) IR-Spectrophotometer

IN-spectra were recorded using the Jasco IR-spectro -
photomcter,

3) L = pectroniintonoeter

-

8 . ot .
The covicentiration of Fe ion was decterminced by the

Instrumentation Laboratories Al-spectrophotometer, .

"2,1)  Therriostatting

The temperature of UV-Visible spectrophotometer cell
compartment and the solution for kinetic measurements, pKa
measurciients and p!! measurcements was controlled by Colora
Kryothorriot ot 77 70 q. the ccoliag systerm, with Colora IB 3DSH

water Lath, as the circulatiag systeo,

2,5) pll-Mcter

The pll of solution was measured using the Beckman
digital pll-meter Model 1350 with a Beckman glass electrode and
Corning calomel reference clectrode, The standard buffer used to
calibrate the meter were acetic acid-sodium acetate (plI 4k.00),
standard phosphate (pll 7.00) and standard borate (pl 9,00).

Calibration curve of piI against concentration of standard JING

3



Tig 2.1,

is shown in

Tablc 2.1 pil of various nitric acid solutions at I = 0,30
and T = 25%
Mo, L), s plI
1 18.0 1.79
: nn,.5 1,61
7 6T 1,56
I 30.0 1.49
5 36.0 1,41
6 5.0 1.31
7 54,0 1.23
S 6.8 1,15
9 2.0 1,10
1G O 1,03
11 0.0 1,00
12 111,7 0,93
13 13,0 0.85

2,6) Preparation and Chemical Analysis of lMaterials

2.0.1) Double-distilled Jater

The laboratory distilled water was recdistilled

and the double-distilled water uscd to prepare solutions.
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2.0.2) Nlitric Acid Solution

Nitric acid solution are prepared from
concentrated nitric acid, The concentration of the solution was
determined by titrating with sodium borate solution using methyl

38

red as indicator”

2.6.3) Terric Nitrate Solution

The stock solution was prcepared by dissolving
Fe(llC.,)_eCer,, 1. o sa.ll anwunt of 1 1. .i.¢_, In order to prevent
B - 3
extensive nydrolysis, "reshly »sreparcd solution was used,

34

The concentration of IFe ion was determined
by .tomic ‘hsorption Upectrosco using standard ferric nitrate
Yy I P 3

solulion as the calibration curve,

Table 2,2 Calibration curve of standard ferric nitrate solution

S bsorbaunce [l-‘c) '_] . DPpmM
0.017 7.5
D.017 1.0
0.118 245
0,228 5.0

2.6.,%4) DPyridoxal Salicyloyl ilydrazone

39

Pyridoxal salicyloyl hydrazone was prepared

by dissolving 1 g. of pyridoxine-liCl in nzo and then treated with

0.40 go 11,56, and 0.5 ge. }n_,O. The mixture was then heated at
— . [~

o . ’ L4 - nl
60-70 "¢ 2.5 hrs. until the ¥n_,0 was dissolved. Excess Mn20 was
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.filtered and the filtrate heated on an II,0 bath; 0,72 gesalicyloyl

hydrazine in II_,O was then added, and the mixturc filtered after

2
0.5 hre., yielding lin-salt. IUDTA in excess was dissolved in H20,
made slightly basic with RH“OH and added to the Im-salt in H20

to yield pyridoxal sAlicyloyl hydrazone, The crudec product was

recrystallized using hot lieCll to yield pale-yecllow crystals,mp.

it b T 0¥ 2 afras, T AR 55 b A B B2t

- o] v .
235-210"¢ (deconmpogition),

2.6.,5) fPvyridoxal llenzoyl ilydrazonc

~ | o .
the compound wvas preparcd by C.. angma using

the same procedure as for 1’311,

2.6.6) TIyridoxal 5alicylovyl Ilydrazouc and .yridoxal

Denzoyl ilydrazone .olutions

The stock solullions were preparad by

1 ¢

dissolving thec reap s in vntes axd weating issolve the

. . 0 . . 0]
particles, butl i1 ver wxcecding "0 ¢ fo avoid Jece.pogsition of
the compounds, ‘or'ing solufions of requircd councenlvation were

prepared daily from the stock solutions., t the conditions used

in the experiment, ligand hydrolysis was neglizible.

;

5

2.7) General ZExperimental Procedurc K
]

2.7.1) pK _Measurement of Pyridoxal Salicyloyl i

K

[Iydrazone é

;

Cptical densitics of I'3H solutions were

measured on a Deckman Acta V UV-Visible spectrophotometer, at

s Yo o 03 I iz e, i



the fixed wavelength of 390 nm, Each solution contained PS3II,
buffer and haCl (for adjusting the ionic strength to 0,10M) in
a 25-ml volunectric flask. Series of buffer solutions with pil
varying from 2,0 to 12,0 were prepared according to Perrin&1.
The solulion was ﬁhcn kept at 25°c in water bath and the pll
measured with the previously calibrated glass electrode, hen
the required pil was attained, 3 ml of solution was poured into
the cuvelte a..d liept io the cell conmpartinient for further 2-3
e ©

minutes Lo o AP Ihoote ot D0 ec. Jic wilserbance was then read

oul and rccor "o,

2.7.2) .lineciic lierasurements

The conplex formation between Fe(Hzo)g+ ion
with 7.7 an:l I’ was stludied on the 3eckman fcta V spectrophoto-
meter, —ach solution was prepared in 25-ml volumetric flask, 1 M
sodium nit:rute solution was added to adjust the ionic strength
of the =z 1 L = lo Q.30 1., The solutica was then therriostatted
at 25 ¢ qia e vater Hoalle aad Lie oo of the solution was measured,
The desired pPII wns obtained by adding 1 b III:’OB, never with NacClIi,
to avoid the formation of hydroxy species in solution, Then 1.5
ml of Fe(H20)2+ solution was pipetted and transferred into a 1-cm
path length cuvette wvhich was placed .1 small magnetic stirrer at
the bottom, As soon as the magnetic stirrer was turned on, 1.5 ml
of ligand solution of cqual pil valuc wvas transferred into the

equilibrated metal solution, The rcaction was thus initiated and

the incrcase of absorb.nce due to the growth of the complex was



observed -t the monitoring wavelength, The reaction was followed
. until the equilibrium state was established, i.e. until the

absorbance was constant with respect to time, .

2.8) Trecatment of Data

2,0.1) TFor pli Iieasuremcnts
<&
The pKa values of pyridoxal salicyloyl

hydrazonce were deteriiined by equation

oooae 0 e s e Tt r [n]3

; : (RGN &
- S PR | 1, a1 al il L al'a2 a3
d B — D

. ¥ = 8 2o 2 - A ; )
(S (Y] ., L.ainaz[u] . 1\a1ha21\a3[u]

by using non-linenr least squares fitting
programn to solve the solutions., The reported values are average

of at lcast threce cixperiments,

2."%,2) or ilinetic measurcrients

Tn oardes to sivplify the rate expression
and to cunsere that tiie 1:1 co5lex war forued, all the reactions
werc run under pseudo-first order condition, i,e., the total
concentration of Fe(III) ion must be much higher than the
concentration of the ligaund by at lcast a factor of 10, Thus the
relation between absorhaﬁce and time is exponential,

The observed rate constant, ko sq? vere

b
obtained from the slope of the plot of 1n (Ao-At)/(Qp-Ao) vs
time, The rcported rate constants arc average values of at least

three lkinetic runs.
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3e1) analytical Propertiecs of Pyridoxal Salicyloyl llydrazone

Jeles1) IN=Spectroscopy

The spectrum shows at least one strong
absorption hetween 1650 and 1700 cm-1 which is due to C=0
stretch, Tihe C=N stretch occurs between 1600 and 1700 cm-1.

The cornpound under stuwdy is expected to display this absorption

tie tange Jue to conjusation with an aromatic

at the lower ol ol
ring and the " die,on boadiag between the imino nitrogen and
o-hydroxyl rsroup, The skeletal ring vibrations occur in the same
region, aand hence the C=N stretch appears as a shoulder.

. -1 .

The 1700-160C cm region of the spectum for
this coumpound is significant because both the C=0 and C=N groups

are invelved in Hiading to the metal,

(& |
L[]
e
L]
'
i
Nt
—
3
-t
4
|
B
3
o
ol
it
()

»le Zrectroscopy

[RETRER e s ely rotie asid, dits TIVevis
specirut chire with i, Ti acid soluifion, U absorh at 300 and
350 nm, s the pil is raised to t, the -bsorption maxina at 390
and 110 nm develop whilst the other bands increase in intensity,
An isosbestic point at 360 nm indicates an equilibrium between
two species. This change is attributed to the deprotonation of
the phenolic group of pyridoxal ring. Zrom pll 7, 9 and 11, the
390 nm band incrégsesand the one at 2¢35 nin decrcases, with an
isosbestic point at 330 um. These éhanges arc -attributed to

pyridoxal ring N deprotonation.
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Fig 32 UV—Visible spectra of PSH at various pH,

pH= 219 (—) , pH= 4,05 (-—--- )
pH == 688 (——:— ), pH =931 (—— —-)

pH = 12,0 (—)
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Fig 33 UV-—visible spectra of free PSH in  MeOH
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3e2) B}ia Ceasurecment
The experimental conditions for the measurement of

acid association constants of pyridoxal salicyloyl hydrazone

were
[rsa] = 1 x 107° 1
plI = 2,0-12,0
I = 0.1 1. (i'aCcl)
. 25%
Laolci torsdo o o u‘_,on;_;ﬁh = 30C 1um,.
To calculate the acid associntion constants of I'III,
the followiiig imechanism is proposed ( charges are omitted

- . L . . +
for simplicity aand the solvated proton written as II7),

K I K
: r__an : 3
Y A R (3.1)

e various nssociation constants arce defined as

Tolicis,

K,y = [1i1.] (3.2)
[L] [
1o = [HOL] ( 3 [ 3 )
an° _—
fipaliy
PVYIIC [ur, 1] (3.4)

a3 = ———
[ng&ﬂ



1
1

by using the relations,

EWI plp = d 1 (3.5)
3 >
H,L™T H,L
Ly ly = 4 (3.7)
Erlp = 4 (3.8)
and L, - oo T+ UL g L (3.9)
leading to Lho e tion,
: R 3
a + 4a,. .+ [nl4 a . k 2%, 4 x x K (]
a - 1. izl al 11211 al a2 LIBL al aa a3 (3.10)

s e x M2, SR S

Low=linear least squarces analysis vas used to calculate

-

pKni’ P, oo ol

) g Cl)
DI
Where T
Gz
oall
1
NI 10
g e
S !
F
- Q
Ix = 10 2
a3
-1
+ p:
[ = 10

Thus, the averaged value for the association

of ﬁyridoxal salicyloyl hydrazone are,

(3.11)
(3.12)
(3.13)
(3.1%4)

constants
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pKa Assigcnment !
.48 ¥ o.02 -OH (pyridoxal ring)
2,05 ¥ 0,13 ring N
9.%2 £ 0,16 NII-N

3¢3) INinctic licasurements

5.51) idnclic of Pe(ITT) Tan and “yridoxal Benzoyl

ltasolle
—L———_—
™ie ciperimental conditions gencerally
employed in this inetic study were :

3.80-11.5 x 107°

1

-1
~lt o« 10 N

[Fe(IIT)]T
[1nn]
[ar*]

0,02-0,2 11

I = 0,30 M (NaNCB)
T = 25%
“ulller £ a0k 0N
moscctoring wravelength o = 570 aam
«

Whie kinetic results are showvm in table 3.1

Table 3.1 Kinetic data for the Fe(ITIT)-pyridoxal benzoyl

hydrazone system at 2500 and I = 0,30 M

T ' 3 3 . 3_ -1
[, 1 10 [re ﬂT}_y 1078 st 5

0,05 3.82 2,14

5.73 : 17.85
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Table 3.1 (continued)

(17, u 103[F33jT1M 103kubsd’ g1
0.05 7.65 22,33
9.56 29,81
11,47 34,74
0,09 3.02 7.97
573 11.28
7.65 14,26
9.56 16,89
11,47 19.91
0.13 .82 6.82
5.73 9,16
7.65 11,80
9.56 14,90
11.%7 16,60
0.17 3682 6.50
573 7.80
7.65 9.50
9.56 12,28
11,47 14,26
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Fig 35 UV~ Visibie spectra of free PBH (—--—)

free Fe () (—~—) and Fe (Il ) — PBH complex (~—~ )

+ -5
at [H1=0,05M conc.ca 8x10 M PBH, path length 1,0cm
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Fig 3,6

UV — Visible spectma of PBH (—--—), Fe(ll) inchloroacetic acid
buffer (—==) " and Fedll)~'PBH complex in chloroacetic buffer (—)

+ -5
at [H]= 0,056M oonc,ca g% 10 MPBH path length 1,0cm.
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10 ,s°
70 1 '° fobsd
' 60 - a [H]~ 0,05246
a (H1 =0,000
6o - o [H1=0130
. % [H1-016885
['o -
30 1 o
20 - :
10
'y
0 T 7 = T Y T p 3

- 5+ ‘ -
Fig 3,7 Value - of kobsd as a function of (Fe ]T for the reaction

of Fe)-PBH at various (H], I=0,30M (NaNQ,), T= 257
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Fig 38 \Value °f~kobsd as function of [H] for the reaction of

Fell) —PBH at various (Fel. ,I=0,30 M(NaNo,), T=25¢



Kinetic of Fe(JIII) Ton and Pyridoxal Salicylovl

(82}
.
wt
.
|
~

liydrazone .

The experimental conditions gencrally

employed in this kinetic study were :

Table 3,2

3

[Fe(III)]T 3,8-11.5 x 1077 M

-k
~i x 107 F

[ po]
(1]

T = 0,30 % (atic)

0,02«0,2 M

T
pion i corang wavelength = h?0 nm

T™he kinetic results are shown in table 3,2

iinetic data for the Fe(IlI)-pyridoxal salicyloyl

hydrazone system at 2300 and T = 0,30 M
3 3+ 3 -1
: W I 1071c
10 [- C ] T’ 1 ob L I
Del1] Gron 2 12,29
L
5.73 15' 94
765 20,05
9.56 23,0
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- Tablc 3,2 (continued)

¢ -

[nﬂ, 1 103[Fe3+]T, M 103kobsd’ s~
0,05 3.82 8459
5.73 10,75
7.65 13,30
9.56 15.02
11,17 | 17,12
0.09 3.82 6.1
573 8.12
7465 8,95
9456 12,16
11,147 11,58
0.13 < 3.02 6,07
573 6.78
765 10,08
9.56 11,48

11,47 12,77
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Fig 3,9y UV —visible spectra of free PSH (—=—) , freeFe () (---)
and  Fe dID-PSH complex (—) at[H] 005 M
et
conc.ca 8x10 M PSH, path length 1,0 cm.
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“LH]= 0p261 M
o [H] =~ 045248 M
s [H1= 0,090 M
a[H1= 0130 M

. . B+
. Fig 310 Value of kobsd as a function of [Fe l; for the

feaction of Fe(l)= PSH at virous [H] 1=0,30 M (NaND,) ,

T=25C
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From the Lkinetic data, the Fe(III)-PBI and Fe(III)-PSH

system have the sime characteristics which can be described as

follows

1)

The measured rate constant, k

obsd? is a linear

function of the total metal concentrhtion,[M]T, at a fixed pi,

as shown in Figs. 3.7 and 3,10

observed 1r.itc

hydragen

at high conceo:

its crfgct to

i

2)

e

for

Lt a fixed total metal concentration,[M]T, the

co.el oty deereases with increasing
Y oohsad?

P

Conbration d reaches inosymptotic value

itratioa of hydrogen ion, {(sece Fig: 3.8 and 3.11)

“hhe Fe(IIT)-IBIl system chloroacetic acid was used.

the system was checked, the rate values were found

to be independent of the buffering conditions,

3.) lenction llechanisn

hydravzone

T .-
P I

Prrideral Lenzoyl hydrazone tud Pyridoxal salicyloyl

t.0 struclares (I) and (T7) resnectively

Cit,, LI Wi

cI, ol
11 U o -
NN | AN A
Z
11 0 110
cl1
3 Hs
(1) (11)

In this kinetic study, the concentration of nitric

acid was sufficiently high to ensurc that the hydrogen ion

concentration recmained constant during the kinetic run, The

proton traasfer step betwecn ligand and solvent can be considered



to be much faster than the metallation step, : .

Fror the results of the kinetic study of.complex
formation between Fe(III) and the two hydrazones (PBI and DSII),
.and from the results of the potentiometric. study. by L; Vitolol}2
{ Fe(HL)2+ is the predominant species at pil not greater than

3.00 for the Fe(ITII)-PRII system and the species distribution

as a function of pll for pyridoxal benzoyl Hydrazone and pyridoxal

salicyloyl hy’razone 1o I LY (plI 0-7), UOLO (plI 2-11), UL~
(pll "=1") an- = (- > 3 1)), then the Tolloving mechanism is
proposeu
k
sl + 1 gy y =t + -
re’ }I3L ‘_ITI-‘e(dL) + 2 H (3.15)
1N
S 3
Y -2 2
Feit™! L Lfempm==re(m)™t 4+ 1o+ 0t (3.16)

-

The eaquilibriwm constant is lefined as follous :

o Sel (3¢17)

L -

The following assumptions must be applied :

2}

e -

1) The anion concentration of hydrazone, HL-, L and |
the electrically neutral species, H2L° is negligibly small as
the medium is highly acidic and the pKa of ligand is high,

2) The hydrogen ion concentration is sufficiently large

so that [Hﬂ may be regarded as constant during the kinetics.



The rate expression for this mcechanism can be derived

'as follows :

_E[Fe(IIL)2+] = - ]:1[Fe3+]E{3L+] Ky [Fe(uL)z“][u*]z
dt n 2]
- kz[FeOH““f][nBLﬂ + k_, [Fe(IIL)""] {n”’]
(3.18)

Mass balance cquation :

A [::','E‘] = = A [!_'-‘c( :1.,)2*] (3.19)

Pseudo-"i1sl o, der coundicion g

Lr.*cs'l'_]>>[HSL+] | [_Fesﬂ = [FeBﬂ T

Substituting ia cquation (3.1), we obtained the pseudo-first

order rate counstant

% oped T 1:_2[1(*] ¥ 1:_1[n+]2

n [:‘.:1 + Lk )XI/ [H+]][Fe3+] (3.20)

¢ oxpression sbove, it can be clearly
seen that

1) The observed rate constant, kobsd' is a lincar function
of total metanl concentration, [M]T, at a constant pll (hydrogen
ion concentration),

2) The dependency of the observed.rate on hydrogen ion
conccntration,[uﬂ , is a complicated non-linear function of
hydrogen ion concentration as found experimentally, (see Figs,

3,8 and 3,11)



ZTquation (3.,20) can be written as

Ik

obsd = a + th]T (3.21)

wherec a = k_z[Hﬂ + k-i[H+]2 (3.22)
) ) o

b = 1\1 + ]\2 KOH/ [H ] (3’23)

The value of "D" from k%Xinetic resulis are shown in

[ 1, r~

table 3.5 annd 3. for Te(TTT)=I00 aud Je(TiT)-DPII systems
resnectivel:,

In order Lo cvaluate ki and %,, the values of '"b"

for various p!l must be considered, If "bL" is plotted against
the reciprocal of hydrogen ion concentration, then the value

of the slope and intercept would be (1, X /[l ) ana 1

respectively. These are shown in igs,3.12 and 3,13,

value of KLW 2.199x10-3) is calculated as shown in

e

app-i1.0is o "he valuaes of 11l calculated rate constants are

-

sw -.riwed 1. table 5.5
S

Table 3.3 Lxperinental values of "b" for Fe(III)-PBI system

at T = 0.30 and T = 25%

L | o u] -t ., u npn . igml
 0.05 ' 19,05 2494
0.09 11,11 1.80
0415 7.69 1.18

0-17 5.92 1.32
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Fig 3,12 Dependence of b on _1_ for the reaction of
[HY)

@ 120,30M (NaNO,) and T-: 25° ¢

Fe(m) - PBH
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o o

b, Ms

2

04 T

0,2 r

Fig 313 Dependence of b on _1_  for the reaction of Fe(lll)-PSH
' [H*]

at | = O,3OM(N0NO3) and T =25 C



Table 3. uxperimental values of "b" for Fe(III)-PSI system

at T = 0,30 and T = 25%¢

W, = -, u mpn , p- g™t

0.03 37458 1.76

0.05 19,05 1,07

0,09 11,11 0,75

0.13 7469 0.97
Table 3.5 Luary ofl rate constant for Fe(IiI)-PBI and

ne(T1T) =Pl system at I = 0.30 and T = 25%

late Constant Fe(III)-PBH Fe(II1l)-pslH
k 0.52 0.55
L. L 0,12 0.03

2 Gl



CIIADTER FOUR

DISCUSSION

Lo .
L. Vitololu has shown experimentally by potentiometric study

that the species existing in solution in the pll range 2-1/4 for
PDII arc:33L+, fully-protonated form; H2L°, electrically neutral

- pL
species; lI. , mono=-protonated form and L s fully-dissociated

form, Thus for D3I, a ligand of nearly the same structure as D,

these cquilibiria can be shown by scheme O\

. a (.. o 13, .
¥y~ "“afEmss— T /w3
(1) (I1) (I1T) (IVv)
b OH
CH, Ul | CI1,011
- 1T Pk _4 11 11 =
X (75 BN PN
T X |C’ NZ i AN
“ SN N
L ¢ 0 o
(3 Cil. (I1) CH,
>
pKa2
Oll OH
CII, oI CH,0II
1 ¢ 2 H H
223 N
IC/N\I-I?C , A p— ICI/x NP l N
0 /Iq+ N+
110 ¥ ° o =
CH Ci,,
(1V) (I11)



The existence of the electrically neutral species, H2L°

at neutral pll suggests that PSII (also PBI) possess_an important
feature for an orally cffective drug in that they may be able to
- pass through lipophilic membranc at physiological pll,

For the niechanism of the complex formation, a series of

equilibria is proposed, which can bec represented by scheme B,

2

path 1 e?t oy Iy gl ——-——lA Fe(uL)~* 4+ 2 ot
R
k.

path 2 i ‘*-—————‘- Se(L)™t 410 4+ 1t

MRS~ - - 7Y 2

Scheme B

The reaction scheme above shows two parallel paths giving
rise Lo the complex, The cxistence of the complex Fe(IIL)2+ has

been shown Ly L. Vitolo in her potentiometric study, Anionic
y i

- e

forms of the ligands, L. , L and the electrically ncutral

. o . . .
species, U, L are not considercd for ".oil lignads on the basis

Lo *
. R L-. N - q . - .
of their »nl. values Ty Che aciditiecs ased in this worlk were so

Q

high as to ensure that no anionic species exists in this
condition, I'or the Fe(III)-PBH system, the buffering ceffect was
checked and found that the observed rate constants of the system
was independcent on the buffering condition,

On considering.the details of each reaction path and values

of the rate constants for the forward reaction path (k. and kz),

1

it can be scen that k1, k2 are very much lower than that of

diterature values for various ligands reacting with Fe(H20)2+ and



~ l .
Fe(II,,O)SOII2+ )6'37’*3. Thus explanation must lie with factors

causing a large decrease in the formation rate, Firstly there is
“the nonreactivity of the protonated ligand; the reaction path

under study occurs via Fe3+ and H3L+, which has an unfavorable

50

charce, For example J.C. Cassett and R.G, Wilkins found that

+NHBCHOCONHR is at least 103 fold less reactive than ancHOCONHR.

T.J. Byadcle’. and .11, Constant51 mcasured the rate constants for

L Ny P T, 4
the rcactioc.. ¢l “D."7 and DAL with Ji(23) which are 4.5x10° and
N . - D N
7e7%x10 atl 27 ¢ respectively, ad 7. and I;TAIT , with
. o oo . SAPEEel -1 . 3 5 4. .
rate constanis T.7.4107 aund 7.5 i s 7, showing 107 difference in

—-n
reactivity”’~, .nothcer exuample is the rate constants for rcaction

4 U . . 2
of conil’ with /i * ywhicli is about 10° less than that calculated for

1 - ~-1.5 b . . o
en (4:10° M s ))O, the difference residing in the unfavorable

electrosintic e fect Tfor the protonated ligand. Secondly is the
steric cflfecct due to the difficulty of closing 6-membered ring as

comparcd Lo S-acibered ring., Bxunples are the rcaction between

[a] a -
2+ A P . . 1 . .
Co S EO S Tith e~ - a1 ﬁ—nlnz:uc ), wetueen o«~ and Fpamlnobuty
oy l'-
ratoes with i Ty by lacon - ai:d P- Jdanines ad Gidstidine with
24 15 .
Cu . Frou this, it may be concluded that one or all effects
' R

which causes a large decrcase in the rate constants for the

3+

reaction betwcen Te and TBII and 'Sl 1ay be due to the difficulty
of closing the G-membered ring fter S-mnembered ring is formed,
The very small rate constant probably arises from very.unfavorable
charge as well as steric hindrance considerations e.g. terpyHg+

L Al sh
with i (0.5 N Iy 1))1. The terminal rings containing the

protons are probably twisted slightly in opposite dircctions and



in this conformation the proton effectively block the lone

pair electron of nitrogen, The last effect may be that of the
.intramolecular !I-bonding of the ligands, For example three fold
lower formation rate constant was observed for lent relative to
tmen” 55 is explainable in the terms that a significant fraction
of Ilen' specics is intramolecularly II-honded (in a "gauche in"
conformationl) and is thus unrcactive towvard the metal ion,
Intranoleculr =hoa’ing of 3.0 12y occur hetwveen the imino
nitrogen ant .- of o cidenal rin_ w0 soitetines the carbonyl
oxygen, causiiy the most stable coufi urations (slowvest rates),
The :iorc slover rates in PJIlI may be due to the third ll-bonded
betwecen the anido nitrogen and the IC0- of salicyloyl ringe. llere

a rccombination with Fe3+ can occur only if the proton is
liberated from the internal l-bond, Tinally we can concludc that
the substantially reduced rates for the reaction investigated
herc c2n e iabtorpreted onn the bhasis of ring-closure as the rate-

A 15 L N S+
determinig, ion ), Lo ARG JURA o1th dover valuce for“'c(LnC)g

a .
and fe(li,0 )07 T, Tha rate-deterining step changes from water
= D
displacement to ring-closure to form the tridentate species,
There are a few reports on the l-ray structure of iron(IIT)

complex with pyridoxal isonicotinoyl hydrazone42’49, the compound
of almost the same structure as '3l aund PSH, From the X-ray
structurc of Fe(III)-PIll, PIIl acts as a neutral, planar,
tridentate ligand and the structure indicates that the ligating

sites coordinuted to the Fe(III) arc the carbonyl oxygen, the

imine nitrogen and the phenoxy group of the pyridoxal ring,



-

The complex is gquite very stable in tlhiat the 5- and 6~ membered

t

“ring arc formcd.
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SUNNARY

ryridoxal Salicyloyl llydrazone wvas synthesized and its pKa
were subscequently determined., They arec 4,48 (=011 of'pyridoxal
ring), 7.15 (ring N) and 9,42 (NII-N) recspectively. The kinetics
§f complex formation betwecn Fe(H20)2+ ion and pyridoxal benzoyl
hydrazo.ae and pyridoxal salicyloyl hydrazone in aqueous solution
have also been measured by conventional spectrophotometry at 25°c,
ionic strength of 0,30 M (NaNOB). The measurement was carried out

in acid solution (pil not greater than 2,0) to avoid hydrolysis of

the feriic foit. "he ».te constanl Zor the rceaction between Fe

. y. . ¥ . ) . . " e - -1 =1

ion and nyri ooal Toanmol 1 iyvdrizoac de Ol s and for the
2

reaction bLetwouen et il and pyridoxal benzoyl hydrazoune is 54,57

M~1s™ 1. Also rate comstant for the recction of re°* with pyridoxal

2+

salicyioyl hydrazone is 0455 N-is" and for the reaction of FeOll

with pyridoxal calicyloyl hydrazone is 13,64 E_ls-l. The rate-

deternining step is proposcd to Dbe riig-closure, on the basis of

the 1low valucus ol the rate constant:. obscrved,
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APDINDICLS

Appendix A

Calculation of Ilydrolysis Constant for Fe(TII1)

!
From the paper of R,M. MNulburn and V.C. Vosborg4l,

it can be seen that the hydrolysis constants are related to

the ionic strength by equation j

1 1
log Koy = ~2.172-2.040I2/ (1 + 2,%400I%)=0,010T
AR -+ v — 8 -r:jr v 4-
where ve” N T
-
o [ecr® 0]
el T
[Fe31
For T = 0.30 K, Ky = 2.199 x 1077 M,
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