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The kinetics of the interactions of either pyridoxal
(PL) or pyridoxamine (PM) with Fe(Ill) have been
done in acidic aqueous solutions. The rates of inter-
actions are pH-dependent. The rates decrease as pH
decreases in the Fe(IlI)-PM system and vice versa
with respect to the Fe(IllI)—PL system. The observed
rate constant, at a given pH, for both systems are:

kobs,pm = C1 + CaTpy

kobs,p, = C3+CaTpp

The interaction of PL with PM in the presence of
Fe(lll) has been also studied in acidic aqueous solu-
tions, at pH = 3.0. Two kinetic rate reactions were
observed with the fast step rate 3—4 magnitudes
greater than the slower one. The observed rate
constant of the fast step is dependent on Tp; and
independent of Tpy, i.c.

kobs,pr,pm = Cs + CTpp,

On the other hand, the slow step is dependent on
both of Tpy, and Tpy, ie.

kobvs,scn = C7+(Cg + CoTpy JTpy

The mechanism of complex formation involved in
the binary systems were discussed in the light of the
experimental results. It has been concluded that
protonated complex species are formed in solution.
The findings were compared with those of the
Fe(Ill)—pyridoxol system, previously reported. The
mechanism of complex formation involved in the
ternary system were also discussed. It has been
postulated that a ternary complex (Fe—PM—PL") is
formed fast prior to the slow formation of iron(Ill)
Schiff’s base complex in addition of ternary complex
of iron(III) Schiff’s base with PL.
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**Author to whom all correspondence should be addressed.
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Introduction

Metzler and Snell [1] reported that pyridoxamine
(PM) was oxidized to pyridoxal (PL) when it was
heated for 30 minutes at 100 °C in presence of copper
and iron salts. El-Ezaby and El-Shatti [2] have
reported recently that Cu(II) ions enhanced the inter-
action of pyridoxal with pyridoxamine in quite acidic
medium in the temperature range of 30—50 °C. A
ternary complex was predicted to form prior a
possible formation of a Schiff base complex.

Due to the importance of the model studies,
using nonenzyme metal ions—PL systems, in the
elucidation of the mechanism of the PL-dependent
enzymatic reaction, we also report the effect of
iron(IIl) on the interaction of pyridoxal with pyrid-
oxamine.

Experimental

Materials

Pyridoxal hydrochloride (PL-HCI) and pyridox-
aminedihydrochloride (PM+(HCl),) were analytically
pure chemicals and were used without purification.
Stock solutions of 0.1 M of the ligands were kept in
the dark at 0 °C. Stock solution of iron(III) chloride
(0.1 M) was prepared in 1.0 M HCl. The concen-
tration of iron(Il) was checked by gravimetric
methods.

Measurements

pH measurements were carried out using Radio-
meter pH-meter type 63 equipped with combined
glass electrode (GK 2301 C). Calibration of the pH-
meter was done as previously reported [3]. Kinetic
measurements were done using a Durrum stopped-
flow apparatus. The optical path length is 20.0 mm.
The mixing syringes and cuvette were thermostated
at 25 °C. The observed rate constants were taken for
75% of the reaction completion. Spectrophotometric
measurements were carried out on Carry 17 spectro-
photometer.
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In all measurements, ionic strength was kept con-
stant at 0,50 M KCl. The concentration ranges of PM,
PL and Fe(IIl), used in this work, were (0.4—4.0)
1073 M, (0.5-3.0)107% M and (1.0-4.0)107% M,
respectively.

Results and Discussion

a) The Reaction of Fe(Ill) with Pyridoxamine

A reddish solution is produced when iron(III)
chloride is added to pyridoxamine solution in the
pH range 2.0—4.0. Slight precipitation occurred when
the pH of the solution is increased, (above pH 4.0)
specially when the concentration ratios of pyridox-
amine to iron(IIl) are less than 10. This situation is
not different from that encountered in case of
Fe(III)-Pyridoxol (P) system reported previously
[4]. The spectra of Fe(III)—PM system are similar to
that of Fe(IIl)-P system, except that the average
molar absorptivity, at a given wavelength and pH, is
lower. The absorption maximum shifts to lower
wavelength as pH increases.

for TF'=2110_‘M

T =25% .
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Fig. 1. The observed rate constant, kg as a function of Tpy
at various pH values and Tge = 2 X 10™* M for Fe(1Il)-PM
system.

The kinetic study was made at A = 470 nm in the
pH range ~1.7-2.5. Figure 1 shows the dependence
of observed pseudo first order rate constant, kg, On
both pH and total ligand concentration of pyridox-
amine, Tpy;. At a given pH the dependence of K, On
Tpy is linear and conform to the following equation:

kobs =A+ BTPM (l)

Table I depicts the values of A and B at different
pH’s. It is clear that both A and B are pH dependent.
The parameter B is linearly dependent on the recipro-
cal of hydrogen ion concentration, Fig. 2, i.e.

B=b +b'(H) @)
The values of b and b’ are (0.14 * 0.09) sec™! and
(7.12 £ 0.47)1073 mol™* 1sec™?, respectively, (R =
0.991). On the other hand A is quadratically depen-
dent on (HY™!, Fig. 3, i.e.
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TABLE I. Variation of A and B with pH of the Fe(lII)-PM
System®at 25 °C and I = 0.5 M KCl.

pH A (sec™ 1) x 102 B (mol™tisec™!) RS

1.70 2.11 £ 0.03 0.46 + 0.03 0.995
2.00 222+ 0.02 0.79 + 0.02 0.999
220 262+0.04 1.31 £ 0.03 0.999
2.30 3.56 + 0.007 1.72 £ 0.06 0.999
240°  532+0.19 1.94 £ 0.14 0.995
2.50 6.61 + 0.53 2.26 + 0.38 0.972

aTpp = (22001073 M; Tpe = 2 X 1074 M. PData were
interpolated. ©R = correlation coefficient.
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Fig. 3. The parameter A as function of (H)™1,

A=a+a(H")? 3)

with a and a’ equal to (2.11 £ 0.03)1072 sec”! and
(4.10 £0.20)107 " mol ? 12 sec™ !, (R = 0.991). These
findings are somehow different from that obtained
from Fe3*--P system previously reported [4] in the
aspect of the hydrogen ion concentration dependence
of the parameters A and B. In Fe*—P system these
parameters are linearly dependent on the concentra-
tion of hydrogen ions. Different complex formation
schemes were tested to account for these experi-
mental evidences. It has been concluded that the
following Scheme could explain the situation under
consideration:
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a) Fe3* + HyPM?* === FeH,PM*' + H' ki, k)
|I=
b) Fe3* + H,PM = FeH,PM*" ko, ko

e

¢) FeOH?* + H;PM? " == FeH,PM** + H,0
1 l Kl k3’ k—3
d) FeOH?" + H,PM" == FeH,PM*" + OH™ k,,k_,

¢) Fe(OH); + H,PM?* —= FeH,PM** + OH™ +

f) Fe(OH); + H,PM?" —— FeH,PM** + 20H"
k6, k—6
Scheme 1

The species HPM and PM™ of pyridoxamine have
been neglected owing to their values of dissociation
constants K, and K35 (pK,ppm = 8 05, pKapy = 10 40,
[2]) Dimer formation reactions and other reactions
leading to the formation of hydrolytic species were
ignored under the experimental conditions used in
this work (pH <25 — Tpe =2 X 107% M — Tpp >
Tpe —05SMCI7)

The rate equation describing the above mechanism
of complex formation may be derived,
d(FeH,PM*")

dt
= (HPM)Tr, [{(H)/K1} (U) + (V)(X) ']
— (FeH,PM*) (HPMO)X) ™ [[{(H)YK HU) +

+ (V)] +(W)]

where

Tre = (FeH,PM*") + (Fe>*)(X),

X)=1+ K11/(H+) + Klz/(H)()2 s

K,; = (FeOH*")(H")/(Fe®"),

K, = (Fe(OH); )(H')?/(Fe®"),

(U) =k + ksKn/(H') + ksKpo/(H')?

(V) =k, + koK1 /(H") + k6K 12/(H)? and

W)=k ;(H)+k 2 +k 3+ (OH )(k_g4 tk s) +
k_¢(OH)?

@

If we assume that pH 1s not altered durning the reac-
tion progress (Tpy =>> Tge, pH range (12 5), the
following integrated expression for eqn (4) may be
obtained

C

oo

c_-C,

In

= kobst
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where C_ and C, are the concentrations of FeH,PM**
at equilibrium and at time t and,

Kobs = [(H) {Kipm(U)} 7 + (V)] aypm Tem(X) 7! +
+(W) (%)
where

apy = (HoPMY)/Tpy = (H')?K jpy/
{(H"? + (H')’Kipm + (H)Kpm + KipmKapmKapm}

From eqn (5), one may conclude that the para-
meters A and B obtained from eqn (1) may be corre-
lated with (W) and (H)(Ksem(U)) ' + (V)(X) -
apym, respectively The dependence of A and B on
pH seems to be complicated However, since A =
a + a'(H")™, one may expect that a and a’ are direct-
ly correlated to the terms (k—, + k_3) and k_¢K%
(rKy = 13 75 [4]), respectively On the other hand,
B shows quite complicated dependence on hydrogen
10n concentration, z e

B = aypp (X) ! {(H)k; Kopyy + kK1 Kipy +
+ ksKy2 (HY 'Kypm + ko +koKyy(H) 1 +
+ keK2(H) 2} (6)

Upon analyzing eqn (6), a,py and X may be
simphfied first to ~K;pp(H") and ~1, respectively,
in the pH range used Under these conditions,

B =k, +(ksKi1 + kaKipm)(H) ! + @)
+ (ksK 2 + kaK11Kipm) (H?) 2 + k6K 1o Kipy (H)

Since B 1s linearly dependent on (H)"!, terms con-
taining (H")"2 and (H")™> should drop out In such
case, the intercept (k,) and slope (k3K;; + k2Kippm)
correspond to b and b' 1n eqn 2, respectively

The above findings indicated that reactions (a),
(b), (c) and (f) have considerable contribution to the
formation of Fe(III) complex species If 1t 1s assumed
that k;K; and k_, are greater than k3K;; and k3,
respectively, one may calculate the stability constant
of reaction (b), 1e Kp; = ky/k 5 = 622 and if the
opposite 18 correct, the stability constant of reaction
¢ may be calculated, e K.3 = ks/k_3 =103 Further-
more, FeOH?" species has considerable effect on the
rate, since 1ts concentration increases as pH increases
However this depends to a great extent on the type of
higand species which complex the metal 10n species
Pynidoxamine may form readily chelate complexes
with Fe(Ill) rather than a non-chelate, opposite to
what have been encountered in Fe(IIl)—pyridoxol
system [4] In a recent work on the interaction of
Fe(III) with PM [5], 1t has been concluded that 1 1
and 1 2 complex species involving the nonprotonated
ligand species, PM~, were formed in quite acidic
medium (in the pH range of ~3 5-4 5)
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b) The Reaction of Fe(IIl) with Pyndoxal

Similar to the Fe(IlI)-PM system, adding Fe(III)
chlonide solution to the solution of PL produced
reddish colored solution The red color was intensi-
fied by increasing pH of the solution (in the range
of 1-25) The spectra, in the wavelength range
300600 nm, are stmilar to that of Fe(III)-PM and
Fe(II)—P systems with the maximum wavelength of
absorption shifting to lower wavelength as pH
increases The kinetic runs were made at A =470 nm
in the pHrange ~1 7—2 5 Figure 4 shows the depen-
dence of observed pseudo first order rate constant,
kos, on both pH and total ligand concentration of
pyridoxal, Tpy, At a given pH, in the range studied,
Ko ps 1s linearly dependent on Tpp,1e

! -—
Kops = C + DTy, (8
40
g
32/
. 2af g
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2 .
. 16 P a pH=17
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c pH=
Y d pH=2 2
g pH=3 0 Extrapolated e pH=23
f pH=25
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Fig 4 The observed rate constant, kyps, as function Tpy, at
various pH values and Tp, = 2 X 10™* M for Fe(Ill)-PL
system

TABLE 1I Vanations of C and D with pH 1n the Fe(III)-PL
System®? at 25 “Cand I =0 5 M KCl

pH C (sec’ 1) D (mol 1 1sec™1) R¢

17 2526+ 025 29519+ 1019 0997
19b 2203+020 29027+ 786 0998
20 2044+ 018 28575+ 713 0998
220 1708+015 28568+ 588 0999
23 1567+010 27729+ 418 0999
25 1206 + 0 30 28833+ 120 0999

ATpr, = (04-40)1072 M, Tpe= 4 X 107% M bData were
mterpolated ©R = correlation coefficient

Table II depicts the values of C and D at various pH’s
A plot of C against (H") 1s linear at pH’s <2 with
signficant slope and intercept of 4702 + 410
(mol™ 1sec™?) and 159 £ 06 sec™?, (R = 0996),
respectively (Fig 5) On the other hand a plot of C
agamnst (H") at pH’s >2 1s also linear, but with dif-
ferent slope and itercept of (164 * 026)10°
(mol™" 1sec™) and (699 £ 128) sec”!, R = 0 988)
(Fig 5) respectively These findings may indicate dif-
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0 It 1 i i
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(H1, M
Fig 5 The parameter C as function of (H’)

ferent mechanism at these two pH ranges On the
other hand D 1s almost constant at various pH values
with a value of ~191 mol™! 1 sec™

1) Kinetics of the interaction of Fe** with PL ai

pH’s <2

In this pH range one can assume that the model
described by Scheme 2 1s quite reasonable

a) F63+ + H2PL'H2 * _ FCI‘]PL’H203+ + H+
k'l b ]él

b) Fe®* + HPL-H,0 =—— FeHPL-H,0°*  kj, k',

B

¢) FeOH?" + H,PL-H,0" — FeHPL-H,0%" +

H,O0 k3, k.
/’ \/ Kl 2 3, 3

d) FeOH?" + HPL*H,0 == FeHPL:H,0°" + OH~
k:h ld4

Scheme 2

This mechanism 1s comparable to that obtaned
previously 1n case of Fe(IlI)-P system [4] In other
words, the observed rate constant, ki, may take the
following form,

Kobs = (Y) + (Z)(X) ™" aupr Top, )
where
(Y)=C=kL;(H) + (K, +ki;) + KKy H) T,
and
X) ' (Zy)awpL =D = (X) " ayp {k1(H)KTPL, +
+ (k2 + k3K ;,Ki9L) + KoK (H) ™'}
and
aypr, = (HPL-H,0)Tpf, = Kppr(H)? {(H')® +
+Kypr(H')? + KipLKopr,(HY) +

+KiprKop Kapr} ™'
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Since (Y) 1s linear function of (H), one expects that
k’; and (k' +k’;)should be equal to 4702 +41 0
mol ! 1sec”! and 159 + 06 sec”!, respectively On
the other hand, plotting of D(X)apf vs (H") indi-
cated a linear dependence with slope (kjKjgL,) equal
to (521 + 018)10° sec™* and zero intercept, (k3 +
k3K 1 Kipy) (Fig 6)

0 005 oo o5 020 25
[H1,m
Fig 6 The plot of D71 as function of (H*)

1) Kinetics of the interaction of Fe(Ill) with PL

at pH’s >2

If 1t 1s assumed that other reactions may also occur
in addition to those mentioned in Scheme 2, 1t 1s
possible to describe the mechanism 1n this pH range
We have assumed that other complex species may also
be formed as described 1in Scheme 3

e) Fe®* + H,PL-H,0 == FePL-H,0 +2H"
k’S Y k’—S
f) Fe®" + HPL-H,0 —— FePL-H,0*" + H'

ke, k-
Kll 6 6

g) FeOH** + H,PL-H,0® = FePL'H,0*" + H'

' '
KIPL k77 k—-'l
h) FeOH?* + HPL+H,0 === FePL-H,0?"* + H'
k’B) kLS

Scheme 3

The observed rate constant can be derived from
Scheme 2 and Scheme 3 1n a similar way to that
reported before [4],1 e

Kobs = (L) [(Y)(H')/apL + (J) +
+ apLTeL/(X) {(Z4) + (Z2)] (10)
where the intercept

C=(L) ' {(Y)H")/dpL + ()},
and the slope

D=(L)"'{(Zy)+(Z)}aypL/(X)
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where

() =k s(H")* + (k¢ + k7)) (H") + K s,
Bip1, = (FePLH,0)**(H")/(FeHPL-H,0)%",
(L)=1+(H")/BpL and

Z, = ks(H)/Kpr, + (ks + k7K 3 /Kypr) +
+kgKy(H)™?

The slope and intercept obtained from eqn 10 are
hydrogen-dependent in a complicated way

Plots of C and D (after rearrangement) against
(H") are lear and are shown 1n Figs 5 and 6 In
such case,

C(L) = C = (k_4Kw/Bipr, +kls) + (H)(K., +

+k3/Bipr + klg + K 9) (11)
and
Daid(X) = (ks + k3K 11/Kypr, + ke + k7K1 /Kipp) +
+(H") X (k1/Kypr +K5/KipL) (12)

Since C (and not C(L)) 1s linearly dependent on (H"),
one expects that (L) must be approximately equal to
one In such case, fipy, must be greater than (H")
to render the term {(H")/BipL} neghgible with
respect to one (in the pH range used) Now, 1t 1s
simple to correlate (k' JKw/Bipr + k' 5) and (k', +
k' 3/BpL + k'g + k' ;) to the empirical values ob-
tained previously (e equal to (699 * 1 28) mol™!
1 sec™ and (164 + 026)10° sec™?, respectively)
The term (k_, + k' ;) obtaned previously from the
kinetic data at pH’s below 2 1s smaller than that of
k', + K 3/K' + k' ¢ + k' ;) indicating that (k_¢ +
k’7) must be greater than (k_, + k' 3)

From eqn 12, one may correlate the intercept
(ky + k3K;1/Kspr, + ki + k7K ;1/Kip,) and slope
(ky/Kipr + k5/K;p) to the values obtained from
the plot of D, (X) aganst (H),1e (1191 7)10*
mol™! 1 sec™ and (3 48 + 0 34)10° sec™?, respective-
ly Since (kj + k3K;;KidL) 1s equal to zero, then
(ke + k5K1/Kpy,) should be equal to 119 X 10*
mol™! | sec™! On the other hand, the value of
(k} + ks)KipL, 1s not significantly different from that
obtamed only for kiKipr, which indicates that ki
1s approximately equal to zero

We may conclude that the interaction of Fe(III)
with PL 1s quite complicated and completely dif-
ferent from that of Fe(Ill) with PM From the
knowledge of k; and k_, (Table III) one can calculate
the stability constant of reaction a in Scheme 2 The
value so obtamned 1s 3 51 It does indicate that the
stability constant of the formation of FeHPL3® 1s
111 X 10* which 1s comparable to that obtamed
for FeHP** (32 X 10%) [4] However, this value 1s
quite different from that for FeH,PM**, possibly due
to the electron withdrawing property of the pro-
tonated amino group in pyrndoxamine
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TABLE Il The Dependence of H on Tpy,

TpL X 103 M H (mol ! 1sec™l) R

50 380017 0998
75 502+005 0999
100 621020 0999
150 8362030 0998
200 1023+ 040 0998
300 1362+ 074 0997

¢) Kinetics of the Ternary Complex Formation of the
System Fe(lll)-PM—PL

The study of the binary complex formation of
Fe(III) with vitamin B¢ components (P and PL)
becomes quite complicated as pH increases above pH
30 due to the possible hydrolysis and/or poly-
merization of the metal 1on and their complexes, even
if the ligand concentration 1s much higher than that
of the metal 1on However, PM forms quite stable
complexes with Fe(III) in the pH range 3 5—4 5 [5]
It has been mentioned that Fe(IIl) formed a reddish
solution with PM at pH’s <2 § Furthermore, 1t turns
to yellowish color as pH increases above pH 25
Although the spectra of the solution showed a shift
to lower wavelengths as pH increases (470 nm - 380
nm), yet they shift to higher wavelengths again when
PL 1s added to the Fe(III)-PM solution (380 nm -
470 nm) at pH = 30 This finding strongly suggested
that PL interacts with the complexes of Fe(IIl) with
pyridoxamine

The kinetic runs were taken at A = 470 nm at pH =
30 The nteraction of PL with Fe(III)-PM system
took place at two steps, one of them 1s faster with
rate constants of a magnitude 3—4 orders higher than
the slower step In the Tpy range (04 —4 0)1073 M
and Tg, =2 X 107% M at a given Tpy,, the observed
rate constants for the fast process, ks, do not differ
in the magmtude within experimental errors Plot of
these rate constants against Tpy, was linear (Fig 7)
with significant intercept, E, and slope, F,1 e

60
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Tre = 2 0 x15%M \
Tpp = (04-40110 M
I =05M KCl

Kobs » sec!

24
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Fig 7 The observed rate constant, Kgps, as function of Tpp,

at pH = 3 and Tpe = 2 X 10™* M for the fast step of Fe(III)—

PM—PL system
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Kops = E + FTpy, (13)

The magnitude of E and F are (10 54 + 0 94) sec™!
and (139 + 006)10% mol™" 1 sec™!, respectively,
(R =0985)

On the other hand, the observed rate constants for
the slow process, Kops, are linearly dependent on Tpy
for a given Tpy, (Fig 8) At constant Tpy,, the linear
dependence of K5 on Tpy may be represented by
the following equation,

Kobs =G + HTpym (14)

3
Tp 100 50
78
£100

060

048

a
b
13
d =150
e 200
t

036 =300

Kops 86€

Tre 2 0x10%

024

ote2

o o8  1e = 24 3z = =
Toyx 10° M

I'g 8 The observed rate constant, kKops, as function of Tpy

at various values of Tpy, at pH = 3 0 and Tpe =2 X 107* M

for the Fe(1II)—PM—PL system

The parameter, H, Table III, 1s linearly dependent on
Tpr, The hinear dependence may be expressed as
follows,

H=h+h'Tp, (15)

The ntercept (h) and slope (h') obtained from the
plot of Hvs Tpy, (Fig 9)are (216 +025) mol ' 1
sec”! and (391 + 0 15) 10% sec™ !, respectively, (R =
0997) Although H 1s linearly dependent on Tpy,, yet
G 1s constant with a value of (128 + 019)1073
sec !

20r

—4
Tre=2 0 xI0 M

The Parameter H
[

o] 8 16 24 32 40
3
Tp, 10°M

Fig 9 The parameter H as function of Tpp, at pH = 3 and
Tpe=2X 1074 M
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1) Kinetics and mechanism involved in the fast step

of the mteraction of PL with Fe(Ill)-PM system

At pH = 3, several species coexist in equilibrium
In the Fe(III)—PM system, FeHzPM“" FeHPM3*,
FePM?*, FeOH?*, Fe(OH); , (FeOH)3", Fe**, H3PM2+
and Hn_,PM+ exist at different concentratlon In the PL
system, the species H,PL® and HPL mainly coexist

It 1s clear that the concentration of PM has no
effect on the observed pseudo first order rate
constants which indirectly indicated that the concen-
tration of the species of wron(Ill} complexes with
pyridoxamine has approximately no influence on
rate Moreover, the magnitudes of the rate constants
are greater than those anticipated for the interaction
of PL alone with Fe(IIT) species at this pH Scheme 4
may describe the mechanism of the interaction of PL
with Fe(III)—PM system 1n the fast step, 1 e

HPM
FeHzPM‘” FeHPM""' FePM?*
a) FePM?* + H,PL' = FePMHPL +H' ko,k o
b) FePM?* + H,PL" == FePMPL + 2H" k0,k ;o
KipL 1 {Bir
¢) FePM?* + HFL —— FePMHPL ki, kogy
d) FePM?* + HPL = FePMPL + H' K1z, kK 12

Scheme 4

where FePMHPL and FePMPL are ternary complex
species 1 which the amimno group of PM 1s probably
added to the aldehyde group of PL in presence of
Fe(Ill) (Fig 10)

H, ~H

CHy \l;‘o H\ /OH
5 o NO)-E !
ol « 1o Coe =
N N 0 F
H " O
N
Carbinolamine Complex

NQ N= C/ Kitimine

o %"

o O) s ’ F'o@
- -

\

HgO Q“‘( Klitimine

—>
o O Aldimine H
§ N |

04(: rCH, o,/C CHy

C)NH+ O N

HOHeC HMOH2C

Fig 10 Reaction equilibria mvolved in the Fe(IlI)-PM—PL
system
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The rate equation describing the above mechanism
may be written as follows

(1 , (}f*)) d(FePMPL")
at

T

= (FePM*")(HPL)(Q,) — (FePMPL)(Q;)  (16)

where

Q; = (ko + kyo)(H)/Kypp + ki1 +Kya,

Q2 = (k_o/Br +k-10)(H')? + (k1y/Br + k-2 (H")
and

Bt = (FePMPL")(H")/(FePMHPL?")

Equation 16 may be integrated if the following condi-
tions are taken 1n consideration

1) Tre (at any time) = (Fe3") + (FeOH?") +
+ Fe(OH); + (FePMHPL?") + (FePMPL") +
+ (FePM?*) + (FeHPM?*) + (FeH,PM>")

(The concentrations of ron(III) complexes with PL
were 1gnored at the fast step of the reaction rate)
2) Vertical protolytic reactions are assumed to be
very fast
3) Hydrogen 1on concentration 1s assumed to be
constant in the reaction progress This was fulfilled
by using excess PM
4) The absorption at 470 nm 1s proportional to the
concentration of (FePLPM)

The integrated form of eqn 16 may be written as
follows

(FePMPL)
n
(FePMPL); — (FePMPL)

= kr(t) an

where
r=Qaypr Te Q3" + Q; {1 + (H")/r} ! (18)
and
Qs ={(X)/PM)Bpm} + {1 + H")/B,pm +
+ (H")/Br,pmBrpm}

kp may be correlated with kyps (eqn 13) with the
slope F and the intercept E expressed as

F=Qua1p Q5" = aypr {(ks + kio)(H')/Kypr, +kyy +
+kip } X [(X)/(PM )Bpy + {1 + (H')/Br,pm +
+ (H')/BapmBu,pm}] ™ (19)

and

E = {(koo/By + ko10)(H')? + (k11 /Br + k12 )(H)} X
X {1+H)/pr} (20)
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Apart from the dependence of eqn 19 on pH 1t
also depends on the concentration of (PM™) It has
been recogmzed experimentally that the fast step
does not depend on Tpp 1n the concentration range
(04—40)1073 M Upon careful analysis of eqn 19,
the term which depends on (PM"), {(X)/(PM")Bpm}
(range of values from 4 to 44), may be smaller than
{1 + (H")/Bu,pm + (H')*/BupmBuem} at pH = 3 and
Bupm andfor Bu,pm should be smaller than (H")
Since (H,PL) 15 greater than (HPL) at pH = 3, 1t may
be expected that reactions (a) and (b) are more
favourable than those of (c) and (d) in Scheme 4
Since a;pr,(HY)/K,pr, ~ 1 then one should expect that
(ko + kyo)/ {1 + (H)/Bu,pm + (H)?/BrpmBr,pm} 15
equal to 139 X 10% mof ! 1sec™” The parameter E
may be equal to (ke/Br + k_10)(H")?/(1 + (H)Br) =
10 54

1) Kiwnetics and mechanism involved in the slow

step of the wmnteraction of PL with Fe(lll)-PM

system

In this step, one may conclude that PL interacts
actively with different simple 1ron(II) species (Fe3*,
FeOH?*, Fe(OH)3, etc ) However, the magmtudes of
the observed pseudo first order rate constants are
much smaller than those for the interaction of PL
with Fe(III) alone A more reasonable conclusion
may suggest that dehydration of the complex species
FePMHPL and FePMPL took place 1n this kinetic
step to form Schiff’s base complexes, (Fig 10), in
addition to the possible formation of another ternary
complex 1nvolving the Schiff’s base as shown in
Scheme 5

FePMHPL =—— FeSch + H2O k13, k_13

FePMHPL + H,PL = FeSchHPL + H" + H,0
k 14> k— 14

FePMHPL + HPL = FeSchHPL + H,O0 ks, k_;s
Scheme 5

The rate equation describing the mechanism shown in
Scheme 5 may be written as follows

d(FeSchHPL)
Q2) .
= (PM")TFeB1(Q3)/(Q,) — (FeSchHPL) X
X {(Q2)(Q3)Br(PM7)/(Q,) + (Qa)} 1)
where

Q1) = (Fe*){(X) + Bpm(PM™) + Bupm(HPM) +
t Bu,pm(H,PM) + Bp,(PL7) + Bypr, (HPL) +
+ Br(PM7)(HPL)},

M. S El-Ezaby and A -S I Abu-Shady

(Q2) = {1/(HPL)Ben} + 1,

(Qs) = ki3 + k4(H,PL") + kys(HPL),
(Qa) =k-13Bscn(HPL) + k_14(H") + k_4s,
Br = (FePMHPL)*"/(FePM)*'(HPL),
Bsen = (FeSchHPL)/(FeSch)(HPL),

and
e = (Fe*")(Q,) + (FeSchHPL)(Q;)

Upon integrating eqn 21 one can obtamn the
following eqn,

Kobs, T = @3pmTem1pLTeLBT(Q3)/(Q1) + (Q4)/(Q2)
(22)

The plot of kg,s ¥s Tpym at constant Tpp, should be
linear with significant slope and intercept The values
of the slopes and the intercepts may be correlated
with those obtained empirically by eqn 14 In such
case,

G =(Q4)/(Q2),

and
H = a3pmapL TeoBr [(Q3)/(Q1)] +(Qa)/(Q2)

since G 1s not dependent on Tpy,, 1t turns out to have
this form (if 1 1s greater than 1/(HPL)B,n),

G=k js(H) +k 1s=128X 1073 sec”! (23)

The finding that key,e v 15 linearly dependent on Tpy,
at constant Tpy,, may lead to the conclusion that

_ BraspmaipL Ter {ki3 +kya(HzPL) + kys(HPL)}
(X) +Bpr(PL") + Bypr(HPL)
Since H 1s found to be linearly dependent on Tpy,

alone (Fig 9), the parameter H should take the
following form

_ Braspy {Kis + kia(H')/Kypy, + ks }aypr Ter,
BeLK2pL/(H") + BupL

Assuming that {Bpy,(PL7) + Bupr,(HPL)} > (X)
Now, the parameters h and h’ of eqn 15 are

h = Brazpmkis/ {BerKzpL/(H") + Bupr}
and

h' = Braspmarpr {kia(H )/ Kypr, + kis}/
{BprK2pL/(H) + Bpr}

If the assumption was made that (X) > {Bp(PL")
+ Bupr(HPL)} we may not be able to get h, since 1t
will be of zero magnitude, 1 e

Kobs = Braspm@iprTerk13/(X)
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From the foregoing results 1t has been concluded
that all reactions 1n Scheme 5 are significant in the
formation of FeSch and FeSchHPL However, 1t 1s
not simple to predict the values of their rate
constants since the values of Sy and fp;, are not
available Although this model 1s closely related to
that postulated for Cu(Ill)-PM—PL system [2], yet
we have not noticed any comparable ambiguities,
when the mole ratio of Fe(III) PM PL 1s 1 2 10 or
1 22 10 This conclusion 1s 1n accordance with the
fact that coordination number greater than 4 1s more
favourable than 1n the Cu(Il) system

Conclusion

The findings encountered in this work indicate
beyond doubt that PM behaves quite different from
P and PL towards complex formation with Fe(III),
Although this conclusion 1s not surprising, 1t shows
that PM acts as a bidentate ligand 1in which the amino-
methyl group and the mefa-oxy atom participate in
the complex formation specially as pH 1s increased
above 2 0

It has been also concluded that the interaction
between PL and PM cannot take place in absence of
Fe(III) Moreover, the poisoning effect which has
been observed in the kinetics of the Cu(I)-PM—PL
system when 1 2 10 or 1 22 10 mole ratios were
used [2], did not occur in the Fe(IlI)-PM—PL
system This may be rationalized in terms of the
relative high coordmnation number of Fe(III) with
respect to Cu(Il) In this work, however, we have
reached the same conclusion postulated mn the
Cu(I)-PM—PL system, namely a ternary complex
(FePMPL) was formed 1n solution at pH = 3 prior to
the formation of a Schiff’s base iron(III) complex
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The ternary complex formation of Fe(III)-PM
system with PL 1s a quite fast process 1n comparison
with that of Schiff’s base wron(III) complex forma-
tion On the other hand, the magmtude of the rate
constants of the slow process in the interaction of PL
with Fe(III)--PM system are at least ten times greater
than those of PL with Cu(II)-PM system [2] Fig 10
shows the possible equilibrium reactions involved 1n
the interaction of Fe(IlI)-PM with PL These
reactions have been postulated in the light of
mechanism proposed m previous report ([7] and
references therein) which was based on the extensive
studies of the interaction of some amino acids with
pyridoxal promoted by complexing with some metal
1ons The mechamism 1nvolved the intermediate
formation of an aldimine which undergoes a proto-
tropic shift to form kitimine with further com-
plexation of the Schiff’s base of Fe(III) with another
PL molecule
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