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

kobs,PM = ct + c27-PM 

k obs,PL = c3 + C~TPL 

The interaction of PL with PM in the presence of 
Fe(III) 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 TpL and 
independent of TpM , i .e . 

kobs,PL.m = cs + WPL 

On the other hand, the slow step is dependent on 
both of TPL and TPM, i.e. 

k obs,sch = CI + (c8 + &TPL)TPM 

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(III)-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(III) 
Schiff’s base complex in addition of ternary complex 
of iron(III) Schiff’s base with PL. 
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Introduction 

Metzler and Snell [l] 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(I1) 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 PLdependent 
enzymatic reaction, we also report the effect of 
iron(III) on the interaction of pyridoxal with pyrid- 
oxamine. 

Experimental 

Materials 
Pyridoxal hydrochloride (PL*HCl) and pyridox- 

aminedihydrochloride (PM*(HC1)2) 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(II1) chloride 
(0.1 M) was prepared in 1.0 M HCl. The concen- 
tration of iron(II1) was checked by gravimetric 
methods. 

Measurements 
pH measurements were carried out using Radio- 

meter pRmeter 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(III), used in this work, were (0.4-4.0) 
1O-3 M, (0.5-3.0)10-3 M and (1.0-4.0)10-4 M, 
respectively. 

Results and Discussion 

a) The Reaction of Fe(N) with Pyridoxamine 
A reddish solution is produced when iron(II1) 

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(II1) 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(III)-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. 
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Fig. 1. The observed rate constant, kobs as a function of TPM 
at various pH values and Tpe = 2 X IO4 M for Fe(III)-PM 
system. 

The kinetic study was made at h = 470 nm in the 
pH range - 1.7-2.5. Figure 1 shows the dependence 
of observed pseudo first order rate constant, kobs, on 
both pH and total ligand concentration of pyridox- 
amine, TpM . At a given pH the dependence of kobs on 
Tpr,,, is linear and conform to the following equation: 

k obs=A+BTp~ (1) 

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’(Hp-’ (2) 
The values of b and b’ are (0.14 + 0.09) set-’ and 
(7.12 + 0.47)10V3 mol-r 1 set-‘, respectively, (R = 
0.991). On the other hand A is quadratically depen- 
dent on (H+)-‘, Fig. 3, i.e. 

TABLE I. Variation of A and B with pH of the Fe(III)-PM 
Systema at 25 “C and I = 0.5 M KCI. 

PH A (set-l) X 10’ B (mol-’ 1 set-‘) RC 

1.70 2.11 f 0.03 0.46 + 0.03 0.995 
2.00 2.22 + 0.02 0.79 * 0.02 0.999 
2.20b 2.62 ? 0.04 1.31 f 0.03 0.999 
2.30 3.56 f 0.007 1.72 + 0.06 0.999 
2.40b 5.32 f 0.19 1.94 f 0.14 0.995 
2.50 6.61 + 0.53 2.26 + 0.38 0.972 

aTp~ = (2-20)10W3 M; TF~ = 2 X 10p4M. bData were 
interpolated. CR = correlation coefficient. 
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Fig. 2. The parameter B as function of (H+)-' . 

Fig. 3. The parameter A as function of (H+)-r . 
A = a + a’(H+)-2 (3) 

with a and a’ equal to (2.11 + 0.03)10-2 see-’ and 
(4.10 f 0.20)10-7 molp2 l2 see-’ , (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 Fe3’-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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From the foregoing results it has been concluded 
that all reactions m Scheme 5 are significant m the 
formation of Fe&h and FeSchHPL However, It is 
not simple to predict the values of their rate 
constants since the values of PT and pp~ are not 
available Although this model is closely related to 
that postulated for Cu(II)-PM-PL system [2] , yet 
we have not noticed any comparable amblgultles, 
when the mole ratlo of Fe(II1) PM PL is 1 2 10 or 
1 22 10 Thus conclusion 1s in accordance with the 
fact that coordmatlon number greater than 4 1s more 
favourable than m the Cu(I1) system 

Conclusion 

The findings encountered m this work indicate 
beyond doubt that PM behaves quite different from 
P and PL towards complex formation with Fe(II1). 
Although ths conclusion 1s not surprising, it shows 
that PM acts as a bldentate hgand m which the ammo- 
methyl group and the metu-oxy atom participate m 
the complex formation specially as pH is increased 
above 2 0 

It has been also concluded that the interaction 
between PL and PM cannot take place m absence of 
Fe(II1) Moreover, the polsomng effect which has 
been observed m the kmetlcs of the Cu(II)-PM-PL 
system when 1 2 10 or 1 22 10 mole ratios were 
used [2], did not occur m the Fe(III)-PM-PL 
system This may be ratlonahzed m terms of the 
relative hrgh coordmatlon number of Fe(II1) with 
respect to Cu(I1) In this work, however, we have 
reached the same conclusion postulated m the 
Cu(II)-PM-PL system, namely a ternary complex 
(FePMPL) was formed m solution at pH = 3 prior to 
the formatlon of a Schlff’s base iron(II1) complex 
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The ternary complex formatlon of Fe(III)-PM 
system with PL 1s a quite fast process m comparison 
with that of Schlffs base non(II1) complex forma- 
tion On the other hand, the magmtude of the rate 
constants of the slow process m the mteractlon of PL 
with Fe(III)-PM system are at least ten tunes greater 
than those of PL with Cu(II)-PM system [2] Fig 10 
shows the possible eqmhbrmm reactlons involved m 
the mteractlon of Fe(III)-PM with PL These 
reactions have been postulated 111 the hght of 
mechanism proposed m previous report ([7] and 
references therein) which was based on the extensive 
studies of the interaction of some ammo acids with 
pyrldoxal promoted by complexmg with some metal 
ions The mechanism involved the mtermedlate 
formation of an aldnnme which undergoes a proto- 
tropic stift to form lutlmme with further com- 
plexatlon of the Schlffs base of Fe(II1) with another 
PL molecule 
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