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Abstraet--A new terdentate ligand, N-pyridoxyl-o-hydroxyaniline (1, H2pha), was syn- 
thesized and the formation of its iron(Ill) complex was thermodynamically and kinetically 
investigated (0.10 mol dm -3 NaC104; 25°C). The ligand forms a very stable 
bis(ligand)iron(III) complex (log /312 = 45.8+0.2; 1312 (tool -2 dm 6) = [Fe(Hpha)~]/ 
[Fe 3 +][Hpha-]2) in comparison with other N~-pyridoxyl-L-amino acid-type terdentate 
ligands with benzyl (2), methyl (3), and indolylmethyl (4) groups, indicating that an 
intramolecular interaction as well as a high affinity of phenolato oxygen to the central 
metal atom greatly contributes to the stability of the bis(ligand)iron(IlI) complex of 1. 
The rate constants for the iron(III) complex of 1 are (1.40+0.20) × 102 mol -~ dm 3 s 
for the two parallel pathways of Fe3++H3pha ÷ (k33) and FeOH2++H4pha 2+ (k24) 
( k 3 3  11 +kzag~)nga~amNH) , where K~)~ and Kalar, NH ) are the hydrolysis constant of iron(Ill) 
and protonation constant of 1 at the amino nitrogen) and (2.44+0.30)×102 
mol -I dm 3 s 1 for the pathway of FeOH2++H3pha+(k23). The comparison of these 
rate constants with those of the iron(Ill) complexes of 2, 3, and 4 suggests that the com- 
plex formation mechanism is given by the rate-determining coordination of the pheno- 
lato oxygen of pyridoxyl moiety to iron(Ill), followed by the rapid donations of other 
ligating groups. 

The design and synthesis of an artificial siderophore 
is our recent concern. 1'2 It has been found 1'2 that 
terdentate N~-pyridoxyl-L-amino acid-type ligands 
(N~-pyridoxyl-L-phenylalanine (2, H2plpa), N ~- 
pyridoxyl-L-alanine (3, H2plal), and N~-pyridoxyl - 
L-tryptophan (4, H2pltp)) and a tetradentate one 
N~-pyridoxyl-L-aspartic acid (5, H3plas) form 
thermodynamically stable iron(III) complexes, 
especially for the bis(ligand)iron(III) complex of 5 
(Iogfll2 = 48.33+0.21 ; ]~12 (mol 2 dm 6) = 
[Fe(Hplas)2]/[Fe3 +][Hplas 2-]2).1 

Apart from these facts, Enterobactin (H3ent), a 
natural siderophore with three catechol units, 

* Author to whom correspondence should be addressed. 

has been known to have an exceptionally large 
stability constant (logf111 = 49; 3 //~ (mo1-1 
dm 3) = [Fe(ent)]/[Fe 3+]lent 3-]). Thus, designing 
the ligands to those containing catecho|ate, or more 
simply phenolate groups would be desirable in 
order to increase the stability of their iron(Ill) com- 
plexes. Accordingly, the synthesis of a new ligand 
containing two phenolate oxygens in this pyridoxal- 
type chelator is important in order to compare the 
role of aminophenolate and aminocarboxylate moi- 
eties on the stability of the iron(Ill) complexes. 

This paper is concerned with the stability and 
the formation reaction mechanism of the iron(Ill) 
complex with N-pyridoxyl-o-hydroxyaniline (1, 
H2pha), a new ligand containing two phenolate 
ligating groups, as an analogue of N~-pyridoxyl-L - 
amino acids. 
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EXPERIMENTAL 

Materials 

The ligand I was prepared by the same procedure 
in a previous paper ~ with some modifications. This 
ligand was characterized by the ~H NMR method. 
Found: C, 52.4; H, 5.5; N, 8.7%. Calc. for 
CI4HI6N203 • H20" NaCI : C, 52.6 ; H, 5.4 ; N, 8.8%. 

An iron(Ill) solution was prepared as described 
elsewhere? All materials except the ligand were sup- 
plied from Wako Pure Chemicals Ind., Ltd., Osaka, 
and used without further purification. 

Measuremen ts 

The protonation constants of 1 were determined 
spectrophotometrically at the wavelengths specific 
to its respective protonation equilibria as will be 
described later. The thermodynamic stability con- 
stants of iron(III) complex of 1 were also deter- 
mined spectrophotometrically by recording the 
absorbance change with equilibrium acidity at the 
wavelengths of 600 nm for the mono(ligand) 
iron(Ill) complex and 525 nm for the bis(ligand) 
iron(Ill) complex, respectively. Electronic absorp- 
tion spectra were recorded on JASCO spectro- 
photometers, models UVIDEC-660 and Ubest-35. 

Complex formation kinetics were followed by 
means of a stopped-flow spectrophotometric 
method under the pseudo-first-order reaction con- 
ditions of CL >> CM, where CM and CL represent the 
total concentrations of iron(Ill) and the ligand, 
respectively. The apparatus and general procedures 
have been described elsewhere. 4 

The ionic strength of the solution was kept con- 
stant at 0.10 mol dm -3 sodium perchlorate; the 
buffer solutions were used as described in a previous 
paper. 

The hydrogen ion concentration, [H+], was cal- 
culated according to eq. (1). 

- l o g [ H  +] = pH . . . .  +logf~+ (1) 

Here, pH . . . .  represents the measured pH value; the 
activity coefficient, log fH+, of -0.085 was adopted 
here. 

RESULTS 

Electronic absorption spectra 

Absorption spectra of I and its iron(III) complex 
are depicted in Fig. 1 together with the spectrum of 
3 for comparison. An intense absorption band is 
observed in both spectra of these two ligands at 
(30.0-40.0) × 10 3 cm -1, which is assignable to the 
rc*~ rt transition of the aromatic ring chromo- 
phore. The free ligand 1 has an additional broad 
absorption band below 30.0× 10 3 cm -1, as com- 
pared with that of 3, being due to the it* ~ r~ tran- 
sition of the aminophenol chromophore. 

A new and broad absorption band with less 
intensity than that in the ultraviolet region appears 
only in the iron(III) complex at (16.0-26.5) × 103 
cm -~. This band can be assigned to a ligand-to- 
metal charge-transfer (CT) transition (t2g(Oh)'-- 
~).1,2 
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Fig. 1. Electronic absorption spectra of the ligands I and 
3 and the iron(III) complex of 1. 1, [Fe(Hpha)2] + (pH 

2.03) ; 1', Hpha-  (pH 9.34) ; 2, Hplal (pH 9.09). 

Protonation constants 

Pro tona t ion  constants  o f  1 were determined spec- 
t rophotometr ica l ly  according to the li terature pro-  
cedure 6 by following the wavelengths at 300 nm 
for phenola te  oxygen of  aminopheno l  moie ty  
(Kal~pOH)), 330 nm for  phenolate  oxygen of  pyr- 
idoxyl moie ty  (Ka(pyOm), 280 nm for pyridyl nitro- 
gen (Ka(oyNm), and 330 nm for amino  ni trogen 
(KatamYH)), respectively. These p ro tona t ion  con- 
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stants are listed in Table  1 together  with those of  
the ligands of  concern.  It  is interesting to point  out 
here that  the basicity o f  the amino  nitrogen donor  
a t o m  decreases marked ly  by its direct a t t achment  
to an a romat ic  ring (cfKa(amNH) of  I and 2-5) as is 
expected f rom the p ro tona t ion  constants  of  aniline 
( l o g K a = 4 . 6 5 )  7 and dimethylamine ( l o g K a =  
10.77). 8 

Formation and stability 

The ligand 1 serves potential ly as a terdentate 
ligand and is expected to fo rm a bis(ligand) 
meta l ( I l l )  complex as well as a mono( l igand)  
meta l ( I l l )  complex with i ron(I l l )  capable  of  taking 
an octahedral  coordina t ion  structure. 

The stability constant  of  the mono( l igand)  
i ron(I l l )  complex  of  1 was determined f rom the 
experimental  relation between the absorbance  and 
- l o g [ H  +] shown in Fig. 2. Equi l ibr ium (I) and its 
constant ,  Keq~, can be defined on the basis o f  the 
p ro tona t ion  constants  of  1. 

K~ql 

Fe 3+ + H a p h a  2+ ~,~ Fe (Hpha )  2+ + 3 H  + 

C M = [Fe 3+ ] + [FeOH 2+ ] 

]7,~ = [Fe(Hpha)2+] / [Fe3+][Hpha  ](CM >> CL) 

(I) 

Here,  Fe (Hpha )  2+ indicates the mono( l igand)  
i ron(I l l )  complex with pyr idyl-ni t rogen-pro-  
tonated form, which is practical  under  the exper- 
imental  condit ions investigated.t2 In an analogous  

Table 1. Protonation constants" 

Ligand log Kat~pOH) log Ka(pyOH ) log KatpyNH } log Ka(amNm Remarks Ref. 

1 (H2pha) h 10.20___0.02 8.31 _+0.03 4.85_+0.02 2.55+0.02 <' This work 

Ligand 1ogKa(~mNH) IogKalpyOH ) 1ogKa0~.COOH ) logKa¢pyNm logKatcoom Remarks Ref. 

2(Hzplpa)< 10.23 + 0.02 7.60 + 0.02 - -  3.08 + 0.02 2.58 + 0.05 " 1 
3(H2plal)" 10.34___0.02 7.85+0.02 - -  3.21 +0.03 2.35+0.05 <' 1 
4(H2pltp)< 10.37+0.04 8.45+0.03 3.12+__0.03 2.38+0.06 <' 2 
$(H3plas) d 10.61 ___0.03 8.17+0.03 3.85+0.05 3.06+0.02 2.10+0.05 " 1 

"All Ka values are in mol-~ dm 3. 
h Ka(apom = [HL-]/[H *][L 2 ], Ka(pyOH ) = [H2L]/[H+][HL-], Ka(pyNm = [H3L+]/[H+][H2L], and Ka~,,,,Nm = [H4L2+]/ 

[H +] [H3L +]. L denotes fully-deprotonated ligand species. 
' Ka(amNHl = [HL ]/[H f][L2-], Ka(pyom = [H2L]/[H+][HL-] ,  KawyNm = [H3L+I/[H+][H2L], and Ka(c~X~H , = [H4L2+]/ 

[H+I[H3L+]. 
aKa~amN,~ = [HLZ-]/[H+][L 3 ], Ka~oyom = [H2L ]/[H+][HL 2 ], Ka~mccoom = [H3L]/[H+][H2L-], Ka(pyNrt) = [H4L+]/ 

[H+][H3L], and Ka~coom = [HsL2+]/[H+][H4L+]. 
e0.10 tool dm 3 (NaCIO4), 25°C. 
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Fig. 2. Relation between absorbance and - log[H +] for 
mono(ligand)iron(III) complexes of 1 and 3. CM >> CL. 
1, iron(III)-I system; CM, 2.01 × 10 -3 tool din-3; CL, 
1.00 × 10 4 tool dm -3 ; 2, 600 nm; 2, iron(IIl)-3 system ; 
CM, 2.00 x 10 -3 mol d m  -3 ; CL, 1.00 x 10 4 mol dm 3 ; 2, 
475 nm; 0.10 mol dm -3 (NaCIO4), 25°C. The solid lines 
are theoretical ones drawn by using the protonation, 
stability, and hydrolysis constants given in the text and 

tables. 

way as has been reported] '2 eq. (2) can be easily 
derived by adopting Beer's law : 

A I A I l log {( max--  ) / ( A '  - - A m i n )  } 

= log[H+]3(1 +K~H/[H+])--IOgKeq~CM (2) 

Here, ~ 1 A 1 A . . . .  amin ,  and represent the absorbance 
of the mono(ligand)iron(III) complex, that of the 
free ligand, and that of the complex and the free 
ligand coexisting at [H+], respectively, K ~  is the 
hydrolysis constant of iron(IID {K~)~ (tool 
dm -3) = [FeOH 2+] [H +]/[Fe 3+] ; log K ~  = - 2.78 
0.10 mol dm -3 (NaC104), 25°C}.9 

Plotting the left-hand term vs the hydrogen ion 
concentration term of eq. (2) from the data in Fig. 
2 (Curve 1) gave a straight line with a slope of unity, 
which can be represented as Y =  1.01X+2.41 
(Y ~ log I 1 1 {(Am,x-A ) /(A t -Amin)} X--- log 
[H+]3(1 + K ~ / [ H + ] ) ) .  The value of K~q~ was cal- 
culated from the intercept ; fll1 was calculated from 
this K~ql according to eq. (3) 

flll (mol 1 d m  3) = Ka(apoH)Ka(pyoH)Ka(amNw)Keq t 

(3) 

to be logflH = 21.35+0.18. 
The stability constant of  the bis(ligand)iron(III) 

complex of  ! could not be estimated in this manner 

under the conditions of CL >> CM, because 1 formed 
a very stable bis(ligand)iron(III) complex even in 
the strong acidity region below pH 1.0. Conse- 
quently, we attempted to estimate this stability con- 
stant by making competition to iron(III) of the 
ligand 1 with ethylenediamine-N,N,N' ,N'- tetra-  
acetic acid (H4edta), because the Fe(edta) com- 
plex has high stability constant (vide infra) and has 
negligibly small absorbance as well as the free H,  
edta (" 4)+, 1, and aqua-iron(III) ion as compared 
with the bis(ligand)iron(IIl) complex at the speci- 
fied wavelength of 525 nm. 

For the bis(ligand)iron(III) complex of 1, Equi- 
librium (II) 

geq2 
Fe(Hpha)~ + H4edta + 2H + 

Fe(edta)-  + 2H4pha 2+ 

fll2 = [Fe(Hpha)z+]/[Fe3+][Hpha ]2, 

flFe(edta) = [Fe(edta) ]/[Fe3+][edta 4-] (II) 

can be defined in an acidic aqueous solution of pH 
1.50, where the competing ligand is expected to be 
present mainly in the form of tetra-proto- 
nated species ( logKax= 10.26, log Ka2 = 6.16, 
logKa3 = 2.67, and logKa4 = 2.00). 1° On the basis 
of materials balance and the conditions of 
CL >> CM, the equilibrium constant, Keq2, can be 
represented by eq. (4), 

Ceata - -  { (A2ax  - -  AZ)/AZax} CM 

= {C2/(Keq2[H+]Z)}(A2max-A2)/A 2 (4) 

where Cedta denotes the total concentration of ethy- 
lenediamine-N,N,N',N'-tetraacetic acid, and Amax2 

and A 2 represent the absorbances of Fe(Hpha) + 
and the mixture of  Fe(Hpha)~ and Fe(edta)-  
whose fraction is determined by Cedta, respectively. 

Plotting the relation between Cedta-{(A2max - 
2 2 2 A )/Amax}CM and ( A m , x - A 2 ) / A  2 gave a straight 

line passing through the origin represented as 
Y = (2.09 x 10-4)X, from the slope of  which Keq 2 

was obtained. The stability constant, fl~2, was cal- 
culated from this Keq 2 by the use of  eq. (5). 

fl lZ = f lFe(edta)(Kacapoh)Ka(pyoH)Ka(ammH))2/  

KalKazKa3Ka4K~q2 (5) 

using log flw(~dta) = 25.1.1° The value of  ill: thus esti- 
mated is listed in Table 2. 

Kinetics and mechanism 

The time-course of the absorbance of i ron(I l l ) -  
1 system showed an exponential curve over 3.5 half- 
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Complex log fl~ log fl~2 Remarks Ref. 

6 Fe(Hpha)~- 21.35+0.18 45.8+0.2 
7 Fe(Hplpa)~- b 18.77+0.14 39.06+0.26 
Fe(Hplal)~- '~ 19.50+0.13 39.81 +0.20 
Fe(Hpltp)+ d 22.54+0.19 38.29+0.28 
Fe(Hplas)2 ~ 21.86+0.16 48.33+0.21 
Fe(Hgly)~ + ~ 2.03 3.7 
Fe(pmgly)~- g 16.09 23 
Fe(ida)2 h 10.72 20.14 

0.10 mol dm 3 (NaCIO4), 25°C This work 
0.01 mol dm -3 (NaC104), 25°C I 
0.10 mol dm -3 (NaC104), 25°C 1 
0.10 mol dm -3 (NaCIO4), 25°C 2 
0.I0 mol dm 3 (NaC104), 25°C 1 
3.0 mol dm -3, 25C 12 
0.1 mol dm -3, 2YC 13 
0.5 mol dm-3, 25C 14 

"fi~i values in mol ~ dm~; fl~2 values in mo1-2 dm 6. 
b Iron(Ill) complex of 2. 
' Iron(Ill) complex of 3. 
d Iron(Ill) complex of 4. 
"Iron(Ill) complex of 5. 
/Hgly ; glycine. 

Hpmgly ; N-(phosphomonoethyl)glycine. 
h H3ida ; iminodiacetic acid. 

life periods in the acidity region o f p H  1.2-2.5 under 
the pseudo-first-order kinetic conditions of  
CL >> CM. This fact indicates that only one measur- 
able step is included in the complex formation 
kinetics. Furthermore,  plotting the observed rate 
constant, kobsd , against CL/CM gave a linear relation 
that can be extrapolated to the origin. This finding 
reveals that the slow coordination of  the first ligand 
molecule of  ! to iron(III)  ion to form a mono 
(ligand)iron(III) complex species as an inter- 
mediate exists prior to the fast coordination of the 
second one to form the thermodynamically more 
stable bis(ligand)iron(lII) complex; i.e. the rate- 
limiting stage is the coordination of the first ligand 
to the central metal atom. Hence, the following 
Reaction (IIl) 

k 0 

F e ( O H ) I +  ~ + Hjpha ~- 2~ + , 

Fe(Hpha) 2+ + ( i + j - 4 ) H  + (III) 

d[Fe(Hpha) 2 +]/dt 

3 4 
= i+  h a  ~ 2) + ~ k,/[Fe(OH) 3_,] [Hip l 

i - 2 j = 3  

= kob~dCM (CL >> CM) (6) 
3 4 

kob~ = ~ ~ k~jCL/(1 +Kgh/[H+])a., 
i = 2 j = 3  

O~ H ~ Ka(apoH)Ka(pyOH)Ka(amNH) [H + ] 3 

+ Ka¢apOH~ Ka(pyOH) [H + ] 2 

can be kinetically defined and eq. (6) can be derived 
by taking into consideration that the p r o -  

tonation/deprotonation processes at the donating 
groups of  1 and the aqua-metal ion are much faster 
than the coordination one. L2'u The coefficient, kij 
(i = 2, 3 ; j  = 3, 4), is the forward rate constant for 
the pathway of Fe(OH)~L~ and Hjpha q-2~+. Here, 
the rate constant of  the backward reaction of Reac- 
tion (III) can reasonably be neglected because flJl 
is very large and because the relation between kobsd 
and CL/CM can be extrapolated to the zero intercept 
with decreasing CL. 

In the same way as has been described, L2 kobsd, 
can be defined and represented as given in eq. (7) 
on the basis of  eq. (6) : 

kobs~' ---- kobsa(l + K ~ I / [ H + ] ) c t . / C L  

= k34Ka~apoH)Ka(pyoH)Ka(amNHl[H+] 3 

-Jr- ( k 3 3  11 + k24 K~nKa(amNn)) 

× Ka(apoH) Ka~pyoH) [H + ] 2 

11 + +k23K6HKa(pyon)Ka(apoH)[H ] (7) 

The plot of  kobsd, VS [H +] according to eq. (7) is 
depicted in Fig. 3. A least-squares treatment of  
this plotting reveals that this relation can well be 
approximated by a quadratic function with a zero 
intercept of  the form shown in eq. (8). 

Y = a X  z + b X  (8) 

Here, Y and X m e a n  kobsd, and [H+], respectively, 
and a and b are constants including kij. This result 
indicates that the iron(III)  complex of  1 forms 
through two parallel pathways of  Fe 3 + and H3pha + 
(k33) and FeOH 2+ and H4pha 2+ (k24) and also ano- 
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Fig. 3. Relation between kobsd, and [H+]. kobsd, ~-kobsd 
(1 + K ~  / [H + ]) ( Katapon)Ka¢pyomKa~,mNH)[H + ] 3 + Ka~,po.) 
Ka~pyoH)[H+]2)/CL. CL >> CM ; CL, 2.01 × 10 -3 tool dm -3 ; 
CM, 1.00× 10 -4 rnol dm-3; 0.10 tool dm -3 (NaCIO4), 

25°C. 

ther pathway of FeOH 2+ and H3pha + (k23). The 
rate constants and their pathways thus estimated 
are listed in Table 3 together with those of  our 
concern. 

stability by the phenolato oxygen corresponds in 
magnitude to the chelate effect by a methyl- 
carboxylato group of the tetradentrate ligand. 
Additionally, the formation equilibrium curve of  
the mono(ligand)iron(III) complexes depicted in 
Fig. 2 clarified that the complex of  1 (Curve !) 
formed in a more acidic region than the complex of 
3 (Curve 2). This behaviour also supports the higher 
affinity of the phenolato oxygen to iron(Ill)  than 
the carboxylato oxygen in the stability. 

The stepwise stability constant, log fl12/fl., of the 
iron(III) complex of 1 is much larger than log fl11, 
which is in contradiction to other typical i ron(III)-  
aminocarboxylic acid systems (cfTable 2).12 14 This 
unusual tendency was also found in the iron(III)- 
N~-pyridoxyl-L-amino acid systems, 1'2 although it 
is less evident than that of the i ron(III)-I  system. 
This fact suggests that there exists an intra- 
molecular interaction between the coordinated 
ligand molecules in the iron(III)-I  stronger than 
those of the iron(III)-2, 3 and ~4 systems. A 
molecular model consideration also reveals that a 
rc-rt interaction 15 can be easily recognized between 
the pyridine ring of  one ligand molecule and the 
benzene ring of the other in the i ron(III)-I  system 
(6) as compared with the iron(III)-2 system (7) (of 
Fig. 4). 

Kinet ics  and  mechan i sms  

DISCUSSION 

Format ion  and  s tabi l i ty  

The hypothesis of the liberations of three protons 
in Equilibrium (I) gave a best-fitted straight line 
between the absorbance and the hydrogen ion con- 
centration terms of eq. (2). Therefore, the pyridyl 
nitrogen is concluded to be still protonated and 
non-coordinating in the iron(III) complex because 
of its steric hindrance, which conforms that the 
predominant ligand species in the acidity region for 
the complex formation accompanies a protonated 
pyridyl nitrogen ( c f  Ka(pyNH)). This protonation 
behaviour is identical with that of  Fe(III)-N~-pyr - 
idoxyl-L-amino acid systems.L2 

The stability constants of  the mono(ligand) 
iron(III) complexes of 1 and other N~-pyridoxyl-L - 
amino acid ligands listed in Table 2 indicate that 
the complex of I has a stability constant of the same 
magnitude as that of the tetradentate ligand, 5, both 
of which are larger than the stability constants of 
the terdentate ligands, 2 and 3, but smaller than the 
constant for 4. This fact reflects that the affinity of 
the phenolato oxygen to iron(III) is larger than 
that of  the carboxylato one and that this increased 

The composite rate constant for the pathways of 
Fe 3+ + H3pha + (k33) and FeOH 2+ + H4pha 2+ (k24) 
is reasonable in magnitude [(1.40+0.20)x102 
mol-  l dm 3 s-  l] when compared with some reported 
formation kinetic results of the iron(Ill) complexes 
(cfTable 3). 1~2° It is of the same magnitude as the 
rate constants for the formation of the iron(Ill) 
complexes with N~-pyridoxyl-L-amino acid 
ligandsJ ,2 

The rate constant for the pathway of  FeOH 2+ + 
H3pha + [k23: (2 .44+0.30)x 10 z tool -I dm 3 S -1] is 
almost the same as that for the complex formation 
reaction between FeOH 2+ and phenol (k21: 
7.2 x 10 z mol -  l dm 3 s- 1)18 and of the corresponding 
pathways of  iron(III)-N'-pyridoxyl-L-amino acid 
systems (cfTable 2). 

Thus, it is reasonable to deduce that the mech- 
anistic rate-determining step is the coordination of 
either of two phenolato oxygens of 1 to Fe 3+ or 
FeOH 2+. These two oxygen atoms, that are not on 
the aminophenol moiety but on the pyridoxyl one, 
may be responsible for the kinetic process, the for- 
mer of which would be still protonated for its strong 
basicity at the rate-determining step, because all 
reaction pathways and their rate constants were 
almost identical with those of the iron(III)-N~-pyr - 
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Ligand Pathways" k, (mol- '  dm 3 s 1) Remarks Ref. 

l(H2pha) Fe 3+ + H3 L+ (k33) This 
and (1.40___0.20) × 102b 0.10 mol dm 3 (NaCIO4), 25°C work 
FeOH 2÷ + Ha L2+ (k24) 

2(H2plpa) 

3(H2plal) 

4(H2pltp) 

5(H3plas) 

Hpdx-L-Htrp 

C1CH2COOH 

C6HsOH 

C6HsOH 

FeOH 2+ + H3 L+ (k23) 

Fe 3+ + H3L + (k33) 

and 
FeOH 2+ + H4L 2+ (k24) 

FeOH 2+ +H3 L+ (k23) 

Fe 3+ + H3L + (k33) 
and 
FeOH 2÷ + H4L 2+ (k24) 

FeOH 2+ + H3 L+ (k23) 

Fe 3+ +H~L + (k33) 

and 
FeOH 2+ + H4L 2+ (k24) 

FeOH 2+ + H3 L+ (k23) 

Fe 3+ + H3L(k33) 
and 
FeOH 2+ + H4L + (k24) 

FeOH 2+ + H3L (k23) 

Fe 3+ + H2pdx-L-Htrp + (k33) 

FeOH 2+ + H2pdx-L-trp (k22) 

FeOH 2+ + C1CH2COOH (k21) 

Fe 3+ +C6HsOH (k30 
FeOH 2+ + C6HsOH (k20 

FeOH 2+ + C6HsOH (k21) 

(2.44+0.30) x 10 2`. 

(1.08+0.20) x 10 TM 

(1.27+0.30) x 103` 

(1.08+0.20) x 10 TM 

(5.25_+0.30) x 10 3`, 

(4.40+0.20) x 102J 

(9.94+0.30) x 10 2c 

(5.22+0.20) x 10 le 

k33 

k22 

k21 

k2~ 

k31 
k21 

k21 
k2~ 

(1.31 +0.30) x 102'' 

10.1 +0.30 
32.5 + 0.30 

(8.30+0.20) x 103 
(6.8+0.1) x 103 

~25 
7.2 X 102 

1.1X 103 
1.5 × 103 

0.10 mol dm 3 (NaC104), 25°C This 
work 

0.10 mol dm -3 (NaCIO4), 25°C 1 

0.10 mol dm 3 (NaC104), 2Y'C 1 

0.10 mol dm -3 (NaCIO4), 25°C 1 

0.10 mol dm 3 (NaCIO4), 25°C 1 

0.10 mol dm -3 (NaCIO4), 25~C 2 

0.10 mol dm -3 (NaCIO4), 25°C 2 

0.10 mol dm 3 (NaCIO4), 25°C 1 

0.10 mol dm -3 (NaCIO4), 25C  1 

0.50 mol dm 3 (NaCI), 25"C 16 
0.50 mol dm 3 (NaCI), 25'~C 16 

0.10 mol dm -3 (NaCIO4), 25:'C 17 
0.10 mol dm 3 (NaCIO4), 25°C 18 

0.10 mol dm 3 (KNO3), 25°C 18 
0.10 mol dm 3 (KNO3), 25'C 19 

0.10 mol dm 3 (NaCIO4), 25°C 19 
0.10 mol dm 3 (NaCIO4), 25~C 20 

"L denotes the fully-deprotonated ligand species 
hk33 +k24KII Ka~amNH). 
Ck23. 
d .  I1 , k33 + k24K;n Ka(coon~. 
e .  II k33 + k24K~nKa<mccoom. 

of the ligands 1-5. 

idoxyl-L-amino acid systems (~fTable  3)]  '2 There- 
fore, it can be concluded that  the ligand 1 adopts 
the following general kinetic characteristics of the 
i ron(II I ) -N~-pyr idoxyl-L-amino acid systems; 1'2 
the ra te-determining coord ina t ion  of the phenola to  
oxygen of  the pyridoxyl moiety to i ron(II I ) ,  fol- 

lowed by the rapid dona t ions  of  the amino  ni t rogen 
and another  phenola to  oxygen to form six- and  
five-membered fused chelate rings in the i r o n ( I I I ) -  
1 system as depicted in Scheme 1. 

In summary,  the ligand 1 forms a very stable 
bis( l igand) i ron(II I )  complex. The existence of a 
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. . . . . . . . . .  " ...... "~ '~  H ~ ]  / ~  ......... o c 2  2 

\ / " - - . O , - - I ~ N H  
~ . /  ~';e3." .... / 'c. ~ /  . . . . . . . .  ,.. / / \  

o ~ o  ,,,, ............... ~ c!, o ° ~ ' k  

................ ' \ ~  ~-c.... ~ / /  .o.,o_~ j..,>_o., .o . ,c~- -~  ,,~ "? 
N"" ~ N + 
H H 

6 [Fe(Hpha)2l ÷ Z [Fe(Hplpa)2] + 

Fig. 4. The estimated structures of the bis(ligand)iron(III) complexes of I and related ligand 2. 

CH~OH 

c~ OH 

+ FeO~ + 

o .  ] 
÷1¢ .1¢ 

*1.¢" 

C~tOH 

1 CH~ OH - "~,- -H' 

OH 

+ Fe 3+ 

+IF 

+ FeOH 2+ 

CH~OH 

k,: ..,x/-~/c~. 

Fe O(~H2 + .o 

CHROH 

k33 .. H * N ~ C I ' ~ N H  

k23., 

CVt~H 

H ~' N~/C~NH 
Crib OH " ~  

FeOH 2+ 

Scheme 1. 

N ~ i d  

rapid 

r a p ~ / / /  

CH~OH 

H * N ~  C I~N H 

c, i / o ~  
Fe3+~ 

strong n - n  intramolecular interaction, which is evi- 
denced from the stepwise stability constants, in the 
bis(ligand)iron(III) complex of 1 suggests us to 
design an artificial siderophore having a pyridoxal 
moiety by introducing another moiety capable of 

forming an intramolecular interaction for the 
enhancement of  the thermodynamic stability in the 
metal complex. Specifically, o-aminophenol group 
can be recommended as one of the best partner 
moiety of this type of  ligand. 
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