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Abstract—A new terdentate ligand, N-pyridoxyl-o-hydroxyaniline (1, H,pha), was syn-
thesized and the formation of its iron(I1I) complex was thermodynamically and kinetically
investigated (0.10 mol dm™* NaClO,; 25°C). The ligand forms a very stable
bis(ligand)iron(III) complex (log B, =45840.2; B, (mol™? dm® = [Fe(Hpha)i]/
[Fe’*][Hpha~]?) 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(I11) complex of 1.
The rate constants for the iron(III) complex of 1 are (1.40+0.20) x 10? mol~' dm® s~!
for the two parallel pathways of Fe’*+H,pha® (k;;) and FeOH2* +H,pha®* (k,,)
(k33 +k14KouKamnm, Where Koy and Kag,nwp, are the hydrolysis constant of iron(III)
and protonation constant of 1 at the amino nitrogen) and (2.44+0.30) x 107
mol~' dm?® s™' for the pathway of FeOH>* +H;pha*(k,). The comparison of these
rate constants with those of the iron(I1I) 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(III), followed by the rapid donations of other

ligating groups.

The design and synthesis of an artificial siderophore
is our recent concern.'? It has been found'? that
terdentate N*-pyridoxyl-L-amino acid-type ligands
(N*-pyridoxyl-L-phenylalanine (2, H,plpa), N*-
pyridoxyl-L-alanine (3, H,plal), and N*-pyridoxyl-
L-tryptophan (4, H,pltp)) and a tetradentate one
N*-pyridoxyl-L-aspartic acid (5, Hsplas) form
thermodynamically stable iron(IIl) complexes,
especially for the bis(ligand)iron(III) complex of 5
(log B, =48.33+0.21; B, (mol™? dm® =
[Fe(Hplas), ]/[Fe’*][Hplas®~]*).'

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

* Author to whom correspondence should be addressed.

has been known to have an exceptionally large
stability constant (logB,, =49;> B, (mol™!
dm’) = [Fe(ent)]/[Fe’*][ent>~]). Thus, designing
the ligands to those containing catecholate, or more
simply phenolate groups would be desirable in
order to increase the stability of their iron(I11) 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(IIT) complexes.

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

The ligand 1 was prepared by the same procedure
in a previous paper' with some modifications. This
ligand was characterized by the 'H NMR method.
Found: C, 524; H, 5.5; N, 8.7%. Calc. for
C:H{N,O;-H,0:NaCl:C, 52.6; H,5.4; N, 8.8%.

An iron(III) 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.

Measurements

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(IlT) complex and 525 nm for the bis(ligand)
iron(I1T) 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 C; » Cy, where Cy, and C, represent the
total concentrations of iron(III) and the ligand,
respectively. The apparatus and general procedures
have been described elsewhere.*
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The ionic strength of the solution was kept con-
stant at 0.10 mol dm—> 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).

“lOg [H+] = pHmeas-l-log,fH+ (l)

Here, pH,,.., represents the measured pH value; the
activity coefficient, log fy-+, of —0.08° was adopted
here.

RESULTS

Electronic absorption spectra

Absorption spectra of 1 and its iron(I1I) complex
are depicted in Fig. | 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) x 10° cm ™!, which is assignable to the
m* « m transition of the aromatic ring chromo-
phore. The free ligand 1 has an additional broad
absorption band below 30.0x 10° cm~!, as com-
pared with that of 3, being due to the n* « x 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) x 10°
cm™'. This band can be assigned to a ligand-to-
metal charge-transfer (CT) transition (f,,(Oy) «
7.,:)‘1,2
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Fig. 1. Electronic absorption spectra of the ligands 1 and
3 and the iron(IIT) complex of 1. 1, [Fe(Hpha),]* (pH
2.03): 1", Hpha™ (pH 9.34); 2, Hplal~ (pH 9.09).

Protonation constants

Protonation constants of 1 were determined spec-
trophotometrically according to the literature pro-
cedure® by following the wavelengths at 300 nm
for phenolate oxygen of aminophenol moiety
(Kaipomw). 330 nm for phenolate oxygen of pyr-
idoxyl moiety (Kayom)), 280 nm for pyridyl nitro-
gen (Kagyn), and 330 nm for amino nitrogen
(Kamnmy), respectively. These protonation 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 of the amino nitrogen donor
atom decreases markedly by its direct attachment
to an aromatic ring (c¢f Kamnw) of 1 and 2-5) as is
expected from the protonation constants of aniline
(logKa = 4.65)’ and dimethylamine (logKa =
10.77) 8

Formation and stability

The ligand 1 serves potentially as a terdentate
ligand and is expected to form a bis(ligand)
metal(I1I) complex as well as a mono(ligand)
metal(III) complex with iron(I1I) capable of taking
an octahedral coordination structure.

The stability constant of the mono(ligand)
iron(IIl) complex of 1 was determined from the
experimental relation between the absorbance and
—log[H*] shown in Fig. 2. Equilibrium (I) and its
constant, K., can be defined on the basis of the
protonation constants of 1.

Keqn

Fe** + H,pha’* = Fe(Hpha)** +3H"
Cy = [Fe** ]+ [FeOH?"]
B = [Fe(Hpha)**]/[Fe**][Hpha~](Cy » C\)

(I

Here, Fe(Hpha)?* indicates the mono(ligand)
iron(Ill) complex with pyridyl-nitrogen-pro-
tonated form, which is practical under the exper-
imental conditions investigated.'” In an analogous

Table 1. Protonation constants”

Ligand log Ka,pom) log Ka ,y0m) logKa,ne  log Kagmam, Remarks Ref.
1(H,pha)” 10.20+£0.02 8.31+0.03 4.8540.02 2.554+0.02 ¢ This work
Ligand log Ka,mnm, log Kagony log Kamecoony logKagynny — log Kacoony Remarks Ref.
2(H,plpa) 10.2340.02 7.60+0.02 - 3.08+0.02 2.584+0.05 ¢ 1
3(H,plal)‘ 10.344-0.02 7.8540.02 — 3.214+0.03 2.3540.05 ¢ 1
4(H,pltp)* 10.37+0.04 8.454+0.03 — 3.124+0.03 2.3840.06 ¢ 2
5(H,plas)’ 10.61 +0.03 8.17+0.03 3.854+0.05 3.0640.02 2.10+0.05 ¢ 1

“ All Ka values are in mol ™' dm®.

hKa(apOH) = [HL_]/[H'F][L%]’ Ka(pyOH) = [H,L)/[H*][HL"], Kagonn = [H3L+]/[H+][H2L]’and Kamnmy = [H4L2+]/

[H*][H;,L*]. L denotes fully-deprotonated ligand species.

¢ Ka(amNH) = [HLf]/[H*][sz]a Ka(pyOH) = [H,L}/[HT][HL"], Kagnn = [H,L*)/[H*][H,L], and Kacoom, = [HaLH]/

[H][H,L"].

dKa(amNH) = [HL* J/[H*][L*"], Kayom = [H,L-]/[H"][HL*"], Kacoom, = [H;L)/[HT][H.L 7). Kagyam, = [H,L*])

[H*][H;L)], and Kacoon, = [HsL**)/[H*][H,L*].
¢0.10 mol dm—* (NaClO,), 25°C.
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Fig. 2. Relation between absorbance and —log[H*] for
mono(ligand)iron(IIT) complexes of 1 and 3. Cy » C,.
1, iron(II1)-1 system; Cy, 2.01 x 1072 mol dm~*; C,,
1.00x 10 *mol dm~2; A, 600 nm ; 2, iron(II1)-3 system ;
Cum, 2.00x 107> mol dm~3; C, 1.00 x 10™* mol dm—*; 4,
475 nm; 0.10 mol dm~* (NaClQ,), 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,'? eq. (2) can be easily
derived by adopting Beer’s law :

log {(Arlnax -Al)/(Al —Al]mn)}
= log [H™ (1 +Kou/[HT]) ~log Kegi O (2)

Here, A, Asin, and A' 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, Ky is the
hydrolysis constant of iron(Ill) {K}y (mol
dm~?) = [FeOH?*|[H*]/[Fe*"]; log Koy = —2.78
0.10 mol dm~* (NaClQ,), 25°C}.°

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+241
(Y=log  {(Ahw—A4)/(A'—4h)} X =log
[H*P(1+ Kou/[H'])). The value of K., was cal-
culated from the intercept ; S, was calculated from
this K.,; according to eq. (3)

Bi1(mol~ ' dm?) = Ka,p0m Ka pyor Ka amnm Keqi
(3)

to be log f,, = 21.35+0.18.
The stability constant of the bis(ligand)iron(I11)
complex of 1 could not be estimated in this manner
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under the conditions of Cp » Cy, because 1 formed
a very stable bis(ligand)iron(IIT) 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(IIl) of the
ligand 1 with ethylenediamine-N,N,N’,N’'-tetra-
acetic acid (H.edta), because the Fe(edta)~ com-
plex has high stability constant (vide infra) and has
negligibly small absorbance as well as the free H,
edta®=*", 1, and aqua-iron(IIl) ion as compared
with the bis(ligand)iron(IIl) complex at the speci-
fied wavelength of 525 nm.
For the bis(ligand)iron(I1I) complex of 1, Equi-
librium (1)
K

eq2

Fe(Hpha); +H,edta+2H" =
Fe(edta)~ +2H,pha®*
B\. = [Fe(Hpha)7']/[Fe’"][Hpha™]?,

Peceawy = [Fe(edta)~]/[Fe**][edta*]  (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 (logKa, = 10.26, logKa, = 6.16,
log Ka; = 2.67, and log Ka, = 2.00).'° On the basis
of materials balance and the conditions of
Cp » Cy, the equilibrium constant, K., can be
represented by eq. (4),

Cedla - {(Alznax - AZ)/Arznax}CM
= {CL/(Ke2[H" )} (A — A7)/ 4> (4)

where C.4, denotes the total concentration of ethy-
lenediamine-N,N,N’,N'-tetraacetic acid, and A2,
and A’ represent the absorbances of Fe(Hpha)s
and the mixture of Fe(Hpha); and Fe(edta)™
whose fraction is determined by C.,q.,, respectively.

Plotting the relation between Ciy,— {(A2u—
A*)/AL.}Cy and (42, —A?)/A* gave a straight
line passing through the origin represented as
Y= (2.09x 107%)X, from the slope of which K.,
was obtained. The stability constant, B,,, was cal-
culated from this K., by the use of eq. (5).

b= )BFe(edta) (Ka(apOh) Ka(pyOH)Ka(amNH))z/

Ka Ka,Ka;Ka,K., (5)
using 10g Breeasy = 25.1."° The value of B, thus esti-
mated is listed in Table 2.

Kinetics and mechanism

The time-course of the absorbance of iron(I11)—
1 system showed an exponential curve over 3.5 half-



Iron(IIl) complex with N-pyridoxyl-o-hydroxyaniline

Table 2. Stability constants®

Complex log B, log B> Remarks Ref.

6 Fe(Hpha);7  21.354+0.18 45.8+0.2 0.10 mol dm—* (NaClQ,), 25°C This work
7 Fe(Hplpa); * 18.77+0.14  39.06+0.26  0.01 mol dm > (NaClO,), 25°C 1
Fe(Hplah)7 ¢ 19.50+0.13 39.81+0.20  0.10 mol dm~* (NaClO,), 25°C 1
Fe(Hpltp)s ¢ 22.54+0.19  38.2940.28 0.10 mol dm~? (NaClQ,), 25°C 2
Fe(Hplas); ¢ 21.86+0.16  48.334+0.21 0.10 mol dm* (NaClQ,), 25°C 1
Fe(Hgly)3*/ 2.03 3.7 3.0 mol dm~*, 25°C 12
Fe(pmgly); ¢ 16.09 23 0.1 mol dm—?, 25°C 13
Fe(ida); * 10.72 20.14 0.5 mol dm~*, 25°C 14
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“B,, values in mol~"' dm?; B,, values in mol~? dm®.

*Iron(II1) complex of 2.

“Iron(I1I) complex of 3.

“Tron(I1I) complex of 4.

¢Iron(IIT) complex of S.

"Hgly ; glycine.

¢ Hpmgly ; N-(phosphomonoethyl)glycine.
*H,ida ; iminodiacetic acid.

life periods in the acidity region of pH 1.2-2.5 under
the pseudo-first-order kinetic conditions of
C,. » Cy. This fact indicates that only one measur-
able step is included in the complex formation
kinetics. Furthermore, plotting the observed rate
constant, k.., against C; /Cy; gave a linear relation
that can be extrapolated to the origin. This finding
reveals that the slow coordination of the first ligand
molecule of 1 to iron(Ill) ion to form a mono
(ligand)iron(II1) 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(III) complex; i.e. the rate-
limiting stage is the coordination of the first ligand
to the central metal atom. Hence, the following
Reaction (1I1)

k

Fe(OH)!_,+H,phat=>" —
Fe(Hpha)’* +(i+j—4)H"*
d[Fe(Hpha)** ]/dt

(111)

3 4
= 3 ¥ ky[Fe(OH)- ][Hphat "]
i=2j=3

= kopsaCu (CL > Cy) (6)

34
kobsa = Z Z kijCL/(1+K(1)}1/[H+])0‘H,
i=2j=3

_ +13
oy = Kagpom Kapyory Kaamnm [H*]

+ Ka(apOH) Ka(pyOH) [H * ] :

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

tonation/deprotonation processes at the donating
groups of 1 and the aqua-metal ion are much faster
than the coordination one.">"" The coefficient, k;
(i=2,3,;j=3,4),is the forward rate constant for
the pathway of Fe(OH)4",; and H,pha’~?". Here,
the rate constant of the backward reaction of Reac-
tion (III) can reasonably be neglected because f,,
is very large and because the relation between k.
and C;/Cy can be extrapolated to the zero intercept
with decreasing C; .

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

Kovsa: = Kopsa(1 + Ko/[H* Do/ Co
= k31 Kaapon Kapyon Kaemam [HT]’
+ (k33 + k2 KonKaamnn))
x Kaapon Kagyom [HT]?
+ k33 Ko Kagyom Kagpom [H'1 - (7)

The plot of k. 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=aX’+bX 8)

Here, Y and X mean k.. and [H*], respectively,
and a and b are constants including k;;. This result
indicates that the iron(IIl) complex of 1 forms
through two parallel pathways of Fe’* and H;pha*
(k33) and FeOH?* and H,pha’* (k,,) and also ano-
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Fig. 3. Relation between kg, and [H*]. kgpea = Kopsa

(14+ Kb, /[H 1) (KaaponKa pyoryKa @mnn [H T+ Kapom

Kagom[H*1)/Cr. CL» Cy; Cr, 2.01 x 107° mol dm™7;

Cy, 1.00x 107* mol dm~?; 0.10 mol dm—?* (NaClO,),
25°C.

ther pathway of FeOH?* and H;pha' (k,;). The
rate constants and their pathways thus estimated
are listed in Table 3 together with those of our
concern.

DISCUSSION

Formation and stability

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 (¢f Kagynm,). This protonation
behaviour is identical with that of Fe(III)-N*-pyr-
idoxyl-L-amino acid systems.'?

The stability constants of the mono(ligand)
iron(I11) complexes of 1 and other N*-pyridoxyl-L-
amino acid ligands listed in Table 2 indicate that
the complex of 1 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(IIl) is larger than
that of the carboxylato one and that this increased
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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(I11) complexes depicted in
Fig. 2 clarified that the complex of 1 (Curve 1)
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(IIl) than
the carboxylato oxygen in the stability.

The stepwise stability constant, log f8,,/8,,, of the
iron(I11) complex of 1 is much larger than log §,,,
which is in contradiction to other typical iron(I1T)—
aminocarboxylic acid systems (cf Table 2).>""* This
unusual tendency was also found in the iron(I1I)-
N*-pyridoxyl-L-amino acid systems,'? although it
is less evident than that of the iron(III)~1 system.
This fact suggests that there exists an intra-
molecular interaction between the coordinated
ligand molecules in the iron(III)-1 stronger than
those of the iron(IIl)-2, -3 and 4 systems. A
molecular model consideration also reveals that a
n—7 interaction'® can be easily recognized between
the pyridine ring of one ligand molecule and the
benzene ring of the other in the iron(III)-1 system
(6) as compared with the iron(I11)-2 system (7) (¢f
Fig. 4).

Kinetics and mechanisms

The composite rate constant for the pathways of
Fe’* + Hipha* (ks;;) and FeOH?* +Hypha®* (k,,)
is reasonable in magnitude [(1.40+0.20) x 10?
mol~' dm?s~'] when compared with some reported
formation kinetic results of the iron(III) complexes
(¢f Table 3)."%2° It is of the same magnitude as the
rate constants for the formation of the iron(III)
complexes with  N*pyridoxyl-L-amino  acid
ligands.'?

The rate constant for the pathway of FeOH?** +
Hipha' [ky: (2.4440.30) x 10 mol~' dm® s7'] is
almost the same as that for the complex formation
reaction between FeOH?* and phenol (ky:
7.2 x 10* mol~"dm®s~")'® and of the corresponding
pathways of iron(III)-N*pyridoxyl-L-amino acid
systems (¢f Table 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** or
FeOH?*. 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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Table 3. Formation pathways and rate constants
Ligand Pathways® k; (mol~"'dm?®s™") Remarks Ref.
1(H,pha) Fe'* +H,L* (ks3) This
and (1.40+0.20) x 10** 0.10 mol dm—? (NaClO,), 25°C  work
FeOH?* +H,L** (ks
FeOH** +H,L* (k,,) (2.4440.30) x 10*¢ 0.10 mol dm~* (NaClQ,), 25°C  This
work
2(H,plpa) Fe’ "+ H,L* (ks3)
and (1.08+0.20) x 10*¢ 0.10 mol dm™? (NaClQ,), 25°C 1
FeOH?* +H,L** (kyy)
FeOH** +H,L* (ky3) (1.2740.30) x 10** 0.10 mol dm—° (NaClQ,), 25°C 1
3(H,plal) Fe’* + H,L* (kyy)
and (1.0840.20) x 1024 0.10 mol dm~* (NaClQ,), 25°C 1
FeOH?** + H,L** (ky4)
FeOH?* + H,L* (k) (5.2540.30) x 10°¢ 0.10 mol dm 3 (NaClQ,), 25°C 1
4(H,pltp) Fe'* +H,L* (ky,)
and (4.404+0.20) x 104 0.10 mol dm™* (NaClQ,), 25°C 2
FeOH?* + H,L?* (k»,)
FeOH** + H,L* (kx) (9.9440.30) x 10*¢ 0.10 mol dm~? (NaClO,), 25°C 2
5(H,plas) Fe** +H,L(ks3)
and (5.22+0.20) x 10'¢ 0.10 mol dm~? (NaClO,), 25°C 1
FeOH?** + H,L* (k»)
FeOH** +H,L (k,;) (1.3140.30) x 10*¢ 0.10 mol dm~* (NaClO,), 25°C 1
Hpdx-L-Htrp Fe** +H,pdx-L-Htrp™ (k;;) k3,1 10.14+0.30 0.50 mol dm~* (NaCl), 25°C 16
FeOH?** + H,pdx-L-trp (k,,) ky:32.540.30 0.50 mol dm—* (NaCl), 25°C 16
CICH,COOH FeOH?* +CICH,COOH (k,,) k3 : (8.30+£0.20) x 10°  0.10 mol dm—* (NaClO,), 25°C 17
ky : (6.840.1)x 10° 0.10 mol dm~* (NaClOQ,), 25°C 18
C.H;OH Fe’* + C,H,OH (ky)) ki ~25 0.10 mol dm~? (KNO,), 25°C 18
FeOH?* + C(H;OH (k,,) ky:7.2x10° 0.10 mol dm™* (KNO,), 25°C 19
C.H;OH FeOH** + C,H;OH (k) ky o LI x10° 0.10 mol dm~* (NaClO,), 25°C 19
ko 1.5x10° 0.10 mol dm~?* (NaClO,), 25°C 20

“L denotes the fully-deprotonated ligand species of the ligands 1-5.

by, 1 g
k33 + k24 Kou Karnm).-
kg

dp, 11 g,
k$3+k24KOHKd((,‘()OH)-
el 11

b+ k2 Kon Ka(mccoom-

idoxyl-L-amino acid systems (cf Table 3)."* There-
fore, it can be concluded that the ligand 1 adopts
the following general kinetic characteristics of the
iron(I11)-N*-pyridoxyl-L-amino acid systems;'?
the rate-determining coordination of the phenolato
oxygen of the pyridoxyl moiety to iron(IlI), fol-

lowed by the rapid donations of the amino nitrogen
and another phenolato oxygen to form six- and
five-membered fused chelate rings in the iron(111)-
1 system as depicted in Scheme 1.

In summary, the ligand 1 forms a very stable
bis(ligand)iron(II1) complex. The existence of a
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Fig. 4. The estimated structures of the bis(ligand)iron(III) complexes of 1 and related ligand 2.
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strong n—= intramolecular interaction, which is evi-
denced from the stepwise stability constants, in the
bis(ligand)iron(IIT) 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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Iron(I1I) complex with N-pyridoxyl-o-hydroxyaniline
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