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Abstract

New complexes of the pinch-porphyrin family were obtained from the dimethylestgrab-, meso-, anddeutero-
porphyrinatdiron(lll ) with the ligand[N,N'-bis-pyridin-2-ylmethyl-propane-1,3-diamih#—3 and with the ligandN-
pyridin-2-yImethylV'-{ 3-[(pyridin-2-ylmethy)-amind-propyl} -propane-1,3-diamije4—6. The UV/VIS studies of
1-6 indicate an increase in the distortion of the ligand field excited state.!The H NMR specirébaft RT and

over the range 223-328 K show ifdH )-complexes with quantum mixed spin sté&tgns S=§’ S=g. The chemical

: : . 3 5 3 . . :
shifts of themeso protons are consistent with gms sta’tei, S=§, where theS=—2 spin state is lowest in energy.
For methyl-heme the chemical shifts are also consistent with a gms state but néw 8@ ground state is lowest

in energy. ESR spectra df-6 show two different species, B and C, of ifdh) with qms,S=§, S=§ consistent

. . . 5 . . 3 . .
with the *H NMR results. Species B with 70% ﬂf=§ and species C with 72.5% ¢f= > The catalytic activity as
peroxidase ofl-6 was quantified by guaiacol test; their theoretical maximum rate constants kygrel(>—1G

M~1s~1 A quantitative empirical correlation is found: the higher %e spin contribution to the gms state and the
*Corresponding author. Fax+-52-22-2955-51.
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higher proportion of this species into the samples, the higher the peroxidase activity. Such a correlation was also

obtained for pinch-porphyrins already reported.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The magnetic states in iron porphyrins are the
driving force for the diverse and versatile behavior cH,
of their chemistry. Spin state of iron ion is deter- >
mined by the ligand field strength and the sym- ., CH, é g
metry of the surrounding ligandd—3. In haem HN
proteins, the magnetic state has long been recog- CH,CH,COOCH;
nized as a convenient indicator of chemical co- AN
ordination as well as subtle biochemical properties ﬁ/
[4]. In the biological compounds as ferricytochro- N
me ¢', horseradish peroxidase and the ferric ion in ||/ ~
complexes of tetragonal symmetry, the ground state la R=CH=CH> \)

is composed of the linear combination of two spin Za RZghcH: 1b 2%

5 3
states,5= 5 and §= E [4-8. Other systems of Fig. 1.(1a) [chloro-protoporphyrinato dimethyl estgon(lll );

iron(111) with gms also have been reportéa— (2a) [chloro-mesoporphyrinato_dimethyl edieon(lll); (3a)
14). These systems have mostly five-co-ordinated [chloro-deuteroporphyrinato dimethyl ~ egteandiil); -~ (1b)
: . ; . . N,N'-bis-pyridin-2-ylmethyl-propane-1,3-diamine(2b) (pic-
iron in ligand fields produced by_anlons, producing propylen; N-pyridin-2-ylmethyl-{3- [(pyridin-2-ylmethy)-
a weak tetragonal field around irdH) [1,13. In aming-propyl}-propane-1,3-diaminépicdipropylen.

5 3
accord to Nesset et dl13], the qmsS=§, S= >

of iron(lll) complexes exhibit a wide range of
physical properties such as magnetic moments the best kinetic model of peroxidases is yet to be
between 4.0-5.8:5 at RT, curved Weiss—Curie reported[14]. The pinch ligand significantly alters
plots and ESR effective, values of 4.2—5.§12— the iron environment in these complexes, produc-
18]. ing physical characteristics of gms of the iftlh)
Reyes et al.[14] reported novel model com- Which correlate with(a) displacement of iroill )
pounds of peroxidases, pinch-porphyrins. In these out of porphyrin plane(b) contraction of porphy-
two axial pyridine ligands bonded through a chain rin core, and(c) catalytic activity[13,14. In this
of nine atoms(pinch picdien ligane N-pyridin-2- paper we report six new pinch-porphyrin—ifdih)
ylmethyl-N'-{ 2-[(pyridin-2-ylmethy)-amind-eth- complexesl—6 (Fig. 1). The new pinch ligands,
yl}-ethane-1,2-diamine occupied the fifth and  picpropylen and picdipropylen, are two atoms
sixth position of iron—porphyrin, in consequence shorter and two atoms larger than the original
it was expected a low spin state for iKdi); pinch ligand(picdien), respectively{14]. The com-
nevertheless, they showed a gms for {itin. The plexes were studied by UWIS, *H NMR, ESR
pinch ligand controls the co-ordination of the spectroscopies and kinetically as peroxidases by
pyridine groups producing a weak tetragonal guaiacol tes{19]. Herein, we report the effect of
ligand field [13]. These pinch-porphyrins resulted the chain size of the pinch-axial ligands on the
in successful models of irgHl ) gms systems and  structure, the gms of irdil), the ratio of the



A. Sanchez-Sandoval et al. / Biophysical Chemistry 106 (2003) 253-265 255

. 3 5 . .
mixtures ofS=§, S=§ and its correlation to 2.00+
catalytic activity as peroxidase.

. Abs

2. Experimental 1004
2.1. Instruments

ESR spectra were recorded in methanolic solu- 000
tions at ca. 1 mM. The microwave X-bar(®.4 200 200 400 500 600 200
GHz) of a JEOL JES-RES3X spectrometer at 77 nm

K was used. The values were accurately deter-
mined by two methods. One used M weak Fig. 2. The UVVIS spectra of complexeg(picpropy-
pitch standard and the other the precise reading oflen)(mesoporphyrinato dimethyl es)gron(ill) 2 (-~ ) and
microwave frequency +1 KHz) and of the mag- E(plcd|propyleﬁ(mesoporphyrlnato dimethyl espgron(lil) 5
netic field (+0.1 Gausk

NMR measurements were carried out on a JEOL
Eclipse 300 spectrometer at variable temperature
(—55 to +55 °C), using methanolic sample solu-
tion at ca. 1 mM. Thes&—-6 complexes are stable
in methanolic solution in this temperature range.
At lower temperatures, water condensation at the
exterior of the NMR tube wall greatly deteriorates
the signal. Electronic spectra were recorded in a
Shimadzu UVVIS/NIR 3100 spectrophotometer
on ca. 1-0.001 mM methanolic sample solution,
at 300 K, using cells with 1 cm path length.

iron(lll) complexes were dissolved in methanol

and treated separately with picpropylen and picdi-
propylen in equimolecular quantities. The mixtures
were stirred for 6 h. In another experiment the
methanolic solutions of precursor porphyrins were
titrated with picpropylen and picdipropylen solu-

tions in methanol, separately, until reaching one
equivalent. The spectroscopic results were the
same in both routes. Spectroscopic and kinetic
studies were directly performed on the reaction
solutions.

2.2. Materials o )
2.4. Kinetic studies

Spectrophotometric and kinetic measurements o ) _
were made in anhydrous methanol. The iron—  Rate determination of iron—porphyrin-catalyzed
porphyrins were prepared as described previously ©Xidation of guaiaco[19] with hydrogen peroxide
[20]. CompoundsV,N-bis-pyridin-2-ylmethyl-pro- ~ Was came_d out as previously described for pinch-
pane-1,3-diamine(picpropylen and N-pyridin-2-  Porphyrin-iror(lil) [14].
ylmethyl-NV'-{ 3-[(pyridin-2-ylmethy)-aming-pro- , _
pyl} -propane-1,3-diamine (picdipropylen were 3. Results and discussion
prepared by the ‘Sanchez-Sandoval et al. method
[21]. The kinetic experiments were made in aque- 3-/- UV/VIS spectroscopy

ous 20.1 mM solutions of guaiacol; the porphyrin— i
iron methanolic solutions were 0.015-0.030 mM __ 1he UV/VIS spectra of2 and 5 are shown in

and the hydrogen peroxide solution was 1.3—-1.6 F_ig. 2. These spectra are representative of_ all the
M. pinch-complexes. The spectra show an intense

Soret band and two weaf bands characteristic
2.3.  Preparation of pinch-porphyrin 1—6 of porphyrin iror(lll) systems in a<D,, symme-
complexes try [22—29. The spectroscopy data are shown in
Table 1. Compound2, 3, 5 and 6 show one
All complexes were synthesized using the intense shoulder at 342.0-351.0 nm. Shoulders of
Reyes-Ortega et al. methofll4]. Porphyrin— this kind have been reported for some native
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Table 1
Optical absorption spectra 4f6 complexes

Pinch-porphyrin = A e (MeOH)/nm

Shoulder Soret BandQ, BandQ,

1 398.0 4845 593.5
2 351.0 3915 479.0 591.5
3 342.5 391.5 478.0 584.0
4 398.0 4815 594.0
5 350.0 391.5 4795 591.0
6 342.5 3915 476.0 584.5

enzymes[3,4,26—30. The Q bands of1-6 are
more intense than th@ bands of their correspond-
ing precursors, pinch ligand-free porphyrins. This
behavior indicates that the distortion into the ligand a

field excited state is higher in the presence of the - b h d 6
pinch ligand[14,24.

120 100 80 60 40 20 0 -20 -40 -60 -80
3.2. Proton NMR spectroscopy ppm

Table 2 shows the chemical shifts bf H NMR  Fig. 3. The 300 MHZ* H NMR spectra di-6 complexes. In
CD;0D spectra ofl-6 pinch-porphyrins at RT  all cases, the heme substituents are lab&gdeme-CH ;(b)
(Fig. 3). Assignment of the signals is based on 2:4-H;(c) a-CH,; (d) meso-H[29-37.

Table 2

Proton NMR datd ofl—-6 complexes

Pinch- . 8hemeCH3 Spread Average Qasym 62-4-H 6H-meso 6:x—CHz

porphynn 8hemeCH; 8hemeCH;

1 40.12 2.62 38.65 0.067 —35.28 33.54
38.35
37.50

2 67.53 3.14 65.96 0.047 45.10
64.39

3 40.72 2.18 39.75 0.054 76.75 —32.27 34.13
39.99
38.54

4 40.19 6.72 37.00 0.181 —35.36 29.47
38.20
36.14
33.47

5 40.15 6.13 37.76 0.16 —35.0 34.06
39.11
34.02

6 40.16 54 38.54 0.14 77.22 —32.96 34.76
34.76

2 Spectra were registered on free iron—porphyrins methanolic solutions and after addition of picpropylen or picdipropylen ligand
at 25°C; 8, (300 MHz; CD, OD; SiMg).



A. Sanchez-Sandoval et al. / Biophysical Chemistry 106 (2003) 253-265

120

-60

0.002 0.003 0.004

T

0 0.001 0.005

Fig. 4. Curie law plots 0Bhemech, Dr-meso Of COMplexesl—
6 vs. T~ 1. Chemical shifts referenced to Silyle .

analogous model complexes already repofgsd-
40]. For 1-6, the meso heme proton chemical
shifts (8y.mesd are between—32 and —36 ppm
and the methyl heme proton chemical shifts
(8chynemd are between~33 and 70 ppm, at RT.
The *H NMR spectra ofl—6 were recorded over
the temperature range 223-328 K at 10-15 K
intervals. Each complex shows both Curie—Weiss
and anti-Curie behavior foreso and methyl-heme
protons, respectively12,13,31,32,34,36,37(Fig.

4). The picpropylen axial ligand, common fic-

3, and picdipropylen axial ligand common -

6, produce a weak tetragonal field at the
porphyrinate-irofilll ) site [1-7,9,14,3% The con-
ditions for the presence of the two types of
behavior (Curie—Weiss and anti-Cunieare (1) a
contact contribution to the isotropic shifts, at®)

to have unpaired electrons density into &
symmetry orbital of the ligand$41]. These two
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H-meso signals ofl, 3—6 are shifted to lower
frequency as the temperature is loweréahti-
Curie behavior. When this relationship is plotted
and fitted in ad vs. 1/T graph, its deviation at
T-1-0 (—20 to+2 ppm range is indicative of

. . 5 3
a gms state with predomlnanttyzé or S=—

2
ground statd2,12—14.
Using the TDF2LVL progran{13] the analysis
of the temperature dependence of the chemical
6

shifts was carried out with—= =1,
Wi 4

is the statistical weight of staté These three

. . 3 3
weighting ratios represeff =S,=—, S;=—, S,=

2 2’

4
andE3 W,

5 5
2 andS,= >

lates values for the constanfs and F,. These
constants are each simply a combination of the
dipolar and contact shifts contributions to the
overall chemical shifts of the pyrrol protons for
the ground and excited states, at each temperature.
Fig. 5 shows the data with a two-level fit feteso
protons, which is very near to linear dependence.
For themF, are always negative. These results are
in agreement with a nearly emp®,._,.  orbital
and with electron spin delocalization through

3
S,= > [13,41]. The program calcu-

orbitals; for them th6=g state is the lowest in

energy. Only for5, F, values are always very
small and positive indicating a increase @fspin
delocalization[13]. For the other five new pinch
complexes,F, takes unexpected negative or zero
values, which suggests a null delocalization as
temperature increasd43] (6 is shifted at lower
frequencies. AE, the energy separation between
the ground state and the first excited stt@], is

. 3
very small for1-6, being S=§ state the lowest

in energy.
Forcing a straight line temperature dependence

5 . . .
(no > spin statg yields the graphs of Fig. 5 with

conditions, and hence these two behaviors, are nota Curie factor:F(1)=—10.2x10°, F(3)=-7.9

to be realized simultaneously in the same

molecule.

X10®, F(4)=-11.2x10°, F(5)=—-6.9%x10%,
F(6) =—3.7x1C* ppm K. The latter informs us
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Fig. 5. Isotropic shifts ofl-6 of this study as a function of
inverse temperature and fits to equation of Shokhirev and Wal-
ker [13,39.

that complexed, 3—6 have one gms ground state
with a high contribution of thes=g state, for
which the excited gms state with high contribution
of the S=g state is not thermally accessible.

Behavior of theCHs ;,eme Chemical shifts df—
6 are more positive as the temperature is lowered,
showing a positive slope but a Curie—Weiss behav-
ior in their T~ dependence. AT ! —0 the
intercept is as large as 8 to —24 ppm. In accord
with the methyl heme groups’ behavior %6 in
H NMR spectroscopy, their chemical shifts were
fitted to the gms two-level dependence on temper-
ature [13]. In all casesF, is positive andF,
negative, and thus gms, ground states with largely

5 | .
S=§ with AE>kgT from the gms excited state

A. Sanchez-Sandoval et al. / Biophysical Chemistry 106 (2003) 253-265

. 3 .
with IargerS=§ are obtained. Hence, thg._ .

orbital is singly populated allowingr spin delo-
calization[13].

The pinch ligands, picpropylen and picdipropy-
len, have established a weak ligand field which
induces some population with gms state largely

S=g for iron(lll) [1,4-9,12,32—4R These large

ortho-pyridyl substituted pinch-ligands interact
extensively by direct overlap of the electron clouds
of the ortho substituents and the porphyrimr
electrons. The length of thertho chain (seven
atoms of the picpropylen ligand o1-3, conduces

to a weak co-ordination of just one pyridine group,
giving rise to the five-co-ordinatiofFig. 1). The
six-co-ordination site is occupied by a fast inter-
changeable methanol, water and chloride ligand
[13,32-34. For picdipropylen ligand, the length
of the ortho chain (11 atoms, Fig. 1 produces a
higher steric hindrance, a structure less strained
molecule and a six-co-ordination of irdh ),
where the two pyridine groups are now co-
ordinated.

Both ligands show a fast rotation since the
thermal averaging of the two levels is fast on the
NMR-time scale.

The magnetic anisotropy in the porphyrin plane,
Q.sym=(spread heme-Chl/(average 8 nemen,):
1-3 show values of 0.047-0.067, characteristic of
high spin five-co-ordination irofll) complexes
with a small magnetic anisotrop{81]. Mention
should be made tha&,,,,is insensitive to the co-
ordination of the solvent and chloride groups
[31,33. It suggests a contact interaction dominat-
ing the chemical shifts[31,33 (Table 2. The
spread of the four heme-methyl shifts far3
reflects differences of the spin delocalization into
individual pyrrols with increasing electron with-
drawing power of 2,48 porphyrin substituents in
the order ethykproton ~vinyl [14,31,32. The
Qasym Values of 4-6 (0.14-0.18 correspond to
six-co-ordinate complexes. The average methyl
isotropic shifts do not reflect a net change in iron—
porphyrine bonding, which is insensible to the 2,4-

R peripheral porphyrin substituent$3—15,31.
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Fig. 6. ESR spectra of complekwith the signals A B , € ,
D,; complex2 with the signals A, B, ¢ , B and complex
with the signals A, B, @ and D . Experimental parameters:
microwave power 1 mW, modulation field of 100 kHz, tem-
perature 77 K.

From these NMR data, it is clear that for all
compounds1-6, there are molecules with the
3 and
2
other molecules with irofll) in the other gms

iron(lll) in gms ground state$=g, S=

3 5 .
ground state§ = > S=§. At a given temperature

anyone of the compound$—6 is in a thermal
mixture of these two populations.

3.3. ESR spectroscopy

ESR spectra of complexes-3 are shown in
Fig. 6. The presence of several species of (Hbn
is observed. These spectra show a signal B at
g% =5.450 to 5.643 angy =2.0 (Table 3. This
type of signal is common in porphyrin—irQih )
compounds and is assigned to itdh) paramag-
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. . . 3
netic species with qm§=§

with IargerS=g [2—-4,13-15,41

Another species C witlkG ~4.20 to 4.251(gy
is not observed; low intensity-parallel feature is
expected is observed forl-3 (Table 3. Again,
iron(lll) paramagnetic species at thege values

5
, S=§ ground state

. 3 5 .
are assigned to gms= o S= > with largely S=

> [2—-4,13-15,40-42 Another signal D in these
three compounds located in the central region is
rhombic  with ¢g?~2.570, ¢P~2.162 and

g2~1.900 and is assigned to low spiS,=%,
iron(lll) paramagnetic specié3able 3 [15].

In addition, the ESR spectra of the three com-
plexes show a very higly value signal, A, at
fields lower than 90 mT. Complex and 3 give it
at g=7.95 and compleX gives A at much higher
g=13. These very higlg-value signals are only
compatible with porphyrin dimers according to

Table 3
The ESR spectra df-6 complexes
Complex Species Species Species Species
A B C D
1 g.=7951 g, =5450 g, =4.200 g,=2.572
g=1818 g=1.987 g=2 §,=2.158
g.=1.862
2 g.=13.008 g, =5.643 g, =4.231 g,=2.573
g=1807 ¢=1972 g=2 g,=2.157
g.=1.899
3 g.=7.956 g, =5601 g, =4.251 g ,=2.545
g=1817 ¢,=2.007 g/=2 8,=2.162
g.=1.965
4 g.=7984 g =5421 g, =4.200 g,=2.560
£=1818 g=2050 g~=2 g,=2.154
g.=1.836
5 g.=12.800 g, =5.718 g, =4.279 g,=2.577
g=1824 =1966 g=2 §,=2.148
g.=1.856
6 g.=7814 g, =5435 g, =4279 g =2577
g=1.824 ¢,=2.034 g =2 g,=2.148
g.=1.824
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published result§Table 3 [43,44. Signals A and

D are not analyzed in this work since high spin
5 . 1

S=§ and low splnS=§ compounds have been

largely studied45,44.

ESR spectrum o#l—6 are very similar to the
spectra ofl-3 (Fig. 6), respectively. Both groups
of novel pinch-porphyrinsl-3 and 4-6 show a

. . 5 .
gms species, B, with Iargel$=§ [47] and in
high proportion with respect to the other gms

. . 3
species, C, with IargerS=§. In the Maltempo

and Moss treatmeni3] correlation curves of the
crystal splitting(A/A) vs. g, gives forl—6 values
of A/A between—1 and —2.17 for theg , values

A. Sanchez-Sandoval et al. / Biophysical Chemistry 106 (2003) 253-265

. . 5
correlation among the population of t+%> state

in

%> in gms of iror(lll), with the catalytic

activity as peroxidasé¢l,2,12,13,40,41L

The guaiacol(2-methoxyphengl test is used
under conditions for which its oxidation rate with
hydrogen peroxide is zero order with respect to its
concentration19].

Egs. (1)—(3) represent the steady state for the
normal horseradish peroxidase with the two inter-
mediate compounds (HRP-I) and Il (HRP-II),
the hydrogen donor agent AH and the oxidized
products*AH [48].

A ping-pong peroxidase mechanidd8] is util-
ized and the reaction conditions are similar to

of species B shown in Table 3. The corresponding those for pinch-porphyrin complexes repor{éd].

admixtures of the

§> in th §> state result
2 2

in all cases larger than 7093,4].
In accord to Nesset et a[13] for 1-6, it can

be said that the iron ion is displaced in the range HRP-1+ AH, — HRP-Il ++AH

0.10—0.30°A out of the porphyrin plane fﬁlté

ground state. Then species Bb#6, showing gms
5 3 5

|5>, 5> with largely (70%) S=§ might have

the iron atom displaced out of the plared.30 A.
For the minority species C i1—6, again the
Maltempo and Mos$3] treatment gives an admix-

> larger than 72.5% and so,

> into 3
2 2

ture of

for this species it can be said that the iron ion [£] 1=K, kZ2[A] 1 +k2(1+K JB] 1)
might be displaced out of the plane a distance

~0.10 A.
Spectroscopic information of the complexkes

3 indicates that they must be hexa-co-ordinated by

picpropylen axial ligand and methanol solvent.

This is a consequence of the length of the chain

with seven atomg14]. The possibility of a hexa-
co-ordination by the picpropylen pinch ligand

would produce a very strain structure and a weak

co-ordination.
3.4. Peroxidase activity of the complexes 1-6
The catalytic activity of1-6 have confirmed

k1

HRP+H,0,— HRP-I+H 0 D
k2
(2)
k3
HRP-Il+AH,— HRP++AH (3

Eqg. (4) is used to analyze the initial rate data
of the catalytic activity ofl-6 where [E],=total
pinch-porphyrin complexp =initial rate, K, and
Kg=Michaelis constants for H © and guaiacol,
kear=theoretical maximum rate constant.

(4)

Primary plots are obtained with tH&], vs. 1/
[A] graphs as a straight line for each constant and
specific concentration of guaiacdB] (Fig. 7).
The secondary plots are obtained from the finite
ordinate intercepts of these parallel straight lines
vs. [B] 7%, and they correspond #Eq. (5)).

Primary Intercep(Pl) = (Kg kct)[B] 1 +kza
(5)

Values of Kz (1/abscissa intercept, finiteand

our hypothesis that it is possible to establish a kg} (1/ordinate intercept, finiteare calculated by
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Fig. 7. Plots of([E], v ™) vs. I/[A] for compound4; [E]o=
0.020 mM, [guaiaco};=0.132, 0.198, 0.263 and 0.328 mM,
[H20,];=6.07—27.05 mM. Reaction volume was 3 ml; tem-
perature 25-0.01°C. pH=8.0.

Eqg. (5). Using these last values it is possible to
calculateK, through the slope in Eq.4) [48].

The initial velocity values are steady state in
the final guaiacol concentration of 0.16 mM. When
the final peroxide concentration is increased from
2.3 to 27.52 mM the initial rate values also
increases forl-6. In both cases, saturation is
observed. When the concentration of pinch-por-
phyrin 1-6 is increased, the initial rate values also
rose and saturation is never observed.

The information given by the Michaelis con-
stants of1-3, 5, 6 complexes are very similar.
The K, values forl-3, 5, 6 indicate a low affinity
of each of them for hydrogen peroxide and an
even lower affinity of4. The K, values obtained
for pinch-porphyrin with picdien ligand already
reported[14], show a higher affinity for hydrogen
peroxide.

Hence, a higher concentration of hydrogen per-
oxide is needed in these experimeni%8-51.
This indicates that the dissociation constant of the
ES complex is equal t&, if k5 is much smaller
than ks and the bond strength of ES complex of
1-6 is weaker than for picdien pinch complexes
reported(K, ~10"4 M) [14,49.

For 1-6 the co-ordination of the hydrogen
peroxide to the irofill) is highly difficult.

For 1-3 a five-co-ordination is clear, with a
sixth position occupied by anyone of the different
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species present (methanol, chloride, pinch
ligands. These species can have a fast exchange
in the sixth position. The free rotation of the
picpropylen axial ligand in the fifth position pro-
duces a steric hindrance for its oxidation by hydro-
gen peroxide.

For 4—6 the pyridine groups occupying two
axial sites(five and si¥ make the co-ordination
of the oxidant slow. The same mechanism as for
pinch-porphyrins reported is also proposed here
for 1-6 [14].

The K5 Michaelis constantrespect to guaia-
col) are smaller thark, (at least, by two orders
magnitude respect to hydrogen peroxidas
expected(Table 4 [49,50.

The theoretical maximum rate constait,, and
the steady state of the pinch-porphyfir6 reac-
tion show that guaiacol oxidation is slightly faster
than the iron porphyrin autooxidation. However, it
is possible that the autooxidation reaction1sf3
complexes could be more frequent by the forma-
tion of w-oxo or p-peroxo complexegd51-53.
For 4-6, a steric effect of the larger chain would
reject the hydrogen peroxide from irdH) or the
guaiacol molecule from irditV) (Table 4.

However, 1-6 show a low catalytic activity
which could be due to the high proportion of the
gms B-species which has a high percentag&-ef

g and a low population of the gms C-species with

. 3
a high percentage cﬂ’=§. It must be noted that

this C-species is precisely the one proposed to be
responsible for the high peroxidase activity in the
previously reported pinch-porphyriig4].

Table 4
Michaelis and theoretical maximum rate constants experimen-
tally obtained ofl-6

Complex KH;O/M Kguaiacol/M kcar/M 71571
1 6.6235¢10°? 3.388x10°* 9.1074x 1¢?
2 4.5008< 102 7.67x10°° 4.916x 107
3 4.3096x 102 5.25x107° 3.647x 107
4 1.1884x 101t 3.455x 104 1.0101x10°
5 2.4923« 1072 1.361x 104 2.701x 107
6 4.1590¢ 1072 1.170x10°4 3.145x 107
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Table S1 Table S2

Curie factors and energy separatioksl™ > AE, for two-level Curie factors and energy separatioksl™* > AE, for two-level

fitting of the temperature dependence of theso-protons iso- fitting of the temperature dependence of theso-protons iso-

tropic shifts of thel-6 complexes fow,/W,=1 tropic shifts of thel-6 complexes of this study foW,/w,=
6/4

Pinch- & (ppm) 1073 F, 10°3F, |AE| 1072 o,
porphyrin  H-meso (ppm K) (ppm K) (cm™) (ppm K) Pinch- 6 (ppm 10°3*F, 10°°F, |AE| 10 %o
porphyrin H-meso (ppm K) (ppm K) (cm™%) (ppm K)

1 —38.62 —21.39 0 8.16 0.6

2 - - - - - 1 —38.62 -89 —1154 6896 0.6

3 —38.55 —-27.33 0 88.49 0.6 2 - - - - -

4 —38.76 —19.01 0 44,60 0.6 3 —38.55 —42.80 0 7162 0.6

5 —37.04 —-39.66 13.76 4251 04 4 —38.76 247 -15 62.87 0.6

6 —34.29 —-29.48 —-465 27657 0.2 5 —37.04 —49.25 409 5429 04
6 —34.29 —-46.14 —4.13 230.28 0.2

These new pinch complexds-6 show that the
length of the ligand chain determines the strength heme structure. Recently, Cheng et[&B] report-
and symmetry of the ligand field around if@H ) ed complex models of cytochromesand some
and in consequence, their electronic and magnetic photosynthetic chromophores with larger ring
structures and catalytic activity in the B and C deformations, saddle-shaped distortions from pla-
species. narity for the hemegin-plane perturbations of the

On several natural porphyrins it has been found structurg as the mechanism that modify the elec-
that the change of the concentration o?Ca ions tronic structure and elucidates the appearance of
at the proximal and distal sitésxial perturbations ~ gms spin state in their complexes.
of the porphyrins structudeplays a critical role in Again, our findings are in agreement with those
regulating the heme pocket structural and catalytic of Cheng et al[55] for in-plane perturbations of
properties. It has also been reported that the Fethe heme structure.
ion spin state is modified by this change and the Finally, it was possible to establish a correlation
appearance of a gms spin state is not uncommonamong catalytic, structural and magnetic properties
[28,54.

Hence, our results on these model pinch porphy-
rins, are highly consistent with the ones mentioned the gms ground state and the proportion of this
for natural proteins. Moreover, it should be noted species into the sample, the higher the peroxidase
that all class Il plant peroxidases described to activity. The results of this work give support to
date, not only horseradish peroxidase, are charac-our hypothesis that higher percentageSet3/2
terized by a gms heme stejtg4,59. in gms S=3/2, 5/2 of iron(lll) and a higher

For 1-3, the axial ligand isV,N'-bis-pyridin-2-
ylmethyl-propane-1,3-diaminépicpropylen and Table S3
is maintained fixed. However, the in-plane porphy- Curie factors and energy separatioksl* > AE, for two-level
rin substitutions are 2,4-CHCH,, 2,4-CH,CH fitting of the temperature dependence of theso-protons iso-

of 1-6. The higher thes=g spin contribution to

and 2,4-H and for4—6 the axial ligand isN- tropic shifts of thel-6 complexes of this study fow,/W,=
pyridin-2-ylmethyl-N’'-{ 3-[(pyridin- 2-ylmethy)- 4/

aming-propyl} -propane-1,3-diamine (picdipro-  pinch- 5 (ppm) 10°F, 10°F, [AE] 10 ¢
pylen) and is also maintained fixed, while the in- porphyrin H-meso (ppm K) (ppm K) (cm™% (ppm K)
plane porphyrin substituents are 2,4-€8H,, 3862 —1578 0 1242 06
2,4-CH,CH; and 2,4-H, respectively. For all cases » _ _ _ _ _
1-6, we found species B and C, which are the 3 —38.55 —19.84 0 117.31 0.6
ones assigned with the gms spin-state. Hence, it4 —-38.76 -539 -1832 6726 0.6
can be concluded that we also observe the appear> —8704 -2338 986 69.34 04

; By . —34.29 —4596 51.39 4461 0.2
ance of gms by varying or modifying the in-plane
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Table S4

Curie factors and energy separatioksl™ <AE, for two-level fitting of the temperature dependence of the methyl-heme isotropic
shifts of thel-6 complexes of this study fow,/W,=1

Pinch- 5 (ppm) 103 F, 1073 F, |AE| 103
porphyrin CH, -heme (ppm K) (ppm K) (cm™Y) (ppm K)
1 44.44 13.47 —11.84 527.15 0.4

2 77.33 23.37 —132.22 778.60 1.3

3 44.37 13.66 —12.98 514.50 0.4

4 44.39 13.43 —-17.20 575.25 0.3

5 45.08 12.58 —21.89 778.60 0.6

6 44.71 13.89 —14.03 499.20 0.4
Table S5

Curie factors and energy separatioksl™ <AE, for two-level fitting of the temperature dependence of the methyl-heme isotropic
shifts of the1l-6 complexes of this study foW,/W,=6/4

Pinch- 8 (ppm) 10°° F, 103 F, |AE| 1030
porphyrin CH -heme (ppm K) (ppm K) (cm™) (ppm K)
1 44.44 13.42 —-1.75 570.87 0.4

2 77.33 23.29 —-61.89 806.35 1.3

3 44.37 13.59 —2.46 559.15 0.4

4 44.39 13.39 —4.54 614.04 0.3

5 45.08 12.49 —22.23 959.45 0.5

6 44.71 13.81 -3.12 545.40 04
Table S6

Curie factors and energy separatioksl™ <AE, for two-level fitting of the temperature dependence of the methyl-heme isotropic
shifts of the1l-6 complexes of this study foW,/W,=4/6

Pinch- 5 (ppm) 10°°F, 103 F, |AE| 103%o
porphyrin CH, -heme (ppm K) (ppm K) (cm™) (ppm K)
1 44.44 13.52 — 32.43 499.70 0.4
2 77.33 24.08 —136.20 583.80 1.3
3 44.37 13.70 — 34.44 486.32 0.4
4 44.39 13.46 — 43.20 551.58 0.3
5 45.08 12.73 - 21.36 586.80 0.6
6 44.71 13.95 - 36.20 469.81 0.4
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