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Two new bis(pyrazine) irondlll) meso-porphyrnin complexes are reported here; the bisipyrazine)
[5.10,15,20- te tra( para-fl uoro-ph enyl) porphyrinato) iren (1) triflate; [FeTFPPYEpyz) SOCF, (1) and the
ks pyr e [ 5, 10,1 520 bertr.a e ~chel oo o] por et nasto J romnd 111
S04 CF 4 (21 The X-ray molecular structuwres of 1-2 show that the plames of the two pyrazine ool lgands
are pe e nddcular and that the porphynn macrocycles of these dervatives ara vary distorted. leading to 2
shomt average equatonal ien-pyrmele M atoms distance appropriate for low-spin fermic porphy nates. The
Mishbaver data of 1-2 feature relatively low values of the quadrupole splitting (AEg -~ 120 mms™")
appropriate for low-spin Fedlll) metalloporphyrin with perpendicular orlentation of N-donor planar
ligands. The temperature dependence of the magnetic suscepribiity and the magnetization curves have

triflate;  [Fe(TCIPPYpyz), |

U'Vesisible
“h::m, shown that the results for complexes 1-2 confirm the low-spin state of cur two-ferrc species while the
Magnetic properties cyclic voltammetry data show that the half potental [Fe0)Fedl)) values are shifted anodically oom-
parad to the B-pyrroke substtuted porphyrin oot e thylporp yrin with parallel bisid-donor ) planar axial
ligamds.
i A8 Elkevier BV All rights reserved.
1. Introdwction positions of the porphyrin have direct and important effects on the

The main drive for the initial studies on iron metalloporphyrins
arose in the elucidation of biological functions of cytochrome P450
enzymes that contain an iron porphyrin unit and are present in
maost arganisms |1 L These biological systems also play an impaor-
tant role in oxyren transfer and as storage agents in hemoglobin
and myoglobin and as electron carners in cytochrome ¢ | 2-4].
Additionally, iron{lll}) porphynns have attracted much attention
as catalysts, ie, the catalytic C—H insertion using different classes
of diazo compounds | 5]. A considerable number of important stud-
ies devoted toiron(l) metalloporphyrins have established that the
axial ligands and the substituted groups at the meso and f-pyrrole

* Comrespanding authar.
E-mnzil mddrece: hahihnasrdfammutn (H Masm)

electronmic, magnetic and structural properties of these models
|G-EL It has been reported that imon 1) low-spin hexacoordinated
derivatives with M-donor planar axial ligands present two types of
configurations of the ground state: (i} the [.|i,,,.‘,|‘1'[.|1'.._.,,.|i,,=;,|3 configura-
tion is wsually adopted when the axial ligands present o-donor
character and (ii) the [dﬂ,dﬂf[dnj' configuration is shown by
either iron(lll) porphyrinates with high ruffled porphyrin macrocy-
cle ar ironi 111} porphyrins carrying weak o-donating and strong m-
accepting ability [9]. The pyridine and the pyrazine species are
pood o-donor ligands but the latter have a better m-acceptor
character than the pyridine [10]. In the case of low-spin iron[11)
six-coordinated metalloporphyrins with the same planar axial
ligands {such as substituted imidazoles, pyndines and pyndines],
it has been shown that the Missbaver parameters depends on



the melative orientations of the two axial ligands (nearly parallel or
nearly perpendicular) [11]. These investigations have highlig hted
that the porphyrin core deformations, especially the ruffling, min-
imize the interactions of the mes-porphynn four phenyl nngs
with the pyridine and substituted pyridines axial ligands |[7-12]
Consequently, the planes of the two axial ligands adopt a nearly
perpendicular arientation

On the other hand, the imnll) low-spin hexacoordinated met-
alloporphyrins with the non-hindered octasthyporphyrin (OEF)
exhibit negligible porphyrin macrocycle deformation. Hence, axial
M-donor planar axial ligands are apprximately pamallel |[13].

Motably, from the number of important investigations on iron
(1) bigpyridine] and substituted bigimidazole] porphyrins
reported in the literature | 14-17] and in the Cambridge Structural
Database | 18] only one structure of an iron( 111} metalloporphyrin
with the melated bisl N-donor) planar ligand, namely the pyrazine,
is reported with a f-pyrmle substituted porphyrin. This coomdina-
tion compound is the bisl pyrazine 23,7 8121317 1 B-octaethy |-
porphyrinato)iron{lll} perchlorate with the formula |Fe'™0OEF)
(pyzR|CI0y [12 ] This species was characterized by NME "H, oyclic
voltammetry and single crystal X-my maolecular structure. To gain
maore insight into the effects of the meso-porphyrin and the
pyrazine axial ligand on the dectronic, magnetic and structural
properties of the iron 111 bisN-donor) planar axial ligands metal-
loporphyrins, we have successfully synthesized two species with
the pyrazine as the axial ligand (5cheme 1) the bis{pyrazine)
[5,10,15.20~tetra-{ para-fluorophenyl jporphyrinato firond 1) triflate
(1) and the (pyrazine]|510,1520-tetra-{pamn-chlorophenyl)
porphyrinato]imnl [} triflate (Z). These new iron(lll] metallopor-
phyrins wem characterized by UW-visible, IR and Misshauer
spectroscopy, magnetic studies, oyclic voltammetry and X-ray
malecular structures and are reported here.

2 Experimental section
2.1. Materials and methods

All reagents employed were commercially available and wen
used as received without further purification. The 5101520
tetralpore-fAluorophenyl jporphyrin (HzTFPP] and the 51015320
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Scheme 1. Sdhematic representation of complexes 1-2.

tetralpars-chlomphenyl jporphynn (HZTCIPP) wer prepared by
using the Alder and Longo method | 19] (5cheme 51-1, Supplemen-
tary information ). All reactions and manipulations for the prepara-
tion of the Fe{lll} porphyrin derivatives were carried out under
aerobic conditions, The chloro iron(lll) complexes |[Fe{TFPPICI]
and [Fe{TCIPP 1] were synthesized as reported in the literature
[20] and the triflato iron(lll} porphyrin complexes |[Fe®{Porph)
(505CF3]] (Porph = TFPP, TCIFF) starting materials have been pre-
pared using the literature reported method |21 L Fourier4rans-
fommed IR spectra were recorded on a PerkinElmer Spectrum Twao
FT-IR spectrometer. UVVis spectra were recorded with a WinASs-
FECT PLUS (wvalidation for SPECORD PLUS version 42 ) Scanning
spectrophotometer mass spect@ were recorded with a Brulker aut-
aflex 11 smartbeam instrument (E5], positive mode). Cyclic woltam-
metry (CV)] experiments were performed with a CH-6G0B
potentiostat {CH Instruments). All analytical experments were
conducted at room temperature under an amgon atmosphere in a
standard one-compartment, thee-electrode electmchemical cell.
Tetra-n-buty lammoniumhbexafluorophosphate (TBAPF;] was used
as the supporting electmlyte (02 M) in dichloromethane previ-
ously distilled ower calcium hydride under argon An automatic
Ohmic drop compensation procedumne was systematically imple-
mented before the OV data were recorded with electrolytic solu-
tions containing the compounds under study at concentrations of
ca. 107* M. CH Instruments vitreous carbon (@ = 2 mm) working
electrodes were polished with 1 pm diamond paste before each
recording. The saturated calomel electmode 5CE (TBAFF; 02 M in
CHyCL) redox couple was used as the reference elecdrode The
potential of the ferrocens|femocenium redox couple was used as
an internal reference (037 V/SCE experimental conditions). All
potential are given vs SCE

Temperature-dependent magnetic susceptibility measumements
an polycrystalline samples of 1 and 2 were camied out on a (uan-
tum Design MPMS S0UTD susceptometer equipped with a7 T mag-
net and operating in the range of temperature from 1.8 to 400 K
The compacted powdered samples were placed in a diamagnetic
samplke holder and the measurements were carried out in a 1000
O applied field using the extraction technique. Magnetization ver-
sus magnetic feld measurements of 1 and 2 were camied out at 2K
in the field range 0-5T. The amount of materal used for the mea-
surements was 1286 mg for 1, 13.31 mg for 2. Before analysis, the
experimental susceptibility was comected From the sample holder.
Ciamagnetic corrections of the constituent atoms of 1 and 2 were
estimated from Pascal constants [22] with values —295 = 1075,
351 x 10~% cm*maol ", mespectively.

*The Méssbauer spectra were recorded at 78 K with a conven-
tional Mbssbaver spectrometer operating in tmAnsmission geome-
try. The samples were sealed in pure aluminum fail and mounted
on an Oeclord nitrogen bath cryostat. Spectra were fitted to the
sum of Lomntzians by a leastsguares refinement using Recoil
1.05 Massbauver Analysis Software |23 | All isomer shifts refer to
a-Fe at room tempertun.

2.2 Prepanztion of complexes 1-2

2.2.1. Synthesis of [Fe"(TFPPY pyz) . K50;CF;) (1)

[Fe™ TFPP ) 50,CF;)] (50mg, 0.05 mmaol) and pyrazine (B0mg,
1.00 mmal.} were dissolved in dichloromethane ( 10 mL). The mix-
ture was stirred at room temper@ature for 4 h. The solution was hl-
tered, and crystals of the complex were prepared by slow diffusion
af m-hexane into the dichloromethane solation. Yield 10mg, 0,01
mmal (20E) CsaHapFrFeNa0:5 (10449.77): Cakd. C 60064; H 307,
M 1067, Found: C80.E7;H 3.11; N 10LE1 ; UV-visible [CHz2Ck]: Leux
{ex 107*):417 (27 6). 537 (20) nm. IR (KBr disk, cm~); 3055,
1260, 1081 and 78D, MS (ES+, dichloromethane): mjz= T40.16
[Fe" S TRPPI]" (Fiz. SI-1).



222 Synthesis of [Fe™ TCIPPY pyz)(50;CF;) (2)

Complex 2 was prepared by the procedure given for 1, except
that the TCIFF porphyrinato ligand was used instead of TFPP.
Good-guality dark purple crystals of 2 were prepared by slow
diffusion of n-hexane into the dichlromethane solution.
CsaHaaClsFaFeNales (1115.57) Calod. C 57.06, H 286, N 10.04;
found: C, 57 38; H, 293; N, 10.11. UWWwisible is |CHCl:]: daua
{£x 1073 =418 (265), 536 (18) nm. IR (KBr disk, cm~");3055,
1253, 1030 and 795 MS (ESl+, dichloromethane): mjz = 806,01
| Fe™ TCIPP)+2ZH|** (Fig. 51-1).

23 X-ray structure determination

The data collections for 1 and 2 were performed using a Bruker
APEXN CCD Gemini ultra-diffractometer equipped with Mo-Ka
radiation source (A =0.71073 A) for 1-2 Intensity data for all com-
pounds were collected by the narrow frame method. The measure-
ments of the data were done at 298 K for 1 and 200 K for 2. The
reflections were scaled and corrected for absorption effects by
using the CrysAlis (BL H. Blessing, (1995]) [24] for 1 and SADABS
program ( Bruker AXS 2008) |25] for 2 All structures were solved
by direct methods by wsing SIR-2004 |26] and refined by Full-
matrix least-squares techniques on F* by using the SHELXL-2014
program |27,

3. Results and discussion
3.1, UV-visible and [ spectroscopy

The UV-visible spectra of 1-2 ame given as supporting informma-
tion [ Fig. 51-2). &t has been reported that the redshift of the Soret
and ) absorption bands are related to the nature of the metal cen-
ter, the electron-withdmwing groups at the meso and f-pyrmlic
positions and mainly to the non-planar distortion of the porphynn
macrocycle |28-30) On the other hand, the medshift of the visible
absorption bands is responsible for the narrowing of the HOMO-
LUMO gap |21]. For the [Fe*{Porph ) $05CF;) | { Porph = TFPP, TCIPP)
starting materials, the electronic spedra recorded in dichloro-
methane solutions, the daux values of the Soret bands at ca. 405
nm while for our two iron{ll)-bis pyazine] ion complexes {(1-2],
the Soret bands present similar Lgay values (at ca. 418 nm ) which
are quite redshifted compared to those of the iron I Hrflato start-
ing materals. The redshift of the Soret and Q bands of 1-2 is due to
the impaortant porphyrin core deformations of these species (see
crystallographic section). We notice that the Lg,, of the Soret
bands of 1-2 are close to those of the related [Fe™ Porph ) L)
ion complexes where Porph is a mes-porphyrinatoand L is a mon-
odentate N-donor ligand such as the 2-methyl-imidazole (Table 1).

The IR spectra of our iron(l1} derivatives exhibit strong absomp-
tion bands at 3055, 3053cm™ or 1-2, respectively, which are
attributed to the C—H stretching frequency of the pyrazine axial
ligand. For each bis pymzine) ion complex, three absorption bands

are observed: at 1260, 1081 and 780 cm™? (for 1), 1253, 1030 and
795 e~ [ for 2) which are attributed to the triflate S0,CF7 counte-
rion [21].

32 X-ray structures of 1-2

Compleces 1-2 crystallize in the monoclinic crystal system
with the same space group C2/c. Indeed, 1-2 are isostructumes as
shown by the very similar cell parameters values and many other
structural properties discussed later in this section. The crystallo-
graphic data and selected bond lengths [A] and angles [*] for 1-2
am given in Table 51-1 and Table 51-2 (Supplementary informa-
tion ], respectively. The asymmetric units of 1-2 are made by one
[Fe™ Porph ¥ py 2}, [ ( Porph = TFPP, TCIFP) ion complex and one tri-
flate (S04CF;)~ counterion. The ortep diagrams of the [Fe™ Pomh)
ipyzk]” ion complexes (Porph=TFPP for 1 and TCIPP for 2) are
illustrated in Fig. 1. The [Fe®™(Porph)pyzk]” ions complexes (1
and 2) exhibit a distorted octahedron coordination geometry
where the equatorial plane is formed by the four nitrogen atoms
af the porphyrin and the apical positions are ccoupied by two
pyrazine ligands

The two distances between the iron and the nitrogen atom of
the pyrazine axial ligands are 1.9942)A/2005(2) A and 1.9942)
A2 007 2) A for 1 and 2 respectively, which are close to those of
the related OEP | Fe™ OEP)(pyz ):]" derivative and the bis(pyridine)
ion complex [Fe™ TPP)(pyz k1" (Table 2).

The pomphyrin macrocycles of 1-2 showing the displacements
af each atom from the mean plane of the 24-atom porphyrin core
in units of 001 A are represented in Fiz. 2. Classically, the por-
phyrin macrocycle can be characterized by four major deforma-
tions |32 ], namely: (1) the ruffling distortion (ruff] is indicated by
the values of the meso-carbon atoms above and below the por-
phyrin mean plane, (2] the doming distortion (dom) is often
observed in Ave-coordinated porphyrin compleces when the axial
ligand causes a displacement of the metal center out of the mean
plane, and the nitrogen atoms are also displaced toward the axial
ligand, (3] the saddle distortion {sad) invabres the displacement of
the pyrrole rings alternately above and below the mean porphyrin
macrocycle so that the pyrmle nitrogen atoms are out of the
mean plane, (4] in the woving distortion (wav), the four fragments
o f-carbon |-{ w-carbon |-{ mesp-carbon |-{ w-carbon - f~carbon }=
for Cp-Ca-Cm-Co’-Cf) are altematively abowve and below the
24-atoms of the CipMy least sguares plane of the porphyrin core.
As illustrated by Fig 51-2 and Fg 2 complexes 1 and 2 present
important ruffling and waving distortions.

Scheidt and Reed | 32 | have shown that the value of the average
equatorial iron-pymole N atoms distance (Fe—Mp) and the spin-
state of the imn( I} metalloporphynns are related. Thus, for six-
coordinated Fe(lll} high-spin (H%) (5= 5/2) porphyrnns, the values
of Fe—Mp are usually higher than 2037 A while for iron{Ill) low-
spin (L5)(5 = 1/2) metalloporphyrins, the Fe—Mp values ame smaller
than those of the HS species and mnge between 1998 Aand 1952 A

Tahle1

U¥evimble dat of our synthefic mesoponphyrms and selected mon (] 1) metaloponphymins.
Complex Saoret band e [nmi| ) bands &gy [nmi| (£ = 103 (Lol om— ' T Peferences

£ = 10 {Loma - o=V

H:TFPP A9{337) 516 (21, 552 (13), 594 (&), 651 (3) This weork
H,TCIPP A20{340) S5 (230, S48 (11), 593 (T, 646 (4 This waork
| P TRPP Y S0,0F,)] 404 (10 5) 516 (10} This weork
[P TCIPP Y 20N 408 (10 &) 515 {11} This waork
[P TRPP Y pyzk]* (1) AT(ETE) 537 (30} This waork
[Fe™ TCIPP Y pyz k| (2) 82 E5) 536 (18) This waork
[ P TRAP 2 Bofedbm ) | a7 560, 582 1]
| P TRAP P -Mlmi )| 416 550, 580 1]
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Fig. 1. ORTEP diagrams of the [Fe™[TPPP i pyzk " fon complex; (a), [Fe™ TCIPP ) pyzk]* fon complex: (b} Ellipsmids are drawm at 408 The hydrogen atoms ane omitted for

darity.
Tahle 2
Sl eched structural features of several =x-ooord mated monil I metalloponphyrms.

i pllex: F= —Hp* (A) Fe — Lo [A) Spin & 4 (in ) Fefarences
TPPHO%]" 2.045 2085 5 = [35]
OEPYHCE N ] i 2051 [2.442 1] B |36]

TP MCE pyl]* 208 1.97 240 5[ B [37]

F"TERNFi, 20684 1,966 52 = E-|

[P OBPY DME0 Y, [ 2037 i e L1 - (3]

e TRFY 4-MeHlm 2 1 80 19281 958 iz = [14]

P TR Hm [ 1,903 1,964 iz - [15]

P TP 2-MeHEm) |4 1.970 2012 12 - [40]

Fe"{TPPA MNPy )" 1. 98a9(§) el T L 1 . 41]

P TRF ] 1,98 2,005 2,001 iz - [18]

TPP 4-CMPy ] 1.952(7) 2,002 E) 12 - [12]
OBy 3- Pyl ™ 1.984( ) 2051 Z) iz (il [17]
OBy vz 198515 2.005(16) iz 0.0 [13]
TPPPipyz )] (1) 1.969%18) 1,994 22005 ) 12 2887(T) This work
TCIPFNpyzl]* (2) 1. 5668(16) 1,994 22007 ) 1 HESE(T) This work

* Fe—HNp=average equatorial distance betweesn the inon and the nitrogen aoms of the porphynn mng.

B Fe—llax = irom-andal gand distance.
© ¢ = dihedral angle betweesn the two axial ligands (relative onentation].
4 \OEP = octasthylporphyrinato,

* TPP = me= o-tetraphen yiporphyr mato.
! DME0 = dimethylsubfod de

£ 4-MeHlm = d-methylimidaznle.

! Him = imadaznle.

! 2MeHbm = 2-methyl imidaznle.

® My =azida.

! 4-CMpy = S-cyanopyridine.

™ 3Clpy = 3-chloropyridine.

(Table 21 In our case, complexes 1 and 2 exhibit Fe—MNpbond length
values of 19693 18)A and 1.9668(16) A, respectively, indicating
that these iron(lll] derivatives am unambiguously LS. It has been
showmn that for imn{lll} metalloporphyrins, the Fe—Mp bond length
value is related to the deformation of the porphyrincore; the Fe—MNp
distance decmeases as the porphyrin ring is more distorted | 7,11 L
Thus, in the case of the related iron({lll} bis{pyrazine) derivative
with the octaethy porphyrinate (OEF) which is known to be present
in a very planar porphyrin core because of the absence of steric
effects, the Fe—Np bond length is 1.985(2) A [12] The shortened
Fe—Mp bond leads to both strong o and = interactions between
the iron(lll) and the porphyrin [7L Therefore, the short Fe—MNp
distances of our TFFF and TCIFF deriv atives compared to the related
OEP-bis{pyrzine) species are due to the significant deformation of
the porphyrin macrocycles of these two para-halopeno substituted
mesm-phenylporphynns. It is noteworthy that bor the sterically
“hindered”™ porphyrin and substituted pyridines axial ligands, due
to the strong ruffling of the porphyrin ring, two “ligand hinding
pockets”™ am formed where these asymmetric ligand binding

cavities hawve approximately perpendicular onentations which
are thought to be responsible for the relative perpendicular
arientations of the planes of the two awial ligands |[11]
Consequently, the greater the deformation of the porphyrin core,
the coser to 90° is the dibedral angle ¢ between the two planes
of the pyz ligands. Explicitly, this angle is that between the two
“MN5-C45-C46-NE6-C47-C48™ and “N7-C49-C50-NE-(51-C52° moi-
eties for complexes 1-2 In Fig. 5l-4 (Supplementary information
depicts the two “ligand binding pockets™ of complexes 1-2 which
are nearly perpendicular. For 1-2, the ¢ dihedral angle values are
BEEWT)® for 1 and BES5B(TF for 2. Notably, for the related
bis{pyrazine]}iron{ 111} complex withthe non-hindered octast hypor-
phyrin {OEP), with the formula [Fe'™OEPY pyz):IC10, [12] the
dihedral 4 angle value is zero due to symmetric consideration
because the iron central metal ocoupies an inversion center. The
porphyrin place of this iron{ [I1N-0EP derivative is practically planar
which explain the parallel orientation of the pyz axial ligands.

As will be discussed in the Mbssbaver section, the perpendicu-
lar orientations of the axial ligands have an implication on the



Fig 2. Formal diagrams of the

parphyrinato cores of 1=2 (a); complex 1 and (b} complex 2 The displacements of esach atom from the 24-atom cone planes in umts of 0,01 A

are also illustrated The dagrames show also the @ angle betweeen the aoml pyz Bgands and the dosest Mipyrmole)Fe-M{pyz) plane

Missbaver parameters of the iron( 1) low-spin metalloporphyrins.
In this case, the values of the dihedral angle (p) between the
pyrazine plane and the closest M{pymole)-Fe-M{pyz) plane (For
the first and second pyz axial ligands) are 42.92%/44.28° and
4297 141.43" for 1-2, respectively. These values are quite close
to the value 45 which leads to a minimum nonbonded interaction
between the porphyrin core atoms and the planar axial ligand
hydrogen atoms | 34,11 L Conseguently, the two pyrazine planes
are close to eclipsing adjacent Fe-Cimeso) vectors. However, the
pyrazine axial ligands are offset from the twao frans M pyrrole
atoms. Thus, the values of the closest angle between the pyz axial
ligand and the vector made by two trans N pyrrole atoms and the
iron{Il} ion, are 52E80°4548* and 4701%43.08* for 1-2,
respectively.

In the crystal of the iron 1) bigpyrazine)-TFPP compound (1],
two adjacent [Fe™ TFPP ) pyz).]” ions complexes are linked to each
ather by two C—H. - -0 interactions between a carbon atom of one
pyz axial ligand and an oxygen atom of the 5305CF; counterion
([ Fig. 51-5, Table SI-3). The crystal packing of 1 is further sustained
by weak C—H. - -F non-conventional hydrogen bond between a car-
bon of a phenyl group of one porphyrin and a Auorine atom of an
adjacent porphyrin with a distance of 3.0753)A (Fg. 51-6). Crystal
structume of the iron 1) bisg pyrazine]-TCIPP species (2] features
weak Cg.--.Cg aromatic m interactions between the centroids of
two pyz rings of two neighboring porphyrins (Fig. 51-7, Table-51-
4)with a Cg.- Cg distance value of 2.5530{12) A

3.3, Mbssbauer spectmoscopy

*TFe Misshauer spectra of microcry stalline samples of 1-2 were
recorded at 78 K (Fig. 2 ) We consider an orientation of the two pla-
nar axial ligands as parallel when the dihedral angle & ( relative ori-
entation] is between 0 and 404 while for a pempendicular
orientation of the two axial ligands the ¢ angle is between B0
and 90°. Safo et al |1 1] indicated that for six-coordinated LS iron
() porphyrins with two planar axial ligands such as substi-
tuted-imidazoles or substituted-pyridines, the values of the iso-
meric shift (&) and the quadrupaole splitting ( AEg) are related to
the relative orientation of the two planes of the axial ligands. Thus,
for a parallel orientation of the axial ligands, the & and AEg values
are ~025 mms~" and ~2.25 mms~", respectively. For a perpen-
dicular orientation, the values of & and AE; are smaller than those

observed for a paralle orientation with a typical values of & ~ 020
mm.s~' and AEg values between 1.75 and 0.90 mms~" (Table 3).

The spectra of 1-2 are ftted considering one unique doublet
with very close isomer shift and quadmpole splitting valoes (&]
AEg in mms—") of 021(5)/1.15(1) for 1 and 0.22{6)/1.22(1) for 2.
These Missbauer pammeters are characteristic of low-spin (5 =
1/2) Fe{ I} metalloporphynins with perpendicular axial ligand on-
entation which is confirmed by the molecular structures of these
species [ see crystallographic section)

We notice that the & and AEy values of our two bis{ pyrazine)
pomphyrinates are very close to those of the low-spin iron( 1) bis
(pyridine) derivative with the meso-tetraphenylpomphyrin coordi-
nation compound [Fe'TPP)(py)z]” which indicate that (i) the elec-
tronic and steric effect of the pyridine and the pymazine are
practically the same (i} the Auoro and the chloro para-substituting
on the phenyl rings of the TPP porphyrinato ligand have no effect
on the Mésshaver parameters. Unfortunately, we cannot compare
our Missbaver data with those of the ironlll) bispyrazine)
octaethylporphy in complex which is not available in the literature
(even thourh the molecular structure and the CV data ame pub-
lished . Mevertheless, for the bis{4-{dimethylamino)pyridine} ion
complex with the OEP porphyrin | Fe™ OEP)Y 4-NMezpy |+, the &
and AEg values are different from those of our bis| pyrazine)] spe-
cies with a values of 026 mm.s—" and 2.14 mm.s~" which are char-
actenstic of lbw-spin iron{lll] bis{M-donor) planar axial ligands
with parallel orientation

34 Maornetic susceptibility megsurements

Magnetic properties were investigated for the two ironi(lll)-his
(pyz] porphyrin derivatives wvia SQUID magnetometry over the
temperature range 2-300K The 3,1 curves (3. & the magnetic
susceptibility] versus the temperature of our teo ironilll) denva-
tives are shown in Fig. 51-E while plots of the effective magnetic
moment [ eyl versus the temperature of the polycrystalline sam-
ples of 1-2 are illustrated in Fig. 4 The plots of 1-2 are very similar
with a very small variation of the per values from low temperature
to mom temperature Thus, for 1-2, at 20K, the peg values are
1.73 pg and 1.68 pg, respectively, while at 300K these values are
209 pe and 20pe These results are appropriate for low-spin (%
=1/2}iron{lll} compounds with g= 2 and a significant orbital con-
tribution. Increasing the tempemature results in a graduwal increase
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Fig- 4. Temperature dependence of the effective magnetic moment §i ). @@k [Fe™{TPPPY pyzk K30,0,) (11 (b [Fe"TCIPF) py 2, 50,0F,) 21

in the magnetic moment indicating that the orhital contribution is the magnetization, M =fH) at 2K is given in Fig 51-9. The
not negligible. This is chamcteristic of a low-spin octahedml iron experimental M values ame compatible with the theoretical ones
(1) systems with spin-orbit coupling of the }F-M ground term, as cakulated using the Brillouin fundion with 5= 1/2 ground state
already reported in the literature [44]. The field dependence of and g =2 for complexes 1-2



3.5 Cyclic voltom metry

The electrochemical behavior of 1-2 was studied by cyclic
voltammetry (OV] with tetra-n-butylammoniuvm hexafluorophos-
phate (TBAFFs) as the supporting electrolyte (0.2 M) in the non-
coominating solvent dichloromethane under an areon atmaos phere.
The CV of these species are illustrated in Fig. 5 and the values of
half potential waves of our two derivatives along with other
related iron 111} metalloporphyrins are given in Table 4. The CV
data of complexes 1-2 are practically the same. Indeed, the anodic
part of the cyclic voltammogram of 1-2 includes one electron
reversible oxidation wave of the iron | Fe(lll ) (Fe{IV)] with E, value
of ~ 120V, The second one-electron reversible oxidation wawve of
1-2 complexes are attributed to the oxidation of the porphyrinring
wihere the Eqyjz value is ~1.40V. The cathodic part of the cyclic
voltammaograms of 1-2 exhibit one-ekectron reversible reduction

wave of the Fe(lll) with a half-potential value E,y {[Fe{lll)/Fe(ll})
af ~030V. The one-electron quasi-reversible reduction wawve at
Eiz ~ —1.70V could be attributed to the porphyrin ring reduction.
The Fa( 1} Fa 1) reduction of iron(lll} metalloporphyrins has been
best studied by oyclic voltammetry and several attempts have been
made to correlate the changes of the Esg [Fa ) Fel1]] value with
metal spin state, axial-ligand coordination, basicity of the por-
phyrin ring, counterion and the deformation of the porphyrin core
[45]. We naotice that the hetacoordinated low-spin iron(lll} meso-
porphyrinates with bis{N-bond) nitrogen planar axial ligands type
[Fe™ Porph ) L):]", with a perpendicular orientations of these
ligands, exhibit Fe{lll}/Fe{ll} half potential values shifted toward
mare positive potential values compared to the f-substituted por-
phyrin OEP [ actaethy lporphyrin} with pamllel bis M-donor) planar
ligands [13]. For example the Eqz [Fellll)/Felll}] value is 0,16 V for
the his(pyridine) ion complex |Fe™ TPPY py)z]® [46] and 016V

Complex 1 -t
Complex 2 —
-.f_'-—
T25na
T 154
20 -15 10 05 00 o5 L0 1s zaf | 2 1 0 1 !
Folentiel V v, 3EC Fotentiel V vs. SEC

Fig. 5. Cyclic voltammogrames of complexes 1 and 2. The sobventis CHeCk and the concentration is . 10=3 Min 02 M THAFFS, 100 mV/s, vitreous carbon working slecirods

(@ =2 mm).
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o TP 2-6F)= 51015, 20-betralas( 2 G-difluo rophenyl jporphyrinato.



for the [Fe™OEP)py).l” species [47). It is noteworthy that the
[Fe™ TPPY 2 6F) pyk]” and the [Fe™(TPP)2.6001)4-CNpyL]™ ions
complexes where (TPPY 26F) and (TPP)(2.6C1) are the ortho, pan-
fluoro and the ortho, para-chlom substituted phenyl ring of the
meso-tertaphenylparphyrin - feature Eqg  [Fe{lll)/Fe(ll}] wvalues
shifted anodically relative to the non-substituted tetraphenylpor-
phyrin derivative type [Fe™[TPP)(LL]" where L is a bis{N-donor)
planar axial ligands (Table 4). The E;; [Fe{NI)/Fe{l}] values or
our species (1-2) which are observed in the positive-potential
region |Ey at ca. 0.30 V| confirn what we mentioned above. Thus,
these values are different from the OEP related species |Fe'"OEF)
(pyz k™ (Eyjz= —020V) with parallel orientation of the pyrazine
planes. These half potential values are close to those of the halo-
zeno substituted phenyl rings meso-poarphynn iron{l} derivatives
type [Fe™ Porph ¥ L)z[" (L= planar N-donor axial ligand) (Table 4).
The OV investigation confirms that our iron{ll1}-bis pyrazine) TFPP
and the TCOIPP derivatives exhibit very cose electronic and electro-
chemical properties and that the iron{ 1) complexes with bis] pyr-
azine] and bigpyridine] have wvery close electronic and steric
properties.

4. Condusion

In Summary, the ironi 111} bis py razine) derivatives with the Au-
arg and chlom para-substituted mese-tetraphenylpompyrin (TFPP
and TCIFP) exhibit very close UW-visible, Msshauer, structuml,
magnetic and electrochemical properties characteristic of imon{ 1)
lovi-spin (5= 1/2] hexacoordinated meso-porphyrin complexes
with nearly perpendicular pyrazine axial ligands. Our two bis{ pyr-
azine} imon ) species show very similar properties to each other
than the bigpyridine] and bissubstituted pyridines) imon(ll)
mesp-porphynin metalloporphyrines. Nevertheless, the structuml,
electronic and magnetic properties of the related hexacoordinated
complex with the f-pyrrole substituted octasthylporphyrin (OEP)
with the formula [Fe™ OEP)(pyzk]™ are very different with those
of our two synthetic models [Fe'™TFPP)ipyz)]™ and |R*YTCIPP)

(pyz}]" ion complexes.
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