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Iron(ll)  tetra(2,3-quinoxalino)porphyrazine,  Fe'T(2,3-Q)Pz, was  obtained  using  diaminomaleonitrile
and o-phenylenediamine as starting materials. Reduction of Fe'T(2,3-Q)Pz by sodium fluorenone ketyl
in the presence of cryptand[2.2.2] and N-methylimidazole followed by precipitation of crystals leads to crystalline
salt {cryptand[2.2.2](Na")} [ (N-Melm) Fe'{T(2,3-Q)Pz}** |**-3C H Cl,-2H,O (1). Molecular structure and properties
of the [(N-Melm) Fe'{T(2,3-Q)Pz}* ]** radical dianions have been studied. Reduction of Fe"T(2,3-Q) Pz is accompanied
by strong blue shift of Soret band in spectrum of 1 but Q-band has close position to that in the spectrum of neutral
macrocycle. There is an alternation of the C-N,_  bonds in the macrocycle in 1, the difference between short
and long C-N, . bonds of 0.01 7 A supports the formation of radical trianionic T(2,3-Q)Pz**~ macrocycle. Coordination
of N-methylimidazole molecules to iron (I) atoms with the Fe—N(imidazole) distance of 1.999(7) A is observed. Both Fe'
atom and radical trianionic {T(2,3-Q)Pz}** macrocycle contribute to the EPR signal of 1, which is well interpreted as
the superposition of Lorentzian shaped lines with g, = 2.0917, g,= 2.0679, g, = 2.0292, g, = 1.9991 and g, = 1.9922.
The lines with higher g-factor (g, and g,) value can be attributed to low spin (S = 1/2) Fe' whereas the lines with
lower g-factor (g, and g,) values can be attributed to the radical trianionic {T(2,3-Q)Pz}*" macrocycle. The line with
intermediate g-factor value (g,) can originate from the contribution of both components. The value of effective magnetic
moment at 300 K (2.32 ) indicates a contribution of two non-interacting S = 1/2 spins from iron(l) atoms and radical
trianionic {T(2,3-Q)Pz}**~ macrocycle. These spins weakly antiferromagnetically interact with Weiss temperature
of -3 K.
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Tempa(2,3-xunoxcanuno)noppupazunam sicenesa(ll) (Fe'T(2,3-Q)Pz) nonyuen npu ucnonb3o6anuu OUAMUHOMALEOHU-
mpuna u o-ghenunenouamuna 8 kavecmese npexypcopos. Ilpu eoccmanosnenuu Fe''T(2,3-Q)Pz nampuesoti convio kemuia
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@nyopenona 6 npucymemeuu kpunmanoaf2.2.2] u N-memunumuoasona (N-Melm) nonyuena kpucmaniuueckas coib
{kpunmano[2.2.2](Na*)} -[(N-Melm) Fe'{T(2,3-Q)Pz}* ]**-3C H CI -2H,O (1). Hccredosarvt MONEKYIAPHAS CIPYKIY-
pa u ceolicmea ouanuon-paouxanos [(N-Melm) Fe'{T(2,3-Q)Pz}** |**". Boccmanoenenue Fe"T(2,3-Q)Pz conpososicoa-
emcsi cunbhvim cogueom nonocwl Cope 6 cmopony bonvuiux snepeuti 6 cnekmpe 1, npu smom cosuza Q-nonocel ne Haoo-
Oaemcs. B maxpoyukne nabmiooaemcs uepedosanue cesizeti C-N, . pastuya meicoy KOPOMKUMU U OTUHHBIMU CEA3AMU
C-N, ., cocmasnsem 0.017 A. Dmo noomeepacoaem obpazosanue mpuanuon-paduxanog T(2,3-Q)Pz". Habniodaemcs
Kkoopounayus monexyn N-memunumudaszona na amomwl ycenesa(l) ¢ paccmosmuen Fe-N(umuoazon) 1.999(7) A. Bxrao
6 cuenan JIIP conu 1 snocsim kax amomet Fe', max u mpuanuon-paouxan {T(2,3-Q)Pz}**” dmom cuenan npedcmaensem
coboii cynepnosuyuio Jlopenyesvix aunuii ¢ g, = 2.0679, g, = 2.0917, g, = 2.0292, g, = 1.9991 u g, = 1.9922. Jlunuu
c bonee svicokumu g-gpakmopamu (g, and g,) 00ycioenensvl npucymemeuem Huskochurno6oz2o Fe' (S = 1/2), a nmunuu c g,
u g, xapaxkmepuvl Onsl mpuanuon-paouxana. Ilpu smom nunus ¢ g, modicem 6vimo 00ycroenena kax exnaoom om Fe', max
u {T(2,3-Q)Pz}*". 3nauenue sgppexmusnozo maznummnozo momenma conu 1 npu 300 K (2.32 ) yrasvieaem na 6x1ao
08yx Hegzaumooeticmayrowux cnunos S = 1/2 om amomos Fe'u mpuanuon-paduxanos {T(2,3-Q)Pz}*". B conu 1 nabuo-
oaromcesi cradbvle aHmMudeppoMasHuUmMHble 63aumooeicmeusi ChuHos ¢ memnepamypotul Betica —3 K.

Karouesnble ciioBa: TerpanupasnHonopdupasnHbl, KpUCTALIMYECKast CTPYKTYpa, OITHYECKHE U MarHUTHBIE CBOWCTBA,

BOCCTAHOBJICHUC, KOOpAWHAIUA.

Introduction

Macroheterocycles  (porphyrins, phthalocyanines,
tetrapyrazinoporphyrazines and others) are a large family
of organic compounds which can form complexes with
metals.!? Some of these macrocycles possess biological
activity, and are used as dyes and materials for solar cells,
optics and organic electronics.! Reduction or oxidation
of these macrocycles lead to the appearance of unpaired
electron density delocalized over macrocycle which can
provide the realization of conducting properties or magnetic
ordering of spins. Previously it was shown that oxidation
of macrocycles lead to formation of compounds with quasi-
one-dimensional metallic conductivity, if macrocycles have
n—m stacking arrangement of the macrocycles.””? Reduction
chemistry of metal macrocycles have been studying only
recently.l-21

Recently it was shown that in salts obtained by reduc-
tion of iron(II) phthalocyanine and iron(II) hexadecachloro-
phthalocyanine macrocycles pack in layers,?>*! one-dimen-
tional chains®? or closely packed m-m stacking columns.4
In these salts only iron(II) atomes are reduced, no electron
transfer to the phthalocyanine macrocycles is observed
even inspite of the presence of sixteen chlorine atoms on
periphery of macrocycle which increase essentially acceptor
propertie of the macrocycle.

Tetrapyrazinoporphyrazines (TPyzPzs) are analogues
of phthalocyanine with eight additional nitrogen atoms
in pyrazino-substituents, TPyzPzs macrocycle has stronger
acceptor properties in comparison with Pc macrocycle.
1625281 Synthetic approaches to production TPyzPzs and their
analogues were well developed™®! and several anionic com-
pounds of tetrapyrazinoporphirazines were obtained till
now.B%3 The addition of benzo-groups to TPyzPzs by linear
annulation leads to tetra(2,3-quinoxalino)porphyrazine,
T(2,3-Q)Pz, which is even stronger acceptor then TPyzPzs.*?

In this work we synthesized iron(Il) tetra(2,3-quinox-
alino)porphyrazine, Fe''T(2,3-Q)Pz, and study the reduction
of this porphyrazine in the presence of cryptand[2.2.2]
and N-methylimidazole with following precipitation
of crystals by n-hexane. Crystalline salt {cryptand[2.2.2]
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(Na")}-[(N-Melm), Fe'{T(2,3-Q)Pz}*"]*~-3C H,C12H,0 (1)
containing unusual [(N-Melm),Fe'{T(2,3-Q)Pz}*"]**" radical
dianions was obtained. That allows us to study for the first
time the reduction effect on molecular structure, optical
and magnetic properties of iron(Il) tetra(2,3-quinoxalino)
porphyrazine.

Experimental

Materials

Diaminomaleonitrile (Acros, 98 %), 2,3-dichloro-5,6-dicy-
ano-1,4-benzoquinone (Sigma-Aldrich, 98 %), iron(Il) acetate
(Sigma-Aldrich, 98 %), 4,7,13,16,21,24-hexaoxa-1,10-diazabi-
cyclo[8.8.8]hexacosane (cryptand[2.2.2], TCI chemicals, 98 %),
trifluoroacetic acid (CF,COOH, Acros, 99 %), n-butanol (Acros,
99 %), magnesium turnings (Acros, 99.9 %), N-methylimidazole
(Acros, 99 %) and pyridine (Acros, 99 %) were used as received.
Sodium fluorenone ketyl was obtained as described.**! Solvents
were purified in argon atmosphere. o-Dichlorobenzene (C,H,Cl,)
was distilled over CaH, under reduced pressure; hexane was dis-
tilled over Na/benzophenone, benzonitrile (C.H,CN) was distilled
over Na/benzophenone under reduced pressure. The solvents were
degassed and stored in a glove box. The crystals of 1 were stored
in a glove box. KBr pellets for IR- and UV-Visible-NIR measure-
ments were also prepared in the glove box. EPR and SQUID
measurements were performed on polycrystalline samples of 1
sealed in 2 mm quarz tubes under 10 Torr.

Synthesis

Iron(IT) tetra(2,3-quinoxalino)porphyrazine, Fe''T(2,3-Q)Pz,
was synthesized according to procedure in ref.’¥ with some
modifications.

Diiminosuccinonitrile (DISN) was synthesized by oxidation
of diaminomaleonitrile (DAMN) as described in ref.?* 2,3-Dicya-
noquinoxaline was synthesized by condensation of DISN
and o-phenylenediamine according to ref.l*®!

2,3-Dicyanoquinoxaline (1 g, 5.6 mmol) was added to solution
of n-butanol (50 mL) with dissolved magnesium (140 mg, 5.8 mmol)
(dissolution was initiated by iodine crystal) and the stirred mixture
was refluxed for 6 h. Solvent was evaporated under reduced
pressure. After this the obtained Mg'" complex was demetallated
by dissolution in CF,COOH (15 mL). Acid was evaporated,
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the residue was washed with water, methanol and dried. The
obtained crude metal-free macroheterocycle, H,T(2,3-Q)Pz,
and iron(Il) acetate (500 mg) were refluxed in pyridine for 3 h
under argon. After cooling the reaction mixture was poured
into water, filtered, and carefully washed with water, methanol
and toluene. Powder was dried at 100 °C in a vacuum for 2 hours
to remove pyridine and water to give Fe'T(2,3-Q)Pz (60 % yield).
Anal. found: C 62.57, N 29.30, H 2.04 %. Calcd. for C, H N, Fe: C
62.68, N 29.24, H 2.10. IR (KBr) v cm™: 575w, 606m, 611m, 709s,
763s, 881w, 1050m, 1080w, 1111m, 1132s, 1141s, 1203m, 1229s,
1322w, 1357w, 1394w, 1446w, 1523m, 1561w, 1631w, 2608w,
2636w, 2920w, 2972m, 3063w. UV-Vis (KBr pellet) A _nm: 348,
478, 551, 714 nm.

Synthesis of crystalline salt 1. Salt {cryptand[2.2.2]
(Na")},-[(V-Melm), Fe'{T(2,3-Q)Pz}*]*~3C H,C1.2H,0 (1) was
obtained by reduction of 31.9 mg of Fe'"T(2,3-Q)Pz (0.042 mmol)
by excess of sodium fluorenone ketyl (50 mg, 0.247 mmol)
in the presence of two equivalents of cryptand[2.2.2] (31.6 mg,
0.084 mmol) and 0.5 ml of N-methylimidazole by stirring over-
night at 100 °C till complete dissolution of parent macrocycle
and the formation of deep-violet solution. The reaction solution
of salt 1 was filtered in a 50 mL glass tube of 1.8 cm diameter
with a ground glass plug, and 30 mL of hexane was layered over
the solution. Slow mixing of two solvents during 1 month pro-
vided precipitation of crystals on the walls of the tube. The solvent
was decanted from the crystals and they were washed with n-hex-
ane. Metallic dark black blocks of 1 were obtained in 31 % yield.

The composition of 1 was determined from X-ray diffraction
on single crystals. The analysis of the obtained crystals under
microscope in a glove box as well as testing of several single
crystals from each synthesis by X-ray diffraction showed that only
one crystalline phase is formed. Elemental analysis cannot be used
to determine the composition of the obtained crystals due to their
high air sensitivity and an addition of oxygen during the procedure
of elemental analysis.

General

UV-Visible-NIR spectra were measured in KBr pellets on
a Perkin Elmer Lambda 1050 spectrometer in the 250-2500 nm
range. FT-IR spectra were obtained in KBr pellets with a Perkin-
Elmer Spectrum 400 spectrometer (400-7800 cm™). EPR spectra
were recorded on polycrystalline samples of 1 from 4 up to 295

L
B ————
N oy 2) CF3COOH

2,3-Dicyanoquinoxaline

K with a JEOL JES-TE 200 X-band ESR spectrometer equipped
with a JEOL ES-CT470 cryostat.

X-Ray Crystal Structure Determination
Crystal dataof 1: C ,H  C FeN,NaO,,, M =2216.71 g-mol",

metallic dark black blocllgzs, gorfoclinic, 1§ 2114/0, crz =16.0049(14), b
=17.7053(8), ¢ = 19.3596(16) A, o = 90, B = 113.933(10), y = 90°, V'
=50143(7) A%, Z=2,d , = 1.468 g-cm?, p =0.397 mm"', F(000)
= 2316, max. 20, = 52.69°, reflections measured 26018, unique
reflections 8368, le = 0.1214, reflections with / > 2c(/) = 8368,
parameters refined 691, restraints 777, R, = 0.1430, wR, = 0.4072,
G.O.F. = 1.087, CCDC 1911840.

The data were collected on an Oxford diffraction “Gemini-
R” CCD diffractometer with graphite monochromated MoK
radiation using an Oxford Instrument Cryojet system. Raw data
reduction to F* was carried out using CrysAlisPro, Oxford Diffrac-
tion Ltd. The structures were solved by direct method and refined
by the full-matrix least-squares method against F* using SHELX
201687 and Olex2.5% Non-hydrogen atoms were refined in the ani-
sotropic approximation. Positions of hydrogen were calculated
geometrically.

Results and Discussion
Synthesis

2,3-Dicyanoquinoxaline is the most suitable precursor
to obtain tetra(2,3-quinoxalino)porphyrazine macrocycle.
B4 Tron(Il) tetra(2,3-quinoxalino)porphyrazine, Fe''T(2,3-
Q)Pz, was synthesized by metalation of corresponding
metal-free macrocycle which was obtained by demetallation
of corresponding Mg"T(2,3-Q)Pz complex. Mg"T(2,3-Q)
Pz was obtained by tetramerization of 2,3-quinoxaline
in the presence of magnesium buthoxide in n-butanol.
2,3-Dicyanoquinoxaline was synthesized from diaminom-
aleonitrile (DAMN) by two stages as described in ref.[353¢]
(Scheme 1).

Obtained iron(II) tetra(2,3-quinoxalino)porphyrazine
was used in the synthesis without further purification
due to extremely low solubility of this porphyrazine. It

Fe''T(2,3-Q)Pz

oy
L A N\ AN l{l
N ¥

A\ /Fe\ /
N N
?/Q\N/ Y T
3) Fe(OAc), N N§Q

cryptand[2.2.2]

(Fluorenone~)(Na™)
N-methylimidazole

N CN
1) Mg, n-BuOH

N

{cryptand[2.2.2](Na+)}, [(N-Melm),Fe'{T(2,3-Q)Pz} 7] "2~ 3CH,Cl,-2H,0 (1)
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was reduced by an excess of sodium fluorenone ketyl
in the presence of two equivalents of cryptand[2.2.2]
and an excess of N-methylimidazole in o-dichlorobenzene.
N-methylimidazole was added to increase the solubil-
ity of the salt in dichlorobenzene which is only partially
soluble in this solvent without N-methylimidazole. In this
case reduction results in complete dissolution of neutral
Fe'"T(2,3-Q)Pz and deep-violet solution is formed. Slow
mixing of the obtained dichlorobenzene solution with
n-hexane yields crystalline salt {cryptand[2.2.2](Na")},-[(V-
Melm),Fe'{T(2,3-Q)Pz}*]*-3C H,C1.2H,O (1) whose
composition was determined from X-ray diffraction
of single crystals. Several crystals tested from the synthesis
have the same unit cell parameters indicating that only one
crystal phase is formed. Water molecule forming hydro-
gen bond with the N-methylimidazole ligand can appear
in the crystals of 1 most probably from pristine Fe'"T(2,3-Q)
Pz which was isolated using water and this water cannot be
removed from the sample even under vacuum.

Earlier it was shown that reduction of titanyl tetra-
(acenaphthenopyrazino)porphyrazine  (Ti"™VOAceTPrzPz)
which has larger macrocycle by sodium fluorenone
ketyl also leads to the formation dianionic species
{O=Ti"(AceTPrzPz*)}*~ B!

Spectra of Salts in the IR and UV-Visible-NIR Ranges

IR spectrum of 1 is a superposition of absorption
bands of starting compounds (Figure S1, Table S1), some
absorption bands are shifted slightly or change in intensity
at the formation of the salt (Table S1).

Spectra of pristine Fe"T(2,3-Q)Pz and salt 1 in KBr
pellets in the UV-Visible-NIR range are shown in Figure
1. Iron(Il) phthalocianine (Fe"Pc) shows one broad band
in the visible range with the maximum at 662 nm.*?
Fe'"T(2,3-Q)Pz shows larger number of bands in the UV-
Visible-NIR range. The Soret band has maximum at 348 nm,
the split O-band is manifested at 478, 551 and 714 nm
(Figure 1). The formation of 1 is accompanied by blue shift
of Soret band to 318 nm, but O-band in the spectrum of 1 has
close position to that in the spectrum of neutral macrocycle
and is observed as split band at 481, 563 and 717 nm. In
spite of a close position contribution of the bands at 481
and 563 nm is essentially increases in comparison with
the spectrum of pristine Fe''T(2,3-Q)Pz (Figure 1).

It was shown that reduction of unsubstituted tetra-
pyrazinoporphyrazine H,TPyzPz led to appearance of new
intense absorption NIR band with maximum at 822 nm.B%
Characteristic for the reduced macrocycle absorption band
in the NIR range is also observed in spectrum of (PPN"),
{O=Ti"(AceTPrzPz*)}* solv at 963 nm.* At the same time
reduction of iron(II) phthalocyanine and iron(II) hexadeca-
chlorophthalocyanine is metal-centered and is accompanied
by the formation of iron(I) and iron(0) species without
electron transfer to the phthalocyanine macrocycle.?*?4
As a result, the formation of [Fe'Pc(=2)]", [Fe'Cl Pc(=2)]”
and [FeCl, Pc(=2)],> anions in solid state does not provide
the appearance of new bands in the NIR range.”*?4 Absorp-
tion is also observed in the spectrum of 1 in the NIR range
(shown by arc in Figure 1) but this absorption is not appeared
as a separate band.
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M\ e Salt1

L Fe'T(2,3-Q)Pz

500 1000 1500 2000
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Absorbance, arb. units

Figure 1. UV-Visible-NIR spectra of pristine Fe''T(2,3-Q)Pz
and salt 1 in KBr pellets prepared for 1 in anaerobic conditions.

Molecular Structure

Of[(N'Melm)zFe[(T(Z’3_Q)pZ)3._ e
and Crystal Structure of 1

Salt 1 contains one independent half of radical dian-
ions [(N-Melm),Fe'{T(2,3-Q)Pz}*"]*", one independent
cryptand[2.2.2](Na") cation, one and half o-dichlorobenzene
molecule and one water molecule. The cryptand[2.2.2](Na")
cation is disordered between two positions with 0.529(8)
and 0.471(8) occupancies. Water molecule is positioned
close to the hydrogen atom of the N-methylimidazole ligand
and forms short hydrogen bond with it of 2.45 A length.

Tetrapyrazinoporphyrazine macrocycle initially has
stable aromatic 18 t-electron system. Its reduction is accom-
panied by the formation of less stable 19 m-clectron system
providing partial disruption of aromaticity of the macrocy-
cle. That results in the alternation of the C-N _ bonds.*!
Studying of molecular structure of 1 shows that alternation
ofthe C-N bonds is observed in the [(N-Melm) Fe'{T(2,3-
Q)Pz}= 1> radical dianions (Figure 2a). Four shorter
and four longer C-N__ bonds belong to two oppositely
located isoindole units in 1. The average difference between
short and long bonds is 0.017 A. Redistribution of the length
of other bonds at the reduction is also observed. The average
difference between short and long C-N,, bonds is 0.012 A.
The average difference between shortand long bonds C-N
bonds in the {O=Ti"(AceTPrzPz*")}* and H,TPyzPz*-
dianions containing tetranionic and protonated dianionic
macrocycles of 0.060 AP and 0.092 APY is essentially
larger. Thus, disruption of aromaticity is less pronounced
for the macrocycle in 1 compared with tetranionic and pro-
tonated dianionic TPrzPzs macrocycles. Nevertheless, the
appearance of distortions of the macrocycle in 1 confirms
formation of radical trianionic T(2,3-Q)Pz®~ macrocycles.

Macrocycle in 1 has saddle-like conformation, two
benzopyrazine groups lie almost in 24-atom porphyrazine
plane, but two other oppositely located groups come out
above and below plane with displacement of atoms up
to 0.398 A. Iron(I) atoms lie exactly in 24-atom porphyr-
azine plane, the average distance Fe-N is 1.962 A. Coor-
dination of N-methylimidazole molecules to iron(I) atoms
is observed with the average N(imidazole)-Fe distance
of 1.999(7) A (Figure 2a).
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A "

Figure 2. Molecular structure of radical dianions [(N-Melm),Fe'{T(2,3-Q)Pz}*"]* (a). Crystal structure of salt 1 (b).
Van der Waals C---C contacts are shown by green dashed lines. Hydrogen atoms and solvent molecules are not shown for clarity.

In whole, salt 1 has a structure (Figure 2b) with one-
dimensional chains formed by the [(N-Melm),Fe'{T(2,3-Q)
Pz}*-]* radical dianions, each macrocycle has four
side-by-side van der Waals (vdW) C--C contacts in these
chains with neighboring ones of 3.435A (are shown by green
dashed lines in Figure 2b). These chains have perpendicular
arrangement relative to each other as shown in Figure 2b.
There is no short van der Waals contacts between the chains
due to their isolation by bulky cryptand[2.2.2](Na*) cations
and solvent C .H,Cl, molecules (are not shown in Figure 2b).

Magnetic Properties

Magnetic properties of 1 were studied by EPR and
SQUID techniques on a polycrystalline sample in anaerobic
conditions.

Effective magnetic moment of salt 1 at 300 K is 2.32
L, that approximately corresponds to the contribution
of two non-interacting S = 1/2 spin per formula unit (Fig-
ure 3a). These spins can originate from radical dianions
[(N-Melm),Fe'{T(2,3-Q)Pz}*7]*~ containing iron(I) atoms
with S = 1/2 spin state and radical trianionic T(2,3-Q)Pz""
macrocycle also with § = 1/2 spin state. Reciprocal mag-

netic susceptibility follows the Curie-Weiss law allowing
the Weiss temperature to be estimated as —3 K (Figure 3b)
indicating weak antiferromagnetic coupling of spins local-
ized on Fe'atom and delocalized over the macrocycle. Previ-
ously was even shown that such coupling between central
paramagnetic metal atom and radical trianionic macrocycle
can be rather weak.!*¥1 Magnetic moment decreases slightly
at cooling (Figure 3a) most probably due to weak antifer-
romagnetic coupling of spins.

Salt 1 manifests EPR signal which can be fitted
well by five lines with Lorentzian line shape. Lines with
g,=2.0679 and g, =2.0917 and the linewidth (AH) of 5.61
and 3.69 mT, respectively, were attributed to Fe' with low
(S = 1/2) spin state. Earlier it was shown that Fe' with §'= 1/2
spin state in generally manifests EPR signals with g-factor
smaller than 2.3.7**% Narrower lines with g, =1.9991
(AH=1.17 mT) and g,=1.9922 (AH=3.11 mT) were
attributed to the radical trianionic T(2,3-Q)Pz**~ macrocycle,
such asymmetric signals are generally characteristic for
the reduced macrocycles.'>!¥1 There is also broad line
with intermediate g-factor of 2.0292 (AH = 7.83 mT). This
g-factor is intermediate between those characteristic for
Fe' and radical trianionic macrocycles®~ and, therefore,

a o
2,54 @ 1 292K signal
=2 ]
2,0- f——- 5
.' a
i S -
1,54 © fitting
£ 2 |
& 1,0 a |
= [0]
c /
0,54 e |
o+ ——————r | S S A —
0 50 100 150 200 250 300 0 50 100 150 200 250 300 280 290 300 310 320 330 340 350

Temperature, K

Temperature, K

Magnetic field, mT

Figure 3. Temperature dependence of effective magnetic moment (a) and reciprocal molar magnetic susceptibility (b) for salt 1. EPR
spectrum of polycrystalline 1 at room temperature (c). This signal shape was preserved down to 4.2 K.
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this component can be attributed to the contribution from
both components. Thus, EPR spectra unambiguously
show the presence of both paramagnetic species in 1. The
5-line EPR spectrum of 1 is preserved down to 4.2 K. All
components have nearly temperature independent g-factors
and weakly temperature dependent linewidths as shown
in Figure S2.

Conclusions

Thus, iron(Il) tetra(2,3-quinoxalino)porphyrazine
(Fe'"T(2,3-Q)Pz) was obtained using diaminomaleonitrile
and o-phenylenediamine as starting materials. Reduction
of Fe''T(2,3-Q)Pz followed by precipitation of crystals
leads to crystalline salt 1. That allows us to study molecular
structure and properties of the [(N-Melm) Fe'{T(2,3-Q)
Pz}*-]**- radical dianions. Reduction of Fe''"T(2,3-Q)
Pz is accompanied by strong blue shift of Soret band
and the appearance of weak NIR absorption in spectrum 1.
Disruption of aromaticity of macrocycle is observed which
is manifested in the alternation of short and long the C-N
bonds. Formation of 1 is accompanied by reduction
of both iron(Il) atoms and macrocycle to form the iron(I)
atoms and radical trianionic {T(2,3-Q)Pz}*~ macrocycles,
the coordination of N-methylimidazole ligands to the iron(I)
atoms is also observed. Formation of radical dianions
[(N-Melm),Fe'{T(2,3-Q)Pz}=7]*~ with weakly interacting
localized and delocalized spins is supported by SQIUD
measurements. The formation of two different paramagnetic
species is also supported by EPR spectra. It is known
that iron(Il) phthalocyanine has metal-centered first
and second reduction and only third and forth reduction
is centered on the macrocycle.”” Obviously coordination
of N-methylimidazole ligand changes such situation
and double reduction is centered not only on the iron atoms
but the macrocycle as well. Reduction of other iron(II)
macrocycles in presence of different coordination ligands
can yield anions with different value of charge transfer
between iron atoms and the macrocycle and this work is now
in progress.
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