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Supramolecular porphyrazines with eight pyridine
donor groups bound through ethylthio ester bridges on
the periphery have been prepared. The pyridine donors
were quaternized with iodomethane to octacationic
porphyrazine. The nonanuclear supramolecular porphyr-
azine was prepared by the coordination of peripheral
pyridine donors with VO(acac)2. The paramagnetic
nonanuclear structure was studied in powder and in
solution form by EPR. EPR studies together with the
other spectral data confirmed the presence of identical
pyridine-coordinated VO(acac)2 paramagnetic centers
attached to the peripheral positions of the porphyrazine
core.
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INTRODUCTION

The impressive amount of research into cationic and
supramolecular macrocycles is a consequence of
their possible diverse applications in nontraditional
fields of technology, ranging from biology to
material science and molecular electronics [1]. In
biological systems, cationic porphyrins can act as
singlet oxygen generators in photodynamic therapy,
inhibitors of human telomerases, receptors for
peptides, DNA cleavers and specific probes of
DNA structures [1–11]. As cationic porphyrins have
planar structures with quaternized functional
groups on the peripheral positions, their activity is
different from conventional intercalators such as
ethidium bromide, proflavin and daunomycin [8–9].
Crystallographic analysis of a metalloporphyrin–
oligonuclotide complex has shown that intercalation

or binding of cationic porphyrin causes a distortion
of the DNA molecule [1–7].

Cationic porphyrazines (i.e. tetraazaporphyrins)
can be proposed as alternatives in the above-
mentioned fields of application as they have similar
properties to porphyrins and phthalocyanines and
their synthesis and isolation are relatively simple.
Functional groups on the peripheral positions of
porphyrazines are integrated into the macrocyclic
core more effectively than those of phthalocyanines
[12]. Furthermore, the synthetic route to octakis-
functionalized porphyrazine can be performed easily
by cyclization of the functionalized maleonitrile
derivatives in the presence of magnesium alkoxide
(usually propanol and butanol are used). Hence, the
preparation of the porphyrazine core is much easier
than that of porphyrin, which is generally synthesized
by the cyclization of pyrroles [13].

Supramolecular systems of porphyrinic macro-
cycles have also been investigated for various
purposes such as molecular devices, photonic
wires and construction of light-harvesting systems
[14–20]. To obtain these supramolecular systems
with well-defined geometries and size, porphyrinic
molecules have proved to be versatile building
blocks [21–25]. In the preparation of supramolecular
systems the central porphyrin core with N-donors at
the peripheral positions is very useful for the
subsequent step of coordination to form different
transition metal complexes. Substitution of pyridine
groups at the peripheral positions of the porphyrin
core results in noncovalent self-assembling proper-
ties useful for construction of supramolecular
systems [26–30].

ISSN 1061-0278 print/ISSN 1029-0478 online q 2005 Taylor & Francis Group Ltd

DOI: 10.1080/10610270412331337295

*Corresponding author. Tel.: þ90- 212-285-6827. Fax: þ90-212-285-6386. E-mail: ahmetg@itu.edu.tr

Supramolecular Chemistry, April–May 2005 Vol. 17 (3), pp. 233–241

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
3
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



Inclusion of the paramagnetic units on supra-
molecular systems is expected to exhibit interesting
properties in the field of paramagnetic materials [31].
Paramagnetic properties can be analyzed by electron
paramagnetic resonance (EPR), which provides
information about the elemental composition and
electronic structure of paramagnetic states and
nuclearity. The apparent g (Lande splitting factor)
value is used to assess the spin state of the molecule.
The number of hyperfine lines and the magnitude of
the hyperfine coupling constant can be used to
identify the nuclei to which the unpaired electrons
are coupled.

The first example of a multifunctional molecule
combining porphyrazine core with pyridine donors
on the periphery was reported by Anderson et al.
[13]. However, direct attachment of the pyridyl
group to the porphyrazine core in their work
resulted in a product with a relatively rigid structure
and low solubility in common organic solvents. To
overcome these difficulties, a different strategy can
be proposed; as shown by Eichorn et al. [32] reactive
functional sites on porphyrazines can be built up to
further functionalize with the desired substituents.
For example, hydroxyalkyl substituents could be
converted to unsaturated ester units. Our group also
reported porphyrazines connected to ferrocenes or
benzocrown ethers through flexible ethoxyester
bridges [33, 34]. A similar procedure can be applied
to obtain porphyrazines with pyridyl groups
attached through flexible chains, making full use of
the donor properties of the pyridine moieties.

In this paper, we report the synthesis of an
octacationic porphyrazine by quaternization of the
pyridyl donors and a supramolecular nonanuclear
porphyrazine by the coordination of those donor
sites with coordinatively unsaturated VO(acac)2 [35].
EPR data of the latter have been evaluated in detail.

RESULTS AND DISCUSSION

General Characterization

The synthesis route to supramolecular and octa-
cationic porphyrazines followed a multistep
sequence. The starting point was the preparation of
a porphyrazine core with reactive hydroxyethylthio
substituents. Thus, octakis(2-hydroxyethylthio)por-
phyrazinatomagnesium, MgOHPz, was synthesized
as reported previously. First, 1,2-bis(2-hydroxyl-
ethylthio)maleonitrile was prepared and its cyclo-
tetramerization in the presence of magnesium
butanolate gave the dark blue product MgOHPz.
The spectral data for this compound closely followed
the reported data [33, 34].

The second step to the supramolecular structure
was the addition of pyridyl donors on the peripheral

positions of the porphyrazine unit. For this purpose,
MgOHPz was reacted with pyridine-4-carboxylic
acid to form ester bridges. Several ester-forming
reactions were tried, but full esterification of all eight
OH groups in MgOHPz with pyridine-4-carboxylic
acid (isonicotinic acid) to give octakis(4-pyridoxy-
ethylthio)porphyrazinato magnesium (MgPyPz) was
accomplished in pyridine in the presence of dicyclo-
hexylcarbodiimide (DCCI) and 4-toluenesulfonic
acid ( p-TSA) as catalysts for 7 days at ambient
temperature. Here the function of DCCI was to
facilitate formation of the ester bond by forming an
activated ester [32]. The byproduct dicyclohexylurea
was separated from the crude product by treatment
with a solvent mixture of 1:1 cyclohexane/ethanol for
1 day at 0 8C and then washing with the same mixture
several times. The dark green product was isolated in
an adequate yield of 35% after chromatography
(Fig. 1). In the FTIR spectra, the presence of CvO
peaks around 1727 cm21, aromatic and aliphatic CZH
peaks around 2900–3050 cm21 and the disappear-
ance of the OZH peaks around 3430 cm21, together
with the high solubility in chloroform acquired after
this reaction, are all evidence for the formation of
MgPyPz.

In the electronic absorption spectrum of porphyr-
azine, Q- and B-band absorptions are the result of
pZp* transitions of the pyrrole units, which are
located in the central core of the porphyrazine. For
the metalloporphyrazines with D4h symmetry there
is only a single Q-band absorption. Pyridine groups
cannot affect the Q-band absorption when they are
far from the central core. Consequently, there was no
net difference between the electronic spectra of
MgPyPz and MgOHPz. The absorption maxima of
both MgOHPz and MgPyPz are around 372 and
674 nm.

In the synthesis of the metal-free porphyrazines,
the general route is the treatment of magnesium
porphyrazine with strong acids such as concentrated

FIGURE 1 Structure of MgPyPz.
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sulfuric, hydrochloric or trifluoroacetic acid. In our
study, demetalization of MgPyPz to the metal-free
form (H2PyPz) was accomplished by treatment of
MgPyPz with 6 M H2SO4. The reaction was carried
out at 08C to prevent hydrolysis of the ester groups.
When the dark blue MgPyPz was dissolved in a
minimum amount (5 ml) of 6 M sulfuric acid, the
color of the mixture turned to purple. In addition to
this change in color, conversion to metal-free
derivative H2PyPz was verified for inner-core NH
protons by the FTIR spectrum with a stretching
absorption at 3293 cm21 and also by the 1H NMR
spectrum with a broad chemical shift at 21.97 ppm
indicating the strong shielding of the 18-p electron
system.

In the electronic spectra of metal-free porphyr-
azine, there is a significant change in the Q-band
absorption of the porphyrazine molecule due to the
change in the symmetry of the molecule from D4h to
D2h. In the electronic spectrum of the metallo-
porphyrazines with D4h symmetry, an intense Q-
band absorption in the lower energy side of the
visible range is assigned to the pZp* transition of the
porphyrazine core; however, this absorption is split,
with one absorption at the shorter and the other at
the longer wavelength, as a consequence of the
decrease in symmetry to D2h. In this study, the
electronic absorption spectrum of H2PyPz has two
Q-band absorption maxima at 640 and 704 nm,
confirming the proposed structure (Fig. 2).

For the preparation of the water-soluble octa-
cationic molecule (QMgPyPz) (Fig. 3), the pyridine
groups on the peripheral positions of MgPyPz were
quaternized with iodomethane with a high yield
(70%) [36].

The electronic absorption spectrum of QMgPyPz
in water shows extensive similarity to the spectrum

of MgPyPz in chloroform although the polarities of
these solvents are completely different. A qualitative
test carried out by stirring a mixture of aqueous
QMgPyPz solution and bovine albumin serum also
indicated the interaction of the octacationic com-
pound with proteins by a decrease in the concen-
tration of the porphyrazine derivative in solution
and the formation of a colored precipitate [9].

The primary goal of this study was the construc-
tion of a supramolecular structure starting with a
porphyrazine molecule. Taking into account the
ready coordination of VO(acac)2 with pyridine
donors [37], these penta-coordinated complexes
were preferred as the capping agents for eight
pyridine end-groups on each molecule to reach the
nonanuclear supramolecular structure. The dark
green, solid, nonanuclear supramolecular product

FIGURE 3 Octacationic porphyrazine (QMgPyPz).

FIGURE 2 UV–vis spectra of (a) H2PyPz and (b) MgPyPz.
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[VO(acac)2]8MgPyPz was obtained in high yield
(76%) (Fig. 4).

The proposed structures of the octakis(pyridyl)
derivative MgPyPz and the supramolecule are
consistent with their spectral characterization; the
visible absorption spectra of MgPyPz and the
supramolecule in chloroform are similar. As
VO(acac)2 complexes are not expected to have
intense absorptions comparable with the B- and Q-
bands of porphyrazines, this result is meaningful.
Although the Q-bands are known to be extremely
sensitive to aggregation of the tetrapyrrole cores,
complexation of pyridine units on the periphery has
a negligible effect in this sense.

EPR Studies

The room temperature EPR experiments were
designed to consist of three steps. In the first step,
EPR spectra were recorded for the V4þ (2D3/2) ion-
coordinated acetyl acetonate in solid powder form
and in chloroform solution before coordination with
the MgPyPz compound. In the second step, the
MgPyPz compound was investigated to determine
any inherent magnetic properties. Finally, the EPR
signals were recorded from powder and chloroform
solution forms of the VO(acac)2-coordinated
MgPyPz supramolecule, [VO(acac)2]8MgPyPz.

The first-derivative X-band EPR signals from the
V4 þ -coordinated acetyl acetonate, the MgPyPz
compound itself and the supramolecule powder
molecules with simulated spectra are shown in Fig. 5.

The intense resonance peak recorded from
VO(acac)2 powder has little asymmetry; that is the
negative side of the spectrum is wider and shorter
with respect to the positive side. The signal has no
hyperfine peaks. Thus, it is not easy to identify the
origin of this peak as the V4þ ion, but theoretical
analysis leaves no room for doubt and proves the

FIGURE 4 Nonanuclear supramolecular porphyrazine.

FIGURE 5 X-band EPR spectra of three powder forms at room
temperature.
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presence of dipolar interaction with anisotropic
Zeeman interaction.

The Hamiltonian describing the anisotropic
Zeeman and dipolar interactions should include a
third term theoretically (that is isotropic hyperfine
interaction) and can be written as

Haniso ¼ be½ðg’ðBxSx þ BySyÞ þ gkðBzSzÞ�

þ dAð3 cos2u2 1ÞSzIz þ A0ðSIÞ ð1Þ

where g’ and gk are the Lande splitting factors
corresponding to B’ and Bk, be is the Bohr magneton,
S the total electronic angular momentum, I the total
nuclear angular momentum, A0 the isotropic
hyperfine coupling constant and dA the dipolar
constant expanded by an expression as given in the
literature [38]. As the isotropic hyperfine interaction
has no effective role here, it is neglected at theoretical
fit studies.

The X-band EPR spectra of MgPyPz in powder
and chloroform solution forms were recorded at
room temperature before coordination with
VO(acac)2. Identical very narrow and weak peaks
with small amplitude were recorded from both
forms. The single peak recorded from the powder
form can be seen in Fig. 5. The line width of the signal
is just 6 G, and as for the amplitude the receiver gain
of spectrometer is very high. The Lande splitting
factor, g ¼ 2:009; is very near that of free electrons
ðge ¼ 2:0023Þ; that is the observed resonance line is
probably a free radical peak that may be formed as
an impurity signal due to photolysis during
synthesis.

The last group consists of experimental and
theoretically well-fitted EPR signals of the
VO(acac)2-coordinated Mg-porphyrazine compound
in powder form. The experimental spectrum has a
characteristic and anisotropic curve that specifies
uniaxial symmetry for a compound with g’ slightly
greater than gk. Both parallel and perpendicular
parts of the spectrum contain hyperfine peaks. At the
perpendicular part of the spectrum, seven hyperfine
peaks are well resolved due to their location at the
central region. For the parallel part, six hyperfine
peaks are observed clearly at both sides of the
perpendicular region. Eight hyperfine peaks are
expected due to the interaction between the
electronic spin of the magnetic electron and the
nuclear spin of the V4þðI ¼ 7=2Þ ion for both parallel
and perpendicular parts of this porphyrazine
compound. The other peaks are not well separated
due to overlapping and line-broadening effects. The
observed octet of lines from V4þ was not equally
spaced due to second-order effects.

The Hamiltonian describing the anisotropic
Zeeman and hyperfine interactions with anisotropic
second-order corrections [38], respectively, can be

written as

Haniso ¼ be½ðg’ðBxJx þ ByJyÞ þ gkðBzJzÞ�

þ A’ðIxJx þ IyJyÞ þ AkðIzJzÞ

þ A2
eff=ð2geffbehf Þ IðI þ 1Þ þ M2

I

� �
ð2Þ

where h is the Planck constant, f the microwave
frequency, MI the nuclear momentum quantum
number, and A’ and Ak the hyperfine coupling
constants for perpendicular and parallel parts,
respectively.

In a powder system, each spin has almost the same
properties as it would have in a single large crystal.
However, the principal axes of crystallite components
of the overall paramagnetic system may assume all
possible orientations relative to the direction of the
applied magnetic field. That is, the EPR spectrum can
be expected to be spread over the entire field rangeDB
(between B’ and Bk) determined by the principal g
components of the system. Thus, for a single
crystalline ensemble containing a paramagnetic
center, the resonance field (BRes) value can be
calculated by introducing the angular-dependent
parameters in the Hamiltonian (Eq. (2)). After simple
mathematical manipulations:

BRes ¼ ge=geff hf=be 2AeffMI=be

�

þA2
eff=2geffbe IðIþ1ÞþM2

I

� ��

¼ ge= g2
k2g2

’

� �
cos2uþg2

’

h i1=2

£ hf=be 2 A2
k2A2

’

	 

cos2uþA2

’

� �1=2
MI=be

n

þ A2
k2A2

’

	 

cos2uþA2

’

� �
=2be IðIþ1ÞþM2

I

� ��
ð3Þ

where u is the angle between the magnetic field and
the symmetry axis direction of any particular spin
species in the powder compound.

However, the number of paramagnetic centers
making an angle u with the field is proportional to
sin u. By using an additional weighting factor [39]
and sin u together in Eq. (2), the following expression
is obtained for the amplitude factor

Amplitude factor ¼ sin u £ weighting factor

¼ sin u B2
Res 2 B2

k

	 

=B2

k ð4Þ

which is proportional to the number of paramagnetic
centers giving a resonance absorption at BRes.

As the resonance curves of each individual
magnetic center have their own intrinsic line shape
and width for powder systems, the line width and
line shape characteristics of spectra are analyzed in
detail by EPR spectroscopy. These curves reach to
their maximum at the resonance field BRes. That is,
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regardless of how far it is from the exact resonance
field, BRes, any center can give absorption at any field
even if it becomes undetectable experimentally. The
contribution from any center to the whole absorption
line at any field depends on the intrinsic line width.
Therefore, we used an equation that is both MI and
angle dependent to obtain a theoretical fit for the line
width characteristic of the lines [38, 40]

L ¼ WeffðuÞ þ BeffðuÞMI þ CM2
I ð5Þ

where L is the line width and Weff, Beff and C are the
coefficients. Weff and Beff are expanded due to their
angular dependence as

Weff ¼ W2
k 2 W2

’

	 

cos2uþ W2

’

� �1=2
;

Beff ¼ aðb 2 cos2uÞ

ð6Þ

where a is in terms of Gauss and takes any real value
(plus or minus), and b is a unitless value between 0
and 1.

An angular-dependent Ceff(u) value can be used to
fit the experimental data, but for the simulations we
did not need it because of the less effective role of the
C parameter when it is compared with the other
coefficients.

X-band EPR signals taken from VO(acac)2 before
coordination and from [VO(acac)2]8MgPyPz supra-
molecules in chloroform solution with simulated
spectra are shown in Fig. 6. The signals show eight
well-resolved hyperfine peaks as expected due
to interaction between the electronic spin of
the magnetic electron and the nuclear spin of

the V4þðI ¼ 7=2Þ ion. Hyperfine lines do not show
symmetrical character that is line width and
amplitude of every peak changes from the low-
field to the high-field region. Varying shifts from a
constant hyperfine splitting (A0) value between each
transition line are also observed.

The experimental VO(acac)2 spectrum and the
theoretical fit studies prove that very significant line-
narrowing effects are valuable for the hyperfine
peaks. The reason for the line-narrowing effects must
be the decreasing amount of dipolar interaction
between the magnetic moments of the atom and the
electron. As the chloroform solution increases
the average separation between the magnetic ions,
the dipolar effects get weaker and under these
conditions line-narrowing effects can be expected.

In Fig. 5, the two experimental spectra recorded
from VO(acac)2 and the supramolecule show very
similar characteristic line shapes. A similar approach
is useful for their spin Hamiltonian and line width
parameters. In particular, when we compare the
spectra of the supramolecule in powder (Fig. 5) and
in solution forms, a significant change is seen on
going from anisotropic to isotropic behavior. In
chloroform solution, this behavior is due to the faster
random (rotational) motion of VO(acac)2-coordi-
nated MgPyPz molecules compared to the micro-
wave frequency. Consequently, a microwave photon
sees magnetic energy splitting averaged out over the
solid angle of the spins with respect to the external
field; that is, magnetic parameters like g and A show
themselves as if they are isotropic. Thus, in solution,
the spectrum has isotropic parameters as shown in
Fig. 6, in contrast to the anisotropic parameters for
the solid powder form.

The Hamiltonian describing the isotropic Zeeman
and isotropic hyperfine interaction with second-
order corrections [38], respectively, can be written as

Hiso ¼ gbeBS þ A0SI þ A2
0=ð2gbehf Þ

� IðI þ 1Þ þ M2
I

� �

MI ¼ 2I;2I þ 1; . . .;21 þ I;þI

ð7Þ

The main purpose of this EPR study of a
nonanuclear supramolecular compound is to prove
the coordination of VO(acac)2 through peripheral
pyridine donors. When we compare the spectra
taken from VO(acac)2 itself and supramolecular
porphyrazine, the axially symmetric character is not
seen in the spectra recorded for VO(acac)2 powder
form in Fig. 5. From the literature, it is well known
that VO(acac)2 has square pyramidal geometry and
V4þ is not in an octahedral site [41]. In the
supramolecular complex, VO(acac)2 molecules attain
an octahedral geometry and uniaxial symmetry
is exactly provided when the molecules are

FIGURE 6 X-band EPR spectra of VO(acac)2 and the
supramolecular complex compound in chloroform solution at
room temperature.
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coordinated to MgPyPz. Here, it is possible that there
may be some uncoordinated VO(acac)2 groups. The
theoretical fit studies carried out by using the
Hamiltonian Eq. (2) shows that this consideration is
not valid due to the disappearance of dipolar
interactions, which must be the result of significant
separation of the coordinated VO(acac)2 groups from
the peripheral pyridine units. If a significant number
of VO(acac)2 groups were not coordinated, we would
record a similar intensive single peak without
hyperfine lines as observed for the uncoordinated
VO(acac)2 molecule.

The theoretically best-fit EPR and line width
parameters are given in Tables I and II, respectively.
Table I shows that the spin Hamiltonian parameters
A and g are in agreement with the values generally
observed for vanadyl complexes with square
pyramidal geometry [40]. There is a trend that gk ,

g’ , ge; indicating the presence of an unpaired
electron in the dxy orbital [42]. It is understood from
Table I that for an unpaired electron this trend still
continues due to the octahedral geometry in the
VO(acac)2-coordinated supramolecule.

In Table I, the isotropic g and A0 parameters are
estimated as average values for powder molecules
given in rows 1 and 3. We have calculated their
values from Eqs. (8) and (9).

g ¼ ðgk þ 2g’Þ=3 ð8Þ

a0 ¼ ðak þ 2a’Þ=3 ð9Þ

The best fits of all theoretical EPR spectra with
experimental signals have been obtained by using
the Lorentzian line shape function according to the
results taken by using the Gaussian line shape
function and all computer simulation programs have
been written by Matlab.

In summary, we can say that both spectral and EPR
analysis results confirm the presence of identical
pyridine-coordinated VO(acac)2 paramagnetic cen-
ters attached to the peripheral positions of the
MgPyPz core.

Conclusion

A convenient synthetic route to the substitution of
the porphyrazine core with eight pyridyl moieties
bridged through flexible ethylthio ester units has
been accomplished. It has also been shown that these
pyridyl groups can be either quaternized to yield
octacationic porphyrazines or capped with
VO(acac)2 complexes to prepare a nonanuclear
supramolecular product. Work on the interaction of
the octacationic products with DNA molecules is
under way.

EXPERIMENTAL

All reagents and solvents were of reagent grade and
used as received. EPR spectra were recorded by a
conventional X-band ðn ¼ 9:5–9:85 GHzÞ Bruker
EMX spectrometer using an ac magnetic modulation
technique. FTIR measurements were performed with
a KBr disk with a Mattson Genesis II FTIR
spectrophotometer, UV–visible measurements were
carried out with Unicam double-beam spectro-
photometer, elemental analysis by a Carlo Erba
1106 instrument, and 1H NMR measurements were
carried out in DMSO-d6 or CDCl3 using a Bruker AC-
250 MHz instrument. Octakis(hydroxyethylthio)por-
phyrazinato magnesium, MgOHPz, was synthesized
according to the procedure given in the literature
[33, 34].

Octakis(4-pyridoxyethylthio)porphyrazinato
Magnesium, MgPyPz

A mixture of MgOHPz 0.5 mmol (472 mg), DCCI
12 mmol (2.472 g), p-TSA 0.5 mmol (0.095 g) and
pyridine 4-carboxylic acid (isonicotinic acid)
12 mmol (1.476 g) was stirred in 40 ml dry pyridine
for about 7 days at ambient temperature under a
nitrogen atmosphere. Dicyclohexylurea byproduct
and unreacted pyridine 4-carboxylic acid were

TABLE I EPR parameters for VO(acac)2 and the supramolecular complex

g’ gk G a’ (G) ak (G) a0 (G)

VO(acac)2 in powder form 1.993 1.980 1.9867 – – dA ¼ 60
VO(acac)2 in solution form – – 1.9960 – – 105.5
VO(acac)2-coordinated supramolecule in powder form 1.998 1.963 1.9863 65 176 102
VO(acac)2-coordinated supramolecule in solution form – – 1.9980 – – 105

TABLE II Line width parameters for VO(acac)2 and the supramolecular complex

Beff (G) W (G) W(G) W` (G) C (G)

VO(acac)2 in powder form 0 – 20 225 0
VO(acac)2 in solution form 21.7(0.9 2 cos2u) 14 – – 1
VO(acac)2-coordinated supramolecule in powder form –5 cos2u) – 35 33 0.5
VO(acac)2-coordinated supramolecule in solution form 21.5(1 2 cos2u) 14.5 – – 1.1
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precipitated and filtered off and the dark green
filtrate was evaporated to dryness under reduced
pressure. The crude product was stirred in a mixture
of 1:1 ethanol–cyclohexane (v/v) for 2 days at 0 8C to
remove the remaining dicyclohexylurea. Further
purification was achieved by column chromato-
graphy on silica gel with CHCl3/methanol (3/1) as
eluent. Yield: 285 mg, 35%. 1H NMR (250 MHz,
CDCl3): d/ppm: 4.39 (t, 2H, SCH2 J ¼ 4:39 Hz), 4.81
(t, 2H, OCH2 J ¼ 5:09 Hz), 7.43 (d, 2H, py
J ¼ 5:18 Hz) and 8.17 (d, 2H, py J ¼ 5:55 Hz).
UV/vis (CHCl3), lmax=nmð1 £ 104=M21 cm21Þ :
372(10.7), 672 (9.7). FAB-MS 1788 ðM þ 2Þþ: Anal.
Calc. for C80H64O16S8Mg(%): C, 53.79; H, 3.61; N,
12.55. Found: C, 53.62; H, 4.07; N, 12.21. n(KBr) cm21:
3050 (CH, py), 2945–2960 (CH), 1727 (CvO), 1284
(CZO).

Metal-free Porphyrazine, H2PyPz

MgPyPz (0.1 mmol, 178 mg) was dissolved in 5 ml of
6 M H2SO4 at 0 8C and stirred at this temperature for
1 h. Then the reaction mixture was added dropwise
into 20 g crushed ice. The resultant mixture was
neutralized first with ammonia solution (25%) and
then with 1 M NaOH. The precipitated product was
filtered off, washed with water and then dissolved in
chloroform. The chloroform solution was dried over
anhydrous sodium sulfate, filtered and evaporated
to dryness to give purple colored metal-free
porphyrazine. The crude product was purified by
column chromatography (silica gel, chloroform/-
methanol 1:10). Yield: 120 mg, 85%. 1H NMR
(250 MHz, CDCl3): d/ppm: 21.9 (broad s, NZH),
4.41 (t, 2H, SCH2 J ¼ 4:48 Hz), 4.87 (t, 2H, OCH2

J ¼ 5:14 Hz), 7.41 (d, 2H, py J ¼ 5:25 Hz) and 8.23 (d,
2H, py J ¼ 5:63 HzÞ: UV/vis (CHCl3), lmax=nmð1 £

104=M21 cm21Þ : 372(7.2), 640(5.2), 704(6.3). Anal.
Calc. for C80H66N16O16S8(%): C, 54.45; H, 3.70; N,
12.56. Found: C, 54.62; H, 3.87; N, 12.41. n(KBr) cm21:
3293 (NZH), 3050 (CH, py), 2945–2960 (CH), 1727
(CvO), 1284 (CZO).

Octacationic Porphyrazine, QMgPyPz

A mixture of 0.1 mmol (178 mg) of MgPyPz and
25.6 mmol (1.6 mL) of iodomethane was stirred in
(20 mL) dichloromethane at room temperature for
24 h under nitrogen in the dark [36]. The precipitate
formed was separated from the almost colorless
solution by decantation. The solid product was
washed several times first with cold dichloro-
methane and then with diethyl ether. Yield: 140 mg,
68%. 1H NMR (250 MHz, DMSO-d6): d/ppm: 4.29 (s,
CH3), 4.44 (t, 2H, SCH2 J ¼ 4:53 HzÞ; 4.91 (t, 2H,
OCH2 J ¼ 5:23 HzÞ; 7.41 (d, 2H, py J ¼ 5:27 HzÞ and
8.23 (d, 2H, py J ¼ 5:65 HzÞ: UV/vis(H2O),
lmax=nmð1 £ 104=M21 cm21Þ : 374(7.8), 674(4.7).

Anal. Calc. for C88H88N16O16S8Mg(%): C, 55.40; H,
4.62; N, 11.75. Found: C, 55.62; H, 4.87; N, 11.88%.
n(KBr) cm21: 3050 (CH, py), 2945–2960 (CH), 1727
(CvO), 1284 (CZO).

Nonanuclear Supramolecular Porphyrazine,
[VO(acac)2 4-PyCOOCH2CH2S]8MgPz

A mixture (1:10 ratio) of 0.1 mmol of MgPyPz
(178 mg) and 1 mmol (265 mg) of VO(acac)2 was
refluxed in (40 mL) chloroform for 6 h. The reaction
was monitored by TLC (silica; 1/50
MeOH/CHCl3). When the solvent was removed, a
green, crude product was obtained. During the
purification process by column chromatography on
silica gel, any unreacted VO(acac)2 was first
eliminated by using MeOH/CHCl3 (1:50) as eluent.
Then the main product was eluted with
MeOH/CHCl3 (1:5). Yield: 250 mg, 75%. Anal.
Calc. for C160H176N16O56S8V8Mg(%): C, 49.19; H,
4.54; N, 5.74. Found: C, 49.23; H, 4.06; N, 5.97%.
UV/vis (CH2Cl2), lmax=nmð1 £ 104=M21 cm21Þ :
372(5.3), 672(4.4). n(KBr) cm21: 3050 (CH, py),
2945–2960 (CH), 1727 (CvO), 1284 (CZO), 1527
and 1373 (acac), 995 (VvO).

EPR Measurements

The powder and chloroform solution forms of
VO(acac)2, MgPyPz and the nonanuclear supramo-
lecular compound were investigated by EPR at room
temperature.
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