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A metal-free phthalocyanine (H,Pc) containing four diazadithiamacrocycles a with 2-pyridinyl methyl
groups attached was synthesized via cyclotetramerization of 4,5-bis{2-[13(2-pyridinylmethyl)-1,
9-dithia-5,13-diazacyclohexadecanyl-5]ethyl} thiophthalonitrile in the presence of DBU as a strong
organic base. New compounds were characterized by a combination of elemental analysis, 'H NMR,
13C NMR, IR, UV/vis, and MS spectral data.

© 2013 Elsevier Ltd. All rights reserved.

Phthalocyanines and related compounds have diverse optical,
electronic, and co-ordination properties and have attracted consid-
erable attention.! Phthalocyanine chemistry has undergone a
renaissance as these compounds and their derivatives exhibit sin-
gular and unconventional properties. Their interesting applications
include: Langmuir-Blodgett films, electrochromic display devices,
gas sensors, liquid crystals, nonlinear optics, and photodynamic
therapy (PDT).2 Unsubstituted phthalocyanines are colored materi-
als, but they are not generally soluble in common organic solvents.
However, substitution of the peripheral positions of the phthalocy-
anines with appropriate functional groups improves their solubil-
ity and increases their effectiveness in many applications.> When
functional groups such as sulfonates, carboxylates, and quatern-
ized amino or pyridine groups are attached to the peripheral posi-
tion of the phthalocyanine structure, the solubility of such
compounds can be improved significantly in protic solvents.*

The synthesis of relatively small sized macrocycles such as N4
and S, donor sets has been well examined.® In contrast, sulfur
and nitrogen mixed donor macrocycles have been less studied.®
A significant advantage of these types of macrocycles is their abil-
ity to behave as selective metal extraction agents for soft metal
cations such as cadmium, mercury, and silver, and as models for
the active sites of some enzymes.” N-Functionalization of these
macrocycles may enhance their metal-ion selectivity and the
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stability of metal complexes depending on the coordination prop-
erties of the pendant arms. Additionally, macrocyclic complexes
with pendant arms have shown interesting properties as probes
and model molecules in biochemical processes. Metal complexes
with pendant-armed mixed-donor macrocyclic ligands have been
designed as models of electron transport and activation in biolog-
ical systems, and as chemical models of hydrolytic metalloen-
zymes. Such compounds may have various photochemical
applications, for example, the photocatalyzed reduction of CO,
and/or the removal of industrial pollutants like sulfides. Moreover,
N-pyridyl derivatives of macrocyclic compounds and their com-
plexes are soluble in organic media, and they mediate effective
membrane transport of alkaline-earth and some transition metal
cations.®

In our laboratory, we have focused on the synthesis of mixed-
donor macrocycles connected to a tetrapyrrolic skeleton. Consider-
ing that introduction of a pyridine moiety to the macrocyclic back-
bone is expected to increase the stereochemical rigidity of the
resulting complexes, to provide functionalization toward specific
targets, we decided to study a metal-free phthalocyanine in which
are attached 16-membered mixed-donor macrocycles with pen-
dant pyridine moieties. The combination of the two different
groups is expected to result in co-ordination of transition metal
ions (Scheme 1).

Reaction of 2 equiv of 3-chloro-1-propanol (1) and Na,CO3; with
2-(aminomethyl)pyridine (2) in dry acetonitrile at reflux
temperature under a argon atmosphere for five days afforded
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Scheme 1. The synthesis of pendant-armed 16-membered mixed donor (N,S;) macrocycle 7.

3,3'-(pyridin-2-ylazanediyl)bis(propan-1-ol) (3)° in ca. 82% yield.
The EI mass spectrum of 3 exhibited a molecular ion peak at m/
z =225 [M+1]*, which supported the structure. The 'H NMR spec-
trum of 3 showed signals due to aromatic, OCH,, and OH protons
at 6 8.41-7.08, & 3.90-3.47, and ¢ 4.82, respectively. The >C NMR
spectrum of the same compound clearly indicated the presence
of pyridine, pyridine-connected CH,, NCH,, and OCH, resonances
at & 159.72-123.06, § 52.87, § 60.05, and ¢ 62.19, respectively.
The absence of NH, and the presence of OH stretching vibrations
in the IR spectrum also confirmed the formation of 3. The conver-
sion of 3 into the mercapto derivative 4'° was achieved in 26%
yield by reaction with thiourea and fuming HCI at reflux tempera-
ture for 20 h, followed by cooling to room temperature, dropwise
addition of 12 M KOH solution and then refluxing for 3 h. Product
4 displayed the expected molecular ion peak at m/z =257 [M+1]".
In the 'H and '3C NMR spectra of 4, the characteristic resonances
of the aromatic protons and carbons were very similar to those
of 3. The signal at § 2.60 corresponding to the H,C-SH protons
was identified easily by deuterium exchange. The proton-decou-
pled 3C NMR spectrum of this compound showed resonances
due to the H,C-SH groups at 6 30.98. The stretching vibrations at
2544 cm™! representing SH groups in the IR spectrum of this com-
pound also confirmed the formation of 4.

Treatment of 4 with diiodide 5'' in dry DMF in the presence of
Cs,CO3 using a high dilution technique resulted in the formation
of the desired diazadithiamacrocycle 6'2 in 64% yield, the structure
of which was confirmed by elemental analysis and from spectral
data. This compound contained a tosyl moiety as was substantiated
by the two characteristic doublets at 6 7.65 and ¢ 7.30 in the 'H NMR
spectrum. The resonances belonging to the SH protons in the pre-
cursor compound 4 were absent after the macrocyclization reaction,
as expected. The molecular ion peak at m/z = 508 [M]" together with
appropriate ion fragments were in good accord with the suggested
structure. The detosylated macrocycle 7' was prepared in 62% yield
by reaction of 6 with excess LiAlH,4. After removal of the tosyl group
from 6, the NH group was observed in the '"H NMR spectrum at §
1.58.%¢ The proton-decoupled '3C NMR spectrum of this compound
displayed characteristic signals of the product. The disappearance of
the stretching vibration of the tosyl group at 1596 cm~! and the
presence of N-H absorptions at 3296 cm™~' in the IR spectrum of 7
also confirmed that detosylation had occurred. A molecular ion peak
was observed at m/z = 354.20 [M+1]" in the mass spectrum.

Macrocycle 7 was reacted with phthalonitrile 8'* in the
presence of K,COs in refluxing dry acetonitrile to give the corre-
sponding dicyano compound. Purification by column chromatogra-
phy [silica gel (chloroform)] afforded 9'° in 68% yield, for which
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Scheme 2. Synthesis of the metal-free phthalocyanine (H,Pc).

elemental analysis and ESI mass spectral data were satisfactory:
951.41 [M+1]". In the IR spectrum of 9, an intense stretching vibra-
tion at 2229 cm~! corresponded to the C=N groups. A singlet at ¢
7.53 and multiplet at 6 2.77 in the 'H NMR spectrum corresponded
to the tetrasubstituted aromatic group and the SCH, groups,
respectively. The carbon resonances belonging to the phthalonitrile
group at § 136.36, 6 127.48, 6 115.41, and ¢ 112.64 were in agree-
ment with the target compound (Scheme 2).

Condensation of four moles of phthalonitrile 9 to give the metal-
free phthalocyanine HoPc'® was carried out in dry pentanol in the
presence of the nonnucleophilic base, DBU.!” The metal-free phtha-
locyanine was obtained in 11% yield, as a dark green solid, after puri-
fication by column chromatography [silica gel (chloroform)]. In the
IR spectrum of this compound, a diagnostic feature of the formation
of HyPc from 9 was the disappearance of the sharp C=N signals and
the presence of C=N stretching vibrations at 1641 cm~'. The 'H
NMR spectrum of the symmetric metal-free phthalocyanine exhib-
ited characteristic chemical shifts for the pendant arms and the
macrocyclic moieties. This spectrum closely resembled that of the
precursor 9, as expected. The deuterium exchangeable inner core
protons could not be observed in the 'TH NMR spectrum of H,Pc
due to the high aggregation ability of this type of compounds.'® In
the 13C NMR spectrum of H,Pc, a resonance was observed at ¢
155.27 corresponding to the C=N groups.

The UV/vis absorption spectra of a solution of H,Pc in chloro-
form, DMF, and DMSO at room temperature are given in Figure
1. The split Q-band, which is characteristic of a metal-free phthalo-

cyanine derivative was observed at . =727 and 703 nm due to
an electronic transition from the t-HOMO to the n*-LUMO energy
level.'® This intense Q-bands in compound H,Pc indicated a
monomeric species with D,, symmetry.?® The H,Pc absorption
spectrum showed the expected splitting of the band at 727 and
703 nm, which can be attributed to the monomeric species of this
compound.?! The split Q-band absorptions in chloroform are due
to the m — m* transition of this fully conjugated 187 electron
system.?? The lower energy (red-shifted) band at 670 nm was
due to the monomeric species. The metal-free phthalocyanine
did not show significant aggregation behavior in CHCls, but it
exhibited a small amount of aggregation in DMF and somewhat
more in DMSO than DMF due to the coordination ability of these
solvents,?® as judged by the broadening and blue-shifting of the
Q band. The presence of strong absorption bands in the UV region
at Ama = 347 nm was indicative of the Soret band due to electronic
transitions from deeper w — 1* levels.

In conclusion, we have reported the synthesis of metal free
phthalocyanines bearing eight 16-membered N,S, each with an
N-pyridin-2-ylmethyl substituent. This compound is promising as
selective metal extractant. The synthesized molecule possesses a
versatile funtionalization pattern for further coupling to a wide
range of derivatives. Despite its strong hydrophobicity, it could
be dissolved in water for biological investigations. Based on the
results presented in this Letter, we are now designing metal
extraction studies and related derivatives with improved
hydrophilicity.
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Figure 1. UV/vis spectra (1 x 10~> M in CHCl5;, DMF, and DMSO) of H,Pc.
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