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Between tetrapyrrole macrocycles, porphyrazines show both special physical and chemical
properties as metal free and transition metal complexes. Many new studies have demonstrated
effective coordination chemistry, great chemical, thermal, and photochemical stability, as
well as technological applications to this macrocycle. In the work, it has been planned to
synthesize asymmetric porphyrazine having seven ethylsulfanyl groups and one bromine
by using a different method. In this way, asymmetric(ethylsulfanyl) porphyrazines were
synthesized by replacing one ethylsulfanyl-alkyl chain on macrocycle with a hydrojen
atom. The bromination of this product has resulted monobromoporphyrazine derivative.
Thermal analysis of the compounds were done by differential scanning calorimetry
(DSC) and thermal gravimetric analysis (TGA) (between 50-1200°C). The structures of
these compounds were characterized by using UV, FT-IR, MS, 'H NMR, elementel
analysis.
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INTRODUCTION

Porfirazines can be viewed as porphyrin analogues, with
meso nitrogen atoms replacing the meso carbon atoms [1].

to optical, magnetic and conductive materials for nano-
technology, electrophotography, optical data recording

Porphyrazines are molecules with high delocalised elec-
tronic structure in which the four aza bridges are present
between four pyrrole moieties. The electronic spectrum of
these molecules has been analysed from a theoretical point
of view only in few works [2-5].

Porphyrazines have been investigated as sensitizers for
photodynamic therapy [6], metal ion probes [7], precursors
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systems, electronic devices, photovoltaic cells, fuel cells,
and electrochromic displays [8-12]. Metalloporphyrazines
(MPzs) with an extended delocalized 18 m-electron con-
jugated macrocyclic system, which exhibit high thermal
stability, chemical reactivity, and unique electrochemi-
cal performance, are usually used as photo- and electro
catalyst [13].
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Porphyrazines are molecules with a highly delocalized
electronic structure in which the four pyrrole units are
linked each other by four aza bridges. Porphyrazine systems
and their metal complexes are known to exhibit adaptable
physical (e.g. electronic, optical, magnetic and redox) prop-
erties for construction of various molecular architectures
[14-18]. If the starshaped functionalization of the central
core is required for molecular construction, those sym-
metrical octakis planar tetrapyrrole derivatives with eight
periferal positions are well known candidates. Functional
groups fused to the peripheral positions of porphyrazines
are investigated more intensely because of their high solu-
bilities in many organic solvents than those of phthalocya-
nines [19,20].

The octakis(alkyl)sulfanylporphyrazine ring may be
easily modified by synthetic means, allowing the arrange-
ment of the structural and optical properties of the aza-
porphyrin ring. Such structural flexibility makes these
derivatives appropriate to research in detail the molecular
self-organizing phenomena of tetrapyrroles with the intent
to find the relationship between the molecular structure
and the occurrence of mesophases, with possible applica-
tions in opto-electronic technology [21].

The International Confederation for Thermal Analysis
and Calorimetry (ICTAC) defines thermal analysis (TA)
as a group of techniques that vary the physical or chemical
properties of a sample with monitor time subject to a tem-
perature program.

Thermogravimetric analyzers (TGA) monitor and
record sample mass, time, and temperature. The tempera-
ture program can include heating, cooling, isothermal
holds, or a combination of them [22]. The analyzer consists
of a temperature programmer and control-thermo-balance,
a precision micro-balance connected to a sample pan in an
oven. The balance weighs the sample in a closed furnace
[23].

The most widely used techniques are DTA (Differantiyel
Thermal Analysis), TGA (Thermogravimetric Analysis) and
DTG (Derivative Thermogravinetry), which give the most
accurate results on the composition of the substance. TGA
is a simple analytical technique that measures the tempera-
ture of the material as a loss of mass in function, taking the
measurement of its weight. Based on the TGA curves it is
possible to determine how the weight of the sample changes
with the effect of thermal energy. There are generally three
regions in TGA curves: the weight gain region, the weight
decrease region, and the horizontal region where weight
remains constant. In terms of thermoanalytical applica-
tion, the horizontal regions of the TGA curves are the most
important parts, especially when controlling the stability of
a compound.

In the work, it has been planned to synthe-
size symmetric and asymmetric (ethylsulfanyl) por-
phyrazine by using a different method. In this way,
asymmetric(ethylsulfanyl) porphyrazines synthesized by

replacing one ethylsulfanyl-alkyl chain on the macrocycle
with a hydrojen atom. The bromination of this product
has resulted the synthesis of monobromoporphyrazine
derivative (8). Thermal analysis of the compounds were
done by differential scanning calorimetry (DSC) and
thermal gravimetric analysis (TGA) was performed
between 50-1200°C. The structures of these compounds
were characterized with UV, FT-IR, MS, '"H NMR, ele-
mentel analysis [24, 25].

MATERIAL AND METHODS

Materials

All chemicals were reagent grade from Merck and Fluka.
Solvents in reactions were distilled from appropriate drying
agents prior to use and commercially available reagents were
used without further purification unless otherwise stated.
Flash column chromatography was carried out using silica
gel 60 (0.04-0.063 mm) from Merck. Dithiomaleonitrile
disodium salt, 1,2-bis ethane thio maleonitril salt were
prepared according to the previously reported procedures
[26]. 2,3,7,8,12,13,17,18- octakis(ethylsulfanyl)- 5,10,15,20
porfirazinato magnesium(II) was prepared according to ref.
[27]. 2,3,7,8,12,13,17,18- octakis(ethylsulfanyl)-5,10,15,20-
21H,23H porphyrazine was prepared according to ref. [28].
2,3,7,8,12,13,17,18- octakis(ethylsulfanyl)- 5,10,15,20 por-
firazinato nickel(II) was prepared according to the pro-
cedure reported in ref. [29] for the synthesis of similar
nickel(II) (alkylsulfanyl)porphyrazines. 2,3,7,8,12,13,17,18-
octakis(ethylsulfanyl)- 5,10,15,20 porfirazinato zinc(II) was
prepared according to ref. [30, 31].

EQUIPMENT

FT-IR spectra were recorded on a spectrum one
Perkin Elmer FT-IR spectrophotometer using KBr pellets.
Absorption spectra in the UV-Visible region were recorded
with a Shimadzu 2001 UV spectrophotometer. 'H NMR
spectra were recorded in CDCI, solutions on a Varian
500 MHz spectrometer. Elemental analyses were obtained
with a Thermo Flash EA 1112 Series. The mass spectra
were acquired on a Bruker Daltonics (Bremen, Germany)
MicroTOF mass spectrometer equipped with an electron-
spray ionization (ESI) source. The instrument was operated
in positive ion mode using a m/z range of 50-3000. GC/
MS spectra were acquired on aAgilent Technologies 6890
N Network GC System, Agilent 5973 inert Mass Selective
Detector. TGA-DSC spectra were recorded on a TA SDT
600 Series.

SYNTHESIS

1,2-Bis ethane thio maleonitril (2):
1.6 g (15 mmol) of dithioomaleonitrile disodium salt
are dissolved in methanol. It was cooled in an ice bath
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at 0°C. Methanol containing bromoethane (1.28 mL) is
dropped onto it. Remove the ice bath and stir at 25 C for
24h. It is kept at -20 °C for 24 h. The dark brown substance
formed by the removal of methanol is dissolved in chloro-
form. Wash with distilled water and filter over Na,SO,. It
is left to stand again for CHCI, to be removed. The prod-
uct obtained is purified by column chromatography. Yield:
1.60 g, 47.0 %. CH, )N,S, FT-IR (KBr), v/cm™ : 2872 (ali-
phatic CH,), 2969 (aliphatic CH,), 2209 (C?N). GC-MS:
198.3 g/mol.

2,3,7,8,12,13,17,18- Octakis(ethylsulfanyl)- 5,10,15,20
porfirazinato magnesium(II):

Mg turnings (0.0388 g, 1.58 mmol) and a small I, crys-
tal were refluxed in n-propanol (20 ml) for about 12 h to
obtain Mg(BuO),. 1,2-bis(ethane thio)maleonitrile (0.47 g,
2.37 mmol) was added to the this solution and the mix-
ture was refluxed for about 24 h. The blue-green product
was filtered, washed with ethanol and water and dried.
The crude product was dissolved in CHCI, and filtered.
The CHCI, solution was dried over anhydrous Na,SO,.
When the solvent was evaporated, dark bluegreen product
was obtained. Finally, pure porphyrazine was obtained by
chromatography on silica gel using methanol/chloroform
(1:50) mixture as eluent. The product was very soluble in
chloroform, soluble in dichloromethane, acetone and tolu-
ene, but insoluble in nhexane and methanol. Yield: 4.1 g
(% 62) Calc. for C,,H, MgN,S.: C 47.01, H 4.93, N 13.71
%; Found: C 46.77, H 4.56, N 13.35 %. FT-IR (KBr), v/cm!
: 2963 and 2923 (aliphatic CH.), 1626 (C-N-C): UV-Vis
(CHCL) A /nm (loge/dm’mol’cm™) : 376 (4.73), 672
(4.72).

2,3,7,8,12,13,17,18- Octakis(ethylsulfanyl)-5,10,15,20-
21H,23H porphyrazine:

Pure solid magnesium porphyrazine (3)(0.78 g, 0.96
mmol) was dissolved in the minimum amount of CF,COOH
and carefully poured onto ice. The solution was then neu-
tralized with concentrated ammonia. The dark product was
then filtered. The solid obtained was washed in a separating
funnel with water until the wash was completely neutral.
The solid was then dissolved in CHCI3 and after removal
of the solvent, the crude product was chromatographed on
silica gel using chloroform as stripping fluid.

Yield: 0.45 g (59.3 %). Calc. for C_,H NS, : C 48.33,
H 5.32, N 14.09, S 32.26 %; Found: C 47.82, H 5.24, N
13.78, S 31.55 %. FT-IR (KBr), v/cm™ : 3281 (N-H), 2950
and 2918 (aliphatic CH,), 1572, 1518 (C-N-C), 1384, 1365(
C-CH,), '"H NMR (CDCL): § 4.00 (q, 16 H, SCH,), 1.50
(t, 24 H, CH)) and -1,38 (s, 2 H, NpyrrolicH). UV-Vis
(CHCL): Mnm (log €): 359 (4.71) Soret; 641 (4.51), 710
(4.64) Q bands.

General procedure for metallo porphyrazines (5-6)
0.24 g (0.13 mmol) of the free-base porphyrazine was
dissolved in CHCI, and added to the solution of 0.23 g (1.3

mmol) Ni(OAc),, 0.24 g (1.3 mmol) Zn(OAc), in EtOH.
The mixture was refluxed under argon for 1h. After cool-
ing to room temperature, insoluble excess metal salt was
separated by filtering. The filtrate was evaporated and the
resulting deep blue solid was purified by chromatography
on silica gel using CHCI,.

2,3,7,8,12,13,17,18- octakis(ethylsulfanyl)- 5,10,15,20
porfirazinato nickel(II) (5):

Yield: 0.053 g (73.0%). Calc. for C, ,H, NiN,S: C 45.11,
H 4.73, N 13.15, S 30.11 %; Found: C 44.59, H 4.87, N
12.69, S 28.87 %. FT-IR (KBr), v/cm™ : 2927 and 2861 (ali-
phatic CH,), 1520 (C-N-C): UV-Vis (CHCL))  _ /nm (loge/
dm’®mollcm™) : 665 (4.18).

2,3,7,8,12,13,17,18- Octakis(ethylsulfanyl)- 5,10,15,20
porfirazinato zinc(II) (6):

Yield: 0.036 g (42%). Calc. for C_H, ZnN.S : C 45.09, H
4.73,N 13.14, S 32.04 %; Found: C 45.55, H 4.24, N 13.48 %.
FT-IR (KBr), v/cm™ : 2927 and 2854 (aliphatic CH,), 1525
(C-N-C): UV-Vis (CHCL,) A__ /nm (loge/dm’mol’cm™) :
334 (4.32), 645 (4.45).

2H-3,7,8,12,13,17,18- Heptakis(ethylsulfanyl)
5,10,15,20-21H,23H porphyrazine (7):

Metal free porphyrazine (4) (0.30 g, 0.38 mmol) and
CrCl, (0.120 g, 0.98 mmol) were refluxed in 5:1 (v/v)
1,2,4-trichlorobenzene (TCB)-n-BuOH (18 cm® ) under
N,. The dark blue colored product first turns into red
and dark green after 2 hours. After 7 hours of reflux,
the solvent is removed in vacuo and purified by gradient
technique by column chromatography. With an initial
(1:1) CH,Cl,-n-hexane mixture as eluent a blue band
was collected corresponding to unchanged H2OESPz.
The next slow moving green band, containing the
desired compound, was collected using (7:3) CH,Cl,-n-
hexane as eluent. The solvent is removed and the prod-
uct crystallized with (9:1) CH,OH-CH,CL,. Yield: 0.15
g (23%). Calc. for C,H, NS : C 49.01, H 5.21, N 15.24,
S 30.53 %; Found: C 47.82, H 5.04, N 14.78, S 29.35 %.
FT-IR (KBr), v/cm™ : 3278 (N-H), 2921 and 2866 (ali-
phatic CH), 1572, 1518 (C-N-C), 1384, 1446( C-CH,),
'H NMR (CDCL,): 8 4.20-3.50 (q, 16 H, SCH,), 1.49
(t, 24 H, CH,) and -1,29 (s, 2 H, NpyrrolicH). UV-Vis
(CHCL): AM/nm (log €): 352 (4.69) Soret; 637 (4.45), 703
(4.55) Q bands. Calc. 735.13 g / mol; Found: 735.16 g/
mol.

2-Bromo -3,7,8,12,13,17,18- heptakis(ethylsulfanyl)
5,10,15,20-21H,23H porphyrazine (8):

0.1 g of (7) (0.075 mmol) is dissolved in CHCI, at room
temperature. 0.02 g dry N-bromosuccinimide (0.11mmol)
dissolved in CHCI, is added. The reaction is stopped after
15 minutes and the solvent is removed in vacuo. The prod-
uct formed is purified by column chromatography 1: 1
CH,Cl,-n Hexane (product first band).Again, the solvent is
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Scheme 1. Synthetic route of a new porphyrazine with eight ethylsulfanyl group on the peripheral location.

removed in vacuo and crystallized by applying the solvent
mixture CH,OH-CH,CI (9: 1).
Yield: 0.028 g (70.0 %). Calc. for C, H,_BrN.S,

C 44.22, H 4.58, N 13.76, S 27.57 %; Found: C 43. 91
H 4.17, N 13.25, S 26.95. FT-IR (KBr), v/cm™ : 3282
(N-H), 2921 and 2865 (aliphatic CHZ), 1572,1518 (C-N-
C), 1438( C-CH,), 'H NMR (CDCl,): § 4.01 (q, 16 H,
SCH,), 1.49 (t, 24 H, CH,) and -2.0 (s, 2 H, NpyrrolicH).
UV-Vis (CHCL,): A/nm (log ¢): 358 (4.52) Soret; 637
(4.37), 704 (4.22) Q bands. Calc. 814.13 g / mol; Found:
815.2 [M+].

RESULTS AND DISCUSSION

Synthesis and characterization

The synthetic route followed in this work is shown in
Scheme 1. Starting from disodium salt of dithiomaleonitrile
1 in MeOH, addition of bromoethane afforded the corre-
sponding maleonitrile derivative, 2. Cyclotetramerization
of 2 on MglII(n-OBu), for 5 h afforded the ethylsulfanyl
thio-porphyrazine, 3. This product is blue-green and it is

soluble in CHCL,, CH,Cl, but insoluble in MeOH, EtOH.
The synthesized magnesium complex 3 showed char-
acteristic aliphatic CH stretching at ca. 2963 cm™. The
characteristic C=N stretch at 2209 cm'of compound 3
disappeared after conversion into magnesium porphyr-
azine. Magnesium ion removal was accomplished by treat-
ment with trifluoroacetic acid and free-base porphyrazine
4 was purified by column chromatography. FTIR spectra
of the purple-coloured metal-free porphyrazine 4 are seen
at 3231 cm™ of the N-H stretching vibration of the inner
core.

The metallo porphyrazine was easily prepared by inser-
tion of the anhydrous metal salts in a mixture of CHCI,
and EtOH. Compounds 5 and 6 was also soluble in CHCIL,
CH,CL, but insoluble in MeOH and EtOH.

Peripherally = octa-substituted  complexes  were
observed of S-CH, protons for complexes were observed
at 4.00 ppm range for 3 and 4 integrating for 16 protons.
The CH, protons for complexes were observed at 1.15
ppm for 3 and 4 integrating for 16 protons. Metal-free
derivative 4, of protons in the inner core of porphyrazines
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Figure 2. Mass Spectrum of Compound 7.

are screened by aromatic  electrons of the macrocycle,
so they appeared at -1.38 ppm in the '"H NMR. The mass
spectra of compounds 1 and 7 gave the characteristic
molecular ion peaks at m/z: 198.3 [M] and 735.16 [M]
respectively, confirming the proposed structures (Figure
1 and Figure 2) using Compound 2 and 7 as example).

The structures of newly synthesized compounds were
verified by FTIR, '"H NMR, UV-Vis and MALDI-TOF MS
spectroscopic methods, as well as by elemental analysis.
The characterization data of compounds are consistent
with the assigned formula as shown in the experimental
section.
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Ground state electronic absorption

Electronic spectra are especially useful to establish the
structure of the porphyrazines. UV-Vis spectra of por-
phyrazine core are dominated by two intense bands, the
Q band around 660 nm and the B band in the near UV
region of around 355 nm, both correlated to n?n* tran-
sitions [32, 33]. The presence of an electron donating
group on the periphery causes a bathochromic shift on Q
bands. UV-Vis spectra of Mg-porphyrazine (3 in CHCL,)
prepared in the present work exhibited intense single Q
band absorption of the n?m* transitions around 672 nm
and B bands in the UV region around 376 nm. For metal-
free derivative (4 in CHCL,)), Q band is splitted into two
peaks at 641 and 710 nm as a consequence of the change
in the symmetry of porphyrazine core from D, (in the
case of metallo derivatives) to D, and B bands in the UV
region 359 nm. The electronic spectra of porphyrazine
compounds 3, 4, 6, 7 and 8 are given in Figure 3, Figure
4, Figure 5, Figure 6 and Fig. 7 respectively. The broad-
ening observed in Q and B bands of the both metal-free
and metalloporphyrazines is attributed to n?m* transition
of the non-bonding electrons associated with peripheral S
and N atoms [34].

DSC-TGA ANALYSIS

Thermal properties of the compound 3, 4, 5, 6, 8 were
investigated by TGA-DSC. Thermo gravimetric (TGA) and
differential scanning calorimetric (DSC) curves for the
compounds are presented in Graphic. 1-5. Compounds
were heated from 50°C up to 1200°C.

Compound of 3 DSC-TGA analysis:

The TGA curve of the compound 3 shows five decom-
position steps in the temperature range from 50-1200°C
and is thermally stable up to 154°C. Compound 3 start
to decompose at 154°C. The first step shows to the loss of
the one water (% 2.14, endothermic) molecule within the
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Graphic 3. TGA thermograms of compound 5.

temperature range 50-154°C. The later three decomposi-
tion steps within the temperature range 154-886°C corre-
sponds to the loss of C, H, S, (% 62, exothermic ). The mass
loss of fifth step within the temperature range 886-1200°C
is % 10.41 (exothermic). Total mass loss is %74.58 from the
beginning, there only remained organic moiety at the end

(Residue: % 25.57).

Compound of 4 DSC-TGA analysis:

The TGA curve of the compound 4 shows four
decomposition steps in the temperature range from
50-1200°C and is thermally stable up to 246°C.
Compound 4 start to decompose at 246°C. The first step
shows to the loss of the hydrated water (% 2.81, endo-
thermic) molecule within the temperature range 150-
246°C. The later two decomposition steps within the
temperature range 246-922°C corresponds to the loss of
C,H,S, (% 68, exothermic ). The mass loss of fourth
step within the temperature range 922-1200°C is %
12.23 (endothermic). Total mass loss is %83.39 from the
beginning, there only remained organic moiety at the
end (Residue: % 16.87).

Compound of 5 DSC-TGA analysis:

The TGA curve of the compound 5 shows six decompo-
sition steps in the temperature range from 50-1200°C and is
thermally stable up to 217°C. Compound 5 start to decom-
pose at 217°C. The first step shows to the loss of the two
hydrated water (% 4.93, endothermic) molecules within the
temperature range 50-217°C The later three decomposi-
tion steps within the temperature range 217-800°C corre-
sponds to the loss of C H, S, (% 56,71 exothermic). The
decomposition two steps within the temperature range 800-
1200°C correspond to the mass loss % 15.45 (endothermic)
and % 17.53 (exothermic) respectively. The total mass loses
of the decomposition steps are found to be % 94.62. The
final product at 1200°C consist of organic moiety (Residue:
% 5.38).
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Graphic 4. TGA thermograms of compound 6
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Graphic 5. TGA thermograms of compound 8.

Compound of 6 DSC-TGA analysis:

The TGA curve of the compound 6 shows six decom-
position steps in the temperature range from 50-1200°C
and is thermally stable up to 250°C. Compound 6 start to
decompose at 250°C. The first step shows to the loss of the
two hydrated water (% 3.83, endothermic) molecules within
the temperature range 100-250°C. The later three decom-
position steps within the temperature range 250-800 °C
corresponds to the loss of C H, S, (% 51,41 exothermic).
The decomposition two steps within the temperature range
800-1200°C corresponds to the mass loss % 25.86, and %
13.17 (exothermic) respectively. The total mass loses of the
decomposition steps are found to be % 94.36. The final prod-
uct at 1200 °C consist of organic moiety (Residue: % 5.64)

Compound of 8 DSC-TGA analysis:

The TGA curve of the compound 8 shows five decom-
position steps in the temperature range from 50-1200°C
and is thermally stable up to 192°C. Compound 8 start to
decompose at 192°C. The first step shows to the loss of the
one water (% 1.97, endothermic) molecule within the tem-
perature range 50-192°C. The later three decomposition
steps within the temperature range 192-675°C corresponds
to the loss of C,,H, .S Br (% 58,57, exothermic ). The mass
loss of fifth step within the temperature range 675-1200°C
is % 24.61 (endothermic). Total mass loss is % 85.25 from
the beginning, there only remained organic moiety at the
end (Residue: % 15.73).

CONCLUSION

Magnesium porphyrazine 3 substituted with eight eth-
ylsulfanyl groups on the peripheral positions have been
synthesized. The metal-free derivative 4 was obtained by
treatment with trifluoroacetic acid and its reaction with
zinc (II) and nickel (II) acetate to give products containing
the respective metal ions in the porphyrazine core 5-6. The

compounds have been characterized by elemental analysis,
FT-IR, '"H-NMR spectroscopy and mass spectra. The por-
phyrazines derived from this precursor do not show any
tendency for aggregation independent of the polarity of the
solvents used.

Thermal properties of compounds 3 and 4 were investi-
gated by determining the weight loss of a sample onto lin-
early increasing the temperature by conventional TGA from
room temperature to 1200°C under nitrogen atmosphere.

ACKNOWLEDGEMENTS

The authors dedicate this publication for the retirement
memory of Prof. Dr. Sabiha MANAV YALCIN for her valu-
able contributions.

This study was supported by Yildiz Technical University
(Project No: 2011-01-02-GEP04).

AUTHORSHIP CONTRIBUTIONS

Authors equally contributed to this work.

DATA AVAILABILITY STATEMENT

The authors confirm that the data that supports the
findings of this study are available within the article. Raw
data that support the finding of this study are available from
the corresponding author, upon reasonable request.

CONFLICT OF INTEREST

The author declared no potential conflicts of interest
with respect to the research, authorship, and/or publication
of this article.

ETHICS

There are no ethical issues with the publication of this
manuscript.

REFERENCES

[1] Kadish K, Smith KM, Guilard R (editors). The
Porphyrin Handbook. Boston: Academic Press;
2003.

[2] Baerends EJ, van Gisbergen SJA, Rosa A, Ricciardi
G. The optical spectra of NiP, NiPz, NiTBP, and
NiPc: Electronic effects of meso-tetraaza substi-
tution and tetrabenzo annulation. ] Phys Chem A
2001;105:3311-3327. [CrossRef]

[3] Nguyen KA, Pachter R. Ground state electronic
structures and spectra of zinc complexes of porphy-
rin, tetraazaporphyrin, tetrabenzoporphyrin, and
phthalocyanine: A density functional theory study.
J Chem Phys 2001;114:10757. [CrossRef]


https://doi.org/10.1021/jp003508x
https://doi.org/10.1063/1.1370064

Sigma J Eng Nat Sci, Vol. 40, No. 3, pp. 542-552, September, 2022

551

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

[13].

(14]

(15]

Guo L, Ellis DE, Hoffman BM, Ishikawa Y. ligand
substitution effect on electronic structure and opti-
cal properties of nickel porphyrazines. Inorg Chem
1996,355304—53 12. [CrossRef]

Deng K, Ding Z, Ellis DE, Michel SLJ, Hoffman
BM. Optical, magnetic, and electronic properties of
peripherally fused macrocycles: molybdocene por-
phyrazines. Inorg Chem 2001;40:1110—1115. [CrossRef]
Sakellariou EG, Montalban AG, Meunier HG,
Rumbles G, Phillips D, Ostler RB, et al. Peripherally
Metalated Secoporphyrazines: A New Generation of
Photoactive Pigments. Inorg. Chem. 41: 2182-2187,
2002. [CrossRef]

Lange SJ, Sibert JW, Barrett AGM, Hoffman BM.
Synthesis and coordination chemistry of unsym-
metrical tetraazaporphyrins containing single
oxathia- and thiacrown substituents. Tetrahedron
2000;56:7371-7377. [CrossRef]

Goslinski T, Zhong C, Fuchter MJ, Stern C, White
AJP, Barrett AGM, et al. Porphyrazines as molecu-
lar scaffolds: flexible syntheses of novel multime-
tallic complexes. Inorg Chem 2006;45:3686—3694.
[CrossRef]

Michel SLJ, Goldberg DP, Stern C, Barrett AGM,
Hoffman BM. Solitaire and gemini metallocene por-
phyrazines. ] Am Chem Soc 2001;123 4741-4748.
[CrossRef]

Hochmuth DH, Michel SL, White AJP, Williams
DJ, Barrett AGM, Hoffman BM. Ci Symmetric and
Non-centrosymmetric crystalline complexes of [60]
fullerene with octakis(dimethylamino)porphyra-
zinato-copper(II) and -nickel(II). Eur J Inorg Chem
2000;14:593-596. [CrossRef]

Koca A, Sahin M, Giil A, Uslu RZ. Electrochemical
investigation of metal-free and nickel-containing
porphyrazines carrying eight tosylaminoethylthia
groups. Monatsh Chem 2002;133:11-35. [CrossRef]
Vesper BJ, Salaita K, Zong H, Mirkin CA, Barrett
AGM, Hoffman BM. Surface-bound porphy-
razines: controlling reduction potentials of
self-assembled monolayers through molecular prox-
imity/orientation to a metal surface. ] Am Chem Soc
2004,12616653*16658 [CrossRef]

Kadish KM, Van Caemelbecke E, Royal G. In: Kadish
KM, Smith KM, Guilard R, editors The Porphyrin
Hand Book. Cambridge, Massachusetts: Academic
Press; 2000: 114.

KM. Kadish, KM. Smith , R. Guilard,. (Eds.), The
Porphyrin Hand book; Academic Press:17, 8; 114,
2000.

Erdogmus A, Koca A, Avciata U, Giil A. Synthesis,
characterization and electrochemistry of new
soluble porphyrazine complexes bearing octakis
3-methylbutylthio substituents. Z Anorg Allg Chem
2008;634:2649-2654. [CrossRef]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

Ozturk R, Guner S, Aktas B, Gul A. Synthesis, char-
acterization and EPR studies of supramolecular
porphyrazine. Supramol Chem 2005;17:233-239.
[CrossRef]

Ozturk R, Gul A. Construction of nonanuclear
supramolecular structures from simple modular
units. Tetrahedron Lett 2004;45:947-949. [CrossRef]
Coskun N, Atak O, Kilicarslan FA, Yalgin S, Giil
A. Synthesis, absorption and fluorescence spectral
mvestigation of porphyrazines with eight 2-naph-
thalenecarboxy esters. Polish ] Chem 2007;82:2039-
2047. [CrossRef]

Kiligarslan FA, Erdogmus A, Coskun N, Yal¢in S,
Giil A. Synthesis, spectral and photophysical inves-
tigation of porphyrazines with eight 3-quinolin-
ecarboxy esters. ] Coord Chem 2013;66:4316-4329.
[CrossRef]

Eichhorn H, Rutloh M, Wohrle D, Stumpe J.
Synthesis and photochemical properties of octacin-
namoylsubstituted tetraazaporphyrins. ] Chem Soc
Perkin Trans 1996;2:1801-1810. [CrossRef]

Bellec N, Montalban AG, Williams DB, Cook AS,
Anderson ME, Feng X, Barrett AGM, Hoffman BM.
Porphyrazinediols: Synthesis, characterization, and
complexation to group IVB Metallocenes. ] Org
Chem 2000;65:1774-1779. [CrossRef]

Belviso S, Amati M, De Bonis M, Lelj F. Columnar
Discotic Mesophases from Novel Non-symmetrically
Substituted (Octylsulfanyl) Porphyrazines. Mol
Cryst Liq Cryst 2008;481:56—72. [CrossRef]

Vyazovkin S, Burnham AK, Criado JM, Pérez
Maqueda LA, Popescu C, Sbirrazzuoli N. ICTAC
kinetics committee recommendations for perform-
ing kinetic computations on thermal analysis data.
Thermochim Acta 2011;520:1-19. [CrossRef]
Erdogmus A. Synthesis and thermal proper-
ties of novel maleonitriles. Sigma ] Eng Nat Sci
2016;34:153-158. [CrossRef]

Ugur AL, Dincer HA, Erdogmus A. Synthesis, pho-
tophysical and thermal studies of symmetrical and
unsymmetrical zinc phthalocyanines. Polyhedron
2012;31:431-437. [CrossRef]

Oztiirk R, Giil A. Construction of nonanuclear
supramolecular structures from simplemodu-
lar units. Tetrahedron Lett 2004;45:947-949.
[CrossRef]

Lelj E, Morelli G, Ricciardi G, Roviello A, Sirigu A.
Discotic mesomorphism of 2,3,7,8,12,13,17,18-octa-
kis (alkyl-thio) 5,10,15,20 tetraaza porphyrin and
its complexes with some divalent transition metal
ions Synthesis and characterization. Liq Cryst
1992512:941-960. [CrossRef]

Belviso S, Ricciardi G, Lelj F Inter-ring interactions
and peripheral tail effects on the discotic mezomor-
phism of ‘free-base‘and Co (II), Ni (II) and Cu (II)


https://doi.org/10.1021/ic960005q
https://doi.org/10.1021/ic0011664
https://doi.org/10.1021/ic0111583
https://doi.org/10.1016/S0040-4020(00)00615-3
https://doi.org/10.1021/ic060176n
https://doi.org/10.1021/ja003702x
https://doi.org/10.1002/(SICI)1099-0682(200004)2000:4%3C593::AID-EJIC593%3E3.0.CO;2-N
https://doi.org/10.1007/s007060200083
https://doi.org/10.1021/ja045270m
https://doi.org/10.1002/zaac.200800279
https://doi.org/10.1080/10610270412331337295
https://doi.org/10.1016/j.tetlet.2003.11.097
https://doi.org/10.1515/MGMC.2007.30.2-3.83
https://doi.org/10.1080/00958972.2013.867035
https://doi.org/10.1039/P29960001801
https://doi.org/10.1021/jo9916840
https://doi.org/10.1080/15421400701834088
https://doi.org/10.1016/j.tca.2011.03.034
https://www.acarindex.com/sigma-muhendislik-ve-fen-bilimleri-dergisi/synthesis-and-thermal-properties-of-novel-maleonitriles-481169
https://doi.org/10.1016/j.poly.2011.09.042
https://doi.org/10.1016/j.tetlet.2003.11.097
https://doi.org/10.1080/02678299208032810

552

Sigma J Eng Nat Sci, Vol. 40, No. 3, pp. 542-552, September, 2022

(29]

(30]

(31]

(32]

alkenly porphyrazine. ] Mater Chem 2000;10:297-
304. [CrossRef]

Akkurt M, Coskun NY, Kiligarslan FA, Yalcin SM,
Biiyiikgiingor O, Giill A. [2,3,7,8,13,14,17,18-Oct
akis(ethyl  sulfanyl)-5,10,15,20-porphyrazinato]-
zinc(II). Acta Cryst 2010;E66:M998-M999. [CrossRef]
Kilicarslan FA, Erdogmus A, Yalain S, Gul A.
Synyhesis, of (ethylsulfanyl) characterization, spec-
tral, aggregation and fluorescence and improved
photophysical properties porphyrazines containing
B-thioether appended [(bpy)2RuCl2. Sigma ] Eng
Nat Sci 2018;36:487-499.

van Nostrum CF, Nolte RJM. Functional supramo-
lecular materials: self-assembly of phthalocyanines
and porphyrazines. Chem Commun 1996;21:2385-
2392. [CrossRef]

Pullen AE, Faulmann C, Cassoux P. Synthesis
and Investigation of Chalcogen Atom Substituted

(33]

(34]

Dinitriles and Porphyrazines. Eur ] Inorg Chem
1999;2:269-276. [CrossRef]

van Nastrum CE Benneker FBG, Brussaard H,
Kooijman H, Veldman N, Spek AL, et al. Dithiacrown
ether substituted porphyrazines: Synthesis, single-
crystal structure, and control of aggregation in solu-
tion by complexation of transition-metal ions. Inorg
Chem 1996;35:959-969. [CrossRef]

Giinsel A, Beylik S, Bilgi¢li AT, Atmaca GY,
Erdogmus A, Yarasir MN. Peripherally and non-
peripherally  tetra-HBME  (4-hydroxybenzyl
methyl ether) substituted metal-free and zinc(II)
phthalocyanines: Synthesis, characterization, and
investigation of photophysical and photochemical
properties. Inorganica Chim Acta 2018;477:199-
205. [CrossRef]


https://doi.org/10.1039/a907498h
https://doi.org/10.1107/S1600536810028588
https://doi.org/10.1039/cc9960002385
https://doi.org/10.1002/(SICI)1099-0682(19990202)1999:2%3C269::AID-EJIC269%3E3.0.CO;2-W
https://doi.org/10.1021/ic950704n
https://doi.org/10.1016/j.ica.2018.03.026



