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Brief review of works of V. N. Klyuev (1915-1997) devoted to synthesis and study of properties of sulfur containing
macroheterocyclic compounds (MHCC) and their complexes is presented. In particular by gradual heating of the
mixture of o-carboxybenzenesulfinic acid, urea, copper(l) chloride and ammonium molybdate the copper complex of
tetrabenzotetrathiaporphyrazine was synthesized. Other sulfur containing MHCC were synthesized on the basis of
1,3-diiminothioisoindolenine. As a result of interaction of the latter with various aromatic and heterocyclic diamines
three-unit products were obtained which can be used as initial compounds for synthesis of MHCC of both symmetrical
(ABAB) and unsymmetrical (ABAC) structures. The reaction of MHCC with copper acetate in boiling pyridine or
butanol gave the corresponding Cu complexes. It was shown that introduction of sulfur atoms into the chain of
conjugation leads to hypsochromic shift of the UV-vis absorption bands. Cu complexes were studied as thermo- and
light stabilizers of polycaproamide fibres.

Keywords: 1,3-Diiminothioisoindolenine, sulfur containing phthalocyanine analogs, copper complexes, UV-vis
spectra, kinetic stability, thermo- and light stabilization of polymers.
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B cmamve npuseden kpamxuii 0630p cmameti B.H. Knioesa (1915-1997), nocssiujennvix cunmesy u ucciedo8aHuo
ceolicmé cepocodeparcawux maxkpozemepoyuriuyeckux coedunenuti (MI'I]C) u ux memannokomniekcos. B uacm-
HOCMU, Npu Hazpese cMect 0-KapOOKCUbEeH30CYIbPUHOBOU KUCIOMbL, MOYEGUHbI, OOHOXIOPUCTIOU MeOU U MOIUO-
dama ammonus 0wl noayuen mempabenzomempamuanoppupazun meou. Jpyeue cepocooepicawue MI'LIC 6vinu
noayuenvl Ha ocHoge 1,3-ouumunomuouzoundonenuna. lpu 3aumooeticmeuu nocieoHe2o ¢ pasiuiHblMu apomamuie-
CKUMU U 2eMePOYUKTULECKUMU OUAMUHAMU CUHME3UPOBATU MPEX36EHHbLE NPOOYKMbL, KOMOPbIE OANU BO3MONCHOCHLb
noayuums MI'L[C kax cummempuunoeo (ABAB), max u necummempuunozo (ABAC) cmpoenus. Ipu e3aumooeticmeuu
nonyuennvix MIL]C ¢ ayemamom medu 6 kunaujem nupuoune uiu 6ymanonie Ovliu NOIyHeHbl COOMEEmMcmsayouue
KOMNJEKChbl ¢ Meobio. bulno nokasano, umo ésedenue amomos cepobl 8 KOHMYpP CONPIAHCEHUSL NPUBOOUM K SUNCOXPOM-
HOMY cO8u2y nonoc nozioujenus. Komnuexcol ¢ Meovio Obiiu UCCIEO08AHBL 8 KAYECMEe MEPMO- U CEeMOCMAOUIU3A-
MOPO8 NOAUKANPOAMUOHBIX 60IOKOH, NPUYEM HAULYHUIUE CBOUCMEA NOKA3AN KOMNAEKC ¢ YuKio-1,3-ghenunenmpu-
MUOUZOUHOOTIEHUHOM.

KiaioueBble ciioBa: 1,3-I[I/II/IMI/IHOTI/IOI/ISOI/IHIIOHGHI/IH, CepocoCpiKalIrC aHaJIoru (I)Ta.J'IOIII/IaHI/IHa, Cu" KOMILJICKCHI,
OJICKTPOHHBIC CIICKTPbI, KWNHETUYCCKAs yCTOﬁ‘IHBOCTB, TEPMO- U CBeTOCTa6I/IJ'II/IBaI_II/ISI MOJIMMCPOB.

Maxpozemepoyurnvt / Macroheterocycles 2015 8(1) 20-25 © ISUCT Publishing 21



Sulfur Containing Macroheterocycles

In the second half of last century in order to expand the
colour scale of phthalocyanine pigments limited to blue and
green a large group of compounds similar to phthalocyanine
was synthesized.!>] They differed from the phthalocyanines
(Pc) by replacement of one or two isoindole units with benzene
ring or other aromatic fragments (e.g. by pyridine unit).

The first examples of such macroheterocyclic com-
pounds (MHCC) were described in 1952 by Linstead.!
In 1960-70" MHCC containing combination of isoindole
fragments with benzene rings were most actively studied in
the USSR because of their potential application properties.!'!
Thus, it was reported that the copper(Il) complex of cyclo-
1,3-phenylenetriisoindole (“Stabilin-9) (1a) can be used as
stabilizer of polycaproamide,™ as fire-retarding and antioxidant
agent.[) Besides, there are data on possible application
MHCC as pigments,”! dyes,[” thermo- and light stabilizers of
polymeric materials,*#! catalysts in a number of chemical and
electrochemical oxidation-reduction processes,™**!% inhibitors
of siloxane polymers burning.'! Data on electophysical
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characteristics of MHCC were published in . The new
wave of interest to MHCC containing isoindole fragments
and benzene rings appeared in the last 10 years.] MHCC
containing heteroaromatic fragments (pyridine, triazole, etc.)
in place of benzene rings were more actively studied and their
synthesis and properties were reviewed.['*!7]
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A considerable contribution to synthetic chemistry and
study of MHCC was made by scientists of Ivanovo school of
macroheterocyclic compounds — Professors V.F. Borodkin,
R.P. Smirnov and their numerous pupils and colleagues.
[6-8.10-1217221 OQne of them was Vasily Nikolaevich Klyuev,
whose centenary was celebrated in February 2015.

In order to expand the range of the macrohetero-
cyclic compounds V.N. Klyuev suggested to replace one
of carbon atoms in the isoindole fragments of phthalocya-
nine macrocycle with sulfur, hoping to obtain new MHCC
interesting from the practical point of view. In 1958 the first
work devoted to the sulfur containing analogue of copper
phthalocyanine has been published by V.N. Klyuev (together
with V.F. Borodkin).[?® Instead phthalic acid derivatives as
common precursors for phthalocyanines for the synthesis of
their thioanalogues they have suggested to use o-carboxy-
benzenesulfinic acid 5, which is available starting from
thiosalicylic acid 3 by hydrolysis of intermediate dichloro-

anhydride 4.2
/@
N N \x N
\ / \
-N N—M—N
\
\ /
_N N XN
U
symmetrical
ABAB

X=CHorN

MHCC

Heating the mixture of o-carboxybenzenesulfinic acid
5, urea, copper(l) chloride and ammonium molybdate with
gradual increase of temperature from 130 to 180 and finally
to 210 °C they have obtained the olive product 2 which
was named Cu-tetrabenzotetrathioporphyrazine or Cu
tetrathiophthlocyanine.? Unlike Cu phthalocyanine which
can be obtained similarly from phthalic acid derivatives,
its tetrathioanalogue 6a is soluble in the majority of
organic solvents. It was noted that it is stable to alkalis and
acids. Upon treatment with 100 % sulfuric acid or oleum
at elevated temperature it easily undergoes sulfonation
forming sulfo derivative which can be used as olive dye for
cotton. Initially 6a was characterized only by elemental
analysis. Joint condensation of o-carboxybenzenesulfinic
acid with phthalic anhydride in 1:1 ratio gave according
to the authors blue-green phthalocyanine analogues
7 with the smaller sulfur content, which were not

further studied.
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Later V.N. Klyuev and F.P. Snegireva have prepared
the more reactive precursor for tetrathiophthalocyanines —
1,3-diiminothioisoindolenine (9) heating the mixture of
S-imine of o-carboxybenzenesulfinic acid anhydride (8),
urea and ammonium molybdate to 170 °C.4

NH3 Urea
— o — > NH
4 S
\ \
NH NH
8 9

By analogy with a known 1,3-diiminoisoindolenine it
was assumed that from 1,3-diiminothioisoindolenine it will
be possible to obtain sulfur-containing analogues of Pc and
MHCC, as later it was confirmed in 5%, Thus, heating of
1,3-diiminothioisoindolenine (9) with urea and copper(Il)
acetate in butanol leads to the Cu" complex 6a with 61 %
yield, while the metal free tetrathiophthalocyanine (6b) was
obtained upon refluxing of 9 with urea and NaHSO, in buta-
nol with 72 % yield.?®! In this work the constitution of thi-
ophthalocyanine 6b and its Cu complex 6a was confirmed by
elemental analysis and by molecular weight measurements
using Beckman ebullioscopy method in pyridine. In the same
work UV-vis spectra of 6a,b were reported and their stability
to hydrolytic destruction (degradation) in 18M sulfuric acid
solutions were studied. It was shown that thio-substitution
in isoindole fragment of Pc leads to significant hypsochro-
mic shift of the long-wave absorption bands (150-200 nm).
The absorption maxima in DMF for 6a are observed by 312,
445 and 465 nm and for 6b by 310, 440 and 455 nm and
characterized by ca 10 times lower extinction coefficients as
compared to corresponding phthalocyanines. An attempt to
explain theoretically the hypsochromic shift of the absorp-
tion bands was made in %! on the basis of simplified metal-
lic model of conjugated compounds and ascribed to higher
electronegativity of S as compared to C". In 18 M sulfuric
acid 6a and 6b form red-brown solutions with maxima at ca.
490 nm (for 6b). The solution of 6a is stable at room tem-
perature and decolorized only upon heating to 100 °C. The
hydrolytic destruction of 6b at 25 °C is only 6 times faster
than for phthalocyanine. High stability of the macrocyclic
chromophore in concentrated sulphuric acid was considered
by the authors as an important indication of the phthalocya-
nine nature of the synthesized compounds.
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Figure 1. UV-Vis spectra of Cu phthalocyanine (/) and
tetrathiophthalocyanine 6a (2) in DMF (adapted from ).

It was shown that 1,3-diiminothioisoindolenine (9)
has larger reactivity of the S-iminegroup as compared to the
C-iminegroup.?¥ The reaction if this diimine 9 with various
aromatic and heterocyclic diamines (2:1 molar ratio) in
methanol under reflux leads to yellow three-unit products of
the general formula 10 with 40-50 % yields.”” They were
characterized by elemental analysis, UV-Vis, IR spectra and
molecular weight measurement by Rast method.

These three-unit products 10a-f can be used as initial
compounds for synthesis of MHCC of both symmetric
(ABAB) and unsymmetrical (ABAC) structure.”!
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Sulfur Containing Macroheterocycles
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Symmetrical MHCC 11 was prepared by interaction
of m-phenylenediamine with 10a (1:1 ratio) or directly with
diimine 9 (1:1) in butanol under reflux with ca. 50 % yield
as yellow-brown crystals (mp 313-315 °C). The reaction
between 10a and 1,3-diiminothioisoindolenine (9) leads
to non-symmetrical AAAB type MHCC 12 with three S
atoms (59 %), while ABAC type MHCC 13 with two S
atoms was prepared from 10a and 1,3-diiminoisoindolenine
(57 %). MHCC containing one S atom (14) was also prepared
from 9 and 1,3-bis(I-imino-3-isoindoleninidenamino)
benzene with 63 % yield. MHCC 12-14 were obtained

as red-orange crystals which have melting points
above 380 °C.
MHCCs 11-14 were characterized by elemental

analysis, UV-Visspectraand molecular weight measurements
using Beckman method. It was shown that the reaction
of MHCCs 11-14 with copper acetate in boiling pyri-
dine or butanol gives the corresponding Cu complexes.?
The IR spectra of 12 and its Cu complex were reported.?!
It was observed that increase of the number of the S atoms
in MHCC from 0 to 3 leads to the hypsochromic shift of the
absorption bands in the series 1b (0S, 340, 510 nm), 14 (1S,
370, 510 nm), 13 (2S, 370, 480 nm), 12 (3S, 335, 430 nm).
The similar trend exists also for the series of corresponding
Cu complexes (370, 540, 680 nm for 0S, 360, 490, 540 for
1S, 335, 450, 530 nm for 28, 335, 430, 510 nm for 3S). Some
theoretical interpretation of the observed hypsochromic
shift was attempted and it was connected with influence of
electronegativity of SV,

In 1974 the last work of V.N. Klyuev devoted to the
sulfur containing MHCCs was published in which the
possibility of using the copper complexes as thermo- and
light stabilizers of polycaproamid fibers has been shown.l*”
It was found that Cu complex of MHCC 12 has the best
performance.
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Figure 2. UV-Vis spectra of cyclo-1,3-phenylenetriisoindole
macrocycle 1b (/) and its monothio 14 (2), dithio 13 (2), and
trithio 12 (4) derivatives in DMF (adapted from 2%).

After 1974 the studies of S-containing phthalocyanine
analogues were not carried out to the best of our knowledge.
However taking into account modern achievements in the
macroheterocyclic chemistry we would like to draw attention
of the researchers to sulfur containing MHCCs which were
perhaps unfairly forgotten but have undoubtedly perspectives
as new organic materials.
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Dedication to Vasiliy Nikolaevich Klyuev
on the occasion of his 100™ anniversary

Vasiliy Nikolaevich Klyuev (1915-1997) was born
in Kokhma (Ivanovo region). He graduated from Ivanovo
Institute of Chemical Technology, and in 1939 was called to
the Red Army. He took part in the Great Patriotic War and
awarded by 5 orders and many medals for his service and
contribution to liberation of the Soviet homeland and Europe
from Nazi invaders. After demobilization in 1947 he started
to work in Ivanovo Institute of Chemical Technology as an
assistant, and after receiving the Degree of the Candidate
of Chemical Sciences as associate Professor (dozent)
and then as Chief of the Department of the Technology
of Plastics. He has published about 150 scientific works
and belongs to the scientists who began the research of
phthalocyanines and related compounds in the late 1950
together with the founders of the Ivanovo scientific school on
macroheterocycles professors Vasiliy Fedorovich Borodkin
and Boris Dmirievich Berezin.

On the occasion of centenary of Vasiliy Nikolaevich
Klyuev we have decided to present in this issue a brief review
of his results on sulfur analogues of phthalocyanines, which
have been published in Russian 50 years ago and remained
probably unknown, but might be of interest to scientists
studing phthalocyanine-like macroheterocycles.
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Reprints of the articles on S-containing phthalocyanine analogues V. N. Kluev — Head of the Department
published by V. N. Klyuev and co-authors in 1958-1974 of Technology of Plastics (1960")
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