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Abstract—A method of synthesis of 4-(1H-benzotriazol-1-yl)-5-[(4-carboxyphenyl)oxy]- and -5-[(4-carboxy-
phenyl)sulfanyl]phthalonitriles starting with 4-bromo-5-nitrophthalonitriles was developed. The synthesized
phthalonitriles were used to prepare cobalt tetra-4-(1H-benzotriazol-1-yl)-tetra-5-[(4-carboxyphenyl)oxy/
sulfanyl]phthalocyanines. The spectral and catalytic properties of the resulting octasubstituted phthalocyanines

were studied.
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Metal complexes of substituted phthalocyanines
containing peripheral functional groups exhibit unique
physicochemical properties due to which they have
been the subject of enduring interest of researchers and
found application in diverse fields ranging from
nanoelectronics to photovoltaics [2]. The enhancement
of water solubility of phthalocyanines, most commonly
through the introduction of peripheral sulfo or carboxy
groups, facilitates their study and practical application.

Carboxylic acids, where the carboxy groups are
linked to the phthalocyanine core by spacer bridges
occupy special place among phthalocyanine derivatives.
Such spacers impart additional chemical activity to the
macrocycle, which can be used to design practically
valuable materials [2-5]. Over the past few years
phthalocyanines with oxy- [2, 6, 9—11], amino- [8, 10],
or mercaptophenylene bridges [7, 10] have attracted
increased attention. Such substituted macrohetero-
cyclic compounds have been found to be promising
candidates for application as medical materials [12],
photosensitizers [7, 8, 13, 14], and catalysts [15, 16].
At the same time, there have been only two groups of

! For communication XV, see [1].
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substituted phthalocyanines mentioned in this context:
tetrasubstituted phthalocyanines [2, 6-9, 15-16] and
symmetric octasubstituted phthalocyanines [3-5, 17].

Bifunctionally substituted phthalocyanines [10]
containing, along with carboxy and nitro groups, some
other substituents like small nitrogenous heterocycles
whose water-soluble derivatives may be interesting for
drug design have scarcely been reported in the
literature [18].

The present paper reports the synthesis and physico-
chemical properties of 4,5-octasubstituted cobalt phthalo-
cyanines containing the fragments of p-hydroxy-
benzoic and p-mercaptobenzoic acid and 1-benzotri-
azole in the substituents.

At the first stage of the study we have developed a
method for the synthesis of 4-(1H-benzotriazol-1-yl)-5-
[(4-carboxyphenyl)oxy|phthalonitriles Sa and 5Sb
required to obtain the corresponding bifunctionally
substituted cobalt phthalocyanines 6a and 6b. As the
starting compound we chose 4-bromo-5-nitrophthalo-
nitrile 1 which allows 4,5-substituted phthalonitriles
with different substituents with high yields [2]
(Scheme 1).
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Earlier we developed a two-stage procedure for the
synthesis of benzotriazolyl-substituted phthalonitriles,
with the first stage involving the substitution of the
bromine atom in compound 1 by phenoxy and
naphthyloxy groups [19]. Further on 4-aryloxy-5-
nitrophthalonitriles was reacted with 1H-benzotriazole
to obtain the corresponding 4-aryloxy-5-(1H-benzo-
triazol-1-yl)phthalonitriles in high yields. However, we
found that the substitution of bromine by p-
carboxyphenyloxy- or p-carboxyphenylsulfanyl groups
followed by the substitution of the nitro groups by
benzotriazol residue gave the target phthalonitiles 5a
and 5b in yields as low as 38 and 5%, respectively.
Apparently, the low yields in this case are explained by
the fact that the water-soluble target products could not
be isolated completely when synthesized from
substrates 2a and 2b which, too, are water soluble.
Higher yields of compounds 5a (up to 78%) and 5b
(up to 84%) were attained in the synthesis from 4-(1H-
benzotriazol-1-yl)-5-ntrophthalonitrile 4 (Scheme 1)
preliminarily synthesized by a known procedure [20].

Such an essential increase of the yields of compounds
5 can be explained by that phthalonitrile 4 is insoluble
in water. Therefore, we made use of the latter approach
in the synthesis of the target phthalonitriles.

4-(1H-Benzotriazol-1-yl)-5-[(4-carboxyphenyl)oxy/
sulfanyl|phthalonitriles 5 were identified by elemental
analysis, MALDI-TOF mass spectrometry, and IR
spectroscopy. All physicochemical characteristics of
the samples of compounds 5a and 5b, synthesized by
two routes, are fully identical.

The IR spectra of phthalonitriles 5 show no bands
of symmetrical and antisymmetrical vibrations of the
nitro N—O bonds and contain vibration bands of the
benzotriazolyl fragment at 743—744 and 1050 cm ', as
well as bands at 1245 (Ar—-O-Ar, 5a) [21] and 696 cm
(C-S-C, 5b).

Further on, to find out whether phthalonitriles 5 can
be used in the synthesis of the corresponding phthalo-
cyanines, we evaluated the thermal stability of com-
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Fig. 1. Thermoanalytical curves for compound 2a: (/) TG
and (2) DSC.

pounds 2a, 2b, and 5a. As seen from Figs. 1-3, the
thermal degradation of the synthesized phthalonitriles
involves a few steps. Thus, the DSC curve of
compound 2a displays two exothermic peaks at 228
and 500°C (Fig. 1). The weight loss in the range 175—
315°C is 42%, which is associated with a loss of the p-
carboxyphenyloxy group. The next step initiates at
400°C and corresponds to complete degradation of
compound 2a.

The first step of thermal degradation of compound
5a containing the benzotriazolyl substituent instead of
nitro groups is shifted to higher temperatures (Fig. 2,
Table 1). The weight loss at this step corresponds to a
loss of the benzotriazol fragment. The second step, too,
is shifted to higher temperatures.

The thermal degradation of phthalonitrile Sb having
the nitro and p-carboxyphenylsulfanyl substituents
ortho to each other occurs in an even more
complicated way (Fig. 3), and weight loss initiates at a
higher temperature than in compound 5a.

Therefore, it was concluded that the studied phthalo-
nitriles all preserve their composition and structure
during the synthesis of the corresponding carboxy-
substituted phthalocyanines, which occurs at 170-200°C.

Further on we employed the nitrile method [2] to
synthesize octasubstituted cobalt phthalocyanines 6a
and 6b by heating phthalonitriles 5a and 5b at 190-
195°C with cobalt acetate for 2 h in yields of 49 and
52%, respectively (Scheme 2). No urea was required
for successful synthesis.

Phthalocyanines 6 were identified by elemental
analysis, MALDI-TOF mass spectrometry, and electronic
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Fig. 2. Thermoanalytical curves for compound Sa: (1) TG

and (2) DSC.

absorption (UV-Vis) and IR spectroscopy. The UV-Vis
spectrum (in DMF) of complex 6b containing
mercaptobenzoic acid fragments over the periphery
shows a broadened visible band, which is likely to
suggest that the compound exists in an associated
form. Moreover, dilution of the solution to a concentra-
tion of 0.2x10° M does not destroy associates
completely (Fig. 4). By contrast, 4-carboxyphenoxy
derivative 6a exists, judging from its UV-Vis spectrum
in DMF, as a monomer in this solvent [10].

Comparing the UV-Vis spectra of compounds containing
both the benzotriazol-1-yl and p-carboxyphenoxy (6a)
or p-carboxyphenylsulfanyl substituents (6b) in conc.
H,SO, with the spectra of complexes the same
peripheral benzoic acid fragments but nitro- instead of
benzotriazolyl substituents, we revealed a hypro-
schromic shift of the long-wave absorption bands in
going from the benzotriazolyl- to nitro-substituted
compounds (Table 2). A hypsochromic shift is also
observed in going from 4-carboxyphenylsulfanyl-
phhtalocynaine to the respective 4-carboxyphenoxy-
substituted analog (Table 2).

Finally, we studied the catalytic activity of the
synthesized cobalt phthalocyanines in the homo-

Table 1. Thermogravimetry data for phthalonitriles 2a, 2b,
and Sa

Comp. no. Peak weight 1gss Peak exothermicoeffect
temperature, °C temperature, °C
2b 490-600 497, 552
2a 400-560 500
5a 500-630 583

No. 4 2018



754 ZNOIKO et al.

Scheme 2.
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geneous liquid-phase oxidation of sodium N,N-
diethylcarbamodithioate (Scheme 3). The reaction was
performed in an aqueous alkaline medium at 298 K,
and the pH of the reaction mixture was varied from 8§
to 12. The choice of this specific model reaction was
motivated, first of all, by its high practical signi-
ficance, because it is used to produce Thiuram E, the
key component of drugs against chronic alcoholism
[22-24]. The oxidation of sodium N, N-diethylcarbamo-
dithiolate in the presence of phthalocyanine catalysts
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Fig. 3. Thermoanalytical curves for compound 2b: (/) TG
and (2) DSC.

occurs in mild conditions, which prevents further
oxidation of the formed disulfide. The advantages of
the latter reaction also include a higher quality of the
final product, as well as a more facile isolation of the
product from the reaction mixture and a lack of
necessity of its further purification. Moreover, this
reaction is a convenient model reaction for studies on
the catalytic activity of metal phthalocyaninates in
oxidative processes involving thiolate ions [25],
because all its kinetic parameters are easily traced by

A
A 2
0.15
0.10
0.05
600 700 800
A, nm

Fig. 4. Electronic absorption spectra of complex 6b (c =
0.2x10™° M) in (/) DMF and (2) sulfuric acid.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 88 No. 4 2018



NUCLEOPHILIC SUBSTITUTION IN 4-BROMO-5-NITROPHTHALODINITRILE: XVI. 755

Table 2. Absorption maxima and apparent rate constants of the oxidation of sodium N, N-diethylcarbamodithiolate phthalo-
cyanine with cobal phthalocyanines containing benzoic acid fragments

Co—N
/
g/N
Comp. no. X R %, om kapp>i1105,
DMF H,0 H,SO, §
(0] NO, 675 705 813 7.0
S NO, 608, 680 700 807 26.9
6a (0] 1H-Benzotriazol-1-yl 609, 679 678 728 5.9
6b S 1 H- Benzotriazol-1-yl 677,710 680 789 1.5

spectral methods. The catalytic activity of cobalt
phthalocyanines was estimated by the procedure in
[26, 27].

It was found that the benzotriazolyl-substituted
phthalocyanines exhibited a much lower catalytic
activity compared to their nitro-substituted analogs
(Table 2).

Thus, we developed a method of synthesis of 4-(1H-
benzotriazol-1-yl)-5-[(4-carboxyphenyl)oxy]- and -5-
[(4-carboxyphenyl)sulfanyl|phthalonitriles. It was
found that these compounds preserve their composition
and structure under the conditions of synthesis of the
corresponding cobalt phthalocyanines, i.e. at 170-200°C.
The synthesized phthalonitriles were used to prepare
cobalt tetra-4-(1H-benzotriazol-1-yl)-tetra-5-[(4-carboxy-
phenyl)oxy/sulfanyl|phthalocyanines. It was estab-
lished that the benzothiazolyl-substituted phthalo-
cyanines exhibited a lower catalytic activity compared
to their nitro-substituted analogs in the homogeneous
liquid-phase oxidation of sodium N, N-diethylcarbamo-
dithioate under mild conditions.

EXPERIMENTAL

The UV-Vis spectra were recorded in organic solvents
(DMF and chloroform), aqueous alkaline media, and

concentrated sulfuric acid on a HITACHI U-2001
spectrophotometer at room temperature in the range
325-900 nm. The IR spectra were run on an Avatar
360 FTIR ESP instrument in the range 400—4000 cm '
in KBr pellets. Elemental analysis was per-formed on a
Thermo FlashEA 1112 CHNSO analyzer. The
MALDI-TOF mass spectra were measured on a
Shimadzu Biotech Axima Confidence in the positive
ion mode, using 2,5-dihydroxybenzoic acid as a
matrix. The samples were prepared mixing equal
volumes of THF or aqueous acetonitrile solutions of
the analytes (10*~10~° M) with a THF solution of the
matrix (30 mg/mL). The thermooxidative degradation
of the synthesized phthalonitriles was studied on
Jupiter Netzsch STA 449 F3 synchronous thermal
analysis instrument in an oxygen—argon atmosphere
using a platinum crucible. Before elemental and thermo-
gravimetric analysis the samples were thermally
treated at 110°C for 2 h.

4-[(4,5-Dicyano-2-nitrophenyl)oxy]benzoic acid
(2) was synthesized as described in [10]. Yield 75%.
IR spectrum, v, cm ': 2231 (C=N), 1719 (C=0), 1558
[Vas(NO»)], 1380 [v(NO,)], 1254 (Ar—O—Ar). Mass
spectrum, m/z: 309.31 [M]. Found, %: C 59.02; H
2.32; N 13.30. C5sH;N;30s5. Calculated, %: C 58.26; H
2.28; N 13.59. M 309.66.

Scheme 3.
C,H; S C,Hs S S C,H
\ // cat N\ // \\ 2
2 /N—C\ + 120, + H,LO —— N—C /C—N\ + 2 NaOH
CZHS SNa C2H5 S_S C2H5
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4-[(4,5-Dicyano-2-nitrophenyl)sulfanyl]benzoic
acid (3) was synthesized as described in [10]. Yield
78%. IR spectrum, v, cm ' 2232 (C=N), 1725 (C=0),
1550 [vo(NO,)], 1383 [vi(NO,)], 1117 (Ar—S-Ar).
Mass spectrum, m/z: 324.71 [M — HJ. Found, %: C
55.25; H 2.02; N 13.00. C;5H;N30,S. Calculated, %: C
55.38; H2.17; N 12.92. M 325.65.

4-(1H-Benzotriazol-1-yl)-5-[(4-carboxyphenyl)-
oxy/sulfanyl]phthalonitriles. a. A solution of 0.68 g
(5 mmol) of anhydrous KCOsin 4 mL of water was
added to a mixture of 0.5 mmol of compound 2 and
0.06 g (0.5 mmol) of 1H-benzotriazole B 25 mL of
DMEF. The reaction mixture was stirred at 70°C for 1 h.
The precipitate that formed was filtered off, washed
with 5% aqueous HCl, and dried.

b. A solution of 0.07 g (0.5 mmol) of anhydrous
KCO;in 4 mL of water was added to a mixture of 0.15 g
(0.5 mmol) of 4-(1H-benzotriazol-1-yl)-5-nitrophthalo-
nitrile and 0.5 mmol of the corresponding benzoic acid
in 25 mL of DMF. The reaction mixture was stirred at
25°C for 0.5 H. The resulting precipitate was filtered
off, washed with 5% aqueous HCI, and dried.

4-|2-(1H-Benzotriazol-1-yl)-4,5-dicyano-2-phenoxy)|-
benzoic acid (5a). Yield 0.07 g (38%, route a), 0.16 g
(83%, route b). IR spectrum, v, cm ': 2227 (C=N),
1714 (C=0), 1245 (Ar—O-Ar), 1050 (N=N), 744 (C-N).
Mass spectrum, m/z: 383.37 [M + 2H]". Found, %: C
65.95; H 3.02; N 18.30. C,;H{1N;50;. Calculated, %: C
66.14; H2.91; N 18.36. M 381.66.

4-[2-(1H-Benzotriazol-1-yl)-4,5-dicyano-2-phenyl-
sulfanyl)|benzoic acid (Sb). Yield 0.01 g (5%, route
a), 0.17 g (85%, route b). Found, %: C 63.35; H 3.00;
N 17.56. C21H11N5028. Calculated, %: C 6347, H
2.79; N 17.62.

Octasubstituted cobalt phthalocyanines. Urea,
60 mg (I mmol), was added to thoroughly mixed
0.33 mmol of the corresponding substituted phthalo-
nitrile and 54 mg (0.20 mmol) of cobal chloride hexa-
hydrate, and the mixture was triturated, placed into a
molybdenum glass tube, and heated at 190-195°C
until solidified. After cooling, the resulting solid was
thoroughly ftriturated, successively washed with 5%
aqueous HCI and acetone, and subjected to column
chromatography on Silica gel (eluent DMF). The
solvent was removed by distillation, and the residue
was dried at 80-90°C.

Cobalt tetra-1-(1H-benzotriazol-1-yl)tetra-5-[(4-
carboxyphenyl)oxy]|phthalocyanine (6a) was

synthesized from 127 mg of phthalonitrile Sa. Yield
63 mg (49%). IR spectrum, v, cm ': 1709 (C=0), 1246
(Ar-O-Ar), 1052 (N=N), 744 (C-N). Mass spectrum,
m/z: 1585.38 [M + H]"; calculated M 1584.61. Found,
%: C 6405, H 305, N 17.53. C84H47N20012CO.
Calculated, %: C 63.68; H 2.8; N 17.68.

Cobalt tetra-1-(1H-benzotriazol-1-yl)tetra-5-[(4-
carboxyphenyl)sulfanyl|phthalocyanine (6b) was
synthesized from 131 mg of phthalonitrile 5b. Yield
72 mg (52%). IR spectrum, v, cm ': 1711 (C=0), 971
(Ar—S-Ar), 1047 (N=N), 745 (C-N). Found, %: C
Calculated, %: C 61.09; H 2.87; N 16.96; S 7.76.

ACKNOWLEDGMENTS

The work was performed under the State contract
with the Ministry of Education and Science of the
Russian Federation (no. 4.1929.2017.4.6) and with
partial financial support of the President of the Russian
Federation (project no. MK-161.2017.3), using the
equipment of the Center for Collective Use, Ivanovo
State University of Chemical Technology.

REFERENCES

1. Znoiko, S.A., Golovashova, E.S., Potekhina, O.V.,
Berezin, D.B., Serova, M.A., Maizlish, V.E., and
Shaposhnikov, G.P., Russ. J. Gen. Chem., 2017, vol. 87,
no. 7, p. 1562. doi 10.1134/S1070363217070209

2. Shaposhnikov, G.P., Kulinich, V.P., and Maizlish, V.E.,
Modifitsirovannye  fialotsianiny i ikh strukturnye
analogi (Modified Phthalocyanines and Their Structural
Analogs), Koifman, O.I., Ed., Moscow: KRASAND,
2012.

3. Choi, Ch.-F., Tsang, P.-T., Huang, J.-D., Cha, E.Y.M.,
Ko, W.-H., Fong, W.-P.,, and Ng, D.K.P., Chem.
Commun., 2004, p. 2236. doi 10.1039/B405868B

4. Kimura, M., Nakada, K., Yamaguchi, Y., Hanabusa, K.,
Shirai, H., and Kobayashi, N., Chem. Commun., 1997,
no. 13, p. 1215. doi 10.1039/A701263B

5. Ikeuchi, T., Nomoto, H., Masaki, N., Griffith, M.J.,
Mori, Sh., and Kimura, M., Chem. Commun., 2014,
vol. 50, p. 1941. doi 10.1039/C3CC47714B

6. Kudrik, E.V., Maizlish, V.E., Tararykina, T.V., Shaposh-
nikov, G.P., Smirnova, A.l., and Usol’tseva, N.V., Russ.
Chem. Bull., 2006, vol. 55, no. 6, p. 1028. doi 10.1007/
s11172-006-0372-2

7. Vashurin, A., Maizlish ,V., Kuzmin, 1., Znoyko, S.,
Morozova, A., Razumov, M., and Koifman, O.,
J. Porphyrins Phthalocyanines, 2017, vol. 21, no. 1,
p- 37. doi 10.1142/S108842461750002X

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 88 No. 4 2018



10.

1.

12.

13.

14.

15.

16.

NUCLEOPHILIC SUBSTITUTION IN 4-BROMO-5-NITROPHTHALODINITRILE: XVI.

Maizlish, V.E., Martynyuk, T.A., and Shaposhnikov, G.P.,
Russ. J. Gen. Chem., 2014, vol. 84, no. 1, p. 131. doi
10.1134/S1070363214010204

Xu, H.-N., Chen, H.-J., Zheng, B.-Y., Zheng, Y.-Q.,
Ke, M.-R., and Huang, J.-D., Ultrason. Sonochem.,
2015, wvol. 22, no. 1, p. 125. doi 10.1016/
j-ultsonch.2014.05.019

Morozova, A.P., Znoiko, S.A., Vashurin, A.S., Zav’ya-
lov, A.V., Maizlish, V.E., and Shaposhnikov, G.P., Russ. J.
Gen. Chem., 2017, vol. 87, no. 12, p. 3063. doi 10.1134/
S1070363217120544

Shaposhnikov, G.P., Maizlish, V.E., and Kulinich, V.P.,
Russ. J. Gen. Chem., 2007, vol. 77, no. 1, p. 138. doi
10.1134/S1070363207010215

Photosensitizers in Medicine, Environment, and Security,
Nyokong, T. and Ahsen, V., Eds., Dordrecht: Springer,
2012.

Cid, J.-J., Garcia-Iglesias, M., Yum, J.-H., Forneli, A.,
Albero, J., Martinez-Ferrero, E., Vazquez, P., Gritzel, M.,
Nazeeruddin, M.K.., Palomares, E., and Torres, T.,
Chem. Eur. J., 2009, vol. 15, no. 20, p. 5130. doi
10.1002/chem.200801778

Kimura, M., Tohata, Y., Ikeuchia, T., and Mori, Sh.,
RSC Adv., 2015, vol. 5, p. 82292. doi 10.1039/
C5RA16610A

Vashurin, A., Maizlish, V., Pukhovskaya, Sv.,
Voronina, A., Kuzmin, 1., Futerman, N., Golubchikov, O.,
and Koifman, O., J. Porphyrins Phthalocyanines, 2015,
vol. 19, p. 573. doi 10.1142/S1088424614501028
Maizlish, V.E, Papakhin, A.A., Shaposhnikov, G.P.,
Kuzmina, E.L., and Petrov, O.A., RF Patent 2463324,

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

757

2012; Byull. Izobret., 2012, no. 26.

Morozova, A.P., Znoiko, S.A., Vashurin, A.S., Zav’ya-
lov, A.V., Maizlish, V.E., and Shaposhnikov, G.P.,
Ross. Khim. Zh., 2016, vol. 60, no. 2, p. 80.

Barut, B., Sofuoglu, A., Biyiklioglu, Z., and Ozel, A.,
Dalton Trans., 2016, vol. 45, p. 14301. doi 10.1039/
C6DT02720B

Znoiko, S.A., Maizlish, V.E., Shaposhnikov, G.P.,
Zubkova, O.N., and Savinova, A.l., Macroheterocycles,
2014, vol. 7, no. 4, p. 425. doi 10.6060/mhc140480z
Abramov, 1.G., Smirnov, A.V., Plakhtinskii, V.V., and
Krasovskaya, G.G., Mendeleev Commun., 2002, vol. 2,
p. 72. doi 10.1070/MC2002v012n02ABEH001538
Pretsch, E., Bullmann, F., and Affolter, C., Structural
Determination of Organic Compounds. Tables of
Spectral Data, Berlin: Springer, 2006.

Thorn, G.D. and Ludwig, R., The Dithiocarbamates and
Related Compounds, Amsterdam: Elsevier, 1981.
Gessner, P.K. and Gessner, T., Disulfiram and lIts
Metabolite,  Diethyldithiocarbamate, =~ Amsterdam:
Springer, 1992. doi 10.1007/978-94-011-2328-0
Victoriano, L.I., Coord. Chem. Rev., 2000, vol. 196,
p. 383. doi 10.1016/S0010-8545(99)00221-0
Borisenkova, S.A., Petroleum Chem., vol. 31, no. 3,
p. 391.

Vashurin, A.S., Kuzmin, L.A., Mayzlish, V., Razumov, M.,
Golubchikov, O., and Koifman, O., J. Serb. Chem. Soc.,
2016, vol. 81, no. 9, p. 1025. doi 10.2298/JSC160105048V
Tyapochkin, EM. and Kozliak, E.I., J. Mol. Catal. A,
2005, vol. 242, nos. 1-2, p. 1. doi 10.1016/
j-molcata.2005.07.008

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 88 No. 4 2018



