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Synthesis of octochlorosubstituted cobalt(II) and copper (II)
complexes with phthalocyanine

Abstract. A modified method for the synthesis of metallooctachlorophthalocyanines and
methods for their purification based on their sequential treatment with hydrochloric acid
(10%) sodium hydroxide (2M), then again with hydrochloric acid (10%), pyridine (O.S.C.) in
1,2,4-trichlorobenzene as a solvent is presented. As a result, the degree of purification of copper
ion complexes was achieved, 99% versus the best result using methods known in the literature
93%, for cobalt the degree of purity was 98% versus 88%. The yield of the products is also higher
than in the known methods and amounted to 78, cobalt -43 for copper compounds. Physico-
chemical methods have established that after the final stage of purification-pyridine treatment,
impurities are removed, including cyanuric acid, the decomposition product of urea, the results
of elemental analysis for carbon, hydrogen, nitrogen conducted on the Thermovom TypFlashEA
1112 analyzer complexes of cobalt (1), copper (11) with phthalocyanine, the assignment of bands
of IR spectra recorded in KBr tablets on the Nicolet IR-200 FT - IR spectrophotometer, UV- the
spectra of sulfuric acid solutions of metallooctachlorophthalocyanines taken on a Varian, UV -
Vis/NIR spectrometer.

Keywords: phthalocyanines, metallophthalocyanines, metallooctachlorophthalocyanines,
infrared spectrum.
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Introduction

Metallophthalocyanines (MPc) are endowed with exceptional thermal, light and chemical
resistance for organic compounds, and good coloring properties.

MSs have a structure similar to that of natural macroheterocyclic structures -
metalloporphyrins (MP) such as chlorophyll and blood hemoglobin.

The features of the structure and properties of MP and MP, especially Co(II), Cu(II) complexes,
serve as the basis for their use as thermal and light stabilizers, solar energy accumulators, protein
decay inhibitors, biocatalysts, in laser technology as the main coloring agent.

The high thermal and light resistance, good coloring properties, inertia with respect to acids
and alkalis, and almost complete insolubility in water and organic solvents of most MP and
MP with ions of the first decade of d-metals are due to their structure, namely, the presence
of a chromophore - a heterocyclic macro-ring, consisting in turn of four pyrrole rings closed
in a cycle through methine (-CH=) in MP or N-azo bridge (=N-) in MP and the corresponding
coordination metals, leading to the formation of chelate complexes. However, insolubility
in water and organic solvents does not allow widespread use of the technical and biological
properties of the compounds obtained.
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The literature describes in detail the methods of synthesis of MP and unsubstituted MPc,
less often the synthesis of MPc having substituents in benzene rings (Figure 1).
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Figure 1. Scheme of synthesis of metallophthalocyanines [1-4].

Experimental work

We synthesized and identified by elemental analysis, UV and IR spectroscopy phthalocyanine
complexes of cobalt(Il), copper(Il) obtained by solid-phase synthesis [5], as well as chlorine-
substituted phthalocyanine complexes of the same metals in the same oxidation states in the
presence of solvent 1,2,4-trichlorobenzene C H,CL.

The scheme of the general technique of solid-phase synthesis of phthalocyanine complexes,
described by us in [5], can be described by the following equation of the synthesis of CuPc:

7N
COOH 0 180°C, 6h !
4©: r a4 J o+ CuClx2H,0 — — 7 “N—Cu—N_ |
COOH HoN" NH; (NH,4),Mo0, Kat. -
N—zN~ =N
N/

The method of synthesis of chlorosubstituted phthalocyanine complexes of the above metals
in the presence of a solvent - 1,2,4-trichlorobenzene - is generally identical to the method of
synthesis of MPc.
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The general methodology for the synthesis of chlorosubstituted phthalocyanines in the
presence of 1,2,4-trichlorobenzene is as follows: #7.05 g of 4,5 dichlorophthalic acid is ground
with = 2.39 g (depending on the metal weight may vary) MCIl, * nH2O, 25 g of urea and 50 mg
of ammonium molybdate as a catalyst, the resulting mixture is crushed to a homogeneous mass
in a mortar and 100 ml of solvent is added. The mixture is transferred to a round-bottomed
flask and heated in an oil bath, depending on the nature of the metal, from 10 to 27 hours.At
a temperature of 120°C, the litmus paper test shows an acidic reaction of the gas phase, which
indicates the release of carbon monoxide (IV):

)]
COOH
L : 0
COOH -CO,
-H;0 O

At135°C, the evaporation of ureabegins with the formation of cyanuricacid (2,4,6-trihydroxy-

1,3,5-triazine C;H,N,O,) in the gas phase:
OH
N)\\N

3CO(NHz)p ——= ‘ )\ + 3NH;
S

HO N OH

Atthe same time, at this temperature, the formation of abiuret C,H.N,O, occurs, accompanied
by the release of ammonia:

9] N 9] O 0
I A T o s
H

H,N” “NH, H,NT ONH,  ~NAs HoN

At 175 °C, the reaction of biuret and urea occurs with the formation of cyanuric acid:
O OH

j’\ j‘\ + j\ HN)J\NH NrgN
o ﬁ)kﬂ )\NM)\OH

NH, HyN~ "NH, -2 NH;

The synthesis was continued until the pH of the reaction medium was approximately equal
to 7, at this value of the acidity of the medium, the formation of cyanuric acid as a by-product
ends.

The subsequent stages of synthesis involve work in a hydrochloric acid medium. Since
cyanuric acid is insoluble in 6N hydrochloric acid, the precipitate separated by filtration and
pre-crushed was washed with dichloromethane, extracted with ethanol, then acetone to remove
cyanuric acid from the final product. The purity of the final product was confirmed by its IR
spectrum, in which there were no bands characteristic of cyanuric acid.

Further, the synthesis was continued in accordance with the methodology given in [5].

HoMN

I=

HO
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Methods of analyzing the results obtained

Elementalanalysisforcarbon, hydrogen, nitrogenwascarried outonaThermovomTypFlashEA
1112 analyzer (table 1, table 2).

UV spectra of sulfuric acid solutions of metallophthalocyanines were taken on a Varian, UV-
Vis/NIR spectrometer.

IR spectra were recorded in KBr tablets on a Nicolet IR200 FT-IR spectrophotometer (fig.1,
fig.2, fig.3).

Table 1. Results of elemental analysis of chloro-substituted phthalocyanine complexes of cobalt(Il),
copper(Il) obtained by solid-phase synthesis

Connection Elemental composition, Elemental Product
%, calculated composition, %, Output
according to the
results of analyses

CoPcCl,. C: 45,37 C: 45,21 3,5280
C,,H,CoN,Cl, H: 1,00 H, 1,06 (0,014 mmol)
(847.024g.mol ,) N: 13,23 N, 13,64

CuPcCl,. C:45,13 C: 44,73 3,1714
C,,H,CuN.Cl, H: 0,95 H:1,21 (0,018 mmol)
(851.636 g.mol™) N: 13,15 N: 13,25

Table 2. Results of elemental analysis of chloro-substituted phthalocyanine complexes of cobalt(1I),
copper(Il) obtained in a solvent medium

Connection Elemental Elemental Product
composition, %, composition, %, Output
calculated according to the results
of analyses

CoPcCl,. C:45,37 C: 46,09 6,0731r
C,,H,CoN.CI, H: 1,00 H, 1,04
(847.024g.mol ) N: 13,23 N, 12,85
CuPcCL, C: 45,13 C: 45,98 57183 r
C,,H,CuN.Cl, H: 0,95 H: 1,09 (0,0067
(851.636 g.mol™) N: 13,15 N: 12,78 mol)

The following are the band assignments in the IR spectra of substituted phthalocyanine
complexes of cobalt(II), copper(II) obtained in a solvent medium:

CoPcCl. IR (KBr): v, cm-1 1595, 1506, 1410,1385, 1320, 1275, 1196, 1129, 1085, 964, 875,
775,745.

CuPcCl,. IR (KBr): v, cm-1 1590, 1495, 1404,1375, 1327, 1285, 1194, 1120, 1078, 951, 880,
772,741.

Results and their discussions

The spectra of cobalt(Il) and copper(II) complexes are graphically presented.
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Fig.1. IR spectrum of cobalt(Il) complex with chloro-substituted phthalocyanine obtained in
1,2,4-trichlorobenzene medium
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Fig.2. IR spectrum of copper (II) complex with chloro-substituted phthalocyanine obtained in
1,2,4-trichlorobenzene medium
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Fig.3. Combined spectrum of CuPcCl, and CoPcCl, compounds in the range from 500 to 1800 cm™

A detailed assignment of the bands of valence and deformation vibrations in the IR
spectra of unsubstituted phthalocyanine complexes of cobalt(Il), copper(Il) obtained by
solid-phase synthesis was done by us in (fig.3) [5]. The IR spectra of chloro-substituted
metallophthalocyanine complexes of the same metals in the same oxidation states obtained in
the presence of 1,2,4-trichlorobenzene have minor differences, since the IR spectra of substituted
metallophthalocyanines consist of bands belonging to the phthalocyanine part of the molecule
and bands of chloride ions. Due to the fact that these bands partially overlap, the interpretation
of the spectra was carried out on the basis of a comparative analysis with the spectra of chloro-
substituted methyllophthalocyanines and their unsubstituted metallophthalocyanines.

In the spectra of synthesized compounds in the region of 1650-1500 cm™ there are bands of
valence vibrations of C-C benzene rings, the interpretation of spectra in the region of 1400-750
cm™ is complicated due to the overlap of bands related to both the vibrations of phthalcyanine
fragments and fragments of chloride ions.

Table 3. Attributions in the IR spectra of metallooctachlorophthalocyanines complexes of MPcCl,

I Connection
Attributions CuPcCl. | CoPcCl
valence vibrations of C-H bonds (weak intensity) 3080 3080
3086
fluctuations of C-C bonds 1629 1604
[-oscillations of C-H bonds 1506 1522
1500 1524
Fluctuations of groupings -C=C-N= 1384 1389
1415 1418
[ - fluctuations 1071 1088
C-H-bonds under plane deformation 1074
of C-C-bonds vibrations in the aromatic ring 955 966
889 888
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of C-N-bonds vibrations 783 784
745 751
v - oscillations of out-of-plane deformation C-H - bonds 744 750
732 708
661 661

Based on the results of spectral studies of the compounds presented by us, the substitution
of chlorine atoms in benzene rings leads to a bathochromic shift of all absorption bands, the
intensity of long-wavelength bands when comparing the MPc spectra with MPcCl8 spectra
gradually decreases.

The bathochromic band shift is associated with electronic transitions in the macrocycle. This
process can be explained by the expansion of the conjugated phthalocyanine system due to the
inclusion of the p-electrons of the chlorine atom in the m-electron system of benzene rings and
macro rings. The expansion of the conjugate system and the corresponding effect are noticeable
with the manifestation of 8 chlorine atomes, in this case, despite the sufficiently high autonomy of
the benzene rings of macrocyclical chromophores, the m -electrons of chlorine atoms lead, in all
probability, to a significant increase in the mt-electron density of the macrocircle.

The coupling effect of the chlorine atom is associated with its specific and powerful
auxochromic effect on isolated chromophores of benzene phthalocyanine. Short-wave bands
associated with transitions in benzene rings of protonated phthalocyanine experience a shift
under the influence of bathochromic substitution.

Each of the methods of synthesis of chloro-substituted phthalocyanine complexes of cobalt(II),
copper(Il) - the method of solid-phase synthesis and the method using 1,2,4-trichlorobenzene as
a solvent - has certain advantages and disadvantages.

The advantage of the solid-phase synthesis method is that it is less time-consuming (6-8
hours), and the resulting product does not require additional purification.

The synthesis process in the 1,2,4-trichlorobenzene medium is complicated by the need
for constant monitoring of the pH of the medium. The synthesis time is significantly increased
compared to the solid-phase method - from 10-27 hours to 3 days. To a noticeable extent,
cyanuric acid is formed, which requires a significant amount of time to clean the final product.
The advantage of the solvent-based method is a slight increase in the yield and degree of purity
of the final product.
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A.T. Hypnericosa, A.K. Tamenos, JK.E. Axxakynosa, C.C. JocmarambeTOBa,
K.C. Tocmaraun6ertoBa, /A.C. Omaposa
A. H. T'ymuaes amvindazol Eypasus yammorx ynueepcumemi, Acmara, Kasaxcman

Kob6aapT (II) xane mpic (II) pTaommmanmHMeH OKTOXA0paAMacThIpblAfaH KellleHAepiHig
CUHTe3i

Anpatna. Kobaapt(Ill) >xene wmpic(Il)-HiH oxTOXaopopriHOackaHdTal0lMaHMHAEPMEH Ty3eTiH
KOMIILAeKCTepiHiH CMHTe3iHiH MOAU(UITNPAEHTeH d4icTepi KeAbTipiabreH sKoHe 01apAbI T3 KBIIIKBLABIMEH
(10%), maTpmit TuapokcugiMen (2M), cogaH KeliiH KaliTajaH Ty3 KbIIIKbAbIMeH (10%) TasapTkaHHaH
KeltiH, epiTkim petinge 1,2,4-TpuxaopOeH30a4arel MUPUAMHMEH ©HAeyTe Heri3jeAreH TazapTy adictepi
keatipiaren. Hatmxecinge Cu(ll) Tasapry gapesxecine 99%koa xeTkisiagi oaeduerre Oeariai agicrepai
KOAAaHFaH Ke3Je eH >KaKCbl HoTrKere Kapcel 93%, Co(Il) yirin rasaasik gapesxeci 88 %-ra kapcrr 98% Ky paspbl.
OHiIMHIH ITBIFBIMABIABIFEL CUITaTTaAFaH Oeariai agicTepre kaparanga >xorapsl xoHe Co(II) 78, Cu(ll) 43
Kypaasl. [InpuanaMen eBAeyAiH COHFBI Ke3eHiHeH KelliH 6i3 pU3MKa-XMMUAABIK d94iCTepMeH aHbIKTaAbIK,
OHIMHIH KypaMbIHaH KOCIlaJap, COHBIH illliHAe IJMaHyp KBIIIKbLAB, MOYEBMHAHBIH blAbIpay >KOIblAaAbl,
xoHe thermovomtypflashea 1112 anaamsaTOpBIHAA KXY pridiareH KoMipTekKe, CyTeKKe, a30TKa DAeMeHTTiK
Taajay HoTuKeadepi >KoliblaaThiHB aHbIKTaaAbl. Nicolet IR-200, YK- cmexrpodoromerpingeri KBr
TabaeTKaaapbIHAA JKa3blAFaH, KYKipT KBIIIKBIABIHAAFEI - OKTaXA0pMeTaAAPpTaAOIMaHUH epiTiHAidepiHig
yAbTpaKkyArit cnextpaepi Varian UV-VIS / Nir ciekrpomeTpinge Tycipiaren.

Tyiiin cesaep: PprasonmannHiep, MeTaa10(pTal0IMaHNHAEP, NHPPAKBI3BLA CIIeKTipaep.

A.T. Hypmnericosa, A.K. Tamenos, JK.E. Axakynosa, C.C. locmaram0OeTOBa,
K.C. Tocmaranberosa, /1.C. Omaposa

Espasuticxuii nayuonarvrvii yrusepcumem um. A.H. I'ymuresa, Acmana, Kasaxcman

CuHTe3 OKTOXAOp3aMeIlleHHbIX KoMILAeKcOoB KoOaabTa(ll) n
Meau (II) ¢ praaonmaHMHOM

AHHOTAaIMSI. ITpuseaensr MOANPUITMPOBaHHAS MeTOAMKaA cuHTe3a
OKTaXA0poMeTaa10(PTaAOLMAHNHOB ¥ CIIOCOOBI VX OYMCTKY, OCHOBAHHEBIE Ha MX II0CAeA0BaTeAbHOI
obOpaboTtke coasHoit Kucaoronn (10%), rmapoxcuaom Hatpms (2M), 3aTeM CHOBa COASHONM KIUCAOTOI
(10%), mupuanaoM B 1,2,4-TpuxaopbeH3oe B KadecTse pacTBOpuTeas. B pesyanTate 6Blaa 4OCTUTHYTa
cTemnieHb OuMCTKM KoMIaekcos noHos Cu(ll) 99% mportus HamaydInero pesyabraTa IpU MCIOAL30BAHUN
U3BECTHEIX B Anreparype criocodos 93%, aas Co(Il) cremens umcrorsl cocraBuaa 98% mporus 88%.
Brixog IpoAyKTOB Tak>kKe BBIIIe, YeM IIpYU OIMCAHHBIX M3BEeCTHHIX criocobax, n cocrasmua Co(Il) 78, Cu(Il)
43. PU3UKO-XMMUYECKUMM MeTOAaMM yCTaHOBAEHO, YTO IIOCA€ 3aKAIOUUTEAbHON CTajuM OUMCTKU -
00paboTKM NUPUANHOM YAAASIOTCS IIPUMeECH, B TOM 4liCJe IIMaHypoBas KIUCA0Ta, IPOAYKT pa3A0KeHIsI
MOUEBIHBI, Pe3yAbTaThl DA€MEeHTHOIO aHaAM3a Ha YIAepod, BOAOPO4, a30T, IIPOBEAEHHOTO Ha aHaAI3aTope
ThermovomTypFlashEA 1112 xomnaexcor kobaasta (II), mean (II) ¢ ¢prasonmanun, HazHaYeHMe 10A0C
VK-crrexTpos, 3anmcaHHbIX B TabaeTkax KBr Ha ciexrpodoromerpe Nicolet IR-200 FT - IR, Y®-ciexTpn
pacTBOpOB MeTaAA00KTaxA0p@Tal0lMaHMHOB B CEPHON KICAOTE, CHATBHIEe Ha criekTpoMeTpe Varian UV -
Vis/NIR.

Karouesble caoBa: PprasormaHnHbl, MeTaa10dpTal0laHNHb, MHPPaKpacHbIN CIIEKTP.
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