Communication
CoobweHue

MlzlitgoreragaLiuior)s)
http://macroheterocycles.isuct.ru

Phthalocyanines
dTanoumaHuHbI

DOI: 10.6060/mhc214086g
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The conformational properties and structure of the conformers of 4-(4-tritylphenoxy)phthalonitrile (C33H22N20),
acting as a precursor for the synthesis of tritylphenoxy substituted phthalocyanines, were investigated by DFT
method. The conformational analysis of the C33H22N20 molecule indicates the possibility of formation of conformers
of substituted phthalocyanines with different orientations of 4-tritylphenoxy substituents, including those with a
combination of cis- and trans- positionswithin one complex.
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DFT memooom uccaedosarvl KoHgopmayuontvie c80UCmea i cmp oeHue Ko Hpopmepos 4-(4-mpumuagenoxcu)pmanonum-

puna (CzzH22N20), svicmynaiowezo kax ucxoonoe coedunenue 0Jisi CuHmMe3a GmMaloyuaHUHO8 ¢ MPUMUIPEHOKCU -
epynnamu 6 kawecmee nepupepuiinvix 3amecmumenetl. IIpogedennviti KOHDOPMAYUOHHIU AHATU3Z MOLEK )bl
Ca3H22N20 yraszvieaem na 8o3mosncnocmv 006paszoeanus KOHGOPMEPOS 3aMeUeHHbIX GMATOYUAHUHO8 C PA3HOU
opuenmayueti 4-mpumuigeHokcu-3amecmumeneti, 6 MoM Yucie U ¢ KOMOUHAYUeU YUc- U MpAaHc-nop0NCeHUl 6
npeodenax 00Ho20 KOMnIeKca.

Kmouessle ciioBa: TputundeHoxcudtanonutpun, koHpopmep, DFT, moxexymipHas cIpykTypa.

Among the huge amount of phthalocyanines synthesized
to date,aspecialplace is occupied by compounds containing
trityl groups. Such phthalocyanines, among others, include
2(3),9(10),16(17),23(24)-tetrakis (4-tritylphenoxy)phthalocyani-
neand its complexes with various metals.

It is known that phthalonitriles are widely used as
precursors for the synthesis of phthalocyanines and macro-
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heterocyclic compounds.['l The presence of bulk trityl
groups in phthalocyanine and its complexes determines the
manifestation of mesogenic properties />l in addition, these
compounds are promising for use in thin-film electronics.[*
The precursor for the synthesis of phthalocyanines
including trityl groups is 4-(4-tritylphenoxy)phthalonitrile
(TPPN).
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In this paper, the conformational properties of TPPN,
which can influence the structure of phthalocyanines with
trityl groups, are considered.

Quantum-chemical modeling of the C33zH22N.0 molecule
(Figure 1) was implemented using the Gaussian 09
program.f] The calculations were performed using the
density functional theory (DFT) method, variants of hybrid
functionals: B3LYP,l’®] PBE,10.111 CAM-B3LYP,[!2] as
well as the B97D functional,[!3] which takes into account
dispersion interactions. The atoms of carbon, oxygen,
nitrogen, and hydrogen were described using correlation-
consistent three-exponential valence bases cc-pVTZ.[14
Geometric optimization of the structures shown in Figures 1
and 2 has been performed.

The TPPN molecule has six torsion coordinates that
determine the rotation of four phenylgroupsaround the C-C
bonds, as well as the rotation of the oxyphthalonitrile and
phthalonitrile groups around the C-O bonds. Theoretical
calculations performed using four functionals lead to
consistent results. For identical molecular forms, the
differences in the corresponding internuclear distances do

G. V. Girichev et al.

not exceed 0.002 A, in the values of valence angles of 1°,
and less than 7° in the values of torsion angles. All variants
of the DFT method predict the presence of four Ci
symmetry conformers for the C3zHz22N2O molecule (Figure 1).

It should be noted the general structural motives of
conformers. Thus, the central site C(C)4 of the (Ph); C(PhO)
fragment is a distorted tetrahedron with identical C-C
bonds, two C-C-C bond angles that are smaller than
tetrahedral one, and four C-C-C bond angles larger than
tetrahedral one (Table 1). In all conformers, the plane of the
PhO fragment is located almost perpendicular to the plane
of the phthalonitrile fragment (PhN), as is the plane of one
of the phenyl fragments of the trityl group C(Ph)s (Figure 1).
Cis-conformers I and II differ from trans-conformers I
and IV in the value of the torsion angle (=0° and ~180°),
which determines the rotation of the (Ph);C(PhO) fragment
around the O-Cpnn bond. The difference in the two cis-
conformers I and I, as well as in the two frans-conformers
I and 1V, lies in the different relative orientation of the
three phenyl fragments in the trityl group (Figure 1).
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Figure 1. Geometric structures of cis- and trans-conformers of the 4-(4-trity Iphenoxy )p hthalonitrile molecule.
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Figure 2. Structure of zinc phthalocyanine with different orientation of the 4-trity Iphenoxy substituent.

Table 1. Selected characteristics of conformers of CasH22N20
molecule according to DFT/B3LYP/cc-pVTZL,

Conformer
| 1 1l v
AEotal, kecal/mol 0.105 0 0.337 0.272
Enomo, eV -6.75 -6.76 -6.86 -6.83
ELumo, eV -2.38 -2.36 -2.31 -2.33
w D 8.18 8.10 10.05 9.97

Parameters of a distorted tetrahedron (CCy) built from carbon
atoms of four phenylfragments

C-C (CC4)?, deg. 1.554 1.554 1.555 1.554

C-C-Cav (4)°, deg. 1116 111.7 111.4 1117

C-C-Cav (2)°, deg. 105.3 104.9 105.8 105.1
Parameters of Ph-O-PhN moiety

Cpr-0, A 1.396 1.396 1.395 1.395
O-Cemn, A 1.358 1.358 1.358 1.359
C=N, A 1.152 1.152 1.152 1.152
C-O-C, deg. 120.3 120.2 120.4 120.3

“averaged; Paveraged value of four angles: “averaged value of
two angles.

All conformers have close energies of boundary
orbitals and large dipole moments (Table 1), however, the
direction of dipole moments in cis-conformers differs
significantly from their direction in trans-conformers.

Despite the significant difference in structure, the
conformers have close electronic energies, which increases
the probability that the TPPN substance may contain
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different conformations in the unit crystal cell or have a
complex conformational composition of the gas phase.

The relative Gibbs free energies and conformational
equilibrium constants were calculated for the cis- and trans-
conformers free of intermolecular interaction. It is shown
that the ratio between the molar fractions of the cis- and
trans-conformers is close to 1.

The conformational diversity of TPPN, which is the
precursor for the synthesis, can be the reason for the
different geometry of phthalocyanines containing trityl
groups in their composition. Figure 2 shows two calculated
structures of the zinc phthalocyanine complex, differing in
the position of the 4-tritylphenoxy substituent.

As can be seen from Figures 1 and 2, the structure (2a)
has a substituent orientation similar to the orientation of the
4-tritylphenoxy group in cis-conformers I and 1l of TPPN,
and the structure (2b) has a substituent orientation similar to
that in trans-conformers 11l and IV. The models (2a and 2b)
differ in energy only by 0.011 kcal/mol and do not have
significant steric hindrance (the shortest distances between
substituents and the macroheterocycle exceed 4 A).

Thus, the conformational analysis performed for the
4-(4-tritylphenoxy)phthalonitrile molecule, as a precursor,
indicates the possibility of formation of conformers of
substituted phthalocyanines with different orientations of
4-tritylphenoxy  substituents, including those with a
combination of cis- and trans-positions within one
complex
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