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A new representative macroheterocyclic compound of the ABAB-type was synthesized by crossover-condensation
of m-phenylenediamine and 6-tert-butylquinoxaline-2,3-dicarbonitrile by refluxing in fresh distillated BuOH. The crude
product was washed by hot hexane and purified by column chromatography on silica gel using an eluent mixture
comprised of methylene chloride:methanol:hexane. Solvents were then evaporated and orange powder was dried
at reduced pressure. The obtained substance was characterized by UV-Vis, IR, 'TH NMR spectroscopy and mass-
spectrometry data. The signal located at 655.5 Da which corresponds to [M+H]" ions was detected in MALDI-TOF
(without matrix). Using of a-cyano-4-hydroxycinnamic acid (CHCA) as matrix induces the appearance of a reduced
form of the macrocycle which is detected by a signal at 656 Da [M+2H]". The structures of two regioisomers with
different positions of tert-butyl groups in pyrroloquinoxaline fragments were optimized at DFT/B3LYP/6-31G(d,p)
level. It was predicted that both isomers have nonplanar saddle-shape structures and that the cis-isomer was found
to be of 0.75 kcal/mol more stable than alternative regioisomer. The positive values of NICS calculated at the centers
of molecules confirm the nonaromatic character of their macrorings.

Keywords: Synthesis, macroheterocyclic compound, benzihemiporphyrazine, m-phenylenediamine, 6-tert-butyl-
quinoxaline-2,3-dicarbonitrile.
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Bzaumooeiicmeuem m-penunenouamuna u 6-mpem-0ymuaxunokcanun-2,3-0ukapooHumpuia 6 Kunsujem Oymanosne
ObLIO nonyueHo makpozemepoyukauieckoe coeounenue ABAB-muna. Ouucmky npogoounu npomvléaHuem 2opsiuum
2eKCAHOM U Odjlee KONOHOYHOU Xpomamozpaguerl Ha cuiukazene ¢ UCHOIb308aHUEeM ITOUPYIOUell CMeCU: XI0pUCMbLU
Memunen:memanon:zexcan. Ilocie omeonku pacmeopumeneil Opamdicesvlil NOPoulox cyuunu 8 eaxyyme. Ioryuennoe
coeounenue oxapakmepuzoeano Oannwvimu snekmponnol, UK, 'H SAMP cnekmpockonuu u macc-cnekmpomempuil.
B macc-cnekmpe MALDI-TOF (6e3 ucnonvzosanus mampuysl) obHapysxcen cuenan 655.5 [a, coomeemcmesyrowuil
monekynapuomy uowy [M+H]". Hcenonvzosanue o-yuano-4-eudopoxcuxopuunoti kuciomel (CHCA) 6 rauecmee
MAmpuyvl UHOYYUPYem NosielLleHIe 80CCMaH08IeHHOU opMbl Makpoyukia ¢ cuenaiom 656 Ja [M+2H]*. Cmpyxmypuol
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Synthesis of Benzihemiporphyrazine

08YX  pecuou3omepos,

CanpOlCCqu)C mpem—6ymwleble cpynnsl 6 pA3IUYHBIX NOJOHCEHUAX XUHOKCAIUHOBbLLX

@dpaemenmos, onmumuszuposarvl memooom DFT/B3LYP/6-31G(d,p). [loxkazano, umo 0b6a uzomepa umerom Henjiockoe
€eo0noobpasHoe cmpoenue, npu 3Mom yuc-usomep oxkazancs na 0.75 Kkan/mMonv sxepeemuyecku 6onee yCmouduesim,
uem anvmepHamuehvlii pecuousomep. Ilonoscumenvhuvie s3nauenus NICS, eviuucienuvie 0151 YeHMPOE MONEK)I,
nOOMBEEPIHCOAIOM HeaPOMAMUYECKULL XAPaKmep MaKpoKoubyd.

KuawueBrblie cjioBa: CI/IHTe3, MaKpOTre€TCPOUKIINICCKOE COCAMHCHUE, 6eH3I/II‘eMI/IHOp(1)I/Ipa3I/IH, M-(l)eHI/IHeHZ[I/IaMI/IH,

6-mpem-0y THIXUHOKCAINH-2,3-TUKapOOHUTPHIIL.

Introduction

Pyrazino- annelated phthalocyanines (Pcs) have at-
tracted much attention.!'?! Indeed, they demonstrate proper-
ties which are inherent to Pcs and, moreover, the presence
of auxillary nitrogen atoms which results in supplementary
coordination abilities and a basic character of macrohetero-
cyclic core.’) Therefore these compounds reveal a number
of practically interesting properties.*!

A substitution of two opposite faced isoindole moieties
in Pc molecule with aromatic diamines led to ABAB-type
macrosystems known as hemiporphyrazines (Hps).*”!
Various aspects of their synthesis, structure particularities,
coordination characteristics, and practical applications
have been reviewed.®'! New optical limiting!"? and pho-
tophysical properties!'*'3 of Hps have also been reported.
Therefore multiloop conjugation systems, which can be
highlighted in Hps molecules, stimulate considerable theo-
retical interest.'!®1 Moreover, the presence of quinoxaline
fragments in Mcs structure could enlarge the conjugation
chain and expand their coordination abilities. However,
Mcs of the ABAB-type with quinoxaline rings have not
been studied due to the lack of preparative methods of their
synthesis.

It’s worthy to note that Mcs are typically very poorly
soluble in organic solvents. The introduction of bulky sub-
stituents (fert-butyl groups, for instance) onto the periphery
of macrocycle increases the solubility in common organic
solvents, facilitates their purification, and opens larger areas
for their application.l'”?” Hence the subject of this work
is synthesis and characterization of dibenzihemiporphyrazine
of the ABAB-type with 1,3-phenylene (A) and pyrroloqui-
noxaline rings (B) bearing tert-butyl groups.

Experimental

6-tert-Butylquinoxaline-2,3-dicarbonitrile has been prepared
following the method described in the literature.?!) Butanol
was distillated before use. Column chromatography was carried

BuOH

I+2

CN H,N NH,

Scheme 1.
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reflux 24 h

out on silica gel Merck-60. Thin-layer chromatography (TLC)
was performed on aluminum sheets precoated with aluminum
oxide 60 F,,, (Merck). MALDI-TOF spectra were obtained with
a Shimadzu Biotech Axima Confidence in positive ion mode with-
out matrix and using a-cyano-4-hydroxycinnamic acid (CHCA) as
matrix. Nitrogen elemental analysis was carried out with a FlashEA
1112 CHNS-O Analyzer. '"H NMR spectra were recorded with
an Avance-300 instrument in DMSO-D,. Chemical shifts are
expressed in parts per million (ppm), and coupling constants (J)
in Hertz (Hz). IR spectra were recorded on an Avatar 360 FT-IR in-
strument. Quantum chemical calculations of two regioisomers with
different positions of tert-butyl groups in pyrroloquinoxaline frag-
ments were carried out at DFT/B3LYP/6-31G(d,p) level using Fire-
fly QC package,?”! which is partially based on the GAMESS (US)
1231 source code with full geometry optimization and with checking
of optimized configurations on compliance with critical conditions.
1241 Nucleus-independent chemical shifts (NICS) were calculated at
the center of macrocycle ring and at the centers of small cycles.
1251 The values were calculated by GIAO methods,*® incorporating
in GAUSSIANO3 program complex.?” An initial geometry build-
ing, processing and presentation of the results were performed using
the Chemcraft software package.l?®’ The distortion angles between
benzene or pyrroloquinoxaline fragments and middle plane of mac-
rocycle were determined using the Mercury software package.”!

5(6),20(21)-Di(tert-butyl)-2,9:17,24-diimino-11,15:26,30-
dimetheno-[c,n]-diquinoxalino-[1,6,12,17]-tetraazacyclodocosen
(3). A mixture consisting of 6-tert-butylquinoxaline-2,3-dicarboni-
trile (0.24 g, 1.0 mmol), m-phenylenediamine (0.11 g, 1.0 mmol)
and fresh distillated BuOH (10 ml) was stirred under reflux for
24 hours. The reaction run was monitored by TLC. After cooling
to r.t., the solvent was evaporated at reduced pressure. The crude
product was washed by hot hexane and purified by column chroma-
tography on silica gel using eluent mixture: CH,Cl,:MeOH:C H,,
(10:1:3). After rotaevaporation of the solvents and drying at
reduced pressure at 80 °C for 4 hours, a product was obtained as
orange powder (0.12 g, 0.18 mmol, 34 % on 1). R, = 0.94 (AL,O
CH,Cl:MeOH:CH,, (10:1:3)). Found: N 21.40 %. C40H34N10
requires N 21.39 %. m/z (MALDI-TOF): without matrix 655.5 [(M
+ H)']; CHCA matrix 656.5 [(M + 2H)"]. IR (KBr) v _cm™: 624,
798, 1083, 1165, 1255, 1454, 1604, 1678, 1737, 2854, 2922, 2954,
3329. UV-Vis (CHCL)) A _nm: 264, 346, 357, 416 (C=4-10"* M).
'HNMR (500 MHz, DMSO-D,) 6, ppm: 8.39 (2H, dd J=9.0, 2.2
Hz,), 8.27 (2H, d J=9.0 Hz,), 8.19 (2H, d J=2.1 Hz,), 7.72 - 7.00
(4H, m), 6.98 — 6.39 (4H, m), 1.44 (18H, s).

g ﬁw H@ <t
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Figure 1. MALDI-TOF mass spectrum of benzihemiporphyrazine 3 (a) and its calculated isotopic distributions (b).

Results and Discussion

Following the protocol applied previously in the syn-
thesis of the fert-butylpyrrolepyrazine macroheterocycle,
compound 3 was obtained by crossover condensation
of equimolecular amounts of 6-fert-butylquinoxaline-2,3-
dicarbonitrile 1 and m-phenylenediamine 2 in boiling butanol
(Scheme 1).

The reaction was monitored by TLC. After 24 hours
stirring at reflux, the solvent was removed under reduced
pressure and the crude product was purified by column
chromatography on silica gel using the eluent mixture:
CH,CI:MeOH:C H,, (10:1:3). Based on the proposed syn-
thetic scheme, the resulting orange substance is expected
to be a mixture of regioisomers which differed by the tert-
butyl groups positions on the pyrroloquinoxaline fragments.
This mixture could not be separated under the experimental
conditions.

The product was characterized by mass-spectrometry,
UV-Vis, IR and 'H NMR spectroscopies and elemental
analysis data. Quantum chemistry calculations of the two re-
gioisomers, which differ in the position of tert-butyl groups,
were carried out at DFT level using B3LYP hybrid functional
with 6-31G(d,p) basis set.

The signal located at 655.5 Da which corresponds
to [M+H]" ion was detected in MALDI-TOF (Figure 1). A
good conformity between the calculated isotopic distribu-
tions and those derived from experimental data proves this
assignment. The signal located at 672.5 Da corresponds
to [M+H,0]" ion.

The use of a-cyano-4-hydroxycinnamic acid as matrix
induces the appearance of a reduced form of the macro-
cycle which can be detected by a signal at 656 Da [M+2H]"
in MALDI-TOF spectrum.

The main bands in the IR spectra are induced by C—H
bonds vibrations belonging to the fert-butyl group (2854,
2922, 2954 cm™). The bands at 1604 and 1454 cm™ can be
correlated to deformations of C=C and C=N bonds, corre-
spondingly.

Along with signals of 1.44 ppm, which result from
the resonance of the protons of the tert-butyl groups, there
are two groups of signals observed in the "H NMR spectrum
of macrocycle measured in deuterated dimethyl sulfoxide
in the region of 6.39-7.72 ppm and 8.19-8.39 ppm. These
result from the resonance of the protons of the 1,3-phenylene
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Figure 2. The UV-vis spectrum of benzihemiporphyrazine 3
in CHCI, at C=4- 104 M.

fragments and those of benzene nucleus of quinoxaline frag-
ments, respectively.

The UV-Vis spectrum in chloroform contains a low in-
tense shoulder at 416 nm and strong band of absorbance with
maximum at 346 nm (Figure 2). The location of the absor-
bance in short-wavelength region indicates the nonaromatic
character of macrocycle 3.

To reveal the difference between regioisomers (3a — cis,
3b — trans), the quantum chemistry calculations at the DFT
level using B3LYP hybrid functional with 6-31G(d,p) basis
set have been carried out. It was found that both 3a and 3b
exhibit nonplanar saddle-shape structures, and 3a was found
to be of 0.75 kcal/mol more stable than alternative regioiso-
mer (Figure 3). The benzene and pyrroloquinoxaline frag-
ments deviate from the median plane of molecule in opposite
directions. In particular, the angles between the planes formed
by the exocyclic nitrogen atoms and pyrroloquinoxaline
fragments are calculated to be equal to —26.2° and —26.7°,
whereas the angles between the planes of benzene fragments
are equal to 49.0° and 49.8° for 3a and 3b isomers, cor-
respondingly. It’s worthy to note the position of tert-butyl
groups doesn’t much affect the bond lengths and angles
in macrocycle.

To analyse aromatic character of 3a and 3b, the NICS
values were calculated. NICS values pertaining to global
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AE = 0 kcal/mol

AE = 0.75 kcal/mol

Figure 3. View of optimized configurations 3a and 3b and calculated energies.

Table 1. Calculated magnitudes of NICS (ppm) for isomers 3a and 3b.

ok

i ii iii iv v vi vii viii ix
3a 1.16 —8.82 —6.36 1.89 —8.48 —8.50 1.89 -6.36 —8.82
3b 1.15 —8.86 -6.33 1.89 -8.50 -8.51 1.94 -6.24 -9.41

aromaticity were calculated at the center of the macrocycle,
whereas values corresponding to local aromaticity were
found at the centers of five- and six-membered rings
(Table 1).

The positive values of NICS calculated at the center i
of 3a and 3b confirm nonaromatic character of macroring.
But 1,3-phenylene moieties save their aromaticity (points
v and vi) what can be most probably explained by the fact
that lost of their local aromaticities is not compensated
by energy advantage when global aromaticity is established.
Five-membered rings demonstrate nonaromatic character
due to strong perturbations induced by double bonds located
in 1,3-positions.

Analysis of orbital structure of 3a and 3b shows that
HOMO and LUMO are orbitals of m-character and that
the electron transition between them is of m-m*-character.
Computed energies of frontier orbitals and excitation energy
are shown in the Table 2.

Table 2. Calculated magnitudes of HOMO/LUMO (eV)
and excitation energy AE (eV) of isomers 3a and 3b.

Energy of MO*, eV

Orbital
3a 3b
LUMO+1 -2.29 -2.30
LUMO -2.32 -2.35
HOMO -5.65 -5.66
HOMO-1 -5.85 -5.85
AE, eV 3.33 3.31

*HOMO is corresponds to y,,,, LUMO — .
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The structures of the HOMO and LUMO of 3a and 3b
are shown in Figure 4.

In order to estimate whether there is the difference
in light absorption ability of the regioisomers or not, absorp-
tion spectra of 3a and 3b were calculated by TDDFT method
using the configurations optimized at the B3LYP/6-31G(d,p)
level. The analysis of TDDFT calculations of the first singlet-
singlet electron transfers showed that isomers are spectrally
indistinguishable. Calculated maxima of their absorption
located at 436 nm are nearby to that found in experimental
UV-Vis spectrum of 3 (Table 3).

Table 3. Calculated and experimental wavelengths (nm), oscillator
strengths (f) for 3a.

Experimental spectrum Calculated data
(CHCL,) of 3 (TDDFT) of 3a
A, nm A A, nm f
416 0.05 436 0.15
Conclusions

A new example of a benzihemiporphyrazine with terz-
butyl-pyrroloquinoxaline fragments was synthesized. The
product was characterized by mass-spectrometry, UV-Vis,
IR and 'H NMR spectroscopies, and elemental analysis data.
To reveal the difference between regioisomers, quantum
chemistry calculations at the DFT level using B3LYP hybrid
functional with 6-31G(d,p) basis set have been carried out. It
was found that both cis- and trans-isomers exhibit nonplanar
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Figure 4. Views of HOMO and LUMO of 3a and 3b.

saddle-shape structures and cis-isomer was found to be
of 0.75 kcal/mol more stable than alternative regioisomer.
To analyse aromatic character of isomers, the NICS values
were calculated. It was shown that positive values of NICS
found in the centre of molecules confirm the nonaromatic
character of the macrocycle.
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