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Synthesis of new diazepinoporphyrazine containing eight styryl fragments in the pe-
riphery of the macrocycle — tetrakis-2,3-{5,7-bis[(E)-2-phenylvinyl]-6H-1,4-diazepino}por-
phyrazine and its magnesium complex was reported. The composition and structure of the
compounds obtained was determined by means of 'H NMR, IR, electronic spectroscopy and
elemental analysis. The optical properties of the synthesized compounds were investigated
in toluene and DMSO.

Coobmraercss 0 CUHTe3€ HOBBIX JUABEIIMHONOP(OUPASUHOB, COLEPIKAIIUX BOCEMb CTUPUJIb-
HBIX (DParMeHTOB Ha Tepudepuy MaKpOLUKJIa — Terparkuc-2,3-{5,7-6uc[(E)-2-dhennasuuni]-
6H-1,4-nuasenuno}mopdupasuta U ero MarHneBoro Komiekca. CocTaB U cTpoeHne MOJTyUYeH-
HBIX COeQUHeHU# ycraHoBjJeHHI Merozmamu IIMP, MK, 9J1eKTpPOHHOI CHEKTPOCKOIIMU U dJIe-
MEeHTHBIM aHaJusoM. lMccieqoBaHBI ONTHYECKHNE CBOICTBA CHHTE3MPOBAHHBIX COeIMHEHUI B

Tonyose u JIMCO.

1. Introduction

Macroheterocycle systems such as por-
phyrins, tetrabenzoporphyrazines and their
aza analogues are interesting objects of ex-
tensive studies and practical applications in
a lot of fields of science and industry for
the last years [1]. Porphyrazines with annu-
lated six-membered aromatic rings and with
or without metal-atom as the central atom
have attracted intent attention of scientists
due to their unique physico-chemical prop-
erties: catalytic, photoconductive, nonlinear
optical and others [1-5].

One area of possible development of new
porphyrazine materials is introduction of
the various substituents in the periphery of
macrocycle. The formation of phthalocyan-
ine-like macrocycles is achieved by replace-
ment of the benzene rings present in phtha-
locyanine skeleton by heterocyelic rings, for
example, annulated diazepine rings [6, 7].
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Porphyrazine macrocycles containing annu-
lated diazepine rings are investigated insuf-
ficiently [6—8]. Tetrapyrrolic macrocycles
with seven-membered heterocyclic rings an-
nulated to the pyrrol rings of the central
porphyrazine core, in contrast to phthalocy-
anines and its aza analogues having planar
molecular geometry, are far from entirely
planarity [8] that have influence on their
electronic and hence physical and chemical
properties [6, 8]. Introduction of substi-
tuents in the periphery of the macrocycle
leads to change spectral, optic and other
physical chemical properties too. The nature
of the introducing groups affects on the
electronic structure of the system [9-11]. In
addition, tetrakis-2,3-(5,7-dimethyl-6H-1,4-
diazepino)- porphyrazine (MegDzPzH,) and
its metal complexes have not been synthe-
sized, at the same time, the presence of two
peripheral phenyl groups in the starting
monomer leaded to the possibility of tetra-
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merisation [9] and tetrakis-2,3-(5,7-
diphenyl-6H-1,4-diazepino)porphyrazine
(PhgDzPzH,) and its metal complexes have
been synthesized [6—8]. It can be explained
by the participation of the phenyl groups in
the m-conjugation that decreases the energy
of the transition state and stabilizes of the
macrocycle.

Our investigation is devoted to synthesis
of new derivatives of diazepinoporphyrazine
containing eight styryl fragments attached
to the diazepine rings (StyrgDzPzH, and
StyrgDzPzMg) and determination of the gen-
eral physical chemical characteristics of the
obtained compounds.

2. Experimental

All reactions were carried out under at-
mospheric conditions (Fig. 1).

Benzene, 1-propanol, acetic acid, pyri-
dine, dimethylsulfoxide (DMSO) and re-
agents (2,4-pentandione, diaminomaleoni-
trile, Mg turnings, benzaldehyde, piperidine
and oxalic acid) were obtained commercially
and used without further purification
(Aldrich, Merck).

IR spectra were recorded on a Specord
M-80 spectrometer in KBr pellets. 1H NMR
spectra were recorded on a Varian
(800 MHz) spectrometer (DMSO-dg/TMS).
The UV-vis absorption spectra were ob-
tained on a Specord M-40 in DMSO and
toluene (I = 10 mm).

Synthesis of 5,7-dimethyl-6H-1,4-diaze-
pine-2,3-dicarbonitrile. 0A mixture of diami-
nomaleonitrile (10 mmol), 2,4-pentandione
(10 mmol) and oxalic acid (30 mg) in ben-
zene (50 ml) was refluxed for 8 h in a flask

b

—_—

equipped with a Dean-Stark trap to remove
generated water. The mixture was cooled to
room temperature and benzene was removed
in vacuum. The residue was triturated with
water and filtered. Then obtained product
was crystallized from methanol. Yield:
57 %, mp: 158-159°C; 1H NMR § ppm
(CDCl3) 4.42 (2H, s, CH,), 2.18 (6H, d,
2CH3). Anal. caled. for CgHgN,: C-62.78,
H-4.68, N-32.54; found C-63.17, H-4.73, N-

31.88. IR (cm~l): 2240s (C=N), 1600s,
1590sh, 1560sh, 1495m, 1440s, 1430sh,
1330m, 1260s, 1225m, 1210m, 1200m,
1185m, 1060m, 1050m, 1025w, 1000m,

980m, 940m, 850m, 755m, 640s.

Synthesis of 5,7-bis[(E )-2-phenylvinyl]-
6H-1,4-diazepine-2,3-dicarbonitrile (com-
pound I). A mixture of 2,3-dicyano-5,7-di-
methyl-6H-1,4-diazepine (10 mmol), benzal-
dehyde (20 mmol) and several drops of
piperidine in benzene (50 ml) was refluxed
for 6 h in a flask equipped with a Dean-
Stark trap to remove generated water. The
mixture was cooled to room temperature
and benzene was evaporated. The precipitate
was collected, dried and crystallized from
chloroform. Yield: 49 %, mp: 238-239°C;
lH NMR § ppm (DMSO) 8.12-8.07 (d., 2H,
-HC=CH- trans), 7.75 (m., 4H, -CgHg), 7.41
(m., 6H, -CgHs), 7.15-7.10 (d., 2H, -HC=CH-
trans), 5.41 (s., 1H, -CH,-), 2,06 (s., 1H,
-CHy-). Anal. caled. for CgHgN,: C-79.29,
H-4.63, N-16.08; found C-79.03, H-4.73, N-

16.18. IR (ecm™!): 2230s (C=N), 1625s,
1600sh, 1580m, 1520s, 1495sh, 1350m,
1315m, 1290m, 1275m, 1240m, 1210-

1200d m, 1180s, 1155m, 1140w, 1110m,
1100w, 1075w, 1050sh, 1000s, 985s, 970s,

Z.
Z

Fig. 1. Scheme of the synthesis of StyrgDzPzMg, and StyrgDzPzH,.
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980w, 890w, 860w, 845w, 750s, 690s,
670w, 645w. UV/Vis (DMSO): %,,, = 356
and 434 nm; (toluene): A,,, = 3855 and

428 nm.

Synthesis of {5,7-bis[ (E )-2-phenyl-
ethenyl J-6H-1,4-diazepino}porphyrazinatom
agnezium (II) (compound II) A suspension
of Mg turnings (2.0 mmol), one small crys-
tal of iodine and n-propanol (5 ml) was
heated at reflux for 8 h. The reaction mix-
ture was then cooled to room temperature,
and 2,3-dicyano-5,7-bis[(E)-2-phenylethenyl]-
6H-1,4-diazepine (8 mmol) was added in one
portion. The reaction mixture was quickly
reheated to reflux for 30 min. The reaction
mixture was kept at 110°C during 6 h and
changing of color from bright yellow to
dark green was observed. The mixture was
cooled and obtained precipitate was filtered,
washed by methanol and water and dried.
Yield: 34 %, Anal. caled. for
C92H64M9N16X10H20: N-14:.02, C-69.15, H-
5.30; found: N-14.48, C-68.95, H-5.53.
Thermogravimetric analysis revealed a fea-
tureless loss of ten water molecules for this
sample in the temperature range 25-250°C
(found 10.91 %, calculated for 10 mole-
cules of H,O 11.17 %). 'H NMR § ppm
(DMSO) 8.31-8.20 (d., 8H, -HC=CH- trans),
7.89 (m., 6H, -CgHs-), 7.79 (m., 18H, -
CeHs), 7.58-7.49 (d., 8H, -HC=CH-trans),
7.31 (m., 16H, -CgHg), 6.17 (s., 4H, NH),

4.93 (s., 4H, -CH=). IR (cm™1): 8500-
3200 ww (H,O), 1650w, 1625s, 1600w,
1580m, 1520s, 1500w, 1340m, 1320m,
1270m, 1210m, 1175s, 1115s, 1030s,
1000w, 970s, 850w, 780m, 765m, 750s,
690s. UV/Vis (DMSO): A, =373 and
692 nm; (toluene): *A,,,. = 373, 664 and
701 nm.

Synthesis of {5,7-bis[(E )-2-phenylethe-

nyl J-6H-1,4-diazepino}porphyrazine (compound
IIT) Solvated magnesium complex I
(322 mg, 0.20 mmol) was suspended in
25 % aqua solution of acetic acid (15 ml)
and the mixture was refluxed for 8 h. After
cooling, the dark green precipitate was fil-
tered and washed abundantly with water
and dried under vacuum at 60°C. Yield:
84 0/0, Anal. caled. for C92H66N16X4H20: N-
15.27, C-75.29, H-5.08; found: N-15.44, C-
74.95, H-5.28. Thermogravimetric analysis
revealed a featureless loss of four water
molecules for this sample in the tempera-
ture range 25-250°C (found 4.80 %, calcu-
lated for 4 molecules of H,O 4.90 %). 'H
NMR & ppm (DMSO) 8.33-8.25 (d., 8H, -
HC=CH- trans), 7.99 (m., 6H, -CgHg), 7.79
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(m., 18H, -CgHg), 7.58-7.49 (d., 8H, -
HC=CH- trans), 7.31 (m., 16H, -CgHs), 6.88
(s., 2H, -NH), 6.18 (s., 2H, -CH=), 4.91 (s.,
2H, -CH). IR (cm™1): 8500-3300 ww (H,0),
3220m (NH), 1655w, 1620s, 1605w, 1580m,
1520s, 1505w, 1345m, 1320m, 1270m,
1210m, 1175s, 1115s, 1030s, 1000w, 975s,
850w, 780m, 765m, 755s, 690s. UV/Vis
(DMSO): A, =383, 656 and 696 nm;
(toluene): A, ., = 381, 659 and 701 nm.

3. Results and discussion

Fluorescent chromophores have been gen-
erally known to have a planar and rigid
m-conjugation system, for example: stilbene,
coumarin, perylene and others. Recently, it
was reported about the synthesis of
styryldiazepine fluorescent dyes and their
spectral properties [12]. Their absorption
and fluorescent spectral properties were
correlated with their non-planar molecular
structure [12]. Although 5,7-bis[(E)-2-
phenylvinyl]-6H-1,4-diazepine-2,3-dicarboni-
trile was described but the attempts to use
it as precursor for the synthesis of por-
phyrazines has not been made. This precur-
sor was obtained by two step reaction (Fig. 1)
of the commercially available diami-
nomaleonitrile with 2,4-pentandione sub-
sequent condensation of product with ben-
zaldehyde. The template tetramerization of
5,7-bis[(E)-2-phenylvinyl]-6H-1,4-diazepine
-2,3-dicarbonitrile (compound I) was carried
out in the presence of magnesium propylate
and {5,7-bis[(E)-2-phenylethenyl]-6H-1,4-
diazepino}porphyrazinatomagnezium (ID)
complex (StyrgDzPzMg) (compound II) was
formed as a hydrated bluish-green solid ma-
terial (Fig. 1). The introduction of two
styryl fragments in position 5, 7 of
diazepine ring in the starting monomer
leads to the redistribution of the electron
density and promotes of the aromatization
of the seven-member cycle that increases re-
active ability of the nitrile groups and, as a
result, the tetramerization reaction takes
place.

The Mg complex II can be demetallated to
the metal-free macrocycle StyrgDzPzH, (com-
pound III) in boiling 25 % aqua solution of
acetic acid. The use of glacial acetic acid
leads to the formation of the metal-free
macrocycle immediately at room tempera-
ture. The use of stronger acids such as tri-
fluoroacetic or 96 % sulfuric acids leads to
demetallation at first and following by de-
struction of the macrocycle.
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Table. The data of UV-vis spectroscopy of 5,7-bis[(E)-2-phenylvinyl]-6H-1,4-diazepine-2,3-dicar-

bonitrile, StyrgDzPzMg, and StyrgDzPzH,

Compound Solvent %, nm (log €)
B-band ®-band

I DMSO 356 (4.57), 434 (4.13) -
toluene 355 (4.68), 428 (4.35H) -

II DMSO 373 (4.63) 656 (4.18), 692 (4.33)
toluene 373 (4.60) 664 (4.14), 701 (4.19)

111 DMSO 383 (4.72) 656 (4.50), 696 (4.50)
toluene 381 (4.80) 659 (4.56), 700 (4.40)

The 1H-NMR spectrum of starting 5,7- A

bis[(E)-2-phenylvinyl]-6H-1,4-diazepine-2,3-
dicarbonitrile shows the presence of two
doublets with J = 16.5 and 16.1 Hz, corre-
sponding four protons of two (-HC=CH-)
groups in trans-configuration of the styryl
fragments in the low field region (6 = 8.12-
8.07 and 7.15-7.10 ppm); two multiplets of
the phenyl protons at 6=7.75 and
7.41 ppm and two singlets for the -CH,-pro-
tons are observed at 6 = 5.41 and 2.06 ppm.

The 1H-NMR spectrum of the Mg com-
plex II in DMSO-dg contains nonresolved
multiplets of the phenyl protons (6 = 7.89;
7.79; 7.31 ppm), doublets of eight (-
HC=CH-) group protons (&= 8.31-8.20;
7.58-7.49 ppm) and two broad signals at
6.17 and 4.93 ppm. The intensity ratio of
these signals to the signals of the phenyl
protons is 1 : 1 : 10, which allows to assign
the signal at 4.93 ppm to the methine -CH=
proton and another signal at 6.17 ppm to
NH group protons. The NH-groups located
close to the aromatic porphyrazine macrocy-
cle should be deshielded by its m-electron
ring current and on the other hand this
group is joined with nw-conjugated styryl
fragment. The similar signal positions of
the CH and NH group protons were de-
scribed for tetrakis-2,3-(5,7-diphenyl-6H-
1,4-diazepino)porphyrazine [8].

The UV-vis spectra of starting compound
I recorded in DMSO and toluene exhibit
strong absorption in the ranges 300-
450 nm. The UV-vis spectra of the macrocy-
cle compounds II and III recorded in the
same solvents show in addition to strong
absorption in the ranges 300-450 (Soret re-
gion) the band at 650-710 nm (Q-band re-
gion) (Table, Fig. 2). The UV-vis spectra of
compound I have two absorption bands in
Soret region in both solvents and no absorp-
tion presents in @-band region. At the same
time, @-band appears in UV-vis spectra of
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Fig. 2. UV-vis spectra of 5,7-bis[(E)-2-
phenylvinyl]-6H-1,4-diazepine-2,3-dicarboni-
trile (1), StyrgDzPzMg (2) and StyrgDzPzH, (3)
in toluene.
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compounds II and III that is evidence of the
macrocycle formation and certainly attrib-
utes to the allowed HOMO-LUMO intrali-
gand n-n" transitions and similar to the
usual spectra observed for the class of
phthalocyanine species. This implies an
overall like electronic distribution and an
extensive m-electron delocalization through-
out the skeleton of the new diazepinopor-
phyrazine macrocycle. Presumable, the pe-
ripheral diazepine fragment, although not
coplanar with the central porphyrazine core,
are at least partly involved in some kind of
structural and mn-electron rearrangement.
Moreover, peripheral styryl fragments in-
volve structural and m-electron reorganiza-
tion too. In the case of Mg complex II Q-
band is broad both in DMSO and toluene
(Fig. 2) that can be explained by molecular
association in solution too. The UV-vis spec-
trum of the metal-free ligand III shows the
split @-band (because of its lower symmetry,
i.e. Dy;) which also can be observed for
free-metal phthalocyanines and macrocyclic
compounds like to diphthalocyanine systems
[13].
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Furthermore, the introduction of the
styryl substituents in the periphery of
diazepinoporphyrazine macrocycle influ-
ences considerable on position of @-band in
the UV-vis spectroscopy. In the spectra of
PhgDzPzH, and PhgDzPzMg Q-band is situ-
ated at A,,, =639-677 nm and A,,, =
639-680 nm, respectively [8, 14], whereas,
in the spectra of StyrgDzPzH, and
StyrgDzPzMg @-band is at 24,, = 656—
698 nm and A,,, = 656-700 nm, respec-
tively. So, the bathochromic shift (=20 nm)
of the @-band is observed. It is known that
the shift of the @-band in the longer wave-
length region is mostly due to the destabili-
zation of the first HOMO or the stabiliza-
tion of the first LUMO [15]. Therefore, the
introduction of the eight styryl substituents
in the periphery of diazepinoporphyrazine
macrocycle leads to extension of the m-con-
jugated system taken as a whole that, in
one’s turn, promotes to the stabilization of
the first LUMO.

4. Conclusions

The new diazepinoporphyrazine contain-
ing eight styryl fragments in the periphery
of  macrocycle-tetrakis-2,3-{5,7-bis[(E)-2-
phenylvinyl]-6H-1,4-diazepino}porphyrazine
(StyrgDzPzH,) — and its magnesium (II)
complex (StyrgDzPzMg) have been synthe-
sised in the first time. The introduction of
two styryl fragments in position 5, 7 of
diazepine ring in the starting monomer
leads to the re-distribution of the electron
density that allows to occur the tetrameri-
zation reaction. The data of 1H NMR, IR,

UV-vis spectroscopy and elemental analysis
have confirmed composition and structure
of the synthesized compounds. The intro-
duction of the styryl substituents in the
macrocycle leads to the bathochromic shift
of the @-band, that can be explained by the
stabilisation of the first LUMO.

References

1. N.B.McKeown, Phthalocyanine Materials —
Synthesis, Structure, and Function, Cam-
bridge University Press, Cambridge (1998).

2. D.Wohrle, L.Kreienhoop, D.Schlettwein,
Phthalocyanines — Properties and Applica-
tions, Vol.6, VCH, New York (1996).

3. T.-H.Tran-Thi, Coord.Chem. Rev., 160, 53
(1997).

4. E.I.Yslas, V.Rivarola, E.N.Durantini, Bioorg.
Med.Chem., 13, 39 (2005).

5. C.Nitschke, S.M.O’Flaherty, M.Kroll et al.,
Chem. Phys. Lett., 383, 555 (2004).

6. S.Angeloni, C.Ercolani, J. Porphyrins Phthalo-
cyanines, 4, 474 (2000).

7. S.Angeloni, E.M.Bauer, C.Ercolani et al., J.
Porphyrins Phthalocyanines, 5, 881 (2001).

8. M.P.Donzello, C.Ercolani, P.A.Stuzhin et al.,
Eur.dJ. Inorg. Chem., 11, 2075 (1999).

9. A.Grosh, P.G.Gassman, J.Almlof,

Chem. Soc., 116, 1932 (1994).

10. D.Wrobel, A.Boguta, J.Photochem.Photobiol.
A:Chemistry, 150, 67 (2002).

11. D.Wrobel, C.R.Chimie, 6, 417 (2003).

12. E.Horiguchi, K.Shirai, M.Matsuoka, M.Mat-
sui, Dyes Pigments, 53, 45 (2002).

13. L.Evans, G.Patonay, Talanta, 48, 933 (1999).

14. M.P.Donzello, D.Dini, G.D’Arcangelo et al., /.
Am.Chem. Soc., 125, 14190 (2003).

15. N.Kobayashi, H.Konami, Phthalocyanines —

Properties and Applications, Vol.2, VCH, New
York (1993).

J.Am.

CuHTe3 Ta CIeKTpaJibHi BJIACTHBOCTI
HOBHUX 3aMillleHMX Mia3emiHOMOP(ipa3sMHOBUX CIIOJYK
K ONTHYHMX MaTepiaiis

C.Tomauvwuncorkuii, JI.Tomawuncoerxa, I. Tpemovaxoea, B.Uepniil

IToBimoMusieTses PO CHHTE3 HOBUX [Aiasdemiuomopdipasuuis, 1o mMicTaTh BiciM cTupiiab-
Hux QparmMeHTiB Ha mnepu@epii Makpomukrygy — Terpakic-2,3-{5,7-6ic[(E)-2-peninsinin]-6H-
1,4-miazemino}nopdipasuny i #oro maruieBoro Kommiekcy. Crkiazn i 6yJoBy OTPUMAaHUX CIIO-
ayk BcTaHoBJeHo Meromamu IIMP, T4, emekTpoHHOI cIeKTpocKomii Ta ejleMeHTHUM aHaJi-
3oM. Jlocig;KeHO ONTHYHI BJIACTHUBOCTI CHHTE30BAHUX CIIONYK B Tosyosai Ta JMCO.
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