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Abstract

Structural data, nomenclature. synthetic routes and spectral properties of the majoriiy of
known azaanalogs of phthalocyanines are presented. Among the syntheiic proceﬁwes the
preparation and purification of both lipophilic and water soluble azaphthalocyanines are
described. The physico-chemical properties of these compounds are strongly m‘huncsd by
the presence of exocyclic nitrogen atoms. which are more basic than the meso atoms of the
porphyrazine macroring. This increased basicity of the azaanalogs. compared with the
corresponding phthalocyanines. expliains their tendency to form stable hydrates and their
specific affinity for protons in acidic media. The hypsochromic shilt of the Q-band in the
electronic spectra of the azaanalogs of phthalocyanine, naphthalocyanine and anthracyanine,
resulting from the aza substitution in the fused benzo rings. is shown to depend om
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the number and position of the heterocyclic N atoms in the macrocycle. The effect
of aza substitution on the absorption spectra becomes more pronounced in the case of
linearly annelaied azaphthalocyanines. In contrast, sequential linear annelation alone
induces a stron:; bathochromic displacement of the Q-band. The recent data concerning the
angular annelation of octaazanaphthalocyanine suggest that each angularly condensed
benzo ring contributes to a hypsochromic shift of the main absorption maximum of
10-15nm. Such data are essential in the design of new phthalocyanine related com-
pounds with ‘tuned’ absorption maxima and selected solubility, as substrates for new
materials.

Keywords: Annelation; Azasubstitution; Phthalocyanine azaanalogue

1. Introduction

The azaanalogs of t2e phthalocyanines (azaPcs) are heterocyclic Pc analogs which
have been extensively stuiied over the past decade. Potential applications which
have been addressed include their use as textile bleaching agents, photoinactivators
for controlling growth of microorganisms [ 1], catalysis for oxygen reduction [2,3],
materials for electrochromic displays [4-61, media for optical data storage with
large memory capacity [7-14], inhibitors of thermal degradation of polymers [15]
and photosensitizers for photodynamic therapy of cancer [16,17].

The synthesis of heterocyclic Pe analogs was initially reported in 1937 by Linstead
and coworkere [18,19]. The benzo rings of these compounds were substituted by
heterocycles, such as thiophene, thionaphthalene, pyridine and pyrazine. The prepara-
tion of azaPcs was described in th~ 1960s [ 20-23], and their photoelectrical [247,
absorbance [ 25,26] and catalvtic properties [27] were studied.

A significant contribution to the development of the chemistry of azaPcs was
made by Galpern and Luk’yanets who described the synthesis and properties of a
series of AzaPcs differing in the number and localization of N atoms in the
macrocycle, as well as in the number of linearly condensed benzo rings. These
authors also developed the methods for preparing tert-butyl-substituted analogs of
Pc and naphthalocyanine (Nc). The high solubility of these compounds in common
organic solvents allowed for studies of their spectral properties in solutions. The
main changes in the UV-wvis spectra of Pc and Nc resulting from azasubstitution
and linear annelation of the macrocycles, were established experimentally and
were shown to fit well with the results of quantum chemical calculations
[28-31].

Subsequent reports detailed the synthesis of a series of azaPcs soluble in water
{17.32] and in organic solvents [ 33-357 which permitted studies on the effect of the
aryl substitution and angular anunelation on the clectronic spectra of octaazaanalog
phthalocyanines (octaazaPcs), octaazaanalog naphthalocyanines (octaazaNcs) and
tetraazaanalog naphthalocyanines (tetraazaNcs).

This paper reviews the synthetic routes leading to azaPcs and highlights the
properties of the latter compounds compared with their carbocyclic analogs.
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2. Nomenciature
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Phthalocyanine = Tetra-3.4-pyridino- Tetra-2,3-pyrazino-
tetrabenzoporphyrazine porphyrazine porphyrazine

t

The names of the azaPcs according to the IUPAC nomenclature are too unwieldy.
This has created the need for a more convenient systematic nomenclature [18]. It
was proposed to use the term porphyrazire for the central ring system of the Pc
molecule. Individual compounds are named by aftaching an appropriate prefix. Thus
the systematic name for Pc itself on this basis is 28H.31 H-tetrabenzo[b.g,{ g ] porph-
yrazine (tetrabenzoporphyrazine). The corresponding compound with four
3,4-pyridine rings in lieu of four benzenes becomes 294,31 H-tetrapyridino{3,4-5:3 4"~
g3 473" 4"-g  porphyrazine  (tetra-34-pyridinoporphyrazine), the pyrazine-
substituted analog is 29H 31 H-tetrapyrazino[ 2,3-5:2',%-g:2",3"-1.2"". 3" -q Jporphyra-
zine {tetra-2,3-pyrazinoporphyrazine}.

3. Syntheses, purification and physice-chemical properties of the azaPcs

The esseatial information about structure. synthesis and spectral properties of a
majority of known azaPcs is presented in Tables 1-6 and Schemes 1-7.

3.1. Lipophilic azaPcs

In the same manner that substituted phthaloniiriles are the most useful intermedi-
ates in the synthesis of Pcs. the dinitriles of heterocyclic o-dicarboxylic acids are the
best precursors for the synthesis of azaPcs. In contrast to most other derivatives of
o-dicarboxylic acids, o-dinitriles afford pure azaPcs in high yields. Heterceyclic o-
dinitriles are the only suitable precursors in the preparative synthesis of metal-free
azaPcs (Scheme 1).

The most common wajy o obtain metai-frse azaPcs includes demetallation of the
magnesium or lithium complexes in cone. hydrochloric or sulfuric acid {Scheme 1,
Methods 1A, 1B) [18,28,30,36,37]. Metal-free tetrapyridinoporphyrazine 1 {Table 1}
was synthesized by treatment of the dicyanopyrazine. dissolved in N, N-dimethylami-
noethanol, with ammonia (Scheme 1. Methad 1C) [36]. Metal-free azaPes were also
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Table §
Isomeric tetra-5,6-{(di-teri-butyl-9.10-phenanthro)}-pyrazinoporphiyrazines

No. R’ R? R? R* M Method of 4, (nmj(Jog &) [chlorofor~1] Reference
synthesis
94 "Bu H ‘Bu H Cu 2c 680 (4.88Y. 628 (4.4). 380 (4.58) [34]
o5 "Bu H H “Bu Cu ] 680 (4.2}, 628 14343, 378 (4.64}) [
96 H *Bu  "Bu H Cu 2C 680 (4.91), 628 (4.3). 380 {4.6) [34]
97 "Bu H "By H AlC 2C 690 (4.55), 630 (4.4}, 389 {47} {347
98 "Bu H "Bu H Zn 2C 592 (5.01), 630 (4.44), 387 (1.6} [343
99 “Bu H Ry H vo ¢ 704 (515}, 642 (4.42), 354 (4.5) [341

prepared from o-dinitriles using traditional catalysts of the template synthesis of Pc.
such as organic bases {Scherr¢ 1. Method 1D). Thus, compound 42 (Table 2) was
obtained by heating the ethanolic sclution of the corresponding o-diritrile, containing
1.8-diazabicyclo{ 54,0 Jundec-7-ene (DBU) [ 37].

There are numerous methods for preparing metal comrlexes of azaPcs, since their
synthesis is not restricted to the use of o-dinitrile as intermediates. However, com-
pared with the carbocyclic analogs [387], many more examples of azaPc metal
complex (azaPcM ) syrtheses involve o-dinitriles compared with other possible deriv-
atives of heterocvclic o-dicarboxylic acids (Scheme 2). 2,3-Dicyanopyridine,
2,3-dicyanopyrazine and 2,3-dicyanoquinoline react with metal salts (anhydrous
chlorides or acetates) in the absence of solvent upon heating to 190-200°C {Scheme 2,
Method 2A) [ 18,28,39-417, whereas substituted and condensed heterocyclic o-dinit-
riles require the presence of a solvent such as trichlorobenzene, quinoline or pyridine
(Scheme 2, Method 2B). The azaPcs 5 (Table 1), 43 (Table 2), 100-193 (Table 6}
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Table 6
Tetr 1-2,3-benzo [ g]quinoxalinoporphyrazine:

- Chemistiy Reviews 136 ( 1996) 163- 182 173

No. M Method of synthesis fmaxlBimTelative intensity. Tquinoting]
100 VO 20 830, 730.5:
161 Co 2C 785, 730 sh.
162 Cu ke 810. 765 sh.
103 Zn 2C 810, 760
1. LIOR is HOA 2 H 'Rl % 5
S Meoc 14 : K
1 Y
\’(\
R _xL e ki LI T
i e AT
E Method 1B NHON ’"&
| N N
- Xyg: N MepM(CHZ)0H, WH3, 4 \(m: e B ra?f__n 4?/
Method 1C H
2 T W N
? Y i
DBU/EOH, 4 s X %
\\ x‘;/%/ -

Bethod 1D

X1orX2is Nor CH
RL,R2is H,

Scheme 1

‘,
»

tkyl, P¥, bew.zo or 9,10-phenanthio
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HMetal salt, &

/ Method 2A

Metal sa't, sobvent, A
CN Metbod 2B

Metal salt, MezN(CH2)20H,
2 W DBUNH3 or urea N
Method 2C

N Mg/AL & -
Method 2D

X1 ur X2is Nor CH
RL, R2 is H, r-Bu, Ph, benzo or naphtho

Scheme 2

were prepared by complexation of the corresponding dinitriles with metal salts in
the presence of strong organic bases and/or ammoiia (Scheme 2. Method 2C)
{36,37.427 The Mg and AlX complexes of teira-2,3-pyridinoporphyrazine 6 and 7
(Table 1) vere synthesized by heating of 2,3-dicyanopvridine with metal powder
(S:heme 2, Method 2D) [28.36].

The use of heterocyclic o-dicarboxylic acide and o-diamides for the synthesis of
azaPcM requires the presence of ammonia donors. such as urea or ammonium salts,
in the reaction mixtre. Thus, metal complexes of tetrapyridino- and tetrapyrazino-
porphyrazine such as 2, 16, 24, 39, eic. (Tables 1 and 2) were obtained [437 from
the appropriate o-dicarboxylic acids and meial salts in the urea melt in the presence
of ammonium molybdate {Scheme 3, Method 3A) [18,29,30,39.43-45].

Method 3A is pariicularly convenient for the synthesis of soluble tetrauzaPcs and
octaazaPes, such as tetra-2.3-(S-terr-butylpyrazino)porphyrazines 39 and 40
{Table 2. tetra-3,4-(6-terr-butylpyridino)porphyrazines 26 and 27 (Table 1) and
vanadyl tetra-2.3-{4-phenylquinolinojporphyrazine 6% (Table 3) [33]. In general,
however, this method provides Pcs of lower purity compared with those obtained
from the comlexation of the corresponding o-dinitriles. All above mentioned soluble
compounds viere chromatographed on alumina or silica gel, with purification being
less cumbersc e compared with the multistep synthesis of ths correspending hard-
to-get dinitnjes.

Preparing the copper(1l) complexes of tetra-6,7-{ 2-tert-butyl Jquinoxalinoporphyr-
azine 79 [46] and tetra-2,3-quinoxalinoporphyrazine 73 (Table 3} [28] via the
reaction of Z-fere-butyl-6,7-dibromnoquinoxaline and 2.3-dichloroquinoxaline with
copper{l) cyanide in diphenylformamide respectively can be considered as an atypical
synthesis of azaNes {Scheme 4, Method 4).
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M, urea, ammosium
raolybdate, A
R_X\_COZ d = R X3
T /7 Method 34 Y z b 4 3
3 1 2

X 2
X~ “coz X N ' X
AN
N /M\
. N\ Cu, NH4*SOZH 2, A X3 x! X3 A
CONH;, Method 3B XTOR
R
X1, X2 or X3 is Nor CH;
Ris Hor#Bu; Z is OH or NH2;
M is Cu, VO or Co
Scheme 3

EXZIK’Z/HM CuCN, diphenylformamice, A N
— N o
2 2
! et Method 4 7N
i 1
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Scheme 4

Only one example exists whereby the substituted Pc is directly converted into an
azaMe, 1.¢. the synthesis of ietra-6.7-{ 1 4-diaminophthalazine)porphyrazine 184 from
octacarboxyPc (Scheme 5, Method 5} [731.

Pure rzaPecs and azalNces are deeply coloured crystalline solids which decompase
without melting upon heating over 550°C. Unlike Pgs, the azaanalogs cannot be
purified by sublimation, ever in high vacuum. The unsubstituted azaPes are less
soluble in common organic solven’s compared with Pes and thus they are difficult
to purify by chromatography or recrystallization. Reprecipitation from conc. sulfuric
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acid followed by extensive extraction of impurities with hot organic solvenis in a
Soxlet apparstus are the most common methods to purify the azaPcs. Owing to the
presence of exocyclic nitrogen atoins, which are more basic than the meso-atoms of
the porphyrazine macrering, precipitation of the complexes requires much less con-
centrated acid comyrired with the corresponding Pes {46]. The increased basicity
of the azaanalogs nermits reprecipitation from conc. HCI or a mixture of phenol-
trichlorobenzene ( :1 by weight). The UV-vis spectra of azaPcs are indicative of
the degree of purity. Heating the unsubstituted complexes in organic solvents, such
as 1-chloronaphthalene, quinoline or dimethyl sulfoxide (DMSO) provides approxi-
mate 107° M solutions, which is sufficiently concent for spectral measurements.
During purification the siectronic spectrum changes substantially: the long-wave
band (Q-band) becomes narrower (hall-width of the peak ca. 570 cm ™!}, the vibra-
tional peaks resolve, and an absorbance in the area 400-500 nm gradually disappears.

it is well known that Pc heteroanaiogs readily form hydrates {18,427, Thus, the
tetrapyridino- and tetrapyrazinoporphyrazines were obtained as hydrates containing
one to four molecules of water, but 1o correlation was cbserved between the structure
of the molecule and number of watcr molecules reiained in the hydrate. Even heating
the azaPc hydrates in vacuo in the »resence of dehydrating agents failed in many
cases to afford anhydrous compounds {24,467, The dekydration can be performed
more efficiently by heating the samples in acetic anhydride [ 28.34].

Differences between Pes and azaPcs owing to the presence of additional exocyclic
N atoms is also displayed in their UV-vis spectra m acidic media. Thus, protonation
of Pcs, dissolved in conc. sulfuric acid, causes substantial changes in the absorption
spectra, including a strong bathochromic shift of the long-wavelength maximum
fabout 100 am} [47,487 This shift of the Q-band is due to the protonation of the N
meso-atoms, which strongly affects the adjacert C atoms included in the a,, orbital
{49]. The bathochromic shifi of the absorption maxima in the spectra of
tetra-2 3-pyridino-, tetra-2.3-pyrazino- and tetra-2.3-guinoxalinopors in
conc. sulfuric acid never exceeds 30 nm {46.50.51,621. 1t has besn sug
protonation of azaPc affects the exocyclic N atoms and enly

]}
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charge density on C atoms of the corphyrazine ring. Therefore, the Q-band, corre-
sponding io the g, —e, transiticn [52], taken in acidic media, is hardly shifted
corapared with the spectra recorded in organic solvents.

3.2. Water soluble azaPc

The presence of additional N atoms in the molecules of the azaPcs allows the
formation of a water soluble cationic form of the comnlexes via quaternization with
dimethyl sulfate (Scheme 6, Method 6) [36,39,53] or alkyl bromides (Scheme 7,
Method 7) [34].

Complexes 18-23 (Table 1) are highly soluble in water and their UV-vis spectra
are indicative of substantial monomerization. Their photoredox behavior [36],
biclogical activity [ 557 and interaction with DNA in solutions [ 56] were studied.
Compound 25 (Table 1) has 2 well-defined amphiphilic character and was shown to
be particularly easy to handle by Langmuir-Blodgett methods, rendering it 2 useful
material for basic studies on molecular electronics [54].

A novel class of water soluble azaPcs, functionalized on the macrocycle with
carboxy substituents, was recently described by us [17]. Octaethoxycarbonyl tetra-
pyrazinoporphyrazines 55-58 (Table 2} were synthesized by complexation of
2,6-dicyano-5,6-diethoxvearbonylpyrazine with metzl salts in quinoline. The ester

{CH3)2804, DMF

Method 6
M = HH, AIOH, Za, Co, Cu, Ni
Scheme &
i ;:/\ BrirsRary” ™
~ \[,u\,,\,! BrCigHarie, A N A7
i dbthd
SR L 11378 R MY
M Cy N - —— . 2] [ [
Y PR 7 5% N #
sarif b—‘—j\ hethod 7 ,z::—-waf E———-E'
gj\,‘/z‘w{ - E‘.f%;ﬂh/ ”;’\‘f*‘izsi‘:w%r
L‘/ﬁ i‘\kfg i‘h\w g8 "\k,»}
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groups of compounds 87 und 58 were hydrolyzed with a mixture of three paris of
MaH suturaied methanol and one pact water. resulting in instanlaneous dissolution
of the compicxes followed by precipitation of the salts of 8 and 60 (Table 2). The
reactior. was monitored by HPLC unalysis of the redissolved precipitate. Complexes
30 and 60 were obtained ay single compounds in quantitative yields. This type of
compounu constitutes an alternative class of phn osensitizers for the phetodynamic
therapy ol cancer, with & dificront pK, compare.l with those currontly available [32].

4. Effect of azasubsiitution and annelation on the clectronic spectra of azannalogs of
Pe, Ne and anthracyanine

4.0, Azasubstitution of the Pe

There are four basic absorption bande in the wavelength range from 280 to 700 nm
in the electronic spectra of tetraazaPe und octanzaPc metal complexes. The first two
long-wave bands represent a Q-band and its vibrationat satellite, similar to those
observed with Pes [52]. The less intense and wider B band, related to the Soret
band of porphyrins, is located in the UV--vis region about 340 nm. Often this band
is split (N band, ca. 300 nm), as in the spectra of tetrapyridinoporphyrazines 1, 2,
4--6, 17-28 (Table 1) and tetrapyrazinoporphyrazines 39-41 (Table 2). The splitting
can have a vibrational nature, since its magnitude is about 1500 em ™, bul a superpo-
sition of several electronic transitions aiso can be considered [46].

Substitution of the CH groups o the Pc benzo rings adjaceni to the porphyrazine
macrocycle with N atom uses a remarkuble hypsochromic shifi in the visible part
of the spectrum. The magnitude of this shift increases from tetraazaPes (20- 25 nm,
550-780 em ) to the octaaza derivatives {40-60 nm., 8701260 cm ™!, dependiug on
the nature of the central metal atom) [ 28~30]. Comparing the spectra of mesal-free
tetra-2,3+{ 5-tert-butylpyrazino)porphyrazine 38 (Table 2} [307 and tetra-d-teri-
butylPe [64.65] in organic solvents reveals, as similarly observed for the metal
complexes, a strong blue shift of all long-wave bands, whereas the bands in the UV
area remain ai the same wavelengths.

it has been shown that the absorption spectrum of azaPc dopends on the position
of the  heterocyclic N atoms in the benzo rings. Unm the
tetra-2 3-pynidinoporphyrazines. electronic specira in the visible region of
tetra-34-pyridinoporphyrazines are identical 1o the spectra of the corresponding
Pes {221

Pheny! subctituents, even when oriented cul of plane of the molecule. contribute
to the iateraction with the ewocyclic nitrogen atoms. Thus, the mmain abso
maximum of the vanadyl octdg henyl tetrapyrazinoporphyrazine 51 (Table 2)
aovpm {337 while the ea “‘x clic analog, i.e. octaphenyvlicVO [687 exhibits a
waximum at 720 nm {shift .

£
4o, 1350 om 7y
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4.2, Azasubstitution of No and its annelated analogs

Tetraaza substitution of Ncs causes a strong hypsochromic shift of the main long-
wave maxima, up to 1600cm™' in the «case of the copper(ll)
tetra-2,3-quinolincporphyrazine 66 (Table 3) [41], although values around
1000 cm ! are more commen for compounds in the series. 1t is inferosting 1o note
that f-pheny! substitution hardly affects the scnsitivity of the Ne aromatic system io
the tetpagzs substitution. Thus, vanadyl tetra-2.3<(4-phenylquinolino) porphyrazine
69 (labie 3) shows a maximum at 780 nm {in chloroform), whereas vanadyt
tetra( 1-phenyl)Nc absorbs at 850 nm [67] (70 nm, 1060 ¢m ™! blue shift). The magni-
tude of this shift {ar exceeds the analogous shifts for the above mentioned series of
tetraazaPes, Le. tetra-2,3-pyridinoporphyrazincs. Therefore, the larger the aromatic
system, the more pronounced the effect of tetrnazasubstitution on the abserption
maximum of the complex.

Comparison of the spectral data in the visible region of the tetra-G-tert-
butyl-2,3-NeCu [66] with those of the copper(Il) octaazaNcs 73 and 79 {Table 3)
shows that the long-wave band of NcCu at 782 nm and its vibrational satellite at
697 nm undergo a substantial hypsochromic shift to 712 and 645 nm for the
tetra-2,3-quinoxalinoporphyrazine 73 and to 725 and 673nm for ter-butyl-
substituted 6,7-isomer 79. Thus, octaaza substitution of 2,3-Ng, like in the Pc series,
causes a hypsochromic shifi of the Q-band maximum, which is more distinct when
the CH groups adiacent o the porphyrazine macroring are substituted. Surprisingly,
in contrast to the Pc, the magnitude of this shifi is about the same for the tetraaza
substituted Mc as for the octaaza substituted Ne (see Table 3, compounds 6268
and 70-78).

Comparison of the main absorption maxima {in chloroform) of bis{tri-n-hex ylsiloxy)-
siticon Pc {2, 668 nm) [ 747 vs. its octaaza analog 37 {Table 2, A, 624 nm), and of
the bis(tri-n-hexylsiloxy)silicon N¢ {4, 772 nm) [74] vs. its octaaza durivative 77
{Table 3, 1. 704 nm), show that the magnitude of the blue shift due to octaaza
substitution increases from 1080 cm™* for the azaPc to 1250cm ™! for the azaNe.
Similar vaiues have been observed for a vanmety of unsubstituted ard terr-butyl-
substtuted -neial complexes of Pc, MNc and their octaaza analogs [28-207
Furthermore, comparing the spectral data for the quinoling solutions of “cVO {14,
819 nm) {63,687 vs. vanady! tetra-23-quinoxalinoporphyrazine 78 @ ible 3, A,
725 maj, we observe an even more remarkable hypsochromic shift of 1.0em ™' In
contrast. comparison of condensed Ne analogs such as vanadyl anth, . vanine {fyg,.
932 nm) [63] vs. the ietra-2,3-benzof glquinoxalinoporphyrazine 100 ¢ able 6. Ay,
830 nm. 1320 cm ™! blue shift due to the octaaza substitution) or vanadyl tetra-4,5-
{9.10-phenanthro)Pe (4., 776 nr} [ 687 vs. its octaaza analog 86 (Table 4, 2, 706 nm,
1280 cm ™! blue shifty suggests that the electron-buffering effect of the aromatic Ne
does not render this sysiem more sensitive to octaaza substitution upon annelation.

=

Linear annelaiion of azulcs

Comparison  of the UV-vis spectra of Hnearly annelated octaazaPes.
3 le 2

2

1
tetra-2 3-oyrazinonorshvrazin {Tat ] tetra-2. 3-guinoxzalinonornhyrazines
wetra-2, 3-pyrazinoporphyrazines  {Table 1), ietra-2.3-guinozahnoporphyrazines
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{Table 3) and tetra-23-bencaf g jyuinoxalinoporphyrazines (Table 6) reveals that
gach additional benzo ring vauses o strong bathochromic shift of the Q-band
(80100 nmy, 1500--2000cm ') [28-30]. The same rule applics to the series of
tetraazaPcs, ie. tetra-2,3-pyridinoporphyrazines {Table 1} and tetra-2,3-quinolino-
porphyrazines (Table 3), where the red shift due to the additional benzo ring averages
about 1550 cm ™!, This displacement of absorption maxima with the sequential
annelation, which does not change the symmetry of molecule, is due to the extension
of the aromatic system of the macrocycle. This correlation was first noticed in the
series of P¢ azaanalogs; subsequently it was also found in the sequence porphyrazing
— Pc ~2,3-Nc [707 - anthracyanine [71] and adoepted as a common feature of the
Pc class of compounds.

4.4. Angular annelativn of octaazaPes

How does the angular annelation affect the spectral properties of the azaanalogs?
This is not an easy guesiion to answer since insolubility of condensed azaPcs and
strong aggregation in solutions needs to be circumvented. Thus, the absorption
maximum of the vanadyl tetra-2.3-(benzo[ fI-quinoxalino)porphyrazine 86 (Table 4)
is located at 700 nm, whereas the vagadyl tetra-2,3-{ 5,6-(9,10-phienanthroj]po: phyra-
zine 86 (Table 4) absorbs at 706 nin and vanady! tetra-2,3-quinoxalinoporphyrazine
71 (Table 3} at 725 nm (all spectra in quincline). Therefore, the first angularly
annelated benzo ring causes a hypsochromic shift of the Q-band, whereas the second
condensed ring hardly affects the absorption pattern. Aggregation of Pc molecuies
in solution strongly affects the position of the long-wave maxima, and in general
increases with the size of the melecule [ 72]. 1n order to accurately study the spectral
properties of the angularly annelated azalNcs, the aggregation phenomenon needed
to be eliminated. This was ipproached in two ways: tert-butyl substitution on the
periphery of the macrocyele (Table 53 {347 and synthesis of the axially-substituted
silicon complexes 77 {Table 3). 84 and 93 (Table 4) [35]. The latter compounds
appeared to be particularly useful since they allowed comparison of the spectral
properties of fally monomerized decivatives of tetraazalNc containing the same
cemi‘;ﬂ atom. i the same wolvent, ie. chiorcform. Comparison of the spectra of
704 ams amé it's amau’ _v aimeiaied analogs 84 (/.. 688 nm) and
ondensed benzo ring causes a hypsoch-
that f@r the serizs of unsubstituted
cerning their spectral
M OTganic

crivatives
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tion is essential Tor the design of new materials with ‘tuned” absorption maxima aned
selected solubility, derived from dillerent Peerelated structures containing at least
one heterocyclic ring per molecule,
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