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Abstract
Structural duta, nomenchatore. synthetic routes snd speciral properties of ths majority of

knawn azaanalogs of phliaiocyanines are presented. Amonyg the synibetie procedures. the
prepacation and purification of bolly lipophilic and water sohible azaphthaloeyanines are
describad, The physico-chemical properiies of these compounds are stvongly influcnesd by
e presence of exocyelic nitroeen homs, whichk an: muore basic than the meso aloms of ke
porphyrazing macroring. This incressed basicity of the szaansiops. compared with he
carresponding phthalecyanings. cxpiains their tendency to form stable bvdraies and ik
spevific aftimity for protons in acidic media. The hypsachremic shift of the Q-nand m the
efectronie spectra of the azaanalopss of phibalocyanine, naphthalocyaning and asthracyanine,
resulting [rom the aza subsutatdon in the fused boneo rings shown o depand on
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the number and position of (he heterocyclic N atoms in the macrecvele. The eflect
of aza substitution on Lhe sbsorplion spectra becomas more pronounced in the case of
linearly annela'ed zzaphthalocvanines. in contrast, sequential linear annclation alone
induccs a stron ; bathochromic disptacement of the Q-band. The recent data concerning the
angular annclaien of oclaarzanaphthzlocyanine sugoest that each angularly coadensed
hanzo ring coninbutes W0 a hypsochromve shift of the man abhsorption wmaximum of
10-15am. Such data are osserifal in the design of new phthalocyanine related com-
pounds with ‘tuned’ absorption maxima and selecied solubihiy, as substrates for now
materials.

Keypwords: Annelation; Azasubstinuion: Phikdocyaning azaanalogue

. Introducticn

The azaanalogs of i2e phthaloeyanines (aza Pes) are heterocyclic Pe analogs which
have beeni extensively stuiizd over the past decade. Potential applications which
have been addressed include Their use as textile bleaching agents, photoinactivators
for control'ing growth of microorganisms [ 17, catalysis for oxygen reduction [2,37,
materials for clectrochromic displavs [4-67, media for optical data storage with
large memory capacity [7 14], inhibitors of thermal degradation of polvmers [ 15]
and photosensitizers for photodynamic therapy of eancer [ 16,17].

The synthesis of heterocyelic Pe analogs was initially reported in 1937 by Linstead
and coworkers [18,19]. The benzo rings of these compounds were substitnted by
heterocycles. <nch as thiophene, thionaphthalene, pyridine and pyrazine. The prepara-
tiwon of azaPes was described in the [960s {20-23], and their photoeleclrical |24],
absorbance [ 25,26] and catalviic properties [27 } were studied.

A significant contribution to the development of the chemistry of azaPes was
made by Galpern and Luk’vanets who described the synthesis and propertizs of g
series of AzaPes differing in the number and localization of N zioms in the
macrocycle. as well as in the number of linearly condensed benzo rings. These
authors also devcloped the methods for preparing tert-butvl-substitaied analogs of
Pc and naphthadocyanine (Nc). The high sofubitity of these compounds in common
organic solvents allowed for studies of their spectral properties in solutions. The
main changes in the UV-vis spectra of Po and Ne resulting from azasubstitution
and linear ennelation of the macrocycles. were established experimentaily and
were shown to fit well with the results of guantum chemical caleufations
[28-31].

Subsequent reporis detailed the synthesis of a series ol azaPes sotuble in water
[17.32] and in organic solvents { 33-3357 which permiticd studies on the effect of the
aryl substitution and angular aunelation on the clectronic spectra of octazzasnalog
phthalocyanines (octaazaPes), octaazaanaleg naphthalocyanines (octaazaMes) and
tetranzaanalog naphthaiocyanines {1elraazaMNcs).

This paper reviews the synthetic routes teading to azaPcs and highlighis the
preperties of the latter compounds compared with thelr carboeyclic analogs.
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2. Nomenclatore

pase g IS g
SN L &

Phthalocyanine = Tetra-3,4-pyridino- Tetra-2,3-pyrazino-
tetrabenzoporphyrazine porphyrazine porphyrazing

The names of the araPcs dccordmg to the IGPAC nomench:iure are too unwieldy.
This has created the need for & more convenlent systematic nomenclaiure {187 h
was proposed Lo use the lerm porphyrazine for the central rng system of the Pe
molecule, Individual compounds are named by attaching an appeenriate prefix. Thus
the sysiematic name for Pe itself on this basis is 281,31 H-tetrabenzo{h g.l. g porpa-
yrazine (tetrabenzoporphyrazing). The corresponding compound with four
34-pyriding rings ie lteu of lour benzenes becomes 29H 31 H-tetrapyridine [ 34-123 4"
g¥ 434" g Iporphyrazine  {tetra-34-pyridinoporphyrazine),  the pyrazine-
substituted analog s 29H 31 H-tetrapyrazino [ 2,3-52° 32" 312" 3] porphyra-
zine (ietra-2 3-pyrazinoporphyrazine).

3. Syntheses, purification ard physico-chemical properties of the azaPes

The exsenital information about strocture, synrhesis and spectral properties of 2
majority of kpown azaPes is preseoted in Tables 1-6 and Schemes 1-7,

A.1. Lipephiiic azaPes

In the same maaner thet subetitated piihalonitrifes are the most useful infermedt-
ates in the synihesis of Pes. the dimiirifes of heterocyelic o-dicarboxyiic acids are the
best precursars for the synthesis of uzaPes, In contrast to most ather derivatives of
o-dicarboxylic acids, o-dinitriles afford pure zzaPes in high yields. Heteravyelic o-
dinitriles are the only suilable precnrsors in the presarative synthesis of metal-free
azaPes tScheme 1L

The most conynon way o obtain metal-free szaPoes inciudes demetzaliation of the
magnesium or lithium complexes in conc. hvdrochloric or sulfuric acid {Scheme L
Methods 14, 1B} [18.28.30,36,37]. aletai-iree tetrapyridinopotphyrazine § (Table 13
was synihesized by treaiment of the dicyanopyrazing, dissolved in N, N-dimathyizmi-
avethanol, with ammoenia { Schems 1. Methad 1C} 36]. HMetal-fres azaPes were akso
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Table
Bsomzsic teren-56-{fdi-revi-bulvig 1 epheom

No. R R? R* I S Me Lrnas TN FOR &) [ehlozoform] Referuace
svnthesis
@4 By H Ve N u e CHOERRRY a2% e IR0 458 (3]
93 “Ra il H “Hu Cu a0 ARG A7), O2R L4, TR (4640 [M]
9h H "B B H Cu 2 BRIV, 02E (43 AR 48) [34]
97 “Bu W B AlCT A U LSS, 630 (1 380 (4T [34]
a8 “Bu M "B K Zi 2C AOZ AN 630 (4.4, 38T (an) [343
u "Bii T "Hu H YO 2C T IS0 6A2 0447, 35 143 [34]

prepared from o-dinitriles using traditionat catalysts of ihe template synthesis of Pe,
such as orgunic bases (Scheprg I Method 113). Thus, compound 42 {Table 2) was
obtained hy lieating the ethanoiic solution of the corresponding a-diritrile, containing
1.8-diazabicyclo[ 540 undec-7-ene (DB [37].

There are numerous methods for preparting metal comrleses of azalPes. sinoe their
synthesis 1s not resiricted o the use of e-dinitrile as inlermediates, However. com-
pared with the carbocyelic analegs {387], many more examples of azePc metal
cotmplex (azaPeM ) sypiheses involve p-dinttriles compared with other possible deriv-
atives of heterocvclic  o-licarboxylic  acids  {Schente 2). 2 3-Ihcyanopyridine,
23-dicyanopyrazine and 23-dicyanoguinoline react with metal salts {anhydrous
chlorides or acetalesiin the absence of solvent upon beating 1o [90- 200 °C (Schemwe 2,
Method 2A) | 13,28,30- 21 ], whereas substituted and condensed heterocvelic a-dinit-
riles reguire the presence of a solvent such as wicllorobenzene, quineline or pyridine
{Schemc 2. Method 2B). The azaPes 5 (Table 1). 43 (Table 2, 1063-i03 {Table 6}
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/ Mettod 1A
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Beul salt, A

/ Method 24

Meial s2't, sobsent, &

R X N Method 25

Meta! salt, MeaN{CHz)z0H,
DU NH3 or wres

> g
R CN ot 1C

N e, 4

Meibod 2D

Xlur X2is Nor CH
RY, R2 is H, -Bu, Ph, beazo or naphtho

Scheme 2

were prepared by complexation of the corresponding dinitriles with metal safts in
the presence of sirong osgamic bases andior ammoiia {Scheme 2 Method 20
(3637423 The Mg and AlX compleses of teire-2.3-pyridinoporphyazine & and 7
{Table 1y vore synthesized by heating of 2 2-dicvanopyridine with metal powder
1S:heme 2, Mcthﬁd D [ 28.50].

Tl use of heteracyclic s-dicarboxylic zcidr and o-diamides for the synthesis of
azaPeM requires the presence of ammona donors such as urea or ammonium szlis,
m the reaction mixinee, Thus. metai complexes of tetrapyridino- and tetrapyrasino-
porphyrarine such as 2, 16, 24 39, eic. {Tables | and 2} were obtained [43} from
the anpropriate o-dicarbuxylic acids and meial salts in the vrez melt in the presence
of ammonium molybdaie {Scheme 3. Method 3A) [18.20.30.39.43-451.

Method 3A i« panicularly convenient for Lhe synthesis of soluble tetraszaPes and
octaaraPos. such  as teira-2 3 3-teri-butylpyrazinciporphyrazines 3% ang 40
{Tahie 2} rweira-3 44 6-err-butylpyricing)porphyrdines 26 and 27 {Tubic 1) and
vanedyl tetra-2 3-(4-phenylquinolinolporphvrazine 6% (Table 3y [331 {0 general.
however. this method provides Pes of lower purity compared with those obiained
from the com alexation of the corresponding e-diniiriles. Ail above mentioned soluble
compounds v.ere chromatographed oo uluming or sificy gel, wizh purification being
less cumnberse e compiicd with the multistep synthesis of the corresponding hard-
to-gel dinitiies.

Preparing the copper{ 11 complexes of iotra-6.7-1 2-reri - bul‘,-".}ovinoxa‘inop’\rphyr-
azine 78 {467 and (etra-2.3-quinoxalinoposphyrazine 73 (Table 33 287 vis the
reaction of Z-eri-buiyl-67-dibresmoguinosasline and lJ—dlf_‘Hmoqumo\.ﬂu.e with
conper{ ) cyanice in diphenylformamide respectivelv can be conzidered 2 an srupical
synthests of azaNes {Scheme 4 Method 33
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QY urea ammonium
1 caofybdate, A

R.__X OZ - R X3
\||/ I 7 Mebod 14 \r’ t X 3
3
s 1 2
X7 “coz X N
f
N\M/N-
AN
N N
E‘J CNH; )f N #l
l N Cn NSO s X X! Xi
CONH, Method 3B - Y Qx/\R
R
X1, X2 or X3 is Nor CH;
Ris Hor +Buy; Z is OH or NHp;
M is Cu, VO ar Co

Seheme 3

x. x
Ex‘I.\‘VHaJ CuCN, diphenylomeemic:, 1 " A
) 1)
BTN N

othed 4 4 \N
XK= M X2=CH R=H, Hal =Clor j\) X'wl :
X1=CH X2z N R= By, Hu = Br er: r\i
i

212N XZ=Ci, R=H
X1 CH, X2=N,R=+Bu

Schenic 4

substituted Pe is direcily converied fnte an

. the synthasis of tetra-6.7- | 4-diaminephthalazineipoyphyrazing 184 from
7
L

Only one examiple eaisis whercby the
aratle,
ogtacarboxyPe (Scheme 3. Method 33735

Pure rzaPes and azalNes are deeply coloured crystaliing solids which decomposs
witnsut meiling vnon heatt

g over 3300°C. Lialike Pos the azsanaiogs canaot be
purifigd by ublimation, ever in high vocuam. The unsubstiued azaPes ure loss
:

soluble In commen organic solvens comparet! with Pes and ihus they are diffieult
1o purdy by chromaiography or recrystallizaticn, Reprecipitation from cone. soffuric
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Hy

o

N,HYNH:

Myt
+
N2H4, A NH
e [ 5]
Mithod 3
HO ;!
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acid followed by extensive extraction of impurities with hot organic solvems in a
Soxtel apparutus are the most common methods to purily the azaPes. Owing to the
prasence of exocvelic nitrogen atoms, which are more basic (han the meso-atlcms of
this porphyrazine mrering, precipitation of the comipleses reguires muelh less con-
centrated acid coerjired with the corresponding Pes {467 The increascd basicity
of the azaanalogs nermits reprecipitation [rom conc. HCY or 2 mixture of phenol-
trichlorobenzene | @1 by weight). The UV-ws specira of azaPes are indicative of
the degree of purity, Heating the nnsubsiituted complexes in organic solvents. such
as l-chioronaphthalene. guinoline or dimethyl sulfoxide {DMSO) provides approxi-
maute 10 ® M solutions, which i sufficiently conconticied tor spectral measurements.
During purilication the cectrome specirum changes subsiantially: the long-wave
vand (Q-band ) becomes narrower (half-width of thie peak ca. 370 cm '), the vibea-
tionz] peaks resolve, and an absorbance fin the aven H00-500 nm gradually disappears.

it is well known thut Pe betercanuiogs eadilr form hydrates [ 18421, Thus, the
tetrapyridine. and etrapyrazinoporphyrazines were obrained as hydrates containing
one o four motecules of water, but uo correlation was chserved berween the siructure
of the molecule and oumber of waicr molecufes reiained in the hyvdratz, Evea heating
the azaFc bydraies in vicuo m the ~esence of dehydrating ageris failod in mans
cases to alford anhydrous compounds {24387 The delivdration can be performed
more chicienily by heating the samples in ac etic anhydridc F28.34].

Differences between Pos and azaPes owing to the presence of additional exocyelic
M oatoms s alvo displaved m their UV-vis speclra i acidic media. s, protananoa
of Pes. dissoived in cone. sulfuric acld, cuitses substasiial changss in the absor
spactrd, including a strong bathochromic shull of the long-wavelenpth maximum
iabout 0 nmy [47487 This shiil of the Q-band i dug 1o the protenation of the N

nesg-atoms, which sivongly affectz the adjacert C atoms inclwdad & mn ‘n B
L6810 The bethochromiy shifi of the absorption max:
wekra-2 3-pyoding-, felva-IA-5pyrazine- and tstro2egoine \dE‘IIODGTjU\"L’I"'Ca in
cone sulfene acid pever excesds 30 am [46.5G31,827. 0t the
protomaiton of azaPc afecs the :xovyelic M atoms und o

1=

2 ihe
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charge density on C atoms of the rorphyrazine ring. Therefore, the Q-band, corre-
sponding 10 the ), =g, transitien [52]. iaken in acidic media, is hacdly shifted
cornpared with the spectra recarded in organic sobvents.

3.2, Water soluble azaPe

The presence of additional N atoms i the molecules of the azaPes allows the
fermation of a water soluble cationic forny of the complexss via quaternization with
dimethy] suolfate (Scheme 6, Method 0) [36.39,53] or alkyl bromides (Scheme 7,
Method 71 [24].

Complexes 18-23 (Table 1y are highly soluble in water and their UV-vis spectea
are indicative of subsiantial monomerization. Their photoredoa behavior [36],
hiological activity [557 and interaction with DWNA in solutions [ 363 were studied.
Compound 25 {Table 1) has 2 well-defined amphiphilic character and was shown to
be particularly easy to handle by Langmuir-Blodgeti methods, rendening it & useful
malerial for baste studies on molecular electronics [ 34].

A novel class of water soluble azsPes, functionalized on the macrocycle wih
carboxy substitvents, wis receuily deaeribea oy us [17]). Octacthosyoarbonyl teira-
pyrazinoporphyrazines 55 S8 (Tabie 2} were sytuhesized by complexation of
2 6-dicyano-5.0-dicthoxyvearbonyvipyrazine with inetzl salts in guinoline. T ester

g

({CH3)z504. DME

7 ——
b Method §
¢ N Y ¢~ CHpA-
WRCHzA -
M = HH, AIOH, 7z, Co, Cu, NI 1823 A = [CH3504
Sahemg i
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grous of compuotnds 37 and 3§ ware hydrofysed with g mictoee of hree parts of
WNaOH siatursed metliinol and one part sater veselling i instanlangoys dissctution
of the cumpioses followed by procipitution of the sadis of 39 aod 68 {lable 23, The
renction was monitored by HPLC anafyse of the redissalved precipitate. Complexes
50 and 60 were obtninad ax single compounds 1 guaaniatine viclds, This type of
cotnpouie cotslitules au adternitive chisy of photosersitizers fee e pheindynamic
therapy of cancer, with o difterent ph ) eniepare ! sl those currently availiable [32]

4. Effeer of wansabetinstion sad anaciininon ou she vlectronic specera of azaan:logs of
Pre. Ne ol amthvaeyapine

S0 Azasibsriiution of thie Pe

There are four husic absorprion bands in the wavelengtin tange from 280 t 700 nm
in the clectronic speetra of tetraszo Pe and octeazaPe meisl comploxes. The fiest two
lomg-wave bands represent 2 Q-band and i vibresionai saiellite, similar o those
observed with Pes [52]. The less intense and wider B band, relawed to the Soret
bard ol porphyring. is located in the UV-vis region about 340 nmt. Often this band
15 split tN band, va. 300 nm). a5 in the speetra of tetrapyridinoporphyrazings L 2,
4--6, 17-2i (Table 1) and tervapyrazinoporphyrazines 39-41 {Table 2). Thae splitiing
citl have a vibrational pature, sinee tts magnitude is abeut 1500 ey 77, but a superpo-
sition of several clactronic iransitions alse can be considered [46].

Subslintios of the CH gronps woihe Pe benzo rings adiacem 10 the porphyrazing
macroeycle with & attems, cuwses a remarkable iy psochromis shifi in the visible pan
of the speerrum. The magritude of this « wPes 120 25 o,
356-T80em 'y to the oot derivalives (4080 nm, BIN-1260 cm ™, dependivg o
the nature of the centrel metal alom} [ 28- 30]). Compuring the spectra of me.al-free
leira-2.3-0 Stert-bulylpyrazino] porphyenzine 38 {Table 2y {307 and tetra—d-terr-
bityIPe [64.637 in organic solvents reveals, as similarly observed for the meial
coplexes. a stropg bloe shifl of uil long-wave bands, whereas the bands in the UV
drza remain 8 the same wavelenygths,

it has been shown tha! the absorpies spectrum of azaPe dopends on the position
ol thz  hetergovelic ™ uwloms i the  benze  nngs. Unlike  ihe
wira-2 -pyndioporphyracines. electronie specira an the  visible regiom of
elrn-deb-pyridinoporphyrazines are idonticel 1o the speotra of the carresponding
Pow 1220

Lincrcnses roim kaira

P*he tluenis, even when oriented oot of planc of the molecule. conitibuis
o ihe ixeracton with the ovocyelic mibrogen a T BENEIER

Ane 81 (Tabis 2
eavite ¥ [adT cahibits ¢

mzaimum of the vanadsl octaphonyl teirapyrazinop
aaboam 33 GrooeyUlic anziom e o

o[ AR] wihile che
XTI b TOU am inbifi 6t um 350 e
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4.2 dzasubstivntton of No ond its annelsted analogs

Tetraaza subslitution of Noy causes a strong hypsochremie shift of the maia long-
wave paxima, up o 1600cm’ in ihe case  of  the  copper(lD)
letra-2,3-quinoboonorphyrazine 66 (Table 3) {41], althovgh  values around
1000 ¢m ' are more commaon for compoands i e seres, 18 s interesting 10 nole
that 1-phenyl substiution havdly affeces the sersitivity of the Ne svomabic sysiem to
the tetrs substiiution Thus, sanadyl tetra-2 3-(4-pheaylguinoiino) porphyrazine
69 (labie 3 shows a maximum at 780 am e ohloroform). whercas vanadyl
retrad -phengl INC absorbs at 830 nm [67 1470 nm. 1060 ¢~ blue shift). The magai-
tude of this shill {ar exceeds the analogous shilts for the abeve mentioned series of
tetraazaPos, Le. fetra-2 3-pyridimoparphyrazoes, Therefore, e Lirger the sromaiie
systemy, the more prorounced the elfcet ol wiranzasebstingion on the absorpion
maximum of the complex.

Compartson of the spectral data in the visible region of the tetra-6-tert-
butyl-2,3-NeCu [667] with those of the copper{[{} octzazaNecs 73 and 79 {Table 3)
shows that the long-wave band of NcCu at 782 nm and i1s vibrattonal satelliic at
697 nm ondergo a substantial hypsochromic shift o 712 and 645 mn for the
tetra-2 3-guinoxaligoporphyrazine 73 and 1o 7I5 and 673nm for tere-butyl-
substituted 6.7-s>mer 79, Thus, octaaza substitution of 2,3-Ne, like in the P series,
vatisas a hypsochomie shifi of e Q-band maximum, witich is more distinet whea
the CH groups ackcent 1o the porphyrazine macroring are substituied. Surprisingly,
in contrast 1o the Pe. the magnitude of this shift is about the same for the tetraaza
substituted Mo as for the octaaza subsiituted Ne (see Table 3. compounds 62 68
and TO-78).

Compurison of the main absorption maxima (in ciioroform) of bis{ir-n-hex dsiloxy-
sthicon Pefa,,, 668 nm) [ 74] vs, ls octaazn analog 37 ¢ Tuble 2, 4, 824 vr) and of
ihe hisitri-n-herylsiloxylbsiicon Ne (2, T72mmt [T4] vs s octasze Zorivative 77
iTable 3. 5., 704 nmp show that the magnitnde of e blue shift dee 1o octaaza
substitutive increasss from 1080em ? for dhe azaPo e 125G om ™" for the azale
Simnlar vaives have bwan observed for o vinety of unsubstirvied w-d rers-bulyl-
subsiuter metal complexes of Pe, Ne and thelr octawzs analops [28-20)
Furthermore, comparing the spectral data fur the guinoline solutions of ~e¥O & .
819 wm) {63497 vs, vanady! tetra-23-quimosshnoporshyrazicr Tt Cohle 3 20
725 2115, we observe an even more remearkable hypsochromic shift o | v .0on ' In
coplrast. comparison of condsnsed Ne antlogs sark a3 vanady? anth. vaning (£
932 nmt £637 va the teira-2 3-benvo| rquinoxakinoperphyrszine 18 ¢ able 6. 2.,
830 nm. 1320 cm ! bhue shilt due 10 the octanza substitution] or vanadyl etra-4.5-
{910-phenantnretPo{s, ... 776 mng [08] vs. its octaaza analog 86 { Table 4./ 706 i,
1283 om ™ Blue shift ests that the cleciron-buftering effect of the arenutic Ne
does net render this svsiem more sensitive (o oclauzs substition upen annekition,

L3 fineer ammctation af azai'es

glatzd  ocidezalPes,
nonnrphyrazines

of  linearls  ann

ietya-2 A-guinosal

Compoarison of
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trable 33 and tetea-L3-benea] pfuwinosaineparpliyeazises {Table 0) seveals that
cach additional benzo ving caused o strong bathochiromic shift of the D-band
{80 - 100 nny, 1560 2000 i ') F2S-30] The same rile appiics 1o the series of
tetraazaPos, e tetra-2 S-pyridinoporphyrazines (Table 1) and tewra-2.3-guinoline-
porphyrazines ¢ Table 3), where the red shift due (o the additions] benzo ring averages
about 1330 cm™!. This displacemen of absorption maxima with the sequential
annzlation, which does not change the symmetry of molecule. is due to the extension
of the aromatic system of the mecrovysle. This correlation was first noticed in 1he
series ui“ Pc uznanalogs: subsequenty il war also found in the seqnence porphyvraszine
- Pe - 23-Ne [#0] - anthracyanine {71 ] and adopted as @ common feature of the
Pc C]anb eF compounds.

g4 Angular annelativm of ovtitiza Pos
) i

How does the angular annclaiion affect the spectal properties of the azaanalogs?
This is not an easy guesdon to wnswer since insolobility of condensed azaPes and
strong aggregation 1 solutions needs to be cireumvenied, Thos, 1the absorplion
maximun: of the varady! tetra-2 3+ bcnzo[_}'"l-quinow.lEno}porplwr:winc B {Table 4)
is focated at 700 nm, whereas the vanadyl tetra-2.3- 5,09 10-phenanthrai] por shyra-
zine 86 {Table 4) absorbs at 706 nim and vanadyl tetra-2 3-quinexalinopsrphvrazing
T {Table 3} at 727mun {ull spectr.. in quinclhae) Therefore, the first angularly
annelated beizo ring cuuses o hypsochromic shilt of the Q-band, whereas the second
condensed ring hardly affects the absorphion patterin. Aggregation of Po molecules
n =olution strongly affects the position of the long-wave maxima, aod in general
ingreases with the size of the melecsle {727, tn ordur to accurately study the spectrad
properiies of the angularly annelated azaMNes, the agpresation phenormenon peeded
L be ehiminated. This was approached in two ways: rer-butyl substitutien on the
periphery of the macrocyele (Fable ) {34 ana s_\mi}w‘;‘s of the axiaily-substituted
sihicon compieves 37 tTabje 33 84 ana 93 (Table d) [35] The fatter compounds

s
appeared 1o be perdeoslariy uselul since thev z:.i]r:n.‘-;ed comnparison of whe spectral
vomwononerized derivatives of telraazuNce containing the same

th nime Nl\ 2ant. e chiorciori. Combparison of the spoctra of
gnnelnied wnilogs 84 f2,, . GBS nmd and
LL.[den‘Jt’l‘ b.AZu rmg cRusas & hvpsoch
‘ shstinated

T _L“I]C'l‘(ﬁ"’ anhs "l".E LI CE sneetiil

ape

g

o selube) derboazives




S Kwideevech 345 v i - Crnrdonsbion Cleniuey Roevees s 136 D1066) Jaf T8E 14l

e s wncented for the dusten of new muterials witl “tened” absorption maxima and
selected solubility, derived frons dillerert Peerelided structures containing at leas
one heteroeyelic ring per malecule.
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