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the number and position of the heterocychc N atoms in the macrvwcle. The ekkct 
of aza substitution on the absorption spectra becomes more pronounced in the case of 
linearly annela:ed azaphthalocyanines. In contrast, sequential linear annelation alone 
induces a stron ; bathnchromi: displacement of the Q-band. The recent data concerning the 
angular annelaiion of oclaazanaphthalocyanine suggest that each angularly condensed 
benzo ring contributes to a hypsochromk shift of the main absorption maximum of 
10--E nm. Such data are essential in the design of new phihalocyanine related com- 
pounds with ‘tuned’ absorption maxima and selected solubility, as substrates for new 
materials. 

Keyrvordsr Annelation; Azasubsrttution: Phthalocyanine azaanalogue 

The azaanalogs ot the phthalocyanines (szaPcs) are heterocyclic PC analogs which 
have been extensively stu,.ii:d over the past decade. Potential applications which 
have been addressed in&de their use as textile bleaching agents, photoinactivators 
for control!ing growth of microorganisms Cl], catalysts for oxygen reductic=l [2,3], 
materials for electrochromic displays [4-63. media for optical data storage with 
large memory capacity [7- 141, inhibitors of thermaf degradation of polymers [ 151 
and photosensitizers for photodynamic therapy of cancer [16,17]. 

The synthesis of heterocychc PC analogs was initially reported in 1937 by Linstead 
and coworkers [lS,i9]. The benzo rings of these compounds were substituted by 
heterocycles. cuch as thiophene, thionaphthalene, pyridine and pyrazine. The prepara- 
tion of azaPcs was described in th,, 1960s [20-231, and their photoelectrical [24], 
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 AzaBcs differing in the number and localization of N ntoms in the 
macrocycle, as well as in the number of linearly condensed benzo rings. These 
authors also developed the methods for preparing tl”t.r-butyl-SUbsfii’rlted analogs of 
PC and naphthafocyanine (Nc). The high solubility of these compounds in common 
orgasic solvents allowed for studies of their spectral properties in solutions. The 
main changes in the UWvis 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 
[28-311. 

Subsequent reports detailed rhe synthesis of a series of azaPcs soluble in water 
[ 17.321 and in organic solvents [33-353 which permitted studies on the effect of the 
aryl substitution and angular annelation on the electronic spectra of octaazaanalog 
phthalocyanines (octaa.zaPc$ octaazaanalc g naphthalocyanines (octaazaks) and 
tetraazaanalog naphthalocyanines (tetraazaNcs). 

This paper reviews the synthetic routes leadin g to azaPcs and highlighis the 
properties of the latter compounds compared with their carbocyclic analogs. 



2. Nomenclature 

Phthalocyanine = Tetn-3,4-pyridino- Tet~-2~~-~yraz~~- 
tetmbenmporphymzine pafphyrazine pQ~~ymz~e 

The names of the azaPcs according to the IUPAC nomencbturc are too unwieldy. 
This has created the need for a more convenient systematic oomenctatttre [Is]. it 
was proposed to use the term porphyrazke for the central ring system of the PC 
molecule. Individual compounds are nameu by attaching an appropriate prefix. Thus 
the systematic name for PC itself on this basis is 29H,3 1 H-tetrabenzo [b,g,i. q] porph- 
yrazine (tetrabenzoporphyrazine). T12e corresponding compound with four 
3,4-pyridine rings in lieu of four benzenes becomes 29H,31H-tetrapyridino j3.4-b:3’.4’- 
g:3”,W-k3”‘.4’‘-qj poiphyrazine (tetra-3~4-pyri~l~oporph~7raz~ne), the pyrazine- 
substituted analog is 29H,31H-tetrapyrazino[2,3-b:2’.3’-g:2”,3”-i:2”’.3”‘-ilfporphyra- 
zinc (tetra-2,3-pyrazinoporphyrazine). 

3. Syntheses, purification md phpsico-chemical properties of the azaFcs 

The essential information about structure. synrhesis and spectrai properties of a 
majority of known azaPcs is presented in Tables l---6 and Schemes I-7. 

In the same manner th-t substituted pht?raionitriies are the most useful intermedi- 
ates in the synthesis of PCS. the dinittlks of heterocyciic o-dicarboxyhc acids are the 
best precursors for the synthesis of azaks. In contrast to most other derivaiives of 
o-dicarboxylic acids. a-dinitriles afford pure azaPcs in high yields. Neterocychc O- 
dinitriles are the on& saitable precursors m the preparative synthesis of metai-free 
azaFcs i Scheme 1). 

The most common wa.; to obtain metai-free azaPcs includes demetahation of the 
magnesium or Eithium complexes in cont. hyd~ochioric or suffuric acid (Scheme 1, 
Methods 1 A, I B) [ 18,28,30,36.37]. Xetai-free tetrapyr-;dinoporphyrzzice 1 (Table 1) 
was synthesized by treatment of the dicyanopyrazine. dissolved in N.N-dimethylami- 
noethanol, with ammonia (Scheme 1. Method 1C) [ 361. Metal-free azaPes were also 
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l-able 5 
Isomeric 

94 ‘-Bo Ii ‘-Eli 3 cu ?C 680 (‘1.88r. 628 (4.4). 3x0 (4.58) 1343 
95 ‘-fit3 i i I-1 ‘-Flu cu ?C 6X0 (4.9). 62R :4..cli. 378 (4.643 [34] 
96 H ( Bu ‘-HI, H cu 2c 6X0 (4.91). 633 (4.3). 380 14.6) [34] 
37 ‘.Bll 1-i ‘% H A!CI ?C 690 (4.95), 630 (4.4). 389 (3.7i [34] 
9% ‘.B, H ‘-ata K Zn ?C 691 (i.Ol), 630 14.44), 3x7 i&i 134: 
99 ‘-Bu N ‘Wu H vo 2c 70-1 15.15). 642 (4.421, 354 (4.5) 134] 

prepared from o-dinitriies using traditional catalysts of i.he template synthesis of PC. 
such as organic bases (Schrt:~‘= ., I. Method 1D). Thus, compound 42 (Table 2) R~S 
obtained by heating the ethanoiic solution ofthe corresponding o-d+tri!e, cont?ini~~=. 
1,Gdiazabicyclo [ 5,&O] undec-7-ene (DBU) [ 373, 

There are numerous methcids for preparing metal comv!ei;es of azaPcs, since their 
synthesis is not restricted to the use of o-dinitrile as intermediates. However, com- 
pared with the ca:bocyclic analogs [38], many more examples of azaPc metal 
comp!rx (azaPcM) syrtheses icv3lve o-dinitriles compared with other possible deriv- 
atives of heterocvclic o-dicarboxylic acids (Scheme 2). 2,3-Dicyanopyridine, 
2,3-dicyanopyrazine and 2.3-dicyanoquin3l~lle react with metal salts (anhydrous 
chlorides or acetates) in the absence of solvent upcm beating to 190-230°C (Scheme 2, 
Method ZA) [l&28,39-41], Khereas substituteJ and condensed heterocyclic ci-dinit- 
riles require the presence of a so!vent such as trickiorobenzene, quino!ine or pyridine 
(Scheme2, Method 2B). The azaPcs 5 (Table 1). 43 (Table2), 100-103 (Table6) 





were prepared by complexation of the corresponding dinitriles with metal salts in 
the presence of srrong organic bases and/or ammoiiia (Scheme 2 Method 2C) 
[36,3?,42] The Mg and AIX comple:aes of tetra-2,3-pyridinoporphyrazine 6 and 7 
(Tab!c 1) v’irc synthesized by heating of ~,3-dicganopvridine with metal pow&l- , 
(S’:heme L, Method 2D) [28,36]. 

The use of heterocyclic +dicarboxylic acid: and o-diamides for the synthesis of 
azaPcM requires the presence of mnmon:a donors such as urea or ammonium salts, 
in the reaction mixture. Thus. meral compiexes of tetrapyridino- and tetrapyrazino- 
porphyrazine such as i?, 16, 24. 39, etc. (Tables 1 and 2) were obtained [437 from 
the appropriate cl-dicarbuxyiic acids and metal salts in the urcz melt in the presence 
of ammonium molybdate (Scheme 3, Method 3A) [ 18,29,30.39,43-451. 

Method 3‘4 1‘: particularly convenient for the synthesis of soluble tetraazaPcs and 
octaazafks. such as terra-25( j-t,,l-butyipyraziqo:Forphyrazil~~s 39 and 40 
(Table 2 ). tetra-3.4-!S.-!ert-buty!pyridinolporphyrrtzines 25 and 2’7 (Tabk I) and 
vanadyi tetra-2.3-(4-phenylquinolino)porphyraziie 69 (Table 3) [33 j, In general, 
however. this method provides PCS of lower purity compared with those obtained 
from the corn ,?lexation of the correspondmg o-dinitriles. Al! above mentioned soluble 
compounds 3lere cbromatographed on alumina or silica gel. with purification being 
less curnbarsc me c~mpa~cd with r’ie muliistep synthesis of th- corresponding hard- 
to-gel dinitrlles. 



R x< 02 
Yx” ‘3 
xlx” co2 

X1” x2 or X3 is N 01 CH; 
R is H or t-Bu; 2 is O!-I or MQ; 
Miscu,VOorcQ 

Srheme 3 

xi = P.?, X2 E CH, R z H. Hal = CI et 
XisCKXZ=N.R= r-Bu.Hal=Br 



acid followed by extensive extraction of impurities with hot organic solvents in a 
Soxlet appar:,tus are the most common methods to purify the azaPcs. owing to the 
presence of exocych: nitrogen atoms, which are more basic than the meso-atoms of 
the porphyrazine in,tl;rcring , pscctmtation of ths complexes requires much less con- ‘, 
centrated acid cnrn‘ ned nibh the corresponding PCS [46]. The increased basicity 
of the azaanalogs nrrmits reprecipitation from cont. I-K1 or a mixture of phenol- 
trichlorobenzene ( : i by weight). The UV-v;s spectra of azaPcs are indicative of 
the degree of purity. Heating the nnsubsrituted complexes in organic solvents, such 
as I-chioronaphthalene. quinoline or dimethyl sulfoxide (DMSO) provides approxi- 
mate lo-’ M solutions, which is sufficientlv c~ccntrated <or spectral measurements. 
During puritica tinn the eircrronlu spectrum changes substantially: the long-wave 
band (Q-band) becomes narrower (half-width of the peak ca. 570 cm r ). the vibra- 
tional peaks resolve. and an absorbance in the area 4OO-SO0 nm gradually disappears. 

it is w;vc!l known that PC hzteroansiogs readill form hydrates [l&42]. Thus, the 
tetrapyridino- and tetrapyrazinoporphyrazinss were obtained as hydrates containing 
one to four molecules of water. but no correfxtion was observed between the structure 
of the molecule and number ofwat;r imoiecules reiained in the hydrate. E:e:n heating 
the azaPc hydrates in vacua in the _ -1 rserw of dehvdraiin~ L , . . ~ agents faifed in many 
cases to alford anhydrous compounds [25,46]. The dziiydration can be performed 
more efficiently by heating the samples in acetic anhydride [X34]. 

D&fences between PCS and azaPcs owing to the presence of additional exocychc 
N atoms is a&o displayed in their UV-\;is spectra in acidic media. Thus, protonatioa 
of PCS, dissoIved in CORC. srulfuric acid, causes substanti:” ,%! changes in the absorprion 
spectra, inch~dirig a strong balkochromic shift 31 the iong-svai-eiength maximum 
iabout 100 nmj [47.4.X] This std-t cr the Q-hid is due to the proionation or ?!x N 
mew-atoms, which strongly at%?:: the adjaiert C atoms included in the are 5sbira.l 

p9-J. The bathoshramic shirt or  the absorption maxima in the spectra of 
iarr~-1.3-pyrjdiao-, tell-a-l 3-.;j-razmo- and 

,, 7  
1-tr2-i..‘-qEliFiQr;llIii10pT,s~71,yi-azi-rs in 

cont. sulfimc acid never exceeds 39 nm [46.%.5i,6Z]. ii ha; been suggss?ed that the 
protor:;-tlion of azak aii’ects the rxoc>ciic Ii! atoms and oni, ill~i;il~; Icfliii~~~ij :he - 
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charge density on C atoms of the yorphyrazine ring. Therefore, ‘he Q-band, corre- 
sponding to the iilU-+eg transition [52]. taken in acidic media, is hardly shifted 
compared 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 complexes via quaternization with 
dimethyl sulfate (Scheme 6, Method G) [36,39,53] or alkyd bromides (Scheme 7, 
Method 7) [>4J. 

Complexes 1%23 (Table 1 } are highly soluble in water and their UV-vis spectra 
are indicative of substantial monomerization. Their photoredox behavior [ 361, 
biological activity [55] and interaction with DNA in solutions 1561 were studied. 
Compound Z§ (Tab!e 1) has a well-defined amphiphilic character and was shown to 
be particularly easy to handle by Langmuir-Bfodgett methods, rendering it a useful 
material for basic studies on molecular electronics [54]. 

A novel class of water soluble aza?cs. functionalized on the macrocycle with 
carboxy substituents, was recently describei; by us [?.7]. Octaethoxyzarbonyl tetra- 
pyrazinoporphyrazines §5%58 (Tabie 2) were symhesized by complexation of 
2,6-dicyano-5,G-diethoxycarbony!pyrazinc with meta.1 salts in quinoline. -‘rc ester 



Tkre are four basic ;~bsorplion bandy in 1115 wavelel3gth lilnge from 180 ta 700 ml1 ‘ . 
in thv electronic spxira of tctr’aaza!?c and octaaraPc n3etal complexes. The first two 
long-wave bands represent a Q-band and its vibre:ior;ai satellite, similar to those 
observed with PCS [%I]. T’he less intense and voider 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 urn), as in the spectra of tetrapyridinoporphyrazines 1. 2. 
66, 17-20 (Table 1) and tetrapyrazinoporytyrazines 39 41 (Table 2). The splitting 
can have a vibrational Ilature. since its magnitude is about ISnO cn-I, but a superpo- 
sition of several ekctronic transitions also can be considered [46]. 

Substitution of the CFI groups UL the PC henzo rings adjacent to the porphyrazinc 
m~~ci.ocju’clc with N ;:toms, 4::111seS ii remark;.rbk Iiypsochromic Shifi in !bc visible part 
of the spectrun1. Th: magrillude OF this siiif& irKxx?xS from ietraaz:tPcs / 20- 25 Illli. 

5X1--780 cm -‘j to the octauza derivatives (40-M cm, X70- 1260 c13~~ ‘, dependil g 011 
lhc nature of the central meta! atom) [?S--301. Comparii3g the: spectra of me,Cil-free 
tetra-2.3-(5-rei,r-hutylp~razino)porpllyr”.zine J8 (TJblc 2) [JO] and tetra-ii-teu- 
bxztylPc [64X?] in organic solvents reveals, as similarly observed for the metal 
cnn~plexes. a strong 51~ shift of ail lor?g-wave bands, whereas the bands in the UV 
area remair, at th- rla \_ J&me wavelengihs. 

5: has been shown that the absorplion spectrum of azaPc depends OS the position 
of th2 heteroc:yc!ic 1‘41 LllO!llS in ihe berxo rings. Unlike dl~ 

~etra-‘,j-Fyridlnoporphyr3zines. elrcironic spectra m the yisible region ‘OS 
tetra-3.4-pyrid~~3o~or~byr~~~i~3~s are idcntiLa1 Lo the spectra of the corresponding 
PCS [x2 1. 

Pheo~i subsiiluea:s, even ivhm oriented out of piane of the ndscuir. conrribn:e 
to the i.itrrac:ion with the esocyciic nitrirgen a:omi. Thus. Ice main ebsor~x~c~n 
mximum of the vamdgl oclaphsn~l trtrdp~raz~i-ioporpI~yra~~ne 51 (Table 7)‘is ai 
!.,O nm [33] w:riic IlIe cnrbocyciic itnitlog. >.e. ociaphen~!Pc’iei [68J c:ihii?;ts a 

~;~~l’XillWil~ 211 77!‘I?lIi (3ilili: 63 !lii’i. 1350 c;I1 -I j, 
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Tetraaza substitution of Ncs canses a strong hypsochramic shift of the main long- 
WUX maxima, up to 1600 cm 1 in :hc case OF 1he c0ppcr(l1) 
tetra-Z,3-quinc]linoporphyraziIle 66 (Table 3) [41], :tlthnugh values ;tround 
1000 cm ' are more comtnm rbr c0111p0~wts in 11~2 SCI'ICS. 11 k intcresiing to n0te 
lhat I-phcnyl substil~~lion 11nrrlIy ~illbcls the sensitivity ol‘ lhe Nc aromatic systetn to 
!‘:I: !ctr;t:t,r:> substitution. Thus, v;n:idyl telr;~-2.~-(4-pher~ylqui~~oli~ru)porpt~yrazinc 
69 (‘labic 3) shows a maximum at 780 nm (in chloroform). whereas vLmadyl 
tutra( i-phcnyl)Nc absorbs at 850 nm [67j (70 nm, 1060 cm -’ blue shift). The magni- 
tude of this slril’t far exceeds the analogous shifts for the able mentioned series ci 
tetraazaks. i.e. tctra-2,3-pyriditloporphyrazinc!;. Therefore, the I::rger the arorn;r~ic 
system, the more pronounced the elii:cl 01 tetrim:r.asubsti trniim on the absorption 
maximum of the complex. 

Comparison of the spectral data in the visible region of the tetra-G-rrrt- 
butyl-2,3-NcCh [66] with those of the coppcr( II) octaazaNcs 13 and 7%) (Table 3) 
shows that the long-wave band oi’ NcCu al 782 nm and its vibrational satellite at 
697 nm undergo a substantial hypsochromic shift to 712 and 645 nm for the 
tetra..2,3-quinoxalineporpbyrazine 73 and to 755 and 615 nm for terr-butyl- 
subsrituted 6,7-isomer 79. Thus, octaaza substitution of 2,3-NC, Iike in the PC series, 
causes a hypsochrurnic shifi of the Q-band maximum, which is more distinct when 
the CH groups @-icent to the porphyrazine macroring are substituted. Surprisingly, 
in contrast to the PC. the magnitude of this shift is about the same for the tetraaza 
substituted NC as for the octaaza substituted Nc (see TB”ole 3, compounds 62.-68 
and 70-78). 

Comparison of the main absorption maxima (in chloroform) of bis(tpi-tl-hex/isiloxy)- 
silicon PC (;.,,,, 668 nm) [?4] vs. its actaaza analog 37 (arable 2, i.,,, 624 nm). and of 
the bis(tri-rl-hcx~lsllox:li)silic~n NC (j.,,, 772 nm! 174.1 vs. its nctaaza dkvative 77 
(T-rbie 3, &,, 704 nm). s!7ow that the magnitude cl! !ne blue shift due to cctaaza 
substitutii>n increases from 1080 cm-r for the azaPc to 11% cn-’ for the azaNc. 
Similar vaiues have been observed for a variety of unsubstituted 3rd ferr-bntyl- 
subsrltutecr -TIeral compiexes of PC. NC and their octaaza analogs [23-X?]. 
Furtherm~ie, comparing the spectra! data ix ihe quinoline soh~tions of kV0 tZrnAX 
819 nm) C63.691 vs. vanadyl Extra-Z,i-quinoxaIlmoporphyraziu1 31 i’,ble -3, &, 
725 m is, we observe an even more remarkable hypsochromic shit? oi‘ I Li) cm-‘. in 
contrast. comparison oF condensed Nc analogs SW% as vanady! antb, \,minc (&,, 
932 nmi [63] vs. the tetra-2,3-benzo[g]quinaxaiil¶oporpbyrazille 100 ( l-able 6. A,, 
830 nm. 1320 cnY’ blue shifr due to the octaaza substitution) or vanadyi tetra-4,5- 
~~.~~-ph~~antbrG)P~ ii,,,, 776 nmt f68] vs. its octaaza a17aiog86 (Table 4. i,,, ‘706 nm. 
1280 a:~- blue shift\ suggests thaw ihe electron-but&ring et&t of the aromatic Nc 
does pot render this sys:em more sensitive to octaaza substitution upon annelaiion. 

7. i ! 2 L‘j?lfy<U iiJ?iit,/!;ri(?iz ofuxf’cr 

Cr:mpanson of Ihe U V-1 is spectra nf Iinrarij ,mrelatcd ocraazaks. 
rerrn-y. pyra~,t-r 1.1 Jporphj r22!nes (Ta’ol,e r: ). retra-2.3-a~:incx:rialayi.~rgi~yrazille.~ 



(Rd5lC 3)  anti kll’il- LLherh~fg j~]tlit~~~xiilirlnjtc,rpilyr~~7inct; (TilblC ir) ICVC;1l!: ltlat 
each additional benzo ring causes 2 iitrimg bathociirotnic shift of lhr Q-band 
(80- LOO rrm, I soo- 2000 cm ‘) [2X-30]. Tlrc same de appiics to the series of 
tetraazaPcs, i.e. tctra-2,.?-pyridinoporphyrazines (Tab16 1) and tetra-2,3-ctuinolinu- 
porphyrazines (Table 3j, where the red shift due to the additional benzo ring averages 
about 155Ocm-‘. This displacemem of absorption maxima with the sequential 
anneiation, which doe:: not change the symmetry of molecule, is due to the extension 
of the aromatic system of the m Tcrocy&!. This correlation was first noticed in the 
series of PC azaanalogs; suhscquently ii wx also found in the sequence porphyru/inu 
-. PC .- 2,3-F& 1701 -- anthracyanine [71] and adtrpte~l as ;I common feature of the 
PC class of compounds. 

How does the m&r annelutioii a@ect the spectra! properties of the azaanalogs? 
This is not an easy quesiion to answer since insolubility of condensed azaPcs and 
strong aggregation in solutions needs to be circumvented. Thus, the absorption 
maximum of the vnnadyl tetra-2,3-( benz~ [J‘]-quinoxalino)porphyrazine 80 (Table 4) 
is located at 700 nm, whereas the vanadyl tetra-2,3-i5,6-(9,IO..~~harl;in:hroj]poi Zhyra- 
zinc 86 (Table 1) absorbs at 706 nm and vanadyl ietra-2,3-quinoxalinoporpa4yrazine 
71 (Table 3) at 724 nm (all spectra in quinol~::~). Therefore, the first angularly 
annelated benzo ring causes a hypsochromic shift 3f the Q-band, whereas the second 
condensed ring hard11 affects the absorption pattern. Aggregation of PC molecuies 
in solution strongly hffects the position of the long-wave maxima, and in general 
mcreases with the size of the molecule [72]. In order to accurately study the spectral 
properties af rhe angulariy nanelated azaNcs. the aggregation phenomenon needed 
to be eliminated. Tunis was .~pproached in two ways: iuvr-butyl substitution on the 
periphery of the macrocycie (Table 5) [MI and synthesis of the axially-substituted 
silicon complexes 57 (Table 3). 84 and 83 (Tabk4) [35]. The latter compounds 
opmm-eci to be p~rlicularly asehl mce they rJ!owed comparison of the spectral 
properrles of h?ii)- monon~erized deiivstivrs of tetraazaNc. containing the same 
cenzr;11 atom. ii: the same solvents i.<. chiorcforci. Comparison of the sp.:ctr: of 
eomyle~ 77 ii,,, 762 zm’l?i arid its ariguiarip am&ted anaiogs x,4 (i,,, 688 mm1 and 
?3 I&,; 679 m3) suggests that each Lnguiarfy conden~sed bema rmg causes a hypsoch- 
roL”ilL‘ f,.r,lil mLl : .- -r to- 15 ix??. it shmli! be noted ii-at f-m rile series of unsubsiiiuted 
:.r,:ilo;\ iii,: :l:l.:in~? ir li;Ls O! i?LL “f”” sit 10 .<oilclijde ‘i 
pq~~&!> 

Un> thing co;!ceming lhzir spectrai 
&p: i\” :&;; r: trr: ““.., * --‘=-h1 iii*>:, S&&jli$j*. *<i).d str(jrng ;ggrtq&i()r~ 51; organic 

>(if\,!:$~:‘; I::>$. *~‘i;r::n.cg*-:~rt:, ~~,~“r-h.iti-:-sL~bi~~~~~ed (Or an%, oti-;-r S~lutJi~) ijr:gj:aii~ei 
‘>F iCYi L$“3 1 \ _ ____ __ ,El~;;ilL’r?:i:;l~r~-,~~~ <-r’: ~J~>;,.;yQ, c, 






