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ABSTRACT

An important group of coordination compounds &ttbf tetrapyrrol derivatives
which receive interest due to both practical arebthtical point of viewPorphyrins,
porphyrazines, phthalocyanines and tetrabenzoparshymodified by the attachment
of peripheral substituents, have found wide appboa in diverse areas such as
electrophotography, optic data collection, chemgemisors, catalysis, electron transfer,
liquid crystal, laser technology and the photodyitatherapy of tumors as well as in
their classical fields as pigments and dyes.

In this study, we report novel porphyrazines watght 4-biphenyl substituents
appending to the periphery positions. Magnesiunplpgazinate substituted with eight
4-biphenyl groups on the periphery positions hasnbgynthesized for the first time
from the cyclotetramerization of 1,2-bis(4-biphényleonitrile in the presence of
magnesium butanolate. Its demetalation by treatwtht trifluoroacetic acid, resulted
in a partially oxidized product, namely, octakisgphenyl)-2seco-porphyrazine-2,3-
dione. Further reaction of this product with cogpgracetate, zinc(ll) acetate and
cobalt(ll) acetate has led to the metallo derivegtjv[octakis(4-biphenyl)-2co-2,3-
dioxoporphyrazinato] M(ll) (M= Cu, Zn, Co).

Moreover, we report new soluble porphyrazines witiht f-tolyl) and ©-tolyl)
substituents appending to the peripheral positiddsgnesium porphyrazinates have
been synthesized for the first time by cyclotetramation of 1,2-big§-
tolyl)maleonitrile and 1,2-bisttolyl)maleonitrile in the presence of magnesium
butanolate. Their demetalation by treatment witflubroacetic acid resulted in a
partially oxidized products, namely, octaki¢lyl)-2-seco-porphyrazine-2,3-dione and
octakis-tolyl)-2-seco-porphyrazine-2,3-dione. Further reaction of thpseducts with
copper (Il) acetate, zinc (ll) acetate and cobH)t dcetate has led to the metallo
derivatives, [octakigttolyl)-2-seco-2,3-dioxoporphyrazinato] M(Il) and [octakes(
tolyl)-2-seco-2,3-dioxoporphyrazinato] M(ll) (M= Cu, Zn, Co). @&bke novel



compounds have been characterized by elementaysisjatogether with FT-IR*H
NMR, UV-Vis and mass spectral data.

Keywords. 4-biphenyl, o-tolyl, p-tolyl, porphyrazines, seco-porphyrazines,
cyclotetramerization.
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Oz

Degisik periferal substitientlerin  &@nmasiyla olgturulan porfirinler,
porfirazinler ftalosiyaninler ve tetrabenzoporflerin ¢eitli alanlarda geri
uygulamalar bulunmyiur. Bu alanlar elektrofotografik, optik veri topta, kimyasal
sensorler, katalizler, elektron transferi, sivistal, lazer teknoloji ve timorlerin
fotodinamik terapisidir.

Bu calsmada biz yeni periferal pozisyondaki 8 tane 4-bifestibstitientleri
iceren porfirazinleri sentezledik. Oncelikle magyan butanolat igerisindeki 1,2-bis(4-
bifenil)maleonitrilin siklotetramerizasyonundan ieral pozisyondaki 8 tane 4-bifenil
gruplari ihtiva eden magnezyum porfirazin sentedienrifluoroasetik asit ile muamele
edilerek  oktakis(4-bifenil)-Zeko-porfirazin-2,3-dion  isimli  metalsiz  tlrevine
donistaraldd. Bu Grandn bakir (11) asetat, ¢inko (INesat ve kobalt (11) asetat tuzlar ile
reaksiyona  sokulmasiyla  metallo-porfirazinler,  piks(4-bifenil)-2seko-2,3-
dioksoporfirazinato] M(ll) (M= Cu, Zn, Co) elde daistir. Bu 0rlnlerin
karakterizasyonu'H NMR, FT-IR, UV-Vis, kiitle ve elementel analiz gilpesitli
spektral verilerle gercelgerilmi stir

Ayrica bu ¢caymada biz yeni ¢ozulebilen periferik pozisyondakaBe p-tolil)
ve (o-tolil) substitiientleri iceren porfirazinleri semtedik ilk 6nce magnezyum
butanolat icerisinde 1,2-bistolil)maleonitrii  ve 1,2-bisg-tolilmaleonitrilin
siklotetramerizasyon yontemiyle magnezyum porfimbezi sentezlendi. Trifluoroasetik
asit ile muamele edilerek oktakus(olil)-2-seko-2,3-porfirazinato ve oktakisftolil)-2-
seko-2,3--porfirazinato isimli metalsiz tirevlerine d@tirdi. Bu drtndn bakir (11)
asetat, ¢inko (Il) asetat ve kobalt (II) asetatauale reaksiyona sokulmasiyla metallo-
porfirazinler [oktakisg-tolil)-2-seko-2,3-dioksoporfirazinato] M(ll) and [octakis(
tolil)-2-seko-2,3-dioksoporfirazinato] M(II) (M= Cu, Zn, Co) ad



Vi

edilmistir. Bu Uriinlerin karakterizasyoritd NMR, FT-IR, UV-Vis, kiitle ve elementel
analiz gibi ¢eitli spektral verilerle gercekigirilmi stir

Anahtar Kelimeler: 4-bifenil, o-tolil, p-tolil, porfirazinler, seko-porfirazinler,
siklotetramerizasyon.



vii

ACKNOWLEDGEMENTS

Firstly, | would like to thank my supervisor, Assi Prof. Ergin GONCA,
who assisted me with his useful advises and digmssiuring my study.

| also would like to appreciate Assist. Prof. idatiA.DINCER for her help
and encouragement.

Lastly, but in no sense the least, | am especgmiyeful to Niriife KENKLI,
Neslihan CENAN, all my colleagues and also my sgebianks to my family.

It has been a real joy to work with all of them.



viii

TABLE OF CONTENTS

N 3 1 o i
(@ Y4TSR v
ACKNOWLEDGMENTS. ... et e e et e e eees Vii
TABLE OF CONTENT S e e e e e e viii
LIST OF TABLES. .. ..o s et e et e e e e e et e e et e e et e e e e e e e e eannes Xil
LIST OF FIGURES. ... ...t e e e e e e e naa e eaa e Xili
LIST OF ABBREVIATIONS . ... oot eennas Xvii

CHAPTER 1 INTRODUCTION
CHAPTER 2 GENERAL INFORMATION ABOUT PORPHYRIN AND
PHTHALOCYANINE COMPLEXES........coii it e e 10
2.1 General Concepts of Porphyrin And Phthadame Complexes..................10
2.2 Synthesis, Isolation and Purification ofghyrin and Phthalocyanine

oML XS ... et e e e e e e e 16
2.3 Transition Metal Complexes of Porphyragine.................ccooveviiiinnnn. 20
2.4 Acid Base Properties of POrphyrins..........c.ooveiiiiieiien i, 25
2.5 Application Field... ... ... e 26
2.5.1 Development of PhOtOSENSItISErS...coc..ovvivii v 27
2.6Seco-type Porphyrazines That Bearing Different Substits ..................... 31
2.6.1 Unsymmetricabgiini-5 andsolitaire-Porphyrazines........................ 31
2.6.2 Partially Oxidized Porphyrazines..........cooveveiiii i i e, 34
2.6.3 Decapitation of Dihydroporphyreaiol Derivatives....................... 36

2.6.4 Synthesis of a Free Bssm®-chlorin from a 2,3-dimethoxy
POrPhYrin. ..o 3T
2.6.5 Synthesis of Polyether-Appendedoporphyrazines................... 38
2.6.6 Synthesis of Symmetrical Porphyras with Arenecarboxylate
Ester SUbSHIUENTS.......oii it e 40
2.6.7 Synthesis of Unsymmetrical Porphines with Arenecarboxylate

Ester SUDSHItUENES... ...t e e



2.6.8 Studies @&eco-Porphyrazines: A Case Study on Serendipity........43..
2.7 Group Works in Porphyrazine Chemistry.........ccoceevi i, 48
2.7.1 Porphyrazines with Tosylamine ¢tiamal Groups...........ccccoevevnnnnn. 49
2.7.2 Synthesis of New Porphyrazings Wertiary or Quaternized
Aminoethyl SUDSHIEUENTS......... ..o e e e 50
2.7.3 Magnesium Porphyrazinate withhEifriphenylphosphonium
Moieties Attached ThroughS@Kanyl-Ethoxycarbonyl-2-Propyl)

BIIOgES . . e 51
2.7.4 Octakis (9-anthracenylmethyltiron Porphyrazine Derivatives.......... 52
2.7.5 Synthesis and Characterizatiom Bhthalocyanine-Porphyrazine

Hybrid and its Palladium(IIp@pleX.........ccoovviiiie i, 53
2.7.6 Porphyrazines with Appending EiGhown Ethers..........................54

2.7.7 Octakis(1-naphthylmethylthio) Sutnted Porphyrazine Derivatives.....55
2.7.8 Synthesis and EPR Studies of Bwgzines with Bulky Substituents.....56
2.7.9 Construction of Nonanuclear Soppcular Structures from Simple
Modular UNItS.......o i e e e e e 57
2.7.10 Synthesis and Characterization of Octakisri®racenylmethylthio)

Substituted Novel Porphyrazines........cco.veiiiiiiiiiinecinieen 58
2.7.11 Octakis(ferrocene)-SubstitutedpRyrazines.............................59
2.7.12 Synthesis and Characterizatiddhomsphonic Acid-Substituted

POrpRYrazines. ... ......oeii i e e e 60

2.8 The Aim and Scope of This Work..........c.ccoiiiii i e 61
CHAPTER 3 CHEMICALS AND EQUIPMENT ...t it 63

3.1 CNEMICAIS. ..t e 63
L2 EQUIPIMENT. et e et e e e et e e 63
CHAPTER 4 EXPERIMENTAL PART ...ttt e e e e e e ee e 64

4.1 Synthesis obftolyl)acetonitrileOl.............cooiiiiiiiii e, 64

4.2 Synthesis opftolyl)acetonitrilePl.......... ... 64

4.3 Synthesis of 1,2-bastolyl)maleonitrileO2..........ccooooiviiiiiii s 65

4.4 Synthesis of 1,2-bstolyl) maleonitrileP2..........c.ccooe i, 65
4.5 [2,3,7,8,12,13,17,18-octakigblyl)porphyrazinato] Mg(I1)O3...............evvneee. 66

4.6 [2,3,7,8,12,13,17,18-octakigblyl)porphyrazinato] Mg(Il)P3 .................... 66

4.7 [2,3,7,8,12,13,17,18-octakigblyl)-2-seco-porphyrazine-2,3-dioné4.......... 67
4.8 [2,3,7,8,12,13,17,18-octakigblyl)-2-seco-porphyrazine- 2,3-diond4......... 68



4.9 General procedure for metadoo-porphyrazine®©5-07, P5-P7..................... 69
4.10[2,3,7,8,12,13,17,18-octakis(o-tolyl)-&ts-2,3-dioxoporphyrazinato]

(@1 @ PRSP 69
411 [2,3,7,8,12,13,17,18-octakis(o-tolyl)-&ts-2,3-dioxoporphyrazinato]

4 011 1 T TP 70
4.12[2,3,7,8,12,13,17,18-octakis(o-tolyl)-€ts-2,3-dioxoporphyrazinato]

(070 (1) © 280 P 70
4.13[2,3,7,8,12,13,17,18-octakis(p-tolyl)€ts-2,3-dioxoporphyrazinato]

(o0 1(1) 22PN 70

4.14[2,3,7,8,12,13,17,18-octakis(p-tolyl)-&ts-2,3-dioxoporphyrazinato]
4.15 [2,3,7,8,12,13,17,18-octakis(p-tolyl)€ts-2,3-dioxoporphyrazinato]
(070 T(1) =0 ROURPRRRRPRIY 4

4.16 Synthesis of (4-biphenyl)acetonitBle......................coooi i, 71
4.17 Synthesis of 1,2-bis(4-biphenyl)maledeitB2.............................ceeee. 72
418 [2,3,7,8,12,13,17,18-octakis(4-biphenytpyrazinato] Mg(IDB3............. 72
4.19[2,3,7,8,12,13,17,18- octakis(4-bipherdyeco-porphyrazine-2,3-dione]
B 73
4.20 General procedure for metaboo-porphyrazine®85-B7.............cccceevvvvvvvnnnns 74
4.21[2,3,7,8,12,13,17,18-octakis(4-biphereco-2,3-dioxoporphyrazinato]
(OUT(1) =1 OO 75
4.22[2,3,7,8,12,13,17,18-octakis(4-biphenybelo-2,3-dioxoporphyrazinato]
A 112 PSP PURRRPRRR 75
4.23[2,3,7,8,12,13,17,18-octakis(4-biphenybelo-2,3-dioxoporphyrazinato]
(1o T(1) =28 75
CHAPTER 5 RESULTS AND DISCUSSIONS........coiimmmmmeiiieeeeeeeeiiiiieeee e sniineeeens 77
5.1 Synthesis gi-tolyl ando-tolyl Porphyrazines.........ccccovoiiiiiiiiii i, 77
5.2 Synthesis of Biphenyl Porphrazines......... ..o e oi i eiiiiiieeenn 84
o N [ 90
APPENDIX A FT-IR Of O2. ... e e e e e e e e e e e 94
APPENDIX B Mass Spectrum dD2..........ouiiiiiii it it it it e e e eeaenns 95
APPENDIX C Mass SPeCtrum @P2....... ... iniiiiiiiiiiiiiiiaaeee e e e e e e e eeeeeeee s e 96
APPENDIX D *H NMR Spectrum 0D2 .........cccoeiiieiiiieiie e 97

APPENDIX E FT-IR Spectrum OP2.........c.ciiiieie i e e e 98



Xi

APPENDIX F "H NMR SPECIIUM OP2.......cieiieee et e e, 99
APPENDIX G UV-Vis Spectrum of03in Chloroform .......................coonil. 100
APPENDIX H FT-IR Spectrum oP3..........ccoiiiiiiii i e 101
APPENDIX | UV-Vis Spectrum oP3in Chloroform..............c.c.cooiiiiiininennne. 102
APPENDIX J Mass Spectrum BB..........cccvviiiiiiii e 103
APPENDIX K H NMR Spectrum 0P3..........coooeiieieeieec e e, 104
APPENDIX L UV-Vis Spectrum oP4 in Chloroform..............c...cocoiiiinnnn. 105
APPENDIX M Mass Spectrum GF4.............uoiiiiiiiiiiiiiiiieeeee e 106
APPENDIX N FT-IR Spectrum 0B2.........cc.oviiii i e 107
APPENDIX O H NMR Spectrum 0B2........c..coeeeiiiiiiiii i 108
APPENDIX P Mass Spectrum dB2............ccovvvvviiiiiiiiiiiin i i i neenennn. 109
APPENDIX Q UV-Vis Spectrum dB3in Chloroform ..., 110
APPENDIX R FT-IR Spectrum 0B3........coii i e 111
APPENDIX S Mass Spectrum dB3..........covevviieiiiiieiieieiieie e e eneean e 112
APPENDIX T UV-Vis Spectrum oB4 in Chloroform....................................113
APPENDIX U H NMR SpectrumoB3.......... 114
APPENDIX 'V Mass SPeCtrum @B4.......c..oiiuiiiiiie e e e e 115



Xii

LIST OF TABLES

TABLE 1.1 Average geometrical parameters for thegBBleton of porphyrin

and azaporphyrin ligands.............oovceieiiii i .8
TABLE 2.1 Conditions for synthesis of metallopoyphs of multicharge ions......... 24
TABLE 5.1 Elemental Analyses Results of the Porphines.............................81
TABLE 5.2 UV-Vis data for the porphyrazines inefdform..............................83
TABLE 5.3 Elemental Analyses Results of the Porphwes...................ccee.......87

TABLE 5.4 UV-Vis data for the porphyrazines in@tdform....................ccoeenn. 88



Xiii

LIST OF FIGURES

FIGURE 1.1 &) Porphyrin, b) Tetrabenzoporphyring) Porphyrazine,

d) Phthalocyanine...........cooiiii i e 1

FIGURE 1.2 UV-Vis spectrum of a porphyrin.............coooiiiieeiici i 4
FIGURE 1.3 Electronic absorption spectrum @PHB...............ccooo i, 4
FIGURE 1.4 Electronic absorption spectrum of MgPZ e vevoevvieviiiiiiinn 5
FIGURE 1.5 Electronic transitions in the visibledariose UV regions of

metalated and non-metal@@gbhyrazines...................cooooeien. 5
FIGURE 1.6 Pyrrole-type and Pyrrolenine-type RiNGS . ...oovviiiinieiiiienn 7
FIGURE 2.1 Chlorophyll.........coiii i e, 10
FIGURE 2.2 Haem of the blood..........ccooeii i1
FIGURE 2.3 An example of porphyrazine synthesis...... ccuu.iveiiiiiininnnn...... 16

FIGURE 2.4 Synthesis of porphyrazine molecules ftam different precursors....... 17
FIGURE 2.5 Synthesis of metal free porphyrazineatly

from SUCCINOIMIAINE..... oottt e e e e e 18
FIGURE 2.6 Synthesis of metal free porphyrazinatig treatment...................... 18
FIGURE 2.7 Synthesis ¢fans-substituted porphyrazine..............c.cocevveeenn .19
FIGURE 2.8 Synthesis of unsymmetrical porphyrazine...............................20
FIGURE 2.9 Metal complex formation of porphyrazine...............................21
FIGURE 2.10 The synthesis of metal complex of pgrahine24 with Ni

(central) and Pd (periphighahetals................coiiiiiiiiin i, 22

FIGURE 2.11 Porphyrazine metal complex...........ccoo im0, 25

FIGURE 2.12 Bis(dimethylamino)maleonitrile [octakis(dimethylamino)
porphyrazinato] magnesiuihZ, free base porphyrazine

3, SECO-POrPhYrazingl...........coooiiii e e e e 32
FIGURE 2.13 Free base porphyraz8)eeco-porphyrazined, zinc porphyrazine

5, zinc-seco-porphyrazines, zinc-diseco porphyraziner.................. 33
FIGURE 2.14 Free base porphyraz8einc complexd, seco-porphyrazine

10, seco-porphyrazine with zin@1................ccooiiiiiiiiii e, 33
FIGURE 2.15 () Ethylene glycol;if) Mg turnings, 4, n-BuOH,; (ii) CRCO,H,;

1Y) CHCL, EtOH and Cu(OAg) Zn(OAcC), or Co(OAC)................ 35



Xiv

FIGURE 2.16 [2,3,7,8,12,13,17,18-octakis(1-napht@yseco-porphyrazine-2,3-
dione] and metal derivasi{® = 2H, Cu(ll), Zn(Il) or Co(ll)).......... 36
FIGURE 2.17Seco-porphyrazineda-d by the peripheral oxidations of

porphyrazines and naa&eb-porphyrazine.............c.ccoeeveeinecnnnen. 37
FIGURE 2.18 {) and @) symmetric free bassco-chlorins, @) 2,3-

dimethoxyporphrin produthis-acetoxy porphyrin..................... 38
FIGURE 2.19 Synthesis of polyether-appended amirgipoazines...................... 39
FIGURE 2.20 Oxidation of ZnP2 compound by using KMn©O........................... 40

FIGURE 2.21 Synthesis of symmetrical porphyrazingk arenecarboxylate ester
SUDSHEUENES. ... e e DD

FIGURE 2.22 Synthesis of unsymmetrical porphyrazinéh arenecarboxylate ester

SUDSHIUBNES. .. .. e e a0 A2
FIGURE 2.23 Synthesis of star porphyraznge..............coooiiiiiiiii i e, 43
FIGURE 2.24 Synthesis of porphyrazine-diamme.............c.covieeieii v e, 44
FIGURE 2.25 Porphyrin-type macrocy®eseco-chlorin diketone40,
dialdehydég, non-metallated derivativi2 ........................oneed 45
FIGURE 2.26 DiseCO-POIPRYIazZiNe........vuiieie et et e e e e e e 46
FIGURE 2.27 Unsymmetrical porphyrazines............ccoooiiiiiinimmemne e e vene 46
FIGURE 2.28 Synthesis of corresponding solitairgopgrazine......................... 47
FIGURE 2.29 Synthesis géco-solitaire-porphyrazines..............ccooviiiiiie s 47
FIGURE 2.30 Synthesis GeCO-porphyrazing4.............oooiiiiiiiiii i e 48

FIGURE 2.31 Synthesis route to novel porphyraziGgsli(tosyl)aminoethanol;i
magnesium,Jpropanol; i) trifluoroacetic acid;if) cobalt(ll) acetate or
nickel(ll) acetate;\) n-hexylbromide.............cccooeiii i, 49
FIGURE 2.32 Octakis(2-dimethylaminoethylthio) poypdzinato-magnezyum
(YL |72 ) P 10|
FIGURE 2.33 [Octakis(2-trimethylammoniumethylthiojphyrazinato-
magnesium]joctaiodide (MgPzq).........coccveviiviiiiiiii e 1.5
FIGURE 2.34 Synthetic route to {octakis[triphenglgulfanyl-ethoxycarbonyl-2-
propyl) phosphonium]yl-porphyrazinatomagnesium}actanide.
i [([PhPCH.CH(Me)CQH]Br, DCCI, toluene-p-sulfonic acid and
Ary PYHAING ... e 52
FIGURE 2.35 Synthesis route to new compounids=¢(OAc), acetic acid, HCI;i{)
PYHIAINE; (i) PYrazZINe.......ireieie e e e e e e 53



XV

FIGURE 2.36u-Pyrazine[octakis(9-anthracenylmethylthio)porphymaio]iron(ll)
[FEPZ(PYZ)]. . e e e e 53
FIGURE 2.37 Bis-hexylthio-maleonitrile, phthalonitrile2,
phthalocyanineporphyrazine hybdand the

four-coordinate palladigomplex4..........c.ocoiiiiiiiiiiiiiii 54
FIGURE 2.38 Octakis (crown ether) substituted ploity@anines...............ccooeevnne 55
FIGURE 2.39 Octakis (1-naphthylmethylthio)subsgtiporphyrazines (M=Mg; 2H;
@ 74 o N O ) 56
FIGURE 2.40 Octakis(4-tert-butylbenzylthio)subggit porphyrazines (M=Mg; 2H;
CU; €05 ZN ) et e e e e 57
FIGURE 2.41 Octakis(4-pyridoxyethylthio)porphyraaiomagnesium with vanady!l
bis(acetylacetonate) [VO(aca@®)-pyCOOCHCH,S)]s MgPz........... 58
FIGURE 2.42 Octakis(9-anthracenylmethylthio)sulbgéitl porphyrazines.............. 59
FIGURE 2.43 Octakis(ferrocene)substituted porphyes.....................eeene....60

FIGURE 2.44 Synthesis of 1,2-bis{2-(diethyl phospéate)ethylthio}maleonitrile.....61
FIGURE 2.45 Phosphonate-substitugeaind phosphonic acid-substitutéd

(101 0] 01/ =V = PPN o ¥ |
FIGURE 4.1 Synthesis ob{tolyl)acetonitrileO1 and -tolyl)acetonitrileP1............ 64
FIGURE 4.2 Synthesis of 1,2-basfolyl)maleonitrileO2 and 1,2-bigg-tolyl)

MAlEONIIIIB2. .. ...t e e e e e 66

FIGURE 4.3 Synthesis of [2,3,7,8,12,13,17,18-oc&@kiolyl)porfirazinato]
Mg(Io3 and [2,3,7,8,12,13,17,18-octakigplyl)porfirazinato]
AV o (L) 22 7S 67
FIGURE 4.4 Synthesis of [2,3,7,8,12,13,17,18-ocf@kiolyl)-2-seco-porphyrazine-
2,3-dione] (M= 2H) or [2,3,712,13,17,18-octakigpftolyl)-2-seco-
porphyrazine-2,3-dione] (M=2H.........cc.ccooiviiiiiiiiii i ..69
FIGURE 4.5 Synthesis of [2,3,7,8,12,13,17,18-od@kiolyl)-2-seco-2,3- dioxo
porphyrazinato] {M=Cu(ll), ahY or Co(ll)} and [2,3,7,8,12,13,17,18-
octakipftolyl)-2-seco-2,3-dioxoporphyrazinato] {M=Cu(ll), Zn(ll) or

Co(IND5-O7, P5-P7...o e 71
FIGURE 4.6 Synthesis of (4-biphenyl)acetonitBle......................cccoevi el .72
FIGURE 4.7 Synthesis of 1,2-bis(4-biphenyl)maledieiB2............................... 72

FIGURE 4.8 Synthesis of [2,3,7,8,12,13,17,18-oc@kbiphenyl)porphyrazinato]
MOIBB. .. et et e e e e e e, 73



XVi

FIGURE 4.9 Synthesis of [2,3,7,8,12,13,17,18-oc@kbiphenyl)-2seco-

porphyrazine-2,3-dione4.............cccovviiii i (4
FIGURE 4.10 Synthesis of [2,3,7,8,12,13,17,18-as(dkbiphenyl)-2seco-2,3-dioxo
porphyrazinato] {M= Cu(1gn(ll) or Co(I)}B5-B7...........cccevnie 76
FIGURE 5.1 Synthesis ob{tolyl)acetonitrile (O1) andpttolyl)acetonitrileP1......... 78
FIGURE 5.2 Synthesis of 1,2-bisfolyl)maleonitrileO2 and 1,2-bigg-
tolyl)maleonitrileP2............oii 78

FIGURE 5.3 Synthesis of [2,3,7,8,12,13,17,18-oc@kiolyl)porfirazinato] Mg(ll)
O3and [2,3,7,8,12,13,17,18-octalpgplyl)porfirazinato] Mg(Il)P3.....79

FIGURE 5.4 Synthesis of [2,3,7,8,12,13,17,18-oc@kiolyl)-2-seco-porphyrazine-
2,3-dione] (M= 2H) or[2,3,7,8,12,13,17,18-ocHgitolyl)-2-seco-
porphyrazine-2,3-dione] (M= 2H).........cciiiicii e 79

FIGURE 5.5 Synthesis of [2,3,7,8,12,13,17,18-oc@kiolyl)-2-seco-2,3

dioxoporphyrazinato{M=Cu(l1gn(I1) or Co(Il)} and

[2,3,7,8,12,13,17,18-0ctakjs(olyl)-2-seco-2,3-dioxoporphyrazinato]

{M=Cu(l1), Zn(I1) or CO(ID} ... enerieie it e 80
FIGURE 5.6 UV-Vis spectra d?3 andP4 in Chloroform............cccceeviviiviiiiiiicecennns 83
FIGURE 5.7 Synthesis of (4-biphenyl)acetonitBle....................cccooeeviiii i 84
FIGURE 5.8 Synthesis of 1,2-bis(4-biphenyl)maledieiB2............................... 84
FIGURE 5.9 Synthesis of [2,3,7,8,12,13,17,18-o&@kbiphenyl)porphyrazinato]
M) B3...ceeii et et e85
FIGURE 5.10 Synthesis of [2,3,7,8,12,13,17,18-as(dkbiphenyl)-2seco-
porphyrazine-2,3-dioneB4.............ccooiiiiiiiii i 85
FIGURE 5.11 Mass spectrumBB..............ccoiiiiii i en 0. ... 86
FIGURE 5.12 Mass spectrumBl..............cooeiiiiiiiiiiii i +20.. 86
FIGURE 5.13 Synthesis of [2,3,7,8,12,13,17,18-as(dkbiphenyl)-2seco-2,3
dioxoporphyrazinato] {M= Cu(ll), Zn(ll) or Co(ID}..c...ovvvennen.n. 86

FIGURE 5.14 UV-Vis spectra @3 andB4 in Chloroform.................c.cconni. 89



M
H.AP
H.DAP
H.MATBP
HNTBP
H,OED
H.MAP
H,TATBP
H,TBP
H,TPP
H,TPrP
MAP

MP
MTAP
FAB

EAS

MO

DCM
DMF
DCE
NMR

IR

UV /VIS

A

Pyr
LCAO
LUMO
HOMO

LIST OF ABBREVIATIONS

Metal

Azaporphyrine
Trans-diazaporphyrine

M onoazatetrabenzoporphyrine
Tribenzo (1-phenyl-2-3-naphthal o) porphyrine
Octaethylporphyrine

M onoazaporphyrine
Triazatetrabenzoporphyrine
Tetrabenzoporphyrine

M eso-tetraphenyl porphyrine
Meso-tetra (n-propyl) porphyrine

M etall oazaporphyrine
Metalloporphyrine

M etall otetraazaporphyrine

Fast Atom Bombardment

Electron Absorption Spectrum
Molecular Orbital

Dichloromethane
N,N-dimethylformamide
Dichloroethane

Nuclear Magnetic Resonance

Infrared

Ultraviolet / Visible Spectrum
Angstrom

Pyrrole

Linear Combination of Atomic Orbital
Lowest Unoccupied Molecular Orbital
Highest Occupied Molecular Orbital
Ligand

XVii



XViii

M(P)L4 Metal monotetrapyrroles
M(P)2 Bistetrapyrroles
M2(P)3 Tristetrapyrroles



CHAPTER 1

INTRODUCTION

An important group of coordination compounds ig thfatetrapyrrol derivatives
which receive interest due to both practical arebthtical point of view [1-4]. A 16 -
membered electron rich conjugated planar macracyaire is common in all these
structures. When this main core is composed of fpyurol units bound to one another
through methine (-CH=) bridges, it is called pomhy(Fig.1.1.a). Four-benzo
condensation on each of the pyrrol groups resuh vatrabenzoporphyrin (Fig.1.1.b).
Changing methine bridges with aza functions (=NR) porphyrins result with

porphyrazines (or tetraazaporphyrins) (Fig.1.1T¢}e benzo-condensed porphyrazines

are the well-known phthalocyanines (Fig.1.1.d).

D
D$O @igi

b
Figure 1.1 (a) Porphyrin, b) Tetrabenzoporphyrin, ¢ Porphyrazine, d)
Phthalocyanine



Porphyrazines and related molecules have also hedreme of considerable
theoretical interest due to their high symmetrygnar molecular arrangements, and
electronic delocalization. A large number of theioed works have been devoted to the
understanding of the atomic scale structure ofetmeglecules, their building blocks and
the mechanisms of charge transport and optical epties. Molecular design of
porphyrazines for various Q-band splitting modess hattracted considerable
experimental interest, where the ring symmetry fincation has been introduced as a

new methodology.

One of the most important properties of tetrapyfigands is their ability to
coordinate to metal ions, yielding stable inter pter salts. Stable complexes of
porphyrins, porphyrazines and phthalocyanines résrh formation of four equivalent
c bonds (N— M) that is filling of vacant s,,ppy and (n - 1) & _y» or n dy2 _yo Orbitals
of the cation withc electrons of the central nitrogen atoms which ea#led as
coordinating N atoms. The resultiogbonds are strong that in the case of metafé,Cu
Ni%*, Cc®* and Zif* that in solid complexes practically no replacenefrthe metal ions
takes place at ¥0O, concentrations ranging from 2 to 7 M. In the cakeoordination
of triply or quadruply charged ions the formatidnaocomplex involves, in addition to
d, s, and porbitals, p and @, orbitals that participate in the attachment of éxéra

ligand along the z-axis perpendicular to the plainge molecule.

The formation ofc bonds (N—M) in porphyrin and porphyrazine complexes
leads to four electron pairs of the coordinatingagien atoms being excluded from the
conjugation. The antibonding orbitals @*) of the macroring are filled with the
heteroatomic n orbitals. The attendant decreasbanenergy of these antibonding
orbitals favors conjugation of the heteroatomiclecions which have not taken any
part in the coordination to the metal. As a retiudt remaining n electrons acquirer a
rather than & character and are not easily protonated with atidmany cases where
the metal ion has filled d orbitals sfsymmetry (g, d.,, d,) it forms backward dative
n bonds with the macrocyclic tetrapyrrol ligand. Tinetal serves as a donor of
electrons and the ligand as their acceptor. Theseldare opposite in direction o
bonds, that is M- N, and are called backbonding. Thea @lectrons of the metal fill
the antibondingr orbitals of porphyrazine. The filling of antibondi = orbitals

increases their energy, which prevents the n elestiof the meso-N atoms from



entering into ar conjugation as well as enhancing theicharacter and capacity for

acid protonation.

In addition to electronic and charge effectsadrdination complexes with cyclic
m ligands such as porphyrins, phthalocyanines, pogzdnes and other
macroheterocyclic compounds, may in some casefaglisgeric effects of coordination.
If coordination distorts the planar structure ofcanjugated cyclic system, the
conjugation of n electrons of the nitrogen atomghwhie macroringt system weakens.
As a result the basicity dhe molecules increases. If coordination to a matshtes a

more coplanatt system than the ligand, the opposite is true.

The porphyrazine is isoelectronic with the porpmybut because of its nitrogen
atoms at the meso positions chemically much cltsehe technologically important
phthalocyanines. To investigate the electronic erogs of the phthalocyanines it is,
therefore, necessary to address the influence adetmitrogens on the electronic

structure.

In the visible absorption spectra of porphyrifnse tighly conjugated aromatic
macrocycle shows an intense absorption in the negi@bout 400 nm which is referred
to as the Soret Band (Fig.1.2). Visible spectrgpofphyrins also show four weaker
bands, the Q bands, at longer wavelengths fromtat&fl: 700 nm giving rise to reddish
purple color of porphyrins [5].

The effects of meso-tetraaza substitution on theMisible absorption bands of
porphyrins are to date well documented. Porphyeszomplexes exhibit for instance a
significant red shift and an intensification of tosvest energyt - n* Q band, and a
more complicated Soret band region due to additior& ©* transitions introduced by

azamethine groups [6,7].
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Figure 1.2 UV-Visible spectrum of a porphyrin.

The UV-visible spectra in porphyrazines are infioed by substituents and the
presence or absence of a metal at the centre heeaipsubstitution influences the UV-
visible spectra witltis- andtrans- isomers showing different split in LUMOSrans-
isomers show large splitting comparedcts-peripherally substituted porphyrazines. In
non-metalated porphyrazines with reduced symmegguction in symmetry removes
degeneracy of LUMO and gives a split Q-band (Fig.1.3) [8]. Insea where a lone
pair of electrons in peripheral ligating atoms @¢comes bonded to metal ions, the Q-
band is split into two sharp bands (Fig.1.4) beeatiseir interaction with the

porphyrazine ring is suppressed [8].
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Figure 1.3 Electronic absorption spectrum ojf¥.
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Figure 1.4 Electronic absorption spectrum of MgPz.

For nonmetalated (metal-free) porphyrazines,(Bymmetry), the UV-visible
spectra show two lower energy split Q-bands at BED-m and a higher energy Soret
(B) band at 300-400 nm, which are assigned,t® dy (QX), a 2> bsg(Qy) and h, >
bog (QX), b = bsg (By) transitions (Fig.1.5). These transition bands assigned to
excitations from the two highest-occupied molecwoldnitals (HOMO) (a,and a) into
lowest unoccupied molecular orbitals (LUMQ) €,9]. The lower energy peak which
could be found at 400-500 nm is assigned teo* riransitions from the lone-pair

electrons in external meso-nitrogen atoms intd ang system.
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Figure 1.5 Electronic transitions in the visible and close tAgions of metalated and
non-metalated porphyrazines.



Metalated porphyrazines exhibit two intems® n* absorbances, a low energy Q
band that is accompanied by a slight higher ensfgyulder and a higher energy B
band. For metalated porphyrazines, the symmetmhefchromophore is J9 with the
two LUMOs Iyq and B3y giving rise to a two-fold degeneratg level resulting to an

unsplit Q and B absorptions associated with treovsta, 2> ¢ and a,> ¢[10,11].

The molecules from the porphyrazine class haveeghinterest from the scientific
community due to both their potential in technobagi applications and their
relationship to biological important porphyrins,chuas chlorophyll and hemoglobin
molecules, that play a vital role in life process&be remarkable construction of
porphyrazines, characterized by high symmetry, griy) and electron delocalization,

made these molecules attractive for theoreticalistuas well.

X-ray crystallography is the most reliable methimd the evaluation of the
molecular geometry in the solid state. X-ray dedsehbeen reported for the free-base
porphyrin (HP) and some of its derivatives: meso-substitutechpgbenylporphyrin
(H2TPP), tetrapropylporphyrin (HHPrP) as well af3-substituted octaethylporphyrin
(H.OEP). Among azaporphyrins, only the structures wb ttetrabenzoderivatives,
namely monoazatetrabenzoporphyrin ;NJATBP) and tetrabenzotetraazaporphyrin
commonly named phthalocyanine ,f¢) have been studied by this method. The

average structural data are represented in Table 1.

The skeleton of common porphyrin ligands can bestlered as almost planar
since the deviations of the C and N atoms fronntean plane do not exceed 0.006 nm.
The symmetry of the skeleton is in most casgs ® D4 skeletal symmetry was found
for monoclinic HP and tetragonal HIPP. DBy, distortion of the porphyrin ligands is
connected above all with the inequivalent of theedmembered rings composing the
macrocycle. In two trans-located pyrrole type-rindg the bonds &Cg are about
0.002-0.003 nnshorter, G-Cg bonds are about 0.002 nm longer and the inneleang
formed by the nitrogen atom is 2.84rger compared with a pair of the neighboring
pyrrolenine-type rings. At the same time the boeigths between LCatoms and the
inner nitrogen atoms vary only slightly in thesevtring types and are 0.002-0.003 nm
shorter than the bonds of, Catom with G.eso atom (Fig.1.6). The symmetric alkyl or

aryl substitution in the meswr 3 positions has little influence the changes inlibad



lengths and values of the angles do not excee®mfDand 2 The dimensions of the
central coordination cavity (measured as a dist@eteeen the intracyclic N atomsyN
and macrocycle center)Grary slightly in the range 0.204-0.206 nm (Tablé&). One
can expect that the direct substitution of the caratom in the conjugateudsystem of
the porphyrin with a heteroatom, namely aza-suligit in the mesgositions, should
produce significantly greater changes in the gepnatthe reaction center and that is

the case in fact.

.

A - pyrrole-type ring
B - pyrrolenine-type ring

Figure 1.6 Pyrrole-type and Pyrrolenine-type Rings.



Table 1.1 Average geometrical parameters for the CN skeletbrporphyrin and
azaporphyrin ligands.

Geometric H.P? H,OEFP' | H,TPP | H,MATBP H.Pc HPc HTAP
parameter
C,-X (nm) | 0.1376] 0.1390 | 0.1400] 0.125 (N) 0.1335 0.132 0.133
0.1387 0.139 (C)
Co-Npyr(nm) | 0.1377| 0.1364 | 0.1364 | 0.145 0.1340 0.137 0.136
0.1380| 0.1367 | 0.1374
C,Cs(nm) | 0.1452] 0.1462 | 0.1455| 0.147 0.1490 0.147 0.144
0.1431| 0.1438 | 0.1428
Cy-Cy(nm) | 0.1345] 0.1353 | 0.1347 | 0.152 0.1390 0.140 0.134
0.1365| 0.1373 | 0.1355
Npy- Ci(nm) | 0.2051]  0.2062 | 0.2060 0.1918 0.194
CoX-C,(®) | 126.9 127.7 125.6] 111 (N) 115 122 122
143 (C) 119 125
CoNpyC, | 106.1 | 105.7 106.2 109 109 109 108
© 1085 | 109.6 109.2
X-Co-Npye (°) | 125.1 125.0 126.2] 132 (N) 131 127 128
123 (C) 130

®Data are given for pyrrolenine and pyrrole-typesn

The only X-ray study of metal-free phthalocyanmade by Robertson in 1936
showed that the #Pc molecule is planar and hag,Bymmetry. Unlike porphyrins this
D, distortion of the tetragonal symmetry of the skaleowes its origin not to the
inequivalence of pyrrole rings but to the differena the angles formed by neighboring
meso-nitrogen atoms. The bonds composing the ib&xenembered macroring in,Plc
are shorter than in the porphyrins. The bonds fdrimethe bridge atoms (in this case
meso-nitrogen atom) are considerably shorteneds The alternation of the bonds of
the inner macrocycle which is noticeable in porphg/(about 0.137 nm for &Ny, and
0.139-0.140 nm for &Cmesobonds) is barely perceptible in phthalocyaning-RGy,
0.134 nm; G-Nmeso, 0.133-0.134 nm). The values of the angles formedh wi
participation of the bridge atoms also change.dmgarison with porphyrins the angle
Cua-XmessCq is decreased by iGand the angle Ni-Co-Xmesoincreased by © These

changes in bond lengths and angles lead to a ignif shrinkage of the central



coordination cavity, by 0.026 nm compared with pgmns. The geometry data for
H.Pc obtained by Hoskins et al. by a neutron diffracmethod differ somewhat from
the data of Robertson. However the observed chemtie dimensions of the reaction

center as one goes from porphyrins to phthalocyaisithe same.

Recently the results of the first X-ray investigns of complexes of
tetraazaporphyrins were published. Comparison esddlstructural data with the data on
corresponding complexes of porphyrins, tetrabengapein and phthalocyanine reveal
the separate influence of aza and benzo substitutioorder to reveal what structural
changes are produced in the CN skeleton of thehyarp ligand by tetrabenzo and
tetraaza substitution we consider the availablecairal data on the metal free
compounds (KP, HOEP, HTPP and HPc) and complexes of Fe (ClFePc,
CIFeOETAP, CIFeTPP, and C1EeOEP) and Ni (NiPc, NiTBPand NiTMP). Aza
substitution reduces the angles formed by a bridgen and shortens the bonds
composing the inner 16-membered ring. In the cag®phyrins the bond between, C
atom and meso-atom is especially shortened. Onfy Ny,-C, bonds change
significantly in the isoindole fragments whereashe pyrrole fragments the isolation of
ethylene double bonds is distinct and their geomneftnanges drastically. Benzo
substitution has little impact on the geometry die tinner macroring in
tetraazaporphyrins, while in the porphyrins thedsoand angles formed by the bridge

carbon atom are significantly reduced.

Thus the comparison of metallocomplex structuegeals that aza substitution
affects the geometry more strongly than benzo gubet and that its effect is more
pronounced in porphyrins (and their alkyl and adgérivatives) than in tetra-
benzoporphyrins. One can expect that in the frgantis, in the absence of a central
metal ion rigidly bonding the inner nitrogen atorttge effect of aza substitution will be

greater.



CHAPTER 2
GENERAL INFORMATION ABOUT PORPHYRIN AND
PHTHALOCYANINE COMPLEXES

2.1 General Concepts of Porphyrin and Phthalocyanm Complexes

Metalloporphyrins, which include, such important tural complexes as
chlorophyll (Fig.2.1), haem of the blood (Fig.2.2nhd others, represent a vast and

unique group of intercomplex compounds [12].

H,C=—CH R

H3C

H3C

H,C

CH——C=0

R'OOC—CH, COOCH,

la: R’ Qngg; R = CH;, 1b: R'= Gngg; R =CHO

Figure 2.1 Chlorophyll.

10
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H,C—CH CHs
H5C CH=CH,
H3C CH3
HOOC—CH;—CH; CH,—CH,—COOH

Figure 2.2Haem of the blood.

The central metal atom displaces two hydrogen fimra the porphyrin ligand and
practically finds itself in a symmetrical electratt field of four nitrogen atoms with
which it may form four equivalent, or almost equerd, coordinate, donor-acceptor
bonds. If the interaction between the metal and gbephyrin anion is primarily
electrostatic, labile ion complexes are formed. SEhenclude complexes of NaK”,
Rb*, CS, B&”, SF¥, B&", C&*, and some other ions. But if the electrostatieriattion
involves filling of the vacant orbitals of the ceadtatom by the electrons of the donor N
atoms of the ligand, stable porphyrin complexesth& covalent or predominantly
covalent type are formed. In this case we have toxep of F&, Fe*, C#*, Ni*,
Cw*, zr™, Mn*, CF, AI**, G&", s, G€*, s¢”, Ti**, vO*, Pt*, 0¢", and other
cations. Most of the above complexes are formedibynetals. As will be seen from
what follows, complexes of porphyrins with Rigthat is chlorophyll and its structural
analogues, do not belong either to purely ionic glexes or to the stable group of
predominantly covalent complexes. This peculiaotychlorophyll, stemming from its
intermediate position in the complex stability esriis to some extent responsible for its

unique role in nature.

In contrast to chlorophyll, the complex of protoployrin with Fé* (Fe™") is one of
the most stable metalloporphyrins of the covalgpet This property is fully consistent
with both the biological composition of the mediumwhich haem acts in a complex

with protein and with its biological functions.
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The specific features of metalloporphyrins asrcaeplex compounds are due not
only to the polydentate (tetradentate) nature eflipand but also to its rigidity. The
latter is determined by the planar structure ofl#éiige ring of the porphyrin molecule,
by the unique conjugation in it which is due to stengrtelectron interaction over the
entire large ring (so-called macroring), and by pheticularly favorable structure of the
coordination center, consisting of four nitrogeanas, on account of which most metal
ions easily enter this space, coming into closdamirwith the nitrogen atoms. Because
of its high rigidity the porphyrin ligand imposegesgific requirements on the geometric
parameters of the metal ion, whereby they form tVearly defined groups of stable or

labile complexes.

Characteristically, the metal ion that has entemetb coordination with a
porphyrin is in fact a partner of the conjugatedpbgrin system and may either
stabilize or destabilize it. Owing to this direcin¢act with the atoms of the conjugated
system, it influences all, even the most remotéspaf the large molecule and alters the
oxidation-reduction, acid-base, electron-opticahd aall other properties of the
porphyrin. In this connection it is of particulaterest for a coordination chemist to use
metalloporphyrins in examining the effect of théuna of the metal involved, the type

of chemical bonding, and its strength on the mpjoperties of porphyrins.

A specific feature of metalloporphyrins is theisolubility in water and solubility
in organic solvents in cases where no significahtagion centers are present among the
functional substituents of the ligand. This is thason why most studies of porphyrins

and metalloporphyrins have been conducted in noe@as media.

Another salient feature of porphyrins is theirustural diversity, which can be

seen in Figure 1.1.a.

Porphyrins differ in the nature of the bridginggps occupying meso positions in
the porphyrin molecule. The bridging groups maydré -CH=, -(X)C=, -N=, or their
combinations. The structural diversity of porphgria further enhanced by the presence
of various pyrrole substituents Rg) which may be H, C GHs, CH=CH,
CH(OH)CH;, C(O)H, COOH, CHCOOH, and CHCH,COOH. If it is also taken into
consideration that one or more pyrrole double bomdy be hydrogenated and that

adjacent substituents;fRg and R-Rs may form closed cycles, then the diversity of
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molecular structures of porphyrins azaporphyritghgalocyanines, and so on becomes
more evidentlt should be emphasized that a porphyrin moleceéses to exist as soon

as at least one double bond in the macroring isdgghated.

The specific features and great diversity of pgrpts particularly
metalloporphyrins, are the factors responsibleteir importance and wide distribution
in nature, their extensive use in various physiphlsicochemical, quantum-chemical
and biological studies as well as in the productadndyes, semiconductors, and
catalysts. The structural diversity of porphyrinedametalloporphyrins opens up
enormous possibilities for studying the effect ahdtional substituents and central
atoms on the properties of porphyrins. Such stugitksnake it possible in the future to
provide an answer to the question why Nature haser as the basic component of the
photosynthetic and respiratory molecular systemrplpgins with a particular
combination of functional such as can be found imlomphyllic acids and

protoporphyrin.

An important characteristic of porphyrimnagplexes is their extremely high
stability to dissociation. This is one of the raasevhy nobody has been able so far to
measure quantitatively the equilibria of their fation in a direct manner and to
characterize this stability in terms of a definitenstant. The kinetic method has been

widely used in investigating the stability of poypim and phthalocyanine complexes.

The capacity of complexes for additional coortorais to some or other degree
their common property. However one can hardly fambther instance where, the
coordination of additional ligands is as manifestirathe case of planarly coordinated
metalloporphyrins. It is referred to as extra camation for the ligands are attached
along the z axis passing through the metal atora aght angle to the plane of the
porphyrin molecule. Extra coordination is an ortpant property of such
metalloporphyrins as chlorophyll, haem of the blocatalyses, and others for it results
in attachment of the active metal complex to thdewude of the carrier protein and is
essentially a transport reaction as far as oxyggar,ogen peroxide, and the electron are

concerned.

Finally, an important and unique feature of pgmis and their metal

derivatives is their electronic absorption and emis spectra. The diversity of the
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latter, corresponding to the great variety of pgrpts, the typical arrangement of
spectral bands, the sensitivity to certain effestgthe molecule, and their complexity,
make them not only a most reliable means for id@nty porphyrins but also a rich
source of information on the structure of porphgrithe type of their coordinations, the

interaction between substituents and ionizing meathd the intramolecular energies.

Porphyrin molecules perform their biological aratalytic functions only within
metalloporphyrins. These functions are determinethb coordination (donor acceptor,
complexing) properties of the porphyrin moleculel anetal. Since they are bound in
the metalloporphyrin molecule by a very strong ciwainnteraction which ensures the
integrity of the entire molecule, we may speak dafordination properties of
metalloporphyrins, meaning their capacity for fertltoordination to extra ligands and

for staying together that is coexisting in protandr media.

Thus the coordination properties of porphyrinsedeine the conditions for and
rates of formation of metalloporphyrins and thdlity to survive in various media
(including proton-donor, oxidation-reduction, andhopexciting ones) without
undergoing protolytic dissociation and oxidativepiroto-oxidative degradation. They
also determine the capacity of porphyrins for artas photosynthetic, respiratory
pigments and enzyme (catalytic) systems.

Investigations of coordination phenomena invaviporphyrin molecules are,
thus, of paramount importance in the chemistry afppyrins. Work in this field has
been under way over the past two or three decad@éssarapidly progressing with
studies being conducted in many countries [13]. elv, the total volume of research
into coordination phenomena involving metallopomphy is still far from being
adequate to the scientific magnitude of the probldinis lag of the coordination
chemistry of porphyrins is primarily due to the qaaxity and unavailability of most
porphyrin ligands and to the long established cphoé poor stability and ephemeral
nature of porphyrin molecules isolated from natw@lrces under conditions normally
prevalent in complex formation studies. This iskgaioly why in many physicochemical
studies use is made of stable synthetic porphyrinsuch as
tetramethyltetraethylporphyrin (etioporphyrim),, v, é-tetraphenylporphyrin and, j,

Y, o-tetrapyridylporphyrin.
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Naturally, of greatest practical interest aredberdination properties of two most
important natural porphyrins-chlorophyllic acid gaophytine) and protoporphyrin as
well as their complexes. In this work they are gipeimary attention. At the same time,
it should be borne in mind that no solution to peots concerning the effect of
functional substituents and the structure of a pgiip molecule as a whole on its
activity in biological and other processes can duenfl without investigating as many
porphyrins of different structure as possible, udahg synthetic ones. This aspect of the

problem is also treated at length in the presemtagmaph.

The question as to the role of the central mati@ain in molecules of biologically
active metalloporphyrins is yet to be answered. Msgim is present in chlorophyll,
while the haem of haemoglobine, cytochromes, amalacse contains an iron atom. To
answer the question why these two and no otherlsnata involved in biological
evolution one must examine the effect of the spe@é the metal atom on all
physicochemical phenomena occurring with the pgadton of porphyrins in
photosynthesis, oxygen transport, intracelluladason, and other processes. The most
interesting in this respect are the electron-optmeadation-reduction, and coordination
properties. Systematic studies into the kinetibittg of metal analogues of chlorophyll
and haemin have given insight into the specifie ible magnesium atom plays in the
chlorophyll molecule from the standpoint of coomtion properties of

metalloporphyrins.

As far as the iron atom is concerned, the picsirauch clearer. Its particular role
stems from the abundance of iron in the Earth’stcrather than from the specific
features of its electronic structure since the fiamcof reversible addition and oxygen
transport can be performed by other metals as \iarllexample, cobalt, which may
form complexes with porphyrins, possessing a geflity high thermodynamic stability
and capable of withstanding oxidative degradation the presence of active

haemoglobine [14].
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2.2 Synthesis, Isolation and Purification of Porphgin and Phthalocyanine
Complexes

Complex compounds of chlorophyllic acid, protopgmpm and most of their
structural analogues are synthesized from availiaded molecules of porphyrins and
metal salts. Therefore the problem of synthesisomfiplexes is determined entirely by
the availability of respective porphyrins. Only ihe case of phthalocyanine or its
polymers are complexes easier to synthesize iblsizanounts from semi-products that

is from structural units making up a phthalocyardigand, in the presence of a metal.

The majority of TAP structures prepared from 19871990 have been collected
by Luk’yanets and Kobayashi [15]. Since porphyragiare analogs of phthalocyanines
with the only differences of the absence of theeubenzene ring on the pyrole units,

the synthetic methods applied to phthalocyaninea && used to synthesize

porphyrazines.

Porphyrazine can be synthesized from functionalizeitrilies such as
maleonitriles, fumaronitriles and phthalonitriles.Like  benzoporphyrazines
(phthalocyanines), the synthesis of porphyrazines limited to Linstead
macrocyclisation in which the dinitril& or 2 undergoes a macrocyclisation reaction
under reflux in the presence of a magnesium all@xdthe corresponding alcohol
(typically 1-butanol or 1-pentanol) or dimethylaméthanol to yield3 (Fig.2.3).
Magnesium porphyrazines such Zgre easily demetalated under acidic conditions to
form the free-base porphyrazine sucl#§$6,17].

HN
ner o Mg(OBw), N\, / ACOH

or

N\ /
CN BuOH 120 °C, 18h CHCI3 100 °C, 15min
/ /

Figure 2.3An example of porphyrazine synthesis.
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Removal of magnesium can be achieved by treatirsglation of magnesium
octaethyltetraazaporphyrin chloroform and acetic acid for 15 minutes, izegree-
base porphyrazind. The above synthetic method is known as Linsteadnesigm
template macrocyclisation. The same synthetic nietl®o also applicable if two
different precursors are macrocyclised to formettéht porphyrazine hybrids (Fig.2.4)
[18].

Y Y

O NH NC CN

CN Na NH > <
R —
_— | NH o+
CN HoCH,CH,OH | Me,N NMe,
(e} 0 NH
A A 7

5 6 (i) Mg(OBu,),BuUOH

(ii) AcOH, CCl,, 0°C

N
N N N /)
N \ N \/ \
N NH NH Z NH N,/ NMep
NM
>‘O ) "G 72BN Y [ Dnne, TN
NMe, MepN " o NMe,
e
L A
10
8 9

Figure 2.4 Synthesis of porphyrazine molecules from two défe precursors.

Since phthalonitrilé is unreactive in the synthesis of either the plothanine or
porphyrazine, it is first converted into its copending 1,3-diiminoisoindoliné to
increase its reactivity. A suspension of phthalieib in 1,2-ethanediol is bubbled with
ammonia gas in the presence of sodium metal. TBaliiminoisoindoline6 derived
from hydroquinone isopropyl ethéris then reacted with dimethyl aminomaleonitidle
to give porphyrazine hybridg 9, 10 (Fig.2.4) [18].

Some metal free porphyrazines can be preparedlglifezm succinoimidines by

heating in high boiling solvents such as chloroleerezand nitrobenzene (Fig.2.5) [15].
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R R
R N
R. CN R N\ T \Né/
I | NH —— N\ N
R~ OCN R™ X N
NH R N\ N/ _~R
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Figure 2.5Synthesis of metal free porphyrazine directly fremecinoimidine.

Nowadays metal-free porphyrazines are obtained Bmedtallation of

corresponding magnesium porphyrazine with acid sischFAA or HCI (Fig.2.6).

R

R R R
R N
R Y N\ N \éﬁ\ S
ACId

Figure 2.6 Synthesis of metal free porphyrazine by acid treatm

Various substituents provide porphyrazines withssatial organic solubility
compared to their porphyrin and phthalocyanine tenparts. Peripheral substitution
among porphyrazines is becoming an increasinglyulaopstrategy for the design of
functional dyes and molecular devices. Porphyrazimiéh peripheral substitution of the
form M[Pz-(An:Bs.n)], where A and B are functional groups fused te fikposition of
the pyrroles, have the potential to exhibit magnatid electronic properties [9,19,20].
Due to peripheral substitution, these porphyrazstesy unusual UV-Visible spectra,
redox chemistry and electrochemistry. In addititwey exhibit interesting coordination
chemistry for binding of metal ions within the macyclic cavity and by peripheral
ligating groups (N, S, O) [21]. Substituted ampliiphand hydrophilic porphyrazines
bearing both hydrophilic and hydrophobic moietieancbe more potent as
photosensitisers in photodynamic therapy [22-24ithVéicetylinic units as peripheral
substituents, the-systems of the chromophores are enlarged and dyatiroic shifts in

the electron absorption and emission spectra ahecad. Alkyl groups also serve as
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covalent linkers for the assembly of delocalizedltimhromophore chains or two

dimensional polymer networks [25].

The second method involves the macrocyclisationsalbstituted precursors,
which may lead to a cleaner product of known stligtn pattern. Peripheral
substitution in porphyrazines is achieved by reactvith substituted phthalonitrile and
a maleonitrile, or reacting two maleonitriles. Ha@eg as shown in Figure 2.7, this
method also leads to the formation of isomers dughe symmetry involved in
macrocyclisation. While macrocyclisation of suhggd precursors has its drawbacks, it
is still the method of choice for the synthesis safbstituted porphyrazines with

improved properties.

Trans-substituted porphyrazines can be synthesized ing asphthalonitriles with
bulky groups. In this case, the bulky group appears ontwice due to steric hindrance
in which the steric groups cannot be adjacent amgblanar (i.e. bulky groups are

prevented from being adjacent to each other) asrsiw Figure 2.7 [26].

CN Ph Ph Zn(OAc),
OO+ )~
CN NE CN 50-260 C
J s
11
13: M=Zn
14: M=Co

Figure 2.7 Synthesis ofrans-substituted porphyrazine.

The most successful pathway of synthesizing unsymicaé substituted
porphyrazines is to a use statistical condensatidwo substituted precursors A and B
in which the desired product can be isolated byrmol chromatography. Although the
method also gives a mixture of six compounds, regucompound can be isolated as a
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major product. If, for example, the reaction is éavith the precursors A: B at a ratio of
1:8 or above, the major product is that in whichBAs incorporated into the pigment in
the ratio of 1:3 (Fig.2.8).

NM82

NMe

Me,N NMe; ;M NMe2

€y N

MezN o/ — &NMeZ \ \ N
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\ /Mg /N N\ { /
\ / \ / / NMe,
MeoN
N NMez NMe,

MesN 16 NMe2

(l)

NC CN CN
+
Me,N NMe, 15 CN
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I ~Q

NM62 NMeZ
NMe NM92
S N Me,N \ Qé/ 2
\
\ ) N\ » N\
N /
\ / NMe, \ /
MeoN
NMe, Me,N
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[0 Mg(BuO)Z, BuOH

Figure 2.8 Synthesis of unsymmetrical porphyrazine.

2.3 Transition Metal Complexes of Porphyrazines

The porphyrazine macrocycle is a good ligand totmuetals even though only
few porphyrazine metal complexes have been reportempared to their
phthalocyanine and porphyrin counterparts, wherstrmesearch in this area has been
centered. This is because porphyrazines still sgmtea new field of research, with
much research based on the selective incorporasfosubstituents. Even though
metalations can be effected as an integral patha&f synthesis, such as in cases in
which the macrocyclisation in the presence of golatng transition metal salt or Li or
Mg alkoxides, the best method that gives a proddidhigh purity is the metalation

reaction of a free-base ligand [27,28].
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It has been already determined that a metal ircémtre, or metal complexes to
peripheral ligating groups can alter the physical ahemical properties of a porphyrin,
phthalocyanine or porphyrazine [28,29]. When thetre@ metal is iron or cobalt,
phthalocyanines make good electrocatalysts forrédection of oxygen at a fuel cell
cathode [30]. It has also been shown that iron ldyphyrins decompose oxygen
through a mechanism involving two porphyrins actimg oxygen molecule. Metal
porphyrins have been also shown to catalyze cartygreetransformations with diazo
reagents such as cyclopropanation of alkanes aHdrGertion of alkanes. Recently, it
has been reported that iron (Il) porphyrin comp¢egan catalyse the olefination of a
selection of aldehydes with diazoacetate in thesgmee of triphenylphosphine [31].
With porphyrins, phthalocyanines and porphyrazeeghotodynamic therapy agents, a
metal in the centre may improve their photosensitiespecially in the instances of the

diamagnetic metals like zinc [32].

The normal charge of a porphyrin, porphyrazine bthalocyanine is (-2).
Therefore, the metal ion to be accepted in ordéortom a stable complex is the one with
a (+2) charge. Metal ions with a charge of (+1juiees an additional ion with (+1)
charge (Fig.2.9) [30].

N
72 /
N N
— '\ M:Ga,Lu etc.
N Na N M
éi’\la\l\l / and Q : porphyrazin
/
P /4
N

Figure 2.9Metal complex formation of porphyrazine.

Metal ions with a charge of (+3) or higher requaiditional “axial” ligands. In
the case of larger ions, the phthalocyanine or Ipagzine or porphyrin cannot fully
accommodate these ions within the core cavity anthis case the metal becomes
surrounded by two phthalocyanines, porphyrins aplpgrazines, making a “sandwich”
complex (Fig.2.9) [30].
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Metalation in phthalocyanine and porphyrazine conmgis can be incorporated
into the synthesis as shown in Figure 2.10 [31,B24 metal-free porphyrazine, central
metalation is mostly done by heating from 50 °Cdflux the metal-salt [Zn(OAS,
MnCl,, etc.] in a mixture of chlorobenzene and DMF orni@at DMF. Peripheral
metalation can be effected by heating the porplwyeain a suitable solvent mixture

(mostly using acetonitrile-trichloromethane) [31],34

CH3

H3C_N N—CH3 HaC—

3C\ / H3C

e ﬂ\CH A
N|(OAc)2

" ouE Pl

H3C\N/Q n—CHs  100°C
s S =<C Ve

CH,4 23 CHs

CH3CN/pdcl, , 100°C
CHCI,

Figure 2.10The synthesis of metal complex of porphyraZzdevith Ni (central) and Pd

(peripherally) metals.

Of all the metalloporphyrins listed in Table 2.% thighest stability is exhibited by
complexes of metals Py A1*, CF*, sif*, si*, G&*, v*, Ti*", W?*, Re* and T&",
which can be exposed to concentrate®®} without the metal ion being split off. The

use in synthesis reactions of porphyrins made spmmipically pure by
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chromatographic separation or extraction doeseguire any additional purification of

the complex.

If the starting porphyrin contains etherified catplogroups, for example #P
DME or Hb,PP DME, etherification and chromatographic sepamatn a column are
required after complex formation under stringennhditions, in some cases with
subsequent recrystallization. Such procedures eseritbed for vanadyl mesoporphyrin
synthesized from MP DME and VC} in a scaled glass tube at 185 for Mn**
mesoporphyrin synthesized from mesoporphyrin hyldmae and MnAg in glacial

HAc with admission of air, and by other investigato

Many metals form metalloporphyrins with differerégiees of oxidation of the
central atom. They include FeFe®*, Co*-Co™, Ag™-Ag?*, Mn**-Mn®*-Mn**, Srf*-
S, CP*-Cr**. The least stable of all are ¥eMn?*, Ag®, C#* and SA" porphyrins.
Cobalt usually yields complexes in the form of?Cspecial oxidation conditions are
required for it to become GbHowever, some porphyrins promote oxidation in fair;
example, protoporphyrin with MnA@nd CoAg in hot glacial HAc forms (HO)MnPP
and (HO)CoPP in the presence of HCI and air.

A complex of mesoporphyrin DME with €oprepared in methanol turns to
(HO)CoMP when kept in air. The metal oxidation meg is catalyzed with olefins and
acetylenes.



Table 2.1Conditions for synthesis of metalloporphyrins afltitharge ions.

Metal ion Reagent salt | Solvent Conditions Metallo
Porphyrin

Al** cr, M(Acac), Ethanol Heating in a (Acac)MP

Mn®*, Fe'*, sealed ampoule

Ga", 1"

zZr*, Hi* M(Acac), Ethanol Heating in a (AcacLMP
sealed ampoule

TiO*, VO** | MO(Acac) Ethanol Heating in a sealed O=MP

MoO** ampoule

Ta", Sb* TaCk, SbOs, | Ethanol Heating in a sealed O[(O)MP],

RS Re0; ampoule

Co*, sc¢* M(Acac) Imidazole Heating in a (Acac)MP
sealed ampoule

In®, Cr*, MCls Benzonitrile | Heating (ChMP

Rh3+

W>*, Nb** MCls Benzonitrile | Heating (C1)MP

s, si*, SnCh, SiCl, | Pyridine Heating (C1)MP

Ge'™ GeCl,

Fe**, Mn®* FeCk, MnAc, |Glacial HAc | Heating (X)MP?

Re™, v ReCk, VOSQ, |Glacial HAc | Heating (C1,)ReP, OVP

Rh** [Rh(COXC1] |Glacial HAc Heating (CHRAhP

Ru** RuCk Tetramethyl | Heating CIRuP

urea
Ir3* [I(CO),C1,] |Methyl Heating ClirP
cellosolve
T TI(CFsCO0) | CH,Cl Heating OOTIP?

X, anion of the respective salt
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2.4 Acid Base Properties of Porphyrins

Quite valuable information on the structure of gomazines and their analogs can
be obtained while studying their behavior in thetpn donor media [35,36]. In
addition, the possibility of practical applicatiof porphyrazine metal complexes and
their analogs significantly depends on their sighih solutions. In this connection, the
study of the acid-base interactions of porphyrazeued their complexes is of interest in

both theoretical and practical aspects.
oy o
\CNK /Né

Figure 2.11Porphyrazine metal complex.

Meso Nitrogen

Porphyrazines are weak multicenter conjugated shasehe number of
porphyrazine donor centers involved in the acidebageraction with acids, the
character of the interaction, and the stabilityhef acidic forms obtained depend on the
porphyrazine structure and the properties of tlmopr donor medium. Theorbitals of
endocyclic N atoms in metal complexes of porphyregiparticipate in formation of
bonds with a central metal atom. Therefore, onéydgkocyclic meso-nitrogen atoms are
involved in the acid—base interaction (Fig.2.11heTlong-wavelength region of the
electronic absorption spectra of porphyrazine cexgsd in a neutral solvent contain
intense Q-band due to the-> =n* electronic transitions a—> * of a macrocyclic
ligand. The interaction of porphyrazines with adslsttended by the spectral changes
in a visible region corresponding to the formatadrdifferent acidic-basic forms. In the
case of porphyrazine complexes, the acid-base-a@utByns occur in two stages, which
are attended by bathochromic shift of the Q-bai7d33].

MPz + H <=> MPzH (2.1)

MPzH" + H' <=>MPzH,** (2.2)
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The transfer of a proton from acid HA to base Bigeeds through the stages of
formation of the acid associate, H-associate, mm-associate and fully ionized

protonated form:

B:+HA<=> B...HA <=>B...H...A <=> BH...A <=> BH+A (2.3)

Acid associate H-assosiatelon-ion associate  Protonated form

The acidic forms thus obtained differ from one &eotin a degree of a proton
transfer from the acid molecule to the donor cenlermedia with a low ionizing
capability, the electron-donor centers of porphiyrazarticipate in a weak acid—base
interaction and form H-associates and ion—ion aatexz The complete transfer of a
proton can be observed in strongly ionizing medanty [40].

2.5 Application Field

The diversity of useful properties and structurésmetalloporphyrins provides
favorable conditions for varying the electronictetaof the central metal atom which
determines the coordination and catalytic propgrtes well as searching for new
effective catalytic systems that may be compatvoln natural biocatalysts and even
surpass them. We are speaking of synthesis, oha$is of porphyrin systems, of new
effective catalysts, blood substituents, thermo-d aphotostabilizers, medicinal
substances, organic semiconductors, pigments aes, dplar cells, and inhibitors of
homolytic degradation of protein molecules in lyiorganisms exposed to X and

gamma rays.

At present, natural porphyrins and their synthahalogues are finding a host of
industrial uses. Phthalocyanine which is a strattaynthetic analogue of porphyrins,
and its numerous intercomplex salts and functiaheiivatives arc especially well

known pigments.

Their extremely high thermal stability, fastneéeslight, inertness to acids and
alkalis, insolubility in most solvents, high dyeipgwer, purity, and color intensity have
ensured their reputation and wide application enghinting, printing, textile, and paper
industries, as well as in chemical fiber and ptadiieing processes, as superior quality
blue, blue-green, and green pigments. Also usedpigments are high-chlorine
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derivatives of phthalocyanine and its complexeg.(§hthalocyanine green”, which
contains up to 15 chlorine atoms in the copperddbttyanine nucleus). Sulpho
derivatives of copper phthalocyanine arc employgdaluable direct dyes for cotton,
known as “Sirius turquoise” and “direct light-fasirquoise”. In addition to the most
widely used copper complex, complexes of phthalome@with Co, Ni, Al, and other

metals are also used industrially.

The introduction of various functional substitteemnto the benzene nuclei of
phthalocyanine, whereby it acquires solubility, nelromophore properties, and the
ability to be fixed on fibers from solution, persihumerous dyes of different classes to

be obtained on its basis.

A popular process in the textile industry is @htigenic dyeing of fabrics, based
on synthesis of phthalocyanines from intermediatedycts (so called phthalogens)

directly on fibers.

Broad possibilities for using porphyrin complexag &#eing opened up in the
technology of semiconductoend lasersas well as in quantum-electronics research,

because of their exhibition of semiconductor arietotaluable properties.

Another promising area of their application asdakon-reduction catalysts
includes industrial synthesis, enzyme catalysid, @lactrochemical processes involved
in the catalytic reduction of oxygen in fuel celBther uses of phthalocyanines include,
for example, processes for producing heavy isot@iesome elements and oxidation-

reduction indicators.
2.5.1 Development of Photosensitisers

Haematoporphyrin derivative and photoporphyrin, hbaomplex mixtures of
compounds represent the first-generation of phowssers. Second-generation
photosensitisers on the other hand are pure sirggmpounds that exhibit
photosensitizations properties and they include wnber of porphyrins and
phthalocyanines derivatives. During the early yeans the development of
photosensitisers for PDT, certain design critewa §ood photosensitisers became
apparent [41,44]. These can be summarized as f®llow

- Lack of toxicity in the dark.
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- Selective uptake by tumor tissue.

- Short-term retention to avoid the persistencghaftosensitivity.
- Triplet energy greater than 94 kJ/mol.

- Intermediate lipid water partition coefficient.

- Single substance.

- Light absorption in the red or far red rangehs visible spectrum.

The substances that meet these criteria includebdyi modified porphyrins,
chlorins, porphyrazines and phthalocyanines [45-5@) far, many photosensitisers
have been synthesized and tested; some of them kttlewor no activity in photo
necrosis, sometimes poisonous. But these effors hat been wasted, for they have

provided the basis for the above design criterchwaii continue to do so.

Porphyrin, Porphyrazine and Phthalocyanines as Photosensitisers; Porphyrins
were among the first group of compounds to be @seghotodynamic therapy agents.
Many of the second generation porphyrins are noalimcal trials for different tumor
lesions in different locations. They have improweahor cell concentration compared to

normal cells and also have improved fluid solupiéind deep tissue penetration.

Porphyrazine derivatives are showing to be potent@ndidates as
photosensitisers in photodynamic therapy. Recentgpiysical studies of some zinc
metalated peripherally substituted porphyrazinegehahown high triplet quantum
yields which are coupled with high oxygen quantueids. They also absorb strongly
in the red region which also makes them capabldeep tissue penetration and their

biomedical application will soon be elaborated -

Phthalocyanines and their derivatives have showatgromise in PDT. They are
porphyrin-like second-generation sensitisers footptlynamic therapy [46-50]. The
most important attribute that makes phthalocyanisgsable for PDT is the intense

absorption in the far red and long-lived exciteglét state [17].

During the past few years, a large number of nawiisers have been suggested
for clinical use, on the basis of experimental &sdn animal or in cell cultures. There
are several uncertainties and considerable expetated to bringing new agents to the

clinic, and these account for the slow incorporatad new sensitisers into medical
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practice. While adverse reactions are oftemsiered to be of less than major
importance in conventional drug therapy of lifedditening disease, PDT will be
applied generally to early lesions with curativéemt. The occurrence of unexpected
toxicity could seriously impair future trials. A foa stumbling block to the use of PDT
in the removal of tumor cells is the lack of suieaphotosensitisers that can accumulate
selectively to the tumor cells and destroy thenviteg normal cells unaffected after
illumination with light. Although photosensitisettsat can accumulate selectively to the
tumor cells have been discovered, their major &tion is that they are activated with
wavelengths of light that are not capable of pextieiy deeply through tissues or blood.
Other important limitations of current photoserssits include the difficulty in the
functionalisation and purification of the functidimad compounds. Photosensitisers are
generally water insoluble, but they can be madaetavater-soluble by functionalisation
with hydrophilic groups. Excretion from the body atso one of the most important
limitations in the use of photosensitisers. Margt thave been synthesized are removed
very slowly from the body and therefore cause ginototoxicity when the patient
comes in contact with light. Delayed excretion tesun the patient being forced to stay
in the dark for long periods of time to give a siént period for the photosensitisers to

remove from the normal tissue.

PDT is advantageous over standard therapy sinds ot painful and is
noninvasive. PDT also has the ability to treat iplét lesions at one sitting, good
patient acceptance, excellent cosmetic resultsagparent lack of major side effects.
Acute effects caused by singlet oxygen include mewvdamage to various cell
membranes including plasma, mitochondrial, lysodpmadoplasmic reticulum, and
nuclear membranes; inhibition of enzymes, includmigochondrial, DNA repair and
lysosomal enzymes; and inactivation of membranaspart systems. The diseased
tissue in which the photosensitisers is localizedutd preferable be destroyed with

either little or no damage to surrounding normsgue.

Cancer consists of large group of diseases regulfitom uncontrolled
proliferation of cells. These diseases can originatalmost any tissue of the body.
Symptoms and signs of cancer depend on many factoksding the location of the
tumors, rate of growth, tendency to invade anddgiyiand some other individual

conditions of patients. The most common canceraie and spread within the chest,
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abdomen, or pelvis. These sites are difficult éatrecause of the close positioning of
many overlapping organs. Continued cell divisicadie to the formation of tumors that

invade normal tissues and organs. In many casesaiicer cells become dislodged and
spread to other locations within the body where ttieen take up residence and grow,
forming secondary tumors. In these situationsctreer is frequently advanced and not

curable by current approaches.

Several new second-generation photosensitiserascavein clinical trials and are
showing promising results since their treatmenesntypical light and drug doses are
smaller than for HpD. Viewed against photofrin, titev second-generation sensitisers,
plus ALA-PDT, are beginning to prove their worthn Amportant factor with new
sensitisers is their ability to enhance selectigtyumor damage at lower doses of the
sensitiser. Whether photosensitivity is an impdriasue depends on the treatment. In
treatment of lethal tumors, it doesn’'t matter homotesensitive patients become: the
priority is to ensure maximum tumor destruction.day, only a purified form of
hematoporphyrin derivative is in therapy, but ist redficient enough for tumor
treatment, however, it can be used to treat tunedls @t an early stage. The main
disadvantage of Photofrin is its unknown compositfor it is still composed of a
mixture of porphyrins. Therefore, the synthesispbbtosensitisers in which there is
certainly regarding the structure and purity thérsoof great importance for the

development of new photosensitisers [17].

One of the requirements of new photosensitisersvaser solubility, while
selective uptake of the photosensitisers by theoturells versus healthy tissue is also
important. This requires that photosensitisers khbe soluble in body fluid and be
more concentrated in tumor cells [51]. Although sonsecond generation
photosensitisers are water soluble and are less, tivere is still some problem with

selective uptake of the photosensitisers by thetwalls compared to normal cells.

As a potential solution, synthesis of phosphowgid aubstituted porphyrazines is
of great interest for cellular recognition and wagelubility. A specific objective of this
study was to synthesize porphyrazines with phosiphaeid as peripheral substituents.
This will be addressed by the development of teldgyin which phosphonic acid-
functionalized porphyrazines will be produced frahe corresponding phosphonate

ester-substituted maleonitriles.
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2.6 Seco-Type Porphyrazines That Bearing Different Substitients

Novel seco-porphyrazines substituted with dimethylamino, pimtayl, 4tert-
butylphenyl, p-tolyl, o-tolyl,4-biphenyl, ect.. These novel compounds hadeen
characterized by elemental analysis, together ®fHR, *H NMR, UV-Vis and mass
spectral data.

2.6.1 UnsymmetricalGemini-5 and Solitaire-Porphyrazines

The other example aeco-porphyrazine is that the unsymmetri€démini-5 and
solitaire-porphyrazines [52]. Linstead macrocyclization ofiniile 1 gave
[octakis(dimethylamino) porphyrazinato] magnesidih-&énd theseco-porphyrazine4
from adventitious oxidation. The structure of thattdr has been unequivocally
established by an X-ray crystallographic study.eAdatively, seco-porphyrazine4
compound was obtained in high yield from the maegandioxide-mediated oxidation
of the free base porphyrazi®e This convenient method was further extended te co
metalated and unsymmetrical porphyrazines. In atysif zincseco-porphyrazinell,
the molecules exist as face-to-face dimers linkadcemplexation of the zinc center in
one molecule to one of the amide oxygen atomsdrother andice versa. The cleaved
pyrrole ring inseco- and diseco-porphyrazines causes a ~ 50-70 nm red-shiftet! Qpli

band in UV-Vis spectra.

Synthesis of the octakis-(dimethylamino)porphyrazida (MgODMAPZz) is
described and derivatives of porphyrazinoctaol, tiigands functionalized with
nitrogen and oxygen atoms, respectively, in pladesolfur. The free base3
(H,ODMAPz) is more readily oxidized than ferrocene aiodms charge transfer
complexes with tetracyanoquinodimethane (TCNQ) @gadIt is observed that a minor
side product, theeco-porphyrazinet, was formed during the Linstead macrocyclization
of bis(dimethylamino)maleonitrilel. Subsequently it is found that acid-mediated
demetalation of the magnesium porphyrazine resuhiegeripheral oxidation of one
pyrrole ring to reveal theseco-porphyrazine4 (Fig.2.12). After report, a related
structural type (2,3eco-chlorin-2,3-dione) has been described. It is s|a¢ed that this
oxidative desymmetrization may have resulted v@aftirmation of singlet oxygen. Full

experimental data on the synthesis of MgODMARPare reported, further studies on
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ring oxidation, and the coordination chemistry loé derived macrocycles 7,and11
(Fig.2.13).
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Figure 2.12Bis(dimethylamino)maleonitril&, [octakis(dimethylamino)
porphyrazinato] magnesium-(I2) free base porphyrazirg
seco-porphyrazinet.
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Figure 2.13Free base porphyrazi®eseco-porphyrazinet, zinc porphyraziné, zinc-

seco-porphyrazines, zinc-di-seco-porphyraziné’.
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Figure 2.14 Free base porphyrazir& zinc complex9, seco-porphyrazinel0, seco-

porphyrazine with zind 1.
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The reaction of the free base porphyrazneith zinc(ll) acetate resulted in
selective metalation within the macrocyclic cavity provide the corresponding zinc
complexin high yield. Both8 and 9 were unreactive toward oxidation by manganese
dioxide. However, reaction of compoun8s&nd9 with potassium permanganate gave
the expectedeco-porphyrazined0andl11 (Fig. 2.14) [52].

2.6.2 Partially Oxidized Porphyrazines

The scope of the present work was to prepare roptailbhyrazinates substituted
directly with eight (1-naphthyl) groups on the péeral positions [53]. Magnesium
porphyrazinate substituted with eight (1-naphtlgidups on the peripheral positions
has been synthesized by cyclotetramerization o{ BAaphthyl)pyrroline-2,5-diimine,
4-(1-naphthyl)pyrroline-2,5-diimine in the presenoé magnesium butanolate. Its
demetalation by treatment with trifluoroacetic acrdsulted in a partially oxidized
product, namely, octakis(1-naphthyl)s&so-porphyrazine-2,3-dione (Fig.2.15). Further
reaction of this product with copper(ll) acetatecgll) acetate and cobalt(ll) acetate led
to the metallo derivatives, [octakis(1-naphthyl$eo-2,3- dioxoporphyrazinato]M(ll)
(M = Cu, Zn or Co).
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(i) - (ii)

@ J
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HN N
H

4b _7,':'”:' 4c-4e

4a
Figure 2.15 (i) Ethylene glycol; i{) Mg turnings, 3, n-BuOH; (ii) CRCOH; (iv)
CHC I3, EtOH and Cu(OAg) Zn(OAc), or Co(OAC).

Although, at first glance, the oxidation of the ployrazine 4a octakis(1-
naphthyl)porphyrazinato magnesium geco-porphyrazine4b might not be expected
when the dissimilarity of the substituents with  gbo of
octakis(dimethylamino)porphyrazine is taken into@amt, the reasons leading to such a
reaction need to be researched by some other meoh#éfig.2.16) [52,54,55]. First of
all, naphthyl groups are not comparable with dimkiimino groups as electron donors
to the 18r electron system of the inner core. This has begified by the blue shift of

the absorption maximum of the Q band in the casephthyl-substituted ones.
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M = 2H 4b; Cu 4c, Zn4d; Co4e

Figure 2.16 [2,3,7,8,12,13,17,18-octakis(1-naphthyls&o-porphyrazine-2,3-dione]
and metal derivatives [M = 2H, Cu(ll), Zn(ll) or @B].

Moreover, during the demetalation reaction, re#dsiv strong acids €g.
trifluoroacetic acid) inhibit the electron-donatisggength of the dimethylamino groups
much more than naphthyls. Steric hindrance duehtd gresence of eight bulky
naphthalene units around the core might be the negison for the cleavage of one of
the pyrrole rings. Of course, these can be takgether with the oxidation resulting
from singlet-oxygen cycloaddition reactions as désd in earlier works [53].
Electronic spectra are especially useful to esthitine structure of the porphyrazines
(4a-9. UV-Vis spectra of the porphyrazine core are dwted by two intense bands,
the Q band around 640 nm and the B band in the W¥aregion of around 348 nm,
both correlated tax — =* transitions [56,57]. In addition to these absamps$ of the
porphyrazine core, an intense absorption due torthe n* transition of naphthalene
groups appeared for all these porphyrazine deviestfla-6 in the UV region at about
284-288 nm [58,59].

2.6.3 Decapitation of Dihydroporphyrazinediol Deriatives

The dihydroporphyrazinediol 8, which was prepared by Linstead
macrocyclisation of 2,5-diiminopyrrolidine with 3pis(4+tert-butylphenyl)pyrroline-
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2,5-diimine, followed by TFA demetallation and QsCetroxide mediated
dihydroxylation, underwent reaction with Ni(OA@t 100 °C in the presence of air to
give the noveleco-porphyrazine, the structure of which was establishy an X-ray
crystallographic study [55]. It is described thathesis ofseco-porphyrazineda-d by
the peripheral oxidations of porphyrazines (Figi2.1

R
N|V|62

NMe2 . / /\(
\/ \

1aM = 2H, R= -NMe,
b M =Zn, R=-NMe,
¢ M= 2H, R= -Pr R= 4©—CMe3
dM=27Zn, R=-Pr

Figure 2.17 Seco-porphyrazineda—dby the peripheral oxidations of porphyrazines and
novel seco-porphyrazine.

2.6.4 Synthesis of a Free Bas&eco-chlorin from a 2,3-dimethoxy Porphyrin

The interesting nature of symmetfiand its acetylated derivative symmetric free
baseseco-chlorins, led us to seek a more efficient synthediere, we were inspired by
the realization that could have arisen from an air-based oxidation efdbminant 2,3-
dimethoxyporphyrin produc8. Based on such thinking, we considered that trgati
porphyrins, such as3, with singlet oxygen would effect conversion intbe
correspondingseco-chlorin. On a more practical level, we also thduighmight prove
useful to start with the bis-acetoxy porphydn rather than3, so as to simplify
purification of the correspondingeco-chlorin 2, assuming it were to be produced.
Accordingly, as shown in Figure 2.18, porphydiica. 0.1 mol dri¥) was dissolved in
O,-saturated methanol containing Rose Bengal. (150 mg 121) and subject to
irradiation using a 250 W projection lamp as atligburce forca. 10 h. Under these
conditions, wherein singlet oxygen is the dominanidant, the C, symmetric

secochlorin was obtained [60].
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MeO OMe
\ N o OMe ° N /R
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CHg CHy
3: R = (CH,)30H 1: R = (CH,),0H
4: R = (CH,)30Ac 2: R = (CH,)30Ac

Figure 2.18 1and 2 symmetric free baseeco-chlorins, 3 2,3-dimethoxyporphyrin
product,4 bis-acetoxy porphyrin.

2.6.5 Synthesis of Polyether-Appended Aminoporphymnes

Linstead co-macrocyclization of dinitrilésand6 in a 1:7 molar ratio resulted in
the formation of the Mg-pZ along with the Mg-octapropyl pi0. Separation of the two
macrocycles was easily achieved by chromatograplgjve compound. Deprotection
of the THP groups and concurrent demetallation atnocycle7 using glacial acetic
acid followed by concentrated HCI gave diofFig.2.19). The free basewas allowed
to react with zinc acetate in DMF to provide thepa®. Subsequent oxidation of |9z
using an excess of potassium permanganate rapidisded the correspondingeco-
product 11 (Fig.2.20). The incorporation of zinc(ll) withirné macrocyclic cavity,
previously known to enhance the rate of oxidatiyergle cleavage was also observed

in this transformation [61].
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Figure 2.19Synthesis of polyether-appended aminoporphyrazines
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Figure 2.200xidation of Zn-p2 compound by using KMng

2.6.6 Synthesis of Symmetrical Porphyrazines with enecarboxylate Ester

Substituents

In continuation of our efforts towards the syntkesf hydrophilic seco-
porphyrazines, but with polar groups not directhaehed to the amino substituents, the
preparation of a second set of macrocycles be#nisgime peripheral arenecarboxylate
esters was undertaken. Maleodinitrilé was prepared via a two-step procedure from
the commercially available methyl 4-(bromomethyhbeate 12. Thus, reaction of
bromide 12 with potassium cyanide in ethanol at 8D gave nitrile13 (Fig.2.21). In
turn nitrile 13 was oxidatively dimerized, via the enolate andttremt with iodine in
methanolic diethyl ether, to provide the maleolatdi4. This was isolated as a single
isomer, which was tentatively assigned as the tiaosier. Both trans and cis 2,3-
diarylmaleonitriles are known to undergo macroaation to produce porphyrazines.
Having successfully prepared dinitriled, standard Linstead macrocyclization using
magnesium as the template was carried out. Thilgxref dinitrile 14 and magnesium
butoxide in butanol gave, after chromatography, I (Fig.2.21). As expected,
concurrent transesterification took place during teaction. Porphyrazings was in

turn, demetallated to give the free base Iz Remetallation of ligandl6é with
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manganese(ll) acetate in DMF at 1% followed by an aqueous work-up with brine
gave the Mn—Cl-pA7. Additionally, heating of the free ligarith with zinc acetate in
DMF resulted in the formation of the Zn-fp8 [61].

CO,Me CO,Me
TEtOH

CO,Me
NaOMe, |2 -
EtZO/MeOH
CO,Me Mg(OBuU),

BuOH, reflux

zZ

N-- Sy pp— N -<
\ R
R \ N /
N\
R R
15M=Mg —
16 M = 2H TFA

-~
Rz HC co.B 17 M = Mn-Cl M(OAc),
= u -
8 2 18 M =Zn

Figure 2.21 Synthesis of symmetrical porphyrazines with arer®meylate ester

substituents.

2.6.7 Synthesis of Unsymmetrical Porphyrazines withArenecarboxylate Ester

Substituents

In order to obtain the potentially more useful ymmetrical porphyrazines with
ester substituents, the crossover macrocyclizatmin dinitrile 14 with bis-
(dimethylamino)maleonitrilel9 was examined. Thus, when a 7:1 molar ratio of
dinitriles 14 and19 and magnesium butoxide were heated to reflux tarml, the Mg-
pz 20 was obtained along with the Mg-octa-esterd& (Fig.2.22). Although the
formation of both dyes was confirmed by mass spewttry, separation by

chromatography proved extremely difficult and timensuming. This problem was
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overcome by the selective demetallation of2@zusing glacial acetic acid to yield the
requisite unsymmetrical @1, which was separated from the Mg-octa-estetfpasing
preparative thin layer chromatography (Fig.2.22)bsequent reaction of ligar&d with
zinc acetate in DMF gave the corresponding ZrzhzOxidation of ligand21 using an
excess of potassium permanganate in dichloromethave, after 2 h the desireeco-
pz 23 (Fig.2.22). On the other hand, oxidative cleavagihe Zn-pz22, under the same
conditions gave, after only 15 min reaction, theia Znseco-pz 24. As observed in
previous reports, faster oxidative pyrrole cleavagfe the Zn-pz to reveal the
correspondingseco-compound was observed, relative to the free panlig In
consequence of this ease of oxidative scissioma# not possible to completely purify

and fully characterize the Zn-22.

MeN,

14 Mg (OBu)2
BuOH, reﬂux
MeN3

20 M = Mg ACOH
21 M= 2H Zn(0AC),
22M=12n

® \ \NN_ _/>\CONM62

e .
A
N

’\/?/comwez
\

R R CHy

23M=2H
24 M =2Zn

—=<—2

P4

BuO,C

Figure 2.22 Synthesis of unsymmetrical porphyrazines with atar@oxylate ester

substituents.
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2.6.8 Studies orBeco-Porphyrazines: A Case Study on Serendipity

The conversion of porphyrazine-diamine derivativesto either seco-
porphyrazines or porphyrazine palladium or platincmmplexes has a profound effect
on the photophysical and photochemical propertieghvhas relevance to the design of
switchable agents for photodynamic therapy andratpplications.

The Barrett and Hoffman team began work on theéhggis of porphyrazines in
late 1987 at Northwestern University [54]. The tfiggaduate student on the project,
Chris Velazquez, started work on the synthesischiagdacterisation of derivatives of the
multidentate ligand porphyrazineoctathidl (Fig.2.23). This was prepared by the
Linstead macrocyclisation of the dinitrilefollowed by transmetallation and sodium in
ammonia reduction of octasulfid2to provide the very air sensitive octathiol&@e
Trapping with ditert-butyltin dinitratein situ gave the star porphyrazide This early
success led the group to prepare a myriad of metéhic complexes of porphyrazine

bearing two, four or eight peripheral thiol residue

BnS SBn

o N
BnS CHj 1) Mg(OPr), 75 A\ | Yy, s
ProH B e
2) TFA BnS ’\\‘ / SBn

BnS CH 3) M(OAc) N N

(1Bu)2SN(NOz); | S— 7\ I\IA 7777777777 N/ ' °
\ / )

N

Bs

Figure 2.23Synthesis of star porphyrazide
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Further west in Fort Collins, CO some years later1991 and 1992, two
postdoctoral research associates Todd Miller areldkandha S. Mani were seeking to
prepare derivatives of porphyrazine-oct&hnd octaaminé [54]. At that stage the
hydroxylated porphyrazine proved elusive but weeppred some years later due to the
insight of Andrew Cook on matters of protecting gve. Both Todd and Neelakandha
were successful in preparing derivatives of porphyreoctaaminé and porphyrazine-

diamine7 (Fig.2.24).
——N
NR,
V4
........ N I
/ NR,
/ N

Figure 2.24Synthesis oporphyrazine-diaminé.

N

o
\

N

z—Y=<—02

The first cleaved porphyrin-type macrocy®8léo be structurally characterised was
isolated from an unexpected oxidative ring operufig corrinato nickel(ll) complex in
1992 [54]. Secochlorin 9, diketones10 and dialdehyded1 have also been obtained
from an analogous oxidative cleavage of the comedimg nickel(ll) chlorin diols with
lead tetraacetate. However, the first non-metallaterivative 12 was only reported
recently by Sesslet. al. (Fig.2.25) [54].
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H3C

11 12

Figure 2.25Porphyrin-type macrocycl8, seco-chlorin diketoneslO, dialdehydesl],
non-metallated derivative2.

The spectral changes for sheo-porphyrazinel6 (Fig.2.26) indicated a low
degree of symmetryDy, — D2). We tentatively suggested that the peaks centatred
789 and 579 nm corresponded to the red-shifted @band, and that the m-peak
was reduced to a small shoulder centered at 470mu@accordance with Gouterman’s
four orbital modelthe Soret region was also split into two absorbandgch appeared

at 363 and 314 nm.
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Figure 2.26Di-seco-porphyrazin€el6.

This convenient method was further extended toymnsetrical porphyrazines.
Thus, reaction of the free base porphyradidaith zinc(ll) acetate resulted in selective
metallation within the macrocyclic cavity to proeidhe corresponding zinc complex
18. Both, 17 and 18 were unreactive towards oxidation by manganeseidiko
However, reaction of compounds and 18 with potassium permanganate gave the
expectedseco-porphyrazined9 and20 (Fig. 2.27).

0
N N >)\
NMe P , NM
Nyt JA 2 _ KMno, : | Ny I N/ e
\ NMe, CHZCIZ pr \ NMe,
N \ N /
N—g

Pr Pr Pr Pr
19M=2H
17M=2H Zn(OAc), ~ Zn(OAc),
18M=2n | 20M=2n ]
Figure 2.27Unsymmetrical porphyrazines.

Efstathia Sakellariou readily prepared the palladisolitaire porphyrazin@l
through reaction of equimolar amounts of Zn-porpayrel8 with PdC} in chloroform
and acetonitrile (3:1) at reflux (Fig.2.28) [54]nfdarly, treatment of the free ligantB
with a stoichiometric amount of bis(benzonitrile)agnum(ll) chloride in 1,2-

dichloroethane at reflux gave the correspondingas@ porphyrazin@2 (Fig.2.28).
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Figure 2.28Synthesis otorresponding solitaire porphyrazine.

Upon treatment of porphyrazirdy with Pt(PhCN)CI; in 1,2-dichloroethane, the
desired metallated produ2Ba Similarly, reflux of 27 with palladium(ll) chloride in

acetonitrile and chloroform (4:1) gave theeo-solitaire-porphyrazin@8b (Fig.2.29).

Pr pr Pr pr
N ——N N—! ——N o
N Q (PhCN),PtCI, N >/K
NM NM
Me,N N\ , Y NMe; or PdCl, a_ e N l<_ _______ V ©2
D 4y E— — /M\ | N zn N
. |
Me,N \ ’\\l MNMeZ NMe, \ N >\”/NMe2
¢ N

27 28a M =Pt
28b M = Pd

Figure 2.29Synthesis o$eco-solitaire-porphyrazines.

Reaction of the free base porphyrazid2 with zinc(ll) acetate resulted in
selective metallation within the macrocyclic cavity provide the corresponding zinc
complex33. All attempts to oxidise the free base porphyradto its corresponding
seco-derivative failed. On the other hand, treatmentha zinc-complex33 with one
equivalent of potassium permanganate gave the sibguiovelseco-porphyrazine34
(Fig.2.30).
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32M=2H Zn(OAc)
33M=12n -« | DMF, 802"C
Figure 2.30Synthesis ofeco-porphyrazineda4.

2.7 Group Works in Porphyrazine Chemistry

Tetrapyrrole macrocycles modified by attachmensudfstituents at the periphery
have long been widely studied as building blocks rfaterials displaying interesting
catalytic, electronic and optical properties, @lgthalocyanines with fused macrocycles
on the periphery show selective interaction withtahéns, lead to ordered structures
such as ion-channels and mesogens, act as sensitislegemical sensors and show
electrocatalytic activity in redox reactions. Aetlame time, peripherally substituted
ones are much more soluble than the parent mokecAillnough to a lesser extent when
compared with phthalocyanines, porphyrazines aceiving considerable interest as
substitutes for phthalocyanines in many respecisntéy. Having similar delocalized p
systems, the resulting compounds are expectedvie th@ same distinct electrical and

chemical properties.

The synthetic methodology developed during thé teescades for symmetrical
octa-substituted porphyrazines has been the tetization of substituted unsaturated
1,2-dinitriles in the presence of magnesium alkexid wide range of porphyrazines
with peripheral substituents from alkyl chains im@e aromatic groups has been
prepared. When 1,2-dinitrile group is an integraitmf a macrocycle, then the product
will carry this macrocycle at the periphery (e.gh@-15-crown-5, trithiacycloheptane,
etc.). When extremely bulky groups are bound to theitrile moiety, then
cyclotetramerization might be hindered stericaflypossible solution to this problem
will be first to prepare the porphyrazine structuweth reactive end groups,
subsequently adding the bulky substituents aftedgvéinrough the reactive sites. This
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method has been utilised with hydroxyalkyl groupgsr@active points and unsaturated

cinnamoyl groups, as the substituents successfully.
2.7.1 Porphyrazines with Tosylamine Functional Grops

Metal-free and metallo-porphyrazines (M= Mg, Nidar€o) carrying eight
functional tosylaminoethylthia- groups on periphgvasitions have been synthesised
for the first time from cyclotetramerization of 1his (2
tosylaminoethylthia)maleonitrile in the presencenmiignesium propoxide; the metal-
free derivativewas obtained by treatment of with trifluoroacetitdaand it was further
converted into Co(ll) and Ni(ll) derivatives by ngi acetate salts of corresponding
metal ions. The reactivity of tosylamino-groups wasified by its alkylation to yield
octakis[(tosyl)(hexyl)amino-ethylthia]porphyrazinatagnesium(ll) (Fig.2.31) [62].

s
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\ NR ~Ts
Ts- RN ﬁ,
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3a W
E3b 2H
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Figure 2.31 Synthesis route to novel porphyrazinen. di(tosyl)aminoethanol; ii()

magnesium,Jl propanol; i) trifluoroacetic acid;i{¢) cobalt(ll) acetate or
nickel(Il) acetate;\{) n-hexylbromide.
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2.7.2 Synthesis of New Porphyrazines with Tertiaryor Quaternized Aminoethyl

Substituents

Metal-free and metallo-porphyrazines (M=Mg or Caarrying eight
dimethylaminoethylthia-groups on peripheral positidiave been synthesized from the
disodium salt of dithiomaleonitriie and the hydrlmeide of dimethyl-
aminoethylchloride [63]. The magnesium derivativdgPza) was converted into
quaternized product (MgPzq) (Fig.2.32) by reacttin methyl iodide. The metal-free
derivative was obtained by treatment with trifluacetic acid and its reaction with
cobalt (Il) acetate led to the cobalt derivativeoR2a). Aggregation of MgPzq
molecules (Fig.2.33) has been observed in aquemusoh by the blue-shift of the Q-

band absorption with an accompanying decreasdensity.
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Figure 2.320ctakis(2-dimethylaminoethylthio) porphyrazinatagnezyum (MgPza).
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81

Figure 2.33[Octakis (2-trimethylammoniumethylthio) porphyraaio-magnesium]
octaiodide (MgPzq).

2.7.3 Magnesium Porphyrazinate with Eight Triphenyphosphonium Moieties
Attached Through (2-Sulfanyl-Ethoxycarbonyl-2-Propyl) Bridges

A new magnesium porphyrazinate with eight [tripjflg2-sulfanyl-
ethoxycarbonyl-2 propyl)phosphonium]bromide grobps been prepared from octakis
(2-hydroxyethylthio)porphyrazinatomagnesium and c#&Pboxy-1-methylethyl)
triphenylphosphonium bromide {[(P¥HCH.CH(Me)CQH]Br}( Fig.2.34) [64].
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8+

8 Br -

Figure 2.34Synthetic route to {octakis[triphenyl-(2-sulfanythexycarbonyl-2-propyl)
phosphonium]yl-porphyrazinatomagnesium}octabromide.
(i) [(PhxPCH.CH(Me)CGH]Br, DCCI, toluene-p-sulfonic acid and dry
pyridine.

2.7.4 Octakis (9-anthracenylmethylthio) Iron Porphyazine Derivatives

Chloro[octakis(9-anthracenylmethylthio)porphyraiiron(lil), [FePzCl]
(Fig.2.35), was prepared by the reaction of metalfporphyrazine with iron(ll) acetate
and further treatment with HCI solution. The monomdisaxial complex [FePz(py)
as well as the bridged complex [FePz(py@j]g.2.36)were formed as stable complexes

by reacting [FePzCl] with pyridine or pyrazine,pestively [65].
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Figure 2.36p-Pyrazine[octakis(9-anthracenylmethylthio)porphymaio]iron(ll)
[FePz(pyz)j).

2.7.5 Synthesis and Characterization of a Phthaloepnine-Porphyrazine Hybrid

and its Palladium(ll) Complex

A phthalocyanine-porphyrazine hybrid molecule cosetl of three phthalonitrile
units and one maleonitrile moiety was prepared ywlornerization of the reactants in
the presence of magnesium butoxide. Two thioetheugs fused to -pyrrol positions
were complexed with PdglFig.2.37) [66].
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Figure 2.37 Bis-hexylthio-maleonitrile1, phthalonitrile 2, phthalocyanineporphyrazine
hybrid 3, and the four-coordinate palladium compiex

2.7.6 Porphyrazines with Appending Eight Crown Ethes

Porphyrazines (M= 2H, Mg, Cu, Co or Zn) with eigtrown ether groups
appending on the periphery through flexible alkigithridges have been synthesized
through esterification of octakis (hydroxyethylthmorphyrazinatomagnesium with a
carboxylic acid derivative of benzo-15-crown-5 ihetpresence of dicyclohexyl-
carbodiimid (Fig.2.38). Alkali metal interaction tfe crown ethers on the magnesium

porphyrazinate are shown to form intramoleculadsach type adducts by the changes
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occurring after gradual portionwise addition of dbesalts into the porphyrazine

solutions [67]

C“”>

““<> o
) M
Cok/)@/ N fL /C°@Oug

Qo) Co)

M: Mg 2H Co Cu Zn
4 5 6 7 8

Figure 2.380ctakis (crown ether) substituted phthalocyanines.

2.7.7 Octakis(1-naphthylmethylthio) Substituted Pophyrazine Derivatives

Magnesium porphyrazinate substituted with eight@phthylmethylthio)groups
on the peripheral positions has been synthesizedyblptetramerization of 1,2-bis(1-
naphthylmethylthio)maleonitrile in the presencentdgnesium butanolate. The metal-
free derivative was obtained by its treatment witifiluoroacetic acid and further
reaction of this product with copper(ll) acetatecgll) acetate and cobalt(ll) acetate led
to the metal porphyrazinates (M=Cu, Zn, Co) (Fige2.[59].
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Figure 2.390ctakis (1-naphthylmethylthio) substituted por@ames (M=Mg; 2H; Cu;
Zn; Co).

2.7.8 Synthesis and EPR Studies of PorphyrazinestiviBulky Substituents

Magnesium porphyrazinate substituted with eighierd-butylphenylthio-groups
on the peripheral positions has been synthesizedyblptetramerization of 1,2-bis(4-
tert-butylphenylthio)maleonitrile in the presendentagnesium butanolate. The metal-
free derivative was obtained by its treatment witifluoroacetic acid and further
reaction of this product with copper(ll) acetatectll) acetate and cobalt(ll) acetate led
to the metal porphyrazinates (M = Cu, Zn, Co) (E40). By using EPR technique,
room temperature paramagnetic properties of Culdiped porphyrazine sample as
powder and solution forms were measured. The diesivative EPR signals taken from
as powder and solution forms shows that the sam@aially symmetric. The trend, g
> g> 2 indicates that the unpaired electron is locatethly in the ¢ ,,orbital ¢B; as

ground state) [68].
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Figure 2.400ctakis(4-tert-butylbenzylthio) substituted porpdmines (M =Mg; 2H;
Cu; Co; Zn).
2.7.9 Construction of Nonanuclear Supramolecular Stictures from Simple

Modular Units

A porphyrazine based supramolecule with a nonaawncktructure has been
prepared by the ready coordination of pyridine donsites in octakis(4-
pyridoxyethylthio) porphyrazinatomagnesium with &dygl bis(acetylacetonate)
(Fig.2.41) [69].
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Figure 2.41 Octakis (4-pyridoxyethylthio) porphyrazinatomagmesi with vanadyl
bis(acetylacetonate) [VO(aca@-pyCOOCHCH,S)]s MgPz.

2.7.10 Synthesis and Characterization of Octakis-{@nthracenylmethylthio)
Substituted Novel Porphyrazines

A magnesium porphyrazinate carrying eight (9-aatbnyl) units on the periphery
through flexible methylthio bridges has been sysittedd by cyclotetramerization of
3,4-(9-anthracenylmethylthio) pyrroline-2,5-diimin@~ig.2.42) in the presence of
magnesium butanolate. The metal-free derivative wbfined by treatment with
trifluoroacetic acid and further reaction of thimguct with copper(ll) acetate, zinc(ll)

acetate, and cobalt(Il) acetate led to the metgdlpoazinates (M = Cu, Zn, Co) [70].
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Figure 2.420ctakis(9-anthracenylmethylthio)substituted porlaymes.

2.7.11 Octakis(ferrocene)-Substituted Porphyrazines

Metal-free porphyrazine and metal porphyrazinatéss (Mg, Cu, Co or Zn)
substituted with eight ferrocene moieties on thapbery through flexible alkylthio-

bridges have been synthesised in a multi-stepiogas¢équence (Fig.2.48j1].
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Figure 2.430ctakis(ferrocene)substituted porphyrazines.

2.7.12 Synthesis and Characterization of PhosphonicAcid-Substituted
Porphyrazines

It is synthesized phosphonate-substituted malelenii by the reaction of
dithiomaleonitrile disodium salt with diethyl(2-brmethyl)phosphonate in absolute
ethanol under nitrogen at ambient temperature foh XFig.2.44). The phosphonate-
substituted porphyrazine molecul® has been prepared by the Linstead
macrocyclization of 1,2-bis{2-(diethylphosphonagthylthio}maleonitrile with freshly
prepared Mg(OPs)in 1-propanol under reflux for 12 h (Fig.2.45). eTlproposed
structures of maleonitrilel and porphyrazin€ are consistent with their spectral
characterizations; the phosphonate groups weréy édsitified by FT-IR,3'P and™*C
NMR spectroscopy. Because of the macrocyclizatitbe, phosphorous peak of the
P=O(OR) groups of maleonitrile shifts from doublet 26.528.8 ppm in*’P NMR
spectrum [72].
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Figure 2.44Synthesis of 1,2-bis{2-(diethyl phosphonate) etiplmaleonitrile 1.
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Figure 2.45Phosphonate-substitut@cind phosphonic acid-substitutgég@orphyrazines.

2.8 The Aim and Scope of This Work

Porphyrazines may be considered to be structwyhtids of the well-studied
porphyrins and phthalocyanines. As such, they pievan excellent opportunity to
explore the subtle effects of ligand structure lom properties of coordinated metal ions
in porphyrinic complexes. In addition, porphyraznghow several unique properties

(optical, electrochemical, and catalytic), whichke@hem of interest in their own right.

Despite the structural similarities, porphyraziaes virtually unstudied compared
to the related macrocycles, partly due to the latlan efficient synthesis of soluble
derivatives. Octakis (phenyl) derivative, first ogfged by Linstead, have received

scattered attention.
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The synthesis of novel porphyrazines with eigttalyl) and ©-tolyl) and (4-
biphenyl) substituents derivatives has been thenmmaope of this work. Magnesium
porphyrazinates have been synthesized for thetiiingt by cyclotetramerization of 1,2-
bis(p-tolyl)maleonitrile and 1,2-bisttolyl)maleonitrile and 1,2-bis(4-
biphenyl)maleonitrile in the presence of magneshutanolate. Their demetalation by
treatment with trifluoroacetic acid resulted in fEly oxidized products, namely,
octakisp-tolyl)-2-seco-porphyrazine-2,3-dione,  octakis(olyl)-2-seco-porphyrazine-
2,3-dione and octakis(4-biphenyl)s2eo-porphyrazine-2,3-dione. Further reaction of
these products with copper(ll) acetate, zinc(ltate and cobalt(ll) acetate has led to
the metallo derivatives, [octakgs(olyl)-2-seco-2,3-dioxoporphyrazinato] M(ll),
[octakis-tolyl)-2-seco-2,3-dioxoporphyrazinato] M(ll) and [octakis(4-bigyl)-2-
seco-2,3-dioxoporphyrazinato] M(ll) (M = Cu, Zn, Co)3/74].

The synthesis along with the spectroscqpoperties of the novel compounds

will be described.



CHAPTER 3

CHEMICALSAND EQUIPMENT

3.1. Chemicals

a-chloro-o-xylol (CgH11Cl), a-chloro-p-xylol (CoH1,Cl), 4-chloromethyl-biphenyl
(Ci3H11Cl), Potassium Cyanide (KCN), Methanol (CH3OH), Ethanol (C,HsOH),
Sodium (Na), lodine (I,), Magnesium (Mg), Sodium Sulfate (NaSO,), Chloroform
(CHCI3), Dichloromethane (CH.Cl;), Ammonia (NHs), Trifluoroaceticacid
(CF3COOH), n-Buthanol (C4HgOH), Diethylether (C4H100), Benzene (CgHe), Acetone
(C3HgO), Paraffin Qil, n-hexane, Cobat Acetate (Co(OAc);), Copper Acetate
(Cu(OAC); ), Zinc Acetate (Zn(OAc),; ), Silica Gel 60 (0.063-0.200 mm), TLC
Aluminum Sheets, Parafilm, Distilled water (H20).

3.2. Equipment

IR (infrared) Spectrophotometer Perkin Elmer Spectrum One FT-IR
UV/ VIS Spectrophotometer UNICAM UV2-100

Magnetic Stirrer and Heater IKA

Elemental Analyses Thermo Finnigan Flash EA 1112
'H-NMR Spectrophotometer Varian INOVA 500 MHz

Mass Spectrophotometer Bruker Daltonics MicrOTOF LC-MS
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CHAPTER 4

EXPERIMENTAL PART

4.1 Synthesis of (o-tolyl)acetonitrile (O1) [75]

To a stirred solution of 2 g (14.2 mmol) of a-chloro-o-xylol in 20 mL of absolute
ethanol was added in one portion 1.85 g (28.4 mmol) of potassium cyanide in 5 mL of
water. The reaction mixture was refluxed for 8 h. After the reaction mixture was treated
with sea sand and filtered through a pad of fisher alumina, al of the alcohol was
distilled at reduced pressure. The agueous mixture remaining was extracted with ether
which was in turn washed, dried and evaporated. The product was oily and red brown
colored (Fig.4.1). Theyield was 1.49 mg (80%) of (o-tolyl)acetonitrile.

4.2 Synthesis of (p-tolyl)acetonitrile (P1) [76]

5 g (385.5 mmoal) a-chloro-p-xylol in the diluted 50 mL of absolute ethanol was
refluxed with 4.56 g (69.92 mmol) KCN for 4 h. After the reflux, all of the ethyl alcohol
was distilled at reduced pressure. The oily product was red brown colored (Fig.4.1). The
yield was 3.17 g (85%).

Ry R,
EtOH
_— =
Reflux
R5 Ry
Cl CN

O (R1: H, Ro: CHg) 01 (R1: H, Ro: CH3)
P (Ri: CHs, Ro: H) P1 (R:: CHs, Ry: H)

Figure 4.1 Synthesis of (o-tolyl)acetonitrile O1 and (p-tolyl)acetonitrile P1.

64
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4.3 Synthesis of 1,2-bis(o-tolyl)maleonitrile (O2)

A durry of O1 (1.60 g, 12.20 mmol) and iodine (3.10 g, 12.20 mmoal) in 1:1 Et,O-
MeOH (20 mL) was alowed to reflux under nitrogen for 1 h. The solution was cooled
to room temperature, and sodium methoxide (2.2 equiv, 2.0 M, 13.4 mL) in methanol
was added drop by drop (over a period of 30 min) into the reaction medium under a
nitrogen atmosphere. The reaction mixture was stirred for another 3-4 h. During this
time, more and more precipitation was formed in the solution. The solution was filtered
at room temperature and the solid product was washed with water. The product was
green colored and was very soluble in chloroform and dichloromethane, but insoluble in
n-hexane (Fig.4.2). Yield: 1.15 g (73%). FT-IR: vima, cm™: 3058 (CH, aromatic), 2937
(CH, diphatic), 2246 (C=N), 1620 (C=C, aromatic), 1515, 1390, 1170, 1128, 1020,
846, 750 (Appendix A). 'H NMR (CDCls, 500 MHz): &, ppm 7.46-7.43 (t, 2H, Ar-H),
7.39-7.35 (m, 4H, Ar-H), 7.32-7.26 (t, 2H, Ar-H), 2.51 (s, 6H, -CHs) (Appendix D). MS
(ESI): m/z 258.2 [M]" (Appendix B). Anal. calcd. for CigH14N»: C, 83.69; H, 5.46; N,
10.84%. Found: C, 83.48; H, 5.54; N, 10.96%.

4.4 Synthesis of 1,2-bis(p-tolyl) maleonitrile (P2)

A dlurry of P1 (1.60 g, 12.20 mmol) and iodine (3.10 g, 12.20 mmol) in 1:1 Et,O-
MeOH (20 mL) was alowed to reflux under nitrogen for 1 h. The solution was cooled
to room temperature, and sodium methoxide (2.2 equiv, 2.0 M, 13.4 mL) in methanol
was added drop by drop (over a period of 30 min) into the reaction medium under a
nitrogen atmosphere. The reaction mixture was stirred for another 3-4 h. During this
time, more and more precipitation was formed in the solution. The solution was filtered
at room temperature and the solid product was washed with water. The product was a
yellow-green color and was very soluble in chloroform and dichloromethane, but
insoluble in n-hexane (Fig.4.2). Yield: 1.23 g (78%). FT-IR: vma, cm™: 3047 (CH,
aromatic), 2918 (CH, aiphatic), 2219 (C=N), 1606 (C=C, aromatic), 1509, 1386, 1184,
1115, 1017, 802, 766 (Appendix E). *H NMR (500 MHz; CDCl3): 8, ppm 7.75-7.70 (m,
4H, Ar-H), 7.35 7.30 (m, 4H, Ar-H), 2.44 (s, 6H, -CHs) (Appendix F). MS (ESI): m/z
258.6 [M]" (Appendix C). Anal. calcd. for CigH14N2: C, 83.69; H, 5.46; N, 10.84%.
Found: C, 83.43; H, 5.62; N, 10.69%.
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Rl Rl 1
Et,0-MeOH
_ =
- I, Reflux Ry R,
/C:C
CN NC CN
01 (R]_: H, RzZ CHg) 02 (R]_: H, RzZ CH3)
P1 (R;L: CHs3, Ro: H) P2 (R]_: CHs3, R: H)

Figure 4.2 Synthesis of 1,2-bis(o-tolyl)maleonitrile O2 and 1,2-bis(p-tolyl)maleonitrile
P2.

4.5[2,3,7,8,12,13,17,18-octakis(o-tolyl)por phyrazinato] Mg(I1) (O3)

Mg turnings (24.3 mg, 1 mmol) and a small I, crystal were refluxed in n-BuOH
(20 mL) for about 8 h to obtain Mg(BuO),. O2 (516.6 mg, 2 mmol) was added to this
solution and the mixture was refluxed for about 8 h. The blue-green colored product
was filtered, washed with ethanol and water and dried in a vacuum. The crude product
was dissolved in CHCI; and filtered. The CHCI; solution was dried over anhydrous
NaxSO4. When the solvent was evaporated, a blue-green colored product was obtained.
Finally, pure porphyrazine was obtained by chromatography on silica gel using
methanol/chloroform (1:50) mixture as eluent. The product was soluble in chloroform,
dichloromethane, acetone and toluene, but insoluble in n-hexane (Fig.4.3). Yield: 349
mg (66%). FT-IR: vma, cm™: 3050 (CH, aromatic), 2925 (CH, aliphatic), 1620 (C=C,
aromatic), 1468, 1350, 1190, 1144, 982, 824, 765. *H NMR (CDCl3, 500 MHz): &, ppm
7.56-7.20 (m, 4H, aromatic H), 2.58 (s, 3H, CH3). MS (ES): mvz 1057.7 [M]". Andl.
calcd. for CrHseNgMg: C, 81.77; H, 5.34; N, 10.60%. Found: C, 81.58; H, 5.43; N,
10.53%.

4.6[2,3,7,8,12,13,17,18-octakis(p-tolyl)por phyrazinato] Mg(l1) (P3)

Mg turnings (24.3 mg, 1 mmol) and a small I, crystal were refluxed in n-BuOH
(20 mL) for about 8 h to obtain Mg(BuO),. P2 (516.6 mg, 2 mmol) was added to this
solution and the mixture was refluxed for about 8 h. The dark green product was

filtered, washed with ethanol and water and dried in a vacuum. The crude product was
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dissolved in CHCI3 and filtered. The CHCI;3 solution was dried over anhydrous NaeSO.,.
When the solvent was evaporated, a dark green product was obtained. Finaly, pure
porphyrazine was obtained by chromatography on silica gel using methanol/chloroform
(1:50) mixture as eluent. The product was soluble in chloroform, dichloromethane,
acetone and toluene, but insoluble in n-hexane (Fig.4.3). Yield: 375 mg (71%). FT-IR:
Vmax, M 3025 (CH, aromatic), 2957 (CH, aliphatic), 1609 (C=C, aromatic), 1463,
1363, 1182, 1136, 976, 820, 767 (Appendix H). 'H NMR (CDCls, 500 MHz): &, ppm
7.65-7.26 (m, 4H, Ar-H), 2.64 (s, 3H, -CHa3) (Appendix K). MS (ESI): m/z 1057.5 [M]*
(Appendix J). Anal. calcd. for C;oHssNsM@: C, 81.77; H, 5.34; N, 10.60%. Found: C,
81.61; H, 5.25; N, 10.75%.

R, Ry
Mg turnings
R =
R2 2 1,,n-BuOH
cC—=C
NC CN

M= Mg (03) (R:: H, Ry: CHs)
M= Mg (P3) (Ry: CH3, Rx: H)

Figure 4.3 Synthesis of [2,3,7,8,12,13,17,18-octakis(o-tolyl)porfirazinato] Mg(ll) O3
and [2,3,7,8,12,13,17,18-octakis(p-tolyl)porfirazinato] Mg(l1) P3.

4.7 [2,3,7,8,12,13,17,18-octakis(o-tolyl)-2-seco-por phyr azine-2,3-dione] (O4)

03 (106 mg, 0.1 mmol) was dissolved in the minimum amount of trifluoroacetic
acid (~ 4 mL) and stirred for 3 h at room temperature. When the reaction mixture was
added to ice, drop by drop, and neutralized with 25% ammonia solution, precipitation
occurred and it was filtered. The precipitate was extracted into the chloroform and the
chloroform solution was extracted with water twice. After drying over anhydrous
N&a,SO,, the solvent was evaporated to obtain a violet colored metal-free porphyrazine
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(Fig.4.4). The crude product O4 was purified by chromatography on silica gel using
methanol/chloroform (1:50) mixture as the eluent. Yield: 51 mg (48%). FT-IR: vinax, CM’
1. 3320 (N-H), 3052 (CH, aromatic), 2923-2855 (CH, aliphatic), 1725 (C=0), 1655
(C=C, aromatic), 1445, 1362, 1195, 1128, 993, 842, 755. *H NMR (CDCl3, 500 MHz):
3, ppm 7.60-7.24 (m, 4H, aromatic H), 2.55 (s, 3H, -CHj3), -0.95 (br s, 2H, NH). MS
(ESI): mVz 1067.8 [M]". Anal. calcd. for CrHsgNgO,: C, 81.03; H, 5.48; N, 10.50%.
Found: C, 80.87; H, 5.40; N, 10.62%.

4.8[2,3,7,8,12,13,17,18-octakis(p-tolyl)-2-seco-por phyrazine- 2,3-dione] (P4)

P3 (106 mg, 0.1 mmol) was dissolved in the minimum amount of trifluoroacetic
acid (~ 4 mL) and stirred for 3 h at room temperature. When the reaction mixture was
added to ice, drop by drop, and neutralized with 25% ammonia solution, precipitation
occurred and it was filtered. The precipitate was extracted into the chloroform and the
chloroform solution was extracted with water twice. After drying over anhydrous
N&a,SO,, the solvent was evaporated to obtain a green colored metal-free porphyrazine
(Fig.4.4). The crude product P4 was purified by chromatography on silica gel using
methanol/chloroform (1:50) mixture as the eluent. Yield: 57 mg (53%). FT IR: viax, CM°
1. 3335 (N-H), 3048 (CH, aromatic), 2923-2855 (CH, aliphatic), 1718 (C=0), 1625
(C=C, aromatic), 1445, 1318, 1168, 1120, 960, 852, 758. *H NMR (CDCls, 500 MHz):
3, ppm 7.75-7.28 (m, 4H, Ar-H), 2.68 (s, 3H, -CHj3), -1.05 (br s, 2H, NH). MS (ESI):
m/'z 1067.1 [M]* (Appendix M). Anal. calcd. for C7HsgNgO2: C, 81.03; H, 5.48; N,
10.50%. Found: C, 80.89; H, 5.61; N, 10.58%.
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M= 2H (04) (Ry: H, Ro: CHa)
M= 2H (P4) (Ry: CHs, Ry: H)

Figure 4.4 Synthesis of [2,3,7,8,12,13,17,18-octakis(o-tolyl)-2-seco-porphyrazine-2,3-
dionel (M= 2H) or [23,7,8,1213,17,18-octakis (p-tolyl)-2-seco-
porphyrazine-2,3-dione] (M= 2H).

4.9 General procedure for metallo seco-por phyrazines (05-O7, P5-P7)

O4 or P4 (107 mg, 0.1 mmol) in CHCI3 (10 mL) was stirred with the metal salt
[Cu(OAC),2(181.6 mg, 1 mmol), Zn(OAC), (183.4 mg, 1 mmol) or Co(OAcC), (177 mg, 1
mmol)] in ethanol (15 mL) and refluxed under nitrogen for about 4 h. Then, the
precipitate composed of the crude product and the excess metal salt was filtered. The
precipitate was treated with CHCI3 and the insoluble metal salts were removed by
filtration (Fig.4.5). The filtrate was reduced to the minimum volume under reduced
pressure and then added into n-hexane (100 ml) drop by drop to redize the
precipitation. Finally, pure porphyrazine derivatives were obtained by chromatography
on silicagel using methanol/chloroform (1:20) mixture as the eluent.

4.10 [2,3,7,8,12,13,17,18-octakis(o-tolyl)-2-seco-2,3-dioxopor phyrazinato] Cu(ll)
(05)

Yield: 55 mg (49%). FT-IR, Vma, cm™ 3052 (CH, aromatic), 2928-2868 (CH,
aliphatic), 1718 (C=0), 1628 (C=C, aromatic), 1453, 1365, 1183, 1132, 978, 833, 757.
MS (ESI): mz 1128.65 [M]". Anal. calcd. for CzHseNgO.Cu: C, 76.61; H, 5.00; N,
9.93%. Found: C, 76.49; H, 4.91; N, 9.99%.
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411 [2,3,7,8,12,13,17,18-octakis(o-tolyl)-2-seco-2,3-dioxopor phyrazinato] Zn(I1)
(C6)

Yield: 51 mg (45%). FT-IR, Vma, cm™: 3048 (CH, aromatic), 2925-2855 (CH,
aliphatic), 1722 (C=0), 1622 (C=C, aromatic), 1440, 1348, 1188, 1139, 973, 813, 762.
'H NMR (CDCl3, 500 MHz): &, ppm 7.62-7.23 (m, 4H, aromatic H), 2.53 (s, 3H, -CHs).
MS (ESI): m/z 1130.24 [M]". Anal. calcd. for CrHseNgO.Zn: C, 76.48; H, 4.99; N,
9.91%. Found: C, 76.36; H, 5.12; N, 10.03%.

4.12 [2,3,7,8,12,13,17,18-octakis(o-tolyl)-2-seco-2,3-dioxopor phyrazinato] Co(ll)
(O7)

Yield: 47 mg (42%). FT-IR, Vma, cm™: 3045 (CH, aromatic), 2932-2874 (CH,
aiphatic), 1724 (C=0), 1635 (C=C, aromatic), 1444, 1350, 1176, 1142, 988, 839, 768.
MS (ESI): mVz 1124.53 [M]*. Anal. calcd. for C7HssNgO2.Co: C, 76.92; H, 5.02; N,
9.97%. Found: C, 76.81; H, 5.15; N, 9.85%.

413 [2,3,7,8,12,13,17,18-octakis(p-tolyl)-2-seco-2,3-dioxopor phyrazinato] Cu(ll)
(P5)

Yield: 52 mg (46%). FT-IR, Vma, cm™: 3052 (CH, aromatic), 2924-2880 (CH,
aiphatic), 1726 (C=0), 1653 (C=C, aromatic), 1444, 1385, 1188, 1128, 988, 834, 755.
MS (ESI): mVz 1128.13 [M]". Anal. calcd. for C7HssNgO.Cu: C, 76.61; H, 5.00; N,
9.93%. Found: C, 76.52; H, 5.09; N, 9.84%.

414 [2,3,7,8,12,13,17,18-octakis(p-tolyl)-2-seco-2,3-dioxopor phyrazinato] Zn(I1)
(P6)

Yield: 59 mg (52%). FT-IR, Vima, cm™’: 3044 (CH, aromatic), 2932-2865 (CH,
aliphatic), 1720 (C=0), 1672 (C=C, aromatic), 1438, 1348, 1178, 1123, 984, 832, 762.
'H NMR (CDCl3, 500 MHz): 8, ppm 7.62-7.24 (m, 4H, aromatic H), 2.52 (s, 3H, -CHs).
MS (ESI): m/'z 1130.27 [M]*. Anal. calcd. for CrHseNgO.Zn: C, 76.48; H, 4.99; N,
9.91%. Found: C, 76.59; H, 4.88; N, 9.99%.



71

4.15[2,3,7,8,12,13,17,18-octakis(p-tolyl)-2-seco-2,3-dioxopor phyrazinato]
Co(IN(P7)

Yield: 62 mg (55%). FT-IR, Vima, cm™: 3052 (CH, aromatic), 2934-2858 (CH,
aiphatic), 1722 (C=0), 1665 (C=C, aromatic), 1442, 1350, 1166, 1142, 972, 839, 748.
MS (ESI): mVz 1124.63 [M]"*. Anal. calcd. for C7HssNgO2.Co: C, 76.92; H, 5.02; N,
9.97%. Found: C, 76.79; H, 5.13; N, 9.88%.

Ry Ry Ry Ry
R, R, Rz Ry
YV
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2 e Res
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Ry Ry

M= Cu (O5); Zn (06); Co (O7) (R1: H, Rx: CH3)
M= Cu (P5); Zn (P6); Co (P7) (Ry: CH3, Ro: H)

Figure 45  Synthesis  of [2,3,7,8,12,13,17,18-octakis(o-tolyl)-2-seco-2,3-
dioxoporphyrazinato] {M=Cu(ll), Zn(ll) or Co(ll)} and
[2,3,7,8,12,13,17,18-octakis(p-tolyl)-2-seco-2,3-
dioxoporphyrazinato] { M=Cu(ll), Zn(Il) or Co(Il)}.

4.16 Synthesis of (4-biphenyl)acetonitrile (B1) [77]

A solution of 8,1 g (40 mmol) of (4-chloromethyl-biphenyl) 4-phenylbenzyl
chloride, in 100 mL of acetone was added dropwise over 20 min to a stirred refluxing
solution of 10 g of potassium cyanide in 80 mL of 70% agueous acetone. After
refluxing for 20 h, most of the aqueous acetone was removed by distillation and
replaced with a 4 to 1 mixture of benzene and ether. The cooled organic phase was
washed severa times with water, dried, and the solvent was removed on a steam bath.
The residue was crystallized from cyclohexane to yield 7 g (90%) of 4-
biphenylylacetonitrile (Fig.4.6).
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c EtOH CN
—_—
Reflux

Figure 4.6 Synthesis of (4-biphenyl)acetonitrile B1.

4.17 Synthesis of 1,2-bis(4-biphenyl)maleonitrile (B2)

A dlurry of 4-biphenylacetonitrile (1.0 g, 5.2 mmol) and iodine (1.313 g, 5.200
mmol) in 1:1 Et,O-MeOH (20 mL) was alowed to reflux under nitrogen for 1 h. The
solution was cooled to room temperature, and sodium methoxide (2.2 equiv, 2.0 M, 5.7
mL) in methanol was added drop by drop (over a period of 30 min) into the reaction
medium under a nitrogen atmosphere. The reaction mixture was stirred for another 3 h.
During this time, more and more precipitation was formed in the solution. The solution
was filtered at room temperature and the solid product was washed with water. The
product was yellow colored and was very soluble in chloroform, dichloromethane and
acetone, but insoluble in n-hexane (Fig.4.7). Yield was 0.316 g (32%). FT-IR, Vma, CM
1. 3070-3030 (CH, aromatic), 2218 (C=N), 1604 (C=C, aromatic), 1486, 1405, 1209,
1140, 1005, 845, 766, 724, 691 (Appendix N). *H NMR (CDCls, 500 MHz): &, ppm
7.99-7.93 (m, 4H, Ar-H), 7.80-7.75 (m, 4H, Ar-H), 7.68-7.26 (m, 10H, Ar-H)
(Appendix O). MS (ESI): mvz 382.2 [M]" (Appendix P). Anal. calcd. for CasHigNy: C,
87.93; H, 4.74; N, 7.32%. Found: C, 87.77; H, 4.66; N, 7.45%.

CN
CN Et,O-MeOH H
—_——
I, Reflux
O O -

Figure 4.7 Synthesis of 1,2-bis(4-biphenyl)maleonitrile B2.

4.18[2,3,7,8,12,13,17,18-octakis(4-biphenyl)por phyrazinato] Mg(l1) (B3)

Mg turnings (24.3 mg, 1.00 mmol) and asmall I, crystal were refluxed in n-BuOH
(20 mL) for about 8 h to obtain Mg(BuO),. 1,2-bis(4-biphenyl)maleonitrile (B2) (765
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myg, 2.00 mmol) was added to this solution and the mixture was refluxed for about 8 h.
The dark green product was filtered, washed with ethanol and water and dried in a
vacuum. The crude product was dissolved in CHCI; and filtered. The CHCI3 solution
was dried over anhydrous NaSO,;. When the solvent was evaporated, a dark green
product was obtained. Finally, pure porphyrazine was obtained by chromatography on
silica gel using methanol/chloroform (1:50) mixture as eluent. The product was soluble
in chloroform, dichloromethane, acetone and toluene, but insoluble in n-hexane
(Fig.4.8). Yield: 326 mg (42%). FT-IR, Vi, cm™: 3075-3025 (CH, aromatic), 1602
(C=C, aromatic), 1484, 1404, 1208, 1139, 1004, 843, 763, 722, 689 (Appendix R). UV-
Vis (CHCl3) Amax (nm) (log € / dm® mol™ cm™): 380 (4.86), 652 (4.64) (Appendix Q).
'"H NMR (CDCl3, 500 MHz): 8, ppm 7.97-7.75 (m, 4H, Ar-H), 7.67-7.26 (m, 5H, Ar-H)
(Appendix U). MS (ESI): mz 1554.7 [M]* (Appendix S). Anal. calcd. for Cy1oH72NgMg:
C, 86.56; H, 4.67; N, 7.21%. Found: C, 86.39; H, 4.54; N, 7.33%.

QO O
< O
CN Mg turnings Q Q /N/ ’:‘/ \ O O
[ —
STl o St
o &
O O
Figure 4.8 Synthesis of [2,3,7,8,12,13,17,18-octakis(4-biphenyl)porphyrazinato] Mg(l1)

B3.

4.19[2,3,7,8,12,13,17,18- octakis(4-biphenyl)-2-seco-por phyrazine-2,3-dione] (B4)

B3 (155 mg, 0.100 mmol) was dissolved in the minimum amount of
trifluoroacetic acid ((4 mL) and stirred for 5 h at room temperature. When the reaction
mixture was added to ice drop by drop and neutralized with 25% ammonia solution,
precipitation occurred and it was filtered. The precipitate was extracted into the
chloroform and the chloroform solution was extracted with water twice. After drying
over anhydrous Na,SO,, the solvent was evaporated to obtain the green colored metal-
free porphyrazine (Fig.4.9). The crude product was purified by chromatography on
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silicagel using methanol/chloroform (1:50) mixture as the eluent. Yield: 100 mg (64%).
FT-IR, Vmax, €M 3339 (N-H), 3072-3035 (CH, aromatic), 1721 (C=0), 1615 (C=C,
aromatic), 1475, 1400, 1212, 1128, 1012, 838, 765, 718, 680. UV-Vis (CHCl3) Amax
(nm) (log € / dm® mol™ cm™®): 368 (4.77), 650 (4.41), 712 (4.49) (Appendix T). *H NMR
(CDCl3, 500 MH2z): 3, ppm 7.91-7.70 (m, 4H, Ar-H), 7.61-7.22 (m, 5H, Ar-H), -0.95 (br
s, 2H, NH). MS (ESI): m/z 1563.2 [M]" (Appendix V). Anal. calcd. for Cy1.H74NgOs: C,
86.02; H, 4.55; N, 7.17%. Found: C, 86.15; H, 4.41; N, 7.29%.

Q Q S
- O
NN7: N O CF3COOH Q NN M/.
- O 0 N\l\
A
O O O O

Figure 4.9 Synthesis of [2,3,7,8,12,13,17,18-octakis(4-biphenyl)-2-seco-porphyrazine-
2,3-dione] B4.

4.20 General procedure for metallo seco-por phyrazines (B5-B7)

B4 (156 mg, 0.100 mmol) in CHCI3 (10 mL) was stirred with the metal salt
[Cu(OAC), (182 mg, 1.00 mmol), Zn(OAc);, (183 mg, 1.00 mmol) or Co(OAc), (177
mg, 1.00 mmol)] in ethanol (15 mL) and refluxed under nitrogen for about 4 h. Then,
the precipitate composed of the crude product and the excess metal salt were filtered.
The precipitate was treated with CHCI3 and the insoluble metal salts were removed by
filtration (Fig.4.10). The filtrate was reduced to the minimum volume under reduced
pressure and then added into n-hexane (100 ml) drop by drop to redize the
precipitation. Finally, pure porphyrazine derivatives were obtained by chromatography
on silicagel using methanol/chloroform (1:20) mixture as the eluent.
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4.21[2,3,7,8,12,13,17,18-octakis(4-biphenyl)-2-seco-2,3-dioxopor phyrazinato]
Cu(ll) (B5)

Yield: 72 mg (44%). FT-IR, Vima, cm'*: 3075-3030 (CH, aromatic), 1718 (C=0),
1622 (C=C, aromatic), 1445, 1410, 1215, 1133, 1018, 868, 753, 715, 688. UV-vis
(CHCl3) Amax (nm) (log & / dm® mol™ ecm™): 348 (4.82), 658 (4.58). MS (ESI): m/z
1625.8 [M]". Anal. calcd. for Cy12H7NgO.Cu: C, 82.76; H, 4.46; N, 6.89%. Found: C,
82.64; H, 4.59; N, 6.78%.

4.22[2,3,7,8,12,13,17,18-octakis(4-biphenyl)-2-seco-2,3-dioxopor phyrazinato]
Zn(l1) (B6)

Yield: 78 mg (48%). FT-IR, Vma, cm™: 3055-3025 (CH, aromatic), 1722 (C=0),
1652 (C=C, aromatic), 1440, 1248, 1118, 1023, 848, 752, 724, 685. UV-vis (CHCls)
Amax (NM) (log € / dm® mol™ ecm™): 356 (4.80), 654 (4.60). *H NMR (CDCl3, 500 MHz):
7.92-7.81 (m, 4H, aromatic H), 7.65-7.24 (m, 5H, Ar-H). MS (ESI): m/z 1627.6 [M]".
Anal. cacd. for C11,H7,NgO,Zn: C 82.67; H 4.46; N 6.89%. Found: C 82.78; H 4.39; N
6.98%.

4.23[2,3,7,8,12,13,17,18-octakis(4-biphenyl)-2-seco-2,3-dioxopor phyrazinato]
Co(ll) (B7)

Yield: 62 mg (38%). FT-IR, Vimax, cm*: 3065-3020 (CH, aromatic), 1723 (C=0),
1625 (C=C, aromatic), 1476, 1408, 1215, 1146, 1009, 879, 758, 725, 684. UV-vis
(CHCl3) Amax (nm) (log € / dm® mol™ cm™): 352 (4.84), 656 (4.56). MS (ESI): m/z
1620.3 [M]*. Anal. calcd. for Cy1oH7NgO,Co: C 83.00; H 4.48; N 6.91%. Found: C
82.89; H 4.59; N 6.79%.
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M= Cu (B5); Zn (B6); Co (B7)

Figure 4.10 Synthess of [2,3,7,8,12,13,17,18-octakis(4-biphenyl)-2-seco-2,3-
dioxoporphyrazinato] { M= Cu(ll), Zn(Il) or Co(Il)}.



CHAPTER S

RESULTSAND DISCUSSIONS

Porphyrins (P) and their structural relatives plabyganines (Pc) and
porphyrazines (Pz) constitute a distinct class atmcyclic tetrapyrrolic systems with
unique physico-chemical properties. Due to theernaital diversity, these compounds,
and in particular porphyrins and phthalocyaninesyeh been at the focus of
multidisciplinary interest for many years. Howevathough the molecular structures of
all three types of macrocycles are very similanzoe and especially aza substitution
have a strong impact on the overall chemical beimaofithe corresponding tetrapyrrolic
ligands [64].

Peripherally functionalized porphyrazines (tetrgaxphyrins) and related
macrocycles can bind multiple metal ions, havepbential to exhibit novel magnetic
and electronic properties, and serve as buildingKkd in the assembly of higher order

polymetallic arrays [55].

5.1 Synthesis of p-tolyl and o-tolyl Porphyrazines

The starting point for these novel porphyrazinectires with eightg-tolyl) and
(o-tolyl) groups bound to the periphery aschlorop-xylol P and a-chloro-o-xylol O
which were modified toptolyl)acetonitrileP1 and @-tolyl)acetonitrileO1 by adding
potassium cyanide. (Fig.5.1) The red brown colgremtiuctsP1 andO1 were obtained
in yield 85%, and 80%, respectively.

77
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Ry 1
EtOH
—_—
Reflux
R3 Ry
Cl CN

O (Ry: H, Rs: CHy) O1 (Ri: H, Ry CHy)
P (Ri: CHs, Ro: H) P1 (R CHs, Ry H)

Figure 5.1 Synthesis ofd¢-tolyl)acetonitrile ©1) and p-tolyl)acetonitrile P1).

1,2-bisp-tolyl)maleonitrile P2 and 1,2-bisg-tolyl)maleonitrile O2 which were
obtained from f§ tolyl)acetonitrileP1 and p-tolyl) acetonitrileO1, respectively and;|
(Fig.5.2). The yellow-green colored prodira and the green colored produap were
obtained in yield 78%, and 73%, respectively.

Rl Rl R1
Et,0-MeOH
_—
R2 |2, Reflux Rz Rz
c:c\
CN NC CN
O1 (Ri: H, Rx: CHgy) 02 (Ri: H, Rx: CHy)
P1 (Ry: CHs, Rx: H) P2 (Ry: CHs, Rx: H)

Figure 5.2 Synthesis of 1,2-bisftolyllmaleonitriie ©2) and 1,2-bigf-

tolylymaleonitrile P2.

The conversion oP2 and O2 into P3 and O3 were achieved by the template
effect of magnesium butanolate. The cyclotetraraéion gave the dark green colored
P3 in yield 71% and the blue-green color€&@B in yield 66% (Fig.5.3). In the
conversion ofP3 and O3 into P4 and O4 (Fig.5.4) by treatment with relatively strong
acids é.g. trifluoroacetic acid), aeco-porphyrazine type macrocycle in which one of
the four pyrrole rings has been oxidized was thenrpeoduct. Formation of oxidized
species was almost inevitable even when the reactias carried out under inert

conditions.
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Ry 1
Mg turnings
R, — - —
Rz 2 1,, n-BuOH
c—c
NC CN

M= Mg(03) (Ri: H, Rx: CHy)
M= MdP3) (Ry: CHs, Rx: H)

Figure 5.3 Synthesis of [2,3,7,8,12,13,17,18-octasxglyl)porfirazinato] Mg(ll) O3 and
[2,3,7,8,12,13,17,18-octaks(olyl)porfirazinato] Mg(ll) P3.

/
|/Z

Ry Ry
Ry Ry

M= 2H(04) (R:: H, Rx: CHg)
M= 2H(P4) (Ry: CHs, Ro: H)

Figure 5.4 Synthesis of [2,3,7,8,12,13,17,18-octatisglyl)-2-seco-porphyrazine-2,3-
dione] (M= 2H) or [2,3,7,8,12,13,17,18-0ctakitflyl)-2-seco-
porphyrazine-2,3-dione] (M= 2H).

P-tolyl and o-tolyl units are not comparable with dimethylamigmups, but are
comparable with naphthyl groups as electron dotwtke 18z electron system of the
inner core. In the present case, the tendencyp-tdlyl and o-tolyl substituted

porphyrazines to oxidize to th&co-porphyrazine derivatives should be higher than
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dimethylamino substituted ones because the reactwere carried under inert
atmospheres during these experiments, but stifroduct corresponding to the metal-
free derivatives oP3 andO3 could be isolated. The mass spectral results himaelye
indicated the change of the structure from magmegiarphyrazinateB3 andO3 to the
demetalatedeco-porphyrazine$?4 andO4. In addition to the mass spectral results, the
intense C=0 absorption peaks clearly differentiatesdized products from the
symmetrically  octakigf-tolyl) and octakisg-tolyl) substituted magnesium

porphyrazinates.

The metalation reactions of the demetdlateo-porpyrazinesP4 and O4 with
metal salts gave the metalated speBe®7 andO5-O7. (Fig.5.5).

Ry Ry Ry Ry
Ry Ry R, R,
R pz R
. : N=Y N o R R, N N N
s ) s . >L O
—_— H
NH HN EtOH — v
~ —

N

—
O M(OAC), '
RT N N / [e) Ry R ! / R
" I~ AN N & T . N=_ N\ N (e} 1
Ry
" Ry Ry

M= Cu(O5); Zn (06); Co(O7) (Ri: H, R:: CHy)
M= CUP5); Zn (P6); Co (P7) (Ry: CHs, Rx: H)

Figure 5.5 Synthesis of [2,3,7,8,12,13,17,18-octakis(o-toBA$eco-2,3
dioxoporphyrazinato] {M=Cu(ll), Zn(ll) or Co(ll)} ad
[2,3,7,8,12,13,17,18-0ctakis(p-tolyl)-2-seco-2,Bxdporphyrazinato]
{M=Cu(ll), Zn(ll) or Co(l)}.

Elemental analyses correspond closely with theestalculated forR2, O2, P3-

P7 andO3-0O7. (Table 5.1).
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Table 5.1 Elemental analyses results of the porphyrazines*

Compoun C H N
P2 83.43 (83.69) | 5.62 (5.46)| 10.69 (10.84)
02 83.48 (83.69)| 5.54 (5.46) 10.96 (10.84)
P3 81.61 (81.77)| 5.25(5.34) 10.75 (10.60)
P4 80.89 (81.03)| 5.61(5.48) 10.58 (10.50)
P5 76.52 (76.61)| 5.09 (5.00) 9.84 (9.93
P6 76.50 (76.48)| 4.88(4.99) 9.99 (9.91
P7 76.79 (76.92)| 5.13(5.02) 9.88(9.97
03 81.58 (81.77)| 5.43(5.34) 10.53 (10.60)
04 80.87 (81.03)| 5.40(5.48) 10.62 (10.50)
05 76.49 (76.61)| 4.91(5.00) 9.99 (9.93
06 76.36 (76.48)| 5.12(4.99) 10.03 (9.91)
07 76.81 (76.92)| 5.15(5.02) 9.85(9.97

* Required values are given in parentheses.

IR spectra

In the FT-IR spectrum oP2, the stretching vibration of=N is observed at 2219
cm?, the aromatic and aliphatic C-H peaks are aroufiii88047 crit and the
characteristic substituted (p-tolyl) peak is at 862" and in the FT-IR spectrum G2,
the stretching vibration of €N is observed at 2246 ¢hnthe aromatic and aliphatic C-H
peaks are around 2937-3058 tmnd the characteristic substitutestglyl) peak is at
750 cm’. These values comply with those reported in therdture for similar
compounds. After the conversionR2 andO2 to P3 andO3, the sharp €N vibrations
around 2219 and 2246 chiisappeared. The N-H stretching absorptions ofiriher
core of the metal-free porphyrazineé4 and O4 were observed around 3335 and 3320
cm™. Furthermore, during acid-mediated demetalatiothefmagnesium porphyrazines

P3 and O3, peripheral oxidation of one pyrrole ring was donéd with an intense
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absorption around 1718-1725 ¢énThe FT-IR spectra of all porphyrazines derivative
P3-P7 and03-O7 showed that the aromatic and aliphatic C-H pea&sasound 2855-
3052 cn, the characteristic substituteetolyl peaks are around 820-852 ¢rand the
characteristic substitutestolyl peaks are around 755-768, indicating thespnee op-

tolyl ando-tolyl substituents as well as theco-porphyrazine derivatives.
NMR Spectra

The N-H protons of the metal-free porphyraziRrdsand O4 were also identified
in the'H NMR spectra with the broad peaksdat-1.05 andd= -0.95 ppm, presenting
the typical shielding of inner core protons, whiste common feature of tHel NMR
spectra of metal-free porphyrazines. In thé NMR spectra of diamagnetic
porphyrazines3, P4, P6, O3, O4 and O6, two different types of protons are clearly
seen: a multiplet around 7-8 ppm correspondinghiengl protons and a singlet around
2.52-2.68 ppm for methylene protons. The ratiohef integral values 4:3 also confirms

the proposed structures.
Electronic Spectra

Electronic spectra are especially useful to esthblthe structure of the
porphyrazines?3-P7 and O3-O7. UV-Vis spectra of porphyrazine core are dominated
by two intense bands, the Q band around 640 nnttenB band in the near UV region
around 348 nm, both correlated - n transitions. The presence of an electron-
donating group on the periphery causes a bathocbrsimift on Q bands. The UV-Vis
spectra of porphyrazine®3, P5-P7, O3, O5-O7 in CHCL) prepared in the present
work exhibited intense single Q band absorptiottheft— = transitions around 640-
648 nm and B bands in the near UV region around3Bnm (Table 5.2). As a
consequence of the lowering of the symmetry of pwrgzine core, the electronic
absorption spectra of tlseco-porphyrazine$4 andO4 display a split in the Q band at
632 and 704 nm and at 636 and 712 nm, respectiv&yVis spectra o3 andP4 at a
concentration of 1xI® M in chloroform are shown in (Fig.5.6). An absatbavs.
concentration study indicated that due to the byHtglyl and o-tolyl substituents, no

aggregation occurred either 88, P4, O3 or O4.



Absorbance

Table 5.2 UV-Vis data for the porphyrazines in chloroform.

Compoun Anm ( log e/ dm®mol™® cm™)

5a 380 (4.82) | 644 (4.91)

5o 376 (4.87) | 632 (471) 704 (4.78)
B¢ 372 (4.76) 648 (4.81)

5d 366 (4.74) 640 (4.83)

Be 364 (4.80) 644 (4.86)

6a 352 (4.91) | 648 (4.70)

6b 352 (4.49) | 636 (4.15)| 712 (3.82)
6c 356 (4.38) | 640 (4.32)

6d 348 (4.42) | 644 (4.38)

6e 354 (4.46) | 648 (4.36)
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Figure 5.6. UV-Vis Spectra oP3 andP4 in Chloroform.
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5.2 Synthesis of Biphenyl Porphrazine

The starting point for these novel porphyrazineitires with eight 4-biphenyl
groups bound to the periphery is (4-chloromethpheinyl) 4phenylbenzyl chloride
which were modified to 1,2-bis(4-biphenyl)maleoihétiby adding potassium cyanide.
(Fig.5.7) The white colored produdd were obtained in yield 90%, respectively.

EtOH
Reflux

Figure 5.7 Synthesis of (4-biphenyl)acetonitribi.

1,2-bis(4-biphenyl)maleonitrile B2 which was obtained from (4-
biphenyl)acetonitrileB1 and b. The yellow colored produd?2 was obtained in yield

32% (Fig.5.8).
OO -
EtZO MeOH
\ / \ / o, Reﬂux O O I
CN

Figure 5.8 Synthesis of 1,2-bis(4-biphenyl)maleonitriBe.

The conversion 0B2 into B3 was achieved by the template effect of magnesium
butanolate. The cyclotetramerization gave the dmelen colored3 (Fig.5.9) in yield
42%. It was soluble in chloroform, dichloromethaaegtone and toluene, but insoluble

in apolar hydrocarbon solvents sucmdsexane.
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H = 7 N—mng—nN] |

CN Mg turnings Q Q /N/ t‘/ \ O O
Oy o oo L0

Figure 5.9. Synthesis of [2,3,7,8,12,13,17,18-octakis(4-bipgorphyrazinato]
Mg(ll) (B3)

In the conversion oB3 into B4 (Fig.5.10) by treatment with relatively strong
acids é.g. trifluoroacetic acid), aeco-porphyrazine type macrocycle in which one of
the four pyrrole rings has been oxidized has beemtain product. Sterical tension due
to the presence of eight bulky 4-biphenyl unitsuab the core might be the main
reason for the cleavage of one of the pyrrol ridgbiphenyl units are not comparable
with dimethylamino groups, but are comparable wilphthyl groups as electron

donors to the 1&-electron system of the inner core.

Q Q D
(>
Q N:N:N (CF1C00H o )\u/./.
O \N\l\ N/ ° Q Q
T D
3 O .

Figure 5.10 Synthesis of [2,3,7,8,12,13,17,18-octakis(4-bipheBRyseco-
porphyrazine-2,3-dioneg4.

In the present case, the tendency of 4-biphenydtgubed porphyrazine to oxidize
to the seco-porphyrazine derivative should be higher than dnylamino substituted
ones because the reactions were carried under Btembspheres during these

experiments, but still no product correspondinght® metal-free derivative @3 could
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be isolated. The mass spectral results have cleatigated the change of the structure
from magnesium porphyrazinaBs8 to the demetalateskco-porphyrazineB4 (Fig.5.11
and Fig.5.12). In addition to the mass spectralltgesthe intense C=0 absorption peak
clearly differentiates oxidized products from thgmsnetrically octakis(4-biphenyl)

substituted magnesium porphyrazinate.

Intens M5, 010 7imin #{5.45)
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Figure 5.11 Mass spectrum d33.

Interrs. 2

&0 E S, 0.1-0 Tmin 2{5-45)
500 2
400 3
300 3 1075.2
200 é 15632
: 7824

100 3 i L

e S—— f‘”T“';‘ﬁrl‘ﬂ'*. S r S— M——

500 1000 1500 2000 2600 miz

Figure 5.12 Mass spectrum d4.

The metalation reactions of the demetala@d-porpyrazineB4 with metal salts
gave the metalated spec®s-B7. (Fig.5.13).

O O O O
B < O
o L3O O Y 8 50
S N e e s S ) e T
T D SO
0 O ' O

M= Cu(B5); Zn (B6); Co (B7)

Figure 5.13 Synthesis of [2,3,7,8,12,13,17,18-octakis(4-bipheBRyseco-2,3
dioxoporphyrazinato] {M= Cu(ll), Zn(Il) or Co(ll)}.



87

All new compounds were identified through sevepactroscopic techniques such

as’'H NMR, FT-IR, UV-Vis, mass and elemental analydike spectroscopic data of

desired products were in accordance with the asdigtructures.

Elemental analyses correspond closely with theesabtalculated foB2 and B3-

B7. (Table 5.3).

Table 5.3 Elemental analyses results of the porphyrazines*

Compound C H N
B2 87.77 (87.93) | 4.66 (4.74 7.45 (7.32
B3 86.39 (86.56) 4.54 (4.67 7.33(7.21
B4 86.15 (86.02) 4.41 (4.55 7.29 (7.17
B5 82.64 (82.76) 4.59 (4.46 6.78 (6.89
B6 82.78 (82.67) 4.39 (4.46 6.98 (6.89
B7 82.89 (83.00) 4.59 (4.48 6.79 (6.91

IR Spectra

* Required values are given in parentheses

In the FT-IR spectrum oB2, the stretching vibration of€N peak is observed
at 2218 crit, the aromatic C-H peaks are around 3030-3076 anul the aromatic C=C

peak is at 1604 cth These values comply with those reported in therdture for

similar compounds [20-23]. After the conversion dinitrile derivative B2 to

porphyrazineB3, the sharp EN vibration around 2218 cindisappeared. The N-H

stretching absorption of the inner core of the irieége porphyrazind34 was observed

around 3339 cih Furthermore, during acid-mediated demetalatiothef magnesium

porphyrazineB3, peripheral oxidation of one pyrrole ring was ¢onéd with an

intense absorption around 1718-1723crithe FT-IR spectra of all porphyrazines

derivativesB3-B7 showed that the aromatic C-H peaks are around-3026 cnf,

indicating the presence of 4-biphenyl substitueagswell as theseco-porphyrazine

derivatives.

NMR Spectra

The N—H protons of the metal-free porphyrazBtewere also identified in théH

NMR spectra with the broad peakdat -0.95 ppm, presenting the typical shielding of

inner core protons, which is a common feature ef'th NMR spectra of metal-free
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porphyrazines. In th&H NMR spectra of diamagnetic porphyrazir&3 B4 andB6,
only one chemical shift is clearly seen: a multigleound 7-8 ppm corresponding to the

phenyl protons.
Electronic Spectra

Electronic spectra are especially useful to idgntthe structure of the
porphyrazinesB3-B7. UV-Vis spectra of porphyrazine core are dominabsgdtwo
intense bands, the Q band around 652 nm and tten@& ib the near UV region around
380 nm, both correlated to— n transitions. The presence of an electron-donating
group on the periphery causes a bathochromic shif) bands. The UV-Vis spectra of
porphyrazines B3, B5-B7 in CHCL) prepared in the present study exhibited intense
single Q band absorption of tle> n transitions around 652-658 nm and B bands in
the near UV region around 348-380 nm (Table 543.a consequence of the lowering
of the symmetry of porphyrazine core, the electabsorption spectrum of tlseco-
porphyrazineB4 displays a split in the Q band at 650 and 712 nM:Mis spectra of
B3 andB4 in chloroform are shown in Figure 5.14.. An absmidevs. concentration
study indicated that due to the bulky 4-biphenydsituents, no aggregation occurred
either forB3, B4.

Table 5.4 UV-Vis data for the porphyrazines in chloroform.

Compound AMnm ( log &/ dm®mol™ cm™)
B3 380 (4.86) | 652 (4.64)
B4 368 (4.77) | 650 (4.41) 712 (4.49)
B5 348 (4.82) | 658 (4.58)
B6 356 (4.80) | 654 (4.60)
B7 352 (4.84) 656 (4.56)




Absorbance

300 400 500 600 700 800
Wavelength, nm

Figure 5.14 UV-Vis spectra oB3 andB4 in chloroform.
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