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ABSTRACT

Octakis[3,5-bis(trifluoromethyl)benzylthio] porptazinato magnesium carrying
eight 3,5-bis(trifluoromethyl)benzylthigroups on the peripheral positions have been
synthesized by cyclotetramerization of 2,3-bis[Bi&irifluoromethyl)benzylthio]
maleonitrilein the presence of magnesium butanolate. Its ddliaiéta by the treatment
with trifluoroacetic acid resulted in the metaldréerivative. Further reaction of this
product with copper(ll) acetate, zinc(ll) acetated acobalt(ll) acetate has led to the
metallo derivatives M = Cu(ll), zZn(ll), Co(ll). Tlse novel complexes were
characterized by elemental analysis, together WithIR, *H NMR, *C NMR, *°F
NMR, UV-Vis and mass spectral data.

Keywords: 3,5-bis(trifluoromethyl)benzylthio; PorphyrazinEF NMR spectroscopy;
Zinc; Cobalt.



YENI OKTAK iS[3,5-BS(TRIFLOROMET iL)BENZiLTiYO]
iCEREN PORFIRAZiN TUREVLER iNiN SENTEZI, YAPISAL VE
SPEKTROSKOPIK OZELL iKLER i

Didar KOCAK

Yuksek Lisans Tezi-Kimya Bolumu
Ocak 2012

Tez Yoneticisi: Dog. Dr. Ergin GONCA
0z

Bu cakmada periferal konumdaki sekiz adet 3,5-bis(trdtaetil)benziltiyo
substitiientleri iceren porfirazinler sentezlendiagiezyum butanolat icerisinde 2,3-
bis[3,5-bis(triflorometil)benziltiyo] maleonitril, siklotetramerizasyon yodntemiyle
reaksiyon sonucunda oktakis[3,5-bis(triflorometiziltiyo] magnezyum porfirazin
sentezlendi. Metalsiz tirevi trifloroasetik asié imuamele edilerek elde edildi. Bu
arinun bakir(ll) asetat, cinko(ll) asetat ve kofBltasetat ile reaksiyonlarina devam
edilerek metalli porfirazinler elde edildi [M(1§ Cu(ll), Zn(ll), Co(Il)].

Bu yeni komplekslerin karakterizasyotti NMR, *C NMR, **F NMR, FT-IR,
UV-Gorunar bolge, kutle ve elementel analiz gibisige spektral verilerle

gerceklatirildi.

Anahtar Kelimeler: 3,5-bis(triflorometil)benziltiyo; Porfirazin*F NMR spektroskopi;
Cinko; Kobalt.
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CHAPTER 1
TETRAPYRROLE COMPLEXES

1.1 PORPHYRINS

Porphyrins and their reduced or otherwise modifie@rivatives are
unquestionably the ligands par excellence of bipldthe most common examples are
the hemes (found in hemoglobins, myoglobins, cytoeles, catalases, and
peroxidases), chlorophylls, and bacteriochloroghiMicente and Smith, 1999). Iron is
the chelating metal found in hemes, and magnesisnfound in the numerous
chlorophylls and bacteriochlorophylls. In more Hyghieduced tetrapyrrole-derived
natural products, other metal ions are found; thaskide vitamin B12 (containing
cobalt) and factor 430 (containing nickel). The hmatsms utilized in the mode of
action of many tetrapyrrole metabolites often iweothanges in the oxidation state of
the central metal.

Tetrapyrrole-derived macrocycles are able to accodate the various
oxidation state (and therefore metal ion size) geandue to the flexibility and
adaptability of the basic chelating system. For fheposes of this treatise, only
common routes to a number of very popular porplsysnll be discussed. Though
methodology has been developed to enable the sjathed the most complex
porphyrins imagineable, discussion of the approsadbehighly unsymmetrical natural
porphyrins would be inappropriate to the organothettocus of this volume. Instead,
the discussion will be mostly focused on the twostrammmon porphyrin types; these
are the peripherally octasubstituted porphyrinsnmegddéied by 2,3,7,8,12,13,17,18-
octaethylporphyrin (HDEP) and meso-tetrasubstituted systems such asl15,20-
tetraphenylporphyrin (\PP) (Fig.1.1). Some variations on the themes e$e&htwo

systems will also be mentioned; however, it shaalkb be noted that, for example,



porphyrin and 2,3,7,8,12,13,17,18-octamethylporphyFig.1.2) are so insoluble in

most organic solvents that they are rarely, if eused by porphyrin practitioners.

Et Me
Me Et
Et Me
Me Et
(4)
Et Me
Me Et
Me Me
Et Et

(6)

(2)
Figure 1.15,10,15,20-tetraphenylporphyrin.

Et Et
Me Me
Me Me
Et Et
(5)
Et Et
Me Me
Et Et
Me Me
(7)

Figure 1.22,3,7,8,12,13,17,18-octamethylporphyrin.



1.1.1 Strategic Considerations in Porphyrin Synthes

In designing a porphyrin synthesis, or indeed irkimg the decision about
exactly which published approach to use, substitsgmmetry considerations are of the
utmost importance. Clearly, if all of the substitteeon the pyrrole positions, or on the
meso positions are identical, then tetramerizadioa single monopyrrole is the method
of choice. Porphyrins, perse, are comprised of dicyrray or four pyrrole subunits
linked by four methine carbons; one therefore needssemble four pyrroles and four
linking (meso) carbons into one macrocycle. Thhe, drigin and type of meso-carbon
to be employed is also an essential component twhsidered. Likewise, whether or
not the future meso-carbons should be attacheldet@yrrole component or added into

the reaction mixture separately is an issue toidens

Because of so-called pyrrole redistribution reaxgigMauzerall, 1960) that are
acid-promoted, use of monopyrroles (e3).,which do not have identical 3- and 4-
substituents will result in a mixture of porphyrifius, pyrrole §) gives a mixture of
trivially named etioporphyrins I-IV when it is cytktramerized under acidic
conditions. Such a mixture of ligands, similar dseyt are, still makes the
characterization of a subsequent metal complex stlimgpossible, and should therefore

be avoided.

Pure individual porphyrins such a4-7) can, however, be synthesized using
dipyrroles, and these approaches will be briefgcdssed later in this section. If two
dipyrrole units8 and9 with an appropriate future meso-carbon are redctgether with
the intention of preparing porphyria(), there is actually a maximum of three possible
products, 10-12) (Fig. 1.3). This is because the two dipyrroles edther react with
themselves, or (as required) with each other. éfdipyrroles do not possess attached
(future) meso-carbon atoms (e.dl3 and 14) and also bear an unsymmetrical
arrangement of substituents (indicated by the ARBrabels on each pyrrole oxidation
levels, i.e., dipyrromethene or dipyrromethane, aefined), even greater mixtures can
occur in this case, porphyrins520) (Fig. 1.4). Such symmetry problems are common
with all so-called [2+2] syntheses. However, if arghyrin synthesis involving two

dipyrroles is to be attempted, the symmetry proBlean often be overcome if one of



the two dipyrroles is symmetrical about its interplic (5-) carbon atom (e.g.,
synthesis of§) from (21) and @2), Fig. 1.5).

1.1.2 Porphyrin Synthesis Using a Monopyrrole Tetrenerization Approach

1.1.21 23,7,8,12,13,17,18-Octaethylpor phyrin [H,OEP (1)]
As mentioned above, the future porphyrin meso-aaboan be covalently

attached to the monopyrrole being subjected tar@trization, or added separately
from the pyrrole. HOEP, (),

@'\.f/\@\ 70T

~NH HN-—( \ " NH N--
8 ¢ +
+ ) )=N AN
\\.ff’l"“%v/"“m
o NH HNG
/\/ (10)
(9)
m,fﬁwr T
\~NH N —NH  N—
.l
SN HN /SN HN

Figure 1.3Preparing porphyrin.



(19) (20)

Et

Me

Et Et
Bt \l)  E (8)
! Etioporphyrin Il
(22)

Figure 1.5The symmetry problems can often be overcome ifadriee two dipyrroles

is symmetrical about its interpyrrolig-) carbon atom.



can be prepared using both of these methodologmsexample, cyclotetramerization
of pyrroles 23) bearing 2-CHX substituents affords good yields of®EP (Fig. 1.6).

Since the 2-unsubstituted positions of pyrrolesrareleophilic, the benzylic X group

must be a good leaving group; the methylene cadbidhe 2-substituent (to which the

X group is attached)

Et Et
SN DNH HN-{
H "N” “cH, —> § )
H X [f"NH HN -‘(.\
P -
(23a) X = NMe, Et 24) Et
(23b) X = OH
l[O]
Et Et
LiAIHs = (23b) gt /Wﬁ”&a
~NH  N—{
{ Y
Y /
Et Et ;’,—_—_—N HN_-:
.'\-,I E t —<\ _ ’I"\EQ/-'IJ:-;: E t
AN
H N COEt
H
(28)

Et Et
_jf i\

A
HOCH, N “Co.H
(27)

Etht

AN
AcOCH, N "CO.Et

Figure 1.6 Cyclotetramerization of pyrroles (BEP).

will eventually be the source of the 5-,10-,15-d &0-carbons of the porphyriri)(

Mechanistically, such a cyclotetramerization wowilkeld a porphyrinogen2() after the

condensation reaction, so an oxidation step isssacg in order to obtain the porphyrin.

Occasionally, adventitious air acts as the oxidant, on other occasions an
external oxidant (e.g., 2,3-dichloro-5,6-dicyanatmyuinone (DDQ) or potassium



ferricyanide) is added. Numerous variations of ¥hg@roup in the CHX of 23 have
been investigated. Such groups can be directlclathto a 2-unsubstituted pyrrole,
using, for example, formaldehyde and dimethylamime directly with (N,N-
dimethylmethylene)ammonium iodide (Eschenmoserageeat) 5, 6 which can be
purchased] to give the 2-(N,N-dimethylaminomethytjple 23a); heating of this in
acetic acid gives agr eater than 50% yield19f(Eisner et al., 1957, Whitlock et al.,
1968). Alternatively, oxidation of pyrrole2p) with lead (IV) tetraacetate givezs,
which can be hydrolyzed to gi& and then cyclotetramerized to gi\i {n a little less
than 50%yield by heating in acetic acid containpogassium ferricyanide (Inhoffen et
all. , 1966). The Barton—Zard pyrrole syntheklshas significantly facilitated access to
pyrroles such a®8, and these can be reduced the the 3,4-diethyliByiecarbinol
(23b) simply by using lithium aluminum hydride. Cyclotemerization of the pyrrole-2-

methylcarbinol 23b) under acidic conditions, givdsin greater than 50% vyield.

The second approach employs reactions of pyrroléea presence of reagents
that can separately provide the interpyrrolic caratoms. Thus, cyclotetramerization of
3,4-diethylpyrrole 29) with formaldehyde affords #DEP in yields as high as 75%
(Sessler et al., 1991). It was mentioned earlibat tthe acid-catalyzed
cyclotetramerization of pyrrole3) results in formation of a mixture of the four
etioporphyrin type isomergH7). This involves are distribution of the pyrrolebsmits
in intermediate pyrrole oligomers initiated by pmoation of these electron-rich
porphyrin precursors. Through a series of equdibthe reaction produces a complex
mixture of precursors, and eventually porphyrinsowidver, amethod has been
developed which does produce only porphyrin frorolatgtramerization of a pyrrole;
as might be expected, the key step in the developwiethis approach involves the
avoidance of acid catalysts. Thus, treatment dil A{dimethylaminomethyl)pyrroles
(e.g.,30) with methyl iodide give81 which has a very labile leaving group that can be
displaced even under neutral conditions. Reactibn3Db in methanol containing
potassium ferricyanide (as an in situ oxidant) gigegood yield of pure etioporphyrin |
(4) (Fig.1.7).
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Figure 1.7 Etioporphyrin 1.

A “one-pot” synthetic procedure which involves ehcombination of two
different pyrroles to give a pure porphyrin withckaype of pyrrole ring sited opposite
to itself has been reported. Only one regiochenyigaire porphyrin 82) is produced.
For example, treatment of the 2,5-bis(N,N-dimethyleomethyl)pyrrole 83) (obtained
from 3,4-diethylpyrrole Z9) by treatment with excess Eschenmoser’s reagettt)tire
3:4-butanopyrrole 34) in methanol containing potassium ferricyanideforals the
porphyrin32 (Fig. 1.8).

| ©

- A
Et Et (&) Et Et
\,/—\\/ (CH2=NMe) T + )y
P A \
H MEQN H NM92 H
(29) (33) (34)
MeOH/A
Et I},-*"“\f
Et J\I,f\/\ﬁ,-
>——-NH N——\{ KaFe(CN)g
e

Figure 1.8  The 2,5-bis(N,N-dimethylaminomethyl)pyrroléthwthe 3:4-

butanopyrrole in methanol, affords the porphyrin.



This reaction again proceeds through the porphgeno35, which is not
isolated; the avoidance of acidic reagents anzatibn of an in situ oxidant (potassium
ferricyanide) avoids pyrrole ring redistributionactions on the intermediate species
(such as35) prior to porphyrin32 formation.

1.1.3  Porphyrin Synthesis Using Reactions of Dipyrroles

The two most common dipyrroles used in porphyrimtsgses are the
dipyrromethanes3Q) and dipyrromethened@); the latter are usually handled as their
highly crystalline hydrohalide salts (e.d41) (Fig. 1.9). Collectively, such syntheses of
porphyrins using dipyrroles are known as [2+2] apphes.

Y
N NH N/
N

ST, D 5
3, ! ] "l / |
\_NH HN—/ VNH N=

(39) (40) 2

Figure 1.9 Dipyrromethanes and dipyrromethenes.

Me Me
Bt Me \ Etjﬁ*‘f’ﬁ“\*"’” \ g,
,. II'-.II".I — \ I\'I.I H H 'N o
NN AR
Me/\N R HCO5H and HBr " ® Me
H 5"
(43a)R = H (42)
(43b) R = COH

Figure 1.10Self-condensation.
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The synthetically more useful unsymmetrically sitbstd dipyrromethene salts
(e.qg.,44) are best obtained by the condensation of a 2¥fijpyrrole @45) with a 2-
unsubstituted pyrroletg) in the presence of acid (usually HBr) (Fig. 1.11)

Me Et H Me
N—r( S—( HBr
g ¥ gy =
ve” N cHo  HT N Me
i i
(45) (46) (44)

Figure 1.11The preparation of unsymmetrically substituted/dipmethene salts.

Heating of 2-bromomethylpyrroleg?) with 2-bromopyrroles48) (synthesized

by bromination of 2-unsubstituted pyrroled9)) in presence of bromine also gives

good yields of unsymmetrical dipyrromethene hydoohides 50) (Fig. 1.12).

CO.Et  Me
Me CO.Et Me CO4Et : _.
N/ RS
/Y + [\ Bryand HOAc, A~ Me—( [ I ) COgEt
/ /l\ ,/\ . ' ~NH H,N.-_:<
B N "CHpr B N 'Me Br = Me
H H Br—
(47) (48) (50)
23& ﬁrg
Me CO.Et
(2
H N Me
H
(49)

Figure 1.12The preparation of unsymmetrical dipyrromethengrblgromides.
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1.1.3.1Using Dipyrromethanes

1.1.3.1.1 Syntheses of Dipyrromethanes

Symmetrically substituted and unsymmetrical dipgrethanes can be obtained
by using a number of different approaches. Dipyetimanes (e.g55 and56) which are
symmetrically substituted about their meso- (&e),carbon are obtained in moderate to
good yield by self-condensation of bromomethylphgso 67) (obtained from the
corresponding 2-methylpyrrol®&&) by bromination) in hot methand1 or by heating
2-acetoxymethylpyrroles5@) (obtained from the appropriate 2-methylpyrrob®)(by
treatment with lead tetraacetate) in methanol ¢ommg a small amount of hydrochloric
acid (to give $6)) (Fig. 1.13). 2-Unsubstituted pyrroles (e @), upon treatment with
formaldehyde, also give dipyrromethanes, &@(Fischer et al., 1925).

COyMe COsMe
COsMe COsMe N
MG\J Me - L
Bro/ether )—j MeOH/A Ve NN Ve
A P ,-*'NH HN—
PhCH0,C° N Me PhCH0,C N CH, PhCH,0,C CO3CH2Ph
H H  Br
(58) (57) (55)
M Et Pb(OAc) o o
e C)4 Me Et Me Et
7 HOAc N—(  MeOH/HCI, A XN N
o, —— 7\ ' Me—\ [ 17 )—Me HCHO I/
s10,¢7 N Me AN y—NH HN—= AN
2L Et0,C" N° "CHy Et0,C COLEt EtO,C H
: H  OAc H
(60) (59) (56) (61)

Figure 1.13Dipyrromethanes.

Good vyields of 5-substituted dipyrromethanes (eGf) are obtained by
treatment of a 2-unsubstituted pyrrole (e§3 with dimethylacetals of aliphatic

aldehydes in the presence of an acid catalyst (Fig}).
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Me_  Et
7 (MeORCHCHCOMe
N

PReROLC T TsOH PhCH0,C CO,CH,Ph
(63) (62)

Figure 1.145-substituted dipyrromethanes.

The related 5-aryldipyrromethanes (e@l) can be prepared by treatment of an
arylaldehyde (e.g., benzaldehyde) with excess 2hsiguted pyrrole (and even pyrrole
36, itself) in the presence of an acid catalyst (Eid5).

Figure 1.155-aryldipyrromethanes.

Dipyrromethanes, e.g.65 with an unsymmetrical arrangement of pyrrole
substituents can be obtained in good yield by readf 2-acetoxymethylpyrrole$6)
with 2-unsubstituted pyrrole$7) in methanol containing a small amount of tolupne
sulfonic acid (Fig. 1.16).

MeO,C
Me Et ® TsOH/MeOH Ve
/A + [\ _
PhCH,0,C I‘\I CHj H "\1 CO,t-Bu PhCH504C COxt-Bu
H OAc H
(66) (67) (65)

Figure 1.16 Dipyrromethanes, with an unsymmetrical arrangemenht pyrrole

substituents.



13

Alternatively, the same reagents can be heatedarial acetic acid containing
sodium acetate, or in glacial acetic acid alonedidcMontmorillonite K-10 clay has
also been shown to be a very useful catalyst foth®ses of unsymmetrical (and
symmetrical) dipyrromethanes from starting materslich a$6 and67 (Freeman et
al., 1999).

1.2 PORPHYRAZINE

Pc and Pz ligands can be modified through thagbaeplacement of the four
pyrrole or isoindoline moieties (Elvidge et al.,529. Core modified porphyrin
compounds in which one or more of the pyrrole giéras is replaced by either a carbon
atom or another type of heteroatom have been tbasfmf considerable research
interest. This type of structural modification ies$ common in the Pc literature,
however, due to the limitations imposed by the atgtramerization approach. Most of
the research that has been carried out in this arealves the synthesis and
characterization of AAAB compounds, typically refd to as three-quarters-
phthalocyanines, and ABAB compounds, which are cgipy referred to as
hemiporphyrazines (Fig. 1.17).

Figure 1.17 Molecular structures of dicarbahemiporphyrazindt)(lean HPz, andn

benziphthalocyanine, a three-quarters-phthalocyafright).

In 1952, Elvidge and Linstead reported the firshraple of an HPz based on a
cross-condensation of 2,6-diaminopyridine and lijgidoisoindoline to form an opp-
di pyridine structure in which two of the isoindadi moieties of Pc are replaced by
pyridines (Fig. 1.18).
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Figure 1.18Formation of Hemiporphyrazines.

Almost simultaneously, Campbell applied for a UPatent (Campbell, 1956).

The synthetic strategy is analogous in concepdasbn’s subsequent patent for the
selective formation of ABAB compounds (Fig. 1.19),
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Figure 1.19Selective Formation of an ABAB Structure from a §&@ondensation
Reaction of 1,3,3-CI-6-N® Isoindolenine (1) and a 1,3-
Isoindolediimine (2).

since the diamine compound can only react withdilrainoisoindoline precursor. The
authors subsequently reported the formation ofresef free base macrocycles using
1,3-diaminobenzene, 2,7-diaminonaphthalene, 2 ®udi@acridine, and 3,5-
diaminopyridine.



16

1.2.1 Hemiporphyrazines
1.2.1.1Syntheses of Hemiporphyrazines

N WR/@L/@\

diaminopyridines

3-diaminobenzene
P T e el

2,7-diaminona phma!ene

HZN

-

2 8-diaminoacriding

Figure 1.20Synthesis of Hemiporphyrazines from a Series ohiias.

Elvidge and co-workers also studied the synthestpp-di-n-benziphthalocyanine and
explored the formation of metal complexes (Elvidgeal., 1952). Benziphthalocyanines

are of particular interest in this regard, sincgamometallic complexes can be formed

(Fig. 1.21).

N N
,p‘ h\
NH HN
cu' or Cul salt,
AgNQ,, pyridine, pyridine,
methanol, air methanol, air

e N____
7, INs :‘&
c \/N N\ ﬁj,ﬁu \

=
N ;ﬁg ‘\I—H N@ A
N i§ NOZ" "‘N—@
c
=

N
H

=

Figure 1.21Synthesis of Dicarbahemiporphyrazine Metal Compexe
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Russian researchers subsequently reported a wide i other HPz’'s based on
the reaction of 1,3-diiminoisoindolines with 2,4&diino-6-chloropyrimidine, 2,4-
diamino-3-chloro  striazine, 2,5-diaminothiadiazole2,7-diaminofluorene, 2,7-
diaminophenylene sulfone, and 2,4-diamino-3,4-cioghiophene (Al'yanov et al.,
1970). HPz's have recently been the subject ofwedeanterest by Ziegler and Durfee
(Fig. 1.22).

Figure 1.22 ORTEP diagrams of the Mn(ll) and Co(ll) complexed o
dicarbahemiporphyrazine drawn at the 35% probabilievel.
Hydrogen atoms are omitted for clarity except atititernal positions.

In 1957, Elvidge reported the synthesis of a thueegrs- Pc with a benzene
ring (m-benziphthalocyanine) based on a cross-condensaitib/3-diaminobenzene and
1,3-diiminoisoindoline and a two step (3+1) synihetrategy. Reaction of the -S@H
derivative of 1-imino-3-thioisoindoline with  1,3amhinobenzene or 2,6-
diaminopyridine results in the formation of threeituprecursors, containing two
isoindoles and one benzene moiety, which can then réacted with 1,3-
diiminoisoindoline (Fig. 1.23) (Elvidge and Golddr®57).
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Figure 1.23Formation of three unit structures.

Attempts to form a three-quarters-Pc compound @iz a pyridine ring on
this basis failed, as did attempts to form ABCB ponmds because the three unit
precursors split to form two unit compounds whicteferentially undergo self-
condensation to form symmetrical ABAB HPz produ&bridge and Golden, 1957). In
the late 1960s, Bamfield reported the first sudutdsrmation of a three-quarters-Pc
containing a pyridine ring by using the Ni(ll), @y and Au(lll) complexes of a 2,6-
bis(3-imino-1"-isoindolinylidene amino)pyridine three unit. Inethiate 1980s, Torres
and co-workers adopted this approach, building amliex research by Russian

researchers, to synthesize a wide range of 1,@2Zetephthalocyanines (Fig. 1.24)
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Figure 1.24 Non-aromatic and aromatic structures of triazolepenphyrazine (top).
The non-aromatic structure is more stable due stability arising from the
structure that the triazole rings must adopt tobenaromatization. UV-
visible absorption spectra of 8,21-didodecyl-2,3154
tetracyanotriazolehemiporphyrazine (continuous)liaed 8,21-octoxy-2,3-
dicyanotriazolehemiporphyrazine (dashed line)cin 9 x 10° M CHCls

solutions (bottom).

and 1,2 4-triazoleporphyrazines, including many hwieBCB structures. Cross-
condensation syntheses were often also carried Twutes and co-workers have
reported that three unit precursors can also bebowd to form ring expanded
analogues with four isoindole and two triazole meg In 2001, expanded
hemiporphyrazines with  ABABAB structures containiigree sets of alternating
nitrogen and sulfur atoms at the core were repditeithe Torres and Kobayashi groups
based on a cross-condensation of 1,3-diiminoisdimeloand 2,5-diamino-1,3,4-
thiadiazole. The ABABAB structure is believed todreergetically favored relative to a
conventional ABAB structure due to the angles fainaé the bridging nitrogen atoms.
In recent years, Berezina and Vorob’ev have usHtue®e unit precursor formed from

1,3-indandione and 2,5-diamino-1,3,4-thiadiazole feonmn HPz and three-quarters
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phthalocyanine compounds with sulfur atoms reptat¢he metal coordinating pyridine
nitrogen atoms of the parent HPz compound and oadboms replacing the pyrrole
nitrogens. Peripheral pyridine and pyrazine ringsehalso been incorporated into the

isoindoline moieties (Kulikov et al., 2004).

There is clearly scope for the synthesis of a weide range of core modified
HPz's. Given recent advances in Pc synthesis, rdmfitibnal hemiporphyrazine and
three-quarters-phthalocyanine nomenclature for amadified ABAB and AAAB
structures may prove to be inadequate. In recemtsy&obayashi and coworkers have
reported the use of 1,8 dicyanonaphthalene as eups@ in conventional mixed
condensations with phthalonitriles to form a seaésompounds in which at least one
of the five-membered pyrrole moieties of the Patid is replaced by a six-membered
ring. ABBB, AABB, and ABAB structures have been oejed where A denotes the
presence of a six-membered pyridine ring and B tmn@n isoindoline moiety.
Although AAAB and AAAA structures would normally bexpected to form as well

during mixed condensations (Fig. 1.25)
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Figure 1.25The products anticipated for a mixed condensatfawo phthalonitriles
A and B.

steric considerations probably prevent it in tloatext. The AAAB, AABB, and ABAB
compounds are best described as core modified Ipbtfeines, since they are formed
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using the conventional cyclotetramerization appinotac phthalocyanine synthesis and
the AABB structure does not fit the existing nomanhae.

1.2.2 Seco-Porphyrazines

1.2.2.1Syntheses of Seco-Porphyrazines

A second approach, which has been used to modify-8ystem of Pz’'s at the
peripheral bonds, involves partial oxidation rathiean reduction to fornsecoPz's
(Nemykin et al., 2000). AecoPz has been defined as being a Pz compound in wahich
least one of the outer peripheral pyrrole bonds lbesen broken and replaced by two
acyclic substituents, which usually contain oxygésms (Fig. 1.26).

N, N=
N M N
\ PN 4
N N
Me N~ NP ~NMe,
Me;N NMe,

Figure 1.26 Molecular structure of 2,3,7,8,12,13,17 d&akis-(dimethylamino)-2-
secoPz-2,3-dione.
In 1999, Barrett and Hoffman and co-workers regmbthe formation of a free
base secoPz, during standard Linstead condensation reactiohsmaleonitrile
derivatives (Fig. 1.27)
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Figure 1.27 Phthalocyanine precursors include (a) phthaloegril (b) phthalic
anhydrides, (c) phthalimides, (d) 1,3-diiminoisamhdes, and (e)
phthalamides. The equivalents for (a) and (d) irpbgrazine synthesis

(INSET) are maleonitriles and 2,5-diiminopyrrolinesspectively.

containing twon-BuS- or —-NMe substituents. A side product had earlier beercadti
during the formation of star porphyrazines, whiabntain eight metal ligating S-
substituents. When this was investigated in ddptlias found to only occur when the
reaction was carried out under aerobic conditidiie presence of strongly electron
donating substituents such as -NMesults in electron rich double bonds on the ligan
periphery, which can readily react with singlet gag (Fig. 1.28).
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Figure 1.28Mechanism fowseco-ZnPz formation.

Further studies demonstrated that metal compleaesbe prepared and that
AAAB, ABAB, and AABC secoPz structures can also be formed (where A, C, and B
denote substitution of pyrroles with alkyl and -NMgoups and the pyrrole moieties
which are disrupted, respectively) based on oxdaf the products from mixed
condensations. More recently, Gonca and co-workekge reported the synthesis of
secoPz’s based on the presence of eight-4-biphenylaghthyl, andt-Bu-phenyl
substituents (Gonca et al., 2008)

1.3 PHTHALOCYANINE
Phthalocyanins (Pcs) can not be found in natureMastdiscovered accidentally

in1907 during preparation of o-cyanobenzamide fpdrthalimide and acetic acid at the
South Metropolitan Gas Company in London, (Fig9a)2Braun and cherniac, 1907).
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Further discoveries of metallated derivatives ofs Reere made starting with de
Diesbach and von der Weid in 1927 (Dandridge et 1829). The structure of Pc
remained unknown till (Linstead et al., 1955),wheed the technique of elemental
analysis, molecular mass determination, and oxidatilegredation which gave
phtalimide to indicate that Pc is a symmetrical raagcle having four isoindoline units
and Robertson (Robertson and Woodward, 1940) i4,19Big. 1.29) The word

“phthalocyanine” (Pc) originated from the combioatiof Greek terms for naphtha
(rock oil) and for cyanine (dark blue) was used ttog first time by Linstead of the
Imperial College of Science and Technology in 1983describe a symmetrical
macrocycle composed of four iminoisoindoline unitkere the pyrrole groups are
conjugated to benzene rings and bridged by azageitrs (G;H16Nsg) , (Fig. 1.29)

e ﬁ\?

Figure 1.29H,Pc @) and MPc ).

Pc is a general name for benzannulated derivativéetbaazaporphyrin or
porphyrazine. There are mainly two types of Pcdalffeee phthalocyanine @®c) and
metallated phthalocyanine (MPc) as described ig.(Ei29) The specific Pc compound,
H2Pc, whose structure is seen in (Fig. 1.29), is dimeplest Pc possible where the
macrocycle contains no metal and there are no apsabstituents on the periphery of
the Pc ring. Other members of the Pc family cafedifrom HPc in either or both of
these respects. Pc can be formed complex with alraethe center of the molecule
called metallo-phthalocyanine (MPc), (Fig. 1.29b)etallated Pcs are formed by
substituting the hydrogen atoms in the center efdbmpound with metal ions, mostly
in the +2 oxidation state. When a metal cationnitsoduced to the Pc molecule, the
macrocycle exists as dianion (B@nd can be oxidized or reduced to different ctkina
states (Leznoff and Lever, 1996).
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A Pc molecule consists of a central cavity that aacommodate different metal
ions. Introduction of metal cations (e.g.’Fezn”*, C&* etc.) into the central cavity of
Pc molecule influences its physical properties tlyedhe photophysical properties of
Pcs are also strongly influenced by the centrabhieh. Complexation of Pcs with an
open shell or paramagnetic metal ion such & @o*", F&€*, Ni**, CP* or Pd” results
in shortening the excited state lifetimes due t® ¢fffects of the unpaired electron(s),
which in turn makes the compounds photo inactiws. €ntaining a closed shell or
diamagnetic metal ion, such as®ZnAl** and G&" have high triplet state quantum

yields (r> 0.4) with longer life-timestf > 200us) .

Many metal atoms can fit exactly into the centmlity without destruction of
the planar structure of the Pc; however, some metat are too large to be
accommodated in the central cavity of the Pc, caudistortion of the planar (Ziolo,
1981). Like the porphyrins as in (Fig. 1.30), Pes a class of tetrapyrrolic (TP)
macrocyclic compounds, have bivalent, tetradentptisar, 18r-conjugated electron
aromatic ring systems. Porphyrins, have four methiidges (—CH=) linking the
individual four pyrrole units. In contrast, Pcs ammposed of four pyrrole units, linked
by four aza (—N=C—) groups at tlhecarbon of pyrrole unit and they have four aza
bridges and four phenylene rings (Leznoff and Le%666, Ziolo, 1981). The periphery
of the macrocycle is also extended by fused benzémgs, which enhance the
absorption at longer wavelengths compared to pomphyery strong, absorption peak
in the far red region of the visible spectra.
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Figure 1.30TP macrocycles; pyrrole unit, unsubstituted porptejrporphyrazine,
MPc, HPc, and NPc.

Between the time frame of the years 1930-1950 fuleslucidation of the Pc
chemical structure was determined and its X-rayctspgabsorption spectra oxidation
and reduction, catalytic properties, magnetic prigg® photoconductivity, and many
more physical properties were investigated. As sulteof these studies, it was
concluded that Pcs are highly colored, planarnid@ectron aromatic ring systems
similar to porphyrins into the central cavity of mih more than 70 different metal ions

have been incorporated (Leznoff and Lever, 199&) &8ig. 1.30).

Since the discovery of the phthalocyanines, thenmfaius of the chemists has
been on tailoring of their properties to producelenolar materials for previously

targeted medical or technological applications. sTmany efforts are geared towards
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the synthetic strategies in order to increase @hge of possible molecules. The intense
blue-green color of phthalocyanines is due to teetmnic delocalization of their 1.8
electrons. This made them to be initially utilizediustrially as dyes and pigments in

various fields.

Since then, their outstanding and tailorable prigpeisuch as liquid crystallinity
(24-26), generation of singlet oxyger2®-30) and redox properties3{,32) have
enhanced their use as efficient agents in sevegaltechnology applications including:
photodynamic therapy, a technique for which phttydoines are currently the most
promising class of compound3343), for photodynamic antimicrobial chemotherapy
(44-47), as sensors48-51) including biosensors5@53), for non-linear optical
applications %4-59), dye sensitized photovoltaic productiod0¢63), semiconductor
materials §4,65), oxidation or reduction catalysts and photocataly66-68) among
others. Their combination with nano-materials (quandots, nano-tubes, liposomes,

dendrimers) §9-74) may efficiently enhance the desired properties.

The intrinsic structure of these compounds makesnthwhen unsubstituted,
insoluble in nearly all the solvents. However appiate substitution pattern helps to
overcome this problem. Indeed, the flexible pofotsa chemist aiming at synthesizing
soluble phthalocyanines are the substitution patferacrocyclic and/or axial) as well
as the choice of the metal (Fig. 1.31). The intatidun of one or two nitrogen atoms on
the isoindole sub-units (the corresponding tetrgioyoporphyrazine and
pyrazinoporphyrazine derivatives being commonlyiglested as azaphthalocyanines
(75)) is another point allowing for the tailoring ofgperties. Water solubility is a quest
for many chemists in various fields, as several tlé current applications of
phthalocyanines are of biological interest and/equire environment friendliness,
necessitating water solubility in various concetirg pH, etc. ranges. This is the case
of biological and medical applications such as ptighamic therapy. Another very
important application of water-soluble phthalocyess is the catalysis of reactions in
agueous media, the main one being the degradditipallatants. Catalysis of reactions
in aqueous media is currently becoming of majoerggt76. Thus, when designing a
phthalocyanine on demand for a specific applicatimnto get a precisely targeted

property, its water solubility may be a requirement
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A first historical approach for using phthalocyamim aqueous media was to
formulate insoluble phthalocyanines mainly with theeparation of emulsio@7 or
incorporation in water soluble polymers, covalem8y by weaker interactiong9 or by
dialysis procedure7(,80). Conferring intrinsic water-solubility to phthalganines is
based on two main strategies: ionic substituenstrongly hydrophilic ones, commonly
carbohydrates or polyethylene glycol. Water-solulgphthalocyanines are not
systematically used in aqueous solutions. Someajitdanines that are not water-
soluble may become so after bonding to some polyr@ir82). In order to limit the
scope of this review, and as the water-solubilgynot an intrinsic property of the
phthalocyanines, they will not be mentioned henethis review, we will overview the
synthesis of the reported water-soluble phthaloicye anionic, cationic or non-

charged.

It is important at this point to define the wateitsility we are speaking about.
Many of the applications said to require water Bldyphthalocyanines will in fact occur
in aqueous medium, for example buffered solutiddisch media are considered to
belong to our topic. The phthalocyanine macrocigk hydrophobic system: to make it
water-soluble, hydrophilic moieties must be addma] the resulting system will be
more or less amphiphilic. Its water solubility deds on its overall amphiphilic
balance, and as well on other parameters such gegajion, the “nature” of the
agueous medium in terms of P88, ionic strength, and presence of a co-sol&ht
among others.

Non Peripheral

substituents Variations of the metal

Axial substituents
X'—:w

/
NN

K_ Non Peripheral

Peripheral / \ quaternization
substituents z;j\ Q

X:NorCH
Figure 1.31Modulable points of phthalocyanines.
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1.3.1 Anionic Water-Soluble Phthalocyanines

Anionic substituents commonly utilized to confer tera solubility to
phthalocyanines are sulfonate, carboxylate, phasgHoased functions, attached
directly on the macrocycle or borne by various spac Their water-solubility is
strongly pH-dependent, the conjugated acid formth@$e groups being not necessarily
water-soluble. The reported phthalocyanines bearallys only one type of these
functions, with the notable exception b{Fig. 1.32) which bears concomitantly two of

the most common functions: sulfonic and carboxgtims.
Some metallated unsubstituted phthalocyanines &#adlya complex cyanide
ions (86—89. This allows the solubilization of these unsulgtitl phthalocyanines

(when metallated by metals such as Fe, Ru andnGgjueous KCN or NaCN solutions,

as a result of the formation of water-soluble ca®pk bearing axial cyani@9-91).

m{; @M

1
M: Cu, Co, Zn, Fe(OH)

Figure 1.32Phthalocyanind substituted by carboxylic and sulfonic acids.
1.3.2 Cationic Water-Soluble Phthalocyanines

Cationic groups are obtained by the quaternizabbraliphatic or aromatic

nitrogen atom. The quaternization occurs at the @nthe synthetic pathway, on the
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formed phthalocyanine. The nitrogen atom which Weél quaternized is present during
the phthalocyanine formation in the form of an aenam pyridine derivative, or can be
part of the macrocycle itself (case of the tetrapigpporphyrazines). A few examples
describe its introduction on a previously formeddiionalized phthalocyanine. As far
as we could find out, both types of cationic quaitesd phthalocyanines: alkyl or
aromatic, were described concomitantly for thet firme in 1989, slightly preceded by
quaternized tetrapyridinoporphyrazines. A specibapter will be devoted to the
quaternization of the nitrogen atom belonging t® iiacrocycle of azaphthalocyanines

(tetrapyridino and tetrapyrazinoporphyrazines).

1.3.3 Non-ionic water-soluble phthalocyanines

Several types of non-ionic substituents are al$e tmbconfer water-solubility to
phthalocyanines. They can be divided into threenmigpes: polyethyleneglycol,
carbohydrate substituted phthalocyanines and ofa@yhydroxylated substituted

derivatives.

1.3.4 Ultraviolet and Visible Spectra of Pcs

Pcs contain a highly conjugated aromatic p systeeanoff and Lever, 1996
H.Pcs and MPcs possess intense color arises fronurtiggie property of having a
single band located in the far end of the visifdectrum near 670-730 nm, termed the
Q-band, with an average molar absorptivity ¢f 10 L mol‘cm™ (van Lier, 1988) is
shown in Fig.1.33. In addition to that, there i®#wer absorption in the Ultra Violet
(UV) region between 320 and 370 nm, denoted thetSmand (B-band). These bands
are formed because of the transitions between ttlewing orbitals during the
transitions. The Q-band absorption pattern wasgasdi to the p-p* transition from
highest occupied (p) molecular orbital (HOMO), of, aymmetry, to the lowest
unoccupied (p*) molecular orbital (LUMO) of &ymmetry. The left side of the region
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(a)600 700 800 (b) 600 700 800
nm

Figure 1.33Typical absorption spectra of (ayfPt and (b) MPc in the Q-band.

Figure 1.33 represents the ground state of a typdd@® macrocycles showing
the two top most filled bonding p-orbitals;{&and a, ) and the emptyg¢§*) orbital.
The transition a, —» e and a, — e are responsible for the intense Q and B (Soret)
bands of the UV-visible spectrum (Leznoff and Levi396). Their absorption spectra
are characterized by one to two very strong absorptbetween 670 and 730 nm as
stated in Fig. 1.33 shows typical absorption speofrHbPc and MPcs in the Q-band
region. The characteristic intense blue (or blugeg) color of Pcs results from the Q-
band absorption, which is quite sensitive to therenment of the Pc macrocycle and
substitution pattern on the Pc ring. For examplesubstituted BPc possesses,p
symmetry whereas MPc belongs tg,Bymmetry. The reduced symmetry ofRds is
responsible for the split Q-band obtained from @hsorption spectrum in Fig. 1.33a
(Leznoff and Lever, 1996).

1.3.5 Solubility of Pcs and Aggregation Phenomenon

Pcs possess high thermal and chemical stabilitgr(@# and Lever, 1996, Ziolo
and Extine, 1981); however, their applicationslam&ed due to poor solubility in polar
and non-polar solvents. That is why, there are nahifigrent types of modifications that
can be applied to the macrocycle by either addimgtional groups at the peripheral or
non-peripheral sites of the benzo ring or by intrtebn of different central ions. Some
of these modifications can distort the planar stmec of Pcs, which may greatly
improve solubility (Ziolo and Extine, 1981).
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Pcs containing alkali metals in the central cavitye ions protrude from the
plane of the Pc ring, resulting in a disruptiortled p stacking (Leznoff and Hail, 1982)
between the macrocyles. Therefore, enhanced sjuil polar organic solvents is
observed with alkali metal derivatives such agPtior NaPc. In addition to this, as
stated above adding substituents to the periphemhe Pc increases their solubility
since these substituents contribute to an increaskee distance between the stacked
macrocyles and enable their solvation (Leznoff Had, 1982), (Fig. 1.34) As has been
previously mentioned, unsubstituted Pcs are extyenmsoluble in most common
solvents. In order to increase the solubility aadmprove the physical, chemical and
electronic properties of the Pc macrocycle, a segiyiendless number of functional
groups and substitutions have been added to tHePework via covalent attachment

to benzene rings on the periphery of the macrocyde.

A careful consideration of the functional groupsled to the Pc can be used to
fine-tune the properties of the macrocycle, leadiagcompounds with heightened
characteristics for a certain application. Simplactional groups such as alkyl chains,
higher order aromatics, ethers, amines, thiolsdéaland various acidic groups have
been used to improve pure solubility and pure attarestics of Pcs. More exotic
substituents including crown ethers, dendrimenspéenes and tetrathiafulvalenes lend
other properties to the macrocyle that may enh#meie activity and utility in various
applications. Polynuclear Pc systems have also pegmared in order to synthesize
novel organic materials, new chemical catalysts &igh temperature polymers.
Although a maximum of sixteen substituents can deed to the periphery of the Pc
macrocycle, the most commonly synthesized Pcs itoatdy four or eight substituents.
Symmetrically octasubsituted Pcs are usually ledsbte than their tetrasubstituted
analogues, since the latter are synthesized agtammiof four isomers, which results in
a lower degree of order in the solid state and éemcreased solubility. Metal cations
with an oxidation state of (+1) can also be incoaped into the central cavity. The
bonding between the central metal atom with a Exidlation state (Ui, K*, Na' etc.)
and the four nitrogen atoms of the macrocycle issitered to be electrovalent in
nature, characterized by its ionic character atative weakness. The central nitrogen
atoms can ligate two Matoms, (as in Fig. 1.34). However, in this case, ¢antral
nitrogen atoms ligate two ions. Since both of themons cannot be accommodated in

the central cavity, the metal ions protrude frora ptane of the Pc ring. Pc and other
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alkali metal derivatives possess high solubilitypolar organic solvents. Due to the
strong covalent and coordinate covalent bonding, Ei34, between the Pc and the

metal ion, the metal cations cannot be removedawnitdestruction of the macrocycle.

There are two types of possible bonding: electemahnd covalent. According
to X-ray analysis, the central metal atom with 2)(exidation state is bonded to two

nitrogen atoms by covalent bonds and to the otlerriitrogen atoms by coordinate

covalent bonds, (Fig.1.34)
N~
=N N /
N\ \M/ /N
~ A
N

Figure 1.34Central metal atom (M)-ligand bonding in Pc.

Enhanced solubility of the Pc ring is also seermwigher oxidation-state metal
ions (larger than +2). These metal ions can accotateoan axial ligand that distorts
the planarity of the Pc macrocycle, enhancing thelslity of the Pc (Ziolo and Extine,
1981). The strong bonding between the central metabnd the Pc ring results in the
formation of a highly stable adduct that can bepgred from various synthetic routes as
indicated in Fig. 1.34. Pcs solubility can be gseahproved by placing substituents on
the Pc ring either peripheral or non-peripherassiand introducing metal ion to the
central cavity (Leznoff and Lever, 1996, Leznoffladail, 1982). These modifications
on Pc ring cause the absorption spectra to sm§dowavelengths in UV-Vis region, as
shown in Figure 1.33. Pcs possess an extended jpgeded electron system which
permits p-stacking (aggregation) between planarrotgcles, provided the distance
between the macrocycles is small. It is this int@eoular interaction between the
macrocyles that causes Pcs to be virtually inselulblcommon organic solvents and

thus limits their applications (Leznoff and Lev&$96).
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The poor solubility of Pcs may arise, in large p&xam the strong molecular
association due to the p-p* interactions amonghthaerocyclic rings.

(a) (b) (c)

Figure 1.35 (a) Pcs are stacked together by #her* interactions. Thert - * stacking
tendency is reduced by the attachment of (b) digahds or (c) bulky
substituents onto the periphery of the macrocyeie.

As expected the macrocycle possesses a poor sglubilcommon organic
solvent and is highly aggregated. This aggregapbenomenon hinders both the
purification and characterization processes. Thygregation phenomenon has a
substantial influence on the spectral propertieBas. For example, aggregation usually
induces a blue-shift of the Q band of Pcs from6d&. to 620 nm and a broadening of a
signal. The introduction of naphthoxy substituentg only enhances the lipophilic
character of the molecule, but also prevents itéeoutar aggregation in solution for
steric reason, potentially resulting in superioofophysical characteristic enhanced
PDT properties. Naphthoxy substituents molecule hagithesized recently.
Characterization by proton nuclear magnetic resomdd NMR spectroscopy is also
difficult for aggregated Pcs. The concentration #drNMR (usually at least TDM)
studies is too high to prevent aggregation anduwlhilislead to a broadening of the ring
proton’s signals. To overcome these undesirablectdf appropriate substituents
(Leznoff and Lever, 1996, Leznoff and Hail, 1988 atroduced to the macrocycle to
increase the separation of Pc molecules, therahycieg the aggregation tendency and
increase the solubility of Pcs in water and mogfaaic solvents. The most common
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approach used to overcome this problem is to fanatize the peripheral benzo units
with various substitutents which can interact wviita solvent (Leznoff and Lever, 1996,
Leznoff and Hail, 1982). Depending on the naturethafse substitutents, the Pc can
become either water soluble (ie: $6Ogroups) or soluble in organic solvents (i.e.:

neopentoxy groups).

In general, substituents can be introduced to i positions or the periphery
of the macrocycle. In order to prevent these umdbla effects, the attachment of axial
ligands to the central metal ion of MPcs or periph&ulky substituents can enhance
the solubility and weaken to face-to-face intermalar interactions. Bulky substituents
can be introduced either at the 3- or 4-positioplahalonitriles, (Fig. 1.35)ett-Butyl
group is one of the most commonly used bulky fragimeo prevent aggregation
(Mikhalenko et al., 1971). The other commonly uggdup is tetra-substituted Pcs
which were first prepared by Luk'yanets et al. &etubstituted Pcs since being as a
mixture of four positional isomers, ofsC,\, Csn, and Dy Symmetries, in a statistical
ratio of 4:2:1:1, which results in a lower degrefeooder in the crystal lattice and
enhances solubility of the Pcs. HPLC techniquesisduto differentiate isomers from
each other.

1.3.6 Photosensitizers for PDT

In contrast to porphyrins, they have stronger gtigmns in the red visible region
which allows a deeper light penetration into tissu€hese applications for Pcs as a
photosensitizer in PDT are generally related tar thggh stability and efficient light
absorption ability in the visible and near-inframegjion of the optical spectrum. They
also possess favorable photophysical and chemicgdepties which can be altered
through the incorporation of appropriate substitsegither on the periphery of the
macrocycle or at the axial positions linked to thetal centre. However, Pcs tend to
aggregate which will shorten the excited statdififes and decrease the singlet oxygen
quantum yield by dissipating the energy througlenmal conversion is shown in (Fig.
1.36).

This problem can be overcome by incorporating laagd bulky substituents.

PDT is a treatment utilizing a photosensitizerjbles or near-infrared radiation and, O
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to destroy unwanted cells. PDT is a modern therapenethod for the treatment of
cancer, macular degeneration and infectious disediseclies on the fact that certain
dyes, after being injected into body, can accuneudaid cause localized cellular damage
upon excitation by visible light of suitable wawvedgh and power. Thus,
photosensitizers which can preferentially bind umeors, viruses, bacteria, fungi, and
parasites are able to destroy these biologicalaroimants that infect body tissues as a
result of light activation. lllumination on photosstizers may induce a photochemical

reaction that results in tissue destruction.

radicals,
radical ions
—_—

or 10,

Figure 1.36Essential steps in PDT.

A figure showing different stages and the essergtaps in photodynamic
therapy is given in Figure 1.36 and in Fig. 1.3heTbasic steps in PDT are to (1)
introduce into the patient a photosensitizer whsblows selectivity for the unwanted
cells, (2) wait a period of time (several hours several days depending on the
properties of the photosensitizer and the typeeti§ ¢o be killed), and (3) irradiate the
unwanted cells with light whose wavelength is mattho the absorption of the
photosensitizer. Step 2 allows the photosensitizedistribute between the various
biological compartments and to accumulate in theamed cells. Step 3 leads, with the
engagement of £) to cytotoxic oxygenated products through varigm®tophysical
pathways, and these lead to cell damage and dsattated in Fig. 1.36. The processes
which can be described by the Jablonski diagramphimtodynamic therapy are
illustrated schematically in detail in (Fig. 1.37).

Upon excitation by light, the sensitizer is tramefed from its singlet ground

state $to an electronically excited singlet state,[Gs) = 10°s)], which can undergo
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either afluorescence emission or a non-radiative decagart also undergo an ISC to
the excited triplet state [ (zt )= 10% s)], which is important for the photodynamic
action.

Type 1 reacthon
t~10°s (Free raccal process)

E‘:
& 1-“..
+ 4 4 t-107s

Oy~ supencde

94 kJ

10,
b 1§
\I Type Il reaction

jCJ;

~a
i

- 200 kd

A ——————

Figure 1.37Modified Jablonski diagram showing the generatibreactive dioxygen
species 1. Absorbtion, 2. Non-radiative Decay,lGofescence,

4. Intersystem Crossing, Sogihorescence, 6. Energy Transfer.

High singlet oxygen quantum yield is one of theursgments for achieving an
effective destruction of tumor cells. It is welldun that the efficiency of generating
singlet oxygen can be greatly enhanced by usingvyhestom substituents or
coordination with certain close-shell transitiontaieons. Zinc and aluminum Pcs for
example, usually exhibit a relatively high singtetygen quantum yield. The excited
triplet state can be relaxed to the ground statenbgraction with oxygen in two
pathways. First it can participate in an electm@ms$fer process to form oxygenated

species such as superoxide iof This is so-called Type 1 mechanism.

In Type 2 mechanism, the triplet state undergoesr@rgy-transfer process
resulting in the formation of the short-lived bugtiy reactive singlet oxygen'@s),
which is a powerful, fairly indiscriminate oxidatiat reacts with a variety of biological
molecules. It is generally agreed that singlet exygs the main cytotoxic agent for

cellular damage and the photodynamic therapy pdsceamainly by the Type 2
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mechanism. It is explained in detail in the follagisection. It is shown in Figure 1.37
and Figure 1.38.

Photosensitizer in tumor

ﬂvhv

Excited State Photosensitizer

TYPE| Substrate ory \ TYPEII
2
10

Radicals or Radical
lons

2
02 /
Substrate orSolvent

Oxvgeneted
products

l

Functional and structural
alterations

J

Tumor Necrosis

Figure 1.38Mechanisms prospect for PDT.

1.3.7 Electrochemistry

Since the first electrochemical studies of porpigrian interest in Pcs, their
sister compounds, has been expressed. Howeveanuthber of studies about the redox
properties of porphyrins grew much faster. The ehess of these macrocycles to some
enzyme sites had implications for the interesthieirt electrochemical properties, but
another factor has also played a big part in tfferénce of activity between the fields,
and that is the much lower solubility of Pcs; therensulfonated compounds were the
first to be studied by electrochemistry. The la¢kPo solubility also influenced other
physicochemical studies, of course, but was alsoaofreat importance for the
purification and the characterization of the commisi The influence of the pure
solubility and purity of Pcs on their physicocheatistudies is still apparent in the
published works, but is less important now becahsesynthetic chemistry of Pcs has

developed in recent years, so that modified andensmluble macrocycles are now
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available. These substituted Pcs have differenpeaties, and particularly modified

redox behavior, which justifies their electrocheahistudy.

Although the chemistry of porphyrins is much righgotentialities of the Pcs in
the field of applications, as precursors of materiare more promising, because of their
robustness, their chemical, thermal and photocr@nstability, which made them
successful as dyes (Leznoff and Lever, 1996). Elebemistry is appropriate technique
to look at the molecular orbital energy levelstod molecules which are at the origin of

their spectral properties, and of their capacitgdoept or give electrons.



CHAPTER 2

FLUORINATED TETRAPYRROLE COMPLEXES

2.1 FLUORINATED PORPHYRINE DERIVATIVES

The one of the bestelectron-donating materialspfustovoltaics seems to be
porphyrins and phthalo-cyanines because their phottoc properties can be designed
by suitable structural modification. Thus a lot aifention is put on the basic photo
physical properties of these dyes. Such investigatare needed in searching for good
organic dyes that could beused in a new generdiersensitized photo- device based
on covalent electron-donor—acceptor systems. Tlas imvestigated phthalocyanines
substituted with fluorine or chlorine atoms and whewed the occurrence of resonance
effects which influence the dye’s electronic andtplurrent properties (Siejak and
Wrobel et al., 2006).

2.1.1 A Convenient Preparation of 2,3,5,6-tetraflum-4-iodo-benzaldehyde and Its
Application in Porphyrin Synthesis

R F  1)n-Buli (CHZ0H);
2) EtOCHO _APTS j
[Ref.5] [Ref.5]
F F
2

1) n-Bui N F R F
2) 1 O-.  TFA/HCI/H0
- I | CHO
0
F F F F
5 1

Figure 2.1 The synthesis of 2,3,5,6-tetrafluoro-4-iodo-benehidle.
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Figure 2.2The synthesis of the porphyrén

The crystal structure ofiL consists of linear polymeric chains, seemingly

suggesting the O...I intermolecular bonding as theating interaction (Fig. 2.3).

Figure 2.30ne-dimensional chain fragment of aldehgdeith non-covalent O... |

bonds as the directing interaction.

To our knowledge, it is the first time that sucimiraction between an aldehyde
function and a iodoperfluorocarbon has been regoBeth the carbonyl oxygen and
the iodine are involved in the halogen bondingessiinal lone pair donor and the most

exposed electron acceptor site, respectively.

This conclusion can be drawn from the O...| distaif2g®5 A) which is
significantly shorter (by ca. 17%) than the sunthaf van der Waals radii of oxygen and
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iodine (Bondi, 1964). The nearly linear arrangendr®...|I-C (O-I-C angle = 175.9°)
is consistent with the ®» o character of the halogen bonding (Foster, 1968 T
observed values are within the range of the valggmrted in the literature for
noncovalent O...I-C bonds. 4-lodobenzaldehyde, trdrdgen analogue d, shows

also non-covalent halogen bonding with only a sliglonger O ...I distance (3.07 A).

2.1.2 Photovoltaic and spectroscopic studies oflaseted halogenated porphyrins

for their application in organic solar cells

Molecular photovoltaic and optoelectronic devicasdzlon organic materials are much
cheaper and easier to fabricate than the existiogyanic systems. In photovoltaics the
organic devices exhibit much less efficiency whempared to conventional inorganic
ones, however, a new generation of the organissilia subject of wide investigations.
The perfect agents for molecular photovoltaics &hdie organic dyes with tha-
electron systems as electron donors that couldrgen@hotocurrent. The one of the
bestelectron-donating materials for photovoltaiesnss to be porphyrins and phthalo-
cyanines because their photovoltaic properties lmmesigned by suitable structural
modification. Thus a lot of attention is put on tbasic photo physical properties of
these dyes. Such investigations are needed infsegror good organic dyes that could
beused in a new generation dye-sensitized photgealdased on covalent electron-
donor—acceptor systems. In our previous papers nwesiigated phthalocyanines
substituted with fluorine or chlorine atoms and si®wed the occurrence of resonance
effects which influence the dye’s electronic anatplurrent properties. Therefore in
this paper we focus our attention on the studieset#cted porphyrins i.e., dyes with the
p-electron systems. It was previously shown thatptelectron systems are responsible
for generation of light-induced current. In thisppa we investigate three porphyrin
dyes: free base tetraphenylporphyrin (TPP) and pexphyrin dyes substituted with
fluorine atoms or chlorineones by the use of spsctipic examinations to follow all
radiative and non-radiative transitions occurrimgtihe dye molecules after photon
excitation, which could compete with photocurrentogesses generated in a
photoelectrochemical cell (PEC) sensitized by thesdThe photoelectric investigations
are correlated with spectroscopic studies and éselts were discussed in terms of
mesomeric and steric effects occurring in the suletl dyes. Thus, in the paper we



44

present absorption, fluorescence, photoacoustias pimotothermal relaxation of

excitation to follow singlet and triplet state beiwa. As far as we know, in this

contribution the photothermal studies have beeredon the first time for fluorinated

and chlorinated porphyrins and we have evidentlpw&d that the dyes under

investigations could be good agents for the neveggion donor—acceptor systems for

an organic solar cell.
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Figure 2.4 Molecular structures of the investigated dyes: , THFHPCl, and TPPE.
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2.2 FLUORINATED PHTHALOCYANINE DERIVATIVES

For many years, phthalocyanine compounds (Pcs) bese widely used in the
area of organic pigments and dyestuffs. Besidespipdication in traditional area, Pcs
have recently been used as optical storage mediacompact discs and as
photoconducting medium in photocopying machines b@@shi, 1999). Their
exceptionally high thermal and chemical stabilitgvé provoked research in other
fields, including photocatalysis, electrocatalysiand as chemical sensors,
semiconductors, nonlinear optical (NLO) devicesptpdynamic therapy (PDT) (lliev
and Alexiev et al., 1999). The solubility of Pcscomes very important for these
applications, since many Pcs are poorly solublerganic solvents and water, because

Pcs are both large and flat, which make the moéscsilack easily

2.2.1 Novel Phthalocyanines with Pentafluorobenzyky-Substituents

Phthalocyanines are well known colorants; besidesr tintense colour and
efficient energy absorption, more remarkable priperhave been discovered due to
their 18zn-electron conjugated system. On the other hanthapityanines (Pcs) are also
interesting compounds with increasing diverse itthisand biomedical applications
including semiconductors, catalysts, chemical sendmuid crystals, nonlinear optics
and electrochromic displays (Tabata and Fukushimal.e 2000). The exceptional
chemical and physical properties of these compogadsbe due to various substituents
on the benzo rings. The range of solubility in pitleyanines becomes very important
for these applications, since many Pcs are poatlybe in organic solvents and water.
The solubility of Pcs can be enhanced by addinigmdint kinds of substituents such as
bulky or long chain alkyl, alkylthio or alkoxy grpa at the periphery and axial positions
of the phthalocyanine ring (Wie and Huang et abD03). The most extensively
investigated soluble substituted phthalocyanines thie tetra- and octasubstituted
derivatives and tetrasubstituted ones exhibit gw@ahigher solubility. The formation
of constitutional isomers and the higher dipole reatnof the tetrasubstituted
phthalocyanines resulting from the unsymmetricedragement of the substituents in the

periphery leads to a higher solubility of thesaays.
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Although phthalocyanines carrying electron-donatirgubstituents have
frequently been described, those with electronwahahg groups especially containing
fluorine atoms have not been extensively studiedxid Zhang et al., 2006). Compared
to unsubstituted parent metal phthalocyanines (RBoshe of the metal complexes with
multiple electron-withdrawing peripheral substitteeare more stable and more active
catalysts for a variety of hydrocarbon oxygenatieactions. The high stability of the
substituted metal complexes may be attributed écetbctron-withdrawing substituents
at the periphery of the macrocycle that causegelarcrease in the ionization potential

of the system and thus protect the catalyst frordatie destruction.

Fluorinated metal phthalocyanines are currentlyeir@og a great deal of
attention due to their interesting electron-tramspg characteristics (Koca arjegner et
al., 2005).

While unsubstituted phthalocyanines exhibit p-tiyedaviour due to the doping
with electron-accepting molecules, thin films of m@ metal hexadecafluoro-
phthalocyanines the electrical properties of Pdsiclvare known as semiconducting
organic materials, can also be changed by intradusiibstituent groups effective on Pc
p-electron ring. Among these introduction of elentdonor and acceptor groups into
the Pc ring can be exhibit n-type behaviour. Thasperties resulted in a number of
studies aiming at different applications like phatitaic cells, rectifying junction and
gas sensors. Generally, fluorosubstituted phthaloicyes are known for their high
solubility even in polar, aprotic solvents and beeogood electron donor for use as
chemical sensors. The increased solubility mayusetd fluorine, which has the highest
electronegativity of all elements. In the case adwn ethers as substituents, the
molecules possess the capability of forming ionnde¢s allowing the migration of
alkali and alkaline-earth cations. A consequencma@drporating a sulfanyl function on
the periphery has been a shift of the Q band abearpo longer wave-lengths in the
electronic spectra (Yilmaz and Kocak et al., 208dd it is preferred for a number of

applications such as far-IR absorbers and photdszsts.
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Figure 2.5 Synthesis rote of novel phthalocyanines with pilumeobenzyloxy-

substituents.

2.2.2 Functionalized Polyfluorinated Phthalocyaning

Fluorinated metal phthalocyanines form a class @dradination compounds
which are currently receiving a great deal of dttendue to their interesting electron
transporting characteristics (Kol'tsov and Basovaak, 2004). Also, fluorocarbons
exhibit increased thermal stability, hydrophobicitipophobicity, chemical resistance
and decreased intermolecular attractive forces amparison to their hydrocarbon

analogues.
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Reaction of various nucleophiles with meso-tetra{giuorophenyl) porphyrine
led to the selective replacement of the para-fhersubstituents of the starting
porphyrin in high yields. The para-fluoro group keown to be reactive toward
nucleophilic substitution reactions. The substitutregioselectivity was always quite
high only at the para-fluorine of the pentafluorepyl groups (Keown and Hanif et al.,
2002). We have recently described the synthesisnefal phthalocyanines which
contain tetra-pentafluorobenzyloxy moieties on gegiphery. Various functionalized
polyhalogeno compounds are prepared by regioseéecubstitution of the para-
fluorine atoms by several nucleophiles such as gmymand secondary amines,
alkoxides and thiols (Suziki and Shimiza et al.020 The present paper reports the
synthesis and characterization of some new mettiafstyanines containing four
covalently attached hexylthio-groups on the perniplod the tetrakis(pentafluorophenyl)
moieties by regioselective substitution reactiohbese new compounds have been
characterized by elemental analysis, FT-IR, NMR, **F NMR, UV-vis and mass

spectral data.
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Figure 2.6 UV-Vis spectra for the phthalocyanines in chloraiq2.5 x 16 mol dni®).
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Figure 2.7 Synthesis route of the phthalonitrile derivatend the phthalocyanines
(3-5); (i) hexanethiol, DMF and ¥CG;; (ii) metal salts and DMF.

New metallophthalocyanines substituted with fourapaexylthio-tetrafluoro-
phenoxy groups were described. These compounds Blgtwsolubility in solvents of
differing polarity from ethanol to acetone, chlayoh, hexane. Hexylthio-substitution
resulted with a red shift of Q band maxima in thphéhalocyanines. These materials

deserve further research on their catalytic andq#tectric properties.
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2.2.3Water-Soluble Fluorinated Zinc Phthalocyanine

Zinc hexadecafluorophthalocyanine (Zgic) is a hydrophobic compound and
it selectively accumulates in tumors (Boyle andrLi€©96). However, its photodynamic
effect is quite low (Boyle and Lier, 1996). Althdugthe reason for its low
photodynamic effect is not clarified yet, it is kmo that aggregated compounds
decrease photodynamic activities suggesting tha finthalocyanines may be
aggregated in cells. With the aim of developingoanpound that has the beneficial
characteristics of phthalocyanines as well as amteqyhotodynamic effect, zinc
tetracarboxyoctafluorophthalocyanine (ZfgPc, see Fig. 2.9) was synthesized in this
study. To prevent the potential aggregation caoulitthe number of fluoro groups is
limited, and to increase hydrophilicity carboxylogps are bonded. Uptake of the
compound in tumor cells was measured and the oektip of its photodynamic

efficiency and hydrophobicity are discussed.

—— ZnF1sPc W}
— - ZnCaFsPc i i

ZnCsPc | i

Absorbance /a.u.

550 650

Wavelength /nm

Figure 2.8 Absorption spectra of ZngPc, ZnGFgPc and Zn@Pc in pyridine. The

concentration of zinc phthalocyanine was 2.3%a@l/ |.
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Dicyanophthalimide  Tetrafluorophthalonitrile

reflux in 1-chloronaphthalene

Zinc diimideoctafluorophthalocyanine

hydrolysis in 30% H,SO,

COCH
COOH

COOH
COOH

Zinc tetracarboxyoctafluorophthalocyanine (ZnC,FgPc)

Figure 2.9 Synthesis route of zinc tetracarboxyoctafluoropttbyanine (ZngFgPc).
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2.2.4 Tetrakis-Phthalocyanines Bearing Electron-Whdrawing Fluoro
Functionality

Tetra- and octa-substituted metallophthalocyanf{id2cs) have higher chemical
stability as compared to unsubstituted ones. HEaetvithdrawing substituents at the
periphery of the macrocycle cause a large incréagbe ionization potential of the
system, protect the MPc from oxidative destruc{idaench and Brennessel et al., 2002),
and thus enhance its catalytic activity. From tlewoint of organic semiconductors, it
is known that substitution of electron donor andegtor groups leads fBtype andn-
type characteristics of the Pc ring, respectively.

The main problem limiting applications of phthalaaynes (Pcs) in many fields
is still their limited solubility. Their solubilitycan be increased, however, by
introducing electron-withdrawing (F, CI, Br) anaefron-donating (NE ArS, RO, RS)
bulky or long chain alkyl groups into the peripHesies (Cook, 1996). The formation
of constitutional isomers and the higher dipole reatnof the tetrasubstituted Pcs
resulting from the unsymmetrical arrangement ofghlestituents on the periphery leads
to higher solubility of Pcs in many organic soh&ent

Redox processes of Pcs can be shifted by electithaawing and/or electron-
repelling groups. Thus, fluorinated MPcs are cutyemeceiving a great deal of
attention due to electronwithdrawing nature of floe atoms (Bench and Brennessel et
al., 2002). Althoughmany studies on the chemistri®cs in solution, which have
been limited to Pc with electrondonating substitaghave been carried out, those with
electron-attracting groups, especially containidgorine atoms, have not been
extensively studied (Bench and Brennessel et @022 Goldberg and Michel et al.,
1998).
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Figure 2.10 Synthesis route of 4’-(2,3,5,6-Tetrafluorophenydphthalonitrile (1) and its
free and metal complexes (M = 2H, Zn(ll), Cu(lDp@). (i) 2,3,5,6-
Tetrafluorothiophenol and 4-nitrophthalonitrile akgCO; in DMF at 40°C
for 24 h. (ii) anhydrous Zn(acag¢)CuCh, and CoCJ, DBU, quinoline.

Here, it is reported the synthesis and charactesizeof a new ligand, 4'-
(2,3,5,6-fluorophenylthio)-phthalonitrile, obtainethrough 2,3,5,6-fluorolthiophenol
and 4-nitrophthalonitrile in the presence afdO; in dimethylformamide (DMF) and its
complexes. It's also investigated their redox propse by cyclic and differential pulse
voltammetry and spectroelectrochemistry.



CHAPTER 3

CHEMICALS AND EQUIPMENTS

3.1 CHEMICALS

3,5-bis(trifluoromethyl)benzyl chloride, Sodium Cyde (NaCN),
Dimethylformamide (DMF), Carbon Disulfide (@S$SIsobutanol, Methanol (CiOH),
Ethanol (GHsOH), lodine (), Magnesium turnings (Mg), Sodium Sulfate {N@y),
Chloroform  (CHC}4), Dichloromethane (C§Cl;), Conc.Ammonia (Nh),
Trifluoroacetic acid (CECOOH), n-Butanol (GH¢OH), Diethylether (GH100),
Toluene, Acetone (§150), Paraffin Oil,n-hexane, Cobalt Acetate [Co(OAL) Copper
Acetate [Cu(OAg), Zinc Acetate [Zn(OAg), Silica Gel 60 (0.063-0.200 mm), TLC
Aluminum SheetsRarafilm, Distilled water (kD).

3.2 EQUIPMENTS

IR Spectrophotometer rkiteElmer Spectrum One FT-IR (ATR
sampling accessory)

UV/ VIS Spectrophotometer UNICAM UV2-100

Magnetic Stirrer and Heater IKA

Elemental Analyses efirho Finnigan Flash EA 1112

'H-NMR Spectrophotometer BruketrdJiShield Plus 400 MHz

13C-NMR Spectrophotometer Bruker Ultra ShieldsP400 MHz

F-NMR Spectrophotometer Bruker &Bhield Plus 400 MHz

Mass Spectrophotometer Brudatonics Micro-TOF and MALDI-TOF
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CHAPTER 4

EXPERIMENTAL PART

4.1 SYNTHESIS OF DITHIOMALEONITRILE DISODIUM SALT ( 1)

Dry and powder NaCN (10 g, 0.213 mol) was stirre®@MF (70 mL) around 10
minutes. 12.84 mL (0.213 mol) @&as added into that solution drop wise with gigri
in ice bath for 10 minutes. Dark brown solution ve&tisred for extra 10 minutes and
diluted to 200 mL with isobutanol and heated uallilof the contents were dissolved in
solvent. The solution was filtered with vacuumrétton to remove unreacted NaCN
while solution was hot. Then solution was left twokand crystallize. Needle type
brown crystals was formed and filtered by vacuultnafion. The crystals were washed
with diethyl ether and dried in hood.

The obtained needle type brown crystals were dissolin 100 mL of
chloroform and the dark brown solution was filter&étie solution was left to stand for
4-5 days and precipitation occurred. The precipitetving the product and sulphur was
filtered and dried. Then it was dissolved in minimumethanol that can only dissolve
the product and diethyl ether was added for criyasgion of the product. Yellowish
crystals were filtered and washed with ether aftddedry. The productl) was soluble
in methanol, ethanol and water and insoluble inhgieether, chloroform and benzene
(Davison and Holm, 1967).

DMF S CHChL NC SNa
NaCN _ ., NC-C-SNa ———» + 2S

NC SNa

Figure 4.1 Synthesis of dithiomaleonitrile disodium salt.
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4.2 SYNTHESIS OF 2,3-BIS[3,5-BIS(TRIFLUOROMETHYL)BE NZYLTHIO]
MALEONITRILE (2)

Disodium salt of dithiomaleonitrilelf (1.12 g, 6.00 mmol) was mixed with 3,5-
bis(trifluoromethyl)benzyl chloride (3.94 g, 15.0mul) in methanol (50.0 mL) and
refluxed under nitrogen for about 18 h. When MeOBlisvevaporated, the remaining
product was treated with CHCto remove insoluble salts by filtration. The CHCI
solution was extracted several times with 15%3 solution and then dried over
anhydrous NS5O, overnight. After evaporation of the solvent theocetl product was
extracted with refluxing n-hexane to remove anyessc3,5-bis(trifluoromethyl)benzyl
chloride.

The product Z) was an orange colored and was very soluble inrofdrm,
dichloromethane and acetone, but insoluble in rahexYield: 2.07 g (58%). FT-IR,
Vma/(cm®): 3085-3040 (CH, aromatic), 2935-2865 (CH, aliitja2227 (G&GN), 1667,
1619 (C=C, aromatic), 1590, 1510, 1412, 1350, 13236, 1180, 1118, 1059, 901,
845, 705, 681, 583H NMR (5, ppm): 7.58 (s, 2H, Ar-H), 7.32 (s, 4H, Ar-H), 8.6s,
4H, S-CH) (Appendix A).**C NMR (6, ppm): 40.2, 113.7, 115.8, 121.8, 124.5, 129.2,
131.0, 140.4 (Appendix B}’F NMR (5, ppm): -63.40 (Appendix C). MS (ESI): (m/z):
594.9 [M] (Appendix D). Anal. calcd. for SH1oN>SF1o: C, 44.45; H, 1.70; N, 4.71%.

Found: C, 44.57; H, 1.82; N, 4.60%.
F3C

F3C

NC SNa S CN
Cl
\/ Methanol F3C \/
+ .
H Reflux ‘ ‘

N\ FsC yaN

FsC NC SNa S CN
FsC

Figure 4.2 Synthesis of 2,3-bis[3,5-bis(trifluoromethyl)betthyo]maleonitrile.
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4.3{2,3,7,8,12,13,17,18-OCTAKIS[3,5-BIS(TRIFLUORONETHYL)
BENZYLTHIOJPORPHYRAZINATO} Mg(ll) (3a)

Mg turnings (6 mg, 0.25 mmol) and a smalttystal were refluxed in n-BuOH
(2000 mL) for about 8 h to obtain Mg(BuO) 2,3-bis[3,5-
bis(trifluoromethyl)benzylthiolmaleonitril¢2) (297 mg, 0.50 mmol) was added to this
solution and the mixture was refluxed for about2The dark green product was
filtered, washed with ethanol and water and drred vacuum. The crude product was
dissolved in CHGl and filtered. The CHGIsolution was dried over anhydrous,S@a).
When the solvent was evaporated, a colored prodas obtained. Finally, pure
porphyrazine was obtained by column chromatogra8i§,, CH;OH: CHCE, 1:50
v/v). The blue-green colored produ8g( was soluble in chloroform, dichloromethane,
acetone and toluene, but insoluble in n-hexanddY®19 mg (73%). FT-IRyma/(cm
1): 3075 (CH, aromatic), 2925-2855 (CH, aliphati®65, 1608 (C=C, aromatic), 1505,
1442, 1262, 1184, 1110, 1022, 890, 732 (AppendixtB}-Vis (CHCL), A/nm (loge /
dnmolicm?): 378 (4.71), 668 (4.7QAppendix F).*H NMR (5, ppm): 7.64 (s, 8H, Ar-H),
7.35 (s, 16H, Ar-H), 4.65 (s, 16H, G#$) (Appendix G).”*C NMR (5, ppm): 40.0,
113.4, 115.6, 121.6, 124.6, 129.1, 131.2, 140.2péhpix H).*F NMR (6, ppm): -
63.44 (Appendix 1). MS (ESI): (m/z): 2402.5 [MJAppendix J). Anal. calcd. for
CagHaoNsSsF4sMg: C, 44.00; H, 1.68; N, 4.66%. Found: C, 44.15180; N, 4.53%.



58

CFj3

CF3

Figure 4.3Synthesis of [2,3,7,8,12,13,17,18-octakis(3,5-bftbromethyl-
benzylthio) porphyrazinato] Mg(ll).

4.4 {2,3,7,8,12,13,17,18-OCTAKIS[3,5-BIS(TRIFLUORONETHYL)
BENZYLTHIO]H %, H®PORPHYRAZINE} (3b)

3a (120 mg, 0.05 mmol) was dissolved in the minimumoant of
trifluoroaceticacid [(4.00 mL) and stirred for 3 h at room temperaturenew the
reaction mixture was added to ice drop by drop aedtralized with 25% ammonia
solution, precipitation occurred and it was filikrd he precipitate was extracted into
the chloroform and the chloroform solution was asted with water twice. After
drying over anhydrous N&8Q,, the solvent was evaporated to obtain a violebrea
metal-free porphyrazingb was obtained by column chromatography (iOH;OH:
CHCls, 1:30 v/v). Yield: 76 mg (64%). FT-IRyma/(cm™): 3320 (N-H), 3058 (CH,
aromatic), 2922-2851 (CH, aliphatic), 1655 (C=Qynaatic), 1555, 1445, 1257, 1113,
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1044, 891, 735 (Appendix K). UV-Vis (CH§J Anm (log ¢ / dnfmollcm™): 336
(4.65), 652 (4.45), 715 (4.48) (Appendix tH NMR (5, ppm): 7.66 (s, 8H, Ar-H), 7.33
(s, 16H, Ar-H), 5.12 (s, 16H, G+B), -0.95 (br s, 2H, NH) (Appendix My*C NMR (3,
ppm): 40.2, 113.2, 115.4, 121.7, 124.5, 129.0,3,3140.4.*°F NMR (3, ppm): -63.42
(Appendix N). MS (ESI): (m/z): 2379.1 [M] (Appendix O). Anal. calcd. for
CagHaoNgSgF4s: C, 44.41; H, 1.78; N, 4.71%. Found: C, 44.551191; N, 4.61%.

CFj

F3C
FsC
CF,
CFs
CFs
S S
FsC /N
3
S / ‘ \ S CF4
NH N
N/ \N
=N HN \
S
F4C \ S A= S CF
3
N
S S
CF3 FsC
F3C CF,
CF, FsC

Figure 4.4{2,3,7,8,12,13,17,18-octakis[3,5-bis(trifuoromgfibenzylthio] H*, H*
porphyrazine}

4.5 GENERAL PROCEDURE FOR METALLO-PORPHYRAZINES (3c -3e)

3b (119 mg, 0.05 mmol) in CHE(10.0 mL) was stirred with the metal salt
[Cu(OACc) (91 mg, 0.5 mmol), Zn(OAg)(92 mg, 0.5 mmol) or Co(OA£)89 mg, 0.5
mmol)] in ethanol (15.0 mL) and refluxed under ogen for about 4 h. Then, the

precipitate composed of the crude product and Xoess metal salt was filtered. The
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precipitate was treated with CHCand the insoluble metal salts were removed by
filtration. The filtrate was reduced to minimum uole under reduced pressure and then
added into n-hexane (150 mL) drop by drop to realiee precipitation. Finally, pure
porphyrazine derivatives3¢-3e were obtained by column chromatography SiO
CH3OH: CHCB, 1:50 v/v).

4.5.142,3,7,8,12,13,17,18-octakis[3,5-bis(trifluomethyl)benzylthio]
porphyrazinato} Cu(ll) (3c)

Yield: 51 mg (42%). FT-IRymad(cm™): 3070-3030 (CH, aromatic), 2920-2850
(CH, aliphatic), 1660, 1605 (C=C, aromatic), 158808, 1408, 1346, 1302, 1275,
1184, 1122, 1066, 906, 846, 706, 682, 586. UV-GCBICL), A/nm (loge / dnimolcm™):
368 (4.60), 676 (4.52fAppendix P). MS (ESI): (m/z): 2441.9 [M]Anal. calcd. for
CasHaoNsSsF4sCu: C, 43.29; H, 1.65; N, 4.59%. Found: C, 43.181H4; N, 4.70%.

4.5.2 {2,3,7,8,12,13,17,18-octakis[3,5-bis(trifluomethyl)benzylthio]
porphyrazinato} Zn(ll) (3d)

Yield: 46 mg (38%). FT-IRyma/(cm™): 3058 (CH, aromatic), 2928-2870 (CH,
aliphatic), 1662, 1606 (C=C, aromatic), 1502, 144049, 1108, 1042, 892, 732
(Appendix Q). UV-Vis (CHCJ), A/nm (log & / dnPmol'cm™): 360 (4.68), 676 (4.48)
(Appendix R).*H NMR (5, ppm): 7.65 (s, 8H, Ar-H), 7.36 (s, 16H, Ar-H)88.(s, 16H,
CHx-S) (Appendix S).°C NMR @, ppm): 40.0, 113.3, 115.8, 121.4, 124.6, 129.0,
131.1, 140.1 (Appendix T}°F NMR (6, ppm): -63.40. MS (ESI): (m/z): 2443.6 [M]
(Appendix U). Anal. calcd. for §gH4oNgSsF4sZn: C, 43.26; H, 1.65; N, 4.59%. Found:
C, 43.38; H, 1.76; N, 4.47%.

4.5.34{2,3,7,8,12,13,17,18-octakis[3,5-bis(trifluomethyl)benzylthio]
porphyrazinato} Co(ll) (3e)

Yield: 55 mg (45%). FT-IRyma/(cm?): 3072-3032 (CH, aromatic), 2928-2857
(CH, aliphatic), 1664, 1608 (C=C, aromatic), 158803, 1408, 1344, 1300, 1275,
1184, 1122, 1066, 903, 846, 708, 682, 584. UV-Y@Cls), M/nm (loge / dnmol*cmi
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1): 344 (4.38), 678 (4.33Appendix V). MS (ESI): (m/z): 2436.1 [M] Anal. calcd. for
C33H40N358F43C01 C, 43.38; H, 1.65; N, 4.60%. Found: C, 43.501194; N, 4.71%.

CFs FsC

CF, FsC

M?*= CU** (3¢); Zn** (3d); Co™ (3¢

Figure 4.5Metallo-porphyrazines.



CHAPTER 5

RESULTS & DISCUSSIONS

The starting material for these novel porphyrazstreictures with eight 3,5-
bis(trifluoromethyl)benzylthio units bound to thergphery through flexible methylthio
chains is 2,3-bis[3,5-bis(trifluoromethyl)benzytifinaleonitrile ) which was obtained
from the disodium salt of dithiomaleonitrilel)( and 3,5-bis(trifluoromethyl)benzyl
chloride (Fig. 5.1). The orange colored produt Was obtained in 58% yield. The
presence of electron-donating S-groups is expetdegive porphyrazines absorbing
electromagnetic radiation just in the same rang@tdhalocyanines (Polat and Gil,
2000; Vagin and Barthel et al., 2003; Hasanov aiitj #)01). The conversion of 2,3-
bis[3,5-bis(trifluoromethyl)benzylthiojmaleonitrilento porphyrazine was achieved by
the template effect of magnesium butanolate. Thatotstramerization gave the blue-
green octakis[3,5-bis(trifluoromethyl)benzylthiopnphyrazinato magnesiun3d) (Fig.
5.2). It is soluble in chloroform, dichloromethaneluene and acetone, but insoluble in
apolar hydrocarbon solvents such as n-hexane. ©heecsion of3a into 3b was
achieved by the treatment with relatively strongdaide.g. trifluoroacetic acid). The
mass spectral results have clearly indicated thegd of the structure from magnesium
porphyrazinate 3a) to the demetallated porphyrazingb). Further reaction of this
product with copper(ll) acetate, zinc(ll) acetated aobalt(ll) acetate has led to the

metal  porphyrazinates (M = Cu, Zn, Co) 3cfe (Fig. 5.1).
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Figure 5.1 (i) Methanol; {i) Mg turnings, 4, n-BuOH; (ii) CRCO.H; (iv) EtOH and

Cu(OAc), Zn(OAc), or Co(OAc).

CFs3

CFj
M#*= Mg?* (3a); 2H" (3b); Cu#* (30); Zn**(3d); Cd”* (3¢€).
Figure 5.2 Octakis[3,5-bis(trifluoromethyl)benzylthio] porptaginato magnesium
(3a-39.
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All new compounds were identified through sevespéctroscopic techniques
such as FT-IRH NMR, *F NMR, **C NMR, UV-Vis, mass and elemental analysis.
The spectroscopic data of desired products weracitordance with the assigned

structures.

The mass spectra & and (3a-3¢ correspond closely with the real values.
Elemental analyses correspond closely with theegmkalculated fo(2, 3a-e)(Table
5.1).

Table 5.1Elemental analyses resultsbénd3a-3¢.
Compound C H N

2 4457 (44.45) 1.82 (1.70)  4.60 (4.71)
3a 44.15 (44.00) 1.80 (1.68)  4.53 (4.66)
3b 44.55 (44.41) 1.91 (1.78)  4.61 (4.71)
3c 43.18 (43.29) 1.74 (1.65)  4.70 (4.59)
3d 43.38 (43.26) 1.76 (1.65)  4.47 (4.59)
3e 43.50 (43.38) 1.54 (1.65)  4.71 (4.60)

* Required values are given in parentheses

In the FT-IR spectrum of 2,3-bis[3,5-bis(trifluorethyl)benzylthiojmaleonitrile
(2) stretching vibration of €N is observed at 2227 ¢nthe aromatic and aliphatic C-H
peaks are around 2865-3085 tmnd the aromatic C=C peak is at 1619'cffihese
values comply with those reported in the literatimesimilar compounds (Gonca and
Kdsealu et al., 2004). After the conversion of dinitridierivative @) to porphyrazine
(3a), the sharp EN vibration around 2227 cthdisappeared. The N-H stretching
absorption of the inner core of the metal-free pgrpzine 8b) was observed around
3330 cni. FT-IR spectra of all porphyrazines derivativ8a-@ showed the aromatic
and aliphatic C-H peaks are in the range 2850-2®85and the aromatic C=C peak is
at 1605-1667 ci(Gonca and Kosetu et al., 2004).

The N-H protons of the metal-free porphyraziBb)(were also identified in the
'H NMR spectrum with a broad peak&t -0.95 ppm, presenting the typical shielding
of inner core protons, which is a common featuré¢hefH NMR spectra of metal-free
porphyrazines (Pullen and Faulmann et al., 199&tRmd Gul, 2001; $tam and Gil,
2001; Akky and Gul, 2001; Uslu and Gul, 2000; Gonca and Kgiseet al., 2004). In
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the'H NMR spectra of diamagnetic porphyrazirsss 3b and 3d, three different types
of protons are clearly seen: Two singlets arourl ppm corresponding to aromatic
protons and a singlet at 4.65 pp&a); 5.12 ppm 8b) or 4.86 ppm 3d) for methylene
protons. The ratio of the integral values 3:2 agnfirms the proposed structure. In the
13C NMR spectra of diamagnetic porphyrazirgss 3b and 3d, eight different single
chemical shifts for carbon atoms are clearly sé&.NMR spectra of diamagnetic
porphyrazine8a, 3b and3d show a single chemical shift for trifluoromethybgps at -
63.44, -63.42 and -63.40 ppm, respectively.

Electronic spectra were very useful to establiske tstructure of the
porphyrazines(3a-6. UV-Vis spectra of porphyrazine core are domidaby two
intense bands, the Q band around 670 nm and tren@ ib the near UV region around
350 nm, both correlated to— = transitions (Van Nostrum and Nolte, 199635@an
and Gul, 2001). The presence of an electron domatioup on the periphery causes a
bathochromic shift on Q bands. UV-Vis spectra otatte-porphyrazines3a, 3c-ein
CHCI;) prepared in the present work exhibited intensgylsi Q band absorptions
around 668-680 nm and B bands in the near UV regioond 344-378 nm (Table 5.2).
For metal-free derivative3p), Q band is split into two peaks at 652 and 715 sma a
consequence of the change in the symmetry of poagime core from [, (in the case
of metallo derivatives) to £. UV-Vis spectra o8a and3b in chloroform are shown in
Fig. 5.2 An absorbances. concentration study indicated that due to (3,5-bis
trifluoromethyl-benzylthio) units, the aspect okethlV-Vis spectrum of the free ligand
in Fig. 5.2, with broad and low intensity Q-bandsesl not exclude the presence of
aggregation. UV-Vis spectra @&t in solvents of different polarity (dichloromethane
ethanol, chloroform and pyridine) are given in Fsgd. There is almost no difference

with respect to the changes in the nature of theest
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Table 5.2UV-Vis Data for Ba-39 in CHCL.

Compound aMnm ( loge / dm® mol* cm™)
3a 378 (4.71) 668 (4.70)
3b 336 (4.65) 652 (4.45) 715 (4.48)
3c 364 (4.64) 664 (4.49)
3d 348 (4.40) 680 (4.36)
3e 344 (4.33) 678 (4.38)
16
—3a
1,4 ~3b
12
104
0,8—-
0,6—-
0a-
0,2—-
0,0

T
200

T
400

I T I

500 600

Wavelength, nm

I T I

700 800

Figure 5.3UV-Vis Spectra oBaand3b in CHCk.
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'H NMR Spectrum of 2,3-bis[3,5-bis(trifluoromethy&ihzylthio]maleonitrile 7).

APPENDIX B

3¢ NMR Spectrum of 2,3-bis[3,5-bis(trifluoromethydeylthiojmaleonitrile 2).
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% NMR Spectrum of 2,3-bis[3,5-bis(trifluoromethydeylthiojmaleonitrile 2).

APPENDIX D
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Mass Spectrum of 2,3-bis[3,5-bis(trifluoromethyblglthiojmaleonitrile ).
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APPENDIX F
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