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ABSTRACT

Chloranil through condensation reaction with di (sodiothio)mal eonitrile
produced heterocyclic dithianone monomer, p-benzoquinonebis]2,3-b;
2°,3°-b°]1,4-dithiin-2,3-dinitrile. The tetranitrile monomer was cyclo-
tetramerised using lithium/pentanol and acetic acid affording the
corresponding tetra p-benzoquinone bis[2,3-b; 2¢,3-b‘] (1,4-
dithiin)porphyrazine)]-based network polymer (2H-Pz). The tetranitril
monomer was cyclo-tetramerised using metal salt and quinoline affording
the corresponding tetra p-benzoquinonebis[2,3-b; 2¢,3‘-b‘](1,4-
dithiin)porphyrazinato-metal 11-based network polymers(M-Pz), M = Co,
Ni or Cu. Elemental analytical results, IR and NMR spectral data of the
prepared molecules are consistent with their assigned formulations.
Molecular masses and metal contents of the synthesized polymers confirm
theefficiency of tetramerization polymerization and compl exation reactions.
© 2013 Trade ScienceInc. - INDIA
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INTRODUCTION

Tetra-(1,4-dithiin)porphyrazineisoneof the phtha-
locyaninederivativeshaving two sulfur atomsat equiva
lent 1,4-positions of the phtha ocyanine benzene units.
Due to the additional sulfur atoms, tetra (1,4-
dithiin)porphyrazinesarelesseectron-rich than the cor-
responding phthal ocyanind™. Porphyrazine complexes
of zinc, auminium or other meta sshow anticancer prop-

ertiesand usesin photodynamic therapy'?. Thenovel
tetra-(1,4-dithiin) metal-free (H2-Pz) and
metalloporphyrazines (M Pz, M = Mg, Fe) bearing pe-
ripherd tetrapropyl-brominederived from 2,3-dicyano-
5-propyl-bromine-1,4-dithiin and disodiomal eonitrile,
weresynthesi zed inamulti-step reaction sequence®. A
novel catalystiron (11) tetra(1,4-dithin)porphyrazine
for oxygenating degradation of organic pollutantsin
aqueous solutions was reported. Base-induced
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cyclotetramerisation of thearomatic dinitrileswith mag-
nesium butoxidein refluxing butanol generatesthe pe-
ripherally peralkynylated phthalocyanine or
naphthal ocyanine ana ogues, namely the tetrapyrazin
oporphyrazinesandtetra-6, 7-quinoxainoporphyrazines,
respectively®. Synthesisand photocata ytic properties
of iron (I1)-tetramethyl-tetra (1,4-dithiin)porphyrazine
werereported®. Metal-free and magnesium tetra-es-
ter tetra(1,4-dithiin)porphyrazineweresuccessfully syn-
thesized.” Synthesisand photocata ytic propertiesof zinc
(a!)-tetra(1,4-dithiin)porphyrazine bearing peripheral
tetrapropyl-bromine were reported®. Microporous
polymeric materialswere prepared through doublearo-
matic nucleophilic substitution reaction of gppropriate
hydroxylated aromatic monomers with 4,5-
dichlorophthdonitrileyid ding abis(phthaonitrile) pre-
cursor that forms a phthal ocyanine network, via a
cyclotetramerization by ametal ion templ ate’®9, Di-
electric properties of new fully conjugated 2H- and
metal -pyrazinoporphyrazine network polymers pre-
pared from thereadily derivatized diaminomaeonitrile
(DAMN) with 2,7-di-tert-butylpyrene-4,5,9,10-
tetraone*. Novd fully conjugated 2H- and metal -ph-
thal ocyanine network polymerswere synthesized*2.
Chloranil through condensationreactionwith 4-amino-
3-methyl-1-phenyl-5-(hydroxyl, mercapto or imino)-
pyrazoleproduced new cyaninedyes. Synthesis, Char-
acterization and Spectroscopi ¢ Investigation of Novel
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Pyrazino-porphyrazine Network Polymer-Supported
Metal (I1)-Based Catalysts*¥. Theaimof thiswork is
thesynthesisof new metd freeand metd (11) Tetra(1,4-
dithiin)porphyrazine-based network polymers.

RESULTSAND DISSCUSION

Chloranil through condensation reaction with di
(sodiothio)mal eonitrile produced dithianone heterocy-
clic monomer, p-benzoquinonebig 2,3-b; 2°,3°-b]1,4-
dithiin-2,3-dinitrile 3, brown crysds, solublein acetone,
chlorobenzeneand dioxane. Thetetranitrile monomer
3wascyclo-tetramerised10 using lithium/pentanol and
acetic acid affording the corresponding tetrap-benzo-
guinone bis[2,3-b; 2°,3°-b](1,4-
dithiin)porphyrazine)]-based network polymer (2H-Pz)
4a. Thetetranitril monomer was cyclo-tetramerised10
using metd sat and quinolineaffording the correspond-
ing (1,4-dithiin)porphyrazinato-metal 11-based network
polymers (M-Pz), 4b-d, M = Co, Ni or Cu (scheme
1). Elemental anayticd results, IR and NMR spectral
dataof the new prepared moleculesare consistent with
their assgned formulations. Molecular massesand metd
contents of the synthesized polymers confirm the effi-
ciency of tetramerization polymerization and complex-
ation reactions. Despitetheir rigid structures™® these
polymersarefredy solublein someorganic solvents,
whichdlow an estimation of their low molecular masses.

Scheme 1
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Owing to their low molecular weight, the prepared
porphyrazines display good sol ubility in organic sol-
vents, such as THF, ethyl acetate, acetone,
dichloromethane, chloroform, dimethylformamideand
dimethylsulfoxide.

Infrared and UV-Visspectrum

IR spectral dataof precursor 3 showsan intense
bandsat 1615, 1689 and 2234 cm-1 assigned to C=C,
C=0 and Ca’N groups, respectively (Figurel). IR
gpectrum of meta free[1,4] dithiinoporphyrazine-based
network polymer 2H-Pz 4a shows a broad band at
1517 cm”1, which is assignable to the stretching vibra-
tion of the C=N bond. The absorption values of the
C=N vibration at 1504, 1506, and 1503 cm™" (seeex-
perimental) for Co-Pz 4b, Ni-Pz 4c and Cu-Pz 4d re-
spectively, arelower by about 11-14 cm™ than those
for themetd free 2H-Pz 4a, whichindicatethe coordi-
nation of azomethinenitrogen atomto meta ionsinthe
complexes.
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Figurel: FT-IR spectrum of tetranitrilemonomer 3

Moreover, thereis an extra broad band at 3354
cn?, assignabl eto the stretching vibration of theN-H
bondinfreemetd (1,4-dithiin)porphyrazine complex
2H-Pz 4a. Thisstretching vibration of the N-H bond
does not appear in the spectraof metal complexes4b-
dwhichmeansthat NH groupisinvolvedinmeta-ligand
formation. UV-Vis spectrum of 2H-Pz 4a in
dichloromethane sol ution shows astrong soret band at
353 nm (Figure 2). The Q bands attributable to the
difference between the highest occupied molecular or-
bital (HOMO) energy level and thelowest unoccupied
molecular orbita (LUMO) energy, that is, thern-r* tran-
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stionsin2H-Pz 4aareobserved a 629, 708 nm. These
bandsareinagood agreement with the absorption spec-
trareported in theliterature*®. The el ectronic absorp-
tion spectra of the metal complexes 4b-d in
dichloromethane solution are presented in Figure2. Two
transitions are dominated at higher-energy B-band
(broad bands around 362 nm and shoulder bands
around 423 nm) which can be assigned to the n-n*
and/or d-* transitions in the fused pyrolo (1,4-dithiin)
ring structure’*”*® Two characteristic well developed
intenselower-energy, Q-bands, (around 635 nm and
718 nm) are observed. The shoulder band isusually
attributed tothe 1s°! 4d transition*%. It was demon-
strated already in early theoretical work2°2U that ex-
change coupling of themetd center with ligand states
givesriseto spin-alowed transitions at low energy. It
will beshown that thereare statesin therange of 424-
435 nm bel ow the Q-band excitationfor dl of themetd-
(1,4-dithiin)porphyrazine polymers. These statesarise
from d—d excitations and ligand—metal exchange cou-
pling. Thereisalittledifferenceamongthevisiblespec-
traof variousmetd (1,4-dithiin)porphyrazines(Figure
2). It has been suggested that both Q and B bands can
beinfluenced by the metal-to-ligand charge-transfer
bands?.It isclear that the absorption bandsfor metal
complexes, extendsbeyond 800 nm. Thus, these (1,4-
dithiin)porphyrazines could be useful inthefield of op-
tical datastorage and for security printing which re-
quireabsorbanceinthenear infrared.
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Figure 2 : UV-Vis spectra of metal free- and metal-(1,4-
duthiin)por phyrazinenetwor k polymer 4a-d
NMR and molecular mass measurements of the

prepared compounds

Inaccordancewiththestructure of p-benzoquinone
big2,3-b; 2°,3°-b*]1,4-dithiine-2,3-dinitrile 3, the *C
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NMR spectrum (Figure 3) revealed bands at 115.7,

123.6, 158.3 and 178.4 assignableto CN, C=C (thiin
ring), C=C (benzoquinonering) and C=0, respectively.

Elementd andytica resultsof new tetranitrile 3, iscon-
sstent with theassigned formul ation (see experimentd,

scheme 1, figure 4). *H-NMR spectrum of metal free
(1,4-dithiin)porphyrazine-based network polymer 2H-
Pz 4arevealsonesignal at 6 =0.78 assignableto NH

protons (Figure4). The presence of signal assignable
toNH protonsin *H-NMR spectrum of 2H-Pz 4agives
direct evidence of the formation of an unsymmetrical

tetradentate ligand. *C NMR spectrum of 2H-Pz 4a
(Fig. 5) revealed asmall band at110.3 assignableto
CN group and big bands at 117.4 (C), 120.2 (C),

122.6 (C), 128.2 (C), 129.8 (C), 155.6 (C), 158.4
(©),160.4 (C) and 187.4 (C) which confirm the struc-
tureof theprepared polymer. Fromtheresultsit should
beregarded that the presence of small band assignable
to cyano groupsisattributed to the cyano groupsfound
a theedgesof thepolymer indicating cyclotetramization.

Elementd andysesof the prepared polymersshow that
theamount of carbon within therepest unit of the poly-
mersiscons stent with their idealised structuresrepre-
sentedinscheme 1. Theexperimental vauesof carbon
content of the prepared polymers are consistent with
that cal culated for the expected polymer repeat unit.
Also, theexperimental valuesof metal content (seeex-
perimentd) of the prepared polymersareconsstent with
that cal culated for the expected polymer repeat unit.
Moreover, metal content (see experimental) and mo-
lecular massesof the synthes zed polymersconfirmthe
efficiency of tetramerization polymerization and com-
plexation reactions. BET surface areas of the prepared
polymersareshownin TABLE 1. Nitrogen adsorption
measurements show that the materials have high sur-
faceareasintherange458-479 m?g* withvery signifi-
cant adsorption at low relative pressure (P/Po < 0.02)
indicating microporosty®. Smdll differenceshavebeen
observed inthe metal-(1,4-dithiin)porphyrazinesBET
surface areas. Low molecular mass and the presence
of voidsin these material swhich makethem contorted
represent an efficient way to prevent the aggregation
and consequently obtain materia with good sol ubility
propertiesalowing conventiona sol ution-based poly-
mer process ng techniques.
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Figure3: *CNMR spectracf tetranitrilemonomer inCDCL 3
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Figure4: *HNM R spectraof 2H-(1,4-dithiin)por phyrazine
network polymer 4ain CDCL

TABLE 1: Characteristic data of theprepared (1,4 dithiin)
por phyrazinenetwork polymers

No. Sample Yield (%) Mp (°C) BET suracearea(m%g)
4a 2H-Pz 88 233-234 479
4o Co-Pz 82 208-209 458
4c Ni-Pz 89 225-226 463
4d Cu-Pz 86 212-213 465

Thermal analysis

Therma stability of the prepared network polymers
was also examined. Theresults show that metal-free
(1,4-dithiin)porphyrazine network polymer 4ahassig-
nificantly comparabl e degradation temperature (Td) at
423 °C. However, metal-(1,4-dithiin)porphyrazine net-
work polymers4b-d show better thermal stability with
amain degradation step taking place at 443 °C for Co-
Pz, 448 °C for Ni-Pz and 445 °C for Cu-Pz.

EXPRIMENTAL

Characterization

Fourier-transform infrared spectrometer (8101 M-
Shimadzu) was used in spectral measurements. UV-vis
spectrawere obtained using Unicam UV-Visspectrom-
eter. NMR spectrawere recorded in deuterio-chloro-
form, onaVarian VXR 400SNM R spectrometer oper-
atingat 400MHz (1H NMR) and 100MHz (*CNMR)
withtetramethylslaneasinterna standards. Elemental
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anaysisfor metal content wascarried out by aPerkin-
Elmer Analyst 300, AA S atomi ¢ absorption spectrom-
eter. Elementa analyseswere determined with Perkin-
Elmer 2400 CHN. BET surface areaswere cal cul ated
fromthenitrogen adsorptionisothermsat 77 K by using
aMicromeriticsASAP2000 surfaceandyzer.

Synthesisof p-benzoquinonebig 2,3-b; 2¢,3*-b¢] 1,4-
dithiine-2,3-dicarbonitrile3

A mixtureof unimolar ratio (0.01 moal) of p-chloranil
1 and bimolar ratio (0.02 mol) of di
(sodiothio)maleonitrile 2 was heated in
dimethylformamide (50 mL) at 80 °C for 8 h. The re-
action mixture changed to brown at the end of there-
fluxing. It wasfilteredwhilehat, precipitated by icewater
mixture collected, washed with water several times,
dried and crystallized from ethanal.

88% yidd (brown crysds); MP. 220°C; IR (KBr):
v cm!, 1618 (C=C), 1697 (C=0), 2232 (CN); *C
NMR (CDCI,) 6 =115.8,123.6, 158.5, 178.2. Anal.
calcd. for C14N402S4(Mol. Wt.: 384.44) requires:
C,43.74; N, 14.57 %. Found: C, 43.86; N, 14.69 %.

Synthesisof tetra-p-benzoquinonebig 2,3-b; 2¢,3¢-
b¢](1,4-dithiin)por phyrazine-based network poly-
mer (2H-Pz) 4a

Lithium metal (20 mg, 2.8 mmol) wasaddedtoa
refluxing solution of 3 (158.025 mg, 0.5 mmol) in
pentanol (20 mL). Thesolutionwashested at reflux for
16 h. On cooling, acetic acid (0.2 mL) was added to
the reaction mixture and the crude product was col-
lected by centrifugation. The green materia was puri-
fied by column chromatography (eluent:
dichloromethane) and preci pitated from methanol.

IR (KBr): vemr!, 1517 (C=N), 1613 (C=C), 1690
(C=0). 3354 (NH) UV-Vis4__ (CH,CL,)/nm): 353,
629, 708. *H NMR (CDClL,) 5 = 0.78 (s, NH).
Anal.calcd. for the expected polymer repeat unit
C,;H,N,O,S, (Mol. Wt.: 770.89) requires: C, 43.63;
H, 0.26; N, 14.54;%. Found: C, 43.77; H, 0.32; N,
14.68 %.

Synthesisof tetr a-p-benzoquinonebig 2,3-b; 2¢,3¢-
b¢](1,4-dithiin)por phyrazinato-metal 11-based net-
work polymers(M-Pz) 4b-d

Thetetranitrilemonomer 3 (158.025 mg, 0.5mmol)
was subjected to form the corresponding polymer net-
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work on heatingwith 0.75 mmol of metal salt (cobalt
chloride, nicke 1l chlorideor copper nitrate) in quino-
line (20 mL) at 200°C for 16 h. The material was dis-
solved in acetone, and the un-trapped metal was pre-
cipitated and removed from the solution. Totheresult-
Ing acetone sol ution, an excess of cold methanol was
added, precipitating dark green (4b, 4c) or blue (4d)
solidswhichareeasily purified by chromatography on
slicagd (eluent: dichloromethane). The polymer was
vacuum dried overnight.

4b: IR (KBr): vem!, 1504 (C=N), 1609 (C=C),
1686 (C=0). UV-Vis i__ (CH,CI.)/nm): 354, 429
(shoulder), 643, 712. Anal. calcd. for the expected
polymer repeat C,,N,O,S,Co (Mol. Wt.: 827.8) re-
quires: C, 40.63; N, 13.54; Co, 7.12 %. Found: C,
40.78; N, 13.71; Co, 7.03 %.

4c: IR (KBr): vem'!, 1506 (C=N), 1612 (C=C),
1689 (C=0). UV-Vis 4__ (CH,Cl.)/nm): 369, 423
(shoulder), 633, 719. Anal. calcd. for the expected
polymer repeat C, ;N O,S.Ni (Mol. Wt.: 827.56) re-
quires: C, 40.64; N, 13.54; Ni, 7.09 %. Found: C,
40.81; N, 13.68; Ni, 7.20 %.

4d: IR (KBr): vem!, 1503 (C=N), 1607 (C=C),
1692 (C=0). UV-Vis 4__ (CH,Cl.)/nm): 356, 418
(shoulder), 629, 724. Anal. calcd. for the expected
polymer repeat C,,N.O,S,Cu(Mol. Wt.: 832.42) re-
quires C, 40.40; N, 13.46; Cu, 7.63 %. Found: C,
40.57; N, 13.57; Cu, 7.51 %

CONCLUSION

Chloranil through condensation reaction with di
(sodiothio)ma eonitrile produced heterocydlictetranitrile
monomer whichwasfound to beuseful in generation of
new metal free- and metal- (1,4dithiin)porphyrazine
network-polymers. Mol ecular mass, thermal stability
and good sol ubility of these polymersallow conven-
tiond solution-based polymer processing techniques.
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