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ABSTRACT: Three novel tetrathiafulvalene-annulated metalloporphyrazines with electron-withdrawing
pentoxycarbonyl groups at the periphery were synthesized via the cyclotetramerization of dipentyl 6,7-
dicyanotetrathiafulvalen-2,3-dicarboxylate in the presence of corresponding metal salts (Zn(OAc),-2H,0,
Cu(OAC),-2H,0, and NiCl,) and in pentanol. Molecular structures were fully characterized by "H NMR,
FT-IR, UV-vis, MALDI-TOF mass spectra and elemental analysis. These newly synthesized macrocyclic
dyes were sufficiently stable in air during the purification process and also in further experiments.
Electron-withdrawing substituents reduced the ability of tetrathiafulvalene groups to form radical cations.
Solution electrochemical data showed one reductive and three oxidative processes within a -2000 mV to
+2200 mV potential window. The four couples observed were assigned to Pz*/Pz> (I), TTF*/TTF (1I),

TTF/TTF* (II) and Pz '/Pz (IV).

KEYWORDS: tetrathiafulvalenedinitrile, metalloporphyrazines, electrochemistry, tetramerization,

aggregation.

INTRODUCTION

Porphyrins and phthalocyanines (Pcs) represent a
major class of dyes and are applied extensively in bio-
logical systems and in material science because of their
unique molecular assembly properties and excellent
optical and electrical properties [1,2]. A lot of work has
been done on the modification of the Pcs and porphyrins
so that they may be used for various applications [3-5].
For example, substituted Pcs containing hydrocarbon
chains and/or crown ether (CE) units self-assembled
into highly organized columnar aggregates are used for
one-dimensional charge and ion transport [6].

Various tetrathiafulvalene (TTF)-modified Pcs and
porphyrins have been developed since the first report
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of a symmetrically-functionalized Pc with eight (TTF)
units appeared in 1996 [7-19]. These compounds exhib-
ited interesting optical and electrical properties such as
photoinduced electron transfer followed by fluorescence.
This behavior results from the combination of Pc or por-
phyrin units and TTF units into a single molecule. The
unique redox properties of TTF is characterized by a
sequential and reversible oxidation to a radical cation
(TTF™) and a dication (TTF**) [20-22]. Interestingly,
a tetra(thiafulvalene-crown-ether) phthalocyanine was
found to self-assemble into helical tapes (nanometers in
width and micrometers in length) and showed potentially
novel electronic and structural properties [23]. Although
TTF annulated macrocycles have received less atten-
tion, they are believed to be more attractive candidates
for various applications than ensembles of TTF and
Pcs or porphyrins linked by spacers because they can
self-assemble into various organized aggregates [24-29].
Normally, Pcs or porphyrins that are directly annulated
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Scheme 1. Synthetic route for tetrathiafulvalene-annulated metalloporphyrazines (4-6)

with four TTF units do not show luminescence because
of the presence of fused electron-donating TTF units.
Their fluorescent forms can, however, be achieved
if the TTF units are oxidized using various chemi-
cal oxidants or an electrochemical method. Hence
they could be regarded as electro-switchable fluores-
cent molecules. Electro-switched luminescence has
been observed in a mono TTF-annulated porphyrin
and tetrakis-TTF-Pc molecules [25-26, 30]. The syn-
thesis of tetrakis-TTF-porphyrin resulted in a mixture
of the neutral porphyrin and its corresponding radi-
cal cation. We have recently also reported the synthe-
sis of novel porphyrazines (Pzs) annulated with four
TTF units that also contain electron-donating alkyl-
thio groups. These molecules spontaneously form TTF
group radical cations during the separation process
[31]. This hindered an accurate assessment of their
photophysical and electrochemical properties.

To investigate the effect of peripheral substituents
on the stability of TTF annulated Pzs we introduced
electron-withdrawing pentoxycarbonyl groups onto TTF
annulated Pzs. Three novel TTF-annulated Pz dyes, as
shown in Scheme 1, were thus synthesized and we evalu-
ated their photophysical and electrochemical properties.

EXPERIMENTAL

General

NMR spectra were recorded in CDCl; with a Bruker
AV-300 Spetrometer (300 MHz for '"H and 75 MHz for

Copyright © 2010 World Scientific Publishing Company

13C), and chemical shifts were referenced relative to tetra-
methylsilane (8/d. = 0). The UV-vis spectra were recorded
on a Hitachi U-3010 spectrophotometer in CHCI; (c =
2 x 10 M). Mass spectrometry was performed on a Hewl-
ett Packard 1100-HPLC/MSD instrument (APCI mode).
HRMS data were obtained by a JEOL JMS SX 102A appa-
ratus. MALDI-TOF-MS data were obtained by a Shimadzu
AXIMA-CFR™ plus mass spectrometry, using a 1,8,9-
anthracenetriol (DITH) matrix. Cyclic voltammetry was
carried out on a Potentiostat/Galvanostat 273A instrument
in CH;CN-CH,CI, with 0.1 M Bu,PF; as supporting electro-
lyte and the scan rate was 100 mV.s™'. Counter and working
electrodes were made of Pt and Glass-Carbon, respectively,
and the reference electrode was calomel electrode (SCE).
IR spectra were recorded on a Shimadu FT-IR 1730 instru-
ment (KBr pressed disc method). Mass spectrometry was
performed on a Hewlett Packard 1100-HPLC/MSD instru-
ment. The ESR spectra were recorded using a FA200GEOL
spectrometer at 25 °C. Crystal data were measured on a
Rigaku SCXmini diffractometer with Mo Ko radiation
(A=0.71073 A) by o scan mode at 293(2) K.

Synthesis

All reagents and solvents were of commercial qual-
ity and distilled or dried when necessary using standard
procedures. All reactions were carried out under argon
atmosphere. Starting materials 1 [32], 4,5-dicyano-1,3-
dithiol-2-one [33] and 2a [34] were prepared according
to methods described in referenced literature.

Dipentyl 2-thioxo-1,3-dithiole-4,5-dicarboxylate (2b).
A mixture of 1 (1000 mg, 4 mmol) and K,CO; (100 mg,
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0.15 mmol) in 10 mL pentanol was stirred for 72 h at room
temperature. Methanol produced was removed uninter-
ruptedly under reduced pressure. The reaction mixture was
concentrated in vacuum to yield yellow oil, which was puri-
fied by column chromatography (silica gel, CH,CL,/P.E. =
1:1, R, = 0.74) to give pure 2b as yellow oil. Yield 1160
mg (80.3%)."H NMR (300 MHz; CDCl;; Me,Si): &, ppm
0.94 (3H, s, -CH,-CH,), 1.37 (4H, s,-CH,-CH,-CH,), 1.73
(2H, t, J = 6.6 Hz, -CH,-CH,-), 430 (2H, t, J = 6.6 Hz,
-O-CH,-). C NMR (75 MHz; CDCl;; Me,Si): 8., ppm
13.92 (-CH,-CHj;), 22.23 (-CH,--CHs), 27.87 (-CH,-CH,-
CH,-), 27.96 (-CH,-CH,-), 67.44 (O-CH,-), 138.36 (C=0C),
157.56 (C=0), 207.44 (C=S). MS (APCI): m/z 362.0448
(calcd. for [M + H]* 363.53).

Dialkyl 2,3-dicyanotetrathiafulvalenes-6,7-di-
carboxylate (3a-3b). According to literature procedure
[34], an equimolar mixture of 4,5-dicyano-1,3-dithiol-2-
one (2 mmol) and 2 (2 mmol) in 60 mL toluene was added
dropwise to a refluxing mixture of 10 mL P(OEt), and 20 mL
toluene. The mixture was refluxed for 1 h. After cooling
to room temperature, the solvent was removed in vacuum
and the red oily residue obtained was chromatographed on
asilica gel column (CH,CL,/P.E. = 1/1, v/v) to afford dark
red solid 3. Compound 3a: recrystallization from petro-
leum ether gave 3a as dark red needles. Yield 122 mg
(13.6%), mp 6667 °C. Anal. calcd. for C,iH;sN,0,S,: C,
47.56; H,3.99; N, 6.16. Found: C, 47.55; H, 3.71; N, 6.00.
"H NMR (300 MHz; CDCl,; Me,Si): 8, ppm 0.96 (3H,
t,J=7.2 Hz, -CH,-CH,), 1.34-1.47 (2H, m, -CH,-CH,),
1.64-1.73 (2H, m, -CH,-CH,-), 4.26 (2H, t, J = 6.6 Hz,
-O-CH,-CH,-). *C NMR (75 MHz; CDCl,; Me,Si): o,
ppm 13.62 (-CH,-CHj,), 18.99 (-CH,-CH,), 30.27 (-CH,-
CH,-), 67.07 (COO-CH,-CH,-), 101.94 (C-CN), 108.85
(NC-C=C-CN), 118.71 (-S-C=C-S-), 121.10 (S-C=C-S),
131.76 (OOC-C=C-COO0-), 158.64 (-C-COO-). IR (KBr
pellets): V.., cm™! 2959 (C-H), 2870 (C-H), 2216 (CaN),
1734 (C=0), 1705 (C=0), 1579, 1294, 1252, 1026. MS
(APCI): m/z 477.0 (calcd. for [M + Na]* 477.61). Com-
pound 3b: recrystallization from petroleum ether gave 3b
as a dark red needles. Yield 214 mg (22.2%), mp 64.7 °C.
Anal. calcd. for C,,H,,N,0,S,: C,49.77; H, 4.59; N, 5.80.
Found: C, 49.55; H, 4.73; N, 5.57. '"H NMR (300 MHz;
CDCl;; Me,Si): &y, ppm 0.92 (3H, t, J = 3.0 Hz ,-CH,-
CH,), 1.35 (4H, br, -CH,-CH,-CH,), 1.70 (2H, br, -CH,-
CH,-),4.25 (2H, t,J = 6.6 Hz, -CH,-COO-). *C NMR (75
MHz; CDCl,; Me,Si): 8¢, ppm 13.95 (-CH,-CH,), 22.23
(-CH,-CH,), 27.84 (-CH,-CH,-), 28.81 (-CH,-CH,-),
67.36 (COO-CH,-CH,-), 101.97 (C-CN), 108.88 (NC-
C=C-CN), 118.72 (-S-C=C-S-), 120.93 (-S-C=C-S-),
131.79 (OOC-C=C-COO0-), 158.64 (-C-COO-). IR (KBr
pellets): V.., cm™! 2954 (C-H), 2860 (C-H), 2210 (CaN),
1740 (C=0), 1701 (C=0), 1290, 1224. MS (APCI): m/z
483.0 (calcd. for [M + H]* 483.66).

{2,3,7,8,12,13,17,18-tetrakis[6,7-bis(alkyl-
oxycarbonyl)tetrathiafulvalene]porphyrazines} M(II)
(M =Zn for 4, Cu for 5 and Ni for 6). A mixture of 97 mg
3b (0.2 mmol) and the appropriate metal salt (0.1 mmol)
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(Zn(OAc),-2H,0 for 4, Cu(OAc),-2H,0 for 5, anhydrous
NiCl, for 6) was heated in 10 mL n-pentanol at 145 °C
for 4 h. The color of reaction solution changed from dark
red to black. The solvent was concentrated in vacuum
to give 4 as black powder. The solid obtained was puri-
fied on silica gel column chromatography (gradient of
CH,CL,/MeOH = 1/0 — 50:1, v/v) to give 4. Compound
4: reprecipitation from CH,Cl,-MeOH gave 4 as dark
blue powder. Yield 56 mg (56%), mp 260 °C (decom-
posed). Anal. caled. for CgHggNgO,(S,¢Zn: C, 48.14;
H, 4.44; N, 5.61. Found: C, 48.32; H, 4.23; N, 5.80. 'H
NMR (300 MHz; CDCl;; Me,Si): 8y, ppm 0.95 (24H, br,
-CH,-CH,), 1.39 (32H, br, -CH,-CH,-CH,), 1.68 (16H,
br, -CH,-CH,-), 4.22 (16H, br, -CH,-COO-). “C NMR
(75 MHz; CDCl,; Me,Si): 8¢, ppm 13.97 (-CH,-CH,),
22.39 (-CH,-CHj), 27.97 (-CH,-CH,-), 66.66 (COO-
CH,-CH,-), 130134 (br), 157-160 (br). IR (KBr pellets):
Vi €M 2955-2856 (C-H), 1730 (C=0), 1575, 1462,
1250, 1094. UV-vis (CHCl,): A,,,., nm (log €) 291 (4.53),
358 (4.52), 605 (4.35). MS (MALDI-TOF): m/z 1996.81
(calcd. for [M + H]* 1997.05). Compound 5: reprecipita-
tion from CH,Cl,-MeOH gave 5 as dark purple powder.
Yield 52 mg (52.4%), mp 250 °C (decomposed). Anal.
calced. for CyHggCuN;O,(S4: C, 48.18; H, 4.45; N, 5.62.
Found: C, 48.27; H, 4.36; N, 5.54. '"H NMR (300 MHz;
CDCly; Me,Si): 8y, ppm 0.92 (24H, br, -CH,-CH,), 1.35
(32H, br, -CH,-CH,-CH,), 1.68 (16H, br, -CH,-CH,-),
4.32 (16H, br, -CH,-COO-). *C NMR (75 MHz; CDCl;;
Me,Si): 6., ppm 13.92 (-CH,-CH,), 22.26 (-CH,-CH,),
27.88 (-CH,-CH,-), 28.07 (-CH,-CH,-), 66.73 (COO-
CH,-CH,-), 130-133 (br), 157-160 (br). IR (KBr pellets):
Vi €M 2955-2862 (C-H), 1726 (C=0), 1576, 1460,
1246, 1088. UV-vis (CHCl,): A,,.,, nm (log €) 290 (4.78),
317 (4.76), 567 (4.33), 601 (4.31). MS (MALDI-TOF):
m/z 1994.44 (calcd. for [M + H]* 1995.18). Compound 6:
reprecipitation from CH,Cl,-MeOH gave 6 as dark pur-
ple powder. Yield 24.5 mg (24.6%), mp 250 °C (decom-
posed). Anal. caled. for CgHgNgNiO,S,.: C, 48.30;
H, 4.46; N, 5.63. Found: C, 48.19; H, 4.45; N, 5.44. 'H
NMR (300 MHz; CDCl;; Me,Si): 8y, ppm 1.05 (24H, br,
-CH,-CH,), 1.48 (32H, br, -CH,-CH,-CH,), 1.80 (16H,
br, -CH,-CH,-), 4.25 (16H, br, -CH,-COO-). “C NMR
(75 MHz; CDCl,; Me,Si): 8¢, ppm 14.13 (-CH,-CH,),
22.47 (-CH,-CH;), 28.08 (-CH,-CH,-), 29.69 (-CH,-
CH,-), 66.56 (COO-CH,-CH,-). IR (KBr pellets): V.
cm’! 2955-2862 (C-H), 1730 (C=0), 1578, 1642, 1230,
1113. UV-vis (CHCl,): ..., nm (log €) 291 (4.78), 325
(4.79), 557 (4.55), 593 (4.40). MS (MALDI-TOF): m/z
1988.49 (calcd. for [M + H]* 1989.48).

RESULTS AND DISCUSSION

Synthesis and characterization

The synthesis of target compounds 4-6 is shown in
Scheme 1. The first step in the synthetic procedure is the
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czc

Fig. 1. ORTEP plot of the molecule of 3a

synthesis of dicyanotetrathiafulvalene 3 that contains
electron-withdrawing ester groups. The cross-coupling
reaction of 4,5-dicyano-1,3-dithiol-2-one and dialkyl
1,3-dithiol-2-thione-4,5-dicarboxylate (2a-b) in a mix-
ture of triethyl phosphite and toluene at reflux and under
argon leads to key intermediates 2,3-dicyano-6,7-bis-
(pentyloxycarbonyl) TTF (3a—b) in 14% and 22% yields,
respectively.

Red crystals that were suitable for X-ray diffraction
analysis of intermediate 3a was obtained by the slow
evaporation of a petroleum ether (30-60 °C) solution of
3a at room temperature. Compound 3a crystallizes in a
monoclinic space group (P2,/c) and the 1, 3-dithiole-4,5-
dicarbonitrile unit is almost coplanar with the ester sub-
stituent dithiole ring [dihedral angle = 2.9(2)°] (Fig. 1).
In the crystal structure, intermolecular SO interactions
[S3~02 = 3.013 A] create dimers between neighboring
molecules in the ac plane. In addition, a weak -7 stack-
ing interaction exists between adjacent dithiole rings,
with centroid-centroid distances of 4.075 A, and chains
formed along the b axis (Figs S1-S2, see Supporting
information section).

Using the building block 3b, we synthesized TTF
annulated metallo-Pzs (4-6) by a metal templated
tetramerization in 1-pentanol and obtained yields of 56%
for Zn-TTF-Pz 4, 52% for Cu-TTF-Pz 5 and 15% for Ni-
TTF-Pz 6, respectively. As expected, the TTF annulated
Pz dyes were sufficiently stable for purification and for
further experiments. The compounds are soluble in com-
mon organic solvents such as hexane, benzene, toluene,
CHCI,, CH,Cl,, DMF, acetone and THF. The compounds
are insoluble in alcohols and DMSO. We were unable
to demetallate the metallo-Pzs 4-6 using acidic reaction
conditions because the ester groups decomposed [35].

"H NMR spectra of 4-6 in CDCI, displayed four very
broad signals which could be explained by considering
that slow tumbling results from aggregation in concen-
trated solutions (Fig. S2) [24, 33]. The MALDI-TOF
mass spectra of 4—6 showed peaks at m/z = 1996.81 (M* =
1996.05) for 4, 1994.44 (M* = 1994.18) for 5 (Fig. S3)
and 1988.49 (M* = 1988.48) for 6. Results from ele-
mental analysis confirmed the proposed structures of
compounds 4-6.

Copyright © 2010 World Scientific Publishing Company
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Fig. 2. Absorption spectra of 4-6 in CHCl; (2 x 107 M)

Photophysical properties

UV-vis spectra of TTF annulated Pzs 4-6 in CH,Cl,
are shown in Fig. 2. Compounds 4-6 show typical Pz
electronic spectra, consisting of two strong absorption
regions. Broadening of the Q and B bands is attributed
to n-mt* transitions of non-bonding electrons, that are
associated with peripheral S and N atoms [36], and also
attributed to aggregation of the macrocyclic system. The
B band (or Soret band) of metallo-Pz rings in the ultra-
violet region for compound 4 arises from deep 1 LUMO
transitions (between a,, and e, orbitals). TTF absorption
in this region thus leads to superimposed bands. In the
visible region, 4 had an intense Q band at 605 nm with a
shoulder at around 574 nm and this corresponds to mono-
meric and aggregated Pz in chloroform, respectively. The
indistinct shoulder band at about 574 nm, arising from the
dimer, is attributed to a tT—7* transition from the HOMO
to the LUMO of the Pz* ring. For 5 the Q band of the
dimer at higher energy was centered at 566 nm and the
Q band arising from the monomer was at a lower energy
and centered at 601 nm as a weak shoulder band. The
absorption bands of 6 are similar to those of 5 except that
the sharper component of the Q band at higher energy
is less intense in § and the monomer shoulder band is
stronger in 5. This indicates that there is a higher degree
of face-to-face interaction in 6 compared with the inter-
actions in 4 and 5 and this is typical of metallated sym-
metrically substituted Pzs with D, symmetry [37].

In order to address the donor properties of target com-
pounds, 4 was selected and dope with TCNQ in CH,ClL,.
However no CT band was observed at 600-1000 nm
region. This might be attributed to the presence of eight
strongly electron-withdrawing pentoxycarbonyl groups
onto TTF annulated Pzs. Whereas, doping of F,TCNQ to
a CH,Cl, solution of 4 (2 x 10 M) resulted in the appear-
ance of two new CT absorption bands, centered on A, =
756 nm and A,,,, = 863 nm in the UV-vis spectrum (Fig.
3). These new bands corresponds to the SOMO-LUMO
transition of the cation radical species of the TTF moieties
[23]. The formation of F,TCNQ™/TTF*™ charge-transfer

111
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Fig. 3. Absorption spectra of 4 (2 x 10> M) in the CH,Cl, after
addition of different equiv. F,TCNQ

complex in the mixture F,TCNQ-4 (4:1) in CH,Cl, was
also confirmed by the FT-IR and ESR spectra. A FT-IR
spectrum showed the nitrile stretch of the F,TCNQ radi-
cal anion at 2212 cm™ [38] compared to the neutral state
of 2222 cm’. In addition, an electron paramagnetic
resonance (ESR) spectrum of 4 was centered around

g =2.007 and 2.002, which are in the region characteris-
tic of both a TTF radical cation [39] and a F,TCNQ radi-
cal anion [38]. These results show that in solution some
CT takes place between the TTF unit(s) and F,TCNQ
(Fig. S4).

Cyclic voltammetric (CV) studies were performed
on compounds 4-6 and their intermediates 3a-b in a
mixture of CH,;CN-CH,Cl,. The data are collected in
Table 1. As seen in Table 1, the cyclic voltammograms of
3a-b reveal that all redox processes are quasi-reversible.
Each oxidation wave of the precursor compounds 3a
and 3b is assigned to a one-electron process. By com-
parison to tetrathiafulvalene [40], both oxidation peaks
were shifted significantly to higher oxidation potentials
(1.034 and 1.275 V for 3a and 1.035 and 1.278 V for
3b, respectively) because of the electron-withdrawing
effect of the cyano and alkoxycarbonyl groups. For the
electrochemical characterization of compounds 4-6,
the cyclic voltammograms were indistinct because of
aggregation in solution. This behavior has previously
been reported in the literature [26, 41]. Differential pulse
voltammetry (DPV) provided more detailed informa-
tion. Figure 4 shows cyclic (a) and differential pulse vol-
tammograms (b) of 4 within a -2000 mV to +2200 mV
potential window. Compound 4 shows redox processes

Table 1. Cyclic voltammetric data for M-TTF-Pzs 4-6 and intermediates 3a—b in a mixture of CH,Cl, and

CH,CN (4:1, v/v)

Compound E'\,(AE)IV B2 ,(AE)IV E*\(AE)IV EL IV
TTF! 0.36 0.77
3a 1.034 (0.073) 1.275 (0.089)
3b 1.035 (0.077) 1.278 (0.087)
-0.813 (0.273) 0.914 (0.088) 1.308 (0.150) 1.786
5 -0.802 (0.283) 0.972 (0.106) 1.304 (0.137) 1.784
-0.836 (0.283) 0.998 (0.102) 1.313 (0.106) 1.784

-150 T T T T T ¥ T ¥ 1 ¥ 1

e I v
20 15 10 05 0.0 0.5 1.0 1.5 2.0
E,V

o] ®

I, pA

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
EV

Fig. 4. Cyclic (a) and differential pulse voltammogram (b) of compound 4 in CH;CN-CH,CI, (1:4, v/v) containing 0.1 M Bu,PF,.

Scan rate was 100 mV.s™!

Copyright © 2010 World Scientific Publishing Company
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atE,,=-0.813 (1), 0.914 V (II), 1.308 V (IlI) and 1.786 V
(IV) vs the SCE and all processes are not completely
reversible in terms of AE, the shift of Ep at different
scanning rates and the ratio of anodic to cathodic peak
currents (i,/i,.) [42]. Process I which is assigned to a
reduction of the porphyrazine ring system (Pz?/Pz?) is
irreversible because of the excessive anodic to cathodic
peak separation (AE > 200 mV) and the difference of
anodic to cathodic peak currents. Processes II and III are
quasi-reversible because the anodic to cathodic peak cur-
rents are near unity while AE for II and III are 88 mV
and 150 mV, respectively. These processes represent the
two four-electron oxidation processes of the TTF moi-
eties. Interestingly, 4 shows similar behavior to its phtha-
locyanine analog [25] with negative shifts in oxidation
potentials for the radical cations of TTF (0.12 V). The
splitting of the first oxidation wave (process II) arises
from the molecular system where the donor moieties
interact through conjugation and/or through space. On
the other hand, compound 4 is distinct from its phthalo-
cyanine analogs and an irreversible one-electron wave is
observed at 1.786 V (IV), which is assigned to oxidation
of the Pz ring system (Pz'/Pz?). The redox processes of
compounds 5 and 6 are similar to 4 except that their first
oxidation waves are not split.

In summary, we developed an efficient synthetic
route to the novel porphyrazines that are annulated with
tetrathiafulvalene having pentoxycarbonyl substitu-
ents. Efficient modulation of macrocycle stability was
achieved by the introduction of electron-withdrawing
pentoxycarbonyls. Ability of 4 to function as a donor
for F,TCNQ was established and the formation of TTF*/
F,TCNQ" charge-transfer complex was confirmed by the
UV-vis, FT-IR and ESR spectral. Compounds 5 and 6
showed similar cyclic voltammetric behavior with one
reduction process and three oxidation processes. These
were assigned to Pz*/Pz? (I), TTF*/TTF (1I), TTF*¥/
TTF*™ (III) and Pz!/Pz* (IV). The synthesis, self-as-
sembly and film forming properties of TTF-annulated
Pzs with longer alkyls and containing oxyethylenes are
under investigation.

Acknowledgements

This work was supported by National Science Foun-
dation of China (Grant No. 20662010), the Specialized
Research Fund for the Doctoral Program of Higher Edu-
cation (Grant no. 20060184001) and the open project of
State Key Laboratory of Supramolecular Structure and
Materials, Jilin University. Ren-Gen Xiong only contrib-
utes the X-ray determination.

Supporting information

Crystal data and structure of 3a, 'HNMR and MALDI-
TOF-MS spectra of 5, and ESR spectrum of 4
(Figs S1-S4, Table S1) are given in the supplementary

Copyright © 2010 World Scientific Publishing Company

material. This material is available free of charge via the
Internet at http://www.worldscinet.com/jpp/jpp.shtml.

REFERENCES

1. The Porphyrin Handbook, Vols 1-10 and 11-14,
Kadish KM, Smith KM and Guilard R. (Eds.) Aca-
demic Press: San Diego CA, 2000 and 2003.

2. Alexiou C and Lever ABP. Coord. Chem. Rev. 2001;
216-217: 45-54.

3. McKeown NB. Phthalocyanine Materials: Synthe-
sis, Structure and Function, Cambridge University
Press: Cambridge, 1998.

4. The Porphyrin Handbook, Vols 15-20, Kadish KM,
Smith KM and Guilard R. (Eds.) Academic Press:
San Diego CA, 2003.

5. Inabe T and Tajima H. Chem. Rev. 2004; 104:
5503-5534.

6. Van Nostrum CF and Nolte RIM. Chem. Commun.
1996; 2385-2392.

7. Blower MA, Bryce MR and Devonport W. Adv.
Mater. 1996; 8: 63-65.

8. Cook MJ, Cooke G and Ali JE. Chem. Commun.
1996; 1925-1926.

9. Wang CS, Bryce MR, Batsanov AS, Stanley CF,
Beeby A and Howard JAK. J. Chem. Soc., Perkin
Trans. 2 1997;9: 1671-1678.

10. HuYY and Shen Y. J. Heterocycl. Chem. 2002; 39:
1071-1075.

11. HuYY, Lai GQ, Shen YJ and Li YF. J. Porphyrins
Phthalocyanines 2004; 8: 1042—-1046.

12. Hu YY, Lai GQ, Shen YJ and Li YF. Dyes Pigm.
2005; 66: 49-53.

13. Hu YY, Lai GQ, Shen YJ and Li YF. Monatsh.
Chem. 2004; 135: 1167-1172.

14. Farren C, Christensen CA, FitzGerald S, Bryce MR
and Beedy A. J. Org. Chem. 2002; 67: 9130-9139.

15. Wang CS, Bryce MR, Batsanov AS and Howard
JAK. Chem. Eur. J. 1997; 3: 1679-1690.

16. Liddell PA, Kodis G, de la Garza L, Bahr JL., Moore
AM, Moore TA and Gust D. Helv. Chim. Acta 2001,
84: 2765-2773.

17. Saha S, Johansson E, Flood AH, Tseng H-R, Jeffrey
I, Zink JI and Stoddart JE. Chem. Eur. J. 2005; 11:
6846—-6858.

18. Kodis G, Liddell PA, Garza L, Moore AL, Moore TA
and Gust D. J. Mater. Chem. 2002; 12: 2100-2108.

19. Sadaike S-I, Takimiya K, Aso Y and Otsubo T.
Tetrahedron Lett. 2003; 44: 161-165.

20. Williams JM, Ferraro JR, Thorn RJ, Carlson KD,
Geise U, Wang HH, Kini AM and Wangbo M-H.
In Organic Superconductor Including Fullerenes,
Prentice Hall: Engelwood Cliffs, 1992; pp 1-210.

21. Bryce MR. J. Mater. Chem. 2000; 10: 589-598.

22. Nielsen MB, Lomholt C and Becher J. Chem. Soc.
Rev. 2000; 29: 153-164.

113

J. Porphyrins Phthalocyanines 2010; 14: 113-114



J. Porphyrins Phthal ocyanines 2010.14:108-114. Downloaded from www.worldscientific.com
by UNIVERSITY OF CALIFORNIA @ SAN DIEGO on 01/04/15. For personal use only

114 F.LENG ET AL.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Sly J, Kasak P and Nolte RIM. Chem. Commun.
2005; 1255-1257.

Becher J, Brimert T, Jeppesen JO, Pedersen JZ,
Zubarev R, Njgrnholm T, Reitzel N, Jensen TR,
Kjaer K and Levillain E. Angew. Chem. Int. Ed.
2001; 40: 2497-2500.

Li HC, Jeppesen JO, Levillain E and Becher J.
Chem. Commun. 2003; 846-847.

Loosli C, Jia C, Liu S-X, Haas M, Dias M, Levillain
E, Neels A, Labat G, Hauser A and Decurtins S. J.
Org. Chem. 2005; 70: 4988-4992.

Donders CA, Liu S-X, Loosli C, Sanguinet L,
Neels A and Decurtinsa S. Tetrahedron 2006; 62:
3543-3549.

Kimura T, Watanabe D and Namauo T. Heterocycles
2008; 76: 1023-1026.

Wang R, Liu W, Chen Y, Zuo JL and You XZ. Dyes
Pigm. 2009; 81: 40-44.

Nielsen KA, Eric Levillain, Lynch VM, Ses-
sler JL and Jeppesen JO. Chem. Eur. J. 2009; 15:
506-516.

Chen T, Wang CL, Qiu H, Jin LY and Yin BZ.
Heterocycles 2007; 71: 549-555.

Melby LR, Hartyzler HD and Sheppard WA. J. Org.
Chem. 1974; 39: 2456-2458.

Chen T, Wang CL, Cong ZQ and Yin BZ. Hetero-
cycles 2005; 65: 187-193.

Copyright © 2010 World Scientific Publishing Company

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Iyoda M, Enozawa H and Miyake Y. Chem. Lett.
2004; 33: 1098-1099.

Alzeer J, Roth PJC and Luedtke NW. Chem. Com-
mun. 2009; 15: 1970-1971.

Kandaz M, Cetin HS, Koca A and Ozkaya AR. Dyes
Pigm. 2006; 74: 298-305.

Karadeniz H, Kantekin H, Gok Y and Celenk E.
Dyes Pigm. 2008; 77: 559-563.

Akutagawa T, Kakiuchi K, Hasegawa T, Nakamura
T, Christensen CA and Becher J. Langmuir 2004;
20: 4187-4195

Wudl F, Smith GM and Hufnagel EJ. J. Chem. Soc.,
Chem. Commun. 1970; 1453-1454.

Akutagawa T, Kakiuchi K, Hasegawa T, Nakamura
T, Christensen CA and Becher J. Langmuir 2004;
20: 4187-4195.

Iyoda M, Hara K, Ogura E, Takano T, Hasegawa M,
Yoshida M, Kuwatani Y, Nishikawa H, Kikuchi K,
Ikemoto I and Mori T. J. Solid State Chem 2002;
168: 597.

Lever ABP, Milaeva ER and Speier G. In Phthalocy-
anines: Properties and Applications, Vol. 3, Leznoff
CC and Lever ABP. (Eds.) VCH: New York, 1993.
Nombona N and Nyokong T. Dyes Pigm. 2009; 80:
130-135.

J. Porphyrins Phthalocyanines 2010; 14: 114-114



J. Porphyrins Phthal ocyanines 2010.14:108-114. Downloaded from www.worldscientific.com
by UNIVERSITY OF CALIFORNIA @ SAN DIEGO on 01/04/15. For personal use only

Copyright of the works in this Journal is vested with World Scientific Publishing. The
article is allowed for individual use only and may not be copied, further disseminated, or
hosted on any other third party website or repository without the copyright holder’s
written permission.



