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The supramolecular systems containing an electron acceptor, zinc 5,10,15,20-meso-tetraferrocenylporphyrin and a pyridine-based
triphenylamine as an electron/energy donor, has been investigated. Fluorescence and transient fluorescence spectra revealed that the axial
coordinative complex performed a intramolecular photoinduced electron/energy-transfer from the triphenylamine to the porphyrin unit

by '"H NMR, IR and ESI-MS.

(phene-based triphenylamine used as a reference). Pyridine/phene-based triphenylamine derivatives were synthesized and characterized |
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INTRODUCTION

EXPERIMENTAL

Studies of the bacterial photosynthetic reaction centers have
revealed that the electron/energy donor and acceptor entities
are arranged through noncovalent incorporation into a well-
defined protein matrix'. The light-induced electron transfer
and energy transfer events occur between these well-organized
pigments in the photosynthetic systems. The natural photosyn-
thetic reaction center is too complex to reproduce synthetically.
To develop relatively simple donor-acceptor model systems
designed to mimic the events of the photosynthetic reaction
center has been one of the important goals of chemistry during
the past two decades™. Porphyrin is a suitable component owing
to its resemblance to the natural photosynthetic chlorophyll
pigment'®. Zinc porphyrin (ZnTPP) is able to complex with basic
substances (such as pyridine), furthermore the resulting
complexes are observed to be stable in certain circumstance.
This type of complexing is of considerable biological impor-
tance''. Triphenylamines (TPA) are not a component of any
natural photosynthetic system. However, triphenylamines have
been found to be a potential donor in modeling photosynthetic
systems'?, Here, a pyridine-appended triphenylamine has been
chosen to form stable coordination bonds with metal ions in the
porphyrin cavity. Furthermore, the electron/energy-transfer
efficiencies in TPA-ZnTPP have been systematically performed
by using different methods such as (i) decrease in donor fluore-
scence intensity, (ii) increase in acceptor fluorescence intensity,
and (iii) decrease in donor lifetime.

The ZnTPP was synthesized by the method of Adler
et al.”. Synthesis and purification of 4-[ N, N-di(4-tolyl)amino]
benzaldehyde(1) was carried out according to a modification
of a literature methods'*. All other reagents and solvents were
reagent grade and further purified by the standard methods if
necessary. 'H NMR spectra were measured with a VARIAN
UNITY INOVA 500 spectrometer. ESI mass spectra were
obtained on a LCQ Advantage MAX mass spectrometer.
Infrared spectra were recorded on a Bio-rad FTS3000. The
absorption spectra were received using Thermo spectronic,
Helios Gamma spectrometer in the range of 200-800 nm.
Steady-state fluorescence spectra were obtained on a Varian
CARY ECLIPSE fluorospectrophotometer. The time-resolved
fluorescence decay measurements were carried out using a
HORIBA Jobin Yvon IBH instrument based time correlated
single-photon counting (TCSPC) fluorescence spectrometer.
The solution was deaerated with N,-bubbling before measure-
ments.

Preparation of 4-[ N,N-di-(4-tolyl)Jamino]benzaldehyde
oxime (TPAOx): Compound 1 (0.15 g, 0.5 mmol), hydroxyl-
amine hydrochloride (0.14 g, 2 mmol) and dichloromethane
(50 mL) were mixed and stirred at 25 °C for 6 h. The reaction
mixture was concentrated and then purified by silica-gel
column chromatography with petroleum ether/ethyl acetate as
eluent. Yield: 0.13 g (82 %) light-yellow solid. ESI-MS (m/7):
317.1 [M+H]*. '"HNMR (CDCl;): 8, ppm 8.06 (s, 1H, -N = CH),
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Fig. 1. Synthesis of compound 3 and 4

7.38 (d, J=5Hz, 2H, ArH), 7.09 (d, J = 5Hz, 4H, ArH), 7.02 (d, J
=5Hz, 4H, ArH), 6.97 (d, J = 5Hz, 2H, ArH), 2.33 (s, 6H, -CHs).

Preparation of 4-[ N, N-di-(4-tolyl)amino]benzaldehyde
oxime N-O-benzoate (TPAOxPh): Benzoyl chloride (0.5 mL,
4 mmol), TPAOx (0.3 g, 1 mmol), triethylamine (1.2 mL, 8
mmol) and THF (40 mL) were stirred at 0 °C overnight under
nitrogen. Then the reaction mixture was poured into cold water
and extracted with chloroform (3 x 80 mL). The combined
organic layer was dried with anhydrous MgSO., filtered and
dried. The crude product was then purified by silica-gel column
chromatography with petroleum ether/dichloromethane as
eluent. Yield: 0.28 g (67 %) light-green solid. ESI-MS (m/z):
420.9 [M+H]*. IR (KBr, Vi, cm™) : 2961, 2852 (Yuc-), 2921
(Yoons)s 1914 (Yen), 1744 (Yewo), 1596, 1505, 1464 (Yec); 'H
NMR (CDCls): 8, ppm 8.14-7.56 (m, 5H, ArH), 8.44 (s, 1H,
-N=CH), 8.13(d, J=3.5Hz, 2H, ArH), 7.49 (t, /= 8.0 Hz, 2H,
ArH), 7.05 (d, J = 8.5Hz, 4H, ArH), 7.12 (d, J = 8.5 Hz, 4H,
ArH), 2.35 (s, 6H, -CH,).

Preparation of 4-[ N, N-di-(4-tolyl)amino]benzaldehyde
oxime N-O-isonicotinate (TPAOxPy): Isonicotinic acid (0.22
g, 1.8 mmol), thionyl chloride (0.4 mL, 5.6 mmol) in 15 mL
chloroform were refluxed for 6 h. The reaction mixture was
concentrated by rotary evaporation. Then to this intermediate
mixture the pre-cooled mixture of TPAOx (0.3 g, 1 mmol),
triethylamine (1.2 mL, 8 mmol) and 10 mL CH,Cl, was slowly
added in. The mixture was allowed to react for 2 h at room
temperature. After removing the solvent, the crude product
was dissolved in 5 mL CH,Cl, and purified by column chroma-
tography on silica gel with CH,Cl,: Methanol = 3:1 as eluent.
Yield 84 %. ESI-MS (m/z): 422.1 [M +H]*. IR (KBT, Vipax, cm™):
3209, 2851 (Yi-c=), 2920 (Ycny), 1920 (Ye=n), 1735 (Ye=0), 1600,
1506, 1449 (Yc-c); '"H NMR (CDCls): 8, ppm 8.84 (q, J = 2.0
Hz, 2H, -CsH4N), 7.96 (q, J = 3.5 Hz, 2H, -CsH.N), 8.45 (s,
1H, -N=CH), 7.58 (d, /= 9.0 Hz, 2H, ArH), 6.97 (d, J = 8.5
Hz, 2H, ArH), 7.05 (d, J = 8.5 Hz,4H, ArH), 7.13 (d, /= 8.0
Hz, 4H, ArH), 2.35 (s, 6H, -CH,).

RESULTS AND DISCUSSION

Synthesis and characterization: Compounds TPAOxPy
and TPAOxPh were synthesized from N,N-di(4-tolyl)

benzenamine (Fig. 1). Compound 1 was converted to oxime
using hydroxylamine with a yield of 85 %. The oxime comp-
ound TPAOx was reacted with isonicotinic choloride to achieve
the target compound TPAOxPy. Compound TPAOxPh, as a
reference compound in this paper, was synthesized in the same
way except that benzoyl choloride was used instead.

Steady-state absorption measurements: In the visible
spectral region, the absorption spectrum of ZnTPP locates at
419 nm (soret band), 548 nm, 586 nm (Q-bands)". It was
reported that the ZnTPP complex bearing a fifth ligand exhi-
bited the red shifts of the soret band and Q bands'®, which has
earlier been taken as evidence for the coordination of pyridine
to a ZnTPP". Fig. 2 shows the absorption spectra change of
ZnTPP in the presence of various concentrations of TPAOxPy
in CH,Cl,. The Soret band at 420 nm first decreased in intensity
and then increased with shift to 427 nm. In the Q band region,
the peak at 554 nm decreased and a new peak appeared at
604 nm. The spectral patterns are similar to those of the five-
coordinated zinc porphyrins, therefore, the reaction corres-
ponds to the axial ligation of one TPAOxPy to the zinc(Il)
center'®,
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Fig. 2. Absorption spectral change of ZnTPP in CH,Cl, in the presence of
various concentrations of TPAOxPy. [TPAOxPy] = (1) OM; (2) 4 x
10°M; (3) 4 x 10°M; (4) 8 x 10°M; (5) 2.4 x 10*M; (6) 3.2 x 107
*M; (7) 4 x 10* M. The concentrations were maintained at 4 x 10"
°M for ZnTPP
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Steady-state fluorescence spectra: The steady-state fluore-
scence emission spectra of ZnTPP, TPAOxPy and 1:1 complex
of ZnTPP and TPAOxPy as well as those of the reference
compound in CH,Cl, are shown in Fig. 3. When excited at
371 nm, TPAOxPy shows a strong fluorescence emission at
460 nm and the characteristic emissions of ZnTPP at 580 nm,
650 nm also appeared. The presence of ZnTPP could quench
the fluorescence of TPAOxPy and the larger concentration of
ZnTPP brought about the larger fluorescence quantum yield,
which was calculated as ca. 30.4 % (Fig. 3a). These results
indicate that energy transfer and electron transfer might occur
intermolecularly and intramolecularly in the TPAOxPy-ZnTPP
1:1 complex". When the ZnTPP, ZnTPP-TPAOxPy were
measured with excitation at 420 nm, which selectively excites
the ZnTPP moiety, the fluorescence intensities of ZnTPP
moiety were not significantly changed by the TPA moiety (Fig.
3b). Similar results were obtained with the mixture of days
(ZnTPP + TPAOxPh). These results indicate that there is no
photoinduced electron and energy transfer from the excited
porphyrin to the intramolecular or intermolecular TPA moiety.
For comparsion, the fluorescence emission spectra of mixtures
of TPP (5,10,15,20-tetraphenyl porphyrin) with TPAOxPy and
TPAOxPy in CH,Cl, excited at 371, 420 and 550 nm were
investigated. It is found that there is no change of the fluore-
scence emission spectra compared with the corresponding
reference compound in these cases. This indirectly indicates
that the electron/energy transfer in the coordinative complex
at high dilutions may be of an intramolecular nature.
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Fig. 3. (a) Fluorescence spectra of ZnTPP, TPAOxPy and ZnTPP-TPAOxPy,
Aex= 370 nm. (b) Fluorescence spectra of ZnTPP, ZnTPP-TPAOxPy
and TPAOxPh + ZnTPP, A = 420 nm. All of the concentrations
were maintained at 1 x 10° mol/L or 1 x 10 mol/L in CH,CL. (
ZnTPP-TPAOxPy is the coordianted complex of TPAOxPy and
ZnTPP, ZnTPP + TPAOxPh is the mixture of TPAOxPh and ZnTPP)

Transient fluorescence spectra: The fluorescence life-
times (t¢r) of TPAOxPy, ZnTPP-TPAOxPy and ZnTPP
+TPAOxPh were measured using a time-correlated single-
photo-counting apparatus with excitation by specific Nanoled
(Fig. 4). The fluorescence time profile of TPAOxPy excited at
339 nm were shown in Fig. 4a. The fluorescence lifetime of
TPAOxPy was fitted to be 8.4 ns with a main component of
84.92 %. The ZnTPP-TPAOxPy excited at 339 nm was also
fitted perfectly by biexponential fitting with a main compo-
nent of 1.8 ns (50.87 %). The lifetime became shorter for
TPAOxPy with zinc porphyrin, which clearly indicated that
photoinduced energy/electron transfer from the TPAOxPy
moiety to the porphyrin moiety occurred in the supramole-
cular system®. In Fig. 4b, the selective excitation of the ZnTPP
moiety was carried out by 370 nm nanoled. The fit for the
ZnTPP and the ZnTPP-TPAOxPy were fitted by biexponential
fitting function with a main component of 1.7ns (91.68 %),
1.7ns (88.06 %) respectively. These results show that there is
no photoinduced intramolecular electron and energy transfer
from the excited porphyrin to the triphenylamine moiety. Com-
pared with the ZnTPP-TPAOxPy dyads, the lifetime features
of TPAOxPh and ZnTPP + TPAOxPh were measured at the
same conditions as for TPAOxPy and ZnTPP-TPAOxPy. The
fluorescence lifetime of TPAOxPh and the mixture of ZnTPP
+ TPAOxPh excited at 339 nm were 8.8ns (71.24 %), 8.6ns
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Fig. 4. Fluorescence decay, as measured by nanosecond time correlated
single photon counting. (a) Excitation by 339 nm nanoled, ) tpaoxpy
=1.1, XZZnTPPrTPA()xPy =1.1, XZTPAOxPh = 1.0, XzznTPP+TPAOxPh =1.1; (b)
Excitation by 370 nm nanoled, Xzz"'rpp= 10, X2 ZnTPP-TPAOXPy = 11,
Xzoter + eaoxen = 1.0. All of the concentrations were maintained at 4
x 10 mol/L in CH,Cl,. (* is a measure of mis-match between data
and fitted function).
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(52.06 %) respectively (Fig. 4a); the fluorescence lifetime of
ZnTPP and the mixture of TPAOxPh and ZnTPP excited at
370 nm were 1.7 ns (91.68 %), 1.8 ns (50.26 %) respectively
(Fig. 4b). The fluorescence lifetime of TPAOxPh and ZnTPP
do not change with selectively excitation of the TPA unit or
the TPP moiety, which indirectly indicated that photoinduced
energy/electron transfer from the TPAOxPy moiety to the
porphyrin moiety did not occurr in the intermolecular system*'.
In pyridine compound the TPAOxPy can come closer to the
porphyrin ring by metal-ligandcoordinate bond compared with
phene compound and the electron/energy may transfer more
easily.

Conclusion

This paper describes the synthesis of a triphenylamine
ligand designed to complex ZnTPP. The pyridyl-triphenyl-
amine was designed to provide direct electronic communication
between the porphyrin and the triphenylamine through non-
covalent association between the N-atom on the pyridine and
the Zn**-atom in the porphyrin core. The photoinduced intra-
molecular energy/electron-transfer excited state were proven
by photophysical, electrochemical. Our results also indicated
that the functional materials with two moieties could be
obtained by combination of different functional chromophore
into one molecule using a covalent bond linkage. This result
may open a new route for developing donor-acceptor systems,
which is not severely limited by the synthetic route.
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