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Three new phenothiazine-corrole dyads were prepared by the reaction of phenothiazine-10-carbonyl
chloride and mono-hydroxyl triaryl corrole in the presence of DBU. As compared to corrole monomer,
these phenothiazine-corrole dyads exhibit significant enhanced DNA photocleavage activity as compared
to corrole monomer precursors.
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Scheme 1. The synthetic route for phenothiazine-corrole dyads.
In recent ten years, study on corrole has been received much
attentions because of their potential applications in catalysis,1

photophysics,2 electrochemistry,3 and particularly in biology.4 Cat-
ionic corrole complexes showed unique activities when binding to
DNA.5 Free base corrole6 and corrole copper complexes7 are also
able to photocleave DNA via singlet oxygen (1O2) mechanism.
The 1O2 quantum yield8 and DNA binding9 have been proved to
be the key factors in photocleavage of DNA. Phenothiazine is a rec-
ognized pharmaceutical chromophore showing diverse biological
activities including neuroleptic, antiemetic, antihistamine, anthel-
mintic10 and DNA intercalation activities.11 Thus, the introduction
of phenothiazine (PTZ) into corrole may lead to the dyad with new
photochemical and photobiological properties. Bearing this in
mind, we herein wish to report the synthesis of a series of pheno-
thiazine-corrole dyads (Scheme 1, 4–6). Corrole dyads 4–6 exhibit
higher fluorescence quantum yield and longer fluorescence life-
time than corresponding corrole units 1–3. Agarose gel electropho-
resis showed that these dyads exhibited significant enhanced DNA
photocleavage activity.

The synthetic route for phenothiazine-corrole dyads is shown in
Scheme 1. Mono-hydroxyl corrole 1–3 was prepared according to
previous published procedure.4a Phenothiazine-corrole dyads 4–6
could be prepared efficiently by the reaction of corresponding
mono-hydroxyl corroles 1–3 and phenothiazine-10-carbonyl chlo-
ride in dichloromethane at room temperature in the presence of
DBU with yields of 60–95%.12–14

The affects of phenothiazine group on the absorption and lumi-
nescence spectra of three corrole dyads 4–6 are nearly identical.
Figure 1 shows the UV–vis spectra of corrole precursor 3, corre-
sponding corrole dyad 6 and phenothiazine. The absorption spectra
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Figure 1. UV–vis spectra of 3, 6 and PTZ in toluene (10�5 mol/L).
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Figure 3. Time resolved luminescence spectra of 3, 6 in toluene (10�5 mol/L).
kex = 560 nm.

Table 1
Fluorescence quantum yield (Uf), lifetime (s), singlet oxygen luminescence quantum
yields(UD), fluorescence rate constant (kf) and nonradiative rate constant (knr) in
toluene, at room temperature

Compound kmax (nm) Uf
a s (ns) kf (107 s�1) knr (107 s�1) UD

b

1 650.5 0.126 2.45 5.14 35.67 0.72
2 656.0 0.122 2.47 4.94 35.55 0.74
3 660.0 0.116 2.11 5.50 41.90 0.75
4 647.5 0.156 3.88 4.02 21.75 0.89
5 654.0 0.134 3.86 3.47 22.44 0.91
6 656.0 0.139 4.81 2.89 17.90 0.93

a Tetraphenylporphyrin (TPP) was used as reference (Uf = 0.11).15 kex = 560 nm.
b TPP (UD = 0.70) was used as reference.16

Figure 4. Agarose gel electrophoresis pattern for the cleavage of supercoiled pBR
322 DNA. Reaction mixtures (10 lL) contained 0.1 lg of plasmid DNA, 100 lmol/L
samples and 5% DMF. Lane 1: DNA alone (no hm); lane 2: DNA+1 (no hm); lane 3–8:
sample 1–6 with DNA, respectively (hm 2 h).
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of dyad 6 revealed a new band at 280 nm corresponding to the
phenothiazine entity. While the Soret band (420 nm) and Q band
(500–700 nm) were similar to that of free base corrole precursor.
The spectra are essentially the superimposition of the absorption
spectra of the components, pointing to a rather weak electronic
coupling between corrole and phenothiazine chromophore. This
allows an approach based on a localized description of the individ-
ual subunits.

Emission spectra and time resolved luminescence spectra of
corrole precursor 3 and corrole dyad 6 are shown in Figures 2
and 3 respectively. Fluorescence quantum yields (Uf), maximum
emission wavelength (kmax), lifetime (s) of all samples are summa-
rized in Table 1. As can be seen, the luminescence band of the
dyads are shifted to higher energies (3–4 nm) as compared to their
parent monomers by selective excitation of the corrole unit at
560 nm. All PTZ-corrole dyads also exhibited higher fluorescence
quantum yields and longer singlet exited state lifetime than mono-
mer precursors. These observations are in contrast with other cor-
role-based multi-chromophoric dyads such as porphyrin,17

naphthalene imide,18 perylene bisimide,19 perylenebisimide tri-
phenylamine20 and C60-corrole.21 The fluorescence quantum yields
and lifetime of these reported corrole dyads were usually reduced
by excitation of the corrole units because of the electron transfer
(ET) process. This suggested there are no ET from corrole to PTZ
chromophore in PTZ-corrole dyads when exciting corrole unit.
The enhanced fluorescence quantum yield and lifetime may be
caused by the introduction of phenothiazine unit, which is known
as an excellent building block for impeding aggregation and
intermolecular excimer formation.22 Similar behavior was also
observed in some phenothiazine-porphyrin dyads.23 The fluores-
cence rate constant (kf) and nonradiative rate constant (knr) of
corrole dyads (Table 1) may be calculated from kf = Uf/s and
knr = (1 �Uf)/s.24 The values of knr/kf for all of the corroles 1–6
are 6.94, 7.20, 7.62, 5.41, 6.47 and 6.19, respectively. It can be seen
that values of the knr/kf for mono-hydroxyl corroles 1–3 are
obviously higher than that of corrole-phenothiazine dyads 4–6.
This suggests that the emission decay process of corroles is more
favorable when a phenothiazine unit is introduced.

The DNA photocleavage activities were examined using super-
coiled pBR 322 DNA. A mixture of corrole in DMF and the plasmid
DNA in Tris–HCl buffer pH 7.2 was illuminated for 2 h at room tem-
perature in a system consisting of an 11 w fluorescent lamp light
source placed 10 cm away. Agarose gel electrophoresis patterns
for the photocleavage of DNA are shown in Figure 4. Lane 1 is
the control DNA. Without illumination, all corrole or PTZ-corrole
dyads exhibited no DNA cleavage activity (exampled by lane 2).
Corrole 1–3 exhibited 54–58% conversion of supercoiled DNA
Figure 2. Emission spectra of 3 and 6 in toluene (10�5 mol/L) excited at 560 nm.
(form I) to nicked-circular DNA (form II) under illumination
(Fig. 4, lanes 3–5). In contrast, the dyads displayed enhanced
photocleavage activity under the same conditions (Fig. 4, lanes
6–8). Supercoiled DNA might be completely degraded to nicked-
circular DNA and linear DNA (form III) by 6 (Fig. 4, lane 8). Dyad
4 and 5 also exhibited efficient DNA cleavage activity (Fig. 4, lanes
6, 7). The DNA photocleavage activity follows an order of 4 < 5 < 6.
To further investigate the influence of PTZ group on singlet oxygen
quantum yield (UD) of corrole dyads, near-infrared luminescence
measurements25 was used to detect singlet oxygen. The lumines-
cence of singlet oxygen generated by corroles excited at 560 nm
is shown in Figure 5. The typical emission related to 1O2 to 3O2

transition is located at ca. 1280 nm. Quantum yield of 1O2 could
be estimated by using TPP (UD = 0.70) as the reference16 and the
results are listed in Table 1. Singlet oxygen quantum yields of
PTZ-corrole dyads are significantly higher than monomer corroles.
Thus, the enhanced DNA photocleavage activity by PTZ-corrole
dyads may be ascribed to the higher singlet oxygen quantum yields
of them.

The interaction between PTZ-corrole dyads and DNA was also
investigated by CD spectroscopy. CD is a sensitive method to detect



Figure 5. Luminescences of singlet oxygen generated by corrole photosensitizers in
toluene. kex = 560 nm.

Figure 6. CD spectra of CT DNA (1.7 mM) in the absence and presence of samples
1–6 at ratio [corrole]/[DNA] = 0.4.
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conformational change in nucleic acid duplexes.26 CD spectrum of
the CT DNA exhibited a positive band at 270 nm (base stacking)
and a negative band at 240 nm (helix of B DNA).26 Both of the po-
sitive (�275 nm) and negative (�245 nm) bands decreased in
intensity with the increased concentration of the PTZ-corrole
dyads (Fig. 6). This suggests that the DNA binding of the PTZ-cor-
role induces certain conformational changes, such as the conver-
sion from a more B-like to a more C-like structure within the
DNA molecule.27 The largest decrease in the CD band intensity
was observed by phenothiazine-corrole 6 at the same concentra-
tion. This implied that dyad 6 exhibited more effective binding
than other samples. There are no obvious differences between
sample 2–5 in the ability of perturbing the secondary structure
of DNA, and 1 shows the least perturbation.

In conclusion, we have synthesized three new phenothiazine-
corrole dyads. All these dyads exhibit higher fluorescence quantum
yield and longer luminescence lifetime than monomer corrole pre-
cursors. The steady-state and time-resolved measurements sug-
gest that introduction of phenothiazine into corroles could
enhance emission decay process. The synthesized phenothiazine-
corrole dyads also show significant enhanced DNA photocleavage
activity as compared to their corrole monomer precursors, because
of the higher light-induced singlet oxygen quantum yield by them.
To our knowledge, this is the first report of the relationship be-
tween photophysical properties and DNA photocleavage of corrole
based dyads.
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