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A novel triblock polyisocyanide having free-base- and zinc-
porphyrins as pendants was prepared by living polymerization
with a Pt-Pd �-ethynediyl complex as an initiator, and irradiated
at 420 or 556 nm in a THF solution to cause intramolecular en-
ergy transfer from the zinc-porphyrin to the free-base-porphyrin.

Porphyrin has a wide range of potential applications in the
fields of optoelectronics, fluorescent materials and catalysts.1 Re-
cently, to develop new materials incorporating some of the pro-
minent properties of porphyrin, there has been an increasing in-
terest in the design of nano-sized macromolecules2 in which
porphyrin moieties are regularly arranged. We previously re-
ported an attractive method for preparing polyisocyanides bear-
ing porphyrin as a pendant group by the polymerization of por-
phyrin-isocyanide 2 with Pt-Pd �-ethynediyl complex 1.3{5

This method offers a precise synthesis of definite oligomers
and polymers with a polymerization degree (DP) of 2 to 100 or
greater. Polyisocyanides with bulky groups on the nitrogen atoms
are known to adopt a 41 helical structure with a pitch of ca.
4 �A.6;7 In fact, the porphyrin-isocyanide polymers showed char-
acteristic absorption spectra4 due to electronic coupling between
porphyrins attached to the nitrogen atoms through phenyl groups
in the helical structure, suggesting that porphyrin pendants are
regularly arranged along the helical main chain. Based on the
structural characteristics of the polymers, this polymerization
method may be extended for the synthesis of electronically het-
erogeneous structures using two kinds of chromophores, in which
an increase in the excitation level is expected to offer an antenna
effect.8 In this paper, we report the synthesis of block copolymers
using free-base porphyrin- and zinc porphyrin-isocyanides, and
the photochemical properties of the novel copolymers.

Isocyanide monomers (2a and 2b) bearing tetraphenylpor-
phyrin (TPPH) and zinc tetraphenylporphyrin (TPPZn) were pre-
pared and polymerized using initiator 1 to give respective homo-
polymers 3a and 3b4 (Eq 1). In the UV-vis absorption spectra,
polymers 3a showed a split Soret band at around 420 nm,
indicating regular face-to-face orientation of the porphyrin

chromophores.4;9 The fluorescence spectra of polymer 3a20
(DP ¼ 20, Mn ¼ 6000, Mw=Mn ¼ 1:05) with excitation at
420 nm (Soret band) and 556 nm (Q band) showed bands at
654 and 725 nm, respectively, which are characteristic of TPPH
(Figure 1). Polymers 3b showed a broad Soret band at around
420 nm in the UV-vis absorption spectra. The fluorescence spec-
tra of 3b20 (DP ¼ 20, Mn ¼ 5600, Mw=Mn ¼ 1:05) with excita-
tion at 420 and 556 nm showed bands at 604 and 656 nm
(Figure 2).

The present polymerization system has an almost ideal living
nature5 and multi-block copolymers can be prepared by a usual
technique.3 Thus, 10 equiv. of 2b as the first monomer were
added to a solution of initiator 1 in THF and reacted under reflux
to give polymer 3b10 (Mn ¼ 4200). After complete consumption
of monomer 2b, 2 equiv. of 2a as the second monomer were
added to give a diblock copolymer (Mn ¼ 4500), followed by
10 equiv. of 2b to give triblock copolymer 4 in 95% isolated
yield (Mn ¼ 6100; Mw=Mn ¼ 1:04) (Eq 2). A trace experiment
with GPC analysis indicated an expected increase in molecular
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Figure 1. Absorption spectra of 2a (a) and 3a20 (b), and fluorescence spec-
tra of 3a20 excited at 420 nm (c) and 556 nm (d) at room temperature.
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Figure 2. Absorption spectra of 2b (a) and 3b20 (b), and fluorescence spec-
tra of 3b20 excited at 420 nm (c) and 556 nm (d) at room temperature.
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weights at the each step, and resulting polymer 4 was identified
by spectral and elemental analyses. The UV-vis absorption spec-
trum of 4 showed clear maxima at 420, 556, and 596 nm along
with weak bands at 513 and 650 nm. The spectrum was very si-
milar to that of a 10:1 mixture of homopolymers 3b20 and 3a20.
The Q-bands of 4 indicate the existence of TPPZn and TPPH as
pendant groups in a ratio of 10:1 in the polymer molecule. The
ratio of TPPZn to TPPH was confirmed by a quantitative analysis
with UV-vis spectra and ICP analysis, the latter of which indi-
cated that the ratio of platinum to zinc in the polymer molecule
was 1:20.10

In polymer 4, we can consider that the pendant groups of
TPPZn and TPPH are almost regularly stacked along the main
chain with a spacing of ca. 4 �A. Since the emission spectrum of
TPPZn fortunately overlaps the absorption spectrum of TPPH, in-
tramolecular fluorescence resonant energy transfer (FRET) from
the former to the latter porphyrin moieties can be expected. When
a 10:1 mixture of homopolymers 3b20 and 3a20 in THF was ex-
cited at 556 nm tuned to the absorption of TPPZn, three bands ap-
peared at 604, 654, and 725 nm. The intensity of each band was
consistent with the superimposition of the emission spectra of
3b20 and 3a20, undoubtedly indicating that intermolecular energy
transfer does not occur between homopolymers 3a and 3b in so-
lution. The fluorescence spectrum (Figure 3) of 4 excited at
556 nm also showed three bands at 604, 654, and 725 nm. These
three bands indicate that both TPPZn and TPPH emit fluores-
cence because TPPZn shows fluorescence bands at 604 and
656 nm, while TPPH shows bands at 654 and 725 nm. The inten-
sity of the emission at 604 nm due to TPPZn decreased by half

compared to that for a mechanical mixture of homopolymers
3a and 3b, while the intensities of the emissions at 654 and
725 nm due to TPPH were greatly increased in the spectrum of
4. This increase in emission clearly suggests energy transfer from
TPPZn to TPPH in 4 in the excited state.

Intramolecular energy transfer was also confirmed by the
fluorescence excitation spectrum (Figure 4) in comparison with
the absorption spectrum. Based on the close similarity of both
spectra and especially the appearance of absorption at 556 nm
due to TPPZn in the excitation spectrum, efficient intramolecular
energy transfer from TPPZn to TPPH can be concluded. Using
both spectra, the energy transfer quantum yield was calculated
to be about 35%.11 This observation suggests that helical poly-
isocyanides provide a suitable nano-sized frame for aligning
small functional molecules.
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Figure 3. Fluorescence spectra of polymer 4 (—) and a mixture of 3a
and 3b (—) excited at 556 nm.
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Figure 4. Absorption spectrum (—) and excitation spectrum of 4
monitored at 725 nm (—).
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