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The antenna complex in the photosynthetic light-harvesting Table 1. Spectroscopic data of 1a—d and the corresponding

system is one of the largest porphyrin assemblies in Nature. To 2ssemblies?
utilize the photon energy given in a unit area as effectively as _ UV Amax fluorescence ; )
possible, Nature has developed the gigantic antenna complexesPoPmyn (nm (tog €) ok B - S S

rather than increase the number of photosynthetic centers. The recent 1a gég gg%gig gzgg 649,714 127 0.077 77 0.39
model_ of the antenna system suggests that over 5.0 antenna 519 (4:30):557 (4:19)‘ 655 717 25 0128 20 0.20
bacteriochlorophyll molecules belong to one photoreaction center 505 (3.84), 650 (3.84)
to cover a large sunshine surface atr&ince the molecular design 1c 519 (4.30), 557 (4.22), 656,720 24 0.113 12 0.45
using self-assembling systems is one of the most promisin 596 (3.86), 651 (3.85)

9 4 9 sy o homis] PrOMISING 14 519 (4.10). 556 (3.97), 658,720 21 0.120 16 0.24
approaches to construct such large chemica _sFr_u_ctures, |t_ is 595 (3.59), 651 (3.67)
important to examine the limitations and possibilities of this
methodology? We have been attempting to construct such molecular ~ 21n CHxCly, at 298 K.P The absorption ratio at 564 nm of the central

systems of the porphyrin by using noncovalent interactidnghis porphyrins,1a—d, and the2-pyrazine complex in the heptadecameric- for
Y porpny Y 9 la—c and nonameric- fold assembliest Fluorescence quantum yield.

contribution we report porphyrin assemblies containing 17 porphyrin o The fiuorescence amplifying factor faa—d (see text and Figure 1§ The
molecules, in which the photoenergy absorbed by the entire systemfluorescence quenching factor for tAgpyrazine complex in the assembly.

is effectively converted to the emission of the single central

porphyrin. The systems also show an interesting dependency of 2 A A la+8x2 .
energy-transfer efficiencies on the topological arrangement of the 010+ o b) fitted g
antenna elements. c) la+8x2 g
The basic concept for the construction of assemblies is the same | | ceee d) 1a (x 10) g
as that for the previous nonameric assembly where the central ¢) Zepyrazin 5
porphyrin has the pyrazine arms to hook the zinc porphyrin difsers.  fited %
Three types of central free base porphyrins having eight pyrazine  °*7 e <
sites, the direct parallel typka, the spaced parallel typk, and
the serial typelc, were newly synthesized in this work. The 004
porphyrinld is also synthesized as the reference template for the
nonameric assembly. In the syntheses of these porphyrins, the
0.02 o
0-CHt
la: R= ( 2bi—N 000 L . ‘ i
’ N-\ 500 550 600 630 800
O-(CHa)7 4, ) ) )
N N_‘g Figure 1. Electronic absorption and fluorescence spectra of the assembly
R 0-(CHg)s <=N 1a(2)s and its components in GBBl,. (a) Electronic spectrum of the mixture
1b: R= @NHCOQ N~ of 1a (3.52 x 1077 M) and 2 (2.89 x 1076 M). (b) Simulated spectra
O-(CHp)s, N composed of each spectrum bd (3.52 x 107 M) and 2-pyrazine (2.89
N- N x 1078M). (c) Fluorescence spectrum & (3.52 x 1077 M) and 2 (2.89
Ic: R= —@—OICHz)s*\_}(CHﬂw&_} x 1076 M). (d) 10 times expanded fluorescence spectryraffla (3.52 x
1077 M). (e) the fluorescence spectrufa of 2-pyrazine (2.89x 10°¢ M).

N- .
Hﬁ 1d: R= —@—O[CHQ)QXNS (f) Simulated spectra, F4 + 0.3%.

and NMR spectra of all compounds show satisfactory agreement
with the expected structures. The spectroscopic behavior of these

—0— porphyrins is summarized in Table 1.
= o— The formation of the heptadecameric porphyrin assemblies is
2 confirmed by spectroscopic titration of dimerimésetetrakis(2-
S carboxy-4-nonylphenyl)porphyrinato]zinc(l2)with 1 as described
|‘5 _ ° ﬂl previously3c All titration curves for central free base porphyrins
\ <P B 0/ 1a, 1b andl1c are sharply bent at the concentration ratic2if =

8/1, where the spectrum shows simple additivity for those of the
component porphyrind(and2-pyrazine complex)indicating weak
pyrazine moieties are attached by the reaction of the correspondingelectronic interactions between the pigments. The spectruba-of
phenolic compounds with the corresponding bromoalkylpyrazine (2)s is shown in Figure 1 as the typical example of the assembly.
prepared from the methylpyrazine and dibromoalkdrigee HRMS The processes of the assembly formation seem to be monotonic
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Scheme 1

K

1c

and may be analyzed as eight independent equilibrium processesare two temporary explanations for the low energy-transfer ef-
with an identical binding constant to give excellent agreement ficiency of 1c. (a) the linker chain rigidified by attachment of two
between observed and theoretical titration behavior (see Schemehighly bulky antenna pigments in the single strand makes the
1) 8 Interestingly, not only the parallel type porphyridsand1b, position of the antenna pigments fixed at the longer distance from
but also the serial type onég, show similar monotonic titration  the central porphyrin, and (b) the energy transfer between inner
behavior and the binding constants for the inner pyrazine and the and outer antenna pigments as observed in the natural photosynthetic
outer one could not be practically separated from each other. Thesystem operates ific to interfere with the energy transfer from
observation may indicate a relatively free shuttle movement of the the antenna to the central porphy#iAlthough a conclusion cannot
antenna porphyrins between the inner and outer pyrazine sites inpe grawn in the present stage, the results give important suggestions
1c Al binding constants are larger than510" M~* which is the for the design of effective photoabsorption systems. Further
determinable upper limit of the present titration metfdthe results i, estigations containing the fast kinetic analyses for the present
suggest that under the typical experimental conditioripH 3.75 energy transfer are now under way and will be soon reported.
x 107 M and 2] = 3.0 x 1076 M, free 2 is estimated to be less
than 8% at the utmost. Supporting Information Available: Characterization data d—d

The photoabsorption and following energy transfer in the and a typical example of the titration data of the present eight
assemblies are examined by measurements of the fluorescencéndependent equilibrium processes (PDF). This material is available
spectra. The fluorescence titration experimedts= 564 nm) using free of charge via the Internet at http://pubs.asc.org.
la—c as the titrant for the constant concentration2adlso show
the sharp saturation behavior of the fluorescence intensities of the
free base porphyrins at the concentration rati@/f= 8/1. Further
addition of1 results in only weak emission increase proportionate (1) (a) Deisenhofer, J.; Epp. O.; Miki, K.; Huber, R.; Michel, Nature
to the concentration of, indicating negligible energy transfer ﬁf}ihg}rihgéﬁé_ﬁtgwmgge/@m Sé;)i;r:{/‘llc%;séog"dglf rlg(.e':i.;pl\.sa’gés,
between nonassembled components in an homogeneous solution N. W. Nature1995 374, 517. (c) Pullerits, T.; Sundstrom, Yicc. Chem.
under the present conditions. In all cases, the fluorescence spectrum  Res 1996 29, 381.
of the 1:8 mixture ofl and2 consists of the major fluorescence of (2) For recent review of the porphyrin assemblies, see: (a) Ogoshi, H.;

. . . Mizutani, T.; Hayashi, T.; Kuroda, Y. InThe Porphyrin Handbogk

1 and the minor one o2-pyrazine complex even in the presence Kadish, K. M.; Smith, K. M.; Guilard, R., Eds.; Applications: Past, Present
of the large excess of the antenna pigments. The obeserved spectra  and Future, Vol. 6; Academic Press: New York, 2000; pp-2340. For
are well reconstructed by the form aF; + f,F,, whereF; andF, %’fj&?';f gf;tgﬂgggﬁr’]%?igﬁ?grg ;avs‘vﬁrjlbc'fsbfﬁiz égmfg;ﬂi‘&_‘:*
are the fluorescence dfand the2-pyrazine complex, respectively, D. J. Am. Chem. S0d99Q 112, 9408. (c) Brun, A. M.; Atherton, S. J.;

measured separately at the corresponding concentrations (see Figure ~ Harriman, A.; Heitz, V.; Sauvage, J.-B. Am. Chem. S0d992 114
4632. (d) Odobel, F.; Sauvage, J.New. J. Chem1994 18, 1139. (e)
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