A Self-Assembled Porphyrin-Based

Dimeric Capsule Constructed

ORGANIC
LETTERS

2000
Vol. 2, No. 23
3707-3710

by a

Pd(Il)-Pyridine Interaction Which Shows

Efficient Guest Inclusion

Atsushi lkeda,*" Masatsugu Ayabe," Seiji Shinkai,*" Shigeru Sakamoto,* and

Kentaro Yamaguchi*

Department of Chemistry & Biochemistry, Graduate School of Engineering,
Kyushu Uniersity, Fukuoka 812-8581, Japan, and Chemical Analysis Center,

Chiba Uniersity, Chiba 263-8522, Japan

seijittm@mbox.nc.kyushu-u.ac.jp

Received September 19, 2000

ABSTRACT

Novel self-assembled molecular capsules were constructed from two moles of pyridine-containing porphyrin derivatives and four moles of
Pd(ll) complexes utilizing a pyridine—Pd(ll) interaction. The *H NMR spectral studies established that these self-assembled molecular capsules
5 and 6 have a highly symmetrical D,y structure as well as a large inside cavity. It was shown that molecular capsule 6 can include a large

bipyridine guest by a two-point simultaneous pyridine—Zn(ll) interaction.

A great deal of effort has been devoted toward multipor- potential but is much less developed so far. A few cyclic

phyrin arrays such as molecular wiresiolecular switches,
photosynthetic systenighotosensitizers for DNA cleavade,
and photocurrent generatidm combination of these excel-
lent devices with hostguest chemistry has a large future

T Kyushu University.

* Chiba University.

(1) (a)Anderson, H. Liaiiniatasiay 1999 2323-2330. (b) Wagner,
R. W.; Lindsey, J. Sininniisssemiio ¢ 994 116 9759-9760. (c) Aratani,
N.; Osuka, A.; Kim, Y. H.; Jeong, D. H.; Kim, d
200Q 39, 1458-1462. (d) Tsuda, A.; Furuta, H.; Osuka, fisSkmiie .
L Ed 200Q 39, 2549-2552.

(2) Gosztola, D.; Niemczyk, M. P.; Wasielewski, M. Hafiiaiiad-
Soc 199§ 120, 5118—5119

T (3) (a) Wasielewski, M. R ohSilemmg 1992 92, 435-461. (b)
Steinbergyfrach, G.; Liddell, P. A.; Hung, S. C.; Moore, A. L.; Gust, D.;
Moore, T. A.Wl%?, 385 239-241. (c) Martn, N.; Saachez, L.;
lllescas, B.; Peez, |. @hakiaig 1998 98, 2527-2547. (d) Van Patten, P.
G.; Shreve, A. P.; Lindsey, J. S.; Donohoe, RisilinmSismmmm B9°3
102 4209-4216.

10.1021/0l006620m CCC: $19.00
Published on Web 10/21/2000

© 2000 American Chemical Society

host compounds composed of covalently linked multipor-
phyrins have been synthesized, and some of them can include
guest molecules such as pyridine derivafivesd fullerenes.

The findings suggest that molecular capsules with a three-
dimensional cavity would have larger association constants
and kinetically slower exchange rates for specific guest
molecules than cyclic compounds with a two-dimensional
cavity, but the syntheses of such molecular capsules are
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frequently very troublesome. Here, it occurred to us that the
utilization of coordination bonds has been somewhat ne-
glected, given that Fujita et.&hnd Stang et dP have shown

a number of attractive examples in which coordination bonds
are employed for the construction of self-assembled su-
pramolecular architecturésWe previously found that two
homooxacalix[3]arenes dimerize with threis-Pd(ll) com-

hyde with pyrrole in propionic acid. Compoun2l was
obtained in 99% vyield by the reaction @fwith Zn(OAC).

These compounds were identified by IR{ NMR, and

MALDI-TOF mass ([M+ H]* = 1651.9 and 1713.8 fat
and2, respectively) spectral evidence and elemental analyses.

As shown in Figure 1b, the simpl#H NMR splitting
pattern was obtained whdrand3 were mixed in a 1:2 ratio

plexes into a molecular capsule according to a self-assembled

manner>13 The spectroscopic studies have shown that the
molecular capsule thus formed can specifically include [60]-
fullerene, the selectivity of [60]fullerene vs [70]fullerene
being nearly “perfect®?1 Utilizing this class of concept,
several self-assembled multiporphyrin arrays were recently
reported in organic solvent8 However, most of the preced-
ing examples are two-dimensional macrocycles without a
sufficient inclusion cavity, whereas the examples for three-
demensional molecular capsules have been very lim#t&d.

If such a novel molecular capsule with “porphyrin walls” is
successfully constructed, it follows that a guest is shielded
inside the cavity while electrons are injected only via these
“porphyrin walls”. With this object in mind, we here report

novel self-assembled molecular capsules constructed from

porphyrinl or 2 through the pyridyt-Pd(ll) interaction. Very

interestingly, we have found that these molecular capsules

can include bipyridine derivatives with relatively large
association constants.
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Figure 1. Partial'H NMR spectra of (a)l (2.2 mM) and (b) 1]:[3]
= 1:2 (2.2 mM/4.4 mM): CDG, 27 °C, 600 MHz.

in CDCls. When the ratio was higher or lower than this value,
theH NMR spectra gave additional peaks and became very
complicated. Careful examination of Figure 1b andHe

IH COSY spectrum reveals that all peaks1e8 complex

can be assigned to one kind of signals, supporting the 2:4
1/3 complex §) with a D4, symmetrical structure but not
the 1:2 complex with aC,, symmetrical structure ais
inconceivable because the rigid tetraphenylporphyrin skeleton
of 1 suppresses the pyridyl groups to get close to each other
and thus preventsfrom the formation of the intramolecular
bonds with twacis-Pd(ll) complexes. Meanwhile, a solution
of 2 in CDCl; gave a very complicated and very broadened
H NMR spectrum, suggesting that the pyridyl groups act
as axial ligands to bind Zn(ll) intermoleculadyWhen 3

was added? gave a'H NMR spectral splitting pattern very
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Figure 2. Schematic illustration of 1:2 and 2:4 complexes.

similar to that of 2:41/3 complex (Figure 3b), which can be

also assigned to the molecular capséile

Here, we evaluated whether these novel molecular capsules
are capable of including some guest molecules. NMR
spectroscopic studies have provided clear evidence@hat
can form complex with 4,4trimethylenedipyridine4). The
IH NMR spectrum of6 in the presence o# is shown in
Figure 4. The proton signals for fregand 6:4 complex

Py-CHo-CHp

HAN . W PycH,
e y /
) P

ppm

5 2 1 Figure 4. Partial'H NMR spectra of (a§ (0.8 mM), (b) []:[4]
24 complex 1 8CFsS0s =2:1 (0.8 mM/0.4 mM), and (c)d:[4] = 1:1 (0.8 mM/0.8 mM):
CDCls, 27°C, 600 MHz. Open and filled circles denote the signals
S M=Hy) for free 4 and 6 and those fo6-4 complex, respectively.
6 (M =Zn)

Ry =0Me Ph. _Ph

R, =0CgH;4 L= ';hA/\ Eh ] appear separately. The peak separation implies that the
complexatior-decomplexation exchange rate is slower than

the'H NMR time-scale. The stoichiometry 6f4 complex
was estimated to be 1:1 from the peak intensities. These
results consistently support the view thatesides in the
cavity of 6.2 Large upfield shift is observed for thee- and
pB-protons in the pyridyl groups of (1.91 and 4.69 ppm,

The formation of molecular capsubewas also supported  regpectively). These changes are ascribed to the strong

by coldspray ionization mass spectrometery (CIS-MS).  spjelding effect of the porphyrir-systems on the- and
When a CHCI; solution containing? and3 in a 1:2 ratio B-protons of the included.

was subjected to the CIS-MS measurement, strong peaks Figyre 5 shows the influence of addédn the absorption
appeared at 967, 1190, and 1525, which are assignatte to [ spectral change il (25 °C, CHCE). It is seen from Figure

— 6CR:S0s]%", [6 — 5CRSOs 15+, and b — 4CF:SOy %,

respectively.

Figure 3. Partial'H NMR spectra of (ap (1.5 mM) and (b) 2]:[3]
= 1:2 (1.5 mM/3.0 mM): CD{, 27 °C, 600 MHz.
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Figure 5. Absorption spectral change 61(2.0 x 10°¢M): [4] =
0—5.0 x 1076 M. Insert: AAy3s Vs [4] plot in CHCI; at 25°C.
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5 that theldmax for the Soret band (431 nm) shifts to longer In conclusion, two porphyrin-based building blocHsof
wavelength (436 nm) with a tight isosbestic point (433 nm 2) intermolecularly bind foucis-Pd(Il) complexes, resulting

in the Soret band region). The result supports the view thatin a novel molecular capsule according to a self-assembled
two pyridine units in4 simultaneously coordinate to Zn(ll) manner. Owing to rigid acetylene spacers betweerso-

in 6. From a plot ofAAys6 vs [4] (inserted in Figure 5), one  phenyl moieties and pyridyl moieties 2y molecular capsule
can obtainK = 2.6 x 10° M1 for the formation of the 1:1 6 can hold an unusually large cavity enough to bind large
complex from4 and6 (the formation of6-4 complex is 65% bipyridine gues#. These results show that porphyrins can
at [4] = [6] = 2.0 x 1078 M). Since theK for the formation act as powerful building blocks for constructing molecular
of the 1:1 complex from pyridine and ZnTPP (TRP capsules in a self-assembled manner. The further applications
tetraphenylporphyrin) (estimated under the similar measure-of these systems to porphyrin-mediated molecular recogni-
ment conditions) is 1. 10° M1, one can regard that the tion, redox reactions, photochemical reactions, etc. are
two-point simultaneous binding dramatically enhances the currently under investigation in these laboratories.

K value. Moreover, the formation &4 complex was also
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