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ABSTRACT

Porphyrin tetramer 1 was newly designed and synthesized to construct a novel cooperative [60]fullerene (Cgo) binding system. Compound 1
has a p-terphenyl axis, which is expected to act as a scaffold for a guest-binding information transducer. In toluene, 1 can bind 2 equiv of Cg
to produce a 1:2 1/Cgy complex with association constants of 5800 M—1 (Ky) and 2000 M~ (K5). These values are significantly greater than
those for control porphyrin dimers such as 2 and 3.

Fullerene and its derivatives are a fascinating class of bis-porphyrin (jaws porphyrin) also binds fullerereso far,
molecules that have been applied to many research areas sualmany research groups have paid much attention to the pursuit
as chemistry, material science, biology, €@evelopment  of new host molecules for fullerene, which frequently brings
of specific receptors for fullerenes is of great importance in

con_structing fuIIerene-basqu funct_ional materials, photosyn- ) (@) Ikeda, A Yoshimura, M.. Shinkai, Setrahedron Lett1997,
thetic systems, and photonic devices. Such host moleculesss, 2107 (b) Tsubaki, K.; Tanaka, K.; Kinoshita, T.; Fuiji, KChem.

designed so far are concave molecules such as calixarene Commun.1998, 895. (c) lkeda, A.; Yoshimura, M., Udzu, H.; Fukuhara,
@ lotrivertriene® and lodextrirs. Explori C.; Shinkai, SJ. Am. Chem. S0d 999,121, 4296. (d) Ikeda, A.; Hatano,
resorcarenécyclotrivertriene; and cyclodextrirr. exploring T.; Shinkai, S.; Akiyama, T.; Yamada, S. Am. Chem. So@001,123,

a novel host molecule, Aida et al. recently demonstrated thathSZ. (e)I étwoCOﬂ, J. L Bargggr, Lé ng; (lFl)ichols,dP.S JG Rats%n, C.L;
el ; ; andoval, C. AChem. Eur. J1999,5, . (f) Mizyed, S.; Georghiou, P.
the strapped bis-porphyrin macrocycle is a novel platform E.+ Ashram, M.J. Chem. Soc.. Perkin Trans.2B00. 277. (q) Isaccs, N.

for fullerene binding with the largest association constant s.: Nichols, P. J.; Ratson, C. L.; Sandova, C. A.; Young DCliem.
inme-li Commun.1997, 1839. (h) Haino, T.; Yanase, M.; Fukazawa,Agew.

reported so faf.Reed et al. showed that palladium-linked Cherm. Int. EA1998 37, 997, (i) Wang. J.- Bodige. S. G.: Watson W. H.
Gutsche, C. DJ. Org. Chem2000,65, 8260. (j) Atwood, J. L.; Barbour,

(1) (a) Dresselhaus, M. S.; Dresselhaus, G.; Eklund, OS¢lence of L. J.; Ratson, C. L.; Sudria, |. B. Mngew. Chem., Int. EA998,37, 981.
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forth new photochemical and/or electrochemical propetties.

In this Letter, we describe synthesis and binding properties
of the novel porphyrin tetramefl for Cg where four
porphyrins are arranged aroung-éerphenyl rotational axis
via methylene spacers. We have already found that the
subunits for guest binding, which are rationally arranged
around the rotational axis, such as metal§d&@-C bond®

or butadiynylené?® work cooperatively to bind guest mol-
ecules in a nonlinear fashion (positive homotropic alloster-
ism). Furthermore, it was shown that positive homotropic
allosterism can be utilized not only to realize the nonlinear
guest binding but also to attain higher guest affinity which
cannot be achieved by conventional 1:1-type guest birdifig.
Thus, if two porphyrins sandwich onesgCmoleculeé 71!
two pairs of porphyrin tweezers ithare expected to bind 2
equiv of Gy in an allosteric manner to attain high affinity
for Cgp. Compound® and 3 were used for control experi-
ments.

w

Compoundl was obtained in 29% yield by the reaction
of 5,10,15-tris(4tert-butylphenyl)-20-(4-hydroxyphenyl)por-
phyrin with 2,6,2,6"-tetrakisbromomethylI[1;4',1"]terphenyl
in DMF. Each compound was identified Bid NMR, *H—
1H COSY, and MALDI-TOF MS spectroscopic evidence and
elemental analysi¥.

The Soret band of and control compoundzand3 (1.00

uM) in toluene appeared at 421.0 nm, which is same as that

of 5,10,15-tris(4tert-butylphenyl)-20-(4-hydroxyphenyl)por-
phyrin, indicating that porphyrins ib—3 do not interact with

(3) (a) Fox, O. D.; Drew, M. G. B.; Wilkinson, E. J. S.; Beer, P. D.
Chem. CommurR000, 391. (b) Tucci, F. C.; Rudkevich, D. M.; Rebek, J.,
Jr. J. Org. Chem.1999, 64, 4555. (c) Garcia, M. M.; Uribe, M. I. C;
Palacios, E. B.; Ochoa, F. L.; Toscano, A.; Cogordan, J. A.; Rios, S.; Cruz-
Almanza, R.Tetrahedron1999,55, 6019.

(4) (a) Steed, J. W.; Junk, P. C.; Atwood, JJLAm. Chem. S0d994,
116, 10346. (b) Atwood, J. L.; Barnes, M. J.; Gardiner, M. G.; Ratson, C.
L. Chem. Communl996, 1449. (c) Matsubara, H.; Oguri, S.-y.; Asano,
K.; Yamamoto, K.Chem. Lett.1999, 431. (d) Felder, D.; Heinrich, B.;
Guillon, D.; Nicoud, J.-F.; Nierengarten, J.-Ehem. Eur. J.200Q 6,
3501.

(5) (&) Anderson, T.; Nilsson, K.; Sundahl, M.; Westman, G.; Wenner-
stram, O.J. Chem. Soc., Chem. Commui992, 604. (b) Anderson, T.;
Westman, G.; Stenhagen, G.; Sundahl, M.; Wennarstf. Tetrahedron
Lett. 1995,36, 597. (c) Andrievsky, G. V.; Kosevich, M. V.; Vovk, O. M.;
Shelkovsky, V. S.; Vashchenk®, Chem. Soc., Chem. Commuf95 1281.

(d) Ohlendolf, V.; Willnow, A.; Hungerbuhler, Guldi, D. M.; Asmus, K.-
D. Anderson, T.; Nilsson, K.; Sundahl, M.; Westman, G.; Wennamstro
0. J. Chem. Soc., Chem. CommutR95, 759. (e) Takemura, S.-i.;
Takemura, H.; Matsumoto, T.; Yoshida, Z Jietrahedron Lett2000,41,
1043.
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Figure 1. Concentration dependence of the UV—vis spectra: [1]
= 1.00uM, [Cg] = 0—3.50 mM, toluene, 28C. Inset: plot of
absorbance change versug €oncentration at 417 nm.

each other intramolecularly. Upon addition of,Go the
solution of1 (1.00u«M) in toluene at 25°C, the Soret band
of 1 shifted from 421.0 nm to longer wavelength with a
hypochromic effect (Figure 1), which is coincident with the
results of recent porphyrin—ghost—guest systenfd. To
estimate the stoichiometry betwegrand Go by *H NMR
spectroscopyiH NMR spectra for I]:[Ceg] = 1:0-1:4

in toluene-g at 25°C were measured ([1F 0.500 mM).
meso-Aryl protons shifted to a lower magnetic field, where-
as 3-pyrrole protons and pyrrole NH protons shifted to a
higher magnetic field by £ addition (Figure 2). Complex-
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Figure 2. Plots of chemical shift change versusg{fJ1]: 600
MHz, toluene-g, 25 °C.

induced chemical shift changes were saturated gjf/[C]
= 2, showing that the stoichiometry of this system is 1:2.
In the 13C NMR spectra, thé3C signal of Gy shifted from
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143.2 to 142.7 ppm due to the porphyrin ring current effect
(Figure 3). These trends inge and porphyrin-induced

(A) C.so
L M
(B)
$
.

145 140 135 130 125
3/ ppm
Figure 3. Partial’®*C NMR spectra of G-enriched G, (1.50 mM)

in the absence (A) and presence (B)10f0.50 mM): 150 MHz,
toluene-g, 25 °C.

chemical shift changes iH and*3C NMR spectra are very
consistent with those of recent reports on porphyfigg
systems:’

A plot of the absorbance change at 417.0 nm vg)][C
featured a sigmoidal curvature (although weakly), indicating
that the binding of & to 1 occurs cooperatively (inset of
Figure 1). This guest binding profile was tentatively analyzed
with the Hill equation®® log(y/(1 — y)) = n log[guest] +
log K, whereK andn are the association constant and Hill
coefficient, respectively, ang = K/([guest]" + K). From

log K = 5.0 (1:21/Cso complex) andn = 1.3. The results
show that the&K value is relatively large but the cooperativity
expressed by the value (1< n < 2) is not so strong. This
trend implies thak; is not sufficiently smaller thak,, as

in the case of typical positive homotropic systeiti8.Hence,

the plot was reanalyzed by a nonlinear least-squares method,
assuming a two-step binding mechanism with and K.
The K; andK; values forl were evaluated to be 5800 and
2000 M, respectively (correlation coefficient 0.998). In a
1:2 host—guest cooperative binding systefa, > 1/4K;
should be necessat$? Therefore, the results also supports
the view that the binding of & to 1 is taking place
cooperatively (with weak positive homotropic allosterism).
The K; andK; values are almost same as that for Reed'’s
palladium-linked bis-porphyrinbut smaller are than that for
Aida’s bis-porphyrin macrocyclic systef.

Compoundl has two different kinds of porphyrin twee-
zers: one composed of proximal porphyrins in the same
phenyl ring (type A in Figure 4) and the other composed of
distal porphyrins in the different phenyl ring (type B). The
guestion of which tweezer pairs contribute to this cooperative
1:2 binding system was addressed by control experiments
using 2 and 3. Compounds2 and 3 are corresponding
monotweezers by which one can investigate the binding
mode of Go to 1. When2 and 3 are titrated with G in
toluene, the bathochromic shift of the Soret band and clear
isosbestic points are observed as already shown in the case
of 1 with Cgo. From a plot 0fAA4;7 vs [Csq], One can evaluate
the association constants,= 154 M™! (correlation coef-
ficient 0.994) andK = 566 M (correlation coefficient
0.997) for the 1:1 complexes ofs&with 2 and 3, respec-
tively. Since theK value for3 is much larger than that for
2, one can conclude that two pairs of distal porphyrins (type
B) in 1 work as cooperative binding sites fogdC that is,
the first binding to a pair of distal porphyrins would facilitate
the second one by suppressing thdgerphenyl axis of
rotational freedom in the molecular recognition process of

the slope and the intercept of the linear plot, we obtained 2 equiv of G, (Figure 4).

(6) (a) Tashiro, K.; Aida, T.; Zheng, J.-Y.; Kinbara, K.; Saigo, K.;
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Association constanti; and K, obtained for thel/Cso
system are significantly larger than those fband 3. In
other words, porphyrin tweezércoupled with the concept
of “allosterism” exhibits a larger affinity toward g than
those of the corresponding monotweeze&sand 3. It is
particular worth emphasizing that positive homotropic al-
losterism can be utilized as a new strategy to attain higher
guest affinity, which cannot be attained by the conventional
1:1-type guest binding.

(11) Ishi-i, T.; Iguchi, R.; Snip, E.; Ikeda, M.; Shinkai, Sangmuir2001,
17, 5825.
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CDCls, TMS, 25°C) d/ppm (J/Hz)—2.78 (s, 8H), 1.59 (s, 108H), 5.23 (s,
8H), 7.16 (d,J = 8.8, 8H), 7.47 (dJ = 7.8, 16H), 7.59 (dJ = 7.5, 2H),
7.73 (d,J= 8.0, 8H), 7.80 (dJ = 7.6, 4H), 7.83 (s, 4H), 7.89 (d,= 7.8,
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Figure 4. Schematic illustration of cooperative binding of twgy@olecules to porphyrin tweezér.

In conclusion, we have demonstrated that compolind allosteric 1:2 host—g; complex formation. One can readily
binds Go cooperatively in toluene to produce the 1:2 apply this basic scaffold to molecular design of oligo- or
complex. As far as we are aware, this is the first example of poly(p-phenylene) systems where fullerenes can be ordered
around the polymer chaitt. These studies are now in

(14) For recent reports on oligo- and pgiyghenylene) derivatives with progress in our group.
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