
Upon irradiation at 280 nm in CH3CN, dendritic poly-
uracils LnU-OBn (n = 3, 4) were crosslinked by a [2+2] pho-
todimerization of the uracil units to give intramolecularly
“locked” dendrimers, which were unlocked by irradiation at
240 nm.

Nucleobases play important roles in biological systems due
to their capability of forming multiple hydrogen bonds, and
have been utilized as key motives for host-guest chemistry and
supramolecular chemistry.1 On the other hand, one of the
attractive features of pyrimidine nucleobases is their activity for
reversible [2+2] photodimerization.2 For example, thymine and
uracil derivatives dimerize by ultraviolet irradiation (280 nm) to
form a cyclobutane ring, which is cleaved into the monomeric
forms upon irradiation with a shorter-wavelength light (240
nm) (Scheme 1).  Thus, a variety of photofunctional materials
and supramolecular systems consisting of pyrimidine nucleo-
bases have been developed.3

Dendrimers are hyper-branched three-dimensional macro-
molecules,4 and have a potential as a host molecule for trapping
of guest molecules within their pseudo-network structures.5

Recently, we have reported a new class of dendritic macromol-
ecules consisting of uracil units LnU-OBn (n = 3, 4).6 In the
present paper, we report that the polyuracil dendrimers can be
intramolecularly locked via photoinduced dimerization of the
uracil units.7

When an CH3CN solution of L4U-OBn (7.5 µM, [uracil
unit]0 = 112.5 µM) in a quartz cell under Ar was exposed at 20
°C to a monochromatized light at 280 ± 1 nm (150-W xenon
arc lamp coupled with a diffraction grating), the absorbance at
275.6 nm due to the uracil units was gradually decreased
(Figure 1a) while exhibiting two isosbestic points at 249.2 and
298.0 nm.  The reaction mixture after irradiation for 14 h
showed new 1H NMR signals assignable to cyclobutane rings
(δ 3.70-3.83).  The MALDI-TOF-MS spectrum showed a single
peak with a mass value identical to the molecular weight of the
starting dendrimer ([M+Na]+), while no other peaks due to
intermolecularly crosslinked products were detected in the
higher molecular weight region.  Furthermore, the SEC profile
showed no substantial change in the chromatogram before and
after the irradiation.  Therefore, the photodimerization of the
uracil units took place exclusively in an intramolecular fashion.

Continuous irradiation for, e.g., 80 h resulted in a 35% decrease
in the absorbance at 275.6 nm, which corresponds to the dimer-
ization of approximately six uracil units, on average, per den-
dritic molecule.8

In order to investigate the effect of dendritic architecture
on the photodimerization, one-generation smaller L3U-OBn
and non-dendritic 1,3-dimethyluracil were irradiated at a con-
centration of the uracil units being equal to the case of L4U-
OBn:  Lower-generation L3U-OBn, upon irradiation at 280 nm,
displayed an absorption spectral change similar to L4U-OBn,
but the dimerization rate was estimated to be almost a half of
that of L4U-OBn (Figure 1b).  Furthermore, non-dendritic 1,3-
dimethyuracil showed a negligibly small spectral change (4%)
even after 14-h irradiation.  The larger photodimerization rate
observed for L4U-OBn can be ascribed to a higher local con-
centration of the uracil units in the dendritic architecture.

Acetone is known to sensitize the photodimerization of
uracil to promote the cyclobutane ring formation.2 In fact,
compared with the above case in CH3CN, the photodimeriza-
tion of 1,3-dimethyluracil in acetone proceeded much faster,
where the absorbance at 266.0 nm was decreased to 15% of the
initial value within only 2 h.  In sharp contrast, the photodimer-
ization in L4U-OBn was not accelerated in acetone, suggesting
a possibility that the uracil units in L4U-OBn are rather isolated
from the solvent cage.

Irradiation of photo-crosslinked L4U-OBn with a shorter-
wavelength light (240 nm) resulted in an increase in absorbance
at 275.6 nm, indicating a photocleavage of the cyclobutane ring
to regenerate uracil functionalities.  MALDI-TOF-MS spec-
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trometry of the reaction mixture again showed a single molecu-
lar ion peak identical to that of unirradiated L4U-OBn.
However, the reaction was not fully reversible, as it showed a
saturation signature in the absorption spectral change profile.
For example, when an CH3CN solution of L4U-OBn, after irra-
diation at 280 nm for 80 h (abs275.6 = 1.00 → 0.65, Figure 1a),
was exposed to a 240-nm light, the absorbance of the reaction
mixture was increased to reach a plateau at 0.76 in 10 h.  This
observation suggests that the uracil units on different layers
exhibit different reactivities toward photodimerization and
cyclobutane ring cleavage, considering a possible effect of the
packing density of the uracil units on the reactivity.

In conclusion, we have shown that the polyuracil dendritic
macromolecule serves as a new photoresponsive material which
can be “locked” and “unlocked” by selective excitations.
Studies on applications to host-guest chemistry and materials
and biomedical sciences would be worthy of further investiga-
tion.9

References and Notes
1 a) H. Dugas, “Bioorganic Chemistry,” Springer, New York

(1996).  b) J. L. Atwood and J. -M. Lehn, “Comprehensive
Supramolecular Chemistry,” Pergamon, New York (1996).

2 a) D. Elad, I. Rosenthal, and S. Sasson, J. Chem. Soc. (C),
1971, 2053.  b) N. J. Leonard and R. L. Cundall, J. Am.
Chem. Soc., 96, 5904 (1974).  c) R. A. S. McMordie, E.
Altmann, and T. P. Begley, J. Am. Chem. Soc., 115, 10370
(1993).  d) D. J. Fenick, H. S. Carr, and D. E. Falvey, J.
Org. Chem., 60, 624 (1995).

3 a) M. J. Moghaddam, Y. Inaki, and K. Takemoto, Polym.
J., 22, 468 (1990).  b) J. R. Jacobsen, A. G. Cochran, J. C.
Stephans, D. S. King, and P. G. Schultz, J. Am. Chem.
Soc., 117, 5453 (1995).  c) T. Nozaki, M. Maeda, Y.
Maeda, and H. Kitano, J. Chem. Soc., Perkin Trans. 2,
1997, 1217.  d) S. Aoki, C. Sugimura, and E. Kimura, J.
Am. Chem. Soc., 120, 10094 (1998).

4 a) D. A. Tomalia, Adv. Mater., 6, 529 (1994).  b) J. M. J.
Fréchet, Science, 263, 1710 (1994).  c) F. Zeng and S. C.
Zimmerman, Chem. Rev., 97, 1681 (1997).  d) M. Fischer
and F. Vögtle, Angew. Chem., Int. Ed. Engl., 38, 884
(1999).

5 a) M. W. P. L. Baars, P. E. Froehling, and E. W. Meijer,
Chem. Commun., 1997, 1959.  b) A. I. Cooper, J. D.
Londono, G. Wingnall, J. B. McClain, E. T. Samulski, J. S.
Lin, A. Dobrynin, M. Rubinstein, A. L. C. Burke, J. M. J.
Fréchet, and J. M. DeSimone, Nature, 389, 368 (1997).  c)
L. Balogh and D. A. Tomalia, J. Am. Chem. Soc., 120,
7355 (1998).

6 M. Tominaga, J. Hosogi, K. Konishi, and T. Aida, submit-
ted.

7 For metal-catalyzed crosslinking on a dendrimer surface,
see:  M. S. Wendland and S. C. Zimmerman, J. Am. Chem.
Soc., 121, 1389 (1999).

8 Further irradiation resulted in a partial decomposition of
the dendritic architecture, as observed by MALDI-TOF-
MS spectrometry.

9 Examples of dendrimers for biomedical applications, see:
a) R. F. Service, Science, 267, 458 (1995).  b) A. D. Miller,
Angew. Chem., Int. Ed. Engl., 37, 1768 (1998).

Chemistry Letters 2000 375


