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Caged compounds1 are biologically inert molecules which can
release bioactive compounds upon photolysis. In the course of
our study on caged compounds for medicinal use, we designed a
dendritic caged compound, which may be able to carry a large
number of biomolecules without any loss during transport in an
inactive form.

Dendrimers, which are hyperbranched artificial polymers with
a monodisperse molecular weight and well-controlled shape, have
received considerable attention over the past decade.2 Although
dendritic structures are used as the fundamental skeletons of newly
developed functional materials, it is often difficult to characterize
them by mass spectrometry. Efficient methods for mass spectro-
metric characterization have to be developed for further progress
in dendrimer chemistry.

In this communication, we report the first synthesis, photo-
chemical properties of dendritic caged compounds,3 and a new
efficient method for preparing anR-carboxy-2-nitrobenzyl caged
compound4 of a leucyl leucine methyl ester, which induces
apoptosis in immunological cells,5 as a model substrate. We also
describe the mass spectrometric characterization of newly devel-
oped dendritic caged compounds with a high molecular weight
and a hydrophobic surface.

An R-carboxy-2-nitrobenzyl caged leucyl leucine methyl ester
4 was synthesized by the method shown in Scheme 1.6 The
terminal olefin moiety of3 was oxidized by reaction with KMnO4
to give 4 as a diastereomeric mixture.7 Compared with the

previously reported method,8,9 the present method is unique in
that R-carboxy-2-nitrobenzyl caged compounds were obtained
from a 1-(2-nitrophenyl)allyl alcohol with no chemically sensitive
functional groups such as a carboxylic acid or an ester.

Methyl amide5 was prepared as a model compound. Com-
mercially available PAMAM dendrimers were used as a dendritic
core. PAMAM dendrimers of generation 0-4, which have 4-64
primary amino groups at their periphery, were treated with4 in
the presence of 2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline
(EEDQ) in methanol (Scheme 1). The yields of the dendritic caged
compounds were high enough for use in further chemical and
biological applications (57-96%). The structures of dendritic
molecules6-10 were confirmed by1H NMR, 13C NMR, UV/
vis, and ESI-MS10 (vide infra).11

These dendritic caged compounds have a hydrophobically
functionalized surface and a high molecular weight compared with
those in the dendritic core (e.g., PAMAM dendrimer generation
2: MW 3256 vs8: MW 10660), which made it difficult to
generate ionized species suitable for ESI-MS detection. In the
present case, both positive and negative molecular ion peaks of
6-8 were observed (Figure 1).12 As for 9 and 10 (molecular
weights of 21716 and 43823, respectively), molecular ion peaks
could not be observed.

None of the dendritic caged compounds obtained here gave
significant fluorescent adducts after reaction with fluorescamine,
suggesting the absence of primary amino groups which were
present on the surface of PAMAM dendrimers. The caged
compounds obtained above were used for the following experi-
ments as mixtures of diastereomers, since we did not expect the
diastereomers to have significantly different photochemical
properties.

The molar extinction coefficients of dendrimers6-10 as well
as those of monomers4 and5 at bothλmax and 350 nm are almost
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Scheme 1.Preparation of theR-Carboxy-2-nitrobenzyl Caged
Leucyl Leucine Methyl Ester4, Methyl Amide5, and
Dendritic Caged Compounds6-10a

a a: p-nitrophenyl chloroformate, DMAP, CHCl3, 1 d, 98%; b:
LeuLeuOMe‚TFA, DMAP, CHCl3, 2.5 d, 83%; c: KMnO4, CH3COOH-
H2O, 16 h, 98%; d: MeNH2, EEDQ, MeOH, 15 h, 36%.
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proportional to the number of aromatic rings per molecule (Table
1), indicating complete modification of all of the amino groups.
The absorption maxima show only a very slight red-shift with
increasing generation, implying that the electronic environment
of the nitrobenzene moiety in these compounds is scarcely
influenced by the dendritic structure.

The progress of the photolytic reactions of caged compounds
4-10was estimated by irradiation of the compounds in methanol
at 350 nm using a Rayonet Photochemical Reactor (RPR 3500 Å
×4).11 The reaction profiles of caged compounds are shown in
Figure 2. The following trends are noted: (1) the photoreaction
proceeded smoothly, and about 50% of the caged compounds
decomposed after 40 min irradiation in almost all cases, and (2)
the molar ratio of LeuLeuOMe released to caged compound used
increased with an increase in the generation of the dendritic core.
The latter result indicates that dendritic caged compounds with
higher generation have desirable properties for the mass trans-
portation of drugs. The details of these photoreactions are now
under investigation.

In this communication, we have reported a new synthetic
strategy for preparing anR-carboxy-2-nitrobenzyl caged com-
pound. We have also presented the efficient synthesis of a new
type of polyfunctional molecule with a dendritic core and
peripheral caged moieties. This dendritic caged compound with
a molecular weight of more than 10 000 was successfully
characterized by ESI-MS as both positive and negative molecular
ion peaks. The molar ratio of LeuLeuOMe released after
irradiation to caged compound used increased with an increase
in the generation of the dendritic core, suggesting that these new
compounds are promising candidates for new caged drugs.

Acknowledgment. This work was partly supported by a Grant-in-
Aid for Scientific Research (No. 11121231) from the Ministry of
Education, Science, and Culture, Japan.

Supporting Information Available: Experimental procedures for the
synthesis of dendritic caged compounds,1H and 13C NMR spectra of
6-10, ESI-MS spectra of6-8, time-dependent change of1H NMR spectra
of 4-10 during photolysis, photoreaction profiles of caged compounds
4-10 (PDF). This material is available free of charge via Internet at
http://www.pubs.acs.org.

JA001768M

Figure 1. (a) ESI-MS spectra of7, (b) ESI-MS spectra of8, (c) chemical
structure of8.

Table 1. Absorption Maxima and Molar Extinction Coefficients of
4-10 in Methanol

λmax (nm) ελmax (M-1 cm-1) ε350 (M-1 cm-1)

4 257 4040 279
5 256 4650 246
6 257 17900 1320
7 258 33600 2330
8 259 53400 3780
9 258 127000 8480

10 259 262000 16900

Figure 2. Time-dependent decrease in caged compounds (a) and release
of LeuLeuOMe (b). (9) 4; (×) 5; (b) 6; (2) 7; (1) 8; ([) 9; (f)10.
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