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Syntheses and Characterization of Photochromic Dendrimers Including a 1,3-Alternate
Calix[4]arene as a Core and Azobenzene Moieties as Branches
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The first photochromic dendrimers which involve a 1,3-
alternate conformer of a calix[4]arene as a.core and azobenzene
skeletons as branches have been synthesized and characterized.
Photochemical properties of the photochromic dendrimers are
described.

Dendritic molecules are receiving growing attention for
constructing nanostructural materials.! Outstanding features of
dendrimers are a highly branched structure, a mono-dispersed
molecular-weight, a globular and symmetrical conformation, and
a high density of peripheral functionalities, etc. ~Therefore, it is
expected that a dendritic polymer has quite different properties
compared to well-known linear polymers reported to date.
Although many linear and photochromic polymers® have been
investigated, to the best of our knowledge, the photochromism of
globular polymers has hardly been exploited so far. In this
communication, we report the syntheses and chracterization of the
first photochromic dendrimers consisting of the 1,3-alternate
conformer of a calix[4]arene derivative as a core, and the
azobenzene-based diamino carboxylic acid as a branched building
block. Recently, Mckervey and co-workers® reported the first
calix[4]arene-bound dendritic molecules which adopt a cone
conformation. On the other hand, the fixed 1,3-alternate
conformer used here is suitable to decrease crowded repulsions at
the periphery since the 1,3-alternate conformer has a pseudo-
tetrahedral structure.
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As shown in Scheme 1, the protected 4-[N,N-bis(2-amio-
ethyl)amino]carbonyl-4'-carboxymethoxyazobenzene is prepared
as a diamino carboxylic acid which allows standard peptide
synthesis conditions for chain elongation. Treatment of 4-
carboxyl-4' -hydroxyazobenzene with thionyl chloride was
followed by the reaction with diphthaloyldiethylenetriamine to
give an amide derivative.* After removal of phthaloyl groups by
hydrazine hydrate, two amino groups were repeatedly protected
with (Boc),O to give 4-[N,N-bis(2-tert-butoxycarbonylamino-
ethyl)amino]carbonyl-4'-hydroxyazobenzene. Finally, alkylation
of the hydroxyl group with methyl bromoacetate and Cs,CO;
afforded the desired diamino carboxylic acid derivative (Boc-B1-
OMe) in which both amino- and carboxyl-terminals were
protected by Boc and methyl groups, respectively. Then, amide
bond formation was achieved by isobutylchloroformate mediated
mixed anhydride method from N-Boc derivatives (Boc-B1-OH)
and the methyl ester (H-B1-OMe) to give the fully protected
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second-generation branch (Boc-B2-OMe).  Repetitive hydrolysis
of the carboxy] terminal followed by amide couplings with H-B1-
OMe generated third- and forth-generation branches (Boc-B3-
OMe and Boc-B4-OMe, respectively) as shown in Scheme 2.
Furthermore, dendrimers covered with protected amino groups
(Boc-G3 and Boc-G4) were obtained by hydrolysis of carboxyl
terminals of Boc-B3-OMe and Boc-B4-OMe followed by the
coupling with 1,3-alternate-5,11,17,23-tetrakis(amino-methyl)-
25,2627 28-tetrapropoxycalix[4]arene (1,3-PrO[4]CH,NH,) which
is derived from corresponding chloromethyl derivative® (Scheme
2 and 3). In coupling reaction between the core tetraamine and
acid-baranch molecules 1.2 equivalent of mixed anhydride were
treated against one amino group. Gel permeation-chromato-
graphy was amazingly efficient for purification because of
enormous difference of molecular weight between desired
dendrimer and impurities. The reactions of high generation
steps proceed smoothly in the dark, that is, trans-isomers of the
azobenzene skeletons are more favorable than cis-isomers with
respect to steric hindrance. Each compound was identified on
the basis of elemental analyses, IR, NMR, and mass spectral
evidences.® Interestingly, in 'H-NMR spectra the slow rotation
around the amide bond neighboring the azobenzene causes the
splitting of peaks which are shielded or deshielded by the ring
current of the azobenzene even at high temperature (130 C) as
given in reference.

The theoretical molecular weights of Boc-G3 and Boc-G4 are
computed to be 14200 and 29161, respectively. Since these
compounds contain protonizable azo groups, one can estimate the
relative molecular masses by matrix assisted laser desorption
ionization time-of-flight mass spectrometry (MALDI- TOF-MS)’
in acidic media. For Boc-G3, m/z = 14201, which corresponds
to [Boc-G3-H]", 7101 ([Boc-G3+2H] **), 4734 ([Boc-G3+3H]
), 3551 ([Boc-G3+4H]*), and 2841 ([Boc-G3+5H]**) were
observed. Similarly we could detect m/z peaks for Boc-G4.
These values are in good accord with the theoretical relative
molecular masses.

Photochromic properties due to the isomerism of azobenzene
moieties was estimated with irradiation of UV light or visible light
and standing in the dark.® Both dendrimers (Boc-G3 and Boc-
G4) showed the typical switching behavior of an azobenzene.
The intense absorption of trans azobenzene at 347 nm decreased
on irradiation at 365 nm light while the absorption at 441 nm due
to cis form increased. Irradiation with UV light (365 nm) yields
a 20/80 mixture of trans/cis conformer in the case of Boc-G3,
whereas an equilibrium with 35/65 ratio of trans/cis is achieved
for Boc-G4 in THF.® Compared to Boc-G3, Boc-G4 shows the
small conversion between cis and trans forms. This can be
attributed to increased steric repulsions in the higher generation
branches. By irradiation at 436 nm, the content of trans
azobenzenes was recovered. These conversions were
reproducible upon further irradiation cycle, although spectra were
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slightly different from the initial one. The decrease in absorption
at 347 nm was ca. 5% in twenty cycles. The half-life of thermal
cis-to-trans isomerization at 38 “C were 240 and 200 min for Boc-
G3 and Boc-G4, respectively.

These observations indicate that the particle size of globular
molecules which include azobenzene skeletons might be
controllable by irradiation with UV or visible light and the dark
adaptation. The regulation of particle sizes and the development
of drug delivery systems by using such photoresposive
dendrimers are now in progress in our laboratory.
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