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The third generation of novel photo-responsive water-
soluble stilbene dendrimer (¢trans- and cis-G3 WSD) under-
goes unusual one-way frans-to-cis isomerization to give
100% of cis isomer at the photostationary state on UV
irradiation in water.

The mechanisms of photo-induced cis-trans isomerization of
arylethenes such as tilbenes have been widely investigated
since the 1960s.* The photochemical and photophysical behav-
iour of arylethenes themselves as usua small moleculesiswell

understood and has become an important field due to the large

number of their practical and potential applications. However,
the photoisomerization of arylethenes with large molecular
weights, like dendrimers, is still obscure. In this field, only

photoisomerization of a dendrimer with an azobenzene core has

been published.2 These dendrimers may have a well-defined
structurein which the arylethene or azobenzene coreis spatially
isolated from the outside by their dendrons. We have recently

reported that stilbene dendrimers with benzyl ether type

dendrons showed a volume-conserving isomerization mecha

nism and a macromolecular effect, or a generation effect of the

dendrimer, such as energy transfer efficiency from the periph-
eral dendron to the core stilbene in organic solvents.3 We now

report here the first synthesis of photo-responsive water-soluble

stilbene dendrimers (Scheme 1) and their photochemical
behavior in water, where the core of the higher generation
dendrimer should be isolated from the outside water. A water-
soluble dendrimer with a photoresponsive core may be a model
compound of a photoreversible biomolecule and a photo-
reversible unimolecular micelle.

In order to prepare dendrons containing polar termini, the

convergent synthesis of Hawker and Frechet4 was employed.s
Coupling reaction of each generation of dendrons with cis or

trans-3,3',5,5'-tetrahydroxystilbene alowed use of the same

akylation reactions of phenol in the enhanced generation of

dendrons. Each generation of dendrimers terminated with a

methyl ester group was purified by flash column chromatog-
raphy (eluting 0-10% ether in CH,Cl;) followed by re-
crystallization from hexanes—ethyl acetate (ethyl acetate being
added to the boiling hexanes until the dendrimer was dissolved).
The final hydrolysis of methyl esters was accomplished by
potassium hydroxide in a mixed solvent system, then in water,4

followed by diaysis® to give the potassium salts of stilbene

dendrimers [trans- and cisGn WSDs (n =
tively.t

On UV irradiation at room temperaturein 2 X 10—3M KOH
agueous solution, trans-G3 WSD underwent one-way iso-

1-3)] quantita-

merization to cis-G3 WSD, which was reveaed by the change

in the absorption spectra. The absorption changesfor irradiation
of transsG3 WSD are shownin Fig. 1. Theinitial absorbance of
the trans-stilbene moiety, 0.44, at 330 nm decreased with
irradiation time to give a constant value of 0.08. This result
indicatesthe cisisomer composition at the photostationary state
to be as high as 100% on irradiation a 330 nm. The same
photostationary states were observed on irradiation of cis-G3
WSD. Theratios of trans and cisisomers at the photostationary
state were ([t]/[c])pss = 4/96 and 1/99 for G1 and G2 W SDs,
respectively. The possible experimenta error for theratio at the
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photostationary states arising from UV spectrometer is+0.27%.
Unlike 3,3,5,5'-tetramethoxystilbene,37 UV irradiation of
trans- and cis-G1 WSD did not give the cyclization product.
The photochemical cyclization also did not take place from G2
and G3 WSDs.

The observed one-way isomerization is the first clear
evidence of the preparation of the less stable cis isomer of
stilbenes with 100% efficiency. Usually, photochemical iso-
merization of stilbenes takes place mutually between cis and
transisomers.3 When one of the phenyl groupsisreplaced by a
large aromatic group like anthracene, one-way cis-to-trans
isomerization takes place as an adiabatic process.3 The
observation of one-way isomerization in the trans-to-cis
direction is unprecedented and is the first clear evidence of a
water-soluble dendron in which highly selective isomerization
isinduced in an unusua direction.

The fluorescence spectra of transsGn WSDsin 2 X 10-3M
KOH agueous solution on excitation at 310 nm where the
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extinction coefficient of the stilbene core was much larger than
that of the dendron, are shown in Fig. 2. Similar fluorescence
spectra of transsGn WSDs in water were observed on
excitation at 280 nm, where the extinction coefficient of the
dendron, or the benzy! ether group, was much larger than that of
the stilbene core in trans-G3 (data not shown).

Fluorescence spectra of trans-Gn Me Esters showed slight
red shifts in chloroform. Thus, the fluorescence maximum
appeared at 377 nm, 376 nm and 387 nm for G1, G2 and G3,
respectively. Interestingly, the fluorescence maximum from the
stilbene core of trans-Gn W SDs blue-shifted with increasing
generations (Amax: 424 nm, 411 nm and 389 nm for G1, G2 and
G3, respectively). These results suggest that increasing genera-
tion of WSDs decreases the interaction between the stilbene
core and water due to their hydrophobic dendron group, which
diminishes the stabilization of the excited state of the stilbene
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Fig. 1 (a) Change of absorption spectrum of trans-G3 WSD on irradiation
with 330 nm light in 2 X 10—3M KOH agueous solution. Inset shows the
absorption spectrum of cissG3 WSD synthesized independently. (b) Time
dependence of the absorption change observed at 330 nm.
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Fig. 2 Fluorescence (FL) and fluorescence excitation spectra (FLE) of
trans-G1 (solid line), G2 (dot-dash line) and G3 (dotted line) WSDsin 2 X
10-3 M KOH agueous solutions. The spectra were measured with the
absorbance of absorption maximum to be <0.1 and were normalized.

core by water. The Stokes shifts of trans-Gn WSDs between
the absorption maximum and fluorescence maximum were
obtained as 9100, 7600, and 5900 cm—1 for G1, G2 and G3,
respectively.

Fluorescence excitation spectra observed at 424 nm, 411 nm
and 389 nm for G1, G2 and G3, respectively were similar to the
absorption spectra of the corresponding dendrimers, WSDs.
This result indicates that a photon absorbed by the surrounding
dendron group as well as the stilbene core could induce the
fluorescence emission from the stilbene core. The efficiency of
energy transfer from the dendrons to the stilbene core was
estimated to be 49 and 31% for G2 and G3, respectively.

To the best of our knowledge, this is the first report for the
synthesis and photoisomerization of water-soluble dendrimers,
where the inner core is hydrophobic and is surrounded by an
ionic polar group and may act as a unimolecular micelle. In
addition, G3 WSD showed the first example of one-way
isomerization from the trans isomer to the cis isomer. Further
research into the photochemica properties of WSDs is now
under way.
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Notes and references

t transG1WSD (potassium salt): tH NMR (400 MHz, D,0) §7.89 (8H,
d,J = 85Hz, ArH), 7.54(8H, d, J = 8.5Hz, ArH), 7.11 (2H, bs, CH=CH),
6.91 (4H, bs, ArH), 6.67 (2H, bs, ArH), 5.21 (8H, s, CH,Ar). MALDI-
TOFMS (acid form): Calc. for C4sH3s012Na[M + Na]+: m/z 803.8. Found:
803.3. cissG1 WSD (potassium salt): 2H NMR (400 MHz, D,0) 67.78 (8H,
d, J = 6.8 Hz, ArH), 7.22 (8H, bs, ArH), 6.40-6.58 (8H, 3bs, ArH and
CH=CH), 4.74 (8H, bs, CH,Ar). MALDI-TOFMS (acid form): Calc. for
CueHz6012Na [M + Nal+: vz 803.8. Found: 803.1. trans-G2 WSD (acid
form): *H NMR (400 MHz, DMSO-dg) 6 7.93 (16H, d, J = 8.4 Hz, ArH),
7.51(16H, d,J = 8.4Hz, ArH), 7.21 (2H, bs, CH=CH), 6.87 (4H, bs, ArH),
6.73 (8H, bs, ArH), 6.65 (4H, bs, ArH), 6.56 (2H, bs, ArH), 5.17 (16H, s,
CH>Ar), 5.05 (8H, s, CH,Ar). MALDI-TOFMS: Calc. for CyoeHg4O2sNa
[M + Na]+: nvVz 1828.8. Found: 1828.5. cis-G2 WSD (potassium sat): 1H
NMR (400 MHz, D,0) 6 7.81 (16H, d, J = 8.5 Hz, ArH), 7.23 (16H, d, J
= 85Hz ArH), 6.30 (4H, d, J = 2.0 Hz, ArH), 6.28 (10H, d, J = 2.0 Hz,
ArH and CH=CH), 6.24 (2H, 1, J = 2.0 Hz, ArH), 6.14 (4H, bs, ArH), 4.47
(24H, bs, CH,Ar). MALDI-TOFMS (acid form): Calc. for C;0sHg4O2sNa
[M + Na]*: m/z 1828.8. Found: 1828.3. trans-G3 WSD (acid form): 1H
NMR (400 MHz, DMSO-dg) 6 7.91 (32H, d, J = 6.6 Hz, ArH), 7.48 (32H,
d, J = 6.6 Hz, ArH), 7.20 (2H, s, CH=CH), 6.87 (4H, s, ArH), 6.74-6.53
(38H, m, ArH), 5.11 (32H, bs, CH»Ar), 4.99 (24H, bs, CH,Ar). MALDI-
TOFMS: Cdlc. for C226H180060Na[M + Na]+: m/z 3878.8. Found: 3877.9.
cissG3 WSD (acid form): H NMR (400 MHz, DMSO-d) 6 7.89 (32H, d,
J = 85 Hz, ArH), 7.43 (32H, d, J = 85 Hz, ArH), 6.63 (16H, bs),
6.58-6.54 (16H, 2bs), 6.50 (12H, bs), 5.03 (32H, bs, CH,Ar), 4.85 (16H, bs,
CHzAr), 4.82 (8H, bS, CHzAr) MALDI-TOFMS: Calc. for C226H180060Na
[M + Na]+: nv/z 3878.8. Found: 3878.0.
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