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Fig. 5.1 Anilines 1 and phenols 4 for the combinatorial synthesis of the azo dyes 5.

cyanine dyes
two nitrogens are joined by a polymethine chain

I = Streptocyanines

II = Hemicyanines

III = Closed cyanine

cyanine dyes: the famous ones
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asymmetric cyanine dyes
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Fig. 5.2 General structure of asymmetric cyanine dyes.

Fig. 5.2 General structure of asymmetric cyanine dyes.

Fig. 5.3 Asymmetric cyanine dyes 8 synthesized by solid-phase
synthesis (colors in parentheses).

polymethine synthesis
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Scheme 5.3 Diversity-oriented synthesis of stilbazolium dyes 11.

stilbazolium dyes
Scheme 5.3 Diversity-oriented synthesis of stilbazolium dyes 11.

Fig. 5.4 Selected aldehyde (9) and picolinium building blocks (10) for the combinatorial
synthesis of stilbazolium salts.

coumarin dye synthesis

Pechmann-condensation

coumarin dye synthesis

relations, it is reasonable to exploit the strong electronic influence of substituent
variations at positions 3, 4, 6 and 7 on the coumarin framework (Fig. 5.7) [37].
B!uerle and coworkers [38] suggested and applied Pd-catalyzed cross-coupling
reactions of 3-bromocoumarin derivatives for the generation of coumarin libraries
with a highly diverse substitution pattern. In the case of 3-bromocoumarin (18),
the reaction conditions for combinatorial Heck vinylations with alkenes 19, Suzu-

coumarin dyes

Scheme 5.5 Combinatorial Pd-catalyzed coupling reactions with
3-bromocoumarin (18) (for the substituents, see Fig. 5.8).

equiv. of a second (hetero)aryl halide, sodium hydroxide and water concluded
the sequence by a Suzuki cross-coupling and gave rise to the formation of
1,1,2-tri(hetero)arylethenes 79.

Suzuki coupling

boronic acid must be activated, for
example with base
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Suzuki coupling

Fig. 5.22 One-pot, three-component synthesis of dumbbell-

From the set of products, two members, 62a and 62b (Fig. 5.20), with the most
intense fluorescence were selected for photophysical evaluation. Inspection of the
maximum emission wavelengths and fluorescence quantum yields in solvents
with different polarities (CH2Cl2, MeOH and THF) reveals a significant solvochromicity of the emission maxima that influence the corresponding fluorescent
quantum yields to only a minimal extent.
Additionally, this methodology was transposed to liquid-phase synthesis of 2,6dicyanoanilines using poly(ethylene glycol) (PEG) as support, starting with a

2,6-dicyanoanilines: A-D-A

Scheme 5.12 One-pot, pseudo-four-component synthesis of 2,6-dicyanoanilines 62.

2,6-dicyanoanilines:
5.3 Novel A-D-A
Multi-component Synthes

Fig. 5.20 Strongly fluorescent 2,6-dicyanoanilines 62a and 62b.
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Scheme 5.18 Michael-type addition of secondary amines to
nitrothienyl-substituted alkynes.

Fig. 5.23 Solvochromicity and NLO properties of selected baminovinylnitrothiophenes 84.
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uced reversible transformation between two isomers having different absorption spec
o as photochromism.1,2
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Light-induced reversible transformation between two isomers having different
absorption
is referrednot
to as
photochromism.
omers differ
fromspectra
one another
only
in the absorption spectra but also in refractive ind

constants, oxidation–reduction potentials, and geometrical structures. Therefore, upon ir
an appropriate wavelength of light, these properties can be reversibly switched.
thenes with heterocyclic aryl groups are newcomers to the photochromic field. They belo
ally irreversible (P-type) photochromic compounds. The most striking feature of the
their fatigue resistance.3 The coloration/decoloration cycle can be repeated more than 104
ining the photochromic performance. Both properties, thermal stability of both isomer
istance, are indispensable for application to optoelectronic devices, such as devices for me
hes. In this chapter, recent research on diarylethene derivatives will be described.
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diarylethene derivatives.

FIGURE 35.1 Anti-parallel and parallel conformations of diarylethene derivatives.
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CRC Handbook ofazobenzene
Organic Photochemistry and Photobiology,

→Z and Z→E isomerization of azobenzene by light (hν) with quantum yields ΦE a
omerization by heat (∆) with the rate constant kiso.

BRIEF ANALYSIS OF THE DIFFERENT CHAPTERS AND
THEIR MAIN TOPICS

photoswitches
Chapter 1 (Spiropyrans ) covers the most intensively

studied families o

hotochromic compounds.
One of the families, theSpiropyrans
indolinospiropyrans (e.g. 1 in Scheme 1) is the mos

Scheme 1

udied of all photochromic families and is at the center of this chapter in which are
escribed their properties and syntheses as well as the syntheses of key inter
ediates.
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Spirooxazines

5

Scheme 2

ophthalmic lenses. Their development into commercially useful materials has been
fairly recent. The broad absorption bands exhibited by the open forms of the
naphthopyrans (Scheme 3) and heteroannellated naphthopyrans are somewhat

amino)-2,3-dimethylbutane sulfate followed by sodium periodate. Compound 10
was obtained and purified by column chromatography and gel permeation chro
matography (GPC). Recrystallization from hexane–CH2Cl2 gave dark-blue plat
crystals of 10a.
Using this switching unit, several biradical molecules were examined (se
below). In the syntheses of these compounds, diiodo derivative 15 was used a

photoswitches: diarylethene

Scheme 9.2 Photochromism of the switching unit, 1,2-bis(2methyl-1-benzothiophen-3-yl)perfluorocyclopentene (9a) and its
biradical derivative 10a.
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Scheme 9.3 Synthetic scheme for diarylethene biradical 10a.

Scheme 9.5

were analyzed in terms of a modified singlet–triplet two-spin model (the Bleaney–Bowers–type), in which two spins (S = 1⁄2) couple antiferromagnetically
with9.4 Photoswitching Using Bis(3-thienyl)ethene
in a biradical molecule by exchange interaction J. The best-fit parameters obtained
Table
9.12J/k
Magnetic
interaction
between
nitronyl
0.04
K fortwo
10a
and nitroxide
–11.6
by meansinteraction
of a least-squares
were
B = –2.2
to detect the change of the exchange
by ESR method
spectroscopy,
of ephotoswitches.
connectedthe
by value
diarylethene
e 0.4 K forto10b.
interaction
(2J/kThereB = –2.2 K) between the two spins
the interaction should be comparable
the Although
hyperfine the
coupling
constant.
the open-ring
isomer
10aare
was
weak,
thetospins
of 10bisomer
showed a remarkable
fore, biradicals 16 and 17, ininwhich
p-phenylene
spacers
introduced
control
Compound
Open-ring
Closed-ring isomer
(2J/k
K). ESR line shape |2J/kB (K)|
ESR line shape
|2J/kB (K)|
B = –11.6 (Scheme
the strength of the exchangeantiferromagnetic
interaction, were interaction
designed and
synthesized
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9.5) [63, 64].
10
9 lines
2.2
9 lines
11.6
(
As described earlier, when two nitronyl nitroxides are magnetically coupled via
9 lines
i0.04
16
15 lines
1.2 q 10 –3
an exchange interaction, the biradical gives a nine-line ESR spectrum. If the exI3 q 10 –4
change interaction is weaker than the hyperfine coupling, the two nitroxide radi17
5 lines
I3 q 10 –4
Distorted
0.010
cals are magnetically independent and give a five-line spectrum. In intermediate
9 lines
(
–3
situations, the spectrum becomes complex.
9 lines
i0.04
18
13 lines
5.6 q 10
–4
Diarylethenes 16 and 17 underwent reversible photochromic reactions by alterI3 q 10
nate irradiation with UV and visible light. A typical absorption spectral
change 5for
19
lines
I3 q 10 –4
9 lines
i0.04
16 is shown in Fig. 9.6. The changes in the ESR spectra accompanying the photochromic reaction were examined for diarylethenes 16 and 17. Figure 9.7 shows
the ESR spectra at different stages of the photochromic reaction of 16a. The
tron transfer and can serve as a stronger magnetic coupler than p-phenylene [65,
ESR spectrum of 16a showed 15 complex lines. This suggests
that the two
66]. Therefore, diarylethenes 18 and 19 having one nitronyl nitroxide radical at
each end of a molecule containing oligothiophene spacers were synthesized
and
their photoand magnetochemical properties were studied (Scheme 9.6).
Fig. 9.3 Photoswitching of intramolecular
magnetic
interaction.
Photochromic
reactions and an ESR spectral change were also observed for 18
Top, schematic representation; bottom, synthesized
molecule.
p-conjugation.
The thick lines represent the pathway of and
19 as shown in Fig. 9.8. Table 9.1 lists the exchange interaction between the
two diarylethene-bridged nitronyl nitroxide radicals. For all five biradicals, the
closed-ring isomers have stronger interactions than the open-ring isomers. The
exchange interactions through oligothiophene spacers were stronger than the corresponding biradicals with oligophenylene spacers. The efficient p-conjugation in

dark line, open-ring isomer;
pale line, closed-ring isomer

(a) Open-ring isomer 19a; (b) closed-ring isomer 19b.
Fig. 9.6 Absorption spectrum of 16 along
with photochromism (ethyl acetate solution,
2.8 q 10 –6 M). Bottom (dark) line, open-ring
isomer 16a; top (pale) line, closed-ring iso-

mer 16b; dashed line (coincident with the line
for 16b), in the photostationary state under
irradiation with 313-nm light.
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Fig. 9.9 Photochromic reaction and schematic illustration of
diarylethene 24. The thick gray lines in the bottom two structures
represent the pathway of p-conjugation.
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9.6 Photoswitching Using an Array of Photochromic Molecules

(c) 2,3-dimethyl-2,3-bis(hydroxyamino)buScheme 9.10 Reagents and conditions: (a)
Reagents and conditions:
(a)then
n-BuLi,
THF
DMF; (b) p-phenylenediboronic
acid, Pd(PPh3)4,
tane sulfate, methanol
then NaIONa2CO3,
n-BuLi, THF
DMF;
(b)then
p-phenylenedi4, CH2Cl2,
THF, H2O; (c) 2,3-dimethyl-2,3-bis(hydroxyamino)butane
methanol
then steps).
NaIO4, CH2Cl2, (4.7 %, in
(4.7
%, in three
O;
boronic acid, Pd(PPh3)4, Na2CO3, THF, H2sulfate,
three steps).
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9.7 Development of a New Switching Unit

Fig. 9.12 Photochromism of diarylethene having a 2,5-arylethynyl-3-thienyl unit.
The thick lines represent the pathway of p-conjugation.

density localized at the center of both sides of the p-conjugated aryl unit. To solve
the problem, it is necessary to develop new switching systems, in which the excitation density at the switching unit is not strongly reduced. The proposed
new switching molecule has its switching unit located in the middle of the p-conjugated chain.
In this section, we propose a new switching unit, in which two radicals are
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