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Light-Sensitive Molecular Building Blocks with
Electron Transfer Activity: Synthesis and Properties
of a Photochemically Switchable, Dicyanovinyl-
Substituted Furan **

By Jorg Daub,* Josef Salbeck, Thomas Kndchel,
Christian Fischer, Horst Kunkely, and Knut M. Rapp

Photochromic groups have the potential for serving as an
‘“antenna” function; that is, they can be used to trigger pho-
toinduced reactions in which the molecular structure, elec-
tronic structure, and physical characteristics of a substrate
are reversibly altered. Such reactions are particularly easily
demonstrated in the case of photochromic groups bound to
polymers.l! 731 Multifunctional compounds with pho-
tochromic characteristics can thus behave as photochemical-
ly activated switches and sensors, the precise characteristics
of which depend upon the nature of the functional groups.
The magnitude of such an effect is governed by the extent to
which the various groups interact.

We have previously demonstrated a significant influence
of substituents upon the switchable photochromic system
dihydroazulene 1 2 vinylheptafulvene 2, a system activated
by visible light.!*] These studies have now been extended to
include oligofunctional compounds in an attempt to exam-
ine the mutual influences exerted by a photochemically
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switchable substrate and various covalent or non-covalent
functional groups™® or macromolecules.!*® ¢1 Here we re-
port results on the light-sensitive and electron-transfer-active
reactant pair la=2a. In these compounds the pho-
tochromic dihydroazulene unit is attached covalently to a
dicyanovinyl substituent, which provides the electron-trans-
fer capability. The connecting link is a 2,5-furandiy] residue.
That the latter is capable of serving as an efficient transmitter
of substituent effects is further demonstrated by the electron-
transfer chemistry of 4.

In contrast to 3,[**! room-temperature irradiation with vis-
ible light of a solution containing 1a does not lead directly to
observable photochromism. The only immediate change is
the appearance of a weak absorption band in the electronic
spectrum at 550 nm, suggesting that a small amount of 1a
has been converted to 2a. However, if irradiation is conduct-
ed at —50°C the originally orange solution changes to blue.
The UV/VIS spectrum reveals a decrease in absorption at
440 nm and an intensification of the new band at 548 nm,
which can be assigned unambiguously to the vinylheptaful-
vene 2a (Fig. 1). These observations indicate that in the case
of furan-substituted compounds of the type 1 2 2, particu-
larly if there are —M substituents in the furan ring, the
reverse thermal reaction 2 — 1 is so rapid that room-temper-
ature photochromism is prevented.
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Fig. 1. Electronic spectrum of the photochromic system la 2 2aat —50°Cin
ethanol. Irradiation: ethanol film, mercury lamp (Osram HBO 100 W/2); Balz-
ers filter K2 {(420-480 nm); 30 s. Isosbestic points at 335, 362, and 468 nm.
Ordinate: arbitrary units.

The reductive portion of the cyclic voltammogram for 1a
[in acetonitrile, tetrabutylammonium hexafluorophosphate
as supporting electrolyte, vs. ferrocene (FOC)] reveals a sig-
nal (E, ;) at —1185mV that clearly indicates irreversible
formation of the radical anion 1a’®. The model compound
4, containing two dicyanovinyl groups, behaves differently;
both cyclic voltammetry and UV/VIS spectroelectrochem-
istry suggest reversible conversion of 4 (yellow) into the rad-
ical anion 4' (blue, E;;, = —890 mV vs. FOC) and the di-
anion 42 (orange, E,,, = —1240 mV vs. FOC) (Fig. 2). The
locations of the most intensive absorption bands are: for the
neutral compound 4, 392 nm with a shoulder at 409 nm; for
the radical anion 4°°, 599 nm; and for the dianion 42©,
493 nm with a shoulder at 467 nm. In the case of the benzoid
analogue of 4 [i.e., a benzene ring bearing p-bis(dicyanovinyl)
groups], both the radical anion and the dianion rapidly un-
dergo further chemical reactions.!7 81
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Fig. 2. (a)Cyclic voltammogram of the model compound 4 in acetonitrile
(¢ = 41073 M), 0.1 M tetrabutylammonium hexafluorophosphate as support-
ing electrolyte, potential data vs. ferrocene (FOC). (b) UV/VIS spectroelectro-
chemistry of 4 in acetonitrile {¢ = 1 x 1073 M). Measurement conditions for
curve I: ~ 1000 mV vs. FOC (formation of 4'®); for curve II: —1400 mV vs.
FOC (formation of 4%°). Tsosbestic points at 391 and 530 nm.

Photoelectrochemical experiments were carried out in a
specially constructed cell!® that permits irradiation of a so-
lution of 1a in acetonitrile with simultaneous detection of

0 CN
e ([ +e® E,,=-890 mV
NC = CN .
§C—HCQ:CH—CQ 4°°
C 0 CN
1
667[4»66 E,, =-1240 mV
NC = CN
éC—HC:O:CH—Cé 42°
NC o CN

current flow. Figure 3 shows the results in the form of a
current/time curve for a sample subjected to a series of light
pulses (5-sec duration) from a high-pressure xenon-mercury
lamp (XBO). Current was measured as a function of the
pulse train, maintaining a working potential of —1050 mV
(vs. FOC). At this potential 1a is inert, but 2a is reduced to
the radical anion 2a°®, as is apparent from a comparison
with the half-cell potential E, , for 4/4"°. The intensity of the
electrochemical signals diminishes with time, an indication
that under these reaction conditions the radical anion 2a"®
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Fig. 3. Upper curve: photochemical switching effect upon irradiation of 1a in
acetonitrile (¢ = 1x 1073 M) at a potential of —1050 MV vs. FOC. Lower
curve: no switching effect at a potential of —800 mV vs. FOC,

is subject to further transformations. Apparently the hepta-
fulvene fragment in 2a'® lowers its chemical stability.

The observed results may be interpreted with respect to the
electron-transfer characteristics of compounds 1a and 2a as
follows: the bis(dicyanovinyl)furan derivative 2 a that arises
from light-induced ring opening of 1a is more readily re-
duced than 1a itself. Therefore, establishment of an appro-
priate electrochemical potential permits detection of a cath-
ode current.!!®!

Compound 1a was synthesized in part from substances of
plant origin and in part from petrochemical reagents. The

NI 5 G pp—
HOCH;” O CHO OHC”™ 'O CHO

5 6

electron-transfer portions of 1a and 2a were derived from
D-fructose by way of the intermediate 5-thydroxymethyl)fur-
fural 5..' 1 Oxidation of 5 produced the dialdehyde 6 (barium
manganate, 1,2-dichloroethane).l'?] Knoevenagel condensa-
tion of 6 to 4 was carried out as a solid-state reaction (tritu-
ration of 6 in a mortar with malononitrile and neutral alu-
minum oxide, 70% vyield)."3! [8+2] cycloaddition with
8-methoxyheptafulvene!**! and subsequent elimination of
methanol (P,0,) produced the photochromic dihydroazu-
lene 1a in good yield.[#b- 16!
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[{Cp’(CO),Mn},PbStBu]®; Completion of an
Isoelectronic Series of Binuclear Complexes
Containing Trigonal-Planar Coordinated
Main Group Elements **

By Frank Ettel, G. Huttner * and Laszlo Zsolnai
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The relationship between dimetalla-allene systems and
“inidene”-complexes!!! was recently demonstrated with the
reaction sequence 1 —2 — 31231 for elements of the fifth
main group as central atom.

ci
|
As
/—\\ = l@ .
Cp'{COI,Mn Mn{C0),Cp’ [Cp’(CO},Mn=As=Mn{C0},Cp'1®
1 2
I
|
As
‘I@ /’“\\
———  Cp'lCOIMn Mn{CO},Cp°
Cp’=CsH Me 3

Since the bonding pattern found in “inidene” complexes
for elements of the fifth main group can also be realized with
elements of the sixth main group, e.g. 4,14

[{CP(CO),Mn},SPHI® 4
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we were encouraged to check for this bonding pattern also
with elements of the fourth main group as bridge ligands by
reaction of the corresponding heterocumulenes with Lewis
bases.

The heterocumulenes [L(CO),Mn=X=Mn(CO),L]
(L=Cp, Cp’) were first described by E. Weiss et al.
(X = Ge)> Y and W, 4. Herrmann et al. (X = Pb).!") In the
reaction of the hydrido complex 58! with PbCl, or GeCl, we
have now found a preparatively productive novel entry to
these complexes, which serve as the necessary starting mate-
rials in this study.

The Pb-derivative 6 reacts spontaneously with alkali-met-
al thiolates to give anionic adducts (bathochromic shift of

PbCl,
THF

Na | Cp’(COI,Mn

Mn(CO),Cp’
Na-5(L=Cp’)

[Cp’{COIMNn =Pb=Mn{CO),Cp’]
6

the v vibrations by ca. 30 cm ™). By addition of cryptands
to the reddish-brown solutions, the corresponding salts can
be obtained in crystalline form.

1. LiStBu
2. [2.1.11 crypt

Lif2.1.1]crypt Pb
[ ypt] PN

Cp’{COI,Mn Mn{CO},Cp’
[Lit2z 11 crypt]- 7

For the derivative 7, the expected trigonal-planar coordi-
nation of the lead atom could be confirmed by an X-ray
structure analysis®! (Fig. 1).

Fig. 1. Structure of 7 in the crystal.
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