JIAIC[S

COMMUNICATIONS

Published on Web 01/15/2003

A New Valence Tautomerism Example in an Electroactive Ferrocene
Substituted Triphenylmethyl Radical

Imma Ratera,’ Daniel Ruiz-Molina,™ Franz Renz,* Juirgen Ensling,* Klaus Wurst,® Concepcié Rovira,
Philipp Gtitlich,** and Jaume Veciana* T

Institut de Cieicia de Materials de Barcelona (CSIC), Campus UAB, 08193, Cerdanyola, Catalonia, Spain,
Institut fir Allgemeine, Anorganische und Theoretische Chemieyédisita Innsbruck, Innrain 52a, A-6020,
Innsbruck, Austria, and Institut' fuAnorganische Chemie und Analytische Chemie, Johannes Gutenbergrsitit
Mainz, Staudinger Weg 9, D-55099 Mainz, Germany

Received August 23, 2002 ; E-mail: p.guetlich@uni-mainz.de; vecianaj@icmab.es

Valence tautomeric complexes combining an acceptor and a
donor group interconvert reversibly between two or more electronic
isomers with different charge (and spin) distributions because of
an intramolecular electron-transfer procé&uch a process takes
place in response to different external stimuli, such as temperature,
pressure, or irradiation, and gives rise to electronic isomers that
show different optical and magnetic propert{€his fact converts
valence tautomeric complexes as excellent candidates for molecular
bistability> However, even though a large number of valence
tautomeric complexes have been synthesized and studied, the variety

of such compounds is fairly limited, since most of them are based Figure 1. ORTEP view of radical. Hydrogen atoms and solvent molecules

on transition metal complexes with quinone or quinone-type redoX nhave been omitted for clarity. Thermal ellipsoids are shown at 50%
active ligands:* For this reason, and considering the enormous probability level.

interest and perspectives of bistable molecular nano-objects, the
i ; Scheme 1

synthesis of new valence tautomeric molecules has become an
objective of current interest. Here we report for the first time a
new type of valence tautomeric compound, the radibathat
combines an electron acceptor organic radical unit covalently linked,
through an ethylenic spacer, to a ferrocene moiety that acts as the re
donor group. Reversible interconversion between the two distinct
electronic isomers of the open-shell compoungdScheme 1) is 1
thermally induced, as ascertained by $8bauer spectroscopy.

Radicall was obtained as a dark brown microcrystalline solid
using the synthetic procedure previously repofteddditional
characterization by different techniques such as MALDI-TOF/MS,
HPLC, cyclic voltammetry, UW¥-vis—NIR, and X-ray diffraction
was successfully completed. Single crystals were grown by slow
evaporation from a dichloromethane/hexane (1:1) mixture and used
for its X-ray crystal determinatiohAn ORTEP view ofl is shown
in Figure 1. The structure reveals almost eclipsed cyclopentadienyl
rings and arans configuration for the CH-CH unit. Despite the
available resonance pathway between the radical and ferrocene unit:
and thetrans configuration of the CH-CH spacer, the £l4 ring
is twisted by an angle of45° with respect to the spacer, probably
because of the electronic interactions between the=CH
hydrogen and thertho chlorine atoms of the benzene ring causes
this lack of planarity. Remarkable is the broad intervalence transition
band shown by radical at 1020 nm in the solid state, revealing
that an intramolecular electron-transfer process is induced by light
irradiation.

transfer. Selected Misbauer spectra obtained in the temperature
range of 293 to 4.2 K are shown in Figure 2. The spectrum recorded
at the lowest temperature (4.2 K) shows the typical quadrupole
doublet of ferrocenéthe isomer shift, relative to-iron, of 0.542
+ 0.002 mm st and the quadrupole splitting of 2.337 0.002
mm s1. With increasing temperature a new quadrupole doublet
with smaller splitting of 0.514 mm™3 (200 K), characteristic of
the ferricinium catior!, grows in at the expense of the ferrocene
doubleté Clearly, this is indicative of a temperature-induced electron
transfer from the ferrocene center to the radical as shown from left
Yo right in Scheme 1. The conversion appears to be gradual up to
room temperature and fully reversible as confirmed by repetitive
temperature-variable Msbauer experiments. The area fraction of
the ferricinium doublet is 0.63 at 293 K and still rising as can be
seen from a plot of the area fractions as function of temperature.
Such a gradual interconversion was also noticed by subtle changes
in the magnetization data for radichlindeed, magnetization data
for radical 1 revealed that itg.er moment at 300 K was 2.28g
) . . . and recurrent measurements gave similarmoment values. Such
Our interest in co7mpouniﬂ wa"s considerably en_hancgd when it a value is outsized to be justified just in terms of an organic radical
Was,_ f_ound that thé’Fe Mosshaer spectrum c.)ﬂ in solid Stat? contribution with S= 1/2, for which a theoretical 1.73; value is
exhibited a temperature-dependent behavior in agreement with the

b i fat ture-d dent int lecul lect expected. This result has been assigned to significant orbital
obsérvation of a temperature-dependent intramolecular €leclronqnyibytions of the remnant [FE€p,] * fraction over the spin only

value of 1.73ug, as occurs for other [MECp,]* derivatives? A

TInstitute de Ciacia de Materials de Barcerlona (CSIC).
# Johannes Gutenburg-Universitdainz. decrease of the temperature reveals a steady decreasegfthe
8 Universita Innsbruck. down to a value of 1.6 at 15 K, whereupon thges moment
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Figure 2. 5"Fe Mossbauer spectra of radidahs a function of temperature.

Velocity (mms)

abruptly decreases probably due to the presence of weak intermoRaferences

lecular magnetic exchange interactions, as previously observed in
related polychlorotriphenylmethyl radicdfsThe steady decrease
of the uer moment between 300 and 15 K suggests the presence o
a fraction of an electronic isomer containing'Behose population
changes in accordance with a temperature-dependent intramolecular
electron-transfer phenomenon between the ferrocene unit to the rad-
ical center, as depicted in Scheme 1. Finally, it is important to
emphasize that although the interconversion is rather gradu@, its
(temperature at which there equal amounts of both isomers) falls
near room-temperature adding interest for potential future applications.

In summary, here we have described for the first time a novel
valence tautomeric example combining an organic radical as
acceptor unit and a ferrocene unit as the donor group. These findings
should be useful in designing novel multifunctional switchable
molecular systems that can be used as information storage devices
at the nanoscopic scale. Detailed $8bauer measurements to study
hysteresis phenomena and additional light-induced electron-transfer
experiments will be carried out in due course ©Re enriched
samples of radical. The use of such enriched samples is required
to minimize the very long recording times observed for compound
1, arising from an apparently very low Debye temperature.
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X-ray structure analysis. Crystal dataz,8,,Cl14JFe0.5CHCIj, triclinic

space groujP-1, a = 8.8771(4),b = 14.4198(8), and = 15.5546(7) A,

o = 109.200(2)3 = 97.008(3), ang’ = 102.408(2), V = 1795.9(2) &,

Z=2,T=223(2) K,A=Mo Ko =0.7173 A, F(000)= 964,u = 1.562

mm~2, brown platelet 0.45¢< 0.25 x 0.03 mm. Data collection: Nonius

Kappa CCD, 7774 measured reflections were corrected with the program

DENZO and SCALEPACK. Structure solution and refinement: anisotropic

refinement on F(SHELXL 97), hydrogen atoms at calculated positions;

R-values for 487 parameters and 3461 observed reflectiorsJo(l)]

R1 = 0.0425 and wR2= 0.01059. Refinement details: 3:2 disorder of

the FeCp—C(11) unit, which can by characterized by a reflection through

a plane nearly perpendicular to theGQL,—C(12)-ring system.
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