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The influence of a bulky, strongly coupled substituent (benzpylenyethenyl, BPE) on the dynamics of

the photoinduced ring-closure and ring-opening reactions of 1,2-bigjhythien—3—yl]]perfluorocy-
clopentene (BMTFP) in solution was investigated. UV/vis absorption spectroscopy in combination with
chemical actinometry was employed to determine the reaction quantum yields. The relaxation and reaction
dynamics were studied by transient absorption spectroscopy, exciting-8 Bansition of the open isomer

with pump pulses at 288 nm, while 657 and 410 nm pulses were used to excitedhd S states of the
closed isomer, respectively. Transient absorption spectra in the range -69380hm were recorded using
temporally delayed, white-light continuum probe pulses. After structural relaxation in;tegc8ed state,

the ring-closure reaction takes place with high quantum yield through a conical intersection. This conical
intersection acts also as relaxation funnel for theegcited state of the closed isomer, from which it is
separated by an energy barrier. The branching in the conical intersection favors the closed isomer, so that the
ring-opening reaction yield is small (18-10"%). This yield was found to vary by a factor of 6 for different
isomers obtained by rotation around the ethylene bond of the substituent.

1. Introduction thiophene rings, on the reaction dynamics and quantum
yields13720 Substituents with various structural and electronic
d properties, more or less strongly coupled with the photochromic
dithienylethene unit, have been introduced, and systems suitable
for the use in technologically relevant photochromic materials
such as photoswitchable liquid crystals and polymers were
prepared. As a result of this work, a more detailed understanding
of the various interactions between substituents and the pho-
tochromic dithienylethene switch became a central issue. Very
recently, we have reported femtosecond transient absorption
studies of the ring-opening and ring-closure reaction dynamics
of diformyl dithienylethene derivative (1,2-bis[5-formyl-2-
methyl-thien-3-yl]perfluorocyclopentene) in solutté#®as well
as the dianthryl analogue (1,2-bis[5-anthryl-2-methyl-thien-3-
yllperfluorocyclopentenel®

Photochromic 1,2-bis[2-methyl-thien-3-yl]perfluorocyclopen-
tene (BMTFP) derivatives have in recent years receive
considerable attention because of their high potential for a
number of photonic applicatiods? In addition, comprehensive
spectroscopic investigations of the fundamental photochemical
processes have been ma&d& Irie and co-workers and,
independently, Lehn et al. optimized compounds with respect
to reaction quantum yield, resistance to photofatigue, and
thermal stability:~12 The photochemical, electrocyclic ring-
opening and ring-closure reactions occur in the conrotatory
mode. For the dithienylethene derivatives, the ground-state
isomers are thermally stable because of the low aromatic
stabilization energy of the thiophene groups which gives rise
to a large potential barrier between the open-isomer and the

closed-isomer stat&.The open isomer is colorless, absorbing . 1he formyl substituent (CHO) is a-electron donor that
in the near UV, whereas the closed isomer has a strong'meraCtS very strongly with the dithienylethene switch in the

absorption band in the visible range. Previous time-resolved firSt €xcited singlet state ¢ The transients of photoinduced
studies of electrocyclic reactions in other dithienylethene @PSorption and bleaching have been analyzed in terms of a

derivatives have shown that both ring-opening and ring-closure M0d€! potential extracted from calculations of the S, and
processes occur on the picosecond time scafel314.15,18 S, potential energy hyperlinéd4 Within the first picosecond after

Our previous research activities on photochromic BMTFP excitation to the g state, the c_;losed isomer is pbserved to
derivatives were aimed at the characterization of the influence unciergota fast structural rteltaxatflcm alqng th@&.e ntial energy Th
of 7 conjugated substituents, attached in the 5-position of the surtace 1o a precursor state of the ring-opening process. he

rather long lifetime of this precursor, = 13 ps, is dominated
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657 nm and is about 630 fs for pump pulses at 288 nm. The
time dispersion of 1.4 ps over the spectral range of the white-
light continuum probe pulses was determined at spectral
intervals of about 80 cmt from the rise of the bleaching or
absorption transients, and all transient spectra shown here have
been corrected for this dispersion.

bpe-BMTFP was dissolved in spectrograde dichloromethane
at 2.5- 10° mol/L. The solution was pumped at a velocity of
5 mL/s through a 40@m flow cell to ensure a complete renewal
of the sample from pulse to pulse.

2.2. UViis Absorption Spectroscopy and Chemical Ac-
tinometry. Commercially (Aldrich) available solvents were
used. Absorption spectra were recorded with a Perkin-Elmer

closed lambda 9 spectrometer. Quantum yields were determined from
Figure 1. Structure formula of the open (top) and closed (bottom) the evolution of the absorption spectra after irradiating the
isomer of bpe-BMTFP. solutions for various intervals of time. The experimental error
is estimated as 10%. The intensities of the light sources were
calibrated with the furylfulgide actinometer aberchrome 540.
The open isomers were irradiated with the UV lines of am Ar
laser (351+363.5 nm), the closed isomers with laser lines at

substituents, attached by a single bond to the 5 position of the14 Nm (Ar” laser), 575 and 690 nm (rhodamine 6G-dye laser),

thiophene rings, and the dithienylethene switch is significantly 2nd 632 nm (HeNe lasery:® _

smaller because of the nearly perpendicular alignment of the 2-3. SynthesesGeneral. All syntheses, carried out under
anthracene substituents with respect to the dithienylethene unit.2rgon or nitrogen atmosphere, were monitored by TLC using
As a result, the Sstate of the closed isomer is less stabilized, @luminum-backed silica gel (236100 mesh) or by HPLC using
resulting in a relatively smaller ring-closure reaction quantum @ Hewlett-Packard ChemStation 1040 and 1050 series |l

yield and a larger ring-opening reaction quantum yield when instrument and were protected strictly from light. Octafluoro-
compared to CHO substitueH1? cyclopentene was obtained as a donation from Zeon Corporation
Here, we present a similar complete study of benzoyl-phenyl- (Japan). Solvents and other reagents were used as purchased
ethinyl substituted 1,2-bis[2-methyl-thien-3-ylJperfluorocyclo- without further purification, unless st_a_ted otherwise. Column
pentene (bpe-BMTFP, see Figure 1). A preliminary time- chromatography was performed on silica gel (2300 mesh)

resolved study of the closed isomer of this compound had shownUsing nitrogen- or argon-flushed solvents. Melting points:
relaxation processes on the-10 ps time scalé® The bpe uncorrected and Reichardt THERMOVAR. NMR: Varian VXR

substituent is rather bulky and has an extendeelectron 300 and Bruker DRX 500 at frequencies of 300 and 500 MHz
system, which is expected to couple strongly with that of the for *Hand 470 MHz forF, relsgpectlvely.l Refe_rence compounds
dithienylethene unit. The reaction quantum yields and the Were TMS (H) and CFC4 (*°F). UV/visible: Perkin-Elmer

excited-state relaxation dynamics of the closed and open isomerf@mbda 19 spectrophotometer. IR: Perkin-Elmer 1420 spec-
of bpe-BMTFP were investigated. AM1 computations of the rometer. EI-MS: Varian MAT 311A and MAT 8000. 1,2-Bis-
optimized geometry and heat of formation of the different (2-methyl-5-(2-(4-benzoyl-phenyl-1-yl)ethen-1-yl)-thien-3-yl)-
equilibrium conformations and isomers of bpe-BMTFP support Perfluorocyclopentené was synthesized according to Scheme
the analyses of the spectroscopic data. 1. The details of the synthesis are described in the Appendix.

exponential with a time constant of ca. 2 ps, so that the reaction
rate constant for ring-closure kgc ~ 4.3+ 10! s71.15 These
results are characteristic for a smatdonating substituent. In
contrast, the coupling in the;Sstate between anthracene

2. Experimental Section 3. Quantum Yields of Ring-Opening and Ring-Closure

. . . Reaction
2.1. Transient Absorption SpectroscopyTransient absorp-

tion spectra with femtosecond time resolution were measured Figure 2 shows stationary absorption spectra of the closed
using the pumpprobe technique. Pump and probe pulses are isomer (solid line) and of the open isomer (dashed line) of bpe-
generated by a femtosecond laser system described in detaiBMTFP. The lowest energy absorption band of the open isomer
elsewheré? The closed isomer was excited to thes&te using at 355 nm correlates with theySS; of the bpe substituents,
657 nm pulses from the optical parametric amplifier (OPA) or whereas the &S, absorption band, peaking at 245 nm, involves
to the $ state using frequency-doubled amplified oscillator essentially the lowest-energyr* state of the dithienylethene
pulses at 410 nm. The open isomer was excited at 288 nm toswitch. For the closed isomer, the absorption maxima at 620
the S state with the second harmonics of the 576 nm OPA and 410 nm are assigned to the-§; and $—S; transitions of
output. The intensities of the transmitted probe beam with and the dithienylethene unit, respectively. The excitation energy (620
without pump pulse excitatiom(p) andI(0), respectively, were  nm) of the $—S; transition of the closed isomer is fairly low
measured by chopping the pump pulse beam at a frequency ofas compared with different substituted dithienylethene deriva-
6 Hz. The ratid (p)/I(0) equals the pump pulse-induced change tives'” and is a proof of the strong coupling between the
of transmittanceAT = T(p)/T(0) in the sample. For the small  z-electron systems of substituent and dithienylethene unit. For
changes recorded here;-1AT equals the sum of the difference  example, the closed isomer of the unsubstituted dithienylethene
spectra of all species contributing to the signal, weighted by compound has its lowest energy transition at 520 nm and that
their respective concentrations. Transmission spectra of theof the dianthryl derivative is located at 540 nm, while the strong
sample were obtained by dispersing the probe pulses with acoupling in the closed isomer of formyl substituted compound
polychromator containing a 400 lines/mm grating in combination is responsible for the large redshift of the absorption to 620
with a CCD detector system (LOT, InstaSpec IV). The overall nm> The open isomer of bpe-BMFTP may exist as two
instrumental time resolution is 120 fs for excitation at 410 and conformersi® The so-called parallepj and antiparalleld—p)
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Figure 2. Absorption spectra of the closed isomer (thick solid line) trans-cis
and the open isomer (thick dashed line) of bpe-BMTFP in a 1ar°
mol/L CH,ClI, solution.
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Figure 3. Structure formula of the three eigrans isomers of
bpe-BMTFP.
If:;‘ylo behavior, in the sense that the quantum yield depends on both
pentene the wavelength of excitation and the doses of irradiation. In
780C / B0 addition, the spectrum of the closed isomer was observed to

evolve as a function of the doses of irradiation. For example,
the quantum yield at the beginning of irradiation decreases from
1.3-1073to0 0.41- 10-3 when the wavelength of the irradiation
is shifted from 514 to 690 nm. After reduction of the maximum
absorption of the closed isomer by irradiation at 514 nm to 10%
of its initial value, the resulting spectrum is redshifted by 12
nm. During such an irradiation, the measured quantum yield
decreases by a factor of more than 4. The evolution of a solution
closed under irradiation was found to be only dependent on the doses
v of irradiation and not on the intensity, so that an interruption
of the irradiation of the sample for several hours had no
influence on the results. All these observations were made in
solutions of toluene and are independent of the concentration
in the range of 5 1074 to 5+ 10-5 mol/L.2® These results clearly
indicate the presence of a mixture of different isomers with
different reaction quantum yields, which do not interconvert
on the time scale of hours. If the minimal presence of just two
isomers (I and b) is assumed, all observations can be
guantitatively analyzed, and the following properties of these
isomers are obtained: The initial relative concentrations of the
two isomers i and p are 0.6 and 0.4, respectively, and the
conformers are obtained from the planar, closed isomer by con-quantum vyield of both isomers is wavelength-dependent and
and disrotatory rotations of the thiophene rings and have the decreases with increasing wavelength. Between 514 and 690
local symmetry of Gand G, respectively’? For steric reasons, nm, the change is from 1.610°3 to 0.55- 1073 for i; and
only thea—p conformer may undergo the ring-closure reaction. from 2.5+ 107 to 0.9 - 10°° for i,. Analogous wavelength
To evaluate the relative populations of the two conformers, the dependence of quantum yields had also been reported by Irie
heat of formationAHg, was calculated using the AM1 procedure and Mohr?? and was attributed to the effect of excess vibrational
of Hypercherd! with the following result: AHEP) = —587.14 energy. Alternatively, the presence of more isomers or inter-
kJ/mol and AHgeaP) = 592,22 kJ/mol. Neglecting entropy  converting conformers could also contribute to this behavior.
differences and corrections due to differences in solvation However, because of the increased uncertainty associated with
energy, the Boltzmann populations of both conformggsand the larger number of parameters, no analysis invoking a greater
pa—p, are determined as, ~ 12% andpa—, ~ 88%. The value number of species (isomers or conformers) was made here.
of pa—p is the upper limit for the overall quantum yield of the The most likely isomers are the three different-¢isans
ring-closure reaction, consistent with the experimental value of isomers of bpe (see Figure 3). To avoid confusion with the open
drc = 0.76 (363 nm excitation). Taking the above value of and closed isomers of the dithienylethene unit, these isomers
pa—p ~ 88%, the quantum yield for the—p conformer is will be referred to in the following as bpe isomers. AM1
®rd@P) = 0.86. computationd of the optimized geometries result in different
In contrast, the quantum yield for the ring-opening reaction values of the heat of formatiolHg, for the different isomers:
is rather small, and the measurements expose a more complexAHgccis=¢is) = —483 kJ/mol AHECeis-rans)= —497 kJ/mol with

(HY)
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Figure 4. Temporal evolution of the transient absorption spectra of
the open isomer excited at 288 nm and recorded at different delay times
7p as indicated. The S S, absorption spectrum of the closed isomer
is shown in the top panel. b 200

a statistical weight of 2, andHgctrans-trans) = —513 kJ/mol.
We conclude that not only these different isomers may be
formed in the course of the chemical synthesis with different — 100+
probabilities, but also they do differ in their photochemical
behavior, and we suggest that these isomers are responsible for
the observed dependence of the quantum yield on the irradiation

integral absorption [a.u

dose and wavelength. 07
. . & o al
4. Transient Absorption Spectra 3004 & A g2 1
e stationary

To analyze the time evolution of the transient spectroscopic
measurements, a decomposition of the spectra into a limited
number of components was made in the following way: for
each of the two (i.e., open and closed) isomers, the spectra at
all delay times were reproduced as the sum of a minimal number ]
of the same spectral components with different amplitudes. The : —— ——
initial unrestricted decomposition clearly exposed, in addition 10200 30 40 50 60
to components that originate from the population of excited state time [ps]
species, components associated with the stable spectra of theigure 5. Decomposition of the transient absorption spectra in Figure
two isomers. To reduce the number of free parameters in the4 into the spectral components-ad4 and the ground-state absorption
final fitting, the position and width of these components were spectrum of the closed isomer (marked “stationary”). (a) Example of
forced to reproduce the stationary spectra. The sum of compo-this decomposition at three different delay times. (b) Time evolution
nents with the same time evolution was assumed to be associated' (e spectral components.

with one excited species, generated subsequent to the opticahents, as described above, is indicted in Figure 5a, whereas in
excitation. In this way, the time evolution of the population of Figure 5b the temporal evolution of these species is shown.
all species was extracted. The temporal evolution of the transient absorption spectra
The quantum yield measurements, presented above, clearlybetween—0.8 and+54 ps clearly exposes the generation of a
indicate the presence of a mixture of different bpe isomers. long-lived species with a rise time constant of 6 ps. This
While the small ring-opening reaction yield strongly differs for component is attributed to the-SS; absorption of the closed
these species, the high ring-closure yield is insensitive and, isomer generated by the ring-closure reaction (see the ground-
within the experimental uncertainty, no differences between bpe state absorption spectrum in Figure 4). In addition, shorter-lived
isomers were found. Not surprisingly, the relaxation dynamics, transient absorption bands, peaking at ca. 730 (al), 580 (a2),
discussed below, reflects this inhomogeneous composition ofand 525 nm (a3) appear within the first picosecond and decay
the samples. with time constants around 6 ps. The good agreement between
4.1. Ring-Closure Reaction and Open Isomer Transients.  these rise and decay times clearly indicates that the ring-closure
Transient absorption spectra of the open isomer of bpe-BMTFP reaction is the direct relaxation pathway of these excited species.
in dichloromethane, recorded with pump pulses tuned to the The transient at 470 nm (a4) decays within the first picosecond.
S-Sy transition at 288 nm, are shown in Figure 4. The spectrum In addition, a rise time of ca. 0.4 ps is observed for the 525 nm
at 7p = —0.8 ps provides the baseline witkiT(1) ~ 1. The (al3) transient, whereas the neighboring 580 nm (a2) band has
stationary absorption spectrum of the closed isomer (top panel)a correspondingly short decay component in addition to the 6
contains the § S; absorption band between 570 and 750 nm ps lifetime. These subpicosecond evolutions are attributed to a
and the onset of thegS S, transition below 425 nm. For some  structural relaxation within the ;Sexcited state of the open
of these spectra, the decomposition into five different compo- isomer. The observation that the excited-state transients do not
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Figure 7. Decomposition of the transient absorption spectra in Figure
5.2 ps [N e TN e 6b into spectral components al, a2, and the ground-state absorption
spectrum of the closed isomer (marked “stationary”). (a) Example of
8.3 s [N e this decomposition at three different delay times. (b) Time evolution
of the spectral components.
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as is expected, since the contribution of the ring-opening reaction
100 ps| No to the decay dynamics is negligible and only the decay,abS
S of the closed isomer is observed. The bleaching of the ground

state is clearly identified, as are the components due to excited-
state absorption. The decay of all transients can be fitted with
biexponential functions of delay timep, as follows: AT =1

+ Avrexp(wp/ty) + Asexp(wp/tz). The short time constant

lies between 0.3 and 0.5 ps, and values between 5 and 11 ps
are obtained for the long time constarit, The accuracy of the

decay to zero is ascribed to the presence of the open isomer inOlata does not warrant any fit to sums of more exponentials,

) - . . even though it is likely that more than just two bpe isomers are
the parallel conformation, which cannot decay via the fast ring- . i
. o . 2 present (see above). Nevertheless the inhomogeneous behavior
closure reaction, and the decay of which is beyond the time . : . -
. f the sample is obvious from the different values obtained for
scale of the measurement. As might be expected, the spectra o . )
T2, and, more important, the observation of a short as well as a

the d|ffere.nt bpe isomers are no} separatgd atthe resolut!on OfIong time constant for each of the spectral components is firmly
the experiments, and the relative amplitude of the residual

500 600 700 800 900

wavelength [nm]

Figure 6. Temporal evolution of the transient absorption spectra of
the closed isomer recorded at different delay timmgsas indicated:
excited at (a) 657 and (b) 410 nm.

400

absorption is therefore an indication of the population of the
nonreactingp conformer, the value obtained heyg,~ 15%,
is consistent with the value of given above in Section 3.

4.2. Closed Isomer TransientsThe excited-state dynamics
of the closed isomer was studied using punpplse excitation

established.

5. Discussion and Conclusions

The results obtained here for the ring-closure reaction are

fully consistent with observations made for other dithienylethene

wavelengths at 657 and 410 nm, resonant with thar®l $ derivatives. Figure 8 summarizes the overall picture of the
excited states, respectively. Typical transient spectra are showrrelaxation and reaction dynamics. After excitation, the open
in Figure 6a and b. In fact, aside from the presence of stray isomer relaxes within less than 1 ps on thepStential energy
light of the pump pulse at 657 nm in Figure 6a, the transient surface to a state “precursor state”) with a longer lifetime
spectra are virtually the same. This observation is consistentof aboutze = 6 ps. Calculations indicate that the Sotential
with the fact that no rise times are resolved in the spectra of energy surface is fairly flat along the reaction coordinate down
Figure 6b, demonstrating that the ® S, relaxation is faster to about a distance of about 3 A, after which the descent to the
than our instrumental resolution. The decomposition in spectral region of the conical intersection becomes stéép.18In fact,
components, i.e., the ground-state absorption spectrum of thethe excitation energy of the; State of the open isomer is an
closed isomer and excited-state spectra, al and a2, is shownmportant factor, this slope becoming smaller for substituents
for some of the transient spectra of Figure 6b in Figure 7a, and with low excitation energies. It is reasonable to accept that the
the corresponding time evolution of these components is shownlifetime of the precursor state is the smaller the higher the slope
in Figure 7b. Overall, the picture that emerges is quite simple, along the reaction coordinate, and in line with this proposition,
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——0, in 400 mL icy acetic acid (p.a.). A solution of 25 mL bromine
(0.49 mol) in 200 mL icy acetic acid was added at room
—0, temperature to the stirred mixture over 9 h. This darkened

solution was stirred intensively in the absence of light for a
further 16 h at room temperature, and then it was carefully added

G 288 nm to a 3.5 L solution of saturated aqueous sodium bicarbonate.
657 nm The product was extracted with 1.5 L diethyl ether in several
small amounts, and the organic phase was washed with aqueous
sodium bicarbonate solution (5% w/v,-300 mL) and with
Co— water (2- 500 mL). Then, the product was dried over,S@y,

— O filtered, and evaporated in vacuo to give a yellow-brown solid,
Figure 8. Reaction scheme. The statesa@id Q denote the states of  which was recrystallized in-hexane to yield 61.9 g light yellow
the closed and open isomers, respectively, the index P referring to thecrystals. Mp: 57.5C (reference mp: 58C)451°Yield: 76%.

precursor state re_ached, and ClI sta_mds for conical interse(_:tio_n. ForlH NMR (300 MHz, CDC}): & = 2.49 ppm (s, 3H—CH):
simplicity, only the important and dominant rate processes arelndlcated.Y.S9 ppm (s, 1H, H-4); 9.78 ppm (s, 1HCHO).

we observe that for the bpe derivative studied hereatS850 3-Bromo-2-methyl-5-thiophenecarboxaldehyde-dimethyl-
nm) the lifetime of 6 ps is intermediate between that observed acetal 2.3-Bromo-2-methyl-5-thiophenecarboxaldehyde (61.7

for the bianthryl derivative (Sat 390 nmzp = 10 ps) and the ~ 9» 0-3 mol) 1, 50 mL trimethyl orthoformiate, and 500 mg
biformyl derivative (S at 300 nm,zp = 2 ps). This picture p—toluoenesul_fonlc_: acid were suspended in 100 mL gnhydrous
confirms the view, obtained in studies of other dithienylethene Methanol. This mixture was refluxedrf@ h under a nitrogen
derivatives, that the ring-closure reaction is essentially barrierless@tmosphere. Water (500 mL) was then added, and the product
and downhill. Noticeable barriers are expected to exist, however, Was extracted with 0.75 L diethyl ether and washed with aqueous

when the excitation energy of the substituent becomes evenS0dium bicarbonate solution (5% w/v,-250 mL) and water
lower. (3- 250 mL). Removal of the solvent gave a yellow residue

For the closed isomer, the transient spectra reflect just the Which was triturated in dichloromethane and subsequently
relaxation of the Sexcited state, because the quantum yield of Purified by CC on silica gelrthexane/dichloromethane 3:1
the ring-opening reaction is negligibly small. The spectrally (v/v) as eluent)_. Th_e yielded pale yellow _onwas drled_ln vacuo
homogeneous, but temporally at least biexponential decay@t 0.1 mbar, yielding 91% (reference yield: 97% yield)?
indicates that an energy barrier exists between the minimum of ‘H NMR (300 MHz, CDC}): 6 = 2.37 ppm (s, 3H;-CHy);
the S excited state and the relaxation funnel, which we propose 3-34 PP (8, 6H;-(OCHy)); 5.52 ppm (s, 1H;-CH(OCHs)2);
to be the conical intersection. This proposition is consistent with 6-88 ppm (s, 1H, H-4).
the observation that the quantum yield of the ring-opening  1,2-Bis-(5-formyl-2-methyl-thien-3-yl)perfluorocyclopen-
reaction increases both with temperature and excitation en-tene 4.3-Bromo-2-methyl-5-thiophenecarboxaldehyde-dimethyl-
ergy!”19 The branching between the open and the closed acetal (36.42 g, 0.145 mol? was dissolved in 800 mL
isomers at the conical intersection is then dependent on theanhydrous diethyl ether. This solution was cooled under an argon
excess energy, increasing in favor of the open isomer with atmosphere te-78 °C. n-Butyllithium (93.75 mL, 0.150 mol,
increasing energy. The fact that this branching is very sensitive 1.6 M in n-hexane solution) was added dropwise over 20 min.
to the geometry of the substituent is a new, important result The yellow-orange reaction mixture was stirred for further 10
found here. The change by a factor of 6 of the ring-opening min at—78 °C, before 14.84 g (0.070 mol) perfluorocyclopen-
quantum vyield, observed for different isomers of the bpe tene under cooling were added dropwise to the gradually
derivative, demonstrates this extreme sensitivity to the structuredecoloring solution, and the reaction mixture was stirred for 1
of the substituent. h at—78°C and a furthe3 h atroom temperature. The reaction

The very small overall quantum yield of the ring-opening was terminated by diluting with 500 mL diethyl ether and
reaction is consistent with the stabilization of the eéxcited washing with dilute hydrochloric acid (1% v/v, 2500 mL),
state of the closed isomer as compared to the unsubstitutedb00 mL saturated sodium bicarbonate solution, an8@ mL
dithienylethene and the dianthryl derivatives. This stabilization water. The combined aqueous phases were re-extracted with
arises from the delocalization of theelectron system across 500 mL diethyl ether, dried over MgS(iltered and evaporated
central unit and the bpe substituents and leads to a shift of thein vacuo to yield 33.8 g of the raw dimethylacetal An
S—S; absorption to longer wavelength (620 nk)Analogous analytical sample of the yellow oil was obtained through CC
observations have been made for different polyene- and caro-with dichloromethanethexane 2:1 (p.v.H NMR (300 MHz,
tinoid-substituted dithienylethene derivati€g® The ring- CDClg): 6 = 1.88 ppm (s, 6H,—CHs); 3.33 ppm (s, 12H,
closure reaction yield, on the other hand, benefits from the bpe —OCH); 5.53 ppm (s, 2H;-CH(—OCH)2); 7.00 ppm (s, 2H,
substituents since the population of the reacting over nonreactingH-4).
conformers is favored. DimethylacetaB was not isolated. The protecting group was
removed by direct acid hydrolysis:

16.9 g of the raw dimethylacet& and 500 mgp-toluene-
sulfonic acid were dissolved in 500 mL diethyl ether. Then 1.5
L water with 1 mL aqueous 43% hydrobromic acid were added
to the intensively stirred solution. The resulting yellow suspen-
sion was thereafter stirred over 72 h at room temperature. After
this period, the complete reaction solution was extracted with
diethyl ether (2- 250 mL), washed with saturated sodium

3-Bromo-2-methyl-5-thiophenecarboxaldehyde 15-Meth- bicarbonate solution (2250 mL) and 750 mL water, dried over
yl-thiophene-carboxaldehyde (50.0 g, 0.4 mol) was dissolved Na,SQy, and then filtered. Removal of the solvent in vacuo,
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followed by trituration in dichloromethane and by purification
with CC on silica gel i-hexane/dichloromethane 3:1 (p.v.) as
eluent) gave 6.7 g bisaldehydeas a pure white powder. Mp:
182 °C. Yield: 45% (reference yield and mp: 52% and 182
°C, respectively:>1°® H NMR (300 MHz, CDC}): open
form: 6 = 2.03 ppm (s, 6H—CHg); 7.75 ppm (s, 2H, H-4);
9.86 ppm (2H, s;-CHO). Closed form:o = 2.18 ppm (s, 6H,
—CHpg); 7.74 ppm (s, 2H, H-4); 9.86 ppm (s, 2HCHO). —
19 NMR (200 MHz, CDC}, ref. CFCh): open form: 6 =
—109.60 ppm (t, 4F, CFat C-3 und C-5):-131.12 ppm (quint.,
2F, CR at C-4). Closed form: = —113.65 and-114.50 ppm
(m, 4F, Ck at C-3 und C-5);-134.091 ppm (quint., 2F, GF
at C-4). IR (solid, KBr):#[cm~1] = 1280 cnt! (C—F—Val.);
1670 cnt! (CHO—Val.); 2870 cnt! (C—H—Val.(w)). MS (70
eV, El) m'z (%) = 424 (100) [M], 409 (65) [M*-CHjg], 404
(8) [M*-HF], 32 (19) [S]. Ci/H1F60.S; (424.38) calcd.:
48.11% C, 2.38% H. Found: 47.80% C, 2.45% H.
1,2-Bis-(2-methyl-5-(2-(4-benzoyl-phenyl-1-yl)ethen-1-yl)-
thien-3-yl)perfluorocyclopentene 6.4-Benzoyl-benzyl-triph-
enylphosphoniumbromid (3285 mg, 6.0 mmbland 850 mg
(2.0 mmol) bisaldehydel were suspended under an argon

Ern et al.

1605 cmt (—C=C—Val.(phenyl)); 1660 cm! (—C=0—Val.-
@aryl). MS (70 eV, El)miz (%) = 781 (10) [M'], 602 (6)
[M*~C1sHgO], 260 (56) [M*3e.], 180 (2) [GisHsO'], 105 (66)
[C/H50"], 77 (30) [GHs '], 44 (100), 32 (58) [S]. CasHaoF602S
(780.85) calcd.: 69.22% C, 3.87% H. Found: 69.63% C, 4.08%
H.
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