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5,14-a-Diketopentacene, a structural isomer of 6,13-a-diketo-
pentacene, was prepared from pentacene in three steps. In
addition to the typical n—n* absorption of the diketone moiety
at around 468 nm and the anthracene-like absorption at 333,
349, and 367 nm, a broad absorption was observed at around
386 nm, which could be assigned to an intramolecular
charge-transfer absorption from anthracene to the diketone
moiety. 5,14-a-Diketopentacene could be converted into
pentacene quantitatively by photoirradiation at 405 and
468 nm in toluene with quantum yields of 2.3 and 2.4 %,

respectively, and these values are higher than the quantum
yield of 1.4 % obtained for 6,13-a-diketopentacene irradiated
at 468 nm. The quantum yields in acetonitrile were lowered
to 0.33 and 0.28 % with irradiation at 405 and 468 nm.
The crystal structure of 5,14-o-diketopentacene showed a
CH-n interaction and n—n stacking between neighbouring
anthracene and benzene moieties. The lower solubility of
5,14-0-diketopentacene compared with the 6,13-isomer
could be explained by this crystal structure.

Introduction

The acenes, which are polycyclic aromatic hydrocarbons
composed of linearly combined benzene units, have fasci-
nated organic chemists for more than a century.l'l In par-
ticular, pentacene (PEN) is currently used for applications
in organic electronics, such as organic thin-film transistors
(OTFT) ¢ and organic thin-film photovoltaic cells.[” 1%
For the manufacture of low-cost, easy-to-handle, printable
devices, the solution processing of semiconducting materials
is necessary. However, PEN is extremely insoluble in com-
mon organic solvents; thus, soluble precursors with ther-
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mally or photochemically removable leaving groups have
merited increasing attention.!''-13] In this context, the pho-
tochemical conversion of an o-diketone precursor into
anthracene (Ant) with the production of two CO molecules
has been known for a long time (Scheme 1).['¥ Irradiation
of diketone (DK) compounds at the n—r* absorption leads
to the release of two molecules of CO, and the correspond-
ing acenes can be prepared quantitatively in solutions or in
films. This reaction has recently been applied to the photo-
chemical synthesis of PEN and larger acenes.'>!% Such a
photochemical method has enabled us to prepare a thin
film by a solution process using the 6,13-a-diketone precur-
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sor of PEN (6,13-DK), followed by simultaneous treatment
with visible light and mild heating. The thin film thus ob-
tained exhibited top-contact OTFT with a mobility of
0.34 cm?>V-!s™! and an on—off ratio of 2.0 X 10°. These val-
ues are comparable with those of devices prepared from
thermally convertible precursors.!”l In 2011, we reported
the a-diketone precursor of monoanthraporphyrins.['® Pho-
toirradiation of the Soret band of the porphyrin moiety in-
duced decarbonylation of the connected a-diketone moiety,
and monoanthraporphyrin was obtained. To use this
mechanism in the PEN system, we have designed the 5,14-
a-diketone precursor of PEN (5,14-DK), in which the Ant
@WILEY i@
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moiety has a moderate absorbance separate from the n—n*
absorption, and therefore, the useful wavelength for pho-
toconversion from the precursor to PEN will be broadened.
Herein, we report the synthesis, crystal structures, and pho-
toreactivity of 5,14-DK.

Results and Discussion

Synthesis

The synthesis of 5,14-DK is shown in Scheme 2. The
Diels—Alder reaction of PEN with vinylene carbonate gave
a mixture of 5,14 (1) and 6,13 adducts (2). After deprotec-
tion of the diol moieties, the mixture was separated by silica
gel column chromatography to give the 5,14 (5,14-PDO)
and 6,13 adducts (6,13-PDO) in 21 and 58 %, respectively.
Swern oxidation of 5,14-PDO gave 5,14-DK in 52% yield.
The synthesis of 6,13-DK has already been reported.!!a:15%]
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Scheme 2. Reagents and conditions: (i) vinylene carbonate, xylene,
autoclave, 180 °C, 3 d; (ii) NaOH aq., dioxane, reflux, 2 h, 21% for
5,14-PDO and 58% for 6,13-PDO for 2 steps; (iii) trifluoroacetic
anhydride, N,N-diisopropylethylamine, dry DMSO, dry CH,Cl,,
—60 °C, 1.5h, 52% for 5,14-DK and 43 % for 6,13-DK.

Crystal Structure

An X-ray crystallographic measurement was performed
on 5,14-DK at 25 °C (Figure 1a).'1 The angles made by
C(9)-C(10)-C(11) and C(16)-C(17)-C(18) were 107.6(2)
and 106.7(1)°, respectively. The stacking pattern of the
neighbouring molecules along the ¢ axis in the crystal was
also examined (Figure 1b). There was n—m overlap between
two molecules. The distance between the Ant surfaces was
3.524 A, which is shorter than that of the naphthalene—
1724
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naphthalene distance of 6,13-DK (3.596 A). In general, the
Ant has a stronger interaction between molecules than
naphthalene. In 5,14-DK, a similar interaction was observed
between two molecules. The interaction was not only ob-
served between Ant moieties, but also between the facing
benzene rings. The distance between the surface of two
benzene moieties was 3.849 A. In addition, there was a CH—
7 interaction between hydrogen atoms and the neighbour-
ing Ant moiety. The shortest contact between the hydrogen
atoms and Ant surface was 2.767 A. These interactions
made the packing structure of 5,14-DK rigid and lowered
the solubility in common organic solvents. The solubility of
5,14-DK in toluene was only 0.44 mgmL~' at room temp.,
although it was 2.3 mgmL™! for 6,13-DK.

Figure 1. (a) ORTEP drawing of the X-ray structure of 5,14-DK at
25 °C. Hydrogen atoms are omitted for clarity. Ellipsoids are drawn
at the 30% probability displacement level. (b) Stacking pattern of
neighbouring molecules.

Absorption Spectra

UV/Vis absorption spectra of 5,14-DK and 6,13-DK,
along with the reference compounds 5,14-PDO, 6,13-PDO
and PEN, in toluene are shown in Figure 2a. The absorp-
tion spectrum of 6,13-DK showed an n-n* absorption of
the DK moiety at 466 nm (¢ = 1.22X 10* M 'cm ') and a n—
n* absorption at 329 (4.23x103m'cm™!) and 315nm
(4.05x10°m'cm™). The n—n* absorption peaks of 6,13-
PDO were 321 (141x10°m'ecm™) and 306 nm
(1.22%x103m 'em!). The n—n* absorption peaks of 6,13-
DK were broader and redshifted by 8 nm relative to those
of 6,13-PDO. For 5,14-DK, a broad n-n* absorption of the
DK moiety was observed at 464 nm (1.58 X 103 M 'cm ™),
and a n—n* absorption of the Ant moiety was observed at
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333 (5.49x10°mtem™), 349 (5.40x10°m 'cm™!), and
367 nm (4.20 X 10° m~'cm™!). Furthermore, a broad absorp-
tion at 386 nm (2.98 X 10°> M ' cm™!) was observed, although
a similar peak was not observed for 6,13-DK. The edge or
broad band reached the n—n* absorption; therefore, the mo-
lar extinction coefficient of n-—m* absorption of 5,14-DK
was larger than that of 6,13-DK. Compared with the ab-
sorption of 5,14-PDO, the m—n* absorption of the Ant
moiety of 5,14-DK was broadened and redshifted by 7-
8 nm; this means the Ant moiety of 5,14-DK strongly inter-
acts with carbonyl moieties.
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Figure 2. (a) UV/Vis absorption spectra of 5,14-DK (red), 6,13-DK
(black), PEN (blue), 5,14-PDO (purple), 6,13-PDO (green) in tolu-
ene. (b) Solvent effect of 5,14-DK. In toluene (black), in dichloro-
methane (red), in acetonitrile (purple), in DMF (green).

The absorption at 386 nm was characteristic of 5,14-DK
and was not observed for 5,14-PDO. The absorption spec-
tra of 5,14-DK were measured from 1.79X10°! to
7.39 X 103 mM™ in toluene, but a dependence on the concen-
tration was not observed. These phenomena suggested that
the absorption at 386 nm was an intramolecular charge-
transfer (ICT) absorption from the Ant moiety to the DK
moiety. To confirm this hypothesis, the absorption spectra
of 5,14-DK were measured in toluene, dichloromethane,
acetonitrile and DMF (Figure 2b). In addition to the n—n*
absorptions at 333, 349 and 367 nm, a vibrational peak at
375 nm was observed with shoulders at 400 nm in DMF. In
acetonitrile and DMF, similar peaks were observed at 370
and 372 nm, respectively. The broad peak at 386 nm in tolu-
ene showed a clearer vibrational structure than that in other
solvents; 382 nm (1.58 X 10* M 'ecm™') in dichloromethane,
382nm (255X 10°m'em™) in DMF and 379 nm
(2.75x10° M 'em ™) in acetonitrile with shoulders around
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400 nm. The n—r* and n—=n* absorptions at 333, 349 and
367 nm showed a slight dependence on the solvent. The
molecular extinction coefficients of the peaks at 333, 349
and 367 nm were smaller than those in toluene, but the
peaks were observed at almost the same wavelength. On the
contrary, with an increase in polarity of the solvents, the
peak at 382 nm in dichloromethane was blue-shifted to
379 nm in acetonitrile. Therefore, these peaks were assigned
not as the n—n* absorption but as the ICT absorption.

Such an intramolecular interaction was not observed for
6,13-DK, probably due to the difference in HOMO levels of
Ant and naphthalene. The energy gap between the HOMO
of naphthalene and the LUMO of the DK moiety is larger
than that between the HOMO of Ant and the LUMO of
the DK moiety. Chow et al. reported 6,13- and 5,14-mono-
carbonyl PEN.['*! In their system, a CT-like absorption was
not observed, because the n—n* transition is forbidden in
the molecule and the molar extinction coefficient is very
small. For 5,14-DK and 6,13-DK, the molar extinction coef-
ficients of the n—m* absorption were over 1000, and the n—
m* transition became possible to some extent.

Molecular orbital (MO) and time-dependent density
functional theory (TD-DFT) calculations were performed
for 5,14-DK by using the Gaussian 09 program package at
the B3LYP/6-31G(d)//CAM-B3LYP/6-31G(d) level of
theory (Figure 3). The HOMO was localized on the Ant
moiety, the LUMO on the carbonyl n* orbital and the
HOMO-1 on the n orbital. TD-DFT calculations showed
that the absorption at 456 nm corresponding to an n-7*
transition that was mainly composed of the transition from
HOMO-1 to LUMO (Figure S1 in the Supporting Infor-
mation). Also, the absorption at 358 nm was calculated to
be transitions from HOMO to LUMO or LUMO+1, which
correspond to ICT from the Ant moiety to the DK moiety.

a)“

LUMO+1 LUMO
c) d)
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HOMO HOMO-1

Figure 3. Molecular orbitals of (a) LUMO-1, (b) LUMO, (c)
HOMO and (d) HOMO-1 of 5,14-DK calculated at the B3LYP/6-
31G(d)/s/ICAM-B3LYP/6-31G(d) level.

Photoreaction

The photolysis reactions of a-diketone 5,14-DK to PEN
in argon are shown in Figure 4. Compound 5,14-DK was
irradiated at 1., = 405 and 468 nm. To monitor the photo-
reaction process, changes in the UV/Vis absorption spectra
were measured every 30s during photolysis. Firstly, a
1725
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1.1 X 10~! mm solution of 5,14-DK in toluene under argon
was irradiated with light at 405 nm, as shown in Figure 4a.
During irradiation, the peaks at 352-484 nm decreased
gradually, and new peaks at 495, 530 and 578 nm increased.
After the absorptions characteristic of PEN increased for
25 min, a purple solid appeared in the solution. As deter-
mined by observing the isosbestic points at 352 and 484 nm,
the photoreaction proceeded quantitatively.
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Figure 4. (a) Changes in the absorption spectra during photolysis
(Zex = 405 nm) of 5,14-DK in toluene. (b) Changes in the absorp-
tion spectra during photolysis (1.x = 468 nm) of 5,14-DK in tolu-
ene.

Secondly, solutions of 5,14-DK (1.3 X 10~! mwm) and 6,13-
DK (1.7 X 10~! mm) in toluene under argon were irradiated
with light at 468 nm, as shown in Figure 4b and Scheme 3.
Similarly, the absorption spectra changed from the a-di-
ketone to PEN with photoirradiation. The quantum yield
(®,) of the photoreaction of 5,14-DK was measured by
using potassium ferrioxalate actinomerty (Table 1). The @,
values of 5,14-DK in toluene were 2.4 (A, = 405 nm) and
2.3% (468 nm). The values are about two times that of 6,13-
DK (1.4%, 468 nm).

5,14-DK

Table 1. Quantum yield of photoreactions of 5,14-DK and 6,13-

DK.

D, [%]

Toluene Acetonitrile

405nml 468 nm™ 405 nm b1 468 nmle-P!
5,14-DK 24+1.0 23+0.3 0.33+0.13 0.28%=0.12
6,13-DK — 1.4+0.3 - 0.80+0.10

o) /O
e e e LSO e o

[a] Excitation wavelength. [b] The ¢ value of PEN in acetonitrile
was assumed to be the same as that in toluene.[*]

Next, photolysis reactions of 5,14-DK and 6,13-DK in
acetonitrile were performed; the results are shown in Fig-
ure 5 and Figure S3 in the Supporting Information. In
acetonitrile the photoreaction of 5,14-DK was slower than
that in toluene, and the @, values were 0.28% for A, =
468 nm and 0.33% for A, = 405 nm, which are ten times
lower than those in toluene. The @, value of 6,13-DK irradi-
ated at 468 nm in acetonitrile was 0.80%; lower than that
of 1.4% in toluene. Similar solvent-dependent behaviour of
the reaction on the quantum yield was observed for the DK
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Figure 5. (a) Change in the absorption spectra during photolysis
(Aex = 405 nm) of 5,14-DK in acetonitrile. (b) Change in the absorp-

tion spectra during photolysis (1., = 468 nm) of 5,14-DK in aceto-
nitrile.

ol

6,13-DK

Scheme 3. Photochemical conversion of a-diketone 5,14-DK and 6,13-DK.
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precursor of monoanthraporphyrin.l'®! Compared with the
photocleavage reaction in toluene, the occurrence of rapid
photoinduced electron transfer from the singlet-excited-
state porphyrin to the DK moiety in benzonitrile resulted
in a significant decrease in the singlet-excited-state lifetime,
leading to suppression of the photocleavage reaction.

The photoconversion reaction was also performed in a
thin film. The UV spectra before and after photoirradiation
are shown in Figure S4 in the Supporting Information
along with photos of the thin film. The yellow film changed
to purple during photoirradiation. However, the spectrum
of 5,14-DK was broad, and the band structures were not
clear, probably due to n—r stacking of the compounds. The
absorption spectrum of PEN was also broad, but the peaks
characteristic for PEN were observed at around 560 and
610 nm.[15b!

Electrochemical Properties and Energy Diagrams

The electrochemical properties were measured in deaer-
ated acetonitrile containing tetrabutylammonium hexa-
fluorophosphate (TBAPFy), as shown in Figures S5 and S6
in the Supporting Information. The one-electron reduction
peak of 5,14-DK was observed at —1.47 V (vs. Fc/Fc*) for
the reduction of the DK moiety. The oxidation peak was
irreversible, and the peak maximum was at 0.94 V (vs. Fc/
Fc*), which corresponds to oxidation of the Ant moiety.
The energy level of the charge-separated (CS) state (Ant™-
DK™) was determined from the redox potential. The driving
forces [FAGgr(cr)] for the intramolecular charge-recombi-
nation processes from the anion radical of the diketone
moiety (DK™) to the cation radical of the anthracene
moiety (Ant™) were calculated by using Equation (1):

*A GET(CR) = e[on(Ant'+/Ant) — Ered(DK/DK‘i)] ( 1 )

in which e stands for the elementary charge. On the other
hand, the driving forces for the intramolecular charge-sepa-
ration processes [FAGgr(cs)] from Ant to the diketone sing-
let excited state ('DK*) were determined by using Equa-
tion (2):

~AGgr(cs) = AEy o + AGercr) 2

in which AE, , is the singlet excited state of the diketone
moiety (\DK*). The energy levels of "DK* and 3DK* were
calculated from the Ant-DK compounds already re-
ported.”!] The 'DK* and ICT [(Ant-DK)*] levels were
higher than that of the CS state (-2.41 eV). Thus, electron
transfer from the Ant moiety to the DK group may occur,
affording the CS state, as shown in the a-diketone precursor
of monoanthraporphyrins.['81 The CS state decays mainly
to the ground state by radiationless deactivation. However,
the CS state in toluene may be higher in energy than that
in acetonitrile. Because of this, charge separation of 5,14-
DK is not favourable in toluene, and the quantum yield of
the photoreaction is higher than that in acetonitrile (Fig-
ure 6).
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Figure 6. Energy diagram of 5,14-DK in acetonitrile.

Conclusions

We successfully prepared 5,14-DK, which is a photocon-
vertible precursor of PEN and a structural isomer of 6,13-
DK. Compound 5,14-DK exhibited a broad ICT absorption
at around 390 nm in addition to an n-m* absorption at
460 nm. Photochemical conversion to PEN quantitatively
proceeded by photoirradiation at the ICT and n—n* absorp-
tions in toluene, with quantum yields of 2.4 and 2.3%,
respectively. However, the photoreaction in acetonitrile was
slower, @, = 0.33 (405) and 0.28% (468 nm), probably due
to the occurrence of ICT from the Ant moiety to the DK
group. X-ray single-crystal structure analysis of 5,14-DK
suggested that 5,14-DK has a strong n—7 interaction with
neighbouring molecules, which lowers the solubility of 5,14-
DK in common organic solvents.

Experimental Section

General: Melting points were measured with a Yanaco M-500-D
melting point apparatus. 'H NMR and '*C NMR spectra were
recorded with JEOL JNM-AL 400 and AL 300 spectrometers at
ambient temperature by using tetramethylsilane as an internal stan-
dard. FAB mass spectra were measured with a JEOL JMS-MS700
spectrometer. UV/Vis spectra were measured with a JASCO UV/
Vis/NIR spectrophotometer V-570. Elemental analyses were per-
formed with a Yanaco MT-5 elemental analyzer.

Materials: TLC and gravity column chromatography were per-
formed on Art. 5554 (Merck KGaA) plates and silica gel 60N
(Kanto Chemical), respectively. Acetonitrile was distilled from
P,Os5 in vacuo. All other solvents and chemicals were reagent-grade
quality, obtained commercially, and used without further purifica-
tion except as noted. For spectral measurements, spectral-grade tol-
uene, dichloromethane, acetonitrile, and DMF were purchased
from Nacalai Tesque.

Synthesis of 5,14-Dihydro-15,16-dihydroxy-5,14-ethanopentacene
(5,14-PDO): A solution of PEN (1.00 g, 3.60 mmol) and vinylene
carbonate (0.310 g, 3.64 mmol) in xylene (68 mL) was mixed at
180 °C in an autoclave for 3 d. After removal of the solvent in
vacuo, the residue was washed with EtOAc to give a mixture of
carbonate compounds (1.29 g). The mixture of carbonate com-
pounds (1.29 g, 3.55 mmol) was added to a 4 M aqueous solution
of NaOH and 1,4-dioxane (40 mL). The resulting mixture was
heated at reflux for 1 h. The reaction mixture was cooled, poured
into water, and then extracted with EtOAc. The combined organic
layers were washed with water and dried with Na,SO,. After re-
moval of the solvent in vacuo, the residue was purified by column
chromatography on silica gel with EtOAc¢/CHCl; (1:4) to give 5,14-
1727
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PDO (0.260 g, 0.770 mmol, 21%) as white crystals and 6,13-di-
hydro-15,16-dihydroxy-6,13-ethanopentacene (6,13-PDO; 0.710 g,
2.10 mmol, 58%). 5,14-PDO: M.p. 275-277°C. 'H NMR
(400 MHz, CDCl;, TMS): 6 = 2.18 (br., 2 H, OH), 4.23 (br., 2 H),
4.56 (br., 2 H), 7.25 (m, 2 H), 7.44-7.72 (m, 2 H), 7.89 (s, 2 H),
7.97-7.95 (m, 2 H), 8.33 (s, 2 H) ppm. 3*C NMR (100 MHz,
CDCl;, TMS): 0 = 51.26, 68.81, 122.79, 125.11, 125.70, 126.54,
127.00, 127.88, 136.80 ppm. MS (FAB): m/z = 339 [M* + 1].
Cy4H 505 (338.41): caled. C 85.18, H 5.36; found C 85.22, H 5.30.

Synthesis of 5,14-Dihydro-5,14-ethanopentacene-15,16-dione (5,14-
DK): Trifluoroacetic anhydride (2.1 mL, 15.1 mmol) was added
dropwise to a mixture of dry DMSO (1.0 mL, 14.0 mmol) and dry
CH,CI, (10 mL) at —60 °C under argon. After stirring for 10 min,
5,14-PDO (0.306 g, 0.905 mmol) dissolved in a mixture of dry
DMSO (10 mL) and dry CH,Cl, (7 mL) was added dropwise. After
stirring  for 90 min, N,N-diisopropylethylamine  (4.50 mL,
25.8 mmol) was added dropwise to the reaction mixture. The solu-
tion was stirred at —60 °C for 60 min and warmed to room temp.
before 3m HCI (50 mL) was added to the mixture. The mixture
was extracted with CH,Cl,, and the combined organic layers were
washed with water and brine and dried with Na,SO,. After removal
of the solvent in vacuo, the residue was purified by column
chromatography on silica gel with CH,Cl, and recrystallized from
toluene to give 5,14-DK as yellow crystals (0.157 g, 0.469 mmol,
52%). M.p. > 300 °C. '"H NMR (400 MHz, CDCl;, TMS): J =
5.19 (s, 2 H), 7.39-7.41 (m, 2 H), 7.48-7.52 (m, 4 H), 7.99-8.01 (m,
2 H), 8.07 (s, 2 H), 8.42 (s, 2 H) ppm. '3*C NMR (75 MHz, CDCl;,
TMS): 0 = 60.46, 125.45, 126.03, 126.36, 126.50, 128.13, 129.60,
130.95, 131.21, 132.16, 134.90, 184.84 ppm. MS (FAB): m/z = 336
[M* + 1]. Cy4H 40, (334.37): caled. C 86.21, H 4.22; found C
86.50, H 4.59.

Theoretical Calculations: All DFT calculations were achieved with
the Gaussian 09122 program package. The geometry was fully opti-
mized at the Becke’s three-parameter hybrid functional combined
with the Lee—Yang—Parr correlation functional abbreviated as the
B3LYP level of density functional theory with 6-31G(d) basis set.
Equilibrium geometries were verified by frequency calculations,
where no imaginary frequency was found. Based on the B3LYP/6-
31G(d)-optimized geometry, TD-DFT calculations were conducted
at the CAM-B3LYP/6-31G(d) level of theory.[*?!

Electrochemical Measurements: The cyclic voltammetry measure-
ments of investigated compounds were performed with a BAS elec-
trochemical analyser in deaerated acetonitrile containing
nBuyNPF as a supporting electrolyte at 298 K (100 mVs'). The
glassy carbon working electrode was polished with BAS polishing
alumina suspension and rinsed with acetone before use. The
counter electrode was a platinum wire. The measured potentials
were recorded with respect to Ag/AgNO; and normalized to Fc/
Fc*.

Photochemical Reactions: The photocleavage reactions were carried
out in a quartz UV cell, which was irradiated with monochromatic
excitation light through a monochromator (Ritsu MC-10N) from
a 500 W xenon lamp (Ushio XB-50102AA-A), and monitored by
an OCEAN OPTICS HR-4000 high-resolution spectrometer sys-
tem with light source DH-2000-BAL. A standard actionometer
(K5[Fe(C,0,);])*Y was used for quantum yield determination of
the photochemical reactions of 5,14-DK and 6,13-DK in acetoni-
trile and toluene. A square quartz cuvette (10 mm i.d.) that con-
tained a deaerated solution (3.0 cm?) of 5,14-DK and 6,13-DK was
irradiated with monochromatized light (1 = 405 or 468 nm)
through a monochromator (Ritsu MC-10N) by using a 500 W
xenon lamp (Ushio XB-50102AA-A). Under the actinometry ex-
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perimental conditions, both 5,14-DK or 6,13-DK absorbed essen-
tially all incident light. The photochemical reaction was monitored
by using a JASCO UV/Vis/NIR V-570 spectrophotometer. The
quantum yields were determined from the increase in absorbance
due to PEN (578 nm) at the beginning of the reaction.

Photochemical Reactions in Films: Compound 5,14-DK (10 mg) was
dissolved in hot CHCl; (1 mL), and the solution (100 pL) was spin-
coated on glass at 1000 rpm for 20 s. The absorption spectrum of
5,14-DK in the film was measured. Then the film was irradiated
with a 460 W metal halide lamp through a blue filter in a glove box
for 90 min, and the absorption spectrum of PEN was measured.

X-ray Analysis: Single crystals of 5,14-DK suitable for X-ray dif-
fraction analysis were obtained by slow diffusion of heptane into a
solution of 5,14-DK in CH,Cl,. The crystals were mounted in Litho
Loops (purchased from Protein Wave). The diffraction data was
collected at 25 °C with a Rigaku VariMaxRAPID/a imaging plate
diffractometer with graphite-monochromated Cu-K,, radiation or
with a Rigaku Mercury-8 diffractometer with graphite-monochro-
mated Mo-K,, radiation equipped with a CCD detector. The dif-
fraction data were processed with CrystalStructure of the Rigaku
program, solved with the SIR-97 program,! and refined with the
SHELX-97 program.¢l

Supporting Information (sece footnote on the first page of this
article):"TD-DFT calcuration, change in absorption spectra before
and after photolysis in film, CV and DPV of 5,14-DK; change in
absorption spectra of 6,13-DK during photolysis in solution.
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