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Visible-Light-Induced Di-nt-Methane Rearrangement of

Dibenzobarrelene Derivatives

Julika Schlosser, Radek Cibulka,™ Philipp GroB,” Heiko lhmels,** and

Christian J. Mohrschladt“

It is demonstrated that the di-t-methane (DPM) rearrangement
of carbonyl-substituted dibenzobarrelene (9,10-dihydro-9,10-
ethenoanthracene) derivatives is induced by visible-light-in-
duced triplet photosensitization with Ir(ppy)s, Ir(dFppy); or 1-

1. Introduction

The investigation and exploitation of reactions that are induced
with visible-light are presently among the most topical research
areas in organic chemistry. As visible light is easily accessed
with simple equipment, specifically commercially available
domestic appliance LED lamps, or even provided by daylight, it
offers a convenient stimulus to induce an organic reaction. At
the same time, UV light is absorbed by several different
functionalities and therefore might cause unwanted side
reactions and secondary reactions in multiply functionalized
substrates that do not occur upon exposure to visible light.
Therefore, photocatalysts have been established that absorb
efficiently in the visible range and that have the ability to
induce a reaction from their excited state by an electron or
energy transfer with the substrate." With this method in hand,
several efficient and highly selective photocatalyzed reactions
have been discovered and developed that can be performed
by application of visible light, most of which have been known
only as ground-state reactions, so far. In addition, established
photoreactions, that used to be induced by UV light, have been
improved by photocatalysis with visible light. For example, the
well-established photodimerization reaction of alkenes to give
the synthetically useful cyclobutane products was significantly
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butyl-7,8-dimethoxy-3-methylalloxazine as catalysts, whereas
derivatives that lack carbonyl substituents are photoinert under
these conditions. Notably, the products are formed almost
quantitatively.

optimized by using tailor-made photocatalysts.” In this context,
it is interesting to note that the combination of visible-light
photocatalysis with the di-nt-methane (DPM) rearrangement
(Zimmerman rearrangement)® has been neglected so far,
although this photoreaction is an established and very useful
tool in organic synthesis, especially for the construction of
complex structures in one reaction step.*** Moreover, this
reaction has attracted also considerable attention with regard
to theoretical aspects of photoreactions® It is therefore
desirable to be able to perform this versatile photoreaction
under milder conditions with visible light. To this end, we
started to investigate the propensity of the DPM rearrangement
to be photocatalyzed under visible-light irradiation. As a model
reaction, the DPM rearrangement of dibenzobarrelene to
dibenzosemibullvalene was chosen (Scheme 1), because this
particular reaction is already well investigated,” thus allowing
good comparison with the UV light-induced reaction, and
because substrates with a broad variation of substitution
pattern are available. Moreover, the photoreactivity of dibenzo-
barrelene derivatives is multiplicity-dependent. Upon direct
irradiation, the parent compound 1a reacts from the first
excited singlet state to give dibenzocyclooctatetraenes, where-
as triplet sensitization leads to the formation of the dibenzose-

R2
R? hv
Ré R7 R3 sens. or direct
7 L R¢
1a- RS

a:R'=R2=R3=R4=R5=R®=R7=H (sens.)

b: R'=R2= CH,OH, R3=R4=R5=R6=R7 = H (sens.)

¢: R'=R2= CH,NEt, R3= R*=R5=R6 =R = H (sens.)

d: R'=R2= CO,Me, R3 = R4=R5=R6 = R7 = H (direct)

e: R' = CHO, R2= CH3, R%=R*=R5=R6=R7 = H (direct)
f:R'=R2=R5= CO,Me, R3=R*=R6 =R = H (direct)

g: R'=R2=R5 = CO,Me, R = OMe, R3 = R4= R7 = H (direct)

h: R = R2= CO,Me, R%-R* = (C4H4)—, RS =R6 = R7 = H (direct)
i : R!=R2= CO,Me, R3-R* = R6_R7 = (C4H,)—, RS = H (direct)

Scheme 1. Di-t-methane rearrangement of dibenzobarrelene derivatives
1a-i (sens.=triplet sensitized; in 2 e-i only one possible regioisomer shown).
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mibullvalene 2a in a DPM rearrangement (Scheme 1). The latter
may also be induced by direct irradiation if the dibenzobarre-
lene chromophore carries carbonyl substituents, such as in
derivative 2d (Scheme 1). With this in mind, we submitted a
selection of dibenzobarrelene derivatives 1a-i to visible-light
irradiation in the presence of established photocatalysts,
namely Ir(ppy);,® Ir(dFppy)s,® [Ru(bpy);1CL,,"» DDQ, eosin Y,
9-mesityl-10-methylacridinium (3, “Fukuzumi dye”)"? and the
flavin derivative 4" (Figure 1). Based on these experiments, we
demonstrate herein that indeed the DPM rearrangement of
particular dibenzobarrelene derivatives may be photocatalyzed
with visible light; and we will discuss the scope and limits of
this type of reaction.

2. Results and Discussion

The known dibenzobarrelene derivatives 1a-e and the addi-
tionally annelated barrelene derivatives 1h-i were available
according to literature protocols."” The unknown derivatives 1f
and 1g were synthesized in 83% and 72% yield, respectively,
by the Diels-Alder reaction of the corresponding anthracene
derivatives™ with dimethyl acetylene dicarboxylate. As the
dibenzobarrelene derivatives 1f and 1g were not known, so
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Ir(ppy)s: R =H [Ru(bpy)gl2* DDQ
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Figure 1. Structures and triplet energies, E;, of photocatalysts used in this
study (data taken from Refs. [1a], [1b], [2a] and [13b].
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BR-1 2f: R' =R2=CO,Me; R3=H
2g: R =R2 = CO,Me; R3 = OMe
2j:R'=D;R2=CN;R3=H

hv

Mg —=

Scheme 2. Di-t-methane rearrangement of dibenzobarrelene derivatives 1f,
g, j; red arrows indicate NOE contacts in photoproducts 1f, g, j as
determined by ROESY NMR experiments.
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far, their photoreactivity upon direct irradiation was firstly
investigated. Thus, upon irradiation (1 > 280 nm) of the deriva-
tives 1f and 1g in benzene solution, the photoproducts 2f and
2g were formed almost exclusively (>90%), as shown by 'H-
NMR spectroscopic analysis of the reaction mixtures
(Scheme 2). However, small amounts of the other regioisomers
were formed as well, which could not be separated, so that the
photoproducts 2f and 2g could not be obtained as pure
samples. Their structural assignment is based on the NMR-
spectroscopic data, especially the NOE effects between the
protons 4b-H and 4-H, 4b-H and 5-H, and 8b-H and 8-H as
determined by ROESY NMR spectroscopy (Scheme 2; see also
the Supporting Information). These highly regioselective DPM
reactions are in agreement with results from Zimmerman
et al.®¥ who have shown that the irradiation of dibenzobarre-
lene 1j leads to the selective formation of the biradical
intermediate BR1 and subsequent reaction to the dibenzo-
semibullvalene 2j. This remarkable regioselectivity has been
rationalized in terms of a selective stabilization of one of the
four conceivable biradicals, i.e. BR1, by the electron-accepting
substituent on the benzene rings. Thus, the stabilization of the
intermediate cyclohexadienyl radical moiety in BR1 is most
efficient with the acceptor function in the meta position relative
to the radical center leading to the formation of products
1f, g, j. It is important to note that the methoxy substituent
cannot compete with the stabilization of the acceptor under
these conditions, because even in the case of substrate 1g the
photoproduct 2g is selectively formed in favor of the other
possible regioisomeric semibullvalene products.

The results of the visible light-induced reactions of the
different dibenzobarrelene derivatives 1a-i are summarized in
Table 1 (see also the Supporting Information). If not stated
otherwise the samples were irradiated with a commercially
available household appliance LED lamp with emission bands
from ca. 489-750 (A,.,,=577 nm) and 410-470 nm (weaker
band, A,.x=420 nm, see Supporting Information for emission
profile). As the dibenzobarrelene substrates as well as the
dibenzosemibullvalene photoproducts were already known
and fully characterized by NMR spectroscopy (except for 2d, e,
see above), the product mixtures were analyzed by 'H-NMR
spectroscopy and comparison with authentic samples or
literature data. The parent dibenzobarrelene 1a was irradiated
with visible-light LED for 22 h in the presence of Ir(ppy)s, fac-[Ir
(dFppy)s], in 1,2-dichloroethane solution, respectively, or the
flavin catalyst 4 in 1,2-dichloroethane or acetonitrile solution.
The latter irradiation was also performed with a 420 nm LED
source. In all these cases, only a very small (<1%) or no
conversion of the substrate to the dibenzosemibullvalene 2a
was observed (Table 1, entries 1-4). Likewise, the hydroxymeth-
yl- and aminomethyl-substituted derivatives 1b and 1c were
photoinert upon irradiation with visible light in the presence of
Ir(ppy); or fac-[Ir(dFppy);]. In contrast, the photoinduced DPM-
rearrangement of the carbonyl-substituted dibenzobarrelene
derivatives 1d-i to the products 2d-i was catalyzed by Ir(ppy);
in dichloroethane solution, as clearly shown by the develop-
ment of the characteristic '"H NMR shifts of the methine protons
at the semibullvalene unit (see also the Supporting Informa-
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Table 1. Photocatalyzed Reactions of Dibenzobarrelene Derivatives 1d-i.

Entry Substrate t[h] Catalyst [mol%]® Conversion®  Product

1 1a 22 Ir(ppy); (4) <3% -

2 1a 22 Ir(dFppy); (5) <3% -

3 1a 2 44 <3% -

4 1b 48 Ir(ppy)s (3) <3% -

5 1b 45 Ir(dFppy); (3) <3% -

6 1b 46 Ir(dFppy); (3)@ <3% -

7 1c 48 Ir(ppy); (5) <3% -

8 1d 24 Ir(ppy); (3) >97% 2d

9 1d 22 Ir(dFppy); (3) >97% 2d

10 1d 48  4(3) 21% 2d

1 1d 24 439 76% 2d

1 1d 22 4 (3)e >97% 2d

13 1d 48  DDQ (3) <3% -

14 1d 48 [Ru(bpy)lCl,(3)  <3% -

15 1d 48 [Ru(bpy);ICl,, < 3% -

NEt(iPr), (2)

16 1d 48 EosinY(2) <3% -

17 1d 48  3(3) <3% -

18 1d 24 no catalyst <3% -

19 1e 120 Ir(ppy)s (5) >97% 2e

20 1f 95  Ir(ppy); (3) 95% 2f

21 19 9 Ir(ppy); (2) 95% 29

22 1h 23 Ir(ppy); (3) >97% 2h/2h
87:13

23 1i 46 Ir(ppy); 3) >97% 2i/2i
88:12

[a] Unless stated otherwise: in 1,2-dichloroethane solution, irradiation with
broadband LED (489-750 nm, A,,,,=577 nm; and 410-470 nm,
Amax=420 nm). [b] The conversion was determined by integration of

'H NMR signals, estimated error: 43 % of given value. [c] The product ratios
were determined by integration of 'H NMR signals of bridgehead protons,
error: £3% of given value. [d] In CH;CN. [e] Irradiation with 420 nm.

tion). Depending on the substrate, the conversions were
complete (>97%) after irradiation times of 24 h (1d), 120 h
(1e),95h (1f),96 h (1g), 23 h (1h), and 46 h (1i). Notably, with
the substrates 1e-i, that may result different regioisomeric
products in the DPM rearrangement, the same products and
product ratios were obtained as with direct irradiation with UV
light. Thus, the photoreaction of 1e-1g in the presence of Ir
(ppy); gave also the products 2e-2g with the same high
regioselectivity as the direct irradiation (Schemes1 and 2).
Similarly, the photocatalyzed DPM rearrangement of the
naphtho-annelated barrelene derivatives 1h and 1i gave
mixtures of the regioisomers 2h/2h’ and 2i/2i’ in a ratio of
87:13 and 88:12 (Scheme 3), that essentially match the
reported ones for direct irradiation (88:12).*!

To demonstrate that a catalyst is needed in order to induce
the photoreactions with the LED light, solutions of the
dibenzobarrelenes 1d, 1e and 1h were exemplarily irradiated

MeO,C  CO,Me
. CI
1h 1 — O
Ippy);s R =
C,H,Cly R

2h: R = H (87%)
2i : R-R = —(C4Hy)- (88%)

2h': R = H (13%)
2" : R=R = —(C4Hy)- (12%)

Scheme 3. Regioselective di-t-methane rearrangement of dibenzobarrelene

derivatives 1h and 1i.
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in the absence of the catalyst. In the case of 1d and 1h, the
formation of the corresponding dibenzosemibullvalenes was
not observed; however, with substrate 1e small amounts (<
3%) of the semibullvalene 2d were detected after 120 h of
irradiation.

The diester-substituted dibenzobarrelene 1d was chosen
for further examination of the reaction conditions, because the
photochemical behavior of this type of substrate has been
investigated already in much detail so that sufficient reference
data is available from the literature." The reactions were
performed in dichloroethane as this solvent has been reported
to be suitable for photocatalyzed reactions of alkene deriva-
tives. In other solvents such as acetonitrile, the photoreactions
were significantly slower. Furthermore, the irradiation of the
dibenzobarrelene 1d with visible light in the presence of other
commonly employed photocatalysts, namely DDQ, Eosin Y,
acridinium 3 or [Ru(bpy);]ICl, - the latter in the absence or
presence of Hiinig's base as cocatalyst —, did not induce the
formation of the dibenzobarrelene 2d even at long irradiation
times. In contrast, with the flavin derivative 4 as catalyst, the
photoreaction of 1d gave the dibenzobarrelene 2d with 21 %
conversion in dichloroethane solution and with 76% conver-
sion in acetonitrile solution after 24 h of visible-light irradiation.
On irradiation with a 420 nm LED the flavin-catalyzed reaction
was complete (>95%) after 24 h. Furthermore, it was shown
exemplarily with derivative 2d that the photocatalyzed reaction
with Ir(ppy); as catalyst can be performed in preparative scale
(100 mg substrate, 81 % yield).

Overall, our results indicate that the DPM rearrangement of
dibenzobarrelene derivatives, that carry at least one carbonyl
functionality at the etheno bridge, may be conducted with
visible-light irradiation from LED sources. In contrast, dibenzo-
barrelene derivatives that lack this functionality, namely 1a-c,
are photoinert under these conditions. To explain this different
behavior of dibenzobarrelene derivatives and to clarify the
mechanism of the observed photoreactions, some general
trends from the experimental results shall be accentuated and
interpreted.

The employed catalysts may induce a photoreaction
through an initial electron transfer between the excited catalyst
and the substrate or through triplet-sensitization. But based on
our results with the representative substrate 1d, an electron-
transfer reaction can be excluded because the DPM rearrange-
ment of this compound, like the parent compound, is not
induced by those catalysts that are known to generate
intermediate radical ions upon photoinduced electron transfer
process, such as DDQ [E®(DDQ*/DDQ —)~#3.1V], 3 [E° (3"*/3")
~2.9 V], Eosin Y [E°(EY*/EY"—) ~0.8 V], and [Ru(bpy);ICl, [E° (Ru
I1*/Ru )~ —0.8 V; E° (Ru II*/Ru I)= +0.77 V1.'Y In contrast, the
catalysts Ir(ppy); [E° (Ir III*/Ir IV) =~ —1.7 V], Ir(dFppy); [E® (Ir II*/Ir
V)~ —14V]® and flavin 4 [E° (4*/4 —)~1.0V, E®° 4*/4 )=
—0.6 V1, that have been shown already to be efficient
photosensitizers for olefins, e.g. in [2+ 2] photocycloadditions
or E-Z isomerizations, also turned out to sensitize the DPM
rearrangement of dibenzobarrelene 1d. Although the catalysts
Ir(ppy); (E;=243 kJ/mol), 4 (E;=220kJ/mol) and Ir(dFppy);
(E;=266 kJ/mol; Figure 1), have somewhat lower triplet ener-
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gies, E;, than those sensitizers that are commonly applied for
UV-light induced DPM rearrangements, i.e. benzophenone
(E;=287 kJ/mol) or thioxanthen-9-one (E;=265 kJ/mol), they
are apparently still able to act as triplet sensitizer for this
reaction, indicating a triplet energy of 1d in this energy range.
In contrast, triplet energies below 200 kJ/mol as in [Ru(bpy);]1Cl,
(E;=195 kJ/mol), Eosin Y (E;=184 kJ/mol), and 3 (E;=187 kJ/
mol; Figure 1) are obviously too low for an efficient triplet-
triplet energy transfer with dibenzobarrelene derivatives, which
is in agreement with the observation that these reagents do
not catalyze the DPM rearrangement.

Along the same lines, the photoreluctance of the dibenzo-
barrelene derivatives 1a-c is also consistent with a triplet-
photosensitization pathway. Although the triplet energies of
the dibenzobarrelene derivatives 1a and 1d have not been
reported, it is well known that acceptor substituents at a given
chromophore lower the triplet energies."” Therefore, it is
proposed that the dibenzobarrelene derivatives without ac-
ceptor substituent, 1a-c, have significantly higher triplet
energies than the ones with ester or formyl substituents, 1e-i,
so that a triplet-sensitization with the catalysts Ir(ppy);, Ir
(dFppy); and the flavin 4 is energetically not favorable. This
proposal is consistent with the observation that the DPM
rearrangement of 1a is not sensitized by thioxanthen-9-one
(E;=265 kJ/mol), either under otherwise identical conditions
(see Table S1 in the Supporting Information). Moreover, these
results parallel recent findings on the flavin-catalyzed [2+ 2]
photocycloaddition of different aromatic diene derivatives."® In
that study, it has been shown that the [2+ 2] photocycloaddi-
tion could not be accomplished with simple dienes, such as 1-
phenylpropene, whereas the lowering of the triplet-energy of
the substrates by electron-acceptor substituents at the diene
highly facilitated the photoreaction.

Most notably, the Ir(ppy);-photosensitized DPM rearrange-
ment of the derivatives 1 e-i resulted in the same regioselective
formation of products as their triplet photoreactions induced
by direct irradiation with UV light (Table 1, entries 19-23). This
regioselectivity of the DPM rearrangement is commonly
explained by the selective stabilization of the initially formed
cyclopropyldicarbinyl (1,4-biradical), as exemplarily shown with
BR1 (Scheme 2). Therefore, the same regioselectivities under
different irradiation conditions indicate that the same inter-
mediates are formed in photocatalysis as with direct irradiation,
which also supports a common triplet-sensitized DPM rear-
rangement of dibenzobarrelene derivatives in the presence of
the Ir(ppy)s, [Ir(dFppy);] and the flavin catalyst 4.

3. Conclusions

In summary, we have demonstrated that the DPM rearrange-
ment of dibenzobarrelene derivatives may be induced by
visible-light-induced triplet photosensitization, as long as the
substrate is acceptor-substituted. Notably, the products are
formed almost quantitatively. Considering the usefulness and
importance of the DPM rearrangement as well as the oxa- and
aza-DPM rearrangement in organic synthesis we propose that

ChemPhotoChem 2020, 4, 132-137 www.chemphotochem.org

'CHEM
| Articles

CHEM

the application of visible-light catalysts may constitute a
reasonable alternative to perform these reactions under milder
conditions and with fewer side and secondary reactions.

Experimental Section

General Instrumentations and Materials

'H NMR and "C NMR: Bruker AC 200 ("H NMR: 200 MHz; "*C NMR:
50.3 MHz); Bruker Advance 400 (NOESY "H NMR: 400 MHz); Jeol ECZ
500 ('"H NMR: 500 MHz), or Bruker DMX 600 (ROESY 'H NMR:
600 MHz). 'H and "C chemical shifts refer to dqys=0.0. Chemical
shifts are given in ppm relative to the residual signal of the solvent
(CDCly: 6,,=7.27 ppm, benzene-ds: d,,=7.16 ppm). The signals of
quat. C, CH, CH, and CH; were assigned with the DEPT pulse
sequence. Melting points were determined with a Biichi B545
melting point apparatus and are not corrected. The photoreactions
were carried out in a home-built LED-reactor. UV: Hitachi U-3200
spectrophotometer; spectra were taken from solutions in spectral
grade solvents. MS: Finnigan MAT 8200 for electron impact
ionization (70 eV); Finnigan MAT 90 for high-resolution MS. Melting
points: Blichi B-545. Elemental analyses were performed by Mr. C.
P. Kneis, University of Wiirzburg Preparative photoreactions were
performed with a high-pressure mercury lamp (150 W, Heraeus TQ
150) at room temp. (ca. 20°C); the sample was placed ca. 5cm in
front of the cooling mantle of the light source. A cut-off filter
(Schott WG 280; A>280 nm) was placed between the lamp and
the sample. Solutions were purged with argon for at least 0.5 h
prior to irradiation.

Commercially available reagents were used without further
purification unless stated otherwise. Chemicals were obtained from
the following companies: Alfa Aesar GmbH & Co. KG (Karlsruhe, D):
DDQ, Eosin Y, [Ru(bpy);1Cl,x6 H,0. Merck KGaA (Darmstadt, D): 9-
Mesityl-10-methylacridinium perchlorate, Ir(ppy);. Anhydrous meth-
anol was obtained by stirring over Mg chips (11 g/L) and 1, (0.71 g/
L) under reflux for 2 h. The solvent was removed by decantation
and subsequently distilled under reduced pressure. Methanol was
stored over molecular sieves (3 A). DMSO was distilled from CaH,
(10 g/L) under reduced pressure (76 °C, 16 mbar). K,CO; was dried
in a desiccator over CaCl,.

Synthesis

General Procedure (GP1) for the Synthesis of Dibenzobarrelene
Derivatives

Under argon-gas atmosphere, a stirred mixture of the correspond-
ing anthracene derivative and dimethyl acetylenedicarboxylate was
slowly heated to 230°C for 30 min. After cooling to room temper-
ature, the resulting reaction mixture was purified by column
chromatography and the product was further recrystallized from
an appropriate solvent.

Trimethyl-6-methoxy-9,10-dihydro-9,10-ethenoanthra-
cene-2,11,12-tricarboxylate (1g)

According to the General Procedure (GP1), methyl 6-meth-
oxyanthracene-2-carboxylate (125 mg, 0.47 mmol) and dimethyl
acetylenedicarboxylate (115 mg, 0.81 mmol) were allowed to react
and purified by chromatography (SiO,, n-hexane/ethyl acetate 3:1,
R=0.21) and subsequent crystallization from methanol to give 1g
as colorless solid (140 mg, 0.34 mmol, 72%), mp 71-74°C. - UV
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(hexane): A, (Ig €) =234 (4.46), 275 (3.62), 295 (3.48); (CH;CN): 234
(4.46), 294 (3.47). - '"H-NMR (CDCl;, 200 MHz): 6=3.74 (s, 3 H,
OCH,), 3.78 (s, 3 H, OCH,), 3.79 (s, 3 H, OCH,), 3.87 (s, 3 H, OCH,),
5.46 (s, 1 H, CH), 549 (s, 1 H, CH), 6.53 (dd, J=8 Hz, J=2Hz, 1H,
Ar—H), 7.01 (d, J=2Hz, 1 H, Ar-H), 7.27 (d, J=8 Hz, 1 H, Ar—H), 7.43
(d, J=8Hz, 1 H, Ar-H), 7.76 (dd, J=8 Hz, J=2 Hz, 1 H, Ar—H), 8.01
(d, J=2Hz, 1H, Ar—H). - *C-NMR (CDCl;, 50 MHz): 6=51.5 (CH),
52.1 (CH5), 52.3 (CH), 52.4 (CHs), 52.5 (CH5), 55.4 (CH;), 109.7 (CH),
111.4 (CH), 123.6 (CH), 124.2 (CH), 124.4 (CH), 127.4 (C,), 127.5 (CH),
135.1 (C,), 144.4 (C,), 144.5 (C,), 145.4 (C,), 147.8 (C,), 1486 (C,),
157.6 (C,), 165.4 (C,), 165.7 (C,), 166.7 (C,). — MS (El, 70 eV); m/z (%):
408 (79) [M*], 349 (100). - El. Anal. C,3H,,0, (408.4) calcd C: 67.64,
H: 4.94; found C: 67.19, H: 5.00.

Trimethyl-9,10-dihydro-9,10-ethenoanthra-
cene-2,11,12-tricarboxylate (1f)

According to the General Procedure (GP1), methyl anthracene-2-
carboxylate (54.0 mg, 0.23 mmol) and dimethyl acetylenedicarbox-
ylate (100 mg, 0.70 mmol) were allowed to react and purified by
chromatography (SiO,, n-hexane/ethyl acetate 3:1, R,=0.28) and
subsequent crystallization from methanol to give 1f as colorless
solid (71.0 mg, 0.19 mmol, 83 %), mp 138-140°C. - UV (MeOH): 1,,,.,
(lg €)=221 (4.52), 254 (3.97); (hexane): 221 (4.54), 251 (3.96);
(CH;CN): 222 (4.52), 253 (3.94). - 'H-NMR (CDCl;, 200 MHz): 6 =3.78
(s, 3 H, OCH,), 3.79 (s, 3 H, OCH,), 3.86 (s, 3 H, OCH,), 5.55 (s, TH,
CH), 5.55 (s, 1 H, CH), 7.03, 7.40 (AA'BB’ System, 4 H, Ar-H), 7.44 (d,
J=8Hz, 1H, Ar—H), 7.76 (dd, J=8 Hz, J=2 Hz, 1 H, Ar—H), 8.04 (d,
J=2Hz, 1 H, Ar—H). - ®C-NMR (CDCl;, 50 MHz): 6 =52.1 (CH), 52.1
(CH), 52.3 (CH,), 52.5 (CH5), 52.5 (CH5), 123.7 (CH), 124.0 (CH), 124.1
(CH), 124.6 (CH), 125.7 (CH), 125.8 (CH), 127.4 (C,), 127.7 (CH), 142.7
(Cy) 143.1 (Cy), 1441 (C,), 146.1 (C,), 147.1 (C ) 148.8 (C,), 165.6
(Cy), 165.7 (C,), 166.7 (C,). = MS (El, 70 eV); m/z (%): 408 (79) MH],
349 (100). - El. Anal. C,,H,;0,-0.5H,0 (387.4) calcd C: 68.21, H: 4.94;
found C: 68.59, H: 4.60.

Trimethyl-4 b,8 b-dihydro-7-methoxy-dibenzo[a,flcyclopropalc,
djpentalen-3,8 c,8 e-tricarboxylate (2g)

A solution of 1g (75.0 mg, 0.18 mmol) in benzene (10 ml) was
irradiated at A >320 nm for 5 h at 20°C. The solvent was removed
in vacuo and the remaining residue was submitted to column
chromatography (SiO,, n-hexane/ethyl acetate 2:1, R,=0.29) to
give product 2g (66.0 mg, 0.16 mmol, 89%) as colorless solid. H-
NMR (C¢Dg, 200 MHz): 6=3.11 (s, 3 H, OCH;), 3.26 (s, 3 H, OCH,),
3.44 (s, 3 H, OCH,), 3.50 (s, 3 H, OCH,), 4.64 (s, 1H, 8b-H), 4.92 (s,
1 H, 4b-H), 6.46 (dd, J=8.3 Hz, /=3 Hz, 1 H, Ar—H), 6.59 (d, /=3 Hz,
1 H, Ar—H), 6.65 (d, J=8 Hz, 1 H, Ar—H), 7.21 (d, /=8 Hz, 1 H, Ar-H),
7.85 (dd, J=8 Hz, J=2Hz, 1 H, Ar—H), 7.93-7.95 (m, 1 H, Ar—H). -
BBC-NMR (CDCl,;, 50 MHz): 6=49.7 (CH), 52.1 (OCH,), 52.4 (OCH,
52.9 (OCH;), 55.5 (CH), 57.2 (C,), 68.1 (C,), 121.5 (CH), 122.6 (CH
125.5 (CH), 125.9 (CH), 127.2 (CH), 127.9 (CH), 128.6 (CH), 129.8 (C
134.4 (C,), 138.5 (Cy), 149.5 (Cy), 150.1 (Cy), 166.7 (C,), 168.0 (C
169.0 (C,).

’
1

v

q

—— =

1

q

Trimethyl-4 b,8 b-dihydro-dibenzo|a,fIcyclopropalc,d]
pentalen-3,8c,8 e-tricarboxylate (2f)

A solution of 1f (95.0 mg, 0.25 mmol) in benzene (5ml) was
irradiated at A>280 nm for 11 h at 20°C. The solvent was removed
in vacuo and the remaining residue was submitted to column
chromatography (SiO,, n-hexane/ethyl acetate 5:2, R;=0.41) to
give product 2f (38.0 mg, 0.10 mmol, 40%) as colorless solid. 'H-
NMR (C,Ds 400 MHz): 6=3.29 (s, 3 H, OCHs), 3.44 (s, 3 H, OCH,),
3.50 (s, 3H, OCH,), 4.67 (s, 1 H, 8b-H), 4.95 (s, 1 H, 4b-H), 6.76-6.82
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(m, 3H, Ar-H), 6.97 (dd, J=7 Hz, J=1Hz, 1 H, Ar-H), 7.18 (d, J=
8 Hz, 1 H, Ar-H), 7.80 (dd, J=8 Hz, J=2 Hz, 1 H, Ar-H), 7.91 (d, J=
2Hz, 1H, Ar-H). - C-NMR (CDCl;, 50 MHz): 9=49.8 (CH), 52.1
(OCH;), 52.4 (OCH;), 52.9 (OCH;), 54.7 (CH), 55.3 (OCHs), 57.0 (C,
66.4 (C,), 111.3 (CH), 113.6 (CH), 122.1 (CH), 122.3 (CH), 125.9 (CH
1284 (CH), 129.7 (C,), 135.6 (C,), 1384 (C;), 141.7 (Cy), 1505 (C
159.4 (C,), 166.7 (C,), 168.0 (C,), 169.0 (C,). -
408 (53) [M*], 349 (100).

q/r

)
)
)
MS (El, 70 eV); m/z (%):

General Procedure (GP2) for Photoreactions with Visible Light

In a Duran test tube equipped with a rubber septum a solution (c=
5.0x107° mol/L) of the dibenzobarrelene and the catalyst in
dichloroethane or acetonitrile was bubbled with argon gas for
30 min. The solution was irradiated with visible light LED (see the
Supporting Information for emission profile). After the irradiation
the solvent was evaporated and the residue was analyzed by 'H-
NMR spectroscopy (500 MHz). The signals for the catalysts were not
detected due to the low amounts that were used. The 'H-NMR
spectra were analyzed by comparison with literature date or with
authentic samples.

Synthesis of Dimethyl-4 b,8 c-dihydro-dibenzo[a,f]-cyclopropalc,
djpentalene-8 b,8 e-dicarboxylate (2d) on a Preparative Scale

According to the General Procedure (GP2), a solution of 1d (100 mg,
0.31 mmol) and Ir(ppy); (5.1 mg, 7.8 umol) in dichloroethane
(62 mL) was irradiated for 72 h. The solvent was removed in vacuo
and the remaining residue was submitted to column chromatog-
raphy (SiO,, n-hexane/ethyl acetate, 3:2, R;/=0.9) to give product
2d (81.5 mg, 0.25 mmol, 81 %) as colorless highly viscous oil.
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