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Abstract: A novel method for the catalytic asymmetric
dearomatization by visible-light-activated [2++2] photocy-
cloaddition with benzofurans and one example of a benzothio-
phene is reported, thereby providing chiral tricyclic structures
with up to four stereocenters including quaternary stereocen-
ters. The benzofurans and the benzothiophene are functional-
ized at the 2-position with a chelating N-acylpyrazole moiety
which permits the coordination of a visible-light-activatable
chiral-at-rhodium Lewis acid catalyst. Computational molec-
ular modeling revealed the origin of the unusual regioselectiv-
ity and identified the heteroatom in the heterocycle to be key
for the regiocontrol.

Aromatic and heteroaromatic compounds are ubiquitous
synthetic starting materials and many types of reactions have
been developed for their functionalization and transforma-
tion. A recently emerging highly useful class of reactions are
catalytic asymmetric dearomatizations (CADA reactions),
a term coined by the group of You.[1–3] This synthetic
methodology is highly appealing because it converts readily
available aromatic moieties into enantioenriched three-
dimensional cyclic molecules in a catalytic fashion, which is
an important objective in contemporary organic synthesis.

Asymmetric cycloadditions enable straightforward access
to complex architectures with multiple stereocenters in
a single step and thereby generate structural complexity in
a rapid and economical fashion.[4] Recently, the groups of
Bach[5] and Yoon,[6] as well as ours,[6c,7] reported visible-light-
activated catalytic asymmetric [2++2] photocycloadditions[8,9]

which occur directly from an electronically excited substrate/
catalyst complex without the involvement of charge separa-
tion. This chemistry is attractive because it employs visible
light as an abundant and mild source of energy and at the
same time circumvents drawbacks resulting from radical-ion

intermediates which are typically generated in the course of
photoredox processes.[10]

Herein we report the first application of visible-light-
activated [2++2] photocycloadditions to catalytic asymmetric
dearomatizations and we investigate the observed regiose-
lectivity by computational modeling (Figure 1).[11, 12]

We started our study with benzofurans[13] functionalized at
the 2-position with either 2-acylimidazole (1a,b) or N-
acylpyrazole (1c–h) moieties for interacting with the photo-
activatable chiral-at-metal rhodium catalyst D-RhS[14]

(Table 1).[15, 16] Initial experiments were disappointing. When
2-acyl imidazoles (1a or 1b) and styrene (2a) were subjected
to blue LEDs together with D-RhS (2 mol%), nearly no
conversion occurred (entries 1 and 2). Gratifyingly, when 1c
was employed, 68 % conversion was observed for the
dearomative [2++2] photocycloaddition and the main product
3c was formed with 97 % ee together with the diastereomer
3c’’ (5.4:1 d.r.) and regioisomer 3c’’’’ (7.3:1 rr; entry 3). To our
surprise, the main product features a head-to-tail regioselec-
tivity in contrast to a tail-to-tail regioselectivity observed in
related previous rhodium-catalyzed [2++2] photocycloaddi-
tions.[7] The substituents at the pyrazole have a profound
effect on this reaction (entries 4–8). Best results were
obtained with a Ph group at the 3-position of the pyrazole
(1 f), which gave complete conversion after 18 hours of
irradiation and afforded the main product 3 f with 98% ee

Figure 1. Catalytic asymmetric dearomatization by visible-light-acti-
vated [2++2] photocycloaddition reported in this study and its compar-
ison with state of the art.
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