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Stilbene and its derivatives represent one of the most reactive
systems in photochemistry. The various reactions of stilbenes
includecis-transphotoisomerization, oxidative photocyclization,
eliminative photocyclization, photocycloaddition with various
alkenes, photoaddition with amines and which have been de-
scribed in a vast literature.1-8

We have recently reported9 a novel photochemical rearrange-
ment reaction of styrylfurans and styrylthiophenes (eq 1) that
consist of photocyclization, the [1,9] hydrogen shift and ring
opening.

The [1,9] hydrogen shift is the key step for this photorear-
rangement reaction. It is believed that the presence of a heteroatom
in the system might cause the greater acidity of the hydrogen
atom needed for the [1,9] hydrogen shift. Thus it is not unexpected
that the corresponding stilbene derivatives were not able to show
similar photorearrangement. However we have preparedp-
methoxy-trans-stilbene1a and styrylarenes1b-1k (Scheme 1),
and would like to report a novel rearrangement reaction, which
is catalyzed by a protic acid.

A degassed acetonitrile solution containing 5× 10-3 M
p-methoxy-trans-stilbene 1a and 0.5 M hydrochloric acid is
irradiated with a Rayonet apparatus at 350 nm for 43 h, and then
the solvent is evaporated and the acid is removed to obtain 1,2,4-
trihydrophenanthren-3-one2a as the sole isolated product. The
compound2a10 shows1H NMR at δ 3.94 (singlet; Ar-CH2-
CO), 3.26 (triplet,J ) 6.9 Hz; CO-CH2-CH2-Ar) and 2.73
(triplet, J ) 6.9 Hz; CO-CH2-CH2-Ar), and shows13C NMR
at δ 210.1 (CdO) corresponding to the data reported in the
literature.11 Similarly there is one product isolated by irradiating
p-methoxy-styrylaromatics1b-1d andp-methoxy-styryl-hetero-

cycles1e-1j in the presence of hydrochloric acid (Scheme 1).
Most of the reactions are with complete conversion. The isolated
yields are very good (Table 1). Compounds2c, 2g, and 2j are
regioselective products.
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Table 1. The Yields of the Reactions for Compounds1a-1k

8575J. Am. Chem. Soc.2000,122,8575-8576

10.1021/ja0011562 CCC: $19.00 © 2000 American Chemical Society
Published on Web 08/18/2000



In dichloromethane solvent and in the absence of the protic
acid, compounds1e, 1f, 1h, and 1i have been reported12 to
undergo different reaction pathway (eq 2). Thus, it is clear that
the reaction mechanism for our present reaction (Scheme 1) is
different from the previous reported reaction. One plausible
reaction mechanism for this novel rearrangement in the presence
of acid is shown in Scheme 2. The reaction may be derived from
the p-methoxy-cis-stilbene (cis-1a) to form the dihydrophenan-
threne intermediate3a through a six-electron conrotatory process.
Then an acid-catalyzed [1,9] hydrogen shift has occurred to get
intermediate4a, possibly by protonation at the carbon 14 of3a
since PM3 calculations indicated that carbon 14 of3a bears a
partial negative charge of about-0.42. Hydrolysis of intermediate
4a to 5a is simply an acid-catalyzed hydrolysis reaction of enol
ether.13 Intermediate6a may undergo a [1,3] hydrogen shift to
the product2a. This [1,3] hydrogen shift can be also catalyzed
by protonation, which is shown a deuterium isotope labeling at
the 10 position of7 (eq 3).14 Deuterium labeling at 4, 11, 11
positions of7 are from the result of proton deuterium exchange
from the medium.

Not all of the intermediates3a-6a could be isolated or
identified by spectroscopic methods. Compounds1a-1d needs

longer photolysis time (Table 1), this can be due to the lack of
heteroatoms to render the higher acidity for the [1,9] hydrogen
shift, even though this process has been catalyzed by the
protonation. Styrylfuran derivatives1e and 1f need the least
irradiation period. 3-Styrylfuran1gneeds longer irradiation times
similar to the styrylthiophene systems1h and1i. The less electron
negative sulfur atom is the cause for the lower acidity of the
hydrogen atom for [1,9] hydrogen shift; thus, longer irradiation
time is needed (for1h, 1i).

The acid-catalyzed [1,9] hydrogen shift step is an essential
process which is shown by the fact that compound1k with a
methyl substituent at the 3-position of the thiophene ring prevents
the [1,9] hydrogen shift and thus stops the photoreaction
completely, and the only photoreaction istrans-cis isomerization
of 1k. It is plausible that the [1,3] hydrogen shift might proceed
the acid-catalyzed hydrolysis. But the result is the same.

In conclusion, we have shown that by the aid of a protic acid,
p-methoxy-trans-stilbene1aand styrylarenes1b-1k can undergo
a clean and efficient photochemical rearrangement reaction to
afford the trihydro polyaromatic ketone compounds through a
series of six-electron photocyclization, a [1,9] hydrogen shift,
hydrolysis, and a [1,3] hydrogen shift. The lateral three steps
plausibly are catalyzed by the protonation by the external protic
acids. It is also interesting to observe that compounds1e-1j show
different rearrangement reaction pathways with and without the
presence of the protic acids. In the absence of the protic acid, the
only photochemical reaction for compounds1a-1d in degassed
solution istrans-cis isomerization.
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Scheme 1.Photochemical Rearrangement of
p-Methoxy-trans-Stilbene and Its Dreivatives1a-1k

Scheme 2.Mechanism for the Photochemical Rearrangement
of p-Methoxy-trans-stilbene1a
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