Acid-Catalyzed Photochemistry of Stilbene Compounds

NSC 89

89 08
1,3,4-

-3-
[1,9] [1,3]
4- -3- -2-
[1,9]
Abstract

Photolysis of 4-methoxystilbene derivatives and
analogues in acetonitrile with exceeded hydrochloric
acid affords 1,34-trihydrophenthren-3-one and its
yields.

4-methoxystilbene derivatives and analogues in

analogues in  good Photolysis  of
acetonitrile with one equate hydrochloric acid gives
4-arylbut-3-en-2-one and derivatives in good isolated
yields. Changing the concertration of hydrochloric

acid can control these two reaction pathways
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Introduction

The final course of a photochemical reaction is
sometimes sensitive to its environments. The factors
include irradiation wavelengths', physical restraint to
motion?, solvents®, temperature® and magnetic field®.
Recently, the research on the externa effects of an
acid on the pathways of a photochemical reaction has
become increasingly important.%”® The presence of an
external acid can even switch the eventual product of
mesityl  cyclohexanecarboxylate from that of
decarboxylation to transesterification completely.’

We have recently shown an interesting
photo-rearrangement reaction of styrylthiophene and
styrylfuran.® This novel reaction occurs through a
series of processes frans cisisomerization, conrotatory
photocyclization, an apparent [1,9]H shift and
cycloreversion. The sulfur and oxygen atoms of the
heterocyclic rings have played a vital role of such
reaction. Their electron-donating characteristics
through resonance interactions increased its basicity of

the remote carbon to initiate an apparent [1,9]H shift.
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For the inactive stilbene systems without an
electron donating group, it is possible to activate this
photochemical reaction by the aid of an external protic
acid. We now wish to report a perfect control of the

nature of the final product in such photochemical



reactions by adjusting the concentration of the protic

acid.

Results

Irradiation of a degassed acetonitrile solution
containing 5" 103 M p-methoxy-trans-stilbene 1a and
0.5 M hydrochloric acid with a Rayonet apparatus at
350 nm for 43 hours, then the solvent is evaporated
removed to  obtain

and the acid is

1,2,4-trihydrophenanthren-3-one 2a as the sole
isolated product. The compound 2a° shows 1H NMR
at d 3.94 (singlet; Ar-CH,-CO), 3.26 (triplet, J= 6.9
Hz; CO-CH,-CH>-Ar) and 2.73 (triplet, J = 6.9 Hz;
CO-CH,-CH.-Ar), and shows 13C NMR at d 210.1
(C=0) corresponding to the data reported in the

literature.10 Similarly there is one product isolated by

Scheme 1. Photorearrangement of Compounds 1a-1d.
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irradiating p-methoxy-styrylaromatics 1b-1d in the
presence of hydrochloric acid (Scheme 1). Most of the
reactions are with complete conversion. The isolated
yields are very good (Table 1).

Irradiation of a degassed acetonitrile solution
containing 5" 103 M p-methoxy-trans-stilbene 1a and
5 103 M hydrochloric acid with a Rayonet apparatus
at 350 nm for 57 hours, then the solvent is evaporated
and the acid is removed to obtain
4-(nathphen-2-yl)-trans-but-3-en-2-one 3a as the sole
isolated product. The compound 3all shows 1H NMR
at d 7.59(d, J= 16.1 Hz, 1H), 6.69(d, J= 16.1 Hz, 1H),
2.36(s, 3H), and shows 13C NMR at d 198.1 ppm
corresponding to the data reported in the literature.12
Similarly there is one product isolated by irradiating
p-methoxy-styrylaromatics 1b- 1d in the presence of
hydrochloric acid (Scheme 2). Most of the reactions
are with complete conversion. The isolated yields are

very good (Table 2).

Scheme 2. Photorearrangement of Compounds 1a-1d.
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Since compound 1d is the most sensitive to
changes in concentration of hydrochloric acid, the
photolysis was carried out in six different acid

concentrations (Table 3). In intermediate acid

concentration, both products 2d and 3d were observed.

At low acid concentration, 3d was the major product.
As the acid concentration was increased to 0.026 M,
2d and 3d were of equal yields. At 0.11 M the only
product observed became 2d. A plot of product yields
of 2d and 3d against the changing hydrochloric acid

concentrations in acetonitrile was obtained (Figure 1).

Table 3. The Yields of Competing Pathways for 1d.
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Figure 1. The Yields of Competing Pathways for 1d.
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Discussion

In order to explain the product dependence on,
and a remarkable tuning process by acid concentration,
a reasonable reaction mechanism is proposed with

competing processes (Scheme 3). The reaction starts

Scheme 3. Mechanism of Photorearrangements.
OMe

OMe
o "ogu "O
cisla — — » —_—
4a 5a
(iii)
OMe / (V)\ o)
‘:j v
a

6a 7
J (iv) | o
0
@
- 90

2a
(i) photocyclization; (ii) acid-catalyzed rearrangement [1,9]H
shift; (iii) ring-opening; (iv) hydrolysis; (v) hydrolysis; (vi)
acid-catalyzed rearrangement [1,3]H shift.

from irradiating p-methoxy-trans<tilbene 1a to
isomerize to cisla. The ensuring well-known
6e-conrotatory electrocyclization reaction yields the
dihydrophenanthrene intermediate 4a. This is followed
by an acid-catalyzed reaction that is equivalent to [1,9]
hydrogen shift to intermediate 5a, possibly by
protonation at the carbon 14 of 4a since PM3
calculation indicated that carbon 14 of 4a bears a
partial negative charge of ca -042°. For the
intermediate 5a, two competing reaction paths are
possible. One is a six-electron ring-opening reaction to
form product 3a; the other is an acid-catalyzed
hydrolysis of methyl cyclohexadienyl ether to produce
product 2a. Because the rate of hydrolysis increases as
the concentration of acid is increased, it is reasonable
that the rates of these two reactions become
competitive when the acid is in the range from 0.0025
M to 0.5 M. Approximately, the rate constant of

hydrolysis (k, is forty times larger than that of



ring-opening (k) at the acid concentration of 0.026M.
Because the k;, value would increase with increasing
acid concentration, the smaller k, in the low acid
concentration and the higher k, in the high acid
concentration will result in the high selectivity
between product 2a and 3a. The acid catalyzed [1,9]
hydrogen shift step is an essential process which is
shown by the fact that compound le with a methyl
substituent at the 3-position of the thiophene ring
prevent the [1,9] hydrogen shift thus stop the
photoreaction completely and the only photoreaction
is trans-cisisomerization of 1e.

In conclusion, we have demonstrated an
interesting photochemical system that is sensitive to
the acid concentration. Different reaction products can
be obtained quantitatively by simply adjusting the acid
concentration. Competiting ring opening and
hydrolysis processes are believed to be the reason for
the highly selective process. Since the hydrolysis
process is sensitive to the acid concentration,
compounds la-1d become unique examples of
photochemical sensors sensitive torward acid
concentrations. It also should be mentioned that the
results described here is equivalent to trapping of an
reaction intermediate (5a) by acid, a situation
anal ogues to the recent interesting report on a hindered

ester.’
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