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Abstract

To study the photochemistry and photo-
physics of the heterocyclic compounds such
as styrylthiophene and styrylquinolines.
Reverse regiosel ective photoamination of 2-
styrylthiophenes with ammonia in the
presence of 1,4-dicyanobenzene (DCB) has
been observed to give 1-amino-1-(p
substitutedphenyl)-2-thienylethane as the
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protonation dependent electron transfer of
the styrylquinoline are also studied.

Keywor ds. photosensitized electron transfer,
radical cations, regioselective amination,
protonation dependent electron transfer.
Introduction

Regioselectivity in  photochemical
reaction system is a topic of current
interest.’ The regioselective photochemical
amination reactions are useful tool to the
synthesis of isoquinolines® and aporphines®.
The photoinduced electron  transfer
sensitized by eectron deficient 1,4-
dicyanobenzene (DCB) can produce cation
radicals which has been identified by
transient absorption study.* In continuation
to our interests in the selective reactions of
the photoinduced cation radicals, a series of
2-styrythiophenes 1-5 are synthesized to

only regioselective  products. The  study the photoamination reaction.
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Table 1: Oxidation Potentia (E,) and Free Energy Changes of Electron Transfer (DG) for

Compounds 1-5 and Yields for Products 6-10

Compound| E,(V)* | DG(eV)® | Products | hv Time(h) |Conversion| Yield | Recovered
(%) (%) DCB
1 1.08 -1.58 6 22 10 50¢ 92
2 1.23 -1.49 7 26 13 62 89
3 1.20 -1.52 8 23 10 72 98
4 1.29 -1.47 9 21 14 83 94
5 143 -1.35 10 27 7 80 98

a. Oxidation potentials vs Ag/AgCl in CH,CN

b. Calculated from the oxidation potentials using Rehm-Weller Equati on.®

c. Isolated as the benzoyl amide.
Results

Direct irradiation of compounds 1-5
with ammonia at 300nm led to the trans-cis
isomerization only. When compounds 1-5
were photolyzed with 1,4-dicyanobenzene
(DCB) a 300nm in acetonitrile saturated
with ammonia, 1-amino-1-(p-substituted-
phenyl)-2-thienyl ethanes (6-10) are isolated
as the only regioselective products (Scheme
[). By comparing the extinction coefficients
and the concentration® for 1-5 and DCB at
300nm, most (95%) incident light was
absorbed by compounds 1-5. The DCB was
recovered after irradiation. The isolated
yields for the amine adducts 6-10 are based
on the recovered starting material. (Table 1)°

Discussion

The negative values of the free energy
changes for electron transfer (DG) calcul ated
from the Rehm and Weller® equation are all
negative which indicated that cation radicals
of compounds 1-5 are formed from the
electron transfer of the excited states of
compounds 1-5 to DCB. The ammonia

attacks the cation radicals of compounds 1-5
to give the aminated cation radicals, which
are deprotonated and undergo reduction by
DCB anion radicals.

Regioselective nucleophilic addition of
photosensitized reaction of compounds 1-5
iIs observed to afford 1-amino-1-(p-
substitutedphenyl)-2-thienyl ethanes (6-10)
as the only regiosdlective products. The
electron-donating effect of the thiophene
group is capable of stabilizing and
distributing the positive charge to the C-1
position of the cation radicals of compounds
1-5. This effect is stronger than the directing
effect of an alkoxy substituent reported by
Yasudaet al.’

Protonation  of  4'-(N,N-dimethyl-
amino )-2-trans-styrylquinolines will quench
the origina charge transfer emission and
two new emission bands appear. The higher
energy  fluorescence  maximum is
independent of solvent polarity and shows
structured emission bands in a medium-
polar solvent. The Ilower energy
fluorescence maximum is structureless and
shows a red-shift in a polar solvent. This is
assigned as a charge transfer emission band
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of single protonation in the quinoline ring.
The relation between the neutral form, the
monoprotonation form at the quinoline
nitrogen (Q) and the doubly protonated form
at both the doubly protonated form at both
the aniline and quinoline nitrogen atom (D)
can be summarized as Scheme IlI. The
equilibrium between D and Q in the ground
state strongly depends on the environment.
Greater acidity will favor the formation of D.
the equilibrium between D and Q may be
determined by the basicity of the solvent
medium.

The charge transfer behavior of 4'-
(N,N-dimethylamino)-2-trans-styryl-
quinolines is strongly dependent on the acid
concentration. The equilibrium between
mono and doubly prontonation in the ground
state for this styrylquinolines is sensitive to
the acidity of the solvent. Excited state
deprotonation of this styrylquinoline is
observed in aprotic dichloromethane solvent.
The excited state deprotonation process can
be quenched by introducing protic solvent
such as methanol the medium.
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