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The absorption and luminescence properties o f 6-acetyl-2,3-dihydro-4(lH)-quinolinone are
described and compared to those of the parent 2,3-dihydro-4(lH)-quinolinone. The character
of the electronic transitions is determined by PPP quantum chemical calculations.
An N-acyl migration leading to the form ation of 6-acetyl-2,3-dihydro-4(lH)-quinolinone
takes place upon UV irradiation or heating with polyphosphoric acid o f 1-acetyl-2,3-dihydro4(lH )-quinolinone. A radical mechanism of the photochemical rearrangem ent is proposed.

1. Introduction

In a previous paper [1] we have shown that upon
irradiation 2,3-dihydro-4(lH)-quinolinones un
dergo a photodehydrogenation reaction yielding
the corresponding 4(lH)-quinolinones. Now we
report the different photochemical reactivity of
1-acetyl-2,3-dihydro-4(lH)-quinolinone. The ab
sorption and luminescence properties of the prod
uct of the photochemical rearrangement 6-acetyl-2,3-dihydro-4(lH)-quinolinone, are stud
ied and compared to those of the parent 2,3-dihydro-4(lH)-quinolinone [2],

2. Results and Discussion
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Fig. 1. A bsorption and fluorescence spectra o f 1 in di
ethylether; oscillator strengths, calculated by the PPP
method are represented by bars.

2.1. S p e c t r a l p r o p e r t i e s o f 6 -a c e ty l- 2 ,3 -d ih y d r o 4 ( 1H ) -quinolinone

Fig. 1 shows the absorption and fluorescence
spectra of 6-acetyl-2,3-dihydro-4(lH)-quinolinone
( 1 ) in diethylether.
In Table I are given the energies of the absorp
tion maxima o f compound 1 and 2,3-dihydro4(lH)-quinolinone (2). It can be seen that the in
troduction o f an acetyl substituent in position 6
has practically no effect on the location o f the
longest wavelength absorption maximum, while
the second one is shifted bathochromically by
about 6000 cm -1 relative to the parent compound
2.
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In polar solvents 6-acetyl-2,3-dihydro-4(lH)quinolinone exhibits a relatively intense fluores
cence (Qf = 0.16; !t = 5.6 ns in acetonitrile). Its
emitting properties are quite similar to those of the
unsubstituted compound 2 [2 ].
Because o f the poor solubility of 1 in hydrocar
bons we could not record its electronic spectra in
non-polar solvents.
3. Quantum-Chemical Investigations

For the purpose o f getting information about
the character of the excited nn* states and of the
electronic transitions o f 6-acetyl-2,3-dihydro4(lH)-quinolinone (1) quantum-chemical calcula
tions by the Pariser-Parr-Pople (PPP) method
(SCF-CI) were carried out with a standard parametrization [3] taking into account all singly excit-
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ed configurations. The geometry of 1 has been op
timized by the M NDO method [4]; all internal
coordinates (bond lengths, diedral and valence
angles) have been varied in the optimization proce
dure. Fig. 1 allows a comparison of the absorption
spectrum of 1 and the calculated energies of the
nn* transitions (the length of the line is propor
tional to the calculated oscillator strength f). It can
be seen that the calculated energies agree well with
the experimentally determined ones.
Fig. 2 shows the electron density distribution of
the ground and the first two excited singlet nn*
states of 1 .
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Table I. Theoretical and experimental
transition energies o f 1 and 2 in cm “1and
computed dipole moments in Db.
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1Taken from ref. [2].

group. On the other hand, while the S0 —> S 2(7T7r*)
transition o f 2 has mainly the local excitation char
acter of aniline, that of 1 is accompanied by an
ICT from the amino-group to the acetyl substi
tuent in position 6 . This may explain the experi
mentally observed large red shift of the second ab
sorption transition of 1 relative to that of 2 .
In Table I are given the calculated dipole mo
ments of the ground and first two excited singlet
nn* states o f 1 and 2. It can be seen that the values
for the ground and the first excited singlet nn*
state are quite close for 1 and 2 ; on the other hand
the dipole moment of S2(7r7r*) of 1 is much larger
than that of 2. This dissimilarity also supports the
assumption o f the different nature of the S2 (nn*)
states of 1 and 2 .
The calculated electron density distribution (see
Fig. 2) shows that the S0 —» S2 nn* transition o f 1 is
practically localized on the /?-amino-acetophenone
fragment o f the molecule. This is supported by the
following facts: (i) The longest-wavelength absorp
tion maximum of /»-dimethylaminoacetophenone
[5] and the second absorption maximum o f 1 in
ethanol are close in energy; (ii) It has been shown
[6 ] that the longest wavelength band of
/ 7-dimethylamino-acetophenone is also o f charge
transfer character.
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4. Rearrangement of l-Acetyl-2,3-dihydro-4(lH)quinolinone
Fig. 2. Electron density distribution of the ground and
excited singlet nn* states of 1 calculated by the PPP
method.

A comparison with 2 (see Ref. [2]) shows that in
both compounds the S0 —> S,(7r7z:*) transition is
characterized by a partial intramolecular charge
transfer (ICT) from the amino- to the carbonyl

1-Acetyl-2,3-dihydro-4(lH)-quinolinone (3) is
non-fluorescent in organic solutions [2]. Upon UV
irradiation deep changes in the absorption spec
trum are observed, accompanied by the appear
ance of a fluorescence emission with a maximum
around 440 nm. Fig. 3 shows the absorption spec
tra of an acetonitrile solution o f 3 at different irra
diation times.
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Fig. 3. A bsorption spectra of acetonitrile solutions o f 3
taken after 0 min (------ ), 10 min (------ ), 20 min (. . .) and
30 min ( - . - ) polychromatic UV irradiation.

It can be seen that a new absorption band ap
pears in the region 360-410 nm, which increases
in intensity. Fig. 4 shows the excitation spectra of
irradiated solution of 3, together with the excita
tion spectra of compounds 1 and 2 .
Based on the observed close similarity o f the ex
citation spectra one can assume that the fluores
cent photoproducts correspond to compounds 1
and 2 .
The irradiated solution exhibits also a delayed
emission at room temperature which has been

M il

identified as the phosphorescence o f 2,3-butanedione by comparison with an authentic sample.
Upon irradiation of ethanol solutions of 3 simi
lar changes in the electronic spectra are observed,
which indicates that the same photochemical reac
tion takes place.
The irradiated solutions of 3 have been concen
trated at reduced pressure and analyzed by HPLC
(stationary phase Lichrospher 100 RP-18, 5 mm;
mobile phase methanol:water = 60:40). The re
sults reveal the presence o f 1 (19.7%), 2 (42.7%)
and 3 (32.7%) in the reaction mixture.
The experimental results show that the steadystate photolysis o f N-acetyl-2,3-dihydro-4(lH)quinolinone leads to the simultaneous formation
of two main final products: 2,3-dihydro-4(lH)quinolinone and 6-acetyl-2,3-dihydro-4(lH)-quinolinone.
The observed reaction is very similar to the
photochemical rearrangement of aryl esters [7]
(photo-Fries rearrangement) and N-arylcarbamates [8], for which a radical mechanism has been
confirmed. By analogy, we propose the following
mechanism of the observed photochemical reac
tion:
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Fig. 4. Excitation spectra of acetonitrile solutions of 1
(dotted line), 2 (full line), and irradiated for 30 min 3
(broken line). Aem = 440 nm.

The first step obviously is an a-cleavage reac
tion leading to the formation of aminyl and acyl
radicals. The formation of such radicals is con
firmed by the presence of 2,3-butanedione in the
irradiated solution. The radicals recombine in the
solvent cage giving an intermediate which further
tautomerizes to compound 1. Compound 2 is
formed (as in the case of aryl esters [7]) from the
aminyl radicals.
The same rearrangement has been found to pro
ceed upon heating o f 1-acetyl-2,3-dihydro-4(lH)quinolinone (3) in the presence of polyphosphoric
acid (PPA). 6-Acetyl-2,3-dihydro-4(lH)-quinolinone (1) (11.7%) has been obtained, together with
2,3-dihydro-4(lH)-quinolinone (2) (51.2%). Anal-
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ogous reaction has been reported in the case o f a
series o f simple acetanilides in PPA [9],
5. Experimental
The UV-VIS absorption spectra are taken on a
spectrophotometer Specord M-40 (Carl Zeiss,
Jena). The fluorescence spectra are recorded on a
Perkin-Elmer MPF-44 spectrofluorimeter. The
phosphorescence spectra are taken in the standard
phosphorescence accessory to MPF 44 in a quartz
tube o f diameter 5 mm. IR spectra are recorded on
Specord 71 IR (Carl Zeiss, Jena). NM R spectra
are obtained on Bruker - 250 MHz, using TMS as
an internal standard. Mass spectra are registered
on a Jeol JMS D 300.
The steady-state photochemical experiments
have been carried out in 1 cm quartz cells with a
medium pressure mercury lamp (Tungsram
HGO 125 W).
The HPLC experiments have been performed
on a chromatograph ISCO.
2,3-Dihydro-4(lH)-quinolinone (2) and 1 -acetyl2,3-dihydro-4(lH)-quinolinone (3) have been syn
thesized as described in [10, 11]. 2,3-Butanedione
(Fluka) has been used.
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Rearrangement o f 3 in PPA
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