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Abstract

NMR and kinetic study of the photochromism of the 3-(2-benzylbenzoyl)-2-ethyl-1-methyl-4(1H)-quinolinone (Py) is reported. Under UV
irradiation, two thermally stable but photochemically reversible diastereomeric benzoacridinones (P and P,) are formed. Kinetic analysis shows
that under UV, all the six possible reversible paths between Py, P; and P, are operative, while under visible irradiation, only thermally irreversible
photoketonizations from P; and P, toward Py occur. Temperature effects on the P;/P, ratio and on the rates of photoketonization are evidenced.
The presence of thermal activation barriers is assumed to interpret these observations.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Aryl ketones with o-alkyl groups are known to undergo
a highly efficient photoinduced enolisation [1-3]. The triplet
states of ketones are transformed into triplet biradicals via hydro-
gen abstraction. Biradicals decay to Z- and E-isomers of the
corresponding dienol in the ground state [4,5]. Dienols can
thermally return-back to the starting ketones or stereoselec-
tively cyclise [4,6,7], unless trapped with dienophiles or acid
[1]. The distribution of products from biradicals has therefore
drawn much attention in terms of conformational preferences
that pre-exist in the biradicals [8—11]. Outside this purely
theoretical aspect, photoenolisation can find applications in pho-
tochromism, but to the best of our knowledge, with the exception
of some reports [12,13], no attention has been paid toward
exploring carbonyl compounds in solution as photochromic
materials. Recently, we reported the structural and kinetic
investigation of the photochromic 3-benzoyl-2-benzyl-6,7-
difluoro-1-propyl-1H-quinolin-4-one (1). Under UV irradiation,
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two thermally reversible photoenols were produced, but pho-
todegradation also occurred [14]. On the contrary, irradiation
of a parent molecule, 3-(2-benzylbenzoyl)-1,2-dimethyl-4(1H)-
quinolinone (2), leads to the photoreversible formation of
hydroxy substituted dihydrobenzoacridinone, which can ther-
mally and reversibly rearrange into his diketo isomers [15]. As
the substituents have a strong effect on the course of reaction,
we replaced one of the methyl by an ethyl group in 2. The
reactivity under UV then under visible irradiation of the 3-(2-
benzylbenzoyl)-2-ethyl-1-methyl-4(1H)-quinolinone (Pg) was
therefore deeply investigated by NMR spectroscopy (Scheme 1).

2. Experimental
2.1. Materials

The compound Py (colourless crystals, m.p. 166 °C) had pre-
viously been synthesised by some of us [16].

2.2. NMR investigations and experimental conditions

Thermostated samples (concentration=1x 107>M in
degassed toluene-dg) were irradiated directly in the NMR tube
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Fig. 2. Part of 'H-'3C-NMR HMBC with connections characterizing cycliza-
tion.

(5 mm), using a 1000 W Xe—Hg HP filtered (Schott 011FG09,
259<A<388nm with Apax=330nm, 7=79% and oriel
3-74, A>400nm T=87%) short-arc lamp (oriel). After each
irradiation period (60s), the sample was rapidly transferred
into the thermoregulated probe of a Bruker Avance-DPX NMR
spectrometer (1 H, 300 MHz).

Degassing of solution to remove oxygen was made
by the technique of freeze-pump-thaw cycles (five cycles,
2.25 x 1076 Torr) directly in the Young valve NMR sample
tubes (Wilmad 507-JY-7).

2.3. Data analysis

The calculated evolution in concentrations was obtained by
numerical integration of the set of differential equations written
from a three-species system (Scheme 2), using homemade curve
fitting software [17].

The rate equations have been assumed to be first-order-like
with vij = h,‘j[X,'], where /’lij = (Pijsil[()F.

@ is the quantum yield of the global photochemical reaction
of compound “X;” into compound “X;”, &; is the molar absorp-
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Fig. 1. 'H-NMR spectra of Py before and after UV irradiation at 295 K.
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Fig. 4. Photocolouration under UV irradiation and photobleaching under visible irradiation kinetics at five temperatures (signs are experimental concentrations; solid
lines are fitted curves using our mechanistic model).
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Table 1
Results from kinetic analysis of photocolouration and photobleaching processes

T=273K T=283K T=295K T=303K T=313K
UWhe, 10.1 x 1073 7.1 x 1073 102 x 1073 10.6 x 1073 11.7x 1073
Whig 14x1073 1.9x1073 1.7x 1073 22x1073 24 %1073
Whoo 1.3x1073 1.2x 1073 1.2x1073 1.5%x 1073 2.4 %1073
Wiy 7.1 %1074 44 %1074 1.7x 107 1.3x 10~ 1.0x 10~
Whi, 43 %1073 2.6 x 1073 33x 1073 24 %1073 1.1 x1073
Wiy, 2.1x1073 1.6 x 1073 52x1073 6.0 x 1073 44 %1073
[Po]. 8.1x107 1.3x107* 8.8 x 107 1.2x107* 1.2x 107
[P1]e 3.6x 107 3.8x 107 5.6x 1074 6.2 x 107 6.6x 1074
P2]e 5.6x107* 49x107* 35x107* 27 % 107* 23x107*
[P1le/[P2]e 0.64 0.78 1.6 23 29
Vishio 1.9 x 1073 22x1073 24 %1073 24 %1073 2.6x 1073
Vis g 6.1x 1073 5.9x 1073 5.7 %1073 4.8 %1073 47 %1073
th,_-,-: apparent first order rate constant (s~!) of the process i — j under UV irradiation, [X;]: concentration in mol L™! at the end of UV irradiation, Vishij: apparent

first order rate constant (s~!) of the process i — j under visible light irradiation.

tion coefficient of compound X; at the irradiation wavelength, /
the optical path, I the incident photon flux and F is the photoki-
netic factor, which has been assumed to remain constant in these
experiments. This assumption is fully justified if F'is strictly con-
stant. As the irradiation light was not strictly monochromatic,
®;; and ¢; values must be considered as wavelength-averaged.
Then, h;; terms correspond to apparent first order rate constants.

According to Scheme 2, the following set of differential equa-
tions has been used:

diPo] = v10 + V20 — Vo1 — V
& 10 20 — V01 025
d[Pq]
i vo1 + V21 — V10 — V12

together with the mass balance equation: [Pg] + [P1]+[P2]=
[Polo where [Pg]o is the initial concentration of the quinolinone.
Each temperature was analysed independently.

3. Results
3.1. Structural identification of photoproducts

UV irradiation of a degassed toluene-dg solution of Py at
295 K led only to two photoproducts, Py and P, which were ther-
mally stable but photoreversible under visible light. By 1 and 2D
NMR experiments, they were identified as two cyclised diastere-
omeric acridinone derivatives (Scheme 3). In the 'H-NMR
spectrum (Fig. 1), the singlet signals at 4.72 and 17.85 ppm, and
at 3.99 and 18.1 ppm are assigned to proton Hp, and OH func-
tion, in Py and P, respectively. The downfield shift of OH is
explained by hydrogen bonding with the carbonyl group. HMBC
correlations Hy,—Ccp, and Hp,—C, prove that both carbons Co
and Cy, in Py and P, are directly connected (Fig. 2). By 'H-'H
Roesy experiment (Fig. 3), the exact configuration of diastere-
omeric carbons 2 and 2a was attributed to be (SR +RS) for
Py and (SS +RR) for P, [18]. No thermal conversion toward
acridine-dione derivatives or other detectable compounds was
observed.

3.2. Photocolouration and photobleaching kinetics

The course of the photoreaction under UV then visible irra-
diation was investigated at five temperatures (273, 283, 295,
303 and 313 K). After each irradiation period, 'H-NMR spectra
were recorded, and then another irradiation period was resumed.
When the photostationary state had been reached, the sample
was irradiated in the same way with visible light. By measuring
several specific NMR peak-intensities, the time-evolution of the
concentrations of Pg, Py and P, can be plotted (Fig. 4).

The most simple and general mechanism to describe the
macroscopic evolution of the three products is given in the
Scheme 2, where Py, P1 and P, are connected by six photore-
versible paths.

Under UV irradiation, it is necessary to consider the six pro-
cesses in order to obtain satisfactory fit between experimental
data and calculated curves. On the other hand, under visible
light, the simplest way to fit our kinetics is to assume that Py
and P, return directly to the initial quinolinone Py by parallel
paths. This assumption is justified because in these conditions,
Py does not absorb. The extracted apparent rate constants UVhij
and Vish,-j are gathered in Table 1.

4. Discussion and conclusion

From the structural observations, UV irradiation results in
cyclisation to six-member rings. As no cyclobutanols derivatives
were observed, we can reasonably suggest that UV irradiation
leads via hydrogen abstraction to the formation of a 1,6-biradical
[19]. It is likely that biradical Bi_g0) does not cyclise as pho-
toproducts resulting from bond-formation between carbons C»
and Cp, are formed. This implies a rearrangement of biradical
Bij_g(0) into Bj_gN), followed by a rotation around the bond
Cy/—C3, towards B_g(n1) and Bi_g2), the precursors of Py and
P, respectively (Scheme 4).

Most of the apparent first order rate constants 4;; that have
been extracted from the numerical kinetic modelling of the
concentration versus time curves under UV irradiation do not
show any clear-cut temperature effect. However, a more careful
examination shows some significant trends. When the temper-
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ature increases, U i1 slightly but significantly increases while
UVhyo decreases. Moreover, it appears that Py goes preferen-
tially towards Py, as the corresponding rate VVho; (Pg — Py)
is always higher than Y"Vhgp, (Pg— P,). Consequently, the
biradical Bij_gN1), precursor of Py can be proposed as the pre-
ferred conformation of the biradical 1-6 under UV irradiation.
The steady state photoconversion ratio under UV irradiation
[([P1] + [P2])/([Po] + [P1] + [P2])]pss =90 4= 2% is not sensitive
to the 273-313 K temperature change, while the [P1]/[P>] ratio
increases significantly from 0.64 at 273 K to 2.9 at 313 K. It is
not easy to interpret this variation on the basis of a unique effect
because the six paths are all coupled together. However, it is
likely that thermal activation barriers are operating within the
photochemical reaction paths [20-22].

Under visible light, both diastereomers are reactive and more
significant temperature effects are observed: the rate of process
P; — Py increases, while the rate of process P, — Py decreases,
when the temperature increases. These trends are the same as
observed under UV irradiation. Moreover, in both cases, the
rate of photoketonization of P, is more temperature sensitive

than that of P. The lack of Py <> P; isomerization under visible
light is also related to the presence of such thermal barriers. The
needed activation energy is easily reached when the biradical
intermediates derive from a more energetic excited state (as that
reached under UV irradiation) than from a less energetic state
formed under visible irradiation. In this last case, Bij_g1) and
Bij_gn2) do not interconvert each other. As a consequence, it is
likely that the thermal activation barriers could be situated at the
biradical level.

On the other hand, it is important to note that the behaviour
of Py is rather different in comparison with derivatives 1 and 2
previously reported [13,14]. No photoenol was detected, sup-
pressing therefore the thermal reversibility underlined with
compound 1. In the same way, no degradation occurred. Two
thermally stable diastereomers are formed; there is no evolution
to an acridine-dione derivative, as observed with compound 2.
In conclusion, such a compound can be considered as a new
photoswitch due to its highly efficient conversion (90%) under
UV irradiation and its remarkable reversibility with visible light.
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