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a b s t r a c t

A series of 2-benzyl-3-benzoyl-4(1H)-quinolone derivatives was investigated. The UV–vis spectra of all
photochromic derivatives and the corresponding colored photoenols are similar and almost solvent inde-
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pendent. In contrast, the stability of the photoenols depends strongly on the substituents at the quinolone
moiety and solvent. We conclude that conversion of the photoinduced forms into the initial quinolones
occurs through ionization rather than usual for photochromic compounds thermal relaxation or sig-
matropic H-shift. The experimental observations are in good agreement with the results of quantum
mechanical calculations.

© 2008 Elsevier B.V. All rights reserved.
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. Introduction

Photoenolization of o-alkylbenzophenones (1, Scheme 1)
emains the focus of numerous studies [1] since it had been
iscovered in 1961 [2]. In a number of papers, the com-
lex mechanism of this reaction was established and several
hort living intermediates, such as biradicals and geometri-
al isomers of photoenols (o-xylylenols) 2 were characterized
3–5]. Another intensively studied aspect of the rich chem-
stry of photoenolization involves the reactivity of 2, which not
nly revert to the initial o-alkylbenzophenones presumably via
,5-sigmatropic H-shift, but can also react with dienophiles [6-
], acylals [10], or undergo various intramolecular cyclizations
5,11].

In contrast, the potential of the o-alkylketone/photoenol cou-
le as a photochromic system remains basically unexplored. The
ain obstacle for practical utilization of this system is the short

ifetimes of the photoenols (up to several seconds for the E-isomers
nd less than 10−6 s. for the Z-isomers). At the same time, the
ossibility to increase the lifetimes of the both E,E- and E,Z- iso-
ers of the photoenols by intramolecular hydrogen bonds up to
everal hours has been demonstrated more than 40 years ago on
series of 2-benzyl-3-benzoylchromones 3 (Scheme 1) and 2-

enzyl-3-benzoyl-4(1H)-quinolones 4a and 5a [12] (Scheme 2).
ecently, we demonstrated that further varying the structure of

∗ Corresponding author. Tel.: +33 4 91 82 93 22; fax: +33 4 91 82 93 01.
E-mail address: khodor@luminy.univ-mrs.fr (V. Khodorkovsky).
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he quinolone derivatives affords a new type of photochemi-
ally reversible and thermally stable photochromes [13]. However,
he scope and limitations of 2-benzyl-3-benzoyl-4(1H)-quinolones
s potential photochromic compounds remain hitherto unex-
lored.

In order to gain deeper insight into the photochemistry of 2-
enzyl-3-benzoyl-4(1H)-quinolone derivatives and behavior of the
olored photo-induced forms, we prepared a series of differently
ubstituted compounds, and report here on their spectroscopic
nd photochemical properties in solution along with the results
f quantum mechanical calculations.

. Experimental

.1. Synthesis

2-Benzyl-3-benzoyl-4(1H)-quinolone 6, the precursor of the
arent compounds 4a and 5a, was prepared by a modified pro-
edure [12], using phenyl benzoate as the acylation agent and
owtherm A at the cyclization step.

A solution of ethyl 4-phenyl-3-phenylaminobut-2-enoate (2.8 g,
0 mmol) in 20 ml of freshly distilled DMF was added dropwise to a
tirred suspension of NaH (0.72 g, 30 mmol) in 15 ml of DMF. After
ddition, stirring was continued for 4 h and a solution of phenyl

enzoate (5.94 g, 30 mmol) in DMF was added dropwise. The result-

ng mixture was stirred for 20 h and then poured into 150 ml of
old water. The aqueous phase was acidified with 10% HCl till pH
–5 and extracted with CH2Cl2 (3 × 30 ml). The combined extracts
ere washed with water, brine, dried by MgSO4 and evaporated

http://www.sciencedirect.com/science/journal/10106030
http://www.elsevier.com/locate/jphotochem
mailto:khodor@luminy.univ-mrs.fr
dx.doi.org/10.1016/j.jphotochem.2008.09.009
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o give a crude acylated enaminone as a yellow oil, which without
urther purification was added dropwise under stirring to 100 ml
f preheated to 230 ◦C Dowtherm A. The solution was refluxed for
0 min, allowed to cool down to room temperature and diluted
ith n-hexane. The precipitated gum crystallized upon addition

f methanol. The beige solid was filtered, washed with methanol
o give 6 (1.55 g, 46%). Analytical samples as colorless crystals, mp
54 ◦C (ref. [12]: 258–261 ◦C), were prepared by crystallization from
ethanol.
Derivatives 4a and 5a were obtained by methylation of 6

s described in [12]. Derivatives 4d, 4e and 4g were prepared
ccording to [14], previously unknown 4b and 4c were prepared
nalogously.

Derivative 4f was prepared from 4d by replacing one of the
uorine atoms with sodium methanolate and 4h by thionation
f 4e using the Lawesson reagent. The 1H and 13C NMR spectra
ere recorded on a Bruker AC 250 spectrometer in CDCl3, the
values are given in ppm and J in Hz. The atom numbering is

iven in Scheme 2. The phenyl protons are indexed as primed for

he benzoyl group, ‘a’ for the benzyl group and ‘b’ for the N-Ph
roup.

(4b): Yield 28%. mp 118–119 ◦C (colorless solid). 1H NMR ı: 3.75
2H, s, CH2); 6.41 (1H, dd, Jo1 = 8.7, Jo2 = 8.7, H6); 6.70 (2H, m, H2b,
6b); 6.92 (3H, m, H3b–H5b); 7.10 (3H, m, H3′–H5′); 7.21–7.46 (7H,

(
(
1
1
(

Scheme 2
.

, H2a′–H6a′, H7–H8); 8.00 (2H, m, H2′, H6′). 13C NMR ı: 37.89
CH2); 110.78 (CH); 114.26 (CH); 116.11 (C); 125.56 (C); 126.89 (CH);
28.48 (CH); 128.69 (CH); 129.34 (CH); 130.10 (CH); 130.26 (CH);
32.59 (CH); 133.48 (CH); 135.98 (C); 137.75 (C); 138.03 (C); 145.10
C); 150.32 (C); 162.08 (C); 175.37 (C(4)); 196.41 (C(3a)).

(4c): Yield 29%. mp 160–161 ◦C (colorless solid). 1H NMR ı: 0.90
3H, t, J = 7.3, CH3); 1.51 (2H, m, CH2); 3,91 (2H, t, J = 7.9, NCH2);
.01 (2H, s, CH2); 7.25 (7H, m, H2a′–H6a′, H8, H6); 7.32 (2H, m,
3′, H5′); 7.53 (1H, m, H4′); 7.91 (2H, m, H2′, H6′); 8.41 (1H, dd,

o = 6.9 Jm = 6.9, H5). 13C NMR ı: 10.86 (CH3); 21.74 (CH2); 37.52
CH2); 48.90 (NCH2); 102.47 (CH); 112.72 (CH); 123.56 (C); 124.56
C); 127.36 (CH); 128.18 (2 CH); 128.58 (2 CH); 129.09 (2 CH); 129.42
2 CH); 129.94 (CH); 133.42 (CH); 135.54 (C); 137.44 (C); 142.39 (C);
50.31 (C); 165.52 (C); 175.09 (C(4)); 196.53 (C(3a)).

(4f): Yield 93%. mp 142–143 ◦C (colorless solid). 1H NMR ı: 0.90
3H, t, J = 7.1, CH3); 1.60 (2H, m, CH2); 3.97 (5H, m, OCH3, NCH2);
.06 (2H, s, CH2 a); 6.80 (1H, d, Jm = 6.7, H8); 7.21–7.32 (5H, m,
2a′–H6a′); 7.42 (2H, m, H3′, H5′); 7.49 (1H, m, H4′); 7.88 (2H, m,
2′, H6′); 8.01 (1H, d, Jo = 11.3, H5). 13C NMR ı: 10.96 (CH3); 21.81
CH2); 37.44 (CH2); 48.91 (NCH2); 56.34 (OCH3); 99.55 (CH); 122.16
CH); 120.99 (C); 123.81 (C); 127.26 (CH); 128.10 (2 CH), 128.51 (CH);
29.04 (2 CH); 129.38 (2 CH); 133.31 (CH); 135.58 (C); 137.47 (C);
38.32 (C); 149.33 (C); 150.02 (C); 152.22 (C); 174.35 (C(4)); 196.69
C(3a)).

.
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goodness better than 0.9 (Fig. 2). The four functions, of which
three are of approximately the same area with the maxima at
344, 338 and 288 nm and the fourth one centered at 319 nm
with the more than twice larger area, reproduce the shape of
the experimental spectrum with the high precision. Very similar
0 V. Lokshin et al. / Journal of Photochemistry

(4h): Yield 92%. mp 214–215 ◦C (orange solid). 1H NMR ı: 3.60
2H, s, CH2); 6.49 (1H, dd, Jo = 11.5, Jm = 6.7, H8); 6.58 (1H, m, H4a′);
.71 (2H, m, H2b, H6b); 7.00 (3H, m, H3b–H5b); 7.31 (2H, m, H2a′,
6a′); 7.42 (2H, m, H3a′, H5a′); 7.51 (3H, m, H3′–H5′); 8.00 (2H,
, H2′, H6′); 8.81 (1H, dd, Jo = 9.0, Jm = 9.0, H5). 13C NMR ı: 37.98

CH2); 107.09 (CH); 116.64 (CH); 126.97 (CH); 128.40 (CH); 128.75
CH); 129.36 (CH); 130.22 (C); 130.41 (CH); 130.58 (C); 133.39 (CH);
34.99 (C); 135.63 (C); 136.65 (C); 137.08 (C); 143.75 (C); 149.52 (C);
53.73 (C); 191.50 (C(4)); 195.00 (C(3a)).

Derivatives 5b, 5c, 5d and 5e were prepared by C-methylation
f 4c, 4d, 4e and 7 [15] using the following general procedure.

A solution of 2-benzyl substituted quinolone (0.43 mmol) in dry
ME (15 ml) was added to a stirred suspension of NaH (22 mg,
.86 mmol) in dry DME (10 ml). The mixture was stirred at room
emperature for 1 h, 4 ml of MeI was added, and the reaction mix-
ure was refluxed for 1 h. The solvent was fully evaporated and
he solid residue was dissolved in a mixture of 20 ml of CH2Cl2
nd 20 ml of water. The organic phase was washed with a satu-
ated solution of NH4Cl (1 × 30 ml), brine (3 × 30 ml), dried with

gSO4 and evaporated. The crude product was purified by column
hromatography (silica gel, cyclohexane/ethyl acetate 7:3) to yield
erivatives 5. Crystallization from methanol afforded crystalline
aterials.
(5b): Yield 68%. mp 177–178 ◦C (colorless solid). 1H NMR ı: 0.60

3H, t, J = 7.3, CH3); 1.50 (2H, m, CH2); 1.72 (3H, d, J = 7.2, CH3);
,81 (2H, t, J = 7.6, NCH2); 4.41 (1H, q, J = 7.2, CH); 7.19–7.33 (6H,
, H2a′– H6a′, H8); 7.40 (2H, m, H3′, H5′); 7,49 (1H, m, H4′); 7.88

2H, m, H2′, H6′); 8.21 (1H, dd, Jo = 9.3, Jm = 9.3, H5). 13C NMR ı:
0.74 (CH3); 17.08 (CH3); 27.09 (CH2); 41.65 (NCH2); 49.66 (CH);
02.91(CH); 112.78 (CH); 123.66 (C); 124.83 (C); 127.09 (CH); 127.34
2 CH); 128.82 (2 CH); 129.16 (2 CH); 129.68 (2 CH); 129.92 (CH);
33.69 (CH); 137.46 (C); 139.95 (C); 142.94 (C); 155.03 (C); 161.26
C); 175.74 (C(4)); 197.28 (C(3a)).

(5c): Yield 84%. mp 144–145 ◦C (colorless solid). 1H NMR ı: 0.60
3H, t, J = 7.2, CH3); 1.50 (2H, m, CH2); 1.70 (3H, d, J = 7.1, CH3); 3.81
2H, t, J = 7.7, NCH2); 4.41 (1H, q, J = 7.1, CH); 7.02 (2H, m, H3a′, H5a′);
.22–7.43 (7H, m, H2a′, H4a′, H6a′, H3′, H5′, H6, H8); 7.49 (1H, m,
4′); 7.98 (2H, m, H2′, H6′); 8.42 (1H, dd, Jo = 7.6, Jm = 7.6, H5). 13C
MR ı: 10.42 (CH3); 16.77 (CH3); 21.07 (CH2); 41.42 (NCH2); 49.69

CH); 105.43 (CH); 113.92 (CH); 123.73 (C); 124.01 (C); 126.73 (CH);
27.16 (2 CH); 128.57 (2 CH); 128.93 (2 CH); 129.39 (2 CH); 133.54
C); 136.98 (C); 138.06 (C); 139.47 (C); 147.75 (C); 153.45 (C); 155.12
C); 174.61 (C(4)); 196.68 (C(3a)).

(5d): Yield 61%. mp 218–219 ◦C (colorless solid). 1H NMR ı: 1.61
3H, d, J = 7.3, CH3); 4.20 (1H, q, J = 7.3, CH); 6.33 (1H, dd, Jo = 12.6,
m = 6.3, H8); 6.71 (2H, m, H2b, H6b); 6.92 (5H, m, H2a′–H6a′);
.10–7.63 (8H, m, H2′–H6′, H3b–H5b); 8.14 (1H, dd, Jo = 9.9, Jm = 9.9,
5). 13C NMR ı: 18.23 (CH3); 41.36 (CH); 107.32 (CH); 113.37 (CH);
22.44 (C); 122.95 (C); 126.76 (CH); 128.13 (2 CH); 128.28 (2 CH);
29.22 (2 CH); 129.37 (2 CH); 129.44 (2 CH); 130.40 (CH); 130.68
2 CH); 132.72 (CH); 136.84 (C); 138.19 (C); 138.78 (C); 139.99 (C);
47.98 (C); 152.95 (C); 156.82 (C); 175.24 (C(4)); 195.79 (C(3a)).

(5e): Yield 65%. mp 200–201 ◦C (colorless solid). 1H NMR ı: 1.51
3H, d, J = 7.1, CH3); 4.10 (1H, q, J = 7.1, CH); 6.62 (1H, m, H4b); 6.70
2H, m, H2b, H6b); 6.89 (2H, m, H3a′, H5a′); 7.00 (3H, m, H2a′,
4a′, H6a′); 7.17 (1H, dd, Jo = 7.9, Jo = 4.5, H6); 7.23–7.44 (7H, m,
2′–H6′, H3b, H5b); 8.40 (1H, dd, Jo = 4.2, Jm = 1.6, H7); 8.50 (1H,
d, Jo = 7.9, Jm = 1.6, H5). 13C NMR ı: 18.54 (CH3); 41.49 (CH); 120.47
CH); 120.51 (C); 124.30 (C); 126.98 (CH); 128.08 (CH); 128.35 (CH);
28.78 (CH); 129.47 (CH); 129.58 (CH); 129.95 (CH); 132.90 (CH);

35.68 (CH); 137.01 (C); 138.83 (C); 139.00 (C); 152.49 (C); 153.05
CH); 158.14 (C); 177.45 (C(4)); 196.05 (C(3a)).

All compounds gave satisfactory elemental analyses. The iden-
ity of derivatives 4a, 5d and 6 was additionally confirmed by X-ray
tructure determination [16].
hotobiology A: Chemistry 201 (2009) 8–14

.2. Quantum mechanical calculations

Calculations were done using the Gaussian package [17]. The
quilibrium geometries were optimized using the B3LYP 6-31G(d,p)
ethod [18]. The energies are ZPE corrected. The electronic transi-

ion energies were calculated by the TD B3LYP 6-31G(d,p) method.

.3. Photochemical measurements

UV–vis spectra were recorded using a Cary 50 spectrophotome-
er and processed by the MCR-ALS procedure [19]. Irradiation of
erivatives 4 and 5 was carried out in degassed solutions using Oriel
50 W high pressure Xe lamp and Oriel 77250 monochromator.

. Results

.1. UV–vis absorption spectra of
-benzyl-3-benzoyl-4(1H)-quinolones

All derivatives 4 and 5 (except 4g and 4h) exhibited the
ppearance of yellow to orange-red color upon irradiation of their
olutions at the wavelengths corresponding to their absorption
axima. Surprisingly, the UV–vis absorption spectra of all pho-

ochromic compounds are practically independent of substituents
t the quinolinone benzenic ring. Almost no solvatochromic shifts
ere observed when varying the solvent from cyclohexane to

oluene and acetonitrile. Typical examples of the absorption spec-
ra are shown in Fig. 1. The non-photochromic derivatives 4g and 4h
re again the exceptions: whereas 4g shows a monotonic increase
n absorption down from 450 nm without a visible maximum, 4h
xhibits a weak absorption band about 500 nm along with the
trong one at 420 nm. The common features of the photochromic
ompounds are the presence of a vibronically split band at around
20 nm (ε about 10,000–12,000, similar to the observed for the
nsubstituted quinolone [20]) and a weak shoulder (ε < 10) at about
60 nm. Vibronically split bands corresponding to several overlap-
ing electronic – vibronic transitions can be approximated by the
ekarian function [21,22].

Minimum four functions were required to achieve the fitting
Fig. 1. UV–vis spectra of derivatives 4 in toluene.
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Table 1
The deconvoluted experimental (in toluene) and calculated (in the gas phase) absorption spectra of 4a.

�max experimental (nm) �max calculated (nm) Oscillator strength (f) Major orbitals involved

344 (339)a 359 0.03 HOMO → LUMO (�,� → �*)
338 330 0.04 −1

319 309 0.08
288 300 0.05

a In acetonitrile.
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1H NMR studies of 4d showed that prolonged irradiation affords a
ig. 2. Deconvolution of the absorption spectrum of 4a (circles) by one Pekarian
31350 cm−1) and three Gaussian (29163, 29604, 34727 cm−1) functions.

esults were obtained by fitting the spectrum of 4a in acetoni-
rile, although the maximum of the lowest energy broad band was
hifted from 344 nm to 339 nm. The negative solvatochromism of
he first observed band (visible as a shoulder) suggests its interpre-
ation as a C O n → �* transition.

Quantum mechanical calculations can provide deeper insight
nto the nature of the observed spectroscopic features. Although the
eometry optimization were done in the gas phase, the optimized

quilibrium geometry of 4a is very close to the experimental one
ound by the X-ray analysis [16]. In particular, the observed short
ntramolecular contact between the C-H fragment of the benzyl
roup and the oxygen atom of the benzoyl group (the C(H)· · ·O dis-

c
t
T
e

Fig. 3. (a) HOMO and (b
HOMO → LUMO; HOMO → LUMO (�,� → �*)
HOMO−2 → LUMO; HOMO → LUMO+1(�,� → �*)
HOMO → LUMO+1 (�,� → �*)

ance 3.35 Å, that can be classified as the hydrogen bond [23]) is also
eproduced. The calculated 4a wavelengths of the first four transi-
ions with the non-zero oscillator strength are given in Table 1.

The calculated excitation energies correspond very well to those
btained by deconvolution of the experimental spectra. Moreover,
he calculated oscillator strengths are in reasonably good agree-

ent with the areas of the functions used for deconvolution. The
OMO and HOMO−1 of 4a are of the mixed �,�-type involving

he n orbitals of oxygen of the benzoyl C O group (Fig. 3). One
f these orbitals or both participate in all four transitions and the
hotochromic effect is indeed observed upon irradiation at any
avelength between 280 and 380 nm.

Analogous calculations were performed also for derivative 4h
sing the same model chemistry and compared to the deconvo-

uted experimental spectrum. According to the calculation, the first
ongest wave absorption band at about 490 nm also corresponds to
he HOMO-LUMO transition of �,� → �* type. However, the HOMO
rbital is localized mostly on sulfur of the C S bond and the next
hree higher energy transitions are of � → �* type, accounting thus
or the lack of photochromism.

.2. Photochromic properties

The typical spectral changes occurring during irradiation of
erivatives 4 and 5 are shown in Fig. 4. The photoenols generated
rom derivatives 4 absorb between 480 and 515 nm (orange-red
oloration), whereas those generated from 5 absorb at shorter
avelengths (yellow coloration).

The initial photochemical investigation of 3 [24] as well as the
omplicated mixture of products, which stems from further pho-
ochemical conversions of the initially formed photoenols [25,26].
herefore, the irradiation times were limited to 5–10 min. The pres-
nce of the isosbestic points indicates that during the relatively

) HOMO−1 of 4a.
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Fig. 4. Spectral changes upon irradiation of (a) 4e and (b) 5d in toluene.

Table 2
The deconvoluted experimental (in toluene) and calculated (in the gas phase) absorption spectra of the photoenol generated from 4e (8e or 8e′).

�max experimental (nm) �max calculated (nm) Oscillator strength (f) Major orbitals involved

482 490 0.09 HOMO → LUMO (� → �*)
358 357 0.07 HOMO−1 → LUMO (� → �*)
340 334 0.09 HOMO → LUMO+1 (� → �*)
327 323 0.05 HOMO → LUMO+2 (� → �*) HOMO−4 → LUMO (� → �*)
312 315 0.20 HOMO → LUMO+2 (� → �*)

Fig. 5. Deconvolution of the absorption spectra of photoenols (circles) generated from (a) 4e by five Gaussian and (b) 5d by three Pekarian functions.
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hort irradiation times using the monochromatic light source, only
one-step photochemical reaction occurs. The isosbestic points

radually disappear when the irradiation time exceeds 8–12 min.
he spectra sets were processed using the PCA and MCR [19,27]
rocedures, to confirm that during the initial stages of irradiation
as shown in Fig. 4) only two components (the starting material
nd a photoenol) were present in the solution, and allowed recon-
truction of the photoproduct absorption spectra shapes (Fig. 5).
he exclusive formation of the Z,E isomer of the photoenol at the
nitial stages of irradiation of 4d has also been confirmed by the
MR spectroscopy [25]. In spite of the seemingly simple shape
f the spectrum of the photoproduct generated from 4e, decon-
olution of the spectrum required five Gaussian spectral functions
Fig. 5). The results of the spectra calculations on the assumed pho-
oenol structures 8e (E,Z-isomer) (Table 2) and 9d (E,Z-isomer) are
lso in excellent agreement with the experiment. However, practi-
ally the same spectra were predicted for the alternative photoenol
tructures 8e′ and 9d′, which are more stable by 1–2 kcal/mol.

The stabilities of the colored photoenols depend strongly on
olvent polarity. Whereas coloration in toluene persists during sev-
ral days, it disappears in a few dozen of minutes in acetonitrile.
he rate of discoloration depends also on the substituents. Quan-
itatively, the kinetics of discoloration can be characterized by the
orresponding rate constants given in Table 3. Apparently, accept-

ng substituents in the quinolinone benzenic ring and the phenyl
roup at the nitrogen atom substantially increase the discoloration
ate by enhancing acidities of the photoenols. The same effect has
he presence of the basic pyridine moiety (5e), which may catalyze
roton transfer from the OH group to the CH group. On the contrary,

able 3
he discoloration rate constants of derivatives 4 and 5 in acetonitrile.

ompound k0 × 10−2 (s−1)

a 0.26
b 0.49
c 0.94
d 1.56
e 2.17
f 0.48
a 0.12
b 0.18
c 0.37
d 0.31
e 0.72

f
f
b
m
c
t
2
m
p
f
(
l
b

5

q
t

.

eplacing one of the electron accepting F substituent by the electron
onating MeO group slows down discoloration about three times
4d vs. 4f).

. Discussion

Irradiation of derivatives 4 and 5 in solution and subsequent dark
iscoloration involves several processes that can be summarized as
hown in Scheme 3.The triplet biradical intermediate formed upon
rradiation [28] relaxes into a mixture of 8(9)-E,Z and E,E isomers.

hereas the Z,E isomer may also form, both the Z,E and E,E isomers
evert rapidly into the initial quinolone derivative. The E,Z-isomer
s more stable than the Z,Z-isomer (see below) and is thus the only
roduct that can be detected in our experiments. Its identity has
een confirmed by the 1H NMR spectra [25]. It is possible, however,
hat this isomer stabilizes further by rapid conversion into enols 8′

nd 9′. The formation of enols 8′ and 9′ directly from the triplet
iradical intermediate cannot be excluded as well. Neither of enols
, 9, 8′ and 9′ can interconvert into the initial quinolone derivative
irectly by thermal relaxation, as it happens with the majority of the
hotoinduced forms of known photochromic compounds. Conver-
ion into the quinolinone derivatives can be achieved by ionization,
s the enols are relatively strong acids. This consideration is sup-
orted by the above-mentioned strong dependence of the colored
orm lifetimes on polarity of solvents. Moreover, acceleration of the
ading process in the presence of bases and inhibition by acids have
een noticed already during the initial studies [12]. Our quantum
echanical calculations also support this interpretation. Thus, a

omparison of the total electronic energies (ZPE corrected) showed
hat 4a is more stable than its Z,E and E,E photoenol isomers by
1 kcal/mol and more stable than the E,Z and Z,Z photoenol iso-
ers by 9.5 and 8 kcal/mol, respectively. The calculated gas phase

roton affinities of the corresponding conjugate anion are 354 (the
ormation of 8a-E,Z), 356 (the formation of 8a′) and 362 kcal/mol
the formation of 4a). These values can be compared to the calcu-
ated at the same level of theory proton affinities of monomeric
enzoic and acetic acids: 356 and 366 kcal/mol, respectively.
. Conclusions

The photochromic behavior of 2-benzyl-3-benzoyl-4(1H)-
uinolones is characterized by the remarkable insensitivity of
heir absorption spectra to the substituent and solvent effects.
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he color of the corresponding photoenols is predetermined by
he substituent at 2-position: derivatives 4 featuring the 2-benzyl
roup provide orange-red coloration, corresponding to absorption
t about 500 nm and derivatives 5 with the 2-benzylmethyl group
ive yellow color as the absorption band between 350 and 500 nm
s developing. However, unlike the fading mechanism observed
n the majority of the known photochromes, discoloration of the
hotogenerated species involves ionization of the strongly acidic
hotoenols and their stabilities are strongly dependent on both sub-
tituents and solvent. This feature offers the possibility to control
he color by variation of pH (by an independent photochemical pro-
ess or electrochemically) or by using specially designed organized
edia.
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