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Abstract. The enone 3-(9-anthryl)-1-(2-pyridyl)-2-propenone undergoes a facile photochemical E to Z
isomerisation. Studies of related enones indicate that the photochemical properties are controlled by subtle
changes in the structure of the molecule.

There has been much interest in controlled photoinduced electron transfer (PET) within
supramolecular systems. !  Anthracene is popular as the fluorophore in such systems as its
photochemistry and photophysics are well-understood. 23 We recently reported the synthesis and
coordination behaviour of a 2,2":6',2"-terpyridine bearing a photoactive anthracene unit. 4 In addition to
the potential interactions between metal ions and the anthracene group in the complexes of this ligand, we
now report that there are also interactions between the olefinic C=C bond and the anthracene unit in the
ligand precursor, the enone, 1.

The condensation reaction of 2-acetylpyridine with one equivalent of 9-anthrylaidehyde in ethanol

in basic conditions afforded E -1 as an orange solid in a yield of 93% after recrystallisation from
methanol in the dark. 4
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Scheme 1. Synthesis of the E and Z enones.

This compound was characterised as the E isomer on the basis of the 1H NMR spectrum which showed
3Juu between the olefinic protons of 16 Hz. Irradiation of a chloroform solution with a mercury lamp
fitted with a 330nm cut-off filter for 5 min, or upon standing in sunlight, resulted in a slight paling in
colour and complete isomerisation to the Z isomer as evident from NMR spectroscopy (Figure 1). 5 The
resonances corresponding to the olefinic protons had shifted upfield to § 8.27 and 8.65 (as compared
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with 3 8.49 and 8.94) and the coupling between these protons was reduced to 12 Hz (Table). In the solid
state the E isomer is photochemically stable and solutions maintained in the dark are stable to isomerism.
No reverse (Z -E) isomerisation was observed either under thermal or photochemical conditions. This
lack of photochemical reversibility is not surprising when the electronic spectra are considered. The
broadness of the n—nt* absorption bands in E-1 means that it is not possible to selectively irradiate those
of the Z-1 isomer and so any irradiation results in the formation of the more photo-stable isomer, E-1.
Under similar conditions, solutions of the analogous phenyl and naphthyl substituted 2-pyridyl enones
showed no similar photochemical behaviour. However, the pyridyl moiety is not a prerequisite for the
olefinic isomerisation in anthryl-substituted enones to occur, since 3-(9-anthryl)-1-(2-phenyl)-2-
propenone and 3,4-bis(9-anthrylmethylene)tetrahydrofuran-2,5-dione have also been shown to undergo
photoisomerisation. 6.7

(a) J 16 Hz (b) J12Hz
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Figure 1. 1H NMR spectra of (a) E-1 and (b) Z-1

In contrast to the above, the reversed enone E-2 (prepared from the condensation reaction of 9-
acetylanthracene with 2-pyridinecarboxaldehyde) did not undergo photochemical isomerisation in
solution. However, its fluorescence properties were virtually identical to those of E-1. This is in contrast
to the general behaviour of 9-carbonyl-substituted anthracenes which are usually non-fluorescent as a
result of the anthracene excited state being quenched by the transfer of electrons to the triplet nn* level 8

The above observations indicate that the requirement for isomerisation is an anthracene conjugated
to the olefinic bond of an enone.

The bischalcone 3 was prepared in an analogous manner to 1 by the condensation of 2,6-
diacetylpyridine with 2 equivalents of 9-anthrylaldehyde in the presence of base (Scheme 2). The orange
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precipitate formed consisted of only one product, as evident from tic, and was recrystallised from toluene
in the dark. The !H NMR spectrum showed only one set of olefinic protons with a coupling constant of
16 Hz consistent with the E,E isomer (Table). Furthermore, the anthracene protons come into resonance
upfield of the more usual values. This is consistent with the two anthracene moieties adopting an
intramolecular stacked arrangement in solution. 9 The symmetrical nature of the product was confirmed
by the observation of 14 carbon environments in its 13C NMR spectrum.

CHOO IN\’ OOHC s
R

Scheme 2. Synthesis of the bischalcone E,E-3.

Recrystallisation of this product from toluene in the light allowed yellow crystals corresponding to
the E,Z isomer to be isolated. This compound was characterised in the first instance as an isomer of 3
by the presence of the same molecular ion at m/z 539 in the EIMS spectrum. However, both the !H
NMR and !13C NMR spectra showed a doubling of signals compared with the E,E isomer, and hence the
product was not the symmetric Z,Z isomer. The spectrum showed the anthracene protons at more typical
values (Table) hence suggesting that there was no n—m stacking interactions in this isomer. This was
confirmed by a preliminary crystallographic analysis of this compound which clearly showed one olefinic
bond in the Z arrangement and the other in the E conformation. !0 Although the solid state structure
revealed some intermolecular stacking, the separation between the molecules is significantly greater than
the expected for a strong n—m stacking interaction.

Irradiation of a chloroform solution of E,E-3 with a mercury lamp fitted with a 330 nm cut-off
filter resulted in isomerisation; first to E,Z -3 and then to Z,Z -3 (Scheme 3). This process was followed
by the shifts of the resonances corresponding to the olefinic and the anthracene protons in the !H NMR
spectrum. Complete conversion to the Z,Z isomer was never achieved, i.e. a photostationary state was
obtained with a 10:1 ratio of the E,Z and Z Z isomers. However, since the three isomers had different
mobilities on silica gel, sufficient of the Z,Z isomer was isolated from the equilibrium mixture by
preparative thin layer chromatography for analysis. The !H NMR spectrum (Table) was relatively
simple, with one set of olefinic protons having a coupling constant of 12 Hz. In comparison to E,E-3,
the protons on the pyridine ring in Z Z-3 are more strongly shielded (A8 ~0.6) by the anthracene systems
now surrounding the pyridine ring. On standing in sunlight a solution of the Z Z isomer underwent
isomerisation to give the photostationary state. Attempts to convert Z E-3 to E,E-1 by thermal or
photochemical methods have proved unsuccessful. Molecular modelling studies have shown the Z,Z
isomer to be of higher energy compared with either the Z,E or the E,E isomers (120.1, 114.7, 105.2
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kealmol-!, respectively). 11

EE-3

Scheme 3. Photoinduced isomerisation of the bischalcone 3.

Table. 1H NMR data (CDCl3, 300 MHz)

=

E-1

3 m, 8.28-8.34
4 m, 7.89-7.97
S m, 7.48-7.58
6 d, J 7.6Hz, 8.72
a' d,J 16 Hz,8.28
b’ d, J 16 Hz,8.94
8 m, 8.35-8.42
.7 m, 7.48-7.58
3.6 m, 7.48-7.58
4.5 m, 8.01-8.08
10 s, 8.49

a ————

b" .

18" —_—

Z-1

m, 7.63-7.75

m, 7.63-7.75

m, 7.36-7.51
d J 7.6Hz, 8.65

d, J 12Hz, 7.95
d, J 12Hz, 8.27
m, 8.09-8.15
m, 7.36-7.51
m, 7.36-7.51
m, 7.99-8.04
s, 8.42

EZ-3

E-2

dJ 7.6 Hz, 7.36
td 7.63-7.70
m, 7.22-7.28

dJ 7.6Hz,8.62

dJ 16 Hz, 7.21

dJ 16 Hz, 7.70
m, 8.04-8.10
m, 7.44-7.53
m, 7.44-7.53
m, 7.88-7.94

s, 8.55

EE-3

d, J 8Hz, 8.27
t,J 8Hz, 8.18
d, J 8Hz, 8.52

d, J 16 Hz, 8.27

d, J 16 Hz, 8.94
m, 8.50-8.55
m, 7.12-7.28
m, 7.02-7.10
d, J 8Hz, 7.92

s, 8.40

ZZ-3

EZ-3

m, 7.85-7.92
m, 8.32-8.41
m, 7.85-7.90
d,J 16 Hz, 8.38
d, J 16 Hz, 9.00
d, J 8Hz, 8.50
m, 7.54-7.70
m, 7.28-7.43
m, 7.95-8.03
s, 8.58
d, J 12Hz, 7.88
d, J 12Hz, 8.18
d, J 8Hz, 8.12
m, 7.54-7.70
m, 7.28-7.43
m, 7.95-8.03
m, 8.32-8.41

Z,2-3

d, J 8Hz, 7.68
m, 7.48-7.57
d, J 8Hz, 7.68

d, J 12Hz, 8.05
d, J 12Hz, 8.22
m, 8.12-8.18
m, 7.45-7.51
m, 7.45-7.51
m, 8.99-8.04
s, 8.42

Further evidence for the face to face stacked arrangement of the anthracene rings in the E,E
isomer came from the comparison of the fluorescence spectra. Whereas E-112 and Z-1 were equally
fluorescent, the E,E isomer exhibited only balf the fluorescence intensity of the E,Z isomer but equal to

the Z,Z isomer (Figure 2).

This quenching of fluoresence intensity in E,E-3 is characteristic of

intramolecular quenching of the anthracene triplet excited state by the =~ interaction of the proximate
anthracene rings. In the case of Z,Z-3, quenching of the fluorescence may be achieved by the pyridine
ring "sandwiched” between the two anthracene moieties.



9-Anthrylsubstituted pyridyl enones

20 -

Relative Intensity
S
|

300 400 500 600
Figure 2. Fluorescence spectra of the bischalcone isomers (7.42 x 107 M in CHCl3, Aex = 230 nm)-

nm

Experimental
E-1-(9-Anthryl)-3-(2-pyridyl)-2-propenone (E-2): A warm solution of 9-acetylanthracene (0.50 g, 2.3
mmol) in ethanol (10 ml) was added to a stirred solution of 2-pyridinecarboxaldehyde (0.24 g, 2.3
mmol) and aqueous sodium hydroxide (2 ml of a 1.5 M solution) in ethanol (20 ml). After 2 h the
orange precipitate was collected by filteration and recrystallised from ethanol (0.62 g, 89%). EIMS
309 [M]*. vco 1667 cm], Apax(CHCI3) 229 nm (2.59 x 10-6 M, g, 10.3 x 105), 359 (6.47 x 10-5
M, g, 6.7 x 103), 373 (6.47 x 105 M, ¢, 6.7 x 103), Agpy 406 nm.
E,E-2,6-Di(3-(9-anthryl)-1-oxo-2-propenyl)pyridine (E,E-3): Aqueous sodium hydroxide (15 mmol)
was added to a warm solution of 9-anthrylaldehyde (2.06 g, 10 mmol) in ethanol (20 ml). After
stirring for 15 min 2,6-diacetylpyridine (0.81 g, 2 ml of a 1.5 M solution)was added and the
solution stirred at room temperature for 4 h. The orange precipitate was collected by filtration and
recrystallised from toluene in the dark to afford the E,E isomer as orange needles (2.13 g, 79%).
EIMS 539 [M]+, H (300 MHz, CDCl3) Table . !3C NMR (75 MHz, CDCl3) 125.0, 125.3, 126.3,
126.3, 128.6, 128.7, 129.4, 129.7, 129.8, 131.2, 138.5, 142.2, 153.4, 188.4. vco 1665 cmrl, Apax
(CHCl3) 228 nm (7.42 x 107 M, €, 4 x 105), 435 nm (3.71 x 105 M, ¢, 1.3 x 104), A¢m (CHCl3)
405 nm. Calc for C39H35NO,, C, 86.80; H, 4.68; N, 2.60 %. Found C, 86.66; H, 4.48; N, 2.33
%.
E,Z-2,6-Di(3-(9-anthryl)- 1-oxo-2-propenyl)pyridine (E,Z-3):: EIMS 539 [M]*, 'H (300 MHz, CDCl3)
Table . 13C NMR (75 MHz, CDCl3) 125.1, 125.4, 125.5 (x2) , 125.7, 125.7, 126.5, 127.1, 128.0
(x2), 128.5, 128.7, 128.8 (x2), 129.0, 129.8 (x2), 130.3, 131.0, 131.4, 137.9, 142.0, 142.3, 152.8,
153.4, 188.4 189.1. vco 1672 cmrl, Apax (CHCl3) 233 nm (7.42 x 107 M, &, 4 x 106), 435 nm
(3.71 x 105 M, &, 1.2 x 104), Aeyy (CHCI3) 359 nm. Calc for C3gH5NO2, C, 86.80; H, 4.68; N,

2.60 %. Found C, 86.55; H, 4.58; N, 2.53 %.
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Z,Z-2,6-Di(3-(9-anthryl)- 1-oxo-2-propenyl)pyridine (Z Z-3):: EIMS 539 [M]}*, IH (300 MHz, CDCl3)

Table . 13C NMR (75 MHz, CDCl3) 125.2, 125.4, 125.5, 125.8, 127.2, 128.1, 128.6, 128.9, 131.1,
131.3, 137.4, 141.9, 152.9, 189.2. vco 1676 cmrl, Amax (CHCl3) 231 nm ( 7.42x 107 M, g, 3 x
109), 377 nm (3.71 x 10-5 M, ¢, 1.3 x 104), Aey (CHCl3) 409 nm.
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