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Photochromic molecules, compounds that interconvert
between one form and another upon the action of light,[!
play an important role in approaches towards the develop-
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ment of photo-active switches and logic devices that operate
at the molecular level.”! There are now a number of examples
of multi-functional photochromic systems that respond to a
separate external stimulus, be it physical or chemical, in
addition to a light stimulus.”> One such example uses a
spirobenzopyran unit linked to a crown ether that only
exhibits thermally irreversible photochromism in the presence
of metal cations.?! We have previously reported multi-
functional photochromic systems containing bis(anthracene)
crown ether molecules that complex s-block cations in
addition to undergoing reversible intramolecular photocycli-
zation reactions.’! Other photochromic systems are based on
the same photocycloaddition.! Here we report photochem-
ical studies on compounds 1, 2, and 5, which are related to
other ditopic ligands! in that they contain a 2,2'-bipyridyl
(bipy) unit for binding transition metals and two sidearms
containing ethereal oxygen atoms for binding alkali metals.

Irradiation of acetonitrile solutions of 1 and 2 at 369 nm
results in the formation of their [47+4t] photocycloadducts 3
and 4 (Scheme 1), as evidenced by the disappearance of the
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Scheme 1. Schematic representation of the formation of crown ether
photocycloadducts 3 and 4 from 1 and 2, respectively.

'L, UV absorption band and by NMR spectroscopic studies
(see Experimental Section). Data from studies carried out on
1 and 2 and their mercury(II) complexest® [Hg(1)Cl,] and
[Hg(2)Cl,], in the absence and presence of excess NaClO,, are
displayed in Table 1. It is clear from the reaction quantum

Table 1. Intramolecular photocycloaddition quantum yields (@) for the
formation of 3 and 4 from 1 and 2 (ca. 10-5Mm), respectively, in the absence
and in the presence of an excess of anhydrous NaClO, (ca. 107>m) in
degassed MeCN (369 nm) at 298 K.

Ligand N, N, @y (369nm) OUTPUT

1 - - 0.19 low

1 Na* - 0.29 high

1 - Hg" 0.26 high

1 Na* Hg" 0.32 high

2 - - 0.23 low

2 Na* - 0.43 high

2 - Hg" 0.37 high

2 Na* Hg" 0.43 high
0044-8249/00/11212-2251 $ 17.50+.50/0 2251



ZUSCHRIFTEN

yields that the presence of either Hg! or Na* induces a
marked increase in photocyclization efficiency. Therefore, the
transoid to cisoid conformational change in the bipy unit that
is brought about by mercury complexation”! appears to
preorganize the anthracene subunits for photocycloaddition
(Scheme 2). Similarly, a weak interaction between Na* and
the ether oxygen atoms would enable the two anthracene
units to be kept in close proximity as the ring-closing process
occurs.
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Scheme 2. Schematic representations of the conformational changes in 1
and 2 brought about by metal interaction.

From a logic viewpoint it may be argued that system 2
(and to some extent 1) exhibits the OR logic operation if the
two inputs are defined as chemical species (Na* and Hg") and
the output is defined as the quantum yield of the photo-
cycloaddition (Table 1).[¥! The output can be either low when
no metal input is present, or high when either Na*, OR, Hg"is
bound to the receptors (Scheme 2). Quantum yields are also
high when both Hg" and Na* are present, as required for an
OR gate. The values quoted here for the high output are
amongst the largest known for the singlet-state cycloaddition
of bis(anthracene) molecules.”) In contrast to 1 and 2, the
efficiency of the forward reaction to form the photoproduct 6
from 5 (Scheme 3)[ is extremely poor (@ =0.01) and is
unaffected by the presence of either Na* or Hg'". Presumably
the process is less favored because the meta substitution
greatly enhances the strain in the crown ether photoproduct.

The rate of the thermal reverse reaction (k) in acetoni-
trile for each system was measured in the presence and in the
absence of Na*t ions (Table 2). The complexation of HgCl,
results in only a slight increase in the dissociation rate for
systems 1 and 2, presumably because binding at the distant

O/—[-\O/-];\O-A

orf\o/t\o—A

@,
N
o O X
¥

Scheme 3. Schematic representation of the formation of crown ether
photocycloadduct 6 from 5.

bipy unit results in no great change in the stability of each
photoproduct. However, the rate of the thermal dissociation
reaction is greatly reduced upon addition of Na* to the
systems 1 and 2. A similar effect has been observed in a
related monotopic systeml®! and is a result of the cation
complexation within the crown ether cavity of the photo-
product greatly increasing its stability. This effect is most
dramatic for system 2 where nearly a 100-fold decrease in the
opening rate is observed upon the addition of Na* ions. The
kinetic results for system 5 are consistent with the photo-
product being highly unstable for steric reasons.

To enable a comparison with the forward processes, the
thermal reverse processes for 1 and 2 may also be described
from a logic viewpoint if the output is defined as high when
the kinetic stability of the photoproduct is high. It can be seen
that in contrast to the forward processes, a high output only
occurs if Na* ions are present; for a two input system, 4 out of
the 16 possible logic functions depend on a single input
only.d

To conclude, we have shown that the efficiency and the rate
of interconversion between two photochromic states of a
molecule can depend on a particular combination of two
chemical inputs.

Experimental Section

1: A mixture of 3,3-bis(hydroxymethyl)-2,2"-bipyridinet®® (0.5 g,
2.31 mmol), 9-(2-bromoethoxy)anthracene®! (1.4 g, 4.62 mmol) and NaH
(0.25 g, 10 mmol) in anhydrous THF (150 mL) was heated at reflux
under nitrogen for 72 h. The reaction mixture was cooled and EtOH
(15 mL) was added to decompose the excess NaH. The resulting solution
was concentrated in vacuo, dissolved in CH,Cl, (150 mL), and extracted

Table 2. Rate constants for the thermal dissociation reactions in degassed MeCN at 298 K.

System kais [107%s71] System kais [107°s71] System ks [1070s71]
1 97 2 202 5 355
[He(1)CL] 104 [He(2)CLy] 237 [He(5)CLy] 490
1+ Na* 29 2+ Na® 2.9 5+ Na* 370
[Hg(1)Cl,] + Na* 30 [Hg(2)Cl,] + Na+ 24 [Hg(5)Cl,] + Na* 900
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with H,O (2 x 75 mL). The organic phase was dried (MgSO,) and solvent
was removed under reduced pressure. Purification by column chromato-
graphy (SiO,, CH,Cl,, 2% MeOH) gave the desired product (0.41 g, 27 %)
as a pale green powder, m.p. 80 °C. '"H NMR (400 MHz, CDClL;): 6 =3.84 (t,
4H, OCH,), 424 (t, 4H, OCH,), 4.74 (s, 4H, CH,), 736-7.41 (m, 10H,
ArH), 7.95 (d, 4H, ArH), 8.17 (m, 4H, ArH), 8.28 (d, 4H, ArH), 8.63 (dd,
2H, ArH), FAB-MS calcd for C,H;N,O,: 6572753 [M+H*]; found:
657.2781. Compounds 2 and 5 were prepared and characterized by similar
methods.

Mercury complexes: The HgCl, complexes of 1, 2, and 5 were prepared by a
slight adaptation of a literature method."* Complexation at the bipy unit
was evidenced by shifts of the resonances corresponding to the bipy protons
in the NMR spectra in CDCl; and CD;CN.5

Photochemical studies: Photocycloaddition reactions were carried out
using a Xenon lamp (see Table 1 for conditions). The 'H NMR spectra of 3
and 4 in CD;CN revealed no ethylenic proton resonances, and in the case of
3 a clear singlet peak at 4.51 ppm (2H) was evident, which indicated the
formation of the 9,9'-10,10" photoproducts. The quantum yields of
fluorescence of 1 and 2 in MeCN were largely unaffected by the presence
of Group 1 cations and Hg"', with only Na* ions inducing any enhancement
when bound to ligand 2 and its HgCl, complex (1, @ =0.04, 1+Na*, @ =
0.03, 2, 9 =0.05, 24+Na*, @r=0.10).
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Intracellular hydrogen peroxide produced during O, me-
tabolism in cells is an indiscriminate oxidizer of cellular
components and its toxicity has been associated with oxida-
tive stress,!l cancer,) and aging.> 4 Disproportionation of
intracellular hydrogen peroxide [Eq. (1) ] by catalase provides
a vital biological defense against this toxic oxygen metabo-
lite.l!

2H,0, — O, + 2H,0 1)

In addition to intracellular sources, the photochemical
generation of hydrogen peroxide is well established.®! Fur-
thermore, in light of the possible health risks associated with
halogenated byproducts produced by chlorination,”®! the
industrial consumption of hydrogen peroxide is expected to
increase as it replaces chlorine as a bleaching and sterilizing
agent.’l Tt has been proposed that the residual hydrogen
peroxide used in industrial processes can be decomposed
before disposal through the application of transition metal
complexes or catalases.['"]

Due to the toxicity of hydrogen peroxide and its pervasive-
ness in biological and industrial settings, the structure and
function of catalases and catalase mimics is of considerable
interest. While the majority of catalases contain a heme
cofactor,") a number of nonheme catalases require manga-
nese as a cofactor.''-131 The synthesis, characterization, and
reactivity studies of polynuclear manganese model systems
have contributed significantly to our understanding of the
structure and function of manganese catalases.'*?"1 We have
an ongoing effort in the synthesis and isolation of well
defined, oxo-bridged multinuclear manganese species and we
report herein that the adamantane-shaped mixed-valence
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