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STRYCHNINE : A FAST PHYSICAL QUENCHER OF SINGLET OXYGEN (]Ag)
A. A. Gorman , I. Hamblett, K. Smith and M. C. Standen

Chemistry Department, University of Manchester, Manchester M13 9PL

Pulsed laser excitation of 2-acetonaphthone in_aerated benzene, toluene, acetone,
acetonitrile or ethanol results in formation of 0,(*Ag), the infrared luminescence of which has
been monitored by time-resolved emission spectroscopy. The rate constants for the quenching of
this emisston by the indole alkaloid strychnine in all five solvents have been determined and
compared with the corresponding values for the well-known Og (lAg) quencher DABCO. Strychnine (1)
18 the fastest known tertiary amine quencher of this species via a process which is at least 99%
physical in character.

The quenching of singlet oxygen, 02 (1Ag), by amines in both gas] and 1iquid3 phases is well
documented. Correlations of quenching rate constants with amine ionisation potentia]s,]’?’c’3e

together with Hammett plots3c’3d

indicate that some degree of electron transfer from quencher to
O2 (]Ag) contributes to the overall process. Thus, efficiencies are highest for tertiary amines
and may correspond to either physical or chemical processes. The latter appear to require the

formation of an immonium system and are thus dependent on (a) the presence of hydrogen on a

carbon adjacent to nitrogen and (b} the ability of the o-framework toaccommodate a double bond
4

at nitrogen.” To date the fastest reported aliphatic/alicyclic tertiary aiwine quencher of O2

(2)

(]Ag) has been 1,4-diazabicyclo-octane (DABCO, ) which for obvious steric reasons is exclusively
a physical quencher of this species and is routinely used in diagnostic tests for its involvement
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Figure 1 Time dependence of 0 (]Ag% emission at 1270 nm after absorption of a 10 ns laser
pulse by 2-acetonaphthone (6.4 Q 103 mol L™1) in aerated benzene containing strychnine
(2.7 x 10-5 mo1 L-1), Solid Tine is the first-order fit.

in chemical and biochemical oxidative processes. In this paper we report that the tertiary
amine function in the indole alkaloid strychnine {1) is the fastest known 0, (1Ag) quencher of
its type, that this quenching appears exclusively physical in nature and that slow chemical
destruction of the molecule occurs, probably via attack by O2 (]Ag) at the trisubstituted double
bond.

We have determined rate constants for quenching of O2 (]Ag) by both strychnine and DABCO
in five solvents using the time-resolved detection of the infrared luminescence of this species
at 1270 nm.> Typically aerated solutions of 2-acetonaphthone (2-A; 3-7 x 1073 mo1 L'l) as
sensitizer containing varying concentrations of amine (0-15 x 10'5 moTl L']) were subjected to the
10 ns pulse of the third harmonic (355 nm) of a Q-switched Nd:YAG Taser. Singlet oxygen is
produced exclusively via channel 1 in this situation.6 The combination of processes 2 and 3
resulted in strictly exponential decay of its luminescence (Fig. 1) and a plot of the first-order

* -
32-0" + 0, (329) — 2-A 40, (‘Ag) (M
1 3.~
0, ( Ag) — kg 0, ( zg) (2)
1 . 1
02 ( Ag) + amine —kq——— loss of 02 ( Ag) (3)

constants for decay, k', against amine concentrations according to eq. 4 gave the overall

quenching rate constants, k_, and 02 (1Ag) lifetimes (rA = k;]). These are listed in Table 1.

q
k' = kd + kq [amine] (4)

It is to be noted that strychnine is, depending on medium, 2-20 times more efficient as an 02
(1Ag) quencher than is DABCO. Indeed, in non-hydrogen bonding media it is one of the fastest
known organic quenchers of this species, excluding electronic energy transfer quenchers such
as B-carotene. The strychnine molecule contains three potential sites for reaction with 02

(]Ag), although the aromatic chromophore («v105 L molh.‘s_])]0 and trisubstituted double bond
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Table 1 Lifetimes (TA/”S) and Rate Constants (kq/L mo]’]s']) for Quenching of
0, (‘Ag) by Strychnine and DABCO

Solvent (t,)° Strychnine DABCO
benzene (31) 1.0 x 10° 2.6 x 108 °
toluene (25) 9.3 x 10° 2.1 x 108
acetone (50) 9.4 x 10° 3.8 x 108
acetonitrile (56) 6.4 x 10° 2.0 x 10°
ethanol (13) 1.1 x 108 5.0 x 108

dReference 7. bReference 9.

1.-1,8

(]05—106 L mol™'s™ )" cannot contribute significantly to a rate constant of the order of 109
L mol'ls']. However, the double bond is probably responsible for the oxidation of strychnine
witnessed on steady-state irradiation, which gives an as yet unidentified product. A 1imit has
been placed on the rate constant for this chemical quenching in benzene by comparison with
tetramethylethylene (TME), a substrate known to quench exclusively by chemical reaction.
Irradiation of a series of reaction tubes containing 2-acetonaphthone (4.0 x 10'3 mol L) and
either strychnine or TME (3.4 x 1072 mol L'])]] in aerated benzene on a carousel showed, after
nmr analysis, that strychnine is at least an order of magnitude less reactive chemically with
0, (]Ag) than is TME (ko = 4.0 x 107 L mo1_]s']). This means that deactivation of this species
by strychnine is more than 99% physical in character, at Teast in benzene.

The jonisation potential of strychnine is unknown, but available evidence would indicate a
higher value than for DABCO.]2 This fact together with the lack of systematic
solvent effects (Table 1) indicates that factors other than charge-transfer may also be
playing a significant role in the quenching process. In a related piece of work13 we have shown
that the quenchings of 02 (]Ag) by both DABCO and triethylamine are entropy controlled, i.e.
exhibit aH' values of zero. This behaviour is also typical of a number of chemical quenchers of
02 (]Ag), 1'ndo]es,]4 14 15 and enol ether‘s,16 and the similarities with photo-
chemical processes involving rapid reversible exciplex formation have been emphasised.]6 It
appears possible that the 'fast' physical quenching of 02 (]Ag) by strychnine could at Teast in
part, reflect particularly favourable entropy factors associated with exciplex formation.

Excluding mechanistic aspects, the fact that strychnine is an efficient, predominantly
physical, quencher of 02 (1Ag) raises interesting questions concerning a possible biological
role for alkaloids in general. Do they protect plant tissue from 0, (]Ag) induced damage ?
Further work on such systems is in progress.
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