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Reactions of singlet oxygen with biomolecules
1. 10, quenching by glycyrrhetic acid, isoliquiritigenin,
and their glycosides — glycyrrhizic acid and licurazide
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Rate constants of singlet oxygen quenching by glycyrrhetic acid, glycyrrhizic acid,
isoliguiritigenin, licurazide, p-glucose, and r-arabinose were determined. An increase in the
quenching rate constants by more than an order of magnitude is observed on going from
aglycone to the corresponding glycoside.
Key words: singlet oxygen; biologically active substances, rate constants of singlet oxygen
quenching.

Glycosides and flavonoids are contained in food In this work, the reactions of singlet oxygen with
products and enter the compositions of many medicinals. glycyrrhetic acid (1), isoliquiritigenin (2), and their
As all unsaturated compounds, they undergo photooxi- glycosides, glycyrrhizic acid (3) and licurazide (4), were
dation in the presence of oxygen and sensitizers.l studied.

Literature data on reactions of !0, with flavonoids and The rate constants of the reactions of singlet oxygen
glycosides are quite scarce. with p-glucose (§) and r-arabinose (6) were measured
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for comparison with those of 'O, quenching by com-
pounds 3, 4, and sugars.

Experimental

The reactivities of compounds 1—6 towards 'O, were
studied by quenching of singlet oxygen luminescence in the IR
spectral range, and triphenylphosphite ozonide was the source
of 10,53 Glycyrrhetic acid (1), 2,4,4!-trihydroxychal-
cone(isoliquiritigenin) (2), glycyrrhizic acid (3), and 2,4!-di-
hydroxy-4-]2- O-(B-n-apio-p-furanosyl)-B-p-glucopyranosyl-
oxy|chalcone (licurazide) (4) were obtained from licorice
(Glycyrrhiza glabra) roots by extraction followed by preparative
chromatography.4 Overall rate constants of !0, quenching
were measured at —15+1 °C. Concentrations of compounds
1—6 were varied from 1075 to 1072 mol L™!. Rate constants
of chemical and physical quenching were determined sepa-
ratelv by the stoichiometry of the consumption of triphenyl-
phosphite ozonide and a substrate.5 Concentrations of licurazide
4 were determined spectrophotometrically at A = 368 nm.

Results and Discussion

The quenching of singlet oxygen by compounds 1—6
obeys the Stern—Volmer equation (Fig. 1): Iy// =1+
kt[A], where I and [ are the intensities of 'O, lumines-
cence in the absence and presence of a substrate, respec-
tively; k is the overall rate constant of 'O, quenching
(k= k. + kg, k. and kg are the rate constants of
chemical and physical 'O, quenching, respectively); 1 is
the lifetime of 'O, in a solvent; and [A] is the initial
substrate concentration in the reaction mixture.

The kv value was found from the dependence of Iy//
on [A], and the overall quenching rate constant k was
calculated for the known 1. In methylene chloride solu-
tions T = 0.91+ 107 s (see Refs. 6 and 7).

The values of the overall rate constant of 'O, quench-
ing by compounds 1—#6 range from 1.1°107 to 1.9-1¢?
L mol~! s7! (Table 1). It is of interest that the k value
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Fig. 1. Quenching of singlet oxygen luminescence by glycyr-
rhizic (1) and glycyrrhetic (2) acids in CH,Cl, at —15 °C.

Table 1. Rate constants of ‘02 quenching (k) at —15 °C in
CH,Cl

Compound kt k1078 r*
/L mol™! /L mol™! s7!

Glycyrrhetic acid (1) 9.9 - 102 0.11 0.983
Isoliquiritigenin (2) 1.71-104 1.87 0.987
Glycyrrhizic acid (3) 1.70- 104 3.20 0.998
Licurazide (4) 1.74 - 103 19.00 0.988
p-Glucose (5) 1.18- 104 1.37 0.838
L-Arabinose (6) 5.00- 104 6.04 0.983

* The correlation coefficient of the dependence of /y// on [A].

for glycoside is higher by an order of magnitude than
that for the corresponding aglycone (cf. pairs glycyr-
rhizic acid—glycyrrhetic acid and licurazide—isoquiriti-
genin). In the case of sugars (see Table 1, compounds 5
and 6), the & values are close to the rate constants of‘Oz
quenching by glycosides. These data allow one to as-
sume that the carbohydrate residue protects aglycone
from the singlet oxygenation (!0, quenching by carbo-
hydrate molecules mainly occurs via the mechanism of
physical quenching?).

Rate constants of chemical and physical quenching
were separately determined for flavonoid 4. The main
routes of consumption of !0, and substrate A are reac-
tions (1)—(3) in the triphenylphosphite ozonide (source
of '0y)—acceptor of 10,—solvent system.

) — > 10, + (PhO),PO
(PhO);PO; —— M

|~y 3
=% » 30, + (PhO);PO

_.__...‘p_z~__.> 302 + hv
ky
10 A S
? l—e 4 @
02
_._‘pl_> A02
1 ks
0, + A . 3)

—— 30, + A

Here k|, ky, and kj are the rate constants of the corre-
sponding stages, ¢, is the yield of singlet oxygen, ¢, is
the radiation quantum yield, and ¢5 is the efficiency of
chemical quenching of 'O, by acceptor A (k, = @3k;,
kg = (1 = @3)k3).

According to the scheme presented,

_(é[:\] = gyks['0, (Al @
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Table 2. Stoichiometry of consumptions of licurazide
and triphenylphosphite ozonide at —30 °C in CH,Cl,

{Alp- 104 Al.- 104 {(PhO);PO;}, - 103

2.5 2.1 0.8
2.5 0.5 7.5
3.2 0.5 6.7
3.2 3.0 0.6
3.3 0.8 6.6
5.0 4.3 5.0
5.5 3.8 44

Note. All concentrations are given in mol L™1;
[(PhO);PO4]., = 0.

Since in the steady-state regime

¢,k,[(PhO),PO;]
foyks + (1- @)k [A] » (5
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it follows that

dlA A
e ([j{] .,«—(pl [(PhO)qPO } BYJ. [}\I y
dlANB/IA]+D) = {—@ ki |(PhO);PO3]} - vds, (6)
where

O3k + (1= 0)ky° @3k + (I~ @3)k; -

Since ozonide decomposes according to a first-order
law,

9151 (Ph0);PO3| = 9k

where [(PhO);PO,), and [(PhO);PO;] are the initial
and current concentrations of triphenylphosphite ozo-
nide, respectively.

Substituting Eq. (7) into Eq. (6) and integrating, we
obtain

H(PhO)3PO4 g - exp(—=k 11, (7)

@i [(PhO)3PO;]y — [(PhO);PO;5l} =
= B In([Alo/IAD + ([Alo—[Al)- (8)

Here [Aly and [A],, are the initial and final concentra-
tions of the acceptor, respectively, and [(PhO);PO;].. is
the final concentration of ozonide. Under the experimen-
tal conditions [(PhO)1POs]., = 0. Therefore, from
Eq. (8) it follows that

Al = (AL _. . _ BIn(AbAAL)
[(PhOYPOsly ~ ®Y ~ '[(PhO):POs] - ®

Equation (9) makes it possible to determine parame-
ter v, if the values of [A}g, [Al., [(PhO)3;P03]g, and ¢
are known. The stoichiometry of consumptions of li-
curazide and ozonide in CH,Cl, at 30 °C is presented in
Table 2. Using the data in Table 2 and the value ¢; = |
taken from Ref. 5, we obtain y = 3.5+ 1072 Since, as
shown above (see Table 1), the overall rate constant of
'0, quenching by licurazide &k = k3 = k. + kg
1.9-109 L mol~! s~!, the rate constants of chemlcal
(k. = @3k3) and physical (kg = (1 — @3) " &3) quenching
are equal to 0.07 - 10° and 1.83-10% L mol~! ! ore-
spectively. Thus, physical quenching is the main chan-
nel of 'O, quenching by flavonoid 4.
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