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The phototherapy for treating neonatal jaundice is used
since the caused bilirubin IX - ¢ (BR) in the human body is
destroyed by light illumination® *. BR is destroyed by photo-
reaction under aerobic or anaerobic conditions. Photoox-
ygention of BR in the presence of a sensitizer, rose bengal,
gave methylvinyl maleimide, hematinic acid and two propen-
dyopents*®, The oxomonopyrromethenes (6, 7, 8, see table
1) resisted dye -sensitized photooxygenation; whereas oxodi-
pyrromethenes (1, 2, see Table 1) and mesobilirubin (MBR)
reacted with singlet oxygen (!0,) to give products from
cleavage of exocyclic enamide double bonds®. Kinetic study
showed that highly substituted oxodipyrromethenes are
more reactive toward '0,°. Thus radical ion mechanism® was
suggested for singlet oxygen reaction of BR and BR —related
compounds.

In this work singlet oxygen reaction rate ({0, generated
by the thermal method) and oxidation potential of BR and
BR —selated enamines (mainly oxopyrromethenes) were mea-
sured as evidences for radical ion pair mechanism in the sin-
glet oxygen reaction of the enamine derivatives (BR and BR -
related substrates).

Khan and Kasha reported that !0, is generated by reac-
tion of NaOC1 with H,0,. BR and BR —related substrates (1
mg) was dissolved in § m! of methanol. The solution (1 m)
was taken in 3 m/ UV cuvette and 1 mi of 30%-H,0, and 0.2
mi of NaOCl solution (effective chlorine 10%) were added.
The percent change of the absorbance of BR and BR related
substrates were measured within 3 min reaction time, They
.are summarized in Table 1. MBR, BR and oxodipyrromethe-
nes (1,2) are reactive; whereas BV and oxomonopyromethe.
nes (6,7,8) are unreactive toward '0, generated chemically.
For comparison, Kp values, reaction rate constant of en-
amine substrates from ref, 6 was also given in the table, The
same reactivity tendency of BR and BR -related substrates is
shown for 10, generated photochemically or thermally.

Cyclic voltammograms of BR and BR —related substrates

Table 1. Reaction Rate Constants and Percent Absorbance Chan-
ges of Bilirubin and Its Model Compounds with 10, Generated by
Photochemical and Thermal Methods, Respectively. Oxidation Po-
tential of Bilirubin and Its Model Compounds
Bilirubin and its % change of Kp{x10? Ouidation
model compounds  absorbancein  M-S-Y  potential

3 min? vs. S.C.E.(volt)

14
m 2% L, 0.24
1
W , 139% 0.1 0.32

Mesobilirubin1X a 0.24, 0.37

MBR, ) 60.8% 0.79 050

Bilirubin 1X-a 0.32, 0.44
3.1 0.28¢ '

®BR) ) 331% 0.64

Biliverdin IX~

woaai 0% 0.0024  0.34, 0.60

BV)

:l:;c 0% 0 0.80
6
7

0% 0 0.98, 1.06

T2
8

aWith 0.2% vol. conc. NH,OH. ?In methanol. ¢Taken from ref. 6. in
methanol.

1.07, 1.12

were measured within 0~+1.2 volt »s. Saturated Calomel
Electrode (SCE) with polarographic analyzer and universal
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Figure1. The cyclic voltammogram of 4.5 x 104M bilirubin{l)and

residual current(ll} in 0.1M tetraethylammonium perchilorate in

DMEF solution at 25 °C. Voltage scan rate; 2 mV /sec,

0 ) 5.6 0.9
volts vs. S.C.E.

Figure 2. The cyclic volammogram of 4.5 x 104M meso-biliru-

bin(l) and residual current(I) in 0.1M tetraethylammonium perchlo-

rate in DMF solution at 25 °C, Voltage scan rate; 2 mV /sec.

programnmer as shown in Figure 1 and 2. In Figure 1, the
cyclic voltammogram of 4.5 x 10 M BR(I) and residual cur-
rent(Il) in 0.1M tetracthylammonium perchlorate (suppor-
ting electrolyte) in DMF solution at 25 °C is shown, The ox-
idation peak potentials of BR, which are (.32, 0.44 and 0.64
volt us. SCE respectively could be observed, 1t is an irrever-
sible wave since no re-reduction wave is shown. These
results are different from that of Norman® in DMF solvent
{0.6 and 0.8 volt vs. SCE), but the same as that of Longhi®
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{0.35-0.40, 0.58-0.60, and 0.72-0.73 volt us. SCE). The
small differences in the oxidation peak potentials are due to the
different working electrode (Glassy Carbon electrode m this
work). The cyclic voltammogram of MBR is shown in Figure
2. Three oxidation peaks of MBR (0.24, 0.37, and 0.60 volt
vs. SCE) which are lower oxidation potentials than BR were
observed in Figure 2. The oxidation potential of BR and BR -
related substrates are given in Table 1. The more reactive
oxodipyrromethenes (1,2), MBR, and BR toward !0, have
low oxidation potentials. The easier MBR and oxodipyrro-
methenes are oxidized, the easier cation radicals are formed
with 'O, (see Scheme 1). Electron poor enamides (6, 7 and 8)
which are unreactive toward ', have high oxidation poten-
tial. The pyrrolinone moiety of the oxomonopyrromethenes
destabilizes the intermediate, cation radical in the '0, reac-
tion,

———p  products

radical 4don
Scheme 1
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