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Abstract

Reactivity and reaction mechanism for the photosensitized generation of hydroxyl radical by various coumarin derivatives
are investigated by means of ESR and laser flash photolysis methods. The nine kinds of coumarin derivatives show to be proc-
eeded through the OH" radical generation mechanism, however l-ethyl-3-nitro-1-nitrosoguanidine decomposes and produces
the carbene intermediate before OH " radical generation reaction occurs. The nine coumarin derivatives show the signals, whi-
ch are corresponded to DMPO-OH spin adducts. NaN;, EtOH and HCOONa act as a strong photosensitizer to quench OH " rad-
ical. The decay rate constants of the hydrated electrons in the case of added N;O show higher than added KsFe(CN)g.
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2-Coumaranone(:2-CN), {7-(dimethylamino)-2,3
-dihydrocyclopenta[ C][ 1 ]benzopyran-4(1H)-one}
(Coumarin 138:C-138, {7-(dimethylamino)-4(trifl-
uoromethyl)coumarine}(Coumarin 152:C-152), {2
3,6,7-tetrahydro-9-(trifluoromethyl)-1H, 5H, 11-
H- [1}benzopyrano!6,7,8,-ij Jquinolizin-11-one}(Co-
umarin 153:C-153), 12,3,6,7-tetrahydro-9(ethylac-
etato)-1H, S5H, 11H-[1]benzopyrano|6,7,8-ij] quin-
olizin-11-one}{Coumarin 314:C-314), {2,3,6,7-tetr-
ahydro-9-(methylketo)-1H, 5H, 11H-[1]benzopyr-
anol 6,7,8-ij]quinolizin-11-one} (Coumarin 334:C-33
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4),{2,3,6,7-tetrahydro-9-(cyano)-1H, 5H, 11H-[1]
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Fig. 1. Schematic diagram of picosecond photon
counting system constructed in this work. CD den-
oted cavity dumper.
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Fig. 2. Constructed the time-correclated single
photon counting electronic system in this work.
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Fig. 3. Absorption spectra of {7-(dimethylamino)-23-dihydrocyclopentalC][1]benzopyran-4(1H)-one}
(C-138), {7-(dimethylamino)-4-(trifluoromethyl)coumarine}(C-152), {2,3.6,7-tetrahydro-9-(trifluoromethyl)-1H,
5H, 11H-[1]benzopyrano[6,7,8-ijlquinolizin-11-one}(C-153) and (2,3,6,7-tetrahydro-9-ethylacetato)-1H, 5H,
11H-{1]benzopyranol 6,7,8-ij ]quinolizin-11-one}(C-314) in agueous solutions, at the same concentration.

Table 1. Wavelength of the maximum peak detected in the UV A region and their corresponding molar
extinction coefficients(e)

Compounds o o c138  Cas2 C153 C314 C33 G337 2C  CP
Solvents
309 318 313 337 320 319 333 298 327
N 336 332 358 298 333 365 389 330 388
max (shoulder) (shoulder) (shoulder) (slight
EtOH shoulder)
£ 10,700 13,800 8,800 12,100 13,500 7,600 11,800 12,500 11,800
(dm*-mol-cm™) 6,900 10,500 3,100 11,900 10,600 2,300 - 7,200
313 322 321 342 322 322 335 296 335
Amax 338 341 363 299 341 376 - 333 -
H,0-EtOH (shoulder) (shoulder) (shoulder)
(95:5%, V/V) £ 12,400 13,500 9,800 9,800 13,500 9,000 12,100 13,800 11,800
(dm®-mol '-cm™) 7,200 10,400 3,200 10,900 10,200 2,800 - 7,500 -

< % 365nm i
de ZlEk

=

Table 1ol & dAtellr] AREEE A8 97]el] st AR g 50mMe] DMPOE %
320~380nme] P H(UVA)l| sFsli= vloj22] 5y Fe WS AT ESRANA Al
I & FBASE JeERATE Table 164 B Zh A Hy DMPO-OH 87H4 ol sjdsls 45 H0] =
59 B F3ATE wyTolA Role dutARl Ao Helrk dntdeoz dadrlE e gjtEge
9] Zrape o] Yx|&ge & 4= k. hyperfine splitting constant(HFSCS) 7} 14.9G (ax

ESRe| 93t 29 I a#&34 o] = DMPO9} =ag) oA #AHTVE U B AFME AR
OH#] o] 283t DMPO-OH B7HAAE o M2 C-138€ 50mMMEEE ¥E3A17] DMPO&A we
T vl &R F 2t 27 A &% ESREHERD S Fig, 40 24zt
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Fig. 4. ESR spectra of spin-trapped radicals
obtained by irradiation at 365nm of C-138 satu-
rated solution with DMPO (50 mM) under air (A);
C-138 saturated solution with DMPO (50mM) in the
presence of HCOONa (B);C-138 saturated solution
with DMPO (50mM) in the presence of 2% ethanol
(EtOH) (v/v)(C);C-138 saturated solution with
DMPO (50mM) in the presence of NaN; (10M) (D).
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Fig. 5. DMPO-OH adduct yield variation as a
function of UVA irrradiation time for C-138 and
C-153 compounds in air and three kinds of inhib-
itors.

Table 2. Inhibition ratio(% v/v)* for DMPO-OH adduct® production for the samples in various inhibitors

at room temperature

Compounds
Inhibi 2.CN C-138 C-152 C-153 C-314 C-334 C-337 2-C CP
nhibitors e - -
HCCOONa 18 26 19 25 22 20 21 17 15
EtOH 26 29 26 29 28 26 24 20 18
NaN, 36 31 32 30 36 32 29 32 22

* All ratio were obtained on the ESR spectrum.

" Absolute ratio was determined as 100% (v /v) in the case of DMPO-OH production in the air without any other

inhibitors.
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Fig. 6. Rate profile of reduction of cytochrome
¢ by 0, for five samples in pH 7.2, 0.1 M phos-
phate. The concentration of cytochrome ¢ was 50,
M.
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Table 3. Rate constants of hydrated electron (e ,,) quenching reaction by competition between O, and
KsFe(CN)¢® and N0

Compounds
. 2-CN C-138 C-152 C-153 C-314 C-334 C-337 2-C CP
Inhibitors
Rate Constants(x10°M ™! - s71)
KgFe(CN)g -
2.74 2.91 3.01 3.34 2.98 3.24 3.76 4.12 3.78
Rate Constants(x10°M ! - s71)
N,O
: 8.29 7.43 8.18 7.46 8.85 9.24 9.10 9.48 9.39

) The concentration of KiFe(CN)g is 1.54x 1073M,
% N,O gas is saturated while the reaction is proceeding.
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