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Abstract

4-Methyl-8-hydroxy-benzo(6,7)coumarin, I, 4-methyl-6-hydroxy-benzo(5,6)coumarin, Il, and 2-methyl-6-hydroxy-benzo(5,6)chromone,
I, have shown similar absorption and fluorescence emission spectra. Fluorescence emission quantum yields for | and Il are found to be
very low, ¢s = 0.02, but 4-methyl-6-hydroxy-benzo(5,6)coumarin, 11, has a eight-fold higher fluorescence quantum yield of the other two
specie, in acetonitrile solutiogy = 0.16. Quenching of anthracene fluorescence emission by I, Il and Ill are found tk,giedues of
1.0x 10"-1.2 x 10° M~1s~1. Benzo(5,6)coumarin, Il, which gives the most intense fluorescence also presents the highest quenching rate,
kq=12x 10° M~1s~1, Experimentally determinek}; values are seen to correlate well with the free energy of electron transgBesr{
which are calculated to be in the range-e8.0 to—9.4 kcal/mol, where benzo(5,6)coumarin, Il, gives the lowest free energy of electron
transferAGet = —9.4 kcal/mol. These results indicate that -1l behave as electron acceptor moieties toward a condensed aromatic ring,
anthracene. The Stokes shift values of 88—105 nm and broad fluorescence emission bands respect to absorption—excitation bands, indicate
a molecular structure change in the excited states of I-Ill. Fluorescence lifetimes of 0.1-0.9 ns in |-, singlet oxygen quantum yields of
0.15 and 0.40 for | and Il, respectively, may be taken as evidence of singlet—triplet intersystem crossings. The photooxidation products of
a-terpinene, sensitised by Il, under direct and concentrated sun light conditions that argmtgimigne and ascaridole. In accordance with
literature data on coumarin derivatives, benzocoumarins also seem to produce singlet oxygen and beside singlet oxygen, in addition super
oxide anion radical production appear to be dominant especially under concentrated sun light. Under direct sun light conditions ascaridole
is the major product. Some by-productscoterpinene photooxidation are also determined at GC—MS analysis. Those by-products are
assumed to be generated from ascaridole decomposition.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction bioactive benzocoumarins have been isolated from Vismia
guianensigb] and a benzochromone has been isolated from
Coumarins and chromones are well known pigments and the roots of Sophora exigyé]. 5,6-Benzocoumarin-5-uracil
have been studied widely for their luminescent properties is used for a bio-medical treatmefit]. Benzochromone
and applications, i.e. laser dyes, optical brightengis and benzocoumarin derivatives are under focus because
In comparison, benzocoumarins and benzochromones aredf their interaction with HIV reverse transcriptase also
less studied for their fluorescence data and photosensitive[8]. All of these observations hint that there is a cause of
properties. Recently, the application of benzocoumarins asbiological functions of benzocoumarins, benzochromones
non-linear optical device$2] and fluorescent whiteners in nature. Liu et al. reports the antioxidative effect of
[3] have been reported. Fluorescence emission of a bro-4-methylcoumarin and 7-hydroxy-4-methylcoumarin at
momethyl derivative of benzocoumarin was employed for photosensitized peroxidation of human low-density lipopro-
HPLC-fluorometric analysis of marine organisf$. Two tein [9]. There are no reports in literature on photooxi-
dation processes and mechanisms of any benzocoumarins
"+ Corresponding author. Tek+90-232-388-6023; anq benzochromones. On the other hand2 a microbi_o—
fax: +90-232-3888-6027. logical study reports that 6,7-benzocoumarin present in
E-mail addressicli@bornova.ege.edu.tr (S. Icli). an enzyme degrades the condensed aromatic structure of
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anthracene by an oxidation procef]. In agreement  2.2. Instrumentation
with, another aromatic hydrocarbon, fluorine is found to
be oxygenated by Pseudomonas microorganism, where Spectroscopic measurements were done with Jasko V-530
8-hydroxy-3,4-benzocoumarin was presght]. All these and HP 8453 UV-Vis spectrophotometers and PTI-QM1 and
results point that benzocoumarins and benzochromones maySpex-Fluorolog fluorescence spectrophotometgxsdeter-
be the effective photocatalysts at oxidative degradations minations were done with a Quanta-Ray DCR-2 Nd:YAG
under natural conditions. laser associated with 0.25 m Jarrell-Ash Monochrometer for
Photooxidation of dyes and electron-rich substrates suchthe isolation of 1270 nm emission and Schott KG-3 filter on
as alkenes, dienes and amines in aerated organic solutiongxit port. CV-27 cyclic voltammograph with a Ag/AgCl ref-
by dye sensitisation of molecular oxygen are regarded aserence electrode was used for the determination of redox po-
ubiquitous[12,13] Recently, photooxidation of trinydroxy-  tentials. Concentrated sun light experiments were performed
benzenes, 3-strylthiophene, sulfur compouadpinene and  with Fix Focus FF 3,5-HTC GmbH (Germany) instrument
poly(para-xylylene) by dye sensitisation took their place in with a reflective surface are of 2.66mThe radiation in-
literature[14—18] Chen et al. performed the photooxidation tensity was determined by using Vilbert Loumart radiome-
of a-terpinene by a perylenediimide derivative and their re- ters at 254 and 312 nm radiation wavelengths, and compared
sults indicated a novel photooxidation that proceeds by anwith the measured intensity of direct sunlight using the same
initial electron transfer quenching of the dye singlet by di- radiometers. Direct sun light experiment was performed in
ene, followed by a reaction of the exciplex with oxyd&a]. ambient air. Aeration in photoreactor was accomplished by
We now report the fluorescence emission data on lin- using a aquarium pump. GC-MS analysis were done using
ear and non-linear benzocoumarins and a non-linear ben-an HP 6890 instrument with a mass selective detector and
zochromone and photooxidation afterpinene sensitised HP-5MS phenyl methyl siloxane capillary column, at an ini-
by II. Quenching of fluorescence emission of an aromatic tial oven temperature of 4@C and maximum temperature
donor molecule, anthracene, displayed the magnitude ofof 280°C.
photo energy transfer to acceptor benzocoumarins and ben-
zochromone molecules.

0 CH,
s

CH; 0
HO 0_0 HO 0 HO
QO QO Q10
CH;
4-Methyl-8-hydroxy- 4-Methyl-6-hydroxy- 2-Methyl-6-hydroxy-

benzo(6,7)coumarin, I benzo(5,6)coumarin, 11 benzo(5,6)chromone, ITI

2.3. Experiment conditions
2. Experimental details
Fluorescence quantum yields determined in reference to
2.1. Reagents 9,10-diphenylanthracene and the index of refraction index
differences in solvents were included at calculations. An-
Benzocoumarins and benzochromone were synthesizedhracene was employed in fluorescence quenching studies
as reported[20]. Solvents, acetonitrile and cyclohexane, with benzocoumarins and benzochromone. Quenching of
were supplied from Aldrich in HPLC grade, used without fluorescence emission of anthracene was recorded by ad-
any treatment. Fluorescence quantum yields were calculateddition of benzocoumarins, |, Il and benzochromone, llI,
in reference to fluorescence emission of 9,10-diphenyl an- (1.0-17) x 10-°M, into the anthracene solution in ace-
thracene (DPA) akeyc = 345 nm in cyclohexane solution, tonitrile and for both donor and acceptor the solvent was
¢r = 0.90 [21]. DPA was supplied from Aldrich and an- acetonitrile. In order to be sure that the quenching was
thracene from Aldrich in GOLD LABEL grade. Phenazine not trivially associated with the competitive absorption by
that is taken as a reference at singlet oxygen quantum yieldl-Ill, the concentrations of the quenchers were kept around
(¢ o) determinations has a value@f = 0.84[22] atiexc = 10-M which corresponds to absorption values between
354 nm in CHC}4. Tetrabutylammonium hexafluorophospate 0.03 and 0.05 atmax. All fluorescence emission spectra for
([TBA][PF¢]) was used as the electrolyte in cyclic voltamet- fluorescence quantum yield measurements and fluorescence
ric measurements and was supplied from Aldrich. emission quenching were corrected.
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In ¢ o determinations, the solutions of I, Il and phenazine mined between 135 and 150 sup-Cymene, ascaridole,
were prepared at approximate absorptions of 0.4, 0.3, 0.2 to3-isopropyl-2-heptenal-6-on, 3,7-dimethyl-2-octenal-6-on
0.1 for 355 nm absorption band in CHCBenzochromone,  and 6-methyl-2,5-dion-3-hepten were detected as photooxi-
I, could not have been studied, because of low solubility dation products via mass spectra by the observation of their
in CHCI3; maximum absorption was measured to be only characteristic molecular ions as below:

0.14.
In cyclic voltametric measurements, the blank cycle was (A) p-Cymene, detection time 11.30-11.35 minm( 134,

performed with 100 mM [TBA][PE] in ACN and seen that the molecular ionNIT) peak is observed. Two strong

it works between 1.35 and-1.55V. Redox potentials of fragment ions were observedratz 119 and 91. A loss

I-I11, from reversible waves calculated a8 ox)+ Epreq)]/2 of 15 (-CH) and 43 (—CH(CH)) from 134 produce

(ACN solvent). m/z 119 and 91, respectively. It is obvious thatz 77
Photooxidation ofx-terpinene was done by the sensiti- belongs to the benzene ring.

sation of Il both under direct and concentrated sun light (B) Ascaridole, detection time 22.99-23.06 min. The

in a Pyrex photoreactor. The 0.1 dtterpinene solution in molecular ion peak is observed at/z 168. Three

acetonitrile was prepared and a few mg of Il was added strong fragment ions were observed ralz 125, 97
into the solution. Reaction was controlled by TLC method and 43. Thawz 43 has to be —CH(C{J, asm/z 125
using a toluene:ethylacetate; 4:1 solvent mixture. When corresponds to its cleavage. A loss of 71 (GBH;
a-terpinene spot was disappeared, 10ml of the solution plus —CH(CH),) from 168 could producevz 97.

was mixed with 10ml 0.1 M Ng50Oz; and stirred for 5h. (C) 3-Isopropyl-2-heptenal-6-on, detection time 21.89 min

Extraction of the products to CHglphase and follow- the same with (B), molecular ion peak is observed at

ing dehydration with CaGl were performed. Irradiation 168 (Fig. 1). Three strong fragment ions were ratz

intensity was controlled although the process was deter- 155, 127 and 109 which probably correspond to the
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Fig. 1. Fluorescence quenching of anthraceng:(= 339 nm) by 4-methyl-8-hydroxy-benzo(6,7)coumarin, I, in acetonitrile at quencher concentrations
of (1.0-17) x 10-°M and the Stern-Volmer plot.



176

Abundance

C. Karapire et al./Journal of Photochemistry and Photobiology A: Chemistry 153 (2002) 173-184

23.04
4200 i
Pl
000
269000
21.90
200 11.34
o 2253
TR 2043 I
‘ 22.85
2500 ) T
n AL i k Lk ﬂ' AL . »
TiITIE :'.; ':'r:' 'rs!'u 'n!l- "nfl:‘n‘l '1'..’Iu"- '14I<l.'- e "lln‘ll:', ';.‘IL'EII '-!,"l‘.'r:l "";:;’ ::nsl.:".' ":I.I!If'h ';M’l :‘r?lu.",‘l ':ki‘h'l I!h-tll.“q',- .‘ullﬁl:”::ll-q:r_‘oi:)'l:;l
Abundance 95 [22.85 min]
o 110 .o
e5m 14
£1:.
1520
L Lo
s
e
.
e 43 67
pLLLE
122
1500 ) |25
wol 39 51 55 778l 9 107 140 168
i | | | .t58 71 | ||| [y | 135 152
. 1R I I Y 1 Tt B | , ——
méz T31 a0 45 v f8 B 5 Y0 TE A o W5 I AW AL WD R 136 ED  tL G4 5 CRD L b, W Wy 1w 195

Fig. 2. Retention time vs. abundance for the direct sunlight experiment (i) and mass spectrum of 3,7-dimethyl-2-octenal-6-on (D) (ii).

—CHg, —C(CH)O, —C(CH;)20H cleavages fromm/z
168, respectively.

3,7-Dimethyl-2-octenal-6-on, detection time 22.85-
22.89min. Again the same with (B), molecular ion
peak is observed atVz 168 (ig. 2). Different from
(C) the strong fragment ions wereratz 140, 125, 110
and 95. A loss of 28 (-CO) from 168 could produce
m/z 140. A loss of 15 (—CHhl) from 140 will give m/z
125. With the loss of second 15 (-gHmM/z 110 is
reached. And at lastvz 95 could be the loss of 73
(—C(CH(CH;)20)) from m/z 168.
6-Methyl-2,5-dion-3-hepten, detection time 20.42 min.
A base peak ion atn/z 140 (Fig. 2. Two fragment
ions were observed atvz 97 and 43. The loss of 43
(—-C(CHg)O) from 140 will producenwz 97.

(D)

(E)

3. Results and discussions

3.1. UV-Vis, fluorescence emission apd determination
studies

Coumarins are reported to have two band groups of
UV absorptions at 270-280 and 310-350nm, arising
from w—n* transitions[23]. Chromone derivatives seem
to have similar absorption characteristig]. In accor-
dance, 6,7-benzocoumarin, |, 5,6-benzocoumarin, Il, and
5,6-benzochromone, Ill, show absorptions of two band
groups at 274-287 and 322-347 nm regiok&.( 3 and
Table 1. The band at 322-347 nm is expected to be the
result of overlap ofr—* band with n-w* band for these
compounds. No notable UV absorption wavelength change
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Table 1

The UV absorption (nm), e (mol~* ecm~11), fluorescence emission data,

Af (nm) of studied compounds |, Il and Il in acetonitrile solutions

The radiative lifetimesz,, in Table 2 were calculated
by the formulaiz, = 3.5 x 10812, €max Avi/2, Where
vmax IS the wavenumber in cnt, emax the molar extinc-

Compound Amax emax (x10%) Mnax tion coefficient at the selected absorption wavelength, and
| 232 8.14 Avyo the half width of the selected absorption in wavenum-
277 2.32 ber units of cn!. Fluorescence lifetimes are estimated as
287 2.57 7t = To. Qf and the rates of fluorescencefas= 1/to. As
343 2.05 450 seen the radiative lifetimes of I-lll are in 5.6-6.7 ns lim-
I 240 11.2 its and the fluorescence lifetimes are 0.1ns for | and I,
280 2.70 and 0.9 ns for 4-methyl-6-hydroxy-(5,6)-benzocoumarin, 1.
gi? 5'28 429 The singlet lifetime of 7-dimethylamino-4-methylcoumarin
' is reported to be in a similar range, = 3 ns[26]. The flu-
I 235 5.75 orescence rates of the studied compounds of I, Il and I
ggg if’é are calculated to be. 3 x 107, 1.8 x 10’ and 17 x 10" s71,
322 230 respectively.
336 2.30 430 Hamanoue et al. reports a triplet lifetime of Q.8 of

4-chromanone in benzerj27], may be taken as evidence
for the formation of singlet oxygen from triplet state. In ac-
from linear benzocoumarin, I, to non-linear benzocoumarin, cordance with, the formation of singlet oxygen for benzo-
I, is seen inTable 1 All three studied compounds, I-Ill are coumarins | and Il were detected. At sing|et oxygen guan-
found to fluorescence with weak to moderate intensities at tum y|e|d @A) determinations, the decays were curve fitted
excitation of longest wavelength absorption. Fluorescence and the intensities at = 0 were taken. The absorptivity
emissions at 430-450 nm suggest that benzocoumarin andsajues of I, Il and reference (phenazine) is computed via
benzochromone derivatives of I-Ill are expected to lase at ahsorptivity= 1 — 10375/% and a graph, intensity versus ab-
430-450 nm. Some coumarin derivatives are known as lasersorptivity values for four points with three parallel measure-
dyes at 440 nnf1]. ments was drownHig. 5). From the slopes of the curves

The fluorescence emission bands of I-Ill are found not the g, values for | and Il were calculated as 0.15 and 0.40,
to be similar to the absorption and excitation bands, but respectively Table 2.

broader in comparison to the absorption barkig( 3)

and the excitation band=(g. 4). A structural change in 35 Flyorescence quenching and cyclic voltametric
molecules |-l may have been taking place at the excited g,dies

state. Fluorescence quantum yields calculated in refer-

ence to 9,10-diphenylanthracene, is seen to differ about Fluorescence quenching studies were carried out by ad-
eight-fold from¢rn = 0.02 in linear 6,7-benzocoumarin,  dition of acetonitrile solutions of benzocoumarins, | and I,
|, and non-linear 5,6-benzochromone, Ill, ¢g = 0.16 and benzochromone, lIl, into acetonitrile solution of an-
in non-linear 6,7-benzocoumarin, Tgble J. Substitution  thracene, and observing the quenching of anthracene fluo-
on the hetero and benzene rings of coumarins has beenescence atey. = 339 nm,fﬁNT_g;;g ms. As seen ifig. 1,
reported to alter fluorescence emission strondly Un- anthracene fluorescence emission declined by the addition
substituted coumarin fluoresces very weaky, < 10~* of 4-methyl-8-hydroxy-benzo(6,7)coumarin, 1, and the flu-
[23], but 7-diethylamino-4-methyl-coumarine is reported to grescence of emission of | increased to 450 nm. All three
fluoresce in high yieldgrn = 0.73 [25]. Stokes shifts of  compounds have shown quenching rates below the diffusion
benzocoumarins and benzochromone, measured from excifimits, 10’-1®M~1s-!, calculated from Stern—Volmer
tation and fluorescence spectféd. 4), are in the range of  plots. Benzo(5,6)coumarin, II, which gives the most intense
88-105nm. Moderately high Stokes shift values may also fluorescence among the three compounds, also presents the
suggest again that some structural change is present at th@jghest quenching ratég = 1.2 x 1°M~1s71 In agree-
excited states of the compounds I-11I. ment with, chromone fluorescence emission is reported to
be quenched at rates of AP M-1s1 by cupric and
Table 2 nitrite ions in water and it was proven that a triplet state
Singlet energiesEs(kcal/mol), fluorescence quantum yields, singlet guenching is in progresg8]. Coumarines are known to
oxygen guantum yieldsps, Stokes shifts Az (nm), radiative lifetimes, o 504 triplet sensitizer@9]. These results may indicate
70(ns), fluorescence lifetimes; (ns) and fluorescence rate constakgs, .
(107 s°Y), data of I, Il and IIl in acetonitrile that benzocoumarins and benzochromone I-lll behave as
electron acceptor moieties against a condensed aromatic
ring, anthracene. The planarity of the benzocoumarin and
' 343 834 002 015 105 67 01 15 the benzochromone rings and the presence of electron
::I ggg §§'§ 8'32 0.40 895? 55'86 00'19 11;3 withdrawing groups of hydroxyl and carbonyl may have
i i i i ) caused the donor—acceptor interaction. One may expect

Compound  Aaps Es for P AX To Tf ke




C. Karapire et al./Journal of Photochemistry and Photobiology A: Chemistry 153 (2002) 173-184 179

600000

400000 -

cps

200000 -

250 300 350 40 450 500 550 600
Anm

Fig. 4. Fluorescence emission bahg = 343nm, and excitation bande, = 450 nm, of benzocoumarin | in acetonitrile solution.

the formation of contact ion pairs resulting from electron gap in benzocoumarins of | and Il would be approximately
transfer between a donor molecule and benzocoumarin or20 kcal/mol and the benzochromone 1l derivative would be
benzochromone under photolysis. Intersystem crossings toabout 10 kcal/mol. These high singlet—triplet energy gaps
triplet energy level in coumarins is known in the literature, may suggest that benzocoumarins and benzochromones
7-dimethyl-amino-4-methylcoumarine is measured to have acould be taken as singlet sensitizers as well as the triplet
triplet lifetime of t1 = 3300s[30,31] It may be expected  sensitizers.

that benzocoumarins of I, Il and benzochromone Ill could Comparing the values inTable 3 it is seen that
produce singlet oxygen on photolysis. The triplet energy E(A/A™) of I-lll becomes less negative as thg values

of both coumarin and 7-dimethylamino-4-methylcoumarin gradually increase. Quenching data can be analyzed by
is reported to be 62.2kcal/m@23,25] and of chromone  using

75.1kcal/mol[27]. If one assumes similar triplet energies

for the three studied compounds, the singlet-triplet energy AGgr(kcal/mol) = 23.06[E(D*/D) — E(A/A7)] — E}
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Singlet Oxygen Quantum Yields of Linear and Non-linear Benzocoumatin
C.
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Fig. 5. Singlet oxygen quantum yields of | and Il, relative to phenazine.

equation[32], with which the free energy change for an en- 3.3. Photooxidation studies
counter pair undergoing electron transfer is computed by us-

ing redox potentials, and whefgj is the excitation energy a-Terpinene is known to produce endoperoxide (ascari-
of the excited state participating in quenching. Computed dole) adduct on photooxidation with triplet sensitizers. It
free energies are also providedTiable 3 The AGgt values is also proven that in presence of perylene and naphtha-
are all <—5kcal/mol (the “rule of thumb”[33]) and may lene diimidesa-terpinene is converted tp-cymene under
account for a favorable electron transfer between the an-visible irradiation[19,37] A singlet state electron transfer
thracene and I-IIl. Benzocoumarin, I, which has the high- in an exciplex that forms hydroperoxide radicals reach-
est fluorescent quantum yield and the highest fluorescenceing to p-cymene in radical chain reactions was proposed
quenching rate among the three studied compounds, andor the mechanism. Chen et al. performed the photoox-
has the lowest free energy of electron transteGer = idation of a-terpinene by a perylene diimide derivative
—9.4 kcal/mol. It may be concluded that benzocoumarin, Il, and their results indicated a novel photooxidation that
has the most favorable structure for photo electron transfer.proceeds via an initial electron transfer quenching of the
Jones Il and co-workers reports that a condensed rings subsinglet dye by diene, followed by a reaction of the exci-
stituted coumarine derivative gives higher quenching rates plex with oxygen[19]. Product analysis on dye sensitized
in cyclodextrins because of an increase on excited state lifephotooxidation of a-terpinene would give evidences to
times [34]. Similar argument may be correlated to benzo- presence of singlet oxygen and/or photo electron transfer
coumarin, Il. mechanisms.

Table 3

Fluorescence quenching rate constants of anthracene donor molecules by the addition of I, Il and lll, redox potertiglererdies of the acceptors
and donors in acetonitrile

Acceptor Compound Donor (anthracene)
I I n

kg M~1s71) 1 x 10 1.2 x 10° 6.1 x 10

Eogo (kcal/mol) 83.62 82.65 85.11 84.11

E (V vs. Ag/AgCl) —1.041 —0.98 —0.998 —2.25¢

AGgt (kcal/mol) -8.0 -9.4 -9.0

2Value obtained from Handbook of Analytical chemisiBp] vs. hydrogen electrode was computed thoufgly = Eing — Eref; Eret for Ag/AgCI is
0.199V [36].
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Table 4
Yields in % ratios of A—E from the photooxidation afterpinene in acetonitrile solution in the presence of Il

(0]
|
Irradiation source Photooxidation period (h) A (%) B (%) C (%) H / °Dp (%) o | E (%)

Direct sunlight 33 22.4 39.7 8. .0 6.1
Concentrated sunlight 4 39.9 26.9 7.2 2.0 3.4
Concentrated sunlight 0.25 48.6 8.3 5.6 - 14

In our case, 4-methyl-6-hydroxy-benzo(5,6)coumarine, 3,7-dimethyl-2-opctenal-6-one, D and 6-methyl-2,5-dion-3-
Il that has the most intense fluorescence emissign= heptene, E that are the photooxidation products of
0.16 is selected as sensitiser and the photoxoidation reac-a-terpinene. The mechanism of formationmtymene, A,
tions are performed under direct and concentrated sunlighton photooxidation o&-terpineneis being shown in literature
of 130-150suns. GC-MS results are given Tiable 4 earlier[30,31] Photolysis ofa-terpinene in nitrogen bub-
Consumption ofa-terpinene was followed by TLC dur- bled solution for 4 h with coumarine Il, under concentrated
ing the progress of solar irradiatiorx-Terpinene was  sun light of 130-150 suns, yielded no products. Photoelec-
converted completely to products after 4h of irradiation tron transfer appear as not taking place in absence of oxygen.
under concentrated sun light of 130-150 suisheme 1 This result is in support of the mechanismSoheme 1
outlines the photo electron transfer mechanism of for-  Direct sunlight photooxidation ai-terpinene in presence
mation of ascaridole, B, 3-isopropyl-2-heptenal-6-one, C, of Il yielded a total of 45.8% singlet oxygen products (B and

< -— (11; 4ioz")
- +
hv e transfer transfer
O—1+ + — 50,
L]
o-terpinene exciplex

b — GG — g

l c,

(0]

Scheme 1.
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E) and total of 43.5% of superoxide anion radical products tive used in photooxidation reaction is capable of producing
(A, C, D) in total. p-Cymene, A, superoxide anion radical, both singlet oxygen and superoxide anion radical; therefore
O2°*~, product appear to be the dominant one, at 22.4% ra- in good agreement with literature data benzocoumarins can
tio, the other ring opened products of C and D are at 18.1 be named as both triplet and singlet sensitizers.

and 3.0% ratios, respectivelygble 4. Although the prod-

uct types are fo_und 'Fo _be the same under direc_:t and ConcenAcknowledgements
trated sun light irradiations, but the product ratios are found

to be different Table 4 Figs. 1 and § Ascaridol, B and E

are produced at 26.9 and 3.4% ratios, respectively (total of
31.3%), andp-cymene A, ring opened products of C and D
are produced at 39.9, 7.2 and 2.0% ratios, respectively (to-
tal of 49.1%). Irradiation o&-terpinene under concentrated
sun light of 130-150 suns for 0.25h (15 min) yielded prod-
ucts of A, B,C, E and unconsumedterpinene (retention
time: 20.76 mins) in 17.1% ratid-(g. 1). a-Terpinene was
completely consumed after 4 h of concentrated sun light ir-
radiation €ig. 6). Concentrated sun light irradiation for 4 h
increased the ratios of ring opened products of C-E, but as
well as the ratio of ascaridol, B which is assumed to be the o ) ) ) )
dominant product of singlet oxygen. On the other hand, the [1] \B/'CMF" gﬁz&\l,lt\ill(gfnr?é:\rﬂﬁ, zﬂfxnfrfggg Luminescent Materials,
relative ratio ofp-cymene, A, primary product of super oX- 5] 1. Hiroshi, O. Yosho, I. Juzo, I. Masato, T. Atsushi, Jpn. Kokai
ide anion radical, @, decreased after 4 h of irradiation. Tokkyo Koho, 1990. CODEN: JKXXAF JP 02126241 A2 19900515
This result may indicate that ascaridol, B, and the secondary  Heisei.

product of E, could have been produced by the reaction of [3] H-E. Patel, K.R. Desai, J. Inst. Chem. 68 (3) (1996) 78.

super oxide anion radical, 8, through a photo electron [4] O.D. Korotchenko, S.M. Alekseev, R.P. Evstigneeva, G.V. Karpova,
P oK ghap S.V. Isai, Chem. Nat. Compd. 35 (6) (2000) 612.

t.ranSfer_meChaniS”SChe_me L as We”_asl from the reac- [5] E.-K. Seo, M.C. Wani, M.E. Wall, H. Navarro, R. Mukherjee, N.R.
tion of singlet oxygen. It is well-known in literature that the Farnsworth, A.D. Kinghorn, Phytochemistry 55 (1) (2000) 35.
lifetime of 1O, can vary from 3 to 100f.s depending on the [6] M. linuma, J. Yokoyam, M. Ohyama, T. Tanaka, N. Ruangrungsi,
nature of the medium and is very reactive oxidation agent __Phytochemistry 35 (3) (1994) 785.

. h [7] M.M. Marchenko, G.P. Kopylchuk, O.V. Grigoreva, Dopov. Akad.
0 -
[38]. One may expect a higher ratio than 8.3% for the forma Nauk. Ukr. 3 (2000) 192.

tion of ascaridol, B, after 15min of concentrated sun light [g] M. Mazzei, E. Sottofattori, M. Ibrahim, A. Balbi, Nucleosides

irradiation, if benzo(5,6)coumarine was an efficient triplet Nucleotides 17 (9-11) (1998) 1885.

sensitizer and produced only singlet oxyg@alfle 4. [9] Z-Q. Liu, W. Yu, Z-L. Liu, Chem. Phys. Lipids 103 (1999) 125.
Al of these results may prove that photooxidation of ben- 20l :\Ell-iil.’o}k()lir(?l, (Ifeit ngg"é) T('l"gé';)ez;zge' J. Deck, C.E. Cerniglia, Fems

zocoumarins proceed through both triplet and singlet state [11] M. Grifolll, S.A: Selifonov, P.J. Chap;man, Appl. Environ. Microbiol.

electron transfer to oxygen in an exciplex. Benzocoumarins 60 (7) (1994) 2438.

are also stable photosensitizers under intense solar irradiafl2] W. Adam, A.G. Griesbeck, in: W.M. Horspool, P.-S. Song, (Eds.),

tions of 150 suns for hours. The existence of benzocoumarins ~ CRC Handbook of Organic Photochemistry and Photobiology, CRC

and benzochromones in natural organisms and their biolog- . "résS: Boca Raton, FL, 1994, pp. 311-324.

. . . . . [13] J. Rigaudy, in: W.M. Horspool, P.-S. Song, (Eds.), CRC Handbook of
ical activities, may be related to their effective photooxida- Organic Photochemistry and Photobiology, CRC Press, Boca Raton,

tion capacities. FL, 1994, pp. 325-334.

[14] M.I. Gutiérrez, A.T. Soltermann, F. Amat-Guerri, N.A. Garc, J.
Photochem. Photobiol: A Chem. 136 (2000) 67.

[15] K. Song, L.Z. Wu, C.H. Yang, C.H. Tung, Tetrahedron Lett. 41
(2000) 1951.

[16] N. Soggiu, H. Cardy, J.L.H. Jiwan, I. Leray, J.P. Soumillion, S.

UV absorption spectra are found to be consistent with Lacoube, J. Photochem. Photobiol: A Chem. 124 (1999) 1.
each other for I-lll. Fluorescence emission is found to [17] H.R. Li, L.Z. Wi, C.H. Tung, Tetrahedron Lett. 56 (2000) 7437.
increase from linear benzocoumarin, I, to non-linear ben- [18 M. Bera, A. Rivaton, C. Gandon, J.L. Gardette, Eur. Polym. J. 36

. (2000) 1753.

zocoumarin, I, but replacement of carbonyl and methyl ;5 \""cren A Lucia, ER. Gaillard, H. Icil, S. Icli, D.G. Whitten, J.
groups in the non-linear benzochromone, Ill, has lowered Phys. Chem. A102 (1998) 9095.

the fluorescence emission, with respect to non-linear ben-[20] H. Kolancylar, Ph.D. Thesis, Synthesis and studies in benzocoumarin

zocoumarin, Il. These results prove that basic structural and benzochromone systems, Trakya University, Edirne, Turkey,
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