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Summary: It has been studied whether 2,5-diphenylfuran is a 
specific singlet oxygen trap in aqueous systems. With 
certain '02 generating systems (Rose Bengal photooxygenation 
and NaOCl-HZ02 systems) and -OH generating systems (Fenton's 
reagent and acetaldehyde-xanthine oxidase system), diphenyl- 
furan was chiefly converted in all cases to cis-dibenzoyl- 
ethylene, but not to trans-dibenzoylethylene. Low but 
detectable conversion of diphenylfuran to a hydroperoxide, 
probably a distinct '02-deri ved reaction in aqueous media, 
was found only in the Rose Bengal photooxygenation system. 

The evolution of '02 in biological systems such as NADPH- 

dependent microsomal lipid peroxidation (1,2), myeloperoxidase- 

H202-halide possibly involved in the microbicidal activity of 

polynuclear lecocytes (3) and acetaldehyde-xanthine oxidase have 

been demonstrated by the characteristic emission spectra for 

2 'Ag+ 2 3Zg transition (1) or with '02 traps (especially furan 

analogues) followed by the analysis of their products. (2-4). 

However, one of the '02 traps, 1,3-diphenylisobenzofuran, appears 

to be not specific for '02 because it is converted to 1,2-dibenzoyl- 

benzene by a radical mediated oxidation as well as by the 10, 

reaction (5,6). Even though the reactivities of several furan 

Abbreviations used: '02, singlet molecular oxygen; DPF, 2,5- 
diphenylfuran; cis-DBE, cis-1,2-dibenzoylethylene; trans-DBE, 
trans-1,2-dibenzoylethylene; NMR, nuclear magnetic resonance; 
IR, infrared. 
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analogues with '02 in organic solvents are well documented, their 

behavior in aqueous systems, especially in the systems in which 

other oxidants as well as '02 could be generated, have not yet 

been studied in detail. 

Recently, the conversion of DPF to cis-DBE has been reported 

to be a specific 'Oz-derived path way. (2.3). If this is true, 

DPF could prove to be an excellent indicator of '02. 

The present work was undertaken to test the reaction of DPF 

with '02 or *OH in aqueous media, using '02 (or *OH) generating- 

and acetaldehyde xanthine oxidase systems. 

RESULT AND DISCUSSION 

An ascorbate-Fe'+ -EDTA system (modified Fenton's reagent 

(7)) was employed as the *OH generating system, while both Rose 

Bengal photooxygenation and NaOCl-H 0 2 2 systems served as aqueous 

'02 generating systems. 

Under our experimental conditions (see Experimental section), 

DPF was largely converted in all instances to cis-DBE and other 

minor products, but not to trans-DBE (Table I). 

Even though Fenton's reagent produces '0, during the interac- 

tion of three components (-OH, 0; and H202) via the cycle of 

Haber-Weiss (8,9) and related reactions (1,lO) (eq l-4), the con- 

centration of '02 should be much lower than that in a certain '02 

generating system (Rose Bengal photooxygenation or NaOCl-Hz02 

system). 

Fe’+ + 02 - Fe3+ t 0; (11 

Fe3+ + 03 LFFe 3+ + Hz02 (2) 

Fe2+ + H202- Fe 3+ + 'OH + -OH (3) 

H202 + 0; - *OH + -OH + 02('Ag or "1;) (4) 

However, Nilsson and Kearns (11) have been unable to demonstrate 

the presence of '0, in the system in which O;, *OH and H,O, 
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Table I. Reactions of Dl'i? i.1 .OH and '02 Generating Systems. 

Reaction camp . E b 
Reaction System Time cis-DEEa comp.CC Iiydro- d DP.Fe 

(min) t:%) (mgl (mid peroxide Fecoverti 
(w 1 (w) 

Fenton's System 120 

Rose Bengal/hv 1.50 

5.8 0 . 5 0.7 none 12.6 
1: 2 8 % ) (63%;~ 

LO.3 3.3 2.5 1.7 r egligible 
(49%) 

OCl -H202 10 (fd) 13.0 
(65%) 

-~- 

a. 

b. 

C. 
d. 
e. 

Yield (mol%) was based on DPF initially used. NMR spectrum in CDC13 had 
peaks at 67.25 (doublet, 2H), 7.52 (multiplet, 5H) and 7.95 (multiplet, 
SH). 
1010. 

T~~,,pr$~~ip~~,IR,~~a~~~(~~~~~ w;reOa:43000, 1660, 1595, 1440, 1390, 

Yellow cryGtall;ne mkterial with the fame migration as trans-DBE (Rf=0.45). 
A distict compound from trans-DBE on IR spectral information. 
Oily material. Rf=O.SS. 
Rf=0.14. 
Recovery (%) was based on DPF initially used. Rf=0.72. 

could be generated. Thus the conversion of DPF to cis-DBB in 

Fenton's reagent or a simila-r agent would appear to be in the 

main promoted *OH. However, the results obtained by King et al 

(2) who used a similar system (but in the presence of added H,O, 

under N, and at lower pH) in that the latter does not point to 

the evidence for the oxidation of DPF. This clearly indicates 

that both -OH and 0, are required for the oxidation of DPF. 

In lthe Rose Bengal photlooxygenation system, DPF was largely 

converted to cis-DBE and in lesser extent to other products 

including a hydroperoxide. However, attempt to detect a hydro- 

peroxide with another lo, generating system (NaOCl-H,O,) was un- 

successful, probably because of difficulties in separation and 

visualization. Since an exposure of 2,5-dimethylfuran to a Rose 

Bengal photooxygenation system yields Z-hydroxy-5-hydroperoxy- 

2,5-dimethyldihydrofuran (a hydroperoxide analogue of dimethyl- 

1054 



Vol. 75, No. 4, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

ZJfQJQ -?.?-+ plQ@ H20D I6qqii 0 
o-o HO0 OH 

DPF 
II) (II) 

l- 

I 

Other 
Oxidation 

+n-~ 

cis-DBE 

Fig. 1. Oxidation products of DPF. 

furan) and diacetylethylene as the chief products (unpublished 

data) , a hydroperoxide derived from DPF would appear to be 2- 

hydroxy-5-hydroperoxy-2,5-diphenyldihydrofuran (compound II) 

which could be formed from DPF through an endoperoxide (compound 

I) (Fig. 1). Even if the compound I is produced from DPF by 10, 

way, it should be easily converted to cis-DBE (which is also a 

chief product of DPF in the modified Fenton’s system) rather than 

the compound II. 

When DPF was exposed to the acetaldehyde-xanthine oxidase 

system, it was oxidized to cis-DBE, but not to the compound II. 

Since this system is known to produce *OH (12)) the results 

obtained do not serve as evidence for the generation of ‘0, in 

the system. 

Many biological oxidation systems may produce *OH (from H,O, 

in the presence of metals or by the interaction of 0: with H,O,) 

and other free radicals. Therefore, it must now be asked whether 

the conversion of DPF to cis-DBE in myeloperoxidase-H,O,-halide 

system (3) or in NADPH-dependent microsomal lipid peroxidation 

system (2) might be caused by IO*. 

Compound II (a hydroperoxide) appears to be a distinct lo,- 
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derived product of DPF. However, it may be difficult to detect 

this compound in enzyme systems in which '0, is generated in low 

yield and DPF is present in limited concentrations. Therefore, 

DPF must be used with great care in the detection of '0, generated 

in aqueous system. 

EXPERIMENTAL SECTION 

DPF and trans-DBE were obtained from W.H.Curtin 8 Co. and 
Aldrich Chemical Co., respectively. cis-DBE was prepared from 
trans-DBE (13) and also kindly supplied by Dr. P.B.McCay. 
Photox, polymer bound Rose Bengal, was a gift from Dr. A.P.Schaap. 

1. Rose Bengal photooxygenation system A mixture of DPF (20 mg, 
0.09 mmole) in acetone (25 ml) Photox (360 mg), and 25 ml of 
0.5 M potassium phosphate (pH f.8) was transferred to a water- 
cooled immersion Pyrex cylinder (14) and irradiated with a 500 W 
tungsten lamp at a distance of 10 cm with vigorous stirring. 
Oxygen was bubbled into the solution during irradiation. After 
2.5 hours the Photox was removed by filtration and the filtrate 
was extracted with two 50 ml portions of ether. Combined ether 
extracts were dried over anhydrous Na2SOI, and concentrated to a 
small volume under reduced pressure at room temperature. An 
aliquot of the concentrated extract was applied on a thin layer 
plate (Silica Gel G) and chromatographed in n-hexane-dioxane 
(3:l v/v). The chromatogram revealed two thick spots corres- 
ponding to cis-DBE (compound A) and trans-DBE (compound B) and 
two other thin spots corresponding to DPF and a compound (com- 
pound C) after spraying with 0.5% 2,4-dinitrophenylhydrazine in 
2 N HCl. In addition hydroperoxide was visualized by 4% KI in 
glacial acetic acid. To estimate the property of the product, 
the combined ether extract was applied on preparative thin layer 
plates (Silica Gel G) and irrigated in n-hexane-dioxane. The 
zones corresponding to compound A, compound B, compound C and 
hydroperoxide were excised from the chromatoplates and the 
associated compound was then eluted with acetone. The identifi- 
cation of compounds A and B was then completed by IR or/and NMR 
spectral informations using cis-DBE and trans-DBE, respectively, 
as reference compounds. Compound C and a hydroperoxide were not 
further investigated because their quantities were small. 

2. Hypochlorite-hydrogen peroxide system Sodium hypochlorite 
solution (lo%, 10 ml, 13 mmoles) was added dropwise with vigor- 
ous stirring to a mixture of DPF (20 mg, 0.09 mmole), acetone 
(20 ml) and H202 (30%, 1 ml, 8.8 mmoles). The reaction was 
conducted at 4" in the dark. Analysis of the products was then 
processed as in experiment 1. Thin layer chromatography of the 
reaction mixture gave cis-DBE, unoxidized DPF and three minor 
compounds (UC). Preparative thin layer chromatography yielded 
cis-DBE in quite pure state. Authentic cis-DBE, added to the 
reaction system in place of DPF, was partially converted to 
three unidentified compounds with the same migrations as UC. 
This points to decomposition of cis-DBE by excesses of Hz02 via 
the Baeyer-Villiger reaction. 
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3. Ascorbate-Fe2 -EDTA system The system consisted of FeS04 
(45 mg, 0.16 mmole), EDTA (182 mg, 0.49 mmole) ascorbic acid 
(313 mg, 1.8 mmoles), DPF (20 mg, 0.09 mmole) in acetone (150 
ml) and 80 ml of 0.15 M potassium phosphate buffer (pH 7.8) in 
a 1 1 Erlenmeyer flask. Oxygen was bubbled into the solution 
during incubation at 37" in the dark. At the end of 2 hours 
the reaction mixture was extracted with two 150 ml portions of 
ether. The combined ether extracts were washed with 100 ml of 
water, dried over Na2S04, and concentrated to a small volume. 
Thin layer chromatographic analysis of the concentrated extract 
established that three products identical with those obtained 
with the Rose Bengal system, except for a hydroperoxide, were 
present. Characterization of the products were carried out as 
described in experiment 1. 

4. Acetaldehyde-xanthine oxidase system DPF (6.6 mg, 0.03 
mmole) in acetone(3 ml) was added to a mixture which had 
consisted of 10 mM acetaldehyde, 0.1 mM EDTA, 50 mM potassium 
phosphate buffer (pH 7.8) in a total volume of 27 ml. The 
reaction was started by the addition of 0.84 unit of milk 
xanthine oxidase (EC 1,2,3,2; specific activity, 1.71 IU/mg of 
protein (15)) and conducted at 37' in the dark with gentle 
agitation. At one hour the mixture was extracted twice with 
an equal volume of ether (or chloroform). The extracts were 
combined, dried over NazSOs, and evaporated to dryness. An 
aliquot (50 ul) of the residue in ether (0.2 ml) was applied 
to a thin layer plate and run as described in the experiment 1. 
The thin layer chromatographic analysis established that no 
hydroperoxide was present and that cis-DBE only had been formed. 
However, a control system performed under identical conditions, 
but with omission of one of two components (i.e. the enzyme or 
acetaldehyde), did not in each case yield detectable cis-DBE. 
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