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High transfer potential phosphate intermediates ere formed during 

the oxtdati.on of quinol monophosphates (1,2) and it has been suggested that 

the intermediates are semiquinone phosphates (3). We have been staying 

phosphate activation b one-electron transfer; in the present paper we report 

the detection by electron spin resonance spectroscopy of a semiquinone phos- 

phate. 

A Varian V-4500 spectrometer system with 100 kc field modulation 

and approwiate field strength and klystron frequency monitors were used. 

Two sets of conditions were employed: (a) the sample was prepared by rapid 

tig and rapid freezing, using a modification of the apparatus of Bray (4); 

and (b) the sample was prepared by mixing reagents with a syringe drive, then 

examined at room temperature during constant flow. 

The peroxidatic oxidaticm of 2,3aimethyl-1,4-naphthoquinol-l-phos- 

phate*** produced 2,3-dimethylnaphthoquinone rapidly end almost quantitatively. 

Fyrophosphate was detected chromatographically as a reaction product. Since 

percxidatic oxidations occur by a one-electron transfer mechanism (5), it ap- 

pears likely that semiquinone phosphate was involved in the reaction. Under 

* This study was supported by grants from the American Cancer Society and 
the United States Public Health Service (AN-97l). 
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*** We are greatly indebted to the Hoffman-LaBoche Ccanpany for the quinol 
phosphates used in this study. 
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optimum conditions (perddase, 1 X D-6' M; naphthoquinol phosphate, 1 X lO--:! 

M; %02, 5.4 r; x lo-4 M; pH 4.5 j.l? 0.1 K succillate buffer) a small free radical 

signal was obtained from samples frozen to -1650 within 20 msec after mixing, 

but no hyperfhe structure was observed and the radical could not be identified. 

Similar results were obtained when Ce+4 in dilute H2S04 was employed as 811 cod- 

dant. This reagent also acts w one-electron trsnsfer. 

On the assumption that the decay rate of a semiquinone phosphate 

would decrease with increasing pH, 2,3-dimethyl-1,4-naphthoquinol-l-phosphate 

was axidized by alkaline permsnganate (substrate, 0.017 M; KMnO4, O&Y?6 M; 

Na2CO3, 0&5M; pH, 10.95). A sample quenched to -165', 150 maec after mj~ing, 

gave a strong NSH signal but at the temperature of observation only the major 

splittings were observed. 

The room temperature experiment uas carried out under the same con- 

ditions eXce$ that the sample was delivered at a constant rate to a flow cell 

in the spectrometer cavity, l&J msec after mixing. A highly resolved signal 

was obtained, 51.9 gauss wide, g = 2.004. This signal was different from the 

spectrum of 2,3-dimethylnaphtho-1,4-semiquinone previously observed by Wertz 

snd Vi.vo (6) and confirmed by us. The radical had a half-life of about 3 sec- 

onds under the reaction conditions ue employed. 

Several canonical forms may contribute to the structure of 2,3-di- 

methylnaphtho-1,4-semiquinone-l-phosphate, for example, structures I, II, and 

III. Our analysis of the spectrum suggests that the unpaired electron inter- 

acts strongly with the phosphorus atom, and that structure III 5s a principal 

contributor. The P nucleus, with spin = l/2, causes a predominant doublet 

splitting (Figure 1, energy diagram) of 18.5 gauss. The three methyl protons 

in the 2-position cause a four-line secondary splitting of 7.8 gauss with 

relative intensities of 1-3-3-1, the two quartets overlapping and producing the 

overall shape of the integrated signal (Figure I). Each of these four lines 

is split into four tertiary lines with a separation of 1.3 gauss, by the three 

methyl protons in the 3-position. Finally, the four protons on the adjacent 

ring interact to produce a five-tie splitting, in a& a 16~15.1~ spectrum 
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should occur, 46 of which are apparent at the resolution used in these experi- 

me&s. 

LINE ASSIGNMENT 
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Only the 2,3+.methylnaphtho-l,L-cemiquinone-l-phosphate signal ap- 

peared during the course of the reaction; its decay was not accompanied by the 

appearance of any other free radical. Fe are now investigating the mechanism 

of decay of this and other oxidntively-formed semiquinone phosphates. 
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