
Tetrahedron Letters,Vol.26,No.2,pp 239-242,1985 oo4o-4039/85 $3.00 + .OO 
Printed in Great Britain 01985 Pergamon Press Ltd. 

STRUCTURE OF CYPRIDINA BILUCIFERYL, A DIMER OF CYPRIDINA LUCIFERYL RADICAL 

HAVING BIOLUMINESCENT ACTIVITY ’ 
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Structure of Cypridina biluciferyl (luciferyl radical dimer) , which is produced 

by chemical oxidation of C. luciferin with such as ferricyanide, was determined to 

be the symmetric 5,5’-dimer of 2. luciferin. It gives light in the presence of C_. 

luciferase, although the bioluminescent rate is very low. We suggest that the 

biluciferyl is an intermediate in the oxidation of the luciferin to C. luciferinol. 

Cypridina luciferin gives brilliant light with C. luciferase in the presence of oxygen. 2 The 

luciferin is very susceptible toward oxygen even in the absence of the enzyme. Thus, orange 

colored aqueous solution of the luciferin turns red in air, and then becomes colorless owing to 

further autooxidation. 3 The initial red shift indicates the formation of a red substance (we named 

it luciferin-R4) . The similar red substance is formed by chemical oxidation of luciferin (4) with 

ferricyanide, 3 lead dioxide, or diphenylpicrylhydrazyl radical (DPPH) .4 It emits light only very 

slowly in the presence of the enzyme, but the luminescent activity similar to the luciferin can be 

restored by chemical reduction with sodium hydrosulfite. 5 One of us had suggested that a one- 

electron oxidation of (k) gave the luciferyl radical, which dimerized to its dimer. 4 

Recently we isolated Cypridina luciferinol (2) ,’ which is produced without light production 

by oxidation of luciferin ().) with lead dioxide or DPPH and which can be reduced with sodium 

hydrosulfite to the luciferin (A). However, luciferinol (2) is a two electron oxidation product and 

contrary to the previous observation 4. it has no bioluminescent activity with the luciferase. 6 We 

found by means of HPLC analysis that besides luciferinol (2) another oxidation product was also 

formed, particularly when ferricyanide was used as the oxidant. Although the product was 

extremely labile, we could determine its structure as described below. 

3,7-Dihydro-6-( 3-indolyl) -2_methylimidazo[ 1,2-alpyrazin-3-one ($) 7 was first used as a model 

compound for the luciferin (4) to elucidate structure of the oxidation product, since the corres- 

ponding oxidation product of the luciferin model ($) is somewhat more stable and easier to handle 

than that of the luciferin (&) and since its structure would be easier to be analyzed. The luci- 

ferin model (,$,) was dissolved in water and to this solution 1.1 eq of aq K3[ Fe(CN) 6] was added. 

The mixture was immediately extracted with dichloromethane and the organic layer was dried over 
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C_. Luciferin (&) 2. Biluciferyl (2) 2. Luciferinol (2) 

Luciferin Model (,$) Dimer of Luciferin Model (2) Luciferinol Model (,Q) 

C. luciferin series: R1 = -CH(CH3)CH2CH3, R2 = -CH,CH,CH,NHC(=NH)NH, - 
Luciferin model series: RI = CH3, R2 = H 

PMR chemical shifts (ppm in CD,COCD,) are for the model ~~m~~unds 
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Fig. 2. PMR spectrum of 

an equilibrium mixture of 

($, ($,I, and (2) 

(400 MHz, in CD,Cl,) 
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feryl to be (x) . 5. biluciferyl (2) was oxidized with DPPH to C. luciferinol (2) and reduced with 

sodium hydrosulfite or acid ‘1 to C. luciferin (,&) . Whereas luciferinol (2) gave no light with C. 

luciferase, bioluminescence was observed on biluciferyl (2) in presence of the enzyme, although 

the reaction was very slow. The above results indicate that (2) is an intermediate in the oxidation 

of (A) to (2) and the slow luminescent reaction of “reversibly oxidized luciferin” that Anderson 

had observed5 could be due to biluciferyl (,$) . Because almost the same rate of light production 

was observed on biluciferyl (2) in presence of different amounts of C. luciferase, we consider - 
that biluciferyl (,$) is slowly disproportioned to luciferin (4) and probably luciferinol (2) (uncon- 

firmed) , 11 and the former gives light with the enzyme. 
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The biluciferyl model (2) : PMR (200 MHz, in acetone-d6) Gppm 10.06 (lH, br.s, ind-NH) ,a. 35 

(lH, br.d, J = 7.5 Hz, ind-4), 6.24 (1H. m, ind-2), 7.55 (lH, br.d, J = 7.5 Hz, ind-7). 7.24 

(2H. m, ind-5 & 6), 6.53 (1H. br.s, H-a), 6.23 (1H. s, H-5), 2.28 (3H, br.s, CH3at C-2); 

protons are doubled in this molecule. 

The luciferinol model’(@) : PMR (200 MHz, in acetone-d62 Gppm 11.08 (lH, br.s, disappeared by 

addition of D20, ind-NH), 6.59 (lH, m, ind-4), 8.33 (1H. br.t, s by addition of D20, ind-2), 

7.52 (lH, m, ind-7), 7.24 (2H. m, ind-5 & 6), 7.07 (lH, br.s, H-8), 6.59 (lH,m, s by 

addition of D20, H-5), 2.26 (3H. br.s, CH3 at C-2). 

2. biluciferyl (2) : PMR (200 MHz, in DMSO-d6) since this sample was not completely pure and 

since it is a mixture of two diastereomers, the spectrum of (2) could not be analyzed comp- 

letely; 6.22 ppm (1H. s, H-5). 

In acidic solution, biluciferyl ($ is disproportioned to luciferin (2) and some unknown com- 

pound(s) . Luciferinol (2) is also decomposed by acid treatment. 
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