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Abstract : Unstable tert-huryldhnethylsilyl peroxide of coelenterazine ( Oplophotus luciferin ) analogue has 

been synthesized b_v radical reaction of rert-hutyldimethylsilyl hydroperoxide. This compound may be a 

kq intermediate mxiel in the bioluminescence and chernihuninescence of coele~erazine . 

Aequorin (1) is a calcium-binding protein found in jellyfish, Aequorea vicutoria, to emit blue light ( 

46Onm ) by the action of calcium ions to this luminescence system. 1 Molecular mechanism studies of the 

luminescence reaction, and applications of the apoprotein 2 and chromophore 3 have recently progressed. 

Aequorin is known to have a chromophore, coelenterazine ( Optkphorus luciferin ) 2, as the light emitting 

species linking to this protein through a peroxidic bond as illustrated in 1. In 1978, Shimomura and 

Johnson reported that a yellow compound obtained by reduction of aequorin with NaHS03 has a tertiary 

alcohol at the imidazolone carbon to which the p-hydroxybenzyl group is attached.dKisbi and Shimomura 

et al. supported this result by measuring “C-NMR spectrum of 1 and concluded its structure through 

incorporation experiment of Is&_.5 Recently we reported that the structure of yellow compound, which is 

diktly connected to the original structural information of the aequorin chromophore, is the 5oxy structure 
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Coelenterazine and its analogues emit blue light in organic solvents , for example dimethyl sulfoxide 

or dimethylformamide (DMF), under aerobic condition without apoprotein.7 While molecular mechanism 

of this chemiluminescence has been studied for many years, it is still uncertain.8 

We has suggested that hydmperoxide 4 of coelenterazine is involved in these luminescence reactions 

as illustrated in Scheme I. Our interest in the chemistry of coelenterazine peroxide has prompted us to 

synthesize peroxides related to 4 in an effort to evaluate our proposal. 
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Scheme 1. Posturated mechanism of luminescence reaction. 

A number of synthetic approaches to peroxides related to 4 have been examined (illustrated in Scheme 

21. These approaches all began wiih the coelenterazine analogue 7, having ter?-butyl group at 2-position of 

the imidazopyrazinone, which was readily prepared by coupling 9 between the 2-aminopyrazine 5 t* and 

the terf-butyl glyoxal 6 i I in 90% yield as shown in Scheme 2. In the initial approach, hydrogen peroxide - 

cuprous chloride system and photooxygenation system were employed as the oxidizing system, however 

not the hydroperoxide 8 but 2-amidpyrazine 9 was formed under these conditions. Subsequently it was 

found that tert-butyl peroxide compound 10 12 could be particularly easy obtained in 30 - 90% yield13 

using anhydrous tert-butyl hydroperoxide - cuprous chloride system 14. Similarly, terf-butyldimethylsilyl 

hydroperoxide (TBDMSOOH) 11 Is - cuprous chloride system gave terf -butyldimethylsilyl peroxide 12. 

The experimental procedure is as follows; to a distilled methylene chloride solution of coelenterazine 

analogue 7 under an argon atmosphere was added TBDMSOOH (2.0 equiv) at -2CK followed by addition 

of a catalytic amount of cuprous chloride. The resulting mixture was stirred for 3 - 30 hr at -IX, then 

poured info a mixture of ice-cooled, O.OlN Na&03 aqueous solution and methylene chloride, and 

extracted with methylene chloride. The combined methylene chloride extracts were thoroughly washed with 

distilled water, dried over anhydrous NazS04 and evaporated under reduced pressure at 5 - IOOC. The 

residue was chromatographed thrice on silica gel column by using I : 30 mixture of ethyl acetate and n- 

hr.rcme. methylene chloride and 1 : 20 mixture of ethyl acetate and n-hexane at -5ooc - XPC respectively 

to give tert-butyldimethylsilyl peroxide 12 in 2% yield. About 30% loss of 12 occurred in each 

chromatography due to instability of this compound. Product structure was assigned on the basis of 

spectroscopic data 16 and confirmed by chemical transformations. For example, 12 was reduced to 13 

with dimethyl sulfide, which was identified with authentic sample 17, reduced to 7 with Na2S204 and 

converted directly to 14 t8 by treatment of 12 for a few minutes at Ooc with silica gel. While other silyl 

hydroperoxides. for example, triphenylsilyl hydroperoxide, and other radical sources were employed, 

never desired silyl peroxide compound was obtained. 
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Scheme 2. Synthesis of peroxides of coelenterazine analogue. Reagents; (a) 

HCOCOC(CH,)_J (6), HCI, H20, I ADioxane. IOOT ; (b) (CH&COOH, CuCI, 

CHICI,. -15°C ; (c) 101 ; (d) TBDMSOOH (ll), CuCI, CHZC12, -15°C ; (e) 

(CH&S, THF, 0°C : (f) Na&O.+ CHJOH, HzO. 0°C ; (gl silica gel. 0°C ; (h) 

DMF, WC or n-Bu_,NF, AcOH, THF. -78”G-2O’C. 

Purified 12 is very unstable. The stability in solution decreases in the order : chloroform, methanol, 

DMF. 12 can be kept for a day at 2OW in chloroform, in which 12 is most stable, but it rapidly 
decomposes in methanol to give compound 14 and a few compounds. In DMF under either aerobic or 
anaerobic condition, 12 emitted weak light for 2 days. ly Desilylation of 12 in tetrahydrofuran at -78X 
with n-Bu&IF in the presence of acetic acid should lead to the hydroperoxide or the hydropemxide anion 
and these species fragmented to emit blue light (490 nm) at -3O(C--2OW under anaerobic condition.19 
Unfortunately, the hydroperoxide 8 or the hydroperoxide anion could not be detected as an intermediate. 
Thus, 8 or the anion would appear to be very labile in this desilylation condition. Further work to detect or 

isolate the hydroperoxyde 8 is now in progress. 
In summary, this work has first demonstrated that peroxy coelenterazine analogue for the luminous 

precursor is formed by using TBDMSOOH - cuprous chloride system. Further, it has been shown that 

silyl peroxide of coelentelazine leads to precursor of luminous species. This work would provide further 
mechanism on the bioluminescence and chemiluminescence of coelenterazine. 
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