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A b s t r a c t  : The 5-hydropcroxkle analogue of coelenterate luciferin has been synthesized a~J is one of 
the postulated intermediates in chemiluminescent reactions of coelenterate luciferin, Cypriduw 
lucifetin, and ils analogues. The 5-hy~peroxide analogue trained weak light in chemiluminescent 
reactkm.s in .,,¢vcral solvent systems. However, it did not gcncral¢ any amid¢. This resean:h ~ to 
the conclusion that 5-hydmpcroxide is not an important intcrlnediate in chcmilmninescent reactions. 
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The chcmilumincsccnt reaction of Cypridina lucifcrin without enzyme in dimethyl sulfoxide (DMSO) and 

in the presence of oxygen was first reported in 19(',6 by Johnson and coworkcrs.l Dicthylenc glycol dimcthyl 

ether (DGM), containing a trace amount of ~cetatc buffer (pH 5.6), was "later reported as an efficient solvent by 

Goto ctal. 2 Many synthesized an.',logucs of Cypridina lucifcrin, such as 2-methyl-6-phenylimidazo[ |,2- 

alpyrazin-3(7H)-onc (CLA) and 2-methyl-6-(p-methoxypbenyl)imidazo[l,2-a]pyrazin-3(7H)-onc (MCLA) 

gcncrate light by oxidation with triplet oxygen in basic buffer solutions or with superoxide anion in aqueous 

solvents. "~,'~ The chemiluminescence of ct¢lcnteratc iucifcrin (Opioplusrus lucifcrin), 2-(p-hydroxybenzyl)-6- 

(p-hydroxyphcnyl)-8-benzylimi "dazo[ L2-alwrazin-3(7H)-onc, and its analogues have been observed in N, N- 

dimcthylformamidc (DMF'), hcxamcthylphosphor, tmide (HMPA), or DMSO in the presence of oxygen. 5 

Since the di~overy of the chcmilumincscent properties of the compounds "labeled 1, shown in Scheme 1, 

the mechanisms of the reactions have been studied extensively. 6 In spite of the attention paid to the 

chcmiluminescent reactions, the details of the reactions remain subject to debate. While the mechanism of the 

oxidation reactions with molecular oxygen is still uncertain, it is probable that light emitters in the reactions arc 

singlct excited co¢ientcramidc analogues 3, in Scheme 1. In order to clarify the mechanism of the 

chcmilumincscent reactions, we have investigated a key intermediate in the chcmiluminescent reaction of the 

coelenterate lucifcrin analogue, 2-rert-butyl-6-(p-methoxyphenyl)-8-benzylimi'dazo[1,2-a]pyrazin-3(7H)-one, 
coml~mnd 8, in Scheme 3. 7 Recently we suggested that 5-hydroperoxide, compound 2, is involved in the 
chemilumincscent reactions of compound ! ,  as illustrated in Scheme 1, 6h,g and reported on synthesis and 

chemiluminescence of 5-silyl peroxide of the coelenterate luciferin analogue. However, we were unable to 

confirm, isolate or char, L~erizc the 5-hydroperoxid¢ or 5-peroxide anion because of their unstable properties 

under the conditions of silyl group dcprotcction. To determine whether the 5-hydroperoxide or its anion is an 

important intermediate, we tried to synthesize the 5-hydroperoxide. In this paper, we describe the synthesis 

and chemiluminescence properties of the 5-hydroperoxidc analogue of coelenterate luciferin. 
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Scheme 1 

Compound 6, the precursor of 5-hydropcroxid¢ (7) have bccn synthesized by mc~ification of published 

prt)ccdurcs as shown in Scheme 2. 6d Condensation of aminopyrazinc (4) '2 and 3,3-dimcthyl-ct-kctobutyric 

acid trimcthylsily[cthyl ester (5) in p-xylcnc, containing a trace amount of 10-camphorsulfimic acid (CSA), at 

120 ~'C fi)r 5 hr gave compound 6 with a 24% yield. After dcprotccthm of the silyl group of compound 6 with 

tctrabutylammonium fluoride in tctrahydrofuran (TIIF), compound 6 was subjected to treatment with methyl 

chlorofi)rmatc at -8() °C and was then kept at -40 °C fi)r [() rain. Then, dried dicthyl ether solution of 

anhydrous hydrogen peroxide (1.5 equiv.) l0 at -40 uC was added, fl~[Iowcd by treatment at 20 °C fl)r 20 rain. 

[o give compound 7 with a 65% yicld by high peril)finance liquid chromatography (t[PLC) analysis. 

Compound 7 was isolated and purified by HPLC, with the f,[lowing c[ution conditions: Fuji silysia 

Chromatorcx-ODS column, C[-[:~OI-[-H20 as clution solvent, at 4 "C). Purified compound 7 was obtained at a 

4% yield. I I Although the half-life of compound 7 (6. [ x 1.0 .4 M) in CH3OH and in THF at 20 °C wcrc 1.3 hr 

and t,3 hr rcspcctivcly, in Ihc rcaction solution at 20 "C its half-life was Icss than 1 hr. A l~)rtion of compound 

7 dccom[x)scd during reaction and isolation duc to its instability. 
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Scheme 2 

Cormicr ct ul. obscrvcd chcmiluminc,~cncc of 2-mcthyl-6-(p-mcthoxyphcnyl)-8-hcnzylimidazo[1,2- 

a]pyrazin-3(711)-onc, which is structurally similar Io that of analoguc 8, in DMF in the prcscncc of oxygen. "s~' 

The products wcrc CO2 and the corresponding coclcntcramidc analogue, which was ohtaincd with an 1";0% 

yield, s= Wc mcasurcd chcmilumincsccnt reactions o[" analoguc 8 in a few organic solvents as shown in Scheme 

3 and Table 1.12 The wavelength maxima of the chcmilumincsccncc spectra of analog 8 in DMF, DMSO, and 

DGM containing 0.70 volume % *ff (}.1(1 M acetate buffcr at pH .5.6 wcrc 470nm, 470nm, and 4fiSnm, 

rcspcctivcly. Thcsc luminescent spectra did not coincide with the fluorescent spectra of compound ! 0 in 

DMF, DMSO or DGM solvents, but nearly coincided with fluorescence spectra of compound I 0 in the same 

solvents with p4m~ssium terr-butoxidc, added, t3 These observations corrcspond with thc observations by 

Cormicr ctal., who suggested d'lat the light ¢rnittcr is an umidc anion and show that thc light emitter is anionic 

amidc h, hclcd 9. shown in Schcme 3. 
O~ ~t-Bu * O~. FBu O.~ t'Bu 

"1 ,, NITN ~ Im (465 nm -470 nm) _N~NH 

DMF° > N N ~ J ~  
H3CO DMSO. or H3CO Ha CO 

DGM-Buffer 
9 10 

Scheme 3 
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Decomposition of compound 7 (6.1 x 10 -4 M) in CH2C12 and in CH3OH at 25 uC yielded product 13, 

which was assigned on the basin of spectroscopic data, in 95% and 60% yields, respectively. |4 After the 

dccomp~iition of compound 7 in CD3OD, HCO2CD'3 and compound 13 were present in a 1:1 ratio, as 

shown by IH-NMR analysis. Compound 13 is probably produced by the mechanism shown in Scheme 4. 

The hydroperoxide adds to the C-6 position to give a dioxetane, compound I I (not detcctcd), which can 

decompose to compound 12. Finally, compound 13 is produced by methanolysis of 12. 

o~.~1 / t-Bu 0,~.. N~, ,  . o  t-eu o~__ii,, t-.u 
O NI  N HN_ N 

11 12 13 
Scheme 4 

The results of chemiluminescent reactions of compound 7 (l.O x LO 5 M), measured in sevcr~,l 

conditi.ns, are shown in Table 1. The light intensity of compound 7 in DMF and in DMF containing NaOtl 

arc z~bout 1% of that of compound 8. The chemiluminc~ent light of compound 7 was not generated in 

DMSO, because compound 8 was reduced to 2-tert-butyl-5-hydroxy-6-(p-methox)phcnyl)-8-bcnzyl-3.5- 
dihydroimidazol[ 1,2-a]pyrazin-3-onc with a 94% yield. These chemiluminesccnt reactions of compound 7 did 

not yield any amidc I 0, which is the neutral species of emitter 9 in the chemiluminescence of cumpound 8, 

and many decomposition compounds were produced. Compound 13 was h)rmed as one of the decomposition 

products. Chemiluminescent spectra of compound 7 in solvents listed above were broad (kmax are between 

• |X(} nm to 5511 nm), and not similar to th~,t of chemilumine~ence of compound 8. These spectra show that the 

light emitter(s) is (arc) different from anionic amidc 9 or ncutral amide I 0.15 These results, therefor/:, show 

neither chcmiluminesccncc of compound g is formed from compound 7, nor 7 is a key intcttncdiate in the 

cltcmiluminesccnt reacti,ns o f  8. 

"l'al)le I. Chemilumi,~eset:nt properties (If compounds 8 and %° 

Solvent 

COml~oand g Clmq~ound 7 

Relative light Yield of Relative light Yield IIf Yield Of 
intensity 10 (%)t, intensity 10 (%)" 13 (%)t, 

DM F 1.0 88 0.111182 0 9 
DM F ( Ix I(I ~M NaOI I) ~ 0.0082 0 30 
DMF (IxlO'M NaOll) a (I.012 0 55 
DMSO 11.63 99 0 0 11.5 
DGM-AceIaIe buffer" 1.6 73 11.1125 l} 211 
DG M ( I x 104M NaOH) t 11.1)1153 0 47 

* All ctlcttlthiminest:cnt r¢"cti.ns wur¢ full a| 2.~ 01~. b Concentrations of ~omtmunds 8 and 7 wct¢ i.U x IU ~ M 
respectively. Yields wer~ evaluated by I IPI.C. c DM|: containing l.I) vol% of o.OUIO N NaOll/1120. d I)MF c..taining t l) 
vol% of U.ot0 bl NJOII/II:O. c D(IM containin g o.TU vol% tie O.to M aCCl;llt~ bul'[cr of pll 5.6. f I)(IM L:lllllainlnl.{ I.U 

vol% o[I).Oll) N Na()II~II21D. 

We c .nc ludc that the generat ion o f  the 5 -hydropcrox idc  analogue '7 is not thc major reaction pathway in 

the chcmiluminesccnt reaction o f  compound 8, wh ich  has a /er r -buty l  g roup at the C-2 posi t ion.  We thcrcfl~re 

suggest thai 5 -hydropcrox idc ,  compound Z, could not be an impor lanl  intermediate in chemiluminesccnt 
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reactions of coelenterate lucifedn, Cypridina luciferin,, and its analogues, which do not have a ~,-t-butyl group 

at the C-2 position. 
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