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Firefly bioluminescence 1s produced by the enzymatic oxidation of firefly luciferyl aden-~
ylate (I) with molecular oxygen. Color of the normal firefly bioluminescence (in vitro at pH
7.6) is yellow-green (Amax 565 nm with Photinus pyralis luciferase) (1), but under acidic con-
ditions (pH 5.4) a red bioluminescence (Amax 620 nm) is observed (2). Attempted isolation or
identification of the reaction product(s), however, has been unsuccessful (3). McCapra et al.
(4) reported that phenyl ester of 5,5-dimethylluciferin (II) in dimethyl sulfoxide (DMSO) with
a base gave a red chemiluminescence (Xmax 605 nm) and that the emitter could be III, which was
isolated from the reaction mixture. The same red chemiluminescence (Amax 629 nm) was observed
by the group of Seliger and White (5) with luciferyl adenylate (I), as well as 5,5-dimethyl~
luciferyl adenylate (IV). They also made III by condensation of ethyl g-mercaptoisobutyrate
with 2-cyano-6-hydroxybenzothiazole (V) and found that the fluorescence emission spectrum of
the anion of III in DMSO is identical with the red chemiluminescence; thus confirming the emit-

ter of the red color as the excited state of the monoanion of III.

They further reported (6) that color of the chemiluminescence of luciferin derivatives is
dependent to the base concentration; the phenyl ester of luciferin (VI), when treated with small
amounts of potassium t-butoxide in DMSO, yields the red chemiluminescence and large amounts of
base lead to a strong yellow-green emission (Amax 555 nm, FWHM 2050 cm-1 + 10Z) (7). These two
different emissions correspond closely to the two colors of bioluminescence, and they attributed

the emitter of the yellow-green luminescence to the excited state of the dianion of VII. No
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report, however, has appeared in which isolation or synthesis of the proposed emitter (VII) is
described. Derivatives of VII, such as 5,5-dimethyl (III), 5-methyl, 6'-O-methyl, and 6'-0-
acetyl derivatives of VII (8), could be synthesized from the appropriate starting materials as

described above without any special precautions (in ca 50% aq MeOH at pH ca 8 for a few hrs at
room temp), but attempted condensation of ethyl thioglycolate and V under the similar condition
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did not give the desired compound (VII), but a different compound (VIII) (9) containing one more
oxygen atom in the molecule than the expected molecular formula. Physical data suggest that
this compound has structure VIII. The desired compound (VII) (10) could be obtained in a good
yield by extremely shortening the reaction time and lowering the reaction temperature (under ice-
cooling for ca 2 min). The IR and NMR spectra of VII indicate the enol form, rather than

the keto form.

Mixing of a DMSO solution of VII with a DMSO solution of potassium t-butoxide under vacuum
(1x107>
(FWHM 2200 cm~

cence spectrum, confirming the emitter as the dianion of VII. When mixing is done in the pre-

mm Hg) gave a red solution, whose fluorescence spectrum showed its maximum at 557 + 3 nm

1 + 10%), which is consistent with the maximum of the yellow-green chemilumines-

sence of air, the resulting solution is yellow and shows a fluorescence maximum at 496 + 3 nm.
Fluorescence spectrum of VII in glycylglycine buffer (pH 7.6) has its maximum at 520 nm; addition
of Luciola (Japanese firefly) luciferase (11), AMP, and/or Mg++, in a preliminary experiment,

however, did not change the spectrum. Further experiments are in progress.
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