
Introduction
Fireflies are well known for their ability to light up and glow in 
the dark. This ability is due to the presence of (S)-2-(6′-hydroxy-
2′-benzothiazolyl)-2-thiazoline-4-carboxylic acid which is more 
commonly known as D-luciferin or firefly luciferin. Firefly 
luciferin is a specific type of luciferin, a group of compounds 
that emit light through bioluminescence. 

Bioluminescence in a Firefly

Fig. 11: A picture of a firefly glowing via bioluminescence. 

Bioluminescence has been shown to have several modern-day 
applications. For example, luciferins and their associated 
enzymes have been used in genetic and medicinal research as 
they can be used as reporter genes and can be used to monitor 
certain diseases through bioluminescent imaging2,3.

An Application of D-luciferin

Fig. 24: Results of D-luciferin bioluminescent imaging show a tumor 
present in the mouse on the right.

Synthesis
Firefly luciferin was first purified and crystallized in the 1950s. 
Since then, many different proposals for the synthesis of firefly 
luciferin have been made and used. Unfortunately, many of the 
techniques used for synthesis involve toxic reagents and often 
have high amounts of waste2. Because of this, research for new 
ways to synthesize certain intermediates continues. Recently, a 
new method for the synthesis of 2-cyano-6-
methoxybenzothiazole (compound 11 in Fig. 3) using cheaper, 
safer reagents resulted in a 90% yield2. The demethylation of 2-
cyano-6-methoxybenzothiazole into 2-cyano-6-
hydroxybenzothiazole (compound 12 in Fig. 3) is a key part of the 
synthesis as the product will then react with D-cysteine to form D-
luciferin3. Another recent approach used p-benzoquinone and 
cysteine in a neutral buffer which resulted in very low yields (an 
average of <0.5%) of L-luciferin and D-luciferin when L-cysteine 
and D-cysteine, respectively, were used5.

The Synthesis of D-Luciferin

Fig. 33: A 9 step mechanism used to synthesize D-luciferin from p-anisidine 
(compound 4 above). The average yield of D-luciferin is approximately 9%. 

Conclusions
The synthesis of D-luciferin and bioluminescence is possible, but 
not in high yield. It is worthwhile to look for alternative methods 
for synthesis with higher yields and better reagents.
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Bioluminescence
The Bioluminescence Reaction for D-luciferin

Fig. 43: A three step bioluminescence reaction for D-Luciferin.
Luciferins are catalyzed by their associated luciferase enzymes. 
For example, the North American firefly Photinus pyralis
possesses the luciferase enzyme PpyLuc for D-luciferin3. When 
D-luciferin is oxidized in the presence of luciferase, ATP, and 
Mg2+, oxyluciferin is formed in the excited state and releases 
photons as it relaxes to its ground state6. It was found that the 
ideal pH for the bioluminescence of yellow-green light is 8.5 
which resulted in a yield of 41.0±7.4%6. The emittance of red vs. 
green light is not well understood, but it is thought to be due 
partly to the presence of keto vs. enol forms of oxyluciferin.


