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SYNTHESIS AND STEREOCHEMISTRY OF LATIA LUCIFERIN
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The novel enol formate structure ﬁ} (except stereochemistry) has been proposed for Latia
luciferin, the specific substrate in bioluminescence enzyme (luciferase) system in the fresh water
limpet Latia neritoides. The proposed structure has been confirmed recently by synthesis™: the
key step in the synthesis was acylation of desformyl luciferin_ﬁ} by formic acetic anhydride.
However, the yield of the key step is low (3%) and the geometrical configuration associated with
the double bond in the side chain is left to be solved. We would like to report the alternative
synthesis of the luciferin through Baeyer-Villiger rearrangement of a,B-unsaturated aldehyde 25

and to discuss the stereochemistry of the luciferin.

Dihydro-R-ionone l? was added dropwise at -70° into lithium ethylidenecyclohexylamide4 prepared
from ethylidenecyclohexylamine and lithium diisopropylamide in ether at Oz being stirred at r.t.
for 40 hr. Hydrolysis of the resultant aldimine adduct with acetic acid gave a mixture5 of trans-
and cis-o,B~unsaturated aldehyde in 90% yield. Thick layer chromatography of the mixture on silica
gel with n~hexane-ether(10:1) gave pure trans-~aldehyde Z'(AOZ) as a viscous oil [nmr(CDC13): 1.02
(s, 6H), 1.63(broad s, 3H), 2.23(d, J=1.2 Hz, 3H), 5.93(broad d, J=8 Hz, 1H), 10.00(d, J=8 Hz, 1H);
ir(CCl4): 1678 cm—l; uv(CH30H): 237 mp(e=13,800); ms(heating, 70eV): 220, 205, 176, 161, 137, 121;
vpc6(1200): 9.5 min] and pure cis-aldehyde 2,(172) as a viscous oil [nmr(CDCl3): 1.03(s, 6H), 1.67
(broad s, 3H), 2.04(d, J=1.2 Hz, 3H), 5.89(broad d, J=8 Hz, 1H), 10.00(d, J=8 Hz, 1lH); ir(CClA):
1678 cm~l; uv(CH30H): 237mp(e=12,300) ; ms(heating, 70eV): 220, 205, 176, 161, 137, 121; vpc(lZO'):
7.6 min}.
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The configuration of aldehyde 2 and 3 was determined from nmr spectra. Tori et al? examined

carefully the nmr spectra of trans- and cis-citral and concluded that the methyl signal on a,B-un-
saturated aldehyde moiety of the trans~isomer (formyl group is cis to methyl group) appears in

Jower field than that of cis-citral because of the difference in magnetic shielding effects of
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formyl groups. As the situation of the methyl group in 2 and 3 is exactly same as that in citral,
~ A
it can be concluded that the double bond in the major product has trans-orientation (formyl group

is cis to methyl group) and the minor product cis-orientation.
Treatment of trans-aldehyde 2 with anhydrous hydrogen peroxide in t-amyl alcohol in the

presence of selenium dioxide8 at 70°for 2 hr gave trans-enol formate ﬁ/in high yield.9 The product
{50%; nmr(CClA): 1.00(s, 6H), 1.60(broad s, 3H), 1.72(d, J=1.3 Hz, 3H), 6.97(broad s, 1H), 7.95¢(

s, 1H); ir(CClA, 0.5 mm): 1738, 1162 cmAl; uv (EtOH, end absorption): €=7,000 at 220 muy, 8,100 at
210; ms(heating, 70eV): 236, 190, 175, 137; vpc(llOa): 5.8 min] was easily isolated by thick layer
chromatography on silica gel with n-hexane-ether(20:1) and found to be identical with natural latia
luciferin in every respect.lO From cis aldehydef@ cis-enol formate 35, isomeric to 4, was formed
in high yield9 under the same condition used in the case of 2. The isolated product [55%; nmr(
CClA): 0.99(s, 6H), 1.60(broad s, 3H), 1.68(d, J=1.3 Hz, 3H), 6.89(broad s, 1H), 7.93(s, 1H); ir(
CClA, 0.5 mm): 1738, 1165 cm_l; uv(EtOH, end absorpticn): €=8,000 at 220 my, 8,900 at 210; ms(
heating, 70eV); 236, (208), 190, 175, 137; vpc(llOo): 4.9 min] is difinitely different from the
trans-isomer fD although the spectroscopic data of 5 are quite similar to those of 4, The criteria
to distinguish 5 from 4 are obtained from the nmr spectra (the differences of the chemical shift

of olefinic proton and the shape of signals around 1.8-2.2 ppm) and from the retention time of vpc,
so far. Attempted purification of 4 and 5 with aluminum oxide plates gave desformyl luciferin ﬁfl

in almost quantitative yield. The synthetic luciferin had 80-100% activity, but cis-isomer 3 had
2
50-60% activity of the natural luciferin against Latia luciferase in the preliminary experiments. =~
From the fact that Bayer-Villiger rearrangement proceeds under complete retention of configu-
. , , 1 . . A
ration on a migrating group 3 and the fact that only trans-aldehyde 2 gives Latia luciferin, the

geometrical configuration associated with the double bond in the natural luciferin must have trans-

orientation (O=§—0-group is c¢cis to CHB—group).
H
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