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Abstract—N-(Trifluoroacetyl)dehydrodipeptides 2–3 were coupled to aminomethylene dimethylacetal derivatives 4–5. The result-
ing pseudo-tripeptides 6 were stepwise deprotected (carbonyl function (7) then amine function) and in situ cyclized into
imidazolopyrazines 1. © 2002 Elsevier Science Ltd. All rights reserved.

Coelenterazine 1a (luciferin) is an imidazopyrazine
derivative involved in the luminescence reactions of
various marine organisms.1 Recently, we demonstrated
that 1a and related compounds (Scheme 1) show high
antioxidative properties in cells submitted to oxidative
stress induced by reactive oxygen species (ROS).2 This
led us to consider imidazopyrazine bicyclic systems as
potential lead structures in medicinal chemistry for the
discovery of new antioxidants.3

Accordingly, we examined different synthetic strategies
for the construction of such molecules. The major

methods reported in the literature were based on the
formation of the imidazole ring by cyclization of ade-
quately substituted pyrazines or by reaction of bifunc-
tional reagents with 2-aminopyrazines.4 This strategy
was very fully applied to the synthesis of coelenterazine
1a and other luciferins.5

A biomimetic approach towards luciferin models had
been proposed 30 years ago,6 but remained unexploited
until now. Recent publications on the biosynthesis of
the GFPs (green fluorescent proteins) chromophore7

stimulated our interest in the preparation of com-

Scheme 1.

* Corresponding author. Tel.: +32 10 47 27 40; fax: +32 10 47 41 68; e-mail: marchand@chim.ucl.ac.be

0040-4039/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.
PII: S0040 -4039 (02 )00462 -8

mailto:marchand@chim.ucl.ac.be


HO2C NHCO

R3 Ph

NHCOCF3

R1 OMe

OMe

H2N

i
R1

MeO OMe
NHCO

R3

NHCO NHCOCF3

Ph

2, R3 = Ph

3, R3 = Me
R1               R3            yield            Cmpd

  H            Ph          60 %           6b 

                Ph          73 %           6c

  H            Me         65 %           6d

                Me         <10%          6e

N

N

ii

40-60 %
R1

O

NHCO

R3

NHCO NHCOCF3

Ph
iii

 20-40 %
1b-d

7b-d

4, R1 = H

5, R1 = N

6b-e

I. De�illers et al. / Tetrahedron Letters 43 (2002) 3161–31643162

pounds 1 from dehydropeptide precursors via a double
intramolecular dehydration (Scheme 1): the building
blocks of this strategy are �-aminoketone A� (or pro-
tected synthetic equivalent) on the one hand, and pyru-
vic derivative B� and �-aminoamide C� on the other
hand, which condensation gives dehydrodipeptide
compounds8 (2–3 for instance, see Scheme 2). In apply-
ing this scheme, we were interested in the modification
of substituents R1 and R3 of the natural coelenterazine
(1a), and particularly in the introduction of a pyridyl
substituent in position R1 as a potential bioisosteric
group of phenol.

Dehydrodipeptide 2 (�,�-dehydro-N-[N-(trifluoro-
acetyl)-1-phenylalanyl]-phenylalanine; Scheme 2) was
prepared according to known procedures. Briefly, N-
(Boc)-(S)-phenylalaninamide9 was deprotected with
trifluoroacetic acid and then acylated with tri-
fluoroacetic anhydride to furnish N-(trifluoroacetyl)-
phenylalalinamide10 which was condensed with
phenylpyruvic acid.11a The reactivity of the conjugated
acid 2 was first tested with benzylamine: the corre-
sponding benzylamide was isolated in 80% yield by
using diisopropylcarbodiimide/hydroxybenzotriazole
(HOBT) as activating agent. Similar reaction with �-
aminoacetophenone hydrochloride failed, whatever the
coupling conditions used: peptide 7 (R1=R3=Ph) was
not formed because dimerization of �-aminoacetophe-
none occurred more rapidly. Therefore, we envisaged
the use of 2-hydroxyphenethylamine as synthetic equiv-
alent of �-aminoacetophenone. The coupling product
with 2 could indeed be obtained (73% yield), but the
subsequent oxidation of the alcohol intermediate into 7
(R1=R3=Ph) failed (tested conditions: MnO2,
KMnO4, CAN, RuCl3, Swern, Dess–Martin). At this
stage, we turned to acetal derivatives 6 as precursors of
7 (Scheme 2). Reaction of 2 with aminoacetaldehyde
dimethyl acetal (4) (commercially available compound)

was performed in the presence of N-(3-dimethyl-
aminopropyl)-N �-ethylcarbodiimide (WSC) and N-
hydroxybenzotriazole (HOBT) to yield 6b12 (N-2,2-
dimethoxyethyl �,�-dehydro-N-[N-(trifluoroacetyl)-1-
phenylalanyl]-phenylalaninamide). The Z-configuration
of the C�C double bond was unambiguously confirmed
by X-ray diffraction analysis of a monocrystal of 6b.
The corresponding pyridyl derivative 6c12 (N-2-pyridyl-
2,2-dimethoxyethyl �,�-dehydro-N-[N-(trifluoroacetyl)-
1-phenylalanyl]-phenylalaninamide) was similarly
prepared from 2 and 2,2-dimethoxy-2-(4-pyridyl)-
ethylamine (5) obtained via the Neber rearrangement of
4-acetylpyridine (E)-oxime tosylate.13

Deprotection of the carbonyl function was realized, in
moderated yield, by treatment with trimethylsilylbro-
mide (for 6b) or trimethylsilyliodide generated in situ14

(for 6c). The resulting compounds 7b–c15 were next
treated under smooth basic conditions allowing tri-
fluoroacetamide deprotection and subsequent
intramolecular cyclization as controlled by HPLC analy-
sis of the crude mixtures. Imidazopyrazines 1b–c16 were
isolated, in modest yield, after acidification and precipi-
tation of the corresponding hydrochloride salts. Aro-
matic protons, typical of the pyrazine moiety, appeared
in 1H NMR at 8.37 � and 8.50 � for 1b and 8.20 � for
1c. The characteristic UV pattern of colenterazine
derivatives was recorded.17

Starting from dehydrodipeptide 311b (�,�-dehydro-N-
[N - (trifluoroacetyl) - 1 - phenylalanyl] - methylalanine;
Scheme 2), we similarly obtained intermediate 6d12 by
coupling with aminoacetaldehyde dimethylacetal (4).
Unfortunately, the same reaction performed with the
corresponding pyridyl derivative 5 led to a very low
yield of precursor 6e, which could not be purified by
column chromatography. Other methods of peptide
coupling were tested without success. Unmasking the

Scheme 2. Reagents and conditions : (i) WSC, HOBT, Et3N, THF, 17 h, 20°C; (ii) TMSBr, CHCl3, 20°C, 6 h or TMSI, CHCl3,
50°C, 8 h; (iii) K2CO3, CH3CN–H2O (10:1), 10−3 M solution of precursor, reflux, 4 h then aqueous HCl.
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carbonyl function of 6d as usual (compound 7d15)
followed by basic treatment and acidification gave imi-
dazopyrazine 1d16 in modest yield (Scheme 2). The
typical pattern of the ethyl substituent was visible in 1H
NMR (t at 1.18 � and q at 3.61 �). The required mass
was observed in APCI (atmospheric pressure chemical
ionization).

We could not improve the synthesis of compounds 1 by
varying the final cyclization conditions. Changing the
sequence of reactions, i.e. amine deprotection and sub-
sequent cyclization in acidic medium, furnished
untractable mixtures. Thus, our attempt to develop a
convergent biomimetic synthesis of pyridyl-substituted
luciferin derivatives was somewhat disappointing: only
compound 1c has been prepared on a small scale. In
our opinion, the classical approach towards imidazo-
pyrazines making use of pre-formed 1,4-pyrazine hete-
rocycles remains the best route.18
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2H), 5.00 (m, 1H), 6.72 (q, J=7.2 Hz, 1H), 6.82 (m, 5H),
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