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An expeditious one-pot two-step synthesis of chiral 4-substituted-6-methyl-1,2-dihydropyrrolo[1,2-
a]pyrazin-3(4H)-ones via reaction between 5-methyl furfurylamine and N-Boc amino acids is described.
LiAlH4-mediated reduction of 4-substituted-6-methyl-1,2-dihydropyrrolo[1,2-a]pyrazin-3(4H)-ones
affords respective chiral 1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazines in excellent yields.

� 2013 Elsevier Ltd. All rights reserved.
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Figure 1. A few natural products containing 1,2,3,4-tetrahydropyrrolo[1,2-a]pyra-
zine core.
In order to meet the growing demand of the high throughput
screening against the unexplored/newer molecular targets for the
drug discovery process, chemical libraries of diverse small organic
compounds of biological interest are sought. A set of such com-
pounds can be either bought commercially or prepared by adopt-
ing different synthetic protocols. A synthetic protocol for
obtaining novel compounds is considered productive if it employs
cheap and readily available starting substrates, simple reaction
conditions, atom-economy, generation of complexity in one-pot
and cascade processes.

1,2,3,4-Tetrahydropyrrolo[1,2-a]pyrazine is considered to be a
scaffold of significant interest as it is found in several natural prod-
ucts including cyclooroidin, hanishin, longamide B, and dibromo-
phakellin (Fig. 1).1 Besides, this class of molecules is endowed
with a variety of bioactivities which include antiamnesic, antihyp-
oxic,2 antiarrhythmic,3 psychotropic,4 antihypersensitive,5 and al-
dose reductase inhibition.6 In addition, compounds incorporating
this subunit are reported as potassium channel ligands,7 serotonin
and noradrenaline reuptake inhibitors,8 and cannabinoid receptor
agonists.9 Given such significance, there is much interest in their
synthesis. Some of the approaches to prepare 1,2,3,4-tetrahydropyr-
rolo[1,2-a]pyrazines include selective hydrogenation or reduction
of 3,4-dihydropyrrolo[1,2-a]pyrazines,5,10 condensation of benzo-
triazole, 2-(pyrrol-1-yl)-1-ethylamine and formaldehyde11, and
chiral catalyst-mediated aza-Friedal–Crafts reaction of 2-(pyrrol-
1-yl)-1-ethylamine with aldehyde.12 Moreover, two different proto-
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cols for the synthesis of chiral pyrrole-pyrazine-oxazoles, which are
precursors to this fused-system, starting from 2-pyrrolecarbalde-
hyde have been also disclosed.13 We noticed that though a few of
the reported methods lead to chiral 1,2,3,4-tetrahydropyrrolo[1,2-
a]pyrazines, they either involve very expensive catalyst, formation
of side-products or issues of diastereoselectivity during the reaction
sequences.12,13 As a consequence we became interested in develop-
ing a simpler straightforward approach to this scaffold. Herein in
this preliminary report we disclose an efficient one-pot synthesis
of chiral 4-substituted-6-methyl-1,2-dihydropyrrolo[1,2-a]pyra-
zin-3(4H)-ones which were smoothly reduced to 4-substituted-6-
methyl-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazines.

The 2,5-disubstituted furan ring is susceptible to ring opening
under oxidative conditions especially in the presence of acid to af-
ford a 1,4-diketo system.14 Employing this property, Butin and co-
workers disclosed an acid-catalyzed synthesis of pyrrolo[1,2-
a][1,4]benzodiazepines from N-(furfuryl)anthranilamides which
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Scheme 1. Reagents and conditions- (i) EDCI.HCl (1.05 equiv), NMM (1.05 equiv),
dry CH2Cl2, �15 �C, 1 h; (ii) (a) concd HCl: glacial acetic acid (1:9), rt, 12 h, (b) aq
NaHCO3, reflux, 3 h.

Table 1
Scope of the protocol for preparing diverse 4-substituted-6-methyl-1,2-dihydropyr-
rolo[1,2-a]pyrazin-3(4H)-ones via one pot reaction
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Table 1 (continued)

Entry N-Boc amino acid (2) Product (4) Yielda (%)
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a Isolated yields.
b Product 4j is an oil and hence isolated via column chromatography.
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in turn were prepared from 2-amino aromatic and heteroaromatic
acids.15 They extended this methodology for the synthesis of pyr-
rolo[1,2-a][1,4]diazepine from furfurylamine and b-alanine.16

Influenced by this work we reasoned that coupling of 5-methyl fur-
furylamine with N-Boc amino acids will lead to an amide deriva-
tive which upon acid-promoted simultaneous furan-ring opening
and deprotection of the Boc-group would afford an intermediate
which may cyclize intramolecularly to furnish chiral 4-substi-
tuted-6-methyl-1,2-dihydropyrrolo[1,2-a]pyrazin-3(4H)-ones.
Aiming at this objective, we initiated our study by performing a pi-
lot reaction toward optimization with commercially available 5-
methyl-furfuryl amine (1) and the N-Boc phenyl alanine (2a). The
coupling reaction between the two was carried out in the presence
of EDCI�HCl and NMM in methylene chloride as the reaction med-
ium chilled in an ice-salt bath. The reaction was found to be com-
plete in 1 h to furnish a product (98% yields) that was characterized
to be the anticipated furfurylamide (3) (Scheme 1). Thereafter
screening experiments to identify the most suitable condition for
the furan-ring opening and subsequent intramolecular ring closing
were carried out. We discovered that treating furfurylamide (3)
with a HCl: AcOH (1:9, v/v) mixture for 12 h at room temperature
followed by neutralization with aqueous NaHCO3 to pH 7.0 and
subsequently heating the mixture for 3 h gave a product (79%)
which was identified as (S)-4-methylphenyl-6-methyl-1,2-dihy-
dropyrrolo[1,2-a]pyrazin-3(4H)-one (4a). At this stage it occurred
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Scheme 2. Plausible mechanism for the formation of the 4-substituted-6-methyl-1,2-dihydropyrrolo[1,2-a]pyrazin-3(4H)-ones from N-Boc amino acids in one-pot.

Table 2
Results of reduction of 4-substituted-6-methyl-1,2-dihydropyrrolo[1,2-a]pyrazin-
3(4H)-ones to 4-substituted-6-methyl-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazines
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to us that instead of isolating the furfurylamide we can perform the
two step-process in one pot. To investigate this feasibility after
pursuing the coupling reaction for 1 h, HCl: AcOH mixture was
added to the same flask and the reaction was allowed to stir for
12 h. The contents were neutralized to pH 7.0 with aqueous NaH-
CO3 and then heated to reflux for 2 h to afford the product as solid
which was identical to the product isolated in two steps.17 Since
the yields were comparable in both processes, we considered to
conduct the sequence as a one-pot process.

To investigate the scope of the protocol, in the next stage 5-
methyl-furfurylamine was subjected to reactions with a variety
of L and D N-Boc amino acids (2a–m). As illustrated in Table 1, it
was gratifying to note that all amino acids afforded the corre-
sponding 4-substituted-6-methyl-1,2-dihydropyrrolo[1,2-a]pyra-
zin-3(4H)-ones (4a–m) in excellent yields. It is worthwhile to
mention that in most of the cases the major part of the total
yields of products was isolated without any chromatographic
purification.

A plausible mechanism for the formation of the product is illus-
trated in Scheme 2. The initial coupling reaction between 1 and 2 is
followed by the acid-catalyzed ring opening of the furan ring and
in situ deprotection of the N-Boc group of the amino acid in 3 to
afford the free amine I. Subsequent sequential intramolecular
cyclizations between the amino and the keto groups in I and II re-
sult in the intermediate III which undergoes dehydration to yield
the observed product 4. It may be noted that reaction was unsuc-
cessful with furfurylamine indicating that substitution on the 5-
position is necessary for the success of the reaction.

Finally some of the 4-substituted-6-methyl-1,2-dihydropyrrol-
o[1,2-a]pyrazin-3(4H)-ones were transformed into their corre-
sponding 4-substituted-6-methyl-1,2,3,4-tetrahydropyrrolo[1,2-
a]pyrazines via amide reduction. Treating compounds 4a–c,g,k,m
with LiAlH4 in THF for 1 h at reflux temperature gave the reduced
products 5a-c,g,k,m, respectively (Table 2).18

In summary we have developed a facile approach for the syn-
thesis of chiral substituted 1,2,3,4-tetrahydropyrrolo[1,2-a]pyra-
zines. The commercially available cheap starting materials,
simple reaction conditions, excellent yields are some of the attrac-
tive features of this protocol. Further experiments for exploring the
scope of this protocol and utility of the prepared 4-substituted-6-
methyl-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazines for synthesizing
natural products are underway and will be subject of future
communication.
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