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We report here an application of a furan ring opening-Paal-Knorr pyrrole synthesis sequence for the
transformation of furfurylamines into 1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazin-3-ones.

© 2013 Elsevier Ltd. All rights reserved.

Pyrrole derivatives represent a very important class of hetero-
cyclic compounds.! Among them, pyrroles annulated to other het-
erocycles via a C-N bond can be highlighted due to the broad
spectrum of their bioactivity. The antitumor and antibiotic agent,
mitomycin is a pyrrolo[1,2-alindole derivative, whilst the anti-
HIV agent castanospermine has an indolizidine scaffold; Erythrina
alkaloids belong to pyrrolo[2,1-alisoquinoline family; and the pyr-
rolo[1,2-blisoquinoline fragment is present in Amaryllidaceae alka-
loids. Aptazapine, bretazenil, ketorolac, and other drugs also
contain a pyrrole moiety, the C-N bond of which is annulated to
another ring(s).

All syntheses of these compounds can be divided into three
main groups: (a) cyclizations of functionalized pyrroles affording
annulated azaheterocycles; (b) formation of pyrrole rings in com-
pounds containing an azaheterocycle; (c) simultaneous formation
of both rings. The third group includes recyclization of appropri-
ately substituted furans. The last approach was utilized to prepare
5-alkyl-2-aminomethylpyrroles,? indoles,> isoindoles,® pyrrol-
o[2,3-d]pyridazines,® pyrrolo[1,2-a][1,4]diazepines,® pyrrolo[1,2-
d][1,4]diazepines,” and other pyrrole ring-containing polycyclic
systems.® In continuation of our program on the synthesis of
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various heterocycles based on furan recyclizations,” we applied
this method for the preparation of 1,2,3,4-tetrahydropyrrolo[1,2-
a]pyrazines.!®!! This fragment is present in natural compounds
(e.g., the antibacterial longamide A, the antiprotozoal longamide
B, cytotoxic agelastatin A, and palau’amine, etc.), as well as in syn-
thetic drugs, such as ranirestat which is utilized for the treatment
of diabetic neuropathy (Fig 1).!2

Relying on our previous experience, we designed a route to
1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazin-3-ones 1 as depicted in
Scheme 1. The pyrrolo[1,2-a]pyrazine core can be obtained by an
acid-catalyzed recyclization of N-furfurylamides of a-amino acids

2,6,7
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Fig. 1. Several bioactive 1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazines.

Please cite this article in press as: Trushkov, I. V.; et al. Tetrahedron Lett. (2013), http://dx.doi.org/10.1016/j.tetlet.2013.05.066



http://dx.doi.org/10.1016/j.tetlet.2013.05.066
mailto:trush@phys.chem.msu.ru
mailto:alexander_butin@mail.ru
mailto:alexander_butin@mail.ru
http://dx.doi.org/10.1016/j.tetlet.2013.05.066
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet
http://dx.doi.org/10.1016/j.tetlet.2013.05.066

2 L. V. Trushkov et al./ Tetrahedron Letters xxx (2013) XxX—Xxx

2, which, in turn, can be prepared by acylation of furfurylamines 3
with a-phthalimidoacyl chlorides 4.

To realize this approach, we prepared a number of furfurylam-
ines 3 bearing various substituents on nitrogen, C5, and the a-C
atoms (Scheme 2).1314

The acylation of 3a-n with o-phthalimidoacyl chlorides 4 affor-
ded the corresponding N-furfurylamides 9 in good to excellent
yields (Scheme 3, Table 1). Removal of the phthaloyl group under
treatment with hydrazine hydrate produced amines 2, which
underwent acid-catalyzed transformation into tetrahydropyrrol-
o[1,2-a]pyrazines 1 via a furan ring opening-Paal-Knorr cyclization
sequence.'>17

Deprotection of 9 followed by recyclization of 2 into 1 pro-
ceeded with reasonable yields with a few exceptions. Namely, all
attempts to recyclize 2a failed due to the well-known polymeriza-
tion of 5-unsubstituted furans under acidic conditions. Moreover,
we need to point out that introduction of a substituent at the a-po-
sition of furfurylamine was accompanied by a significant decrease
in the yield of the recyclization product (entries e-g, Table 1). This
effect was earlier demonstrated for various furan recyclizations
and was rationalized by the increased stability of the furfuryl cat-
ion which can eliminate under the reaction conditions via the
amide group protonation.®® At the same time, both N-unsubstitut-
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Scheme 1. Retrosynthetic analysis of 1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazines.
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Scheme 2. Synthesis of furfurylamines 3b-n.
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Scheme 3. Transformation of furfurylamines 3 into 1,2,3,4-tetrahydropyrrolo[1,2-
alpyrazines.

Table 1
Synthesis of N-furfuryl-2-phthalimidoamides 9 and 1,2,3,4-tetrahydropyrrolo[1,2-
a]pyrazines 1

Entry R! R? R® R* Yield? (%)
9 1
a H H H H 79 —b
b Me H H H 82 67
c Et H H H 90 65
d t-Bu H H H 88 73
e Me Me H H 82 32
f Me Ph H H 80 15
g Me 3,4-(MeO),CgH3 H H 88 —b
h Me H 2-FCgHy4 H 81 74
i Me H 4-MeCgH,4 H 79 69
j Me H 4-MeOCgH,4 H 84 62
K Me H 4-CICgH,4 H 91 69
1 Me H 4-FCgH,4 H 95 67
m Me H 4-F3CCgH,4 H 76 70
n Me H 3-F3CCgHy4 H 85 59
o Me H H Me 82 65
p Me H H i-Pr 84 57

¢ Isolated yield.
b Significant polymerization precluded isolation of the target products.

ed and N-substituted pyrrolopyrazines 1 were efficiently formed
by this reaction. Moreover, quite different functional groups on
the arene substituent were compatible with the reaction condi-
tions. Similarly, not only glycine-derived 4, but also other amino
acid derivatives could participate in the discussed transformation
(entries o and p in Table 1).!!

To conclude, we have developed a simple and efficient approach
to differently substituted 1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazin-
3-ones. Easy functionalization of these compounds allows for prep-
aration of pyrrolopyrazines with other substitution patterns. The
scope of the applications and restrictions of the method are cur-
rently under investigation.
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