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In this work we have synthesized novel pharmaceutically relevant pyrrolo[1,2-b][2,5]benzodiazocines
based entirely on the use of MCR between heterocyclic aldehyde-acid, amines, and isonitriles. The devel-
oped synthetic strategy provides an efficient one-step route to rare heterocyclic scaffold of paramount
interest.
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Among physiologically active aryl- and heteroaryl-fused six-
and seven-membered heterocyclic systems, including piperazines1

and diazepines2, eight- and nine-membered diaryl and heteroaryl-
fused rings represent a relatively little-explored group with im-
mense therapeutic potential. Indeed, in many cases their structures
strongly resemble the whole composition of low-membered ana-
logs in accordance to the fundamental bioisosteric rules. Therefore,
the biological activity of such agents should be described jointly to
reflect principal structural and topological features accurately.

The family of 6-oxo-4,5,6,11-tetrahydropyrrolo[1,2-b][2,5]ben-
zodiazocines represents promising synthetic targets. Development
of synthetic approaches to this scaffold may provide a valuable
source of novel physiologically active agents. In this Letter, we
communicate our success in developing a novel Ugi-type MCR for
the synthesis of rare heterocyclic compounds from this series. The
Ugi reaction3 was shown to be an effective approach to the assem-
bly of diverse compound libraries, which can be readily applied in
combinatorial chemistry format.

In the present work we have focused specifically on broadening
the scope and synthetic potential of the modified Ugi four-center
three-component reaction (U-4C-3CR) based on the use of bifunc-
tional components,4 which we have recently developed and com-
prehensively evaluated.5–10 Following our approach, we have
synthesized heterocyclic compounds 5a–d based on 2-(2-formyl-
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pyrrol-1-ylmethyl)-benzoic acid 1, which were not described
before in the thematic literature (Scheme 1).

Thus, key heterocyclic aldehyde-acid 4 for the synthesis of the
target heterocyclic structure was obtained from acid 1 and corre-
sponding 1H-pyrrole-2-carbaldehyde 2, which are readily available
from commercial sources. We have further found that the reaction
of aldehyde-acid 4 with amines and isonitriles in methanol at 50 �C
led to novel 6-oxo-4,5,6,11-tetrahydropyrrolo[1,2-b][2,5]ben-
zodiazocines 5a–d (Scheme 1). Typically, the full conversion of ini-
tial reactants was achieved within 5–10 h, depending on the
structure of the initial amines and isonitriles. The process presum-
ably follows the same initial course as the classical Ugi condensa-
tion with an intermediate imine being attacked by the isonitrile to
give a nitrilium intermediate, which then undergoes intramolecu-
lar cyclization. In this work we have used two different amines and
isonitriles, their structures can be identified in Scheme 1.

In the performed condensation variant, the desired cyclic prod-
ucts usually precipitated from the reaction mixtures after the reac-
tion was cooled to room temperature. These reactions afforded the
desired products in relatively low yields, depending on the nature
of coupling components. However, it should be particularly noted
that the yields of reactions leading to such heterocyclic systems
depend directly on the size of the cycle assembled.11

All compounds were obtained as racemic mixtures of enantio-
mers. The assignment of all synthesized structures was made on
the basis of 1H NMR and high-resolution mass-spectroscopy data
(see Supplementary data). The obtained spectral data gave satisfac-
tory results consistent with the suggested molecular structures.
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Scheme 1. Synthesis of N-substituted 6-oxo-4,5,6,11-tetrahydropyrrolo[1,2-b][2,5]benzodiazocine-4-carboxamides 5a–d.
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In some cases, pure crystalline substances could be obtained, thus
allowing analysis of the individual compounds through X-ray
crystallography. For instance, the structure of 5b was
unambiguously established as 5-(4-methoxyphenyl)-N-(4-methyl-
benzyl)-6-oxo-4,5,6,11-tetrahydropyrrolo[1,2-b][2,5]benzodiazo-
cine-4-carboxamide (Fig. 1), by single-crystal X-ray analysis. Single
crystals of compounds suitable for X-ray analysis were grown by
slow evaporation from diethyl ether. The corresponding valence
angles and bond lengths of these molecules in the asymmetric unit
are the same within three standard deviations. As shown in Figure
1, the space orientation of two bulky substituents derived from
amine and isonitrile components is completely different. The inner
1,4-diazocine space turn can also be clearly recognized. Presumably,
the observed conformation corresponds to the global minima of the
free kinetic energy.

In summary, we have shown that unique heterocyclic
compounds can be efficiently prepared by a novel modification of
Ugi MCR reaction of heterocyclic aldehyde-acid, amines, and isoni-
triles. Considering the ease of the preparation of initial reactants,
convenient synthesis, and isolation of products, this synthetic
route provides a new valuable entry to novel eight-membered
heterocyclic systems which can be reasonably regarded as unique
bioisosteric analogs of related biologically active six- and seven-
membered heterocyclic compounds. As a synthetic tool for creat-
ing diverse compound libraries, the MCR developed in this work
Figure 1. ORTEP plots (50% probability thermal ellipsoids) of compound 5b.
Hydrogen atoms are omitted.
offers a large number of potential input reactants and resulting
products. Therefore, the synthetic scope of the method described
will be broadened in further paper. It is quite obvious that the
obtained compounds represent valuable starting points for the
development of compounds of biological interest. The use of com-
pounds from series V in the search for novel bioactive agents is
under investigation in ChemDiv. Inc company and will be reported
in due course.

Acknowledgment

We thank Dr. Yan A. Ivanenkov (ChemDiv. Inc) for discussion
and invaluable help in preparation of the manuscript.

Supplementary data

Supplementary data (including synthetic procedures for
compounds obtained in this work, corresponding NMR spectra and
HRMS protocols as well as detailed X-ray data, is available online
with the paper in ScienceDirect) associated with this article can be
found, in the online version, at doi:10.1016/j.tetlet.2009.03.160.

References and notes

1. (a) Askew, B. C.; Bednar, R. A.; Bednar, B.; Claremon, D. A.; Cook, J. J.; McIntyre,
C. J.; Hunt, C. A.; Gould, R. J.; Lynch, R. J.; Lynch, J. J., Jr.; Gaul, S. L.; Stranieri, M.
T.; Sitko, G. R.; Holahan, M. A.; Glass, J. D.; Hamill, T.; Gorham, L. M.;
Prueksaritanont, T.; Baldwin, J. J.; Hartman, G. D. J. Med. Chem. 1997, 40, 1779–
1788; (b) Tapia, R. A.; Prieto, Y.; Pautet, F.; Domard, M.; Sarciron, M.-E.;
Walchshofer, N.; Fillion, H. Eur. J. Org. Chem. 2002, 23, 4005–4010; (c) Cafieri, F.;
Fattorusso, E.; Taglialatela Scafati, O. J. Nat. Prod. 1998, 61, 122–125; (d)
Poullennec, K.; Romo, D. J. Am. Chem. Soc. 2003, 125, 6344–6345.

2. (a) Higgins, G. A.; Joharchi, N.; Wang, Y.; Corrigall, W. A.; Sellers, E. M. Brain Res.
1994, 640, 246–254; (b) De Dios, I.; Uruñuela, A.; Orfao, A.; Manso, M. A. Dig.
Dis. Sci. 2002, 47, 1800–1809; (c) González-Puga, C.; García-Navarro, A.;
Escames, G.; León, J.; López-Cantarero, M.; Ros, E.; Acuña-Castroviejo, D. J.
Pineal. Res. 2005, 39, 243–250; (d) Palm, C.; Pistrosch, F.; Herbrig, K.; Gross, P.
Am. J. Med. 2006, 119, S87; (e) Rabinstein, A. A. Clin. Neuropharmacol. 2006, 29,
87–93; (f) Albright, J. D.; Reich, M. F.; Delos Santos, E. G.; Dusza, J. P.; Sum, F.
W.; Venkatesan, A. M.; Coupet, J.; Chan, P. S.; Ru, X.; Mazandarani, H.; Bailey, T.
J. Med. Chem. 1998, 41, 2442–2444; (g) Tari, A.; Hamada, M.; Kamiyasu, T.;
Fukino, Y.; Sumii, M.; Haruma, K.; Sumii, K. J. Gastroenterology 1996, 31, 167–
170; (h) Siatkowski, R. M.; Cotter, S. A.; Crockett, R. S.; Miller, J. M.; Novack, G.
D.; Zadnik, K. J. AAPOS 2008, 12, 332–339; i Park, C. H.; Lock, T. Y. W.; Tanikella,
T. K.; Ning, X.; Novak, T.; Dusza, J. P.; Spinelli, W. 32nd Annu. Meet. Am. Soc.
Nephrol. (ASN) (November 5–8, Miami Beach), 1999, Abst. A0114.

3. (a) Ugi, I. Isonitrile Chem.; Academic Press: London, 1971; (b) Ugi, I.; Doemling,
A.; Hoerl, W. Endeavour 1994, 18, 115–122; (c) Armstrong, R. W.; Brown, D. S.;
Keating, T. A.; Tempest, P. A. In Combinatorial Chemistry Synthesis and
Application; Wilson, S., Czarnik, A. W., Eds.; John Wiley and Sons: New York,
1997; p 153; (d) Armstrong, R. W.; Combs, A. P.; Tempest, P. A.; Brown, S. D.;
Keating, T. A. Acc. Chem. Res. 1996, 29, 123–131.

4. (a) Zhang, J.; Jacobson, A.; Rusche, J. R.; Herlihy, W. J. Org. Chem. 1999, 64, 1074–
1076; (b) Lee, D.; Sello, J. K.; Schreiber, S. L. Org. Lett. 2000, 2, 709–712; (c) Ley,
S. V.; Taylor, S. J. Bioorg. Med. Chem. Lett. 2002, 12, 1813–1816; (d) Marcaccini,
S.; Pepino, R.; Torroba, T.; Miguel, D.; Garcia-Valverde, M. Tetrahedron Lett.



2792 V. V. Potapov et al. / Tetrahedron Letters 50 (2009) 2790–2792
2002, 43, 8591–8593; (e) Marcaccini, D.; Miguel, T.; Torroba, M.; Garcia-
Valverde, M. J. Org. Chem. 2003, 68, 3315–3318.

5. Ilyn, A. P.; Trifilenkov, A. S.; Kurashvily, I. D.; Krasavin, M.; Ivachtchenko, A. V. J.
Comb. Chem. 2005, 7, 360–363.

6. (a) Ilyn, A. P.; Kuzovkova, J. A.; Potapov, V. V.; Shkirando, A. M.; Kovrigin, D. I.;
Tkachenko, S. E.; Ivachtchenko, A. V. Tetrahedron lett. 2005, 46, 881–884; (b)
Ilyn, A. P.; Trifilenkov, A. S.; Tsirulnikov, S. A.; Kurashvily, I. D.; Ivachtchenko, A.
V. J. Comb. Chem. 2005, 7, 806–808; (c) Ilyin, A. P.; Kobak, V. V.; Dmitrieva, I. G.;
Peregudova, Y. N.; Kustova, V. A.; Mishunina, Y. S.; Tkachenko, S. E.;
Ivachtchenko, A. V. Eur. J. Org. Chem. 2005, 4670–4679; (d) Ilyn, A. P.; Kobak,
V. V.; Dmitrieva, I. G.; Peregudova, Y. N.; Kustova, V. A.; Mishunina, Y. S.;
Tkachenko, S. E.; Ivachtchenko, A. V. Synth. Commun. 2006, 36, 903–910; (e)
Ilyn, A. P.; Trifilenkov, A. S.; Kovrigin, D. I.; Yudin, M. V.; Ivachtchenko, A. V.
Heterocycl. Commun. 2006, 2, 107–110; (f) Ilyin, A. P.; Kuzovkova, J. A.;
Shkirando, A. M.; Ivachtchenko, A. V. Heterocycl. Commun. 2005, 11, 523–526.

7. Ilyin, A. P.; Parchinski, V. Z.; Peregudova, J. N.; Trifilenkov, A. S.; Poutsykina, E.
B.; Tkachenko, S. E.; Kravchenko, D. V.; Ivachtchenko, A. V. Tetrahedron Lett.
2006, 47, 2649–2653.
8. Ilyn, A. P.; Loseva, M. V.; Vvedensky, V. Y.; Putsykina, E. B.; Tkachenko, S. E.;
Kravchenko, D. V.; Khvat, A. V.; Krasavin, M. Y.; Ivachtchenko, A. V. J. Org. Chem.
2006, 71, 2811–2819.

9. (a) Tkachenko, S. E.; Ilyin, A. P.; Ivachtchenko, A. V. In 20th International
Congress of Heterocyclic Chemistry. Palermo, Italy, 2005, 2-PO4, p 317.; (b) Ilyin,
A. P.; Kuzovkova, J. A.; Ivachtchenko, A. V. In 20th International Congress of
Heterocyclic Chemistry. Palermo, Italy, 2005, 2-PO9, p 322.; (c) Kuzovkova, J. A.;
Ivachtchenko, A. V. In 20th International Congress of Heterocyclic Chemistry.
Palermo, Italy, 2005, 2-PO11, p 324.

10. (a) Kysil, V.; Khvat, A. V.; Williams, C.; Tkachenko, S. E.; Ilyin, A. P.;
Ivachtchenko, A. V. In Proceedings of the 3rd Intern. Conf. Multi-Component
Reactions and Related Chemistry. Amsterdam, the Netherlands, 2006, p 102.; (b)
Tkachenko, S.; Ivachtchenkoa, A.; Khvata, A.; Williamsa, C.; Ilyin, A.; Kysil, V. In
book of the 21st International Congress for Heterocyclic chemistry. Program and
Abstract Book. The University of New South Wales, 2007, TP118, p 296.; (c) Ilyin,
A. P.; Trifilenkov, A. S.; Kuzovkova, J. A. J. Org. Chem. 2005, 70, 1478–1481.

11. (a) Harriman, G. C. B. Tetrahedron Lett. 1997, 38, 5591–5594; (b) Short, K. M.;
Mjalli, A. M. M. Tetrahedron Lett. 1997, 38, 359–362.


