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We have developed an efficient one-pot, two-step reaction protocol for the synthesis of eight-membered
1,5-benzodiazocine-2-ones by Ugi four-center three-component coupling reaction (U-4C-3CR) and sub-
sequent reductive cyclization using Fe/NH4CI in protic solvent.

© 2012 Elsevier Ltd. All rights reserved.

Benzofused cyclic molecules play important roles in both drug
discovery and chemical biology.! In particular, seven and eight
membered heterocycles like azocines and diazocines are constitu-
ents of a number of compounds with interesting pharmacological
properties.?? Benzodiazocines containing two nitrogen atoms are
present in various biologically active molecules possessing
antihypertensive,*® herbicidal,** anti-depressant,*c analgesic,
antitussive,® and anthelmintic*® activities. Moreover, 1,5-ben-
zodiazocines have attracted much interest as homologs of 1,4-ben-
zodiazepine drugs® and inhibitors of 17-p hydroxysteroid
dehydrogenase type 3. However, medium sized heterocycles, that
is eight or higher membered rings are difficult to prepare due to
enthalpic and entropic reasons and transannular interaction.” In
continuation of our interest in developing expeditious routes to
various heterocyclic molecules, we therefore undertook a study to
establish a convenient synthetic route to such molecules Scheme 1.

Generating a remarkably high degree of molecular complexity
in just one step is among the most challenging objectives in mod-
ern organic synthesis. In this context, multicomponent reactions
(MCRs)® are very relevant because they are extremely convergent,
leading to the formation of multiple bonds with a high bond form-
ing efficiency (BFE).> While the classical versions of Ugi'® and
Passerini!! reactions lead to acyclic adducts, we realized that inter-
esting heterocyclic structures may be accessed by their intramolec-
ular variants or by coupling the isocyanide based multi component
reaction (IMCR)'?> with a subsequent secondary transformation,
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taking advantage of additional functionalities suitably placed on
one or two of the components.

Transition metals have also been used for catalyzing transforma-
tions in tandem®!3 processes in an attempt to construct biologically
active heterocyclic compounds and significant progress has been
made in this regard. Cropper et al.' tried to construct the eight-
membered benzolactam ring using intramolecular Pd-catalyzed
aryl amidation reaction, but tandem C-N/C-0 bond forming reac-
tion occurred instead, furnishing novel spiro benzofuran lactams.
Recently we reported!® the synthesis of chiral 1,5-benzodiazocine
derivatives by Pd catalyzed intramolecular aryl amination reaction
using different sugar derived amines. Buchwald and co-workers!®
have reported an interesting approach toward the synthesis of
benzofused medium ring heterocycles by aryl amidation followed
by B-lactam ring opening reaction. However, the possibility of an
easy access to B-lactams!” via Ugi four-center three-component
coupling reaction (U-4C-3CR) encouraged us to construct an inter-
mediate that can provide the 1,5-benzodiazocine skeleton by
reductive cyclization accompanied by nucleophilic substitution to
open the B-lactam ring. We noted that Andreana and co-workers'®
have synthesized 1,4-benzodiazepinone derivatives employing Ugi
reaction and aza-Michael cyclization using Fe/NH,4Cl in ethanol as
reducing agent under microwave condition. In this Letter we report
an efficient one-pot two-step reaction protocol utilizing Ugi three-
component reaction and reductive cyclization using Fe/NH4CI, an
environmentally benign reagent, to furnish the highly substituted
benzofused eight-membered heterocycles Table 1.

In this tandem reaction, the first step is a Ugi multicomponent
reaction carried out using different isocyanides, aromatic nitro
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Scheme 1. Reagents and conditions, (i) EtOH/H,0 (2:1), rt; (ii) Fe/NH4Cl, EtOH/H,0 (2:1), 85-100 °C.

Table 1

Optimization experiments for p-lactam ring opening reaction
Entry Substrate Reagent Solvent Temperature (°C) Time (h Product Yield (%)
1 4a Fe/NH,4Cl CH3CN/H,0 90 16 5a 70
2 4a Fe/NH,Cl EtOH/H,0 100 15 5a 81
3 4a Fe/NH,4Cl MeOH/H,0 85 16 5a 71
4 4a In/NH,4C1 EtOH/H,0 100 18 5a 68
5 4b In/NH,4Cl MeOH/H,0 85 20 5b 62
6 4d Fe/NH,4Cl CH3CN/H,0 90 20 5d 58
7 4h In/NH,4C1 EtOH/H,0 100 18 5h 74

Table 2

Synthesis of 1,5-benzodiazocine-2-one using B-alanine as amino acid

Entry Nitro aldehyde Isocyanide Product Overall yield (%)
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aldehydes, and B-alanine to furnish well established B-lactam
products. Among the isocyanides tested o-tolyl and 2-naphthyl
isocyanides gave only poor yield and were excluded from further
studies which were carried out using the three aliphatic isocyanides
(i.e., cyclohexyl, tert-butyl, and iso-propyl). We further planned to
reduce the nitro group in the lactam products to aromatic amine
in the hope that this group would make a nucleophilic attack on
the lactam carbonyl to open the lactam ring. Although p-nitro aro-
matic aldehydes have been employed for the synthesis of p-lactams
by Ugi reaction, we used the o-nitro isomers to access the eight-
membered heterocyclic ring. Among various reagents and solvents
tried to reduce the aromatic nitro group, Zn, or Sn in CH3COOH
afforded the aromatic amine but cyclization did not occur. We then
came across a publication wherein a six-membered heterocycle
(an oxazine) has been synthesized'® employing In/NH4CI in etha-
nol-water medium for reduction and subsequent B-lactam ring
opening reaction. We therefore decided to use this and also the re-
lated two-electron reducing agent Fe(0) with NH4Cl in aqueous
medium due to its mild acidic nature and also high functional group
tolerance.?° To our satisfaction, reduction and also cyclization took
place rapidly, furnishing medium ring heterocycles. An electron
withdrawing group present in the aromatic nitro aldehyde was
expected to enhance the rate of both the steps of the reaction. In-
deed, the trifluoro methyl substituted nitro aldehyde produced
1,5-benzodiazocine-2-one 5h in very good yield (88%).2' The some
what higher yield obtained using cyclohexyl isocyanide (Table 2,
entry 1 vs 2, 3; 4 vs 5, 6) may be ascribed to the smaller steric size.

In conclusion, we have developed an efficient one-pot, two-step
reaction protocol for the synthesis of eight-membered 1,5-ben-
zodiazocine-2-one from readily available aromatic nitro aldehydes

1, B-alanine 2 and isocyanides 3 by Ugi MCR. Using protic solvent
and the two electron reducing agent Fe(0)/NH4CI for the reductive
cyclization step, these biologically relevant small molecules can be
prepared efficiently. Experiments are in progress in our laboratory
to effect aryl amination followed by B-lactam ring opening reaction
using bromo lactams instead of nitro lactams 4 to get 1,5-ben-
zodiazocine-2-one derivatives.

Acknowledgments

We thank the CSIR (New Delhi) for funding research project
(NWP 0005) and providing research fellowship to G.K. and A.G.
We thank Dr. B. Achari, formerly of 1ICB, and Professor B. Dinda
of Tripura Central University for their helpful suggestion and
support.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.tetlet.2012.
05.013.

References and notes

1. (a) Appukkuttan, P.; Dehaen, W.; VanderEycken, E. Org. Lett. 2005, 7, 2723; (b)
Yoshida, H.; Shirakawa, E.; Honda, Y.; Hiyama, T. Angew. Chem., Int. Ed. 2002, 41,
3247; (c) Vedejs, E.; Galante, R. J.; Goekjian, P. G. J. Am. Chem. Soc. 1998, 120,
3613; (d) Majhi, T. P.; Achari, B.; Chattopadhyay, P. Heterocycles 2007, 1011, 71.
and the references cited therein.

. For selected examples of seven-membered heterocycles, see: (a) Duong, T.;
Prager, R. H.; Tippett, J. M.; Ward, A. D.; Kerr, D. L. Aust. . Chem. 1976, 29, 2667,
(b) Boros, C.; Hamilton, S. M.; Katz, B.; Kulanthaivel, P. J. Antibiot. 1994, 1010,


http://dx.doi.org/10.1016/j.tetlet.2012.05.013
http://dx.doi.org/10.1016/j.tetlet.2012.05.013

3622

12.

. (@)Multicomponent Reactions;

47; (c) Ishihara, Y.; Hirai, K.; Miyamoto, M.; Goto, G. J. Med. Chem. 1994, 37,
2292.

. For selected examples of eight-membered heterocycles, see: (a) Basil, B.;

Coffee, E. C. J.; Gell, D. L.; Maxwell, D. R.; Sheffield, D. J.; Wooldridge, K. R. H. J.
Med. Chem. 1970, 13, 403; (b) Klayman, D. L.; Scovill, J. P.; Bartosevich, ]. F.;
Mason, C. J. J. Med. Chem. 1979, 22, 1367; (c) Ma, D.; Tang, G.; Kozikowski, A. P.
Org. Lett. 2002, 4, 2377.

. (a)Jozsef, R; Ivan, B.; Csaba, K.; Imre, H.; Miklos, N. (Gyar, E. Gy. T. G.) German

Offen. Patent 2 608 186, 1976; Chem. Abstr. 1976, 85, 192593v.; (b) D’Amico, . ].
(Monsanto Co.) Br. Patent 1 167 084, 1967; Chem. Abstr. 1970, 72, 12603y.; (c)
Tadashi, O.; Tsuyosmi, K.; Hisao, Y. (Sumitomo Chemical Co., Ltd.) Jpn. 75 01
276, 1975; Chem. Abstr. 1975, 83, 43213c.; (d) Arnold, B.; Benjamin, P.; Sheldon,
S. (Hoffmann-La Roche, F., and Co., A.-G.) German Offen. Patent 2 353 062,
1974, Chem. Abstr. 1974, 81, 37487n.; (e) Casadio, S.; Pala, G.; Crescenzi, E.;
Uberti, E. M.; Coppi, G.; Turba, C. J. Med. Chem. 1968, 11, 97.

. (a) Howard, T. In Comprehensive Heterocyclic Chemistry II; Katritzky, A. R., Rees,

C. W,, Scriven, E. F. V., Eds.; Pergamon: New York, 1996; Vol. 7, pp 151-182; (b)
Doxsee, K. M. In Comprehensive Heterocyclic Chemistry II; Katritzky, A. R., Rees,
C. W,, Scriven, E. F. V., Eds.; Pergamon: New York, 1996; Vol. 7, pp 591-649.
Fink, B. E.; Gavali, A. V.; Tokarski, ]. S.; Goyal, B.; Misra, R.; Xiao, H.-Y.; Kimball, S.
D.; Han, W.-C.; Norris, D.; Spires, T. E.; You, D.; Gottardis, M. M.; Lorenzi, M. V.;
Vite, G. D. Bioorg. Med. Chem. Lett. 2006, 16, 1532.

(a) Muminati, G.; Mandolini, L. Acc. Chem. Res. 1981, 14, 95; (b) Evans, P. A.;
Holmes, A. B. Tetrahedron 1991, 47, 9131; (c) Harmata, M.; Ying, W.; Barnes, C.
L. Tetrahedron Lett. 2009, 50, 2326; (d) Lu, S. M.; Alper, H. J. Am. Chem. Soc. 2008,
130, 6451; (e) Maier, M. E. Angew. Chem., Int. Ed. 2000, 39, 2073; (f) Ferrer, C.;
Echavarren, A. M. Angew. Chem., Int. Ed. 2006, 45, 1105; (g) Petasis, N. A.;
Patane, M. A. Tetrahedron 1992, 48, 5757; (h) Mehta, G.; Singh, V. Chem. Rev.
1999, 99, 881; (i) Yet, L. Chem. Rev. 2000, 100, 2963; (j) Ma, S.; Gu, Z. J. Am.
Chem. Soc. 2006, 128, 4942.

Zhu, ]., Bienaymé, H., Eds.; Wiley-VCH:
Weinheim, 2005; (b) Bienayme, H.; Hulme, C.; Oddon, G.; Schmitt, P. Chem.
Eur. J. 2000, 6, 3321; (c) Simon, C.; Constantieux, T.; Rodriguez, ]. Eur. J. Org.
Chem. 2004, 24, 4957; (d) Gérard, S.; Renzetti, A.; Lefevre, B.; Fontana, A.; de
Maria, P.; Sapi, J. Tetrahedron 2010, 66, 3065. and references cited therein.

. Tietze, L. F. Chem. Rev. 1996, 96, 115.
. Domling, A.; Ugi, I. Angew. Chem., Int. Ed. 2000, 39, 3168.
11.

(a) Passerini, M. Gazz. Chim. Ital. 1921, 51, 126; (b) Passerini, M. Gazz. Chim. Ital.
1921, 51, 181.

For examples, see: (a) Démling, A. Chem. Rev. 2006, 106, 17-89; (b) Zhu, J. Eur. J.
Org. Chem. 2003, 7, 1133; (c) Garcia-Gonzdlez, M. C.; Gonzdlez-Zamora, E.;

21.

G. Kulsi et al./ Tetrahedron Letters 53 (2012) 3619-3622

Santillan, R.; Dominguez, O.; Méndez-Stivalet, J. M.; Farfan, N. Tetrahedron
2009, 65, 5337; (d) Mitra, S.; Hota, S. K.; Chattopadhyay, P. Synthesis 2010, 22,
3894. and references cited therein.

. (a) Ho, T. L. Tandem Organic Reactions; Wiley: New York, 1992; (b) Tietze, L. F.;

Beifuss, U. Angew. Chem., Int. Ed. Engl. 1993, 32, 131.

. Cropper, E. L.; Yuen, A. P.; Ford, A.; White, A.]. P.; Hii, K. K. Tetrahedron 2009, 65,

525.

. (a) Adhikary, N. D.; Chattopadhyay, P. Eur. J. Org. Chem. 2010, 1754; (b)

Adhikary, N. D.; Chattopadhyay, P. Eur. J. Org. Chem. 2011, 7346.

. Klapars, A.; Parris, S.; Anderson, K. W.; Buchwald, S. L. J. Am. Chem. Soc. 2004,

126, 3529.

. Gedey, S.; Eycken, J. V.; Fuldp, F. Org. Lett. 1967, 2002, 4.

. Silva, R. A. D.; Santra, S.; Andreana, P. R. Org. Lett. 2008, 10, 4541.

. Banik, B. K.; Samajdar, S.; Banik, 1. Tetrahedron Lett. 2003, 44, 1699.

. For the mechanism, see: (a) Agrawal, A.; Tratnyek, P. G. Environ. Sci. Technol.

1996, 30, 153; (b) Di Santo, R.; Costi, R.; Artico, M.; Ragno, R.; Lavecchia, A,;
Novellino, E.; Gavuzzo, E.; La Torre, F.; Cirilli, R.; Cancio, R.; Maga, G.
ChemMedChem 2006, 1, 82; (c) Fox, B. A.; Threlfall, T. L. Org. Synth. 1973, 5, 346.
General procedure for the preparation of compound 5: The beta-amino acid
(1.2 mmol, 1.2 equiv) and the nitro-aldehyde (1.0 mmol, 1.0 equiv) were
dissolved in 20 ml ethanol-water (2:1). The solution was allowed to stand at
room temperature for half an hour. The isocyanide (1.0 mmol, 1.0 equiv) was
added to the previous solution and the resulting mixture was stirred at room
temperature for 20 h, when the reaction appeared complete by TLC (CH,Cl,/
MeOH 98:2), Fe powder (1 mmol) and solid NH4Cl (8-10 equiv.) were added.
The reaction mixture was stirred at 80 °C for 16 h. Then it was cooled, filtered
through a celite pad and extracted with ethyl acetate (3 x 30 mL). The extract
was washed with brine (30 mL) and dried (sodium sulphate); the solvent was
evaporated to give a crude product. This was purified by column
chromatography over silica gel (60-120 mesh) using DCM in 5% methanol as
an eluent, when 5a was isolated as a light yellow solid. Compound 5a: Yield:
81%, mp 202-204 °C, IR (KBr) vmax = 1517, 1666, 2928, 3073, 3349, 3443 cm™!;
'H NMR (CDCls, 600 MHz): &y = 0.08-0.16 (m, 3H), 1.25 (s, 1H), 1.31-1.37 (m,
2H), 1.57-1.59 (m, 1H), 1.65-1.70 (m, 2H), 1.85-1.89 (m, 2H), 2.81-2.85 (m,
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