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Cyclic diamino acids derivatives like 4-amino-pyrrolidin-2-ones
and 4-amino-3-pyrrolin-2-ones are recognized to be of biological
importance ( Fig. 1). Indeed, 4-amino-pyrrolidin-2-ones are de-
scribed as peptidomimetics,! as structural sub-units of natural
products,? as useful precursors of y-lactam bridged dipeptides,?
and in the structures of renin-inhibiting peptides. In addition, 4-
amino-pyrrolidin-2-ones are important intermediates for the syn-
theses of 3-aminopyrrolidines, which are ubiquitous systems
found in natural products as alkaloids and in a diverse number of
compounds displaying an impressive range of biological activities.?
Also, 3-aminopyrrolidines were recently employed as useful
organocatalysts in asymmetric Mannich reactions.® Furthermore,
4-amino-pyrrolidin-2-ones provide an excellent synthetic entry
into B,y-diaminoacids, that have been subject of growing interest
due to their biological properties.”®

Although natural products containing the 4-amino-3-pyrrolin-
2-one unit (B-amino-unsaturated lactams) are unknown, to the
best of our knowledge, some compounds of this class have been
of interest due to their biological properties as herbicidal,® for
the treatment of epilepsy, anxiety, and tension,'° as antibacterial'!
or hypoglycemic,'? and as dipeptide analogues.!>

Some examples are shown in Figure 2. While lactams 1 are sub-
units of antifungal and cytotoxic natural cyclic hexapeptides
microsclerodermins,? the highly active antipsychotic agent nemo-
napride has been commercialized under its racemic form.'* Pep-
tides containing 3-amino-deoxystatine have better renin
inhibitory activities than those derived from statine® which is a
component of the aspartyl protease inhibitor pepstatin. The pyrro-
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lin-2-one 2 and the benzotiazepine 3 have, respectively, herbi-
cidal® and antibacterial activities.!!
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Figure 1. 4-amino-pyrrolidin-2-ones and 4-amino-3-pyrrolin-2-ones.
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Figure 2. Some biologically active B-amino lactams.
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In spite of the growing interest in both 4-amino-pyrrolidin-2-
ones and 4-amino-3-pyrrolin-2-ones, few routes have been de-
scribed to the stereoselective syntheses of these kind of com-
pounds. Indeed, the few methods reported for the synthesis of 4-
amino-3-pyrrolin-2-ones suffer from the lack of generality and in-
clude nucleophilic substitution of tetramic acids derivatives by
amines,!®!213 ring closure from azadienes, !> ring expansion of azi-
rines,'® Dieckmann cyclization,!” and conjugate addition of azide
to an unsaturated lactam followed by treatment with trifluoroace-
tic acid,'® among other methods.!®

Typical routes to 5-substituted-4-amino-pyrrolidin-2-ones
described so far include alkyl radical addition-cyclization of oxime
ethers,2? the Beckmann rearrangement of oximes,?! the intramolec-
ularrearrangement of p-lactams,?? and conjugate addition of amines
to both enoates?® and to bicyclic pyrrolidin-2-ones (unsaturated
lactams).>“?* More recently, a multistep asymmetric synthesis of
anti-5-isopropyl-4-amino-pyrrolidin-2-ones from o-amino acids
was described.?> Although tetramic acids can be considered as
attractive starting materials for the stereoselective syntheses of
5-substituted-4-amino-3-pyrrolidin-2-ones, Tender and co-work-
ers reported that the direct reductive amination of tetramic acids
with amino acids failed to reach these heterocyclic compounds.'®
In fact, they had to employ a stepwise procedure comprising enam-
ine formation from tetramic acids and protected amino acids
followed by hydrogenation to prepare peptide derivatives of syn-5-
alkyl-4-amino-pyrrolidin-2-ones.

Herein we are pleasant to report a procedure for reductive ami-
nation of tetramic acids with ammonium hydroxide/NaBH3;CN as
well as an approach based on reduction of oximes for the stereo-
controlled syntheses of syn-5-substituted-4-amino-pyrrolidin-2-
ones and 5-substituted-4-amino-3-pyrrolin-2-ones from natural
o-amino acids.

The known tetramic acids 4a-e were easily prepared in multi-
gram scales and high overall yields without further purification from
N-protected natural o-amino acids using the Meldrum'’s acid con-
densation method, as already described (Scheme 1).25 Attempts to
perform one-pot direct reductive amination of 4a using NaBH3;CN
in AcONH, or aniline,?” NaBH;CN/ZnCl,/piperidine,?® and NaB-
H(OAc)s/AcONH,?° failed to produce the 4-amino-pyrrolidin-2-
one 5a, suggesting a slow formation of the imine intermediate from
ammonia and more substituted amines in a similar situation to that
described by Tender and co-workers.'®® This way, we employed an
alternative stepwise protocol based on imine formation followed
by in situ reduction to convert easily 4a-e into 5-substituted-4-ami-
no-pyrrolidin-2-ones 5a-e. These products were obtained as color-
less oils in acceptable yields and with total control of the
stereoselectivity, after purification by flash chromatography on
silica gel. All the spectral data of 5a—e are in agreement with the
literature for both closely related 5-substituted-4-hydroxy-pyrroli-
din-2-ones?" and 4-alkylamino-pyrrolidin-2-ones.'3"
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Scheme 1. Reagents and conditions: (i) See Ref. 26; (ii) NH4;OH, HOAc, benzene,
reflux, 6 h then NaBH3CN, HOAg, rt, 2 h.
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Scheme 2. Reagents and conditions: (i) NH,OH-HCl, NaHCO3, Na,SO,4, CH,Cl,, rt,
48 h; (ii) MoO3, NaBH,4, MeOH, rt, 6 h; (iii) NaBH3CN, HOAc, rt, 2 h.

The stereochemical assignments of the newly created stereo-
genic centers in 5a-e were made on the basis of nOe NMR spectra
and the proposed absolute configurations are in agreement with
the products from reduction of 4a—e described in the literature.2®
For example, starting from H, of 2b, a significant nOe was observed
with Hs (9.7%), which implies a syn relationship between the sub-
stituents in positions 4 and 5. Next, based on the preparation of
dipeptide analogues derived from 4-alkylamino-pyrrolin-2-ones
from tetramic acids and protected amino acids,'® we turned atten-
tion to synthesize 5-substituted-4-amino-3-pyrrolin-2-ones 6a—e
from tetramic acids (Scheme 2). Reactions of 4a-e with hydroxyl-
amine furnished the corresponding oximes 7a-e (as mixtures of E-
and Z-isomers)®? as yellow oils in quantitative yields and high
purities. The subsequent reactions of 7a-e with NaBH, in the pres-
ence of MoO5>! led to good yields of the corresponding imines,
which are in equilibrium with the 5-substituted-4-amino-3-pyrro-
lin-2-ones 6a-e.'® Also, in these cases the compounds 6a-e were
sufficiently pure to be used in the next step without further puri-
fication. Upon reduction with NaBH3CN in HOAc, the pyrrolin-2-
ones 6a—e produced the corresponding lactams 5a-e in good yields
and high purity.2

In conclusion, although both methods disclosed in this Letter
are limited to producing primary amines, they allowed an easy
production of 5-substituted-4-amino-pyrrolidin-2-ones and 5-
substituted-4-amino-3-pyrrolin-2-ones from different natural o-
amino acids using simple protocols. The latter compounds were
easily converted in the former by reduction with NaBH5;CN.

Acknowledgments

The authors acknowledge FAPER], CAPES, CNPq, and FINEP, Bra-
zilian Financing Agencies, for financial support.

Supplementary data

Supplementary data (experimental procedures, characteriza-
tion data, 'H and '>C NMR for all new compounds) associated with
this article can be found, in the online version, at doi:10.1016/
j-tetlet.2009.03.003.

References and notes

1. Lehman, T.; Michel, D.; Gldnzel, M.; Waibel, R.; Gmeiner, P. Heterocycles 1999,
51, 1389-1400.

2. (a) Bewley, C. A.; Debitus, C.; Faulkner, D. ]. J. Am. Chem. Soc. 1994, 116, 7631-
7636; (b) Skropeta, D. Nat. Prod. Rep. 2008, 25, 1131-1166 and references cited
therein.

3. (a) Eda, N.]; Rae, I. D.; Hearn, M. T. W. Tetrahedron Lett. 1990, 31, 6071-6074;
(b) Eda, N. J;; Rae, I. D.; Hearn, M. T. W. Aust. J. Chem. 1991, 44, 891-894.

4. Hoelzemann, G.; Raddatz, P.; Schmitges, C. J.; Minck, K. O.; Jonczyk, A;
Sombroek, J.; Gante, J. Ger. Offen. 1985. 3 640 535 Al.



2404

5.

[<2]

10.

11.
. lino, Y.; Ikenoue, T.; Kondo, N.; Matsueda, H.; Hatanaka, T.; Hirama, R.;

13.

14.

For more recent examples, see: (a) Jean, L.; Rouden, ].; Maddaluno, ]J.
Lasne, M.-C. J. Org. Chem. 2004, 69, 8893-8902; (b) Davies, S. G.; Garner, A.
C.; Goddard, E. C.; Kruchinin, D.; Roberts, P. M.; Smith, A. D.; Rodriguez-Solla,
H.; Thomson, J. E.; Toms, S. M. Org. Biomol. Chem. 2007, 5, 1961-1969; (c)
Wright, S. W.; Ammirati, M. J.; Andrews, K. M.; Brodeur, A. M.; Danley, D. E.;
Doran, S. D.; Lillquist, J. S.; Liu, S.; McClure, L. D.; McPherson, R. K.; Olson, T. V.;
Orena, S. J.; Parker, J. C.; Rocke, B. N.; Soeller, W. C.; Soglia, C. B.; Treadway, J. L.;
VanVolkenburg, M. A.; Zhao, Z.; Cox, E. D. Bioorg. Med. Chem. Lett. 2007, 17,
5638-5642; (d) Fish, P. V.; Fray, M. J.; Stobie, A.; Wakenhut, F.; Whitlock, G. A.
Bioorg. Med. Chem. Lett. 2007, 17, 2022-2025; (e) Jin, J.; An, M.; Sapienza, A,;
Aitar, N.; Naselsky, D.; Sarau, H. M.; Foley, ]. J.; Salyers, K. L.; Knight, S. D.;
Keenan, R. M.; Rivero, R. A.; Dhanak, D.; Douglas, S. A. Bioorg. Med. Chem. Lett.
2008, 18, 3950-3954; (f) Fish, P. V.; Barta, N. S.; Gray, D. L. F.; Ryckmans, T.;
Stobie, A.; Wakenhut, F.; Whitlock, G. A. Bioorg. Med. Chem. Lett. 2008, 18,
4355-4359; (g) Wakenhut, F.; Fish, P. V.; Fray, M. J.; Gurrell, I.; Mills, ]. E.;
Stobie, A.; Whitlock, G. A. Bioorg. Med. Chem. Lett. 2008, 18, 4308-4311.

. Kano, T.; Hato, Y.; Yamamoto, A.; Maruoka, K. Tetrahedron 2008, 64, 1197-1203.
. (a) Thaisrivongs, S.; Schostarez, H. J.; Pals, D. T.; Turner, S. R. J. Med. Chem. 1987,

30, 1837-1842; (b) Schostarez, H. ]J. J. Org. Chem. 1988, 53, 3628-3631; (c)
Pecanha, E. P.; Antunes, O. A. C.; Tanuri, A. Quimica Nova 2002, 25, 1108-1116;
(d) Johansson, P.-O.; Chen, Y.; Belfrage, A. K.; Blackman, M. J.; Kvarnstrom, L.;
Jansson, K.; Vrang, L.; Hamelink, E.; Hallberg, A.; Rosenquist, A.; Samuelsson, B.
J. Med. Chem. 2004, 47, 3353.

. Jones, D. M.; Sueiras-Diaz, ].; Szelke, M.; Leckie, B. ].; Beattie, S. R.; Morton, ].;

Neidle, S.; Kuroda, R. J. Pept. Res. 1997, 50, 109-121.

. Baasner, B.; Fischer, R.; Widdig, A.; Liirssen, K.; Santel, H.-].; Schmidt, R. R. US

Patent, 5 338 560, 1994.

Arnold, T.; Unverferth, K.; Lankau, H.-].; Rostock, A.; Tober, C.; Rundfeldt, C,;
Bartsch, R. US Patent, 6 500 821, 2002.

Matsuo, K.; Tanaka, K. Yakugaku Zasshi 1984, 104, 1004-1008.

Masuzawa, Y.; Ohta, F.; Yamazaki, A. US Patent, 0 048 847, 2004.

(a) Hosseini, M.; Grau, ]. S.; Serensen, K. K.; Sgtofte, I.; Tanner, D.; Murray, A.;
Tender, J. E. Org. Biomol. Chem. 2007, 5, 2207-2210; (b) Hosseini, M.; Tanner,
D.; Murray, A.; Tender, J. E. Org. Biomol. Chem. 2007, 5, 3486-3494.

(a) Iwanami, S.; Takashima, M.; Hirata, Y.; Hasegawa, O.; Usuda, S. J. Med. Chem.
1981, 24, 1224-1230; (b) Hoang, C. T.; Nguyen, V. H.; Alezra, V.; Kouklovsky, C.
J. Org. Chem. 2008, 73, 1162-1164.

15.

16.
17.

18.
19.
20.

21.
22.

23.

24.

25.

26.

27.
. Kim, S.; Oh, C. H.; Ko, ]. S.; Ahn, K. H.; Kim, Y. ]. J. Org. Chem. 1985, 50, 1927-

29.
30.
31.

32.

S. Pinheiro et al./ Tetrahedron Letters 50 (2009) 2402-2404

Bandini, E.; Martelli, G.; Spunta, G.; Bongini, A.; Panunzio, M.; Piersanti, G.
Tetrahedron: Asymmetry 1999, 10, 1445-1449.

Hugener, M.; Heimgartner, H. Helv. Chim. Acta 1995, 78, 1490-1498.
Andrews, M. D.; Brewster, A. G.; Crapnell, K. M.; Ibbett, A. J.; Jones, T.; Moloney,
M. G.; Prout, K.; Watkin, D. J. Chem. Soc., Perkin Trans. 1 1998, 223-235.
Chan, P. W. H.; Cottrell, I. F.; Moloney, M. G. J. Chem. Soc., Perkin Trans. 1 2001,
2997-3006.

Poschenrieder, H.; Stachel, H.-D.; Eckl, E.; Jax, S.; Polborn, K.; Mayer, P. Helv.
Chim. Acta 2006, 89, 971-982.

Miyabe, h.; Ueda, M.; Fujii, K.; Nishimura, A.; Naito, T. J. Org. Chem. 2003, 68,
5618-5626.

Brennan, T. M.; Hendrick, M. E. US Patent, 4 411 925, 1983.

Palomo, C.; Cossio, F. P.; Cuevas, C.; Odriozola, ]. M.; Ontoria, ]. M. Tetrahedron
Lett. 1992, 33, 4827-4830.

Davies, S. G.; Garner, A. C.; Goddard, E. C.; Kruchinin, D.; Roberts, P. M.;
Rodriguez-Solla, H.; Smith, A. D. Chem. Commun. 2006, 2664-2666.

(a) Andres, C. J.; Lee, P. H.; Nguyen, T. H.; Meyers, A. 1. J. Org. Chem. 1995, 60,
3189-3193; (b) Chan, P. W. H,; Cottrell, I. F.; Moloney, M. G. Tetrahedron Lett.
1997, 38, 5891-5894; (c) Langlois, N.; Calvez, O.; Radom, M.-O. Tetrahedron
Lett. 1997, 38, 8037-8040; (d) Chan, P. W. H.; Cottrell, I. F.; Moloney, M. G.
Tetrahedron: Asymmetry 1999, 10, 3887-3891; (e) Groaning, M. D.; Meyers, A. 1.
Tetrahedron 2000, 56, 9843-9873.

Hoang, C. T.; Alezra, V.; Guillot, R.; Kouklovsky, C. Org. Lett. 2007, 9,
2521-2524.

(a)Jouin, P.; Castro, B.; Nisato, D. J. Chem. Soc., Perkin Trans. 1 1987, 1177-1182;
(b) Ma, D.; Ma, J.; Ding, W.; Dai, L. Tetrahedron: Asymmetry 1996, 7, 2365-2370;
(c) Courbambeck, J.; Bihel, F.; De Michaelis, C.; Quéléver, G.; Kraus, J. L. J. Chem.
Soc., Perkin Trans. I 2001, 1421-1430.

Borch, R. F.; Bernstein, M. D.; Durst, H. D. J. Am. Chem. Soc. 1971, 93, 2897-2904.

1932.

Abdel-Magid, A. F.; Carson, K. G.; Harris, B. D.; Maryanoff, C. A.; Shah, R. D. J.
Org. Chem. 1996, 61, 3849-3862.

Lima, E. C.; Domingos, . L. O.; Dias, A. G.; Costa, P. R. R. Tetrahedron: Asymmetry
2008, 19, 1161-1165.

(a) Demir, A. S.; Tanyeli, C.; Sesenoglu, O.; Demic, S. Tetrahedron Lett. 1996, 37,
407-410; (b) Ipaktschi, J. Chem. Ber. 1984, 117, 856-858.

Bruyére, H.; Ballereau, S.; Selkti, M.; Royer, ]. Tetrahedron 2003, 59, 5879-5886.



