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Abstract: An efficient aza-Michael addition of amines to a series of a,B-unsaturated ketones,
carboxylic esters, nitriles and chalcones has been carried out using perchloric acid supported over
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1. Introduction

The Michael reaction and its modified form such as aza-Michael, thio-Michael and carba-
michael reaction is one of the most exploited reactions in organic chemistry. [1] The B-amino
esters/ketones/nitriles are useful synthons for the preparation of several nitrogen containing
bioactive natural products, [2] antibiotics [3] and chiral auxiliaries. [4] Besides this, a large
number of biologically active compounds contain -amino-ketone or ester moiety. [5] The
development of novel synthetic methodologies for the preparation of these compounds is an
attractive area of research in synthetic organic chemistry. Although B-amino ketones can be
prepared by classical Mannich reaction, [6] it has several drawbacks, such as, harsh reaction
conditions, longer reaction time etc. Therefore, a variety of methods appeared in the literature for
the synthesis of [-amino ketones, esters or nitriles. [7] Among the different synthetic
methodologies, one of the most frequently used is the conjugate addition of amines to o,f3-
unsaturated ketones or esters or nitriles, which is termed as aza-Michael reaction. [1] In general,
the aza-Michael reaction requires a basic condition [8] or some special reaction condition. [9]
However, in some cases, use of stoichiometric amount catalysts with reactive substrates resulted
several side reactions. [10] As a result, a wide variety of catalysts have been cited in the literature
and in particular various Lewis acid catalyzed reaction have been carried out to minimize
shortcomings.[11] Despite their usefulness, many of these procedures often require large amount
of reagents, prolonged reaction time, drastic reaction condition and stoichiometric amount of
Lewis acid catalyst such as AlCls, TiCly and SnCly. Therefore, development for an alternative
method which can overcome these limitations is always welcome.

Use of heterogeneous catalysts for the organic transformation is rapidly growing over the
homogeneous catalyst systems because of several advantages of the heterogeneous catalysts such
as, high stability, ease of handling, recovery and reuse, non-corrosive nature, long time persisting
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catalytic activity and environmentally friendliness.[12] Recently, we reported [13] several organic
transformations catalyzed by the perchloric acid supported over silica gel (HCIO4-Si0,), a solid
supported acid catalyst. It is very cheap, readily prepared in the laboratory [14] and can be stored
for a long time without any significant loss of catalytic activity. As a part of our continuing effort
to explore the catalytic potential of HCIO4-S10,, we revealed that HCIO4-SiO; may efficiently
activate Michael acceptors resulting clean formation of aza-Michael addition products without
formation of side products in a short reaction time under a solvent free reaction condition. In this
letter, we are disclosing our finding on HCIO4-SiO, catalyzed Michael addition of amines to o,f3-
unsaturated compounds under solvent free conditions (Scheme 1)

. 4
RIRZNH-l- R&/\R?, HCIO4-SIOz RY\R:;
neat, rt RIR2N

R3 = CN, COOEt, COEt, COMe; R* = H, Ar
Scheme 1
2. Results and Discussion

In a set of initial experiments, methyl vinyl ketone was allowed to react with morpholine in an
equimolar ratio in the presence of a varied quantity of HCIO4-SiO,. After a series of
experimentations, it was observed that excellent yield of the Michael adduct can be achieved by
reacting a mixture of morpholine (1.2 equiv.) and methyl vinyl ketone (1.0 equiv) in the presence
of HCIO4-Si0; (100 mg) at room temperature. Following similar reaction condition a series of
aza-Michael adducts have been prepared using a diverse range of amines and conjugated alkenes,
such as, o,B-unsaturated nitriles, o,B-unsaturated carboxylic acid esters, chalcones etc. which is
summarized in Table 1. Addition of primary amines such as benzyl amine, butyl amine resulted
only monoalkylated products. Aromatic amines showed poor reactivity towards the Michael
addition compared to aliphatic amines. No side products were observed by using excess amines.
Pure product could be obtained by removal of the catalyst by filtration followed by column
chromatography. The catalyst system was found to be recyclable and the reaction condition can
be scaled up. In order to test the reusability of the catalyst, a reaction of methyl vinyl ketone (10
mmol) and morpholine (11 mmol) was carried out in the presence of HCIO4/Si0O, (1 g) and the
catalyst was recovered after completion and activated by heating at 100 °C under vacuum for 1 h.
The recovered catalyst was reused for the aza-Michael reaction of a another batch of methyl
vinyl ketone (10 mmol) and morpholine (11 mmol) giving 90% yield of the desired product after
1 h. Again, the catalyst was recovered, reactivated and reused repeatedly for three more
consecutive times for aza-Michael reactions affording 85%, 70% and 70% yields respectively.
From this observation, it is clear that the reaction can be scaled up and the catalyst is reusable
with a little decrease of catalytic activity. Products were characterized by '"H NMR and mass
spectroscopy and for known compounds compared with the literature data [15, 16].

To compare the catalytic activity of HClO4-Si0, over ordinary Silica, an identical experiment
was performed by stirring an intimate mixture of methyl vinyl ketone (1.0 mmol), morpholine
(1.2 mmol) and silica (240-400 mesh, 100 mg) at room temperature. No aza-Michael addition
product was formed even after 24 h, indicating the requirement of HC104-S10, for the successful
outcome of the reaction. Furthermore, use of HC1O4-SiO, in the aza-Michael addition of amines
to conjugated alkenes, reduces the cost of the catalysts, which have been used earlier for same
transformation and in some cases the reaction completed in much less time. It is not very clear
whether HC104-S10; act as a solid acid catalyst or as a reservoir providing a small concentration
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of perchloric acid in solution. However, from the experiments carried out using recovered
HCl104-Si0; may explain that it acts as a solid acid in the aza-Michael reaction.

Table 1: HCIO4-SiO, catalyzed aza-Michael addition of amines to activated alkenes under
solvent-free condition.?
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* Reaction condition: A mixture of amine (1.2 mmol), conjugated alkene (1.0 mmol) and
HCl104-S10; (100 mg) was stirred at room temperature for appropriate time.
® Isolated yield.

3. Conclusion

In summary, a convenient method has been developed for the aza-Michael addition of aliphatic
or aromatic amines to the activated alkenes catalyzed by HC1O4-SiO,. Following this generalized
methodology aza-Michael addition can be carried out on a,B-unsaturated esters, ketones and
nitriles. Use of inexpensive and reusable catalyst, solvent-free reaction condition, short reaction
time, excellent chemoselectivity, high yield and ease of purification of the products are the key
features of this elegant protocol for which it may be considered as an effective alternative to the
existing methodologies.

Acknowledgements

Instrumentation facilities from SAIF, CDRI are gratefully acknowledged. C. M. thanks CSIR
New Delhi for providing a Junior Research Fellowship. Authors thank referees for their valuable
comments to improve the manuscript.



Letters in Organic Chemistry (2007), 4, 54-59
References

[1] (a) Jung, M. E. In Comprehensive Organic Synthesis; Trost, B. M.; Fleming, I. Eds.;
Pergamon: Oxford, 1991; Vol. 4, 1-67; (b) Perlmutter, P. Conjugate Addition Reactions in
Organic Synthesis; Tetrahedron Organic Chemistry Series; Pergamon: Oxford, 1992; Vol. 9,
pp 114; (c) Shibasaki, M.; Sasai, H.; Arai, T. Angew. Chem. Int. Ed. Engl., 1997, 36, 1236-
1256; (d) Gellman, S. Acc. Chem. Res. 1998, 31, 173-180.

[2] (a) Bartoli, G.; Cimarelli, C.; Marcantoni, E.; Palmieri, G.; Petrini, M. J. Org. Chem. 1994,
59, 5328-5335; (b) Liu, M.; Sibi, M. P. Tetrahedron 2002, 58, 7991-8035; (c) Hecht, S. M.
Acc. Chem. Res. 1986, 19, 383-391.

[3] (a) Wang, Y. —F.; Izawa, T.; Kobayashi, S.; Ohno, M. J. Am. Chem. Soc. 1982, 104, 6465-
6466; (b) Hashiguchi, S.; Kawada, A.; Natsugari, H. J. Chem. Soc., Perkin Trans. I, 1991,
2435-2444; (¢) Cardillo, G.; Tomasini, C. Chem. Soc. Rev. 1996, 25, 117-128.

[4] (a) Eliel, E. L.; He, X. —C. J. Org. Chem. 1990, 55, 2114-2119; (b) Hayashi, Y.; Rode, J. J.;
Corey, E. J. J. Am. Chem. Soc. 1996, 118, 5502-5503; (c) Genov, M.; Dimitrov, V.; Ivanova,
V. Tetrahedron: Asymmetry 1997, 8, 3703-3706.

[5] (a) Traxler, P.; Trinks, U.; Buchdunger, E.; Mett, H.; Meyer, T.; Muller, M.; Regenass, U.;
Rosel, J.; Lydon, N. J. Med. Chem. 1995, 38, 2441-2448; (b) Graul, A.; Castaner, J.; Drugs
Future 1997, 22, 956; (c) Gao, Y.; Sharpless, K. B. J. Org. Chem. 1988, 53, 4081-4084.

[6] Arend, M.; Westermann, B.; Risch, N. Angew. Chem. Int. Ed. Engl. 1998, 37, 1044-1070.

[7] (a) Gomtsyan, A.; Koening, R. J.; Lee, C. —H. J. Org. Chem. 2001, 66, 3613-3616; (b)
Gomtsyan, A. Org. Lett. 2000, 2, 11-13.

[8] (a) Davies, S. G.; McCarthy, T. D. Synlett 1995, 700-702; (b) Bull, S. D.; Davies, S. G,;
Delgado-Ballester, S.; Fenton, G.; Kelly, P. M.; Smith, A. D. Synlett 2000, 1257-1260; (c)
Jenner, G. Tetrahedron Lett. 1995, 36, 233-236.

[9] (a) D’Angelo, J.; Maddaluno, J. J. Am. Chem. Soc. 1986, 108, 8112-8114; (b) Rosenthal, D.;
Braundrup, G.; Davis, K. H.; Wall, M. E. J. Org. Chem. 1965, 30, 3689-3696.

[10] (a) Christoffers, J. Eur. J. Org. Chem. 1998, 1259-1266; (b) Clariana, J.; Galvez, N.; Marchi,
C.; Moreno-Manas, M.; Vallribera, A.; Molins, E. Tetrahedron 1999, 55, 7331-7344; (c)
Giuseppone, N.; Vander Weghe, P.; Mellah, M.; Collin, J. Tetrahedron 1998, 54, 13129-
13148.

[11] (a) Sibi, M. P.; Manyem, S. Tetrahedron 2000, 56, 8033-8061; (b) Sibi, M. P.; Liu, M. Org.
Lett. 2000, 2, 3393-3396; (c) Zhuang, W.; Hazell, R. G.; Jorgensen, K. A. Chem. Commun.
2001, 1240-1241; (d) Perez, M.; Pleixats, R. Tetrahedron 1995, 51, 8355-8362; (e) Varala,
R.; Alam, M. M.; Adapa, S. R. Synlett 2003, 720-722; (f) Shaikh, N. S.; Deshpande, V. H.;
Bedekar, A. V. Tetrahedron 2001, 57, 9045-9048; (g) Bartoli, G.; Bosco, M.; Marcantoni, E.;
Petrini, M.; Sambri, L.; Torregiani, E. J. Org. Chem. 2001, 66, 9052-9055; (h) Srivastava, N.;
Banik, B. K. J. Org. Chem. 2003, 68, 2109-2114; (i) Azizi, N.; Saidi, M. R.; Tetrahedron
2004, 60, 383-387.

[12] (a) Cornelis, A.; Laszlo, P. Synlett 1994, 155-161; (b) Asakura, J.; Robins, M. J.; Asaka, Y.;
Kim, T. H. J. Org. Chem. 1996, 61, 9026-9027; (c) Bandgar, B. P.; Kasture, S. P. Green
Chem. 2000, 2, 154-156; (d) Ponde, D. E.; Deshpande, V. H.; Bulbule, V. J.; Sudalai, A.;
Gajare, A. S. J. Org. Chem. 1998, 63, 1058-1063.

[13] (a) Misra, A. K.; Tiwari, P.; Agnihotri, G. Synthesis 2005, 2, 260-266; (b) Misra, A. K.;
Tiwari, P.; Madhusudan, S. K.; Carbohydr. Res. 2005, 340, 325-329; (c¢) Tiwari, P.; Agnihotri,
G.; Misra, A. K. Carbohydr. Res. 2005, 340, 749-752; (d) Kumar, R.; Tiwari, P.; Maulik, P.
R.; Misra, A. K. J. Mol. Cat. A: Chem. 2006, 247, 27-30; (¢) Tiwari, P.; Misra, A. K. J. Org.



Letters in Organic Chemistry (2007), 4, 54-59

Chem. 2006, 71, 2911-2913; (f) Tiwari, P.; Misra, A. K. Tetrahedron Lett. 2006, 47, 3573-
3576; (g) Agnihotri, G.; Misra, A. K. Tetrahedron Lett. 2006, 3653-3658.

[14] Preparation of HCIO4-SiO,: HCIO, (1.8 g, 12.5 mmol, as a 70% aq solution) was added to
a suspension of SiO; (230-400 mesh, 23.7 g) in Et;O (70.0 mL). The mixture was
concentrated and the residue was heated at 100°C for 72 h under vacuum to furnish HClO4-
Si0; (0.5 mmol/g) as a free flowing powder.

[15] Typical experimental procedure: To magnetically well stirred mixture of amine (1.2
mmol) and o,B-unsaturated ketone or ester or nitrile (1.0 mmol) was added HC104-Si0; (100
mg) at room temperature and the reaction mixture was allowed to stir at room temperature for
appropriate time as mentioned in Table 1. After completion of the reaction, the reaction
mixture was filtered, washed with CH,Cl, and concentrated under reduced pressure. Column
chromatography of the crude product over Si0O, afforded pure aza-Michael adducts.

[16] Spectral data for compounds which are not reported earlier: Compound 1: Rf: 0.77
(Hexane-EtOAc; 2:1); IR (Neat): 1730, 1581, 1457, 1398, 1189, 1029, 752, 701 cm™. 'H
NMR (CDCls, 300 MHz): 6 7.32-7.21 (m, 5 H), 4.15 (q, J = 7.1 Hz, 2 H), 3.8 (s, 2 H), 2.89
(t,J=6.4Hz,2 H),2.52 (t, J=6.4 Hz, 2 H), 1.84 (s, 1 H), 1.28 (t, J = 7.1 Hz, 3 H); ESI-MS:
m/z 208.1 [M+1]"; Anal. Calcd. for C;,H7NO; (207): C, 69.54; H, 8.27; found: C, 69.32; H,
8.50. Compound 2: Rf: 0.25 (Hexane-EtOAc; 1:1); IR (Neat); 1737, 1597, 1460, 1351,
1194, 1049, 761, 670 cm™. "H NMR (CDCls, 300 MHz): 6 4.12 (q, J = 7.1 Hz, 2 H), 2.86 (t,
J=7.1 Hz, 2 H), 2.48-2.40 (m, 4 H), 2.33 (d, J=6.4 Hz, 2 H), 1.46 (q, J = 7.4 Hz, 2 H), 1.26
(t,J=7.1Hz, 3 H), 0.88 (2t,J="7.3 Hz, 4 H), 0.51-0.45 (m, 2 H), 0.11-0.06 (m, 2 H); ESI-
MS: m/z 214.1 [M+1]"; Anal. Calcd. for C;,H»3NO, (213): C, 67.57; H, 10.87; found: C,
67.30; H, 11.1. Compound 3: Rf: 0.25 (Hexane-EtOAc; 1:1); IR (Neat); 2368, 2145, 1733,
1597, 1351, 1184, 745 cm™. "H NMR (CDCls, 300 MHz): & 7.12-7.07 (m, 3 H), 7.00-6.98
(m, 1 H), 4.15(q,J =7.1 Hz, 2 H), 3.66 (s, 2 H), 2.92-2.85 (m, 4 H), 2.80-2.76 (m, 2 H), 2.60
(t, J=7.3 Hz, 2 H), 1.28 (t, J = 7.1 Hz, 3 H); ESI-MS: m/z 234.1 [M+1]"; Anal. Calcd. for
C14H19NO; (233): C, 72.07; H, 8.21; found: C, 71.82; H, 8.45. Compound 4: Rf: 0.81
(Hexane-EtOAc; 2:1); IR (Neat); 2370, 2124, 1732, 1594, 1482, 1438, 1246, 1178, 774, 734
cm™. "H NMR (CDCls, 300 MHz): & 8.16-8.14 (m, 1 H), 7.46-7.41 (m,1 H), 6.61-6.56 (m, 2
H), 4.15 (q, J="7.1 Hz, 2 H), 3.53 (2t, J = 5.1 Hz, 4 H), 2.73 (t, J = 7.2 Hz, 2 H), 2.59-2.49
(m, 6 H), 1.28 (t, J = 7.1 Hz, 3 H); ESI-MS: m/z 264.1 [M+1]+; Anal. Calcd. for C;4H, N30,
(263): C, 63.85; H, 8.04; found: C, 63.62; H, 8.30. Compound 9: Rf: 0.44 (Hexane-EtOAc;
7:1); IR (Neat); 2373, 1728, 1603, 1508, 1253, 1183, 1028, 751, 694 cm™. "H NMR (CDCls,
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7.1 Hz, 2 H), 3.46 (t, J = 6.3 Hz, 2 H), 2.61 (t, J = 6.3 Hz, 2 H), 1.30 (t, J = 7.1 Hz, 3 H);
ESI-MS: m/z 194.1 [M+1]"; Anal. Calcd. for C;;H;5sNO, (193): C, 68.37; H, 7.82; found: C,
68.10; H, 8.0. Compound 10: Rf: 0.74 (Hexane-EtOAc; 5:1); IR (Neat); 2372, 1730, 1596,
1516, 1350, 1241, 1181, 1036, 822 cm™. 'H NMR (CDCls, 300 MHz): § 6.75 (d, J = 8.9 Hz,
2 H), 6.58 (d,J=8.9 Hz,2 H), 4.14 (q, J=7.1 Hz, 2 H), 3.76 (bs, 3 H), 3.40 (t, J= 6.3 Hz, 2
H), 2.59 (t, J = 6.3 Hz, 2 H), 1.28 (t, J = 7.1 Hz, 3 H); ESI-MS: m/z 224.1 [M+1]"; Anal.
Calcd. for C;,H17NO;5 (223): C, 64.55; H, 7.67; found: C, 64.37; H, 7.95. Compound 15: Rf:
0.66 (Hexane-EtOAc; 1:1); IR (Neat); 2373, 2249, 1630, 1463, 1147, 1011, 918, 745, 600
cm”. "H NMR (CDCl;, 300 MHz): § 7.37-7.33 (m, 1 H), 6.32-6.30 (m, 1 H), 6.19-6.18 (m, 1
H), 3.83 (bs, 2 H), 2.92 (t, J = 6.6 Hz, 2 H), 2.49 (t, J = 6.6 Hz, 2 H); ESI-MS: m/z 151
[M+1]"; Anal. Caled. for CgH;oN,O (150): C, 63.98; H, 6.71; found: 63.80; H, 6.95.
Compound 16: Rf: 0.64 (CH,Cl,-MeOH; 19:1); IR (Neat); 2373, 1595, 1351, 765, 604 cm’™".
'H NMR (CDCls, 300 MHz): & 7.52 (bs, 1 H), 7.12-7.09 (m, 1 H), 7.01-6.99 (m, 1 H), 4.28
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(t, J = 6.7 Hz, 2 H), 2.81 (t, J = 6.6 Hz, 2 H); ESI-MS: m/z 122.2 [M+1]"; Anal. Calcd. for
CgH7N3 (121): C, 59.49; H, 5.82; found: C, 59.30; H, 6.0. Compound 20: Rf: 0.78 (Hexane-
EtOAc; 1:1); m.p. 62 °C; IR (KBr); 2374, 1697, 1597, 1482, 1437, 1262, 1165, 982, 775, 734
cm. "H NMR (CDCls, 200 MHz): & 8.15-8.12 (m, 1 H), 7.46-7.38 (m, 1 H), 6.61-6.55 (m, 2
H), 3.53-3.48 (m, 4 H), 2.74-2.40 (m, 10 H), 1.06 (t, J = 7.3 Hz, 3 H); ESI-MS: m/z 248
[M+1]"; Anal. Calcd. for C;4H, N3O (247): C, 67.98; H, 8.56; found: C, 67.75; H, 8.78.
Compound 21: Rf: 0.46 (CH,CI,-MeOH; 9:1); IR (Neat); 2374, 1714, 1510, 1220, 767, 665
cm’. "H NMR (CDCls, 300 MHz): & 7.41 (bs, 1 H), 6.96 (bs, 1 H), 6.84 (bs, 1 H), 4.22 (t, J =
6.4 Hz, 2 H), 2.84 (t, J = 6.4 Hz, 2 H), 2.37 (q, J = 7.3 Hz, 2 H), 1.03 (t, J = 7.3 Hz, 3 H),
ESI-MS: m/z 153.1 [M+1]"; Anal. Calcd. for CsH,N,O (152): C, 63.13; H, 7.95; found: C,
62.90; H, 8.15. Compound 22: Rf: 0.55 (Hexane-EtOAc; 6:1); m.p. 56 °C; IR (KBr): 2131,
1704, 1606, 1433, 1103, 746, 692 cm™. 'H NMR (CDCl;, 300 MHz): & 7.18-7.13 (m, 2 H),
6.72-6.67 (m, 1 H), 6.60-6.57 (m, 2 H), 3.44 (t, J = 6.1 Hz, 2 H), 2.72 (t, J = 6.1 Hz, 2 H),
2.41(q,J=7.3Hz 2 H), 1.08 (t, J = 7.3 Hz, 3 H); ESI-MS: m/z 278.1 [M+1]"; Anal. Calcd.
for C;1HsNO (177): C, 74.54; H, 8.53; found; C, 74.35; H, 8.75. Compound 23: Rf: 0.71
(Hexane-EtOAc; 7:1); m.p. 64 °C; IR (KBr); 2373, 1711, 1597, 1352, 743 cm™'. 'H NMR
(CDCls, 200 MHz): 6 8.15-8.05 (m, 2 H), 7.45-7.41 (m, 1 H), 6.85 (d, J=8.3 Hz, 1 H), 6.67-
6.58 (m, 1 H), 3.60 (dd, J = 12.5 and 6.6 Hz, 2 H), 2.83 (t, J = 6.7 Hz, 2 H), 2.49 (q, J= 7.3
Hz, 2 H), 1.08 (t, J = 7.3 Hz, 3 H); ESI-MS: m/z 223 [M+1]"; Anal. Calcd. for C;;H4N,0;
(222): C, 59.45; H, 6.35; found: C, 59.22; H, 6.56. Compound 24: Rf: 0.65 (Hexane-EtOAc;
2:1); IR (Neat); 2372, 1708, 1612, 1512, 1244, 1034, 827, 757 cm."H NMR (CDCl;, 300
MHz): 6 6.16 (d, J=8.9 Hz, 2 H), 5.94 (d, J=8.9 hz, 2 H), 3.12 (s, 3 H), 2.74 (t, J = 6.0 Hz,
2 H), 2.07 (t, J= 6.1 Hz, 2 H), 1.82-1.76 (m, 2 H), 0.42 (t, J = 8.0 Hz, 3 H); ESI-MS: m/z
208.1 [M+1]"; Anal. Calcd. for C;,H7NO, (207): C, 69.54; H, 8.27; found: C, 69.35; H,
8.52. Compound 27: Rf: 0.77 (Hexane-EtOAc; 3:1); IR (Neat); 2375, 1709, 1593, 1507,
1460, 1040, 750 cm™. "H NMR (CDCl;, 300 MHz): § 7.27-7.24 (m, 1 H), 7.15-7.09 (m, 1 H),
6.67-6.61 (m, 2 H), 2.90-2.83 (m, 1 H), 2.47-2.23 (m, 4 H), 2.16-2.05 (m, 2 H), 1.82-1.68 (m,
2 H); ESI-MS: m/z 224.1 [M+1]"; Anal. Calcd. for C;,H4CINO (223): C, 64.43; H, 6.31;
found: C, 64.2; H, 6.55. Compound 28: Rf: 0.53 (EtOAc); IR (Neat); 2372, 1710, 1596,
1350, 1021, 751, 692 cm™. "H NMR (CDCls, 300 MHz): & 8.01-7.92 (m, 4 H), 7.65-7.21 (m,
6 H), 7.07-6.95 (m, 3 H), 6.09-6.04 (m, 1 H), 3.98-3.71 (m, 2 H); ESI-MS: m/z 277.1 [M+1]%;
Anal. Calcd. for CisH6N,0 (276): C, 78.24; H, 5.84; found: C, 78.0; H, 6.0.



