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Abstract

Aza-Michael adducts are obtained in very good yields by the conjugate addition of aminpauosaturated compounds using Cu-Al-£O
hydrotalcite catalyst. The catalyst is used for four cycles with consistent activity and selectivity.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction oped for the conjugate addition of amineat@-unsaturated
compound$15,16] Although the recent advances made this
The conjugate addition of aminesd¢B-unsaturated com-  route attractive, the development of simple, convenient, and
pounds to formB-amino carbonyl compounds constitutes environmentally benign recyclable approaches are highly
a key reaction in the synthesis of various complex natural desirable.
products, antibioticg3-amino alcohols and chiral auxillaries Layered double hydroxides (LDHs) or hydrotalcite like
[1,2]. Consequently, a large number of methods have beencompounds (HTs) have recently received much attention
reported for the 1,4-addition of amines to electron-deficient in view of their potential usefulness as adsorbents, anion
olefins through the activation of amines by stoichiometric or exchangers and most importantly as basic catal§3isThe

catalytic Lewis acids such as La(O3f)3], AICl3, HgCh, structure of hydrotalcite consists of brucite [Mg (QH)ype

TiCly [4], InCl3 [5], CeCk-7H20-Nal [6], Yb(OTf)3 [7], octahedral layers in which a part of the M(Il) cations are
FeCk-6H,0O, Co(OAc) [8], Bi(NO)3 [9], Bi(OTf)3 [10], isomorphously substituted by M(lll) cations. The excess pos-
Ni(ClQg4)2-6H,0 [11], LiClIO4 [12] and copper saltfl3]. itive charge of the octahedral layers resulting from this sub-

However, many of these methods often involve the use of stitution is compensated by interstitial layers built of anions
strong acid catalysts, demanding aqueous workup for theand crystal water. These LDHSs consist of alternating cationic
catalyst separation, non-recyclability, difficulty in disposal M (II) (1—y M(Ill) ,(OH)** and anionic A~-zH,0 layers,
and polymerization of the product. In contrast, there are where M(ll) is a divalent cation such as Mg, Cu, Ni, Co,
only few reports on addition of amines tgB-unsaturated  Mn, Zn; M(lll) is a trivalent cation such as Al, Fe, Cr, Ru,
compounds activated by heterogeneous catalysts, transitiorV, In, Ga; A~ denotes exchangeable anidis$] such as
metal doped montmorillonite and kaolinite cldgsl4]. More OH-, CI~, COs%2~, NO3~, SO4%~ and the value of the
recently, a green approach in ionic liquids has been devel-is in the range from 0.1 to 0.33. As a part of our research
program aimed at developing the synthetic utility of solid
_ catalysts in fine chemical synthesis, herein we report Cu-Al
* Corresponding author. Tel.: +91 40 27193510; fax: +91 40 27160921. hydrotalcite (catl) catalyzed conjugate addition of amines
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R ] Table 1
:NH = Cu-Al Hydrotalcite . (\X Aza-Michael reaction between dibutylamine and methyl acrylate using var-
R X Methanol, room temp. R’N‘R' ious solid catalysfs
X = COOMe, COMe, CN Entry  Catalyst Time (h)  Yield (%)
1 Mg-Al-NO3 Hydrotalcite 6.0 52
Scheme 1. 2 Calcined Mg-Al-NQ Hydrotalcite 6.0 60
3 Mg-Al-OH (rehydrated) Hydrotalcite 6.0 68
2. Experimental 4 Mg-Al-F Hydrotalcite 6.0 66
5 Mg-Al-O’Bu Hydrotalcite 6.0 70
CU(NQS)23H20, AI(NO3)39H20, Mg(N03)26H20, 6 Cu-Al Hydrotalt‘{lte (Catl) 3.0 90
KF, KO'Bu, NaOH, NaCOs, methyl acrylate (MA), acry- - MgO (commercial) 6.0 70
» K , » NalUs, yl acry acry- g MgO (nano) 6.0 75
lonitrile (AN) and methyl vinyl ketone (MVK) and amines ¢ None 6.0 38

were purchased from Aldrich or Fluka and used without fur- —3 Reaction conditions: dibutyl amine (1.0 mmol), methyl acrylate (1.2
ther purification. ACME silica gel (100-200 mesh) was used mmol), catalyst (0.05 g), and methanol (5 mL) at room temperature.

for column chromatography and thin-layer chromatography " Yield after column chromatography.

was performed on Merck-precoated silica gel 6@afplates.
Commercial MgO was purchased from s.d.fine-chem Ltd.,
India. Nano-MgO was purchased from NanoScale Materials
Inc., Manhattan, USA. All the other solvents and chemicals
were obtained from commercial sources and purified using
standard methods.

reaction, monitored by TLC, the reaction mixture was filtered
and washed with ethyl acetate (3 ml5 mL). The combined
ethyl acetate extracts were concentrated in vacuo, and the
resulting product was directly charged on a small silica gel
column and eluted with a mixture of ethyl acetatbexane

to afford the pure methyl 3-(dibenzylamino)propandéie

2.1. Preparation of the catalysts 1H NMR (200 MHz, CDC}) § 2.50 ¢, J = 7.30 Hz, 2H); 2.80
. . (t, J=6.92Hz, 2H); 3.57  4H); 3.61 §, 3H); 7.22-7.35
2.1.1. Synthesis of Cu-Al hydrotalcite catalyst (m, 1OH). IR (KBI’, Cm—l) 3026, 1732, 1494, 1428; MS (E|)

Cu-Al hydrotalcite (Cg/AI, 3:1) was prepared as follows /. 283 (MY), 210, 91, 77. Anal. calcd. for §H21NOy; C:
[19]. A mixture of solution of Cu(N@)2-3H;0 (32.929,  76.29; H: 7.47; N: 4.94; found C: 76.40; H: 7.42; N: 4.72.

0.1404 mol) and AI(N@)3-9H,O (16.88g, 0.045mol) in A other products gave satisfactory NMR and mass spectral
deionised and decarbonated water (140 mL) and the aqueata[7,14].

ous solutions of sodium hydroxide (13.124 g, 0.328 mol) and
sodium carbonate (8.9252 g, 0.0842 mol) in deionised and
decarbonated water (140 mL) were added simultaneously3_ Results and discussion
drop-wise from the respective burettes into the round bot-
tomed flask. The pH of the reaction mixture was maintained

constantly (8-9) by the continuous addition of base solution. methyl acrylate in methanol as a solvent at room tempera-

The resulting slurry was aged at 85 for 30 min. The solid ture with different heterogeneous catalysts are summarized in

product was isolated by filtration, washed thoroughly with Table 1 The data ifTable 1show that the Cu-Al HTTable 1

deionised and decarbonated water, and dried at under vac—entry 6) catalyst is more active than the other catalysts, Mg-

uum. The weight of the catalyst obtained was 17.6g. The Al-NO3 HT (Table 1 entry 1), calcined Mg-Al-N@ HT

copper content in the catalyst was found to be 6.91 mmol/g. (Table 1 entry 1, 2), Mg-Al-OH (rehydrated) HTTable 1
The catalyst was characterized by XRD and it is similar to entry 3), Mg-Al-F HT (Table 1 entry 4), Mg-Al-OBu HT

The results of the conjugate addition of dibutyl amine with

that reported earlief.9]. (Table 1 entry 5). Commercial MgOTable 1, entry 7) and
. . . nano-MgO {Table 1 entry 8) catalysts displayed moderate
2.1.2. Synthesis of various hydrotalcites activity. A control experiment was conducted in the absence

Mg-AI-NO3 HT, calcined Mg-Al-NQ HT, Mg-Al-OH of catalyst and it was observed that addition of dibutyl amine
(rehydrated) HT, Mg-Al-F HT and Mg-Al-@Bu HT catalysts {0 methyl acrylate Table 1 entry 9) resulted in the forma-
were prepared according to our previously reported proce-tion of desired product in low yields (ca. 38%) under similar

dures[18b]. reaction conditions.

Various cyclic and acyclic aliphatic amines including
2.2. Typical experimental procedure for the conjugate morpholine underwent 1,4-addition with a range «op-
addition of amines to a, B-unsaturated compounds unsaturated compounds to afford the corresponding aza-

Michael adductsTable 2. The reaction proceeded smoothly
In a typical procedure, methyl acrylate (1.2 mmol), diben- within 3-5h for all substrates. There is no reaction when
zyl amine (1.0mmol) and catl (0.05g) were taken in  aromatic amines such as anilipechloroaniline are treated
methanol (5mL) and stirred at room temperature for the with the Michael acceptor, methyl acrylate. The inertness of
appropriate timeTables 1 and R After completion of the aromatic amines is exemplified by taking an equimolar mix-
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Table 2
Aza-Michael reaction using Cu-Al hydrotadite
Entry Amine Acceptor Time (h) Product Yield (%)
COOMe
1 { NH Xy COOMe 3.0 { N—/— 90
CN
2 { NH XxCN 35 { NI 88
COMe
3 { NH Xy -COMe 4.0 { NJ— 84
Ph Ph COOMe
4 jNH X COOMe 5.0 jN_/_ 75
Ph—" Ph—"
Ph—. Ph—. —CN
5 NH xCN 5.5 N 80
Ph—" Ph—"
Ph Ph— COMe
6 ONH X COMe 5.0 N—" .
Ph—" ph—/
NS N
7 O NH XxCN 4.0 o N 86
I\ — COMe
8 O NH Xy COMe 25 0 NI 80
I"IC4H9\ nC4H9\ CN
9 P X CN 5.0 ,N—/_ 88
nC4H9 nC4H9
nCg4Hg nC4H COOMe
10 P Xy -COOMe 3.0 ) Q;N—/_ 90
I’IC4H9 nC4H9
3.0 8%
nCy4Hg nCyHg COMe
11 P Xy -COMe 5.0 /NI 88
nC4H9 nC4H9
o~ COOMe
12 Ph” >NH, X -COOMe 5.5 Ph m/\/ 78
PN /\/COOMe
13 Ph™ > NH, X -COOMe 55 Ph "L/COOM 8ee
e
/\ 7\ COOMe
14 HN  NH 5_COOMe 50 e wa o
A MeOOC ~—
15 QNHZ xCN 5.0 QNH CN 707
—CH,CN
16 QNH2 xCN 5.0 N¥ 700
CH,CN

@ Reaction conditions are exemplified in the general reaction procedure.

b |solated yield after silica gel chromatography.

¢ Isolated yield after fourth cycle.

d Five to nine percent of bis-adducts were formed.

€ 2.4 equivalents of acceptor used.



150

M.L. Kantam et al. / Journal of Molecular Catalysis A: Chemical 241 (2005) 147-150

/N = OMe
0] NH
NI w)/

HoN

A

Cu-Al Hydrotalcite COOMe
y -a.d N
Methanol, R.T. 3h _/
80%

Scheme 2.

ture of p-aminobenzyl alcohol and morpholine with methyl
acrylate as the Michael acceptor under similar reaction condi-
tions using Cu-Al hydrotalcite (cat). As expected, aliphatic
amine gave addition product in good yielsidheme 2 This
clearly shows that cal is suitable to activate the aliphatic
amines only and fails in the case of aromatic amines for the
aza-Michael addition reaction.

The reaction of cyclic amines such as piperidine with
methyl acrylate (MA), acrylonitrile (AN) and methyl vinyl
ketone (MVK) gave 90, 88 and 84% yields, respectively, in
3—-4h (Table 2 entries 1-3). Sterically hindered amine, for
example dibenzylamindéble 2 entries 4-6) with MA, AN
and MVK offered 1,4-addtion products in 75—-80% yields in
5-5.5h. Other amines like morpholin&aple 2 entries 7
and 8), dibutyl amineTable 2 entries 9—11) and cyclohexyl
amine Table 2 entry 15) were reacted in equal ease with MA,
AN and MVK and gave 70-88% yields in 2.5-5 h. However,
benzylamine with MA gave mono-addition product as major
in 78% yield along with 5—9% bis-addudigble 2 entry 12).

No byproducts resulting from 1,2-addition were observed.

(b) Y.F. Wang, T. Izawa, S. Kobayashi, M. Ohno, J. Am. Chem. Soc.
104 (1982) 6465;
(c) S. Hashiguchi, A. Kawada, H. Natsugari, J. Chem. Soc. Perkin
Trans. 1 (1991) 2435;
(d) T.C. Wabnitz, J.Q. Yu, J.B. Spencer, Chem. Eur. J. 10 (2004)
484;
(e) T.C. Wabnitz, J.B. Spencer, Org. Lett. 5 (2003) 2141;
(f) M. Liu, M.P. Sibi, Tetrahedron 58 (2002) 7991;
(g) E. Juaristi, H. Lopez-Ruiz, Curr. Med. Chem. 6 (1999)
983.
[2] (a) Y. Hayashi, J.J. Rode, E.J. Corey, J. Am. Chem. Soc. 118 (1996)
5502;
(b) E.L. Eliel, X. He, J. Org. Chem. 55 (1990) 2114;
(c) G. Bartoli, M. Bartolacci, A. Giuliani, E. Marcantoni, M. Mas-
saccesi, E. Torregiani, J. Org. Chem. 70 (2005) 169;
(d) P. Perlmutter, Coniugate Addition Reactions in Organic Synthe-
sis, Pergamon Press, Oxford, 1992;
(e) V.J. Lee, in: B.M. Trost, I. Fleming (Eds.), Comprehensive
Organic Synthesis, 4, Pergamon Press, New York, 1991, pp. 69-137
(Chapter 1.2).
[3] M. Matsubara, M. Yoshioka, K. Utimoto, Chem. Lett. (1994) 827.
[4] J. Cabral, P. Laszlo, L. Mahe, M.T. Montaufier, S.L. Randriamahefa,
Tetrahedron Lett. 30 (1989) 3969.
[5] T.P. Loh, L.L. Wei, Synlett (1998) 975.

The use of excess Michael acceptor gave bis-adducts as a[6] G. Bartoli, M. Bosco, E. Marcantoni, M. Pertrini, L. Sambri, E.

sole product in good yieldsTéble 2and entries 13, 14 and
16).
The Cu-Al hydrotalcite (catl) was removed after the

Torregiani, J. Org. Chem. 66 (2001) 9052.
[7] G. Jenner, Tetrahedron Lett. 36 (1995) 233.
[8] L.W. Xu, L. Li, C.G. Xia, Helv. Chim. Acta 87 (2004) 1522.
[9] N. Srivastava, B.K. Banik, J. Org. Chem. 68 (2003) 2109.

reaction by filtration, washed with methanol and dried under [10] r. varala, M.M. Alam, S.R. Adapa, Synlett (2003) 720.
vacuo. The recovered catalyst is reused several times without11] L. Fadini, A. Tongi, Chem. Commun. (2003) 30.

loss of activity Table 2 entry 10). The leaching of the metal
after the first cycle was determined by Atomic Absorptio
Spectrometer and it is negligible (0.059%).

4. Conclusions

]
[12] N. Azizi, M.R. Saidi, Tetrahedron 60 (2004) 383.
n [18] LW. Xu, JW. Li, C.G. Xia, S.L. Zhou, X.X. Hu, Synlett (2003)

2425.

[14] N.S. Shaikh, V.H. Deshpande, A.V. Bedekar, Tetrahedron 57 (2001)

9045.

[15] L.W. Xu, J.W. Li, S.L. Zhou, C.G. Xia, New. J. Chem. 28 (2004)

183.

[16] J.S. Yadav, B.V.S. Reddy, A.K. Basak, A.V. Narsaiah, Chem. Lett.

In summary, we have described a simple, convenient, and

32 (2003) 988.

efficient protocol for the 1,4-conjugate addition of amines [17] (a) F. Trifiro, A. Vaccari, in: G. Alberti, T. Bein (Eds.), Comprehen-

to o,B-unsaturated compounds using Cu-Al hydrotalcite cat-
alyst at room temperature in very good yields. The Cu-Al
hydrotalcite shows enhanced activity over the other solid cat-
alysts tested and reused for several cycles with consistent
activity and selectivity.
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