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Cerium(I1V) ammonium nitrate (CAN) catalyzed
aza-Michael addition of amines to o,p-unsaturated electrophiles
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Abstract—Cerium(IV) ammonium nitrate (CAN) catalyzed facile and efficient aza-Michael addition of aromatic and aliphatic
amines with o,B-unsaturated electrophiles in the absence of solvent under ultrasound irradiation.
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The development of catalysts for the formation of
carbon-nitrogen bonds by simple addition of amines to
double bonds is a focus of increasing interest.! The aza-
Michael reaction provides an easy and direct route to
B-amino esters.? In general, this type of conjugated addi-
tion reaction of nucleophiles to unsaturated carbonyl
compounds requires basic conditions or acidic catalysts.3
In order to overcome some of these limitations, a number
of alternative procedures have been reported over the
past few years using a variety of reagents such as Pd
compounds,* InCl;,> CeCl;7H,O-Nal,® Yb(OTf)s3,’
Bi(NO3)3,8 Bi(OTf)s,” Cu salts,'® LiClO,4, ' clay,'? silica
gel,'® boric acid,'"* KF/alumina'> and Sml,.'® FeCls:
7H,0, CrCl;:6H,O and SnCly44H,O had been used to
catalyze aza-Michael reactions under mild conditions in
aqueous solution, both aliphatic and aromatic amines
could be used as the nucleophiles.!” Due to the inertness
of aromatic amines relative to aliphatic ones, most of
these procedures are not successful with arylamines. Very
recently, Rao and co-workers reported B-cyclodextrin
promoted aza-Michael addition of arylamines.'® In these
reactions, an equivalent amount of the recyclable catalyst
was added. The development of less expensive, simpler,
‘greener’ metal catalysts for the aza-Michael addition
with arylamines is still highly desirable.

The readily available, cheap, low toxicity, easy handling
and profound reactivity combined with its solubility in
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organic solvents, have made CAN attractive in organic
synthesis.!? Very recently, CAN catalyzed Michael addi-
tion of indole to o,B-unsaturated ketones was re-
ported.?? Substitution took place at the 3-position, and
N-alkylation products were not observed. To the best
of our knowledge, CAN catalyzed aza-Michael addition
of amines to o,B-unsaturated compounds are unknown.
Herein we would like to report CAN as an efficient cat-
alyst in the aza-Michael addition. The advantages of this
protocol include high yield reactions that can be con-
ducted under ambient temperature without solvent.
CAN is suitable to activate aliphatic amines and even
aromatic amines for the aza-Michael addition reactions.

At first, aniline and ethyl acrylate were chosen as model
system. We found that this CAN catalyzed aza-Michael

Table 1. CAN catalyzed Michael addition of aniline to ethyl acrylate

in various solvents
O Spon

CAN (10mmol%)

NH, +
@ \)kOE‘ 60°C, 24h,solvent

Entry Solvent® Yield®(%)
1 H,O 39
2 C,HsOH/H,0°¢ 38
3 C,HsOH 75
4 THF 78
5 Dioxane 8
6 CH;CN 66

42 ml was added.
®Isolated yield.
Cv/v=1/1.
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addition was strongly dependent on the solvent. Among
the solvents tested, THF and EtOH gave fair yields
(75-78%), as well as CH3CN (66%). Low yields were
obtained with the other solvents (Table 1).

In a typical procedure, to a THF solution of aniline
(1.5 mmol) and ethyl acrylate (1 mmol) was added
CAN (0.1 mmol). The reaction mixture was stirred at
60 °C for 24 h under air atmosphere. Then the crude
reaction mixture was purified by thin layer chromato-

Table 2. CAN catalyzed aza-Michael addition of amines

graphy (TLC). The results are summarized in Table 2.
All the products were characterized by 'H, *C NMR
and mass spectrometry.

As can be seen from Table 2, primary aromatic
amines with electron-donating group gave better re-
sults. When p-chloroaniline was used, Michael adduct
product formed only in moderate yield (entry 7). No
reaction was observed when me-nitroaniline (entry 8)
was used.

H R
R/N\R1 + \/RZ CAN, R1,N' R2
1 2 3\
Entry Amine Reaction time (h)* Product Yield® (%)
H
1 PhNH 1 24 (6 3 78 (80)°
2 a (6) Ph/N\/\COZEt a (830)
H
2 p-MePhNH, 1b 24 (4) p-MePh— N~ 3b 78 (78)°
CO,Et
H
3 m-MePhNH, Ic 24 (4) m-MePh N~ 3c 77 (T1)°
CO,Et
Me H
4 0-MePhNH, 1d (6) N co,et 3d (56)°
H
5 p-MeOPhNH, le 24 (4) _N 3e 82 (80)°
p-MeOPh \/\COZEt
H
6 -MeOPhNH 1f 24 (6 N 3f 74 (82)°
m-Ve 2 © m-MeOPh™ "> CO,Et (82)
H
7 p-CIPhNH, 1g 24 (6) /@/N\/\CO e 3¢ 64 (72)°
cl 2
8 m-NO,PhNH, 1k N/A N/A
N\ N=\ c
9 [ NH 1 4) g/N\/\COQEt 3l (60)
10 { NH 1m (20 min) C\N\/\COZEt 3m (Quant.)®
11 { NH 1m (20 min) C\N\/\CN 3n (96)°
12 C,HoNH 1 (20 min) N 3 (93)°
n min 0
4Hog 2 C4H9/ \/\CN
13 C4H,NH 1 (40 min) Gafte 3 (98)¢
4119 2 n min N p
Et0,C7 > " COLEt
CHoPh \
14 Ph,CH,NH, 1o (1) N 3q (90)
Et0,C7 " " CO,Et

#Reaction times with ultrasonic irradiation are given in parentheses.

®Isolated yields. Yields for reactions with ultrasonic irradiation are given in parentheses.

©1.5 equiv amine was added.
42.5 equiv ethyl acrylate was added.
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