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Abstract—One-pot, three-component Mannich reactions of ketones, aldehydes and amines were efficiently
catalyzed by AIPW,0,, in water at ambient temperature to give the corresponding -amino ketones in good
to excellent yields. The method has the following merits: Firstly, Catalyst AIPW,;,0,, is non-corrosive and
environmentally benign; Secondly, loading amount of catalyst is very low, less than 1 mol %; Thirdly, water

as solvent is green and safe.
DOI: 10.1134/S0023158411040045

Organic reactions in water are a hot study field in
recent years because water used as reaction medium
has several advantages [1—3]. Firstly, in comparison
with organic solvent often used in organic chemical
reaction, water is a green and safe solvent. Risk in pro-
duction process greatly decreases; Secondly, water’s
unique physical and chemical properties lead to
unique reactivity and selectivity of organic reaction in
water, which cannot be attained in organic solvents;
Thirdly, water is cheap and organic reactions in water
do not require to use expensive anhydrous reactants
and reagents. So, the cost of product evidently
decreases. Finally, the operation after reaction is sim-
ple. The organic product which is insoluble in water
can be separated from water by simple filtration or sep-
aratory funnel.

Mannich reaction is one of the most important
multicomponent carbon—carbon bond-forming reac-
tions in organic synthesis and one of the most funda-
mental and classical routes to prepare (B-amino
ketones and their derivatives, which are versatile syn-
thetic intermediates for various pharmaceuticals, nat-
ural products and biologically active compounds [4, 5].
The ubiquitous nature of nitrogen-containing com-
pounds including proteins, nucleic acids and most
biologically active compounds arouses an increasing
interest in Mannich reaction. Mannich reaction can
happen using either two-component system or three-
component system. However, the preferable route is
one-pot three-component Mannich reaction of
ketone, aldehyde, and amine. Up to now, many proto-
cols for three-component Mannich reaction have been

! The article is published in the original.

reported in open literatures [6—9]. Various catalysts
including Lewis acids [10], Lewis bases [11], Bronsted
acids [12, 13], rare metal salts [14], and organic small
molecules have been used to promote the Mannich
reaction [15]. However, most of these are plagued by
several evident drawbacks, for example toxicity, corro-
sivity, expensive catalysts or using organic solvents.
Hence, there is high interest in pursuing an efficient,
green method for Mannich reaction.

Heteropoly acids and its salts as highly active and
environmentally benign solid acids have been used to
catalyze many organic reations such as esterifications
[16—18], Friedel—Crafts [19, 20] and Diels—Alder
reactions [21]. Mannich reaction catalyzed by het-
eropoly acids have been also covered in several litera-
tures [22—24]. AIPW,,0,, as a water stable, highly
active non-corrosive and environmentally benign salt
have been used to catalyze several organic reactions
[25—27], while Mannich reaction catalyzed by
AIPW,,0,, is not reported in open literatures so far. In
this paper, we describe that one-pot three-component
Mannich reactions of ketones, aldehydes and amines in
water at room temperature were efficiently catalyzed by
AIPW,0, to give the corresponding -amino ketones
in good to excellent yields.

EXPERIMENTAL
Materials and Methods

All the chemicals and reagents used were of analyt-
ical grade and were used without further purification.
The structure and syn/anti ratio of products were
determined by IR, '"H NMR. IR spectra were recorded
on a Bruker AM-400 spectrometer using KBr discs.
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Table 1. Direct three-component Mannich reaction catalyzed by different metal salts in water

o O HN’ Ph
Ph—CHO+Ph—NH,+ | —=5iggme~ ] ]
Ph Me Ph Ph
10 mmol 10 mmol 10 mmol
Entry Catalyst Amount of Cat, mol % Time, h Yield, %
1 AlCl, 10 24 0
2 Aly(SOy); 10 24 0
3 AI(SO;CH3); 5 24 24
4 AI(SO;C¢H,CH3-p)5 5 24 63
5 AIPW,0,, 0.5 16 93
6 Na;PW,,04 2 24 0
7 Mg;(PW,,040), 5 24 21
8 Zn;(PW,049), 5 24 72
9 LnPW,,04 5 24 86

'H NMR spectra were obtained from solution in
CDCI; with TMS as internal standard using a Varian
Scimitar Series 800 (400 MHz) spectrometer. Melting
points were determined in open capillaries.

General Procedure for Mannich Reaction Catalyzed
by AIPW ,0,,in Water

Aldehyde (10 mmol), amine (10 mmol) and ketone
(10 mmol) were added to a solution of AIPW,,0,, in
water (3 mL) placed in a 50 mL one-necked round-
bottom flask. Then, the reaction mixture was stirred
(500 rts/min) vigorously with a magnetic stirrer at
ambient temperature for the mentioned time. After
reaction completion, the crude mixture was either
purified by silica gel chromatography (ethyl ace-
tate/petroleum ether mixtures) or recrystallization
from ethanol or ethanol-acetone (v/v=1: 1) to afford
the corresponding compound.

RESULTS AND DISCUSSION

Catalytic Activities of Various Metal Salts
in Esterification

Initially, we selected Mannich reaction of an
equimolar amount of benzaldehyde, aniline, and ace-
tophenone as a model reaction to screen catalysis
activities of various usual metal salts for one-pot three-
component Mannich reaction in water at room tem-
perature. As shown in Table 1, among these catalysts
used, AIPW,0,, was the most efficient catalyst for the
Mannich reaction in water at ambient temperature.
Only 0.5 mol % of AIPW,,0,, was enough to efficiently
catalyze Mannich reaction in an excellent yield 93%
(entry 5). Comparatively, other aluminum salts (AlCl,
and Al,(SO,);) had not catalysis towards Mannich
reaction in water (entries 1, 2). Al(SO;CHj;); and

Al(SO;C¢H,CHj;-p); could catalyze Mannich reaction
under the same condition (entries 3, 4), but they were
much inferior to AIPW,0,,. Other phosphotungstate
salts were also used to catalyze the model Mannich
reaction under the same condition, activity of
Mg,(PW,,0,), and Na,PW,,0,, were very low, even
nought (entries 6, 7). Zny(PW,04), and LnPW,0,,
could smoothly catalyze Mannich reaction in water
(entries 8, 9), but their activities were lower than that
of AIPW,0,,. These results demonstrated that both

cation AI** as a benign Lewis acid and PW,,0;; as a
felicitous anion were integrant factors to catalyze effi-
ciently three-component Mannich reaction in water.

AIPW ;,0 ,-Catalyzed Mannich Reaction
of Aromatic Ketones

Encouraged by the remarkable results, we explored
the generality and scope of AIPW,,0,,-catalyzed one-
pot three-component Mannich reaction in water, the
reaction was examined with various structurally
ketones, aldehydes and amines under the same condi-
tion.

The Mannich reaction of aromatic ketones with
various aromatic aldehydes and amines could be cata-
lyzed by AIPW,0,, in water in good to excellent yields
as shown in Table 2. These results revealed the follow-
ing characters:

(1) When anisaldehyde bearing strong electron-
donating methoxy group was used as reaction sub-
strate, yield was distinctly low because electron-
donating action of methoxy group decrease electro-
philicity of carbonyl carbon atom (entries 2, 7);

(2) It is worthly to say that an excellent yield could
also be obtained for reaction of 3-nitroaniline with
strong electron-withdrawing nitro group (entries 4, 9);
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Table 2. AIPW,,0,4,-catalyzed three-component Mannich reaction of Aromatic Ketones in Water

561

Ar3
)(])\ 0.5 mol % AIPW,0 9 HN/
2 3 -> mol % 12040
+Ar"—CHO + Ar—NH o
Arl CH3 2 3 mL H,0, 1t Arl)l\)\ArQ
10 mmol 10 mmol 10 mmol
Entry Aldehyde Amine Ketone Time, h | Yield, %2 | 7. mp., °C
— 0
1 QCHO QNHZ 18 95 167—168
\_/ CH;,
== 0
2 CH3OOCHO QNHz \ / 20 54 148—150
CH;,
— 0
3 QCHO CH3ONH2 \ / 16 93 161-162
CH;
NH, = P
4 CHO \ / 16 94 144—146
NG, CH;
== 0
5 QCHO CH3OONH2 \ / 20 74 148—150
CH;,
— 0
6 QCHO QNHz Hﬁ@—{ 20 80 128130
CH;
— 0
7 CHpOCHO <i%1\m2 Hﬁ@—{ 18 48 142143
CH;
— 0
8 QCHO CH3ONH2 Hﬁ@—{ 15 90 150151
CH;
NH, — o
9 CHO H:C—\  / 15 83 130—132
NG, CH;,
— 0
10 CHO CH3OONH2 HiC—\ 21 45 128130
CH;

Note: ?isolated yields (data were obtained according to amount of product purified by gel chromatography or recrystallization).
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Table 3. AIPW,,0,4,-catalyzed three-component Mannich reaction of Aliphatic Ketones in Water

0 (0] Ar )
0.15 mol % AIPW,,049 N/Af
1 2 3mL H,0, 1t
Ar —CHO + Ar" —NH, + o |
0.3 mol % AIPW ;04 O Ar
HH\ _AP
3mL H,0, rt N
H
10 mmol 10 mmol 10 mmol
Entry Aldehyde Amine Ketone | Time,h | Yield, %2 | syn/anti® | T.mp., °C
(0]

1 @CHO @NHZ 1 95 48/52 136—138
2 cmoOCHo QNHz

15 75 49/51 131-133

4 92 39/61 138—140

8 91 47/53 116—117

5 CIOCHO c1{\:/}1\m2 94 50/50 | 139—140

6 { 15 76 53/47 | 123-125
Q—CHO \‘/>7NH2 /

7 18 82 53/47 | 103-105
@CHO CH3ONH3 /

8 Q—CHO CIONHz 10 91 52/48 | 138—140

9 | a—( )—cHo Cl@NHz 18 62 5149 | 120—122

|| e | e [l K[ [

Note: ?isolated yields (data were obtained according to amount of product purified by gel chromatography or recrystallization), b anti/syn
ratio was determined by '"H NMR spectroscopy analysis of the crude reaction mixture.
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(3) In general, the reactivity of p-methylacetophe-
none was a little lower than that of acetophenone.

AIPW ,,0,,-Catalyzed Mannich Reaction
of Aliphatic Ketones

Furthermore, we used AIPW,0,,to0 catalyze Man-
nich reaction of aliphatic ketones such as cyclohex-
anone and 3-pentanone, as substrate in water. It can be
seen from Table 3 that reactivities of aliphatic ketones
were obviously superior to those of aromatic ketones.
Smaller amount of AIPW,,0,4 could efficiently cata-
lyze Mannich reaction of aliphatic ketones. Especially,
Mannich reaction of cyclohexanone, benzaldehyde
and aniline, not only was amount of catalyst
AIPW,,0,, used less, but also reaction rate was very
quick. An excellent yield 95% could be obtained in
one hour in the present of only 0.15 mol % AIPW,,Oy,.

In conclusion, AIPW,0,4, could highly efficiently
catalyze one-pot three-component Mannich reaction
of an equal mole amount of aldehydes, amines and
ketones at ambient temperature to obtain B-amino
ketones. The method exhibits several merits: Firstly, as
compared with heteropoly acids, AIPW,,0,, as a water
stable salt is non-corrosive and environmentally
benign; Secondly, loading amount of catalyst green is
very low, less than 1 mol %; Thirdly, water as solvent is
green and safe. So, it was an attractive and promising
method to synthesize 3-amino ketones in laboratory
and chemical industry.
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