34 The Open Catalysis Journal, 2010, 3, 34-39

Manganese (II) Chloride-Catalyzed Conjugated Addition of Amines to
Electron Deficient Alkenes in Methanol-Water Medium
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Abstract: A simple, general and efficient method has been developed for the conjugate addition of a variety of aliphatic
and aromatic amines to electron deficient alkenes in the presence of a catalytic amount of manganese (II) chloride in
methanol-water to produce the corresponding -amino derivatives in excellent yields at room temperature.
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INTRODUCTION

The conjugate addition of amines to electron deficient
alkenes is one of the most effective carbon-nitrogen bond
forming reactions in synthetic organic chemistry [1]. It
provides an easy route to produce B-amino derivatives,
which are attractive for their use as synthetic intermediates
of anticancer agents, antibiotics and other drugs [2].
Moreover, the f-amino ketone, nitrile, carboxylic ester and
amide functionalities occur in many natural products [3].
The Mannich reaction is a classical method for the
preparation of [B-amino derivatives as for example the
synthesis of B-amino acid derivatives reported by Ishitani
and his co-workers [4] but this reaction has serious
disadvantages, including low yields, long reaction times, and
harsh reaction conditions. The conjugate addition of amines
to electron deficient alkenes is, in contrast, atom economical
and easy to operate. Usually these conjugate additions are
carried out in the presence of a strong base or acid [5]. To
avoid this harsh conditions, a number of milder procedures
have been developed over the past few years using a variety
of reagents such as SnCly/FeCl; [6], InCl; [7], CeCl;.7H,0-
Nal [8], Yb(OTf); [9], Cu(OTf), [10], CAN [11], Bi(NOs);
[12], Bi(OTf); [13], LiClO4 [14], KF/alumina [15], Sml,
[16], Cu(acac),/ionic liquid [17], ionic liquid/quaternary
ammonium salt in water [18], boric acid in water [19], B-
cyclodextrin [20], ZrOCL.8H,O [21], borax [22], bromo-
dimethylsulfonium bromide [23], [HP(HNCH,CH,);N]NO;
[24], palladium [25] and nickel [26] etc. Although these
methods are quite useful, many of these procedures require a
large excess of reagents, long reaction time, drastic reaction
conditions and toxic reagents as well as harmful solvents
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such as acetonitrile or 1,2-dichloroethane. Most of the
reported methodologies are effective for either aromatic
amines or aliphatic amines. Occasionally, these addition
reactions can be performed in the absence of catalysts or
water as the reaction medium, but in these cases the scope of
the method is limited by solubility issues as well as by its
lack of general applicability [27]. Therefore, development of
a general, simple and convenient method, which can be
applied to a number of substrates of different natures in a
catalytic process under milder and environmentally friendly
conditions, is highly desirable. With the increase of
environmental consciousness in chemical research, reactions
in water have attracted much attention in recent times [28].
In the present investigation, we would like to explore a
simple and general procedure for the conjugate addition of a
variety of amines to different Michael acceptors in the
presence of a catalytic amount of manganese (II) chloride in

methanol-water medium (Scheme 1).
R2 R‘4 MnCl, (10 mol%) Ri1 R

4
|

\ -— > N

NH Rs\/\EWG MeOH/H,0 1:1 Ry~ \‘/KEWG

R3
(82-96%)
R' = Hialkyl; R? = alkyl/benzyl/phenyl; R® = H/alkyl/phenyl;

R* = H/Me; EWG = CN, COMe, CO;Me, CONH, NO,

R

Scheme 1.
RESULTS AND DISCUSSION

Manganous chloride (MnCl,. 4H,0), a very inexpensive
and easily available Lewis acid, is very easy to handle and
relatively insensitive to air and moisture. In continuation of
our work on the development of new synthetic
methodologies, we found that manganous chloride could
catalyze the addition of a variety of aliphatic and aromatic
amines to electron deficient alkenes in methanol-water to
produce the corresponding B-amino derivatives in excellent
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Table1. MnCl,-Catalyzed Michael Addition of Amines to Conjugated Alkenes

Entry Amine Alkene Product’ Time [min (h)] Yield (%)” Ref.
1 PhCH,NH, > eN PhCH,NH N 20 90 [14]
2 PhCH,NH, Z > coMe phCHNH— S O 60 87 [14]
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(Table 1) contd.....

Entry Amine Alkene Product’ Time [min (h)] Yield (%)” Ref.
H
N o Me
16 ~ Al on \NJ\/COOMe (15 85 [15)
Me OMe
0 —/
~~_COOMe
17 CNH _Z~C00Me @ 30 75 [14]
H
18 PhNH, =~CN o N ~Nen (24) 70 [23]
P X
19 PhNH, = CO,Me Ph/Nv\COﬂ\/le (20) 80 [14]
H
20 PhNH, N CoMe Ph/N\/\COMe ) 95 [14]
Ph CH Ph—NH CH;
21 PhNH, \—¢ >—< (4) 65
NO, Ph NO,
Py CN
22 4-(OMe)-CgH4NH, 0N 4-(OMe)-C¢H,N " (24) 75
CO,Me
23 4-(OMe)-CgH,NH, /\COZMe 4-(OMe)-C¢H;N NS (24) 80 [22]
COzMe
24 4-Me-C¢H,NH, 0N 4-Me-CgH,N H/\/ (24) 80
CN
25 4-F-CqH,NH, e 4-F-CgHyN e (24) 60
26 4-NO,-C¢H,4NH, 0N No reaction
0 NH, 0 NH N COMe
27 < > CoMe < (10) 85 [24]
0 0
Me
28 PhNHMe N CoMe 4 (12) 81 [24]
Ph” " > COMe
NH—Ph
29 PhNH, o X O _Ph (1 82 [14]
Ph7 X N
H
30 CNH Ph/\/CHO No reaction
SH 0 O
31 46 85 [24]
@ S

“MnCl, (10 mol%) / MeOH:H,O (1:1). “Pure isolated yields. All the compounds were characterized by usual spectral and analytical methods.

yields at room temperature. The best result was achieved by
carrying out the reaction with 10 mol% MnCl, in 50:50

methanol-water medium. The reaction time is longer in
absence of water. Reaction in water only is also slow and it
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may due to the solubility of different substrates. Using the
optimized reaction conditions, several structurally varied
amines were coupled with a wide range of a, S-ethylenic
compounds and the results are summarized in Table 1.

A variety of aliphatic amines was examined and the
corresponding Michael adducts were isolated in excellent
yields within a short time. The aliphatic primary amines such
as benzylamine, substituted benzylamine, cyclohexylamine
and butylamine were treated with different Michael
acceptors and the corresponding monoadducts were isolated
in good yields (entries 1-5 and 8-10). The reaction of an
open chain bulky secondary amine like diisopropylamine
proceeded very well (entries 6, 7). Cyclic secondary amines
such as pyrrolidine, piperidine and morpholine underwent
facile additions with acrylonitrile, acrylic esters and
acrylamide (entries 11-17). Aromatic amines are less
reactive than aliphatic amines and took longer reaction time.
Both activated and weakly activated anilines were
investigated. The reactions proceeded smoothly at room
temperature and the products were obtained in excellent
yields (entries 18-21). Several substituted anilines such as
methyl, methoxy and flouro anilines underwent efficient
additions with acrylonitrile and methyl acrylate giving only
monoadducts in high yields under the present reaction
conditions (entries 22-25). Sensitive functional groups in
aniline such as 3,4-(methylenedioxy)aniline also reacted well
to give the desired product in good yields keeping the
methylenedioxy group unaffected (entry 27). However,
anilines with strongly electron withdrawing groups such as
4-nitroaniline did not yield any product under the present
reaction conditions (entry 26). N-Methylaniline also reacted
very well with methyl acrylate giving 81% yield (entry 28).

With regard to Michael acceptors, a wide range of
structurally diverse electron deficient alkenes was used such
as o,pB-unsaturated nitrile, carboxylic ester, ketone and
amides. Acrylamide underwent Michael addition with
benzylamine in very good yields (entry 4). The a,f-
unsaturated esters such as methyl acrylate, metyl
methacrylate, methyl frans-cinnamate and methyl trans -
crotonate reacted with a wide variety of amines under the
same reaction conditions to afford good yields of the
corresponding adducts. Substituted nitro-styrene underwent
Michael addition with aniline in very good yields (entry 21).
o,p -Unsaturated esters and nitriles are less reactive than the
corresponding o, -unsaturated carbonyl compounds.
Consequently, methyl vinyl ketone will take shorter reaction
times in comparison with acrylonitrile and methyl acrylate.
Table 1 corroborates this fact. In case of a,B-unsaturated
aldehydes, such as cinnamaldehyde, 1,2-addition is preferred

PhNH, + PhCH,NH, + #“ 0N

2 mmol 2 mmol 2 mmol 20 min

PhNH, + ¢ NH +/\002Me

MnCl, (10 mol%) P
MeOH/H,0 1:1

MnCl, (10 mol%)
MeOH/H,0 1:1
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and aminal was obtained exclusively when aniline was
reacted with cinnamaldehyde. It was also found that
cinnamaldehyde failed to react with pyrrolidine under
similar reaction conditions. Thiophenol also reacted with
a,B-unsaturated alkenes smoothly in this method.

The difference in the reactivity of aromatic amines shows
the chemoselectivity of the Michael addition of aliphatic
amines in this method as shown in Scheme 2. Thus, when a
mixture of aniline and benzylamine were exposed to
acrylonitrile under the present reaction conditions, the
benzylamine adduct was obtained as the sole product. In
another experiment, a mixture of aniline and piperidine were
added to methylacrylate. The mono Michael adduct of
piperidine was obtained exclusively and clearly reflects the
chemoselectivity of aliphatic amines versus aromatic amines.
Another control experiment was performed with an equal
mixture of aniline and piperidine with an excess of
acrylonitrile under the same catalytic conditions. As
expected, the former remained unaffected while the later
furnished the addition product in high yields. This selectivity
is due the smaller reactivity of aromatic amines in
comparison to aliphatic amines. Here the role of manganese
chloride is to activate the carbonyl group as other Lewis acid
catalyst does followed by the nucleophilic addition of the
amine. The reactivity of the aromatic and aliphatic amines is
not influenced by the Lewis acid as the activation of
carbonyl compounds is not to such extent. This selectivity
could be useful to discriminate the two types of amines for
synthetic applications.

In general, the reactions are very clean. Both aliphatic
and aromatic amines give the products in equally fair yields.
In particular, in the case of primary amines the method
produces the corresponding B-amino derivatives without the
problem of double-conjugate addition. It has also been
observed that addition reactions occur only for aliphatic
amines in water medium without catalyst [27].

CONCLUSION

In conclusion, this manganese (II) chloride-catalyzed
procedure provides a highly efficient methodology for the
synthesis of B-amino derivatives under milder conditions in
methanol-water medium at room temperature. General
applicability, operational simplicity, aqueous media, mild
and environmentally friendly reaction conditions, high
yields, and use of inexpensive and easily available reagents
as catalyst are the advantages of the present procedure. We
believe this Lewis acid-catalyzed aza-Michael reactions are
of significant importance in both synthetic chemistry and
industrial processes for the synthesis of f -amino derivatives.
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Scheme 2. Chemoselective conjugate addition of aliphatic amines in the presence of aromatic amines.
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EXPERIMENTAL

'H NMR (300 MHz) and "*C NMR (75 MHz) spectra
were re recorded on a Bruker DPX 300 instrument in CDCl;
solutions. IR spectra were measured on a FT 8400S
Shimadzu spectrometer in KBr pellets. Elemental analyses
were done by Perkin-Elmer autoanalyzer. Column
chromatography was performed on silica gel (60-120 mesh,
SRL, India). MnCl,.4H,O was purchased from NICE
Chemicals, India. Amines and alkenes are all commercial
materials. All liquid reagents were distilled before use.

General procedure for the synthesis of B-amino
derivatives. Representative procedure for Methyl 3-
piperidinyl-propionate (entry 12): A mixture of piperidine
(170 mg, 2 mmol, 198 pL) and methyl acrylate (172 mg, 2
mmol, 180 pL) was stirred in the presence of a catalytic
amount of MnCl, (40 mg, 10 mol %) in methanol-water (3
mL, 50:50) at room temperature for 20 min as required for
completion (TLC). After completion of the reaction,
methanol was evaporated from the reaction mixture under
reduced pressure. Ethyl acetate (40 mL) was added to the
reaction mixture, and it was filtered through filter paper to
remove manganous chloride. The extract was washed with
water (2 x 10 mL) and brine solution (1 x 10 mL) and dried
over anhydrous sodium sulphate. Evaporation of solvent
followed by short column chromatography of the crude
product over silica gel (hexane/ ethyl acetate 95:5) furnished
the pure methyl 3-piperidinyl-propionate as a colorless oil
(301 mg, 88%), whose spectroscopic data (IR and NMR) are
identical to those reported [27].

This procedure is followed for the synthesis of all the
Michael adducts listed in Table 1. The known compounds
have been identified by comparison of spectral data (IR and
'"HNMR). The spectral and analytical data of the compounds
which are not readily found are provided below.

3-(3,5-Difluoro-benzylamino)-propionitrile (entry S5,
Table 1): Colorless liquid; IR 3482, 2925, 2267, 1735, 1612,
1418, 1312 cm™; "H NMR 8 6.89 — 6.68 (m, 2H), 6.68 — 6.21
(m, 1H), 3.77 (s, 2H), 2.88 — 2.85 (m, 2H), 2.50 — 2.45 (m,
2H), (N-H) not detected. *C NMR & 164.5(2C), 140.4,
118.2, 111.2(2), 100.1, 54.2, 44.3, 21.2. Anal. Cald for
CioHioF2N; @ C, 61.22; H, 5.14; N, 14.28. Found: C, 61.02;
H, 5.07; N, 14.05.

3-Cyclohexylamino-propionitrile (entry 9, Table 1):
Colorless oil; IR 2928, 2246, 1722, 1666, 1558, 1455 cm’';
"H NMR 8 2.85 (t, J = 5.1 Hz, 2H), 2.45 (t, J = 5.1 Hz, 2H),
2.43(m, 1H) 1.80 — 1.63 (m, 5H), 1.25 — 1.16 (m, 6H), °C
NMR & 118.2, 51.2, 43.2, 34.1(2C), 27.1, 22.8(2C), 27.
Anal. Cald for CoH;¢N, : C, 71.01; H, 10.59; N, 18.40.
Found: C, 70.82; H, 10.35; N, 18.13.

(2-Nitro-1-phenyl-propyl)-phenylamine (entry 21,
Table 1): Colorless oil; IR 3381, 2204, 1612, 1414, 1207
em™; '"H NMR § 7.49 — 6.55 (m, 10H), 4.84 (m, 1H), 4.52
(m, 1H), 1.47 (d, J = 7.1 Hz, 3H), (N-H) not identified ; *C
NMR 6 142.4, 138.0, 129.4, 129.3 (2C), 128.7 (20), 127.1
(2C), 118.8, 114.1 (2C), 87.8, 61.7, 17.2. Anal. Cald for
CsH;N,O, : C, 70.29; H, 6.29; N, 10.93. Found: C, 69.93;
H, 6.03; N, 9.81.

3-(4-Methoxy-phenylamino)-propionitrile (entry 22,
Table 1): Colorless liquid; IR 3377, 2244, 1842, 1617, 1514,
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1289 cm™; 'H NMR § 6.80 (d, J = 5.1 Hz, 2H). 6.61 (d, J =
5.1 Hz, 2H), 3.75 (s, 3H), 3.47 (t, J = 4.8 Hz, 2H), 2.61 (t, J
= 4.8 Hz, 2H), (N-H) not identified; >C NMR & 152.9,
140.3, 118.5, 115.1 (2C), 114.8 (2C), 55.8, 40.8, 18.2 Anal.
Cald for C;oH,N,O: C, 68.16; H, 6.86; N, 15.90. Found: C,
67.98; H, 6.53; N, 15.62.

3-(4-methyl-phenylamino)-propionitrile (entry 24,
Table 1): Colorless liquid; IR 3559, 2253, 1615, 1522, 1404
em™; '"H NMR § 7.00 (d, J = 6.0 Hz, 2H), 6.53 (d, J = 6.0
Hz, 2H), 3.47 (d, J = 5.1 Hz, 2H), 2.60 (d, J = 5.1 Hz, 2H),
2.24 (s, 3H) (N-H) not identified; '*C NMR & 143.9, 130.2
(20), 127.7, 118.5, 113.2 (2C), 40.0, 20.4, 18.0. Anal. Cald
for C,oH2N,: C, 74.97; H, 7.55; N, 17.48. Found: C, 74.63;
H, 7.38; N, 17.16.

3-(4-Fluoro-phenylamino)-propionitrile (entry 25,
Table 1): Colorless liquid; IR 3388, 2248, 1614, 1514, 1217
em™; '"H NMR § 6.92 — 6.85 (m, 2H), 6.56 — 6.51 (m, 2H),
3.43 (t, J = 4.8 Hz, 2H), 2.58 (t, J = 4.8 Hz, 2H), (N-H) not
detected. *C NMR & 150.6, 139.2, 118.1, 117.3(2C), 114.2
(2C), 45.0, 19.3. Anal. Cald for CoHoFN, : C, 65.84; H, 5.53;
N, 17.06. Found: C, 65.61; H, 5.27; N, 16.84.
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