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ABSTRACT

A chemoselective and highly efficient addition mires to electron deficient alkenes is describethénpresence of
claycop in solvent free condition. The reactiovésy rapid and exhibited higher yields in companiseith slurry
reaction. Claycop can be readily recovered and eguafter activation. This method is suitable fovaxiety of
amines and alkenes. Solvent free condition and clabifity of supported catalyst makes procedure enor
environmental friendly.
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INTRODUCTION

B-Amino ketones possess wide range of biological gimarmaceutical propertiés. Some of the natural products
and antibiotic analogues havirfizamino ketones are used in cancer ther@pyin addition to this the chiral
auxiliaries also contain$-amino ketones as core unit. Therefore, the sdarcéfficient and simple method for the
preparation of this unit is an area of continuausriest. A classical method based on Mannich madtas been
mainly utilized for the construction gamino carbonyl compoundd. However, it often requires harsh reaction
conditions, allowing for a relatively narrow scoplesubstrates since it has to go through an iminintermediate.
Due to its drawbacks, aza-Michael reaction becopnesnising alternative for the construction amintokes. This
reaction is usually carried out under acid or beetalysis.f-amino alcohols have been synthesized by the Lewis
acid catalyzed addition of amines dg3- ethylenic compounds. Lewis acidic catalysts sashtransition metals
PdCL(MeCN), *¥ FeCk6H,0 “?), Bi(OTf), ", CeCk7H,0 “Y, Smi, ¥, Cu(OTf) [4f], Bi(NO3) #¥, Yb(OTf)s ",
InCl; 1, Liclo, ™ TMSCI ¥ have been shown to catalyze chemoselective addificamines tax,A-ethylanic
compounds. Boric acid has also been employed farMizhael addition in wateP). In addition to this,
heterogeneous catalysts like clay supported readente been reported for Michael additfdn Recently, Ceric
Ammonium nitrate (CANY’® and other reagents such as fluor[iﬂg ionic liquid 7“7, B-cyclodextrin’¥, sodium
dodecylsulfaté’™ have been reported to catalyzed aza-Michael additiowever, the reported method for the
synthesis of important new biologically active nmlkes often suffer from tedious work up, longerctam time,
narrow scope of substrate, substrate-selectivitsdone catalysts arttie involvement of some toxic solvents such
as 1,2-dichloroethane or acetonitrile. To circumvdiese problems associated with earlier methodsemvision
choosing supported reagent which would providecigffit and operationally simple protocol. There igrawing
interest in solid supported reagents because tihdisadvantages like, simple reaction, easy seiparaf products
and reaction selectivity. Solid supported reagemése been exploited extensively for the developmeint
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environmental friendly reaction during past decadeky supported catalysts provide easy separatiothe
products from the reaction without tedious experitabworkup and enable the efficient recovery f tatalysté.
The recyclability of these solid supports rendéese processes into truly eco-friendly green paisodAmong the
supported reagents, clay supported nitrates hage bsed for various organic transformations suchxidizing,
nitrating reagent and as catalyst which displ enhanced reactivity and selectivity, some oictviwere not
readily accomplished in common organic solvéfitsAlthough the preparation of copper nitrate supgmbion clay
has been reported, the applications of claycoperafpr various organic transformations remain yhaised *°.
Our involvement in the area of solid supported négén organic transformatiofs’, herein we wish to report the
‘claycop’ catalyzed efficient and chemoselectivaliidn of amines on electron deficient alkenes dalvent free
condition.

R Rs | R Rs
. claycop
% N
NH + Re EWG —_— Ry EWG
R Neat, rt R,

R= H/ alkyl; R;=alkyl/ benzyl R,=H,alkyl/Ph; R3=H/Me EWG =CO,Me, CN, COCH,alkyl, CONH2
Scheme 1: aza-Michael addition of amines @8 -unsaturated compounds catalyses by claycop undsolvent free conditions

MATERIALS AND METHODS

Experimental Part:-

All reactions were carried out without any spegedcautions in an atmosphere of air. Chemicals warehased
from Fluka andS. D. Fine ChemicalsTLC: precoated silica gel plate8)( Fos,, 0.2 mm layerE. Merk *H-NMR
SpectraVarian 200or Bruker 300spectrometer; in CDgldin ppm,J in Hz. Mass spectrd/G Autospecin m/z

General Procedure for the Preparation of claycop:

"Claycop" is prepared by adding 6 g of MontmoriitenK-10 clay to a solution of 4 g of copper(l1l)traie
trihnydrate in 75 ml of acetone in a 250 ml roundtdm flask. The resulting suspension is vigorowsisred at room
temperature for 30 minutes. Then the suspensioplased in a rotary vacuum evaporator and the sblien
eliminated under reduced pressure. After 30 minubesdry solid crust adhering to the walls of flask is flaked
off with a spatula, and solvent evaporation is nesd for another 30 minutes, yielding about 10 fctdycop”, as a
light blue free flowing powder which shows no losfsreactivity after standing in an open powder ok one
month

General Procedure for the aza-Michael reaction gsitaycop

A mixture of amine (1 mmol)a,f-unsaturated ester (1.1 mmol) and ‘claycop’(10 moltas stirred at room
temperature for the stipulated time (see TablettprAcompletion of the reaction as indicated by Tl reaction
mixture was diluted with DCM and filtered. The ffdte was concentrated under vacuum and the soletiotaining

the product was passed through a flash chromatbgregumn on silica gel to afford pure product.

All the products were prepared by following the saprocedure and characterized by IR, Mass #hdMR
spectroscopy.

Spectral data for new compounds are given below:

Methyl 3-(4-methylpiperidin-1-yl)propanoaf&3a}

Yellow liquid, *H NMR (300 MHz, CDCJ): & 3.65 (s, 3H), 2.82 (d, 2H}, = 11.33 Hz), 2.62 (t, 2H] = 7.55 Hz),
2.45 (d, 2HJ = 6.80 Hz), 1.94 (td, 2H] = 9.07, 2.27 Hz), 1.59 (td, 2H,= 9.07, 2.27 Hz), 1.33 (m, 1H), 1.23 (qd,
2H, J=9.07, 3.02 Hz), 0.92 (d, 3H,= 6.04 Hz)]R (KBr): vmax 2933, 2825, 1752, 1623, 1448, 1271, 1241, 1122,
1088, 686cm'1; MS (ESI): m/z 186 (M*1). Anal. Calcd. for gH,gNO,: C, 64.83; H, 10.34; N, 7.56; O, 17.27.
Found: C, 64.81; H, 10.38; N, 7.52; O, 17.29.

3-(4-Methylpiperidin-1-yl)propanenitril€l3b):

Yellow liguid, *H NMR (300 MHz, CDCJ): 5 2.85 (d, 2H,) = 10.75 Hz), 2.64 (t, 2H] = 6.83 Hz), 2.44 (t, 2H) =
6.83 Hz), 1.97 (td, 2H) = 11.33, 3.02 Hz), 1.62 (td, 2HJ = 11.33, 3.02 Hz), 1.34 (m, 1H), 1.24 (qd, 2H; 9.07,
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3.02 Hz), 0.93 (d, 3H] = 6.04 Hz); IR (KBr):vmax 3379, 2851, 2812, 2243, 1412, 1324, 1201, 1028, 685cm*;
MS (ESI)m/z153 (M'1). Anal. Calcd. for gH.¢N,: C, 71.01; H, 10.59; N, 18.40. Found: C, 71.04;18,60; N,
18.41.

Methyl 2-methyl-3-(4-methylpiperidin-1-yl)propane#t 3f):

Yellow thick liquid,*"H NMR (300 MHz, CDC)): & 3.69 (s, 3H), 2.82 (d, 2H] = 11.33 Hz), 2.57 (dd, 2H] =
10.57, 8.03 Hz), 2.42 (m, 1H), 1.94 (td, 2H; 9.07, 2.27 Hz), 1.59 (td, 2H,= 9.07, 2.27 Hz), 1.33 (m, 1H), 1.23
(qd, 2H,J =9.07, 3.02 Hz), 1.18 (d, 3H,= 6.80 Hz), 0.92 (d, 2H] = 6.04 Hz); IR (KBr):vma 2943, 2820, 1759,
1568, 1448, 1277, 1244, 1122, 1088, 686'tMS (ESI):m/z 200 (M'1). Anal. Calcd. for GH,NO,: C, 66.29; H,
10.62; N, 7.03; O, 16.06. Found: C, 66.29; H, 10827.03; O, 16.06.

tert-Butyl 4-(3-methoxy-3-oxopropyl)piperazine- Iuaxylate(14a)

Yellow solid; mp 98-101°C;'H NMR (300MHz, CDCJ): & 3.67 (s, 3H), 3.38 (t, 4H,= 7.55 Hz), 2.66 (dd, 2H} =
7.18, 2.46 Hz), 2.46 (dd, 2H,= 7.18, 2.46 Hz), 2.38 (t, 4H,= 7.55 Hz), 1.45 (s, 9H); IR (KBr¥max 2923, 2854,
1721, 1606, 1541, 1431, 1293, 1172, 1088, 760;ddS (ESI)m/z273(M'1). Anal. Calcd. for GH,N,O4: C,
57.33; H, 8.88; N, 10.29; O, 23.50. Found: C, 57t333.88; N, 10.29; O, 23.50.

tert-Butyl 4-(2-cyanoethyl)piperazine-1-carboxylétdb).

Yellow solid, mp 103-105°C; 'H NMR (300 MHz, CDC)): & 3.42 (t, 4H,J = 4.88 Hz), 2.69 (t, 2H] = 6.83 Hz),
2.49 (t, 2HJ = 6.83 Hz), 2.44 (t, 4H] = 4.88 Hz), 1.45 (s, 9H); IR (KBrym. 2926, 2855, 2821, 1418, 1336, 1203,
1083, 806, 616 cih MS (ESI):m/z 240 (M'1). Anal. Calcd. for GH,;NsO.: C, 60.23; H, 8.84; N, 17.56; O, 13.37.
Found: C, 60.23; H, 8.84; N, 17.56; O, 13.37.

tert-Butyl 4-(3-methoxy-2-methyl-3-oxopropyl)pipgre-1-carboxylat€14f):

Yellow solid, mp 101-103C; *H NMR (300MHz, CDCJ): & 3.66 (s, 3H), 3.36 (t, 4H = 6.42 Hz), 2.63 (d, 2H]
= 7.18 Hz), 2.40 (m, 1H), 2.34 (t, 4d= 6.42 Hz), 1.43 (s, 9H), 1.13 (d, 3Bi= 4.72 Hz); IR (KBr):vmnax 2926,
2855, 1759, 1418, 1336, 1203, 1083, 806, 616;cMS (ESI) m/z 287 (M'1). Anal. Calcd. for GH,eN,Oy: C,
58.72; H, 9.15; N, 9.78; O, 22.35. Found: C, 58H29.15; N, 9.78; O, 22.35.

Methyl 3-(4-(4-chlorophenyl)-4-hydroxypiperidin-Dpropanoate(15a)

Yellow solid, mp 145-147C; *H NMR (300MHz, CDC}): & 7.41 (d, 2HJ = 8.31 Hz), 7.28 (d, 2H] = 8.49 Hz),
3.68 (s, 3H), 2.73 (m, 4H), 2.48 (m, 4H), 2.082¢, J = 12.84 Hz), 1.66 (d, 2H,= 13.60 Hz)]R (KBr): vpax 3356,
2925, 2854, 1762, 1584, 1458, 1086, 959, 757, M0§ &S (ESI)m/z298 (M'1). Anal. Calcd. for GHCINO;:
C, 60.50; H, 6.77; Cl, 11.91; N, 4.70; O, 16.12uRa: C, 60.50; H, 6.77; Cl, 11.91; N, 4.70; O, 16.1

3-(4-(4-Chlorophenyl)-4-hydroxypiperidin-1-yl)propanitrile (15b):

Yellow solid, mp 163-165C;*H NMR (300MHz, CDC}): & 7.40 (d, 2HJ = 9.07 Hz), 7.29 (d, 2H] = 8.31 Hz),
2.75 (t, 4H,J = 6.80 Hz), 2.53 (m, 4H), 2.07 (id, 2Bl= 12.84, 4.53 Hz), 1.69 (d, 2K~ 12.09 Hz); IR (KBr):Vmax
2924, 2854, 2221, 1456, 1260, 1108, 1021, 842,c6#8 MS (ESI)m/z265 (M'1). Anal. Calcd. for @H,7CIN,O:
C, 63.51; H, 6.47; Cl, 13.39; N, 10.58; O, 6.04uird: C, 63.51; H, 6.47; CI, 13.39; N, 10.58; 046.0

Methyl 3-(4-(4-chlorophenyl)-4-hydroxypiperidin-)-2-methylpropanoat€l5f):

Yellow solid, mp 152-158C; *H NMR (300MHz, CDC}): & 7.41 (d, 2HJ = 8.31 Hz), 7.27 (d, 2H] = 8.31 Hz),
3.70 (s, 3H), 2.85 (m, 4H), 2.56 (dd, 2H7 12.09, 10.56 Hz), 2.42 (MH), 2.15 (m, 2H), 1.67 (d, 2H,= 14.35
Hz), 1.18 (d, 3H,) = 6.80 Hz); IR (KBr):vnax 2923, 2853, 1759, 1492, 1440, 1308, 1196, 1049, 853, 718, 539
cm?; MS (ESI)m/z 312 (M'1). Anal. Calcd. for GH,,CINOs: C, 61.63; H, 7.11; Cl, 11.37; N, 4.49; O, 15.39.
Found: C, 61.63; H, 7.11; Cl, 11.37; N, 4.49; 0,385

tert-Butyl 4-(3-methoxy-3-oxopropyl)-1,4-diazepdnearboxylatg18a)

Yellow solid, mp 112-114C; *H NMR (300MHz, CDCJ): & 3.66 (s, 3H), 3.47 (m, 2H), 3.41 (t, 2H] = 5.67 Hz),
2.84 (m, 2H), 2.66 (m, 4H), 2.46 (t, 2Bl 6.42 Hz), 1.82 (m, 2H), 1.45 (s, 9H); IR (KB¥v);ax 2928, 2843, 1762,
1459, 1263, 1112, 830 ¢mMS (ESI)m/z287 (M'1). Anal. Calcd. for @H,eN,O4: C, 58.72; H, 9.15; N, 9.78; O,
22.35. Found: C, 58.72; H, 9.15; N, 9.78; O, 22.35.
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tert-Butyl 4-(2-cyanoethyl)-1,4-diazepane-1-carbiate/(18b):

Yellow solid, mp 121-125C; *H NMR (300MHz, CDCY)): & 3.45 (m, 2H), 3.39 (t, 2H] = 5.67 Hz), 2.83 (m, 2H),
2.65 (m, 4H), 2.42 (t, 2H] = 6.82 Hz), 1.79 (m, 2H), 1.44 (s, 9H); IR (KBt}ax 2924, 2853, 2221, 1755, 1535,
1458, 1247, 1089, 955, 759n?; MS (ESI)m/z 254 (M'1). Anal. Calcd. for GHpsNsO,: C, 61.63; H, 9.15; N,
16.59; O, 12.63. Found: C, 61.63; H, 9.15; N, 16(3912.63.

tert-Butyl 4-(3-methoxy-2-methyl-3-oxopropyl)-1jdz&pane-1-carboxylati 8f):

Yellow solid, mp 117-118C; *H NMR (300MHz, CDCJ): & 3.67 (s, 3H), 3.45 (m, 2H), 3.41 (t, 2H] = 5.67 Hz),
2.84 (m, 1H), 2.66 (m, 4H), 2.44 (t, 2b= 6.82 Hz), 1.81 (m, 2H), 1.45 (s, 9H), 1.13 (d,, 34 6.80 Hz); IR
(KBr): vmax 2931, 2853, 1758, 1492, 1440, 1308, 1196, 1049, 853, 539 cr; MS (ESI)m/z301 (M1). Anal.
Calcd. for GsHogN.O4: C, 59.97; H, 9.40; N, 9.33; O, 21.30. Found: €.95%; H, 9.40; N, 9.33; O, 21.30.

RESULTS AND DISCUSSION

Thus to optimise the reaction conditions, we haxeméned the reaction of piperidine with methyl datg in the
presence of ‘claycop’ in different solvents suchtasiene, chloroform and dichloromethane. It wasnfb that
reaction proceeded well in DCM and completed inrd (Y8% yield). However, the other solvent showesk|
conversion even after longer reaction time (12.h&s)some of the reactions are effective in solidgg8], we have
attempted the same reaction in solvent free cangisimply by mixing amine and methyl acrylate negences of
‘claycop’. To our delight, the reaction was cometetwvithin 5 minutes and after filtration the dedigza-Michael
product was isolated in high yield (89 %). The uskxycop was washed thoroughly with acetone anetdsi 100
°C. Further it was used for four cycles without aswbstantial lose in activity. After performing numes

experiments, we have established that desiredioagatoceeds by the addition of 1.5 equiv of claydeurther, the
aza-Michael addition reaction was examined withfedifint supported reagents like Fe@yxlay (clayfen),

NH4NOs-clay (clayan), ZrOGL8H,O on K10 clay, Triflic acid supported on silica ggfOH-SIiQ,), 1- in identical

condition which gave moderate yield of expectedipod (Table 1).

Table 1
aza-Michael reaction between morpholine and methy! arylsing
different supported catalysts and ionic liquids undersotfree conditiorfs

Entry Supported catalyst Time(min) Yield(%)°
1 Fe(NGy)s-clay (clayfen) 45 71
2 [Cu(NOy),-clay (claycop) 3 93
3 NH4NOs-clay (clayan) 45 62
4 K 10 clay 120 -
5 ZrOCl, 8H,0 on K10 clay 40 65
6 triflic acid supported on 60 57

silica gel (TFTOH-SIQ)
1-Butyl-3-methylimidazolium

7 hexafluorophosphate 45 72
(BMIM-PFg)
1-Butyl-3-methylimidazolium

8 tetrafluoroborate 45 68
(BMIM-BF )

aReaction conditions: Amines(1 mmod,5-unsaturated compounds
(2.1 mmol), supported catalyst/ionic liquid (10 mol%) n&at.
blsolated yields.

¢Best results was observed.
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We reasoned that the emanated nitronium {IN@nd nitrosonium (N ions generated from ‘claycop’ enabled an
insitu activation ofa,f-unsaturated ketone/nitrilé¥. This soft nitrosonium ion interact withelectron system of
a,f-unsaturated ketone/nitriles under orbital contislexplained by Klopma®. The intermediate reacted with
amine and subsequent elimination of N@kes place which results in the more stable aicidél addition product
(1,4-addition product) (Scheme 2).

ON?
P
D
C
0 NH
R1
| R+ not
ON? Rs
\o §
0 /\ HE--
= e
R.
N
R1

Scheme2: Plausible Mechanism

The scope of this reaction was explored in optihizenditions for a variety of secondary amines alattron
deficient alkenes. In general, electron deficidkémes like, acrylonitrile and methyl acrylate regcspontaneously
while methyl substituted alkenes (Table 2, entry3® 45, 48) reacted comparatively slowly. Furtineestigation
revealed that the presence of oxygen either in oingxocyclic, accelerate the reaction. For exanmpdepholine
(Table 2, entry 37, 38) and 4-(4-chloropheny)-4+oyg piperidine reacted with alkenes (Table 2, e8#, 35, 36)
very efficiently and resulted into high yield ofggluct (Table 2).
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Table 2: aza-Michael Additon of aminesaeB-unsaturated compounds catalyses by claycop under sdhesntonditiond

. b
Enty  Amine Acceptor Product  Time(min) Yield@sf Entry ~Amine Acceptor Product  Time(min)  Yield(%)
o]
AN o iy R
A 1a 8 85 ) _)—o
1 a 27. N a _/ \ 12a 6 87
H [}
o 12
2. b — 1b 7 86 _>—o\
o 28. N a 13a 5 85
NH, CN
3. c _>_ 1c 10 72 20 13 b =/ 13b 6 9
o 0,
4 d 1d 10 69 0
30. f \ 13f 1 86
(¢] 'BOC
5. e | le 13 78 N _C>_O
. 31. [ ] a — \ l4a 4 95
o N
6 AN, 2 \ 2a 7 67° CN
, 32, 14 b =/ 14b 35 92
O,
7 b N 2b 7 90 0,
33 f \ 14f 9 81
Q,
NH, a
8. ¢ =>_ 2 9 81 OH|
Q 34 a Q 15a 3 %
AN _>-—0 N -
9. a =/ \ 3a 15 68 N
5 35. 15 b = 15b 3 94
Q O\
10. \rn\l/ a _)7% 4a 1 82 36 = 15 i 8
4 CN ° ]
O,
11. b —/ ab 9 76 37. [Nj a _>_\ 16a 3 93
. 16 oN
12. f A 4 15 82 38. b — o 16b 3 95
NH, (D/\)(?
16e 11 85
13. 9 59 12 89 3 ¢
5 Q
o O,
14, e O/\)Ll 56 15 81 10. ‘ =?;\ 16f 8 86
NH, o
15, a J‘O\ 6a 20 74° 41, 9 @ 169 15 &
6
CN
16. =/ 22
b b 79 " a &N 17a 4 89
o —

D
17. ¢ = 6c 23 67 17

o
z
3}

It 43. 17b 92
18. e 3 6e 2 72 ~Ao
44, e | 17e 15 72
N 3 ]
19. 7 a =>_0\ 7a 2 82 Q
o 45. f \ 17f 11 82
NH: _>—0
20. O)\g Pa =/ \ 8a 30 76°
o 46. g 179 17 83
N -
21, a =/ \ 9a 35 73 o
9 BOC
>_° N =>_O\ 85
22. CNH a \ 10a 5 9 47. D a 18a 7
N
Q
H
10 I~ o
23 4 10b 4 93 18 —/ \
48. f 18 14 76
(e]
24, e ©/\/il 10e 9 89 N
I _0>_0 49. b =/ 18b 8 94
N
25. a \ 1la 5 90
» %,
u N 50. EN] a \ 19a 5 81
26. b 11b 4 92

2Reaction conditions:Amines(lmmol), unsaturated comgs(th1mmol), clay copp(10mol%), oom temperature.
blsolated yields.
Traces of bis product was observed.
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Similarly, the reaction of piperidine and N-Boc @ipzine (Table 2, entry 27, 31, 32, 33) underwemiathly with

methyl acrylate, acrylonitrile and methyl methaatgl to give aza-Michael product in good yield. Apexted, the
reaction of piperazine and alkenes resulted in ixture of monosubstituted and disubstituted prosi@able 2,
entry 27). In addition to this, the present methad also found suitable for open chain aliphataadary amines.
Thus, diisopropyl amine and dibenzyl amine alsatexzhin identical condition to afford the corresgimy product
in moderate yield. However, the aromatic amindgdato react in optimised conditions (Scheme 3).

NH, O claycop O/\ NH,
O+ O+ mov—pm U T
N Neat, rt ~"cN
H

Scheme 3: aza-Michael addition for aromatic amines

An independent experiment was carried out to sHmvchemoselectivity of reaction. When a mixtureanoiiine,
morpholine and acrylonitrile were subjected to dtad reaction condition, only morpholine additiomguct was
observed whereas aniline remained unreacted. Wevbethat the present protocol is a useful altéraabver
conventional methods for the same transformatisinge our method can save time and solvent foticeac

CONCLUSION

In summery, we have developed a highly efficieapid and chemoselective protocol for aza-Michalelitton of
amines to electron deficient alkenes. The low @&t easy availability of the reagent, simple wopkanly by
filtration and high yield makes this procedure #naative alternative. The solvent free conditiordaeusability of
catalyst are the additional features of the prooedThus these facts may contribute to the greemddtry.
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