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Abstract 
Polyethyleneglycol- 2,4,6-Trichloro-1,3,5-Triazine (PEG 400-TCT) promotes a series of three 
component one-pot reactions of cyclohexanones with aromatic aldehydes and aniline. β-amino 
ketones are afforded in high yields and high stereoselectivity, in favor of the anti-isomer. Four 
new compounds are reported. 
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Introduction 
 
The search for new reaction media to replace volatile and often toxic solvents that are used in 
organic synthetic procedures is an important objective of significant environmental consequence. 
While the use of water as solvent is probably the most desirable approach, this is often not 
possible due to the hydrophobic nature of the reactants and the sensitivity of many catalysts to 
aqueous conditions. In this manuscript we describe the use of a widely available polymer, 
polyethyleneglycol (PEG 400), as non-toxic, inexpensive and non-volatile solvent for the 
stereoselective synthesis of β-amino ketones via one-pot Mannich reactions.     

Mannich reactions are among the most important carbon-carbon bond forming reactions in 
organic synthesis.1 They provide β-amino carbonyl compounds, which are important synthetic 
intermediates for various pharmaceuticals and natural products.2 A more desirable route for this 
reaction   is the use of a one-pot three-component strategy that allows for a wide range of 
structural variations. 

In this context, recent developments of asymmetric synthesis, using a three-component 
protocol, have made the Mannich reaction even more valuable.3 Recently, direct Mannich 
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reaction of aldehydes, ketones and arylamines via Lewis acids 4, lanthanides 5, transition metal 
salt catalyst 6, and organic catalytic7 are reported. Most of these methods, however, suffer from 
severe drawbacks including the use of organic solvents, expensive reagents or catalysts, long 
reaction times, low yields and use of special techniques for catalyst preparation. Hence, there is 
still considerable high interest in developing convenient methods for the synthesis of β-amino 
ketones. 
 
 
Results and Discussion 
 
In pursuit of environmentally friendly methods of preparation of chemical compounds, we 
decided to look at the use of polyethyleneglycol as an inexpensive, non-volatile and 
commercially available solvent for the synthesis of β-amino ketones at room temperature. We 
use from 2,4,6-Trichloro-1,3,5-Triazine (cyanuric chloride, TCT)(Scheme 1), as a cheap and 
commercially available reagent.8 It performed as a dry acid catalyst source that required in 
Mannich reactions. 
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Scheme 1. TCT structure. 
 

TCT generates HCl (insitu) and polyethyleneglycol acts as an appropriate solvent, a green 
solvent in which dry HCl is active and all products precipitate out readily. The combination of 
the two, gave remarkable results. TCT alone in H2O or ethanol gave no reaction. 
Polyethyleneglycol alone did not produce any results either (Scheme 2). 
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Scheme 2. The one-pot Mannich reaction. 
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TCT (1.37% relative to arylaldehyde) (0.005g, 0.027 mmol) was found to be the optimum 
amount needed for this transformation resulting in higher conversions and lower reaction times. 
(Table1). 
 
Table 1. TCT catalyzed the Mannich type reactions of cyclohexanone, benzaldehydes and 
aniline in PEG 400 

Entry TCT g (mmol) Yields (%) 
1 0.001(0.005) 85 
2 0.003(0.016) 85 
3 0.005(0.027) 99 
4 0.007(0.037) 80 
5 0.01(0.054) 50 
 

In all cases under study, it was found that reactions proceeded with almost complete anti-
selectivity and high yields (Table 2). We found that substituted anilines and benzaldehydes with 
electron-withdrawing groups and strong electron-releasing groups did not work well. The results 
are summarized in Table 2. 
 
Table 2. Direct Mannich-type reaction of aromatic aldehydes, aniline and cyclohexanone or 4-
methylcyclohexanone a

Entry R Ar Time (h) Yield (%) b anti/syn c

1 H Ph 1 99 99:1 
2 H 4-MeC6H4 2 85 99:1 
3 H 1-naphthyl 1.5 99 99:1 
4 H 2-naphthyl 1.5 99 99:1 
5 H 2-ClC6H4 2.5 75 99:1 
6 Me Ph 1 99 95:5 
7 Me 1-naphthyl 2 98 99:1 
8 
9 

Me 
Me 

2-naphthyl 
2-ClC6H4

1 
2 

99 
70 

99:1 
99:1 

a Reaction condition: aromatic aldehyde (2 mmol), aniline (2 mmol), cyclohexanone or 4-
methylcyclohexanone (2.2 mmol), catalyst (1.37 mol %). 
b Isolated yields, products were confirmed by IR, 1H NMR and 13C NMR. 
c Anti/syn ratio was determined by 1H NMR. 
 

The anti- and syn- isomers were identified by the coupling constants (J) of the vicinal 
protons adjacent to C=O and NH in 1H NMR spectra.9 The coupling constants for anti- isomers 
are reported to be bigger than those of syn-isomers.10 

ISSN 1551-7012 Page 245 ©ARKAT USA, Inc. 



General Papers ARKIVOC 2008 (xiii) 243-248 

We can conclude that interaction between solvent or catalyst with the transition state in this 
reaction conduce to the formation of anti- or syn-isomer.  A plausible mechanism is shown in 
Scheme 3. If hydrogen bonding is formed between polyethyleneglycol, imine and enol form of 
cyclohexanone or methyl cyclohexanone, the aryl and phenyl group would be anti- to each other, 
so there is minimum steric repulsion between, methylene groups in cyclohexanones and aryl 
group, as well as polyethyleneglycol and H . Therefore this transition state conduces to anti- 
isomer. Because complete anti-selectivity is observed, we can conclude that powerful hydrogen 
bonding exists between polyethylene glycol, imine an enol form of cyclohexanones. 

11,12

1

In summary, good stereoselectivity, high yields, facile operations, non-toxic solvent, easy 
workup, low catalyst loading and no-formation of by-products are merits of this procedure. 
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Scheme 3. A plausible mechanism. 
 
 
Experimental Section 
 
General Procedures for the synthesis of β-carbonyl compounds  
A mixture of benzaldehyde (2 mmol), aniline (2 mmol), cyclohexanone (2.2 mmol) and TCT 

(0.027 mmol) was stirred in PEG (3 ml) at room temperature for 1-2.5 h. After completion of the 
reaction, water was added and mixture was filtered off. The filtrate was recrystallized from EtOH 
to give the pure β-amino ketone. 
All the products were characterized by IR, 1H NMR and 13C NMR, and were identified by the 
comparison of the spectral data with those reported in literature. 11-13   

 
4-Methyl-2-((Phenyl(phenylamino)methyl)cyclohexanone (6). M.P.= 132-135°C; IR (KBr): 
νmax/cm-1:3330, 1702, 1602, 1497; 1H NMR (300 MHz; CDCl3; Me4Si): δ 7.41-7.38 (m, 2H), 
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7.32-7.2 (m, 2H), 7.12-7.07 (m, 1H), 6.68-6.63 (m, 3H), 6.59-6.55 (m, 2H), 5.08 (s, br, 1H), 4.58 
(d, J=4.45 Hz, anti, 0.95H), 2.93-3.01 (m, 1H), 2.29-2.43 (m, 2H), 2.07-1.93 (m, 3H), 1.61-1.46 
(m, 1H), 1.46-1.33 (m, 1H), 0.98 (d, J=6.13 Hz, 3H). 13C NMR (75 MHz, CDCl3): δ 212.6, 
147.6, 141.8, 129.11, 128.3, 127.3, 126.86, 117.5, 113.7, 58.42, 56.7, 42.4, 40.89, 35.92, 32.2, 
27, 21.1. Anal. Calc. for C20H23NO; C 81.91, H 7.84, N 4.77, Found: C 81.90, H 7.83, N 4.79. 
4-Methyl-2-((1-naphthyl(phenylamino)methyl)cyclohexanone (7). M.P. =169-172°C; IR 
(KBr): vmax/cm-1: 3379, 2965, 1703, 1520. 1H NMR (300 MHz; CDCl3; Me4Si): δ 8.16 (d, 
J=8.4 Hz, 1H), 7.94(d, J=9 Hz, 1H), 7.8 (d, J=7.1 Hz, 1H), 7.76 (d, J=8.15 Hz, 1H) , 7.68-7.56 
(m, 2H), 7.48-7.43 (m, 1H), 7.09-7.04 (m, 2H), 6.7-6.56 (m, 3H), 5.35 (d, J=4.8 Hz, anti, 
0.99H), 2.41-2.35 (m, 3H), 2.04-1.94(m, 3H), 1.57-1.42 (m, 2H), 0.95 (d, J=6 Hz, 3H). 13C NMR 
(75 MHz, CDCl3): δ 213.2, 147.46, 137.1, 133.9, 131.3, 129.54, 129.15, 127.6, 126.3, 125.8, 
125.3, 125.02, 122.09, 117.4, 113.5, 56.4, 54.8, 43.1, 33.3, 28.2, 25.1. Anal. Calc. for C24H25NO 
: C 83.96, H 7.28, N 4.08 Found: C 83.90, H 7.16, N 4.06. 
4-Methyl-2-((2-naphthyl(phenylamino)methyl)cyclohexanone (8). M.P. =174-178°C; IR 
(KBr): vmax/cm-1: 3400, 2951, 1699, 1506, 789. 1H NMR (300 MHz; CDCl3; Me4Si): δ 7.84-
7.77 (m, 4H) , 7.55 (d,d, J=1.7Hz, J= 8.5Hz, 1H), 7.5-7.4 (m, 2H), 7.11-7.04 (m, 2H), 6.67-6.59 
(m, 3H), 5.27 (s, br, 1H, ), 4.75 (d, J=4.73, anti, 0.99H), 3.07-3.03 (m, 1H), 2.41-2.35 (m, 2H), 
2.04-1.94 (m, 3H), 1.57-1.42 (m, 2H), 0.96(d, J=6.16Hz, 3H). 13C NMR (75 MHz, CDCl3): δ 
212.5, 147.4, 139.3, 133.28, 132.67, 129.1, 128.06, 127.9, 127.5, 126.3, 125.6, 125.57, 117.7, 
114.2, 113.9, 113.5, 70.5, 58.7, 56.1, 42.4, 40.8, 35.9, 32.2, 21.1. Anal. Calc. for C24H25NO : C 
83.96, H 7.28, N 4.08 Found: C 83.96, H 7.29, N 4.09. 
4-Methyl-2-((2-chloro(phenylamino)methyl)cyclohexanone (9). M.P. =146-147°C; IR (KBr): 
vmax/cm-1: 3390, 1698, 1600, 1500, 809. 1H NMR (300 MHz; CDCl3; Me4Si): δ 7.58 (d,d, 
J=1.9Hz, J=7.5 Hz, 1H), 7.34 (d,d, J=Hz, J=7.6Hz, 1H), 7.26-7.07 (m, 4H), 6.67-6.62 (m, 1H), 
6.55-6.51 (m, 2H), 5.14 (d, J=9Hz, anti, 0.99H, CH), 4.72 (s, br, 1H), 3.6 (d, J=2.34, 1H), 2.43-
2.29 (m, 2H), 2.07-1.93 (m, 3H), 1.61-1.46 (m, 1H), 1.46-1.33 (m,1H), 1.04 (d, J=6.6Hz, 3H); 
13C NMR (75 MHz, CDCl3): δ 213.8, 146.6, 134, 129.3, 129.1, 128.6, 128.4, 127.6, 126.6, 117.9, 
113.4, 55.3, 54.1, 39.08, 36.9, 34.7, 27.7, 20.2. Anal. Calc. for C20H22NOCl: C 73.28, H 6.71, N 
4.27 Found: C 73.29, H 6.72, N 4.25. 
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