ORIGINAL ARTICLE

a \ .
ACG Org. Commun. 8:4 (2015) 90-97 R
publications comuanunic ations

Amberlyst-15: An Efficient and reusable heterogeneous catalyst
for the synthesis of f-amino carbonyl compounds

Pathakota Venkata Ramana', Kunda Uma Maheswara Rao?, Balam
Satheesh Krishna®, Soora Harinath Jayaprakash®, Shaik Ahammed
Kabeer', Kaveti Sudheer® and Cirandur Suresh Reddy*

!Department of Chemistry, Sri Venkateswara University, Tirupati - 517 502, India
Department of Applied Chemistry, Graduate School of Engineering & Resource Science,
National University Corporation, Akita University, Akita-010-8502, Japan
Department of Chemistry, PES University, Bangalore - 560 085, India

(Received July 17, 2015, Revised August 21, 2015, Accepted September 9, 2015)

Abstract: A simple and efficient method has been developed for the synthesis of f-amino carbonyl compounds
from aromatic ketones, aldehydes and amines by Mannich reaction in the presence of amberlyst-15 as a reusable
heterogeneous catalyst at room temperature under solvent-free conditions. The noteworthy advantages of the
present method are short reaction times, good product yields, simple procedures and use of non-toxic catalyst.
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1. Introduction

Synthesis of S-amino carbonyl compounds and their derivatives has gained considerable
attention in recent years due to their wide range of biological and therapeutic properties such as plant
growth regulators, analgesic, antiparkinson, neuroleptic,® antibacterial® and antitubercular. They are
useful in the synthesis of #-peptides and g-lactams, which are present in different bioactive molecules
such as fluoxetine (antidepressant), taxol (antitumor) SCH48461 (anti-cholesterol) and tolmetin (anti-
inflammatory).® Further these are useful as precursors to optically active aminoalcohols.

Mannich reaction, offers robust method for formation of C-C bond in organic synthesis. A
number of synthetic methods have been developed for the synthesis of f-amino carbonyl compounds.
In this context some catalysts have been reported such as HCI,* Proline,® p-dodecyl benzene sulfonic
acid (DBSA),® Polymer supported sulfonic acid (PS-SOsH),” Lewis acids,® silica-AlCls,° Yb(OiPr);,*
InCl5,** CAN,* BiCl5,** SnCl,,** Al(CH3S053)s.4H,0" and Al(NO;)3.9H,0.'® Though these are prompt
with excellent yields and short reaction times, they are environment non-benevolent. Hence, the
identification of environmentally benign and cost effective catalyst is of current interest for the
synthetic chemists.

Recently, ion exchange resins have identified as catalysts due to their properties like open pore
structure, excellent physical, thermal, chemical stability. In this view we identified Amberlyst-1517
catalyst and used as catalyst for the preparation of f-amino carbonyl compounds, which serves as a
source of strong acid in non-agueous media. In previous, it is also used effectively in a wide variety of
organic reactions such as Esterification'® etherification,'® oxidation,” condensation,” cyclization? and
electrophilic aromatic substitution.?® This method is operationally simple and the catalyst is also easily
recoverable and reusable after reaction. So, herein we report an efficient and convenient procedure for
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the synthesis of f-amino carbonyl compounds using catalytic amount of Amberlyst-15 under solvent-
free condition at room temperature.
2. Results and discussion

In this Letter, we report Amberlyst-15 facilitated synthesis of g-amino carbonyl compounds in
good to excellent yields under neat, mild reaction conditions (Scheme 1).
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Scheme 1. Synthesis of g-amino carbonyl compounds (4a-t)

To optimize the reaction conditions, we took the model reaction of acetophenone, benzaldehyde
and aniline (4a) was selected as a model reaction. Initially, the effect of various solvents on reaction
rate as well as the yields of the product was examined in the presence of catalytic amount of
amberlyst-15. Almost all solvents afforded products in relatively low yield with a longer reaction time.
Further the model reaction were carried out under solvent free conditions, surprisingly the reactions
occurred almost spontaneously within short reaction times and with improved yields given in Table 1.

Table 1. Influence of the solvent on the synthesis of 4a°

Entry Solvent Time (h) Yield (%)°
1 Ethanol 8 85
2 Toluene 12 86
3 Acetonitrile 8 80
3 THF 12 82
4 PEG 600 8 74
5 H,O 10 60
6 Neat 4 96
7 Solvent 8 85

®Reaction conditions: acetophenone (4 mmol), benzaldehyde (4 mmol), aniline
(4 mmol), Amberlyst-15 (0.1g) at rt. "Isolated yield.

Further, the effect of temperature on model reaction was also investigated. At high
temperatures, the product yield was decreased because the Mannich Bases are unstable at high
temperatures.”® Hence these reactions were carried out at room temperature. These reports are
presented in Table 2.

Table 2. Influence of the temperature on the synthesis of 4a°

15

16 14
10 1
O HN™11
3 12
4 24 Y 19
8
5 7 22 20
6 21

Entry Temperature (°C) Time (h) Yield (%)°
1 rt 4 96
2 50 5 78
3 70 4 77
4 100 4 65

®Reaction conditions: acetophenone (4mmol), benzaldehyde (4 mmol), aniline (4 mmol),
Amberlyst-15 (0.1g). °lsolated yield.
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Based on these optimized conditions, we conducted the same reaction using different aromatic
ketones, aromatic aldehydes and aromatic amines in the presence of catalytic amount (0.1g) of
amberlyst-15 at room temperature under solvent free condition (Scheme 1). The results of this study
are summarized in Table 3.

Table 3. Synthesis of various g-amino carbonyl compounds using amberlyst-15

Compound R R’ R’ Time (h)  Yield (%)
4a H H H 4 96
4b H H 4-F 6 95
4c H H 4-Cl 8 95
4d H H 4-NO, 6 86
4e H H 4-CHs 8 84
af H H 4-OCH; 10 88
4g H 3-CH; H 10 91
4h H 4-OCH, H 10 93
4i H 3-NO, 3-Cl 2 92
4j H 3-NO, 4-F 5 86
4k H 3-NO, 4-Cl 6 88
4l H 3-NO, 4-Br 9 92
4m H 4-NO, 3-Cl 5 94
4n H 4-NO, 4-COOH 2 96
40 H 3-NO, 3-Cl, 4-F 3 90
4p H 3-NO, 2, 4-CH, 8 94
4q 4-CH, H H 6 86
4r 4-Cl 4-CH, 4-Cl 4 89
4s 4-OCHj 3-NO, 4-Cl 8 85
4t 4-CH, 4-OCH; 4-Cl 6 90

%Isolated yield

Aldehydes possessing electron-withdrawing group such as m-NO, (4k) afforded the
corresponding f-amino carbonyl compounds in shorter reaction times and in higher yields. In addition
to, aromatic amines bearing p-F (4b), -OMe (4h), -Br (4n), -CH; (4g) and m-Cl (4d) on the aryl rings
were also favorable to the reaction. Although meta- and para-substituted aromatic amines both bearing
electron withdrawing and electron donating substituents gave good results, ortho substituted aromatic
amines (4c) give moderate yield after long reaction time because of large steric hindrance effect.® °
Moreover, the catalyst can be reused without affecting the yield of the desired product (Table 3, 4a)
and reaction time thus, making it environmentally friendly.

Table 4. Comparison of the efficiency of amberlyst-15 with other reported catalysts

Entry Reaction Conditions Time (h) Yield (%)°
1 No Catalyst, EtOH/rt 48 NRM!
2 AI(NO;);.9H,0, EtOH/rt 4 g5l
3 Al(CH3S0;)3.4H,0, EtOH/rt 8 86"
4 CAN, PEG400/rt 10 gl
5 BiCls, EtOH/rt 11 o543
6 [PY][CF;COO], Neat/rt 8 g2l
7 DBSA, Water/23°C 12 691
8 Silica-AlCl;, EtOH/rt 5 930
9 Amberlyst-15, Neat/rt 4 06"

“Isolated yield.
®Present work

IR absorptions for NH group for 4a-t appeared as broad signal in the region 3306-3437 cm™
and for C=0 group absorption appeared in the region 1615-1672 cm™. In the *H-NMR spectrum, all
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the aromatic protons resonate as multiplets at ¢ 6.37-8.66. The -NH proton gave a broad signal at 6
4.12-4.91. In *C-NMR all the aromatic carbons resonated at § 119.8-158.0. ESI-MS Spectra gave
molecular ions and diagnostic daughter ion peaks at their respective expected m/z values.

Finally, we compared the catalytic activity of amberlyst-15 with other catalysts reported
earlier for the synthesis of 4a and shown in Table 4. It was found that amberlyst-15 is convincingly
superior to the reported methods with respect to reaction time and yield of product.

3. Experimental Section

All reagents were purchased from Sigma-Aldrich and were used throughout without further
purification unless otherwise stated. NMR spectra were recorded on a Bruker instrument at 400 MHz
for 'H NMR, 100MHz for *.C NMR in CDCl; solution using TMS as internal standard. Chemical
shifts (9) are indicated in ppm and coupling constants (J) in (Hz). Mass spectra were recorded on IR
spectra of samples were recorded as potassium bromide pellet on a Bruker Vector 21 FT-IR
spectrophotometer. ESI mass spectra were recorded on a Micromass Quattro LC instrument.
Elemental analyses were performed on a Thermo Finnegan Instrument. Melting points were
determined in open capillary tubes are uncorrected. The purity of the compounds was checked by thin
layer chromatography (TLC) and spots were visualized in iodine vapor. The reactions were carried out
at room temperature and all aldehydes, ketones, amines and catalysts used are commercially available.

3.1. General procedure for synthesis of a series of a- hydroxyphosphonates

A mixture of acetophenone (1a, 4 mmol) benzaldehyde (2a, 4 mmol), aniline (3a, 4 mmol)
and catalytic amount of amberlyst-15 were stirred at room temperature under neat condition for a
period of 4h. The progress of the reaction was monitored by TLC. After completion of the reaction,
the reaction mixture was extracted with acetone to separate the catalyst and reused for another reaction
after 3 to 4 washings with acetone. The resulting product was purified by column chromatography
using silica gel as absorbent and ethyl acetate & petroleum ether (1:4) as an eluent to yield the g-
amino carbonyl compounds 4a-t. The structures of all the products were confirmed by IR, ‘*H & **C
NMR and mass spectral data.

3.2. Spectral data for selected compounds

3.2.1. 1,3-Diphenyl-3-(phenylamino)propan-1-one (4a): White solid; mp: 169-170°C; IR (KBr, cm™)
Umax: 3306 (NH), 1620 (C=0); 'H-NMR (400MHz, CDCl5) 0: 3.42 (d, J= 6.2Hz, 2H), 4.68 (t, J= 6.2
Hz, 1H), 4.83 (s, 1H), 6.52-7.85 (m, 15Ar-H); *C-NMR (100MHz, CDCI5) o: 46.5 (C-9), 52.6 (C-8),
112.6 (C-12 & C-16), 119.8 (C-14), 124.2 (C-20), 126.7 (C-18 & C-22), 128.6 (C-19 & C-21), 129.0
(C-4 & C-6), 129.4 (C-3 & C-7), 132.6 (C-13 & C-15), 136.5 (C-5), 139.4 (C-2), 142.1 (C-17), 144.2
(C-11), 198.6 (C-1); ESI-MS m/z: 301 (M"); Anal. calcd. for C»HsNO: C, 83.69; H, 6.35; N, 4.65;
Found: C, 83.65; H, 6.32; N, 4.61.

3.2.2. 3-(4-Fluorophenylamino)-1,3-diphenylpropan-1-one (4b): White solid; mp: 161-162°C; IR
(KBr, cm™) Umax: 3372 (NH), 1654 (C=0); "HNMR (400MHz, CDCl5) 6: 3.49 (d, J= 6.1Hz, 2H), 4.82
(t, J= 6.1 Hz, 1H), 4.91 (s, 1H), 6.78-8.06 (m, 14Ar-H); ®*CNMR (100MHz, CDCls) ¢: 48.6 (C-9),
55.4 (C-8), 116.2 (C-13 & C-15), 117.5 (C-12 & C-16), 118.4 (C-20), 124.6 (C-18 & C-22), 125.2 (C-
19 & C-21), 126.8 (C-4 & C-6), 127.2 (C-3 & C-7), 133.2 (C-5), 136.7 (C-2), 140.2 (C-17), 143.5 (C-
11), 145.2 (C-14), 202.1 (C-1); ESI-MS m/z: 319 (M"); Anal. calcd. for CyH;sFNO: C, 78.98; H,
5.68; N, 4.39; Found: C, 78.92; H, 5.65, N, 4.36.

3.2.3. 3-(4-Chlorophenylamino)-1,3-diphenylpropan-1-one (4c): White solid; mp: 168-169°C; IR
(KBr, cm™) vmax 3328 (NH), 1628 (C=0); ‘H NMR (400MHz, CDCls) 6: 3.54 (d, J= 6.1Hz, 2H), 4.65
(t, 3= 6.1 Hz, 1H), 4.82 (s, 1H), 6.64-8.52 (m, 14Ar-H); *C NMR (100MHz, CDCI;) 6: 47.6 (C-9),
54.8 (C-8), 116.3 (C-12 & C-16), 116.8 (C-14), 120.6 (C-20), 125.4 (C-18 & C-22), 126.8 (C-19 & C-
21), 126.9 (C-4 & C-6), 127.4 (C-7 & C-9), 129.6 (C-13 & C-15), 133.2 (C-5), 136.8 (C-2), 142.8 (C-

93



Amberlyst-15 catalyzed synthesis of g-amino carbonyl compounds 94

17), 143.2 (C-14), 201.6 (C-1); ESI-MS m/z: 335 (M"); Anal. calcd. for C»H;sCINO: C, 75.11; H,
5.40; N, 4.17; Found: C, 75.08; H, 5.34; N, 4.14.

3.2.4. 1,3-Diphenyl-3-( p-nitrophenylamino)-1-propanone (4d): Yellow solid; mp: 182-184°C; IR
(KBr, cm™) Umax: 3374 (NH), 1610 (C=0); *H NMR (400MHz, CDCls) §: 3.58 (d, J= 6.1 Hz, 2H), 4.72
(t, J= 6.0 Hz, 1H), 5.29 (s, 1H), 7.32-8.15 (m, 14H); **C NMR (100MHz, CDCl5) 6: 47.4 (C-9), 52.4
(C-8), 117.5 (C-12 & C-16), 121.3 (C-20), 126.2 (C-18 & C-22), 126.5 (C-19 & C-21), 127.9 (C-4 &
C-6), 128.5 (C-3 & C-7), 133.9 (C-5), 137.2 (C-14), 138.5 (C-2), 142.7 (C-17), 143.9 (C-11), 201.3
(C-5); ESI-MS m/z: 346 (M"); Anal. calcd. for C»HigN,05: C, 72.82; H, 5.24; N, 8.09; Found: C,
72.73; H,5.19; N, 8.05.

3.2.5. 1,3-Diphenyl-3-( p-methylphenylamino)-1-propanone (4e): White solid; mp: 169-171°C; IR
(KBr, cm™) Umax: 3387 (NH), 1683 (C=0); *H NMR (400MHz, CDCl;) J: 2.47 (s, 3H, CHj) 3.48 (d, J=
6.0 Hz, 2H), 4.82 (t, J= 6.2 Hz, 1H), 5.32 (s, 1H), 6.68-7.92 (14H, Ar-H); *C NMR (100MHz,
CDCls;) 0: 29.8 (-CHs), 42.3 (C-9), 51.8 (C-8), 114.9 (C-12 & C-16), 118.7 (C-20), 121.4 (C-18 & C-
22),125.8 (C-19 & C-21), 128.3 (C-4 & C-6), 129.8 (C-14), 130.8 (C-13 & C-15), 131.6 (C-3 & C-7),
134.6 (C-5), 136.4 (C-2), 141.7 (C-17), 142.8 (C-11), 201.7 (C-1); ESI-MS m/z: 315 (M"); Anal.
calcd. for C,,H,;NO: C, 83.78; H, 6.71; N, 4.44; Found: C, 83.61; H, 6.63; N, 4.39.

3.2.6. 3-(4-Methoxyphenylamino)-1,3-diphenylpropan-1-one (4f): White solid; mp: 122-123°C; IR
(KBr, cm™) vmax 3312 (NH), 1615 (C=0); 'H NMR (400MHz, CDClIs) §: 3.38 (d, J=6.2Hz, 2H), 3.58
(s, 3H), 4.12 (s, 1H), 4.74 (t, J= 6.2 Hz, 1H), 6.58-7.97 (m, 14Ar-H); *C NMR (100MHz, CDCls) ¢:
40.1 (O-CHs,), 41.6 (C-9), 58.3 (C-8), 79.1 (C-13 & C-15), 114.6 (C-14 & C-16), 118.8 (C-20), 121.2
(C-18 & C-22), 125.4 (C-19 & C-21), 128.0 (C-4 & C-6), 129.6 (C-3 & C-7), 130.5 (C-5), 134.2 (C-
2), 136.1 (C-11), 141.2 (C-17), 142.3 (C-14), 200.6 (C-1); ESI-MS m/z: 331 (M"); Anal. calcd. for
C2:HaNO; : C, 79.73; H, 6.39; N, 4.23; Found: C, 79.68; H, 6.36; N, 8.05; N, 4.17.

3.2.7. 1-Phenyl-3-(phenylamino)-3-p-tolylpropan-1-one (4g): White solid; mp: 130-131°C; IR (KBr, cm™)
Umax: 3343 (NH), 1652 (C=0); 'H NMR (400MHz, CDCls) d: 2.39 (s, 3H), 3.26 (d, J= 6.2 Hz, 2H), 4.48 (t,
J=6.2 Hz, 1H), 3.82 (s, 1H), 6.68-8.14 (m, 14Ar-H); *C NMR (100MHz,CDCl,) J: 25.4 (CH3), 46.5 (C-
9), 59.6 (C-8), 72.3 (C-12 & C-16), 112.9 (C-14), 113.6 (C-22), 119.5 (C-18), 126.2 (C-20), 128.7 (C-
21), 128.9 (C-4 & C-6), 129.2 (C-3 & C-7), 129.8 (C-13 & C-15), 133.2 (C-5), 136.8 (C-2), 137.4 (C-
19), 147.3 (C-17), 148.3 (C-11), 202.4 (C-1); ESI-MS (m/z): 315 (M"); Anal. calcd. for C,,Hx;NO: C,
83.78; H, 6.71; N, 4.44. Found: C, 83.75; H, 6.65; N, 4.41.

3.2.8. 1-Phenyl-3-(p-methoxyphenyl)-3-phenylamino-1-propanone (4h): White solid; mp: 150-152°C;
IR (KBr, cm™) vmax: 3379 (NH), 1670 (C=0); 'H NMR (400 MHz, CDCls) ¢: 3.37 (d, J= 6.2 Hz, 2H),
3.70 (s, 3H), 3.94 (s, 1H), 4.52 (t, J= 6.3 Hz, 1H), 6.69-8.32 (m, 14H); *C NMR (100MHz, CDCl,) ¢:
29.4 (CHs), 46.5 (C-9), 59.6 (C-8), 113.6 (C-12 & C-16), 119.5 (C-19 & C-21), 126.2 (C-14), 128.7 (C-
18 & C-22), 128.9 (C-4 & C-6), 129.2 (C-3 & C-7), 129.8 (C-13 & C-15), 133.2 (C-5), 136.8 (C-17),
137.4 (C-2), 147.3 (C-11), 158.3 (C-20), 162.5, 202.4 (C-1); ESI-MS (m/z): 331 (M"); Anal. calcd. for
C,H»NO,: C, 79.73; H, 6.39; N, 4.23; Found: C, 79.68; H, 6.35; N, 4.17.

3.2.9. 3-(3-Chlorophenylamino)-3-(3-nitrophenyl)-1-phenylpropan-1-one (4i): Yellowish solid; mp: 114-
116°C; IR (KBr, cm™) vmax: 3328 (NH), 1632 (C=0); 'H NMR (400 MHz, CDCls) J: 3.00 (d, J= 6.1 Hz,
2H), 4.90 (t, J= 6.1Hz, 1H), 4.42 (s, 1H), 6.38-8.40 (m, 13Ar-H); *C NMR (100 MHz, CDCls) J: 40.9 (C-
9), 50.5 (C-8), 112.1 (C-16), 113.7 (C-12), 118.6 (C-15), 121.4 (C-18), 122.8 (C-14), 124.8 (C-20), 129.5
(C-4 & C-6), 130.0 (C-3 & C-7), 130.4 (C-22), 132.9 (C-5), 135.1 (C-13), 144.6 (C-2), 147.4 (C-17),
148.8 (C-19), 149.3 (C-11), 206.1 (C-1); ESI-MS (m/z): 380 (M"); Anal. calcd. for C,;H3;CIN,Os: C,
66.23; H, 4.50; N, 7.36; Found: C, 66.19; H, 4.47; N, 7.31.

3.2.10. 3-(4-Fluorophenylamino)-3-(3-nitrophenyl)-1-phenylpropan-1-one (4j): Yellowish solid; mp:
108-110°C; IR (KBr, cm™) vma: 3308 (NH), 1660 (C=0); 'H NMR (400 MHz, CDCls) ¢: 3.50 (d, J=
6.2 Hz, 2H), 4.88 (t, J= 6.2 Hz, 1H), 4.43 (s, 1H), 6.48-8.52 (m, 13Ar-H); *C NMR (100 MHz,
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CDCls) 4: 46.8 (C-9), 57.1 (C-8), 117.4 (C-13 & C-15), 122.5 (C-12 & C-16), 122.7 (C-18), 123.6 (C-
20), 124.7 (C-4 & C-6), 124.8 (C-3 & C-7), 128.3 (C-21), 129.0 (C-22), 129.9 (C-5), 130.1 (C-2),
133.5 (C-11), 134.5 (C-17), 136.8 (C-19), 141.8 (C-14), 199.8 (C-1); ESI-MS (m/z): 364 (M"); Anal.
calcd. for C,yHi7FN,O3: C, 69.22; H, 4.70; N, 7.69; Found: C, 69.18; H, 4.64; N, 7.64.

3.2.11. 3-(4-chlorophenylamino)-3-(3-nitrophenyl)-1-phenylpropan-1-one (4k): Yellowish solid; mp:
115-117°C; IR (KBr, cm™) vmax: 3314 (NH), 1664 (C=0). '*H NMR (400 MHz, CDCls) J: 3.49 (d, J=
6.2 Hz, 2H), 4.87 (t, J= 6.2 Hz, 1H), 4.41 (s, 1H), 6.47-8.50 (m, 13Ar-H); *C NMR (100 MHz,
CDCly) ¢: 46.8 (C-9), 57.1 (C-8), 117.4 (C-12 & C-16), 122.5 (C-18), 122.7 (C-20), 123.6 (C-14),
124.7 (C-4 & C-6), 124.8 (C-3 & C-7), 128.3 (C-21), 129.0 (C-15 & C-13), 129.9 (C-22), 130.1 (C-5),
133.5 (C-2), 134.5 (C-17), 136.8 (C-11), 141.8 (C-19), 200.9 (C-1); ESI-MS (m/z): 380.5 (M"); Anal.
calcd. for C,;H7CIN,O3: C, 66.23; H, 4.50; N, 7.36; Found: C, 66.16; H, 4.43; N, 7.31.

3.2.12. 3-(4-bromophenylamino)-3-(3-nitrophenyl)-1-phenylpropan-1-one (4l): Yellowish solid; mp:
126-127 “C; IR (KBr, cm™) vmax: 3349 (NH), 1666 (C=0); '*H NMR (400MHz, CDCl,) ¢: 3.51 (d, J=
6.2 Hz, 2H), 5.06 (t, J= 6.2 Hz, 1H), 4.76 (s, 1H), 6.39-8.29 (m, 13Ar-H); *C NMR (100 MHz,
CDCly) ¢: 46.9 (C-9), 57.2 (C-8), 110.4 (C-12 & C-16), 115.6 (C-14), 121.5 (C-18), 122.8 (C-20),
128.3 (C-4 & C-6), 129.0 (C-3 & C-7), 130.0 (C-21), 132.1 (C-5), 132.9 (C-13 & C-15), 134.0 (C-22),
136.4 (C-2), 145.1 (C-17), 145.4 (C-11), 148.9 (C-19), 202.3 (C-1); ESI-MS (m/z): 425 (M); Anal.
calcd. for C,;H17BrN,Os: C, 59.31; H, 4.03; N, 6.59; Found: C, 59.28; H, 4.01; N, 6.53.

3.2.13. 3-(3-Chlorophenylamino)-3-(4-nitrophenyl)-1-phenylpropan-1-one (4m): Yellow solid; IR
(KBr, cm™): 3408 (NH), 1678 (C=0); '"H NMR (400 MHz, CDCl;-dg): 3.48 (d, J= 6.2 Hz, 2H), 5.12 (t,
J=6.1 Hz, 1H), 4.75 (s, 1H), 6.41-8.33 (M, 13Ar-H); **C NMR (100 MHz, CDCls) J: 46.7 (C-9), 57.5
(C-8), 110.6 (C-22), 115.5 (C-18), 121.7 (C-21), 122.6 (C-20), 128.6 (C-12 & C-16), 129.2 (C-13 &
C-15), 130.8 (C-4 & C-6), 132.3 (C-3 & C-7), 132.5 (C-5), 134.3 (C-19), 136.4 (C-2), 145.2 (C-14),
145.9 (C-11), 148.4 (C-17), 201.2 (C-1). MS (ESI) m/z: 380 (M+); Anal. Calcd for C,;H;,CIN,Os: C,
66.23; H, 4.50; N, 7.35; Found: C, 66.21; H, 4.47; N, 7.32%.

3.2.14. 3-(1-(4-nitrophenyl)-3-oxo-3-phenylpropylamino)benzoic acid (4n): White solid; mp: 186-
187°C; IR (KBr, cm™) Umax: 3416 (NH), 1692 (C=0); 'H NMR (400 MHz, CDCl5-d): 11.45 (s, 1H, -
COOH), 3.52 (d, J= 6.2 Hz, 2H), 5.16 (t, J= 6.1 Hz, 1H), 4.88 (s, 1H), 6.37-8.31 (m, 13Ar-H); **C
NMR (100 MHz, CDCls) : 46.75(C-9), 57.7 (C-8), 110.3 (C-16), 115.7 (C-14), 121.2 (C-12), 122.7
(C-18 & C-22), 128.5 (C-19 & C-21), 129.3 (C-4 & C-6), 130.6 (C-3 & C-7), 132.5 (C-13), 132.8 (C-
5), 134.7 (C-15), 136.2 (C-2), 145.4 (C-20), 145.8 (C-17), 148.5 (C-11), 165.6 (C-23), 202.4 (C-1).
MS (ESI) m/z: 390 (M+); Anal. Calcd for C,,H1gN,Os: C, 67.69; H, 4.65; N, 7.18; Found: C, 67.62; H,
4.61; N, 7.14;

3.2.15. 3-(3-chloro-4-fluorophenylamino)-3-(3-nitrophenyl)-1-phenylpropan-1-one (40): Yellowish solid ;
mp: 142-143 °C; IR (KBr, cm™) vnax: 3414 (NH), 1649 (C=0). 'H NMR (400 MHz, CDCl,) §: 3.43 (d, J=
6.1Hz, 2H), 4.92 (t, J= 6.2 Hz, 1H), 3.27 (s, 1H), 6.43-8.66 (M, 12Ar-H). *C NMR (100 MHz, CDCl,) o:
46.8 (C-9), 57.2 (C-8), 114.5 (C-15), 117.1 (C-12), 117.3 (C-16), 121.1 (C-18), 121.2 (C-13), 123.0 (C-20),
123.7 (C-4 & C-6), 124.8 (C-3 & C-7), 126.1 (C-21), 129.0 (C-22), 130.1 (C-5), 134.3 (C-2), 134.7 (C-17),
1442 (C-11), 1475 (C-15), 149.8 (C-19), 201.9 (C-1). ESI-MS (m/z): 399 (M"). Anal. calcd. for
CxHiCIFN,O; : C, 63.24; H, 4.04, N, 7.02; Found: C, 63.18; H, 4.02, N, 6.97.

3.2.16. 3-(2,4-dimethylphenylamino)-3-(3-nitrophenyl)-1-phenylpropan-1-one (4p): Yellowish solid; mp:
143-144°C; IR (KB, cm™) vy 3437 (NH), 1622 (C=0). 'H NMR (400 MHz, CDCl5) ¢: 2.26 (s, 3H),
2.29 (s, 3H), 3.24 (d, J= 6.2 Hz, 2H), 4.72 (t, J= 6.2 Hz, 1H), 3.64 (s, 1H), 6.28-8.24 (m, 12 Ar-H). ©°C
NMR (CDCl;, 100 MHz) o: 22.5 (0-Me), 25.6 (p-Me), 41.1 (C-9), 56.8 (C-8), 115.2 (C-16), 117.1 (C-18),
123.4 (C-20), 125.4 (C-13), 127.4 (C-15), 128.9 (C-4 & C-6), 129.7 (C-3 & C-7), 131.5 (C-21), 132.8 (C-
13), 134.1 (C-22), 136.7 (C-5), 138.4 (C-14), 141.4 (C-2), 143.9 (C-11), 145.6 (C-17), 148.4 (C-19), 200.5
(C-1). ESI-MS (m/z); 374 (M™). Anal. calcd. for C,3H,N,0s: C, 73.78; H, 5.92; N, 7.48. Found: C, 73.75;
H, 5.88; N, 7.41.
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3.2.17. 3-Phenyl-3-(phenylamino)-1-p-tolylpropan-1-one (4q): Colorless crystals; mp: 139-140°C; IR
(KBr, cm™) vy 3379, 1657, 1608, 1509 cm™; *H NMR (400 MHz, CDCls): 6 2.42 (s, 3H), 3.37 (d,
J= 6.3 Hz, 2H), 4.89 (t, J= 6.2 Hz, 1H), 4.60 (s, 1H) 6.34-8.47 (14H, Ar-H); *C NMR (100 MHz,
CDCl,): 6 21.7 (CHs), 46.2 (C-9), 54.9 (C-8), 113.8 (C-12 & C-16), 117.7 (C-14), 126.4 (C-20), 127.3
(C-18 & C-22), 128.4 (C-19 & C-22), 128.8 (C-3 & C-7), 129.1 (C-4 & C-6), 129.4 (C-13 & C-15),
134.2 (C-2), 143.1 (C-17), 144.4 (C-5), 147.1 (C-11), 199.9 (C-1); ESI-MS (m/z); 315 (M"); Anal.
calcd. for C,,H,NO: C, 83.78; H, 6.71; N, 4.44. Found: C, 83.62; H, 6.67; N, 4.38.

3.2.18. 1-(4-chlorophenyl)-3-(4-chlorophenylamino)-3-p-tolylpropan-1-one (4r): Paleyellow solid; mp
144-146°C. IR (KBr, cm™) vpa: 3368 (NH), 1672 (C=0). "H NMR (400MHz, CDCls) d: 2.28 (s, 3H),
3.39 (d, J= 6.2Hz, 2H), 4.89 (t, J= 6.2 Hz, 1H), 4.48 (s, 1H), 6.54-8.25 (m, 12Ar-H); *C-NMR
(100MHz, CDCls) o: 21.6 (CHs), 48.2 (C-9), 57.8 (C-8), 113.8 (C-12 & C-16), 114.6 (C-18 & C-22),
120.8 (C-14), 125.6 (C-4 & C-6), 128.7 (C-19 & C-21), 128.9 (C-13 & C-15), 129.5 (C-3 & C-7),
129.9 (C-2), 130.6 (C-20), 132.5 (C-17), 136.4 (C-5), 1455 (C-11), 199.2 (C-1); ESI-MS m/z: 383
(M"); Anal. calcd. for C»,H14CI,NO: C, 68.76; H, 4.98; N, 4.16. Found: C, 68.73; H, 4.94; N, 4.11.

3.2.19. 3-(4-chlorophenylamino)-3-(3-nitrophenyl)-(4-methoxyphenylpropan)-1-one (4s): White solid;
mp: 121-122°C; IR (KBr, cm™) vy 3362 (NH), 1664 (C=0); 'H NMR (400MHz, CDCls) J: 3.48 (d,
J=6.2Hz, 2H), 3.84 (s, 3H), 4.56 (t, J= 6.2 Hz, 1H),4.24 (s, 1H), 6.48-8.34 (m, 12Ar-H); *C NMR
(100MHz, CDCls) ¢0: 44.6 (-O-CH,3), 48.2 (C-9), 52.4 (C-8), 113.8 (C-4 & C-6), 114.7 (C-12 & C-16),
115.6 (C-18), 115.9 (C-20), 126.8 (C-14), 126.9 (C-2), 128.5 (C-21), 128.9 (C-13 & C-15), 129.4 (C-3
& C-7), 1295 (C-22), 131.4 (C-17), 133.2 (C-11), 136.7 (C-19), 141.5 (C-5), 200.8 (C-1); ESI-MS
m/z: 410 (M"); Anal. calcd. for C»,H1sCIN,O,4: C, 64.29; H, 4.66; N, 3.69. Found: C, 64.25; H, 4.64; N,
3.63.

3.2.20. 3-(4-chlorophenylamino)-3-(4-methoxyphenyl)-1-p-tolylpropan-1-one (4t): White solid; mp:
130-132°C; IR (KBr, cm™) vmax: 3365 (NH), 1665 (C=0); 'H NMR (400MHz, CDCl3) d: 2.45 (s, 3H,
CH,), 3.48 (d, J= 6.2Hz, 2H), 3.56 (s, 3H, -OCH,), 3.84 (s, 1H), 4.56 (t, J= 6.2 Hz, 1H), 6.48-8.34 (m,
12Ar-H); *C NMR (100MHz, CDCls) d: 24.8 (-CHj), 43.5 (-O-CHj3), 48.7 (C-9), 52.9 (C-8), 112.9
(C-19 & C-21), 113.9 (C-12 & C-16), 115.4 (C-14), 115.7 (C-18 & C-22), 125.9 (C-3 & C-7), 126.5
(C-4 & C-6), 128.1 (C-13 & C-15), 129.0 (C-17), 129.5 (C-2), 131.1 (C-5), 132.9 (C-11), 141.2 (C-6),
201.5 (C-1); ESI-MS m/z: 379.5 (M"); Anal. calcd. for C,3H»,CINO,: C, 72.72; H, 5.84; N, 3.69;
Found: C, 72.67; H, 5.80; N, 3.65.

4. Conclusions

We have reported a very simple, efficient and environmentally benign procedure for the
synthesis of p-amino carbonyl compounds from aromatic ketones, aromatic aldehydes and aromatic
amines in the presence of Amberlyst-15 catalyst at room temperature under solvent-free condition. In
addition, low cost, easy availability, reusability, low toxicity of the catalyst, excellent yields and short
reaction time makes this methodology a valid contribution to the existing process in the field of
S-amino carbonyl compounds synthesis.
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