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ABSTRACT. A series of novel pseudopeptides contained coumarin skeleton were synthesized through the Ugi-four-component
reaction. The 3-substituted coumarin-3-carboxamides were formed through reaction of benzaldehyde derivatives, anilines, coumarin-3-
carboxylic acid and isocyanides with high yields and high bond-forming efficiency at room temperature. These novel amidated cou-
marins exhibit brilliant fluorescence in range of 535—-547 nm in chloroform.
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INTRODUCTION

The synthesis of coumarins and their derivatives has
attracted considerable attention from organic and medicinal
chemists for many years as a large number of natural prod-
ucts contain these heterocyclic molecules.! They are widely
used as additives in food, perfumes, cosmetics, pharma-
ceutical,>* optical brighteners* and dispersed fluorescent
and laser dyes.’ Natural coumarins and their synthetic
structural analogs have broad biological activities, such as
antimicrobial and antimicrobial,® antitumor,” and antiviral
activities.® Meanwhile, some coumarin derivatives could
affect human immunodeciency virus integrase inhibitors.”
Some coumarins have inhibitory activity against some serine
proteases and matrix metalloproteases (MMPs),'* and also
act as a selective anti-proliferative agent.''™!4

It is shown that the existence of amide functional groups in
the structure of coumarins could affect the biological activities
of these compounds and it is related to the patern of sub-
stitution and also its position in coumarin ring."> According
to these results, the number of amide bonds and also their
position in the structure of coumarin scaffold could affect the
type of biological activity.'*°

Meanwhile, coumarins are the largest class of laser dyes
and highly sensitive for the blue-green region, include
commercially available fluorescent derivatives of extended
spectral range, high emission quantum yield, photostability
and good solubility in many solvents.?'*? Recently, Katritzky
and co-workers reported synthesis of fluorescent coumarin-
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aminoxy acid and coumarin-thioester which could be used
for the detection of peptides.”***

Based on the diverse biological activities of coumarins
and their fluorescence property, the synthesis of compounds
which contained more amide bonds is an interesting area
in organic synthesis.

Multi-component reactions (MCRs) have been investi-
gated extensively in organic and diversity-oriented synthesis;
primarily due to their ability to generate complex molecular
functionality from simple starting materials via one-pot
reactions.”>”° For this reason, MCRs are featured in many
diversity-oriented projects, whose biological relevance has
been validated by the discovery of novel biological probes
and drug leads.”” Due to importance of chromene scaffold,
recently, Che et al. reported synthesis of chromeno [3,4-
c]pyrrole-3,4-diones via sequential Ugi/intramolecular-
Michael addition reactions.”®

In continuation of our research work to design novel
multicomponent reactions,” we wish to report a simple
one-pot four-component reaction of aromatic aldehydes
(1), aniline (2), coumarin-3-carboxylic acid (3) and iso-
cyanide (4) which leading to pseudopeptides which con-
tained coumarin skeleton 5a—p (Scheme 1).

EXPERIMENTAL
Commercially available materials were used without

further purification. Melting points were determined on
an Electrothermal 9100 apparatus and were uncorrected.
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Scheme 1. Synthesis of 3-substituted coumarin carboxamides.

IR spectra were obtained on an ABB FT-IR FTLA 2000
spectrometer. 'H NMR and '*C NMR spectra were run on
Bruker DRX-300 AVANCE spectrometer at 300 MHz for
'H NMR, and 75 MHz for "C NMR. CDCl; was used as
solvent. HRMS was recorded on Mass-ESI-POS (Apex
Qe-FT-ICR instrument) spectrometer. Fluorescence spec-
tra for all compounds were collected at room temperature
with a Photon Technology international model MP1 steady-
state fluorimeter. Fluorescence measurements were taken
using NSG Precision Cells (Farmingdale, NY) ES quartz
cuvettes (1902000 nm).

Synthesis of Coumarin-3-carboxylic Acid

In a round-bottomed flask, salicylaldehyde (10 mmol)
and Meldrum’s acid (12 mmol) in water (20 ml) were heated
at reflux under stirring for 10 h. The reaction mixture was
cooled and filtered on Biichner funnel. Further purifica-
tion was done using crystallization in methanol (Yield =
95%).

General Procedure for the Synthesis of Chromene-3-
carboxamide Derivatives (5a—q)

Primary amine 2 (1 mmol) was added to a solution of
aldehyde 1 (1 mmol) in methanol (5 mL) and the reaction
mixture was stirred at room temperature for 1 h. Coumarin-
3-carboxylic acid 3 (1 mmol) was added and stirring was
continued for 15 min followed by addition of isocyanide 4
(1 mmol). The resulting solution was stirred at room tem-
perature for 4—6 h. The reaction was complete after 46 h.
The solvent was removed under reduced pressure and the
product was precipitated by addition of water. Precipitated
solid product was recrystallized from water/acetone and
identified (Yields 77-93%).

N-~((Cyclohexylcarbamoyl)(phenyl)methyl)-2-oxo-N-phe-
nyl-2H-chromone-3-carboxamide (5a): Yield 90%. Mp
=233-236 °C.IR (KBr,em): 3262,1717,1649, 1641 cm™".
'HNMR (300 MHz, CDCl;): §=1.15-2.08 (m, 10H, 5CH,),
3.93 (m, 1H, CH-NH), 6.35 (s, 1H, CH-N), 6.78 (br s,
1H, NH), 7.00-7.50 (14H, m, H-Ar), 7.80 (s, 1H, =CH).
BCNMR (75 MHz, CDCls) 8: 24.8,24.9,25.4,32.7,33.0,
49.1, 65.7,116.7,117.9, 124.8,125.9, 128.1, 128.2, 128 4,
128.5,129.9, 130.5, 132.5, 134.0, 138.8, 142.3, 153.6, 158.3,
165.4, 167.8. HR-MS (ESI) calcd for C3oHoN,Os [M+H]
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481.21249, found 481.21246; calcd for CsoH2sN2NaO,
[M+Na]" 503.19439, found 503.19442; calcd for C3HasKN,O4
[M+K] " 519.16828, found 519.16830.

N-((Cyclohexylcarbamoyl)(2-methoxyphenyl)methyl)-2-
oxo-N-phenyl-2H-chromone-3-carboxamide (5b): Yield
87%. Mp = 132-136 °C. IR (KBr, cm™): 3293, 1726, 1656,
1607 cm™'. '"H NMR (300 MHz, CDCl3): & = 1.21-2.15
(m, 10H, 5CH>), 3.75 (s, 3H, OMe), 3.97 (m, 1H, CH-
NH), 6.60 (s, 1H, CH-N), 6.65 (d, 1H, /= 8.1 Hz, H-Ar),
6.73 (t, 1H, J="7.5 Hz, H-Ar), 6.90-7.51 (m, 12H, NH and
H-Ar), 7.83 (s, 1H, =CH). >*C NMR (75 MHz, CDCl;) §:
24.9,25.1,25.5,32.7,33.2,48.9, 55.1, 60.4, 110.0, 116.7,
118.1,120.2,122.4,124.8,126.3, 127.8, 128.0, 128.4, 129.6,
129.8, 131.4, 132.4, 1387.7, 142.1, 153.6, 157.4, 158.4,
165.3, 168.4. HR-MS (ESI) caled for C31H31N»Os5 [NH‘HTr
511.22292, found 511.22290; calcd for C;3;H30N2NaOs
[M+Na]" 533.20485, found 533.20484; caled for C31H30KN>Os
[M+K]* 549.17867, found 549.17867.

N-((Cyclohexylcarbamoyl)(4-methoxyphenyl)methyl)-2-
0x0-N-phenyl-2H-chromone-3-carboxamide (5c): Yield
92%. Mp = 202-205 °C. IR (KBr, cm™): 3271, 1720, 1656,
1609 cm™". "H NMR (300 MHz, CDCl3): § = 1.16-2.06 (m,
10H, 5CH»), 3.71 (s, 3H, OMe), 3.92 (m, 1H, CH-NH),
6.29 (s, 1H, CH-N), 6.66 (br s, 1H, NH), 6.67 (d, J= 8.6
Hz, 2H, H-Ar), 7.07 (d, J=8.6 Hz, 2H, H-Ar), 7.02-7.49
(m, 9H, H-Ar) 7.78 (s, 1H, =CH). *C NMR (75 MHz,
CDCls) 6: 24.8, 24.9, 25.4, 32.7, 32.9, 49.0, 55.1, 65.0,
113.6, 116.6, 117.9, 124.7, 125.9, 126.0, 128.1, 128.4, 128.5,
130.0, 131.8, 132.5, 138.8, 142.1, 153.6, 158.2, 159.3,
165.3, 168.2. HR-MS (ESI) caled for C3H3N>Os [M+H]"
511.22277, found 511.22277; calcd for C;3H30N>2NaOs
[M+Na]*533.20471, found 533.20471; caled for C31H30KN>Os
[M+K]" 549.17862, found 549.17862.

N~((Cyclohexylcarbamoyl)(2,4-dimethoxyphenyl)methyl)-
2-ox0-N-phenyl-2H-chromone-3-carboxamide (5d): Yield
93%. Mp=189-192 °C. IR (KBr, cm™): 3274, 1718, 1654,
1607 cm™". 'TH NMR (300 MHz, CDCl;): § = 1.19-2.08 (m,
10H, 5CH>), 3.69 (s, 6H, 20Me), 3.94 (m, 1H, CH-NH),
6.20(d, 1H,J=2.4 Hz, H-Ar), 6.24-6.27(dd, 1H, J="7.8,
2.4 Hz, H-Ar), 6.50 (s, 1H, CH-N), 6.82 (br s, 1H, NH),
6.83-7.20 (7H, m, H-Ar), 7.40-7.50 (m, 2H, H-Ar), 7.79
(1H, s, =CH). *C NMR (75 MHz, CDCls) &: 24.9, 25.1,
25.5,32.7,33.2,48.9,55.1,55.2,60.2,97.9,104.0, 114.8,
116.7, 118.1, 124.7, 126.3, 127.8, 128.0, 28.4, 129.7, 132.1,
132.3, 138.8, 141.9, 153.6, 158.5, 161.0, 165.3, 168.6.
HR-MS (ESI) calcd fOl‘ C32H33N206 [NH‘HTr 54123498,
found 541 .23483; caled for C32H32N2Na06 [M+Na]+ 563 .21672,
found 563.21698; calcd for C3HzKN2Og [MAK]"579.19082,
found 579.19067.
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N+(Cyclohexylcarbamoyl)34,5-trimethoxyphenyl)methyl)-
2-0x0-N-phenyl-2H-chromone-3-carboxamide (5e): Yield
88%. Mp = 168-170 °C. IR (KBr, cm™): 3270, 1718, 1653,
1606 cm™'. 'TH NMR (300 MHz, CDCl;): § = 1.17-2.05 (m,
10H, 5CH>), 3.68 (s, 6H, 20Me), 3.75 (s, 3H, OMe), 3.90
(m, 1H, CH-NH), 6.21 (s, 1H, CH-N), 6.41 (s, 2H, H-Ar),
6.62 (br s, 1H, NH), 7.06—7.50 (m, 9H, H-Ar), 7.77 (s,
1H,=CH). *C NMR (75 MHz, CDCl;) §: 24.8,24.9, 25 4,
32.7,32.9,49.0, 56.0, 60.7, 65.8, 107.6, 116.7, 117.9, 124.8,
125.8,128.3,128.4,128.6,129.2,129.9,132.6, 137.8, 138.9,
142.1, 152.8, 153.6, 158.3, 165.4, 167.8. HR-MS (ESI) calcd
for C33H35N,07 [NH‘HTr 571.24557, found 571.24542; caled
for C33H34N>NaO7 [M+Na]" 593.22723, found 593.22710.

N-((Cyclohexylcarbamoyl)(p-tolyl)methyl)-2-oxo-N-phe-
nyl-2H-chromone-3-carboxamide (5f): Yield 83%. Mp =
220-222 °C.IR (KBr,em™):3314,1731,1655cm™". '"HNMR
(300 MHz, CDCl3): 6 = 1.15-2.03 (m, 10H, 5CH>), 2.24
(s, 3H, Me), 3.92 (m, 1H, CH-NH), 6.27 (s, 1H, CH-N),
6.59 (br s, 1H, NH), 6.90-7.25 (m, 11H, H-Ar), 7.41 (d,
1H, J=7.5 Hz, H-Ar), 7.47 (t, 1H, J=7.5 Hz, H-Ar), 7.78
(s, 1H, =CH). *C NMR (75 MHz, CDCl5) &: 21.1, 24.9,
25.0, 25.5, 32.8, 33.0, 49.0, 65.6, 116.7, 118.0, 124.8, 128.1,
128.2,128.4,128.5,129.0, 130.0, 130.4, 130.9, 132.5, 138.1,
139.0, 142.2, 153.6, 165.8, 168.1. HR-MS (ESI) calcd for
C31H31N204 [NH‘HTr 495.22857, found 495.22850; calcd
for C31H30N2Na04 [M+Na]+ 517.21052, found 517.21045;
caled for C31H30KN,O4 [MAK]" 533.18455, found 533.18447.

N-((Cyclohexylcarbamoyl)(4-isopropyl)methyl)-2-oxo-
N-phenyl-2H-chromone-3-carboxamide (5g): Yield 91%.
Mp=164-166 °C.IR (KBr,cm): 33.18, 1730, 1653 cm™".
"HNMR (300 MHz, CDCl5): § = 1.15 (d, /= 6.9 Hz, 6H,
2Me), 1.19-2.07 (m, 10H, 5CHy), 2.79 (m, 1H, J = 6.90
Hz, CH(Me)»), 3.93 (m, 1H, CH-NH), 6.27 (s, IH, CH-N),
6.64 (br s, 1H, NH), 7.01-7.50 (m, 13H, H-Ar) 7.78 (s, 1H,
=CH). ®C NMR (75 MHz, CDCl;) 8: 23.7,24.9, 25.0, 25.5,
32.7,32.9,33.6,49.0,65.7,116.7,118.0, 124.7, 126.0, 126.3,
127.9,128.4,128.5,129.9,130.4,131.2,132.4,139.0, 142.1,
149.0, 153.6, 158.2, 165.3, 168.1. HR-MS (ESI) calcd for
C33H35N204 [M+H]" 523.25906, found 523.25907; caled for
C33H34N>NaO4 [M+Na]" 545.24092, found 545.24093; caled
for C33H34KN>O4 [M+K]" 561.21483, found 561.21485.

N+((Cyclohexylcarbamoyl)(2,4,6-trimethylphenyl)methyl)-
2-ox0-N-phenyl-2H-chromone-3-carboxamide (5h): Yield
90%. Mp = 251-254°C. IR (KBr, cm™"): 3275, 1721, 1652
cm ™. 'TH NMR (300 MHz, CDCl;): § = 1.08-2.04 (m, 10H,
5CH,), 2.21 (s, 9H, 3Me), 3.86 (m, 1H, CH-NH), 5.86 (br s,
1H, NH), 6.21 (s, 1H, CH-N), 6.81-7.78 (m, 10H, H-Ar),
7.80 (s, 2H, =CH and H-Ar). >*C NMR (75 MHz, CDCl;)
5:20.3, 20.8, 25.0, 25.1, 25.4, 32.9, 33.2, 49.1, 59.0, 116.6,

118.0, 124.6, 126.6,127.9,128.3,129.7,131.1, 131.8, 132.1,
137.5, 138.4, 139.8, 141.8, 153.6, 157.8, 165.5, 169.0. HR-
MS (ESI) caled for C33H3sN>O4 [M+H]" 523.25911, found
523.25911; calcd for Cs33H34N>NaOy4 [NH‘NE!Tr 545.24100,
found 545.24101; caled for C33H34KNO4 [MAK]"561.21492,
found 561.21493.
N~((Cyclohexylcarbamoyl)(2-nitrophenyl)methyl)-2-oxo-
N-phenyl-2H-chromone-3-carboxamide (5i): Yield 75%.
Mp="78-81°C.IR (KBr,cm™): 3331,1707, 1654, 1607 cm™".
'HNMR (300 MHz, CDCl;): §=1.29-2.10 (m, 10H, 5CH>),
3.94 (m, 1H, CH-NH), 7.00-7.90 (m, 15H, CH-N, NH
and H-Ar), 8.0 (s, 1H, =CH). *C NMR (75 MHz, CDCl5)
5:24.9,25.0,25.4,325,33.1,49.3,61.7, 116.7, 117.9, 124.6,
125.1,125.6,128.3,128.6,128.7,129.2,129.3, 132.7,132.8,
133.0, 138.1, 143.2, 149.6, 153.6, 158.7, 165.2, 166.9.
HR-MS (ESI) caled for C30H2sN306 [M+H]" 526.19762,
found 526.19759; caled for C30H27N3NaOg [M+Na] " 548.17946,
found 548.17944; caled for C3oH27KN3O [MH+K]" 564.15325,
found 564.15324.
N-((Cyclohexylcarbamoyl)(3-nitrophenyl)methyl)-2-oxo-
N-phenyl-2H-chromone-3-carboxamide (5j): Yield 80%.
Mp = 212-215 °C. IR (KBr, cm™): 3282, 1739, 1719, 1654
cm™'. "THNMR (300 MHz, CDCls): & = 1.35-2.14 (m, 10H,
5CH>), 3.97 (m, 1H, CH-NH), 6.51 (1H, s, CH-N), 7.07—
7.64 (m, 12H, NH and H-Ar), 7.91 (s, 1H, =CH), 8.05
(dd, 1H, J=8.1 Hz, H-Ar), 8.10 (d, 1H, J= 1.0 Hz, H-Ar).
BC NMR (75 MHz, CDCls) 8: 24.9,25.0,25.4,32.7,33.1,
49.4,64.7,116.8,117.8,123.0, 125.1, 125.4,125.7,128.6,
128.7,128.9,129.1,129.4,133.1, 136.4, 136.8, 138.2, 143.2,
147.8,153.7, 158.6, 165.6, 166.5. HR-MS (ESI) calcd for
C30H28N306 [NH’H]Jr 526.19725, found 526.19725; calcd
for C30H27N3NaOg [M+Na]" 548.17919, found 548.17919;
caled for C3oH27KN;Og [MAK]™564.15305, found 564.15306.
N-((Cyclohexylcarbamoyl)(4-nitrophenyl)methyl)-2-oxo-
N-phenyl-2H-chromone-3-carboxamide (5k): Yield 84%.
Mp=225-227°C.IR (KBrem™): 3269, 1717, 1655, 1646 cm ™.
'HNMR (300 MHz, CDCl;): & = 1.03-1.70 (m, 10H, 5CH.),
3.59 (m, 1H, CH-NH), 6.31 (1H, s, CH-N), 7.02 (br s,
1H, NH), 7.04 (d, 2H, J= 8.1 Hz, H-Ar), 7.07 (d, 1H, J=
8.5 Hz, H-Ar), 7.18-7.33 (m, 4H, H-Ar), 7.48 (d, 2H, J=
8.1 Hz,H-Ar), 7.57 (t, 1H,J=7.5Hz, H-Ar), 7.70 (d, 1H,
J=28.5Hz, H-Ar), 8.09 (s, 1H, =CH), 8.25 (d, 1H, J=7.5
Hz, H-Ar). ®*C NMR (75 MHz, CDCl;) 8: 24.4, 25.1, 30.7,
32.1, 48.1, 63.2, 116.2, 117.6, 123.0, 124.9, 125.0, 128.2,
129.1, 1304, 131.2, 132.9, 138.5, 142.4, 142.8, 146.8, 152.9,
158.3, 164.5, 166.7 & C30H27N305 (525.19): C, 68.56; H,
5.18; N, 8.00. Found: C, 68.36; H, 5.27; N, 7.87.
N-((Cyclohexylcarbamoyl)(2-(prop-2-ynyloxy)phenyl)
methyl)-2-oxo-N-phenyl-2Hchromene-3-carboxamide (5I):
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Yield 85%. Mp = 195-196 °C. IR (KBr cm™): 3300, 2124,
1726,1652 cm™". "H NMR (300 MHz, acetone): § = 1.20—
1.75 (m, 10H, 5CH,, cyclohexyl), 3.19 (t, 1H, J=2.3 Hz,
CH), 3.86 (m, 1H, CH-NH), 4.81 (d, 2H, /=2.6 Hz, CH,—
0), 6.55 (s, 1H, CH-N), 6.70 (t, 1H, J = 7.4 Hz, H-Ar),
6.90-6.97 (m, 4H, NH and H-Ar), 7.08-7.13 (m, 2H, H-
Ar), 7.21-7.33 (m, 4H, H-Ar), 7.54—7.69 (m, 3H, H-Ar),
7.93 (s, 1H, =CH). *C NMR (75 MHz, acetone) &: 25.6,
25.7,26.3, 33.4, 33.6, 49.5, 56.4, 60.2, 77.4, 79.7, 112.2,
117.1,119.1,121.3, 124.5, 125.6, 128.3, 128.6, 129.7, 130.2,
131.1, 132.0, 133.3, 140.0, 142.59, 156.6, 169.0. HR-MS
(ESI) caled for Cs3H3N,Os [M+H]" 535.22320, found
535.22316; caled for C33H3oNoNaOs [M+Na]" 557.20517,
found 557.20510; caled for C33H30KN,Os [M+K]"573.17909,
found 573.17901.
N-((tert-Butylcarbamoyl)(2-(prop-2-ynyloxy)phenyl)
methyl)-2-oxo-N-phenyl-2H-chromene-3-carboxamide (5m):
Yield 88%. Mp = 130-133 °C. IR (KBr cm™'): 3397, 2113,
1713, 1668, 1650 cm™'. "H NMR (300 MHz, CDCl): § =
1.46 (s, 9H, t-but), 2.51 (t, 1H, J=2.2 Hz, CH), 4.60 (d, 2H,
J=2.2Hz, CH>-0), 6.47 (s, 1H, CH-N), 6.57 (br s, 1H,
NH), 6.78-6.83 (m, 2H, H-Ar), 6.96-6.97 (m, 3H, H-Ar),
7.12-7.26 (m, 6H, H-Ar), 7.39-7.48 (m, 2H, H-Ar), 7.77
(s, 1H, =CH). '*C NMR (75 MHz, CDCl;) &: 28.7, 51.8,
55.8,60.8,111.4,116.7,118.1,121.2,123.1, 124.7,126.2,
127.8,128.1,128.4,129.6,131.4,132.3,139.0, 141.1, 153.6,
155.4,158.2,165.3, 168.4. HR-MS (ESI) caled for C31H0N2Os
[M+H]"509.20763, found 509.20758; caled for C3 HasN,NaOs
[M+Na]" 531.18953, found 531.18949; caled for C31HosKN>Os
[M+K]" 547.16356, found 547.16351.
N-((Cyclohexylcarbamoyl)(2-(prop-2-ynyloxy)phenyl)
methyl)-N-(4-chlorophenyl)-2-oxo-2H-chromene-3-carbox-
amide (5n): Yield 85%. Mp = 195-196 °C. IR (KBrcm™):
3338, 2123, 1733, 1674, 1633 cm™". "H NMR (300 MHz,
CDCl): 6 =1.15-2.10 (m, 10H, 5CH,, cyclohexyl), 2.53
(s, 1H, CH), 3.93 (m, 1H, CH-NH), 4.67 (s, 2H, CH»-0),
6.59 (s, 1H, CH-N), 6.77-6.90 (m, SH, NH and H-Ar),
7.08-7.28 (m, 6H, H-Ar), 7.43-7.53 (m, 2H, H-Ar), 7.84
(s, 1H, =CH). '*C NMR (75 MHz, CDCl;) &: 24.9, 25.0,
25.4,32.7,33.1,49.0, 55.8, 60.1, 111.5, 116.8, 118.0, 121.3,
122.6,124.9,125.9,128.3,128.5,131.1,131.5, 132.7, 133.7,
137.2, 142.5, 153.7, 155.4, 158.3, 165.1, 168.1. HR-MS
(ESI) calcd for C33H30CIN,Os [M+H]" 569.18441, found
569.18435; caled for C33HaoCINoNaOs [M+Na]™ 591.16612,
found 591.16608; caled for Cs3HCIKN,Os [M+K]*
607.14036, found 607.14030.
N-((tert-Butylcarbamoyl)(2-(prop-2-ynyloxy)phenyl)
methyl)-N-(4-chlorophenyl)-2-0xo-2H-chromene-3-carbox-
amide (50): Yield 78%. Mp =97-100 °C. IR (KBrcm™):
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3359, 3298, 2119, 1723, 1654, 1607 cm™'. "H NMR (300
MHz, CDCls): 6 =1.43 (s, 9H, #—but), 2.53 (t, 1H, J=2.3
Hz, CH), 4.67 (d, 2H, J=2.3 Hz, CH,-0), 6.35 (brs, 1H,
NH), 6.44 (s, 1H, CH-N), 6.79-6.85 (m, 2H, H-Ar), 6.93
(d,2H,J=8.6 Hz, H-Ar), 7.11-7.26 (m, 6H, H-Ar), 7.42
(dd, 1H,J=7.2, 1.4 Hz, H-Ar), 7.49 (dt, 1H, J=7.8, 1.4 Hz,
H-Ar), 7.78 (s, 1H, =CH). *C NMR (75 MHz, CDCl;) §:
28.7,51.9,55.7,60.5,111.6,116.7, 118.0, 121.3, 122.8, 124.8,
125.9,128.3,128.4,130.0, 131.1, 131.3, 132.5, 133.6, 137 4,
1342.2, 153.7, 155.3, 158.0, 165.1, 168.3. HR-MS (ESI)
caled for C31HosCIN,Os [M+H]™ 543.16869, found 543.16864;
calcd for C31Hp7CIN,NaOs [M+Na]" 565.15050, found
565.15046; calcd for CsHx7CIKN,Os [M+K]" 581.12444,
found 581.12440.
N-((Cyclohexylcarbamoyl)(2-(prop-2-ynyloxy)phenyl)
methyl)-N-(2,4-dichlorophenyl)-2-oxo-2H-chromene-3-car-
boxamide (5p): Yield 75%. Mp = 177-180°C. IR (KBr cm™):
3338,2123, 1733, 1674, 1633 cm™'. '"H NMR (300 MHz,
CDCls): 8 =1.28-2.16 (m, 10H, 5CHa, cyclohexyl), 2.61
(t, 1H, J=2.3 Hz, CH), 3.95 (m, 1H, CH-NH), 4.84 (d, 2H,
J=2.3Hz, CH»-0), 6.87 (s, IH, CH-N), 6.99 (d, 1H, J=
2.4Hz,NH), 7.07 (m, 5H, H-Ar), 7.18-7.27 (m, 3H, H-Ar),
7.46-7.53 (m, 3H, H-Ar), 7.89 (s, 1H, =CH). *C NMR
(75 MHz, CDCl) 6: 24.9, 52.0, 25.4, 32.7, 33.1, 49.2, 59.8,
60.9, 116.8, 117.9, 125.0, 125.8, 128.0, 128.5, 128.6, 128.7,
129.5,129.6,130.2,130.5,132.1,132.8, 138.1, 142.6, 151.1,
153.6, 158.6,165.2,166.9. HR-MS (ESI) caled for C33H0CLN,Os
[NH‘HTr 603. 14562, found 603. 14555; caled for C33H23C12N2N305
[M-+Na]* 625.12762, found 625.12754; calcd for Cs3Has
CLKN,Os [M+K]" 641.10149, found 641.10142.

RESULTS AND DISCUSSION

Coumarin-3-carboxylic acid is an efficient starting material
for the synthesis of functionalized coumarin skeleton. It
appears in a vast range of natural products with high levels of
biological activity and also was used for the synthesis of
compounds with pharmaceutical activity.**~*? Coumarin-
3-carboxylic acid 3 was obtained from the reaction of sal-
icylaldehyde with Meldrum’s acid refluxing in water.>
Initially, the four-component reaction of benzaldehyde 1a,
aniline 2, coumarin-3-carboxylic acid 3, and cyclohexyl
isocyanides 4a were carried out smoothly in methanol at
room temperature was selected as model reaction (Scheme 1).
The desired product Sa was isolated in 90% yield (7able 1,
entry 1). Encouraged by this result, we turned our attention to
other substituted benzaldehydes, amines and isocyanides.
The desired amidated coumarins Sb—p was obtained in
75-92%.
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Table 1. Synthesis of amidated 3-substituted coumarins using Ugi 4-CR

Entry Ar R! R? Product Yield (%)*

1 Ph Ph Cyc** S5a 90
2 2-MeOCgHy- Ph Cyc 5b 87
3 4-MeOCgHs- Ph Cyc Sc¢ 92
4 2,4-(MeO),CeHs- Ph Cyc 5d 93
5 4,5,6-(MeO);CeHa- Ph Cyc Se 88
6 4-Me-C¢Hy- Ph Cyc 5t 83
7 4-i-pr-CsHy- Ph Cyc 5¢ 91
8 2,4,6-(Me);CoHy- Ph Cyc 5h 90
9 2-0,N-CeHi- Ph Cyc si 75
10 3-0:N-CeHi- Ph Cyc 5§ 80
11 4-O,N-CeHy- Ph Cyc 5k 77
12 2-(prop-2-ynyloxy)-CsHa- Ph Cyc ]| 85
14 2-(prop-2-ynyloxy)-CsHa- Ph t-buty]*** Sm 85
15 2-(prop-2-ynyloxy)-CsHy- 4-CI-CgHy- Cyc 5n 88
16 2-(prop-2-ynyloxy)-CsHy- 4-CI-C¢Hy- t-butyl So 78
17 2-(prop-2-ynyloxy)-CsHs- 2,4~(Cl),CgHs- Cyc Sp 75

*Yields of isolated products

**Cyclohexyl isocyanide

***tert-butyl isocyanide

It was satisfying to observe that the reaction was com- Ar_® R
plete in 6 hours and in many cases the reaction products H>CN

precipitate during the reaction and the products were obtained
after recrystallization. This approach was used for the syn-
thesis of a chemical library of coumarins. It was found that
these conditions were compatible with a range of electron-
withdrawing and electron-donating substituents. The con-
ditions were sufficiently mild to be tolerated by a number
of functionalities including nitro and methoxy groups.
Reaction with 2,4-dimethoxybenzaldehyde led to the high-
est yield (93% yields, Table 1, entry 4).

The structures of compounds 5a—p were deduced from
their spectroscopic data and also high-resolution mass
spectrometry data (HR-ESI-MS). The 'H NMR spectrum
of the products showed a distinguished peak at region &
6.21-6.60 ppm for the —CH protons and also a broad sin-
glet signal at 6 5.86—7.02 ppm for the -NH moiety. Partial
assignments of these resonances are given in the experimental
section. The *C NMR spectrum revealed two distinct peaks
at 5(C) 157-165 ppm for the amide C=0 groups, and 166—
169 ppm for the carbonyl of lactone in coumarin skeleton.
O-Propargyloxy benzaldehyde was used as starting mate-
rial for the synthesis of products 51-p. We believe that this
new functionality based multicomponent reactions have a
huge potential in creating new molecules or simplifying
the synthesis of existing compounds and the synthesized
products have good potential for further reactions. The prod-
ucts 51-p could be used as starting material for some reac-

Scheme 2. Proposed mechanism for the synthesis of amidated 3-
substituted coumarins Sa—p.

tions such as: Click chemistry, Pauson-Khand reaction, and
cyclization reaction.

According to the commonly accepted Ugi-4CR proposed
mechanism, it seems that amine, the carbonyl compound
and the acid are in equilibrium with the iminiumcarbox-
ylate 6 in the reaction medium. The o-addition of the iminium
carboxylate onto the carbenoid carbon of the isocyanide leads
to the formation of the primary four-component adduct 7,
which undergoes an intramolecular acylation known as Mumm
rearrangement to give the stable Ugi adduct 5 (Scheme 2).

Since some of coumarin derivatives could be used as
fluorophors,**** we were interested to investigate the flu-
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Figure 1. Emission spectra of compounds 5b, 5d, Se, 5g, 5p in
chloform.
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Figure 2. Emission spectra of compounds 5b, Sd, Se, Sg, 5p in
acetonitrile.

orescence property of the synthesized compounds. The
fluoresence property of some novel amidated coumarines
derivatives were investigated in chloroform, acetonitrile,
and dimethyl formamide. The wavelengths of the absorption
maxima and fluorescence emission maxima fluorescence
property of compounds 5b, 5d, Se, 5g, Sp were investi-
gated. Excitations were carried out with the four different
wavelengths 200, 210, 220, and 230 nm, and the emission
was investigated in the range 300—700 nm. In the case of
5d, the maximum emission occurred at the excitation wave-
length 200 nm, and the maximum emission occurred at the
wavelength 542, 546, and 543 nm, respectively (Figs. 1-3).
All of compounds displayed almost similar fluorescence
emission in the range of 535-547 nm, and they could show a
significant difference to coumarin-3-carboxylic acid emis-
sion spectra.
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Figure 3. Emission spectra of compounds 5b, 5d, Se, 5g, Sp in
dimethyl formamide.

CONCLUSION

In conclusion, we have synthesized a small library of 3-
substituted coumarin carboxamides or pseudopeptides using
Ugi-4CR of coumarin-3-carboxylic acid, benzaldehydes,
anilines and isocyanides. Some of these novel derivatives
could be used for further reactions and have fluorescent
spectra in the range 535-547 nm. The simplicity of the
synthetic protocol and availability of diverse starting mate-
rials make this an attractive strategy for obtaining new cou-
marins via combinatorial techniques. Investigations of
biological activity of these compounds are in progress.
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