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Preparation of a-benzylamino coumarin derivatives using oxalic acid in agueous
media

M. Ghashang’*, M.R.M. Shafiee!, S. Delzendeh?, A. Fazlinia?, H. Esfandiari?, M.N. Biregan®,
N. Heydari*

'Department of Chemistry, Faculty of Sciences, Najafabad Branch, Islamic Azad University, Najafabad, Esfahan, Iran;
P.O. Box: 517.
’Department of Chemistry, Neyriz Branch, Islamic Azad University, P.O. Box:74915-311, Neyriz, Iran

Received May 4, 2015; Revised December 28, 2015

A simple and efficient preparative approach for the synthesis of different a-benzylamino coumarins catalyzed by
oxalic acid is developed which involves three-component reaction of 4-hydroxycoumarin, aromatic aldehydes and
secondary amines under ambient conditions in aqueous media. The salient features of this protocol are aerobic
conditions, short reaction time, and mild reaction conditions without additives.
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INTRODUCTION

There is a great deal of interest in finding
environmentally friendly solvents for synthesis.
The use of water as a solvent in organic synthesis
leads to a clean and economical technology. With
water as a solvent the safety is largely increased,
work-up is considerably simplified and cost is
reduced [1,2]. The use of water as a solvent coupled
with high yields and short reaction times makes
synthetic procedures very attractive. The rates of
the multicomponent reactions (MCRS) can increase
when carried out in water [3]. MCRs have the
advantages of high atom economy, structural
diversity, operational simplicity, and lack of waste
products in multistep reactions. The use of efficient
and eco-friendly MCRs for construction of carbon-
carbon and carbon-nitrogen bonds is a continued
issue in organic synthesis [4-10].

3-Benzylcoumarin and its derivatives are an
important class of heterocyclic compounds that
have attracted much attention because of their
diverse therapeutic and pharmacological activities
such as anti-HIV, anti-malarial, anticoagulant,
antibacterial, insecticide, antioxidant and antiviral
[14-16]. The existence of coumarin derivatives in
natural products is also of interest. Some analogues
of coumarin have been isolated from sweet clover,
bison grass and woodruff and are used to prevent
clotting of blood in the veins, lungs or heart [17-
20].

Mannich reaction is one of the most important
C-C bond formation methods in organic synthesis,
and its products (Mannich bases) are of
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considerable importance in industry, natural
products chemistry, and pharmacy [21]. The
classical Mannich reaction has limited applications,
and many attempts have been made to extend this
reaction [22]. The first report of Mannich type
reaction was done by Robertson and Link [23] to
prepare a range of benzyl amino coumarins at the
mid of the 20th century. Thereafter, numerous
modifications of this reaction surfaced and several
methods have been developed for the preparation of
3-(benzyl)-substituted coumarins by using various
catalysts, including triton X-100 as a non-ionic
surfactant [24], nano crystalline ZnO [25] and InCl;
[26].

Based on the above informations and due to our
interest in developiing synthetic strategies for the
construction of heterocyclic compounds, herein we
report a facile methodology for the multicomponent
condensation reaction of 4-hydroxycoumarin,
aromatic aldehydes and secondary amines (Scheme
1).
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Scheme 1. of 3-(benzyl) amino
coumarins.

Preparation

EXPERIMENTAL

All reagents were purchased from Merck and
Aldrich and used without further purification. All
yields refer to isolated products after purification.
The NMR spectra were recorded on a Bruker
Avance DPX 400 MHz instrument. The spectra
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were measured in DMSO-d; relative to TMS (0.00
ppm). Elemental analysis was performed on a
Heraeus CHN-O-Rapid analyzer. Melting points
were determined in open capillaries with a BUCHI
510 melting point apparatus. TLC was performed
on silica gel polygram SIL G/UV 254 plates.

General procedure

To a mixture of 4-hydroxycoumarin (1.0 mmol),
aromatic aldehyde (1.2 mmol) and secondary amine
(2.2 mmol) in water (3 mL), oxalic acid (0.28
mmol) was added as the catalyst, and the mixture
was stirred for an appropriate time at room
temperature. After the reaction was completed, the
solid compound obtained was filtered off and the
crude products were purified by recrystallization
from EtOH.

Selected data

3-((4-tert-Butylphenyl)(piperidin-1-
yl)methyl)-4-hydroxy-2H-chromen-2-one (g): ‘H-
NMR (400 MHz, DMSO-ds): 1.28 (s, 9H), 1.73-
1.94 (m, 6H), 2.22-2.26 (m, 2H), 3.09-3.12 (m,
2H), 5.29 (s, 1H), 7.11-7.27 (m, 4H), 7.43 (t, J =
7.7 Hz, 1H), 7.50 (t, J = 7.7 Hz, 1H), 7.82(d, J =
7.7Hz, 1H), 7.89 (d, J = 7.7 Hz, 1H), ppm; B3¢c-
NMR (100 MHz, DMSO-de): 19.9, 20.3, 22.8, 34.5,
35.7, 52.7, 67.9, 103.4, 115.9, 122.6, 123.9, 124.5,
128.7, 131.4, 135.9, 152.7, 153.6, 163.3, 164.7,
172.7 ppm; Found: C, 76.77; H, 7.56; N, 3.66;
CasH,9NOg3; requires: C, 76.70; H, 7.47; N, 3.58%.

4-Hydroxy-3-((3-nitrophenyl)(piperidin-1-
yl)methyl)-2H-chromen-2-one (h): *H-NMR (400
MHz, DMSO-ds): 1.70-1.93 (m, 6H), 2.21-2.25 (m,
2H), 3.12-3.14 (m, 2H), 5.59 (s, 1H), 7.10-7.16 (m,
2H), 7.43-7.48 (m, 2H), 7.49-7.53 (m, 2H), 7.82(d,
J =7.7Hz, 1H), 7.90 (d, J = 7.7 Hz, 1H), 8.08 (s,
1H) ppm; “®C-NMR (100 MHz, DMSO-dg): 20.3,
22.8, 345, 52.7, 103.6, 116.3, 121.6, 122.9, 123.7,
124.5, 128.9, 130.3, 133.9, 144.7, 148.3, 153.6,
166.3, 165.7, 172.3 ppm; Found: C, 66.39; H, 5.38;
N, 7.44; CyHy,N,Os; requires: C, 66.31; H, 5.30;
N, 7.36%.

4-Hydroxy-3-((9-methyl-9H-carbazol-2-
yl)(piperidin-1-yl)methyl)-2H-chromen-2-one
(q): "H-NMR (400 MHz, DMSO-dg): 1.66-1.91 (m,
6H), 2.35-3.71 (m, 4H), 3.79 (s, 3H, CH3), 5.23 (s,
1H), 7.19-7.72 (m, 9H), 7.84 (s, 1H), 7.95 (d, J =
8.0 Hz, 1H) ppm; *C-NMR (100 MHz, DMSO-ds):
23.7, 26.3, 29.7, 50.9, 54.3, 107.8, 116.4, 116.6,
116.9, 120.7, 120.9, 121.6, 122.2, 123.7, 1245,
126.4, 127.7, 128.0, 129.5, 131.6, 139.7, 140.3,
142.6, 153.7, 165.3, 173.1 ppm; Found: C, 76.86;
H, 6.21; N, 6.54; CyHysN,Os; requires: C, 76.69;
H, 5.98; N, 6.39%.

4-Hydroxy-3-((9-methyl-9H-carbazol-2-

yl)(pyrrolidin-1-yl)methyl)-2H-chromen-2-one
(r): 'H-NMR (400 MHz, DMSO-dg): 1.89-1.96 (m,
4H), 3.02-3.11 (m, 4H), 3.79 (s, 3H, CHz), 5.25 (s,
1H), 7.20-7.71 (m, 9H), 7.84 (s, 1H), 7.96 (d, J =
8.1 Hz, 1H) ppm; *C-NMR (100 MHz, DMSO-ds):
24.2, 29.9, 50.3, 54.2, 107.6, 116.3, 116.7, 116.9,
120.6, 120.9, 121.7, 122.3, 123.7, 124.4, 126.5,
127.6, 127.8, 129.5, 131.6, 139.5, 142.7, 140.4,
153.6, 165.1, 173.3 ppm; Found: C, 76.56; H, 5.84;
N, 6.78; CyxH24N2Os; requires: C, 76.39; H, 5.70;
N, 6.60%.

RESULTS AND DISCUSSION

Initial investigations were carried out using
benzaldehyde (1.2 mmol), 4-hydroxycoumarin (1
mmol) and piperidine (1.2 mmol) as reactants in
order to assess the suitability of oxalic acid as a
catalyst (Scheme 2) and to optimize the reaction
conditions. The results are presented in Table 1.

Scheme 2. synthesis of  4-hydroxy-3-
(phenyl(piperidin-1-yl)methyl)-2H-chromen-2-one

As shown in Table 1, a variety of polar and non-
polar solvents like CH,CI,, ethanol, methanol, n-
hexane, ethyl acetate, diethyl ether and water were
examined. Under solvent-free conditions the
product was obtained in a low yield. It was noticed
that the polar protic solvents afforded better yields
than other solvents and the best catalytic activity of
oxalic acid (0.56 mmol) was observed in aqueous
medium (Table 1).

To find out the optimial amount of barium
chloride, the reaction was carried out by varying the
guantity of catalyst (Table 1, entries 7, 9-11). The
maximum yield was obtained using 0.28 mmol of
catalyst (Table 1, entry 10). Further increase in the
amount of oxalic acid in the mentioned reaction had
no significant effect on the product yield.

With the successful optimization of the
synthesis  of  4-hydroxy-3-(phenyl(piperidin-1-
yl)methyl)-2H-chromen-2-one we further studied
the reactions of various aromatic aldehydes,
piperidine/pyrrolidine and 4-hydroxy coumarin
under similar conditions (Table 2, products a-p). A
wide range of aromatic aldehydes was investigated
under the optimal conditions.

The electron-donating groups attached to the
phenyl rings of aldehydes decreased the reactivity
(Table 2, entries 5-7,). However, the electron
withdrawing groups (Table 2, entry 8) exhibited
good reactivity.
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Table 1. Optimization of the reaction conditions in the synthesis of 4-hydroxy-3-(phenyl(piperidin-1-yl)methyl)-2H-

chromen-2-one (Scheme 2)

Entry Catalyst (mmol) Temperature Solvent (5 mL) Yield (%)?
1 0.56 r.t. n-Hexane -
2 0.56 r.t. CH,Cl, -
3 0.56 r.t. Et,O 5
4 0.56 r.t. EtOAc 20
5 0.56 r.t. EtOH 40
6 0.56 rt. MeOH 40
7 0.56 r.t. H,O 80
8 0.56 r.t. - 10
9 1 rt. H,O 85

10 0.28 r.t. H,O 89
11 0.14 r.t. H,0 50

? Isolated yields, reaction time: 2 h

Table 2. Synthesis of a-benzylamino coumarin derivatives

Entry Aldehyde Amine Product Time  Yield (%)
(h)
1 Benzaldehyde piperidine a 2 89
2 2-Chlorobenzaldehyde piperidine b 3 87
3 4-Chlorobenzaldehyde piperidine c 2 74
4 2-Methylbenzaldehyde piperidine d 4 80
5 4-Methylbenzaldehyde piperidine e 3 86
6 4-Methoxybenzaldehyde piperidine f 3 77
7 4-tert-Butylbenzaldehyde piperidine g 3 85
8 3-Nitrobenzaldehyde piperidine h 2 95
9 2,4-Dichlorobenzaldehyde piperidine i 3 60
10 4-Bromobenzaldehyde piperidine j 2 93
11 Benzaldehyde pyrrolidine k 2 90
12 2-Chlorobenzaldehyde pyrrolidine I 2 94
13 4-Chlorobenzaldehyde pyrrolidine m 3 95
14 2-Methylbenzaldehyde pyrrolidine n 2 80
15 4-Methylbenzaldehyde pyrrolidine 0 2 90
16 3-Nitrobenzaldehyde pyrrolidine p 2 92
17 9-Methyl-9H-carbazole-2- piperidine q 5 85
carbaldehyde
18 9-Methyl-9H-carbazole-2- pyrrolidine r 5 87
carbaldehyde

dIsolated yields. All products have been reported previously in the literature and were characterized by comparison

of NMR spectra with authentic samples [20-22].

CONCLUSION

In conclusion, a one-pot three-component
reaction of aromatic aldehydes, piperidine/
pyrrolidine and 4-hydroxycoumarin was described
and an efficient procedure for the synthesis of a
variety of a-benzylamino coumarins was found.
Prominent among the advantages of this method
are: easy workup procedure, operational simplicity
and excellent yields of products in short reaction
times.

Acknowledgements: The authors are indebted
to the Islamic Azad University, Najafabad Branch
for financial support of this research.

696

REFERENCES

1. C-J. Li, T-H. Chan, Comprehensive Organic
Reactions in Aqueous Media, 2" ed., John Wiley &
Sons, Inc., Hoboken, New Jersey, 2007.

2. C-J. Li, L. Chen, Chem. Soc. Rev., 35, 68 (2006).

3. M..C Pirrung, K.D. Sarma, J. Am. Chem. Soc., 126,
444 (2004).

4. J. Zhu, H. Bienaym, Multicomponent Reactions,
John Wiley & Sons, Weinheim, 2006.

5. M. Ghashang Curr. Org. Synth., 9, 727 (2012).

6. M, Ghashang, Lett. Org. Chem. 9, 497 (2012).

7. M.R.M. Shafiee, M. Ghashang, A. Fazlinia, Curr.
Nanosci., 9, 197 (2013).

8. M. Ghashang, Res. Chem. Intermed., 39, 2187
(2013).


http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Chao-Jun+Li
http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Tak-Hang+Chan
http://en.wikipedia.org/wiki/Journal_of_the_American_Chemical_Society
http://www.ingentaconnect.com/content/ben/cos;jsessionid=66m77opff6773.alexandra
http://link.springer.com/journal/11164

M. Ghashang et al.; Preparation of a-benzylamino coumarin derivatives using oxalic acid in aqueous media

9. M. Ghashang,
(2013).

10. M. Dehbashi, M. Aliahmad, M.R.M. Shafiee, M.
Ghashang, Synth. React. Inorg. Met. Org. Chem., 43,
1301 (2013).

11.S. Hesse, G. Kirsch, Tetrahedron Lett., 43, 1213
(2002).

12.B.H. Lee, M.F. Clothier, F.E. Dutton, G.A. Conder,
S.S Johnson, Bioorg. Med. Chem. Lett., 8, 3317
(1998).

13.J-C. Jung, Y-J. Jung, O-S. Park, Synth. Commun. 31,
1195 (2001).

14. G. Melagraki, A. Afantitis, O. Igglessi-Markopoulou,
A. Detsi, M. Koufaki, C. Kontogiorgis, D.J.
Hadjipavlou-Litina, Eur. J. Med. Chem., 44 , 3020.
(2009).

15.J-C. Jung, J-H. Lee, S. Oh, J-G. Lee, O-S. Park,
Bioorg. Med. Chem. Lett. , 14, 5527 (2004).

16.C. Gleye, G. Lewin, A. Laurens, J. Jullian, P.
Loiseau, C. Bories, R. Hocquemiller, J. Nat. Prod.,
66, 690 (2003).

17. A. Bye, H.K. King, Biochem. J., 117, 23 (1970).

18.S. Thaisrivongs, P.K Tomich, K.D Watenpaugh, K.
Chong, W. Howe, C. Yang, J. Strohbach, S. Tureer, J.

Res. Chem. Intermed. 39, 2837

McGrath, M. Bohanon, J. Lynn, A. Mulichak, P.
Spinelli, R. Hinshaw, P. Pagano, J. Moon, M. Ruwart,
K. Wilkinson, B. Rush, G. Zipp, R. Dalga, F.
Schwende, G. Howard, G. Padbury, L. Toth, Z. Zhao,
K. Koeplinger, T. Kakuk, S. Cole, R. Zaya, R. Piper,
P. Jeffrey, J. Med. Chem., 37, 3200 (1994).

19.R.G. Bell, P.T. Caldwell, Biochemistry, 12, 1759
(1973).

20.E.F. Kleinman, In: Comprehensive Organic
Synthesis, B.M. Trost, I. Fleming (eds.), Pergamon
Press, Oxford, 1991, p. 893.

21. H. Heaney, In Comprehensive Organic Synthesis,
B.M. Trost, I. Fleming (eds.); Pergamon Press:
Oxford. 1991, p. 953.

22.N.D. Robertson, P.K. Link, J. Am. Chem. Soc., 75
1883 (1953).

23. A. Kumar, M.K. Gupta, M. Kumar Tetrahedron Lett.,
52, 4521 (2011).

24.P.P. Ghosh, A.R. Das, Tetrahedron Lett., 53, 3140
(2012).

25.P. Rao, S. Konda, J. Igbal, S. Oruganti, Tetrahedron
Lett., 53, 5314 (2012).

[NPUT'OTBAHE HA ITPON3BOAHU HA o-BEH3UJIAMWHOKYMAPHH C U3IIOJI3BBAHETO
HA OKCAJIOBA KUCEJIMHA BBB BO/ITHA CPEJIA

M. Tauranr’*, M.P.M. H_[aq)nel, C. I[en:seHz[el, A. dDaanHaz, X. EC(baHzmapHZ, M.H. BnperaHl,
H. Xefmapnl

1 .
Jlenapmamenm no xumus, Ucasimcexu ynueepcumem ,,A3ao “, Knon Haoxcapabao, Haoocaghabao, Ecpaxan, HUpan
2 ) . .
Jlenapmamenm no xumus, Hcaamcku ynueepcumem ,,A3ao “,, Knon Hetipus, Hetipus, Upan

[ocrenuna Ha 4 mait, 2015 r.; kopurupana 28 nexemspu, 2015 r.

(Pesrome)

Pazpaboten e mpoct u edukaceH NpemapaTHBEH IOJAXOJ 3a CHUHTe3aTa Ha pa3JIMuHM IIPOM3BOJHU Ha 0O-
OCH3WIAMUHOKYMapuH IPH KaTaJW3aTOp OKCajoBa KHCENHWHA, KOWTO BKJIIOYBA TPU-KOMIIOHEHTHA peakius Ha 4-
XUJIPOKCUKYMapHH, apOMaTHU alJeXUAM M BTOPUYHM aMUHH BBHB BOJHA cpefa. XapakTepHH OCOOCHOCTH Ha TO3HU
MIPOTOKOJI Ca aepOOHH YCIIOBUS, KPATKO PEAKIIMOHHO BPEMe U MEKH yCIIOBUsl, 0e3 100aBKH.
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