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Synthesis of Functionalized Coumarins
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ABSTRACT: The synthesis of functionalized 2-oxo-2H-coumarin derivatives has been studied
by a one-pot reaction of o-hydroxybenzaldehyde, ethyl 2-bromoacetate and triphenylphosphine

in the presence of catalytic amount of triethyl amine in EtOAc, water or under solvent free conditions.

We have found the best results obtained under solvent free condition.

KEY WORDS: Coumarin, Wittig reaction, O-hydroxybenzaldehyde, Ethyl 2-bromoacetate,

Triphenylphosphine.

INTRODUCTION

Coumarins form a vast class of natural products. They
occur widely as secondary plant metabolites and
are known to exhibit numerous interesting biological activities.
Their applications range from additives in food, perfumes,
cosmetics, pharmaceuticals and in the preparation of
insecticides, optical brighteners and dispersed fluorescent
and tunable laser dyes. So, coumarins have various
bioactivities, for example, inhibition of platelet aggregation,
anticancer and inhibition of steroid Sa-reductase. These
properties have made coumarins into interesting targets
for organic chemists. The last decade witnessed a series
of publications on the development of synthetic protocols
for this important heterocyclic scaffold. Thus, it is clearly
evident that the need for the development of new and
flexible protocols is required; especially when they
accommodate important functionalities and are broad
in scope [1-6]. In the past, coumarins have been synthesized
by several routes including Pechmann [7], Perkin [8],
Knoevenagel [9], and Reformatsky [10]. These reactions
often require strongly acidic or strongly basic reaction
conditions and high temperature for longer reaction
times, which makes them less suitable for the synthesis

of coumarins with complex substitution patterns [11-13].
Moreover, they mostly lead to coumarins with subsistent
in the 3- or 4-position [14]. A good alternative for
the synthesis of 3,4-unsubstituted coumarins is the two-step
Wittig reaction [15]. In general, the synthetic strategy
consists of synthesizing the suitable o-hydroxybenzaldehydes
and Wittig reagent, which can be converted to the
corresponding coumarins via a Wittig reaction protocol.

Coumarin synthesis, require harsh reaction conditions
and catalyst like bismuth(IIl) nitrate [21]. For example
in synthesis of coumarin through the Wittig reaction
o-hydroxybenzaldehydes or o-hydroxyacetophenones with
ethoxylcarbonyl triphenylphosphorous, the reaction times
up to 17-34 h under refluxing conditions in benzene or
xylene as very toxic solvents [22,23].

During the course of our studies toward the development
of new routes to the synthesis of organic compounds [16-18]
and our interest in synthesis of coumarins [19,20],
we wish to modify the Wittig reaction to synthesis
coumarin derivatives by simple one-pot condensation of
ethyl ~ bromoacetate and  o-hydroxybenzaldehyde
in the presence of PPh; at 80°C (Scheme 1).

* To whom correspondence should be addressed.
+ E-mail: a-shaabani@cc.sbu.ac.ir

1021-9986/11/4/19 4/$/2.40

19



Iran. J. Chem. Chem. Eng. Shabani A. et al. Vol. 30, No. 4, 2011

4 Ox H

K RZ=H, OH

o 0
L 90
2
0~ o
or + BI"CH2C02Et M» or 5
Os_H 3 reflux 51-79%
1
R! R? 0~ o
R 1 4a-4d
48-86%
R!'=H, MeO, OH

~

J

Scheme 1: Synthesis of products 4a-d and 5.

EXPERIMENTAL SECTION

Melting points were measured on an Electrothermal 9100
apparatus. IR spectra were recorded on a Shimadzu IR-470
spectrometer. 'H and *C NMR spectra were recorded on
a BRUKER DRX-300 AVANCE spectrometer at 300.13
and 75.47 MHz. NMR spectra were obtained on solutions
in CDCl; using TMS as internal standard. The chemicals
used in this work were purchased from Merck and Fluka
chemical companies.

All the products are known compounds, which
were characterized by IR, 'H NMR, "“C NMR,
Mass spectral data and their melting points were compared
with literature reports [25-27].

Typical procedure for the synthesis of 2H-chromen-2-
one (4da)

Triphenylphosphine (3 mmol, 0.78 g), ethylbromoacetate
(3 mmol, 0.16 g), salicylaldehyde (3 mmol, 0.36 g)
and triethylamine (0.1 mmol, 0.10 g) was added to screw
caped tube and heated under classical heating conditions
for 90 min or refluxed in water or ethyl acetate for 150 min.
Progress of reaction was monitored by TLC. After
completion of reaction, pure product was obtained from
reaction mixture by column (10cm) chromatography
(EtOAc:n-Hexane, 6:4).

RESULTS AND DISCUSSION

As can be seen from Table 1, coumarins are produced
with high yields varying from 48-86% under classical
heating conditions. However, the reaction times
are reduced from a day to several minutes. As a consequence,
it is possible to select the most appropriate conditions
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for particular applications. If time is of little of importance,
the reaction can be completed without expenditure of
additional energy. Also, solvent free conditions and using
water as solvent are nature friendly and prevent from
environmental pollutions.

We can see from Table 1 that yields under solvent
free-classical heating condition is better than other
conditions; but if we want to scale-up the reaction, heat
built-up in some points of reaction mixture and difficulty
of heat transfer in solid phase, cause degradation of
reagent and product that decrease the yield. Therefore
using of solvent in large scales is necessary. Using
organic solvents is preferred. Because reactants
can solved in them completely, that increase reaction yield
by increasing the collision between reactant molecules.

Recently, environmental laws force chemical companies
to reduce use of organic solvents. In this situation, water
is preferred solvent. If we can use water as reaction media,
we can reduce environmental pollution. As previously
mentioned we did Wittig reaction in water with acceptable
yields. Using of water cause formation of emulsion that
can prevent from heat built-up in reaction mixture.

In summary, we have introduced a new alternative
method for the synthesis of functionalized coumarins
by the triphenylphosphine-mediated Wittig reaction.
Obviously, improvement of yields in short reaction times
under solvent free conditions has been reported.

CONCLUSIONS

In conclusion, we have synthesized functionalized
2-0x0-2H-coumarin derivatives with high yields and short
reaction times. The reaction could be carried out
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Table 1: Synthesis of coumarins via Wittig reaction under
classical heating conditions in solvent or solvent-free medium.

Synthesis of Functionalized Coumarins

/ Solvent M.P. (oa
Entry Product Found
EtOAc* H,0" SF (reported)
68-69
1 4a 78(150) 58(189) 82(90) (69)°
120-123
2 4b 82(90) 62(180) | 86(100) (119-120)
184-185
3 4c 62(240) | 48(240) | 74(100) (185-187)"
240-242
4 4d 65(240) 54(240) | 75(120) (241-242)"
140-143
73(120 121 7
\5 5 3(120) 51(210) 9(60) (139_14y

in solvent free condition or water as a solvent. These
reaction conditions are environmentally friendly which
makes proposed pathway a green synthetic method.

Acknowledgement
We gratefully acknowledge the financial support from
the Research Council of Shahid Beheshti University.

Received : Oct. 10, 2009 ; Accepted : Feb. 7, 2011

REFERENCES

[1] Kennedy R.O., Zhorenes R.D., “In Coumarins:
Biology, Applications and Mode of Action” John
Wiley and Sons, Chichester, (1997).

[2] Zabradnik M., “In the Production and Application of
Fluorescent Brightening Agents” John Wiley and
Sons, New York, (1992).

[3] Murray R.D.H., Mendez J., Brown S.A., “In the
Natural Coumarins: Occurrence, Chemistry and
Biochemistry”, John Wiley and Sons, New York,
(1982).

[4] Cravotto G., Nano G.M., Palmisano G., Tagliapietra S.,
An  Asymmetric  Approach to  Coumarin
Anticoagulants via Hetero-Diels-Alder Cycloaddition,
Tetrahedron: Asymmetry, 12, p. 707 (2001).

[5] Wang C.J., Hsieh Y.J., Chu C.Y., Lin Y.L., Tseng T.H.,
Inhibition of Cell Cycle Progression in Human
Leukemia HL-60 Cells by Esculetin, Cancer Lett.,
183, p. 163 (2002).

Vol. 30, No. 4, 2011

[6] Fan G.J., Mar W., Park M.K., Wook C.E., Kim K.,
Kim S., A Novel Class of Inhibitors for Steroid
S5a-Reductase:  Synthesis and Evaluation of
Umbelliferone Derivatives, Bioorg. Med. Chem.
Lett., 11, p. 2361 (2001).

[7] Von Pechmann H., Duisberg C., Neue Bildungsweise
Der Cumarine. Synthese Des Daphnetins, Chem.
Ber., 929, p. 17 (1884).

[8] Perkin W.H., On the Hydride of Aceto-Salicyl,
J. Chem. Soc., 21, p. 181 (1868).

[9] Knoevenagel E., Condensation von Malonsdure Mit
Aromatiachen Aldehyden Durch Ammoniak und
Amine, Chem. Ber., 31, p. 2596 (1898).

[10] Reformaatskii S., Neue Synthese Zweiatomiger
Einbasischer Sduren Aus Den Ketonen, Chem. Ber.,
20, p. 1210 (1887).

[11] Ye A.F.F., Gao J.R., Sheng W.J., Jia J.H., One-Pot
Synthesis of Coumarin Derivatives, Dyes Pigm., 77,
p- 556 (2008).

[12] Oyamada J., Kitamura T., Synthesis of Coumarins
by Pt-Catalyzed Hydroarylation of Propiolic Acids
with Phenols, Tetrahedron, 62, p. 6918 (2006).

[13] Maheswara M., Siddaiah V., Damu G. L.V, Rao Y.K,,
Rao C.V., A Simple and Efficient One-Pot Synthesis
of 1,4-Dihydropyridines Using Heterogeneous
Catalyst Under Solvent-Free Conditions, J. Mol
Catal. A: Chemical, 49, p. 255 (20006).

[14] Hepworth J.D., “In Comprehensive Heterocyclic
Chemistry II”, Elsevier, Amsterdam, pp. 417-425
(1996).

[15] Harayama T., Nakatsuka K., Nishioka H.; Murakami K.,
Ohmori Y., Takeuchi Y., Ishii H., Kenmotsu K.,
Convenient Synthesis of a Simple Coumarin from
Salicylaldehyde and Wittig Reagent: Synthesis of
Nitrocoumarins, Heterocycles, 38, p. 2729 (1994).

[16] Shaabani A., Sarvary A., Rahmati A., Rezayan A. H.,
Ionic Liquid/Silica Sulfuric Acid Promoted Fast
Synthesis of a Biginelli-Like Scaffold Reaction,
Lett. Org. Chem., 4, p. 68 (2007).

[17] Shaabani A., Rezayan A.H., Rahmati A., Sarvary A.,
A Novel
Condensation

Isocyanide-Based  Three-Component
of Fully
Substituted Imino- and Spiroiminocyclopentenes,
Synlett, 9, p. 1458 (2007).

Reaction: ~ Synthesis

21



Iran. J. Chem. Chem. Eng. Shabani A. et al. Vol. 30, No. 4, 2011

[18] Shaabani A., Rahmati A., Rezayan A. H., Darvishi M.,
Badri Z., Sarvary A., Clean Synthesis in Water:
Uncatalyzed Three-Component Condensation Reaction
of 3-Amino-1,2,4-Triazole or 2-Aminobenzimidazole
with Aldehyde in the Presence of Activated
CH-Acids, QSAR Comb. Sci., 26, p. 973 (2007).

[19] Shaabani A., Soleimani E., Rezayan A.H., Sarvari A.,
Novel Isocyanide-Based Four-Component Reaction:
A Facile Synthesis of Fully Substituted 3,4-
Dihydrocoumarin Derivatives, Org. Lett., 10, p. 2581
(2008).

[20] Shaabani A., Samadi S., Badri Z., Rahmati A., Ionic
Liquid Promoted Efficient and Rapid One-Pot
Synthesis of Pyran Annulated Heterocyclic Systems,
Cat. Lett., 104, p. 39 (2005).

[21] Sharma G.V.M., Reddy J.J., Lakshmi P.S., Krishna P.R.,
An Efficient ZrCl, Catalyzed One-Pot Solvent Free
Protocol for the Synthesis of 4-Substituted
Coumarins, Tetrahedron Lett., 46, p. 6119 (2005).

[22] Mali R.S., Yadav V.J., A Useful Synthesis of Ethyl
Indole-2Carboxylates and 3,4-Dihydrocarbostyrils,
Synthesis, 7, p. 464 (1977).

[23] Klasek A., Koristek K., Sedmera P., Halada P.,
Thermal Rearrangement of 3-Hydroxy-1H,3H-
Quinoline-2,4-Diones to 3-Acyloxy-2,3-Dihydro-
1H-Indol-2-Ones, Heterocycles, 60, p. 799 (2003).

[24] Trost B.M., Toste F.D., A New Palladium-Catalyzed
Addition: A Mild Method for the Synthesis of
Coumarins, J. Am. Chem. Soc., 118, p. 6305 (1996).

[25] Narasimhan N.S., Mali R.S., Barve M.V., Synthetic
Application of Lithiation Reactions. IX. A Simplified
Synthesis of Isocoumarin, Synthesis, 11, p. 906
(1979).

[26] Singh V., Singh J.,, Kaur K.P., Kad G.L,
Acceleration of the Pechmann Reaction by Microwave
Irradiation: Application to the Preparation of Coumarins,
J. Chem. Research, 1, p. 8 (1997).

22



