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Ammonium Metavanadate:
A Mild and Efficient Catalyst for the Synthesis of Coumarins
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A mild and efficient method has been developed for condensation of substituted phenol with p-ketoester in the
presence of catalytic amount of ammonium metavanadate (10 mol%) at ambient temperature to afford the
corresponding substituted 4-methyl-2/4-chromen-2-one in high vields under mild conditions. Utilization of commi-
ercially available inexpensive catalyst makes this manipulation very interesting from an €conomic perspective.
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Introduction

Coumarin and its derivatives have been proved as useful
precursors for the synthesis of variety of medicinal agents. The
heterocycles derived from these 1ntermedlates have also been
tested forthelr potennal as anti-HIV.' .mtl-mflammaton * anti-
convulsant. antl-nml * anti-coagulant antloudant antibacte-
rial.’ a_ntlfung.ll. anti-carcinogenic material” and antihista-
mine." Apart from this. it is attracting considerable attention of
chemists as it is widely used in fragrances, pharmaceuticals.”’
optical brightemers” and molecular photonic devices.” despite
the importance of these intermediates. the methodologies
available for the svnthesis were generally target specific and
restrictive in their scope. Several routes are used for the svnthe-
siS of Coumarins 1ncludmg Pechmann.' Perkm. ~ knoeven-
agel.’® Reformatsky ' and Wittig reaction '®

However. it is noticed that all these methods involve various
disadvantages such as low vields, prolonged reaction times
and the use of toxic organic reagents such as cone. H-80.”
PPA.™ TFA. “'In addition to this harsh catalyst are used sucp
as InCls. = ZrCl..™ Y OTﬁJ p-TsOH.™ sulfated Zirconia.”
and cellulose sulphuric acid.™ Hence it is imperative to develop
a convenient. efficient and user friendly method for the svnthesis
of substituted 4-methy1-24-chromen-2-one.

Experimental

Melting point was recorded in open capillary in liquid paraffin
bath. IR spectra were recorded on a Perkin-Elmer FTIR using
KBr discs. 'H NMR spectra were recorded on Mercury Plus
Varian in CDCI; at 400 MHz using TMS as an internal standard.
Mass spectra were recorded on Micro mass Quattro II using
Electrospray Ionization technique. showing (m + 1) peak as a
base peak.

General Pmcedure. A mixture of substituted phenol (1.0
eq.) and ethvl acetoacetate (1.0 eq.) inethanol (10 mL). ammo-
nium metavanadate (10 mol%) was added. The mixture was
stirred at room temperature for 30 - 45 min. The progress of
reaction was monitored on TLC. After completion, the reaction
mixture was filtered and the filtrate was concentrated under

vacuum, water was added to the residue and extracted with
ethvl acetate (25 x 2 mL). which was thendried and concentrated.
The residue was subjected to column chromatography (60-
120 mesh size silica gel. eluted with hexane-acetone) to obta-
in the pure product of coumarin.

Result and Discussion

As a contribution of our research work devoted to the devel-
opment of useful synthetic methodologies. ™ we herein report
an eco-friendly. facile and efficient methodology for the syn-
thesis of 4-methy1-2/-chromen-2-ones. This method involves
the efficient synthesis of substituted Coumarins by treatment
of ethyl acetoacetate and substituted phenol using catalyst
ammonium metavanadate in ethanol at room temperature for
30 - 45 min (Scheme 1). Consequently several aromatic phenols
with different substituents on the aromatic ring were subjected
to the cyclo condensation reaction. The reaction conditions are
mild and workup procedure is simple. The physical characteristic
of ammonium metavanadate is slightly acidic to neutral. We
have used ammonium metavanadate for the synthesis of 4-
methyl-2H-chromen-2-one. The products were isolated in high
vields (74 - 92%). Some of the compounds were purified by
recrystallization techniques in acetone: hexane. In some cases
by using 60 - 120 mesh size silica gel for colunn chromatography
with acetone in hexane. The structures of the products were
determined from their spectral (1H NMR. IR and MS) data.

In the present study. the commercially available catalyst
ammonium metavanadate is used as a catalyst but its scope has
not been fully explored. Ammonium metavanadate was used
as cyclo condensing agent and water is removed azeotro-
pically. Along with this, by the proposed mechanism we reco-

00
@OH + )Ok/l? NH,4VO3, EtOH |/> P
R OEt /1 30-45 min R
CHs
1a -1k 2 3a -3k (74-92%)
Scheme 1


mailto:chgill50@yahoo.com

2970 Buil Korean Chem. Soc. 2009. Vol. 30, No. 12

Table 1. Ratio of ammonium metavanadate for the svnthesis of 4-
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Table 2. Eftect of solvent in condensation of ethy] acetoacetate with

methy]-2H-chromen-2-ones phenol
Ammeonium Metavanadate . . . Condition e
: “ Entry  Solvent . Yield
Entry (mol%) Time (min) ~ Yield e ! Temp. (°C) Time (min) !

] 0 a3 irace 1 Methanol” 25 .30 40 min < 30

5 5 45 69 2 Ethanol \ 25 - 30 40 mgl 82

. ) 3 Aq. ethanol 25 - 30 40 min 45

7 10 + 81 4 Water’ 25 - 30 40 min -

4 13 43 79 3 Toluene 25 -30 40 min -

3 20 45 7% 6 Acetonitrile’ 25 - 30 40 min -

“Isolated vield.

“Isolated vield: PReaction incanplete. unreacted ethyl acetoacetate:

action did nat praoceeded at all.

Table 3. Characterization data of compounds (3a-3k) from the reaction of substitute phenol and ethvl acetoacetate

‘Re-

, _ Time Isolated mp (°C) Litf
Entry Reactant Product (min) vield” found (reported)
0.0
OH w6
3a @ 7 32 3l 77-79 79 - 81°
CHs
OH 2
3b ' 40 87 152 - 154 153-155%
90 CLY o
HO. 0.0
HO. OH .
3¢ w 30 92 185 - 186 182 - 184°
CHs
0.0
3d HO > 44 79 242 - 244 241 - 242%
CH;
OH HO. 00
3e 7 36 74 282 - 284 280 - 2817
OH CHs
HsC 0.0
OH . . as
3f z 33 78 130 - 131 130 - 131
CH3
OH
oH HO. 00 .
3g @ P 33 89 234-237 234 - 235"
OH CHs
HO. OH HO. o._0
3h O P 37 76 260 - 262 250- 252
CH» CH5CH3
HsCO. 0.0
H4CO. OH ) .
3i ‘@’ ~ 31 9l 160 - 161 158 - 160°
CHs
HoN 0.0
3j L O;j a8 80 21-223 220- 224"
HoN OH
CHs
CHg
CH3 HO 0.0
3k HOGOH P 43 77 265 - 267 264 - 266
CHj

. X - - 2022 b
“All the products were characterized by 'H NMR and MS spectral data and were compared with the reference compounds.™ ™ “The products were
characterized by comparison of their spectroscopic and physical data with reference samples svnthesized by reported procedure,
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vered the catalyst and reused for further reactions. The cataly st
was recovered by filtration and washed with diethy] ether and
dried at 60 - 70 °C.

In order to establish the optimum condition on this reaction.
various ratios of ammonium metavanadate were examined using
ethyvl acetoacetate and phenol as a model reaction. ammonium
metavanadate was added in various ratio in ethanol at room
temperature. As shovwnin (Table 1), very little of the desired pro-
ducts was obtained in the absence of ammonium metavanadate
and the excellent vields were obtained with 10 mol% ammo-
nium metavanadate. Next we tested the reaction of ethv| aceto-
acetate and phenol as a simple model reaction in different sol-
vents. namely methanol, ethanol. aq.ethanol, water. toluene and
acetonitrile. The results are shown in (Table 2). It was found
that ethanol stands out as the solvent of choice. with its fast
conversion. high vield and low toxicity. Using optimized
reaction parameters. a number of 4-methyl-2H-chromen-2-
ones, (3a-3K). (Scheme 1) were svnthesized. To the best of our
knowledge. there are no earlier reports on the preparation of
4-methy1-2f-chromen-2-ones using ammonium metavanadate
as a catalyst.

The reaction of aminophenol with ethyl acetoacetate can
lead to the formation of mixtures of coumarins and quinolines
in contrast to von Pechmann's procedure which provides prima-
rily coumarins. While the reaction is regiospecific in that ring
formation is ortho to the reacting functional group and para to
the second giving 7-substituted products and not the 3-sub-
stituted products. it is nonselective with respect to the functional
groups. But when the same reaction is carried out in the pre-
sence of (10% mol) ammonium metavanadate and ethanol as
solvent the major product formed is 7-amino-4-methyl-24-
chromen-2-one and a trace amount of the isomeric 7-hvdroxy-4-
methylquinolin-2(1/)-one was formed, which was separated
by column chromatography (60 - 120 mesh size silica gel. eluted
with hexane-acetone) to obtain the pure 7-amino-4-methy1-2/-
chromen-2-one formed.

In summary. novel approaches for the synthesis of 4-methvl-
2H-chromen-2-ones (Table 3) have been explored by using
ammoniiun metavanadate as an acid catalyst in ethanol. which
showed several advantages: mild reaction conditions (at ambient
temperanire). shorter span. operational and experimental sim-
plicity, leading to a useful and attractive process for the pre-
paration of coumarins.

Acknowledgments. The authors are thankful to The Head of
Department of Chemistry. Dr. Babasaheb Ambedkar Mara-
thwada University. Aurangabad. for his valuable support and
laboratory facility,

References

. Huang, L.; Yuon, X.. Yu, D.; Lee, K. H.; Chin, H. C. Tirelogy
2005, 332, 623.

2. Lin, C. M. Huang, S. T Lee, F. W, Sawkuo, H.; Lin, M. H.
Bioorganic Med. Chem. 2006, 14, 4402,

3. Bhat, M. A.; Siddiqui, N.; Khan, S. A. Indian J. Pharm. Sci.
2006, 68, 120.

4. Massimo, C.; Francesco, E., Federica, M., Carla, M. M.; Prigto,
G. 8. Carlos, R. I Aust. J. Chem. 2003, 56, 39.

3. Ruszat, R.; Wvler, S Forster, T.. Reich, O.; Christian, G. S;

10.
I1.
12.
13.
14.
15
16.
17.
18.

19.

27.

28.

Bull. Korean Chem. Soc. 2009. Vol. 30, No. 12 2971

Thomas, C. G.. Sulser, T.; Bachmann, A. Eui: dssoc. Lvel. 2006,

. Tvagi, A. K. Raj, H. G.; Volra, P Gupta, G.. Kumari, R.;

Kumar, P Gupta, R. K. Eur J Med Chem. 2003, 40, 413,

. Modrana, I. N.. Nawrot, E.; Graczy, K. Eur. J. Med Chen. 2006,

+41.1301.

. Sardan, S.. Mon, Y.; Honta, K., Micetich, R. G.. Nishibe, S.;

Daneshtalab, M. Bioorg. Afed. Chem. 1999, 7, 1933.

. Elinos-Baez, C. M.. Leon, F.. Santos, E. Cell. Biol Inr. 2008, 29,

703.

Mohanty, N.; Rath, P. C; Rout, M. K. Indian Chent. Soc. 1967,
44, 1001,

Kennedy, R. O.; Tharnes, R. D. Cowmarins Biology:; Applicarion
and M ode of dction; Wiley & Sons: Chichester, 1997.
Zahradnik, M. The Production and Application of Fluorescent
Brightening dgenis; Wiley and Sons: 1990.

Adronoy, A Gilat, 8. L.; Frechet. . M.; Ohta. K_; Neuwahl_F.
V.. Fleming, G. R. /. dm. Chem. Soc. 2000, 122, 1175.
Pechmann, V. H.; Duisberg, C. Chem. Ber. 1884, 17, 929.
Johnson, J. R. Org. Reacr. 1942, 1, 210.

(a) Jones, G. Org. Reacr. 1967, 15, 204; (b) Brutola, G.. Frin-
euelli, F.; Pienmatti, O.; Pizzo, F. Hererocveles 1996, 43, 1237,
Shimer, R. L. Org. Reacr. 1942, 1. 1.

(a)Narasimhan, N. S.; Mal1, R. S.; Barve, M. V. Svnthesis 1979,
906; (b) Yavan, I.. Hekmat-Shoar, R.; Zonouzi, A. Ternrahedron
Ler. 1998_39_2391.

(a) Pechmann, V. H.; Duisberg, C. Chent. Ber. 1883, 16,2119,
(b)Pechmann, V. H.; Duisberg, C. Chent. Ber. 1884, 17,929; (¢)
John E. V. Q,; Israelstam, S. S. J. O»g. Chent. 1961, 26, 240; (d)
Rao, Y. V. §.. Kulkami, S. T; Subramanvam, M.; Rao,A. V.R. J.
Chem. Soc., Chem. Comntun. 1993, 1456,

. Nadkami, A. J; Kudav, N. A. Ind. J. Chent. 1981, 208,719,
. Woods, L. L; Sapp, J. J. Org. Chem. 1962, 27, 3703,
. Bose, D. S Rudradas, A. P: Babu, M. H. Tetrahedron Lert.

2002, 43,9195,

. Smitha, G.: Reddy, C. 8. Svnth. Comnnm. 2004, 34, 3997,
- Wang, L. Xia, 1. Tian, H.; Qian, C.. Ma. Y. Ind. J. Chem. 2003,

428, 2097.

. Sugino, T.: Tanaka, K. Chem. Lett. 2001, 4, 110,
. (a) Rodriguez-Dominguez, J. C.. Kirsch, G. Terrahedron Len.

2006, 47,3279 (b) Reddy, B. M.; Panl, M. K.; Lakshmanan, P.
P. J. Mol Catal. A: Chemtical 2006, 2356, 290; (¢) Selvakumar,
Chidambaram, Singh, Caial. Contmun. 2007, 8, 777.

Joshi, R. S_; Mandhane, P. G.; Nagargoje, D. R.; Shingare. M. S.;
Gill, C. H. Bull. of the Cara. Soc. of India 2008, 8, 7.
(a)Jadhav, G. R ; Shaikh, M. U.. Kale, R. P; Gill_C. H. Chinese
Chemical Letters 2009, 20(3), 292; (b) Sonar, S. S.; Kategaokar,
A, Ware, M.; Shingate, B. B.. Shingare, M. §; Gill, C. H. drkivoc.
2009_ i, 138.

. Kale, R. P.; Tadhav, G. R.; Shaikh, M. U.. Gill, C. H. Tenahed-

ron lerrers 2009, 50, 1780.

30. Jadhav, G. R.: Shaikh. M. U.; Kale, R. P.: Gill, C. H. Chinese

35.
36.
37.
38.

Chemical Lerrers 2009, 20(3), 333,

. Basavaiah, K.. Krishnamurthy, G. Miivochim. Acra 1999, 130,

197.

. Singh, S.; Shukla, I. C.. Shukla, S. Iudian J. Phaim. Sci. 1988,

50.278.

. Kanakpura, B.; Javarappa, M. Tur. J. Chen. 2002, 26, 551,
. Patil, S. B; Bhat,R. P.. Raje, V. P.; Samant, 8. D. Svnift. Conmuan.

2006, 36, 525.

Russel, A.. Frve, I. R. Org. Svmth. 1941, 2122,

Singh, V.. Singh, I.. Kaur, K. P.J. Org. Chem. 1962, 27, 3703,
Atkins, R. L. Bliss, D. E. J. Org. Chem. 1978, 43, 1973,
Compound 3a: 4-Methyl-2H-chromen-2-one; 'HNMR (400MHz,
CDCl:)8 242 (s, 3H). 6.32 (s, 1H), 7.15-7.42 (m, 3H), 748 (d,
J=6.0Hz, 1H). IR (KBr) 1064, 1238, 1343, 1703, 3020 em™.
MS: m/z 1609 (M+1). Compound 3b: 4-Methyl-2H-benzo[h]
chromen-2-one: 'H NMR (400MHz, CDC13) 6 2.45 (s, 3H), 6.32
(s, 1H), 7.32-7.60 (m,4H). 7.9 (d,/=9.0Hz, 1H),8.34 (d./=9.0
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Hz. 1H), IR (KBr) 1044, 1235, 1572, 1710, 3012 cm1™". MS: mi/z
2111 (M+1 )yCompound 3¢: 7-H\ droxv-4-methyl-2# -chromen-
2-one: 'H NMR (400 MHz. CDCL:) 8 2.48 (s. 3H). 6.52 (s. 1H).
7.45-7.68 (m, 4H), 7.79 (d,/ = 2.0 Hz, 1H), 8. \7[d J=9.0Hz,
IH). IR (KBr) 1048, 1225, 1570, 1701, 3016 cm™. MS: m/z 177.1
§M+l). Compound 3d: 6-H}-‘drox}-'—4-methy1-2H-Lhromen-2-one.
HNMR (400 MHz, DMSO-d;) 5 2.42 (s, 3H), 6.33 (s, |H), 6.72
{(d,/=84Hz, |H),6.74(d,/=84Hz, lH) 7.05¢s, 1H), IR (KBr)
1033, 1225, 1363, 1693, 30110, »4121,111 MS: miz 177.1. (M+11
Compound 3e: 5,7-Dihydroxy-4-methv]-2H-chromen-2-one: 'H
NMR (400 MHz, DMSO-ds) & 2.44 (s, 3H), 3.90-4.30 (s, 2H),
390 (s, 1H). 6.25(d,../= 1.8 Hz, 1H). 6.35(d./= 1.8 Hz, IH). IR
(KBr) 1064, 1232, 1587, 1703, 3024, 3385 cm™ . MS: mr/z 193.1
(M+1). Compound 3f: 4, 7-Dimethy1-2H-chromen-2-one: 'H NMR
(400 MHz, DMSO-ds) 8 2.31 (s, 3H)Y:. 2.10 (s, 3H), 4.17 (s, 1H).
6.71-7.29 (m, 3H), IR[KB1)1070 1146, 1212, 1248, 1378, 1579,
1636, 1704, 2920, 2970 cm’, MS: m/z 175. 1(M+l) (.onqaolmd3g
7 8-Dihvdroxy-d-methy1-2H-chromen-2-one: 'H NMR (400 MHz,
CDC1:)82.37 (s, 3H), 6.10 (s, 1H), 6.80 (d, J = 8.8 Hz, 1H),7.10
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(d./=8.0Hz. 1H), 9.30 (s. 1H). 10.04 (s, 1H). IR (KBr): 468.
629,722, 1006 1062, 1186, 1388, 1440, 1512, 1596, 1652, 2925,
3240, 3419 e’ MS: m/z 193 2(M+l) Compound3h 7-Hy dm\x-
4_5-dimethyl-2H-chromen-2-one: 'H NMR (400 MHz, DM“‘O-
ds)82.27 (s, 3H), 2.54 (d,/ = 1.2 Hz, 3H),6.05(d,J= 1.2 Hz,
1H). 6.537(d.J=12.1H).6.62(d.J=1. 2 1H). 1052&. 1H). IR
(KBr) 724, 1025, 1635, 1709, 3106 e’ MS: miz 191.1 (M+1).
Compound 3i: 7- Metho“-l meth\l 2H-chromen-2-one: "H NMR
(400 MHz,CDCl:)a2. 2 (s, \H)_ 3.75(s.3H).6.15 (s, 1H). 6.74
(s, 2H), 762(dJ 8.7Hz, IH), IR (KBrj 1078, 1216, 15521700,
3034 em’ MS: m!zl()] l(M+l) Compound 3j: 7-A11un0—4-meth\ -
2H-chromen-2~onie: 'H NMR (400 MHz, DMSO- d5) 32,30 (s, 3H).
5.90 (s, 1H), 6.40(s, IH),6.55(d, J=87Hz, 1H), 740(d, /=87
Hz lH) IR (KBr) 1032, 1238, 1370, 1688, 3012, 3312, 3468
TMS: miz 1761 (M+l) Compound3k 7-H\ dm\w-l 8-dime-
th\l 2H-chromen-2-one: 'H NMR (400 MHz, DMSO-dx )& 2.135
(s.3H).2.36(d.J=12Hz. 3H).6.12 (d, J=12Hz, 1H).6.86 (d,
J=88Hz, 1H).745(d.J = 8.8 Hz, lH) 10.40 (s, 1H). IR (KBr)
1460, 1607, 1685, 3148, 3460 cm’'. MS: miz 191.0 (M+1).




