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Abstract:

Solid-state synthesis of 2, 2-dimethyl-5- [(4-ox0-4H-chromen-3-yl) methylene]-1,
3-dioxane-4, 6-dione 3(a-h) by grinding at room temperature. The process is more
economical and environmentally benign.
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Introduction:

Environmentally friendly chemical process is the vital part of the current
chemical research and development. ! Hence the challenge for sustainable
environments calls for the use of clean procedures, which can avoid the use of harmful
solvents. We are interested in seeking new processes involving solvent-free reactions; it
is an important synthetic procedure from the viewpoint of green and sustainable
Chemistry.

In recent years, the progress in the field of solid-state organic reactions is
gaining significance both from the mechanistic and synthetic point of view 2. Number
of articles are available reporting solid-state reactions by grinding such as, Grignard
reaction,® Reformatsky reaction,* Aldol condensation,® Dickhmann condensation, ©
Knoevenagel condensation, 7 phenol coupling reaction, 8 reduction reaction, ¢ Wittig

reaction, 1 Grignard and McMurry reaction ' and others. 1> Most of these reactions are
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carried out at room temperature, absolutely solvent-free and use only a mortar and
pestle. In addition to economical and ecofriendlyness, these procedures are efficient as
well. Therefore, we focus on developing the novel procedure involving a solid-state
reaction performed by grinding.

Compound having chromone moiety are synthetically versatile molecules with
a reactive carbonyl group. They have considerable significance for their biological
activities '3 and for their reactivity towards nucleophiles, which allow the synthesis of a
wide variety of heterocycles. There are number of methods of Knoevenagel
condensation between Meldrum’s acid and aromatic aldehydes, which gives arylidene
derivatives 4. They are useful intermediates for the synthesis of heterocyclic
compounds with potential pharmacological activities 15. The condensation reaction of
active methylene group with aldehydes function of 3-formyl chromone is studied by
different workers [¢l. These condensations require acid or base catalyst, prolonged
heating period and the product are obtained in low yields. Keeping in view of these
observations and in continuation of our work on 3-formyl chromone, ['7l in this
communication, we wish to introduce a simple route for the condensation of various 4-
oxo-4H-benzopyran-3-carbaldehyde 1a-h with active methylene compound, Meldrum’s
acid 2 at room temperature. The substrate 4-oxo-4H-benzopyran-3-carbaldehyde has
three active sites; the unsaturated carbonyl group i.e. the pyrone ring, a carbon-carbon
double bond and a formyl group. Of these, the formyl group has the highest reactivity

towards active methylene compounds.

Scheme 1
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Result and discussion:

In Continuation of our ongoing program to develop such solvent-free solid-

state reactions, 7" we wish to report the preparation of arylidenemeldrum’s acid from
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3-formyl chromone and Meldrum’s acid under solvent-free condition. As a model
reaction we first decided to investigate the preparation of 2, 2-dimethyl-5-(4-oxo-4H-
chromen-3ylmethylene)-[1, 3] dioxane-4, 6-dione from 1a and Meldrum’s acid 2 under
solvent-free conditions. The progress of the reaction was monitored by TLC and it was
observed that the reaction was complete in 4 minute. A variety of 2, 2-dimethyl-5-(4-
oxo-4H-chromen-3ylmethylene)-[1, 3] dioxane-4, 6-dione were then prepared by simple
mixing of 1b-h and Meldrum’s acid 2 in a mortar and grinding the mixture with a
pestle at room temperature for the time specified in table-1. The reaction yields are
excellent and the reaction times are exceedingly short (2-4 min.). The products were
isolated by washing the reaction mixture with water followed by filtrations. This
process is fairly general, facial, and efficient and is devoid of any side products. The
experimental process is very simple and environmentally benign.

The required 4-oxo-4H-benzopyran-3-carbaldehydes was prepared by
Vilsmeir-Haack reaction ® and Meldrum’s acid was prepared by known literature
method 1.

In conclusion, we have described mild and highly efficient procedure for the
synthesis of 2, 2-dimethyl-5-(4-oxo-4H-chromen-3ylmethylene)-[1, 3] dioxane-4, 6-dione
3a-h in solid-state by grinding at room temperature. This process is more economical
and environmentally benign
Experimental Section
All products are characterized by IR, "THNMR spectra. Melting points were obtained on
a melting point apparatus with capillary tubes and are uncorrected. IR spectra were
recorded on Perkin-Elmer FTIR Spectrophotometer in KBr disc. 'H NMR spectra were
recorded on Varian 300 MHz spectrophotometer in CDCls as a solvent and TMS as an
internal standard. Melting point and other data were recorded in (Table 1)

General Procedure for the Preparation of 3a-h

A mixture of 4-oxo-4H-benzopyran-3-carbaldehydes 1a-h (1 mmol) and Meldrum’s acid
2 (0.179g, 1.2 mmol) placed in a mortar was ground with a pestle for 2-4 minutes at
room temperature. When TLC showed complete disappearance of starting material, the
mixture was quenched with water; the resultant product was filtered, washed with

water and recrystallized from ethyl acetate to afford pure corresponding 2, 2-dimethyl-
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5-(4-oxo-4H-chromen-3ylmethylene)-[1, 3] dioxane-4, 6-dione 3a-h in excellent yield.
The structures of the products were confirmed by IR, 'TH NMR spectra.
2,2-dimethyl-5-((4-oxo-4H-chromone-3-yl)methylene)-1,3-dioxane-4,6-dione (3a).
Yield: 88%; mp 182 °C. IR (KBr):v max = 3062, 2996, 1732, 1670 1396, 1251 cmt. 'H NMR
(300 Mz, CDCLs): d = 1.8 (6H, s, 2-CH3), 7.2-8.1 (4H, m, aromatic), 8.7 (1H, s, olefinic),
9.6 (1H, s, C2-H of chromone moiety).
5-((6-chloro-4-oxo0-4H-chromone-3-yl)methylene)-2,2-dimethyl-1,3-dioxane-4,6-dione
(3b). Yield: 92%; mp 198 °C. IR (KBr): V max = 3061, 2992, 1730, 1669, 1372, 1296, 797 cm.
1H NMR (300 Mz, CDCl3): & = 1.9 (6H, s, 2-CH3), 7.2-8.2 (3H, m, aromatic), 8.6 (1H, s,
olefinic), 9.6 (1H, s, C>-H of chromone moiety).
2,2-dimethyl-5-((7-methyl-4-oxo-4H-chromone-3-yl)methylene)-1,3-dioxane-4,6-dione
(30). Yield: 87%; mp 186 °C. IR (KBr): vV max = 3055, 2990, 1710, 1650, 1390, 1280 cm. 'H
NMR (300 Mz, CDCls): & = 2.5 (3H, s, -CH3), 1.9 (6H, s, 2-CH3), 7.2-8.2 (3H, m,
aromatic), 8.7 (1H, s, olefinic), 9.6 (1H, s, C.-H of chromone moiety).
5-((6,8-dichloro-4-oxo-4H-chromone-3-yl)methylene)-2,2-dimethyl-1,3-dioxane-4,6-
dione (3d). Yield: 90%; mp 180 °C. IR (KBr): vV max = 3065, 2989, 1729, 1674, 1392, 1293,
791 cml. TH NMR (300 Mz, CDCls): 6 = 1.9 (6H, s, 2-CH3), 7.2-8.2 (3H, m, aromatic), 8.6
(1H, s, olefinic), 9.5 (1H, s, C>-H of chromone moiety).
5-((6-chloro-8-methyl-4-oxo-4H-chromone-3-yl)methylene)-2,2-dimethyl-1,3-dioxane-
4,6-dione (3e).Yield: 96%; mp 200 °C. IR (KBr): v max = 3060, 2996, 1718, 1649, 1396, 1283,
796 cm . TH NMR (300 Mz, CDCl3): 8 = 2.5 (3H, s, -CHa), 1.9 (6H, s, 2-CH3), 7.2-7.5 (2H,
s, aromatic), 8.6 (1H, s, olefinic), 9.5 (1H, s, C>-H of chromone moiety).
5-((6,7-dichloro-4-oxo-4H-chromone-3-yl)methylene)-2,2-dimethyl-1,3-dioxane-4,6-
dione (3f). Yield: 92%, mp 242 °C. IR (KBr): v max = 3084, 3018, 1714, 1662, 1392, 1280,
798 cml. 1H NMR (300 Mz, CDCls): 6 = 1.8 (6H, s, 2-CH3), 7.2-8.3 (2H, s, aromatic), 8.6
(1H, s, olefinic), 9.5 (1H, s, C2-H of chromone moiety).
5-((6-bromo-4-oxo-4H-chromone-3-yl)methylene)-2,2-dimethyl-1,3-dioxane-4,6-dione
(3g). Yield: 93%; mp 200 °C. IR (KBr): v max = 3063, 2993, 1735, 1664, 1395, 1280, 805 cm.
TH NMR (300 Mz, CDCls): d = 1.8 (6H, s, 2-CH3), 7.2-8.2 (3H, m, aromatic), 8.6 (1H, s,

olefinic), 9.6 (1H, s, C>-H of chromone moiety).
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Table I.

Synthesis of 2, 2-dimethyl-5-(4-oxo0-4H-chromen-3ylmethylene)-[1, 3] dioxane-

4, 6-dione 3a-h by grinding method

Entry2 Ry R, R R;  Time (min) Yield (%)> M.P. (°C)

H H H H 4 88 182
b H H Cl H 2.3 92 198
c H CHs H H 4 87 186
d Cl H Cl H 2.3 90 180
e CH3 H Cl H 2 96 200
f H Cl Cl H 2.3 92 242
g H H Br H 3 93 205
h H H F H 2 95 200

a All the products were characterized by IR,'H NMR, spectra.
b Yield of isolated product.

Acknowledgements:

The authors are thankful to the Head Department of Chemistry, Dr. Babasaheb

Ambedkar Marathwada University, Aurangabad for providing research facilities.

References:

(1]

(a) Anastas P. T. and Warner J. C. Green Chemistry (1998): Theory & practice:
Oxford.;

(b) Tanaka K. and Toda, F (2000): Solvent free organic synthesis Chem. Rev.,
100, 1025.

Toda F. Solid state organic reactions. Synlett (Account) (1993): 303;

(b) Singh N. B., Singh R. J. and Singh N. P. Organic solid state reactivity.
Tetrahedron 1994, 50, 6441;

(c) Desiraju G. R. Reactivity of organic solids Retrospect and prospect. Solid-
state ionics 1997, 101, 839.

(a) Toda F., Takumi, H. and Yamaguchi H. (1989): Grignard reaction in solid
state. Chem. Exp., 4, 507;

(b) Veit M. and Hoffmann, U. (1996): Reaction mill for liquid/solid conversion

to Grignard compounds. Chemie-Ingenieur-technik. 68(10), 1279.

www.dcsi.in/ 55



Deccan Current Science Vol. - 1II, July-Aug 2009 pp 51 - 58 ISSN 0975 -3044

(4]

(5]

(8]

(9]

Tanaka k., Kishigami S. and Toda F. (1991): Reformatsky and Luche reaction
in the absence of solvent. J. Org. Chem. 56, 4333.

Toda F. Tanaka K. and Hamai, K. (1990): Aldol condensation in the absence of
solvent: Acceleration of the reaction and enhancement of the selectivity. |.
Chem. Soc. Perkin Trans. I, 3207.

Toda F., Suzuki T. and Higa S. (1998): Solvent free Dieckmann condensation
reaction of diethyl adipate pimelate. |. Chem. Soc.; Perkin Trans. I, 3521.

(a) Ren Z.-J., Cao W.-G. and Tong W.-Q. The Knoevenagel condensation
reaction of aromatic aldehyde with malonitrile by grinding in the absence of
solvents and catalysts. Synth. Commun. 2002, 32, 3475;

Toda F., Tanaka K. and Iwata, S. (1989): Oxidative coupling reactions of phenol
with iron (III) chloride in the solid state.. J. Org. Chem. 54, 3007.

Toda, F.;Kiyoshige, K.; Yagi, M. (1989): NaBH,; Reduction of ketones in the
solid state Angew. Chem. Int. Ed. Engl., 101, 329.

[10](a) Balema V. K., Wiench J. W., Pruski M. and Pecharsky V. K. (2002):

Mechanically induced solid state generation of phosphorus ylides and solvent
free Wittig reaction. J. Am. Chem. Soc. 124(22), 6244;

(b) Pecharsky V. K., Balema V. P., Wiench J. W. and Pruski M. (2003): Solvent
free mechanochemical preparation of phosphonium salts, phosphorus ylides

and olefins by Wittig and related reactios PCT Int. Appl. 38pp.

[11]Harrowfield J. M., Hart R. J. and Whitaker, C. R. (2001): Magnesium and

aromatic: mechanically induced Grignard and McMurry reactions. Australian |.

Chem. 54(7), 423.

[12](a) Schmeyers T., Toda F., Boys J. and Kaupp G. (1998): Quantitative solid-

solid synthesis of Azomethines. J. Chem. Soc., Perkin Trans. 2, 989;

(b) Xiao J. P.,, Wang Y. L. and Zhau, Q. X. (2001): Solid state selective synthesis
of diaryl carbazone. Synth. Commun. 31, 661-665;

(c) Li J. P.,, Wang Y. L., Wang H., Luo Q. F. and Wang X. Y. (2001): A new and
efficient solid state synthesis of diaryl thioureas. Synth. Commun., 31, 781-785.
(d) Scott J. L. and Raston C. L. (2000): Solvent free synthesis of 3-

carboxycoumarins. Green Chem., 2, 245;

www.dcsi.in/ 56



Deccan Current Science Vol. - 1II, July-Aug 2009 pp 51 - 58 ISSN 0975 -3044

(e) Wang Z. X. and Hua, L. Q. (2004): Solventless synthesis of pyrazolo
derivatives. Green Chem. 6, 90.

[13]Gerwick W. H., Lopez A., Van Duyne G. D., Clardy J., Ortiz W. and Buez A
(1986): Hormothamnione, A novel cytotoxic styryl chromone from the marine
cyanophyte Hormothamnion-enteromorphoides grunow. Tetrahedron Lett., 27,
1979.

[14](a) Aimin S., Xiaobing W. and Kit S. L. (2003): Convenient synthesis of
coumarin-3-carbixylic acid via Knoevenagel condensation of Meldrum’s acid
with ortho hydroxyaryl aldehydes or ketones. Tetrahedron Lett., 44, 1755;

(b) Bigi F., Carloni S., Ferrari L., Maggi R., Mazzacani A. and Sartori G. (2001):
Clean synthesis in water part 2: Uncatalysed condensation reaction of Meldrum
acid and aldehydes. Tetrahedron Lett., 42, 5203;

(c) Kraus G. A. and Krolski M. E. (1986): Synthesis of a precursor to quassimarin. J.
Org. Chem., 51, 3347;

(d) Corey E. J. (1952): The mechanism of the decarboxylation of a-p and B-y-
unsaturated malonic acid derivatives and the course of decarboxylative
condensation reaction in pyridine. J. Am. Chem. Soc. 74, 5897;

(e) Hedge J. A., Kruse C. W. and Snyder, H. R. (1961): Some condensation reaction
of Isopropylidine malonate. J. Org. Chem. 26, 3166.

[15]Pita B., Sotelo E., Suarez M., Ravina E., Ochoa E., Verdccia Y., Novoa H.,
Balton N., de Ranter C. and Peeters, O. M. (2000): Synthesis and structural
study of novel 4-aryl-2,5-dioxo-8-phenylpyridone[2,3-d]-pyradazines.
Tetrahedron 56,2473.

[16]Prousek J. (1993): Synthesis of 5-arylidene-2,4,6(1H,3H,5H)pyrimidinetrion
derivatives. Collect. Czech. Chem. Commun, 58 (12), 3014.

[17](a)Hangarge R. V., Jarikote D. V. and Shingare, M. S. (2002): Knoevenagel
condensation reaction in an ionic liquid. Green Chem. 4, 266;

(b) Madje B. R., Shindalkar S. S., Ware M. N. and Shingare, M. S. (20050): An
efficient condensation of 4-Oxo-4H-benzopyran-3-carbaldehyde with 3-methyl-
1-phenyl-1H-pyrazol-5(4H)-one. Arkivoc xiv, 82-86;

www.dcsi.in/ 57



Deccan Current Science Vol. - 1II, July-Aug 2009 pp 51 - 58 ISSN 0975 -3044

(c) Shelke K. F., Madje B. R., Sapkal S. B., Shingate B. B., and Shingare M. S.
(2009): Ionic liquid promoted an efficient Knoevenagel condensation of 4-oxo-
4H-benzopyran-3-carbaldehyde with Meldrum's acid Green Chem. Lett. Rev.
2(1),3-7

[18]Nohara A., Umetani T., Sanno Y. (1974): Studies on antiannaphylactic agent-
1: a facil synthesis of 4-Oxo-4H-1-benzopyran-3-carbaldehydes by Vilsmeier
reagents. Tetrahedron, 30(19), 3553.

[19](a) Mc Nah H. (1978): Meldrum’s acid. Chem. Soc. Rev. 7, 345-358.

www.dcsi.in/ 58





