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A Convenient Synthesis of 2- and 2,3-Substituted 4H-
Chromen-4-ones

Ichiro Hira0, Masahiko YaMAGUCHI*, Michiyuki HAMADA

Department of Industrial Chemistry, Kyushu Institute of Tech-
nology, Sensui-cho, Tobata, Kitakyushu 804, Japan

The cyclodehydration of 1-(o-hydroxyaryl)-1,3-diketones is
one of the most common method for the synthesis of sub-
stituted chromones or flavones®. The 1,3-diketones, in turn,
are synthesized from 1-hydroxy-2-acetylarenes by the acyl-
ation with various acylating reagents. In the Baker-
Venkataraman synthesis®>*#, internal Claisen condensation
of 2-aryloxy-1-acetylarenes is employed. The Allan-
Robinson synthesis® brings about acylation, rearrangement,
and cyclization in a single experimental step. As for the syn-
thesis of 2-alkylchromones, the utilization of a large excess of
esters as the acylating reagent seems to be the only acceptable
method®. Recently, flavones were synthesized by the acyl-
ation of the dianions of o-hydroxyacetophenones with aroyl
chlorides’.

In this communication, a new method for the synthesis of 2-
and 2,3-substituted 4 H-chromen-4-ones is presented, which
consists of internal Claisen condensation of 1-acyl-2-
acyloxvarenes 1, 4 or 7 and subsequent cyclization to the
corresponding chromones 3, 6 or 9. The key step in the syn-
thesis involves the reaction of 1,4 or 7 with sodium hydride in
dimethyl sulfoxide at room temperature to give 2, 5 or 8.
Then, the diketones 2, 5, or 8 are cyclized to the chromones 3,
6 or 9 by heating (100 °C’) with acetic acid containing a cataly-
tic amount of hydrochloric acid®.

0

" 0 0
C—CH~, N;:HIDMSO,
k r

{I L S R -—FQ—»
X 0— (i —R OH

I
(@

Scheme A 3

Downloaded by: Collections and Technical Services Department. Copyrighted material.



December 1984

Communications 1077

Table 1. 2-Substituted 4H-Chromen-4-ones 3a-f from o-Acyloxyacetophenones 1a~f (Scheme A)

Substrate Method Product 2 Product 3
No. R
Yield m.p. Molecular Formula®  Yield m.p. Molecular Formula®
[%]* [°Cil or Lit. m.p. [°C] [%]? C1 or Lit. m.p. [°C]
la  CH, A - - - 4 69-70° 70--71°°
1b C,Hg A - - - 55 15-18° 18°10
e i-C,H, A - - - 69 oil oil*?
B 87 oil Cy,H,,05 (206.2) 76
1d  #CyH,, A - - - 68,58°  28.5-29° C,sH,,0, (272.4)
le C¢H;—(CH,),— A - - - 7t 34.5-355  C,5H,40, (264.3)
1If  CiH; A - - - 83¢ 93-94° 94°12
B 84 117-118° 118712 93

* Yield of isolated product having satisfactory I.R. and 'H-N.M.R. spectra.
® Satisfactory microanalyses obtained: C +0.31, H +0.12.

¢ The reaction was carried out with 9 mmol of 1d.

4 The reaction was carried out with 15 mmol of 1f.

Table 2. 2-Substituted Benzochromones 6a-e from 2-Acetyl-1-acycloxynaphthalenes 4e-e (Scheme B)

Substrate Method Product 5 Product 6

No. R e ——
Yield m.p Molecular Formula®  Yield m.p. Molecular Formula®
[%]? MY or Lit. m.p. [°C] [%1* [°C] or Lit. m.p. [°C]

4a CH, B 65 116-117¢ 117-118°12 84 176.5-177° 178-179°12

4 C,H, A - - - 82,86° 110-111°  111°¢

4c  n-CoH,, A - - - 72 50.5-51.5° C,,H,40, (322.4)

44 C.H, B 90 147-148° 147°2 81 153-154° 156-159°13

4e  2-H,C—C¢H, B 91 91-94° Cy0H,605 (292.3) 90 159-161° C,oH 40, (274.3)

* Yield of isolated product having satisfactory L.R. and *H-N.M.R. spectra.
® Satisfactory microanalyses obtained: C +0.38, H +0.17; exception: Se, C —0.61.
¢ The reaction was carried out with 5 mmol of 4b.

Table 3. 2,3-Disubstituted 4 H-Chromen-4-ones 9a-d from 0-Acy-
loxypropiophenones 7a-d (Scheme C) O o—

—CH;

O=0

Substrate Me- Yield m.p.[°C]  Molecular

No. R thod [%]* [°C] Formula®
of9 of9 or Lit.

m.p.[*C] of 9 4

7a  CH, A 56 91-93° 97014
b nCeH,, A 52 31-325°  C,.H,0,
A
A

o=0

(286.4)
Ci6H 120,
(236.3)

53 110.5-112°  C,,H,00,
(226.2) 0

Te  C4Hs 75 72-73°

Scheme B
74 2-furyl

* Yield of isolated product having satisfactory I.R. and 'H-N.M.R.
spectra.

" Satisfactory microanalyses obtained: C +0.27, H +0.25.

The reaction conditions are very mild and chromones 3, 6 or
9 are obtained in good yield (Tables 1, 2, 3). It should also be
noted that the method is of general applicability and may be
used for 2-mono- and 2,3-disubstituted chromones with vari-

ous aryl and, especially, alkyl groups. Scheme C
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Table 4. Spectral Data for Compounds 3, 6, and 9

Product LR.(KBr)

'H-N.M.R. (CDCl,)
v[lem™]

0 [ppm]

237 (3H, 5); 6.15 (1H, 5), 7.2-7.8 (3H, m),
8.0-8.3 (1H, m)

130 (3H, t, J=7Hz), 2.65 2H, q. J
=17Hz), 6.16 (1H, s), 7.1-7.8 3H. m),
8.0-8.3 (1H, m)

130 (6H, d, J = 7Hz), 2.6-3.1 (1H, m),
6.17 (1H,s), 7.1-7.8 3H, m), 8.0-8.2 (1 H,
m)

0.88 (3H, t, J = 5 Hz), 1.1-1.4 (14H, m),
2.50(2H, t,J = 6 Hz), 6.18 (1H,5),7.2-7.6
(3H, m), 8.1-8.3 (1H, m)

1.9-22 (2H, m), 2.4-2.8 (4H, m), 6.14
(1H,s),7.20 (5H, s), 7.2-7.8 (3H, m), 8.0~
8.3 (1H, m)

6.78 (1H, s), 7.2-8.0 (8 H, m), 8.20 (1 H, d,
J=1Hz)

3a 1640
3b 1650

3c 1650

3d 1655

3e 1650

3 1640

6a 1645 2.52(3H, ), 6.32 (1H, 5), 7.5-8.0 (4 H, m),
813 (1H, d, J = 8 Hz), 8.3-8.6 (1H, m)
142 3H, t, J=THz), 2.83 H, q, J
=THz), 6.34 (1H, m), 7.5-8.0 (4H, m),
8.14 (1H, d, J = 9 Hz), 8.4-8.6 (1H, m)
0.88 (3H, t, J = 4 Hz). 1.0-2.1 (14H, m),
2.77(2H,t,J = 7Hz), 6.33(1H, 5), 7.5-8.0
(4H, m), 8.14 (1H, d, J = 9 Hz), 8.4-8.6
(1H, m)

6.94 (1H, s), 7.5-8.2 (10H, m), 8.5-8.7
(1H, m)

2.54(3H,s), 6.61 (1H, s), 7.3-7.9 (4 H. m),
8.18 (1H, d, J = 8 Hz), 8.3-8.5 (1H, m)

6b 1645

6¢c 1640

6d 1630

6e 1640

9a 1630 2.02(3H,5),2.36 (3H, ), 7.1-7.8 (3H, m),
8.0-8.3 (1H, m)

0.6-1.0 (3H, m), 1.0-1.9 (14H, m), 2.07
(3H, s), 271 QH, t, J=7Hz), 7.2-7.6
(3H, m), 8.19 (1H, dd, J = 2, 8 Hz)
2.14(3H, ), 7.1=7.7 (8 H, m), 8.1-8.3 (1H,
m)

2.39 (3H, s), 6.62 (1H, dd, J = 2, 3.5 Hz),
710 (1H, d, J = 3.5 Hz), 7.2-7.8 (4H, m),
8.22 (1H, d, J= 7 Hz)

9 1630

9¢ 1635

9d 1620

The 1,3-diketones 2 or 5 prepared were purified by chroma-
tography over silica gel and were characterized by compa-
rison of their physical and spectral® properties with literature
data.

SYNTHESIS

2- and 2,3-Substituted 4H-Chromen-4-ones; General Procedure:

Method A: Under a nitrogen atmosphere, a dimethyl sulfoxide
(2ml) solution of the 1-acyloxy-2-acylarene (1, 4 or 7,
0.5-2.0 mmol) is slowly added to a suspension of sodium hydride (3
equiv.) in dimethyl sulfoxide (8 ml). The mixture is stirred for
0.2-2 h, monitoring the reaction by T.L.C. (exceptionally, the reac-
tion of 1d requires 5 h for the completion). Then, the reaction mix-
ture is slowly added to saturated aqueous oxalic acid (20 ml) at 0°C.
Organic materials are extracted with ethyl acetate (20 ml), washed
with water (20 ml) and brine (20 ml) and dried with sodium sulphate.
After the solvents have been removed, the crude 1-(o-hydroxyaryt)-
1,3-diketone 2, 5 or 8 is dissolved in acetic acid (5 ml} containing
several drops of concentrated hydrochloric acid, and the solution is
heated at 100-110°C for 0.3-1.3 h, monitoring the reaction by
T.L.C. On cooling, the mixture is diluted with ethyl acetate (20 ml),
washed with saturated sodium hydrogen carbonate (2 x 20 ml) and
with brine (20 ml), and dried with sodium sulphate. After the solv-
ents have been removed, the residue is chromatographed over silica
gel with ethyl acetate/hexane or ether/hexane (for 6a, 6d, and 6f) as
eluent.

Method B: The reaction is carried out as described above except
that 1,3-diketones 2, 5 are isolated by chromatography (silica gel)
with chloroform/hexane or ethyl acetate/hexane (for 2f) as eluent.

Received: April 5, 1984

R. Livingstone, in: Rodd’s Chemistry of Carbon Compounds, S.

Coftey, Ed., Vol. IVE, Elsevier Publishing Co., Amsterdam,
1977, p. 139.

2 H.S. Mahal, K. Venkataraman, J. Chem. Soc. 1934, 1767.

3 W. Baker, J. Chem. Soc. 1933, 1381.

+ A.T.M. Dunne, J.E. Gowan, J. Keane, B.M. O’Kelly, D.O’ Sul-
livan, M. M. Roche, P.M. Ryan, T.S. Wheeler, J. Chem. Soc.
1950, 1252.

5 J. Allan, R. Robinson, J. Chem. Soc. 125, 2192 (1924).

6 ¢.g.: .M. Heilbron, D.H. Hey, A. Lowe, J. Chem. Soc. 1934,

1311.

T.A. Geissman, J. Am. Chem. Soc. 73, 3514 (1951).

A. Banerji, N.C. Goomer, Synthesis 1980, 874.

P. Niviére, P. Tronche, J. Couquelet, Bull. Chim. Soc. Fr. 1965,

3658.

? G. Dudek, E.P. Dudek, Tetrahedron 23, 3245 (1967).

19 M. Bloch, S. von Kostanecki, Ber. Dtsch. Chem. Ges. 33, 1998
(1900).

!t L H. Briggs, G.W. White, J. Chem. Soc. [C] 1971, 3077.

12 vV, Virkar, T.S. Wheeler, J. Chem. Soc. 1939, 1679.

'3 The Aldrich Library of NMR Spectra, Vol. V1, 715B (1974).

14 B K. Ganguly, P. Bagchi, J. Org. Chem. 21, 1415 (1956).

@& =

Downloaded by: Collections and Technical Services Department. Copyrighted material.



