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INVESTIGATION IN THE CHROMONE SERIES.
PART XX.{ CHROMONE-3-PHOSPHONIC
ACIDS AND ESTERS

KRZYSZTOF KOSTKA, SELAWOMIR PASTUSZKO and MAREK PORADA

Institute of Chemistry, Faculty of Pharmacy, University of Medicine,
Muszyrskiego 1, 90-151 £.6dZ, Poland

(Received May 19, 1992; in final form June 3, 1992)

In the Arbuzov and Perkow reactions of 2-bromo-2'-acyloxyacetophenone with trimethyl phosphite the
derivatives in position 2 of 3-phosphonochromone acids and esters and 1-2'-acyloxyphenylvinyiphos-
phates were obtained.

Key words: Substituted chromone 3-phosphonic acids and 1-2-acyloxyphenyl-vinylphosphates, synthesis
of.

4H-1-benzopyran-4-on (chromone) and its derivatives have for years been of in-
terest because of their varied biological activity and low toxicity. The gathering of
oxygen atoms in chromone molecule gives great complex-forming abilities. So far,
chromone derivatives with oxygen, nitrogen, and halogen substituents have been
obtained. The following esters and acids—chromone phosphoric derivatives—have
been described: chromone-2- and 3-methanephosphonic! and chromone-2- and 3-
a-hydroxymethanephosphonic.? Chromone derivatives containing phosphorus atom
directly connected with the y-pyrone ring have not been described.

While trying to find convenient methods of synthesis of chromonephosphonic
compounds we have discovered an interesting course of reactions of acyl derivatives
of 2-bromo-2’-hydroxyacetophenone with trimethyl phosphite.

As a result of the reaction of 2-bromo-2’'-acetoxyacetophenone (1a) with tri-
methyl phosphite two products were obtained and identified as dimethyl-1-2'-ace-
toxyphenylvinylphosphate (2a)—product of the Perkow reaction—and as 2-meth-
ylchromone-3-dimethylphosphonate (3a) (Scheme I). No Arbuzov reaction product
was obtained (4a). The application of other acyl derivatives of 2-bromo-2'-hydroxy-
acetophenone (R = C,Hs; CH,Cl; CH,OCOCH;; CH,Br) in the reaction with
trimethyl phosphite resulted in the formation of analogous products. In each case
1-2'-acyloxyphenylvinyldimethylphosphate was obtained as well as a phosphonic
derivative of chromone in which the phosphorus is bound to the C-3 carbon of
benzo-y-pyrone. Performing the reactions at higher temperature causes a better
yield of the chromone derivatives but also leads to the decomposition of the prod-
ucts of the Perkow reaction.

The analysis of the reaction abilities of type 1 compounds with trimethyl phosphite
points to the fact that apart from the Perkow rearrangement products 2, products
of simple condensation of the Arbuzov type 4 can be obtained. The formation of
chromone derivatives 3 can be explained with the appearance of intermediate

tPart XIX, K. Kostka and R. Modranka, Phosphorus, Sulfur and Silicon (in press).
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products of type 4 which under the reaction conditions are unstable and change
immediately.

The application of benzoic acid ester of 2-bromo-2'-hydroxyacetophenone has
confirmed our assumption. Apart from the Perkow reaction product 2f, 2-dimethyl-
phosphono-2'-benzoyloxyacetophenone (4f) has been obtained with good yield as
the Arbuzov reaction product, according to Scheme II.
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SCHEME II

Compound 4f is stable and converts into a chromone derivative only at higher
temperature (ca 200°C, 5h) (Scheme IIT).

The separation of compound 4f and its thermically converted one into 3-dimethyl-
phosphonoflavone (3f) points to the identical reaction course in the synthesis 3a—
e. It is highly probable that the very fast conversion of Arbuzov reaction products
da—e into chromone derivatives is caused by the presence of hydrogen in position
a of the phenolic ester group.
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SCHEME I

Dimethyl chromone phosphonates (3a-f) underwent decomposition to phos-
phonic acids (5a—f) by means of 40% hydrogen bromide in anhydrous acetic acid.>
2-Chloromethylchromone-3-dimethylphosphonate gives during hydrolysis with 40%
hydrogen bromide in acetic acid a mixture of two acids: 2-chloromethyl- and 2-
bromomethylchromone-3-phosphonic acids. The substitution of chlorine by bro-
mine was also observed in the investigations of other compounds.*

The method of transitional silylation with bromotrimethylsilane followed by hy-
drolysis of the silyl derivatives® was used with no effect. In this case also the mixture
of 2-bromo- and 2-chloromethylchromone-3-phosphonic acids was obtained. The
'H NMR spectrum of this mixture contains the signal of the bromomethyl group
at § = 2.34 ppm, and a signal of the chloromethyl group at 6 = 2.44 ppm. The
relative intensity of these groups in the spectrum, and thus also the acids in the
mixture, depends on the duration of deestrification.

Derivatives 1a—f were obtained as a result of the bromination of acyl derivatives
of 2’-hydroxyacetophenone.® The structure of the compounds was determined by
chemical methods (elemental analysis) and spectroscopy (‘H, 3'P NMR, IR, MS).

Compounds 2a-f are in the majority thick oils decomposing at the attempts of
distillation at reduced pressure, quickly darkening at room temperature.

Compounds 2a-f give in '"H NMR a typical multiplet (a double doublet of
doublets—visible as a doublet of triplets) of vinyl protones which as a result of
their similarity to the benzene ring are not equivalent chemically. Precise meas-
urements with high resolution (200 MHz) apparatus have shown that the coupling
between vinyl protons is: 2.4, = 2.32 Hz, while the coupling hydrogen—phos-
phorus is different for each hydrogen and is: *Jpy, = 2.37 Hz and *Jpy,, = 2.53
Hz.

EXPERIMENTAL

Melting points are uncorrected. 'H NMR was performed by means of Varian EM-360 (60 MHz). Bruker
AC 200F (200 MHz). *'P NMR with FT Jocl FX60 (24.3 Mi{z) with H,PO, as internal standard. IR
was performed with a Pye-Unicam 200G spectrometer in KBror film. mass spectrometry was performed
with LKB-2091 Mass Spectrometer (70 ¢V). For chromatographic columns Silica get 70-230 mesh
(Merck) was used. TLC was performed with DC-Alufolien Kieselgel 60 Fasy (Merck).

2-Substituted-3-dimethylphosphonochromone (3a—e) and 1-2'-acvloxyphenvivinvidimenliviphosphate (2a-
e). Into 0.01 mol of a corresponding 2-bromo-2'-acyloxyacetophenone (la—e) dissolved in 10 ml
xylene, 1.50 g (04012 mol) of trimethyl phosphite were added dropwise at the boiling temperature of
the solvent. After 10 minutes of heating the excess phosphite and xylene were distilled off. The obtained
brownish oily liquid was separated on a chromatographic column by means of a solvent system (chlo-
roform :acetone = 9:1). Their composition was determined by means of thin layer chromatography.
After evaporation of the solvents the residue was crystallized from diethyl ether with a 2% addition of
methanol. Oily substances were dried in a desiccator over P,Os (Tables I and II).
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2-Dimethylphosphono-2'-benzoyloxyacetophenone (4f) and 1-2'-benzoyloxyphenylvinyldimethylphos-
phate (2f). Into 3.20 g (0.01 mol) of 2-bromo-2’-benzoyloxyacetophenone melted in a flask, 1.50 g
(0.012 mol) of trimethyl phosphite were added dropwise at 110-120°C. After about 30 minutes of
heating the excess of phosphite was distilled off. The obtained yellow oil was separated on a chro-
matographic column with a solvent system (chloroform:acetone = 5:1). 2.55 g of compound 2f (Table
11) and 3.70 g of compound 4f were obtained:

Yield = 55%: thick, light yellow oil.

C,H,OpP calc: C58.63 H492 P88y
(348.29) found: C58.47 HS5.10 P8.81

IR (film): (cm ') = 3060, 3000, 2950, 2850 (CH); 1740, 1685 (C=0); 1270 (P==0); 1065 (C—O—C);
1040 (P—O—C).

3p NMR (CDCL): 8 = 22.1.

'"H NMR (CDCl,) 60 MHz: 8 = 3.55 (d, 2H, CH,, ¥, = 22 Hz); 3.65 (d. 6H, 2CH,, sy = 11 Hz);
7.10-8.25 (m, 9H,,).

MS m/z (%) = 348 = M*-(4.4), 121 (6.1), 110 (16), 109 (11), 106 (5.7), 105 (100), 95 (5.5).

2-Phenyl-3-dimethylphosphonochromone (3f). 2.10 g (6 mmol) of 2-dimethylphosphono-2’-benzoyl-
oxyacetophenone (4f) were heated in an oil bath at 190-200°C for 5 hours. The obtained thick brownish
oil was separated on a chromatographic column with a solvent system (chloroform:acetone = 9:1).
The raw product was crystallized with a small addition of methanol (Table I).

2-Substituted-chromone-3-phosphonic acids (5a, b, d, e, £). A general method of deestrification by HBr
in CH;COOH (anhydr.). Into 0.01 mol of the corresponding ester 3a, b, d, e, f, a stoichiometric
amount of 40% hydrogen bromide in anhydrous acetic acid was added. The sediment of a respective
ester dissolved. After 24 hours at room temperature the formed crystals were filtered off and crystallized
from methanol (Table ).
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