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4-DERIVATIVES
COUMARIN-3-PHOSPHONIC ACIDS

AND ESTERS
KRZYSZTOF KOSTKA, SLAWOMIR PASTUSZKO,

ANDRZEJ KOTYNSKI and ELZBIETA BUDZISZ

Institute of Chemistry, Faculty of Pharmacy, Medical University of L6di,
Muszynskiego 1, 90-151 Lodz, Poland

(Received February U, 1997)

In the Arbuzov reactions of 2'-bromoacetoxyphenone with trimethyl phosphite the deriva-
tives in position 4 of 3-phosphonocoumarinic acids and esters were obtained.

Keywords: 4-substituted coumarin-3-phosphonic acids; synthesis of

In the course of a comprehensive study on the reactions of phenone bro-
moesters and bromoacetophenone esters with phosphites it has been dem-
onstrated that, depending on the bromoderivative used, 3-phosphonic
chromone derivatives1 substituted in position 2, or 3-phosphonic coumarin
derivatives substituted in position 4 are formed.

3-Phosphonic coumarin derivatives without the substituent in position 4
have been known for many years. Robinson and Addison were the first to
report the synthesis of such a compound in 19662. Coumarin-3-phos-
phonic acid was then obtained as a result of hydrolysis of the mixture of
products yielded by the reaction of salicylic aldehyde with triethyl
phosphonoacetate.

In 1985 Singh and Rogers3 and independently in 1987 Chen Chin et al.4

published the synthesis of a series of derivatives (substituted in the ben-
zene ring) of diethyl ester of coumarin-3-phosphonic acid. The authors
performed a condensation of an appropriate salicylic aldehyde derivative
with triethyl phosphonoacetate in a pyridine medium, in the presence of
titanium tetrachloride used as a catalyst.

Bouyssou and Chenault5 obtained a series of 3-diethylphosphonocou-
marinic and 3-oxodiphenyrphosphinocoumarinic compounds using for the
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200 KRZYSZTOF KOSTKA et al.

reaction appropriate derivatives of acetoxysalicylic aldehyde and ethyl
ester of phosphinoacetic acid or trimethyl ester of phosphonoacetic acid.
Detailed comparative studies on the reactions of salicylic aldehydes with
phosphonoacetates were carried out by Bojilova et al.6 In 1991 Bestmann
and Lehnen7obtained 3-diethylphosphonocoumarins as a result of hydrol-
ysis of imine, the product of reaction of N-phenyl-bis(diethyl-
phosphono)-ketenoimine and sodium salt of salicylic aldehyde.

Phosphonic derivatives of coumarin in which phosphorus is not directly
bonded with the a-pyrone group8'9.

On analysing the mechanism of the synthesis of 3-phosphonic chromone
derivatives1 it was observed that the intramolecular condensation of the
Arbuzov reaction product, 2'-acyloxy-2-(dimethylphosphono) acetophe-
none, to an appropriate chromone derivative occurs with the participation
of the carbonyl group. The oxygen atom from the carbonyl group is even-
tually eliminated together with two hydrogens of the methylenophos-
phonic group as a water molecule.

The transpose of the electrophilic centre in a 2'-hydroxyphenone deriva-
tive by moving the bromine atom from the methylketone to the methyl-
ester group seems interesting. By analogy to the obtained phosphonic
chromone derivatives, producing appropriate coumarin derivatives
(depending on the phenone type) was expected.

In the reaction of 2'-bromoacetoxybenzophenone (la) and trimethyl
phosphite the mixture of compounds was obtained, from which two com-
pounds were isolated and identified by means of column chromatography.
The first of them with highest Rf =0.75, was identified as 2'-hydroxybenz-
ophenone (2a). The second one, (Rp0.40),crystalline, demonstrated a
characteristic signal in 31P-NMR spectrum with a chemical shift 5=13.9
ppm, whereas the 'H-NMR spectrum consisted of two groups of signals. A
multiplet of nine protons was observed within the range of chemical shifts
8=7.01-7.62 ppm, as well as a doublet originating from six methoxyl pro-
tons associated with phosphorus, whose chemical shift was 5=3.56 ppm
and coupling 3JPH=11.4 Hz. In the IR spectrum there were characteristic
absorption bands at 1710 cm"1 (C=0) and 1250 c n T ^ O ) . Spectroscopic
properties and results of elemental analysis as well as the presence of
m/z=330 molecular peak of 100% intensity in the MS spectrum enabled us
to state that the obtained compound was 4-phenyl-3-dimethylphosphono-
coumarin (4a) (Scheme 1).
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COUMARIN-3-PHOSPHONIC ACIDS 201

P(OMe;

1a-e

3a-c

4a-e

R: a) Ph. b) CH3 . c) CH2CH3 . d) CHjCHjPh

SCHEME 1

R: e) CH3

In the post-reaction mixture no product of Perkov reaction was detected.
This fact confirms the general principle that a-halogenoesters do not form
the product of Perkov transformation10"12.

In order to confirm the general character of the observed reaction, the
reactions of trimethyl phosphite with other 2'-bromoacetoxyphenones
were investigated. The following bromoderivatives, obtained as a result of
generally known reaction of bromoacetyl bromide with sodium salts of
appropriate phenones, were used for the reactions:

- 2'-bromoacetoxyacetophenone (lb)

- 2'-bromoacetoxypropiophenone (lc)

- 2'-bromoacetoxy-3-phenylpropiophenone (Id)

- 2'-bromoacetoxy-5-methylacetophenone (le)

As a result of the performed reactions, two products were obtained from
each. The first of them, with higher Rf, did not contain phosphorus in their
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202 KRZYSZTOF KOSTKA et al.

structures, and their 'H-NMR spectra and physical properties corre-
sponded with respective 2'-hydroxyphenones (2b-e). The compounds of
the second group were identified as 3-dimethylphosphonocoumarins sub-
stituted in position 4 (4b-e) (Scheme 1).

Using the above described procedure of separation of the post-reaction
mixture (column chromatography) it was impossible to isolate the inter-
mediate products (3a-e). It was found that these compounds were present
in the post-reaction mixture (TLC, 31P-NMR). In the course of chromato-
graphic separation on silicagel they undergo a quantitative change into
coumarin derivatives. Extraction of the post-reaction mixture with petro-
leum ether led to the isolation of homogeneous compounds 3b and 3c,
which in the presence of silicagel or aluminium oxide underwent changes
into coumarin derivatives 4b and 4c.

By analogy to the reactions of phenone derivatives, the reactions of
methyl-2'-bromoacetoxybenzoate (If) and amides of 2'-bromoacetoxyben-
zoic acid (lg-i) with trialkyl phosphites were investigated. The isolated
compounds were either methyl-2'-dimethylphosphonoacetoxybenzoate (3f)
and methyl ester of salicylic acid (2f), or amide of 2'-dimethylphosphonoac-
etoxybenzoic acid (3g-k) and amide of salicylic acid (2g-i). (Scheme 2).

OC(O)CH2Br

P(OR,)3

1f

1g

1h

= OCH3. X = H

= N(CH2)4, X = H

NHPh, X = H

NHPh, X = CI

3f-k

3f R = OCH3, X = H, R! = Me

3g R = N{CH2)4, X = H, R, = Me

3h R = NHPh, X = H. R ^ M e

3i

3j
t = NHPh,

} = NHPh,

3k R = NHPh.

=MeX =

X = H. R! = Et

X = CI, R, = Et

SCHEME 2
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COUMARIN-3-PHOSPHONIC ACIDS 203

Compounds 3 were subjected to attempts of cyclization under various
conditions (high temperature, presence of alkaline compounds NaH,
Na2CO3 or acid ones: HBr in anhydr. acetic acid). In none of the above
mentioned cases phosphonic coumarin derivatives were obtained. In the
HBr/CH3COOH medium only the formation of respective phosphonic
acids was observed. The lack of reaction leading to formation of coumarin
derivatives may be explained by the possibility of two mesomeric struc-
tures A and B, in which the carbonyl carbon atom of the amide or ester
group is enriched with electrons which makes it unable to form a bond
with the emerging carboanion of the acetyl group

-C-X-R

=0:

A

C=X-R

i
X = O, NH

R = CH3, Ph, CH2Ph

The methyl esters of the respective coumarin-3-phosphonic acids (4a-e)
obtained for the first time were subjected to non-hydrolytic transformation
to acids according to the general method of obtaining phosphonic acids
from their esters13, using HBr in anhydr. acetic acid. Respective cou-
marin-3-phosphonic acids were obtained with a good yield (5 a-e)
(Scheme 3)

4a-e

2HBr

P(OMe)2
 A c 0 H X

• II
R O

5a-e

+ 2MeBr

X = H

R: a) Ph. b) CH3 , c) CH2CH3 . d) CHjCHjPh

SCHEME 3

X = C H 3

R: e) CH3
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204 KRZYSZTOFKOSTKAefo/.

After crystallization from methanol, colourless products with high melt-
ing points, exceeding 220°C, were obtained. In their 'H-NMR spectra
there were signals associated with respective substituents at C-4 carbon of
coumarin, broad signals coming from two exchangeable protons (O-H),
located next to phosphorus within the 6=7.2-10.0 ppm range of chemical
shifts, and a multiplet of aromatic protons within the 8=7.2-8.45 range. In
the IR spectra characteristic absorption bands are present within the
ranges: 1650-1680 cm"1 (C=O), 1185-1200 cm"1 (P=O). Elemental analy-
sis fully confirmed the percentage composition of the compounds.

EXPERIMENTAL

Melting points were determined in Electrothermal 1A9100 apparatus and
were not corrected. The IR spectra were obtained using a Pye-Unicam
200 G spectrophotometer in the discs with KBr. The *H-NMR spectra
were obtained on a Varian EM-360 spectrophotometer (60MHz). The
31P-NMR spectra were obtained by means of a Brucker AC 200 F spectro-
photometer (81 MHz) with H3PO4 as an internal standard. The MS spectra were
obtained with an LKB 2091 spectrophotometer (70 eV ionization energy).

4-Substituted 3-dimcthylphosphonocoumarins (4a-e)

General method

Into 0.005 mol of a respective 2'-bromoacetophenone (la-e), heated to
110°C (oil bath) and stirred, 0.70 cm3 (0.006 mol) of trimethyl phosphite
was added in drops. Following the addition of phosphite, the post-reaction
mass was heated for 30 min and excess phosphite was distilled off. A yel-
low.thick oil

A) was separated on a chromatographic column (150g of Kieselgel
60F254 gel, 0.063-0.200 mm, MERCK) in a chloroform:acetone system (5
:1). The composition of fractions was controlled by means of TLC. The
obtained precipitates of 3-dimethyIphosphonocoumarins (4 a-e) were
crystallized from ethyl eter or ethyl ether:methanol mixture (20:1). Melt-
ing points, spectroscopic data, results of elemental analysis and yields of
the obtained 3-dimethylphosphonic coumarin derivatives (4a-e) have been
presented in Table I;
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B) was subjected to multiple extractions with petroleum ether to elimi-
nate 2'-hydroxyphenone. The solidified crude phosphonoacetoxyphenone
(3b) was recrystallized from ethyl ether. In this way was obtained

2'-(dimethylphosphonoacetoxy)acetophenone (3b)

A colourless, macrocrystalline compound, m.p. 56-58°C, yield 74%. Ele-
mental analysis for the C12H15O6P formula (286.22)
calc. C 50,35% H5,28% P 10,82%
found C 50,31% H5,52% P 11,58%
!H-NMR (CDC13) 8(ppm) 2.57 (s, 3H, CH3CO), 3.30 (d, 2H, CH2P,
2JHP=21Hz), 3.87 (d, 6H, CH3O,3 JHP=llHz), 7.12-7.87 (m, 4H, aromat.)
31P-NMR (CDC13) S(ppm) 22.1
IR (KBr) v^m"1) 1245 (P=O), 1690, 1755 (C=O)

2'-(dimethylphosphonoacetoxy)propiophenone(3c)

A light-yellow oil, yield 68%.
Elemental analysis for the C13H17O6P formula
calc. C 52,00% H5,71% P 10,32%
found C 51,06% H5,74% P9,34%
^-NMR (CDCI3) 5(ppm) 1.17 (t, 3H, CH3CH2, 3JHH=7Hz), 2.93 (q, 2H,
CH3CH2), 3.30 (d, 2H, CH2P, 2JHP=21Hz), 3,87 (d, 6H, CH3O,
3JHP=llHz), 7.12-7.84 (m, 4H, aromat.) 31P-NMR (CDC13) 5(ppm) 22.2
IR (KBr) vtcnT1) 1270 (P=O), 1690, 1760 (C=O)

4-Substituted coumarin-3-phosphonic acids (5a-e)

General method

The reaction was conducted at room temperature. To 0.005 mol of a
respective ester 4 a-e 1.70 cm3 (0.012 mol) of 40% HBr in anhydr. acetic
acid was added. After ca 10 min a clear, light-yellow, thick oil was formed,
from which a precipitate crystallized. After ca 20 h a colourless precipitate
was filtered off which was then crystallized from methanol or ethanol.
Melting points, spectroscopic data, results of elemental analysis and yields
of the obtained coumarin-3-phosphonic acids (5a-e) have been presented
in Table II.
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Ester (3f) and amides (3g-k) of 2'-dialkyIphosphonoacetoxybenzoic
acid

To 0.01 mol of 2'-bromoacetoxy derivative of benzoic acid (lf-i) heated to
100°C, 0.012 mol of trialkyl phosphite was added in drops during the
period of 15 min. A strong exothermic effect of the reaction was observed.
After ca 30 min of heating, excess phosphite was distilled off. From the
cooled thick, light-yellow liquid, a precipitate was obtained after ca 30
min, which was then recrystallized from ethyl ether or from ether-metha-
nol mixture. Melting points, yields, results of elemental analysis and spec-
troscopic data have been presented in Table III
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