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It is established that the reaction of trichloromethyl-
arenesIa3Ic with two equivalents of dimethyl methyl-
phosphonateII (30 h, 200oC) leads to formation of
methyl arenecarboxylatesIIIa 3IIIc and also the cyclic
anhydride of methylphosphonic acidIV .

3ArCCl3 + 6MeP(O)(OMe)2
Ia3Ic II

76 3ArCOOMe + 2[MeP(O)O]3 + 9MeCl,
IIIa 3IIIc IV V

I, III, Ar = Ph (a), 3-ClC6H4 (b), 4-ClC6H4 (c).

At a 1 :1 molar ratio of starting compoundsIa and
II and 180oC reaction yields benzoyl chlorideVIa
and not methyl benzoate as the main product.

3Ia + 3II 76 3PhCOCl + IV + 6V.
VIa

Under the same conditions 3-(trichloromethyl)-
chlorobenzene Ib or 4-(trichloromethyl)chloroben-
zene Ic gives a mixture of acid chloride and ester,
IIIb , VIb and IIIc , VIc respectively, and some part
of the starting trichloromethyl arene remains unre-
acted. From the obtained experimental results it fol-
lows that trichloromethylarenes under the action of
methyl P(IV) acid ester firstly form arenecarbonyl
chloride VIa3VIc . Their subsequent reaction with an
excess ofII gives esterIIIa 3IIIc . Model reaction
between the compoundsII and VIa really leads to
corresponding productsIIIa and IV . According to the
published data [133] reaction of carboxylic acid

chloride with dialkyl alkylphosphonate yields car-
boxylic acid anhydride of and esteroanhydrides of
alkylphosphonic acid. Considering these data, we
have proposed that the transformation of acid chloride
VIa to the esterIIIa includes the intermediate forma-
tion of benzoic acid anhydrideVII . In the separate
experiment it was shown that the reaction of an-
hydride VII with the phosphonateII finishes by the
formation of the esterIIIa and anhydrideIV .

3(PhCO)2O + 3II 76 6IIIa + IV .
VII

Methyl diethylphosphinateVIII and trimethylphos-
phate IX were also involved in the discovered reac-
tion. On the whole synthetic result of the reaction of
trichloromethylarenes with methyl esters of P(IV)
acids is determined by the nature of starting reagents,
their ratio and the temperature conditions of the pro-
cess.

Methyl benzoate (IIIa). a. A mixture of 5.45 g of
trichloromethylbenzeneIa and 6.92 g of compoundII
were heated for 30 h at 200oC. 2.98 g (76%) of com-
pound IIIa , bp 80381oC (10 mm), nD

20 1.5148 [5],
and 2.73 g (63%) of the anhydrideIV , mp 1113112oC.
1H NMR spectrum (CDCl3), d, ppm: 1.231.5 m (9H,
CH33P), dP 16 ppm. Found, %: P 39.81. CH3O2P.
Calculated, %: P 39.74. Mass spectrum:m/z 234
[MePO2]

+
3.

b. A mixture of 4.36 g of trichloromethylbenzene
Ia and 4.37 g of compoundIX was heated for 32 h at
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200oC. CompoundIIIa , 1.78 g (58.7%) was obtained,
bp 79380oC (10 mm), nD

20 1.5147.

c. A mixture of 5.05 g of compoundIa and 14 g of
compoundVIII was heated for 27 h at 200oC to give
3.0 g (86%) of compoundIIIa , bp 80381oC (10 mm),
nD

20 1.5150, and 8.31 g (71.2%) of diethylphosphinic
acid anhydride, bp 113oC (0.05 mm), dP 60 ppm.
Found, %: P 27.50. C8H20O3P2. Calculated, %: P
27.39.

d. A mixture of 5.71 g of acid chlorideVI and
5.04 g of phosphonateIII was heated for 16 h at
210oC to give 8.1 g (67.5%) of compoundIIIa , bp
1033105oC (40 mm),nD

20 1.5135, and 2.15 g (66%) of
anhydride IV , mp 1113113oC, dP 16 ppm.

Methyl 3-chlorobenzoate (IIIb). A mixture of
2.28 g of 3-(trichloromethyl)chlorobenzeneIb and
2.46 g of phosphonateII was heated for 53 h at
180oC to give 1.37 g (81%) of compoundIIIb , bp
1403142oC (12 mm),nD

20 1.5490 [6].1H NMR spec-
trum (CDCl3), d, ppm: 3.8 s (3H, COOCH3), 7.23
8.2 m (4H, C6H4). IR spectrum,n, cm31 1733 (C=O).
From the chloroform solution 0.98 g (42%) of an-
hydride IV were isolated, mp 1123113oC, dP 16 ppm.

Methyl 4-chlorobenzoate (IIIc). This compound
was obtained analogously from 2.35 g of compound
Ic and 2.54 g of phosphonateII . Yield 1.38 g (79%),
bp 1363137oC (10 mm), mp 43oC [6]. 1H NMR spe-
ctrum (CDCl3), d, ppm: 3.8 s (3H, COOCH3), 7.23
8.2 m (4H, C6H4). IR spectrum,n, cm31: 1735 (C=O).
From the chloroform solution 1.05 g (44%) of the an-
hydride IV was isolated, mp 1113113oC, dP 16 ppm.

Reaction of 3-(trichloromethyl)chlorobenzene
(Ib) with compound (II). A mixture of 2.32 g of
compound Ib and 1.25 g of phosphonateII was
heated for 40 h at 180oC. Fractionation of the liquid
part of reaction mixture gave two fractions with bp
1073110oC (14 mm) and 1103130oC (14 mm).
According to IR and1H NMR spectra the first frac-
tion consisted of a mixture of compoundsIIIb and
VIb in 2 :1 ratio.1H NMR spectrum (CDCl3), d, ppm:
3.8 s (3H, COOCH3), 7.238.2 m (4H, C6H4). IR spec-
trum, n, cm31: 1733, 1766 (C=O). The second fraction

is a mixture of compoundsIb, IIIb , and IVb . From
the chloroform solution of the solid part of reaction
mixture 0.48 g (41%) of the anhydrideIV was ob-
tained, mp 1113112oC, dP 16 ppm.

Benzoyl chloride (VIa). A mixture of 5.45 g of
trichloromethylbenzeneIa and 3.46 g of compoundII
was heated in a sealed ampule for 30 h at 180oC.
Distillation of reaction mixture gave 3.04 g (78%) of
compoundVIa , bp 75376oC (10 mm),nD

20 1.5521 [4].
Crystallization of the solid part from chloroform gave
1.82 g (57%) of methylphosphonuc acid anhydrideIV
mp 111 3112oC.

IR spectra of compounds were recorded on an UR-
20 spectrometer in thin layer in the range of 4003
4600 cm31. 1H NMR spectra were measured on a
Tesla BS-567A spectrometer (100 MHz) against in-
ternal TMS. 31P NMR spectra were registered on a
RYa-2303 spectrometer (21.0 MHz) against external
85% phosphoric acid. Mass spectra were obtained on
a MX-1310 spectrometer at the ionizing voltage 70 V,
ion collector current 30mA, and the average tem-
perature of the ion source 120oC. Accurate measure-
ment of mass was carried out automatically by the
reference peaks of perfluorocerosene at the resolving
power R 15000.
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