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NEW SYNTHETIC METHOD OF 0,S-THLOACETALS OF FORMYLPHOSPHONATES
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Abstract: The reaction of diethyl [(methylthio or arylthio)methyllphosphonate with N-
chlorosuccinimide {(NCS) affords o-chloromethanephosphonate(b), which can be converted into a
variety of 0,S-thioacetals of formylphosphonates(2) by reaction with alconhoils.

Phosphonate esters containing an electron-withdrawing substituent form stabilized
carbanions which can effect the synthesis of certain olefins from aldehydes and ketones. ! U,5-
Thioacetals of formylphosphonates(2) which are the derivatives of the practically unknown
for'my]phosphonate(l)2 are the intermediates for the conversion under Wittiy-Horner reaction
conditions into the correspondinyg ketene U,S-thioaceta]s(3).3 Ketene U,S-thioacetals are also
valued reagents for the conversion into thiocesters and amides.4 Until now, the synthetic
methods for 2 have been described by M.Mikolajczyk et al.. 105250 pouever thneir use is still
hampered by low yield and reaction conditions.
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We wish to report both the preparation and reaction of diethyl Lchioro{methylthio or
aryithio)methyl]phosphonate(5) to develop a new yeneral route to prepare U,S-thioacetals of
formylphosponates(2) in high yields. The a-chloromethanephosphonates{(b) are potential
precursors of the corresponding carbanions and carbenes. Some methods now exist for the

synthesis of these reagents.b

The required phosphonats(b) were prepared quantitatively by
reaction of diethyl [(methylthio or arylthio)methyl Jphosphonates with N-chlorosuccinimide(NCS)
in carbon tetrachloride at room temperature(eq.l). Although the best yields were generally
obtained by using a 10-20% excess of NCS, it was proved to yive only monochloro-substituted
phosphonates(5) without dichloro-substituted phosphonates by means of the careful examination
of 31p amr spectroscopy. The phosphonates(b) were obtained in better than Y8% purity as a pale

yellow liquid, but they were not purified by distillation.

Diethyl [(methylthio or arylthio)methyl Jphosphonates(4) as startiny agents were prepared by
Arbuzov reaction of triethyl phosphite with chloromethyl methyl{or aryl)su]fides(eq.z).b’/
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A new approach to the synthesis of thiocacetals(2) involves the reaction of a-chloromethane
phosphonates(5) with alcohols{eq.3). The ygeneral procedure was the reaction between 5 and
excess refluxing alcohols without other solvent. Using this procedure, a variety of
thioacetals(2) were prepared 1in nearly quantitative yield without any traces of side

product(Table I). The structure of all compounds prepared in the present work was confirmed by

1H NMR, IR, 31P NMR, and mass spectroscopy.&"9
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Table I. Preparations of 0,S-Thioacetals of Formylphosphonates (2)

No R R Reaction vield (%)2 b.p. (OC/mmHgy)P 3Lp ke
2a CH3 CH3 0.5 94 73- 75/U.5 +16.0
2 CHy Cohg 1.0 96 100-101/1.0 +15.6
2 CeMg  Chg 24 % 136-138/0.5 +15.4
2d CeHy  CoMg 36 92 152-154/0.4 +15.5
2e 4-CH3C6H4 CH3 2.0 95 138-140/0.5 +16.2
2f  4-CHCgHy CoMs 3.0 43 142-145/0.4 +16.3
29 4-ClCgHy  CHy 24 86 143-145/0.5 +15.5
2h 4-ClCgH,  CyMg 36 85 150-151/0.4 +15.9

3 1solated yield by Kugelrohr distillation,
b 1it.%0; 2a; 64/0.1 2b; 103-105/1.5 2c; 125-128/0.0b  2d; 138-142/U.02
¢ The conversion of positive 31p MR signals to low field from HyPU,; is used.
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The general experimental procedure is as followinys.

Diethyl [chioro{methylthio or arylthio)methyl Jphosphonates{5) : A solution of diethyl
[{methylthio or arylthio)methyl]phosphonates{4) (5 mmol) in 3 ml carbon tetrachloride was added
to a suspension of 0.81 g NCS (6 mmol) in 17 ml carbon tetrachloride and the mixture was stirred

for 3 h at room temperature under nitroyen. Then the insoluble materials were removed and the
filtrate was concentrated. The residue was diluted with solution of 4 ml chlorotorm and 4 ml
hexane, chilled and the precipitate so obtained filtered off. The mixture solvent was removed
to give 5.

0.S-thioacetals of formylphosphonates(2) : A solution of diethyl [chloro(methylthio or
arylthio)methylJphosphonates(b) (1 mmol) in alcohol was refluxed for U.%-36 h. After the
reaction was complete, the excess alcohol was evaporated, and the product was purified by

repeated Kugelrohr distillation.
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