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Summary

Diethyl-1-magnesium chloride methanephosphonate was obtained by an ex-
change reaction between diethyliodo methanephosphonate and isopropylmagnesium
chloride in THF at —70°C. Reactions of this novel Grignard reagent with various
electrophiles are described, and compared with those of the analogous lithium or
copper derivatives. Diethyl-1-magnesium chloride methanephosphonate is especially
reactive towards phenylselenium halides and halogens.

Introduction

Diethyl-1-lithiomethanephosphonate (1) [1,2] or analogous reagents
2

(R'0),P-CHLi [3], and diethyl-1-cupromethanephosphonate (2) [4], are useful

carbanionic reagents in organic synthesis. The lithium compound 1 is usually
produced by deprotonation of diethylmethanephosphonate with n-butyllithium [1,2],
and the 1-cupromethanephosphonate 2 [4,5] is generated from 1 by metal exchange.
We now report the efficient preparation of the novel Grignard reagent, diethyl-
1-magnesium chloride methanephosphonate (3) (X = Cl) and its use as an alterna-
tive source of the diethoxyphosphinyl-stabilized carbanion for organic synthesis.

Results and discussion

It was not possible to obtain 3 (X = Cl) by direct metalation of diethyl chloro-
methanephosphonate with magnesium in tetrahydrofuran or diethyl ether.

Attempts to obtain 3 (X = Br) by lithium-magnesium exchange between diethyl-
1-lithiomethanephosphonate and magnesium bromide gave only modest yields
(45-55%). lodolysis was used as the test reaction because 1-lithiomethanephos-
phonate (1) gives poor yields in iodolysis (5%) and because the reaction of Grignard
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SCHEME 1

reagents with iodine s used in ttration of the carbon. magnestum bhond [6] (Scheme
1). The reason for the low yield of 3 (X = Br) scems to be that the exchange reaction
is not complete even with two equivalents of magnesium bromide. The addition of
more magnesium bromide. which should increase the vield of 3 (X == Br) produces
difficulties. mainly because magnesium bromide 1s only shightlv soluble i THE
ether.

Fortunately we were able 1o develop a more convenient method starting from the
easily available compound 4 [7]: sopropyvimagnesiuny chlornde reacred with this
compound with complete halogen -metal exchange and quanttative formarn.  of
the Grignard reagent 3 (X == 'y (Scheme 2},
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dichloromethane the organic layer was evaporated and analyzed by 'H NMR: after
45 min the substrate 4 had totally disappeared and diethyl methanephosphonate Sa
(E = H) was the only product visible in the NMR spectrum.

To examine the synthetic utility of 3 (X = Cl) thus obtained, reactions with
various electrophiles were investigated. Reactions of 3 (X = Cl) with halogenated
derivatives, with carbonyl compounds, or with carbon dioxide gave Sb—S5g, in
moderate yields. Towards these electrophiles the Grignard reagent 3 (X = Cl) was
obviously less reactive than diethyl-1-lithiomethanephosphonate (1).

Two reactions clearly distinguished the reactions of the Grignard reagent 3
(X = () from those of the corresponding lithium compound 1 or cupro compound 2
and illustrated its synthetic value, viz.:

{a) The reagent 3 (X = Cl) reacted with phenylselenium chloride or phenylselenium
bromide to give the interesting Wittig—Horner reagent diethyl-phenylselenometh-
anephosphonate Sh [8] in good yield (70-85%). With the lithium reagent 1 or copper
reagent 2 the corresponding reactions gave poor yields of Sh (10 and 30%, respec-
tively).

(b) The bromolysis of 3 (X = Cl) gave diethylbromo methanephosphonate (51), a
compound rather difficult to obtain by other routes [7,9]. In this case again the
Grignard reagent 3 (X = CI) gave much better yields of Si than 1-lithio or 1-cupro
phosphonates 1 or 2.

These routes to diethyl-phenylseleno methanephosphonate Sh and diethyl-bromo
methanephosphonate 5i represent a good alternative to the existing synthetic
methods [7-9], and provide an easy and convenient method of making these
compounds in small quantities.

In conclusion, it has been shown that diethyl-1-magnesium chloride meth-
anephosphonate 3 (X = Cl), a novel Grignard reagent derived from the more easily
available diethyl iodomethanephosphonate, can be employed advantageously in
certain organic syntheses. It complements diethyl-1-lithio and diethyl-1-cupro
methanephosphonates, (1 and 2) as a source of the diethoxyphosphinyl carbanion.

Experimental

Diethyl iodomethanephosphonate (4) was synthesized by a published procedure
from diiodomethane and triethylphosphite [7]. Solvents were dried and distilled
before use and all reactions were carried out under nitrogen or argon. Silica gel 60
(Merck) was used for column chromatographic procedures. Analytical data for the
products 5 are listed in Table 1. IR spectra were recorded on a Perkin-Elmer 580B
spectrometer> and NMR spectra on a Perkin—Elmer R12 spectrometer. Micro-
analyses were performed by the Microanalytical Laboratory CNRS.

Preparation of diethyl-1-magnesium chloride methanephosphonate (3, X =Cl) and
reaction of 3 with electrophiles: preparation of 5a-5f, 5h, 5i. General procedure

A solution of diethyl iodomethanephosphonate (4) (10 mmol) in tetrahydrofuran
(10 ml) was added dropwise at —70°C to a solution of isopropylmagnesium
chloride which had been freshly prepared in tetrahydrofuran (11 mmol, 1.5 M) then
diluted with 40 ml of tetrahydrofuran. Stirring for 45 min at —70°C gave a solution
of 3.

A solution of the relevant electrophilic reagent (10 mmol) in tetrahydrofuran (10

(Continued on p. 18)
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ml) was added dropwise at —70°C. In the preparation of Sa, h, 5i the mixture was
allowed to warm to room temperature then immediately hydrolyzed (40 ml of H,O),
but for Sb-5f, it was stirred for 2-4 h at room temperature before the hydrolvsis.
The aqueous laver was extracted with dichloromethane or chloroform (3 > 50 ml).
The extract was dried over magnestum sulfate and the solvent was evaporated under
reduced pressure to leave the crude 5 as an oil, which was puritied by distllation in
vacuo or by chromatography on silica gel.

Preparation of diethvlcarboxy methanephosphonate (5g)

The solution of the diethyi-1-magnesium chloride methanephosphonate 3 (X = Cl)
was prepared as described above then poured with stirring into & Dewar vessel
containing dry-ice /ether solution. After a few minutes the mixture was poured into
a beaker and allowed to warm to room temperature with stirring. Water €30 mily was
added. the organic faver was washed with 10% aguecus sodivm carbonate solution
(2 x 25 ml). and the aqueous lavers were combined and washed with cther (2 > 30
ml). The aqueous layver was then acidified to pH =1 with 2 A sulfuric aud,
saturated with sodium chlonde. and extracted with dichloromethane (3 = 30 ml).
After drying with magnesium sulfate the solvent was removed under yacuum to
leave crude 5g as an oil.

References

1 ETL Abowaoude. No Colhgnon and P Savignac, I Organomet. Chem, 264 (1983 % and references
cited therein.

P Coutrot. M. Snousst and P. Savignac. Svnthesis, (1978 133

I Boutagy and R. Thomas, Chem. Rev., 75 (19745 730 WS Wadworth e Orgamie Reactions, Wiley,
New York, 1977, Vol. 250 p. 750 B Walker, in L1 Cadogan (b Greanophosphorus e {
organic svnthesis. Academic Press, London, 1979 po 15350 FLL Corey and GT Kwinhowsk 10 Am

.

TS

(SR

i

Chem. Soc., 85 (1966) 5654 T kawashima, T, Ishii and N Inamote, Chemn, fenn PR3y

4 F. Mathey and P. Savignac, Teirahedron, 34 (19785 6449 and referenves vieed therein PoSuvignae and
I. Mathev. Svnthesis, (1982) 725

5P Coutrot, PoSavignac and T Mathey, Synthesis, (1978) 26

6 P dolibors, CROAcad, S, 15541917 214

TA Cade. ). Chem. Soc. 21984y 2206,

&IV Comasseto and N Petragnanic J. Organomet. Cheme, 152 (1978) 293

9 G M. Kosolapofl wad L Muies
976, Vol 7.

10 W, Ford-Moore, I, Chem. Sod, 1947) 1463

11 J. Kabak, L. Delilippe. R Engel and B. Tropp. I Med. Chern, 13¢10) (1972 1074

12 B Iomng KOS, Mingaleva and AAL Petrove Zh Obshehn Khine, 34 (1964 20300 A Y Gamer, 1.C
Chapin and P.M. Scanlon, J. Org, Chem, 24 (1939) 332

13 M. Baboulene and G, Sturtz, Phosphorus Sulfur (1979) 10}

14 Th, Cuvigny and H. Normant, Organomet. Chem. Svath., (1971 23

L5 ALY Yakubovich, VAL Ginshurg and 8P Makarov, Dokl Akad, Naok SSSR. 7L (judi 368

Organic Phosphorus Compounds, Wiley Interscience. Now York,




