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In recent years a good deal of effort has been devoted to the synthesis of phosphonic
acid analogs of various phosphoric ester metabolites, including nucleoside monophosphates,‘
cyclic phosphafes,2 oligophosphcltes,3 and carbohydrate metobolifes.4 Such analogs often
show interesting biologicol properl'ies.s in the lipid field the literature describing synthetic
phosphonate~contoining analogs of phospholipids is by now fairly exrensive;6 without excep-
tion, these syntheses utilize a classic Arbuzov or Becker reaction at a stage in which no
hydrolytically labile group is present in the alkyl halide moiety in order to allow subsequent
hydrolysis of the intermediate dialkyl alkylphosphonate under the vigorous conditions required.
The long-chain ester groups are then introduced at a later step; e.g., by diacylation of
2,3-dihydroxypropy!phosphonic ocid.7 In our experience, however, this type of reaction is
erratic, often (depending on the nature of the acyl groups) giving impure products in low
yields.

A possible means of avoiding this synthetic limitation is the selective removal of phos-
phonate ester groups in the presence of previously introduced carboxylic esters by means of
rrimeﬂ'lylsilylc:fion;8 however, in our experience this type of exchange reaction is rarely suc-
cessful with lipids, although it often yields good results with short-chain compounds.

Another possible approach to the synthesis of labile phosphonic acids is the use of a
phosphite triester which (o) forms a volatile halide byproduct that is itself poorly reactive to
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the phosphite, ond (b) produces o phosphonote ester which is convertible to the free acid
when labile groups such as saturated or unsaturated carboxylic esters are present in the some
molecule. Until recently this represented virtually on unsolved classical problem in organo-
phosphorus chemistry. Tris(trimethylsilyl) phosphite, however, recently described by Orlov
and co-workers,9 offers a remarkably simple solution. Although these authors showed that
this compound undergoes normal reaction with halides, its potential utility as an Arbuzov
reagent appears to have been little exploited to the present time.

The reagent itself is very readily prepared by reaction of trimethylchlorosilane with
phosphorous acid in the presence of sufficient excess triethylamine to toutomerize the inter-

mediate bis(trimethylsilyl) phosphife.% Tris(trimethylsilyl) phosphite oppears to be of nucleo-
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philic reoctivity comparable to that of the irialkyl phosphites usually employed in the Arbuzov

reaction, but the resulting bis(trimethylsilyl) phosphonate esters are, as is wsual with silyl
esters, hydrolyzed with extreme ease in the presence of other labile groups. Thus, the syn-
thesis of the previously unknown lecithin onalog C‘7H35COOCH2CH(OCOCI7H35)CH2P-
(O)(O')(OCHZCHzﬁMe:;) is accomplished in good yield with unusual focility: DL-3-iodo=
distearin = in a 7.5-fold excess of (Me3SiO)4P at 120° under N, for 16 hr, followed by
stirring’ of the acetonitrile=insoluble reaction products with aqueous tetrahydrofuran ot 23°
overnight, gave almost pure DL-2,3-distearoylpropylphosphonic acid, mp 73-76°, in 89%
yield. Monoesterification by choline toluenesulfonate (salt) using CCI3CN in pyridine and
decolorization of the product by Amberlite MB-36e gave the lecithin analog in 79% yield

(from phosphonic acid), mp 204-206° (dec.), after reprecipitation from chloroform with hexane.

The product was homogeneous on TLC and gave the expected IR bands (P—>O, 1210 cm-],
typical H-bonded pattern; P-O-C, 970 cm-l).”

This successful synthetic route suggests the use of analogous syntheses of other classes
of phosphonic acid analogs of labile phosphoric ester metabolites, which should similarly

avoid the limitation that o hydrolytically-stable halide reactont must be used.12
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TLC on silica gel G showed no low=-polar impurities in hexane-ether-acetic acid 85:15:
1, and @ homogeneous spot (Rf 0.58) in CHCI3-MeOH-H20, 65:25:4. Good analyses
for C, H, N, and P were obtoined for a hemihydrate structure. The nmr spectrum
accorded with the expected structure, e.g., Mesltl (singlet, 3.4 ppm). The CH,-P
could not be identified in the presence of the very large -CH2- centered at 17 30
ppm.
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