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NEW TYPES OF FUNCTIONALLY SUBSTITUTED METHYLPHOS-
PHONITES AND THEIR DERIVATIVES

A.A.PRISHCHENKO, M.V.LIVANTSOV, and I.F.LUTSENKO
M.V.Lomonosov Moscow State University,
Moscow 119899, USSR

Organophosphorus compounds containing a functional group in
the a-position of the alkyl radical are of great interest
in both theoretical fundamental investigations and for
practical applications. Functionally substituted methyl-
phosphonites and their derivatives, belonging to this broad
class of organophosphorus compounds, are convenient objects
for investigating mutual effects of trivalent phosphorus
and a heteroatom, or functional groups attached to it in
the a-position. They have also become key substances in
obtaining new organophosphorus compounds. Functionally sub-
stituted compounds of tetracoordinated phosphorus have been
intensively investigated in recent years; rather convenient
methods of synthesis of these compounds have been proposed
and their properties have been studied in detai11. However,
the corresponding compounds of tricoordinated phosphorus
are not available or difficult to obtain. Recently we re-
ported on the properties of halogen-substituted methylphos-
phines and their derivativesz. The present paper is devoted
to the synthesis and investigation of the reactivity of
alkoxy-, dialkylamino- and carbonyl substituted methylphos-
phonites and their derivatives. In synthesis of alkoxymeth-
ylphosphonites and their analogs we were the first to use
labile alkoxymethylmagnesium chlorides in the reactions
with tricoordinated phosphorus acid chlorides3. Previously
unknown dialkoxymethylphosphonites and their analcgs were
obtained from hypophosphorous acid and trialkylorthofor-
mates. The process of esterification and dialkoxymethylat-
ion of hypophosphorous acid, being dependent on a catalyst,
proceeds in different ways and results in the formation of
231
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diaikoxymethylphosphonite structures

(RO)ZPCH(OR)2 and (RO)Me3SiOPCH(OR)2.Di— and trialko-
xymethyl (dialkyl)phosphines with bulky alkyl substituents
arc obtained by the interaction of lithium dialkylphos-
phides with di- or trialkoxycarbenium tetrafluoroborates.

R,PLi + (RO);_ H € BF, “ETEE, POy (OR);__, n =0, 1
Previously unavailable dialkylaminomethylphosphonites are
readily formed in the reaction of dialkoxyphosphines with
dialkylaminomethylalkyl ethers.

(RO)ZPH + RZNCHZOR — (RO)2PCH2NR2 + ROH

a-~Carbonylphosphonites, containing POSi fragment, were oOb-
tained by condensation of pivaloyl chloride with alkoxy-
(trimethylsiloxy)phosphines in the presence of triethyl-
amine

RO(Me3SiO)PH + t-BuC(0)Cl

Et3N

--—-—--t3N HET RO(NE SiO)PC(O)Bu~-t

Thus, some practical synthesis methods of new functionally
substituted methylphosphonites on the basis of available
compounds were found. Studies of the properties of dialk-
oxy-, trialkoxy-, dialkylaminomethyl- and a-carbonylphos-
phonites revealed a unique reactivity of these compounds in
various transformations connected with a high lability of
P-C bond at the stage of quasiphosphonium compounds forma-
tion. Quasiphosphonium compounds with dialkoxymethyl frag-
ments, obtained from dialkoxymethylcompounds of tri- and
tetracoordinated phosphorus, are unstable and form tricoor-
dinated phosphorus compounds, alkylformates and alkylhalo-
genides

PCH(OR)2 AX, A$CH(0R)2 X~ — 'PA + HCOOR + RX

N/ N/

/ﬁCH(OR)Z XX, /?CH(OR)z X~ —— 'POY + HCOOR + RX
(0] (0)'4

Presence of a labile P-C bond in dialkoxymethylphosphonites

rises question about their participitation in the Arbuzov

reaction. Dialkoxymethylohosphonites form with alkyl iodide

under moderate conditions with the usual products of the



18: 03 29 January 2011

Downl oaded At:

METHYLPHOSPHONITES AND THEIR DERIVATIVES 233

classical rearrangement (phosphinates of non-symmetrical
structure) phosphinates of symmetrical structure, their
amount in the mixture being about 10-20%.

Rl
' - /
(RO) .PCH(OR) . 21, (RO) .BCH(OR). I —==—ROP
2 2 o 2 T RN or)
A R' 0 2
ROPR'. <2l (RO).PR' + ICH(OR). -2 ROP[CH(OR).]
PR >*TRT 2 2 TRT 7 21
0 0

The unusual direction of the Arbuzov reaction is due to the
rupture of the P-C bond under the attack of the iodine
anion of the electrophilic central carbon atom of dialkoxy-
methyl group in the intermediate quasiphosphonium compound.
Cleavage of the P-C bond is the only possible direction of
the reaction between dialkoxymethylphosphonites and acyl
chlorides, some new or difficult to obtain a-carbonylphos-
phonites and bis(dialkoxymethyl)phosphinates were obtained
that way

2(RO)2PCH(OR)2 + XC(0)Cl —=— (RO)ZPC(O)X + RO}T[CH(OR)Z]2

-RC1
0
X = Alk, AlkO.
Dialkoxymethylphosphines are easily splitted by acyl chlo-
rides, unstable chloroformal cannot compete in this case

with acyl chloride and decomposes according to the scheme:

R,PCH(OR), + XC(0)Cl — R,PC(0)X + CICH(OR), —+ RC1 + HCOOR

Similar transformations were also carried out with dialkyl-
aminomethylphosphonites containing a labile P-C bond. Di-
alkylaminomethylphosphonite can be easily quaternized at
the nitrogen atom by the first equivalent of methyl iodide,
an intermediate phosphonite is formed which gives an ordi-

nary product of Arbuzov reaction with the excess methyl

iodide.
MeI Me
Mel - : ~ -
(RO)ZPCHZNR2 ~——»(RO)2$CH2NR2Me I R RO/ﬁCHzﬁRZMe I
0]

On the other hand, the interaction of dialkylaminomethyl-
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phosphonite with pivaloyl chloride and carbon tetrachloride
is phosphorus atom oriented and is accompanied by the rup-
ture of P-C bond.

2(RO)2PCH NR XCl

oNR, :ﬁaiﬁ(RO)zPX + Roﬁ(CHZNRZ)Z; X=t-BuC (0), CCl3

0
Most striking is the lability of P-~C bond in a-carbonyl-
phosphonites. Thus the reaction of pivaloylphosphonite with
an excess of methoxycarbonylchloride leads to bis (methoxy-
carbonyl)phosphinate, i.e. it proceeds with the rupture of
P-C bond and formation of pivaloyl chloride.

c(O)X
C1COOMe / -
(RO)ZPC(O)X 5 (RO) 2§\ Cl —_YC—(—O-)——C-:']_"—:R—C-—]-’ROﬁ (COOMe)2

COOMe 0

X = t-Bu
The unique reactivity of a-carbonylphosphonites made it

'possible to use these compounds as new organophosphorus

synthons for the development of a selective method of C-C
formation. Under mild conditions a-carbonylphosphonites can
be easily added to the carbonyl group of a number of alde-
hydes, ketones, a-ketophosphonates forming functionally
substituted phosphites of various structures.

(RO) ,PC(0) X + C=0 —» >E-o§ (OR), — -c:-op (OR)
c(O)X c(oO)Xx

X = Alk, AlkO
Evidently the addition begins with the tricoordinated phos-
phorus attack at the carbonyl group; the bipolar intermedi-
ate stabilization is accompanied by the rupture of P~-C bond
and the acylium-cation migration. Likewise the functionally
substituted methylphosphonites investigated by us interact
with the classical reagents of organophosphorus chemistry
in a new direction via the P-C bond rupture and retention
of tricoordinated phosphorus.
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