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a-SUBSTITUTED SILYL AND PHOSPHONYIL PHOSPHONATES.
AN EXTENSIVE STUDY OF THEIR SYNTHESIS AND PROPERTIES

PH. SAVIGNAC+, E. ELIA ABOUJAOUDE++, N. COLLIGNON++, M.P. TEULADE+
+Laboratoire CNRS-SNPE, 2-8 rue H. Dunant, 94320 Thiais (France)
++Laboratoire des composés organophosphorés, INSA-IRCOF,

76130 Mont-Saint-Aignan (France)

Abstract Phosphoryl and silyl chlorides phosphonoalkylation
lead to the direct generation of phosphonyl-phosphonyl and
phosphonyl-silyl carbanions the properties of which are discussed.

Phosphorus and silicon-containing phosphonates are well-known com-
pounds able to provide useful conversions. The synthetic versati-
lity of the corresponding lithiated carbanions (1) and (2) and

the expected chelation or stabilization with modification of che-
mical reactivity resulting from the direct bonding of phosphorus
or silicon to the phosphonic group suggest an extensive examina-
tion of the preparation and properties of such intermediates.
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(L) ®)p” - pa, (RO)ZIP/-\Si(Rz)g )
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Despite their synthetic potential, the lack of general methods to
(1) and (2) seriously curtails their approach. The primary reason
for this is that the carbanions are obtained through an indirect
route involving successively a thermal and an anionic step ; as

the first reaction can only deliver symmetrical and unsubstituted
structures from not always readily available precursors, both
carbanionic species (1) and (2) are limited to a poorly diversified
family and of little use. To overcome these limitations a new
direct route using a phosphono-alkylation process has been devised.

The readily available starting phosphonates (3) are conve-
niently deprotonated at low temperature with LDA in two fold excess
and condensed with a phosphoryl chloride to give quantitatively (1)
stabilized at any temperature because of the presence on the carbon
atom of two phosphonyl groups. The electrophiles used in this con-
text are phosphates, phosphoramidates and phosphine oxides. Each
phosphorus reagent is selected as the most reactive species (elec-
trophilic or nucleophilic) to warrant a coupling in the best con-
ditions. The reaction is limited to the introduction of only one
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phosphonyl group.
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In a similar vein this approach has been extended to the prepa-
ration of anions (2) stabilized as well as (1) because of the
combinated anion-stabilizing properties of silicon and phosphorus.
The trialkylsilane normally used in these reactions is ClSiMej3
but other less common and more crowded silanes have been used
(Clsi(~<}3, ClsiMez+, ClSi@o+, ClSiEt3, ClSiMep@) in similar
conditions without steric limitations. The two rxroutes do not vary
in the ease of preparation with the nature of Rl (H, alkyl, Cl,
O-CH3, S-CH3, aryl, S-CgHsg).

Contrasting with the phosphonyl route the silyl route is not
limited to the introduction of only one group ; under definite
conditions, large excess of LDA and Rl= H, two ClSiMes groups can
be grafted on the same phosphonate.

10y - 3 LDA 0 , 2Cisiue, SiMe,
-CH, ——— Hli ———3s (RO),P-CH
Zg 3 THF/-78°C zﬁc 2 Hy0* ( )zﬁ <SiMe3

Zapy = 25 Hz

When treated with aqueous acid (HCl, 6N) (1) gives tetrasubsti-
tuted, symmetrical or unsymmetrical diphosphonates (4) and (2)
trialkylsilylmethylphosphonates (5) with each good overall yields
(70-95%) .

+
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In canplete contrast, hydrolysis releases LiOH which has a ten-
dency to act as a nucleophile rather than a base by splitting a
P-C bond in (4) or a Si-C bond in (5).

pl
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The reaction is notable because it does not occur with symmetrical
diphosphonates (Rl= H, CH3) except when an electron-attracting
group is present on the junction carbon atam (Rl= Cl) ; however
it has no limitation with unsymmetrical diphosphonates which
undergo hydrolysis in all cases. Moreover the reaction is spe-
cially exalted by the (Li*) chelation which liberates the (OH™)
group in the medium. In spite of a lack of chelation, similar
results are obtained with compounds (5) in which the Si-C split-
ting can be a facile reaction. As above it is favoured by the
presence of electron attracting group (R1= Cl, CgHg, S-CgHg) but
much more susceptible to steric effects than for the diphospho-
nates case. In fact elimination of silanol fails when compounds
(5) are bearing a crowded silane group or are disubstituted with
two alkyl groups on the junction carbon atan. The oxophilic
property of silicon is the driving force here.

The difference in behaviour between (1) and (2) is also
stricking in alkylation. The two above routes providing a useful
unambiguous method for the synthesis of monosubstituted compounds
(R1# H), dialkylation only has been investigated.

It appears that (1) (Rl# H) is a poor nucleophile. The alky-
lation does not occur with sufficient rate and we observe the
competing alkylation of (iC3H7)oNH ; only methylation can be
achieved. The carbanions (2) are better nucleophiles and react
without drawback in the presence of any Rl group on the junction
carbon atom (Rl= alkyl, aryl, S-CgHs, Cl...).
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This aspect of carbanions (2) reactivity has been joined with the
favoured basic hydrolysis of such structures to provide a mean for
the direct unambiguous access to substituted phosphonates bearing
an activating group. The last and the most well-known aspect of the
reactivity of (1) and (2) carbanions is alkenes formation. Conden-
sation of (1) with aliphatic or aramatic aldehydes (R4CHO) pro-
vides a mean for the direct conversion of alkyl into vinyl phos-
phonates. Due to numerous P-C-P associations, symmetrical or un-
symmetrical, substituted or unsubstituted, we are able for the
first time to prepare vinylphosphonates phosphonamides or phosphi-
ne oxides. With symmetrical diphosphonates the leaving group
(RO)..P(0)OLi and remaining group being the same there are no dif-
ficulties and the conversion of carbonyl compound follows a single
pathway.

1
CHaCHO R cH,
1 C,H0),p H
/K (CHg )zﬁ
(RO)Z{ (1), —RO=Z=CHO | + (G0 foud
R CSHS 0
G HLCHO p
\u/ 65 (cZHSO)Zﬁ H

With unsymmetrical diphosphonates the leaving group has to be
chosen less crowded and electronically less rich than the remai-
ning group to prevent formation of mixtures.
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In most of the examples reported the reaction shows a good stereo-~
chemical control and :Lsolated heterosubstituted alkenes have a (E) geametry.
However bulkier is the R! alkyl group less the reaction shows stereoselecti-
vity. A canparative study has been done between carbanions (2) bearing diffe-
rent silane groups. The silane remains the more axophilic group and elimina-
tion is not susceptible to steric effects. (E) and (2Z) isomers are farmed
in equal amounts.
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2
SHR®)3 = SiMey, SIELy, StMe9, StMe



