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NEW ASPECTS OF THE REACTIVITY OF THE FIRST STABLE GERMA- AND
STANNAPHOSPHENES

J. ESCUDIE, C. COURET, M. ANDRIANARISON, A. RAHARINIRINA and
J. SATGE

Laboratoire de Chimie des Organominéraux, UA 477, Université
P. Sabatier, 118 route de Narbonne, 31062 Toulouse, France

Abstract Various aspects of the reactivity of the first sta-
ble germaphosphene 1 and stannaphosphene 6 are described.

There is a particular interest at the present time in compounds

of groups 14 and 15 in a low coordination state.1 Several interes-

ting new compounds with pm-pm bonds between phosphorus and hetero-

atoms have recently been synthesized : -P=X (X=C{,N-,P-,As-,Sb-).
Metallaphosphenes "M=P- (M=Ge,Sn) have long been speculated

as reactive intermediates in dehalosilylation reactions between di~

chlorogermanes or stannanes and disilylphosphines,and characteri-

zed by trapping reactions on three (or four) membered heterocy-

cles 223, N7/ X

. _ X %
(Me 5i) ,PPh + Me MC1, —_>[PhP-MMe2] —=Me M j

~2Me SiCl 2 '
JMe M-PPh Ph
2|
Ph Me, X=0,S
P—-M
Y \ 2 3
Me M PPh M=Ge",Sn

2

GERMAPHOSPHENES

We have recently isolated the germaphosphene lﬁ, the first stable
compound with a germanium-phosphorus double bond, owing to very

bulky substituents on germanium and phosphorus. The best route to

n
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1 is the dehydrofluorination of the fluorogermylphosphine 2 with
tert-butyllithium :

tBuLi
Mesng-l"Ar —_— MeSZGe=PAr Mes: ’Ar:
FH ~-tBuH, LiF 1
2 =
The structure of 1 was confirmed by its physicochemical data

(631P: +175 ppm...) and by its chemical behavior which we now re-

port.

1 is very reactive towards protic reagents :

Mes,Ge=PAr + AH —mMes, Ge-PAr (A: HO, MeO, Cl, CH
1 AR PhNH, iPrS,Me

4€00,

4P=CH, PhC=C)

In each case we have observed a regiospecific reaction with forma-
tion of the secondary phosphine; these results confirm the expec-
ted polarity Gg:Pd_ of the germanium-phosphorus double bond. 1 re-
acts also easily with other electrophilic compounds such as halo-
gens,

Nucleophilic additions are observed with lithio compounds,
Grignard reagents and hydrides. 1 reacts probably in a radicalar
process with dimethyldisulfide and gives cycloaddition reactions
with sulfur and selenium. All these reactions are summarized in

the following table :

lfes,,Ge—-PAr
2°%N.7

Mes, Ge-PAr Se Mes ,Ge-PAr
2 N/ 277
S HH
1/8 88 Se L1A1H4
MeszGE—iAr Xz RLi
—=——— Mes,Ge=PAr — Mes_Ge-PAr
X=Br,I 2 2R L
+ MesZGg-?Ar ’ 1 1
XH - MeOH
MeSSMe RMgX
Mes,Ge-PAr
e TR
Meszge-?Ar Mesng—?Ar MeOH
SMe SMe R MgX
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Generally only the germanium-phosphorus double bond reacts and the
single bond remains unaffected; the only exception is the reaction
of 1 with carbon tetrachloride leading quantitatively to a com-

pound with a phosphorus-carbon double bond, the phospha-alkene 3:

MeszGe=PAr + CCla-———a— ArP=CCl2 + MeszGeCI2

1 3

Thermolysis of 1 affords the first stable 2-germaphospheta-
ne 4 which has been characterized by X-ray :
150°C/20h .
MesZGe=PAr -——»Mesng—P — MeszGe—PH

1

| &

3

Formation of 4 involves a radicalar aromatic substitution by the

intermediate 5.

STANNAPHOSPHENES

The first stable stannaphosphene gé has been prepared by dehydro-
fluorination of fluorostannylphosphine 7 by tert-butyllithium :

tBuLi

Bis,Sn-PAr ——= Bis_Sn=PAr (yield 70%), Bis: (Me,Si),.CH
2{2,1'_1 2 3 2

l é Ar:

The highly air-sensitive 6 has not yet been isolated in pure form
but unambiguously characterized by its physicochemical data (low

field 631P and 61198n, respectively + 204.7 and + 658.3 ppm, and

large coupling constant 1J(31P—1198n) : 2295 Hz and 1J(31P-117Sn):
2191 Hz) and by its chemical reactivity; 6 is very reactive to-
wards compounds with active hydrogens, lithio derivatives, Gri-

gnard reagents, hydrides, as summarized in the following scheme :
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MeOH
BiSZStI\-I"Ar _— BiSZSp-Il’Ar
R MgX R H
| ?MeOH
Bis,Sn-PAr
iPES H RMgX B1s28n PAr
iPrSH R Li
RLi
LiAlH
BlsZSn-PAr 4—% Bis25n=PAr ——1-‘>Bis25rll-?Ar
MeO H 6 HH
H.O
HC1 PhNH 2
2
\
BiSZSn-?Ar BiSZSn-?Ar B1s2Sn—PAr
i1 8 PhNH H OH H

The heating of 6 at 65°C for lh leads to the stannylene 8
and to the diphosphene 9 : :

BisZSn=PAr -A;-BiSZSn + 1/2 ArP=PAr
6 8 9

This reaction is one of the most important difference in the ger-

maphosphene 1 and stannaphosphene 6 chemical behavior.
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