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PHOSPHINOMETHYL COMPOUNDS: VERSATILE TOOLS IN
ORGANOMETALLIC CHEMISTRY

HANS H. KARSCH and ARMIN APPELT
Anorganisch~chemisches Institut der Technischen
Universitat Miinchen, Lichtenbergstr. 4,

8046 Garching, West-Germany

Abstract The preparation and properties of some
main group and transition element compounds (Al,
si, Sn, P, Zr, Fe, Co, Ni), containing phosphlno—
methyl substltuents, are described.

INTRODUCTION

The reactivity and smbidentate nature of phosphino-
methanides, i.e. [(R P) CH(3 n)] has attracted our
attention in the past, e.8. Eq. (1)

© =4
ICH,-PR, <——  CH,=FR,
+ 89 | | - E® 1)
E-CH,-FR

2772

E

Thus phosphinomethyl substituted phosphines have been
obtained according to Eq. (2)2.

Me(B—n)PCIn +n LiCHgPMez——*»Me(a_n)P(CHePMeg)n (2)

NEW RESULTS

We have now extended our studies to various other kinds
of electrophiles. Thus a simple access to novel mono-
to tetradentate phosphine ligands is available, Eq. (3)
Methyl substituents at the phosphorus atom and hetero-
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element bridges distinguish these colourless, air sen-
sitive and distillable liquids.

Me(q_n)ECIn +n LiCH2PMe2-—— Me(Q—n)E(CHZPMSZ)n &))

{E = 8i, Sn]

The same type of reaction is also observed in the
analogous organoaluminum system, thus combining elec-
trophilie and nucleophilic centers in one molecule
("amphoteric ligand"), Eq. (4).

A1015 + 3 LiCH PMe, — "AL(CH,Ple,),
l + 2 Allle, (4)
3 "Me,ALCH,PMe,"

The colourless crystals obtained, by means of spec-
troscopic and cryoscopic evidence, contain dimeric,
six membered ring molecules, No monomeric adducts may
be isolated on the addition of Lewis bases, e.g. PMe3
or THF, whereas on the addition of LiCHEPMe2 alu-
minate ions are formed, i.e. Li[Me2A1(0H2PMe2)2] and
Li[A1(CH,PMe,),].

The new diphosphines act as six ring chelate
ligands in transition metal complexes, Eq. (5).

/CHZPMeE\ /PMeche\

(COD)2Ni + 2 E(CHEPMee)2 —-E\ //Ni\ E (5)
CH2PM82 PMe20H2
[E = PMe, SiMeg]
3

In the phosphine/iron(0) complex system”, cyclometal-
ation occurs at the methylene carbon atom and novel
ferrabicyclic complexes are formed, i.e.

[E(CHQPMeg)zj(H)ﬁé[MegpbﬂECH;iMe2J (B = H,C, MeJC,
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MeQSi, MeZSn, MeP). Reactions with CO, and (in the
case of E = CH2) with N,, CO, and PR3 yield pentaco-
ordinated iron(0) complexes and thus demonstrate the
existence of a reversible equilibrium with the iron(0)
isomers [E(CHEPMe2)2]2Fe. 5

The structural unit of a N -phosphinomethanide
ligand, i.e. the three membered ring A& seems to
account for the stability of these complexes.

\C/ \/
@l —— @
/\ A N

This structural feature is also dominant in other
phosphinomethyl substituted transition metal complexes,
obtained by a similiar route to Eqs. (2), (3) and (4),
i.e. Eq. (6).

® @712 (&)
—C1 + LiCH.,PMe, — 6
e e \‘PMe
(- L,Co, L,(C0)Co, L3Ni » Ly(H)Fe, Ly(Me)Fe
and L2(Me)2Co; L = PMea]

In contrast to this, the phosphinomethyl group
binds to early transition metals in a N - manner,
Eq. (7)*.

cp2Zr012 + LiCH2PMe2 —_— cp2Zr(Cl)CH2PMe2 )

cp,ZrCl, + 2 LiCH PMe, — cp2Zr(CH2PMe

2 2)2

The bis(phosphinomethyl) derivative may act as a
chelating diphosphine ligand, e.g. according to Eq.(5)
[E = cpzzr], thus combining electron rich [Ni(O), d 10]
and electron deficient [Zr(IV), d ] metal centers by

phosphinomethyl bridges. This has remarkable conse-
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quences for the properties of the resulting complex:
it forms dark green solutions, from which black
crystals may be obtained (THF).

The presence of two nucleophilic phosphinomethyl
groups is also responsible for the reaction course
according to Eq. (8), whereby a novel "heterodiene”
complex is obtained.

CHoo
, 2.?Me2

’

ep,Zr(CH Ple,), + CO —= cpzzif“o‘“;c-CH2PMe2 (8)

From these and other findings, we conclude, that
the introduction of the phosphinomethyl group in
organometallic systems, which is easily achieved by
means of phosphinomethanides, may play an important
and growing role both in organophosphorus and in or-
ganometallic chemistry in the future.
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