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Abstract - Following a brief introduction into the coordination
chemistry of phosphorus ylides, some new examples of complexes
with catalytically active metals are presented. Mononuclear den-
vatives of platinum, iridium, palladium, rhodium, and nickel
were synthesized from salt-free (or lithiated ylides) and the
metal halides and their phosphane or olefine adducts. Both ionic
and non-ionic species could be isolated and characterized by ana-
lytical and spectroscopic techniques. Titanium forms predominant-
ly binuclear compounds. Novel coordination compounds of the
alkaline metals were obtained with phosphanoalkyl benzylidene
phosphoranes. In a crystal structure analysis a discrete phosphane-
sodium donor interaction and a polyhapto coordination of the me-
tal to the benzylidene function were detected. Mixed complexes
of phosphonium-bis-methylide and bis-phosphano-methanide ligands
were also investigated by x-ray diffraction in order to elucidate
the structure of the latter system. The ligand was found to form
a planar four-membered chelate ring with a symmetrical P-C-P
moiety, characterized by strong ylidic lr-bonding.

INTRODUCTION

Phosphorus ylides are now well known to be extremely powerful donors and
to form complexes with virtually every, metal of the Periodic Table 1,2).
Examples documented in the literature range from lithium 3) to uranium
4), including even the rare earth 5), functioning as coordination centers
for the ylidic carbanions.

These complexes are true 6-organometallic compounds, which often exhibit
surprisingly high thermal and chemical stability, due to the influence
of the phosphonium cation in the o-position relative to the metal.

Recent activities in this laboratory have concentrated on complexes of
the catalytically active metals of Group VIII. Ylides with bulky substi-
tuents have been designed, which should allow the synthesis of mononu-
clear species as described previously 2), whereas with small substitu-
ents polynuclear systems are known to prevail 6-9). This is again con-
firmed in the results with titanium(IV) where a few binuclear com-
pounds could by prepared.

As already mentioned it has been well known that lithium - and in spe-
cial cases sodium - are sometimes strongly coordinated to ylides, but
none of the resulting complexes has been structurally characterized.
As part of a continuing program a series of such alkaline metal complexes
with special combinations of substituents has been synthesized and sub-
jected to an x-ray diffraction analysis, which can provide first infor-
mation on the nature of the alkali-ylide interaction. Many reactions in
organic synthesis strongly depend on the nature and the concentration
of alkali halide present in the system and thus a knowledge of the
interaction is of great general importance.
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Issleib and collaborators 10) have first reported on the formation and
the coordination chemistry of bis-phosphano-methanide [R2PCHPR2J
ligands, which are closely related to the classical ylides or ylide
anions. In synthetic and structural work they were now shown to provide
a novel coordination geometry quite distinguished from the well-known
diphosphanomethane ligands.

NEW TRIALKYLPHOSPHONItJM METHYLIDE AND DIALKYLPHOSPHONIUM-

BIS-METHYLIDE COMPLEXES

(G. Blaschke, W. Scharf)

Ylides with two or three tert. -butyl groups were shown to be unstable
and prone to undergo reductive elimination of isobutene Ii). They can
be abilized oy enger'i their carbsnionic function in bonding to
acceptor partners. This reaction can be used to synthesize the corres-
ponding complexes of 2J and platinum according to the following
equations:

CH3

__________ P(C(CH3)3)2
((CH3)3C)2P=CH2 + CH3 Au PR3 CH3-Au —CH2 + PR3

CH3 CH3

CH3 CH2-P(C(CH3)3)2
+ cis—(CH ) Pt(C H ) ______ \ /32 812 /\

CH3 CH2—P(C(CH3)3)2

CH3 +CH8 12

The products are colourless airstable materials, with a linear or square-
planar array of ligands, respectively. The central atom is bonded solely
to saturated carbon atoms in both cases. This situation is only dupli-
cated in the anions [R2Au and [R1PtJ2 as described by Tobias 12) and
Kochi 13). (CH3)3P=CH2 gives.thè game reaction 14).

With j(CH)P]2PtCla cationic species is generated, in which the two
phosphane re retaned in the coordination sphere:

2 ((CH) C)P=CH + CR P) PtC( R3P CH2 C(CH3)l'32 2 \/ \/
CH3 Pt ct

-MePBuCt / \ /\2 2
R3P Ct-i2 C(CH3)3

The reaction with the corresponding nickel and palladium complexes leads
to a symmetrical bis-chelate produbt with ciplete displacement of the
phosphanes under similar conditions:

4 ((CH3)3C)2P=CH2 +
(R3P)2PdCL2 (CH3)3C CH2 CH2 C(CH3)3

1 \/ / \/
CH3 P Pd P+- /\/\/\- 2 Me2P Bu2 CI

(CH3)3C CH2 CH2 C(CH3)3
-2PR3

Ni---Pd
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The monomeric complexes differ markedly from the oligomers obtained
with (CH)P=CH, 15). The analogous Pt compound could only by synthe—
sized vi he Uthiated ylide.

Iridium and rhodium derivatives of a similar nature were prepared from
1,5-cyclooctadiene metal halides and t-Bu,MeP=CH2. Again an equivalent
of phosphonium salt is formed as a by-product of the trans-ylidation:

CH2 C(CH3)3/\/
(C81-112)M— M Rh U.\/\

CH2 C(CH3)3

The olefinic ligand in these compounds can be displaced by stronger
donors like phosphanes, carbon monoxide etc. In previous work by
G r e y et al. with (CH)P=CH, it could be demonstrated, that homo-
logous monomers are in eqdifibrit[rn with oligomers 16) and thermodynamic
data are available for the conversion 17).

The reaction of ylides with titanium halides is extremely complicated
and no definite statements can be made to date about the course of the
process and the nature of the products. It was only with bis-cyclopenta-
dienyl-titanium(III) halides, that well-characterized products were iso-
lated 18,19), which were of the expected configuration.

From alkoxo- and amino-titanium(IV) halides, however, two new types of
complexes could be prepared, the structure of which is shown in the two
following drawings. The alkoxo and ylide bridged dimer was subjected to
a successful x-ray diffraction analysis 20). The amino compound contains
the titanium atoms as substituents to the ylidic carbon and is thus ana-
logous to many well-known silicon, germanium or tin derivatives 1).

PMe3

Me2N\ ,C\ NMe2
Ti Ti

Me2N C NMe2
II

PMe3

YLIDE COMPLEXES OF ALKALINE METALS

(U.Deschler, Th. Costa)

Dialkyl(benzyl)benzylidenephosphoranes were found to undergo a reaction
with one equivalent of an alkyllithium component to form a lithium
phosphonium-bis-benzylide according to the following equation:

Base CH— C6H5 Li R CH— C6H5
R2P( CH2C6H5)2 X R2< R2P( Li

CH2—C6H5 CH—C6H5

R= aLkyLary(.

Me2

OMe
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H

Ph2P
FPh2

CH2

H
C%

Ph2PPPh2
Na !

TIIF
Ph

Its novel structure could be elucidated by x—ray crystallography and
the result is shown in the figure. The ylidic ligand is attached to the
metal through a P-+Na donor bond and through a Na—benzylide interction.
The latter appears to result from electrostatic forces between Na and
the negative charges at the benzylide— and the ortho-carbon atoms as
expected from the classical charge distributions in a benzylide anion.
A molecule of diethylether and a molecule of tetrahydrofurane complete
the coordination sphere of the metal.

Figure

MoLecuLar Structure of

Ph2PCHPPh2CHPh Na- THF

Et20

Related compounds are derived from difunctional non—cyclic and cyclic
benzylidene ylides, which have recently been synthesized. Their struc—
ture is expected to be of a similar type, but no details are available
as yet. Potassium forms analogous complexes and it is expected, that for
most of the alkaline and earth alkaline metals specific ligand systems
can be designed, which provide a suitable array of carbanionic donor
sites.

Ph2P

H

Ph2P Ph2
II I

C1CH2
It is assumed that the interaction of the metal with the difunctional
ylide is of a similar nature as in the sodium complexes below. The
compounds are extremely strong bases.

A crystalline sodium complex was synthesized from the ylide
Ph2PCHPPh,CH,Ph (or its phosphonium salt precursor) and NaNH2 or NaH
in an ether olvent;

NaNH2

Ph
- NH3

PhPhenyL.
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BISPHOSPHANO-METHANIDE COMPLEXES

(J.M. Bassett, J.R. Mandl)

Bis-phosphano-methanes R PCH PR2 are known to form a large variety of
metal complexes, including sgme recent examples of platinum and the
coinage metals, e.g. 21). Only in very few cases, however, the corres-
ponding anion have been introduced as ligands. The products obtained
in this earlier work were mostly insoluble and characterization of the
materials proved very difficult. It has now been found that a combination
of R.DPCHPR anions and ylide ligands CH2PR,CH yields well-defined
soluble an crystalline complexes of the fofloing types 22):

Of the latter class the platinum complex was analyzed by x-ray diffrac-
tion. It exhibits an interesting structure with a folded ylidic four-
membered ring and a planar bis-phosphano--methanide four-membered ring.
These structural features differ markedly from those of the corresponding
bis-phosphano-methane complexes, which are known to have the folded enve-
lope conformation. It can be envisaged that there should exist a whole
range of bis-phosphano-methanide complexes with quite different chemical
behaviour from that of the parent R2PCH2PR2 compounds.

Figure Heavy Atom Skeleton of (CH3)2P(CH2)2Pt (P(C6H5)2)2CH

(R3P)2MX2+ 2 LiCH(PR2)2 . M(CH(PR2) + 2 LiX + 2 PR3

JR2P CH2,, / R
H-Cr M-\'/\/

R2P CH2

+ R2P(CH3)=CH2

- CH2(PR2)2

M= Ni,Pd,Pt.

H3C CH2 615)2\/ \/%\
+p -Pt C—H/\ /\-y

H3C CH2 P

(C6H5)2
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R,PCHPR complexes may also be viewed as ylidic species with the
mtal atoms as true substituents to the phosphonium center.
Thus a close relation to ylides and their complexes becomes evident,
which should prove useful in further systematic studies.
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