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ABSTRACT

This thesis describes the synthesis and characterisation of platinum-
group metal complexes which model species believed to function as
reaction intermediates or transition states. Thus, several complexes of the
type [ML,S]** and [RhL,S]** (M = Rh, Pd, Pt or Ni, S = either a vacant site
or a coordinated solvent molecule, n = 0 or 1) have been synthesised and

characterised by spectroscopy and, where appropriate, by X-ray analysis.

The evidence for the existence of isolated three-coordinate complexes
of d® transition metal ions is critically reviewed, and is related to
experimental work on complexes of the type trans-[Rh(CO)(PPh,),S]** and
[Rh(PPh,),S]1"". The crystal structures of trans-
[Rh(CO)(PPh,),(0OH,)]1[C10,]1.CH,Cl, and trans-
[Rh(CO)PPh,),(OCMe,)I[C1O0,].0CMe, are described. It is concluded that
the evidence for the existence of three-coordinate d® metal complexes is
less convincing than had previously been thought: the reported evidence
of characterisation often does not exclude agostic interactions or expansion
of the metal coordination polyhedron by addition of a solvent molecule or

by dimer formation.

The synthesis of a related series of compounds, [PdR(PPh,),SI** (R
= o-tolyl or mesityl) was undertaken but their instability precluded full
characterisation. The crystal structure of trans-[PdBr(o-tolyl)(PPh,),] is

reported.



The terdentate ligands [meta-(PCy,CH,),(CcH;)I and
PhP(C,H,PCy,), (PCP and PPP) have been prepared and used to obtain
metal complexes. These ligands were designed to stabilise coordinatively-
unsaturated species. Two series of complexes [MX(PCP)] (M =Pd, X = Cl,
Br; M = Ni, X = Br) and [RhCL(PCP)S] (S = OH,, HOMe or HOEt) were
prepared and all their crystal structures determined. Other complexes of
PCP, and its protonated form PCHP, were also synthesised and
characterised by spectroscopy and the relationships of these complexes to

each other are discussed.

PCP has been shown to be at least partially successful in its
designated role as a stabiliser of coordinatively-unsaturated species. It
does prevent larger ligands (acetone and propan-2-ol) from binding to
[RhCL(PCP)] but a degree of conformational flexibility in the Rh(PCP)
skeleton permits smaller ligands to bond to the metal centre. This
conformational flexibility is largely due to the ability of the mutually trans
PCy,R groups of PCP to twist, in opposite directions, about the P-M-P axis.

The range of ligand conformations found is discussed.

Also discussed are the factors influencing the M-S bond length. The
lack of structural data on rhodium-alcohol complexes allows little to be
said about them. A survey of structurally characterised rhodium-aqua
complexes suggests that the most significant factor effecting the Rh-S bond
length is trans-influence. Rh-OH, bond distances are found to show large

variations which depend on the nature of the trans ligand but are



insensitive to other factors, such as steric effects or the charge on the

complex.
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1, 1a INTRODUCTION.

Of the many areas of research which constitute organo-transition-
metal chemistry one of the most important is that concerned with catalysis
by organometallic intermediates. The realisation of the potential relevance
of organometallic chemistry to large-scale, industrial, catalytic processes
has fuelled the development of mechanistic studies of known syst.e_ms.1
The wider aims of these studies include the evolution of modified catalysts
for desired reactions and the discovery of new organometallic catalysts
which can be used in the synthesis of materials currently unobtainable by
such routes. These aims are applicable to the work presented here which
was undertaken with the objective of increasing understanding of the
mechanisms of organometallic reactions through the synthesis and
characterisation of compounds which could act as models for species which
are currently believed to be intermediates or transition states in these

reactions.

Examples of economically important catalytic reactions include
Ziegler-Natta® polymerisation, in which polyolefins are produced from
ethene or propene vin a low-pressure process employing mixed-metal
catalysts, and alkene metathesis which utilises a wide variety of Mo- and
W-based catalysts. Both of these systems have generated much research.?
As has been pointed out,* ideal catalysts are compounds in which changes

in the coordination number of the metal can occur readily. The late



transition metals, Ru, Co, Rh, Ir, Ni, Pd and Pt, are notable for their
readiness to exist in coordinatively unsaturated states and thus most
important homogeneous catalysts are complexes of these metals. It is
appropriate here to declare an allegiance and the remainder of this work
will deal largely with complexes of Rh, Pd and, to a lesser extent, Pt.
Examples of complexes of these metals in catalysis are alkene
hydrogenation by [RhCI(PPh,),] (Wilkinson’s Catalyst),” alkene oxidation
by PdCl, (the Wacker proces;cs)6 and alkene hydroformylation by
[RhH(COXPPh,),].” This last example is especially important since
hydroformylation of olefins, the formal addition of H and HCO across a
double bond, is the largest-scale industrial process to use homogeneous
catalysts. The use of [RhH(CO)(PPh,),] in this process, known as the
Union Carbide hydroformylation process, is a recent development, partially

replacing the previously used OXO process which utilised [HCo(CO),J.?

The proposed mechanism of the Union Carbide hydroformylation
process,* ? will be discussed in order to illustrate how a series of simple

organometallic reactions link together to form a catalytic cycle (Fig. 1, 1i).
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Fig. 1,1i The Union Carbide hydroformylation
cycle (from Ref. 4).

It should be noted, however, that the actual conformations of the
intermediates are not unambiguously known. The initial step is
dissociation of PPh, from [RhH(CO)(PPh,),] to form the catalytically active
species [RhH(COXPPh,),]. Thus, strictly, [RhH(COXPPh,),] is not a
catalyst but a precatalyst. Next (1) alkene édds to the four-coordinate
species to give [RhH(COXPPh,),(n*-C,H,R)] followed by alkene insertion
into the Rh-H bond (2) to give [Rh(CO)(PPhs)z(CH,CHQR)]. Addition of a
carbonyl ligand (8) and its subséquent migration (4) gives
[Rh(COXPPh,),(COCH,CH,R)]. Finally (5) oxidative addition of H, gives



a dihydride species that reductively eliminates (6) the product aldehyde,
RCH,CH,CHO, and leaves [RhH(CO)PPh,),] to repeat the cycle. Thus a
homogeneous catalyst operates by opening a lower activation energy
pathway, which proceeds via stepwise reactions, to accelerate the rate of
a thermodynamically feasible reaction. If alternative reaction paths exist
a catalyst can enhance product selectivity by favouring just one of these
routes. The low-energy nature of each step in a catalytic cycle is

rationalised by the 16 and 18-electron rule.?

1, 1b THE 16 AND 18-ELECTRON RULE.

The 16 and 18-electron rule is a refinement of the 18-electron rule.
The 18-electron rule is based on the observation that many transition
metal complexes have valence shells which contain 18 electrons (a noble
gas configuration). This has led to the view that transition metal
complexes are most stable when all the valence orbitals of the transition
metal atom are full as the five nd, the (n + 1)s and the three (n + 1)p
orbitals can contain a maximum of 18 electrons. However, though most
transition metal organometallics do indeed have 18 valence electrons
several well-known groups of compounds contain metal atoms with fewer
than 18 electrons. The most important of these exceptions to the 18-

electron rule, as far as this work is concerned, are the square-planar d®-



complexes which have 16 valence electrons. (Square-planar coordination
is the most common state of complexes of Pd(II), Pt(II) and Rh(I)).’ Thié
observation is explained by the large energy differences between the nd
and the (n + 1)p orbitals of the late transition metals. This decreases the
tendency of the metals to contain 18 valence electrons. An example of this
is the empty 6p, orbital of Pt(II) complexes. This trend continues so that
complexes of later transition elements, such as [AuCl(PPh,)], form stable
14-electron species. The d° ions of the platinum group metals (Pd(IV),
Pt(IV) and Rh(III)) however, commonly form octahedral, 18-electron
complexes.” The realisation that complexes of these metals are on the
energy borderline between stable 18-electron and 16-electron molecules led
to the proposal that organometallic reaction sequences proceed by
elementary steps which involve intermediates having 16 or 18 valence
electrons.® This proposal is one of the basic tenets of the 16 and 18-
electron rule. Although not universally accepted'® this rule has been
widely applied and it is generally agreed that any proposed system that

breaks the rule bears the burden of proof.

1, 1¢ SIMPLE SUBSTITUTION MECHANISMS.

The utility of the 16 and 18-electron rule can be illustrated by some

simple examples. Ligand substitution reactions can be either associative,



at one extreme, or dissociative at the other. If a coordinatively saturated,
octahedral Rh(III) complex of type [RhX,I,] were to undergo ligand
substitution by an associative mechanism then the intermediate
[RhX,L,L’] would be a 20 electron species. These extra electrons would
have to be accommodated in a high-energy metal atomic-orbital or in an
antibonding molecular orbital and this is unfavourable. The preferred, low
energy pathway would involve dissociation to form the coordinatively
unsaturated 16-electron [RhX,L,]. This species will readily bind to other
potential ligands. Although this scheme was originally proposed for
reactions of Co(IIlI) there is evidence to suggest that reactions of Rh(III)
behave similarly.® ' It can also be argued that a 16-electron d® metal
complex of the type [MXL,] will favour an associative route that involves
an 18-electron [MXL,L’] intermediate. Indeed, it is found that the vast
majority of square-planar complexes do react via associative pathways."?
It should not be overlooked that steric factors also favour association in

square-planar complexes and dissociation in octahedral complexes.

The mechanisms outlined above are of the most general type.
Actual reaction mechanisms are much more varied and complex, even for
such an apparently simple procedure as replacing one ligand with another.
To refine the given mechanisms only slightly it should be realised that as
most organo-transition-metal reactions take place in solution, the most
likely incoming ligand is a solvent molecule. Thus, in the case of an

octahedral complex that has undergone dissociation to give coordinatively-



unsaturated [MX,L,] the most likely next step is the binding of a solvent
molecule S to give [MX,L,S]. To give the final product the solvent
molecule must dissociate again to give the five-coordinate intermediate

and allow attack by an incoming ligand.

The associative pathway similarly has a solvation route that
competes with the desired reaction. The initial, associative, replacement
of a ligand with a solvent molecule gives [ML,S]. This solvated species
must undergo a further, associative, replacement of S with the incoming,

new ligand to give [ML,Y].

Solvated complexes of the type [ML,S] and [ML,S] are therefore of
interest for two related reasons: their reactive nature and their putative

role as reactive intermediates in many reactions.

Although it is widely accepted that most square-planar d® complexes
react by associative mechanisms there is a growing body of evidence that
dissociative mechanisms, involving 3-coordinate 14-electron intermediates,

operate in a number of systems.?

Ligand exchange reactions for which
there is strong evidence for a dissociative mechanism include the loss of
SMe, or dmso from cis-[PtR,(SMe,),] or cis-[PtR,(dmso),] (R = Me or Ph)
prior to ligand replacemeht.“‘ 5 Another recént example where ligand

replacement possibly involves dissociative activation is provided by the

anti-cancer drug ipropltin, cis-[Pt(OH,),(NH,Pr'),]**.'® It has also been



suggested that some B-eliminations,'” reductive eliminations'® and carbonyl
migratory insertions' of square-planar molecules proceed by 3-coordinate
intermediates, but possibly the best documented dissociative reaction is

the isomerisation of cis-[PtRX(PR’,),] X = halide) to the trans-form."

1, 1d ISOMERISATION OF SQUARE-PLANAR SPECIES VIA A

DISSOCIATIVE MECHANISM.

As early as 1961 the uncatalysed isomerisation of cis-[PtCl(o-
tolyl)(PEt,),] to its trans-form was found to be a first order reaction that
was not accelerated by free PEt,.* Later studies by Romeo and co-
workers' ? 2 established that this isomerisation reaction had a positive
value of AS® and showed rate retardation by excess [CI]. The dissociative

pathway of Figure 1, 1ii,

®
L
Cis{PtRCILy = Pt + cP
Ko & \a
L 1@
fast _ /
trans-[PtRCIL,] ~€——— AN + cP
L R

Fig. 1,1ii Romeo's proposed mechanism.



involving two T-shaped intermediates with different geometries, was
proposed to account for these data. Similar studies on many related
compounds fitted the same interpretation and came to the additional
conclusion that very bulky R groups, such as mesityl, favoured dissociative

reactions over associative reactions.'®

There has been controversy over this reaction scheme. The major
objection, based on experimental data and not merely on the breaking of
the 16 and 18-electron rule, came from van Eldik et al.?® who found a
negative value for the volume of activation for the solvolysis of cis-
[Pt(PEt,),(mesityl)Br]. This would indicate an associative process for a
reaction which Romeo and his co-workers had previously assigned to be
dissociative. It can thus be seen that even in the case of the uncatalysed
isomerisation of cis-[Pt(PEt,),(mesityl)Br] to its trans-form, which is one
of the better characterised of the possible dissociative routes, there is some
doubt as to the actual mechanism. This is due largely to the many

different interpretations which can be made from the same kinetic data.

It should be noted that the reaction mechanism of Fig. 1, lii is a
simplification. The isomerisations occur only in polar solvents (it is
thought that these aid the dissociation of the M-Cl bond) and as such the
most likely fate of a three coordinate species [ML,R]* is solvation. It has
been shown that the isomerisation of cis-[Pt(PEt,),(Me)(HOMe)]" in diethyl

ether/methanol is retarded by high concentrations of methanol, suggesting



that a similar dissociative mechanism operates here.'

1, 1le THE NATURE OF ATHREE COORDINATE INTERMEDIATE.

The rate law derived by Romeo and coworkers'® for the uncatalysed

isomerization of cis-[Pd(PEt,),RCl] to its trans-form (see Fig. 1, 1ii) is

kD

k
1+-2 [cn

kT

k,=

It was argued that this holds only if the 3-coordinate intermediate has T-
shaped, as opposed to planar-trigonal, geometry. The rate of the
isomerisation would not be retarded by high chloride ion concentrations if
a symmetrical planar-trigonal species was the intermediate, as such a
symmetrical intermediate would have the ability to recombine with the
chloride ion to form either the cis or trans products. A T-shaped
intermediate, however, has to first isomerise to a second T-shaped
intermediate (with mutually trans phosphines) before addition of a
chloride ion would produce a trans product. The operation of a dynamic
isomerisation between T-shaped intermediates has been observed by
variable temperature n.m.r. spectroscopy of | [Rh(PPh,),I[HC(SO,CF,),I*

and is supported by extended Hiickel calculations.?®
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It appears that T-shaped geometry is favoured over trigonal-
planarity because of the preference of those low-valent phosphine
complexes for diamagnetism. A perfectly trigonal-planar complex would
have d orbital energies split

dy,, d,<d.<d,, da,
A d® complex would thus be paramagnetic. A distortion to T-shaped
geometry would split the d,, and d,.. orbital energies and allow such d°

complexes to be diamagnetic.?

A number of 3-coordinate d® transition metal complexes have been
described as isolated complexes. However, no attempt has previously been
made to review these species or to critically examine the evidence
presented in support of their sterically unsaturated nature. An integral
part of this work is thus the following discussion of the natures of these
previously reported complexes. It should be noted that many of the doubts
raised as to the true nature of these complexes are the result of experience
in handling similar complexes and, perhaps more importantly, the result
of drawing together all the literature available on this topic. Most of the
papers discussed stand up to individual scrutiny but taken as a group

inconsistencies appear.

Table 1, 1i shows the ten d®* Rh, Pd and Pt species for which
evidence of three coordination has been presented. Of these, compound 10,

mentioned in Jardine’s review of Wilkinson’s catalyst,” is apparently a
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misquotation. The reference given by Jardine (ref. 39) does not mention
[Rh{NC(CF,),)(PPh,),] and neither is this compound to be found in
Chemical Abstracts. Compounds 8 and 9 were later formulated as four
coordinate, as shown in Table 1, 1i, but are still sometimes described as
being three coordinate.’® Both compounds 6 and 7 have been tentatively
suggested to be three coordinate (refs. 31 and 32). The available evidence,
however, is very poor. Both were formed in the presence of donating
solvents (ethanol and acetone) which are potential ligands and in addition
compound 7 was formed in air. Alternative structures for 6 involving
either a bridging BH, group or a bidentate, chelated BH, group have been
suggested. There is thus little hard evidence that 6 - 9 contain three

coordinate metal atoms.

Compounds 2 - § were assigned their three coordinate status largely
on the basis of n.m.r. data. It was argued®® that, as the 'J,,, coupling
constant is directly related to the s-character of the metal orbital used in
bonding to phosphorus, a low coordination number species should have an
unusually high 'J,, , coupling constant. It is also well established that
Jup is a sensitive measure of the trans-influence on the M-P bond.
Indeed, it is found that the 'Jy, coupling constants for 8 are very high.
Compound 4 however, has 'Jg,, = 180.67 Hz.*® Although high for a
phosphine group trans to another phosphine this compares well with the
value of 189 Hz given for 'Jg, , of the phosphorus atom trans to the

chlorine atom in Wilkinson’s catalyst or the similar value of 194 Hz given

12



for the same coupling constant in the iodo-analogue of Wilkinson's
catalyst. Compound 5, [PtH(PBu'),l(X], has a normal value of 'Jp,,
(=2625 Hz) but this value increases to 2664 Hz in the four coordinate
complex [PtH(H,0)(PBu%),]J[BF,] and to 2811 in

[PtH(OCMe,X(PBu',),l[BF,l.

Compound 1, [Rh(PPh,),][C10,], has had its structure determined

by X-ray analysis®® (Fig 1, 1iii).

a .
Mt
P
| : |
' 1
)

7

&

Fig. 1,1iii Structure of [Rh(PPhj)3][ClO4] (Ref. 26)

The P,Rh unit adopts a distorted T-shaped geometry (P(1)-Rh-P(3) =
159.3(2)°). In addition, one phenyl ring is bent back towards the metal
atom (Rh-P(1)-C(1) = 75.6(5)°) so that a C-H bond, and proSably also a C-C
bond, are unexpectedly close to the metal. The description of the metal
atom in this species as three-coordinate thus depends on whether the
proximity of the C-H bond to the metal ixﬁplies, as was originally thought,

merely a weak interaction or a genuine three-centre two-electron bond of

13



the type now called agostic (Section 1, 1f). The *'P n.m.r. spectra of the
[Rh(PPh,),IHC(SO,CF,),] salt* yields an unusually high value of Jg, p (244
Hz) for P trans to the proposed agostic site. Thus, it would appear that a
high J, , coupling constant may arise from an agostic interaction nor,
considering compound 5 does it rule out the presence of solvent in the first

coordination sphere.

There are other puzzling features present in the reports of
compounds 2 to 5. For 5 v(Pt-H) is reported as being 2860 cm™. This is
=~ 600 cm™ higher than the normal range for metal-hydrides.*’ For 3 the
microanalytical data are poor (3% for carbon) and the complexes were
prepared in acetone, a fairly good ligand. It was originally suggested that
for 3 with X = Cl, that the complex exists in equilibrium with its dimer.?®
Further work carried out be Valentini et al.*® came to the conclusion that
3 existed as polynuclear species in the solid state and a solvated species
in solution. There is little evidence presented that this is not also the case

for all the complexes 2 to 5.

In conclusion, five complexes (6 to 10) have been described as three
coordinate with little or no evidence to support such a claim. For a further
four complexes (2 to 5) the evidence of characterisation does not preclude
the possibility that they are solvated, or dimers in the solid state or their
stabilization by agostic bonds. [Rh(PPh,),][Cl0O,], 1, is the only species to

have been completely characterised; agostic bonding is present, and only

14



by disregarding this feature can the metal atom be regarded as three

coordinate.

1, 1If trans-INFLUENCE, AGOSTIC BONDING AND BULKY

LIGANDS.

An understanding of the terms trans-influence, agostic bonding and
bulky ligands is important to the interpretation of the results presented
in subsequent chapters and a brief explanation of each of these therefore
appears appropriate. The trans-influence of a ligand in a square-planar
or octahedral complex was defined in 1966 by Pidcock et al.*? as its ability
to weaken the trans metal-ligand bond. The term has been widely
adopted; it distinguishes the ground state, bond-weakening properties of
a ligand from its trans-effect,” which is its effect on the rate of
substitution of the group to which it is trans. Thus trans-influence is a
thermodynamic phenomenon whereas trans-effect refers to reaction
kinetics. The most widely accepted theoretical treatment is that of
MWeeny, Mason and Towl* which states that the ability of a ligand L to
weaken the M-X bond in a linear L-M-X system depends on the quantity
S*AE (S is the L-M c-overlap integral and AE is the energy separation
between the L o-donor and M o-acceptor orbitals). Other theories,

however, tend to contradict this and there is still disagreement as to the
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exact nature and effects of the hybrid orbitals involved.”” What is clear,
largely from crystallographic data, is the observed trans-influence series

for square-planar complexes.* *°

RSi>H>0-C>RP>nC>RN>CI'>0
(R = alkyl, aryl). In general it appears that strong c-bonds from L to M
weaken the trans M-X bond, possibly by using a disproportionate amount
of the metal s orbital in the L-M bond. The observed trans-influence of
ligands that have high n-accepting properties (e.g. CO) are not however

adequately explained by current theories.

The term "agostic bonding” was coined by Green and coworkers*’ to
describe complexes in which there is a close approach of a C-H bond to a
metal atom. C-H bonds had usually been regarded as chemically inert and
thus the suggestion of Green et al. that they could have a significant role
in the coordination sphere of a metal involved a revision of previous views.
However, these authors observed that there were many known examples
of complexes with close C-H...M interactions although little significance
had been attached to these observations. They proposed that many of
these interactions were best explained in terms of two-electron three-
centre bonds in which the 6-C-H bond formally donates two electrons to

the metal. This proposal has been reviewed* *°

and it now seems fairly
certain that in many systems o-bond donation from a C-H group to a
metal is a significant interaction, with parallels to be drawn with

hydrogen atoms bridging between metal and boron atoms. It has been
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suggested that agostic bonding may be important in both Ziegler-Natta
catalysis and in 6-bond metathesis. Of particular relevance to this work
is the observation that coordinative unsaturation favours agostic bond

formation.

The most widely used index of the steric requirements of a
phosphine ligand is its cone angle, first proposed by Tolman.” These are,
however, derived from hard-sphere models of fixed conformation. Despite
their usefulness it should be remembered that they make no allowance for
the conformational flexibility of real systems.®”? Other methods of
measuring the steric requirements of ligands have been proposed and
recently reviewed.®? Although these methods give differing absolute values
and size orders, what is clear is that phosphine ligands containing
cyclohexyl, tertiary-butyl, ortho-tolyl or mesityl substituents are bulkier
than, for example, PPh;. Complexes containing bulky phosphines often
show anomalous bond angles round the metal atom; more rarely they show
unusually long metal-ligand bonds; there may even be changes in
coordination geometry and even a decrease in coordination number of the

metal.?®
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1, 2a GENERAL AIMS OF THE PROJECT.

The preceding sections show that there is much kinetic evidence to
suggest a dissociative pathway exists for some reactions of square-planar,
platinum-group metal complexes. Although apparently well documented
it has been seen that a careful examination of all the data available casts
some doubt on the true nature of some of the species previously presented
as three coordinate complexes of d° transition metals. This project was
undertaken in order to clarify the true nature of these species. This was
to be done by synthesising and characterising, by crystallography and
spectroscopy, possibly three coordinate complexes. The most successful
routes previously used in attempts to form such complexes (Section 1, 1e)
involved the loss of weakly bonding ligands such as solvents or N, from
four coordinate species. (For example [Rh(PPh,),l[Cl1O,] is formed on
recrystallising [Rh(PPh,),(OCMe,)][C10,] from CH,CL?® and [RhH(PBu',),J*"
is formed by heating [RhH(N,)(PBu,),]). Thus it was decided to synthesise
compounds of the type [MRL,S] in the hope that recrystallisation from hot,
non-coordinating solvents would lead to three coordinate complexes. As
there is some doubt as to whether such complexes actually exist as stable
orisolable species it was decided that any coordinated solvent containing
species isolated would also be investigated. This proposal has several
merits. One possible identity of so-called three coordinate complexes is the
solvated, four coordinated species. Thus, in investigating such solvent

containing complexes we may actually be investigating the true nature of
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three coordinate complexes. Complexes of solvents are also interesting in
their own right. As indicated in Sections 1, 1a to d they are cited as
intermediates in many mechanistic studies and in many -catalytic
processes. Indeed in homogeneous catalysis the active species may well
be a reactive, solvated species.” Also of relevance is the recent growth of
interest in water-soluble homogeneous catalysts®® and, in particular, those
complexes whose organometallic chemistry is greatly influenced by the

complex/water interaction.

Despite this interest in solvents as hard donors to soft metals®” and
the applications of complexes of such species as homogeneous catalysts®”®
very few complexes of rhodium or palladium with coordinated solvents
have been studied crystallographically. Even for the "universal solvent",
water, this is true. During the course of this work what were only the
third and fourth crystal structures of aqua-palladium complexes were

published ([Pd(OH,)(SC,Hy),(C¢H,(NO,),)1[C10,]1°® and

[Pd(OH,)(Bu',PC,H,CHC,H,PBu',))’and to date only three Rh'-aqua
complexes have had their structures determined. Further searching of the;
Cambridge Structural Database reveal only two organometallic Rh(I) or
Rh(III) complexes of ethanol and one of methanol. No Rh(I) or Rh(III)
complexes of acetone have previously had their structures determined. A
review of crystallographic bond length data by Orpen et al.*' in 1989 found
no Pd or Pt compounds that contained simple alcohols, ketones or ethers

as ligands.
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In addition to their proposed role as reaction intermediates both
three coordinate complexes and solvated complexes are of interest as
reactive species. Of particular relevance is the general techm'que' of
producing unsaturated organometallic compounds in order to activate C-H
bonds.®? As saturated hydrocarbons are among the most abundant of
petrochemicals but are also among the least responsive to chemical
reagents any advances in introducing reactivity and/or selectivity to their
chemistry are of great industrial importance.? Kaska and coworkers®
have succeeded in activating C-H bonds in cyclohexane. The reactive
species in this case was believed to be the 14-electron, 3-coordinate species
[Rh(PBu',CH,),(C¢H,)]. Similarly Pradella et al.® claim to have activated
C-H bonds using [RhCp’(CO)], an unsaturated species formed by treatment
of [RhCp'(CO),] with ultraviolet light. [Rh(PPh,),]' has been used to
hydrogenate cyclohexene® and is mentioned as a catalytic species in some
recent patents.®®® These uses of unsaturated complexes are in addition
to useful reactions that are believed to involve three coordinate or solvent
containing complexes as intermediates. Of these possibly the most
important, catalytically, is the initial dissociation of PPh, from Wilkinson’s
catalyst to give [RhCI(PPh,),] in the proposed mechanism for this catalyst’s
hydrogenation of alkenes. There has been controversy over this step but
it now seems likely that dissociation does indeed occur.®®® Examples of
other useful reactions, of relevance to both catalysis and anti-tumor
activity, that are believed to proceed by a dissociative mechanism

involving three coordinate intermediates are given in Section 1, le.
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1, 2b THE [Rh(CO)(PPh,),L]** AND [Rh(PPh,),L]** SYSTEMS,

n=0, 1.

As discussed in Section 1, 1le the best characterised three coordinate
d® transition metal complex is [Rh(PPh,),l[C10,].?® This was formed by the
addition of TIC1O, to Wilkinson’s catalyst in a donating solvent S to give
[Rh(PPh,),SI[C10,]. Recrystallisation of this solvated species from CH,Cl,
gave a product in which the metal was thought to be thi‘ee coordinate.
Characterisation by X-ray analysis showed that one phenyl group was bent
around so as to place a C(1)-C(2)-H group close to the rhodium atom. (Fig
1, 1iii Rh..H = 2.56 A, Rh...C(2) = 2.62 A, Rh...C(1) = 2.48 A). This work
predates that of Green and coworkers who had not yet put forward their
ideas on 3-centre, 2-electron, agostic bonds*’ and the apparent Rh..H
interaction was originally dismissed as weak. The compound was
therefore described as a three coordinate rhodium(1l) species.
[Rh(PPh,),l[C10,] has been shown to contain an interaction with a ligand
substituent and, given the absence of evidence to the contrary, it is not
unreasonable to suggest that the other supposedly three coordinate species

of Table 1, 1i may also involve similar interactions.

With the purpose of investigating the nature of the interaction (and
possibly finding out if such interactions are necessary to stabilise three
“coordinate species) it was decided to travel the same synthetic route with

analogues of Wilkinson’s catalyst. It was also decided fo prepare similar
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derivatives of Wilkinson’s catalyst to see if these shed any light on the
nature of [Rh(PPh,),J[C10,]. The complex trans-[Rh(CO)CI(PPh,),] was
used as a starting material for the preparation of a series of complexes
analogous to those found in the synthesis of [Rh(PPh,),]J[C1O,]. This
starting complex was chosen as it is readily accessible, has an easily
removable Cl ligand and has mutually trans triphenylphosphine groups,
similar to Wilkinson’s catalyst. The nature of the phosphine groups is
important. Although most of the complexes of Table 1, 1i rely on bulky
phosphine substituents (Bu’, Cy) to stabilise their coordinative
unsaturation it is possible that phenyl groups may have a greater
stabilising effect because of their electronic character and despite their
smaller cone angles. Certainly, as has been pointed out,
triphenylphosphine forms complexes where other phosphines will not and

there is a prevalence of phenyl groups in cyclometallation reactions.?

An additional feature of trans-[Rh(CO)CI(PPh,),] is that, in contrast
to Wilkinson’s catalyst, metallation of the Cl ligand reportedly leads to the
coordinated perchlorato complex trans-[Rh(COXOCIO,XPPh,),.™ The

results of this line of investigation are reported in Sections 3, 1a— i.
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1, 2¢ THE [PdR(PPh,),L]** SYSTEM, n = 0,1.

As was shown in Section 1, 1d there is a great deal of kinetic
evidence that complexes of the type [PtR(PEt,),X] (X = halide) undergo
isomerisation reactions by a dissociative mechanism. It was decided to
attempt a preparation of [PdR(PPh,),]* and [PdR(PPh,),S]* as analogues
to the platinum system. Palladium was preferred to platinum as it was
felt that as a second row transition metal it was more analogous to the
reportedly three-coordinate rhodium complexes, which make up the bulk
of Table 1, 1i. Triphenylphosphine groups were used in order to stabilise
any coordinatively unsaturated species formed (Section 1, 2b). R was
chosen to be o-tolyl or mesityl. These were chosen as Romeo reported that
bulky R groups favoured dissociation reactions.’* Additionally, it was
hoped that the strongly ¢trans-influencing R groups would weaken any
bond trans to them and thus perhaps facilitate the formation of a genuine
three coordinate complex. The results of this line of investigation are

reported in Sections 3, 2a to e.
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1, 2d LIGANDS DESIGNED TO STABILISE COORDINATIVELY

=

UNSATURATED SPECIES.

It should be apparent that three coordinate complexes of d°
transition metals are inherently unstable. It was recognised that the
routes outlined in Sections 1, 2b and ¢ which use normal, unidentate
ligands may well not yield any three coordinate species due to this
instability. It was therefore decided to design ligands that would help to
stabilise coordinatively unsaturated species and to characterise any
compounds formed with these ligands in order to assess their suitability

for this task.

Four main features were desirable for these ligands. They should
be terdentate, have bulky substituents, contain a high trans-influencing
group trans to the postulated vacant site and, if possible, should also carry
a formal negative charge. A terdentate ligand should increase the stability
of any complex containing it by blocking both ligand substitution reactions
and possible reductive elimination pathways. It is also possible a
catalytically reactive species such as [MLS] or[ML] (L = terdentate ligand)
would be more selective than a comparable complex containing three
unidentate ligands. The complexes of Table 1, 1i employ bulky ligands to
stabilise their coordinatively unsaturated nature. This is a common
property of bulky ligands®® and seems to stem from two sources. These are

their ability to provide groups that take part in agostic interactions and
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the steric hindrance or blocking of other coordination sites. The
desirability of high trans-influencing groups has been discussed in Section
1, 2¢c. If the terdentate ligand is anionic the number of counterions

present is reduced as is the likelihood of their interaction with the metal.

The two ligands chosen were meta{(PCy,CH,),(CsH,) (PCHP) and

PPh(PCy,C,H), (PPP).
Th
K—P —ﬁ
PCya H* PCy2 PCy2 PCy2
PCHP PPP

Fig. 1,2i The ligands PCHP and PPP.

By comparison with the known ligand meta-(PBu‘,CH,),(C.H)),
PCHP should be capable of terdentate complexation by metallation of H'
(see Fig 1, 2i). The resultant ligand, PCP, combines all four desired
features. PPP, however, is a neutral ligand and its central phosphorus
atom has a lower trans-influence than the ¢-C of PCP. Despite this PPP
has the advantage of having a n.m.r. active nuclei trans to the proposed
vacant site. It was hoped that this would enable the formation of any

coordinatively unsaturated species to be monitored by means of the 'J,

25



coupling constant (Section 1, 1e). The experimental results of this line of
investigation are discussed in Sections 3, 3a to g and in the

crystallographic Sections 3, 4a to L
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2, 1a INSTRUMENTATION.

N.m.r. spectra were measured on Bruker AM200 and WP200 (200
MHz F.T.N.M.R.) spectromefer and processed using the Bruker
Aspect 3000 suite of programs. Spectra were referenced internally to
solvent resonances. Deuterated solvents were stored under 4A molecular
sieves and, for air sensitive samples, degassed by freeze-thaw methods.
Air sensitive samples were prepared on the vacuum line. Solid state
n.m.r. spectra were measured by Dr. David Apperley of the S.E.R.C.

service, University of Durham. The reference compound was 80 % H,PO,.

L.R. spectra were measured on a Phillips F.T.L.R. spectrophotometer
in the range 4000 - 400 cm™”. Frequencies in the 400 - 200 cm™ range were
measured on a Perkin-Elmer 983 continuous wave spectrophotometer.
Except where stated, samples were in the form of 8 mm KBr discs made
using 300 mg of KBr and a press force of 10 tons. Air sensitive samples
were made up as nujol mulls in a nitrogen atmosphere dry-box using KBr
plates and nujol dried over sodium. Silicone grease was smeared around
the sides of the plates to help repel air. Solution samples were run in 0.1

mm KBr cells using solvents purified as in Section 2,1b.

Microanalyses were run in the University of Glasgow Chemistry
Department by Mrs K. Wilson. Melting points were uncorrected and

recorded in air using a Gallenkamp melting point apparatus.
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2, 1b MATERIALS AND SOLVENTS.

Metal salts were used as purchased. The purities of phosphines (i.e.
HPCy,, PPh,, P(p-C;H,0OMe), and PPh(C,H,),) were checked by 'H and *'P
n.m.r. spectroscopy and the purities of the other organic compounds were

checked by 1.R. spectroscopy.

Oxygen-free nitrogen, as supplied by B.O.C., was further purified by
passage through 4A molecular sieves and a liquid nitrogen cold trap before
use. Acetone, ethanol and methanol were analytical grade materials
stored over 4A molecular sieves. Solvents, as detailed in Table 2, 1i, were
freshly distilled under nitrogen atmosphere. Other solvents were
analytical grade materials used without further purification except, where
noted, for degassing which was either by the freeze-thaw method or by

passing nitrogen gas through the solvent for at least 2 hours.
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Table 2, 11

|| SOLVENT DRYING AGENT
| CH,Cl, CaH,
| CHC], CaH,
ACETONITRILE CaH,
TOLUENE SODIUM
CYCLOHEXANE SODIUM/POTASSIUM
AMALGAM
PETROLEUM ETHERS SODIUM/POTASSTUM
AMALGAM
Et,0 SODIUM WITH
BENZOPHENONE
THF. SODIUM WITH
BENZOPHENONE

2, 1c APPARATUS.

Standard nitrogen/vacuum line techniques and apparatus were used

for all reactions in Sections 2, 3a to 2, 6e and Sections 2, 2¢ and i. This

included the flame drying of all apparatus prior to use, lengthy flushing

of apparatus with nitrogen and the transfer of solvents from stills via

oven-dried syringes. The "double Schlenk apparatus" referred to in the

text consists of two off-vertical Schlenk-type arms connected via a medium

porosity frit. A nitrogen atmosphere dry-box was used for the preparation

of L.R. samples and for the weighing of air sensitive samples.



2, 2a PREPARATION OF ¢trans-

DICHLOROBIS(TRIPHENYLPHOSPHINE) PALLADIUM (II).*

10.64 g (40.61 mmol) of PPh; were dissolved in 350 ml of ethanol.
To this solution were added, at room temperature, 6.02 g (20.46 mmol) of

Na,PdCl,. On shaking a yellow precipitate immediately appeared.

This was filtered off and washed with water (30 ml), ethanol (50 ml)
and ether (30 ml) to give 13.20 g (18.82 mmol, 92% yield) of trans-
[PdCL,(PPh,),] as a yellow powder. The I.R. spectrum of the product was

identical to that of an authentic sample.

2, 2b PREPARATION OF trans-DICHLOROBIS(TRI(para-

METHOXYPHENYL) PHOSPHINE) PALLADIUM (II).

5.06 g (14.38 mmol) of tri(para-methoxyphenyl)phosphine, P(p-
C¢H,OMe);, were added to 200 ml of ethanol to give a white suspension.
Immediately upon addition of 2.51 g (7.20 mmol) of Na,PdCl1,.3H,0 a
yellow colour appeared and on shaking a yellow precipitate forméd. This
was filtered off and washed with ethanol. The light yellow powder isolated
was redjssolyed in chloroform and 0.64 g of NaCl were removed by

filtration. The solvent was removed under reduced pressure and the light
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orange solid dried under vacuum to give 5.98 g (6.78 mmol, 95% yield) of
trans-[PdCL(P(p-C,H,0Me),},]. M.P. 216 - 218 °C (dec.). *'P{H) n.m.1. s
19.6 p.p.m. 'H n.m.r. m 7.58 m 6.88 s 3.80 p.p.m. Integ. 2:2:3 LR. ms

355 br 3070 br 3005 br 2960 sh 2920 cm™.

2, 2c PREPARATION OF TETRAKIS(TRIPHENYLPHOSPHINE)

PALLADIUM (0).*

2.02 g (11.4 mmol) of PdCL, and 14.77 g (56.4 mmol) of PPh; were
added, agalnst a flow of mtrogen to 140 ml of D.M.S.O. in a 3-necked
flask. On heatmg to 140 °C an orange solution was obtained which was
stirred as it cooled for 15 mins before 2.2 ml (45 mmol) of hydrazine
hydrate were added. The reaction mixture turned brown and as it cooled
a brown solid appeared. This was filtered off, under nitrogen, and dried
under vacuum to give 12.81 g (11.1 mmol, 97% yield) of [Pd(PPh,),] as a
crude yellow-brown powder, which was used in subsequent preparations

with no further purification.
A second identical preparation gave 10.2 g (8.8 mmol, 78% yield)

of [Pd(PPhy),]. [Pd(PPh,),] was characterised by comparison of its L.R.

spectrum with that given in the literature.
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N.B. Ref. 2 states that, although it is air sensitive, [Pd(PPh,)] can
be handled briefly in air. Whilst weighing out a sample of [Pd(PPh,),],
with an exposure to air of less than 5 mins, the sample reacted vigorously

leaving only a black tar.

2, 2d PREPARATION OF BIS(BENZONITRILE)DICHLORO

PALLADIUM.?

2.00 g (11.3 mmol) of PdCl, and 50 ml of benzonitrile were placed

in a conical flask and heated in a boiling water bath. After 20 mins the
greater part of the PdCl, had dissolved. The red solution was filtered hot
into 300 ml of distilled 40 - 60 ° petroleum ether. This precipitated a
yellow solid which, after filtering, washing with petroleum ether and

drying under vacuum, gave 1.98 g (5.2 mmol) of [Pd(NCPh),CL,].

All remaining portions were reheated, with an additional 40 ml of
benzonitrile, and treated as above to give a further 1.46 g (3.8 mmol) of
product. The product was characterised by comparison of its I.R. spectrum

with that of a genuine sample. Total yield = 79%.
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2, 2e PREPARATION OF BIS(BENZONITRILE)DICHLORO

PLATINUM.*

1.50 g (5.64 mmol) of PtCl, and 100 ml of benzonitrile were placed
in a conical flask and then heated in a water bath until the bath boiled.
After 30 mins the greater part of the PtCL, had dissolved. The solution
was filtered hot into 300 ml of distilled 40 - 60 ° petroleum ether. This
precipitated a yellow powder which after filtering, washing with petroleum
ether and drying under vacuum gave 2.18 g (4.62 mmol, 82% yield) of
[Pt(NCPh),CL]. The LR. spectrum of the product was identical to that of

an authentic sample.

2, 2f PREPARATION OF WILKINSON’S CATALYST.®

A solution of 0.25 g (0.95 mmol) of RhCl;.3H,0 in 25 ml of hot
ethanol was added to a solution of 1.51 g (5.76 mmol) of PPh, in 75 ml of

hot ethanol. This mixture was refluxed for 30 mins.

Purple crystals were filtered off hot and washed with ether to give
0.61 g (0.69 mmol) of [RhCI(PPh,),]. The I.R. spectrum of the product was

identical to that of an authentic sample.
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Four such preparations of [RhCl(PPh;),] were performed giving

yields from 60 to 88%.

2, 2¢g PREPARATION OF trans-

CHLOROCARBONYLBIS(TRIPHENYLPHOSPHINE)RHODIUM (I).°

2.00 g (7.59 mmol) of RhCL,.3H,0 as a suspension in 70 ml of
absolute alcohol were slowly added to a boiling solution of 7.21 g (27.5
mmol) of PPh, in 300 ml of absolute alcohol. Once the solution was a clear
red colour 20 ml of 37% formaldehyde solution were slowly added until the
colour changed to clear yellow. On cooling yellow crystals precipitated out
of solution and were collected on a filter and washed with ethanol and
ether to give 4.37 g (6.32 mmol) of trans-[Rh(CO)CI(PPh,),]. On cooling to
5 °C, overnight, a second crop of orange crystals formed which on filtering
and washing gave a further 0.16 g (0.23 mmol) of product. Total yield =

86%.

Before use, trans-[Rh(CO)CI(PPh,),] was recrystallised from the
minimum of hot toluene to give large yellow crystals in approximately 75%

recovery. .

A second identical preparation was carried out and gave a total
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yield of 87%. Trans-[Rh(CO)CI(PPh,),] was characterised by comparison
of its L.R. spectrum with that of a genuine sample and by 'H and *'P n.m.r.

spectroscopy.

2, 2h PREPARATION OF THALLIUM PERCHLORATE.”

3.70 g (26.5 mmol) of 72% w/w perchloric acid solution were addea
dropwise, and with stirring, to a solution of 6.05 g (12.9 mmol) of TL,CO,
in 110 ml of distilled water. After initial effervescence, the solution was
stirred for 24 hrs. On being left to evaporate in a fume hood a white
crystalline precipitate was formed. This was filtered off, washed with
water and dried under vacuum. To ensure an anhydrous product the
temperature was carefully raised to 90 °C and held there for 24 hrs. Once
cool the anhydrous product weighed 7.60 g (15.0 ﬁmol, 97% yield). LR.
spectroscopy (nujol mull made in dry-box) showed no H,0 and matched

that given in the literature.
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2, 2i PREPARATION OF LITHIUM BIS(TRIMETHYLSILYL)

AMIDE.®

2.06 g (12.76 mmol) of HN(SiMe,), were placed in a Schlenk flask
and 2 ml of distilled 30 - 40 ° petroleun ether added. The flask was placed
in an ice-bath and after 5 mins 7.2 ml of 1.6 M (11.52 mmol) n-
butyllithium were added by syringe, through a suba-seal. The cloudy
mixture was stirred for 55 mins and then allowed to warm to room
temperature. Still with stirring the solvent was removed, under vacuum,
and the precipitated white solid dried by heating in an oil bath, under

vacuum, to 50 °C.
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2,3a REACTIONS BETWEEN trans-[Rh(CO)CI1(PPh,),] AND AgCl0,

=

OR TICIO,.

1) 1.00 g (1.45 mmol) of the title complex was added to 80 ml of
distilled toluene in a 3-necked flask, under nitrogen, to give a yellow
suspension. 0.29 g (1.42 mmol) of AgClO, were added, the flask was
shielded from light with aluminium foil, and the mixture was stirred for
18 hrs. The reaction mixture was filtered, in air, into 250 ml of vigorously
stirred distilled 30 - 40 ° petroleum ether. This gave white silver salts on
the filter and a light yellow precipitate in solution. This precipitate was
filtered off, washed with toluene and pentane and dried under vacuum to
yield 1.01 g (1.31 mmol, 90% yield) of Zrans-{Rh(COXOH,)(PPh,),]J[CIO,].

A second identical preparation gave a 91% yield.

An attempted anhydrous preparation, in benzene, using rigorously
dried materials and the maintenance of a dry nitrogen atmosphere at all
stages again gave the aqua complex as the product. It is believed that the
water molecule was derived from the very hygroscopic AgCl0O, despite, in
this case, drying a solution of AgClO, in benzene by Dean-Stark azeotropic

distillation.

ii) Two anhydrous preparations using TIC1O, in place of AgClO,, one

in toluene and one in CH,Cl,, gave no reaction over a period of three days.
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2,3b REACTION BETWEEN ¢rans-[Rh(CO)C1(PPh,),] AND AgClO,,

FOLLOWED BY TREATMENT WITH ACETONE.

A solution of 0.17 g (0.82 mmol) of AgClO, in 10 ml of distilled
toluene was added slowly and with stirring to a slurry of 0.556 g (0.80
mmol) of trans-[Rh(CO)CI(PPh,),] and 35 ml of distilled toluene in a double
Schlenk flask. The apparatus was sealed and covered in aluminium foil
before being left to stir for 18 hrs. The resulting solution was filtered
through the internal frit of the apparatus to separate an off-white powder
from the yellow solution. To this solution were added 1.5 ml of degassed
acetone and immediately this gave a yellow precipitate. After seven days
the solution was filtered, under nitrogen, to give, after washing carefully
with portions of 1:1 toluene:petroleum ether and drying, 0.29 g (0.36

mmol) of yellow, crystalline trans-[Rh(COXOCMe,)(PPh,),l[C10,].

The off-white powder collected earlier was extracted with 20 ml of
distilled toluene at 60 °C to give, on filtering, a yellow solution. Addition

of 0.5 ml of degassed acetone to this solution gave a second crop of trans-

[Rh(COXOCMe,)(PPh,),I[C10,] (15 mg). Total yield = 48%.



2, 3¢ CRYSTALLISATION OF trans-[Rh(CO)(OH,)(PPh,),J[C10,]

FROM ACETONE.

Trans-[Rh(COXOCMe,)(PPh,),l[CIO,] may also be prepared by
dissolving, under nitrogen, the aqua complex in hot degassed acetone.
Slow addition of 40 - 60 ° petroleum ether to the red solution precipitates
yellow, crystalline trans-[Rh(COXOCMe,)(PPh,),][C10,].x(OCMe,),x =1 to
2, in roughly 60% yield. It should be noted that if the volume of the
acetone solution is reduced too much, or if excess petroleum ether is
added, or if the solution is cooled too rapidly then a red oil is obtained
rather than the desired crystalline compound. When stored under a
nitrogen atmosphere acetone of crystallisation is lost within 2 weeks. On
exposure to air coordinated acetone is replaced by water over a period of
3 days. Microanalysis (required) for

[Rh(CO)YOCMe,X(PPh,),l[C10,1.2(0CMe,) C 58.29 (58.38)% H 5.16 (5.31)%.

2, 3d CRYSTALLISATION OF trans-
[Rh(CO)(OCMe,)(PPh,),][C10,].x(OCMe,) FROM NON-
COORDINATING SOLVENTS.

0.30 g (0.32 mmol) of trans-[Rh(CO)(OCMez)(PPha)z][ClOJ.2(OCMe2)

were dissolved in 4 ml of distilled CH,Cl, in a double Schlenk flask. The
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yellow solution was stirred and heated to boiling for 5 mins before being
allowed to cool. Once at room temperature distilled 30 - 40 ° petroleum
ether was added dropwise until, after approximately 6 ml, the solution

appeared cloudy. Gentle heating gave a clear solution.

A red oil appeared after standing overnight and the remaining

yellow solution was carefully decanted through the internal frit of the

_apparatus to remove this. An ice bath was placed around the limb

containing the solution and this gave large yellow crystals of trans-
[Rh(CO)(OCMe,)(PPh,),J[C10,].CH,Cl, which were filtered off to give a

yield of 0.12 g (0.13 mmol).

These crystals were redissolved in 5 ml of distilled CHCl, and the
yellow solution heated at 55 °C for 15 mins, with nitrogen flowing freely
through the apparatus. All volatiles were removed in vacuo and the solid
redissolved in 5 ml of hot, distilled CH,CL,. This solution was refluxed for
10 mins and then allowed to cool. Once at room temperature, distilled 30 -
40 ° petroleum ether was added dropwise (= 10 ml) until the solution
appeared cloudy. Gentle heating gave a clear solution and this was left
overnight. A dark orange, microcrystalline product formed. This was
filtered off and dried under vacuum to give 0.06 g (0.08 mmol) of trans-
[Rh(COXCIO)(PPh,),]. Exposure of this product to air gives complete
conversion to trans-[Rh(CO)XOH,)PPh,),I[C10,] within 3 minutes. Total

yield of trans-[Rh(CO)C10,)(PPh,),] = 25%.
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2, 3¢ REACTION BETWEEN trans-[RhCI(CO)(PPh,),] AND

AgSO,CF,.

0.49 g (1.91 mmol) of silver trifluoromethanesulphonate were added,
against a flow 6f nitrogen, to a suspension of 1.19 g (1.72 mmol) of the title
complex and 100 ml of distilled toluene in a three-necked flask. The
apparatus was covered in aluminium foil and the suspension was stirred

for 17 hrs.

At the end of this time the reaction mixture contained a light yellow
precipitate which was filtered off under nitrogen. This was extracted into
25 ml of hot, distilled CH,Cl, and filtered to remove AgCl. The solvent
was removed under vacuum to give 1.10 g (13.4 mmol, 78% yield) of trans-
[Rh(OH,XCOXPPh,),l[SO,CF,] as a light yellow powder. Microanalysis

(required) C 55.31 (55.47)% H 4.00 (3.89)%.

2, 3f CRYSTALLISATION OF trans-[Rh(CO)(OH,)(PPh,),]{SO,CF,]

FROM ACETONE.

0.12 g (0.15 mmol) of trans-[Rh(COYOH,)PPh,),l[SO,CF,] were
dissolved, under nitrogen, in 5 ml of dry acetone. This red solution was

heated to boiling for 30 mins with nitrogen flowing through the apparatus
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to reduce the acetone volume to 2 ml. Distilled 30 - 40 ° petroleum ether
was added to the hot solution, dropwise, until a cloudy precipitate first
appeared. The apparatus was sealed and allowed to cool slowly to give
007 g (0.08 mmol, 50% yield) of yellow crystalline trans-

[Rh(COXOCMe,)(PPh,),][SO,CF,1.(OCMe,).

2, 3g REACTION BETWEEN WILKINSON’S CATALYST AND

TICIO,.

A suspension of 0.16 g (0.53 mmol) of TIC1O, in 20 ml of degassed
acetone was added to a suspension of 0.48 g (0.52 mmol) of [RhCI(PPh,),]
in 120 ml of degassed acetone. The colour immediately lightened from red
to orange. The apparatus was covered in aluminium foil to protect it from
light and the reaction mix was stirred for 19% hrs before being left to
settle. This gave a light pink precipitate and an orange solution. The
solution was filtered twice to remove the precipitate (a mixture of thallium
salts and Wilkinson’s catalyst). Only after reducing the solvent in vacuo
to 40 ml and the addition of 35 ml of 30 - 40 ° petroleum ether followed by
decanting of the solution to remove more precipitated Tl salts, was a
completely clear orange solution obtained. This was layered with a further
35 ml of distilled 30 - 40 ° petroleum ether to give, after 48 hrs, a small

quantity of air sensitive, crystalline [Rh(OCMe,)(PPh,),][C10,].(OCMe,).
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These were filtered off and the mother-liquor reduced to dryness, in vacuo,
to give 0.43 g (0.41 mmol) of [Rh(OCMe,)(PPh,),l[Cl1O,] as an orange
powder. Repeated attempts to crystallise this powder from
acetone/cyclohexane and acetone/toluene mixtures gave only a small
amount of poor quality crystals and a series of black-red oils. The
hexagonal orange plates when stored under nitrogen for a period of
months decomposed to a hygroscopic, green, unidentified compound. Total

yield = 79%.

2, 3h REACTION BETWEEN WILKINSON’S CATALYST AND

AgNO,.

To a 3-necked flask covered with aluminium foil were added 70 ml
of degassed methanol and 0.63 g (0.68 mmol) of [Rh(PPh,),Cl] to give, on
heating, a clear red solution. A solution of 0.12 g (0.71 mmol) of AgNO,
in 30 ml of warm, degassed methanol was added, resulting in an
immediate colour change to green-grey and then progressive darkening, as

the solution was stirred for 20 mins, to brown.

The reaction mixture was filtered, in air, to give a brown solid and
a red solution. The brown solid was extracted with toluene to leave 0.15g

of a black tar and, on work-up, 0.41 g of PPh,0. The red solution was
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reduced to dryness under vacuum to leave a reddish solid. This was
recrystallised from hot CH,CL/60 - 80 ° petroleum ether which on cooling
gave 0.01 g of an orange powder. This has been formulated as the dimer
[(PPh,),(HOMe)RhRh(HOMe)(PPh,),][NO,], (Section 3, 1g) although other

possibilities cannot be ruled out.

The CH,CL/60 - 80 ° petroleum ether solution was reduced under
vacuum to precipitate firstly 0.23 g of PPh,0O and then 0.03 g of a brown

powder formulated as [Rh(PPh,),(NO,)].

2,3i REACTION BETWEEN WILKINSON’S CATALYST AND AgNO,

SUPPORTED ON KIESELGUHR-60.

1.86 g (10.95 mmol) of AgNO, were dissolved in 4 ml of distilled
water and this solution was added dropwise, with hand stirring, to 16.66g
of Kieselguhr in a round-bottomed flask covered in aluminium foil. After
40 mins of mechanical mixing the mixture was dried under vacuum for ¥
hr and then placed in an oven, at 110 °C, for 20 mins, to form a 10%
AgNO,/Kieselguhr mix. 6.01 g of this mixture (containing 3.53 mmol of
AgNO,) were placed in a column (fitted with a side arm and a frit and
covered in aluminium foil) and degassed by passing degassed ethyl acetate

through it. Also under nitrogen 0.53 g (0.58 mmol) of [RhCI(