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ABSTRACT

Gold Ethynyl complexes, [Au(CECR)L], (L = PPh3’ R = H, Me, Et, Ph

or CF,; L = P( C.H Me-}g)a, R = Ph) can be readily produced from

3} 4

phosphinegold chlorides and RC==CH in ethanolic sodium ethoxide. When
'R = H a second reaction will produce the digold species IAuC==CAul

(L = PPhS,P(CéHAfMe—B)B or P(06H4OM9—2)3.) In a similar manner the
cylopentadienyl complex fAu(05H5)PPh3] can be conveniently prepared from

AuClPPh3 and 05H6 in ethanolic sodium ethoxide, In solution there is
rapid exchange of free phosphine with the coordinated phosphine of

AuClL and [Au(C=CPh)L]. The phenylethynyl group of [Au(CECPh)(PPhB)J
will exchange quantitatively with chloride of Hg012 producing AuClPPh3
~and Hg(CECPh)2 . When [Au c=CPh)L] (L = PPhS,P(Céﬁ 4Me—_'g)5) is allowed
to react with gi§[?tC12(CO)(PMePh2)] (2:1 mole ratio) the product is cis-

[Pt(CECPh)z(CO)(PMeth)] and  AuClPPh If the same reaction is

5 L]
performed with a 1:1 mole ratio the phenylethynyl group transfers

quantitatively to produce [PtCl(CECPh)(CO)(PMeth)], isomer II (Cl trans
31

to L). When followed by low temperature P nmr spectroscopy the first

step of the reaction is not stereospecific with an initial mixture of
isomers T &1

[ PtCl(CsCPh)(co)(mephz)]K:.,rhi,:h then reacts further with cis- [PtClz—

(CO)(PMeth)] to give the final product, isomer 1I. Similar transfer

reactions were used to produce cis—[Pt(CECCFB)Z(CO)(PMeth)] from

[Au(CECCFB)PPhB] and [Pt01(05ﬁ5)(co)(meph2)] (isomer I, C1 trans to CO)

from [Au( CeHo) (PPhB)] .

Complexes of the form gig—f?t(CECPh)ng] (L = PPh3’ PMePh2) were
prepared from the reaction of PhC=CH and EiET[FtCIQLQ] with BtONa, from
CO displacement by L in cis- [Pt(CECPh)Q(CO)L] and from phosphine
displacement of 1,5 cyclooctadiene (cod) in [Pt(CECPh)2(c§d)]. This

latter compound was itself prepared from [PtClz(cod)], hC£CPh and EtONa.



However, reaction of gigrfPt012L2] with Hg(CECPh)2 or HC=CPh in the
presence of Cul produced the thermodynamically favoured trans form of the
bis{ethynyl) product.With [Au(CECPh)PPh3] the result was usually the
trans isomer although on one occasion the cis isomer was observed.

The routes that produced cis isomers were not generally applicable as
different ethynyls (02H2,HCECMe) or phosphines (PMeQPh) led either to a
lack of reaction or irans products. The cis complexes are stable to heat
and nucleophiles (PMeth,I—). Traces of HgCl2,HgBrz,HgIQHgCl(CECPh),
HegCl1Ph,Cul, CuClPPh3 or SnCl2 readily convert the cis isomer to the
trans form. The mechanism of the reaction (for Hng) involved the

reversible exchange of ethynyl and chloride groups between metal centres

and the very rapid isomerisation of cis-[Pt(CECPh)XLZ].

[Pt2014(PMe2Ph)2], phenylacetylene and amines (amH = NH2Ph,NH2C6H4—

NOzTB,NH2C6H4OMefg,NHPh2) reacted to produce initially trans- RPtClQ-

(amH)(PMeZPh)]. Prolonged reaction time formed the neutral amino(organc)
carbene platinum complexes ois—[?t012€C(am)CHQPh}(PMezPh)]. Similarly

[Pt2014(PBu 1 and [Pt23r2(PMe2Ph)2] reacted with EC=CPh and NH.Ph to

3)2 2

produce gigr[PtClz{C(NHPh)CH2Ph§(PBu3)1 and cis-(PtBr, {C(NEPh)CH,PhiPe Ph)]
respectively., Formetion of ggggg-[PtClz(NHEtz)(PMeZPh)] and trans-
[PtClz(NHzBut)(MezPh)] was accompanied by disproportionation to cis-
[PtClz(PMeQPh)] and neither complex could be converted to a carbene

compound .,

The aminocarbene complexes were found to be less reactive than the
analogous neutral alkoxy(organo)carbene complexes, No exchange of benzyl

protons with CD,0D or D,0 was observed. The complexes reacted reversibly

3 2

with C17 but no reaction product was isolated. PMe2Ph and AgClO4

reacted with the aminocarbene to produce trans-fPtCl{C(NHPh)CHZPhj(PMe2Ph)2}

Cclo0 The neutral aminocarbene complexes reacted with bases (EtBN,—

4 .

EtONa or Bu NOH) to form a large number of decomposition products,

4



although they did not react with "proton sponge"- 1,8—bis(dimethy1amino)-

napthalene,

The ligands PhN=CriPh, MeN ==CLPh, and PhN=CH(C6H 4Me—g) weTe

prepared from the condensation of the primary amine and the appropriate
.aldehyde. These imines reacted with [PtZCld(PMeQPh)] to form the

Pt-N g -bonded compounds ;cm_ng-[Pt012(im)(PMe2Ph)]. Trans- ((PtClQ(NHCPhZ)-
(PMezPh) wes similarly prepared, from commercially supplied NH:::CPhZ.

On standing in CDCl, solution the imine ligand slowly hydrolysed forming

3
an equilibrium between the platinum amine complex and the imine complex,
Aniline and {riethylamine displaced PhN—=—CEPh from trans—[Pt012 -
(NPh=.-CHPh)(PMe2Ph)]. The imine coemplex did not react with EtONa or

proton =ponge.

The isomerisation reactions of trans—[Pth(ol)L] (X = C1,Br; ol =

C2H4CBH6 or C7H14;

31

L= PBu%FMeZPh) were studied by following the
reactions with 7 P nmr svectroscopy under a variety of conditions, The
trans isomers readily lose olefin and equilibrate with [Pt“XALZ}‘ The

osition ¢f the.ecuilibria is light sensitive a2nd olefin dependert,
Y o} s

The trans isomers steadily isomerise to the cis form. In the presence

of excess olefin tre raie iz reduced for X=Cl and increzses slightly

for X = 3r, In botrn isomers free olefin exchanges rapidly with co-
ordinzted olefin, Various pathways are possible for tne isomerisation
reaction and it was concluded that apart from vhotochemical processes
more than one isomerisation pathway is followed, with az disscciative
pathway dominating for the chloride complexes, but an associative pathway
preferred for the bromide complexes. Analogous studies were performed
on the isomerisation of [Pth(dmso)(PBuB)] (dmso = dimethylsulphoxide)
and similar results Qere obtained which can be related to the similar

properties of dmso and olefims bound to Pt(II).



CHAPTER 1.

INTRODUCTION.

The History of Organometallic Chemistry.

Most chemists would think of organometallics as being a modern
development in chemistry, dating from around the early 1950's. This
is an understandable opinion as it is from that time that the field of
organometallics has really expanded, allied Qith an understanding of
the bonding between organic groups and metals and the introduction of
new spectroscopic methods, most notable perhaps, being nuclear magnetic
resonance (n.m.r.) spectroscopy. However historically organometallic
chemistry began in the early nineteenth century, and up until the 1950's
several unrelated developments had taken place.

The first organometallic compound prepared by Zeise in 1827[1]
was the platinum olefin complex K[PtC13(C2H4)], although it was not
until 125 years later that the m-bonding nature of the olefin was

(2] (3]

understood .Frankland in 1850 prepared the first metal alkyl

species [ZnI(Et)] whilst trying to generate ethyl radicals in the
presence of zinc metal and this complex represents the first organo-

metallic complex to be recognised as such. He subsequently managed to

4]

prepare diethyl zinc which was used by Buckton[ to prepare diethyl-

mercury, tetraethyllead and tetraethyltin from the appropriate metal
halides.

Other main group metalalkyls quickly followed, the most notable

5]

being those of Grignard[ , who prepared magnesium alkyls [MgBr(R)],

the now famous Grignard Reagents, along with the discoveries of

Schlenk[G] [7]

and Ziegler of the alkali metal alkyls, These very
active complexes soon found very many uses as alkylating agents both in

organic and organometallic synthesis.



By using these reagents the first transition metal alkyls were
prepared. Pope and Peachey[g] used [MgIMe] and [PtClA] to prepare
[PtI(Me)3] and some of its derivatives, whilst [MgBrEt] was found to

[9

to produce dimeric gold alkyl,

1.

react with gold(III) halides

[AuEtz(u-Cl) [AuEtz(u-Br)2]2, and [AuEtz(u-Br)zAuBr

2]4’ 2
Probably the most significant discovery in organometallic
chemistry, and the one which opened up the subject to extensive

. . . . . 11
. ilnvestigation was the discovery of ferocene in the early 1950'3[10’ ]

and the subsequent elucidation of its "sandwich" structure[lz].

In the general growth of research of organometallics, platinum
and palladium have received much coverage. This is in part due to
interest in the square planar geometry of the divalent complexes of

these metals, suitable for studying reaction rates and mechanisms, as

well as the high catalytic activity of these metals. Alkylplatinum

.
complexes were reported by Chatt in 1957113] and in the following two

. . . 4
years, extensive series of alkyl and aryl complexes of palladlum[l ]
and platinum[ls] were prepared,

That so much effort has been put into understanding organometallic
chemistry is not surprising given that not only are the compounds
worthy of research for their own sake, but also they have been shown to
take part in many chemically useful reactions, These include commercially
important catalytic processes where they may be used either as
homogeneous catalysts or occur as intermediates in heterogeneous
catalysis. As examples of the latter, there is the use of organo-
titanium/aluminium species found in the Zeigler-Natta polymerisation of

. 16 .
oleflns[ ]. Fischer-Tropsch synthesis of hydro-carbons has

[17]

been shown to take place on tungsten/aluminium catalysts,



As homogeneous catalysts the use of organometallics has been
legion, and many books have been published devoted to this important

area of chemistry, To give three examples, iron and cobalt hydrogen

(18]

carbonyls have been found to catalyse olefin isomerisation, whilst

Wilkinson's catalyst [RhCl(PPh3)3] catalyses hydrogenation reactions at

[19]

olefins and acetylenes and the Wacker process, i.e. the oxidation

of olefins to aldehydes is catalysed by Pd[zo].

The Structure and Reactivity of Organometallic Complexes,

The main factors affecting the structure and reactivity of

organometallic complexes have come in for considerable investigation

[21]

over the years, For instance the trans effect and trans influence

and the 18-electron rule, with the importance of 16- and l4-electron

[22]

are well understood. The main reaction pathways of ligand

[23]

species

substitution

L[25]

. . . . .. . 24
, oxidative addition/reductive elimination, B-[ ] and

61

have all been described

[27-29]

eliminations and insertion reactions
in detail before, There are several textbooks that would serve
as good introductions to these areas, especially in relation to organo-
platinum chemistry, It is not proposed to go into these areas in any
more detail here, but rather deal with any of these points as they
arise in the text, It is hoped however that the brief introduction

has shown why the investigation of organometallic complexes is such an

important area of contemporary study.



CHAPTER 2,

SYNTHESES AND LIGAND EXCHANGE REACTIONS OF GOLD(I)ETHYNYLS.

2-1 Introduction,

From pre-historic times right up to the present day, gold, of all
the elements, has held the most fascination for man, being widely used
in many cultures as a sign of wealth and social status, If the
‘mysterious workings of the alchemists are ignored however, it is only
very recently that the chemistry of gold has been investigated, and the
majority of that research has been done within the last two decades.

The metal itself is found in the earth's crust at an average
concentration of 4 parts per billion. It occurs naturally as the
metal either in nuggets or grains after weathering of local rocks, or
else in veins in quartz rock. It is extracted by milling the ore to
fine particles and then treated with alkaline cyanide and air to
dissolve the gold as [Au(CN)Z]-. After filtratiom, treatment with

zinc re-precipitates the metal (eqn 2-1)
2[Aa(e))” + 20 > [2a(o), 1% + 240 (2-1)

The gold can be further purified by treatment of the molten
crude gold with chlorine gas which removes other metals as their
chlorides, leaving gold with a purity of 99.5%. Further refinement
can be achieved by electrolysis, Currently the main producers of gold
are South Africa and the U.S.S.R., with other African and South American
countries producing significant amounts.

Gold is the most noble of all the metals, being the only one

which does not react with oxygen or sulphur at any temperature, although



it will combine with tellurium and all the halogens. It will not
dissolve in hydrochloric or nitric acids but dissolves readily in
aqua regia to produce tetrachloroauric acid, H[AuClA]'and is
commercially available in this form,

There are limited commercial applications of gold and its
compounds, apart from the obvious uses for jewellery and monetary
standards which do not utilise the chemical properties of the element.

[30]

Its catalytic properties are very poor due to a completely filled

d-band in the metal, so small molecules are chemisorbed only very

weakly or not at all. The metal can be used however to modify the

[31] [32]

catalytic behaviour of other metals such as platinum or

rhenium[33}. One of the most rapidly expanding uses of gold is in the

electronics industry where, after electroplating onto other materials,

it is used in switching devices and for components in micro-electronic

circuitry.
. . [34] .
There are some biological uses for gold compounds especially
in the treatment of arthritis where drugs like Myocrysin[35](Disodium

gold thiomalate) and Solganol (gold thioglucose) appear to be as
effective as any others in the treatment of this disease. There has
also been interest in anti-tumor properties, and some work has been

[36]

done on gold bases-DNA model systems , where gold binds to nitrogen

in uracil type bases.

2-2 The Chemistry of Gold

Mononuclear gold complexes are most commonly in the I & III

oxidation levels. Gold(II) can be formed if certain bulky unsaturated

[37]

sulphur ligands are used , €.g. gold(II) bis-(maleonitriledithiolate)

(fig. 2.1)



NC. . /s ICN
Au :
.
s/ °S CN

NC* ™

Fig. 2.1

Gold(I1) is d9 and hence paramagnetic, the complexes are
stabilised by delocalis#tion of the unpaired electron over the

unsaturated ligands. Diamagnetic gold(II) complexes are formed in

dinuclear complexes containing gold-gold bonds e.g. (fig.2.2)[37]

Et Et
.

HZ? ?HZ

Cl=Au—Au-=Cl

|

H,C CH
2\/2

Fig. 2.2

Gold(V) is also well characterised but very rare. [AuFB]- was
prepared by Bartlett in 1972 and is a good example of fluorine ligands
stabilising high oxidation levels. It is a diamagnetic low spin d6
complex and, not unsurprisingly, a very powerful oxidising agent, This
oxidation level has never been isolated in copper or silver complexes.

Other oxidation levels are known for gold. CsAu, a nonmetallic

solid containing gold in the -1 oxidation level (the auride ion), was

[38]

discovered by Sommer in 1943

[39]

The ion has also been prepared in
liquid ammonia and is the only known example of a transition metal

anion in solution,

Fractional oxidation levels of gold also exist in gold cluster



compounds 5,6,8,9,11 and 13 gold atom cores have been discovered in

homometallic cluster compounds as well as a giant 55 atom core in

[40]. These "unusual' oxidation levels of gold have

[41]

[Au CL(PPhy),]
been the subject of a review article by Schmidbaur and Dash
. . . 14,10
Gold(I) has the electronic configuration [Xe].4f 5d . The most
common stereochemistry of gold{(I) complexes is a linear arrangement of
two ligands around the gold atom giving l4-electron species. This
geometry persists in cationic, neutral and anionic complexes (such as

). Various theories have been

[Au(PPh,), 1", [AuCL(PPh,)] and [AuCl

Y2 2]
proposed to account for this tendency towards co-ordination of two
ligands, a geometry found only rarely in Cu(I) and Ag(I) {although it is
very common in Hg(II)-isvelectronic to Au(I)}. Arguments based on
electrostatic repulsion and polarising power of the metal cations
wrongly predict a close similarity of Ag and Au whereas ligand field
theory, which considers the hydridisation of the (n-l)dZZ orbital with
the ns and np, orbital to produce two linear hybrid orbitals (w3 and wA)
strongly directed along the z-axis (fig 2-3). The electron pair 1in
(n-l)dZZ will occupy wl and reduce the repulsion between the electron

pair and the ligands. The initial d-s hybridisation will be less

favourable as the d-s separation increases. The energy difference

:Q__.Qg@%

(122 | S

| N +
Yo P, Fig2-3 LL 4

between dgs and



d10 increases in the order Au+<Cu+<Ag+ which gives the correct series
but would predict that copper resembles gold more closely than it does
silver, which is not upheld experimentally,

Molecular orbital calculations also predict that linear
complexes are favoured for gold and not for copper or silver, since
the p orbitals of gold are at relatively high energy and less likely to
take part in bonding[az]. So while no one theory produces a result
consistent with experimental observation, the trend from all the
theories is that the stability of linear complexes decreases in the
order Au(I)>>Ag(1)rCu(I).

A great number of complexes of the type [AuXL] and [AuRL]
(X=halide or pseudo-halide, R=alkyl or aryl, L=donor ligand) are known.

The alkyl complexes are prone to decomposition on mild heating in solution

(eqn.2-2). The decomposition can also occur

2| AuMe(PPh,)] > 2Au + 2PPh, + C H/ (2-2)

[43]

photochemically and for [AuMe(PPhB)] has been shown to produce

methyl radicals (eqn.2-3)

hv
[AuMe(PPhB)] —_— [AuMe(PPhB)]T——e>[AuCl(PPh3)]+[(Me+CDC12)]T

CDCvl 3 l

variety of products

(2-3)

(T=triplet excited state), Ligand exchange reactions are also well
known in the complexes [AuRL] where L can be exchanged without cleavage

of the Au-C bond (eqn,2-4)

[Au(CECPh)(AsEt3)]+4-MeC H,NC - [Au(C=CPh)(4-MeC

A H4NC)]+ASEt

6 3

(2-4)



By this and similar reactions the following series of ligands
in order of affinity for gold was obtained: phosphine>isonitrile>arsine>

44 ]

stibine>amine and within the phosphines the stability of [AuMel] was

found to be Ph,P>Et

3 3P>Me3P>(MeO)3P.

Gold(I) compounds are also known to undergo oxidative addition

reactions to produce gold(III) complexes (eqn.2-5).
[AuMe(PPh;)] + MeI > cis-[AuMe,T(PPh,)] (2-5)

With bi-dentate ligands and reduced amounts of oxidising agents the

gold(II) intermediates can be isolated[as](eqn.2-6)

c1
i
CH,y-Au=CH, c1, CHg=Au-CHy
Me P PMe, ——) Me,P ] PMe
2 Piar 22 Piar:
CHy~Au-CH, CHy-du-CH, (2-6)
C1

l?lz

[{Auc12}2{u-[Me2P(CH2)2]}2]

The gold(III) complexes will often undergo reductive elimination

back to Au(I) species (eqn.2-7). This reduction was shown specifically

to be cis elimination[46] as
cis-[AuMe,I(PPh,)] —3 [AuI(PPhy)] + C,H, (2-7)

EEEEE'[AuMezEt(PPh3)] will produce only propane and [AuMe(PPhB)] and no
ethane is detected (except under conditions where the [AuMe(PPh3)] is
allowed to decompose (eqn 2-2)).

Gold(III) has electronic configuration [Xe].4f14.5d8 and so is
iso-electronic with Pt(II) and like the latter mainly forms 16 electron
square planar complexes, although a few five and six co-ordinate

structures are known such as [AuI(diars)2]2+ and [AuIz(diars)2]+



10

(diars = 1,2-bis(dimethylarsino)benzene). Like Pt(II) the square
planar Au(III) species can exist as different geometrical isomers.

Interestingly, whereas 'T' shaped intermediates have been proposed in

] [47:48]’1;'01- certain trialkyl gold(IIT)

[46]

decompositions, such intermediates have been proven to exist . So,

the isomerisation of [PtRX(PRé)2

for example in the isomerisation of cis-[Au(Et)(Me)z(PPhB)] the highly

reactive l4e species [Au(Et)(Me)z] is formed which then can undergo

isomerisation[47](eqn 2-8)
Me Me Me Me
) L ! 1 L |
~Ay- —>. - - -Au- -
Me ?u PPh3 Me ?u —> Et ?u — Et ?u PPh3 (2-8)
Et Et Me Me

2-3 The Chemistry of Gold(I) Ethynyls

Ethynylgold(I) complexes have been known since the beginning of
the century, when in 1900 the explosive gold carbide,Auzcz'was first
reported[so]. More stable ethynylgold complexes are produced when
monosubstituted ethynes are used to produce complexes of the form
[Au(CECR)]n[aa], which is polymeric when R=Ph, but when R=Bu" a tetramer
is formed (fig.2.4).

More complicated complexes containing only gold with ethynyl
ligands can be produced when AuZC2 is allowed to react with KCZH to

produce K[HCZC-Au-C=CH] and if the reaction is performed in the presence

[51]

of acetylene, the bridged anion, [HC=C-Au-C=C-Au-C=<CH] is formed.

Substituted gold diethynyl anions

But
1
. c
Bu—C=C—Au []
1
pool
c Au . Fig.2.4
flFAu—C===C—Bu
Jv
| ¢
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e.g. [Au(CECPh)z-] [52] will also react further with gold ethynyls
.. . 3
to produce larger anions still containing only ethynyl lx.gemds[5 ]
(eqn.2-9) - - _
?h
C
i
T
[Au(czcPh), ] +{{Au(C=CPh) ] —> | Au-Au-CzCPh
" ! (2-9)
C
]
c
h
L .

and an unusual example of a stable 'T'-shaped Au(I) complex.
Infrared spectroscopy indicates that the gold-ethynyl w-bond is
quite weak and it is found that it can be easily cleaved by other donor

][44] (L=

ligands to produce the complexes [Au(C=CR)L PR,,AsR,,NR,SCN).

3773
Compared with the alkyl derivatives the ethynyl complexes are very stable,
not decomposing thermally or photochemically in solid or solution, and
exhibiting much lower chemical reactivity,

As mentioned previously, Au(I) is isoelectronic with Hg(II),
and it was thought that it would be interesting to compare the reactions
of gold ethynyls with the previously studied mercury ethynyl system[SA}

in terms of their reactivity towards Pt(II) complexes.

2-4 Results and Discussion

1. Synthesis of [Au(C=CR)L] and [LAuC=CAuL],

Initial attempts to produce [Au(CECPh)(PPh3)] followed the
[44]

method described by Coates and Parkin which involved $0, reduction
of HAuCl, in water/acetone to produce "AuCl" followed immediately by
HC=CPh to form a pale yellow precipitate of [Au(CECPh)]n. Treatment

of this solid with Ph,P is reported to yield [Au(c=zCPh) (PPh4) ],
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However, when attempted it proved extremely difficult to control the
80, reduction and little or no [Au(CECPh)]n was detected, When the
brown solid that was produced was treated with Ph3P, again no gold
ethynyl complex was detected,

It was thought that a more convenient and efficient synthesis of
gold ethynyls might be found from the phosphine chloro complexes
[AuCl(PR3)]. These complexes are well known and easily prepared by
reacting HAuCl4 with the phosphine in ethanol[SS]. This method was
used to prepare samples of [AuCl(PPhB)], [AuCl(P{C6H4.CH3-2}3)] and the
new complex [AuCl(P{C6HAOCH312}3)], all air stable white crystalline
solids,

In chloroform solution there was no direct reaction between
[AuCl(PPh3)] and HC=CPh, and 31P n.m.r. spectroscopy of the product
showed only one singlet at §33,2, identical to the starting chloride
complex,

It is known that lithium ethynyls will react with phosphine gold

[51]

halides to produce the desired species (eqn.2-10) and so the use of

bases to promote the
[AuBr(PEtB)] + Li(C=CPh) ~ [Au(CECPh)(PEt3)] + LiBr (2-10)

reactivity of the very weakly acidic ethyne proton might produce the
desired reaction.

When the gold halide complex and phenylacetylene were reacted
together in CHCl3 in the presence of Et,N, an unfavourable reaction
between base and solvent prevented the formation of any gold ethynyl.
Changing the solvent to benzene stopped the unwanted side reaction,
but again no gold ethynyl was produced,

When the synthesis was repeated using diethyiamine both as

solvent and base the reaction went smoothly at room temperature to
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produce [Au(CECPh)(PPh3)] (eqn.2-11), The product was characterised

Et.NH
20
AuCl(PPhB) + HC=CPh ———> [Au(CECPh)(PPh3)]+[Et2NH2]Cl

(2-11)

by the comparison of its infrared spectra and melting points with that
of a genuine sample,. The reason for the change of reactivity between

Et,NH and Et,N is unlikely to be due to differing basicities as these

2 3
are very similar (pK,=3.07 (Et,NH) and 3.36(Et;N)) and probably
reflects the fact that EtZNH is being used in large excess and is a
much more polar solvent than those used with Et3N. It should be

noted that platinum ethynyls can be prepared by a similar method

(eqn.2-12), although a trace of Cul is required to catalyse the

EtzNH/CuI
cis-[Pt012(PEt3)2]+chcph ~———> trans-[Pt(C=CPh),(PEt,),]

(2-12)

. 56 . . . . . .
reactlon[ ]. [Ccu(c=CPh)] is proposed as an intermediate in this reaction

and (eqn.2-11) shows that ethynyls of group IB metals can be formed from
the alkyne and metal halide. This reaction will be discussed more
fully in Chapter 3.

The best method found, however, for preparing gold ethynyls
involved the use of the strong base Na(OEt) to remove the acidic proton
on the alkyne. So when a suspension of [AuCl(PPh3)] in ethanol was
treated with freshly prepared sodium ethoxide followed quickly by
phenylacetylene, a smooth conversion to [Au(CECPh)(PPhB)] took place

(eqn.2-13), The product is very insoluble in EtOH and could be obtained

[AuCl(PPhB)]+HCECPh+NaOEt > [Au(CECPh)(PPha)]+NaCI+EtOH (2-13)

nearly pure by filtration, Re-dissolution in CHCI3 and filtration

removed the NaCl in the product which could then be re-crystallised by
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addition of pentane affording colourless crystals. The melting point

[44]

and ir parameters (Table?l) are consistent with literature values ,
and 31? n.m.r. spectroscopy showed only one product (842,3) which
showed no signs of decomposition in solution even after prolonged
heating.

When 10% of water was delibrately introduced into the ethanol
before reaction, the production of [Au(CECPh)(PPh3)] still proceeded
readily indicating that hydroxide is a strong enough base to promote
reaction and small amounts of water in the ethanol will not interfere
with the formation of the product. If [AuCl(PPh3)] and Na(OEt) were
mixed in ethanol without the addition of any phenylacetylene no reaction
took place and the phosphinegold chloride could be recovered unchanged.
Furthermore, addition of excess PhC=CH to a solution of [AuCl(PPh3)]

did not produce any change in the 31? n.m.r. parameters of the latter,
indicating that there is little or no interaction between the two species.
This implies that the reaction mechanism does not involve an initial

reaction between the gold centre and either the ethoxide or the

phenylacetylene and a reaction scheme shown in (eqn.2-14) is thought to

HCZCPh + EtONa ewe——3 [PhCZC]™ + Na'@ + EtOH

[AuC1L] (2-14)
[Au(czcPn)L] + c1”
be the true mechanism for the reaction.
This method proved to be very versatile, [AuCl(P{C6H4MejE}3)]

reacts analogously to give [Au(CECPh)(P{C6H4Me-£}3)], and by passing
gaseous alkynes through suspensions of [ AuClL] in ethanolic s odium ethoxide
the new compounds [Au(C=CMe)L], [Au(C=CEt)L] and [Au(C=CCF4)L] (L=PPh,)
were easily synthesised, The physical and spectroscopic data for these

compounds are shown in Table 1,



Physical and Spectroscopic Data for [Au(C=CR)L]

- a
L R w.pt(°0) [9(ez0)(em ) | 8, (pupom) |6 (p.p.m)
PPh H 1,975 ° 41.9 1.75
Me 148-150 | 2,120 41.8 1,98
Et 154-155 | 2,115 41.1 1.27(t);
2.40(q),
CF, 155 2,128 41,2
PH 163-165 | 2,118 42,3
P(C6H4Me)3 Ph 146-148 2,120 40.2
(@) 1y data for R groups )y (ze-m)3,278em !t (Driel 1629

Table 2-1
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If ethyne itself was allowed to react with [AuCl(PPh3)] in
alcoholic Na(OEt), a white insoluble product could be separated. Its
ir spectrum showed the acetylene stretch at lower frequency than for
the other gold ethynyls arid a very strong band at 3278cm-1. Both
these observations are consistent with only one of the ethyne's protons
being replaced (similar observations have been seen in compounds

[57]).

containing Pt-C=CH groups A singlet in the proton n.m.r. spectrum
at 81,75 is further evidence that the product is [Au(CECH)(PPh3)]
élthough it proved impossible to purify this compound.

This compound can be thought of as a monosubstituted alkyne and
it could be made to react further with more [AuCl(PPhB)] and base

to produce the highly insoluble complex [(Pth)AuCECAu(PPh3)] (eqn.2-15).

Due to its extremely low solubility, this also could not be purified and

EtONa [AuC1(PPh3)]/Na(OEt)
[Auc1(PPh ) ]+CH, T [Au(C=CH)(PPh,)] 7
(2-15)
[(Ph4P)AuC=CAu(PPh,) ]
heating in solvents above 60°C led to decomposition, Its identity was

inferred from a C=C stretch at 204L0c:m—1 which was Raman active and
infrared inactive, which would be expected from a symmetrically
substituted alkyne,

Changing the phosphine to either tris-(p-methoxy)phosphine or
tris-(p-tolyl)phosphine produced the analagous digold species
[LAuC=CAuL] (L=tertiary phosphine), although in both these cases the
reaction from [AuClL] and ethyne went straight through to the digold
products and no [Au(CZCH)L] was detected (eqn.2-16). This indicates

2[AuCIL] + C,H, _2 NaOEt | 11 AuCzCAuL] + 2NaCl (2-16)

a greater reactivity for [Au(C=CH)L] over C,H,, and is likely to be due
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to the electron withdrawing nature of the metal centre increasing the

acidity of the terminal proton. These compounds were much more

soluble in alcohol and chlorinated solvents and amenable to purification

by crystallisation, and represent the first reported examples of

neutral digold(I) species containing a bridging ethynyl.
Re-crystallisation of the complexes from chloroform or dichloro-

methane led to the well defined solvates [({p-MeC6H4}BP)AuCECAu(PfCGHhMe-

2}4)]e3cHCL [({p~MeC6H4}3P)AuCECAu(P{C6H4Meﬁp}3)]'ZCH2012 and

3’
[({p-MeOC6H4}3P)AuCECAu(PfCGHAOMetp}3)]'2CH3C13 (see Table 2 for analysis)
when re-crystallised from alcohol, the crystals did not contain solvent

molecules (Table?2) and physical data for unsolvated dimers could be

measured (Table?3,).

Tablel3 Physical Properties of [LAuC=CAuL]

L M.Pt(°C) v(c=¢)3(em™ 1) ép (p.p.m.)
PPh3 2040 b
d
P(C6H4Mezp)3 110-115 2025 40,7
P(C6H40Metp)3 125 c 38.3

a Raman spectra
b  Too insoluble in organic solvents
c Strong fluorescence observed

d For tris(chloroform)adduct

The infrared spectra of the adducts also indicated the presence of solvent
molecules within the structure. With CHCl3 solvates the ir bands were

generally broader, and all the spectra contained a strong band at N750cm-1,



=CAuL](solvent)n}

Microanalytical data for digold complexes{[LAuC

Table?2,

*stsayjuaaed ul UMOYS oNTEBA PIIBINITRD

'

(5SS 9Ly (29°61)€ " %1 (92°€)9S°c  |(8S°0%)6Z°0% ¢ 1om
(2S°S)LE"S (LL*€)08°E  |(LO*L%)90°LY HO®H ¢ (d-am0"n%0)a
(68°T1)6L°TT (88°¢€)eL°¢ (LT°9%)TI% 9y MHUNmU
(LY"49)98" % (20°€2)8°72 (82°€)00°€ | (9L°0%)L8° 0% € oo
(€1°%)ST*Y | (Lv°15)SL°06 HO3 td-an"%0)4a
ax 10% HY, e 0% juaATOg 1
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agsigned to V(C-Cl). This band was absent in those samples
re-crystallised from alcohol. The proton n.m.r. of a sample of the
chloroform adduct of [LAuCZCAulL] (L=P(C6H4Me12)3)contained a singlet
at §7.25 due to CHCl,.
On heating at 50°C for 12 hrs. in vacuo it was possible to remove
the solvent molecules from the dichloromethane adduct, and from the
chloroform adduct of the tris(methoxyphenyl)phosphine complex, but with
the trichloroform adduct only partial removal of CHCl3 could be achieved
(to form the bis(chloroform)adduct- Found (calc) C,45.2(46.25); H,3.20
(3.71)%). It seems likely that this molecule is acting as a clathrate

host, and only the smaller dichloromethane molecules can escape from the

structure,

2, Preparation of [Au(CSHS)L]

As a further test of the generality of the new synthetic method of
gold-carbon bond formation, the reaction of another weakly acidic
hydrocarbon, cyclopentadiene was investigated. When allowed to react

in a manner exactly analagous to the alkynes, CSH6 produced a precipitate

of the known[ss] complex triphenylphosphinegold cyclopentadienide (eqn.2-17).
Na(OEt)
[AuC1(PPh )] + CH, ————5 [Au(CH,)(PPh )] (2-17)

This represents a better synthetic route than the reported one,[58]

which involved reacting [AuCl(PPhB)] with [Na(CSHS)] in CHCl,, as it was
found that the product decomposes rapidly (15 mins) in CHC1, solution,
probably by a reaction analagous to(eqn.2-2) as gold mirrors formed on the
walls of the reaction vessel. By producing the compound as an insoluble
precipitate this problem was solved (although care must be taken as the

solid would still decompose slowly in the light).
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It was also found that this alkoxide promoted reaction can be

further used to prepare ethynyls of Pt(II) (see Chapter 3) and shortly

[59], Bruce and co-workers

6
published related preparations of ethynyls of gold[ 0] and other metals

such as Ir, Rh, Cu and Ag[61].

after the initial report on this work

3. Ligand Exchange Reactions of Gold Complexes.

(a) Effects of PR, on [AuCl(PR3)]

3

When a 0.1 molar equivalent of Ph3P was added to a CDCl, solution
of [AuCl(PPhB)],the initially sharp signal on the 3, n.m.r. spectrum
broadened due to a fast exchange of free and co-ordinated phosphine
ligands., On cooling to -60°C this exchange was slowed down sufficiently
to give sharp bands in the phosphorous spectrum corresponding to
[AuCl(PPh3)] and minor signals at 641.2 and 31.7 neither of which
correspond with free Ph3P or its oxide, Ph3P=O. One of these is
likely to be due to the presence of some [AuCl(PPh3)2]. Although this
complex was never isolated in these experiments there are several reports
in the literature concerning complexes of the form [AuXLn] (n=1,2,3) [62],

., [62a,b,c,e,63]

+
or [AuLm] (m=1,2,3,4) and the systems are very complicated

due to the competing equilibria:-

[AuL,Cl] == [AuLz]Cl (2-18)

(AuL,C1] == [AuClL]+L (2-19)

. 62 ) .
It is thought[ C]that (2-19) dominates in less polar solvents, and
is displaced in the direction of (2-18) in polar solvents, being

[62d]

quantitative in acetonitrile. Muetterties and Algeranti reported

a further disproportionation reaction (eqn.2-20, L=[P(C6H4Mejp)3]).

2L2AuC1 — [AuC1L3] + AuClL (2-20)
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The presence of a multiplicity of signals in the phosphorous n.m.r,

has been observed[62f]

in the reactions of [AuBrz]- with non-chelating
bidentate phosphine ligands,

Returning to the reaction in question there are a variety of
possibilities for the second minor product and it seems likely to be
either [AuCl(PPh,),] or [Au(PPh,),]".

[AuCl(P{B-toly1}3)] also underwent rapid phosphine exchange when
treated with a trace amount of PPh3. Low temperature 31P n,m.r.
épectroscopy again showed the presence of several species mainly the
starting gold chloride as well as signals at 832.7(due to [AuCl(PPhB)]),
and two unknown species at 642.3 and 31,7 again probably due to bis-
(phosphine)gold species being formed.

When one equivalent of PPh3 was added to either phosphinegold
chloride the 31P n.m.r, spectra at low temperature (-60°C) showed
several broad peaks in both cases. The low temperature exchange limit
could not be reached in CDCl3 and at -60°C several of the possible
products must still be undergoing fast exchange.

It is known that elemental sulphur reacts very readily with

tertiary phosphines to produce the phosphine sulphides, R,P=S, hence

3
free phosphine can be easily and rapidly removed from solution by
adding Sg to the reaction vessel,

When sulphur was added to a solution of [AuCl(P{CéHAMe:g}g)] in
CDCl3 containing one equivalent of PPh,, the room temperature 31P n.m.r.
spectrum changed from one broad peak to several sharp signals showing the
presence of [AuCl(PPh3)] and [AuCl(P{CGHAMe-p}B)] with other signals at
643.3 (due to Ph3PS[64]) and 842.4 (by analogy assigned to (p-tol),PS)

plus two other minor signals at §31.2 and 629.5 which have not been

assigned., The last two species are unlikely to be [AuCl(SPRB)] as
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independant experiments showed that there was no reaction between
[AuCl(PPh3)] and Sg or PhyPS.  The fact that both phosphinegold
chlorides are observed clearly indicates that phosphine exchange at

gold must be occurring (eqn 2-21).

[AuCl(P{p-tol}3)] + PPhB—‘_...-—‘ [AuCl(PPh3)]+ P{p-t01}3 (2-21)

Further, since the room temperature spectrum of this solution
contains only sharp peaks, exchange between the two gold chlozide

complexes must be very slow.

(b) Phosphine exchange with [Au(Cc=CPh)L]

When a 0.1 molar equivalent of Ph ;P was added to solutions
containing either [Au(CECPh)(PPh3)] or [Au(CEFPh)(P{p—tu1}3)], the room
temperature 31? n.m.r. spectra both contained one broad signal
(at 639.4 and 37.0 respectively) indicative again of rapid phosphine
exchange, Unlike the phosphinegold chlorides under similar conditions,
cooling to =-60°C did mnot produce significant amounts of line narrowing,
indicating that for phosphine trans to ethynyls, phosphine exchange is
still rapid at low temperature. This can be rationalised as ethynyls
are known to have higher trans effect than chloride, and the weakening
of the Au-P bond would result in more facile ligand exchange.

88 was again used to stop the exchange reaction, and addition of

Sg to the sample of [Au(CECPh)(P{p-tol}3)] + 0.1 Ph_P produced a room

3
temperature spectrum containing sharp signals assignable to the starting
gold ethynyl and [Au(CECPh)(PPhB)] (ratio 12:1) as well as a minor signal
at 842.6 (due to (E-t01)3PS). Repeating the reaction with double the

amount of PPh3, approximately doubled the amount of triphenylphosphine-

gold phenylethynyl (ratio 5.4:1) as expected.
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(c) Ligand exchange between gold complexes

When [AuCl(PPhB)] and [Au(CECPh)(PPh3)] were mixed together
(1:1 mole ratio) in CDCl3, the room temperature 31P n.m.r. spectrum
showed only a very slight broadening of the signals due to a slow
ligand exchange reaction between the two components. This exchange stopped
on cooling and at -6000, the n.m.r. signals were sharp. On addition of
0.2 molar equivalents of Ph3P the room temperature signals collapsed into
one broad band, approximately midway between the two species (636.7), due
to phosphine exchange between the two complexes and the free phosphine.
Heating the sample to 50°C caused line narrowing due to an increased
rate of ligand exchange. Cooling to -60°C caused the signals to separate
into signals for the two components, although the slow exchange limit
could not be reached and no signal for free Ph3P was observed,
31P n.m.r, spectroscopy also showed that equilibration between
[AuCl(P{B-t01}3)] and [Au(CECPh)(PPhB)] occurred (eqn,2-22), with all
four components being present in nearly equal amounts and the room
temperature spéctrum exhibited only slight line broadening again

indicating that ligand exchange is slow.
[AuC1(P{p-to1},)]+[Au(C=CPh) (PPh,) ]2 [Au(C=CPh) (P{p-toll}y)] +
[AuCl(PPh3)] (2-22)

Clearly this reaction could take place either by exchange of phosphines
or else by exchange of ethynyl for chloride. The latter seems likely
as:-
(1) A mixture of [AuCl(PPh3)] and [AuCl(P{p-tol}B)] did not exhibit

any exchange whilst a mixture of [AuCl(PPh3)] and [Au(CECPh)(PPh3)]

did (see ahove),
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(ii) ethynyl for chloride exchange is known to occur between gold and
both mercury and platinum (S€€ below).
A third possibility, that of slight decomposition followed by
exchange of free and co-ordinated phosphine is highly unlikely as no
decomposition of the components in CDC13 has ever been detected, even

on standing for times much longer than that required for equilibrium

(2-22) to be established.

(d) Ligand exchange between gold and mercury

When [Au(CECPh)(PPh3)] was added to a suspension of HgCl, (2:1 mole

31

ratio) in CDCl,, rapid dissolution of all the solid takes place. P

3
n.m.r. spectrscopy indicates the only phosphine containing product is
[AuCl(PPh3)], and no starting ethynyl complex was observed. So the
gold must have quantitatively transferred the ethynyl group to mercury

(eqn.2-23), If [AuCl(PPh3)] was treated with either [Hg(CECPh)Z] or

[Hg(CECMe)z] no signal for either gold alkynyl was observed, showing the
2[Au(CECPh)(PPh3)]+HgC12 —> 2[AuC1(PPh,) ]+Hg(C=CPh), (2-23)

irreversibility of eqn.(2-23),

(e) Ligand exchange between gold and [PtClsz]

Like mercury chloride, platinum(II) chlorides would react with
[Au(CECPh)(PPh3)], with quantitative exchange of ethynyl for chloride
and concomitant production of platinum alkynyls. When [Au(C=CPh)(PPh,)]
and Eig[PtClz(PMeth)z] (1:1 mole ratio) were allowed to react a mono-

ethynyl platinum complex was produced (eqn. 2-24) whose geometry was

[Au(C=CPh) (PPh 3) J+¢is-[PtCl,(PMePh,),] +[AuC1(PPh ) J+trans-[Ptc1(C=CPh)-
(Pve®h,), 1 (2-24)

[65]

invariably the thermodynamically favoured trans form,
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With a 2:1 mole ratio of gold ethynyl to platinum dichloride the
expected bis(alkynyl) platinum complex was formed (eqn.2-25), but the
geometry of the product varies depending on the reaction conditions
employed, with trans-form usually formed, but the cis-form observed on

rare occasions, (This reaction will be discussed more fully in

2[Au(CECPh)(PPh3)]+(_:_i_s-[Pt012(PMePh2)2]——-) 2[AuC1(PPh ) ]+ cis- or
trans-[Pt(CECPh)z(PMePhZ)z] (2-25)

Chapter 3.

In a similar reaction with [PtClz(PMezPh)z] and phosphinegold
alkynyl, the major product was initially gig-[Pt(CECPh)Z(PMeZPh)Z] with
some trans-bis and trans-mono ethynyl complex present, but on standing for

3 days the product had isomerised to produce the trans-bis ethynyl (eqn.2-26)

Z[Au(CECPh)(PPh3)]+ gi_s-[Ptcnz(PMezph)z] _ c_iz_s_-[Pt(CECPh)z(PMezPh)Q]

_— trans—[Pt(CECPh)Z(PMezPh)Z] (2-26)

The question of the cis —» trang isomerisation of the product will

also be returned to in Chapter 3.

(f) Reactions of gold phenylethynyls with cis-[PtClz(CO)(PMeth)]

The most interesting of the ligand exchange reactions involved
exchange of ligands between gold and (phosphine)(carbonyl) platinum
dihalides. There has already been much work performed on the reactions
between mercury ethynyls and gig-[PtClz(CO)L] (L=PMePh2)[54]. This
showed that of the three possible isomers of [Pt(C=CR)C1(CO)L] (see Fig.

2.5) the final product in a 1:1 mole ratio reaction of gi§-[PtC12(CO)L]

X L C=CR L C=CR
Npe” Ny, 7 N, 7
P Pt\ ,Pt Pl
ocC C=CR oC \x X co
(n) (11) (111)

Fig, 2.5
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with [Hg(CECR)Z] (R=Me,Ph) is only isomer II, but that the reaction
proceeds in a highly stereospecific manner to produce initially isomer I
which subsequently reacts as shown in scheme 1. This selectivity of
transfer of ethynyl ligand with the chloride trans to a phosphine has
been rationalised in terms of the reaction pathway. Ligand exchange
between mercury atoms is known to be able to proceed via an S;2 (cyclic)

(66 (Fig.2.6) and such a mechanism seems likely to apply for

mechanism
exchange between the mercury and platinum atoms. The chloride most

Iikely to participate in such a process would be the one opposite the

ligand of highest trans influence, in this case the tertiary phosphine[ZIa],
being the weaker and more polarised of the two Pt-Cl bonds.

It should be pointed out however that a second pathway may operate

(see Fig.2.6) involving oxidative addition and reductive elimination of

the platinum(II) complex. Such reactions are known to occur for tin and
lead complexes with Pt[67]. (A trans oxidative addition could occur only
[68]

via an ionic mechanism and this seems very unlikely with [Hg(CECPh)z]).

As has already been mentioned, Au(I) is isoelectronic with Hg(II),
and it was thought that it would be interesting if the ethynyls of gold

display a similar reactivity towards platinum.
X

e N
L3Pt\ _ Hg-R.

R
S.2(cyclic) \\\\N
E ////3

[PtXL3]+HgR2 [PtRL3]+HgXR

ox.add-]"-;\\\\.M red.elimE
X
v L

| B :
L - Pt - HgR
L"l &
R

Fig. 2.6
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cis-[PtCl,(CO)L]+Hg(C=CPR) 7 Pt + HgC1l(C=CR)
- 2 2 oc “c=cr

(D

Hg(C=CR),

L C=CR
N/
Pt + HgCl
7/ N\
ocC C=CR

-HgC1(C=CR)

\ / C=CR
Pt

ocC Cl

(11)

SCHEME 1,
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The reaction of [Au(CECPh)(PPhB)] with gig-[PtClz(CO)(PMeth)]
was very rapid at room temperature (V5 mins) and like the mercury

reactions, the product was isomer II (eqn.2-27) although the appearance
cis-[Ptcl,(CO) (PMePh,) ]+[Au(C=CPh) (PPh 3) ]+[PtC1(C=CPh) (CO) (PMePh,) J(1T)

+ [AuC1PPh (2-27)

N

of any intermediates could not be followed due to the rate of reaction.
ﬁowever at -20°C the reaction proceeds at a rate sufficiently slow to
follow the reaction course by n.m.r. spectroscopy. The reaction was
performed by adding a cooled solution of [Au(CECPh)(PPh3)] to another
cooled solution of Eig-[PtClz(CO)(PMeth)] (1:1 mole ratio, both in
CDC13) and rapid transfer into an n.m.r. sample tube and loading into

the spectrometer probe already at -60°C. The 31P n.m.r, spectrum at
-60°C showed signals for only the starting materials indicating that no
reaction had taken place up to this point, The sample was allowed to heat
up to -20°C in the probe, and during this warming period some reaction
took place and small amounts of[PtCl(CECPh)(CO)(PMeZPh)] isomers I & II
(62,6 J2027 and 6-4.2 J3183 respectively) were detected, along with a
species at §-6.4 which persisted for a long time, decaying slowly
throughout the course of the reaction. After 15 minutes at -20°C a new
species was present with parameters 6-2.8 J2087 due to £i§~[Pt(CECPh)2-

][54]

(CO)(PMeth) . The reaction was monitored at regular intervals
over a period of 4 h, and the relative abundance of each species in the
reaction mixture is shown graphically in Fig. 2.7. The amount of gold
complex has been omitted for clarity, but the gold ethynyl signal

decayed, whilst a signal for [AuCl(PPh3)] grew in until 140 mins, when

it was the only phosphinegold complex present. It is at this point the
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concentration of the bis-ethynyl complex is at its maximum, and it
steadily decreases thereafter. So clearly [Au(CECPh)(PPhB)] must react
preferentially with isomers I and/or II than with [PtClZ(CO)(PMeth)]

to produce the bis-ethynyl complex which in turn reacts with
Eii-[PtCIZ(CO)(PMePhZ)] to produce isomer II, (This last stage has been

[69]

investigated and these two complexes are known to react in this way).
It cannot be said whether both isomers of the mono-ethynyl react with
[Au(CECPh)(PPh3)] to produce the bis-ethynyl complex, but it would
éeem likely that both do as:-
1) Isomer I appears to be in a '"steady state'" concentrgtion - and = so

must be reacting as fast as it is produced.
II) In a separate reaction [Au(CECPh)(PPhB)] and [PtClz(CO)(PMePhZ)]

(2:1 mole ratio) reacted together to produce only the bis(ethynyl)

complex (eqn.2-28).
2[Au(C=CPh) (PPh ) J+cis-[PtC1,(CO) (PMePh,) ] — 5 cis-[Pt(CzCPh),(CO)-

(PMeth)]+2[AuCI(PPh3)] (2-28)

If either monoethynyl did not react further thenm it would be left
unreacted at the end of this process, which was not observed.

Furthermore from the graph it can be seen that the first reaction
step is not stereospecific as isomer II is formed before the bis(ethynyl)
complex, Thus the overall pathway can be represented by scheme 2.

Changing the phosphine on the gold atom to P(P-tol)3 produced
little change in the reaction which proceeded at a very similar rate to
produce isomer IT, Again the reaction was followed at low temperature
(-20°C) and the results are shown graphically (Fig.2.8). One notable
difference is that even with mixing the components at -60°C some isomer I

was identified as well as a quantity of the unknown transient (8-6.5)
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before any isomer II or bis-ethynyl. On warming again isomer II was
detectable before any bis—ethynyl complex, and in all other respects
the reaction was analagous to that with {Au(CECPh)(PPhB)], including
consumption of all the gold ethynyl by 150 mins and the reaction follows
that shown in scheme 2. The more rapid formation of isomer I over
isomer II in this case may indicate that although the fast ethynyl transfer
is not stereospecific for gold, there may still be a preference for isomer
I.

This lack of stereospecificity is interesting and worthy of comment,
Halide replacement by organo groups in [PtClZ(CO)L] is usually stereo-

[54,69] o

specific r alkyls, aryls and ethynyls of mercury, with the first

two producing only isomer I and the third producing isomer II via isomer I,

Organotin compounds also react to replace the platinum halide with an

70]

organogroup[ and platinum is known to exchange many types of organic

group with platinum or palladium including methy1[71], pheny1[72]

cyclopentadieny1[73]. In all cases these exchange reactions are stereo-

, O

specific, As explained before, the actual mechanism of these reactions
is unknown, although in all cases intermediates analagous to those shown
in Fig.2.6 have been proposed. It is worthwhile noting that Fig. 2.6
represents the two extremes of a range of transition states depending
on how much of the interaction is ascribed to the Pt-Hg bond.

With gold(I), the range of intermediates is extended (Fig.2.7).As
well as oxidative addition to platinum, oxidative addition followed by
reductive elimination can occur at the gold centre (see eqms. 2-5 to 2-7).
This range of transition states is not available to Hg(II) or Sn(IV),
as the intermediate oxication levels Hg(IV) and Sn(VI) are unknown and
highly unlikely to be found. Although no SEZ(cyclic) reactions have

been proved for Au(I) complexes, there are many examples of oxidative
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addition/reductive elimination of Au(I) organocompounds and the lack
of specificity in ethynyl transfer would indicate either :-
(a) that gold reacts similarly to Hg to produce isomer I whilst a
second pathway operates to produce some of isomer II, or
(b) a completely different non stereospecific pathway is operating,
which from the results of the reaction with [Au(CECPh)(P{p-tol}3)]
has some selectivity towards isomer I,
In the transfer of ligands between Au(I) and Hg(II) the most probable
pathway is the SEZ(cyclic) as found in ligand exchange reactions between

[66]

mercury atoms and furthermore on S_2 mechanism has been proven in

E
' [74]
the methyl exchange from gold to mercury .
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(g) Reactions of other organogold complexes with cis-[PtCl,(C0)(PMePh,)]

1) [Au(CECMé)(PPh3)]

The propyne complex [Au(CECMe)(PPh3)] reacts in an analp gous manner
to the phenylethynyl complexes to produce [PtCl(CECMe)(CO)(PMePhZ)j
isomer II. However the reaction proceeds much more rapidly for
propynyl than for phenylethynyl, and even after mixing the reactants at
low temperature, the presence of both isomers I & IT as well as the
bis(propynyl) complex were detected in the phosphorous n.m.r. spectrum
at -60°C, So it is impossible to gain any information on the stereo-
selectivity of the first step. It should be noted that this result is
consistent with those of mercury alkynyls, where again [Hg(CECMe)Z] was

found to react at a far greater rate than [Hg(CECPh)Z][Sa].

ii) [Au(CSCCF3)(PPh3)]

When two equivalents of [Au(GECCFB)(PPh3)] were allowed to react

with gig-[PtClz(CO)(PMeth)] in CDCl., after a few minutes the “'P n.m.r.

39
spectrum showed the presence of [AuCl(PPh3)] and one other phosphorus
containing species (8§-4,8 J2097 Hz) which is assigned to gig-[Pt(CECCF3)2-
(CO)(PMePhZ)]. Under higher resolution, the central signal was shown to
be a quartet, due to long range phosphorous-fluorine coupling (SJPFI.SHZ)

[54]

and by analogy to the methylethynyl complex , this is likely to be due

to the fluorines in the ethynyl cis to the phosphine.

iii) [Au(CSHS)(PPh3)]

When the phosphinegold cyclopentadienyl was allowed to react with
gi§~[PtClz(CO)(PMePh2)], the 31P n.m.r. spectrum showed that the gold

had transferred (CSHS) quantitatively to platinum to produce isomer I

(eqn.2-29). In common with the reactions of [Hg(CSHS)Z] and
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MePhZP Cl
\

7/
[Au(CSHS)(PPh3)]+Si§-[Pt012(CO)PMePh2)] > /Pq\ +[AuCl(PPh3)]
ocC (Csﬂs)

(2-29)

)][73]

[Tl(CSH5 this is the only isomer produced, and it should be
noted that ethynyls are unusual in forming isomer II. Aryls, alkyls and
cyclopentadienyl all form isomer I,

From the above reactions, and the observed fact that mercury will
transfer alkynyl groups to Pt (see chapter 3) it is possible to
establish an ethynyl transfer sequence of Au(I)>Hg(II)>Pt(II).

Similar results have been found for gold-methyl groups which are

2[75] [71] although nitro aryl

[76]

ruptured by HgCl and [PtClz(PMezPh)Z]

groups were found to transfer from Hg(II) to Au(III) so there is

clearly a dependence on oxidation level of the gold centre.

2-5 Conclusions

With the application of the new synthetic method, phosphine gold
alkynyls are easy to prepare and present no difficulty in handling or
storing, However they seem to have limited potential as reagents in
organometallic chemistry due to the similarity of their reactions
with the considerably cheaper mercury alkynyls., The lack of stereo-
specificity in their reactions only further reduces their usefulness.

The bridged dimers [LAuC=CAuL] could be the precursor of some interesting
ethynyl bridged bimetallic species of the type [LAuCECMLn] by reacting
suitable metal halides with the dimers and may be one possible future

use of this class of compound.
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2-6 Experimental

I.r. spectra were recorded as KBr discs on a Perkin-Elmer P.E. 580
spectrometer, 31? and 1H n.m.r., spectra were recorded on a Varian XL100
spectrometer (operating in the F.T. mode) and a Perkin-Elmer R32 90MHz
spectrometer respectively. Literature methods were employed to

prepare [AuClL] (L=PPh3,P(p—tol)3)[55] and gig-[PtClz(CO)(PMeth)][77].

Chloro[tris(4-methoxyphenyl)phosphinegold]

A solution of HAuCl, (5g,14.7 mmoles) and (P{C6H40Me-g}3)
(5.69g, 16.2 mmoles) in EtOH (100ml) was stirred for 3 hrs at 0°c.
A precipitate developed which was filtered eiving a yellow solid which
proved to be crude [AuCl(P{C6H40Me-p}3)] (5.83g, 68%). Further
purification was achieved by re-dissolution into CH,C1,, drying over
anhydrous Mg(50,) and dropwise addition of diethyl ether until
precipitation just began. On standing colourless crystals grew

1

(5.23g, 61%). M.Pt,206-207°C; v(Au-Cl) 330cm " §p 29.2 ppm.

Analysis: found C,43.2; H3.25, calc., for 021H21Au0103P C,43.1; H,3.62%.

Phenylethynyl(triphenylphosphine)gold

[44]

(a) By the method of Coates and Parkin

(1) Phenylethynylgold - A solution of gold(III) chloride (2.93g)

and KBr (3g) in H,0 (25ml) was diluted with acetone (15ml). 80, was
bubbled slowly through the solution which turned colourless after a few
seconds (lit.prep. reports a yellow solution after several minutes).
HC=CPh (0.52g) in acetone (2ml) was added, followed by Na(CH3COO) (5¢).
A black solid formed and was filtered off [1,81g v(C=C) 1975cm-1(vw);

1

M.Pt. 105-108°C (dec.). Lit. W (C=C) 1975cm ; M.Pt 105-106°C (dec.)].
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(ii) Crude phenylethynyl gold from above (1.3g, 4.4 mmoles) was
dissolved in benzene. Ph3P(1.14g, 4,4 mmoles) was added and the solution
stirred for 2 hrs at ambient temperature, Solvent was removed leaving

a yellow precipitate which was not [Au(C!CPh)(PPh3)] by i.r. analysis.

(b) Via Na(OEt) - To a suspension of [AuCl(PPh3)] (lg, 2.0mmol) in
dry ethanol (400ml) was added Na(OEt) (freshly prepared from Na (48.7mg,
2.1 mmol) in EtOH (5ml) followed immediately by HC3ICPh (208.2mg, 2.0 mmol).
The solution was refluxed for 1 hr., cooled and concentrated, after which
a white filtrate of crude [Au(CsCPh)(PPh3)] was removed by filtration

(0.98g, 78%).

(c) Reaction (b) in the presence of H,0 :- The above reaction was

repeated, with H,0 being deliberately introduced into the EtOH (10% HZO
by volume) before reaction. I.r, analysis of the product revealed that

[Au(CECPh)(PPhB)] had still been produced (75% yield).

(d) Reaction in EtzNH solution :- To a suspension of [AuCl(PPhB)]

(100mg, 0.20 mmol) in Et,NH (30ml) was added HC=CPh (20.6mg, 0.20 mmol).

2
The mixture was stirred for 3hrs during which time most of the solid
had dissolved. The solution was filtered, solvent removed and the

EtzNH soluble product re-crystallised from toluene/methylcyclohexane

to produce pure [Au(CECPh)(PPh3)] (68.3mg, 60%)(confirmed by ir spectrum

and melting point),

Reaction between {AuCl(PPhB) and NaOEt :- When Na(OEt) (from

l4mg, 0.61 mmol Na) was added to a suspension of [AuCl(PPh3)] (200mg,
0.4 mmol) in EtOH (50ml) no reaction took place at room temperature or
in boiling solvent and the starting phosphinegold chloride was recovered

unchanged,
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Methylethynyl(triphenylphosphine)gould - Propyne was slowly

passed through a suspension of [AuCl(PPh3)] (0,5g, 1,0mmol) in EtOH (25ml)
to which Na(OEt) (from 43:2mg, 1.9mmol Na) had been added. The solution
was kept at 60°C for 1 hr during which time the solid thinned and reformed.
The solution was cooled and concentrated, Crude [Au(CECMe)(PPhS)] was
filtered off and re-crystallised from CHCl3/pentane to produce colourless
crystals (0.28g, 56%) Found C,50.35; H4.4 Calc for C, HgAuP, C,50.6;

H,3.6%.

1-Butynyl(triphenylphosphine)gold :- This was prepared

analogously from but-l-yne at room temperature. Pure product
crystallised directly from the reaction solution, Yield 63%. Found

c,51,5; H,3.75, Calc, for CpoHypAuP c,51.6; H3.9%.

Trifluoromethylethynyl(triphenylphosphine)gold :- Again prepared

analogously to [Au(CECMe)(PPh3)] from [AuCl(PPh3)] (500mg, 1.0mmol) and

HCZCCF4 at 0°C.  [Au(C=CCF,)(PPh,)] crystallised directly from the

3
reaction mixture. Yield 246mg (44%). Found: C,45.5; H,2.6 Calc. for

C,qH sAUF4P @ C,45.7; H,2.7%.

Ethynyl(triphenylphosphine)gold :- CZHZ was passed through a

suspension of [AuCl(PPh3)] containing one equivalent of Na(OEt), and
the mixture stirred for 1 hr. at room temperature. No reaction
appeared to occur and the white solid filtered off, Ir and n.m.r.
parameters were consistent with [Au(CECH)(PPhB)] (Table 1), The
product could not be purified despite several attempts at

re-crystallisation from various organic solvents,

- u-Ethynylene-bis[triphenylphosphinelgold :- Impure [Au(C=CH)-

(PPh3)] (0.38g, 0.74 mmol) was added to a suspension of [AuC1(PPh )]
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(0.36g, 0.73 mmol) containing one equivalent of Na(OEt) (from 17mg Na)
and the mixture stirred for 1 hr at room temperature. A white
precipitate of [(PhSP)AuCECAu(PPh3)] (0.66g, 95%) was removed by
filtration, The complex was highly insoluble in all common organic
solvents, and decomposed at temperatures >60°C, so purification was

not achieved,

u-Ethynylene-bis[tris(p-tolyl)phosphinegold] :- Passing C,H,

through a suspension of [AuCl(P{E~tol}3)] (1.0g, 1.9 mmol) in ethanol
(50ml) containing Na(OEt) (from Na (43.7mg, 1.9mmol) on EtOH) for 45 mins.
caused dissolution of the starting material and appearance of a white
solid. Filtering produced crude product (490mg). Found C,50.7; H,4.2
Calc. for CAAHAZAUZPZ : C,51.7; H,4.1%. Re-crystallisation from CH2C12
or CHCl,/pentane produced the bis(dichloromethane) and tris(chloroform)
salvafes respectively. (See Table 2). CH,Cl, could be removed from its

adduct by heating to 50°¢ in vacuo for 12 hrs., but chloroform could not

be removed completely under similar conditions,

u-Ethynylene-bis[tris(4-methoxyphenyl)phosphinegold] :-  This was

similarly prepared by passing C,H, through a suspension of [AuCl(P{C6H4-
OMe-B}3)] (4.5g, 7.7 mmol) in EtOH (100ml) containing Na(OEt) (from Na
(177mg, 7.7 mmoD in EtOH) and stirring at 0°C for 1 hr. The solvent

was reduced and a white solid of crude product removed by filtration

(2.7g, 63%Z). Re-crystallisation from MeOH gave pure [({MeOC6H4}3P)AuCECAu~
(P{C6H40Me}3)], as colourless crystals (see Tables 2 and 3).

Re-crystallisation from CHC1, gave the bis(chloroform)adduct.

Cyclopentadienyl(triphenylphosphine)gold :-
581

(a) Modified Method of Huttel [AuCl(PPha)] (20mg, 40umol)

was dissolved in CDC1 Tl(CSHS) (10.8mg, 40umol) was added and the

3.
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solution shaken for 10 mins, followed by filtration to remove unwanted
thallium salts. 1H n.m.r. spectroscopy indicated that the desired
product had been formed (6(C5H5)6.2(s))but on standing at room temperature
(15 mins) extensive decomposition took place with a gold mirror forming

on the walls of the sample tube,

(b) via Na(OEt) - To [AuCl(PPh3)] (500mg, 1.0mmol) suspended
in EtOH(50ml) was added Na(OEt) (23.2mg, 1.0mmol Na in 2ml EtOH),

followed by freshly cracked CSH (66.5mg, 1,0mmol). The solution was

6

stirred for 1 hr at ambient temperature, and on standing overnight at

0°C a pale yellow precipitate of [Au(C5H5)(PPh3)] formed (404mg, 76%).

[58] s

Proton n.m.r. and i.r. parameters agree with literature values P

36.4 p.p.m. The solid is light sensitive and so was stored in the

dark at SOC.

PHOSPHINE EXCHANGE REACTIONS

These were all performed on a small scale and the reactions

followed by 31P n.m.r. spectroscopy.

[Au(CECPh)(PPhB)]+O.lPPh3 - on addition of the phosphine a broad

signal was detected (GP,39.4). Cooling to -60°C caused a slight

change in chemical shift (to 841.6) with no appreciable narrowing

indicating a fast exchange of phosphine at both temperatures.

[AU(CECPh)(P{p-t01}3)]+O.lPPh3 - again both room and low

(-60°C) temperature spectra indicated fast exchange of phosphine with
only broad signals being observed (837.0 and §39.7 respectively).

On addition of excess Sg, followed by filtration both room and
low temperature spectra showed sharp resonances due to [Au(C=CPh)-

(P{p-tol};)] (840.2 at -60°C) and [Au(Cc=CPh) (PPh4)] (842.4) (ratio 12:1)
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and a minor signal due to (g-tol)BPS (842.6).

[AuCl(PPhB)]-PO.lPPh3 - At room temperature the spectrum showed

one broad signal (833,7). Cooling to -60°cC produced a sharpening of

this signal with minor resonances at §41.2 and §31.7. These have not
been assigned but are probably due to excess phosphine co-ordination
to give [AuC1(PPh,) ] (n = 2,3) or products from the reactions of these

species.

[AuCl(PPhB)]+1.0PPh3 - At room temperature one sharp band was

observed (830.2), probably due to [AuCl(PPh3)2]. On cooling to -60°C,

two broadened peaks appeared (841,9, 32.8) with one sharp signal (831.7).
The broad signals may be due to [AuCl(PPh3)3] and products from its
reactions, whilst the sharp resonance may correspond to [AuCl(PPh3)2],

and be the same species as was observed in the preceding reaction.

[AuCl(P{p-tol}3)]+0.1PPh3 - The room temperature spectrum

showed one broad signal (831.8). At -60°C, sharp resonances were
observed at §30,7 [AuCl(P{E-tol}3)]and 632.7fAuCl(PPh3)] (ratio 14:1)

with minor resonances at 842,3 and 31.7

[AuCl(P{p-tol}3)]+l.0PPh3 - At room temperature there were

two sharp signals at §33,.,8 and 30.1. On cooling at -60°C considerable
broadening occurred with broad bands at 8§42,1, 32,1, 30.7 and one sharp

signal at &831.8,

[AuCl(PPhB)]+[Au(CECPh)(PPh3)] - When equimolar amounts of

these complexes were mixed in CDCl3, two bands showing only slight
broadening were observed in the 31P n.m,r. spectrum (832,7 and 41,2 for
chloride and alkynyl respectively), On addition of 0,2 equivalents of

PPh,, the spectrum collapsed into one broad signal (837.0) which
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sharpened on warming to 50°C, but on cooling to -60°C separated into
two signals for the starting complexes, which still showed signs of

exchange.

OTHER LIGAND EXCHANGE REACTIONS

[AuCl(P{p-t01}3)]+[Au(CECPh)(PPh3)] - A CDClg solution of

equimolar amounts of these species showed four signals of nearly equal
intensity corresponding to the starting materials, [AuCl(PPhB)] and

[Au(CECPh)(P{p-t01}3)].

Z[Au(CECPh)(PPh3)]+Hg012 -  When [Au(CECPh)(PPhB)] (73umol) was

added to a suspension of HgCl2 (37umol) in CDCl3, the solid dissolved
and the 31P n,m.r. spectrum showed only the presence of [AuCl(PPh3)]

(632.8). The other product must be [Hg(C=CPh),]

[Au(CECPh)(PPh3)+cis-[PtClz(CO)(PMePhZ)] - Separate samples of

[Au(CECPh)(PPh3)] (33.9mg, 60,5umol) and Eig—[PtClz(CO)(PMeth)] (29.9mg,
60,.5umol) were dissolved in minimum amounts of CDCl3 and both cooled to
-60°C, with the platinum complex already loaded into an n.m.r. sample
tube, The sample of phosphine gold alkynyl was rapidly transferred into
the tube, 31P n.m.r. spectroscopy at -60°C indicated that no reaction
had occurred during trasnfer. The sample was allowed to warm to -20°¢C

in the spectrometer probe. 10 minutes was allowed for warming to be

complete, then the reaction was monitored by 31P n.m.r. spectroscopy.

[Au(C=CPh) (P{p-tol},) J+cis-[Ptcl,(CO) (PMePh,)] - This reaction

was performed analagously to the preceding one, and produced identical
results except that during mixing of the two starting compounds, some
reaction took place to produce isomer I(80.2, J2945) and an unidentified
transient(8-6.5) possibly due to slight warming of the sample during

transfer into the n.m.r. spectrometer probe.
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[Au(CECMe)(PPh3)]+g;§-[Pt012(co)(PMePh2)] - Again the reaction

was performed analagously to the two above, except in this case the
presence of isomers I & II and cis-[Pt(CECMe)z(CO)(PMePhZ)] were
detected on mixing. The final product was [Pt(CECMeX31(CO)(PMePh2)]

isomer II.

2{Au(CECCF3)(PPh3)]+gi§-fPtC12(CO)(PMePh2)] - The two complexes

were allowed to react in CDCl3 to produce two compounds, as detected by

31p n.m.r. spectroscopy, {AuCl(PPhB)] (831.7) and a new species (§-4.8

J 2097 SJPF 1.8Hz) assigned to cis-[Pt(CECCFB)z(CO)(PMeth)].

[Au(CSHS(PPh3)]+gi§-[PtClz(CO)(PMePh2)] - when allowed to react

at room temperature, the complex rapidly produced [AuCl(PPhB)] and

[Pt(CSHS)Cl(CO)(PMeth)][73l
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CHAPTER 3.

THE FORMATION AND ISOMERISATION OF PLATINUM BIS-ETHYNYL COMPLEXES.

3.1 Introduction

The study of organocompounds of platinum, as already mentioned
in Chapter 1 has been a very large area of investigation., The metal
forms Pt-C o-bonds in oxidation levels (0), (I),(II),(III) and (IV).
The ethynyl complexes have been of particular interest, as they
possess higher stability than alkyls and non-ortho-substituted aryls
in terms of resistance to aerial oxidation, hydrolysis and thermal
decomposition, (For ortho-substituted aryls, the o-group hinders

[78]

nucleophilic attack at the Pt atom

[

and increases the kinetic

stability of the complexes 151 (Fig 3-1, L = PEt3)

Me L Me E
Fit Pt—Br
L Me . Me
Flgure 3~1

The higher stability is reflected in the nature of the Pt-C
bond. All three types of ligand (alkyl, aryl and ethynyl) have a
0 component from the filled sp3, sp2 or sp hybrid orbital on carbon
to a platinum hybrid orbital. However the amount of m-back bonding,
which would increase the strength of the Pt-C bond, varies. For
methyl; there was originally thought to be no back donation as the
orbitals on carbon are fully involved in bonding to the three hydrogen
atoms, NMR evidence[79] suggests however that some 7m-back donation
does occur. With aryl components the w-bonding component can be''both

ways' with filled m-orbitals on the aryl interacting with empty hybrid



orbitals on Pt, as well as the normal filled metal orbitals interacting

with w* orbitals on the ligand.

In platinum ethynyls, the bonding is similar to that found in the
neutral isoelectric ligands CO and CNR with a o0 component from the
filled sp hybrid on carbon and back donation into empty 7m* orbitals

as shown in Fig 3-2.

"3.2 Reactions of Platinum Ethynyls.

There have been many uses of platinum ethynyls in the literature.
They can react at the metal centre (like any organoplatinum) or else

at the triple bond depending upon reaction conditionms.

(i) Carbene Formation - One of the most studied reactions
has been acid attack at the triple bond. In protic solvents, such as
[80]

alcohols, carbene formation is observed (eqn. 3.2; Fc¢ = ferrocenyl)

i

!
trans-|Pt(C:CF )c1(PMezph)2]+upF6_"‘ﬁl’.,t;gns-[?tcuc(one)CHzF H(PMe,Ph), 1(PF 1 [ 3 2)

k3.

[57]

With bis(ethynyl) complexes only the mono carbene is produced
(eqn. 3.3). If HCl is used the carbene will react further to produce
the acyl complex (eqn. 3.4). (The formation of carbenes from ethynyls

shall be discussed more fully in Chapter 4.

Lxgng—!Pc(Czcne)z(PMezph)z]+HPF635215:rans-[P:(C?cne)(C(OR)CZHS}(PMezPh)ZI’IPF6]' (3.3)

mang;-lPt(czcm)cx(|=Me2ph)2 J+HC1 M trang-lPt{C(ﬂMe)CZHS)Cl(PHeZPh)z *e1”

_ trans-{Pt(COCsz)Cl(PMezPh)2 ]+MeC1
(3.4)



Figure 3,2 Bonding of alkynyls and CO to Pt,

(ligand is on the x axis)
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(ii) Vinyl Derivatives - With trifluoromethylethynyl

platinum complexes however the above reactions do not give carbenes.

HPF6 has no effect and HCl in methanol only adds across the triple

1]

bond to give a vinyl derivative (eqn. 3.5). Similar reduction to

trang-lPc(CECCFJ)Z(PMezph)Zlozncx MeOH, trans-[Pt(CCX:CHCF3)2(PHe2Ph)2] i

(3.5)

o-bonded vinyl species can be achieved by HCl attack on the triple

[81]

bond in aprotic solvents with Pt-CECCHZOMe groups. (eqn. 3.6),
although the reaction is accompanied by cleavage of one of the ethynyl

groups as HCZCR. With CECCMe20H the reaction is further complicated

trans-[Pt(CZCCH,0Me ), (PMe,Ph), 1+2HCI — trans- [ Pe{CC1=CH. CH,OMe) CL(PMe,Ph),]  (3.6)

2

;;ang-IP:{cscc(ne)zou)z(PMezph{J+2Hc1-—»:rans-{P:{cc1=CHc(Me)=CH2}c1(PMe2ph)2] (3.7)

81]

by spontaneous dehydration[ (eqn. 3.7). With the simpler ethynyls

C=CMe and C=CH, one or both ethynyls are cleaved[sz][SB](eqns. 3.8, 3.9),

g_ﬁ;g‘lPt(CECHe)z(PMezPh)2]42HCI —_ qig-(PtClz(PHezPh)2]+2HeCECH (3.8)

:rans-[Pt(czcn)z(PMeZPh)2]+Hc1 —_— czgng-[Pt(CECH)Cl(PHezPh)Z]+HCECH (3.9)

the latter follows a complicated pathway via HCl addition across the

triple bond.

The reduction of ethynyl to vinyl ligands can also be achieved
by treatment of the complexes by hydrazine hydrate[81], with two

hydrogens adding cis across the triple bond (eqn. 3.10),

!rﬁnﬁ-lPr(c:CR),(PMe7vh)?]+u N (3.10)

WNy -»trans-[Pt(CH=CHR-cis), (PMe Ph) ]
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CF,COCl, Br., and NOCl all add similarly across the triple bond to

3 2

give vinyl derivatives(ga] (eqn. 3.11)

trans-[Pt(C:CMe),(PMe,Ph),]+2CFCOCL -4>trans-fPt(CCl'C(He)COCF3)2(PHe2Ph)2] (3.11)

(i1i) Cyclisation Reactions - I1f, by use of chelating

diphosphines a cis-bis(ethynyl) complex is prepared then treatment
with a Lewis acid can cause cyclisation to an unsaturated metallocyde[gs]

(eqn 3.12, R = Me, Et, Pr)

R
(dppe) PL(C=CH),+BR, — (dppe)P(:j (3.12)

RR2

(iv) Oxidative Addition - trans-[Pt(CECR)XLz] will undergo

oxidative addition but the rate depends on L,X and R in the order

L = AsMe.>PMe,Ph

3 2 ; X = C=CR>C1 ; R = Me>H>Ph. the substrate can be

12, CF,I, MeI, IBr (but not Br, or NOCl - see (ii) above) and the

37 2

reactions produce the expected Pt{IV) sPecies[ga] (eqn. 3.13)

trans-[PEX(CaCRIL, ]+ A-B — trans-[Pt(C=CRIX(A) ()L, ] (3.13)

LiR (R=Bu",Ph) can also add oxidatively to Pt(II) complexes

[86]

producing unusual Li-bridged dimers (eqn. 3.14)

R

) R

o C

L 1] "

c . C

, = 1 S (3.14)
trans-[(Pe(Cc=CR ).L, ]4LiR ————3 L-Pt-R R-Pt-L
272 F Ny

Li~!

C C

" W

C C

! R

R



(v) Insertion Reactions and Adduct Formation.

Only one example of insertion into a platinum ethynyl bond in
. (84]
neutral complexes is known (eqn. 3.15) that of tetracyanoethylene

although allene insertion into cationic ethynyl complexes is also known

(eqn. 3.16).

trans-[Pt(CECMe)z(AsHe3)2l*(NC)2C=C(CN)2——ﬁtrans-[Pt{C(CN)ZC(CN)ZC’CHe}2(A9He3)2] (3.15)

trans-[Pc(cscue){oc(CHJ)zl(PneZPh)z)++CH2=C=CH2.._q[P:((cuz)zc-czne}(Puezph)zl‘ (3.16)

Hexafluoroacetone will react with ethynyls by inserting into the

4
C-H bond, generating a new ethynyl complex (eqn. 3.17) (8 ]. When

substituted ethynyls are used, stable w-complexes

trans-fPt(CECH)z(PMezPh)2]42(CF3)2C0-——1 trans-fPt(CEC.C(OH)(CF3)2}(PHe2Ph) )

2°(3,17)
. _ [84] . .
are formed instead (eqn, 3.18, X=C=CMe,Cl) , although with trifluoro-
methylethynyls, the extreme electron
?sMej
x., o
trans-[Pr(CECHe)X(AsMe ), J+(CF ;) ,C0 T et iR, (3,18)
T AsMej

withdrawing nature of the ligand presents such a reaction as there is
insufficient electron density at the Pt centre to form m-bonds to the
hexafluoroacetone, Other unsaturated ligands (e.g. 02, allene, COZ’

802, CF3CN) do not form adducts with even the hydrocarbon substituted

ethynyl complexes,

3.3 Preparation of Pt Ethynyls

As' a consequence of both the high stability of platinum ethynyls

and the high degree of interest expressed in such compounds, there has
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been an overwhelming number of preparative routes devised for their
synthesis, especially for the phosphine complexes [Pt(CSCR)zLZ] and
[Pe(c=cRIXL,].

The original preparation of platinum ethynyls involved the use

Cs . 89,80,1
(15,87] organollth1um[88] and organosodlum[ 80,151

of Grignard reagents
derivatives have also proven very successful as ethynylating agents with
the reactions being performed in liquid ammonia or inert hydrocarbon
"such as hexane. Other less reactive metal ethynyls have been found

. . [90]
to be good ethynylating agents, such as tin , mercury and gold
(see both this and the previous chapters for Hg and Au reactions).

In all these cases the starting material is a Pt(II)dihalide and the

appropriate metal ethynyl.

Since the terminal proton of terminal alkynes is very slightly
acidic, bases will react with the =C-H bond. This concept has led

to the utilisation of several base promoted reactions, using such bases

[91]’ OH[92]’ KOH[93] [94,92,89b]

3 and oxalate[god] (although

as Agzo Na , NH
in the latter case the oxalate was already bound to the platinum as
[Pt(CZOA)LZ])' One very important, and probably most widely used,
synthetic route has been the use of NHEt, as base and solvent, invariably

with a Cul (or CuCl) catalyst added[86’95].

It is likely that copper
ethynyls are the catalytic intermediates (scheme 3-1, eqn. 3.19), and

indeed independant experiments show that

Et NH/Cul
[Px,L,]+2HC=CR > [Pt(C=CR), L, +2[Et NH, IX (3.19)

copper ethynyls will act as ethynylating agents at Pt(II).[gsa’ 96]

Oxidative addition to Pt(0) compounds has proved successful in
several cases. They fall into two classes, those where a metal ethynyl

adds oxidatively to a Pt(0) centre, and those where a ligand already



Scheme 3.1 Catalytic cycle for eqn. (3.19)

[EtzNHZ]X HCECR/EtzNH

>

Cu(C=CR)

i [Pex,L,] I-9!(—~\\‘\\;:?TPt(CECR)XL2]
iii-iv

iii[Pt(C-CR)XLZ] [Pe(Cc=CR),L,] iv

Overall reaction
CuX/EtZNH

[PthLz] + 2HC=CR > [Pt(CECR)ZLZ] + 2HX-Et

2

NH

(3.19)
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bonded to Pt(0) re-arranges to give a Pt(II) ethynyl., Examples of the

. . [97] (96]
first class would be addition of tin ethynyls or copper ethynyls
(eqns. 3.20, 3.21).

(Pt(PPh,) ] +Me ;Sn(CCMe) — cig-[Pt(C2CMe) (SnMe ) (PPh ), ]+PPh, (3.20)

[Pe{C.H, )(PPh.),]+2Cu(C=CPh) — 5 trans-[Pt(C=CPh) (PPh,) ]+2Cu
274 32 =Lan° 2 372 (3.21)

Examples of ligand re-arrangement as the conversion of 7-

(98,99] (eqns.

bonded acetylenes into ethynyls 3.22 (X=Br,I), 3.23)

Pt(nz-xcscph)(PPh3)2] -—_IA—) trans'[Pt(CECPh)X(PPhB)Z] (3.22)
2 _ he . _
[Pe{n"-(NC)C=C(CN)} —2 cxs-(P:(C:CCN)(CN)(PPh3)2] (3.23)

although eqn. 3.22 does not apply to X=Cl, PhC=CCl will displace
(98]

nz—(PhH=CHPh) however (eqn 3.24), to give an isolable cis complex

HCECR(R=CF3CZF5) will also add oxidatively to Pt(PPh3)a

2.
[Pein -(;;3-(PhHC-CHPh))}(PPh3)2]4uczcc1.__9 Qis_[pt(cgcph)c1<PPh3)2! (3.24)

to produce a n-complex, but on prolonged standing in solution, and
. : . [100]
treatment with excess acetylene a bis-ethynyl complex is produced

(eqn. 3,25).

PE(PTh,), +HCZCR — [Pt{n?-(HCECR))(Pth)Ql EE_EE,Qig-lPt(CECR)q(PPhj)Z] (3.25)

A few other methods have been discovered in specific cases

cis-fPtClo(PMeZPh)Z] will react directly with HCECC(MQ)ZOH to produce
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[92]

the trans-bis(ethynyl) complex , whilst another direct reaction will

occur between a platinum hydride and l-ethynylcyclohexanol (egn. 3.26)[ ]
101

accompanied by formation of the ether via dehydration from the alcohol

" eon s (3.26)
trans-[PtCll{(PPh3)2]¢HCECOé—"-) Cl - Pt - czC4
66 Lvh OFt

o

It has been found possible to remove HCl from chlorovinyl complexes

[57, 83]

by base attack which produces ethynyl complexes (eqn. 3.27)

trans-[Pe(CCl=CH,),(PHe,Ph), ]+2Me N — trans-[Pt(PMe,Ph),(CZCH), ]+2Me jNHCI (3.27)

3.4 Stereochemistry of Pt-ethynyls

Except when chelating diphosphines are employed the bis(ethynyl)
products are usually trans, even from cis starting materials. With small
ring chelating diphosphines, (e.g. dppm), the combination of ring

opening releasing strain on the phosphine, and a favoured trans

configuration usually means that further reactions will take place[loz’QOd]
and trans bridged bimetallic species shall be formed, (eqn. 3.28),
although the cis-bridged form has been detected in one case[loz]
N PP P
P\ /R R\ /P P\ /R l‘\\R \\\‘R (3.28)
Pt,. —> P ,Pt\\ —> Pt Pt
/N R” PLP R 7| 7]

N\~  R=C=CMe

[100,96,95a,92,90]) . [95b,94]
or mixtures

A few papers report cis isomers
Table 3.1 shows the cis-bis-ethynyl complexes so far characterised.

It should be noted that even though one synthetic method may produce a
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particular cis-bis(ethynyl), another may not. So for, example

[94]

gi§-[Pt(CECPh)2(PPh3)2] was prepared by treating [Ptc12(pph3)2]

. 90d
with HC=CPh in aqueous ammonia, but [Pt(C204 )(PPh3)2] with HCECPh[ ]

and [Pt(czﬁa)(PPhB)z] with Cu(CECPh)[96]

both produced trans isomers

of the product whilst in turn, both these latter methods produced cis
isomers with other ethynyls (see Table 3.1). In fact, apart from the
three fluoroalkynyls, all the compounds in Table (3.1) have been
characterised in the trans form, it would appear then that the strongly
electron withdrawing nature of the fluoroalkynyls stabilise the cis

[87]

configuration. (I£§g§—[Pt(CECCF3)2(PEt3)2] is known , but in this
case the electron releasing nature of the phosphine may compensate

for the electron withdrawing nature of the CF, group). The trans-bis-
(ethynyls) show a lowering in energy of the ﬂ+n* electronic transition,

[89f]

and it has been suggested that this indicates extended conjugation
of the m-system through suitable Pt orbitals which stabilises the

system.

This theory fits the observation that electron withdrawing
groups will stabilise the cis configuration, as electron density will
be drawn out of the m-system, weakening the extended conjugation
stabilisation force and thereby making the trans isomer less stable,
or conversely the cis isomer relatively more stable. With the removal of
through-Pt conjugation the system would be more like other bis(organo)

(23]

species (e.g. alkyls and aryls), and these are usually cis .

[98

The mono(ethynyls) are all (with one exception ])trans, in
keeping with the other known organoplatinum complexes, and without the
possibility of extended conjugation, it is not surprising that all these

compounds form similar geometry.

This chapter deals with some new synthetic routes to platinum



Table 3.1 Complexes g_ig-[Pt(CECR)zLZ] Previously characterised
in the literature.
R L ref R L ref
CF, PPh, [100] Ph PEt 4 [904,95a]
CyFs PPh, [100] Ph PBu, [95a]
CeFs PPh , [96] H PEt , [95a]
Ph PPh, [92,94] H PBu, [95a]
CMe,, (OH) PPh, [92,94] CHCH,, PEt 4 [95a]
CMeEt (OH) PPh, [941] C=CH PBu, - [95a]
CH(OH)Ph PPh, [94] CgH,C=CH-p PBu, [95a]
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ethynyls, all of which produced cis-bis(ethynyls) although none did
so consistently., - The isomerisation of the cis>trans bis(ethynyls)
is also investigated as are the implications which the factors controlling

this isomerisation have on the synthesis of cis compounds.

3.5 Results and Discussion

1). Synthesis of platinum bis(ethynyl) complexes

a) Reaction in the presence of Cul catalyst

When two equivalents of HC=CPh were added to a suspension of
gig-[PtCIZ(PMePhZ)Z] in diethylamine containing a trace of Cul and the
whole refluxed for 10 minutes, rapid dissolution of all solid material
took place. Recrystallisation of the crude product yielded white
crystals whose proton n.m.r. spectrum contained a 1:4:1 triplet of
triplets in the Me-P region characteristic of two phosphine ligands
trans to each other, This feature is caused by ''virtual coupling"

of the methyl group to both phosphorous atoms giving a triplet with

|2J + 4 |, flanked by

spacing between the two outer lines of
p & HP HP

195

satellites due to further coupling to Pt (I=%, 34% natural abundance).

[88¢c]

Other parameters were consistent with literature values for trans-

[Pt(CECPh)Z(PMeth)Z] (eqn. 3.29) so like the majority of

EtzNH/CuI ( )
gi§—[PtC12(PHePh2)2]42HCECPh _— (r§Q§'[Pt(CsCPh)z(PMePh2)2] 3.29

(86,95)

reports it was found that this synthetic route gives trans isomers.

If the reaction was performed with just one equivalent of
phenylacetylene, only a small smount (18%) of trans-[Pt(CECPh)Cl(PMePhZ)Z]
was formed even after long (lhr) reflux, The main products (in nearly

1:1 ratio) were starting dihalide and tran§-[Pt(CECPh)Z(PMePhZ)Z]. There

was also a small amount of a tris(phosphine) species (8§ 4.0(t), IJPtP 3339;

1 1 . .
§ 9.6(d) Tpep 22415 Jpp 20 Hz) tentatively assigned to [Pt(CECPh)(PMePh2)3]+
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which has probably formed from some decomposition of the products
during the hour long reflux., This formation of the bis(ethynyl) shows
that replacement by the second ethynyl occurs faster than dissolution
and reaction of gig-[PtCIZ(PMeth)z] probably due to the low solubility
of the dihalide complex. Furthermore no rapid disproportionation
takes place between the dihalide and trans-bis(ethynyl) platinum
complexes, as a mixture of the two could be kept in CDC13 solution for
several days with no further reaction taking place.

When instead of adding phenylacetylene, 02H2 gas was passed
through a diethylamine suspension of gig-[PtClz(PMezPh)z] with some
Cul catalyst present, and the reaction mixture being kept at ambient

temperatures, again the (known trans complex was formed (eqn. 3.30)

which was characterised from its
Qiﬁ‘[PtCIZ(PHeZPh)2]¢202H2 —_— trans-{Pt(CECH)Z(PMezPh)2] (3.30)

proton n.m.r, parameters, although in this case the triplet of
triplets pattern for the phosphine methyl protons was complicated by
overlapping with a similar, but less intense 9 line signal from the

terminal ethyne proton (see Table 3.3).

b) Reaction in the presence of NaOEt

Due to the success of HCl elimination in preparing [Au(C=CR)L]
from [AuClL] and HC=CR in the presence of NaOEt (see previous chapter)
it was thought that it might be intereéting to see if platinum ethynyls
could be prepared similarly. So, to a suspension of gig-[PtClz(PMeth)z]
in ethanol at OOC, two equivalents of HC=CPh and freshly prepared NaOEt
were added, The resultant solid was filtered and recrystallisation from
CHCIB/pentane gave white crystals which analysed as [Pt(CECPh)Z(PMePhZ)Z].

However, the proton n.m.r. spectrum, showing only a triplet of doublets
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for the phosphine methyl, 3lP n.m.r. parameters (8§ 2.9, JPtP 2298 Hz)
and melting point all indicate the product is not the known trans

isomer and so the product must be cis (eqn. 3.31). Furthermore the ir

cis-[PtCl,(PMePh,),]+2HCZCPh+2NaOEt —— cis-[Pt(C=CPh),(PMePh,), ] (3.31)

spectrum in nujol showed two ethynyl stretching frequencies (at 2110 and
2145 cm-l) again consistent with the cis isomer. However in KBr discs
only one C=C stretch was observed (at 2110cm-1) so caution must be
exercised in assigning product geometry from infra red data alone.

When the reaction was repeated with only one equivalent of
NaOEt, then the main product was an insoluble 1:1 mixture of starting

material and gig-[Pt(CECPh)Z(PMePh ] which could be removed by

2)2
filtration. This mixture could be kept in CDC1, solution for 5 days
without any change, indicating that any disproportionation must be

very slow. After removal of ethanol and re-dissolution of the small

31

amount of ethanol soluble material in CDCl3, P n.m.r. spectroscopy

showed that a small amount of trans-[Pt(C=CPh)Cl(PMePh ] had formed,

2)2
and in both this and the reaction containing two equivalents of NaOEt, the
main EtOH soluble product gave a singlet in the 31P n.m.,r. spectrum,
assigned to MePh, PO, indicating that some decomposition accompanies the
reaction, The formation of the cis-bis(ethynyl) shows that replacement
by the second ethynyl is faster than both attack by the first ethynyl

(most likely due to the greater solubility of the mono(ethynyl)over the

starting dihalide complex) and also any isomerisation step which would

give trans products, (The formation of trans-[Pt(CECPh)Cl(PMeth)Z] is
probably due to a slight stoichiometric inbalance in the reagents
present),

This synthetic route however is not general, With gaseous

acetylenes, ethyne and propyne, reaction rates were much slower, and
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in both cases, the main insoluble product was starting material.

After solvent removal both samples again contained the phosphine oxide
as the only ethanol soluble product (as detected by 3p homer.
spectroscopy in CDCl,).

Problems were also encountered in the reaction between phenyl-
acetylene and gig-[PtClz(PMezPh)z]. Initial attempts at the reaction
under conditions identical to those which produced gig-[Pt(CECPh)z(PMePhZ)Z]
failed to produce any ethynyl-containing product in detectable quantities.
The reaction was repeated under 4 different conditions, with 2 hour long
reaction periods at 0,20 and 60°C and 24 hrs. reaction period at 20°¢C.

At the end of the appropriate period, the solvent was removed in vacuo
and the phosphorus n,m.r. spectra of the resultant brown solids
recorded, The product distribution is shown in Table 3,2, It can be
seen that when the reaction was performed at low or room temperatures,
even after 24 hrs there was less than 407 conversion to phosphine-
containing products, with the major products being starting material and
an unidentified species at §-21,7 J 3510 presumably resulting from
ethoxide attack at platinum, Heating to +60°C decreases the amount of
both these species and the major product is now trans-mono(ethynyl)

and still only very little of the bis(ethynyl) complex has formed

(and at that all as the trans isomer). So clearly, the substitution

in this compound is much slower than for gig-[PtClz(PMeth)z] with the
formation of by-products being highly competitive,

A similar slowing of the reaction rate also occurred when the
chelating diphosphine bis(di-p-tolylphosphino)ethane, (dptpe) was
present. In the reaction of [PtClz(dptpe)] with two equivalents of
HC=CPh/NaOEt after 2 hours the reaction had produced a 1:1 ratio of

starting dihalide and a complex with parameters (§ 39,6 Jpep 2283 Hz),

P
typical of phosphine trans to ethynyl, assigned to [Pt(CECPh)z(dptpe)].

A few other weak signals were present including a very weak pair of




Table 3.2 Product distribution from the reaction

cis-[PtCl,(PMe,Ph),] + 2HC=CPh/NaOEt.

Sp Jope ASSIGNMENT % MOLE FRACTION 2
REACTION CONDITION °
A B c D
-15.3 3547 cis-[PtClz(PMezPh)z] 39.3 |37.7 | 39.2 11.1
~7.6 2436 | trans-[Pt{(CsCPh)Cl- 19.0 | 14.3 | 23.7 37.5
(PMePh2)2]
-12.4 2412 | trans-[Pt(C CPh)z- 5.9 1.2 11.0 11.4
(PMePhZ)Z]

-21.7 3510 33.8 |30.6 | 20.1 17.1
-6.2 2806 5.6 4,0 7.7 0.9
34,0 0 OPMe ,Ph 13.8 | 16.5 | 12.3 8.4
a cis % of the total product (by integration of spectra)
b Reaction conditions: A  Time 2 hrs, Temp. 0°c

B " 2 hrs. " 20°%

C " 24 hrs " 20%

D " 2 hrs " 60
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2

doublets (8 41.8, 36.3. Jop 5.3Hz) which by independent experiment due to/p

(see 3-5.l.e later) were shown to bgzzigg[Pt(CECPh)Cl(dptDeﬂ. After

30 minutes reflux with excess HC=CPh/NaOEt, the reaction proceeded

~ further, consuming all the starting material and giving mainly
[Pt(CECPh)z(dptpe)J (50%) plus several decomposition products,
Interestingly a similar reaction between [PtClz(dptpeﬂ and ethyne in the
presence of EtONa produced none of the expected ethynyl- containing
products, only starting material and the same set of signals for
decomposition products in approximately the same ratio, indicating that
these signals are not due to alkynyl — containing material,

The failure of these reactions may indicate that whereas formation
of ethynyls probably occurs via ethynyl anion formation (as appears to be
the case for the analogous preparation of gold ethynyls), with less
electron withdrawing groups in the alkyne and with certain phosphines
on platinum, other reaction pathways become possible, either by ethoxide
attack at the metal centre or else by base induced decomposition of the
initial reaction products. Whatever the reaction it is clear that
this synthetic route is less versatile for platinum ethynyls than gold

ethynyls.

(c) via Pt carbonyl complexes

A second partially successful synthetic route to cis-bis(ethynyl)
complexes was found using platinum carbonyl complexes as intermediates.
Complexes of the type gig-[Pt(CECR)2(CO)(PMePh2)], though unstable in
solution at room temperature can be easily prepared from gig-[PtClz(CO)-
(PMeth)], Hg(CECR)2 and Et4C1[54]. The same bis(ethynyl) carbonyl

complexes could also be prepared using phosphinegold(I)ethynyls

(eqn 3.32),
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gig-[?tClz(co)(PMeth)l+:!Au(CECPh)(rrh3)l__, qig—lPt(CECPh)Z(co)(PMePhZ)L#ZIAuc1(PPh3)]l

The mercury route had the advantage that the by-product was the CHC13-
insoluble salt [EtAN]Z[HgZCl6] which could be removed by filtration
although care was needed as this by-product could also catalyse
the cis—»trans isomerisation of the desired products (see below).

When one equivalent of PMeth was added to a freshly prepared
solution of gig-[Pt(CECPh)Z(CO)(PMeth)] rapid displacement of the
carbonyl took place giving gig-[Pt(CECPh)Z(PMeth)Z] (eqn 3.33) in

near quantitative yield.

gij-[Pt(CECPh)Z(CO)(PMeth)]+PMePh2 —_ cig-[Pt(CECPh)Z(PHePh2)2]+CO (3.33)

Similarly PPh, displaced CO from gig—[Pt(CECPh)Z(CO)(PPh3)] producing
cis-[Pt(c=CPh),(PPh,), ].

When one equivalent of PPh3 was added to a solution of
Qi§~[Pt(CECPb)Z(CO)(PMePhZH again a very rapid reaction occurred.
After 15 minutes the 31? nmr spectrum showed signals for
gig-{Pt(CECPh)z(PMePhZ)z} and gig-[?t(CECPh)z(PPh3)2] as well as a pair
of doublets (§16.8 IJPtP 2333, §-3.2 IJntp 2252, 2Jpp 20.7Hz) assigned
to the expected product gig-[Pt(CECPh)Z(PMeth)(PPh3)], with a
statistical distribution of the products (i.e. 2 equivalents of the
mixed phosphine complex per equivalent of the symmetrical phosphine
compounds, which were present in equal amount), so the phosphine exchange

that occurred to produce the symmetrical products must have been as

fast as the carbonyl displacement, Furthermore, since all the products
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were cis in the above reactions,free . CO cannot catalyse a rapid
cis-»trans isomerisation of the products.

The propynyl complex g_i,_g-[Pt(CECMe)Z(CO)(PMeth)] is more
difficult to isolate, being much more prone to decomposition, however
it can be prepared and subsequently stored at -60°C for short periods.
When one equivalent of PMePh, was added to a solution of the bis(propynyl)
complex, a white crystalline material was isolated. Analysis showed
this to be [Pt(CECMe)z(PMeth)Z] but the PtP coupling constant of
2588 Hz and the distinctive triplet of triplets for the phosphine

methyl groups (see Table 3.3) showed that only the trans isomer was

. . 1
isolated. The reaction was repeated and carefully followed by ~ P nmr
spectroscopy. To pure cis-[Pt(CECMe)Z(CO)(PMePhZ)] (6-3,0 PtP 2094Hz),
0.33 mole equivalent of PMePh2 was added. As expected 667 of the

other
product was starting material withfsignals at 61,2 J 2578 and 5.2

J 2573 assigned to trans-[Pt(CECMe)z(PMePhZ)Z] and trans-[Pt(C=CMe)-
Cl(PMeth)z] respectively (the latter by analogy to the phenylethynyl
reactions; it was also seen as an intermediate in reactions between
Hg(C=CMe), and cis-{PtClz(PMeth)z] (see section 3.5.l.e)). Doubling
the amount of phosphine produced an increase in the strength Of these
signals, plus rapid growth of a new signal at §-2.1 IJPtP 2315,
assigned from the coupling constant to cis-[Pt(C=CMe),(PMePh,),],
accounting for 32% of the species in solution. When the amount of
phosphine was increased to 1.0 equivalent, no starting carbonyl
remained and the ratio of cis : ggggg-bis(ethynyl)was 1:2. After
10 minutes standing at room temperature however onlyla trace of the

on
cis complex remained and after a further 10 minutesxggég§-[Pt(CECMe)2-
(PMeth)z] (with n 20% of the trans-mono ethynyl) remained. This

rapid isomerisation prevented the isolation of the cis-bis(ethynyl), and

it should be noted that no propynyl complexes have been isolated in the




Table 3.3 Nmr parameters for [Pt(C=CR)

oLy ]

31, H
R L i 8 J | s J_. b 3
2 Lsomer PH PtH
Ph (PPh,), cis 16.7 2328
trans 18,6 2649
(PMePh,), |cis -2.0 2298 | 1.91 9.0 27.3
trans 1.4 2536 2.42 7.4 33.3
(PMezPh)z cis -17.8 2254 | 1,70 9.3 32.3
trans -12.4 2418 | 2,08 7.3 32.3
(PMe ,Ph) (PPhy)cis {16.8e 2333
-3.2 2252
(dptpe) |cis 39.6 2288
Me (PMePh,) |cis -2.1 2315
trans 1.2 2588 | 2.28° 7.3 33.0
" (PMe,Ph),, | trans 2.03¢ 7.5 32,2
a For MeP groups.
b 23 £ is i 2J +4J 1 £ s
PH Or C1s 1somers PH PH or trans,.
c czCCH, 01.49, J, . 14.7Hz
o 4 3
d cz=cH §2.14, Tpy 203, Jpy 44H2

2
e JPP 21Hz
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cis form, propynyl ligands appearing to have a greater propensity for

the trans geometry.

Attempts to prepare gig-[Pt(CECPh)Z(PMezPh)z] by this route also
failed and the known[57] trans isomer was isolated (see Table 3.3 for
parameters). In this case after ECANCI had been added to the mixture of
gig-[PtClz(CO)(PMezPh)] and Hg(CECPh)Z, the solution was stirred for
5 minutes and then filtered. Phosphine was added immediately but more

[EthN] Hg2C16] precipitated out at this stage indicating that it had not

)
been completely removed by the initial filtration. It is known that
mercury salts catalyse the cis-»trans isomerisation (see section 3.5.2.)
and this could explain why only trans isomers are formed in this case,
Using half the amount of mercury salts the mono(ethynyl)carbonyl
complexes can be prepared[sa]. These,like the bis(ethynyl)carbonyl
intermediatesshave the phosphine and carbonyl in a mutually cis
arrangement (with the most stable isomer having the ethynyl trans to
carbonyl). Addition of phosphine to these complexes produced only the

trans-mono(ethynyl J)product (eqn. 3.34 R=Me,Ph) due to the rapid

Cls »trans isomerisatiomn of [Pt(CECR)Cl(PMe?hZ%]

. PMePh ,
El&‘IPtClz(CO)(PHePhZ)]‘&Hg(CECR)2+%Et4NC1 — [Pe(CiCRICL(CO) (PMePh )] ——= (3 34)

trang-[Pt(CiCR)Cl(PMeth)zl

A third poussible method looked likely using the intermediate
[Pt(CECR)Z(cod)] (cod = 1,5-cyclooctadiene) which is a complex with the
ethynyl groups necessarily in the cis position, Phosphine replacement
of the di-olefin ligand would be expected to give [PC(CECR)ZLZ] and there
would be a good chance that the product would be cis, the intermediate

would be [Pt(C=CR),(cod)(L)] with the cod acting as a monodentate ligand.
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Given that olefins and carbonyls have very similar bonding and
reactivity towards platinum (see Chapter 5), this complex then

resembles [Pt(CECR)Z(CO)L], the intermediate shown in section 3.5.1l.c.,
which 1is only found in the cis form, So even if the phosphine
replacement of the monodentate cod was slow the products still have

a good chance of retaining their cis geometry. Such phosphine
replacement of cyclooctadiene has been used before (103] in the
preparation of [PtR2L2] and [PtRCle] (L = PPh,, dppe, R = aryl)

(eqn 3.35), although in this case the cis-bis(aryl) was

formed. For these complexes this is the more stable isomer

2L
[PeCL, (cod) 1+25nMe Ry [PeR,(cod) | —— cislPer,L, ] (3.35)

(i) Preparation of [PC(CECPh)Z(cod)]

When a solution of phenylacetylene and sodium ethoxide was
added to a suspension of [PtClz(cod)] in ethanol there was a slight
colour change although the solid still remained. Filtration of this
solid yielded [Pt(CECPh)Z(cod)] (eqn. 3.36), a bis(phenylethynyl)
complex, which by the nature of the other ligand must almost certainly
be in the cis configuration. The complex proved difficult to

recrystallise, decomposing in hot CHCL 4 but finally successive
PtCl,(cod)+2HC=CPh + 2NaOEt — lPt(CiCPh)Z(CUd)*2N3C1*2EtOH (3.36)
re-crystallisationsat lower temperatures from CH,Cl, produced white

crystals of the pure product. (In the subsequent reactions of this

complex, the initial EtOH insoluble crude product was used). The
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compound could also be prepared from the reaction between
gi§-[PtC12(cod)] and {Hg(CECPh)Z] but decomposition accompanied the
reaction and yields were low with the product being impure. Neither
method could be used to prepare [Pt(CECMe)z(cod)] due to decomposition
reactions and like the carbonyl complexes with propynyl ligands, the
compound 1S more prone to decomposition than the phenylethynyl

analogu .

(ii) Reactions of {Pt(CECPh)z(cod)] with phosphines.

Treatment of [Pt(C=CPh),(cod)] in CH,Cl, under N, atmosphere

2
with either PMePh, or PPh, led to the rapid formation of the
cis-bis{phosphine) complexes (eqn. 3.37, L = PMePh,, PPh3). Usually

a trace of trans-mono(ethynyl)chloride complex was
[Pe(cscPh),(cod) oL cis-fPe(czcrh), L, l+cod (3.37)

detectable. The source of chloride is probably the chloride impurities
in the crude starting [Pt(CECPh)z(cod)], most likely partially
ethynylated species,With PMezPh, the proton nmr of the crude product
(formed by solvent removal in vacuo after phosphine addition to the
[Pt(CECPh)Z(cod)]) contained a triplet of d;ublets with parameters
consistent for gi§-[Pt(CECPh)2(PMe2Ph)2] (see Table 3.2). However

on recrystallisation isomerisation occurred producing a white product
with proton and phosphorous nmr parameters consistent with trans-
[Pt(CECPh)z(PMezPh)z]. (The assignment of the crude product to
gig-[Pt(CECPh)Z(PMeZPh)2] was confirmed when a separate experiment

(see section 3.5.1.f.) a complex with identical parameters was observed

and seen to isomerise to the trans form). Although no species known to
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catalyse the isomerisation 1is present trans products are still
obtained and it should be noted that no cis products have ever been
isolated with PMe,Ph. The reason for this may well be a mixture of
steric and electronic effects. Sterically PMezPh is less bulky than
any of the phosphine ligands which give cis isomers, the Tolman cone

[104]

angles being PMe,Ph (122°) PBu, = PEt3(1320) PMePh, (136°) PPh,(145°)

3
However, as the cone angle increases so the s-character in the phosphine
lone pair decreases, so that the bulky ligands are poorer s-electron
donors to Pt. As mentioned earlier (section 3.4) electron withdrawing
groups on the alkynyl appear to increase the relative stability of the
cis isomer over trans, and it seems likely that bulky phosphines,

by lowering the s-electron density at Pt also stabilise the cis isomer
for the same reason, although clearly there is a great dependence on

the synthetic route chosen in deciding which isomer is formed.

(e) Reactions from [PtCl,L

] and [Hg(CECR)Zl

222

Following the success in using mercury complexes as organogroup
transfer agents in the reactions with [PtClz(CO)L] (see sectioun 3.5,1c)
the reactions of HZ(CECR)2 (R®*Me ,Ph) with Qig-[?tClsz] were investigated.

When a chloroform solution of gig—[PtClz(PMeth)z] was treated
with H?,(CECPh)2 (2 molar equivalents) a grey precipitate developed due
to insoluble mercury by-products. After filtration, the solvent was

31
evaporated, and P nmr spectroscopy of the product showed that the

main product was trans-[Pt(CECPh)Z(PMeth)z] with some trans-[Pt(C=CPh)-

Cl(PMeth)z] by-product but no trace of the cis isomers (eqn. 3.38).

us-[r’tcx:(mpm.z)z]»m;;(cchh)1 ____,t;gnﬁ-lvr(Czcvh),(PMevhz),1¢2lng(CEcrh)c1] (3.38)




59

Use of Et,NCl as symmetrising agent to transfer both ethynyls from mercury
to platinum did not change the reaction product geometry (although when
followed carefully by 31P nmr spectroscopy some reactions produced up to
50% of the cis-bis(ethynyl) but its isomerisation to the trans form,
catalysed by Hg salts prevented its isolation} The formation of some
cis isomer is indicative of a faster reaction rate of the mercury
compounds when Cl is present due to the rapid formation of the insoluble
[EthN]z[Hg?_Cl()] .

When half the amount of [Hg(CECPh)z] was used the mono-{(ethynyl)
platinum complex was formed and this forms an interesting comparison
with the base promoted methods where bis(ethynyls)are produced

(eqn. 3.39). Treatment of a pure sample of this product with further

[Hg(CECPh)Z] produced the trans-bis(ethynyl) so in the formation of the

.m-[PtCIZ(PMeth)zlmg(c:cph)2 —— trans-[Pt(CaCPh)C1(PMePh,) J+[Hg(C2CPRh)CL]

latter complex by eqn. (3.38) trans-[Pt(CECPh)Cl(PMePhZ)Z] is a likely
intermediate. When preparation of the mono(ethynyl) platinum complex
was attempted using EtaNCl symmetrising agent, after rapid filtration

of the initial insoluble product, gig-[Pt(CECPh)Z(PMePhZ)Z] was detectable
by 31P nmr spectroscopy along with starting dihalide, trans-[Pt(C=CPh)C1-
(PMeth)z] and a pair of doublets. (§ 3.6, 1JPPt 2325 ; 6-4.8, 1JPPt 3672;
2JPP 18Hz). The PPt coupling constants for the last complex are typical
for phosphines trans to ethynyl and chloride respectively, whilst the

PP coupling constant implies a cis-bis(phosphine) arrangement, These

signals are therefore assigned to gig-[Pt(CECPh)Cl(PMePhZ)Z]. Reaction

continued with unreacted mercury complex until after 20 minutes only
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Egggg-[Pt(CECPh)Cl(PMePhZ)z] and unreacted starting dichloride remained.
(The reaction could not have continued via ligand exchange reactions
amongst the platinum complexes as gig-[Pt(CECPh)z(PMePhZ)Z] has been
prepared in the presence of gig-[PtClz(PMeth)z] and trans-[Pt(C=CPh)C1-

(PMePh (see section 3.5.1b) without undergoing further reactions).

2),]
The reaction mechanism is shown in scheme 3.2 which shows the reactions

of gig-[Pt(CECPh)z(PMePhZ)Z] with mercury salts, a key step in the cis —>
trang isomerisation of these complexes, and will be discussed more fully
in section 3.5.2. The formation of any bis(ethynylsl and particularly
the cis isomer again points to the increase in rate of ligand exchange
when C1~ is present,

With mercury propynyls similar results were obtained with trans-
[Pt(C—ECMe)z(PMeth)Z] or trans-[Pt(C=CMe)C1(PMePh,),] being the main
products depending on the ratio of [Hg(CECMe)Z] to gig-[PtClz(PMeth)]
used, The products were identified by 31P nmr spectroscopy. Trans-
[Pt(CECMe)Cl(PMeth)z] was not isolated, but its identity deduced by
comparison of its preparation, spectroscopic parameters (see Table 3.4)
and reactions with the known E;ggg-[Pt(CEﬁPh)Cl(PMeth)z]. (It was also
detected in the reaction of cis-[Pt(C=CMe),(CO)(PMePh,)] with PMePh, - see
section 3.5.l1c.). Cis-intermediates were never detected, reflecting a
faster isomerisation of ¢is propynyl complexes compared with their
phenylethynyl analogues.

Starting from bis(dimethylphenylphosphine)platinum dichloride,

gig-[PtClz(PMezPh)z],under conditions identical to those which produced

trans-[Pt(CECPh)Z(PMeth)Z], [Hg(CECR)z] (R=Ph,Me) produced only the
trans-mono(ethynyl) products and in poor (<50%) yield, with starting
material being the only other product. This resembles the reactions of

NaOEt/HC=CPh with gig-[PtClz(PMezPh)z] (see section 3.5.1c) which were




Scheme 3.2 Reaction of [PtClz(PMePhZ)Z] with Hg(C=CPh),

cis-[PeCl,(PMePh,),] + Hg(C=CPh),

Cl

gi§-[Pt(CECPh)Cl(PMePhZ)]+[HgCl(CECPh);};:i:iiig-[Pt(CECPh)Z(PMePh2)2]+%[Hg2C16]2-

Hg(cchh)2 Hg(C=CPh)C1

Y
trans-[Pt(cchh)c1(PMePh2)2]



Table 3.4 Nmr parameters for mono-ethynyl complexes [Pt(CECR)XLz]

R L, X 3
cis trans
8 J‘PPt 8 JPPt:
Ph (PPh,), c1 614.9 4441 21.5 2661
18,6 1755
Br Z16.1 1782 20.7 2623
15.3 4423
I 18,2 2556
(PMePh,), | C1 -4,8 3672 5.1% 2547
3.6 2325
Br 3.2 2606
I 5.2 2539
(PMe,Ph), | c1 -7.5°¢ 2439
(dptpe) cl ET41.9 2334
36.4 3638
Me (PMePh,), | Cl ) 5.0° 2580
(PMezPh)z C1 -7.5 2436
a  oMer 2.22, [Paatin | 7.z, 21y 30. 3z
b SMep  2.22, 2JPH+4JPHl 7. THz, 3JPtH 30.0Hz, § C=CMe unresoluable
c SMeP 1,88 ZJHPJ‘JHPI 7.5Hz, 3JPtH 30.0Hz
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found to proceed more slowly than the analogous reactions. of gig-[PtClz
(PMeth)z] and which failed to produce bis(ethynyl) complexes in
significant amounts. This must be due to a combination of steric and
electronic factqrs hindering nucleophilic attack at platinum (or
conversely electrophilic attack by platinum at mercury).

Trans products were also observed when [Hg(CECPh)Z] transferred
ethynyl groups to gig-[?tClz(PPh3)2]. Again cis-intermediates could
be detected when EtaNC1 was present, although this time only the cig-mono
(ethynyl) was observed (see Table 3,4), (The same pair of doublets was
generated when gig-[Pt(CECPh)Z(PPhB)Z] was treated with HgCl, (see
section 3.5.2), thus confirming its assignment). The complex cis-
[Pt(CECPh)ClLZ] possesses a much greater stability when L=PPh, compared

to L=PMePh,. For instance when L=PPh3 the complex takes over 24 hours

2
tojcompletely |isomerise to the trans form, compared with a few minutes
- when L = PMePh,. The isomerisation rate of the former was unaffected-

by heating to +60°C or addition of free PPh It could therefore be

3
prepared in much higher concentrations and it is not surprising that

the only cis-mono(ethynyl) isolated and characterised (even including

chelating diphosphines) is &iﬁ‘[Pt(CECPh)Cl(PPh3)2] [98].

The reactions of [PtClZ(dptpe)] with Hg(CECPh)2 produced complexes
which by the nature of the phosphine must be ¢cis. So reaction of the
two complexes with or without EtANCI present produced a species with

parameters §39.6 J 2335, which was assigned to [Pt(CECPh)Z(dptpe)]

PtP

(cf section 3.5.1b). These parameters differ from those for this

1
complex prepared via [PtClz(dptpe)] and HC=CPh/NaOEt ( JPtP 2283) due to

the interaction of the mercury salts (see 3.5.4). Also detectable were

. 1 2
a pair of doublets (841.9, IJPtP 2334 ; 636.4, "Jp.p 3638 5 "I, 6.2 Hz)

assigned to cis-[PtCl1(C=CPh)(dptpe)], although it was only present in a

small (~v20%) amount.,
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f) Reactions from [PtClZLZ] and [Au(C=CR)']

The previous chapter showed a great similarity of gold and mercury
ethynyls in their reactions towards gig-[PtClz(CO)(PMeth)]. Similarly
‘their reactions with gig—[PtClz(PMeth)z] closely resembles each other,
So when gig—[PtClz(PMeth)z] is allowed to react with two molar
equivalents of [Au(CECPh)(PPh3)], the final product is traﬁg-[Pt(CECPh)z-

31
(PMeth)z] (eqn. 3.40). However when followed by ~ P nmr spectroscopy,
cis-[Ptcl, (PMePh,),]+2[Au(C=CPh) (PPh ;)] —>trans-[Pt(C=CPh),(PMePh,), ]

+ 2[AuCl(PPh3)] (3.40)

again a more complicated reaction was observed. In one case (out of a total
of five runs of the experiment), the major product was the cis-bis-(ethynyl),
and the spectrum showed two sharp peaks in the region of the spectrum
containing signals for the gold complexes throughout the reaction, which was
rapid and complete in 30 minutes. In all other cases the trans-mono(ethynyl)

complex was the major initial product followed by a slow (2 day) conversion

to the trans-bis(ethynyl). When this pathway was followed the spectra
contained one broad signal for the gold complexes, and broadened signals
for the platinum compounds. The fast exchange could be stopped by cooling
to -6OOC, and was shown to be due to free phosphine when addition of
sulphur at room temperature caused a sharpening of all the signals,
including separating the gold signals into its separate components of
[AuCl(PPh3)] and [Au(CECPh)(PPh3)]. Furthermore if sulphur was added
immediately after mixing the platinum and gold starting materials, the

main product was again gig—[Pt(CECPh)z(PMePhZ)Z]. Free phosphine which

is likely to have arisen from a trace of decomposition (or impurity in)

one of the species present, does not catalyse the cis > trans isomerisation

of the product (see section 3.5.2) and the effect it has seems to be that
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of causing [Au(CECPh)(PPh3)] to undergo exchange with [AuCl(PPh3)]
(as observed before see Chapter 2). It thereby provides a second
reaction pathway for the gold ethynyl and lowers its reactivity towards
platinum, thus slowing the second ethynyl transfer down sufficiently
‘to allow isomerisation of the mono(ethynyl) intermediate, which is
known to be a rapid spontaneous reaction (see previous section). If
traces of free phosphine are not present, either by chance or by addition
of § scavenger, the second transfer proceeds at a rate faster than the
isomerisation step and the cis-bis(ethynyl) can be isolated. So possibly
the Au ethynyls prove better than Hg ethynyls for producing cis platinum
bis-ethynyls if S gis present,

If gig-[PtClZ(PMeZPh)Z] was allowed to react similarly with
[Au(CECPh)(PPh3)] in CDCl3 after 90 minutes the main product (60%) was

a species with parameters %)-17.8, J 2254 and a methylphosphine signal

in the proton nmr consisting of a triplet of doublets (%EP 1. 70 2JPH 9.3,
3

PtP

Jorn 27.3) which was assigned to Qiﬁ"[Pt(CECPh)2(PMe2Ph)2] which was

present along with trans-[Pt(CECPh)Z(PMezPh)Z] (30%) and trans-[Pt(C=CPh)-
Cl(PMezPh)z] (10%). Like those cases in the similar reactions with
gig—[PtClz(PMeth)z] which produced cis-bis(ethynyl) products (see

previous paragraph) the gold phosphine signals were sharp and distinct

for the two components. On standing at room temperature for 4 days,

the cis material isomerised to gzggg-[Pt(CECPh)z(PMeZPh)Z], an isomerisation
which prevented the ¢cig compounds isolation. Like the reactions of PMe,Ph
with [Pt(CECPh)z(cod)] where this cis product was formed and underwent
isomerisation to the trans form (see section 3.5.1d) no recognised catalyst
for the isomerisation was present, and so the dimethylphenyl complexes in
this case seem to be maintaining their propensity for trans products,

although as explained previously (section 3.5.1d) the reasons for this are

not understood.
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CONCLUSIONS

The ¢is - trang isomerisation step has been shown to take place at
the mono{ethvnyl) intermediate (see 3.5.2). If the reaction conditions
are such that the replacement of the second ethynyl is faster than the
competing isomerisation then cis products wiil be produced, if not then
trans products will dominate, This is illustrated by reactions
involving NaOEt or Cul where for the latter formation and exchange may be
significantly slower than the reaction involving the strong base. Mercury
and copper halides are now known to catalyse the cis - trans isomerisations
of [Pt(CECR)zLZ] (see section 3.5.2) but the reactions are unlikely to be
fast enough to account for the formation of trans isomers in the
synthetic preparations, (This is certainly true for mercury halides
where the preparations and isomerisation studies were both performed in
chloroform, for copper halides it is less certain as the solvent used for
isomerisation reactions (CDC1,) differs from that of the preparations
(Et,NH)).  This does not apply to the reactions from gi§-[Pt(CECR)2(CO)L]
and [Pt(CECPh)Z(cod)] where the ethynyls are already present, and here the
failure to obtain cis-bis(ethynyls) from L = PMe,Ph or R = Me must be due
to a generally lower kinetic stability of the cis complexes making isomeris-

[95b]

ation to the trans form more favourable. Other workers have also
reported a dependance of phosphine and ethynyl substituents on product
geometry although the reasons for these changes are not well understood at
PTESENt. the effect of electron density at Pt with changing the phosphine

cone angle may play a part,

3.5.2 Isomerisation of cis-bis(ethynyl)platinum complexes

As mentioned in the introduction,for complexes of the type

[Pt(CECR)ZLZ] the trans form is thermodynamically favoured. Nevertheless
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solutions of gig-[Pt(CECPh)Z(PMePhZ)Z] in CDCl3 are unaffected by

reflux or prolonged standing at room temperature. Furthermore, addition
of 0.1 molar equivalent of free phosphine or iodide (as the soluble
complex [BuAN]I? both have no effect on the geometry of the complex

[19d]

(Anderson also reported failure to convert cis-TPt(C=CPh),(PEt,)

]
to its trans form by addition of free PEt,). Both these reagents

are well known as catalysts for nucleophilic catalysed isomerisations of
square planar complexes [23] such as [PtClz(PEt3)] [105] and
[ﬁtClz(co)(PMeZPh)] [106] and it is clear that cis-[Pt(C=CPh),(PMePh,),]
possesses a high kinetic stability,

Addition of small amounts of mercury halides, however, bring about
immediate isomerisation of the cis form. When followed by 3lP nmr
spectroscopy addition of about 107 of HgX, (X =Cl, Br, or I) to a cnCl,
solution of gi§~[Pt(CECPh)Z(PMePhZ)Z] caused complete conversion to the
trans form in 3 hours at ambient temperature. For X = C1 the growth
of signals due to a very small amount of gig-[Pt(CECPh)Cl(PMeth)Z],
followed by Ezggg-{Pt(CECPh)Cl(PMePhZ)Z] before any Ezggg-[Pt(CECPh)z'
(PMeth)z] was apparent. At the end of the reaction trans-[Pt(C=CPh)-

Cl(PMeth)z] in an amount equivalent to the amount of HgCl, added remained.

2
With X = Br and I it was not possible to detect any of the cis-mono(ethynyl)
intermediates, probably due to a greater rate of isomerisation with these
halides (the rate of isomerisation of [PtXZ(CO)(PMePh)] and [PtXZ(CZHA)_
(PMezPh)] was also found to increase in the order Cl<Br<I (see chapter 5)})
Alsoydue to the increased reaction rate,it proved impossible to detect any
trans-mono(ethynyl) before the appearance of the trans-bis(ethynyl).

The isomerisation proceeded just as quickly when [Hg{(C=CPh)C1]
(0.1 molar equivalent) was used as the catalyst. | (The catalyst was prepared

from a 1:1 reaction of HgCl, and Hg(CECPh)2 in EtOH and added by syringe

2

immediately after being prepared. EtOH itself camnnot cause isomerisation
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as the cis isomer could be prepared in this solvent). In this case
Ezggg-[Pt(CECPh)CI(PMePhZ)Z] was still present at the end of the reaction,
as Hg(C=CPh)Cl disproportionates to Hg(CECPh)2 and HgCl, and the latter
would react with EEEEE'[Pt(cchh)z(PMeth)z] to give the mono(ethynyl).

An analogous reaction pathway was found in the isomerisation of
gig-[Pt(CECPh)z(PPhB)Z] with HgX, (X=C1,Br,I) but as mentioned previously
the isomerisation of the cis-mono(ethynyl) halide is much slower with this

phosphine. Five minutes after addition of one equivalent of HgCl, to

2
gig-{Pt(CECPh)Z(PPhB)Z], apart from 20% of starting materials the only
product was gig-[Pt(CECPh)Cl(PPhB)Z] identified by its A g— parameters

(see Table 3.4). Fifteen minutes later no starting bis(ethynyl) remained

and trans-[Pt(CECPh)Cl(PPh3)2] had grown in to account for 13% of the

product, This steadily grew in over a period of 24 hrs as the cis-mono
ethynyl underwent isomerisation, although in this period cis-[PtC1,(PPh,),]
also grew in accompanied with the precipitation of unidentified compounds
arising probably from decomposition or disproportionation of the cis-mono
(ethynyl). Addition of 0,05 molar equivalent of Ph3P did not increase the
rate of isomerisation, so this is not a reaction subject to nucleophilic
catalysis, With smaller amounts of

HgCl2 (0.2 molar equivalent), the pair of doublets for the cis-mono{ethynyl)
complex is much weaker (due to the smaller amount of halide present to react
with the starting material) and Egggg-{Pt(CEEPh)z(PPh3)2} was observed to
grow in after the appearance of Egggg-[Pt(CECPh)Cl(PPh3)2],the former
growing steadily in over a period of 24 hrs. In this case, complete
isomerisation was never achieved and with prolonged standing (4 days) again

Qiﬁ:[PtCIz(PPh ] was formed and a precipitate had formed in the nmr tube.

3)2
The overall isomerisation sequence is represented by equations

(3.41) to (3.44) (X=Cl, Br, I : L = PMePh PPh,) with the catalytic cycle

2"
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being the sequence of equations (3.42) to (3.44) (as shown diagramatically

in scheme 3.3)., The mercury bis(ethynyl) must be formed as [Hg(C=CPh)X]

cis-[Pt(C=CPh),L, ]+HgX, — cis-[Pt(C=CPh)XL,]+Hg(C=CPh)X (3.41)
cis-[pt(c=CPh),L,]+Hg(C=CPh)X —> cis-[Pt(C=CPh)XL, ]+Hg(C=CPh), (3.42)
cis-[Pt(C=CPRIXL,] — trans«[Pt(CECPh)XLz] (3.43)

trans-[Pt(C—ECPh)XLZ]+Hg(CECPh)2 _,trans-[Pt(cscph)2L2]+Hg(CECPh)x (3.44)

will not transfer its second phenylethynyl group as seen in the preparative
reaction of the trans-mono(ethynyl) complexes (eqn 3.38). Also platinum
complexes do not act as catalytic intermediates as gig-{Pt(CECPh)ZLZ]

does not react with §£§g§-[Pt(CECPh)2L2] and/or_gzggg—[?t(CECPh)XLz]

as checked by independéntly adding some of these compounds to samples

of pure cis-bis{ethynyl). This rules out the possibility of

the isomerisations proceeding via Pt-ethynyl/halide exchange, Isomerisation of
[Pt(CECPh)Z(PMeth)Z] proceeds equally fast in CDCl; or toluene but is

much more rapid in tetrahydrofuran where isomerisation is accompanied

by precipitation of the non-polar trams product. The increase in rate

could be due to either the fact that HgCl, is more soluble in this solvent

2

or else a difference in the cis + trans isomerisation of the mono (ethynyl}

(Ke.mnitt, when he prepared gig-[Pt(CECPh)Cl(PPh3)2] repurted{ggﬂ a
solvent dependency on this isomerisation.)
This isomerisation mechanism,involving reversible exchange of
ligands between metals,is very unusual for platinum complexes and mome have

[23]

been described previously in the literature, with other pathways described

involving 5 co-ordinate assvciative or 3 co-ordinate dissociative



Scheme 3.3 Catalytic cycle for the cisstrans isomerisation

of [Pt(cchh)2L2]

cis-[Pt(C=CPh),L,] > cis-[pt(c=CPh)XL, ]

Hg(C=CPh)X Hg(C=CPh),

v

trans—[Pt(CECPh)zL2 < trans-[Pt(CECPh)XLZ]
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following
intermediates, or elsg‘photochemical or oxidative addition/reductive

elimination routes,
Other mercury complexes will also catalyse this isomerisation.

and Et,NCl in ethanol) was just

[EtaN]z(Hg2016] (prepared from HgCl,

as effective as HgCl, in isomerising gig-[Pt(CECPh)Z(PMeth)Z] with the
reaction being complete in 2% hours (in CDCl3) and again a small amount
of the trans-mono(ethynyl) complex remaining. It is not known whether
[Hg2C16]2— is acting as the catalyst or whether dissociation of the
aniop Pack to HgCl, and €1~ is taking place, although the formation

of the mono(ethynyl) suggests the latter is the case. PhHgCl also

catalysed the cis ~ trdns isomerisation,although much more slowly,with

only about 20% of trans-[Pt(CECPh)Z(PMeth)z] being formed after 24 hours
showing that [HgPh(C=CPh)] is a much less useful ethynylating agent than
[Hg(c=cPh),].

Copper(I) iodide also catalyses the cis - trapns isomerisation

although it acts much more slowly than HgCl When the reaction was

X
followed by 3 nmr spectroscopysthe presence of trans-[Pt(CECPh)I(PMeth)Z]

was detected. This would suggest that a mechanism analogous to that
represented by eqns (3.41) to (3.44) operated with the formation and
reaction of [Cu(C=CPh)]. This is also likely to be the mechanism for

[21a,b]

other reported Cul catalysed isomerisations The isomerisation of

gig-[Pt(CECPh)Z(PBu ). ] catalysed by Cul has been investigated by

372
[107]. In acetone a 1:1 adduct between the

Sonogashira and Hagahari
cis-Pt complex and Cul was isolated as a white crystalline material

(eqn. 3.44a). When passed through an alumina chromatographic column

a mixture of cis and trans bis-(ethynyl) complexes was formed. The

- em BugR C=CPh
cis-[Pt(C=CPh) ,(PBu,),]+Cul —oot—TP: Pt —>Cul (3.44a)
acetone Bu,P” 'C=CPh

3
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intermediacy of Egggg-[Pt(CECPh)I(PBuB)Z] in the isomerisation was also
proposedi\as well as irtermediates-containing Cu-acetylene w bonds
(eqn. 3-44a). In diethvlamine the

rate of isomerisation of gig-[Pt(CECPh)zLZ] depended on the phosphine
‘with the rate decreasing as L = PMe

>>PPhBu,>PEt ;>PBuy.  The type of

3 3

catalyst CuX also affected the rate, although to a lesser extent, with
the rate decreasing as X = I>Br>Cl. The initial rate of isomerisation
was found to be lst order with respect to Cul.

| PhBPCu01 catalyses the present isomerisation but very slowly with only
30% of the starting materialvbeing consumed after 15 days. The lowering
of the reaction rate is likely to be due to the lower reactivity of the
phosphine stabilised intermediate [Cu(CECPh)(PPhB)] compared with
Cu(C=CPh) (from Cul) or Hg(CECPh)2 (from ngz). Interestingly CuCl
has no effect on gig-[Pt(CECPh)Z(PMePhZ)Z] although this halide is
highly insoluble in CDCl; and so less likely to react,

The gold complex [AuCl{P(p-tol)3}] also had no effect on

gié-[Pt(CECPh)z(PMeth) This failure is presumably due to the

.
unfavourable equilibrium in the reaction analogous to eqn. (3.41) and it
has already been shown that ethynyls transfer quantitatively from gold
to platinum (see 2-4.3f & 3,5,1f), It should be noted however that
when gig-[Pt(CECPh)Z(PMeZPh)Z] was prepared from gig—[PtClz(PMezPh)z]
and [Au(CECPh)(PPh3)], it subsequently isomerised to trams (see 3.5.1f)
and gold intermediatesmay play a part in this isomerisation.  (PMe,Ph
complexes though do exhibit a greater tendeacy for trans geometry
and the reaction is slow (4 days) so it cannot be said for certain
whether this is the case).

As mentioned in section 3,3 tin ethynyls have been used in the

preparation of platinum ethynyls, and so the effect of tin halides was

investigated. Anhydrous tin(II) chloride (0.2 mol equivalent) slowly
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caused isomerisation of the cis-bis(ethynyl) with the reaction being

70% complete after 15 days. On the other hand tin(IV)chloride reacted
irreversibly with the cis-bis(ethynyl) producing trans-[Pt(C=CPh)Cl-
(PMeth)z] and ;iﬁ-[PtCIZ(PMeth)Z], consuming 50% of the starting
material in 24 hours. With SnCl, the stoichiometry was difficult to
control and the exact ratio of Sn:Pt was difficult to determine, although
there was enough chloride to convert the ethynyl completely to the

platinum dihalide. Reverse transfer of the ethynyl from tin(IV)

[90b,d] 90c]

as [SnMeB(C CPh) ] and [SnMez(C CPh)Z] to platinum have

both been used in the preparation of Pt ethynyls.

3.5.3 Isomerisation of cisfPt{R:Egl)z(EBE3)2] by HgCl,.

To compare the effects of HgX, on platinum bis(ethynyls) with other
bis(organo)platinum systems, the reactions of the bis(aryl) species
[Pt(p-tol)z(PPhB)z] (p-tol = para-methylphenyl) with HgC12 were
investigated. Unlike the ethynyls the starting cis isomer is the
stable isomer (the trans isomer for this compound, or the very similar
[Ptth(PPhB)z] being unknown). Both forms of the mono(aryl)intermediate
[Pt(p-tol)Cl(PPh3)2] have been isolated and their 31? nmr parameters
determinedllOB].

When 0.1 molar equivalents of HgCl, was added to a CDCl 4 solution

of gig-[Pt(p-tol)z(PPh3)2] there was immediate growth of cis-{Pt(p-tol)-
CL(PPh,),] (620.8, J 1563 ; 617.6, J 4577 ; ZJPP 14Hz) followed by a
slower growth of the trans-mono(aryl) (824.1, J 3167) however, after

2 days the total extent of reaction was <10%. Increasing the amount

of HgC12 to 10 molar equivalent increased the quantity of both the
mono{aryl) isomers but there was no sign of any trans-bis(arvl) species,

and even after 2 days there was still a trace of gii-[Pt(p-tol)2)PPh3)2]

although after 5 days there was only a mixture of cis and trans mono(aryl)
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species in solution, Addition of one molar equivalent of [Hg(p-tol)z]
to this solution resulted in the slow consumption of the cis isomer over
2 days and 31P nmr spectroscopy showed only ggggg-[Pt(p-tol)Cl(PPh3)2]
and a very weak signal at 8§14,2 (too weak for platinum satellite signals

to be visible) which may be due to a trace of trans-[Pt(p-tol)z(PPhB)z]

or else gig-[PtClz(PPhB)z] (614,3 J 3673) arising from slow decompostion
of the aryl complexes. So again the mercury complex seems to be

reacting as described in eqns.(3.41"3.44), although the analagous reaction
to eqn (3.42) need not operate and the equilibrium of the analogue of
eqn.(3.44) lies well over to the left hand side. Indeed when 0.5 molar
equivalents of HgCl, were added to giﬁ-[Pt(p-tol)z(PPh3)2] after 5 days

all the starting material had been conSumed‘indicating that both halides

could transfer from Hg to Pt (eqn. 3.45)

2c_i§-[Pt(p-tol)z(PphB)z]+Hg012 -aZCrans-[Pt(_p'tol)Cl(PPh3)2]+[Hg(_p-tol)2]

(3.45)

3.5.4 The nmr parameters of cis-[Pt(CzﬂPh)ZCIL]

From tables 3.3 and 3.4 it can be seen that the magnitude of IJPPt
is indicative of the group trans to the phosphine. This well known
phenomenon has been related to the trans-influence of the ligand trams to
the phosphine, Ligands with high o-bonding ability will weaken the s-
character of the Pt-P bond and so reduce the coupling constant, as J

PtP
¢ ait where @ is the s-character of the hybrid orbital used by Pt
in the P-Pt bond. So for L = PMePh,, a phosphine trans to ethynyl has
a PPt ¢oupling constant «2,300Hz, trans to phosphine of w2550Hz and

trans to chloride “3600Hz, due to the trans effect of these ligands

decreasing in the order : ethynyl>phosphinedhalide. In the complex
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gig-[Pt(CECPh)Cl(PMePhZ)z], the two PPt coupling constants are 2325 and

3672 Hz, typical values for a phosphine trans to an ethynyl and a chloride

respectively., Similarily for [Pt(C=CPh)Cl(dptpe)] the PPt coupling
constants follow the expected pattern, With triphenylphosphine, though,
the situation is very different with a very large value (4441Hz) for

phosphine trans to halide compared with,for example,gig-[Pt(PPh3)2C12]
(1

JPPt 3673). Similarily the coupling constant for the phosphine trans

to ethynyl is small (1JPPt 1755). The same effect was seen in the

bromo complex Qia-[Pt(CECPh)Br(PPh3)2} and these ranges of values are
typical for the cis-mono(aryl)complexes (e.g. gig-[Pt(p-tol)Cl(PPh3)2]
as shown in the previous section, JPtP 4577 and 1563 Hz), It has

[108]

been noted previously that when a phosphine is trams to a group of

low trans influence and cis to a group of high trans influence that JPPt
for P trans to halide can be very large. Clearly the situation is more
complicated since PMePh2 and dptpe give ''morwal" coupling constants and
only PPhg is affected in this way. Furthermore in the complexes trans-

[PtPCl(PPh3)2] (R=p-tol, C=CPh), with the aryl ligand IJPPt (P trans to

is very large (lJ 3167) whereas with the phenylethynyl the more

PtP
"normal" values of 2661Hz is obtained. So the unusual parameters in
gi§~[Pt(CECPh)X(PPh3)2] cannot be solely explained by the cis effect

of the ethynyl being similar to aryl when this is clearly not the case
in trans-[Pt(C=CPh)X(PPh,),].

3.5.5 Nmr evidence for Hg-Pt adduct formation.

The introduction of metal halides into solutions of
. . e s . 31
gkg-[Pt(CECPh)z(PMeth)] usually caused a significant change in the ~'P
nmr parameters of that complex. These changed parameters are shown in

Table (3.5). It can be seen from the table that the magnitude of the

shift in parameters increases as the relative amount of salt present

P)



salts on 31

Table 3.5 Effects of metal P nmr parameters.
Ethynyl Complex Salt ratio Sp Adp JPtP AJPtP
‘Eif—[Pt(CECPh)Z-
(PMePh,), ] - - -2.0 2289
HgCl, 10:1 {| -2.9 0.9 2378 89
2:1 (| -3.3 -1.3 2420 131
HgBr, 10:1 || -2.4 -0.4 2318 29
1:1 -2.6 -0.6 2336 47
Hgl, 10:1 || -3.1 -1.1 2375 86
5:1 || -4,2 -2.2 2450 161
[Hg2c16]2’ 10:1 || -2.3  -0.3 2324 35
PhHgC1 10:1 || -2.0 0 2306 17
Cul 10:1 1] -2.0 0 2308 19
Ph,PCuCl | 10:1 || -2.2 -0.2 2316 27
SnCl, io:t 11 -2.0 0) 2298 9
cis-[Pt(czCPh),-
~(pPh,), ] 2 - - 1| 16.7 2328
HgCl, 5:1 1| 16.7 2359 31
2:11| 16.5 -0.2 2337 9
1:11| 13.4 -3.3 2491 162




73

increases. The effects are largest for ng2 and smallest for SnClz,
the rate of isomerisation of the cis complex decreases in the same order.
For the trang-bis and mono~ethynyls the effect of metal salts is much

. 1
less pronounced with JPP never varying by more than 10Hz from the

t
values expected for the pure compounds, It is suspected that the large
change in parameters for the cis complex is due to rapidly reversible
adduct formation acting before the ligand exchange reactions., If this
were the case then increasing the concentration of salt would move the
time-averaged signal away from that expected for pure bis(ethynyl)
towards that expected for the adduct. Also a stronger shift in parameters
for a given ratio of platinum complex : salt (eg. Hg012 and Hgl, compared
with Ph,PCuCl or SnCl, at a ratio of 10:1) would indicate a stronger
interaction with a higher degree of adduct formation and hence a faster
reaction rate, Finally,the change in magnitude of the parameter shift
between cis and trans isomers would be expected as whether the mechanism
is SEE(cyclic) or oxidative addition/reductive elimination then, as shown
in Fig. 3.3, the substitution reaction is at a ligand trans to a phosphine
(Lt) in the cis isower, and a ligand gig_(Lc) to the phosphines in a trams
isomer, and the effect would be expected to be largest when substitution occurs
trans to phosphine.
3.6 Conclusions

Whilst it is clear that the factors controlling the relative
stability of the cis-bis(phosphine)-bis(ethynyl)platinum complexes are
complicated,for certain phosphines (PMe,Ph) and ethynyls (C=CMe) these
complexes seem inaccessible. Even when such a geometry is accessible
the actwal isomer obtained depends heavily on the synthetic method and no
one method for producing cis isomers is gemeral, However the formation

of cis isomers will depend on a rapid replacement of the second halide for

ethynyl, or phosphine displacement of another ligand. The presence of



Figure 3.3 Possible transition states in HgX, catalysed

isomerisations of [Pt(CECR)ZLz]
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metal halide salts, which catalyse the cis > trans isomerisation will
also affect the products geometry and their use should be avoided if

cis isomers are desired.

3.7 Experimental

The following compounds were prepared by literature methods

[PtClz(cod)[13], [Au(CECPh)(PPhS)] (see chapter 2), [CuCl(PPh3)][109],
and Hg(C=CPh), [110] [PtClz(dptpe)[lll].

5
(1,5-Cyclooctadiene)bis(phenylethynyl)platinum:~ To a suspension of

[PtClz(cod)] (0.5g, 1.34 mmol) in ethanol under N. and at 0°C was added

2
a freshly prepared mixture of HC=CPh (0.27g, 2.7 mmol) and NaOEt

(prepared from adding 61.5 mg, 2.7 mmol of Na to 10ml EtOH) dropwise and
with constant stirring. The resultant yellow solid was filtered off
after 50 mins. affording crude [Pt(C=CPh),(cod)] (0.7g, 103% due to NaCl
impurities). Re-crystallisation from boiling CHCl3 led to decomposition
but three recrystallisations from CH2C12 finally yielded pure
[Pr(c=CPh),(cod) M.Pt 173 -97°C (dec) W(C=C) 2130cm™ '(w), 2135 cm l(sh)
Found C,57.3 ; H, 4.2% ; required for CZAHZZPC C, 57.0 ; H 4,47,

Cis-bis(methyldiphenylphosphine)bis(phenylethynyl)platinum:-

(a) From [PtCl (PMe ,Ph )2] - To a suspension of cis-[PtClz(PMeth)z]
(0.5g, 0.75 mmol) in ethanol (20ml) at 0°C was added PhC=CH (153mg, 1.5mmol
followed immediately by NaOEt (prepared from 34,5mg (1,5mmol) Na in 5ml
EtOH). The solid remained after 2 hrs stirring, after which filtration
yielded crude product (440mg, 747%). Re-crystallisation from CHC13/pentane

-1
afforded pure cis-[Pt(C=CPh),(PMePh M.Pt, 172-3°C  (C2C) 2120 cm (w)

2)2]
2130 cm—l(sh). Found C,62.4 ; H 4.67; required for C,oHagPoPt, C, 63.2

H, 4,557,
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(b) From [Pt(C=CPh),(cod)] - To a solution of [Pt(C=CPh),(cod)] (500mg,

0.99 mmol) in CH2012 (30ml) under N, was added a solution of PMeth

2

(350 pl; 1,98 mmol) in CH,C1, (10ml) over a period of 5 mins. After
15 mins stirring a clear, brown solution resulted. Removal of

solvent left the crude product, recrystallised form CHClz/light petroleum

(60-30°C) (3l4mg, 40%).

(c) From [Pt(CECPh)z(CO)(PMePhZ)] -~ To a solution of cis-[PtClz(CO)(PMeth)]

(0.2g, 0.4 mmol) in CHCl, (10ml) at 0°C under N, was added Hg(C=CPh),

2
(163mg, 0.4 mmol) in CHCl3 (5ml). The mixture was stirred for 2 mins

then [EtaN]Cl (67mg, 0.4mmol) was added. Stirring was continued for

5 mins, during which time a grey precipitate of (Et4N)2(HgZCI6) formed.

This was removed by rapid filtration leaving gig-[Pt(CECPh)Z(CO)(PMeth)z]

in the orange solution. PMePh,, (87ul, 0.4mmol) was immediately added to the

solution which was stirred for 5 mins. Removal of solvent yielded

gig-[Pt(CECPh)Z(PMeth)Z] (303mg, 94%)

Cis-bis(phenylethynyl)bis(triphenylphosphine(platinum:-

(a) From [Pt(CECPh)Z(COd)]- To a solution of [Pt(CECPh)z(cod)]

(185mg, 0.37mmol) in CH,CL, (20ml) at 0°C under N, was added Ph,P (182mg,

2 2

0.69mmol) in CH,C1, (5ml), The solution was stirred for 15 mins

during which time a brown colour developed. After filtration and concentration
crude product was isolated (267mg, 79%). Re-crystallisation from CH2C12/
pentane gave initially ggggg-[Pt(CECPh)Cl(PPh3)2] by-product (M.Pt. 210-212°C,

v(c=C) 2130 cm-1 w(Pt-Cl) 315 cm_l J 2665 Hz) followed by the desired

[89a]

PtP

Qig-[Pt(CECPh)z(PPhS)Z] M.Pt. 210-212°C (1it 206-8°C) V{C=C) 2110 —

JPtP 2329 Hz,
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(b) From [PtClz(CO)(PPh3] - gig-[PtClz(CO)(PPh3)] (20mg, 38 pmol) was
dissolved in CDCl, (0.5ml) and [Au(CECPh)(PPh3)] (10.3mg, 72 umol) was
added. After 15 mins, 31P nmr spectroscopy showed signals for

[Auc1(PPh3)] (§33.2) and cis-[Pt(CECPh)Z(CO)(PPh3)] (812.5, Iope 2162).

‘PPh3 (9.6mg, 37umol) was added, and 31P nmr spectroscopy showed that

cis-[Pt(CECPh)z(PPh3)2] had formed (816,7 J 2330) and a broad signal

PPt
(v834) due to phosphine exchange with [AuCl(PPh3)].

Cis-(methyldiphenylphosphine)(triphenylphosphine)bis(phenylethynyl)platinum:

To a solution of gi§-[PtC12(CO)(PMePh2)] (20mg, 40.5umol) in CDCl3
(0.5ml) was added [Au(CECPh)(PPh3)] (45.3mg, 80.9umol). After 15 mins,
cis-[Pt(C=CPh),(CO) (PMePh,)] (8-3.0 Joep 2082) had formed. Addition of
PPh3 (11.1mg, 42umol) led to rapid evolution of CO and a complicated nmr
spectrum occurred containing signals for gig-[Pt(CECPh)Z(PMeth)Z],
gig-[?t(CECPh)z(PPhB)z] and a set of signals (see Table 3.3) assigned to

gig-[Pt(CECPh)z(PMePhZ)(PPh3)], the relative ratio of the 3 species being

1:1:2,

Attempted prep. of cis-[Pt(C=CH),(PMePh,),]. C,H, gas was passed
through a suspension of gig-[PtClz(PMeth)z] (300mg, &.5mmol) at 0°C.

After a few minutes NaOEt (from Na(20,.7mg, 0.9mmol) in 5ml EtOH) was added.
The solution was stirred for 2 hrs leaving a brown solution with no solid
material present, Solvent was removed and the crude product re-dissolved
in CDC1,. Mo mr spectroscopy showed a large singlet (829.1) and no
evidence of phosphine platinum species. Proton nmr did not show the

presence of an ethynyl proton.
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Attempted prep. of cis-[Pt(CECMe)z(PMeth)zl:- The reaction was

performed under identical conditions to the above experiment except that
propyne was used instead of ethyne. At the end of the reaction an
orange solution remained where nmr in CDC1,4 showed a large singlet at

1 8629.8 and unreacted [PtClz(PMeth)z].

Attempted prep. of cis-[Pt(CECPh)z(PMezPh)Z]:- via NaOEt -

When a suspension of gi§-[PtC12(PMe2Ph)2] in EtOH was treated with HC=CPh
and NaOEt for 2 hrs at OOC, the main product of the reaction was starting
material (6-18,2 JPtP 3379). To investigate the reaction, four samples
of gig-[PtClz(PMezPh)z] (each 75mg in 10ml EtOH) were treated with Iml

of a standard solution of HCZCPh (282mg in 10ml EtOH) and 0.5ml of a
standard solution of NaOEt (128mg Na in 10ml EtOH). The reactions were
allowed to proceed for 2hrs at OOC, 20°C and 60°C and 24 hrs at ZOOC, at
the end of which solvent was removed in vacuo and the crude product

. . . 3
re-dissolved in CDCl, and their Ly nmr spectra recorded. (See Table 3.2)

3
In none of the reactions had cis-{Pt(CECPh)z(PMezPh)2] formed.

{1,2~bis(di-p-tolylphosphino)ethane}bis(phenylethynyl)platinum:-

(a) via NaOEt - To a suspension of [PtClz(dptpe)] (500mg,0.7mmol) in

EtOH at 0°C was added HCZCPh (142mg, 1.4mmol) followed by NaOEt (from

32mg (1.4mmol)Na)., After two hours stirring a dark brown solution had formed
which contained mainly PtClz(dptpe), Excess NaOEt and HCZCPh were added,

and the solution refluxed for 30 mins. The main product was now
[Pt(CECPh)z(dptpe)z] identified from its 31P nmr parameters (see Table 3,3)

along with several unidentified impurities.
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(b) via Hg(CECPh)2 - [PtClz(dptpe)] (30mg, 42ymol) was dissolved in

CDC1

5 and Hg(C=CPh), (16.8mg, 42umol) was added followed by Et,NC1

(6.4mg, 42umol). The insoluble byproduct was removed by filtration
and 31P nmr spectroscopy showed that the main product was [Pt(CECPh)z-

" (dptpe)] along with some [Pt(C=CPh)Cl(dptpe)].

Trans-bis(methyldiphenylphosphine)bis(phenylethynyl)platinum:- (a) via

Cul catalysed reaction - To a suspension of gig—[PtClz(PMeth)z] (0.2mg,
0;3mmol) in NHEt, (25ml) were added PhC=CH (71.4mg 0.7mmol) and Cul

(1lmg, 57umol). The mixture was refluxed for 10 mins, and the solvent
reduced at low pressure. Re-crystallisation of the white solid from
CHClB/ethanol yielded trans-[Pt(CECPh)z(PMePhZ)Z] (136mg, 57%). I.r.

(v (czc) 2110cm 1) and nmr (see Table 3.3) parameters were consistent

with literature values for trans-[Pt(CECPh)Z(PMePhZ)Z][Ssc].

(b) via Hg(C=CPh), - To a solution of cis-[PtCl,(PMePh,),] (20mg, 30umol)

was added Hg(CECPh)2 (25,6mg, 64umol), After 30 mins. the solution
was filtered to remove [Hg(C=CPh)Cl] and L - spectroscopy showed that
trans-{Pt(CECPh)Z(PMeth)z] was the main product with some (10%) trans-

[Pt(CECPh)Cl(PMePhZ)z}.

(c) Via[Au(CECPh)(PPh3)] - When two equivalents of [Au(CECPh)(PPhB)]

were added to [PtClz(PMeth)z] and the reaction monitored by 31P nmr
spectroscopy, ggggg-[Pt(CECPh)Cl(PMePhZ)Z] grew in, followed by a slow

growth of Egggg-[Pt(CECPh)Z(PMeth)z]. On one occasion a rapid growth

of cis-[Pt(C=CPh),(PMePh,),] was observed. If the reaction was performed

in the presence of S g the cis-bis(ethynyl) was formed. All these reactions
were performed in CDCl3( 0.5ml) with 20mg of cis-[PtCl,(PMePh,),] and 34mg of

[Au(CECPh)(PPh3)] and all reactants and products were soluble.
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(d) By method (a) with less PhC=CH - When method(a)was performed with

300mg ("45mmol) of cis-[Ptc12(PMePh2)2] and HC=CPh (46.6mg, 0.46mmol)
i.e. a 1:1 mole ratio, then after reflux in Et2NH with a trace of Cul

catalyst the product was a 1:1 mixture of starting material and trans-

'[Pt(CECPh)Z(PMePh2)2] remained with a trace of trans-[Pt(CECPh)Cl(PMePhZ)z].

Trans-bis(methyldiphenylphosphine)bis(propynyl)platinum:- (a) Via

(Pt(CECMe)z(CO)(PMethll_ Eiﬁ—[Pt(CECMe)Z(CO)(PMePhZ)] was prepared from
‘ [54]

gig-[PtClz(CO)(PMeth)z], Hg(CECMe)2 and Et,NC1 by the literature method

4
One equivalent of PMePh2 was added and the solution stirred for 5 mins.
Solvent removed to give the crude product (633.5mg, 78%). Re-crystallisation
from acetone gave pure gzggg-[Pt(CECMe)Z(PMePhZ)] (498%mg, 57%) M.Pt.

176-800, v(C=C) 2130 cm-l. Nmr parameters as in Table 3.2. Found C, 56.8;

H, 4.60; P, 9.23%: required for C PZPt : C, 57.06 ; H, 4.79 ; P, 9.2%.

42M36
When the reaction was followed by nmr, adding the phosphine in three

separate portionms, gi§~[Pt(CECMe)z(PMePhZ)Z] was formed in good yield

(maximum 32%) but it isomerised rapidly (v10 mins) to the trans form.

(b) via [Hg(CECMe)Zl. To a solution of [PtClZ(PMePhZ)Z] (20mg, 30umol)

in €DC1l; (0.5ml) was added Hg(CECMe)2 (17mg, 62umol). The solution was
allowed to stand overnight and filtered, leaving a solution of trans-

[Pt(CECMe)z(PMeth)Z] (identified by its spectroscopic parameters).

Trans-bis(dimethylphenylphosphine)bis(phenylethynyl)platinum:- (a) From

Pt(CECPh)Z(cod) - To a CH,Cl, solution of [Pt(CECPh)Z(cod)] (700mg,

l.4mmol) was added PMe ,Ph (376ul, 2.6mmol), under N, at 0°C.  The solution

was stirred for 30 mins, filtered and solvent removed. 2 successive
recrystallisations from CHclB/pet.ether (60-80°C) gave yellow crystals of
trans-[Pt(CECPh)z(PMezPh)2] (46%). I.r. and n.m.r parameters agreed with

[57]

literature values .



(b) From [Pt(CECPh)z(CO)(PMeZPh)] - To a solution of gi§-[Pt(CECPh)2-

(co)(PMe,Ph)] (prepared from [PtClz(CO)(PMezPh)] (1g, 2.3mmol), Hg(C=CPh),

and Et4NCI) in CHCl3 (50ml) under N_ was added 330ul (2,3mmol) of

2
PMezPh. After five minutes stirring the orange solution was filtered
to remove a grey precipitate, The solution was concentrated and light
petroleum (60-80°C) added until crystallisation just began. The first

product was white crystals of the mercury by-product, followed by yellow

crystals of trans-[Pt(CECPh)Z(PMeZPh)Z] (856mg, 55%).

(¢) Via [Au(CECPh)(PPh3Zl - To a CDC13 (0.5m1) solution of cis-[PtClz-

(PMeZPh)Z] (20mg, 37umol) was added [Au(CECPh)(PPh3)] (41mg, 73umol).

A rapid depletion of [Au(CECPh)(PPh3)] took place and a mixture of
¢is and trans-[Pt(CzCPh),(PMe,Ph)] and trans-[Pt(C=CPh)C1(PMe,Ph), ]
was formed (see Tables 3.3 and 3.4 for spectroscopic parameters). After

4 days standing at room temperature the main product was trans-[Pt(CECPh)z'

(PMezPh)z].

Trans-bis(dimethylphenyl)bis(ethynyl)platinum:- To 252mg (0,46mmol)

of [?tClz(PMezPh)z] in Et,NH (25ml) was added 10mg of Cul. C,H, gas

2

was bubbled through the solution for 2 hrs at 0°c. The solution was
filtered and solvent removed leaving crude trans—[Pt(CECH)Z(PMeZPh)Z],

. . . . [57]
whose nmr and ir parameters were identical to literature values .

Trans-chlorobis(methyldiphenylphosphine)(phenylethynyl)platinum:-

(a) ;ig—[PtClz(PMeth)z] (503 mg, 7.6mmol) and [Hg(C=CPh),] (305mg,
7.6mmol) were stirred together in CHC1, (25m1) for 1 hr. The orange
solution was filtered to remove [Hg(C=CPh)Cl] and solvent removed under
reduced pressure. The crude product (56lmg) was recrystallised from

CHClB/pentane to give pure product as white crystals (352mg, 647%).



M.Pt. 213-4°C Found : C,55;4;H 4.1; P8.3: required for

C5,Hq,ClP,Pt, C,55.8, H.4.3; P, 8.5%. ir V(C=C) 2130 cm'l., V(Pt-Cl1)

315 cm 1.

(b) If the above preparation was repeated with 29mg (43umol) of cis-
[PtClZ(PMePhZ)Z] and 8.7mg (21,6umol) of Hg(C=CMe), and after mixing
in CDC1, (0.5ml), Et,NC1 (3.6mg, 21,7pmol) was added then immediately

after filtration along with gigEPt(CECPh)Z(PMePh trans- [Pt (C=CPh)-

251,
Cl(PMeth)z] and trans-[Pt(CECPh)Cl(PMePh3)2] a small pair of

2 .
doublets (83.6, JPtP2325, §-4.,8, JPtP3672 5 Ipp 18Hz) assigned to

cis—[Pt(CECPh)Cl(PMePhZ)Z]. After 20 minutes standing at room

temperature only trans-[Pt(CECPh)Cl(PMeth)Z] remained.

Trans and cis-chlorobis(triphenylphosphine)(phenylethynyl)platinum:-

If the preceding reaction was repeated with gi§~[PtClz(PPh3)2] (30mg,

40umol), Hg(CECPh)2 (7.4mg, 18.4umol) and Et,NCl (3,0mg, 13.lpmol) then

4

after filtration, 1P nmr spectroscopy showed the presence of gig-[?tClz-

(PPh,),], and two complexes, a pair of doublets (§18.6, J 1755 ;
372 P PtP
2

1: i 18- =
614,9, Jppp 44415 "J5, 17.3 Hz) assigned to cis [Pt(C-CPh)Cl(PPhB)Z] and

a singlet (621.5, J 2663) which steadily grew in and was assigned to

PtP
trans-[Pt(CECPh)Cl(PPhB)Z]. The assignment was confirmed when the

same sets of signals were seen in the HgCl2 catalysed isomerisation of

cis-[Pt(c=cPh),(PPh,),].

Trans-chlorobis(methyldiphenylphosphine)(methylethynyl)platinum:-  To

[PtClz(PMeth)z] (20mg, 30.0umol) in CDCl, (0.5ml) was added Hg(C=CMe) ,
(7.3mg, 26,4umol). The mixture was allowed to stand overnight and then
filtered. Nmr parameters (see Table 3.4) were consistent with trans-

[Pt(CECMe)Cl(PMeth)Z].



Isomerisation reactions:- These were all performed on an nmr scale

experiment, typically with 20mg of the cis-bis(ethynyl) or cis-bis(aryl)
complex in the minimum amount of CDCl3( 0.5ml) (or occasionally thf or
toluene) and the appropriate amount of catalyst (usually 0.1 mol
equivalents)'added as a solid or in solution. The reactions were
followed by 31P nmr spectroscopy. The main results are given in the

text (section 3.5.2)

(a) Isomerisation of cis-[Pt(CECPh)Z(PMeth)Z]

(i) Effect of heat : A solution of the complex was heated until
boiling for 5 minutes, On cooling there was no change in the nmr

spectrum,

(ii) Effect of PMePh, : On addition of PMePh, (0.08 mol equiv) to a

2
solution of the complex caused no change in the nmr spectrum even on

standing for 24 hrs, Increasing the amount of PMeth produced signals

for free and oxidised phosphine but no isomerisation,

(iii) Effect of [BuaN]I : This catalyst also had no effect on the

complex even after 24 hrs.

(iv) Effect of HgCl If in CDCl, then immediately after addition

2 3

signals for gig-[Pt(CECPh)Cl(PMeth)Z] were evident, followed rapidly
by trans-[Pt(C=CPh)C1(PMePh,),]. After 10 mins trans-[Pt(C=CPh),-
(PMeth)z] was detected and this psecies grew in steadily until after
3 hrs it was the main product (90%) with 10% of the trans-mono(ethynyl)
remaining,

In toluene, the reaction proceeded at a similar rate and again
w-[Pt(CECPh)Cl(PMePhZ)Z] was detected before any trans-[Pt(C=CPh),-

(PMePhZ)Z]. No cis-mono(ethynyl) was detected in this case,



In thf (tetrahydrofuran) the reaction was similar except that the
product was formed as a precipitate and the reaction was faster than in

eilther CDCl3 or toluene.

(v) Effect of other Hg salts : HgBr, and Hgl, were just as effective as
Hg012 in cataiysing the isomerisation, although in neither case was

any Eig-[Pt(CECPh)X(PMePhZ)z] detected [EtaN]z[H32016] was also just as
rapid in causing the isomerisation, as was [Hg(C=CPh)Cl] but [HgPhCl]

did not cause any isomerisation even after 24hrs.

(vi) Effect of Cul : On addition of Cul a slow isomerisation took place.
After 48 hours only trans-bis-and mono-ethynyl complexes remained.

During isomerisation broad peaks were observed and the trans-bis(ethynyl)
peak remained broadened probably due to association of the Cul catalyst

with the platinum ethynyl.

(vii) Effect of other Cu salts : CuCl failed to catalyse any isomerisation
in a 24 hr time period. [CuCl(PPh3)] did catalyse the isomerisation

very slowly with 337 product after 15 days.

(viii) Effect of Sn chlorides : SnCl,. 2H,0 was dried in vacuo for 2 hrs
at 100°C during which time the sample of 1.5090g lost 267 mg (would expect
to lose 240 mg if formula is correct). The dried SnCl2 caused slow
isomerisation with the reaction being 50% complete after 15 days. SnCl,
also reacted with the complex but addition of 0.3 equiv, produced only

trans-mono-(ethynyl) and gi§-[Pt012(PMePh2)2] although after 44 hrs the

main product was still qig-[Pt(CECPh)z(PMePhZ)Z].

(ix) Effect of Pt ethynyls : Addition of trans-[Pt(CECPh)Cl(PMePhZ)Z]
to pure cis-bis(ethynyl) produced no reaction after 24 hrs. This rules
out the isomerisation proceeding through a series of Pt ethynyl/chloride

exchanges.



(x) Effect of [AuCl(PPh3)] : there was no reaction between the complex

and [AuCl(PPhS)] even after 24 hrs standing.

(b) Isomerisation of cis-[Pt(CECPh)Z(PPhB)Z]

(a) Effect of'HgCI2 : Addition of 0.2 equiv. of HgCl, to a sample of the
complex in CDCl, brought about initial broadening of the bis(ethynyl)
signal. After 30 mins signals for both cis and trans isomers of both
bis-and mono—(ethynyls) could be detected. After 24 hrs only 757 of
the starting material head reacted. When repeated with one equiv. of
HgCl, the signal for gig-[Pt(CECPh)Cl(PPh3)2] was very strong (70%) but
on standing for 24 hrs the main product was gig-[PtClz(PPh3)2] due to

decomposition,

(b) Effect of HgBr, : On addition of 0.1 equiv. HgBr, (added in EtOH solution)

2
a complex spectrum resulted containing no signal for starting material
but signals for cis and trans-[Pt(CECPh)Br(PPh3)2], trans-[Pt(CECPh)z-
(PPh3)2] and two unidentified signals at 613.7, J 3531 and 821.6 J 2656

assigned by analogy to the above reaction to cis and trans-[PtBrZ(PPh3)2]

respectively,

(c) Effect of Hel, : 30 mins after addition of Hgl, signals for trans-bis

2
and mono-ethynyls were detectable but there was no evidence for any of the

dihalides being present.

(c) Reactions of cis-[Pt(p-tol)z(PPh3)2] with HgCl,

When 0.1 equiv of HgCl, was added to [Pt(p-tol)z(PPh3)2], there was
immediate production of cis-mono(aryl)complex followed by the trans
isomer. The reaction was very slow, with only 3% of the starting complex
being present after 2 hrs. Increasing the amount of HgCl, to 0.5 equiv.

after 7 days, the main product was trans-[Pt(p-tol)Cl(PPh3)2]. Addition



of 1 equivalent of [Hg(p-tol)z] and heating to 50°C for 2 hrs converted
the mixture to trans—[Pt(p-tol)Cl(PPh3)2] but no trans-bis(aryl) could

be detected.
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Crapter 4 - THE SYNTHESES AND REACTIONS OF AMINE, AMINOCARBENE AND IMINE
COMPLEXES OF Pt(II)

4-1 - Introduction

Platinum carbene complexes, in some ways, show a similar history to
the platinum olefin complexes mentioned in Chapter 1. K[PtClB(C2H4)J
represents the first metal olefin complex (and the first orgznometallic

complex) to be prepared(1) although it took a long time for its true

(2)

structure to be understood . In a similar vein, the first preparation

of a platinum carbene (indeed of any metal-carbene complex) was reported

by Chugaev and Skanawy-Grigorjowa in 1915 (112) who treated [Pt(CNMe)4]2+

with hydrazine. Again it took a long period of time (until 1970) before

this complex was recognised as a cyclic platinum carbene,(115> with the

X-ray crystal structure finally being determined for both Chugaev's salt(114)

and its Pd analogue(113a)(eqn. 4-1). Hydroxylamine and methylhydrazine

H +
: N-N
o Me
Me\N“’é/ \\C"‘N/
RN TUSH
[Pt(CNMe)4]2++HAN2——> . Pt/ . (4-1)
’ +H
MeNC CNMe
. -

react in an analogous manner to form carbenes with the ligand framework

MeEN-C=N-0-C-NHMe 2nd MeHN—é—N(Me)—N:g—NHMe respectively(113b’115).

In the period between the initial preparation of Chugaey's salt and its
characterisation the field of metal carbene chemistry had grown enormously
as can be seen from severzl review articles dating from this period.(116)
This growth was stimulated by the first planned synthesis of a metal carbene
by Fischer and Maasbol in 1964(117)(eqn.4—2). The first report of a
(18) o

characterised Pt carbene came from Chatt and Richards in 1969

W(CO) +LiR —— [w(co)B{c (R)OLi}][MiBP_]_; [w(co) 5{C(R)<Me§] (4-2)
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found that the treatment of co-ordinatedisocy-nides with alcohol would
give addition across the 7=N band, giving a carbene product (eqn. 4-3).
Many other methods have been used to make platinum(II) carbenes, and in
a few cases Pt(IV) carbenes, although as yet no Pt(0) carbenes have been

g_i_g—[Pt012<CNPh)(PEt5)] + BtOH — > g_i_g—[PtCl2{C(NHPh)OEt}(PEt?)] )
4-3

isolated. A brief survey of these methods is given in the next section.

4-2. = Swmthetic routes to Pt(IT) carbenes,

(3). Symtheziz Trem ocrgenoplatinum srecurcors,

(118) (115,119)

i)  Alcohols amines and thiols(115) can all attack co-

ordinated isocy=nide complexes to produce carbenes in a manner
analogous to egn. (4-3). This method has been employed to prepare

o (115a)
the unusual percarbene complex, [PtiC(NHMe)234] (ean. 4-24) a/..
. 2 — 2
[Pt(CNMe)4] Y4 AN — > [pric(ume) 3, ]2 (4-4)

(ii) Nucleophilic attack on co-ordinated acetylenes has proven very

successful, Starting from electroneutral monomeric complexes, q
an

cationic carbene complexes were obtained(120) (eqn. 4—5)- Anderson/

Cross .. modified the procedure by starting with halide bridged

complexes which produced neutral carbene complexes(121) (

eqn. 4-6).
rgt/MeoH

trans-{PtCl (Me)(PBi )2 = R,C,

>
>

trans—[PtMeiC(@ﬁe)CHRE}@R3)2}+ (4-5)

The mechanism for both reactions is thought to proceed via a re-

arrangement of a co-ordinated acetylene to a vinylidene species

1

%[Pt2014(PR§)2}+ RC=CH+R  OH —ﬁ&éﬁ—fP“LClng(Ofg )(CHgR)}(PRB)]

(4-6)
which then undergoes nucleophilic attack (eqn., 4-7). A further

variation was introduced by Chisholm and Bell(57) who found that
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[t X 4L2] +HC=CPh ——>[1>tx2L(;L2_HCECPh)]——>{Ptx2L(=c=CHR)]

R OH (4-7)

[Px,§C(0r") (CH R)3L]

the reaction would proceed starting from a co-ordinated acetylide
which could be protonated and then undergo nucleophilic attack

(ean. 4-8) to give ¢ationic alkoxycarbenes.

. _ 1 1 -
trans-[PtC1(C=CR)L,]+ HPF 4R OH —> trans- [PtC1{C(OR )CHZR§L2] LPF6]

(4-8)
(iii) If a complex already contains a carbon to heteroatom double bond

then protonation of the ligand can produce carbene complexes(122)

(eqn. 4-9).
H+

trans- [PtX{C(NR) (MiPn)§ (PE¢ ), ] == trans- [Ptx{C(MR) (MEPR)(PEL;),]*
OH

(4-9)

b) Synthesis . from metal carbenes

This heading covers a range of synthetic procedures including i)
modification of the metal-ligand framework by ligand exchange, ii)
modification of the carbene ligand and iii) transfer of the carbene
ligand from one metal centre to another., All these pathways have
the common property of starting from one metal carbene complex to

produce new ones, Some examples are given below,

(1) Neutral alkoxy(organo) carbenes have been converted into cationic
complexes by ligand exchange reactions, as long as the chloride
ion which will react with the product is rapidly removed as its

(123)

silver salt (eqn. 4-10) Into this category also come the

cis-[PtC1§ C(Qe)CH,Pri (Pe ,Ph) [+ Flfe Fh + gt

=+
trans- [PtC1{C(Me)CH, PffPMe, Ph),] + AgCl (4-10)
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-

the oxidative addition reactions at the metal centre which have

been used to prepare Pt(IV) carbene complexes (eqgn. 4—11)(124).
¢is - [PtCIZ{c(NHM¢)2} (ms)] +Cl, —> [mcu{cmum)ﬁ (Pec_,,)] (4-11)
(ii) Amine attack at the carbene can cause displacement of an alkoxy
group(125) although the reaction (eqn. 4-12) was found to be
dependent on the size and concentration of the amine, as well as
the nature of the trans ligand. (With bulky amines and X=Cl,
acyl formation was favoured (eqn. 4-12). With cyclic carbenes

the attack by amines led to ring opening, with non cyclic carbenes

produced(125) (eqn. 4-13).
X=Me ,C1

: I

trans-[Ptxic(Nng)Me}(PMezph)2]+

trans-[PtX{C(OMe)Me}(FMeQPh)2]+ + NHR

X=C1

\|

trans—[PtX(COMe)(PMegPh)Q] +

[R2NHMe]+ (4-12)

trans-[PtX{COCHéEHzg(PMezPh)Q] + NHR,
(4-13)
tranc— [PtX{C(NRz)(CH2)BOH§@M92Ph)2]+

(1ii) No platinum carbene complexes have been made via transference of a

carbene ligand from another metal centre although this method has

(126) 14 201a(127) 14

been used for other metals such as iron
prepare carbene complexes not accessible by other routes (eqns.
4-14, 4-15)., In view of the known reactions of gold ethynyls

with platinum halides (see chapter 1) gold carbenes may act as

hv
[Mocp(co){c(ore)Phi(NO) ] + Fe(co)5 S

[1on(co)2(No)]+[Fe(co)ﬂ{c(OMe)rh}] (4=14)
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[w(co)sic(one)Ph}h HAuC1, —>[AuC1§C(Me)Ph3] + WC1,(CO)  (4-15)

suitable precursors for Pt carbene complexes although their
synthetic usefulness may be low as there are many simpler routes

to Pt carbenes.

c) _Syntheses from carbene precursors

This group includes organic precursors which by elimination of part
of the molecule would lead to carbene ligands which are stabilised
by complexation to the metal. (Note, however, that the mechanism
does not require the formation of the carbene prior to complexation).
Electron rich olefins have been used to prepare carbene complexes
of many transition metal complexes, including Pt using bis

(122) (129)
(cyclicdiamine)clefins or bis(cyclicamine(thio))olefins

(egns. 4-16, 4-17). Another successful precursor has been an

Me

L
cis{ PtCIo(PPhg)y | + l: \F< ] — cis[Pt{CINMe)CHoCHoNMel, -
CI(PPhg)]Cl

Me Me
ph Bh

cis{PtCIo(PPh3)y ]+ [§>:<2] — cis[PH{CINPhICH,CHoS ], -

Clp(PPhg) |CI

(4 _16)

(47

imidazoliline which eliminateschloroform to produce a carbene

(eqn. 4-18)(130),

Ph
(4-18)

EPt2014(PR )} [ >< -—9[:Pt01{c (ipn) A C3 NPh}(PR )]

CCly

Ph
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4-3 - Stiructure and bonding of platinum carbenes

One important fact can be observed from the preceding section ;=
a1l platinum carbene complexes so far prepared have either one or two
heteroatoms (Q, N or S) directly bonded to the carbene carbon and this
gituation persists in the vast majority of all transition metal carbene
complexes, Furthermore, in an sp2 hybrid{sed carbene carbon, an empty
p-orbital will be vacant for T(-bonding either with the metal or to the
heterocatom. Resonance structure 4-I, 4-II and 4-III add to the

stability of metal carbenes (shown for the case of one hetercatom B).

A-1 represents Cy-donaﬁion of the carbene "lone pair" to the metal

C > M—2C 3 B

N\

4-1 4-11 4-I1I1

centre, 4-I1 shows formation of a covalent Tl-bond of the type found
in organic carbonyls and imines and 4-II1 is metal to ligand back-

bonding, analogous to that found in CO and C complexes. This

2y
multiple bonding forces the M-C(B)C unit into a planar configuration.
The crystal structures for many Pt(II) carbenes have been
determined(131). Typically the Pt-C bond is 2.0-2.k. It has been
calculated that the sum of the covalent radii of Pt(II) (1.311) and an
sp2 hybridised carbon (0.75ﬁ) is 2.O4K(132). The similarity of
observed values with this, calcvlsted for a purely o-Pt-C bond,
indicates that there is little Tl-back bonding from the metal to the
ligand. There is considerable variation in the Pt-C bond length when
the trans ligand is changed due to differing irans influences. So,

shorter Pt-C bonds are found when Cl is trzns to the carbene ligand
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compared with Me or R3P trans to carbene, The Pt-C bond length should
be compared to those found in Pt carbonyls (Pt-C~1,75%) and Pt
isocyanides (Pt-C w1.9ﬁ), both of which are considerably shorter than

the sum of covalent radii of Pt(II) and C(spE) (2.011) indicating a high
4degree of Tbbéck bonding and multiple bond character in the Pt-C bond

for these two ligands, Nmr spectroscopy show that there is hindered
rotation about the Pt-C bond(133) but this is due to steric hinderance
rather than any double bond character in the metal-carbene bond(134).

Iﬁ the solid state the plane of the carbene ligand is nearly perpendicular

to the plane of the platinum-ligand framework and unfavourable steriec

interactions prevent rotation of the carbene through the plane of the

platinum ligands. (In Chugaev's salt(114) and [ft(dppe){C(NHt01)=NH££r
Ry (¥e ﬂf](135) here th bene i t of a chelating ligand, th
¢y (Me-p where the carbene is part o chelating ligand, the

carbene and platinum units are cc-planar).

Analysis of the available crystal structure data(131) also shows
how important resonance form 4-II is in stabilising the electron
deficient carbene. For ligands containing the unit Pt-C(N)X

(X = 0, ¥ or S) C-N bond lengths are typically 1.31-1.33, considerably
shorter than a C-N single bond (by the sum of covalent radii = 1.51&)
although longer tran the C=N bond in a free imine (e.g. #=CHCHC=NR,
C=N = 1.263(136)). ) Carbene carbon to oxygen bonds are similarly
shortened (1.2-1.38) compared with C-0 single bonds (1.51%). This
high degree of double bond character manifests itself in hindered
rotation about the C=N or C=0 bond. Nmr studies in [PtﬁXNHMe)2§4]2+(115)
and [Pth{c(NHPh)é{](132) showed that the carbene adopted the amphi
configuration (4-IV) with some trans, trans (Z-V) also present but no
cis, cis (4-VI) detecfable. The tetracarbene dication showed no sign
(133),

of MPptation or isomerisation about the C-N bond even at 9OOC

indicating a considerable degree of double boné character in this bond,
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H R H
l r |
N-R N-H - N-R
(4 ‘ 7 ‘ 4 ’
] ) ’
Pt-C_ 1 Pt-C_ ¢ Pt-C (
\ \

\\\QQ \\\Qb \\QR
N-H N-H N-R
| l |
R R H

4-IV 4=V 4-VI

The importance of the hetercatom in stabilising the carbene
complexes can be clearly seen when compared with carbenes without a
stabilising heteroatom. These are often called Schr~ck type carbenes
after R.R. Schrack who first prepared a tantalum carbene in 1974(137)

(ean. 4-19). In these complexes retsrance form 4-I1 cannot contribute

[TaC12(CH2me ]+ 2Li CH,CMe

3)3 3——>[Ta(CH20Me3)3{c(cwe5)H§] +

2LiC1l+CMe, (4-19)

to the bonding scheme and there is good evidence that metal to ligand back
bonding is important. This is reflected in shorter metal-carbon bonds
(138)

between metal and carbene than metal and alkyl, as shown in 4-VII

and 4—VIII(139), and proton nmr shows hindered rotation of the methylene

2,026A 2.07A

\\\ﬂ CH CHPh

Vi 4

(Cp),Ta (Cp)zT\ |
/ CE,§ / CH,Ph
2.246A 2,304
4-VII A-VIII

group in 4-VII which is unlikely to be due to steric hinderance in this
case, These complexes are highly sensitive to oxygen and water and
decompose at lower temperatures than complexes containing heteroatom

stabilised carbenes. So 4-VII decomposes at room temperature whilst
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Schrock's original complex decomposes at 71OC, whereas for comparison
the neutral amino(organo)-carbene platinum(II) complexes are stable

even at over 200°C (see Table 4-3).

4-4 - Chemical properties of Pt(II) carbenes

Compared with the carbene complexes of chromium, molybdenum and
turgston, platinum(II) carbene complexes are very much less reactive.
However, certain interesting reactions can occur. Some of these have
already been dealt with in section 4-2 where the conversion of Pt(II)
carbene complexes to new Pt(II) or Pt(IV) complexes was discussed (egns.
4-10, 4-11, 4-12, 4-13), Deprotonation of the nitrogen heterocatom in
carbon ligands has also been mentioned (eqn. 4-9). De-protonation can
also occur at the carbon atom directly attached to the carbene carbon

(i.e. the c(~carbon)(57) (eqn. 4-20, X=C1,CF L=PMe”Ph,AsMeB, R=H,Me,
I+ : ;

3’
ps = proton sponge 1,8-bis(djmethylamino)napthalene). The deprotonation

of carbene complexes will be returned to later in the chapter (see

trans-[ PtX{C(0Me)CH,RIL )" + ps —> trans-[Ptx{c(aMe)=CHRIL ]+ psH *

(4-20)

section 4-6.4). Platinum carbene complexes can also react with phosphine

and halides, but again this will be discussed more fully later.

It has been mentioned above that both neutral and cationic platinum
alkoxy(organo)cafben@ complexes - that is complexes containing the unit
Pt—C(OR)R1 - have been prepared and investigated(57’120’121’123) and
also that cationic amino(organo)carbene complexes of platinum have

(125)

similarly been the subject of investigation There have been
previously only two reports of neutral amino(organo)carbene platinum
complexes, one prepared by re-arrangement of a platinﬁuycle(14o) (eqn.

4-21), the other by the cyclisation of an activated isocyanide type
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type complex(141) (eqn. 4-22), 1In this chapter the synthesis of neutral

‘ . o ( ) b -
Pt(PPhB)j + 2(Me2N.f.-.h2)Cl-—-> [PtCl{N(Me)ZCHQN(Me2)0H2}(PPhB)] +C1 + zpph5

l (4-21)

g_i_s_-[PtCleiu(IMeg)H}(PPhB)] + Me,N

®lfMe2Ph PMeoPh
C—H |
— PtCl,(PMesPh)  (4-22)
N=CPtCly(PMeoPh) N
H

amino(organo)carbene platinum complexes is discussed and their low
chemical reactivity described. A series of amine complexes,‘trans-
[PtClZ(NRS)(PMezPh)], prepared as intermediates in the carbene synthesis

is also described,

4-5 -~ Platinum imine complexes

Organic compounds of the type R2C=NR, that is, compounds containing
the imine functional group, contain a lone pair of electrons on the

nitrogen atom, ir exactly the same fashion as amines R_N. It would be

3
expected then that this type of compound would ligate platinum (and other

metal centres) in a manner anzl#gous to amines. This is borne out in

(142) (143)

practice, for example the action of amines ond imines on halide
bridged platinum dimers is very similar, yielding ¢ -N bonded complexes

(eqns. 4-2%,4-24). This represents the usual method of preparing imine

[Pt2014(PEt3)2] + 2Bt NH ——> trans—[P*tCl2(NHEt2)(PEtB)] (4-23)
[Pt201 4(AsMe3)2] + 2PhNCHPh —> trans- [PtClg{IT(Pli)CHPh}(AsMea)] (4-24)

complexes, with prior synthesis of the imine followed by nucleophilic
attack by the imine at Pt. Imines have also been made by alcohol

addition across a nitrile triple bond(144) (eqn. 4-25), Here there is
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EtCH

+
trans- [PtCl(Me)L2J + N=C.C.F 4.CN —A? trans— [PtMeszN(H)=C(OEt).C6F 4.cN}]

(4.25)

ar. obvious similarity to alcohol addition across isonitriles to give
carbenes (eqn. 4-3). Confirmation of a ¢-N bonding ligand was provided
by the crystal structure determination of §£§g§-[?tCIQ{N(Me)CH(tol—B)}
(AsEt3)](145) which showed the ligand to adopt the confrmation shown in

4-IX with the proton attached to the imine double bond (which shall be

H
¢l C—H
= ' - Mg
Et.As—Pt—N?Z
__ 3 i ~
4-1X Cl Me

referred to as the imine proton, HA

bonding approach (2.4&) between an ortho proton in the tolyl group and

in 4-IX) trans to Pt and a close, non-

the metal atom, This close approach between the metal centre and the
ortho proton is thought to be important in ortho metallation reactions

of the type found between Pd and imine ligands (egn. 4-26)(146).
|

r. —_

PdClz + RN=CHPh —>

1
1
+HCI  (4_26)
N 2 (147)

Similar ortho metallations are found in the reactions of imines with Ir

and azchenzene with Pd(148).

A large amount of research has been performed by van Koten and co-
workers on the conjugated di-imine system (RE:C(R)—C(R):LR), where the Iigand
(136,147)

may be either chelating, bridging two metal centres or mono-dentate

In addition the -[-electrons can be used to form -[-bonds to metals,



91.

although no examples of this are known for platinum. It has been found
that for mon-dentate or bridging di-imines there is a close approach
between the P -hydrogen and the metal centre(148) (e.g. in trans-

t .
[{PtCl2(PBuB)}2{Bu—N=CH.CH-NBu 3](4-x) |Pt-Hpl=2.6A. This also forces

‘the imine proton into a configuration trans to the Pt centre.

t
ol _He <t
BugPs, | -7 C=N, |
‘Pt-” - Pt 4x
| IN=cC _--=7 | YPBug
Cl 4. H- Cl

There appears to be, on paper at least, a close similarity to the
imines and the aminocarbenes. De-protonation of the imine proton or
the N-H proton of the carbene could lead to a very similar set of
complexes (fig. 4-1), as well as products which could possibly undergo
reversible isocyanide deinsert on, The attack of HgPh2 on co-ordinated
phenylisocyanide led to the formation of an aminocarbene(150), the
reverse of the reaction shown in fig. 4-1. The attempted deprotonations

of both types of complex are discussed in this chapter,

/“ ff
L, Pt-C L. Pt-N
3 3
\N-R c-R'
| I
i "
+
5t -H
v
R v R

-L

[LQP’G(CNR)RU fig. 4-1
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4-6 - Results and Discussion

4-6.1 - Platinum amine complexes

(121)

Anderson and Cross succeeded in isolating alkoxy(organo)

~carbene complexes by adding excess alcohol, and phenylacetylene to
chloroform solutions of [Pt2X4L2] (X = Cl, Br,I; L= PMezPh,PEtB)
and stirring the mixture for 8 hours at room temperature. When the
same procedure was followed using aniline instead of ethanol, and
increasing the reaction time to 24 hours, removal of solvent from the
reaction vessel left a brown oil which smelt strongly of aniline, due
to the excess of that reagent present, The crude product was re-
crystallised from CH2CI2/light petroleum to zfford yellow crystals,
Microanalysis showed that the product wzs most likely [PtClZ(NH2Ph)—
(PMth)] (see Table 4-1). This was confirmed by 1H nmr spectroscopy
which contained signals for the aromatic protons and the phosphine
methyl group (intensity 9:6) 2s well =25 & broad signal at §5.2
(intensity 2) assigned to the protons directly attached to nitrogen.
Many complexes of the type igggg'[:PtxgkNRs)(PRB)] have been prepared

(142,151)

previously by treating halide bridged dimers with an amine
(eqn. 4-27). The equilibrium lies to the right waen X = Cl or 3r,

although to the left for X =1, The product geometry is invariably
O ———
[Pt2X4(PR3)2] + 2am =—————= trans~[?tX2(am)(PR3)] (4-27)

trans and this was also found to be the case for the new aniline complex,
whose ir spectrum contained only one (Pt-Cl) stretch (3280m_1), whereas
a cis complex would be expected to show two such stretching modes, due to
both a symmetric and an asymmetric bending mode, The 31P Amr spectrum

contained no signals for the starting dimer indicating +that

equilibrium (4-27) 1lies well to the right in this case, The



Table 4-1 Physical data for trans-[?tCln(am)(EMethi]

am M.Pt (°C) %C o%H %N
N, Bu’ 137-138 30.43(30.20) | 4.75(4.65) | 2.92(2.93)
! 'NH2Me 125-131(dec) | 24.81(24.84) | 3.46(3.71) | 3.22(3.22)
ﬁHEtQ 90-91 30.10(30.19) | 4.69(4.65) | 2.93(2.93)
NE,,Ph 182-184 33,84(33.82) |3.38(3.65) | 2.78(2.82)
NH,Cch, OMe-m | 162-164 34,00(34.,17) | 3.92(3.82) | 2.34(2.66)
NH,CcH, NO,~p | 183-185 31.10(31.01) | 3.21(3.16) | 4.93(4.17)
% NHPh,, 125-126 41.57(41.90) |3.72(3.87) | 2.13(2.44)

Theoretical values shown in parenthesis.,




*ZH uT sjuelsuod buttdnoo Teotweyo ‘wdd ut s3ijztys TEOtTweyd (q)
*SSA¥Yd 28D (L861-986T) P2 43,9 ‘sorsAyd pue Ax3stweay) JO OooqpueHy woxj sanfep (e)
06T¢ ove (1q)0°¥ :zm 9t 1 LT 60L¢ 27T~ 6L°0 Ncm:z
‘ovze ‘soce €ve (1Iq9)5°¢g mzm 323 [ 081 999¢ £°2C~ 00°1 m:.n.OZvaUsz
(19)0°6 _ b 9.7
092¢ ‘ozeeg SveE IZ@ ‘89°¢ wZQm 33 [0 91 919¢ 1°¢€¢- €T ¥ W-3WO H D "HN
*G0TE ‘S8T¢ 8¢t (1q)z-g :zm (43 [ 9L 1 €L9¢ 1°¢Z- £9° Vv nam:z
ogee [44% 6C 1T SL°T peve T e 6F 01 Num:z
*087E 'SbCE 0u Hr z
‘0zzE ‘svig 8¢t O-¥dHLC 9°C zmzw 0¢ 11 8L 1 Teve 8 €~ 99°01 SW HN
Svze ‘otee LeEe (1a)z- ¢ z
:ZWv T uzmw ot 11 8L 1 vLVE 0°"veZ- £€8°01 uzm HN
{(3)sz1 mmum
(Brot-e ‘wod 6z ozt ot | ctve o0tzz- | ot0°Tn £ian
WO TH-NTy (To-3da 3IAC.dAr, .u.&zw d3dr, Q exd
It SI9U30 d =) we
; : Hy (a)%te
ﬁAEmNozmvAEMVNHUumHIm:muu I03] siaolsweied o1doosoxijoads Z-v °1qey




93.

magnitude of the prozphorus platinum coupling constant is dependent upon
the ligand trans to the phosphine in the complex and so is normally very
ugseful in assigning the geometry of the complex. In this case the
gsimilar low trans influence of amine and chloride(152) made the
acsigament by  this parameter impossible (e.g. igggg—[?t012(NH2Ph)
(PMe,Ph)], (P trans to N), [PtClB(PI‘GezPh)]+ (P trans to C1), and cis-
[tc1, (e, pn), ] (P tzans to C1) have 'J . 3673, 3745 and 3546 Hz
respectively). It should be noted that even though a large excess of
amine was used, no bis(amine) complex was isolated, so equilibrium (4-28)
must lie well to the left (or be very slow in forming), also excess amine
did not catalyse a trans to cis isomerisation of the monoamine product.
trans- [PtClZ(I\IHQPh)(PMe2Ph)]+ NHZPh;_A_[Pt01(NH2Ph)2(PMe2Ph)]+ + C1”
(4-28)
In a similar experiment withi:Pt2Cl4(PMe2Ph)2:]and excess
phenylacetylene with just one equivalent of para-nitroaniline again no
carbene complex was formed after being allowed to react for 24 hours and
yYellow crystals were isolated after solvent reduction and addition of
light petroleum. Physical and spectroscopic data (Tables 4-1, 4-2)

showed that the amine complex, trans—[?tClg(NH2.06H .NO2—E)(PMe2Ph)], was

4
the only product.

Trans-[?tClZ(NH2C6H40Me—m)(PMegPh)] was similarly prepared as yellow

crystals by simple bridge cleavage and the same technique was used to that
va

prepare the other amine complexes listed in Table 4-1, although the drotlems/

were encountered in the synthesis of :scme cf the complexes awxe described

in more detail below,

Addition of diethylamine to a CHC1l, solution ofI:Pt2014(PMeZPh)2j]

3

caused an immediate colour change in solution from orange to yellow (a

similar fast colour change was observed in all amine bridge-~-cleavage
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reactions.) However, after solvent removal and re-crystallisation of
the crude product from CH2012/MeQH, colourless crystals of cis-
[PtClz(PMezPh)zj were isolated (confirmed by comparison of its ir and
nmr spectra with authentic samples). The proton nmr of the remaining
© dissolved material was complicated, probably due to there being a
mixture of products present. The crude product was re-dissolved in
benzene and all the remaining gig—[?tClz(PMezPh)2] was removed by
filtration, The benzene solution was chromatographed through a silica
gel column which caused elution of a yellow solution whilst a dark
brown material bound irreversibly fto the gel at the top of the column.
The soluble fraction was dried and re-crystallised from ether/pentane
to produce yellow crysials of 3g§g§-[}t012(NHEt2)(PMeQPh)] (Tavle 4-1).
Ir and nmr spectroscopy confirmed this assignment (Table 4-2) although
the proton nmr was complicated with the ethyl groups appearing to be
irequivalent. It seems likely that the brown material was

[?tClz(NHEt ]‘which decomposed in the chromatography column,

2)2
A CDC1, solution of trans—[PtClZ(NHEtz)(PMeZPh)] remained unchanged

over 24 hours, so the tis{phosphine)species cannot have been produced

by the disproportionation reaction (eqn. 4-29).
2 trans-[P\t012(NHEt2)(PMeZPh)] = g_i_s__[lvt012(mezph)2]+[f>t012(NHQEt)z:]
(4~29)

The mechanism must involve the breaking of Pt-P bonds. This could
be caused by poor mixing of the amine resulting in small volumes of the
reaction vessel containing higher concentrations of diethylamine. This
eould cause either the amine replacement of a phosphine (egn. 4-30) or
the formation of a bis(amine)phosphine complex which then undergoes
phosphine elimination (eqn. 4-31). The free phosphine could then react

with either the amine phosphine complex (egn. 4-32) or unreacted dimep,
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(eqn.4-33) to produce the bis(phosphine) complex. The operation of

(4-31) seems more likely than (4-30) as such bis(amine)phosphine

_ . N
trans [}t012(NHEt2)(PMe2Ph)] + MEEt, = [Pt012(NHEt2)2]+ (I’MeePh)

1 o

+ - .
[Ptc1(MH,Et), (PMe P)]" + €17 === [PtC1,(WiEt,), ]+ P¥e Ph (4-31)

trans-[PtC1, (1HEL,) (P Pn)] + PMe,Ph —> cis-[Pto1 (mie,Pn),]  (4-32)

2

%[Pt2014(megph)2]+ e Ph ——— > c_ig_@t012(mezph)2] ( 4-33)

complexes of platinum have been isolated (see below) whilst (4-30)

involves replacement of a phosphine trans to a group of low trans-effect,

Similar problems were encountered in the preparation of trans
[PtClz(NHZBut)(PMezPh)]. Again g_j_._§—[PtCléPMe2Ph)2]was isolated in
significant ( v 30%) quantities. Pure product was obtained by passing
2 benzene solution of the crude product through a chromatography column
containing silica gel, which again eluted a yellow solution with a dark
brown material rermaining in the column. The yellow solution was dried
and re-crystallised from CH2012/MeQH. No further reaction took place
on re-crystallisation indicating that it was not the original addition
of methanol to the crude product which produced gig-EPt012(PMe2Ph)2].
Physical and spectroscopic data for the complex are presented on Tables

4-1 and 4-2.

Initial attempts to prepare Eggggr[?1012(NH2Me)(PMe2Ph)] were also
unsuccessful, although for a different reason. When methylamine gas
was passed through a chloreform solution of .[?ﬁzclA(PMezPh)ZZJthere was
the usual orange to yellow rapid colour change indicating the formation
of Egggg-[?t012(NH2Me)(PMe2PhI]. After 10 minutes the gas flow was

halted and the flask stoppered with the solution being stirred. After
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30 minutes the yellow colour had gone, leaving a colourless solution,

On stirring for a further 24 hours, a white precipitate’formed which
was removed by filtration. The compound was soluble in CDBOD and the
proton nmr showed signals for the phosphine methyls ( 81.97PPm,JHPt 39,
'JHP11Hz5 inteﬁsity=6) and the amine methyl group (ESZ.BSppm,JHPt43Hz
intensity = 9) implving the empirical formula [?t(NH2Me)3(PMe2Ph)]CIQ.
There was only one signal for MeN in the proton nmr spectrum although

it was slightly broadened, either due to chance overlap of the two types
of amine methyl groups, or else due to rapid amine exchange (eqn. 4-34,
L = PMe,Ph,N = NHQMe).

2+ +

N - N N + N 2+
cl 7
i I | ‘ i

* * .
L-Pt-N = |[L-Pt-Cl +N=|L-Pt~-Cll==|L-Pt-N

| | N N
N N N N

(4-34)

The latter pathways seem most likely as the solution tended to lose
NHZMe. Refluxing in MeCH for 3%0 minutes led to the formation of a new
species, both methanol and chloroform soluble whose physical and
spectroscopic parameters fitted the formulation Ezggg-[§t01(NHéHe)

2

(PMezPhi]CI. The geometry was assigned from the ir and proton nmr
former

spectra of this complex. Thre/contained one Pt-Cl stretch (2830m—1) and
many N-H stretches ()BOOOcm-1). The Pt-Cl stretch is typical of a Cl
trans to a phosphine, cis complexes with Cl trans to an amine would be

expected to have Q(Pt—Cl)\ﬂ34Ocm-1, i.e, the same region as Cl trans to

Cl, In the proton nmr spectrum in CDBOD/CD01£1:1) the methylnitrogen
2 " _
i v J = JLLY z .
groups were equivalent (§reN 2,35, JPﬂ*IZ, e 04z). The

equivalence of the two groups and the lack of coupling to phosphorous

in trans-EHClZ(l\lHZMe)(PMe2Ph)] — 4Hz) indicate that the

NPtP



97.

methylamine ligands are irans to each other and cis to the phosphine,
The complex geometry would be expected to be trans as the amine trans
to the phosphine (the ligand of highest irans effect) is the ligand
most likely to be replaced, Refluxing the §1§(amine)phosphine complex
"in ethanol for 6 hours did not lead to further loss of methylamine,

so the monocamine complex could not be synthesised via this route,

In/;eparate reaction [?t2014(PMe2Ph)2:]reacted with MeNH2 srs o preduce
only the bis(amine) complex i~ the trans configuration. Since it seems
likely that Ezégg—[?tClZ(NﬂzMe)(PMeQPhi] would react with methylamine

to produce 9_i_s—[i?tCI(NHZMe)Z(PIV[eQPh)]+initially, isomerisation to the
irans form must have taken place prior to isolation of the amine complex,
. )

robatly via the *riz(awine) compleix and zminz loas,
J =

e

The desired compound was finally synthesised by using a solution of
MeNH2 in industrial spirit. In this way the stoichiometry of the
reaction could be controlled and yellow crystals of i;ggg-[?t012
(NHZMe)(PMezPhi] were easily obtained in high yield, When 4 equivalents
of Me2NH were added to a solution of the starting dimer only the mono(amine)

complex was formed, indicating that equilibrium (4-35) lies well to the

left and high concentrations of methylamine are required to form the

trans- [PtCL, (WH Ve ) (P Ph) ] + M Me = [pto1 (e pe),, (me,Pn)]c1  (4-35)

2
bis and tris(aminé species, a condition that would be encountered when

saturated chloroform solutions of the amine were used.

The diphenylamine complex trans—[?t012(NHPh2)(PMe2Ph)] could also

be prepared by the standard method if an excess of NHPh2 was used, When

31

pure samples of the product were re-dissolved in CDCl " P nmr,

3’

spectroscopy showed that considerable re-dimerisation had taken place,

with [?t2014(PMe2Ph)2:]and amine complex present in nearly equimolar
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amounts, It has been previously reported that similar bridge cleavage
reactions are in reality equilibria(142), and difficulfy in isolating
complexes with weakly basic amines were encountered, For instance,
attempts to prepare Egggg—[?tCl2(NHPh2)(PPTBH)]failed with only

* isolation of the less soluble starting dimer being possible, even though
the desired product was detected in solution. In the present study
only diphenylamine complexes showed any sign of re-dimerisation in

solution (within the detection limits of 31P nmr spectroscopy).

One other observation can be made from Table 4-2. As the ligands

“

become less basic (i.e. as their tKa values decrease), 'JPtP increzses.
(NH2But and NH2Ph are exceptions to this rule, but the basicity of the
amines in CDCl3 may follow a slightly different order to their basicity
in HZO’ the latter being the solvent in which pKa values were determined),
This indicates that the trans influence of the amines decreases going to
weaker bases. So the more basic amine must be stronger & -donors (as
would be expected due 1o their electron releasing substituents) and have

higher g-trans influence, which since T{ -bonding is not important in

Pt—NQsps) bonds, must equal the total trans influence,

4-6-2 - Synthesis of Pt(II) amino(organo)carbenes

As mentioned in the previous section, attempts to prepare neutral

aminocarbene platinum complexes by a method analogous to that used to

(121)

prepare alkoxycarbene platinum complexes led to amine complex

formation. However, by increasing the reaction time to 7 days

[Pt201 4(PMe2Ph)2], PhNH. and EC=CPh did react to form a2 white precipitate

2
in low yield (\~30%.) This solid was insoluble in CHClB, CH2012, CcHe

and (CH CO but very slightly soluble in MeOH from which it was re-

5)2

crystallised, From its physical appearance it was not the amine complex
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and elemental analysis (Table 4-3) was consistent with the formation of
the desired carbene complex [Pt012£C(NHPh)CH2Ph}(PMe2Ph)]. The
presence of two Pt-Cl stretches in the ir spectrum of the complex

(280 and BOSCm_1) showed that the cis isomer had been formed (AT1 the
neutral alkox&carbene complexes were also g;g). Analysis of the mother
liquors showed that some mzls_-@tm?(M{QPh)(PMezPh)] and cis-
[PtClQ(PMeZPh)Z:]were present, aAlong with unidentitied organic material.
The occurrence of the g}§7bis(phosphine) complex is indicative of some
decomposition reactions or competing side reactions which had occurred

during synthesis.

The mechanism of formation was likely to be very similar to that
found for the neutral alkoxycarbenes (eqn. 4~7) although the initial stages
of the reaction must follow a2 different course. For the alkoxycarbenes
the first step of the reaction is the cleavage of the halide bridged
dimer by the acetylene forming a 1U-complex which then undergoes re-
arrangement to the vinylidene. Attack by the alcohol ai this reactive
ligand then produces the carbene, In the present system the first step
must be the rapid cleavage of the halide bridge to form irans-
[PtClz(NHzPh)(PMe2Ph)] as shown in section/%—h];ﬁeed, if this complex
was treated with EC=CPh, carbene formation proceeded with equal
efficiency to starting from the dimer, Two pathways are then possible,
Since the amine complex was in equilibrium with the dimer,
phenylacetylene could compete in the bridge cleavage reaction, giving
a q(-complex (ean. 4-36) which can then react as described already.

Alternatively, the pnenylacetylene could co-ordinate to the amine

complex (with or without the loss of another ligand from the complex)

\ Lo T (T
trans-[PtC1,, (N Ph) (Pite ,Ph) ] \Wﬁ_ [ =0, (me,Pn) ]
¢? M

=== pto1, (e, ) (Pnc=cH)] (4-36)
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and then undergo re-arrangement to the vinylidene, Either mechanism
would give a rate of reaction much slower than for the alkoxycarbene
formation, as the first means a very much lower concentration of the
dimer available to react with phenylacetylene, whilst in the second the
formation of é complex between the phenylacetylene and the amine complex

could be an unfavourable process,

By changing the amine, but using the synthetic route described

above, the carbene complexes 9;§A§t012{C(NH.C6H NOZ—E)CHQPh}(PMezPhI],

4
cis-[Pte1 fc(me H 4 Oe-m)Cii P} (Fe,Ph)] and cis-[Pte1, {c(wPn, )cH,Pn}
(PMe2PhX] were synthesised. The latter proved difficult to purify,
requiring three successive re-crystallisations from‘CHClB/light
petroleum before an analytically pure sample of the complex was obtained,
Starting from [Pthr4(PMe2Ph)2], phenylacetylene and aniline the highly
insocluble bromo complex gig—[?t3r2{C(NHPh)CH2Ph}(PMezPh)] was isolated
although due to its low solubility, further purification proved
impossible. When the phosphine was changed to tributylphosphine the
chloroform soluble complex glg—E?tCl2{C(NHPh)CHQPh}(PBuB)] was isolated

from the reaction between [§t2014(PBu3)2];HCECPh and NH,Ph. The

2
physical and infra red data for all the carbene complexes successfully

synthesised are shown in Tables 4-3 and 4-4.

Not all the amine complexes could be converted to aminocarbene
complexes, however, With the more basic amines, EtzNH,ButNH2 and MeNH2
only brown waxy solids were formed which gave complicated ir and nmr
spectra, none of which contained any evidence for the formation of
carbene products, No, or very little, starting material was detected,
so either unfavourable side reactions prevented the formation of the
carbene or else carbenes were formed but then underwent further

decomposition, Decomposition of cationic aminocarbenes have been

previously observed(125) in the aminolysis of cationic alkoxycarbene



Table 4-4 Infrared Data for Pt-Aminocarbenes

v(Pt=C1) (em™ ) | 9 (N=E)(em™ )

c_ig-[Pt012‘[E(NHPh)(CHZPh}(PMeQPh)] 280,305 3130,3170
_g_s_—fPtCI2{C (m—.c6}a4r-102__~9) (CHZPh}(PMeZPh)J | 280,305 3145

cis- [Pt 01,10 (I\TH06H4(]V1e—g) CHQPh} (PMegPh)J 280,305 3130,3%180
cis- [PtClzic(N‘.Phq)CHQPh} (PMe2Ph)] 283,307 —

cis-[Pt3r ) {c (NEPh)CH 2Ph} (Pe,Ph )J e

c_ié—\:PtCIQ{C(NhPh)CH2Ph} (PEuB)] 230,305 3130,3160
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complexes, So in the reaction of the alkexycarbenes with NHMe2 NHZMe
or NH}’ aminocarbene complexes were obtained (eqn. 4-37), whereas in

trans- [Pt (CH, ) {c(ame )R} (e pn), I + o’
trans—[?t(@ﬂs){C(NR12)R§(PMe2Ph)é]+ + MeOH (4-37)

the reactions with EtzNH PrQNH or ButNHZ,

react no amlqocaxoenes could be Lsolated, and extensive decomposZ tlon

although the alkexycarbene did

appeared to take place, and llke above, only 1ntractab1e residues were
obtained,

Decomposition products were also obtained when phenylacetylene was
replaced with methylacetylene in an attempt to synthesise cis-
[?t012{0(NHPh)Et}(PMe2PhX]. I+ would seem, therefore, that electron
withdrawing groups are required on both of —substituents to stabilise the

product.

An attempt to prepare an aminocarbene containing 2 double bond from
nitrogen to the ﬁ-carbon also failed. The imine complex irans-
[?tc12(NH=CPh2)(PM92PhX] was easily prepared and fully characterised (see
section 4-6,5, After being allowed to react with phenylacetylene for

31

24 hours, P nmr spectroscopy showed that many phosphorus containing

materials were present, including the starting imine complex (u~10%) and
cis—E?tClg(PMegPh)Qj ( v~ 30%) as well as an unidentified species { v~ 40%)

with parameter 6-—17.7 J 3800H=, possibly due to some carbene complex,

PtP
The only product isolated from the reaction was cis—[itClz(PMezPh)é],

probably arising from decomposition of the carbene species, none of which

was isolated or detected in the final residue.

Aminolysis of alkoxycarbene chromium complexes has been widely used

(116)

and in

(153) (eqn.

in the formation of aminocarbene chromium complexes
particular HN:CPh2 has been used to prepare a carbene complex

4-38) so carbene ligands can be prepared from this amine. The failure
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for the platinum complex reflects the fact that more basic amines do

[cx(co);{c(ate) (Me) ¥+ HN=CPh, —> [Cr(CO)B{C(N=CPh2)Me}]+ HOMe(4 )

not lead to aminocarbene complexes.

Cyclic aminocarbenes could also be prepared by the same synthetic
route used to prepare the amino(benzyl)carbene platinum complexes.,
Ortho-aminophenylacetylene reacted rapidly with a platinum halide

bridged dimer to form the cyclic carbene(154) (eqn. 4-39) with the

reaction being complete within one hour at room temperature, The
H

l

N

P ,
%[Pt2014(PBu3)2] + HCSC.CGH ) NH =0 _c_:;1_§_[§3t012(0\j© )(PEL;.S) )
1-33

dramatic increase in rate is due to the necessary proximity of the
alkynyl group to the (presumed) initial platinum amine complex,

increasing the probability of further reaction,

A-6-3%3 — Nmr spectroscopic vproperties and stereochemistry of aminocarbene

complexes of platinum,

Due to the nature of tze phosphine ligand cis—[?tCl2{C(NHPh)CH2Ph}

(PBuai] was more soluble in CDC1 than any of the dimethylphenylphosphine

3
complexes, although gl§-EPtClQ{C(NPh2)CH2Ph}(PMe2PhX1 had appreciable
solubility in chloroform. It was relatively simple to record the 1H
nmr spectra for these complexes in CDClB.
The proton nmr spectira (see fig, 4-2) show many features in common
with the complexes cis- [}tmz{c(OR)CHZPh}(HVIeQPh)](121). The most
noticeable feature is the AB quartet in the region é34—5ppm due to the
benzyl methylene protons {.e. Pt—é—Q§2—Ph). The inequivalence of
these protons is indicative of hindered rotation about the Pt-C bond (as
mentioned in section 4-3). The protons exhibit geminal coupling with

a coupling constant (2 =14Hz) consistent with protons bonded to a

JﬂH



Fig.4-2 200MHz Hnmr. Spectrum of
Cis-[PtCly {C(NHPh)CH,Ph }PBUS)]

=

9.

— M

—

10

1

§ /ppm.



Fig 4-Ab) Expansion of part of Fig 4-2

S/p.p.m.

| O
— 8))
N
s o
o
'QI_ -~
1"
T -
5 -
e O
a -
mﬁ

|
104

B
=\




103,

tetrahedral sp3 carbon atom, Furthermore, one of the methylene protons

exhibits coupling to platinum whilst the other does not, again indicative
of imequivalent environments, with the former possibly "trans"-like to

platinum and the latter ‘'"cig"-like.

The phosphine methyls in cis- @tc12{c(1m2)CH2Pn}(PMeZPh):] also have
different magnetic environments (see Table 4-5) although there is
overlap of the central signals, the irequivalence being seen in two
different magnitudes for BJPtH' This inequivalence is again indicative

of hindered rotation about the platinum-carbene carbon bond,

The resonance for the N-H proton is downfield at & 10.1ppm,
indicating a large amount of deshielding. Similar downfield shifts were
found in the cationic aminocarbenes(122) and can be explained by noting
that due to a resonance contribution of the nitrogen lone pair to the
carbene carbon (4-II) the nitrogen atom has a slightly positive charge
and the inductive effect of this charg: deslields the N-H proton, The

proton also couples to platinum (3J =120Hz) and the magnitude of this

PtH
coupling constant can be used to assign the geometry of the product about
the C==N bond. In a study of complexes of the type igggg-[?tX{C(NHR)z}L2]+
(X=C1,Br; R=Me,Ph; L=PEt3,PMe2Ph), Crociani and Richards(155) showed that

of the three possibie configurations of the carbene ligand (4-xT, 4-XII

and 4-XIII) the amphi configuration (4-XI1) dominated in solution giving

two distinct platinum proton coupling constants of -+~ 30 and .~ 90Hz which

H R R
| | |
N-R N-H N-H
yd e B
Pt-C ~ Pt—C Pt—C

N-R. N-R N-H
f |

H
H, R

4-XT 4-X11 4-XIII
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3
J
PtHA

and BJPtH(B) respectively. Some trans, trans conformation (4-XI1I1)

could be assigned, by comparison with cyclic carbenes to and

was also found in that work (SJ w90Ez) but no cis, cis ligand due to

PtH
steric repulsion of the R groups. The coupling constant in the
present case.(120Hz) guite clearly indicates a irans arrangement around
the C==N bond of the platinum and hydrogen nuclei. That the coupling
constant is greater than for the diaminocarbenes described above
reflects a greater double bond character in the C===N bond for the
ﬁonoheteroatom carbene than the bis(heteroatom) carbene. This is
because the single N atom will contribute more electron density to

stabilise the Q(sp2) atom than either of the N atoms in 4-XI1, i.e. with

two heteroatoms there is competition for overlap with the p orbital

z
on the carbene. carbon, The effect of this change in C==N oond length

depending on the number of ot -heteroatoms has been not=d previously in

(156)

crystallographic studies on carbene complexes and is clearly
illustrated in Table 4-6, where carbenes with two heteroatcms have

|C=2=N]| u\1.33§ whilst much shorter |[C==N| distances are found when one

heteroatom is present (]C:=<li|less than 1.3K).

Addition of a few drops of CDBOD to a CDCl3 suspension of cis-
EPtClZ{C(NBPh)CHQPh}(PBuB)] greatly improved the solubility of the
carbene complex., It also caused a considerable change in the proton
nmr parameters of the benzyl protons, changing both their chemical
shifts (from 4.34 and 4.27ppm to 4.55 and 4.36ppm) and the geminal
coupling constant (from 12 to 16Hz). Furthermore, the coupling observed
between the platinum and one of the benzyl methylene protons previously
observed was removed, The exact reasons for these changes are not

clear, but possibly CD,0D co-ordinates to the platinum centre, or to

3
the carbene carbon. The latter type of co-ordination is important
in alkoxy exchange as described in the next section. Either of

these co-ordinations would cause a change in the conformation of the



Table 4-6 C-N bond lengths in Pt carbene complexes.

Complex [c—=n| (a)

V_Qi_s- E)‘tCIQ{C(O'Et)NHPh}(PEta)J 1.33
trens- [Pro1, fo(seh . Ca,) Y (Pa,)| 1.37/1.33
csapron folum.cr,) Y (pat,) ) 1.33
Et{C(lﬁhbie)2} 4] @Fs]z 1.31

trans- [Pt (CHMQ) e (z»mMe)SEt} 2] @F6]2 1,30
cis{Pr(omie) , o(imve )inte=C (e [, | 1.36
trans- [Pto1{C (e, )OK CH CE Y (Prie Pn), | [PF 6] 1.29
trans- [PtMe {C(1Me, Me{fHe Pn) | [er, ] 1.27
cis-[pre1 {c (e, )E} (PPhS)] 1.25




105,

carbene ligand and a corresponding change in nmr parameters, Similar

(121,155) where the

solvent effects have been noted previously
inequivalence of the phosphine methyl groups could be removed by
changing the solvent (although it seems more likely that the groups

" were still inequivalent but had co-incidental nmr parameters).

The increased solubility of the tributylphosphine complex with CDBOD

addition meant that it became possible to record the 130 nmr spectrum

of the complex. This contained the characteristic downfield signal for
the electron deficient carbene carbon (8 5:218ppm) which was a doublet
due to coupling to phosphorus (2Jcp=SHz) but the platinum satellites
were too weak for an accurate determination of 1JCPt' Platinum

satellites for the benzyl methylene carbon were observable (§.=56.4ppm;

2JCPt=6OHZ)' The values are similar to those found in cationic

complexes trans-[?tCl{C(?HMe)Me}(AsEtB)é]+ (R:H;5C=215ppm; R=Me,

C=21Oppm)2J BOHZ)(157’158). The close similarity of the chemical

PtC
shifts and coupling constants suggests that the extra positive change

inn the cationic complexes has little effect on the platinum-carbene and

intracarbene bonding scheme,

Similar 1H and 150 chemical shifts were observed for the cyclic
carbeneAgig-[?tClz{C(NH06H4CH219)}(PFHB:f154) with a deshielded carbene
carbon (80209 Jop 7HZ) and coupling between the o -carbon and platinum
((8054 2JPtC 9OHz). The amine proton, which must be in a cis
arrangement to platinum is typically deshielded, although due to the
geometry of the complex it only exhibits a small coupling to platinum

' 3
8y 13ppm "Iy, 5Hz).
insoluble
Cis—[PtCIZ{C(NHPh)CHZPh}(PMezPh)] although/in CDCl,, was soluble

in a 1:1 mixture of CDClB/CD OD and its proton nmr spectrum could be

3
recorded (see Table 4-5). Due to overlap of the residual QH signals

from the CDBOH with the AB gquartet of the benzylmethylene protons at
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room temperature the spectrum was recorded at +50°C. Most of the
features already described were again present. The NH'proton signal
could not be detected due to /D exchange with the solvent, but again
inequivalent benzyl protons and inequivalent phosphine methyl groups
‘could be observed. It was also observed that neither this complex, nor
the tri-butylphosphine analogue showed any sign of decomposition in
solution over 24 hours, unlike the neutral alkoxycarbenes which show signs

of decomposition (V20%) over a similar time period.

Similarly “ihe combdlexes c_i__s-@tClg{C(NHP\)CHZPh}L](R = C H, OMe-m,

64
06H4N02‘B) were highly insoluble in CDCl3 but in CDBCD their solubility
was sufficient to allow the proton nmr parameters to be determined at
room temperature (see Table 4-5). Both showed the typical features
described above, with an AB gquartet for the benzylmethylene protons, with

one proton displaying coupling to platinum, and inequivalent methyl groups

on the phosnhine.

The nmr results, along with crystal structures of other platinum
carbene complexes can ve used to assign an overall stereochemistry to the
aminocarbene. For non chelating carbenes the plane of the carbene is
nearly perpendicular to the plane of the platinum ligand framework, and
the oC -nitrogen atom is trigonal planar due to the re-hybridisation of
the lone pair into a C(pz)—N(pZ) double bond. These facts, together
with the spectroscopic observation that the halide ions are cis and that
the platinum is trans to the amino proton imply an overall stereochemistry

shown in 4-XIV. Viewing along the C(carbene)-C bond (4-XV), and placing

Ph
l
cl N—H
(o) — f% - C'
A AN
PR GigPh

4-XIV
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the phenyl group in the position of least steric hinderance clearly shows
the inequivalence of the benzylmethylene protons, with one proton "trans"
like to platinum and the other nearly eclipsed, which explains why only
one of these protons exhibited coupling to platinum in the proton nmr
‘spectrum of cis-[PtCl¥ (NHPh)CH2Ph}(PBu3)]. Co-ordination of CDBOD at

Pt or the carbene carbon would cause a change in the configuration of the

X —Pt— R
3

H

Ph

4-XV
ligand and could easily remove the proton platinum coupling,

A-6,4 - Reactions of amino(organc)carbene complexes of platinum

H/D Exchange Reactions

Deuterated alcohols react with both cationic and neutral platinum

(57,123)

alkoxycarbene complexes causing both exchange of the alkoxy group

(eqn. 4-40) and exchange of the protons on the o -carbon (eqn. 4-41).

cis~ @tc12{c(me)CH2R}(PMe2Ph)] + ROH —> cis~ [:1%012{0(031 )cazag(PMe2Ph)]
+ MeOH (4-40)

ToD —> cis- [}t012{0(0Me)01)233(H~Ie2Ph)]

1 -
Y 2R OH (4-41)

cis- @t012{c(0Me)CH2R§(PMe2Ph)] + 2R

Reaction (4-41) is faster for the neutral complexes (5 minutes) than the
cationic complexes (1 hour), although for alkoxy exchange the rates are

reversed, with the cationic complex exchange being complete within

24 hours and the neutral complexes showing only slight exchange over 72

hours,

The mechanism for either type of exchange is thought to be the same
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for both the charged cnd uncharged species. H/D exchange proceeds via
proton abstraction from the (X -carbon forming a vinylic intermediate
(which can be isolated in socme cases(57) (egqn. 4-42). Nucleophilic
attack at the carbene carbon leads to alkoxy exchange (eqn. 4-43).

The differen;es in rate have been ascribed to the change in the overall

charge of the complex and a change in the cis ligand.

Wnen cis-[PtClQ{c(thh)CHZPh}(PMeQPh):] was dissolved in CDClB/CDBOD
{1:1) then no H/D excnange was observed at the OC —carbene carbon even

after 24 hours standing. Addition of DQO to the solution aiso failed

to promote H/D exchange over the same time period. Similar results were

B /OMe— + B /orv’@ B otre ]t
/
LaPt—C CD300 | spt—C GBI pt—C
~—— \ \
CHoR CHR CHDR
I — L — L ]
(4-42)
D_C
Me 3 \0""H 0CD
L Pt—C CD,0H =— — | ———E = a !
3P —C \ + 5OH fo—— L§Pt C OMe v—LBPt—C \ + CE3OH

R R R

(4-43)
obtained with g_J'_._s__-@tC12{C(MiPh)CH2Ph}&’Bu} )] and cis- @tBrQ{c(maPh)g,Hz,Ph}
CPMegPhi]both of which did not undergo L/D exchange with alcohol. In
the same experiments no alkoxycarbenes were formed indicating that no
exchange of the leternitom had occurred, The latter observation is not
surprising, ac tle reverse reaction,aminolysis of alkoxycarbenes, has
heer grced svuthetically to prepare the o ionie -‘a'z:i:x(urtar“r‘erip:’.(17r)),
so tierce aspears to be o Lthermodynamic pretference for nitrogen

stabilised carbenes over oxygen.
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The absence of H/D exchange suggests that the aminocarbene o -protons
are much less acidic than the corresponding protons in the alkoxycarbenes,
These results fit t:e observation that nitrogen lone pair form a better

) , ) (156)
overlap with the Pz orbital on the carbene carbon than oxygen, so

aminocarbenes have a higher double bond character in the carbon-

heteroatom bond than alkoxycarbenes, This lowers the positive charge

on the sp2 carbon in aminocarbenes and reduces the stability of a C=C
double bond to the ¢x -carbon, thus inhibiting H/D exchange by the

mechanism shown in eq. (4-42). The Jower acidity of the carbene protons

is furtaer shown in the low reactivity of the neutral aminocarbene complexes

complexes towards bases.,

Reactions with Bases

The deprotonations of a variety of platinum carbenes have been
previously described. Cationic alkoxycarbenes readily lose the oC-carbon
proton when treated with a solution containing proton sponge (1,8-bis
(dimetnylamino)napthelene) or tertiary amines (egn. 4-20),

The neuiral alkoxycarbene complexes react with dimethylamine to form

(123)

similar alkoxyvinyl species y, 2lthough the reaction is accompanied
by liganrd exchange (eqn. 4—44). Facile reversible deurotonation of the
N-H proton has also been observed in cationic complexes containing two
cis- EDtC12{C(OEt)CHzPh}(PMeQPh)] + 2 e ——>
[pta(NHHBZ){C(OF-C):CHPh}(PNeQPh)] + (WH Me,)C1  (4-44)
O(—heteroatoms(158) (eqn. 4-45). In a paliadium amino(organgczrbene

complex again reversible de-protonation of the N-H carbene was found,

Ht
trans— [Pt(CI‘IMe){C(NHMe)(NPH)}(PPh,:)?T = [pt(cm‘e){(:;-tr-tp)(Tnif’h)}
CH (imn) )" (4-0)

.. 159 p .
for botn neutral ana cationic complexes( 5%) (eqn. 4-40, L = PFh ).



HC1

NEt

HC1C

KOE

[c10, ]

(4-46)
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When the neutral aminocarbene, cis—[?t012{c(NHPh)CH?PHHPMe?Phi] was
treated with one equivaient of triethiylamine in methanol, 2 white solid
remained at the end of the reaction, The solvent was removed by

filtration and, after evaporation, shown to contain Et_NHC1 (confirmed

3

by comparison of its ir spectrum to that of a genuine sample) On

31
3’

showed that many phosphorus-containing products were present, No signal

dissolution of the insgoluble fraction into CDC1 P nmr spectroscopy

was readily identifiable, although the main signal (§-13.4,J_,.3136) has

PtP
parameters very similar to cis_@t01?(CNPh)(PMe2Ph)] (8 -13.6, T5,p3143).

On standing in CDC1, further decomposition took place and a strong

3
singlet at 534.6 grew in, due to P(U)Me2Ph.

When the stronger base, alcoholic EtONa was used in place of EtBN
in the same reaction 31P nmr spectrum of the product again showed that
many compounds had been formed. Some, but not all, of the signals
corresponded to some of the products in the reaction with triethylamine;

noticeably the signals at 8§ -13.4 and § 34.6 were absent in the reaction

with ethoxide.

Tetrabutylammonium hydroxide similarly gave decomposition preducts,

when allowed to react with cis- |'_i>t012{c(1vHPh)CH2Ph}(PMezph):] in C:C1
3

3°

s . 1
None of the products was readily identifiable by their ° P nmr

parameters,

The above three bases therefore are reacting with the platinum

carbene complex, but either the initial product is unstable and prone



to further decomposition or else the bases are attacking at more than
one site of the original complex, The latter seems likely, as bases
could attack at the metal centre, the carbene carbon, either of the
atoms in the (K -position of the carbene or even by exchanging with other

‘ligands attached to platinum,

Proton sponge (4-XVI) is known to be a strong base but a very poor

nucleophile due to overlap of the nitrogen lone pairs, enforced by the

M e//,/ \\\\M 5]

o
Me?” e
4 -XNT

steric repulsions of the methyl groups. It has been used successfully
in the deprotonation of cationic alkoxycarbene platinum complexes

(eqn. 4-20). It was used in the present case in the hope that its low
nucleophilicity would prevent the unfavourable side reactions, However,
it did not react at all with cis- [:Ptcnz{c(NHPh)CHZPhS(PMegPh)] over a

6-day period and the starting carbene complex was recovered unaltered.

Reaction with Halides

When neutral or cationic alkoxycarbene products are allowed to react
with halide ions the initial products are the acyl derivatives (egns.
4-47, 4-48), although when the neutral complexes are used the product
undergoes further decomposition(57’123>. When EﬁdNCl was added to a

methylene chloride suspension of cis-[?tClziC(NHPh)CHQPh}(PMe2PhX]

+ -
trans_[}t01{c(COCH3)CH3§(PMe2Ph)2] + C1T —> trans—[PtCl(COCH})_

(B ,pn), | + CH,CL  (4-47)
cis- [PtC1,{C(0t)CH, Ph}(Pe Ph) ] frace Ch s 4 [pt(u-01) (COCH Ph)-

(PMe Pn)], + CH,o1  (4-28)
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immediate dissolution of the carbene tock place leaving a pale yellow
solution, After 16 hours stirring at room temperature the solvent was
reduced until pale brown crystals formed which, in analysis, were found
to be the starting carbene complex. So Et4N01 has increased the
" solubility of the carbene complex but it has reacted reversibly with it.
When followed by 1H nmr spectroscopy in CDCl3 there was no indication
of any reaction and the nmr parameters were consistent with the carbene
starting material, The spectrum showed resonances for N-H(§ 11.9ppm
JﬁPt 112 Hz), inequivalent benzyl methylene protons (& 4.6, 5.1ppm,
U Hz) and . inequivalent phosphine methyl groups (§ 0.92, JHP11;JHPt
31

50 Hz; §1.2, Jgp 12 Hz, J - obscured by other resonances). P nmr

HPt
spectroscopy showed that there was only one species in solution
(6@r19.2JPPt 4009Hz) which from the lack of fine structure in the spectrum
must have been monomeric, There was no change in any of the
parameters on standing at room temperature for 72 hours. Thus the
chloride must be weakly co-ordinating, most likely to platinum, at one
of the vacant co-ordination sites, although co-ordination to one of the
atoms on the carbene ligand must also be 2 possibility, especially since
chloride can react with alkoxycarbene ligands, This co-ordination, like
the co-ordination of methanol, increased the solubility of the complex,

but it also must have been reversible, so that the less soluble starting

material was isolated.

In a similar experiment, Et NCl did not react with cis—[@tClz{C(NHPh)

4
CH2Ph}(PBu3X] and the starting carbene was reclaimed in high yield (93%).

Reaction with Phosphines

Neutral alkoxycarbene platinum complexes react with free tertiary
phosphine, to give products identical to those produced when the
.. . .. (123) .
cationic complexes react with chloride (eqn. 4-49), i.e. a

platinum acyl complex. The first step of the reaction is thought to
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be phosphine displacement of the chloride trans to the complexed phosphine,

_c_;g_@tc:l?{c(OMe) CH ,Ph} (PMezPh):[ + PMe Ph —> trans-@tCl(COCHzPh)—-

(PMePh), | + CH,C1 (4-49)

vproducing a cationic alkoxycarbene complex and free chloride, which then
react as shown in eqn. (4-47). Confirmation of this was provided by

performing the reaction in the presence of a soluble silver salt, which
removed the chloride before it could react further (eqn. 4-50) giving an

isolable cationic carbene complex.

_c_ié—[PtCIQ{C(OIVEe)CHgPh}(PMe2Ph)]+ Ple Ph + Ag(SCFBOB) —_—

trans- [Pt01{C(0Me)CH Ph} (PMeQPh)Zj[S (cFy) 03]+Ag€1

(4-50)
When one equivalent of PNe2Ph was added to a CDCl3 suspension of cis-
[?tClz{C(ﬁHPh)CH2Ph}(PMeQPhi] dissolution of the complex took place over
31

a period of a few minutes. P nmr spectroscopy showed that one

monomeric species was present in solution (6(}j1.0 Jth 2553 Hz), with a
coupling constant typical for two phosphines in a muiually trans
environnent, 1H nmr spectrcscopy (Table 4-7) showed that the benzene
methylene protons were now equivalent, appezring as a 1:4:1 triplet due
to coupling tc platinum (ESH=4.44 JHPt = 43 Hz), bu® the molecule still
showed hindered rotation as the phosphine methyl signals were still
inequivalent, On the basis of the nmr parameters, as well as the
reactions with silver salts, described below, the vroduct of the reaction
must be trans—[?tCl{C(NHPh)CHzPh}(PMeZPh)2]01. The complex remained
unchanged in CDCl3 solution over 4 days, indicating that like the neutral
aminocarbene complexes, but in contrast to both neutral and cationic

alkoxycarbenes, cztionic aminocarbenes do not react with halide ions.

If one equivalent of silver perchlorate was added to a solution

containing cis- [PtClZ{C(NHPh)CH2Ph3(PMezPh)] to which one equivalent of



Table 4-7 Nmr parameters for Etm{c(z-mph)czizph}(PMegph)zl* AT

a
MeP CH2
2 3.
8 J . S J 1
PH PtHE PtH 5 Jppt
cr 1.52 7 30 4.44 43 -11.0 2553
1.49 T 36
c10, 1.57 1 29 3,98 40 -10.8 2489
1.56 7 31
s(cpg)o; 1.57 7.6 30 4.03 43 -10.9 2500
2
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PMezPh had been previously added then a white, light sensitive precipitate
of AgCl developed. After this was removed by filtration, addition

of methanol dropwise to the solution led to the isolation of white
crystals of trans- EPtCl{C(NHPh)CHzPh3(PMezPh)2]E310 4]. The assignment
“of the product was supported by elemental analysis and spectroscopic

parameters (Table 4-7). Nmr speciroscopy of the product was consistent

with a complex containing trans phosphine with a typical value for
1

J. (2489 Hz) and the phosphine methyls appearing as a 1:4:1 triplet

PP1
of triplets, due to virtual coupling(gos)

with both phosphorus nuclei, a
phenomenon typical of mutually trans phosphines (See dalsc Chapter 3). The
carbene moiety still had hindered rotation (shown by inequivalent
phosphine methyl groups). The ir spectrum contained one Pt-Cl stretch

(51Ocm-1) and two N-H stretches (3200, 52500m—1), further supporting

the proposed structure.

If silver triflate,[}g S(CFB)OB:lwas used instead of AgClO4 in the
above reaction then similar results were obtained (Table 4-7) although
in this case the phosphine methyl oroton resonances were equivalent,
Since it was unlikely that rotation of the carbene ligand would be any

easier for this complex thon the above two, the simplicity of the Me-~P

signals was presumably due to chance isochrony of the resonances.,

It should be noted that since the carbene still shows hindered
rotation, the equivalence of the benzene methylene protons in these
cationic carbenes is due to the introduction of a plane of symmetry in
the molecule, by replacing one chloride with a phosphine, The plane of
symmetry contains the carbene ligand, and more specifically the benzyl
methylene carbon bringing the two protons attacked to it into

magnetically equivalent environments,
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4-6,5 = Synthesis and Physical Properties of Platinum Imine Complexes

Imine compounds are well known in organic chemistry. They can be
prepared simply by a condensation reaction involving a primary amine with
an aldehyde or ketone. If the former is used, loss of water is

lspontaneous aﬁd complete; for ketones water must be removed either by
distillation as the reaction proceeds or by use of drying agents. Thus
the direct reaction of benzaldehyde with either PhNH2 (eqn. 4-51) or MeNH2
(in industrial spirits) led to the isolation of the known compounds

PhN:CHPh(156) and MeN=CEPh, Similarly the reaction between ortho-

PnCHO + WH,Ph ———> PhCE = KFh (4-51)

methylbenzaldehyde and aniline produced the new compound PhN:CH(g—tol)
as a colourless liquid after being purified by vacuum distiliation at

high temperature (116-122°C/0.4 torr).

The platinum imine complexes were synthesised by the method of
Vrieze(143). To 2 solution of the halide-bridged dimer [Pt2Cl4(PMe2Ph)2]
was added two equivalents of the appropriate imine ligand, There was
an immediate change in the colour of the solution from orange to yellow/
green. After 15 minutes the solvent was removed and the crude product
recrystallised from methylene chloride/pentane to yield yellow crystals
of the pure imine complex, The analysis and melting points of the new

complexes are presented in Table 4-8.

Spectroscopic Parameters and Stereochemistry of Platinum Imine

Complexes

The ir spectra of all the imine complexes contained one Pt-Cl stretch
(Table 4-9) indicative of a irans geometry of the chloride ligands.
This is the same geometry as found in all other known platinum imine
and amine (see section 4-6a) complexes. The (=N stretch (at\ﬂ166Ocm‘1)

was also observable, althcugh the presence of other bands in ihis region



Table 4-8 Physical data for trans-[%tClz(im)(PMezPhiJ

im M.Pt(°C) %w(a) o%H %N
%
PhN=CHPh 153-155 42,79(43.08) 3,46(3.76) 2.14(2.39)
MeN=CHPh 124 36.67(36.72) 3.63(3.85)
PhN= E(o-tol) 152-153 44.16(44.08) 3.93(4.04) 2.51(2.34)
HN=CPh,, 157-158 43.04(43.08) 3,30(3.76) 2.20(2.39)

(a) Theoretical values in parenthesis.
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made a definite assignment difficult, As with the amine complexes, the

value of the platinum phosphorus coupling constant (Table 4-9) was of

little use in determining the product geometry due to the similarity

of the observed values and those expected for either imine or chloro

‘ligands in the trans position.

Proton nmr spectroscopy was again very useful for obtaining

information about the imine complexes, and in zarticular the geometry

around the C=N bond, As with the aminocarbenes, the Pt and H directly

attached to the double bond (the imine proton) can be mutually cis or irans.

observaiions -

Proton nmr spectroscopy shows that the geometry is trans through two/ '

(1)

(i1)

trans

The i.mine proton appears as a low field doublet with platinum
satellites (see fig. 4-3). The doublet was shown to be due
31

to coupling to phosphorus by running the P nmr spectrum of
Egggg—[?tClQ(NPhCHPh)(PBuB)] whilst decoupling only the
aliphatic protons. The 51? nmr spectrum contained a broad
doublet with a P-H coupling constant (10 Hz) nearly equal to
that observed for the imine proton (J = 12 Hz). The Pt-H
coupling constant (w60 Hz) is very similar to that found in
the monodentate diimine or imincketone complexes where a irans

geometry was shown to be preferred by crystallographic and nmr

studies(161)
(149)

or chelating diimines, where the geometiry must be

A second low field doublet of multiplet swas observed atm59.0.
This had the intensity (by integration) corresponding to two
protons when PhNCHPh was the ligand, but only one for
PhNCH(g—tol). The doublet was assigned to the ortho protons

on the phenyl ring attached to carbon. As mentioned in section
4-5, X-ray crystallographic studies show that there is a close
approach between this proton and the metal centre. A close

approach between a proton and platinum can cause a downfield
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Fig.4-3 100MHz Hn.m.r. Spectrum of
Trans- [PtClo(NPh=CHPh)(PMe,Ph )]
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shift in that proton's nmr resonance the size of the shift
increasing as the IPt..;Hl distance decreases and as the
angle between the Pt..,.H vector and the z-axis, perpendicular

(143,148,163)

to the plane of the metal decreases The doublet
and furtner structure are due to proton-proton couplings
within the aromatic ring. For the proton to be near enough

to platinum to experience this deshielding effect, the phenyl

ring attached to carbon must be cis to platinum, i.e. the imine

proton must be trans,

The proton nmr spectrum of tgggg-ﬁ?tC%{hMeCﬁPh)(PMezPhI] was more
complicated than those with phenyl groups attached to nitrogen, que to
two resonances described above overlappiry making assignment difficult,
and a complex multiplet for the MeN group (at § 3.9) (see fig. 4-4).
Double irradiation experiments were used to simplify the spectrum,
Irradiation of the signal at 5;5.9 caused a sharp doublet at 6 8.7 to
appear (fig. 4-4%). The increased intensity (due to removal of coupling
to the N-metnyl group, i.e. the siznals are being sharpened from quartets

to singlets) enabled observation of platinum satellites (J 64 Hz) and

PtH
so this doublet wes assigned to the imine proton. Conversely
irradiation at the cenire of this doublet simplified the I-methyl signal

(fig. 4-4v) to a doublet (JPH = 2,5 Hz) with platinum satellites

(;HPt 15 Hz).

Again, by analogy to the solid state structures of known imine

(145,161)

complexes , where the imine plane # perpendicular to the plane
of the platinum ligands, and from the nmr parameters, the overall

structure of the platinum imine complex can be determined (4-XV1).,



Fig.4-4 100MHz Hn.m.r. Spectrum of
Trans-[PtClo(NMe=CHPh)(PMe,Ph)]
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Fig.4-4(b) Partially Decoupled Hn.mur. Spectrum  of
Trans -[PtClo (NMe=CHPh)(PMeoPh) ]
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R L = PMezPh; R =Ph; R = Ph,o-tol
| :
X C-H R = Me; R = Ph
z / 1
L Pt — N L=PBu3, R=R =Ph
X R
4-XV1
Hydrolysis of Pt imine complexes
When CDCl3 solutions of trans- E&Clz(imine)L] (L = PMeZPh,imine =

PhNCHPh, PhiiCE (ot0l) ,MeliCEPh; L = PBuB, imine = PhNCHPh) were allowed to
stand, nmr spectrcscopy indicated a gradual.depletiof’  of the signals for
the starting complex ard a new set of signals growing in. These were
initially assigned to the oroduct from an isomerisation around the C = N
bond (eqn. 4-52) which was regarded as a favourable process asit placed

the two bulk groups in a trans arrangement across the double bond.

However, when benzaldehyde was added to a soclution of trans—[étClg(NH2Ph)—

i N,/
/l!\ ~ /Q\ (4-52)

Ph H

Ph PtC1, (PMe, Fh)

\\\\ 2

PtClZ(PMe2Ph)

(PMeZPhZ], identical spectra were produced with evidence of irans-
[PtClQ(HPhCHPh)(PMe2Ph)] along with starting meterials. Furthermore,
from sclutions of both §£§g§-[?tClz(NPhCEPh)(?NezPhI] and i;ggg—[}tClz-
NPhCH(o-tol) (PMe,Ph]], yellow crystals of trans- [PtCl,(KH,Ph)(FMe, Ph) ]
were isolated and the aldehyde proton of PhCHEO or(g;tol)CHO respectively
was detected by nmr spectroscopy. It was concluded therefore that the
reaction was not isomerisationbut hydrolysis of the imine ligand (eqn.
4-53). An equilibrium was slowly formed, with 709 hydrolysis for

complexes containing PhNCHPh or PhNCH(Qtol) with equilibrium being
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trans-[PtC1 (NPhCHPh) (PMe Ph)] + H,0 __~ trans-[PtCl,(NH_Ph)(PMe Ph)]
izane 2 2 0 = 2\ 2
+ PhCHO (4-53)

established in around 15 days, For MeNCHPh hydrolysis proceeded to a
lesser extent, being 40% complete after 50 days. [?tCIQ(NHCPhZ)(PMeZPh)]
" showed no sign of hydrolysis under similar conditions indicating that

the equilibrium analogous to (4-53) lies very far to the left for this

ligand,

Imine Exchange Reactions.

When MeNCHPh was added to a CDC1; solution of irans- @tClQ(NPhCHPh)
trans- [PtCL, (iMe #Ph) (PMe Ph) ] being formed along with free PhNCHPh.
When the starting complex was treated with one equivalent of PhNCE(g—tol)
an equilibrium mixture with tne two imine complexes present in equimolar
amounts., This reflects the basicity of the imines increasing in the
order PhiiCEPh 2 PhNCH(otol) <«<MeiCiPh, The same order is found when
P-Pt coupling constants are compared, so like the amines the more basic

. i 1
ligand gives 2 smaller value of JPtP’

Reactions of Imine complexes with Bases

As discussed in the introduction it was hoped that by base assisted
removal of the imine proton, new Pt-C g-bonds could be formed.
Alternziively, bases might promote ortho metallation reactions of the

type that occur spontaneously at Pd (ean. £=26).

Amines reacted with the platinum imine complexes, but only

displaced the imine ligand, So when trans- PtClz(NPhCHPh)(PMeZPh)] was
31

treated with one equivalent of either PhNH2 or Et_N, then ~ P nmr

3
spectroscopy confirmed that trans—[?t012(NH2PH)(PMe2Phi] or trans—[?tClZ;
(YEtB)(PMe2PhX] were formed quantitatively. The latter amine complex

was not isolated, but its spectroscopic parameters confirmed by

synthesis of the same complex from [?t2014(PMe2Ph)2j]and EtBN'
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If stronger bases were used then there was still no reaction between
the imine complex and the base. Thus the starting complex was
recovered unchanged if trans—[?t012(NMeCHPh)(PMe2Phi] was treated with

ethanolic EtONa for 14 hours or proton sponge for 48 hours,

It appeérs therefore that the imine complexes are highly unreactive.
towards bases, except N g-donors, wanich can cause ligand displacement,
They would therefore not be suitable precursors for the formation of
organoplatinum complexes, nor can they be inter-converted with aminocarbene

complexes as first noped.
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A-7 BExperimental

Literature methods were used to prepare [PtQCIA(PMe2Ph)2](163’164)

[Pt2014(PBu5)2](1b5’166), (from K PtCl, and the appropriate phosphine)

4
and PhN:CHPh(167). HN:::CPh2 was purchased from the Aldrich Chemical
Company. All liquid amines were distilled prior to use, Nmr spectra

.
(51P,'H) a Perlin -Elmer R3? (1H) or a

were, recorded in a Varian XL100
Brukexr WP2003Y. I.R. were recorded on a Perkin-Elmer 530 and Perkin-

Elmer 892, all solids were run as KBr discs,
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Trans-dichloro(dimethylphenylphosphine)(phenylamine) platinum:- To a

solution of [Pt2014(PMe2Ph)2] (520mg, 0.64mr01) in CHCl3 (50m1) under N,.
was added 4ml of PhNH2 and 200}& of H=CPh. The solution which changed
colour from orange to yellow/green immediately, was stirred for 19 hours
"at room temperature. The solvent was removed under reduced pressure and
the resulting brown oil re-crystallised from benzene/pentane to afford

yvellow crystals of trans—[PtCl2\NH2Ph)(PMeZPh)] (545mg, 85%). Physical

and speciroscopic parameters are given in Tables 4-1 and 4-2,

Trans-dichloro(dimethylpnenylohosnhine) (meta-methoxyphenylamine) platinums:-

To a solution of [Pt2014(1>1~1e2?h)2] (500mg, C.62:m01) in CHc:l3 (50m1)
was added meta-methoxyphenylamine (m-anisidine) (154mg, 1.25mmol). The
solution was stirred for 24 hours. The solvent was reduced in volume
(to v2ml) and pentane added until precipitation just began. Yellow

crystals of trans-[?tClz(Kﬁzﬁ

46540Me-g)(FNegPh)] grew on standing (308mg,

47%). Physi~al and svectroscopic parameters azre given in Tables 4-1 and

4-'2-

Tranz-dichloro(dimethyloheny:onosphine ) (vara-nitroariiine) platinums:-

This was orepared by the above method from [PtQCl (PMeZPh)zj (387mge,

4
0.48mmcl) and E?NHQC6H4N02 (132mg, 0.96mmol) to afford yeliow crystals
- (¥H,C H N Me Pl %
of trans [PtClQ(IHQC6P4'\»02)(P‘xean)], (436mg, 84%).
Trans-dichloro(dimethylohenylohosphine)(methylamine) platinums:— This

was prepared similarly from [Pt2014(PMe2Ph)2j](SOémg, 0.63mm-1) and a
33% solution of NeNH,, in industrial spirits (115mg of solution,
containing 38mg (1.23 mmol) of MeNHZ) in CHCl3 (20m1) to afford yellow

crystals of trans—[PtClz(NHgMe)(PMezPh)](452mg, 84%).

Trans-dichloro(dimethylpnenylohosphine)(diphenylamine) platinum:- To a

solution of [Pt2014(PMe2Ph)2] (305mg, 0.38mmol) in CHO1, (20ml) was added
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NHPh2 (128mg, 0.76mm01). The solution was stirred for 30 minutes,

the solvent reduced in volume and pentane added until precipitation began,
Orange crystals of [Pt2C14(PMe2Ph)2] (50mg) formed on standing. These
were removed by filtration and on standing yellow crystals of irans-
'[PtCl2(NHPh2)(PMe2Ph)] formed in the mother liquors (127mg, 29%).

Physical and spectroscopic data.are presented in Tables 4-1 and 4-2,

Trans—-dichloro(diethylamine)(dimethylphenylphosphine) platinum:- To a

chloroform solution (25ml) of [Pt2C14(PMeZPh)2] (1g, 1.24mmol  was
added IiE%, (135mg, 2.53mmol).. There was an irmediate cblour change
from orange to yellow/green. After 30 minutes the solvent was ‘removed

and the resultant yellow oil re-crystallised from MeCH/CH White

2012.
crystals of gigffPtCIQ(PMegPh)2] formed (379mg), their identity was
proven by comparison of their ir and nmr spectra to that for authentic
samples, The solvent was removed from the mother liquors and the
resultant brown solid re-dissolved in benzene, which caused the
precipitation of more gigr[PtClz(PNeEPh)2] (67mg). The benzene

solution was passed through a chromatograpny column packed with silica
gel, A yellow solution was eluted and a dark brown band remained in the
column. The brown solid could not be removed from the silica even in
boiling chloroform. The yellow solution was evaporated and the crude
product re-crystallised from diethylether/pentane to afford yellow
crystals of E_a_rE-EPtCl2(NBEt2 )(PMeQPh)] (298mg, 25%). Physical and

spectroscopic data are presented in Tables 4-1 and 4-2.

Trans-{tert-butvlamine)(dichloro)(dimethylphenylphosphine) platinum:-

This was prepared by the above route from [Pt2014(PM92Ph)2] (1.09g,

. - t .
1.35mmol) and FH,,Bu (199mg, 2.72mmol1). cls-[Ptc12(PMe2Ph)2]was
again isolated as the first product (380mg) and elution of the mother

~liquors through a silica gel chromatography column produced a brown
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material irreversibly bound to the silica gel and a yellow solution which

was evaporated and the crude product re-crystallised from MeOH/CH2012
t

to afford trans—[PtClz(NHQBu )(PMe2Ph)] (52mg, 4%).

Dimethylphenylphosphine tris(methylamine)platinum dichloride:-

V[Pt2014(PMe2Ph)2] (679mg, 0.84m.01). was dissolved in CHC1, (20m1}) MeNH,
gas was passed through the solution for 10 minutes at ambient temperatures
after which time the flask was stoppered and the solution stirred for
24 hours. There was an immediate colour change from orange to yellow/
green on {I~vsings the gas through the solution followed by the slower
colour disappearance, until after 30 minutes a2 colourless solution
remained, After 24 hours a white precipitate had formed, which was
removed by filtration, affording crude [Pt(NHQMe)B(PMezPh)]Clz (828mg,
1009%). The formula was assigned by integration of the proton nmr spectrum

(recorded in CD,0D), but the product provel impossible to purify due to

3

amine loss on heating. Furtrermore, two further attempts to repeat the

reaction led only to the isolation of the tis-amine product [PtCl(NH Me)g—

2
(PMezPh)]Cl.

Chloro(dimethylohenylphosphine)bis{(methylamine) oplatinum chloride:-

Crude [Pt(NHZMe)B(PMe2Ph)]Cl2 was dissolved in CHBOH and refluxed for

30 minutes., The solvent was removed leaving a brown solid which was re-
crystallised from ChClB/light petroleum (60-80°C) to afford pale yellow
crystals of igggg-[?tCI(NH2Me)2(PMeZ?h)J M.Pt.172-174°C.  Found C,

25.723H,4.483N,5.95% Cale. for C,Hy CLN PPtz- C,25,76; H,4.45; N,6.01%.

, -1 1 -
U(Pt-c1) 283em ', Bp-19.2 Jpp, 39873 8, 2:10, I 11 Ezz Sy 2.35
Jupy 12 Ez.

The same compound was produced when MeNH2 was passed through Pt2014

(PMeQPh)2 without the formation of a precipitate, indicating that the

complex can be formed without going via the tris-amine complex.
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Cis-§(benzyl) (phenylamine)carbene}dichloro(dimethylphenylphosphine)

platinum:- To a solution of [Pt2C14(PMe2Ph)2] (1g, 1.24m=01) in CHCl3

(100m1) under N, was added PhNH, (255mg, 2.74mmol) followed

2
immediately by excess nC=CPh (79%mg, 7+.8minc1). The solution was
stirred at ambient temperatures for 7 days during which time the solution
turned drown and a white precipitate of the crude product was formed,

and subsequently isolated by filtration (400mg, 27%). The solid was re-
erstallised from MeCH affording pure gi§7[PtCl2{C(NHPh)CH2PH}(PMezPh)]
(296mg, 2095). Analytical data are shown in Table 4-3, The original
mother liguors were dried in vzcuo and dissolved in benzene which caused
precipitation of glgr[PtClz(PMe2Ph)2} and growth of yellow crystals of

trans—[ftClZ(NH2Ph)(PMezPh)].

Cis-$(benzyl)(phenylamino)carbeneidichloro(tributylphosphine) platinum:-

This was prepared similarly from[PtQCld(PBuB)QJ (507mg, 0.54m.7cl)
PhNH2 (99mg, 1.06m:c>) and 2C=CPn (327mg, 3.2mmol), No precipitate
formed after 7 days stirring, The sclvent was reduced in volume to
“~10ml and light petroleum (60-8090) added until precipi;%t%gn Just

CH,Fh
vegan. After 3 days wnite crystals of 9;§,[Pt012{c(mﬁph)Z{PBu3)] formed

and were removed by filtration (118mg, 16%). Analytical and spectroscopic

data are presented in Tables 4-3, 4-4 and 4-5.

Cis- £ (benzyl) (para-nitroanilin - Jearbeneidichloro(dimethylphenylphosphine)

i e To 2 metnilens i 1 = -
platinum: To et] e ;chloride solution of trans LPtCl2(NH206H4

NOz—B)(PMeQPh)J (510mg, 0.31mmcl) under N, was added phenylacetylene

2

(100mg, 0.98mmol",. The solution was stirred at room temperature for
70 hours during which time a precipitate formed. This was removed

by filtration to afford crude cis-[Pt012{c(th6H4N02-E)(Cthh)}(PMeQPh)]
(136mg, 67%) The product was purified by re-crystallisation from

MeCH. See Table 4-3 for analytical data,
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Cis-$ ( enzyl) (meta-methoxyphenylamino)carbene}dichloro(dimethylphenyl—

phosphine) platinum:- This was prepared similarly from Egggg—[PtClz-
(NHZC6H4OMe—@)(PMe2Ph)] (1.042g, 1.93m0l) and HC=CPh (213mg, 2.09mmol)
in CHCl3 under N2. After 7 days, a white precipitate of crude product
"was 1isolated (jBOmg, 14%) which was re-crystallised from CHQCIZ/MeOH

to afford pure ggg.[PtClz{c(NHc6H40Me-m)(CHZPh)}(PMeQPh)].

Cis-§(benzyl)(diphenylamino)carbene}dichloro(dimethylphenylphosphine)

Qlatinum:— This was prepared similarly from [Ptzcld(PMegPh)QJ (1g,
1.24m;0l), “hPh, (416rng, 2.46mmcl) and HC=CPh (510mg, 5.00mmol) in
CHCl3 (50ml) under N2. After 18 hours the solution had turned black.
At this point the solvent wes removed and the waxy residue re-dissolved
in benzene, causing precipitation of the crude product (816mg, 50%).
Three successive re-crystallisations from chloroform/light petroleum
(60-80°C) afforded white crystals of pure cis-[PECL,{C(NPh, )CH,Ph}~

PMe,Ph) ],

Cis-{(venzyl) (phenylamino)carbene}dibromo(dimethylphenylphosphine)

platinum:- To a solution of [Pt23r4(EMe2Ph)2] (500mg, 0.51mn01) in
CH015 (20m1) was acded PhNH,, (96mg, 1.03m>1) followed by excess

HC=CPh (316mg, 3.1.01) under N The solution was stirred for 7 days

2.
during which time a white precipitate developed. This was removed by
filtration giving crude product (270mg, 39%) which proved impossible

to re~crystallise from either chloroform or methanol due to extremely

low solubility,

Attempted synthesis of cis-[?tclzécgNEtg)(CHEPh)j(PMQEPh)]:-

[Pt2014(PMe2Ph)2] (18, 1.2%zmol) was dissolved in CHCl, (50ml) under N,.

3
Et ,NH (180.2mg, 2.47Tm:-2) was added followed by HC=CPh (516mg, 5.06ruiol)..
Cn stirring for 7 days a dark brown colour developed. The solvent was

removed leaving a brown oil. Re-dissolution of this o0il in Et20

. 1
produced a black precipitate (760mg) which had a complicated H nmr and
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ir spectra. Attempts to purify tnis solid appeared to lead to further

decomposition,

Attempted synthesis of Cis-fPtClnigiNHBu?)(CH“Ph)%(PMe2Ph)]:— The
L [“Enan o 4

experimental procedure was identical to that above except ButNH2 (130.7mg,
2.48m01). was used instead of diethylamine, Again, Et20 re-dissolution
of the crude product led to the precipitation of a black powder which

proved impossible to purify further.

Similarly, attempts to prepare cis-[PtCl. $C(XCPL_)(CH_Th)?(PMe . Ph)]
- Z 4 [ 7 < -

and cis—fPtClE{C(NHMe)LCﬂzPh)%(PMeAPh)l,led to decomposition and no
£ r -

identifiable products were isolated from these reactions.

When, instead of adding excess phenylacetylene, cis—[PtClz(NﬁzPh)—

(PMe2Ph)] was stirred in a ChCl, solution, saturated with HC=CMe (propyne)

3

and under a propyne atmosphere, after 7 days again a dark brown solution

was formed, No solid products could be isclated from the soclution.

Reaction of cisgLPt01€jp(EEPh)(CHAPQ)}(PMeGEh)] with Eth:— To a

suspension of the carbene complex (191mg) in MeOH (20ml) was added Et3N

(21.2mg). The suspension was stirred for 27 hours at room temperature.

3

At the end of this period the solvent was removed. The 1P nmr spectrum

of tne cruue product in CDCl, indicated that many species were present

3

and none of the products was identified or isolated.

Reaction of cistLPt01?§C£NHPh)(Qﬁﬁ?h)%(PMezPhll with other bases:-

When one equivalent of either BuaNOH or EtCNa was added to suspensions

of the carbene complex in either 652512 or TOH respectively, then again
31

P nmr spectrecscopy indicated that many phosphine containing products
had been formed, and no products were isolated from either of these
reactions,

When one equivalent of proton sponge was added to a CHCl, suspension

3

of the carbene, and the mixture stirred for 6 days, then no reaction
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took place and the starting materials were isolated unchanged, Proton
sponge also failed to react with cis-[PtClZ{c(NHPh)(PHQPh)§(PBu3)] under

identical conditions.

Reaction of cis-rptcléic(NHPh)(CHAPh)%(PMeAPh)l,with Et,NCL :-
1 sEh) 3 SPn) )

Et4NCI (27.6mgy, 0.1Tmmol), was =4ded ‘o the P =rbene: for 16 hours zt room
temperature.CHq.Cl2 solvent was removed and the sample redissolved in

CDClB. i nmr showed signals for the carbene complex (é;CH 4.63 (d),
3 JHP 11 Hz,

11.85, “Jpu 111 Ez5 8 5 0.92(% o= a),.me. ‘4 of 4),/"

5.12 ()5 O 4y
JHPt 50 Hz) and N-ethyl groups (ESCH2 5-35(q); ESCHB 1.18(t)).  Re-
crystallisation from CH2012/MeOH produced pale brown crystals of cis-

[PtClz{C(NHPh)(CHQPh)}(PMeZPh)].

Reaction of cis-fPtClgiC(EHPh)(CHnPh)i(EMgAPh)1 with PMe _Ph:~ To a
. > ra 2 2

suspension of tre carbene complex (3.mg, 50.1)1mol) in CDCl3 (0.5m1) was
added EHeQPh (7.15 ﬁl’ 50.1/¢mol). 51? nnr spectroscopy indicated that
the Eggggf[Pt01{C(HEPh)(CH2Ph)§(PNe Ph) ]”1 had veen formed (see Table
4-7). This compound was stable in CDCl5, and remaired unchanged in

solution over & days.
platinum
Trans-g(benzyl)Lphenylamino)carbene} chloro bis(dimethylphenylphosphine)/

perchlorate:- To a suspension of gig—[?tCl {C(NHPh)(CH Ph)}(PMegPh)]

(211mg, 0,35 ~wel)} in CH,C1 (1)ml) was added Fle,Ph (50.2 Ply 0.35mmol)

followed immediately by AgCLOA.H 0 (95.5mg, 0,42 m.mol). The sclution

2

was stirred for 2 hours whilsi being protected from light, AgCl was

removed by filtration and the solution dried over anhydrous MgSO, and

4

evaporated, The crude product was re-crystallised by dissolving in 3ml

CHCl3 and adding MeCH dropwise until precipitation just began, On

standing, colourless crystals of trans—[PtCl{C(NHPh)(CH2Ph)}(PMe2Ph)2]

0104 formed (154mg, 46%) M.Pt. 200-202°C, Found C,44--82; H,4.52; N,1.45%
Required for CBOH37”1 O4NP2Pt:C, 44,95; H,4.40; N,1.75% W(Pt-C1) 31Ocm—1,
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V (N-H) 3200, 3250cm'. Nmr parameters in Table 4-7.

Trans—$(benzyl) (phenylamino)carbenejchloro bis(aimethylphenylvohosphine)

platinumtgifluoromethanesulphonate:~ This was prepared, but never

isolated, from the reaction of cis-[Pt012{p(NHPh)(CHQPh)}(PMeZPh)] and
PMegPh (1:1 mole ratio) in the presence of one equivalent of Ag[S(CF3)03]’

following the above procedure, Nmr parameters of the product are given

in Table 4-7.

N-Methvlbenzaldehyde imine, MeN=CLPh:- MeNH2 (17.86g of a 33% solution

in industrial spirit, containing 5.95g, 0.19mol of MeNHz) was added to
PhCHO (2C.00g, 0.19mol) with vigorous stirring. Heat was liberated and
the mixture stirred untii it had re-coolied to room temperature. The
resultant orange liquid was vacuum distilled, and crude MeNCHPh

collected (0.5torr, 32—3600) as a white liquid. This was re-distilled
to produce pure MeNCHEPh (10.9g, 32%). 1‘H nmr parameters were consistent

(143)

with literature values

N-Phenyl(2-methylbenzaldehyde) imine, PhN=CH(otol):- Ortho-metuyle .

benzaldehyde ' (6.42g, 53.5mg~2) and aniline (4.98g, 53.6mmol) were added
togetherwith vigourous stirring. A cloudy, viscous solution was formed
very quickly («~15 secs). This was poured into 10ml EtOH/HZO (9:1) and
allowed to stand. Two liquid layers formed and separated in a funnel,
The denser brown oil containing the crude product was vacuum distilled

(0.4 torr, 116-1220C) to give PhN=CHb4|)(9.85g, 60%;) as a colourless

liquid. Found: C,85,83; H,6.90; N,7.5%%. Required for 01 H,_N; C,86.11;

413
H,6+71; 1,7.17% H (in c201;) B(imine proton) 8.61, SMe 2.46.

Trans—dichloro{dimethylphenylphosphine ) (N-phenylbenzaldehyde imine)

platinum:- [PtéClA(PMeQPh)QJ (300mg, 0.,3%37mmol) was dissolved in CH2012
(20ml).  PhN=CHPh (134mg, O.74mmcl) was added, The sclution changed
colour from orange to yellow/green immediately. After 15 minutes the

solvent was removed leaving a yellow solid which was re-crystallised
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from CH2012/light petroleum (60-80°C) to produce yellow crystals of
trans—[PtClz(NPhCHPh)(PMeZPh)] (268mg, 62%). Physical and spectroscopic

data are presented in Tables 4-8 and 4-9.

Trans-dichloro(dimethylphenylphosphine ) (N-methylbenzaldehyde imine)

platinum:- This was prepared analogously from EPt2014(PMe2Ph)Q (500mg,

0.62mmol), and MeN=CHPh (149mg, 1.25mmsl) giving pure trans—[PtClz—

(NMeChPh)(PMeZPh)] (286mg, 44%).

Trans—dichlorqﬁdimethylphenylohosohine)(N—Dhenyl(ortho—met@xl)benzaldehz@e

imine) platinum:-~ This was prepared analogously from [PtQCI,(PMeZPh)Q]
L
(500mg, 0.62m.mol) and PhN=CH(otol) (263mg, 1.35m.mol) to give yellow

crystals of trans—[PtCl2(NPTCH(g-tol»(PMezPh)] (661mg, 84%).

Trans—(benzovhenone imine)dichloro(dimethylohenylphosphine)platinum:—

This was prepared analogously from [Pt2014(PMeQPh)2] (2g, 2.48mzol), and

HN:CPh2 (909mg, 5.02m~~1) to produce yellow crystals of trans-[?tClz—

(NHCPhZ)(PMeZPh)](2.81g, 97%)

Reaction of trans—[PtCl (EFnCEPh)(PMe Pn)] with amines:— ©On addition of
- Z Z i

one equivalent of Et,N to a CDCl, solution of the imine complex (20mg,
3 3

34,2 pmol) there was rapid displacement of the imine by amine. After

31

1 hour P and 1H nmr spectroscopy indicated that the only species in

solution were trans— PtClg(NEt3)(PMe2Ph) and unco-ordinated PhN=CHPh,
Similarly when 1 drop of aniline was added to a CDCl3
[PtClz(NPhCHPh)(PMe2Ph)] (30mg, 51.3 umol), complete displacement took

solution of trans-

place, with trans—EPtClg(NHZPh)(PMeQPh)] being the only phosphine
3

containing product detectable by 1P nmr spectroscopy.

Reactions of trans—|PtCl. (1iMeCHPh)(PMe Ph)] with bases:- (a) EtONa:-
I o [4 [ 4

To a suspension of trans— PtClz(NMeCHPh)(PMezPh)] (252mg) in EtOH (25ml)
was added one equivalent of freshly prepared EtONa, The suspension was

stirred for 14 hours. At the end of this period unreacted starting imine
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complex was removed by filtration, and analysis of the mother liquors

showed that no reaction had talken place.

(b) With proton sponge:~ Equimolar amounts of Eggggr[PtCl2-
(NMélHPh)(PMezPh)]and proton sponge were allowed to react in chloroform
for 48 hours., At the end of this period 1H nmr spectroscopy showed
that no reaction had taken place, with only signals for starting materials

present,

Trans- [PtC1_(NH _Ph)(PMe Ph) | + PnCHO:= To a sample of trans- [PtCl,-
< 4 <

Pl

(NHQPh)(PMeZPh)] (25mg. 50.3 /umol) in CDS‘,%(2.5m1) was added PhCHO(7mg,
66.0}1mol). 31P nmr spectroscopy showed that trans—[?t012(NPhCHPh)
(PMezPh)] formed (27% in 30 minutes). The 1H nmr spectrum was identical

to that of a sample of trans- [PtClZ(RPw,};Ph)(PMeZPh)]after it had

undergone hydrolysis,
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Chapter 5 - THE ISCGMERISATION OF PIATINUM OLEFIN COMPLEXES '[Ptxz(olefin)PRB]

H-1 Introduction

Platinum olefin complexes occupy a unique position in the nistory of
"organometallic chemistry as tne salt K[PtC13(02H4)]H2O, prepared by Zeise
in 1827(1) and‘which subsequently bore his name, was the first organo-
metallic compound reported. In more recent times a great deal of work
has been performed on metal-olefin complexes due to their usefulness in
cétalytic processes. For example, the Wacker process (eqn. 5-1) to
convert olefins to carbonyls is catalysed by palladium, The process
is made catalytic by the re-conversion of Pd(0) to PA(II) with Cu and

oxygen (egns. 5-2 and 5-3).

[Pd014]2‘+CH + H,0 —> CE_CHO + Pd(0) + 2:C1l + 2C1~ (5-1)

274 2 3

Pd + 2CuCl > PACl, + 2¢uCl (5-2)
2 2 2

2CuCl + 2HC1 + %02 _— 20u012 + H 0 (5-3)

Platinum olefin complexes are less catalytically useful than their
palladium analogues (e.g. the Wacker oxidation will not occur for
Zeise's salt although [Pd013(02H4)]‘ is an intermediate in egn. (5-1)).
This is due to a lower reactivity of the Pt complexes, but in turn this

lower reactivity makes them easier to prepare and study.

5-2 — Bonding and Stability in Pt-olefin complexes

Olefin complexes are formed in the 0 and II oxidation levels of Pt,
but no Pt(IV) olefin complexes have been prepared. The properties of
the platinum olefin bond are quite different in the two oxidation levels,
and any description of the bonding must take into account the following

experimental observations:-
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1.  In Pt(II) olefin complexes the axis of the double bond is
perpendicular to the square plane of the platinum ligands, and rotation
around the Pt-ol bond (ol = olefin) has a low energy barrier (of the
order 40-65 kJmol—1), whereas for Pt(0) complexes the olefin double bond

"is in the platinum-ligand plane and rigidly bound.

2e The substituents on the olefin are bent out of the plane of the
double bond and away from platinum, whilst the double bond is lengthened

on co-ordination, Both these effects are greater for Pt(C) than Pt(II).

The bonding is considered in terms of the Dewar-Chatt-Duncanson

)

app]:'or:wl'l(2 involving two components. For Pt(II) olefin complexes
(using the axes snown in fig. 5-1) there is firstly a o -component from
the olefin T[-orbital to an empty hybrid orbital (5&22.5dx2_y2.6p'z) on
platinum and a 7T -component from the filled 5dyz (or more strictly the

*
dezyépVhybrid) on platinum to the unoccupied TL orbital on the olefin,

This bonding scheme requires the olefin tc be bound at right angles

y

A
H
H\ \\\

c L
\\
2 Pt . L

c.n?"/

H L
4

to the square of the platinum atom. however, nmr studies have shown that

(168), and if the olefin

rotation about the Pt-olefin bond is possible
‘ *
double bond is in the platinum-ligand plane, back donation to the TU

orbitals can still occur from the 5dxy orbital, Molecular Crbital
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calculations of the total bond energy of the complex against the angle
between the double bond axis and the platinum-ligand plane have shown

o (169)

energy minima at 90° and 0 , and it has been suggested that the
preference for 90o is due to the reduction of unfavourable steric
" interactions between the olefin substituents and other platinum ligands.
This description leads tc a view of loss of electron density from
the olefin Tl-orbital and a simultazneous increzse of electron density
in the Tﬂw—orbital which will cause an overall weakening and lengthening
of the C=C double bond. This agrees with the experimental X-ray
diffraction and ir studies on these complexes. The back donation also
changes the nybridisation of the carbon atcms from sp2 towards spi.
(In <ce extreme case, with no g-comporent anc all T{-back-bonding, the
olefin would effectively be a dicarbanion with two completely sp5
hybridised carbon atoms). So the carbon atoms move towards the
tetrahedral geometry expected for sp3 carbon atoms, When this theory

(170)

was tested by MO calculations for Pt-acetylene complexes it was
shown that incressing electron densiiy in the TL* antibonding orbitals
must lead to "endirg of the acetylene sudbstituents and that cis-benuirg
was energetically favoured due to the steric repulsion of the central
metal zrcup. The rehyovridisation of the carbon atoms will alsc affect
the nmr coupling constants of protons on the olefin, where it is found
that both JﬁH(gigj and BJHH(Ezggg) are decreased upon slefin co-
ordination, Stability constants for Pt(I1) olefin complexes are found
to increase as the electron withdrawing power of the olefin substituents
increases(1?1). Since this change would decrease the strength of the
¢ -component but increase the v -comporent of the metal-olefin bond, the

results clearly indicate that the J[-component is more important in the

formation of stable Pt(II)-olefin complexes.
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Olefins have been found experimentally to be ligands with a very
high trans effect and low trans influence(27). This follows naturally
from the above description with the bonding scheme fitting very well with
the TU-bonding mechanism of the trans-effect, but the low g -donating
. ability leading to a low itrans influence, especially if the ligand trans

to the olefin exhibits little or no T -bonding itself,

Pt(C) complexes are d1o (although back donation from metal to ligand
shall reduce this to less than 104 electrons), and typically Pt(O) olefin
cbmplexes are three co-ordinate, e.g.&%(32H4)(PPh3)2]. Using the co-
ordinate system defined in fig. 5-2 the orbitals available for the

formation of TL-back bonding are the de2-y2’5d22 and 6p2. The last two

however, are used in the formation of <q back bonds from Pt to the phosphine

2
y ~_
Ph P
3 /I/,//, CH2
s
Ph,P CHZ
b
X /
fig. 5-2

groups and no back donation can occcur when the olefin is at 90O to the
PtP2 plane. Indeed MO calculations of total bond energy of the Pt-ol

) . ) ) o(169)
bond against bond angle show a minimum at O z2nd a maximum at 90 .
The G -component from T((C=7}to the 5dX2_y2.6pX.6py hybrid orbital appears
to have little contribution to the overall bond stability, as (NC)2C=
C(CN)2 forms a strong Pt(0)-olefin bond, despite being a very poor o'-

donor (although it is a strong TT-acceptor).

The geometry of platinum olefin complexes can be further affected
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by having bulky substituents on the olefin, Nmr studies on

- . . (168) .
[PtClB(C5H6ﬂ and other monosubstituted olefins show a slight
decrease in the Pt-H coupling constant for the proton cis to the bulky
group,. This small difference has been interpreted in terms of a small
twist round the double bond axis to minimise the non-bonding steric
interactions between the olefin substituent and the metal centre (fig.

5~3).
Ccl
ge

Pt —C1

Cl
flgc 5-3

The stability constants of many Pt(II) olefin complexes have been

(172)

determined(171) including disubstituted olefins and it has been
found that in aqueous sclution trey have higher stability than aquo~
ligands, lower tnat amines and similzr tc Br and I: With di-
substituted olefins, cis olefins form more stable complexes than trans.
This is taought tc be dve to a combination of two reasons. Firstly,
free cis olefins zre more sirained than their trens iscmers (always
excepting cyclic olefins) and the release of this strain on co-
ordination will help stabilise the complexes, Secondly, cis-olefin-
metal bonds are stronger than trans-clefin metal ones., This arises
from two different twistings that occur to lower the destabilising
steric interactions. Cis olefins will twist along the olefin double
bond axis in a manner analagous to fiz, 5-3 (see fig. 5-3(a) whereas

trans olefins will twist around tre metal olefin bond (see fig. 5-4).

The latter causes a larce decrease in the meta1—117 overlap and markedly
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a) Zotation in cis-—disubstituted olefin complexes — view along

olefin double bond.

=¥

C

T\

Cl Pt C1

\l/‘”‘

b) Rotation in trons-disubstituted olefin complexes - view along

Pt-olefin bond,

Pige 5-3(c)Rotation in substituted olefin Pt complexes,
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reduce the stability of the complex, whilst the former has much less
effect on the back bonding and mostly affect the o'-cumponent which is of

far less importance to the overall stability of the complex,

H=3 — Chemical Reactivity of Pt-Olefin Complexes

Althcough Pt(IT) olefin complexes are chemically less reactive
taan their PA(II) analogues (e.g. the Wacker process (eqn. 5-1) occurs
spontaneously in water, but Zeise's salt does not react with water until
100°C, and even taen decomposition, with liberation of ethene, is
predominant\175)) they are still susceptible to nucleophilic attack,
When al<oxide ions attack monoolefin complexes decomposition usuzlly
occurs, but with diolefin complexes, olefin-alkylplatinum(II) complexes

are formed(13) (egn. 5-4).

| |7 c1 c1
\ / MeOE/Na, GO /
2 3 1
Pt 5 Pt
/ \ <~ HCT /
c1

L J

+ C1™

(5-4)

The reaction can be reversed by boiling the ctroduct in hydrochloric

acid. The product also reacts with CO whicn will split the nalide bridge
to form the Pt-carbonyli species, or react furtner to reform the
diolefin(174) (eqn. 5-5). Whether or not tie second step occurs depends

strongly on thne electrophilic character of the diolefin,

MeO MeO
Cl Cl Cl
Pt/ <~ N
- + 200 ——> //I%\\\\ — //Pt
2 = co | CO,Me
(5-5)

Carbo:iylate anions react with diolefin-platinum(II) complexes in a
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similar manner to alkoxides(175) with the formation of a Pt-C d-bond

(eqn. 5-6, diolefin=cyclooctadiene, norbornadiene). Studies in the

R
RCO
c1 2 0.c””
||\ / / 2
2 Pt Ag0,CR S Pt (5-6)
l/ \ or 32002}1/1\13.2003 ”/
Cl 2
ligand(175b) have shown that both with alkoxides and carboxylates, the

nucleophile attacks the double bond on the side trans from Pt, as would

be expected on steric grounds.

Internal nucleophilic attack on diolefins has alsoc been observed(176)
although the nature of tne product devends on the nucleophile and the

supporting ligands (esn. 5-7, 5-8).

Pt(cod)(n -Cp)(¥e) + CO Pt(rf’— Co) (Me) (CO) (5-7)
Cp
—JZZi\m/Ph
PN
_[7 PPhg
Q‘Q
) Cp (5-8)
d /Ph
[Pt(cod)(qLCp)(Ph)] £epp P
N
o PhoP”  “PPhy

C

e

(PHoP_ Pt
Npf

(PP~ Cp

Amines attack diolefins in a similar manner, but they also react

with monoolefin complexes to form zwitterionic complexes(177) (eqn. 5-9,
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L = PR3 or NR3) with the equilibrium position being very dependent on the

Cl

\/ ]

///// \\\\\ 2 —f R2NH'CH2'CHZTt - Cl (5-9)
L

bulk of the amine with the g-bonded complex being favoured by small,
(178)

unhindered amines When excess amine is reacted with cis-»&%Cl -

2
(C2H4)(amine)], the first procduct is still the zwittenonic complex as
shown in eaqn. (5-9), but the excess amine will displace one chloride to

form [PtCl(amine)2 CHQCH2(amine)H] +(171). In the presence of a base

the aliphatic ligands can be made to cyclise formirg a four membered

(180)
ring (eqn. 5-10, L = PRB,JR ,dnso) .
C1 Et
Et
CDCl3
—Pt——C1 + Me, NH ~
l ] 2 trace N=CH Pt Cl + HC1 (5-10)
2QMe _
2 (OSMez)

5-4 -~ Preparation znd stereochemistrv of Pi-clefin complexes

The geometry of the ligards around platinum in the complexes
[Pt(olefin)LB] will depend both on the type of ligands present and the
synthetic route employed. The latter point can be illustrated in the
synthesis of cis and :x,__:c_‘_a_r‘,__s_-[P‘bClz(C2H4)(I\HEtPh)] (egqn. 5-11, 5-12).

C.H

K2[P’cﬂl ]+ NEEtPh —— K[ Pt (0E htPh)C‘z] BN _cﬁ-[Pt(“HEw“Ph)(r" H,)cl :l

(5-11)
K[Pt013(02H4)] + NEEtPh — 5 trans-—[PtClz(NHEtPh)(CZH4)] (5-12)
One of the most common methods of preparing olefin complexes has

been the cleavage of halide-bridged diplatinum complexes either by olefin,

or else incorporating olefin into the bridged complex and cleaving the
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(182)

bridge with another ligand (egns. 5—13(181), 5-14 am = 2,4,6-

trimethylpyridine).
[Pt2014(PR3)2] + 20H,=CH.CE,0H — 2 cis—[PtClZ(CngChChzoﬁ)(PR})],

(5-13)

F&2014(02H4 é] + 2 am 2 trans- PtCl2(am)(CQH4) (5-14)

As shown in equation (5-13), platinum phosphine olefin dihalide
complexes are invariably cis although in the reaction between
[Pt2014(PPr§)2] and CE, =CLCH,CH 2t low temperature, trans-[PtCl,(CH,=
CHCHQOH)(PPr?)] was shown to be the first product, which disappeared
rapidly on werming to room temperziure being replaced by the cis isomer(131)
Similar resulis were acnieved between [PtQBrA(PMeZPh)zj or [?t2014(PMe2-
Ph)g] and 211yl alcohol, with the trens »cis isomerisation being found
to be fester for ine bromo complexes With the very bulky phosphine
complex [Pt2014(PPrnBut2>2] allyl alcohol ag=2in split the halide bridge
at low temperature to form trans- EPtClz(CE2 =CECH20H)(PPrnBut2)} but ,due

to the bulk of the phosphine,tne cis complex could not be formed and the

composition cf the solution at room temperature was not reported.

Reactions of CO with [Pt X,(PRilA]
a2

The reactions of CO with [?tQXA(PRB)z] (x = c1, PR3 = PEt,,PMe,Ph,

3’
5 3 = ?Ne2ph,x = BR,I) (106) have been studied

recently by Anderson z2nd Cross, They found the initial cleavage of the

PMeth,PPh PBuB,PCyS; PR

dimer by CO lead to rapid tormation of the expected trans- EPtxg(CO)IJ
which then slowly isomerised (1-3 deys) to the cis-form. The isomeri-
setion stopped at temperatures below -BOOC. In some cases (X = Cl,

L = PMePh PPhB) by freeze-drying from benzene solutions, the pure

2’
trans isomers could be isolated. In solution, the trans isomers tended

on
to lose CO, and sweeping the solutions with N2, total re-dimerisation

due to CO loss occurred within 5 hours.
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The isomerisation rate is dramatically increased when excess CO is
present, For instance, 2 solution of Egigg—[?t012(00)(PMeth)] wa.s
completely converted to the cis isomer in 35 minutes when a flow of Cco
was maintained through the solution, 2lthough an identical untreated
" solution was unchanged over the same time period. (With bulky

phosphines, such as P(CéH no isomerisation occurred even after

11)3

183)). By using 13C—labelled €O, it was

prolonged treatment with CO(
shown that CO exchange occurs for both isomers, although it was faster

for the trans isomer (50% exchange after 15 minutes) than for the cis

isomer (30% exchange in 1 hour).

toer ﬂucleophiles catalyse tne isomerisation, Free phosphine was
as effective as CO a2t increasing the rate whereas halide ions (Cl, Br and
I) acted more slowly. It is thought tnat for uncatalysed isomerisations,
the partial loss of CO from the irsns isomer provides the catalyst for
the isomerisation which would then proceed via a 5-co-ordinate associative
intermediate undergoing pseudo-rotation (egqns. 5-15, 5-16). It should
be noted that intermediaies (A) and (B) in egn. (5-16) are those that

would be involved in the sterospecific exchange of CO in the trans and cis

isomers respectively.

Due to the similarity of Pt-L bonding between L = CO and L = 02H4,
it was thought that a similar study of olefin analogues would yield
similar results and give more information about hoth systems, In this

chapter it will be shown that the formation and isomerisation of

[PtXZ(Ol)L]is considerably more complicated than for the carbonyl

complexes.,
trans-[Ptx,(CO)L] === [PtX,L] + CO (5-15)
trans- PtXQ(CO)L \\\\Q X ¢o
V\\\\ \CO WX
1 W ___s‘__—L oy -
co X

>~

co (5-16)
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L

X oS cis-[ PtX, (CO)L]

5-6 - Results. and Discussion

5=6,1 = The reactions of ethene and propene with Pt X.L.
- 242

The overall reaction being studied can be represented by egn. (5-17).

The starting complexes [Pt2014(PMe2Ph)2],[Pt2Br4(PMe2Ph)2] and

[Pt2X4L2:| + 20l 2 cis—[PtX2(ol)L:| (5-17)
[Pt2014(PBu3)2] are all well characterised compounds. The latter by
boiling in acetone with either K¥Br or Lil was readily converted to the

1 i r i lat
complexes [Pt23r4(PBu5)2] and [PtQIA(PBu3)2] respectively, The latter,

31P nmr spectroscopy(184) had not

31

although investigated in detail by
previous:y been isolated, whereazas the bromo complex is new. The P nmr
spectrum of the bromo complex could be analysed as for the other halides
and the couvling constants are shown in Table 5-1. Reaction of the

appropriate halide complex with C or CZH6 produced wnite crystalline

o
274
complexes cis—[PtC1,.(C.H,)(PMe, Ph) (185) cis—[PtC7 (CLH,)(PMe,Ph)
- [ 27274 2 ? S T2MNUF6 2 ’
i : (186) ,
- . -|PtC 2 ) (P z) i
cis [PtBr2(CZHA)(PNe2Ph)], cis [Pt 12(02 4)( BuBQ] and cis [
PtBrQ(C2HQ(PBu3ﬂ . Physical data for the new complexes are shown in
Table 5-=2. The dimethylvhenylvhosprine complexes are very insoluble in
chloroform and were isolated zs pure crystals directily from the reaction
vessel when a slow stream of oclefin wes passed through a solution of
Pt2X4(PM92Ph)2. With the more soluble PBu. complexes the chloro
complex was crystallised by maintaining a stiream of ethene to remove
chloroform by evaporation, and the bromo complex by addition of light

vetroleum to 2 chloroform solution of the compound. These olefin

complexes exhibit a typical coupling constant between platinum and the



Table 5-1. 3p parameters of E’c2X4(PBu3)2—J
1 3 4
X Os Ippt, Tptpt Ippt Ipp
Cl 3.57 3741 199 2345 2.8
Br 1.73 3679 230 25.4 3.4
I 1.49 3425 380 21.4 5.1
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olefin protons (thH= 61Hz) whilst Tap (<1.5Hz) is consistent with a
cis geometry, The dichlorocomplexes also exhibit iwo Pt-Cl stretches
in their ir spectra confirminz the cis geometry. The 31P nmr parameters
of these and other complexes are shown in Tatle 5-3. A1l the complexes
were thermally unstable, decomposing cn heating and eventually melting
to give red/orange liquids whose subsequent "re-melting" points showed
them to bve the starting dimers. Due to tre extremely low solubility

of the dimethylphenyliphosphine complexes, most of the subsequent studies

were performed on the PBu, compounds with which no such solubility

3

problems were encountered,

It was found that passing olefin through snlutions of cis-[PtClz-

(o1)(P2u )} ceused rapid stereospecific olefin exchange.  Thus C.H,

376
would completely displace ethene from 01s—[P .01 (C 4)(PBu )] within one

4

minute a7 room temperature Lo sive the propene complex, whilst the

treatment of the oroduct with ethene caused the reverse reaction (egn.

5-1E8), Adding vropene for a very shorttime (4.5) produced a mixture of

. vis C.H i . o
gié—[PtCI2(CQH4)(*Bu3)] 36 «Ao-[PtClg(CBHé)(fBuB)] (5-18)
CA
4

the two olefin complexes conizining 3(£5 of the propene complex, although
in this case tne exchange was not as rapid aue to the lower
concentration ¢f free olefin present, It is notable that the exchange
is much faster thnan for the carhonyl complexes, where 1 hour of CO
treatment wes reaquired to effect 30% exchange in E;gﬁ[?tCIZ(CO)(PMePh)2].
This type of olefin exchange has been used synthetically to prepare new
Pt-olefin complexes such as gig-[?t012(03ﬁé)(PBu3)] and gégr[PtClz—
(C4Hé)(PBu3ﬂ from the ethene complex(187), although the experimental

conditions used (12 hours of C g in refluxing 3 H,C1 ) seem a bit

3

excessive in view of the above results,



Table 5-3 3113 nmr_parameiers

of Pt-olefin complexes [(Ptxz(ol)Ll(a)

L X [ ol cis isomer trans isomer
S J 5 J
PMezPh Cl C2H4 -10.0 3091
(-c.0) (3090) (-10.0) (3467)
Br 02}14 -9.3 3010
(-6.5) (3006) (-12.2) (3343)
PBu3 C1l 021-24 560 3041 5.8 3440
(7.2)  (3054) (6.0) (3383)
C.H, 4,1 3088 5.3 3459
Cotiyy 3.6 3089 4.7 3468
(5.2) (3364)
Br CoE, 5,2 2964 3,8 3346
(7.5) (2962) (4.0) (3265)
Cofie (2.5) (3298)

(a)Recorded at room temp. (or -60C)
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The greater reactivity of cis-Pt olefin complexes ever analogous
carbonyl compounds was 2lso apparent in other iypes of reaction.

So, for instance, ois—[PtCl2(CO)L] was stable in ChCl, solution, and

3

passing N, gas through the solution for 5 hours, had no effect on the

2
complex, indicating that there was no CC loss from these complexes
in solution. The olefin complex cis—[Pt012(02H4)(PBu3) :]slowly
lost olefin until it had completely re-dimerised after 4 days, with the

reaction being ra2pidly zccelerated by paszing N, through the solution

2
.(AO%rre—dimerisstion after 2 hours N2). The bromo complexes cis-
[PtBrz(C2H4)(PMe2Ph)] and giﬁ-[PtBrz(C2H4 (PBuB)] were much less
stable, re-dimerising rapidly at room temperature, with the nrocess
being comolete within 30 minutes (for I = PBHB). Again, sweering

trne solutions with N2 gas hastened fthe reaction go tha*t olefin loss
from the PBu3 complex was complete within 5 minutes, Tre result of
these reactions is that, at least for X = Br, glg[PtX2(ol)L]'is not

the "final product" of the reaction reoresented by eqn. (5-17) and thzt
re-conversion to the dimer 2t 2 rate similar to its formation, must
2]lways be 2llowed for, The bromo complexes would be expected to re-
dimerise more re=dily, a2s the strength of the halide bridge in the
diplatinum complexes increases in the order Cl<Br«I. The lower
stability of olefin complexes over czrtonyl ones has been reported
already(186).

The cleavage of the halide-bridged dimer [Pt2X4L2] ?y a nucleophile
(Nu) would be expected to give cbmplexes of the type Eggg§7[PtX2LNu]
as the initial product due to the higher trans effect of the phosphine
ligand L over halide X. This was found to be the case when amines
attacked the halide bridge producing stable trans-[Pth(am)L] (see : -

chapter 4)., If the trans form is the less stable isomer then

further isomeration to cis can occur. When the reactions of
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31

[PtX4(PBu3)é] (X = C1,Br) with O, or C,H, were followed by °'P nmr

3
spectroscopy, the appearance of new signals before the formation of cis
isomer was . detected, From the appearance of a simple 1:4:1 triplet
pattern in the spectra, it was clear that these complexes were mono-
‘platinum complexes, (Dimeric complexes would give 19 signals in the
e amr Spectfum (see Tatle 5-1). These signals were therefore assigned
to Ezggg—[PtXZ(ol)IJ. This assignment was supported by the similarity

of the PtP coupling constants (see Table 5-6) with Egggg-[PtCIZ(Csz
CHCHZOH)(PPrB)](181)(JPtP 3323 Hz) and igggg—[PtCIQ '(CB2=CﬁCHZOH)(PMe2Ph)]
(JPtP 3441 Hz). The values are larger than for the trans carbonyl

complexes (1J 2900) indicating that the CO ligand has a higher trans

PtP
influence than the olefin ligend.

The formation of the trans-carbonyl complexes is complete in
solution, and they can, in some cases, be isolated as pure compounds

(106).

and their reactions studied Unfortunately the trans olefin
complexes rapidly form equilibria with the dimers (eqn. 5-19, R = E,Me)

so pure solutions of the trans- complex at temperatures which they would

- - K T
5t 2 CHZZCER 2 ﬁrans-[PtX2(0H2=LhR)(PBuE)}

Pt2X4(PBu3)
(5-19)

further react were not available,

Several attempts were made to isolate a trans complex, using the
less soluble PMeQPh. The first attempts involved freeze drying benzene
solutions of [Pt2014(PMe2Ph)2] saturated with C,H,, but only dimer was
isolated, probably due to olefin loss at low pressure. The other method
employed involved treating a solid sample of [Pt2014(PMe2Ph)2] with
gaseous C2H4. The dimer wgs prepzred in a finely divided form again

by freeze drying from benzene, Treatment of the solid with ethene for

6 and 10 hours produced a change in the carbon analysis, suggestive of
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some olefin complex formation (see Table 5-4) but on re-dissolution of
the solid in CDCl3 only dimer was present (as shown by 31P nmr spectro-
scopy). It seems likely that the increase in amount of carbon could

be from non-volatile impurities in the gas, These failures show again

"that, like the cis complex, the trans oiefin complexes have a lower

stability than the corresponding carbonyl complexes,

At -60°C pure solutions of trans—[PtClz(CzH4)(PBuS)] could be
 formed, due to the effect of temperzture dependance of equilibrium(5-19).
At this temperzture the complex showed no sign of isomerisation or olefin
loss over 1 hour, However, on warming the solution up to —2OOC olefin
loss became apvarent and the presence of dimer could be detected,

At OOC isomerisation to the cis form was also observed, Although no
olefin icss was obs=rved at -6OOC, dissociation must take place, as
sweeping z solution of Ezggg-[PtCl2(CzH4)(PBuB)] with N, at -60°C caused

redimerisation with the olefin loss being complete between 40 and 60

minutes. Pessing nitrogen through solutions of trans-[PtX2(ol)(PBu3)]

(X =C1, ol= CQH483H6, X = Br, ol = 02H4) or trans—[PtX2(ol)(PMe2Ph)J
(X = Cl,Br; ol = C,H,) at room temperature completely removed the olefin

24
in less than one minute,

Olefin exchange was rapid with the trans complexes, even at -6OOC.
Treatment of solutions of izgg§—[PtC12(02H4)(PBuB)] at -60°C with Cag
caused complete olefin exchange within 2 minutes, producing trans-
[PtCl2(CBH6)(PBu3?], a reaction that could be reversed by treating the

latter complex, still at -60°C,with ethene (eqn. 5-20).

C.H
trans—[PtX2(02H4)(PBu3)] 36\ trans—[Pth(Caﬁé)(PBuB)] (5-20)
CH,

With the corresponding bromo complexes the reaction was more

for 2 minutes,

complicated, Treatment of [Ptngl(PBuB)Q]with CH,



Table 5-4 Effect of 0234 on solid [§t2C14(PMe2Ph)é]r

(PMe2Ph)]

%C 9%H
(?t2014(PMe2Ph)2] Calculated 23,78 2.74
Precipitated benzene 23.4 2.2
After 6 hours of 2445 2.3
ethene
After 10 hours of 25.68 2,17
ethene
[PtCl2(CZH4)- Calculated 27.79 | 3.50
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followed by cooling to -60°C produced a solution containing roughly
equal amounts of starting dimer and E;gggg[PtBr2(CZH4)(PBuB)] with a
trace of the cis isomer, This reflects both the increased strength

of the halide bridge with Br over Cl and also a faster trans —» cis
isomerisation rate for bromo complexes., Treatment of this mixture

with propene at -6OOC for 2 minutes gave a solution of nearly pure
Ezggg—[PtBr2(03H6)(PBuB)} with no dimer present. (The amount of cis
isomer was very low and its presence could not be accurately determined).
Again, reversing the process gave Egggg-[PtBrz(CZHA)(PBuB)] and with

31

long accumulation time the P nmr spectrum showed the presence of the
cis isomer. The fact that the dimer was cleaved by propene at low
temperature is interesting as there is no reaction between the two
compounds at room ilemperature. The change reflects the fact that at
-60°¢ propene is a ligquid and so was present in very high concentration,
and the lower temperature would increase the stability of the irans

complex. The cleavage of [?t2Brd(PBu3)2] by C also would take place

2H4
at —6OOC, and in this way pure solutionsof trans—[PtBr2(CzH4)(PBuB)]

could be prepzred,

It seems certain tha* these exchange reactions (egns. 5-18, 5-20)
are associative, Although olefin loss to reform the bridged diplatinum
species is possible, the time taken to remove the olefin with N2 is
considerably longer than for the exchange reactions. Associative
reactions involving 5 co-ordinate intermediates, however, are well known(23)
and this mechanism is also thought to be the mechanism of carbonyl

(106).

exchange in the analogous reactions with carbon monoxide

As stated before (ean. 5-19) the initial treatment of halide-bridged
diplatinum species leads to an equilibrium being established between

the dimer and the trans olefin complex:-
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K
Pt2X4(PBu3)2 + 20l S/ 2 trans-~[PtX2(ol)(PBu33 (5-19)

The position of this equilibrium might be expected to have an
effect on the rate of formation of the cis isomer, and the factors
affecting the system were loocked at, The equilibrium ratio was found

.to be very dependent on experimental conditions and found to be
sensitive to such factors as temperature, type of halide or olefin and

light,

Lowering the temperature, as expected from the entropy of the
system, moves equilibrium (5-19) to the right, so that at -60°C pure
M—[PtClz(ol)(PBuB)] (ol = 02};4,035 6)can be obtained, but at room
temperature the equilibrium (in the 1ight) shows 80% dimer for ol =
02H4 and 56%‘for C3H5. The bromo complexes of ethene also exhibit
this change although a sample containing pure Egggg—[PtBrz(CQHq)(PBuB)]

at —6OOC changed to 95% dimer at room temperature (see Table 5=5).

The nature of the halide also had the expected effect, nalide
bridge cleavage being favoured by Cl over Br for either PBu3 and PMegPh
complexes with the jiodo bridged dimers neither ethere or propene formed

olefin complexes at room temperatures. These results are consistent

with the halide bridge strength decreasing in the order I> Br>Cl.

| With X = C1, equilibrium (5-19) lies further to the right when ol =
C3H6 than ol = Czh"4 (see Table 5-5, Figs., 5-4, 5-5). This reflects
the higher nucleophilicity of propene due to the electron releasing
methyl group causing a higher Tl-electron density in the olefin double
bond. With X = Br only ethene causes cleavage of the halide bridge.
As mentioned in the introduction, electron releasing groups decrease
the strength of the Pt-ol bond and so ethene complexes would be
expected to be more stable than propene ones, so the reaction must be

+thermodynamic
under A control, With all other olefins, cleavage of the bridge



. - 1(a)
Table 5-5 Effect of olefin on i§t2x4(PBu3)2

X Temp. (°¢) _7r4;1 = C2H4(b) C3H
Cl 20 19 61
=60 100 100

Br 20 5 0
=60 50 0

(a) Recorded after 1 minute olefin at room temperaturs through a

CDC1, solution of [?t2X4(PBu3)2]

() Results expressed zs % [}ran%l in equilibrium mixture,
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proved to be difficult, and all were less effective than.ethene.

The effect of diffuse background light (either daylight or
artificial light) was to displace equilibriym(5-19) to the left.
Observed over a period of several hours at room temperature, the ratio
of [Pt2014(PBu3)2] to §£§§§—[Pt012(ol)(PBu5)] (o1 = 02H4,C3H6) was
always greater in the light than in the dark (see figs. 5-4, 5-5).
Unfortunately, due to the formation of the cis isomer, the equilibrium
caﬁnot be studied in isolation, Lowering the temperature to prevent
isomerisation moves the equilibrium too far to the right for any
accurate determination of the position. The change in equilibrium
position is most likely due to photo-induced elimination from the yellow/

green trans complex.

With the bromo complexes, equilibria (5-19) cannot be determined
accurately enough to observe any differerice between light and dark due to
the very low level of trans—[PtBr2(02H4)(PBuB)] (see fig. 5-6). The
situation is further complicated by the very rapid formztion of the cis

readily
isomer and its known tendency to - © lose olefinkand revert to the

dimer, So the system cannot establish a detectable equilibrium between

trans isomer and dimer in the same manner that the chloro system does.

The formation of the cis isomers from solutions containing trans-
[PtX2(ol)(PBu3)] migh% be expected to follow a similar pathway to that
found for the carbonyl system due to the similarity of bonding in the
complexes. However, accompanying any comparison of the two systems, two

points must be borne in mind:-

1.  Because trans-[PtX,(ol)(Pru, )] equilibrated with[ Pt X, (PBu,), |(eqn.
= 2 g LAV R TN A

5—19), free olefin must always be present in solution.

2. Cis—[PtX2(ol)(PBu3)J could not be regarded as a "final product" in
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this reaction as the cis products could revert to dimer, This is
probably not a significant process for X = Cl over the time period

of the reactions being studied,it would be significant when X = Br.

The formation of the cis isomer was followed for three systems,
or oropene and PtpBr,(PRU )o with ethene.

Pt201 (PBu )2 with ethene,A The experlmental pr%cedure for following
the isomerisations was the same for all three systems, The olefin was
passed through a solution of either the chloro-or bromo-bridged dimer
for 1 minute at room temperature. The solution was divided between two
nmr tubes which were then capped and sealed. One tube was stored in
the dark and the other kept exposed to either artificial or day-light.
31

The reactions monitored by * P nmr spectroscopy and the relative
abundance of each species was determined either by integration or by
assuming that because all the signals are very sharp that the signal
intensity (or height) is proportioned to the signal area. Integration
showed that this latter method wzs as accurate as the first, (Whichever
was used, it was important to reiember that the intensity of the central
signals only accounts for 66% of a monomeric complex and 44% of a

dimeric one due to the presence of the Pt satellite signals). The
results are shown in figs., 5-4, 5-5 and 5-6, It can be seen that the
results for the two chloro complexes are broadly similar, with the

extent of isomerisation being slightly greater for C than 03H6°

2y

(This is despite the concentration of the irans complexes being the other

way round with CH, greater than CH 4). This reflects the greater

3

stability of the ethene complex over the propene complex as explained

above, Also the side group on the propene will cause a twisting motion
*

in the ligand as shown in fig. 5-3, reducing the metal-TU overlap

and hence the strength of the metal-olefin bond.,

The formation of the cis-bromo complex is much more rapid, reaching
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Fig 5-4 Products from the reaction [Pt,Cl4PBug)o] +
CoHgy

(Key follows Fig5-6)
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Key to Figs. 5-4,5-5& 5-6.
Reaction of [PtoX4Lo] & ol

o0& o refer to cls{PtXQ(ol)L]
0% m "o trans -[PtX, (o)L ]

A& a R [Pt2X4L2]

Solid lines represent reactions performed in daylight

Broken » ” " 1 » dark
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a maximum level within 1 hour. Because of tbistrans—[PtBr2(02H4)(PBuB)]

could not be prepared in the absence of the cis-isomer at room

(181)

temperature, It has already been reported trat trans bromo olefin

complexes isomerise to cis at lower temperatures than the analagous

chloro complexes and the rate of isomerisation of [PtX (co) (pve Ph)] was

(106)

found to be I»Br>Cl consisted with the above results, With

Pt X (PMe Ph)2 the same results were found with a much more rapid

2

formation of cis~ [Ptx (c.H )(PMe2Ph)2] with X = Br then X = Cl, although

274

precipitation of the cis complexes prevented an accurate comparison,
Whilst figures 5-4 and 5-5 clearly show the effect of light on the

dimer/trans equilibrium, at the same time they also show that the overall
[Relmiideloey q b v

formation of the cis isomer is largely unaffected by alteration of this

equilibrium, This could be interpreted in two ways -~

1. Although the amount of trans isomer is less in the light, it can

react more quickly to produce cis via a photocremical psthway, or

f

2. More than one reaction pathway operaites to produce cis and the
difference in rates due tc changing concentrations for the various

vatnways cancel each other out by chance,

Since rezctions performed totally in the dark still produce tha cis

isomer, =2 photochemical route ~arnot be the only one operating, and a

4

mixture of resrsons (1) ané (2) is nearer the true situstion.

Maintaining a2 large excess of olefin also hzad an effect on the isomer-
sation rate, The exzcess olefin was provided by maintaining a constant
flow of gas through the solution being studied, The effect on the

production of cis{?tXQ(ol)(PBu )] (X =0¢1, ol = CZH4’CBH6; X = Br, ol =
2 4) is shown in Table 5-6, where the fizures in the column marked

" min olefin" refer *o solutions treated with olefin for 1 minute and



Table 5-46 Effect of excess olefin on the production of cis-

[Ptx2 (1) (PBu, )]
X 1min C_H (2) 1thr C_H 1min C_H Thr C_H
24 ) 36 376
c1 33 16 19 12
Br 65 69 0 0

[cig]

, . -, . ) N -
(2) % of cis isomer present in solution = [cisJ . rtrans] + ﬁimelj

x 100
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left to stand for 1 hour at room temperature, whereas those marked "1 hour
olefin" are for solutions treated constantly with olefin for 1 hour. It
car he seen tnat for the chloro case excess olefin causes a retardation

of the rate of formation of the cis-isomer, whereas for the bromo cese
‘the formation of g;g[?tBrz(C2H4)(PBu3)] was increased slightly, although
after 1 hour, the bromo reaction appears to be in equilibrium (fiz, 5-6)
and the result is more likely to represent a shift in tris equilibrium
rather iran the rate of formation of the ciz isomer, Trese rerults
cohtrast markedly with *he analogous crrbonyl isomerisations, where excess

CO was found to catalyse the reaction of the chloro complexes to a grest

extent with the rate increasing »y two orders of mrmitude,

Figure 5-7 shows tre nozsible nzathways from the si=rting materials

to cis—[Pth(ol)L], all of which are plausible mechanisms for
) s . (23) :
isomerisations in sguerre plangr compounds' 77, The most straightforward

formztion of thie cis-isomer is by thne direct clezvage of the dimer at ihe
metal-halide bond cis %o the phoschine to vroduce tne wnroduct, represented
by pathway [A]. Tais would compeie wiih the fasier reversible formation

2cis-[PtX,(01)1] <12 [Pt,X,Ly]+ 201 225 5 brans-[PtX,(01)L]  (5-21)

of the trans isomer (eagn. 5-21) and such a route was originally rroposed

. S . 186
for the formation of the cis-carbonyl complexes( )

e(106).

although it was

later shown not to be appliceble in trnt cas In tne present

svstiem the pathway is consistieni wiih ihree experimental observations,
Te The rate of formation of the cis complex is slightly greater:

for ethene than propene. The concentration of dimer is

also greater for ethene than propene,
2. Bromo complexes iscmerise faster than the chloro complexes.,

3 Excess olefin inhibits the isomerisation of the chloro complexes,



Fig.5-7 Possible Mechanisms for the Formation of c_:ig-[PtXQ(ol)L]

AN

1, [Pt2X4L2] = tnél__g_s-[Ptxg(ou)L]

A
' ol -0l
+ol
X _)( h'\)
~ ol
L X L
ol
X
/
A B C D ,
- ol 1
i X ] L ol

y _
- Ol
X——*Ol +X X“{
X -ol )
+ol
-ol

> cis-[PtxgloiL
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1., although fitting the direct route, can also be explained in
terms of stability of the products. For 2. a very low value of K in
equilibrium (5-19) means that the concentration of [PtQBr4(PBu3)2] and
02H4 are higher than for the chloro case and the rate of formation
(ratem[PtzBr4(PBu3)2][CQH4]) should be greater, Against this
argument is the observation that cis- Pth(CO)(PMeQPh) is also formed
more rapidly when X = Br than X = Cl and this pathway is known not to
operate in tris case, 3., the inhibition in the chloro. case comes
ffom two competing factors. The removal of dimer in irans- PtClZ(ol)L
via equilibrium (5-19) depends on Iblefin]2, whereas, because attack of
the first nucleophile in a bridge clezvage reaction is usually rate

determining(188),

the direct formation of cis would be proportional to
[olefin]., Thus the overall formetion of the cis isomer would vary

inversely with olefin conceriration,

Pzthways [B]znd [C] represent catalytic isomerisation via nucleo-

vhilic attack, a2ad is the mcst common icomerisation route found in
(23)
square plansr comblexes . fE] represents the pathway through a
fivre co-ordinate intermediate, which can then undergo pseudo-rotation
and ligand elimination, whereas pathway Bﬂ shows the izomerisation
proceeding via 2ssociative consecutive ligand disnlacement, These two
pathways, howaver, merely represent the two exiremes of one single
(189)

process , in particular the extremes of bonding between the metal

and axial ligand in a square planar transition state.

Pathway [B] is the most important isomerisationroute of irans-
Pth(CO)L , where CO (arising either from CO loss from the irans
complex, or by deliberate azddition of excess C0O) acts as a nucleophile
(eqn. 5-16). That such é pathway overates for the olefin complexes

seems highly likely, since it was shown that both cis and trans

complexes undergo rapid, stereoretentive olefin exchange (eqn. 5-18,



5-20). Furthermore, many 5 co-ordinate Pt-olefin complexes of the type
Pth(N—N)(ol) have been isolated(19o). The overall pathway
represented by [B] is shown in fig. 5-8. The conventional stereo-
specific ligand exchange is represented by the direct pathways from A to

"Band C to D for trans and cis—[Pth(ol)L] respectively, It can be

seen that after olefin co-ordination to svecies A, then, if there is
rotation about the X-Pt-X axis, giving a2 trarsition state witlk phosphine
and twec olefins in the trigonal plane, the olefin exchange pathway will
be followed. However, z different rotetion sround the L-Pt— 5l) =xis
will lesd %o irarsition state E, This time the transition state has
just one Tl-accepior ligand in the itrigonal plazne and would be expected
to be a less stable species than when three were present, This peathway
must also be of highar energy than the ligand sxchienge (since the latter
will go ranidly at —6OOC, but tre former dces not start until >»-ZOOC),
probably due to ithe lower stability of the trsisition stzate. Turtrer
rotation frem E car lead tc the cisc complexes via complex F and olefin

loss tec D,

If tne axial halide is lost from complex E tnen the intermediate'ggg—
[PtX(ol)oL] would be formed., Subseguent attack by X would reform E
2nd continue the isomerisation, This would convert the process to one
of consecutive ligand displacement, as renresented by pathway [C] in

fig. 5=7, although the overzll result would be same as for [B:

Although, by aznalogy to the c=rbonyls, an attractive mechanism in

this case, the inhibition by excess olefin of the *rans to cis

isomerisations for the chloro complexes suggests th=t it cannot be the
sole, or even the major mechanism in these reactions, as the inhibition
implies a dissociative pathway. The slight acceleration or increase in
the amount of cis for the bromo complexes is consistent with the

mechanism, yet the effect of excess olefin is h-erder io quantify, due to



1

O

X

—_—
|0~

m_:ovmxiu_ ur uonesuawos| pue abueyox3z uys|O

x| /Vx o P
1

’lrca \\\\\\l_ XN X v
*_O

1



155,

equilibrium (5-19) lying well to the left for this halide,

Non-dissociative photochemical isomerisations of square planar
complexes are represented by pathway [D], Such photochemical isomeri-
si:tions - have been observed for other Pt-olefin complexes such as

‘[Pt012(02H4)(NH3ﬂ (191). In the present case it is possible that as
well as affecting the position of the initial equilibrium (5-19) liznt
is having an acceleraiing effect on the irans —cis isomerisation step,
Howaver, ever if a light catalysed painhway is operating, it cannot be
the only one, as isomerisation still proceeds Jjust as quickly (or

slightly faster) in tre davrk,

One morzs pathway trat muct be considered is shown by vathway [E] in
fie, 5-7. Thris involves dissociztion of a ligzand from a square nlanar

complex to form 2 3% co-ordinate, 14-eleciron,'T'-shaped intermediate

which tren undersoes isomeri:

ation before an incoming ligand rejoins the

grouP. The importence of solvation of bhoih the leaving groun znd the
O N =

ed(189 1 2)

Srznsition stz*e hzas been demonstra Although the mechanism

for Pt(II) complexes, it is known %o

[oN)
V]
9]
Q
Q
=
o
H
Q
<
D
=
n
-
)
ot

must be regarde
occur in certzin isomerisations of iscelecironic Au(III) species (see

the irans complex must occur

Chapter 2=2 ), Certainly olefin loss from
2t some point wiren the dimer is reformed, and 3 geometry change of the
intermediate before dimer reformation could lead to cis- nroducts =zs
shown in paihway[EJ This mecharism fits the observed retardation by
excess olefin on the isomerisation of the chloro complexes, but even
with a3 vast excess of olefin the isomerisation is not stopped complately.
The fester rezctions of the bromo complexes are harder to explain as a
very pronounceé cis effect from the halide would be required to greatly

increase the r~te of formetion of the % co-ordinate intermediate, or a

very much faster geometry cuange of the 'T'-shaped intermediate. Neither
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explanation seems very likely and so, like the other pathways, [EJ seems

plausible but cannot be the dominant route to the cis isomers.

In conclusion ther, the isomerisation cannot be accounted for by one
pathway alone, A photochemical pa2thway must be involved to allow for
the effect of light on equilibrium (5-19), and retardation by excess
olefin for the chloro case 2t least, suggests a dissociative pathway,
wiiich mey be photochemical, or z direct clesvage of the dimer in the
pqsition cis to the phosrhine. For the bromo case, olefin catalysed
associative isomerisation seems best to describe the situation.
nowever, given that chloro and bromo ligandr have virtually the same cis
and trans influence, and bromo has only 2 slightly grester irzns
effect(193), then theres is no major change in the nature of tﬁe
complexes between the two systems zrd any difference between them is
likely to reflect only z change in the relative rztes of the pathways
operating. The best conclusion that can be drawn is thzt more than one

non-pnotochemical pathway operates,

H—-6.,2 ~ The reactions of non-gaseous olefins with fPtnX,ﬁPR,)J
C Z I T

t it was

W

The mzin problem with using ethene znd oropene wes ib
impossible to tell how much of either olefin was in solution at 2ny time,
as this would depend on temperzture end the ratio of co-ordinated to
free alkene. It was thought that by using liguid alkenes the exact
stoichiometry of the reactions could be conirolled. (Solid alkenes
could also have been used for tais purpose, although in practice none

were).

The reaction between [Pt2X4(PBu3)2] and hept-1-ene (C5H11CE.=CH2).

was only partially successful. To two samples of [Pt2014(PBu3)2}was

added either 1.8 or 2.2 equivalents of heptene, Both samples rapidly
31

formed an equilibrium between dimer and a species with ° P nmr parameters
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8P5.2ppm Ioip 3364 Hz (measured at -60°C) which was assigned to trans-

[Pt012(07H )(PBuB)] by analogy to the ethene and propene complexes

14
(see Table 5-6). Excess olefin had the expected effect of moving the
equilibrium to the right (as shown in egn. 5-19), so that with 10%

'deficiency of olefin, there was 28% of the irans complex at —6000, but
with 10% excess, 34%. (These values contrast with those for the
gaseous alkenes, where at -6000 there was no dimer present). Warming to
room temperature caused complete olefin loss from the dimer, indicating
tﬁat the trans olefin complex from heptene is considerably less stable
than that containing CZHA or C5H6' With larger excesses of heptene
(10-fold excess) equilibrium (5-19) was detectable even at room
temperature(K¥21) although signals for both dimer and the irans complex
were broad, indicatiing tnat olefin loss from the trans complex and re-
attack at the dimer was rapid on the nmr timescale. Sharp signals for
a third complex were present after only 5 minutes in this case,at
8P3.6ppm, Jopp 3089 Hz.  This complex steadily grew in until after
5 days it accounted for 67% of the phosvhorus containing products,

This is assigned to gigf[PtCl2(C7H14)(PBu3)], again by anology to the
gaseous aikene complexes. The fact that it was formed guite rapidly
initially points to excess olefin accelerating the rate. (No such
complex was apparent even after 3 hours with around 2 equivalents of
heptene,) This is due either tc incressing the amount of trans complex
and so causing an increase in rate, or else by promoting direct formation
from the dimer, Whichever the pathway, the result contrasts sharply

with the behaviour of PtC12(0H2=CER)(PBu ) (R = H,Me).

3
With [Pt2Br4(PBu3)21, there was no cleavage of the halide bridge,

even using heptene in large excess and at low temperature, again
reflecting the increased strength of the halide bridge and the lower

stability of the heptene complexes. Attempts to prepare cis-[PtBrz—
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(C7H14)(PBu3)] by ethene displacement from cis—[PtBr2(02H4)(PBu3)] led
to a small amount of two new species with 31P nmr parameters 83.6'J £p
3020 Hz :and 83'4'J3*p302o Hz, which were possibly due to some of the

cis-heptene product with two signals procduced due to the two different

isomers (a) ~nd (b) as shown in fig, 5-9. Such enatiomeric formation

. T
N

H H

R
X

Fig. 5-9 Possible isomers of cis- PtBr2(07H14)(PBu3)

hzs been reported previously, and by replecing the phosphine with an
optically active anine, the two isomers of Cis—[PtClﬁ(ol)(NHEtPh-oc)]
- <

on(194)

nave been seprrated by fractional crystallisasti for propene,

and t-butylethene. Similar optical isomers were also observed for the
trans complexes, and it was found that trestment of the complexes with
excess olefin led to racemisation due to olefin exchange, with trans
racemising faster than cis due to faster exchange. That no such
mixture of isomers was observed for ”n'—[PtC12(C7h14)(PBu5)] could be

due to tne fact that it was only observed under conditions with a large

excess of heptene present,

Methylacrylate (CH2=Ch002Me) and acrylonitrile (CHE=CBCN) were
even less successful than heptene in forming Pt-olefin complexes.,
Methylacr la*ehad no effect on [Pt2014(PBu5)2] when added in stoichio-
metric amount. Furthermore, in a separate experiment, when
methylacrylate was added to a solution of ggg-[?t012(02ﬂ4)(PBu3)] again
no reaction occurred. Acrylonitrile, on the other hand, did react
withI:Pt2014(PBu3)2]to produce a new species with parameters Si>6.2ppm

P 789 (at room temperature). This species grew in steadily but

PtP 5
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slowly until after 6 days the dimer and new species were present in
equimolar amounts. The nmr signals were broad, but on cooling the
sample to -60°C they sharpened corisiderably and the relative amounts
of the two species changed, so that at low temperature the dimer
accounted for only 10% of the mixture, The coupling constart of the
new - species is not consistent with an q?—olefin complex, and it seems
lively that the acrylonitrile is zcting like an amine (egqn. 5-22) with

the formation of a Pt-N bond (see chapter 4). The equilibrium (5-22)

R i CHCN——=72 +trzns- MCCHCE -
[PtZCld(P,uB) ] + 2CH CHC 2 trzns [Pt012( CPCPQ)(PBuB)] (5-22)

2
must take a long time to establish, and there is no guarantee that even

after 6 days it has been rezched.

5-6.3 The isomerisation of PtX.(dmso)(F2u.)
< P

In order to try and gzin more information about the platinum olefin

system, the reactions between Pt2X PEul) and dimethylsulphoxide (dmsoj
S

n
(CE3)2SO), were a.lso studied. This ligand, although possessing an S = 0O

. 2 . .
double bond does not form T] -complexes with metals. Rather it forms

ligand-metal G-bonds either through 0 (if the metal is 2 hard acid) or

3

S (for softer metzls). For Pt(II), S-bonding is more common, e.g.

: (195) ) (196) U~
[Pt013(amso)]@F6} ,[PtClz(dmso)2] and[PtCl2(dmso)(AV6H4CKE—
_Qﬂ (197), although O~bonding is known, especially if steric crowding is
present, and with higher homologues of the series RZSO e.g. [?tCl(OSMeZ)

(198) - (199)  1irmnon 4

(appe)][ FF ] and [PtClz{(E(uh2Ph)2§(PCy3)] , although the latter
complex will isomerise to the S-bonded form very slowly ( 80% after
9 months)., The properties of sulvhorides S-bonded to Pt(II) have been

(200) (193)

compared to olefins From kinetic studies on PtCln(HzO)B_n(dmso)

it was found that both are of high and nearly equal irans influence, and
high trans effect with ethene héving a greater trans effect than dmso,

Their reactivity is similar, so in the complexes PtClBL— (L = CoH 4ot dmso),

(193)

Cl trans to L is found to exchange very rapidly in both cases Y Also,
wit K =

equilibrium constants for reaction (5=22) are found to be very similar/
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1.5x10° (L = dmso) or 4.5x10° (L = CH,).

‘ K
[Pt(NH.j)BL] + Hy0 T trans- [Pt (M,),,(1,0)L] + LB (5-22)

The reaction between fPt2014(PBu3)2] and less than two equivalents

of dmso have been previously described(201)

and the initial rapid
 appearance of‘Egéggf[Pt012(dmso)(PBuB)]which subsequently isomerised
(93% over 24 hours) to the cis isomer reported. Likewise dmso reacted
with [Pt2014(PCy3)2] to produce _tgaﬂs_—[PtCl2(dmso)(PCy3)J which very
slowly isomerised to the cis form (85% after 8 months)(199).
| On addition of controlled amounts of dry dmso to [Pt2X4(PBu3)2]
(X = C1,Br), Egggg-[PtXQ(dmso)(PBuB)] was formed immediately and unless
2 deficiency of dmso was used, no dimer rem.~ . (at room temperature).
As with the olefin studies, CDCl3 solutions of the trans isomer were
prepared, using either a deficiency or excess of dmso, split irnto separate
nmr tubes anéd stored either in ambient light or in the dark at room
temperature, The subsequent isomerisations were followed by 31P nmr
spectroscopy over 24 hours.,

wWith X = C1, the 31? nmr parameters of the two isomers (see Table

5-7) zgree with literature values(201).

The amount of the cis isomer
produced against varying reaction conditions is shown in Table 5-8.

The table shows that, like the olefin reactions, increzsing the amount of
dmso clearly has an inhibiting efiect on the iscmerisation of the irans
isomer. Also diffuse daylight has a slight accelerating action on the
isomerisation. The results therefore resemble those obtained for the
isomerisation of Egggg-[Pt012(ol)(PBu3)]. It should be noted that
excess dmso lowers the rate of isomerisation equally in both the light
and the dark, Therefore the photochemical route cannot be purely dis-
sociative, as the inhibition by excess dmso would be removed with the

removal of the system from the light, Direct cleavage is also less

likely in this case, the cis-dmso complex was produced as fast as cis-



Table 5-7 - 3% nmr parameters of [Pth(dmso) (PBuB)]

X cis isomer trans isomer
5 D J
PtP & P Ioip
c1 9.8 3411(3) 2.9 3121(0)
Br 10,0 3346 -0.5 3012

a) Literature values 89.9 J 3412

b)

Liter: ture values §3.0 J3121



Table 5-8 Amount of cls isomer produced in trans-cis 1somerlsat10n
of L?tCl (dmso) (PBu, ) ](a

Time — 3 hrs P 6 hrs 24 hrs
dJ?STO condition — 1light dark light dark light dark
-{b
0.9 67 63 83 78 95 95

11 60 57 73 71 86 83
2,0 56 52 69 62 - -

Ecis]

(a) Vazlues represented as X 100

Lcis:] + Erans:)

[imso:)
%[PtZCI 4(Pgu3)]

(b) Shown as



161.

EPtCl2(ol)(PBu31]yet there was very little dimer present, the
equilibrium analogous to (5—19) lying extremely far to the right in this
case, A dissociative pathway therefore seems to describe this
isomerisation best,

In the reaction with [PtzBr4(PBu3)2] again many similarities with
the olefin system were found. On addition of varying amounts (from 1.8
to 4 equivalents) of dmso to [Pt2Br4(PBu3)2] two new signals were

3

produced in the 1P nmr spectra at 8P~O.5ppm J 3012 Hz and SP 10,0ppm

PtP
Ippp 3346 Hz assigned to irans and gigr[PtBrz(dmso)(PBuB)]respectively,
by anzlogy of their Pt-P coupling constants and cnemical reactivity to
[PtClz(dmso)(PBus)] (see Table 4-7). Furthermore, the cis bromo complex
was isolated and fully chzracterised. As before the cis-isomer was
produced much more rapidly for the bromoc complexes than the chlorc ones
with 90% cis isomer present after 3 hours for the former compared with
60% for the latter (see Table 5-9). The amount of cis isomer did not
change after a further 21 hours, indicating that an equilibrium situation
had been reached. It seems likely that there is dmso loss from the

complex to give dimer with rapid re-attack to give more trans isomer

(eqn. 5-23), altnough = cis—>trans isomerisation canno% be ruled out,

The effect of excess dmso is to;slig increzse the amount of cis

isomer in tais eguilibrium mixture, (
dmso 5-23)
cis—[PtBrz(dmso)(PBuB)]2;3[?t25r4(P3u5)£]‘—:f>trans—[PtBrQ(dmso)(PBuSH

This could be due either to exc;;: dmso inhibiting ligand lcss from the
cis complex or else to dmso catalysing the trans—>cis isomerisation
step in egn, (5-23)., Light hzd little or any effect on the system,
presumably because equilibrium is rezched so fast that any diflerence
in rate of achieving it will not be noticed.

The dmso system, thei, resembles the olefin system in relative
reaction rates of the chloro and bromo complexes, and the same unusual

behaviour of excess ligand on the rate of isomerisation in the chloro

complexes. So it would avpear that =#£3in “ore tran one pathwey is



Table 5-9 Amount of cis isomer produced in the transdcis isomerisation

of EtBr2 (dmso) (PBu3 )] ()

Time _ 3 hrs 6 hrs 24 hrs

Ei_.ms o] condition——1ight dark light dark light dark

0.9 89 88 90 88 89 91
141 90 N 90 90 192 90
2.0 93 93 92 93 - -

@ as %cis isomer
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operating with a dissociative pathway dominating for the chloro complexes,
whilst an associative pathway is important for the bromo complexes. It
should be noted that in a careful study of the irans —> cis isomerisation
of [PtClQ(dmso)21(202) it was found that _’g_r‘_a_rx_s_—[PtCl2(dmso); underwent

" ligand loss te give [Pt2014(dmso)2] and free dmso that thi: dmso

catalysed the isomerisation along an associative route, a situation which
resembles both the bromo case above and isomerisation of trans- [PtClz—

(co) (Pe pn)] (106),
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5-7 Experimental

The complexes [Pt2C14(PMe2Ph)2] (163,164) and [Pt2Cl4(PBu ](165’166)

3)2
were prepzred from K PtCl4 and free phosphine. Cis—[PtC12(CQH4)(PBu3)]

(186)

2
, _c_i_g-[Pt012(02H4)(PMePh)](185) and _cﬁ—[PtClz(dmso)(PBuB)](zm)

were prepared by literature methods,

Di-}i-—bromodibromobisizpibutvlphosohines)diplatinum:— Excess KBr (5g)

was added to asolution of [Pt2Cl4(PBu3)2] (2g) in acetone (70ml). The
mixture was refluxed for 2 hours, then filtered whilst hot to remove
excess KBr. Solvent was renoved under reduced pressure and the crude

product exiracted into CHCl_ to remove the remaining potassium salts.

3

Evaporation of CECl, and recrystallisation from methanol yielded pure

3
[Pt2Br4(PBu3)2] =s orarge crystals. (1.63g; 6%%) M.Pt. 154-155°C.

Found; C,25.83 H, 4.8; P, 5.4% required for C24H54Br4P2Pt2; C, 25.9;
3

H, 4.93 P, 5.6%. s nmr data given in T-ble 6-1.

Di—}L-iodoiodobis(tributylphosohine)diplatinum:- Although its 31? nmr
4(184)

characteristics had been reporte no premrative details were given.
It was prepazred by an anzlogous route to above using Lil instead of K3Br.
A1l 74T dissolved in hot acetone, but on concentrating and cooling
[Pt214(PBu3)2] re-crystallised as red crystals (yield 69%%) M,Pt. 156-
24H54I4P2Pt2;

1P nmr data given in Table 6-1,

157°C. Pownd: C, 21.94; H 4.11; P, 4,93, Required for C

C, 22.13; B, 4.18; P. 4.76%.

Cis-dibromo(dimethxlphenvlphosphine)(ethene)platinum:- [Pthr4 -

PMe,,Ph) 2] (200mg) was dissolved in CHCl; (3ml). Ethene was bubbled
through the solution very slowly at room temperature for 2 hours, during
which time colourless crystals of c_i_ts_—[PtBrg(CQH4)(PD’:e2Ph)] grew in
solution and were then isolated by filtration yielding pure product (137 mg;
65%) (see Tables 6-2 ard 6-6 for physical and 51P nmr parameters)

M.Pt. >120(dec).
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Cis-dichloro(dimethylphenylphosphine){provene)platinums- Propene was

passed through a solution of [Pt2014(PMe2Ph)2] (215mg) in CHC].3 (10m1)
for 5 minutes at room temperature. The flask was stoopered and stored
for 24 hours at SOC during which time crystals formed. The oprocess was
"repeated with propene being used to halve the amount of chloroform
present. The crystals were filtered, affording vure cis—[PtClp(CBH6)—
] o o . 31
(PMeQPh) (226mg, 95%). M.Pt.>160 C (dec). Physical and ° P nmr deta
are given in Tables 6-2 and 6-6. I.R. V(Pt-C1) 278, 325cm™, “(0=C)

15050m—1.

Cis—dibromoﬁtri-n—butylUhosphine){ethene)nlatinum:— This was prepared

similarly by passing ethene through 2 solution of [Pt23r4(PBuz)2] in
CHClg/light petroleun (60—800C) end storing for 24 hours. White crystals
of pure cis—[Pt3r2(02H4){P3u3)] were isolsted. M.Pt.>95°C (dec). e

So. 439 5, 81 Hz. L.a. w(C=0)  1515en” .

2-4

Cis—dibromo(dimethvisulonoxide)(tributylohosohine )olatinum:- The

solutions from 4 nmr scale isomeriszticns of [PﬁBrz(dmso)(PBug)] (ezch
startines from 232.8mg of [Pt?BrA(PBu§)2] plus varying amounts of dmso in

=ml CEC1 were combined and s~lvent slowly evanorated until wvellow

3)
crystals of cis—[PtBrz(dmso)(PBuB)] formed, which were then isolated,

¥,Pt, 117-118°C, Touwnd; C, 26.67; H, 5.70; Br 27,01%. Required for
3

OPPtS; ©, 26.A7; B, 5.243 Sr, 25.15%. B O¥a 3.65 Thpt

H
Cy 43287
2% Hz,

Attempted prep. of trans— PtClgﬁgéﬁﬁlﬁfMeEPh) :=  Ethene was bubbled
through 2 solution of [Pt2014(PMe2Ph)2:]in benzene for 10 minutes, during
which time the colour of the solution changed from orange to green,

The szolution was rapidly frozen and solvent removed by sublimation,
leaving 2 yellow powder, which was stored in the dark at —7800.
Microanalysis 2nd nmr snectroscopy showed that the solid was starting

dimer, Treatment of this s»nlid with more 02E4stiL] failed to produce
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any trans4:Pt012(C2H4)(PMegPhH.

Isomerisation of Pt-olefin complexes:m These were all performed on a

small scale, typically 20-30mg of [Pt X4L2] and followed by 315 omr

2

spectroscopy. A typical example is ziven.

Isomerisation of P01 _(C.H.)(PRu,) :- Through a solution of[Pt Cl -
== v 2774

gas for 1 minute at room

(PBuB)ZJ (20mg) in CDCl3 (3m1) was passed C2HA

temperzture, The semple wer trensferred guantitatively into an nmr tube
ahd . sealed, The isomerisation was followed by regular monitoring of

the samvle by 31P nmr sovectroscopy.

in : udies ran , ol » e
Qlefin exchanze studies of irars P+X2(o )(PBu%l [Pt2X4(PBu3)2]

(20mg) was dissolved in CDCla (0.5m1) 2nd C HA p~ssed through the solution

o
. . . o)
for 2 minutes at room temperaziure, The sample was cooled to ~60°C and

31? nmr spectroscopy detected. only trans—[PtX2(C9HA)(PBHS)]. The

. . L On . . .
solution was meintained 2t -A0°C in an acetone/dry ice bath and 03ﬂ6
w2s passed throush the =olution for 2 minutes, (Caution and speed had

to be exercised in 21l manipulations as C_H, liquid at this temperature,

376
arnd even on slight warming dirirg transfer into the nmr orobe, violent

31

evavoration was liable to take pl=ce), P nmr spectroscopy confirmed
that all ethene had excnangsd for propene, By repesting the »nrocess

with 02H the exchange could be reversad,

4

Dmso and heptene isomerisations reactions:~  These were performed as for

the olefin icomerisations, except that dry dmso or heptene were
introduced to the solution in stoichiometric amounts by addition of the

ligand with micro-syringes.,
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