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While an extensive chemistry exists for the 
chloro, and, to a lesser extent, the bromo and iodo phosphine, 
and related organometallic complexes of the platinum metals 
the corresponding fluoro complexes are virtually unknown; and 
as a consequence, have received little attention. In this study 
we have attempted to synthesise such complexes by various routes 
and to study and compare their chemistry with that of the other 
halogen complexes.

There has been some controversy concerning the 
formulation of the product obtained from the reaction of tetrakis 
(triphenylphosphine) platinum (0) with liquid hydrogen fluoride.

We have reinvestigated this reaction and provided conclusive 
evidence for the presence of a cationic species^PtF(PPh^)^ 
containing a platinum-fluorine bond, into which, as a crystal 
study has shown, the carbon disulphide molecule can be inserted; 
the first reported insertion reaction into a M-F bond of this 
type.

The fluoro derivative of Vaska's complex, and 
its rhodium analogue,have been synthesised by simple halide 
exchange using silver fluoride; as a consequence of these 
reactions we have found a simple high yield route to hitherto 
unknown mixed donor ligand complexes of the type RhXCCO)LL'
CX= Cl,Br; L= PPhgrAsPh^; L*= PPhg, AsPhg, SbPhg, PCOPh)^ ) 
by halogen bridge cleavage of the dimeric precursors ^RhX(CO)Lj ^ - 
The inability to synthesise the corresponding fluorine bridged 
complex precluded investigation of similar reactions to obtain 
fluoro complexes of that type.

The iridium-fluorine bond in fluorocarbonylbis 
- (triphenylphosphine)iridium(I) has been shown to readily undergo 
halide exchange, either directly or simultaneously,and in compet 
-ition with,oxidative addition of addenda containing other halogens; 
and, in polar solvents, displacement.
The adduct with sulphur dioxide appears to be less stable than 

the corresponding chloro, bromo, and iodo adducts. However, as 
a quantitative thermodynamic study has shown, the adducts with 
tetrafluoroethylene and hexafluorobut-2-yne are more stable 
than those of the other halogen derivatives; the trend for the 
stabilities of reversible decomposition for the complete series



of these compounds IrX (CO) (PPh^)2̂ * (X=F, Cl, Br; L*= ^ 2 ^^
C^Fg) is in the opposite direction to that predicted on the 
basis of series of related compounds.

Attempts to isomerise the tt bonded tetrafluoro 
-ethylene in complexes of the type PtL2(C2F^) (L= PPh^^AsPh^) 
to yield trifluorovinyl complexes containing a platinum-fluorine 
bond, in an analagous reaction to that observed for the fluoro 
-chloro/bromo olefins, were unsuccessful;but led to the inves 
^tigation of the chemistry of carbonatobis(triphenylarsine) 
platinum(II) as a clean easy precursor of bis(triphenylarsine) 
platinum(0) for the synthesis of olefin and acetylene complexes 
of the type Pt (AsPh^) 2Gf; (Cf^olefin , acetylene}.

A kinetic study pf the.oxidative addition of 
methylfluorosulphonate to Vaska*s complex has been made and 
compared with data obtained for other molecules.



" Common sense is the most widely shared commodity in 
the world, for every man is convinced that he is well 
supplied with it "

DESCARTES.
Le Discours de La Méthode.
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I.I. INTRODUCTION.
Phosphine complexes of the transition metals

are well characterised, particularly those of platinum^
which have been known for over a century. The most stable
phosphine complexes are those from the right hand side
of the transition metal series, as shown by a modified

2form of the classification by Ahrland and associates ,
based on the ability to form stable complexes with
group V ligands of the type MR^ (M = P,As,Sb). The
classification is, however, not a sharp one and more
definite is the tendency to form the most stable phosphine
complexes along the diagonal towards platinum and gold;
as for example the affinities of sets of ligands to Ag(I)

3have shown .
The fact that the most stable phosphine complexes

are derived mainly from salts of elements to the right
hand side of the series is due, in part, to the character of
the ligands. Phosphines act as <r bond donors and tt bond
acceptors, vacant 3d orbitals of the phosphorus being
capable of interacting with filled non-bonding d orbitals
of the transition metal. In many cases, the acceptor character
may be at least as important as the donor property. This is
illustrated by the ability to synthesise complexes of
trifluorophosphine, where much reduced donor ability must
be more than compensated for by increased electron affinity
of the vacant 3d phosphorus orbitals; so much so, that
trifluorophosphine shows a greater similarity to carbon

4monoxide than to tertiary phosphines as a ligand .
Equally, the most stable complexes are those in
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which the metal has its lowest energy orbitals completely 
occupied by electrons and its high energy orbitals vacant.
The high ligand field strength of tertiary phosphines 
ensures this, inhibiting promotion of electrons from low 
to high energy orbitals.

The phosphine metal halide complexes are some 
of the most stable complexes known for a given metal and , 
as a consequence of both their number and dispersion 
throughout the transition metal series, have been extensively 
studied.

1.2. REVIEW.
Phosphine metal fluoride complexes, or in fact 

any complexes containing metal fluorine bonds with ligands 
other than fluorine, oxygen or other halogen atoms, are 
virtually unknown and have received little attention.

Trifluorophos&hine complexes containing metal 
fluorine bonds were prepared by Moissan^ from the reaction of 
pentafluorophorus(V) on platinum metal. Chatt^ has suggested 
that the complex should be written as PtF2(PFg) in view of 
the similarities of trifluorophosphine and carbon monoxide; 
and that it is dimeric with fluorine bridging groups, 
analagous to Schutzenberger 's complex ^(PCl^ )PtCl2j 2

The first alkyl and aryl complexes containing 
metal fluorine bonds wefce prepared by Muekterties^ from 
the reaction of tungsten hexafluoride with triphenylphosphine, 
which gave an ionic product formulated as |wFg(PPh^)j ̂  F .

Moss's study of the reactions of tertiary
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phosphine metal hydrides with anhydrous hydrogen fluoride 
yielded difluorohydridotris(triphenylphosphine)iridium(III) , 

IrHF2 (PPh^)2 / from the reaction

IrHgfPPhg)]  5Ü ► IrHFgfPPhg)]

and complexes formulated as PtF2 (PPhg)2 and PdF2(PPhg)2
from phosphine complexes, postulated at the time as,

9 8PtH2(PPhg)^ and PdH2(PPhg)^ . Later work has shown that
these hydrido complexes were in fact the zero valent complexes
PtXPPhg)^^^ and Pd(PPhg)^^^, and that the formulation of
the product from the reaction of tetrakis(triphenylphosphine)
-platinum(O) with hydrogen fluoride was also i n c o r r e c t l y .

Me Avoyl3 reported the synthesis of phosphine
metal fluoride complexes of ruthenium and osmium using
similar reactions and extended his work to a study of the
chemistry of the complex formulated as PtF2(PPhg)2, reporting
reactions with carbon monoxide, triphenylphosphite and 

, 14other compounds. ’
A further extension of this work was made by

12Stocks who reinvestigated the reaction of tetrakis(triphenyl 
-phosphine)platinum(O) with liquid hydrogen fluoride and 
extended this to trialkyl and triaryl phosphine complexes 
of platinum, palladium, nickel, rhodium and iridium. In 
most cases no reaction occurred and starting materials were 
isolated.

It has been reported that several phosphine 
complexes containing fluorine with other halogens have 
been obtained as by-products from some reaction's.
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15Clark , isolated chlorofluorobis(triethyl 
-phosphine)platinum(II) as a minor product in the reaction 
of trans-hydridochlorobis(triethylphosphine)platinum(II)
with trifluoToethylene.

12Stocks isolated several such complexes as 
major products from attempts at synthesis of complexes 
containing the pentafluorosulphur group using sulphur 
chloride pentafluoride; or as decomposition products from 
such isolated derivatives. The mechanism of these reactions 
is unclear.

Pt(PPh3)2L — ^ 5 — --^ Pt(PPh3)2SFg(Cl)
Pt (PPh^) 2SF5 (Cl) _̂ S.Gtone  ̂ ptCl2F2 (PPh^) ̂

{‘L = tolan, stilbene, (PPh3)2f

PtHCl (PPhg) 2~ 5 ^ ^ --► PtCl2F2 (^^^3) 2

The complex PtCl2F2(PPh3)2 had previously been obtained
from the reaction of tetrakis(triphenylphosphine)platinum(0)

16with 1,1,2 trifluoro 3,3,3 trichloroprop-2-ene

RhcKpoKPPhMejjj . RhClgFfCO)(PPhMeg)g

IrCXcoXPPhg)^ — . IrClgFfCO) (PPhgig

Vaska^^ studied the reactions of gaseous 
hydrogen fluoride with crystals of the complex trans-IrX(CO) 
-(PPh3)2 (X = Cl, Br, I) and observed only partial reaction, 
producing adducts of the type IrF(H)X(CO) (PPh3)2, while
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hydrogen chloride and hydrogen bromide (and their deuterated
analogues) reacted quantitatively.

Ionic fluoride complexes have also been prepared
from the reaction of gaseous hydrogen fluoride with crystals

18of the hydrido and deutero, complexes IrA(CO)(PPh3 )2 *

IrA(CO) (PPh3>2— St_.|irA(H)CO(PPhg)g 1'"' f"
(A = H, D)

12Stocks isolated a compound formulated as
cis-fluorochlorobis(triphenylphosphine)platinum(II) from
the reaction of cis-dichlorobis(triphenylphosphine)platinum(II)
with liquid hydrogen fluoride. This, however, may equally
be formulated as an ionic bridged chloride dimer, a

19suggestion that has been indicated by F n.m.r.spectroscopy; 
although Stocks reported the complex to be a non conductor 
in nitromethane.

1.3. RESULTS AND DISCUSSION.
I.3.I. One reason why complexes containing metal
fluorine bonds, or binary fluorides in general, have been 
so little studied in comparison to the other halogen compounds 
is probably due to the absence of easy, convenient.synthetic 
routes.

Halide phosphine complexes, for example, can 
be synthesised by very simple reactions, often from the 
binary metal halide or simple halide complex.
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K p-i-n

PPhPtClg ----— 3-----------cis-PtCln (PPh^)^

In some cases the presence of water is necessary, for 
example, the synthesis of Vaska's complex using dimethyl 
-formamid^

*
IrClj.xHjO + PPhg- i5o*C "IrClfCOifPPhgig

will only occur using the hydrated salt; the anhydrous
salt being unreactive. The corresponding fluorides or
fluoro complexes of these and related metals are in
general unknowTi/ unstable or very easily hydrolysed.

The only phosphine complex containing a metal
fluorine bond synthesised by direct route has been CuFfPPhg)^

19in 46% yield by Jardine et al. using the reaction <

CuFg + CuF(PPh3)3

An ionic carbonyl fluoride |Ru(CO)2^ | |RuF^l
20has been prepared by the reaction

RuFg -- — ----------- Ru(C0)F3 3

The routes then available are direct fluorination 
either by fluorine or a suitable precursor ; or halide 

exchange. Direct fluorination using elemental fluorine is
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usually unsuccessful. The extremely powerful oxidising 
nature of fluorine usually results in complete oxidation 
of all components in the solid state; whilst reaction 
in solution is virtually impossible, either because suitable 
solvents are oxidised, often explosively, or those few that 
are inert to fluorine, such as the saturated fluorinated 
-chlorinated hydrocarbons, are very poor solvents.

Halide exchange reactions have provided by far 
the most direct and easy routes to metal fluorine phosphine 
complexes, and exchange of a coordinated chlorine atom 
by the use of a suitable fluorinating agent has been used 
for the complexes discussed. The halide exchange is 
presumably an equilibrium , but by careful choice of fluorin 
-ating agents the chloride addendum is removed or 
precipitated from the system, displacing the equilibrium 
and ensuring complete reaction.

Using anhydrous hydrogen fluoride, the hydrogen 
chloride formed is lost from the system due to both its 
much lower boiling point (-84.9^C; 760mm.) compared to 
hydrogen fluoride (+19.54^0; 760mm.) and its very low 
solubility in anhydrous hydrogen fluoride.

Binary fluorides of large metal ions such as 
thallium, caesium and silver have also been used. Here, 
the high lattice energy of the corresponding chlorides 
compared to their fluorides, together with their insolubility 
in the systems used, result in complete exchange. Halide 
exchange using silver fluoride has been used independently 
by several workers to prepare the fluoro derivative of 
Vaska*s complex and its rhodium analogue M F (CO)(PPh^)2
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2 1 2 2  21 (M = Rh , Ir ). The Russian workers simply reacted
freshly prepared solid silver fluoride with refluxing
solutions of chlorocarbonylbis(triphenylphosphine)rhodium(I)
in benzene, while Vaska^generated silver fluoride in situ
from a saturated solution of ammonium fluoride in methanol
and silver carbonate.

In our study , we have found that the optimum 
conditions for the synthesis of the fluoro complexes 
M F (GO) (PPh3)2 (M = Rh, Ir) are achieved by vigorously 
shaking a benzene solution of the chloro complexes MCI(CO)(PPhg)2

with a saturated aqueous solution of silver fluoride,, 
containing a few percent of hydrogen fluoride, for one to 
two minutes. Quantitative precipitation of finely divided 
silver chloride,which darkens rapidly in light, occurs 
within seconds; producing on work up, a high yield of 
the fluoro complex.

1,3.2. Reactions of hydrogen fluoride with platinum complexes.
12Stocks isolated a white crystalline solid 

from the reaction of anhydrous liquid hydrogen fluoride with 
cis-dichlorobis(triphenylphosphine)platinum(II) and from a 
study of its chemistry assigned it as cis-chlorofluorobis 
- (triphenylphosphine)platinum(II); the reaction presumably 
involving the addition of hydrogen fluoride to form a six 
coordinate platinum(IV) complex, followed by loss of hydrogen 
chloride to give the postulated product.

cis-PtClj (PPh3>2 — ---► PtHCl2F(PPh3)2
PtHCl2F(PPh3)2 _ PtClF(PPh3)2
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2 3Chatt et al. have shown that the addition 
of hydrogen chloride to trans-hydridochlorobis(triethyl 
-phosphine)platinxim(II) gives dihydrodichlorobis (triethyl 
-phosphine)platinum(IV), which loses hydrogen chloride 
even in the solid state.

+HC1
trans-PtHCl(PEtt)_  _____  PtH-Cl-XPEt?)-

^ -HCl  ̂  ̂  ̂ ^

More recently the complex dihydrodichlorobis(triphenyl
-phosphine)platinum(IV) has been isolated from the reaction
of trans-hydridochlorobis(triphenylphosphine)platinum(II)
with hydrogen chloride^

Stocks*s product ( PtClF(PPh3)2 ) was reported
to be a non conductor in nitromethane. We have found,

19however, that the F n.m.r. spectra of the product from the 
same reaction indicates the presence of the hydrogen 
difluoride ion and may be formulated as an ionic bridged 
species.

2-

[(«^2)2]

I.3.2.1. As a consequence of the result obtained by 
Stocks, indicating the apparent easy cleavage of the platinum 
fluorine bond in the complex PtClF(PPh3)2 by chlorinated 
solvents to yield cis-dichlorobis(triphenylphosphine)platinum- 
(II), he decided to reinvestigate the synthesis and reactions 
of the 'difluoride complex' PtF2 (PPh3)2*
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Mc Avoy had reported that if solutions of 
cis-PtF^(PPh^)^ in chlorinated solvents were kept for 
several hours, the solvent became fluorinated and dichloro 
-bis(triphenylphosphine)platinum(II) was formed (isomer not 
specified); yet all products from the reactions were 
recrystallised: from dichloromethane.

Hence, it was decided to attempt recrystallisation 
of the product from the reaction of tetrakis(triphenyl 
-phosphine)platinum(0) with liquid hydrogen fluoride from 
some other non chlorinated solvents. The crude product, 
after washing with benzene and diethyl ether, was found to 
be readily soluble in acetone and was recrystallised by 
precipitation from acetone/ether to yield a white, highly 
crystalline product. Elemental analysis on the compound 
recrystallised in this way, however, differed significantly 
from those obtained by Me Avoy who in fact did not 
quote any analytical data for fluorine, and that required 
for PtF2(PPh3)2« Particularly large differences were 
found for the platinum analysis.

Pt analysis.
Calculated for PtF2(PPh3)2 25.75 %
Found by Me Avoy 25.9 %
Calculated for PtCl2 (PPh3)2 24.68 %
Found by Stocks 18.2 %

Hence, the proposed reaction scheme :

Pt(PPh3)^ + HF --------- cis-PtF2 (PPh3)2 + H2 + 2PPh3
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12was reinvestigated by Stocks who found that:
(A) One mole of the zero valent complex tetrakis(tri

• -phenylphosphine)platinum(O) after reaction with liquid 
hydrogen fluoride should yield two moles of free tri 
-phenylphosphine. However, in several separate quantitative 
determinations less than one mole was isolated and the 
yields of PtFgfPPhgIg based on the above equation were 
also in excess of 100%.
(B) Reactions of tris(triphenylphosphine)platinum(0) 
with liquid hydrogen fluoride yielded an identical 
product and no free triphenylphosphine was isolated from 
the reaction.
(C) Reaction of the complex with excess lithium chloride 
yielded cis-dichlorobis(triphenylphosphine)platinum(II) 
and free triphenylphosphine.

These facts indicated that the complex contained three 
and not two molecules of triphenylphosphine and elemental 
analysis suggested the formulation as PtF3(PPh3)3.

(D) Conductivity measurements indicated the complex to
, be ionic with a conductance similar to that of a univalent 

electrolyte in similar solvents.
(Me Avoy did not report any conductivity data for the 
complex he obtained.)

Cariati, Ugo and Bonati, in a study of the reactions 
of zerovalent phosphine complexes of platinum with inorganic 
acids isolated ionic hydride complexes of the type.
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PtCPPhg)^ + HX -------►j^PtH(PPh3)3j'̂  x"
(X = CIO^", HSO^“ , Me0S03~)

18Vaska obtained an ionic complex with fluoride 
as the counter ion, from the reaction of hydridocarbonyltris 
- (triphenylphosphine)iridium(I) with gaseous hydrogen 
fluoride,

IrH(CO) (PPh3>3 — SS ► flrHj (CO) {PPh3)3̂ f“

excess hydrogen fluoride generating the hydrogen difluoride 
ion,

IrH(CO) (PPh3)3 . |lrH2 (C0)(PPh3)3]+ (HF;)"

(E) The platinum complex from the reaction showed no 
platinum hydride absorption in its i.r. spectrum although 
it is sometimes obscured or very weak.
(F) Addition of solutions of alkali metal salts of large 
anions such as tetraphenylborate or tetrafluoroborate
to solutions of the complex produced immediate precipitates 
which after recrystallisation were found to analyse as 
[ptF(PPh3)3]+ X“ ,(X = BF^", BPh^").

Stocks suggested that the formulation of the complex 
as a hydride such as [ptH (PPh3) 3J "** (H2F3) unlikely and 
postulated it as a fluoride complex, fluorotris(triphenyl 
-phosphine)platinum(E) hydrogen difluoride [ptF (PPh3) 3] (HF^) .

Related series of ionic complexes of this type
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have been previously synthesised.
25Grim et al. have prepared complexes of the type 

[pjiXPj] Y“ , (X = Cl, Y = Cl, P = PPhgMe; X = Cl, Y = Cl,BPh^, 
P = PPh^Pr) via:

cis-PtPnCl^ p r______jptPgCjj Cl

Church and Mays^^ prepared [ptXL (PEt^) 2]"** CIO^ , 
(X = Cl, Br, L = PPhg, PEtg, PfOPh)], P(0Me)3 ) via

cis-PtXo (PEt3>2 + L + NaClO^----- ►^tXL (PEt3) 3] CIO^".

27Clark and Dixon as part of a study of 
palladium and platinum cations, have synthesised the ^tP3xj 
cation by the reaction of dihalodiphosphineplatinum(II) 
complexes with excess phosphines in the presence of sodium 
tetraphenylborate,

ois-PtCl2 (PEt3>2 + PEt.3 + NaBPh^ ----► PtCl (PEt3) 3j ■** BPh^"

28and also from the reaction with boron trifluoride.

Cis-Ptlj (PEtjjj + PEtj + BF3 ------ »|ptI(PEt3)J* BF4"

I.3.2.2. During the later part of 1970 we received a
29private communication from Dixon who had been working on

the same reaction. Many of his results were similar to those
12found by Stocks and confirmed his suggestion as to the 

composition of the complex; however, the structural
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formulation suggested by Dixon was different. «
Dixon had found that:

(A) Reaction of one mole of tetrakis(triphenylphosphine) 
platinum(0) with excess liquid hydrogen fluoride 
always resulted in the liberation of approximately 
one mole of triphenylphosphine.

(B) He was unable to detect hydrogen gas from the react 
-ion by mass spectrometry.

(C) Analytical data for a sample recrystallised by:, 
very slow precipitation from a nitromethane solution 
with diethyl ether, indicated a composition corresp

. -onding to Pt(HF)3(PPh^)3.
(D) A suspension of the complex in water can be titrated

as an approximately dibasic acid.
-1 2 -3(E) A conductance of 62.5 ohm cm for a 10 M. solution

* ' oof the complex in nitromethane at 25 C is typical of
a 1:1 electrolyte, although low enough to suggest
that ionisation is not complete.

(F) The i. r. spectrum of the product was found tc* be 
very similar to that of the starting material, 
tetrakis(triphenylphosphine)platinum(0), except 
for à very broad band at approximately 1800 cm

;

Similar absorptions have been previously observed in the 
spectra of triphenylphosphonium fluoride [pPh3H| ̂  F 
and of solutions of hydrogen fluoride in* donor organic 
solvents. In the first case the peak was assigned to a 
phosphorus-'hydrogen stretch which had been modified by a
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very strong hydrogen bond to fluorine; and in the second 
to a solvated HF^ ion, although the other absorptions 
normally asssociated with this species were not observed

19(G) F N.M.R. spectra of the complex in nitromethane 
at -40^C showed two principal regions of absorption. 
At +169 p.p.m. from CCl^F a singlet of intensity
4 and at approximately +2 30 p.p.m. a doublet of 
triplets of intensity 1, (J^= 490 Hz; J2= 140 Hz.) 
The spectra were normally run in plastic tubes, if 
however, glass tubes were used the peak at 169 p.p.m. 
gradually disappeared and was replaced by others 
characteristic of SiF^ and BF^ indicating that 
the original peak was due to HF2 or some other 
species.

(H) The complex may be recrystallised from dichloro 
-methane providing this is done rapidly using 
anhydrous conditions. However, repeated precipitati 
-ons from methylene chloride, especially if wet, 
resulted in the elimination of 0.7 mole of triphenyl 
-phosphine. This product has a similar i.r. spectra 
to the original material, but shows no n.m.r. 
absorptions.

(I) Reaction of the product with boron trifluoride
yields |ptH(PPh^^ j ̂  BF^ , a known compound

19 1identified by its I.R., F , and H n.m.r. spectra.
(J) Reaction with hydrogen chloride yields cis-di 

-chlorobis(triphenylphosphine)platinum(II).
(K) An ionic salt can be isolated from the reaction
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of the complex with sodium tetraphenylborate 
19for which no F resonance could be found.

This data all related to reactions which had been carried 
out using anhydrous hydrogen fluoride. Some reactions 
using aqueous hydrogen fluoride were also investigated by 
Dixon et al. The products obtained from these reactions were 
similar to those obtained using anhydrous hydrogen fluoride 
except for an i. r. band at 2110 cm  ̂ . The product also * 

exhibited a H n.m.r. absorption typical of a hydride, and 
was identified as the hydridotris(triphenylphosphine)piatin 
-um(II) cation which, by analogy with the work of of Ugo^^ , 
is the expected product.

On the basis of this data Dixon suggested 
the product to be an ionic platinum hydride complex with a 
solvated fluoride ion as the counter ion. Following an 
equilibrium of the type;

(PPhgjPt— H-— F- —  (HF)^ - ^PPh^igPtH]* HgF*

similar to that proposed for [pPh^n] F , and depending 
on the nature of the solvent^ the right hand side being 
favoured by polar solvents, the left hand side by anhydrous 
hydrogen fluoride.

19This F n.m.r. data was unable to justify 
Dixon's postulated structure although it fitted that of

j •
Stocks very well, except for the absence of platinum 
fluorine satellites; but due to the inability to detect 
hydrogen, a necessity for the Pt-F model, Dixon rejected .
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Stocks* s formulation.
The central difference between the observations

at this time was, on one hand the failure to detect hydrogen
and the titration of the salt as a dibasic acid; against

.19PtPfPPhg)] and F'the isolation of salts- of the cation 
N.M.R. data.

Later Dixon informed us that they had in fact 
been able to observe hydrogen gas evolution. The initial 
failures had been due to the understandable reluctance to 
connect the reaction system directly to a mass spectrometer 
and'presumably diffusion had occurred from the metal gas 
transfer apparatus. More complete datawere also provided 
from extended F^^ studies.

195Observation of the Pt side bands in the orig 
-inal complex was still not,possible due to a poor signal 
to noise ratio, however a clearly defined doublet of 
triplets assignable to a Pt-F bond was seen and a weak 
resonance observed for the ionic salt obtained using 
sodium tetraphenylborate.

1.3.2.3 In an attempt to elucidate this reaction more
fully^ we have again reinvestigated the reaction of 
Pt(PPhg)^ ( x= 3,4 ) with anhydrous hydrogen fluoride.

Very carefully prepared samples of tetra- 
and tris(triphenylphosphine)platinum(0) have been 
reacted with redistilled liquid hydrogen fluoride in the 
absence of moisture and oxygen. The reaction mixture, 
initially maintained at -78°C was allowed to slowly warm 
to room temperature with stirring and the excess hydrogen
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fluoride removed completely in a stream of dry nitrogen, 
leaving a thick oily liquid or occasionally an off-white 
solid. Washing with benzene and diethyl ether was 
followed by recrystallisation by slow precipitation using 
acetone/ether or nitromethane/ether to yield a white 
highly crystalline solid.

Samples recrystallised from the same crude 
reaction product from either of these solvent pairs were 
found to exhibit identical i.r. spectra, the unusual 

feature being a very strong broad band at approximately 
1800 cm This band is occasionally absent in the crude
product but is invariably present after recrystallisation.

The fluorine analysis for this product is 
always higher than that required for jptP(PPh^^^ HF^ but 
the lowest valu es are found for samples dried under vacuum in 
the presence of solid potassium hydroxide/sodium fluoride 
or prepared from tris(triphenylphosphine)platinum(0).

However, reaction with solutions of alkali 
metal tetraphenylborates or tetrafluoroborates yield, 
very highly crystalline adducts of exact composition 
[ptF(PPh3)3 x“ ( X= BPh", BF4).

Reaction with lithium perchlorate yields a 
compound analysing as PtF(PPh^)2 (CIO^).Its i.r. spectra 
shows bands typical of an uncoordinated perchlorate ion 
and the conductivity of a univalent electrolyte , hence, 
a four coordinate structure with a 01 bonded perchlorate
group may be rejected. Stocks suggested the complex to

15be an ionic fluorine bridged species.
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Pt Pt.

2 +

[(C104)J2 -

Platinum(II) complexes containing an uncoord 
-inated perchlorate ion have previously been prepared by 
Church and Mays^^ , and halogen bridged cationic platinum 
(II) complexes of the type by Druce et al.

cis-PtX^L^ BX. L^Pt<>PtL,

( X= Cl, Br , L = (n-butigP )

32

2 +  

(BXJ 2- 

4'2

and Clark 33

.2+ 9-
cis-PtCl^(PPhg)2 BF3

19I.3.2.4. The F n.m.r. data obtained by Dixon very
strongly Inferred the presence of a platinum fluorine bond.

195However,no Pt satellites were observed. A poor signal to 
noise ratio together with low solubility of the complex 
in suitable solvents inhibit observation. Using a spectrometer 
operating at 56.4 MHz. in solvents such as nitromethane and 
nitrobenzene Stocks was only able to obtain a single resonance 
at 4320 Hz. from PhCF^ (76.5 p.p.m. upfield PhCF^, 140.2 
p.p.m. upfield CFCl^). However, using an instrument operating 
at 100 M.Hz. and employing an internal field loop lock system 
we have been able to obtain very well resolved spectra with 
very little noise.



rr:

Î Js'-pi
r*T

(P-F) = 123 Hz .
^2 (P-F) = 32.6 Hz .

^3 (Pt-F) = 92 Hz .

.19 N.M.R. spectra of the platinum cation PtF(PPh^)^
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A solution of the complex in dichloromethane at 
30°C shows two regions of absorption, (All shifts are relative 
to CFClg). A broad peak at +162 p.p.m. and a doublet (of 
triplets ?) at approximately 224.5 p.p.m. As the solution 
was cooled the signals sharpened. The solvent was removed from 
this sample and the solid obtained redissolved in fresh 
dichloromethane, rapidly cooled to -20^C, and its spectra 
observed again.

Three signals were now observed; a sharp singlet 
(123.5 p.p.m - int 22) , a very broad peak (162.5 p.p.m.- 
int 100) , and a doublet of triplets (221 p.p.m.- int 35) . 
Cooling of this solution to -40°C again sharpened all signals 
especially that at approximately 160 p.p.m. , and moved the 
positions slightly.

Freshly prepared solutions of the complex at -40°C 
and -60°C showed identical spectra , the ratio of the sharp . 
singlet to the multiplet being approximately 1:1. The two 
platinum fluorine coupling constants (J^ = 128 Hz, Jg = 38.5 
Hz.) were obtained from the spectra at -60°C.

Using liquid sulphur dioxide as a solvent three 
signals were again obtained;-

(A) A broad strong resonance at approximately 
130 p.p.m.

' (B) A weaker sharp resonance at 139 p.p.m. ,
(C) A very well defined doublet of triplets,

each of which has platinum sat^ites, at 
approximately 214 p.p.m.

(P-F) = 123 Hz
(P-F) = 32.6 Hz
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(Pt-F) = 92 Hz.
We assign this multiplet to a platinum fluorine bond coupling 
with the single trans phosphorus (J^),the two cis phosphorus 
(Jg), and the platinum (J^).

The resonance of the HF2 ion in salts of the type 
JJ+ (HFj)" ( M = NHjbutyl*, NHj (butyDj'*’/ NH(butyl) j'*’, and

+ 34N(butyl)^ , have been measured by Soriano et al. and fall
in the range 150 - 170 p.p.m. (relative to CFCl^) ; the
calculated value being 152.1^^. Several other workers have

19reported and discussed the F spectra of hydrogen fluoride
and the hydrogen bifluoride ion in aqueous solutions of
alkali b i f l u o r i d e s a n d  hydrofluoric acid^^'^® . Values for #
the corresponding fluoride salts ^ButylNH^j F and
[̂ (butyl) ̂ nJ ̂  F are found at lower fields; 123.1 and 12 8.3

37p.p.m. respectively.

1.3.3. Reaction of the fluorotris(triphenylphosphine)platinum 
(n) cation with carbon disulphide"

1.3.3.1 As part of a study of the chemistry of the fluoro-
complex |ptF (PPh^) Stocks^^ reported that the reaction with
carbon disulphide in ethanol yielded a pale yellow complex(I I)
which analysed as PtFg(CS2)(PPh2)2 and assigned it to an ionic
bonded structure similar to that found for the complex
(F-carbondisulphide)bis(triphenylphosphine)platinum(0),(I)

P

F
(PPh3)2 j HF2

( I I )
Both neutral and ionic 1:1 carbon disulphide
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39,40 40adducts of phosphine containing complexes of Pt , Pd ,
Ni^^, ir40,41,42^ ^^40,41,42^ and Ru^^are known and have

been assigned similar tt bonded structures on the basis of i .r,. 
data, some of which have been confirmed by crystallographic 
studies studies^^'^^'^^.

We have reinvestigated this reaction and have found 
that the reaction of carbon disulphide with the fluorotris 
-(triphenylphosphine) cation in very dry methanol or acetone 
gives yellow crystals of an ionic adduct which analyses as 
PtF2(CS2)(PPh2)2" A similar reaction in wet solvents yield 
a highly crystalline white non-ionic product which contains no 
fluorine. A crystal study of the pale yellow complex has shown 
it to be a cationic platinum complex of fluoro dithioformic 
acid, resulting from the insertion of the carbon disulphide 
into the platinum fluorine bond.

Pt- CS. ■Pt:

Insertion reactions^of carbon disulphide and 
related molecules are not unknown.
Carbon dioxide readily inserts into the M-H bond of Co(H)(N^)*
-(PPhg)^ forming a formate complex Co(HCOO) (PPh^)3•48

Co(H) (N2) (PPhg)] CO, Co(HCOO) (PPh^)^

The reaction of dimethylaminotrimethylstannane
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wi.th carbon dioxide and carbon disulphide gives insertion
 ̂  ̂ 49products

Me^Sn'NMe. + CX^ --------- V Me,.Sn— X— C — NMe^j z 2 3 II 2
X

( X = 0,S )

For X = 0 the product is a polymeric carbamate

Me ■

Me' Me

however for X = S the product is monomeric and a ring structure 
has been suggested.

Me

Me SrCl""  NMe.
I
Me

Treatment of aqueous solutions of Kg^CofCNjgj with
carbon disulphide yields a yellow complex Kg ĵ (CN) ̂ -Co-S-C (S)
-Co(CN)gj as a result of the insertion of a bridging CS^ group

41,44into the metal metal bond.
50More recently Wilkinson et al. have reported 

insertion products of carbon disulphide with phosphine complexes 
of platinum, rhodium and iridium.

The presence of a dithiomethyl group is inferred from
!

n.m.r,. and i.r. studies of Rh (Me) I2 (PPh^) 2 (CgHg) in neat
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carbon disulphide

Rh(Me)l2(PPh2)2(CgHg) -CS2-- ». Ig  Me

Similar complexes can be prepared by an inverse reaction

PtfrCSg) (PPhgig Mel------ > [pt.(Mè)l2 (CS2Me) (PPĥ îĴ 39

R h C K  CS2y P P h 3)2 ---------  >  Rhl2 (CS2Me) (PPh2)2

Wilkinson also reported that insertion reactions also occurred 
into metal hydride bonds but that the immediate products were 
unstable.

However, the insertion of carbon disulphide into the 
Pt-H bond of trans-PtHX(PPh^)3 r (X = Cl, Br, I, CN) producing 
derivatives of the type PtX(S2CH)(PPh^)3 has been studied^^. 
Two structures for the insertion product were postulated/lll,IV)

Pt- Pt—  s— c
S H

(111)
H

(IV)

on the basis of n.m.r,. and i.r. information. From a study of
V

the chemistry of the complex the structure based on a dérivât 
-ive of dithioformic acid was chosen

Pt-

Cl
*H

( L-PPhj)
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However in the absence of any conductivity data or low 
frequency i.r. spectral information the complex could equally 
be formulated as an ionic complex.

L.
H Cl

A. rhenium complex Re(CO)^(S^CR?^( R= Ph, Me ) from 
the insertion of carbon disulphide into the rhenium carbon 
bond of Re(CO)gR has recently been prepared and on the basis 
of H^,n.m.r. , i.r., raman, and mass spectra assigned to di
-thioalkylformate complexes.

CO

CO-

CO

CO

-xllC

CO.^ 

CO

CO

CO

Reaction of carbon disulphide with ReH(CO) 2 2  gives 
a diamagnetic complex Re (CO) 2 (S2 CH) (PPĥ *) 2 • A. structural
determination has shown this to contain a dithioformate group.53

I.3.3.2. Detailed geometry of both cation and anion is shown 
in the enclosed figure. A n 'unexpected feature of the cation 
geometry is the large departure from ideal C2^ geometry in
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C63

C64

C13

C23

C24

Ĉrystal-Structure of Ipt (S^CF) CPPh^)



Molecular geometry ofÇptfS^CF) (PPh^) HF^

2-322U)
15-2

99-1j 747 120
108]91 0

2 296(4),
1-67(2)

\ 2-84(2)

F i g u r e. The molecular geometry

omitted fo r c la r i t y ................................

Bond length (a )
Pt-P(l) 2.269(4)
P,t-P(2) 2.296(4)
Pt-S(I) 2.322 (4)
Pt-S(2) 2.340(5)
C-S(I) 1.82 (2)
C-S(2) 1.67(2)
C-F 1.27(3)

Bond angle 
S(I)-C-F 120°
S(2)-C-F 131°
S(I)-C-S(2) 108°

P(I)-Pt-S(I) 95.2^ 
P(2)-Pt-S(2) 91.0*
P(l)-Pt-P(2) 99.1*
S(I)-Pt-S(2) 74.7<

F-F (in HFg) 2.84 (2)
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the immediate Pt co-ordination sphere. This is particularly 
noticeable in the two C-S bond lengths, which differ by 0.15 A  

(e.s.d 0.03 8); this difference approaches that of 0'.18 A 
found between the co-ordinated and : uncoordinated C-S bond 
lengths in Pt(^CS2)(PPh^ig^^ . One is forced to conclude 
that there is a marked difference in bond order in these 
two C-S bonds. This asymmetry is further reflected in the 
two S-C-F bond angles (the F atom is apparently repelled by 
the shorter C-S bond), in different Pt-S bond lengths, and 
in different Pt-P bond lengths (the longer Pt-P bond is 
trans to the shorter Pt-S).

The source of the asymmetric influence could be 
steric, involving different arrangements of phenyl groups in 
the two PPhg ligands; there are some short S-C contacts from
3.2 - 3.5 Â ;(£f. the Van der Waals radii sum of 3.55 A)^^or 
crystal packing effects involving the (HF2) anion although 
these must be second order as there are no important (i.e. 
non-phenyl group) cation-anion contacts less than 4 A. There 
is no major departure from planarity in the P2^^^2 the
C-F bond is bent by 10.5° away from this plane.

The F - F distance in the HF2 anion is unusually
long( cf. 2.2 8 A in KHF2)^^; at this distance it is unlikely
that the hydrogen atom lies midway between the fluorine atoms.
It has proved difficult to observe a band in the i.r,. spectrum

<

attributable to the anion; a very broad band at 1770 cm , 
which varies in intensity with different samples may be due to 
the anion. A similar band is observed in the i.r. spectrum 
of the starting material.

The fluoro-dithioformate ligand is hydrolytically

/
/

/
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unstable. Thus if-the reaction between [ptF (PPh^) 3] (HF^)
and carbon disulphide is carried out in damp acetone or methanol 
a yellow colour, which is initially produced, fades and white 
crystals of dithiocarbonatobis(triphenylphosphine)platinum(li)
PtCS2 CO) (PPh^)2 f separate; identified by analytical and infra 
-red data^^.

We have also reacted the fluorotris (triphenylphos 
"^phine)platinum(n) cation with sulphur dioxide, tetrafluoro 
-ethylene and hexafluorobut-2-yne in an attempt to observe 
similar insertion reactions of the Pt-F bond. No such reactions 
have beenobserved with any of these however.

The ability to isolate analytically pure salts of
19large anions, comprehensive F n.mx spectra and crystallographic 

data on the adduct with carbon disulphide,indicate that the 
cation, of the ionic salt obtained from the reactiom of tetra- 
or trisCtriphenylphosphine)platinum Co) with liquid hydrogen "
fluoride, contains a platinum-fluorine bond; and may be 
formulated as [pt (F) (PPh^) 3]

The composition of the anion is a little less 
well defined. The absence of typical ionic bifluoride ab

19-sorptions in the solid state infrared spectra, incorrect F 
integration, high fluorine analysis and long bond length found 
for the anion in the carbon disulphide adduct indicate that it 
may not be simply the HF2 ion. This must be a consequence of 
the reaction conditions, where the excess of hydrogen fluoride 
results in the generation of polymeric species of the type

{ v x + i }  r

/



J.4. EXPERIMENTAL

I.4.I. Purification of reagents and preparation of 
precursors.

1.4.2 Reaction of liquid hydrogen fluoride with :-
1.4.2.1. Tetrakis(triphenylphosphine) 

platinum(0).
1.4.2.2. Tris(triphenylphosphine)platinum(0)

1.4.3. Anion exchange on fluorotris(triphenylphos
-phine)platinum(n) hydrogen difluoride-with:-
1.4.3.1. Sodium tetraphenylborate.
1.4.3.2. Lithium tetrafluoroborate.
1.4.3.3. Lithium perchlorate.

1.4.4. Reaction of fluorotris(triphenylphos
-phine)platinum(n) hydrogen difluoride with
1.4.4.1. Carbon disulphide

1.4.4.1.1. In dry solvents.
1.4.4.1.2. In damp solvents.

1.4.4.2. Sulphur dioxide.
1.4.4.3. Tetrafluoroethylene.
1.4.4.4. Hexa£luorobut-2-yne.
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I.4.I. Unless otherwise stated chemicals were used
without further purification.

Potassium chloroplatinite was obtained on loan 
from Johnson Matthey, aqueous solutions were filtered 
before use to remove traces of chloroplatinate.

Triphenylphosphine , a gift from Albright & 
Wilson, was recrystallised twice from ethanol under nitrogen.

Lithium bromide and sodium tetraphenylborate
from B.D.H.

Lithium chloride - Fisons.
Lithium perchlorate and lithium bromide - Hopkins

& Williams.

Carbon disulphide (May & Baker) was shaken three 
times with 5% aqueous potassium permanganate, twice with 
clean mercury, and finally with 10% aqueous mercuric nitrate. 
After drying over anhydrous calcium chloride, the fraction 
distilling between 46-47°C was collected and stored in the 
dark over clean mercury at 0°C.

Sulphur dioxide - B.D.H.
Hexafluorobùt-2-yne - Bristol Organics Ltd.

Hydrogen fluoride^ from I.C.I. , was redistilled 
in a stream of dry nitrogen at 25°C.

Tetrafluoroethylene was obtained by pyrolysis 
of polytetrafluoroethylene (I.C.I.X under high vacuum.

Reagent grade benzene and diethyl ether (May & *

Baker) were dried over sodium wire.
Nitromethane from Fisons was dried over anhydrous 

sodium sulphate and fractionated, taking the fraction between 
100-102°C.

AnalaÈ acetone was refluxed from anhydrous 
sodium"sulphate taking the fraction 56-57°C

Super dry methanol and ethanol were prepared 
via the magnesium alkoxide routes.

Tetrakis(triphenylphosphine)platinum(O) and 
tris(triphenylphosphine)platinum(0) were prepared by 
literature methods
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Micro-analysis were carried out by Dr.F.Pascher 
(Mikroanalytisches Laboratorium, 53 Bonn)

Melting points were measured on a Reichert 
melting point apparatus in air and are uncorrected.

Infrared spectra were recorded using KBr (4000
-1 -1 -400 cm ) and polythene (400-200 cm ) windows on a Perkin

Elmer 225 diffraction grating spectrometer.
Individual spectra were calibrated using 

suitable absorption bands of a thin film of polythene 
(2 850, 1603, 906 cm ^ ) ; and the instrument accuracy and 
reproducûbility periodically checked using atmospheric 
water absorption bands (3401.9, 1825.2, 1616.7, 506.95 
& 376.23 cm” )̂

19F n.m. r, spectra were obtained by Dr.M.Dove 
(University of Nottingham), using a Varian spectrometer 
operating at 100 M.Hz ,fitted with a variable temperature 
probe and modified to operate on an internal standard phase 
lock loop system .

All reactions using liquid hydrogen fluoride were 
carried out in an all polythene apparatus.

/
/
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1.4.2. Reaction of platinum complexes with liquid hydrogen 
fluoride.

1.4.2.1. Tetrakis(triphenylphosphine)platinum(0) 
Approximately 10 mis of hydrogen fluoride was

distilled, in a stream of dry nitrogen at r.t ., onto a 
magnetically stirred sample of tetrkis(triphenylphosphine) 
platinum(O), (1.23 g. - 1 m.mole), maintained at -78°C 
(solid C02/acetone). The complex readily dissolved prod- 
-ucing a deep red solution, which was allowed slowly,to 
warm to room temperature when the excess acid was removed 
by a stream of warm dry nitrogen. The resultant off-white 
solid was then stored overnight under high vacuum in the 
presence of potassium hydroxide and sodium fluoride.

The crude white solid was thoroughly washed with 
benzene (3 x 20 mis) and diethyl ether (3 x 20 mis), yield 
-ing a white crystalline solid which was dissolved in the 
minimum volume of acetone (or nitromethane) and the 
resultant yellow solution filtered. Very slow addition 
of cold diethyl ether to this solution together with very v 
vigorous stirring precipitated a highly crystalline white 
solid. This was filtered off and after washing with a few 
mis of diethyl ether was dried under vacuum at 56°C.

The compound was identified as fluorotris(tri.
-phenylphosphine)platinum(H) hydrogen difluoride (?), from

19analytical, infrared, and F n.m.r. data.

1.4.2.2. Tris(triphenylphosphine)platinum(O).
As for I.4.2.I . using tris(triphenylphosphine) 

platinum(O), (0.98 g. - 1 m.mole).
The compound was identified as fluorotris
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- (triplçienylphosphine)platinum(n) hydrogen difluoride.

1.4.3. Anion exchange reactions on fluorotris(triphenyl 
-phosphine)platinum(n) hydrogen difluoride.

1.4.3.1. With sodium tetraphenylborate.
A solution of sodium tetraphenylborate, (0.17 g 

- 0.5 m.mol), in ethanol (5 mis), was added to a solution of 
the fluoro complex, (0.50 g. - 0.5 m.mole), in ethanol,
(30 mis), producing an immediate white precipitate.

The solution was shaken overnight and the 
solid filtered off. After thorough washing with warm 
water the white solid was dissolved in warm acetone, filtered 
and the solid induced to crystallise by careful addition of 
ethanol/ether, depositing a white highly crystalline solid.

This was identified as fluorotris(triphenyl 
-phosphine)platinum(n) tetraphenylborate, jptF (PPh^)
(BPh^) , (0.53 g. - 81%), from analytical and infrared 
data.

1.4.3.2. With lithium tetrafluoroborate.
As for I.4.3.I. using lithium tetrafluoroborate, 

(0.05 g. - 0.5 m.mole), bright white crystals depositing 
within a few minutes.

The compound was identified as fluorotris(tri 
-phenylphosphine) platinum (n) tetrafluoroborate, [PtF (PPhg) 3] ̂  

(BF^) , (0.46 g. - 85%), from analytical and infrared data.

1.4.3.3. With lithium perchlorate.
As for I.4.3.I. using lithium perchlorate,

(0.08 g. - 0.5 m.mole).
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The compound was identified as di-/*-fluorotetrakis (triphenyl
r T2+ 2--phosphine)diplatinum(n) perchlorate,IPt2F2(PPh^)J (C10̂ )2

(0.34 g. - 80%), from analytical and infrared data.

1.4.4. Reactions of fluorotris(triphenylphosphine)
-platinum(nj hydrogen difluoride.

1.4.4.1. Reactions with carbon disulphide;-

1.4.4.1.1. Purified carbon disulphide, (1 ml), was added 
to a solution of freshly prepared fluorotris(triphenyl 
-phosphine)platinum(nj hydrogen difluoride, (0.52 g. - 
0.5 m.mole), in super dry ethanol (methanol or acetone)
(35 mis), producing a pale yellow solution. This solution 
was shaken at r.t. for eight hours during which time the 
intensity of the colour increased. The solvent was completely 
removed leaving a yellow oil which was recrystallised •
from acetone to yield a pale yellow crystalline ̂ olid.

This was filtered off and .after washing with a 
few mis of diethyl ether dried in vacua at 56°C. The 
compound was identified as dithioformatobis(triphenyl

+
-phosphine)platinum(n) hydrogen difluoride, [Pt(S2CF)(PPh^)2J 

(HF2) , from analytical and crystallographic data.

1.4.4.1.2. Purifed carbon disulphide, (1 ml), was added 
to a solution of freshly prepared fluorotris(triphenyl 
-phosphine)platinum(H) hydrogen difluoride, (0.52 g. - 
0.5 m.mole), in ethanol, (35 mis), and water, (1 ml).

The solution was left to stand for 3 days at 
r.t. during which the original yellow colour of the solution 
faded and a crop of white plate like crystals was deposited.
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These were filtered off and after washing with ethanol and 
ether dried in vacuo at 56°C. The compound was identified
as dithiocarbonatobis(triphenylphosphine)platinum(II), 
Pt (i
data
Pt(S2 CO)(PPh^ ) 2 / by melting point, analytical and infrared

56

1.4.4.2. Reaction with sulphur dioxide.
Sulphur dioxide, (1 ml)^ was distilled into a 

Carius tube (-196°C) containing a solution of fluorotris( 
-triphenylphosphine)platinum(n) hydrogen difluoride, (0.52 g.
- 0.5 m.mole), in dry methanol, (20 mis). The tube was 
sealed, and after allowing it to warm to r.t., was mechanic 
-cally shaken for 3 days. No change in the colour of the 
contents was observed, so it was heated at 45°C for a further 
3 days, during which time the solution turned yellow.

The tube was frozen down and opened. Removal 
of the solvent left a yellow oil which was recrystallised 
from acetone/ether to yield a white crystalline solid .
The i.r. spectra showed no new bands and the compound was 
identified as the starting material.

I
1.4.4.3. Reaction with tetrafluoroethylene.

As for I.4.4.2. using tetrafluoroethylene, (1 ml) 
The starting material was isolated in low yield.

1.4.4.4. Reaction with hexafluorbut-2-yne.
As for I.4.4.2.' using hexafluorbut-2-yne (1 ml). 

The starting material was . isolated in low yield.
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2.1. INTRODUCTION.
There is much current interest in the 

stereochemistry and mechanism of the oxidative addition 
reactions of complexes of the type IrXfCOÏLg^^*^^'^^'^^"
(X = Cl, Br, I; L = tertiary phosphine or tertiary arsine.)

As part of our,study of fluorine containing 
phosphine complexes we have synthesised the fluoro derivative 
of Vaskas complex and have studied its chemistry and the 
oxidative additions of unsaturated molecules,such as oxygen, 
sulphur dioxide and fluoro-olefins and acetylenes.

2.2. RESULTS AND DISCUSSION.

2.2.1. The chloro, bromo and iodo complexes IrX(CO) (PPh^ig
are most easily synthesised from the corresponding hydrated
iridium trihalides and triphenylphosphine in boiling dimethyl 

62
-formamide •

IrX_.xH_0 + PPh. — — -----  IrX(CO) (PPh,)^
150°/18h. 3

However , such routes are not available for the fluoride 
and it has been prepared in high yield by halide exchange 
on chlorocarbonyIbis(triphenylphosphine)iridium(I) using 
a saturated aqueous solution of silver fluoride.

IrCl(CO) (PPh^) ; AqF  ̂ IrF (CO) (PPhj)
^6^6^  ̂"

Similar halide exchange reactions have been



-37-

used on the chloro complex to provide alternative routes 
to the bromo and iodo compounds IrX(CO) (PPh^ig, (X = Br, I) 
using alkali metal halides in various solvents, LiBr/THF^^' 
NaBr/ethanol-benzene^^, Lil/ethanol-benzene^^, and Nal/ethanol

64-benzene
22During this study Vaska independently reported

the synthesis of the compound IrF(CO) (PPh^jg by a similar 
route. Silver fluoride generated in situ,from a saturated 
methanolic solution of ammonium fluoride and freshly prepared 
silver carbonate, was refluxed with powdered chlorocarbony1- 
bis(triphenylphosphine)iridium(I) yielding fluorocarbonyl 
-bis(triphenylphosphine)iridium(I) in 46% yield.

Roper et al.^^ also reported the synthesis of the 
fluoro complex from the reaction of ionic solvent bonded 
iridium (I) complexes of the type [ir (CO) (S) (PPh2)23^ X , 
which are useful intermediates in the preparation of square

o
planar d complexes of the type IrY(CO)(PPh^)2/ with silver 
fluoride.

[lr(C0)(S)(PPh2) j *  X"  AgF »- IrF (CO) (PPh^) j .

(S = MeCN, MegSO ; X = BF.", C10^“ )

The infrared carbonyl frequencies for the 
complexes MX(CO) (PPh^)2/ (M = Ir, Rh ; X = F, Cl, Br, I ) , 
show a small but definite trend I > Br > Cl > F, which is in 
direct opposition to that normally found for series of halogen 
complexes, such as MnX(CO)^, (X = Cl, Br, I )^^.

2.2.2. Reactions of IrF(CO) (PPh^)2
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2.2,2,I. Halide exchange reactions.
Solutions of fluorocarbonyIbis(triphenylphos 

-phine)iridium (I) in acetone react quantitatively with lithium 
halides forming the corresponding halogen derivative IrX(CO) 
“ (PPhgig, (X = Cl, Br, I) and precipitate lithium fluoride.

IrF(CO) (PPh3)2 + LiX IrX (CO) (PPh^) 2

22Vaska extended this work and using a wide 
range of alkali metal salts prepared a series of complexes 
of the type IrY(CO)(PPhg)2,

IrF(CO) (PPh2)2 + NaY  ► IrY(CO) (PPh3)2

, ( Y = CN“‘, NCSe“ , NO2” , N(CN)2~, OCIO3", NCS“ ,
ONO2", SePh“ , NCO“ , l", Br", Cl", N^", SPh",
OCO(H)", OCO(Ph)", OCO(Me)", OPh", OH" )

many of which could not be synthesised by similar reactions
using the chloride; for example, the reaction of chlorocar
-bonyIbis(triphenylphosphine)iridium(I) with sodium nitrite
or nitrate gives complex mixtures including irreversible

6 7oxidation products and nitrosyl complexes . From a study 
of the carbonyl frequencies of these complexes Vaska also 
suggested a correlation between the,observed carbonyl frequ 
-ency of a complex containing an anionic ligand A and its 
electronegativity. The usefulness of this emerges from the 
fact that for both the'hydr0x0 complexes M(OH) (CO) (PPh3)2, 
(M = Rh, Ir) the predicted value of electronegativity is 
identical to that calculated by Wilmshurst^^ for the
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classical «'•electronegativity of OH , in accordance with 
the common notion that this ligand is unable to act as a % 
acceptor.

2.2.2.2. Halide displacement reactions.
Suspensions of the complex IrF(CO) (PPh^)2 in 

methanol dissolve in the presence of lithium salts of large 
non - coordinating anions such as tetrafluoroborate, tetra 
-phenylborate and (perchlorate) producing deep orange 
solutions. These solutions presumably contain the coord 
-inatively unsaturated species [ir (CO) (PPh^) 2] X (X =
BF4", BPhj", CIO4" ).

Reaction of such solutions with an excess of *
neutral donor molecules such as triphenylphosphine yield 
salts of the type [ir (CO) (PPh^) J  X .

IrFfCOilPPhgig PPhg/LiX/MeOH (CO) (PPhg) J  x“
( X = BF^", BPh^“ , CIO4" )

22Vaska reported that solutions of fluorocarbonyl 
bis(triphenylphosphine)iridium(I) showed conductivity in meth 
-anol and suggested an equilibrium of the type,

IrF(CO) (PPhg)g=  =  [ir(CO) (MeOH) (PPhg)^* f“

A similar reaction in methanol using the chloro 
complex does notresult in halogen bond cleavage. However, 
using more strongly coordinating solvents such as methyl 
cyanide and dimethylsulphoxide cleavage does occur and 
here ionic complexes containing coordinated solvent molecules
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can be isolated^^.
The solid state spectra of the complexes[ir(CO)

1 + — —1(PPhg)^] (X) , show carbonyl bands at ca. 2010 cm as
would be predicted for Ir(I) cationic complexes.

However, spectroscopic studies of the complex 
[ir (CO) (PPh^) (CIO^) , in chloroform, have indicated that 
the complex loses one of the coordinated triphenylphosphine 
molecules in solution and sigma bonds the perchlorate ion, 
forming a neutral square planar complex

The neutral square planar complex Ir(ClO^)(CO) 
-(PPh3)2 containing a coordinated perchlorate ligand has 
been synthesised^^ and its chemistry studied^^. Its reac 
-tionsfall into one of three patterns:-

(A) Reaction with neutral donor molecules, L , 
yielding cationic square planar complex.

IrCClO^) (CO) (PPhaXg + PPhg  >{lr(CO) (PPh^)]]* Clo“

(B) Reaction with neutral molecules such as 
sulphur dioxide or dioxygen yielding 5 (or6 ) coordinate 
species.

Ir(ClOj) (CO) (PPhg)2 ----- ► Ir (00103)00(02) (PPh3)2

(C) Very fast reaction with anions which displace 
the weakly coordinating perchlorate producing neutral four 
coordinate square planar complexes.

Ir(ClO^) (00) (PPh3)2 --- — -----IrOl(OO) (PPh3)2

Recrystallisation of the ionic complex from 
dichloromethane/petrol results in a mixture of the ionic and 
coordinated perchlorate complexes. However, differential
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recrystallisation from dichloromethane/methanol results in the 
recovery of the ionic complex only, presumably due to the 
reaction of any covalent iridium complex (formed in CH2CI2) * 
ionising and reacting with displaced triphenylphosphine as 
the methanol concentration increases.

Tlr (CO) (PPh,) ■‘■(CIO J "  — » Ir(C10;)CO(PPh.)^ + PPh3 ai 4  ̂ ^ 3

2.2.3. Oxidative addition reactions of IrF(CO)(PPh^)2
Vaskas complex has been shown to undergo oxidative 

addition reactions with a large number of molecules of the
type AB, forming octahedral iridium(III) complexes.

71,72 64,73
2.2.3.I. Hydrogen chloride 'methyl iodide

74mercuric halides all react completely with chlorocarbonyl 
bis(triphenylphosphine)iridium(I) forming stable I:I adducts 
IrCl(A) (B) (CO) (PPh3)2. ( A = H, Me, HgCl, HgBr ; B = Cl, Br,
I ) .

However, similar reactions using the fluoro complex 
IrF(CO) (PPh3)2, result in complete or partial halide exchange 
of the fluorine atom. Complete reaction is indicated by the 
shift of the Ir(I) carbonyl band at 1945 cm  ̂ to approximately 
2000 cm In all reactions however analytical data, alth
-ough providing the correct C/H ratios, has a low F/halide 
ratio and high halogen analysis.

Methyl iodide and mercuric halides react readily 
yielding white or pale yellow I :I adducts of both fluoro 
and chloro mixtures of the iridium(I) complexes.

Reaction with an excess of hydrogen chloride results
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in complete halogen exchange and isolation of the known com
71-pound IrClgfH)(CO)(PPh3)2 ; while very careful reaction

with exactly one mole of hydrochloric acid results in the same 
complex and unreacted iridium(I) complex. This can be 
explained on the basis of competing halide exchange and 
oxidative addition. ■Hydrogen .fluoride has been shown to 
react only partially with IrCl(CO)(PPh3)2^^.

2.2.3.2. There is also much interest in the addition
of small neutral molecules such as dioxygen,sulphur dioxide,

gand unsaturated fluorocarbons to square planar d complexes 
as a consequence of their relevance to biological and catalytic 
systems.

The complexes IrX(CO)(PPhg)2 have all been shown
to react with dioxygen in solution forming crystaline I :I add
-ucts IrX (O2)CO (PPh^) 2 / ( X = Cl^^, Br^^, I*̂ )̂ and a kinetic
study of these reactions in benzene and dimethylformamide

64by Chock and Halpern has shown the rates of reaction to 
be I > Br > Cl. Vaska^^ reported that the reaction of trans- 
chlorocarbonyIbis(triphenylphosphine)iridium(I) was revers
ible at higher temperatures and reduced pressures and that 
a fast stream of an inert gas would remove the coordinated 
dioxygen molecule.

We have found that a benzene solution of fluoro 
-carbonylbis(triphenylphosphine)iridium(I) reacts very slowly 
with dioxygen at r.t . and even after six hours the yellow 
colour of the solution is still present. Removal of the 
solvent, either under reduced pressure below room temperat 
-ure with the addition of cold diethyl ether; or at room 
temperature in a stream of dioxygen yields a mixture of a
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pink and yellow solid.
The solid state spectrum has carbonyl bands 

at 2010, 2004, 2000 and 19 45 cm  ̂ and a medium strong band 
at 858 cm By analogy with the oxygen adduct of Ir(’KCO) 
-(PPh3)2, the carbonyl bands at ca. 2000 cm ^ are assigned 
to the 1:1 adduct of fluorcarbonyltris(triphenylphosphine) 
iridium(I) with dioxygen and at 858 cm ^ to the (0-0)
stretch. The presence of some unreacted starting material 
is shown by the carbonyl band at 1945 cm^ , but we have not 
been able, by variation of the reaction conditions, to 
obtain a pure sample of the dioxygen adduct.

Structural determinations on the two complexes 
IrX(02) (CO) (PPh3)2, ( X = Cl^^, I^^) have shown them to
adopt the same configuration, based on a trigonal bipyr 
-amid with axial phosphines. The dioxygen molecule is more 
strongly bound to the metal in the iodo complex as shown by 
the shorter average Ir-0 bond lengths and an increased 0-0 
bond length, than it is in the chloro analogue.

2.2,3.3 The reversibility and reaction of sulphur
dioxide with transition metal complexes has been the subject 
of several investigations and 1:1 adducts have been isolated 
for complexes of Pd®®'
8®; and Pt®®'®8.

Sulphur dioxide reacts reversibly with fluoro 
carbonylbis(triphenylphosphine)iridium(I) in both the solid 
state and in solution forming a bright green complex. The 
adduct appears to be thermally much less stable than the corr 
-esponding chloro complex and its composition to vary with 
the reaction conditions.
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A spectroscopic study in solution has shown
that the passage of a dilute solution of sulphur dioxide in
nitrogen through solutions of fluorocarbonyIbis(triphenylphos
phine)iridium(I) in benzene, acetone or chloroform result in

the disappearance of the iridium(I) carbonyl band at 1955 -
1970 cm , concurrent with the growth of a new band at 2020
-2027 cm which by comparison with IrCl(S02)(CO)(PPh3)2
is assigned to the carbonyl frequency of a five coordinate
adduct with sulphur dioxide.

Saturation of the solutions with sulphur.dioxide
produces no further shift of these bands or the appearance
of any more new bands, indicating that in solution no further
molecules of sulphur dioxide are coordinated to the metal by
an Ir-S bond. Concentration of these solutions under reduced
pressure at slightly above room temperature and under reduced
pressure^yielded a yellow-green product whose solid state
infrared spectra shows a main carbonyl band at 2020 cm ^

-1and a v (S=0) at 1172, and 1163 cm . The presence of some
starting material is indicated by the carbonyl band at 1945 

—  1cm
The solid state infrared spectra of samples obtained

from similar solutions concentrated at room temperature in
a stream of nitrogencontaining a few percent of sulphur
dioxide show no carbonyl bands due to starting material. The
presence of IrF(CO) (SO^) (PPh3)2 is indicated by a very strong
carbonyl band at 2020 cm  ̂ and (S-O)'s at 1200, 1180,
and 1173 cm however, two new weak-medium bands are now also

-1observed at 2050 and 1297 cm
Reaction of a suspension of IrF(CO) (PPh3)2 in



—45—

benzene/ether produces a powdery green solid whose solid
state spectrum is identical to that obtained from solution -
except for a very strong band at 1297 cm

Reaction of a suspension of IrF(CO) (PPh3)2 with
liquid sulphur dioxide, at -10^ C, resulted in a deep green
crystalline solid whose infrared spectrum showed a very strong
band at 2050 cm ^and medium strong band at 2021 cm (S-0)
bands are also observed at 1297 (s), 1174(s),.and 1165(m) cm

The stereochemistry and bonding of sulphur dioxide
83to MCI(CO)(PPh3)2, (M = Rh, Ir) has been suggested by Vaska

21and Grinberg etal. on the basis of the observed shifts of 
the metal carbonyl absorptions of the 1:1 sulphur dioxide

87adducts. Detailed structural data on IrCl(CO)(SO^)(PPh3)2 
has shown this to be correct^ the sulphur dioxide molecule 
coordinating (based on sf̂  hybridised s)^ through its sulphur
atom.

88A recent investigation of the solid state
reactions of complexes of the type MX(CO)(PPh3)2 and 
[m(P - P ) ^ ^  x" , (X = Cl, Br, I; P-P = bis (diphenylphosphino) 
ethane) .), with gaseous sulphur dioxide has shown that 
adducts having an SO2:complex ratio of greater than one 
are produced. Gas uptake decreases and the. rate of sorption 
increases with increasing temperature. The desorption curves 
for the compounds show two minima at 65^3^0 and 120i5^C 
indicating two different bonding modes for the sulphur 
dioxide molecule. The carbonyl frequencies observed in 
these.complexes show a shift of the same magnitude observed 
for the 1:1 adducts crystallised from solution,indicating that 
only one molecule of sulphur dioxide is sigma bonded in the
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solid complex. However in addition to the infrared absorptions
due to the coordinated sulphur dioxide molecule, (1180 - 

-11200 cm ), new bands appear in the region normally associated
with the Symmetric andasvmmetric stretching frequencies of
solid sulphur dioxide^^, (V- 1330, 1308 cm ^). These,
together with the observed reduction in intensity of these
bands when such samples are swept with a warm stream of inert
gas; indicate that these extra molecules of sulphur dioxide
are in some way 'associated' as opposed to 'bonded' to the
complex, but remain more strongly held than by simple
physical adsorption since surface area effects have little
effect on the rate, yield or exothermicity of the reaction. •

-1On this basis we assign the band at 12 97 cm 
which we have observed in the product from the reaction 
of the fluoro complex with sulphur dioxide to similar molec 
-ules of 'associated' sulphur dioxide; especially since they 
are observed to be the strongest when the reaction conditions 
favour combinations of low temperatures, the presence of 
solid state IrF(CO)(PPh^ ) 2 (or its 1:1.SO2 adduct) , and 
a high concentration of sulphur dioxide.

2.2.3.4. Reaction of Vaskas complex with olefins^^'
90,91,92,93, electronegatively substituted acetylenes^^'^^'
93 have been investigated.

The pale yellow 1:1 adduct of tetrafluoroethylene
92 9 3' prepared by Cramer and Parshall is thermally unstable, 
readily losing tetraf luoroethylene in solution and hence can 
only be purified by recfystallisation under an atmosphere of

<=2^4-

1 t
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IrCl(CO) (PPh^)^  C2P4------»IrCl(CO) (C^F^) (PPh3)2

92 93The hexafluorobute-2-yne adduct ' prepared at 
room temperature and under atmospheric pressure, shows greater
thermal stability, although pyrolysis of both complexes

o *at temperatures greater than 100 C liberates the unsaturated
fluorocarbon and regenerates trans-chbrocarbonylbis(triphenyl 
-phosphine)iridium(I) ; the hexafluorobut-2-yne recombining 
in the solid state if left in contact with the solid complex.

We have synthesised the corresponding bromo and 
iodo complexes of tetrafluoroethylene and hexafluorbut-2-yne 
and found similar instabilities, especially for the C^F^ 
adducts. However, the I : I adducts of fluorocarbonylbis ( 
-triphenylphosphine)iridium(I) are very much more stable and 
can be easily recrystallised from hot non-chlorinated 
solvents.

Reaction of fluorocarbonylbis(triphenylphosphine) 
-iridium(I) with tetracyanoethylene yields a I :I adduct 
containing air-bonded olefin.

IrF(CO) (PPh3)2  ÏSE5--- ^ IrF (CO) (TCNE) (PPh3)2

91
similar to the chloro analogue prepared by Baddley

Attempts to synthesis the adduct with cis-
1*2 dicyanoethylene resulted in only partial reaction
as shown by infrared spectra.

In an attempt to provide quantitative information 

we have made thermochemical measurements of the heat of
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reaction for the quantitative loss of hexafluorbut-2-yne 
and tetrafluoroethyle.nefrom a series of iridium(II) 
complexes IrX(CO)(C^)(PPh3)2* , (X = F, Cl, Br, I ; C^ =

^2^4' ^ 4 ^ 6 ^ '

IrX(CO) (Cf) (PPh3)2  — ---- ► IrX(CO) (PPh3 > 2  + Ĉ - I

using a differential scanning calorimeter. We have found
that for adducts of both ^2F^ and C^Fg the heat of this

freaction increases in the order F>Gl>Bn*
s

2.3. DISCUSSION.

Much interest has been shown in factors which 
affect the tendency of oxidative addition reactions to occur
to complexes of the type IrX (CO) L2and the correlation and
prediction of trends from observed reactivity, spectroscopic 
and structural data.

The reversibility and variation of the bond length 
observed in the dibxygen adducts of IrX(CO) (PPh3)2 / (X = Cl, 
I) has been explained in terms of the bonding, electroheg 
ativity and polarisability of the halogen atom X. On this 
basis it would be predicted that the bonding of the dioxygen  ̂

molecule to fluorocarbonylbis(triphenylphosphine)iridium(I) 
should be the weakest for the series. The strength of the 
'initial bond will be weaker than that of the other 
halogens due to the high electronegativity of fluorine, and
the absence of any form of M-̂ X or M̂ -X ir bonding .
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For a considerable time there has been much dis

-cussion concerning the nature of the bonding of unsaturated
94molecules to transition mgtal complexes. Dewar's original

95model has been modified by Chatt to provide a ir bonding 
scheme to explain the coordination of ethylene to platinum 
in Zeise's salt^^.

For the dioxygen molecule (0-0 bond length 1.12 A) 
early schemes proposed electron transfer to the ligand, which 
assumed the characteristics of the superoxide ion Og 
(bond length 1.2 8 S.) or the peroxide ion O^^ (bond length 
1.49 A) depending on the number of electrons transferred.
This type of scheme seems applicable to amine complexes 
of Co(II), but the diamagnetism of such complexes as Irl(CO) 
-(PPh3)2(02) with a bond length of 1.30 A , which approximates 
to the superoxide ion,suggests this cannot be applied to 
such complexes.

97In a recent discussion of the bonding of molec
-ular oxygen to transition metal complexes, the coordinated
molecule was likened to the excited states of the dioxygen

9 8molecule. Similar arguments have been used by Orgel
C-S

, where the configuration and^bond lengths in the complex 
44Pt(*CS2) (PPh3)2 w ere  found to be very similar to its first

excited state in the gas phase. However, Ibers and his co_
99workers feel that the range of 0-0 bond lengths observed 

is too great to allow for a facile allocation of a different 
excited state to the dioxygen molecule in each complex.

The ligands in complexes of the type IrX(C0)L2 
can exert a significant effect on the reactivity of these 
complexes towards the addition reactions of covalent or
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unsaturated molecules, as a consequence of both steric and
electronic effects.

It is well known that n-alkyl tertiary phosphine
metal complexes undergo oxidative addition reactions more
readily than the corresponding triphenylphosphine complexes^^^.
Shaw has also shown that there is a good correlation between
the basicity of complexes IrXfCOjLg, ( X = C l > Br > I : L =
PMe^ > AsPhMe2> PPhMe2>PPhEt2> PPh2M e > AsPh^> PPh^ ) towards
benzoic or acetic acids and the tendency of such complexes

101to undergo oxidative addition reactions,. Crystallographic
data has provided more direct evidence of this. A structure
determination on the I :I dioxygen adduct of IrCl(CO)(Ou)(PPh Me)9 ̂ 2 ^
has shown a much longer bond length (1.461^ A ) c o m p a r e d  

to l.SOSgX^^ for the reversible chloro complex and 1,592 *̂̂  ̂

for the irreversible iodo complex; this complex reacts with 
oxygen reversibly.

Va sk a , in a study of oxygen addition to com
-plexes of the type IrCl (CO) (PR^)2/ (PRg = tertiary phosphine), 
found that the stability constants for the formation of the 
1:1 adduct increased with increasing basicity of the phosphine 
provided that the substituent R groups have comparable stru 
-ctures, but that the geometry of the groups exerted a pro 
-found effect on the dynamics of the reaction, which he att 
-ributed to steric effects. Similar arguments have been 
used by Shaw^^^ to explain anomalies in the rates of addition 
of benzoic acid to complexes of the type IrX(CO)L^, (L = tert 
-iary phosphine or arsine). Steric arguments such as these 
may also be invoked to explain the inability of the iridium 
cation jlrL̂ J"** ( L = PPh^Et ) to react with dioxygen, while
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the carbonyl derivative | l r ( C O ) r e a d i l y  forms an adduct.
104Shaw has more recently shown that steric hind 

-ranee can greatly reduce the basicity of complexes of the 
type IrCl (CO)L2 ,eg. with L = P (But^2B) 3 / (R = n-alkyl). there 
is no tendency to react with benzoic acid and even hydrochl 
-oric acid adds with difficulty. The basicity of the complexes 
falling in the order PPhMe2> PBut^Me2> PBut^Et2> PBut^Pr 2̂ 

PButt2Me>PButt2Pr^>PButt2Et .
<

A large reduction in the electron density at the 
iridium can be made by the formal replacement of the carbonyl

4.group by the nitrosyl group NO generating the isoelectronic 
analogue of Vaskas complex j^IrCl(NO) (PPh3)2j* 105^ This 
undergoes addition reactions with various donor molecules 
forming 5 coordinate cations such as ĵ IrCl (CO) (NO) (PPhg)2j^ 
and reacts immediately* with coordinating anions forming 5 
coordinate nitrosyl complexes. This behavour restricts a study 
and comparison of many other oxidative additions since many 
oxidants are potential sources of coordinating anions.
However, the reduced electron density on the metal does reduce 
the complex's reactivity and there is no observed reaction 
with dioxygen, whereas the uncharged ruthenium analogue 
RuCl (NO) (O2 ) (PPh^) 2^̂ *̂  binds dioxygen irreversibly. The 
isoelectronic platinum complex jptCl (CO) (PR.̂   ̂2J "** CR*Me,Ph)
shows reduced reactivity^^^ compared to Vaskas complex.

From the reaction of fluorocarbonylbis(triphenyl 
-phosphine)iridium(I) with sulphur dioxide , infrared data 
has inferred that a 5 coordinate 1:1 adduct is formed , but 
that other molecules of sulphur dioxide are 'associated'
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with the complex. However in liquid sulphur dioxide a very 
strong carbonyl band appears at 2050 cm- , higher than that 
found for the normal adduct IrF (CO) (SOg) (PPh3)2, (2020 cm ^).
This band is not found in solutions of the fluoro complex 
saturated with sulphur dioxide and so we do not attribute 
it to a complex containing two sigma bonded sulphur dioxide 
molecules, although the small size of the fluoride ion comp 
-ared to the other halogens could facilitate this.

The iridium fluorine bond has been shown to ionise 
22in polar solvents and this higher carbonyl frequency may be 

a result of such an ionisation.

IrF(S02) (CO) (PPh^) 2 ^Z=ZZ=±* [ir (SO2 ) CO (PPh^) 2j f“

ionisation being facilitated by the 'other' molecules of 
sulphur dioxide which are presumably associated with the 
fluoride ion.

Adducts of sulphur dioxide with halide ions
leir spei 
,111,112

have been known since 1916^^^ and their spectral and equili
-brium properties well characterised'

Ibers^^^et al. have recently shown from
crystallographic data that a sulphur dioxide molecule is
associated with a halide ion. The complex obtained from
the reaction of PtI(Me) (PPhg)2 with SO2 does not have a Pt-S
bond, but that the sulphur dioxide molecule is associated
with the iodine atom. The I-S distance (3.39 A) is signif

« 114-icantly shorter than the Van de Waals radii sum (3.80 A) 
but longer than their single bond covalent radii sum (2.37 A).

Ibers has also shown that the reaction of Irl (CO)
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-(PPh2)2 with sulphur dioxide yields a complex containing a
SO2 molecule attached to the iodine as well as the iridium^

Sulphur dioxide uptake of ionic complexes of the
type [ir (P-P) ^ X , (X = Cl, Br, I) and other systems

X, (R = CHg, C^Hg, , have shown to be related
to both the charge and sign of the anion-cation system , ie.*

8 8to the dipole moment. The ionic nature of the iridium-fluorine 
bond may well facilitate such an association.

The enthalpies of the dissociation reactions;-

IrX (CO) (L)    IrX (CO) (PPhg)2 + L, J

(X = F, Cl, Br,l; ; L = CgFj, C^Pg )

show an unpredicted trend. Extrapolation of trends in 
stabilities for the adducts with dioxygen or dimethyl maleate 

where stabilities increase in the order I>CI 
suggest that adducts of IrF(CO) (PPh^jg might be expected to 
be even less stable than those of the chloride.

However,our results indicate that this trend is 
reversed for the adducts with CgF^ and C^F^. The reason 
for this may involve relative bonding effects of the halide 
ligands , or simply a closer approach of the coordinating 

. molecule to the metal atom as a result of the smaller size 
of the fluorine atom.

Either or both of these factors can be used to 
explain the improved back donation from the iridium to the 
unsaturated molecule and for the differences in the chemistry 
of fluorocarbonylbis(triphenylphosphine)iridium(I) compared 
to its other halogen analogues.



2.4. EXPERIMENTAL.

2.4.1. Purification of reagehts and preparation of 
precursors.

2.4.2. Synthesis of fluorocarbony Ibis(triphenylphosp 
-hine)iridium(I).

2.4.3. Reactions of fluorocarbonylbis(triphenylphos 
-phine)iridium(I).

2.4.3.I. Halide exchange reactions with:-

2.4.3.3.

2.4.3.I.I. Lithium chloride.
2.4.3.1.2. Lithium bromide.
2.4.3.1.3. Lithium iodide.

Halide displacement reactions.

Oxidative addition reaction with
2.4.3.3.1. Methyl iodide.
2.4.3.3.2. Mercuric halides.
2.4.3.3.3. Hydrogen chloride.
2.4.3.3.4. Dioxygen.
2.4.3.3.5. Sulphur dioxide.
2.4.3.3.6. Tetrafluoroethylenev
2.4.3.3.7. Hexafluorbut-2-yne.
2.4.3.3.8. Tetracyanoethylene.
2.4.3.3.9. 1,2 dicyanoethylene.

2.4.4. Synthesis of tetrafluoroethylene and hexafluor 
but-2-yne adducts of IrX(CO)(PPhg)2 (X = Br , I)

2.4.4.1. Reaction of bromocarbonyIbis(triphenyl 
, -phosphine)iridium(I) with:
2.4.4.I.I. Tetrafluoroethylene.
2.4.4.I.2 Hexafluorobut-2-yne.



2.4.4.2. Reaction of iodocarbonyIbis(triphenyl 
-phosphine)iridium(I) with :-
2.4.4.2.1 Tetrafluoroethylene.
2.4.4.2.2. Heaxafluorbut-2-yne.



—55“

2.4.1. Unless otherwise stated chemicals were used without 
purification

Hydrated iridium trichloride was obtained on 
loan from Johnson Matt hey.

Triphenylphosphine, a gift from Albright & Wilson, 
was recrystallised twice from ethanol under nitrogen.

Lithium bromide, lithium iodide, and sodium tetra 
-phenylborate from B.D.H.

Sodium iodide - Fisons.
Fumaronitrile - Fluka.
Lithium perchlorate - Hopkin & Williams.
Lithium tetrafluoroborate - Kodak.
Mercuric chloride and mercuric bromide from May

& Baker.
Tetracyanoethylene - Ralph Emanuel.

Methyl iodide, from Koch Light, was washed with 
aqueous thiosulphate to remove traces of iodine, dried over 
calcium chloride and magnesium sulphate and distilled in a 
stream of dry nitrogen ,taking the fraction boiling 42-3°C.

Sulphur dioxide - B.D.H.
Hexafluorobut-2-yne - Peninsular (Bristol Organics)
Tetrafluoroethylene was obtained by pyrolysis

: ■ ^of polytetrafluoroethylene, (I.e.I.)', under high vacum.

AnalaR benzene was dried over sodium wire and 
distilled in a stream of dry fiitrogen.

A standard solution of hydrochloric acid in 
ethanol was obtained by diluting the calculated volume of 

constant boiling point aqueous hydrochloric acid with ethanol. 
The normality was checked by titration with standard NaOH 
using phenolphthalein.

The silver fluoride solution was prepared by 
very careful addition of 10% (v/v) aqueous hydrofluoric acid
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to a slurry of freshly prepared silver carbonate, (100 g - 
363 m.mole.), in water, (25 mis), until nearly all of the solid 
had dissolved. The solution was then filtered and its volume 
reduced on a steam bath until signs of crystallisation were 
observed, approximately 5% of the volume of this solution of 
40% aqueous hydrofluoric acid was then added and the solution « 
allowed to cool to r.t. before storing in a polythene bottle.
This solution, which is an approximately 14 M. solution of 
silver fluoride in dilute hydrofluoric acid , will , in contrast 
to solid silver fluoride, %eep indefinitely.

62,116
Chlorocarbonylbis(triphenylphosphine)iridium(I)

64and the corresponding iodo- and bromo- derivatives were prepared 
by literature routes.

Analytical and spectroscopic specifications as for
T.4.I.
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2.4.2. Synthesis of fluorocarbonylbis(triphenylphosphine) 
•iridium(I) .

A solution of saturated silver fluoride, (2 mis) 
was added to a solution of trans-chlorocarbonylbis(triphenyl 
-phosphine)iridium(I), (3.9 g. - 5 m.mole), in warm benzene, 
(300 mis), and the solution shaken vigorously for 2 mins. 
Precipitation of finely -dividedsilver chloride, which rapidly 
darkens in light, occurs within a few seconds. The solution 
was filtered and the filtrate concentrated under reduced 
pressure at 40°C until signs of. crystallisation occured. 
Addition of 1:1 diethyl ether/ethanol,(100 mis) yielded a crop 
of fine bright yellow crystals which were filtered off washed 
with a few mis of Et OH and ether and dried under vacuo at 56°C 
The compound was identified as fluorocarbonylbis(triphenyl 
-phosphine)iridium(I) from analytical and infrared data,
(2.96 g. - 77%).

2.4.3. Reaction of fluorocarbonylbis(triphenylphosphine) 
iridium(I).

2.4.3.1. Halide exchange reactions.

2.4.3.1.1.Reaction with lithium chloride.
A- solution of lithium chloride, (0.025 g.

- 0.59 m.mole), in acetone, (10 mis), was added to a solution 
of fluorocarbonylbis(triphenylphosphine)iridium(I), (0.38 g.
- 0.50 m.mole), in warm benzene, (30 mis), and the solution 
allowed to stand at r.t. for several hours. A white solid 
was deposited which was removed by centrifuging and identif 
-ied as lithium fluoride. The filtrate was taken to dryness 
under reduced pressure and the yellow residue dissolved in
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the minimum volume of warm benzene. Slow removal of the sol 
-vent from this filtered solution and addition of cold diethyl 
ether yielded a bright yellow crystalline solid which was 
identified as chlorocarbonyIbis(triphenylphosphine)iridium(I), 
(0.38 g. - 100%), by comparison of the melting point and infra 
-red spectra to that of an authentic sample.
2.4.3.1.2. Reaction with lithium bromide.

As for 2.4.3.I.I. using lithium bromide, 
(0.05 g. - 0.56 m.mole). The bright yellow solid was identif 
-ied as bromocarbonylbis(triphenylphosphine)iridium(I) by 
comparison of the melting point and infrared spectra to that 
of an authentic sample, (0.39 g. - 95%).

2.4.3.1.3. Reaction with lithium iodide.
As for 2.4.3.I.I. using lithium iodide,

(0.08 g. - 0.58 m.mole). The deep yellow solid was identif 
-ied as iodocarbonyIbis(triphenylphosphine)iridium(I) by 
comparison of the melting point and infrared spectra to that 
of an authentic sample, (0.37 g. - 85%).

2.4.3.2. Halide displacement reaction.
Synthesis of the carbonyltris(triphenylphosphine) 
iridium(I) cation.

Triphenylphosphine, (0.14 g. - 0.53 m.mole), 
was added to a stirred suspension of fluorocarbonylbis(tri 
-phenylphosphine)iridium(I), (0.39 g. - 0.50 m.mole), and
lithium perchlorate, (0.056 g. - 0.51 m.mole) in methanol,
(30 mis) and water, (2 mis), at room temperature producing 
a deep orange solution. This solution was stood overnight at 
0°C to yield a crop of bright deep yellow-orange crystals .



— 59—

These were filtered off and after washing with warm water 
very carefully recrystallised from dichloromethane/methanol 
in the presence of free triphenylphosphine. The compound was 
identified as carbonyltris(triphenylphosphine)iridium(I) 
perchlorate, (0.44 g. - 80%), from'analytical and infrared 
data.

The tetraphenylborate salt,(0.58 g. - 87%), 
and tetrafluoroborate salt, (0.43 g. - 79%) were also prepar 
-ed by a similar method using sodium tetraphenylborate , (0.17 
g. - 0.51 m.mole) and lithium tetrafluoroborate ,(0.05 g. - 
0.53 m.mole).

2.4.3.3. Oxidative addition reactions.

2.4.3.3.1. Reaction with mercuric halites HgX  ̂ .(X = Cl, Br)
A solution of mercuric chloride, (0.15 g. 

-0.55 m.mole), in acetone, (5 mis), was added dropwise to a 
stirred solution of fluorocarbonylbis(triphenylphosphine) 
-iridium(I), (0.39 g. - 0.50 m.mole), in benzene, (30 mis).
The yellow colour faded instantly and a fine white crystalline 
solid deposited, (0.44 g). This was filtered off washed with 
a few mis of acetone, benzene and ether and dried under 
vacuo , at 56^0. Analytical and spectral data indicated it 
to be a mixture of compounds; probably IrCl2 (HgCl)CO (PPh^ ) 2  

and IrClF(HgCl)C0 (PPh2 )2 '
A similar reaction was observed using mercuric 

bromide, (0.20 g. - 0.55 m.mole) yielding a white crystalline 
solid,( 0.42 g. ) , which was also found to be a mixture.

2.4.3.3.2. Reaction with methyl iodide.
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A solution of methyl iodide, (1 ml.), in ether,
(5 mis), was added dropwise to a stirred solution of fluoro 
-carbonylbis(triphenylphosphine)iridium(I), (0.39 g. - 0.50 m.
-mole.), in benzene, (30 mis.). The yellow colour slowly 
faded and a small quantity of a very pale green-yellow solid 
was precipitated, the solution was concentrated under reduced 
pressure to yield a green-yellow solid. This was filtered 
off washed with a few mis of benzene and ether and dried in 
vacuo at 56^0. Analytical, and spectral data indicated it 
to be a mixture of compounds.

2.4.3.3.3. Reaction with hydrogen chloride.
An excess of a standardised solution of hydrogen

-3chloride in methanol, (5mls. - 10 M.l) was added dropwise to 
a stirred solution of fluorocarbonylbis(triphenylphosphine) 
-iridium(I), (0.39 g. - 0.50 m.mole), in benzene, (50 mis.).
The yellow colour faded instantly and a white crystalline solid 
deposited over several minutes. This was filtered off washed 
with a few mis of warm benzene and dried under vacuo at 56°C. 
The compound was identified as dichlorohydridocarbonylbis 
- (triphenylphosphine)iridium(III) by comparison with an 
authentic sample.

Reaction with the molar quantity of hydrogen 
chloride produced a solution that was still a pale yellow 
colour and the infrared spectrum of the product indicated 
a mixture of 1:1 adduct with hydrogen chloride and starting 
material.

2.4.3.3.4. Reaction with dioxyqen.
A stream of purified dry dioxygen was bubb 

-led through a solution of fluorocarbonylbis(triphenylphos
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-phine) iridium (I) , (0.39 g. - 0.50 m.mole), in benzene, (50
mis.), at r.t. for several hours during which time the solu 
-tion becomes paler and slightly cloudy. The solution was 
concentrated to a small volume under reduced pressure below 
room temperature in a stream of oxygen and induced to precip 
-itate by the addition of cold diethyl ether. The resultant 
pink-yellow solid was filtered off and washed with a few mis 
of ether. Spectroscopic examination of the product showed 
it to be a mixture of an iridium(III) adduct with dioxygen 
and the starting material.

2.4.3.3.5. Reaction with sulphur dioxide.
Sulphur dioxide was bubbled through a sol

-ution of fluorocarbonylbis(triphenylphosphine)iridium(I),
(0.39 g. - 0.50 m.mole), in benzene, (30 mis.) for 5 minutes
at room temperature. The solution immediately changed colour
producing a bright emerald green solution. On removing the
solvent under reduced pressure the green colour partially
faded and addition of diethyl ether to the concentrated
solution yielded a yellow-green solid which was shown by
infrared spectra to be a mixture of the starting material
( V CO 19 45 cm )̂ and the iridium(III) 1:1 adduct with

-1sulphur dioxide ( v CO 2070 cm ).
In an attempt to obtain the adduct pure , sulphur 

dioxide was bubbled through a stirred concentrated solution 
of the fluorocomplex for 10 minutes and the solvent removed 
overnight in a stream of nitrogen containing a few percent 
of sulphur dioxide. The residue thus obtained was examined 
by infrared spectroscopy and found to still contain some 
starting material together with 'associated' sulphur dioxide
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molecules.
Finally, liquid sulphur dioxide (10 mis) was

condensed onto solid fluorocarbonylbis(triphenylphosphine)
-iridium(I), (0.39 g - 0.5 m.mole) contained in a 25 ml
conical flask fitted with a magnetic stirrer. The green
solution was maintained in a carbon tetrachloride/liquid
nitrogen slurry bath (-2 8̂ 0) for an hour after which time
it was allowed to slowly warm to O^C ; the sulphur dioxide
being removed in a slow stream of dry nitrogen. This left
a bright green solid which showed no carbonyl band due to
the starting material , but a carbonyl band at higher frequ
— ency than found for reactions in solution (2050 cm  ̂ as to 

-12020 cm ) and very strong absorptions due to the presence 
of associated sulphur dioxide molecules.

2.4.3.3.6. Reaction with tetrafluoroethylene.
Tetrafluoroethylene, (1 ml.), was distilled into

a Carius tube (-176°C) containing a suspension of fluoro 
-carbonylbis(triphenylphosphine)iridium(I) , (0.38 g. - 0.50
m.mole), in degassed benzene, (15 mis) and ether, (5 mis.). 
The tube was sealed under vacuum , and after allowing to 
warm to room temperature , shaken mechanically . The yellow 
colour rapidy faded- and within an hour tzhe solution was 
clear and colourless. Shaking for a further 36 hours yielded 
a white highly crystalline solid. Thie tube was opened and 
the solid after filtering off was washed with a few mis of 
warm benzene and recrystallised from warm acetone/EtOH- 
(Recrystallisation is however not necessary since the highly 
crystalline product obtained from the reaction is analytically 
and spectroscopically identical to the recrystallised sample)
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The complex was identified by analytical, infrared and 
N.M.R. spectra as fluorocarbonyl(tetra fluoroethylene)
-bis(triphenylphosphine)iridium(III), (0.30 g. - 70%).

2.4.3.3.7. Reaction with hexafluorbut-2-yne.
As for 2.4.3.3.6. using hexafluorbut-2-yne, (1 ml.).

19The complex was identified by analytical, infrared and F 
N.M.R. spectra as fluorocarbonyl(hexafluorbut-2-yne)bis( 
-triphenylphosphine)iridium(III), (0.38 g. -76%).

2.4.3.3.8. Reaction with tetracyanoethylene.
A solution of tetracyanoethylene, (0.065 g. - 0.51 

m.mole), in benzene, (10 mis.), was added to a solution of 
fluorocarbonylbis(triphenylphosphine)iridium(I), (0.39 g.
- 0.50 m.mole), in benzene, (30 mis). The colour of both 
solutions was very rapidly discharged and after a few minutes 
a crop of silky very fine white needles was deposited.
The solution was allowed to stand overnight and the solid 
filtered off, after washing several times with warm benzene 
the product was dried in vacuo at 56°C. The complex was 
identified as fluorocarbonyl( tetracyanoethylene)bis(tri 
-phenylphosphine)iridium(III) from analytical and infra 
-red data, (0.32 g. - 71%).

2.4.3.3.9. Reaction with fumaronitrile.
As for 2.4.3.3.8. using excess fumaronitrile,

(0.15 g. - 1.9 m.mole). Even after refluxing the solution 
for an hour it was still a pale yellow colour. After work 
up infrared spectra showed the product to be a mixture of a 
1:1 adduct with fumaronitrile and unreacted starting material. 
Attempts to obtain the pure adduct by further reaction or 
recrystallisation failed.
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2.4.4. Synthesis of tetrafluoroethylene and hexafluorobut 
-2-yne adducts of IrX(CO) (PPh^)^; (X = Br,I).

2.4.4.1. Reaction of bromocarbonylbis(triphenylphosphine) 
iridium(I) with;-

2.4.4.1.1. Tetrafluoroethylene.
Tetrafluoroethylene. Cl ml.), was distilled into a 

Carius tube (-176°) containing a suspension of bromocarbonylbis 
- (triphenylphosphine)iridium(I), (0.82 g. - 1 m.mole), in
degassed benzene, (15 mis,), and ether, (5 mis.). The tube 
was sealed under vacuum and after allowing to warm to room 
temperature, shaken mechanically for 24 h, to yield a very pale 
yellow- crystalline solid which was filtered off and after 
washing with a few mis of warm benzene and ether dried in air.
The complex was identified by analytical and infrared data as 
bromocarbonyl (tertrafluoroethylene)bis(triphenylphosphine) 
-IridiumClIT), (0.60 g. - 65%).

2.4.4.1.2. Hexafluorobut-2-yne.
As for 2.4.4.1.I. using hexafluorobut-2-yne, (1 ml.).

The complex was identified as bromocarbonyl(hexafluorobut-2-yne) 
^bis (triphenylphosphine)iridium(III), (0.70 g . - 72%) , from
analytical and infrared data.

2.4.4.2. Reactions Of iodocarbonyIbis(triphenylphosphine)iridium 
-(I) with;-

2.4.4.2.I Tetrafluoroethylene.
As for 2.4.4.T.I. using iodocarbonylbis(triphenyl

-phosphine)iridium(I), (0.87 g. - 1 m.mole), the complex was
identified as iodocarbonyl(tetrafluoroethylene)bis(triphenyl
-phosphine)iridium(III), (0.68 g. - 68%) from analytical and
infrared data.
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2.4.4.2.2, Hèxafluorobut-2-yne.
As for 2.4.4.I.I. using iodocarbonylbis(triphenyl 

-phosphine)iridium(I), (0.87 g. - 1 m.mole) and hexafluorobut-2
-yne, (1 ml.). The complex was identified as iodocarbonyl(hexa 
-fluorobut-2-yne)bis(triphenylphosphine)iridium(III), (0.81 g
- 78%), from analytical and infrared data.



2.5. APPENDICES.
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CHAPTER THREE.
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3.1. INTRODUCTION.
Platinum complexes of the type PtfPPh^jgL,

(L = olefin , acetylene) are well known and crystal
120structure determinations for tetracyanoethylene and diphenyl 

121^acetylene have shown the presence of a x bonded moiety.
However, more recent studies have shown that-in 

the presence of hydroxylic solvents- chloro and bromo olefin 
complexes readily isomerise to the corresponding vinyl complexes
Treatment of tetrakis(triphenylphosphine)platinum(0) with

zene at 
122,123

tetrachloroethylene in benzene at I05°C yields the olefin
complex PtCr-C2Cl^) (PPh^)2

^ C C l ,
Pt(PPh_). + C-Cl. PhH/I05° ^ P t ^  I

^  ̂ CCI2

L = PPb^

however if this olefin complex is refluxed in ethanol rearrang
12 3^ement yields the perchlorovinyl complex PtCl(C2Clg)(PPhg)2.

Cl1L. .UCI2 L C==C C l2
Pt

"^CCl
EtOH/78^ Pt"

2 ^ C 1

.Studies on this isomérisation indicate that the ^ 
reaction proceeds via, an ionic intermediate [Pt (C2CI2) (PPh^)

the isomérisation of Pt(CHCl=CCl2) (PPhg)2 is more intramolec 
125^ular however.

This type of rearrangement had previously been
126observed when the olefin complex Pt (CF2==CFC1) (PPhg)2 was
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heated to just below its melting point to give the vinyl
complex trans-Pt (Cl) (CF=CF2) (PPhg)2.

In the mechanism proposed, for the polymerisation
of monosubstituted acetylenes by Ni (CO)2 (FPh^ ) 2 an analagous
rearrangement of the acetylene complex, Ni PhC=CH) (PPhg)2

127to an acetylide. Ni CH) (C— CPh) (PPhg)2 has been suggested
128Stone et al. have reacted tetrakis(triphenylphos 

-phine)platinum CO) with fluoroolefins to yield crystalline 
complexes of the type Pt ( tt-fluoroolefin) (PPhg)2 ( = C2F^,
C2F2CI, C2F2(CF2), C2F2CCI2/ cyclo-C^F^, cyclo-C^F^^, and 
C F ^ = C F — C F = C F2)/ similar reactions occurred using tetrakis 
•^methyldiphenylphosphine)platinum(0) and C2F2X (X = Cl, Br) .
In refluxing n-butanol the olefin complexes Pt ( tp-C2F2X) (PPh2R) 2 / 
(X = Cl, Br; R = Me, Ph ) rearrange to yield the trans vinyl 
complexes^ trans-Pt (X) CC2F2) (PPh2R) 2 • c

Further studies have shown that:-
Ci) The rate of isomérisation has been shown to be

/

enhanced by more basic phosphines; eg Pt(C2F^X)(PPh2Me) will
129 130vinylise in ethanol at room temperature CX = Cl, Br) '

(ii) Bromoolefins vinylise more readily than
129the corresponding chloroolefins

(iii) Palladium CO) and nickel CO) form vinyls more 
readily than platinum^^^'^^^.

' If such a reaction could be induced for a tt bonded 
tetraf luoroethylene this would provide a route into vinyl compl 
•^exes containg mçtal-fluorine bonds.

CF2 L CCF)=CF2
Pt-

( ? )
CF2
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This reaction is not observed for the triphenylphosphine 
complex in boiling ethanol or n-butanol.

We thus decided to investigate a similar reaction 
for the triphenylarsine complex to establish the effect of AsPh^ in 
relation to the other donor ligands in this reaction. ^

The triphenylarsine olefin complexes can be obtained
by the reaction of the olefin with tetrakis(triphenylarsine)

132-platinumCo); but since it has recently been shown that both 
thermal and photochemical reactions of carbonatobis(triphenyl 
^arsine)platinum (11) in alcoholic solvents provides a convenient 
source of bis (triphenylarsine)platinum(0) we therefore decided 
to investigate the usefulness of this system for the synthesis 
of zerovalent platinum halo-olefin complexes. The main advantage 
being the very 'clean' nature of this source of bis(triphenyl 
-arsine) platinum Co).

3.2. RESULTS AND DISCUSSION.
Tetrafluoroethylene, hexafluoropropene, trifluoro 

-ethylene, tetracyanoethylene and hexafluorobut-2-yne readily 
react with an ethanolic suspension of carbonatobis(triphenyl 
^arsine)platinum (II) at 40^C to give high yields of the approp 
-riate olefin complexes Pt(%-olefin) (AsPhg)2 and Pt (CF^C^CCF^) 
-(AsPh2)2 which are identical to the complexes previously prepared 
via, tetrakis (triphenylarsine)platinum(0). However, whilst 
both chlorotrifluoroethylene and bromotrifluoroethylene react 
with PtCAsPhg)^ in benzene at room temperature to produce olefin

complexes, Pt(C2FgX)(AsPh2)2  ̂ ( X = Cl^^^, Br), the reaction of 
these olefins with PtXUO^)(AsPh2)2 in ethand at 40°C gives vinyl 
complexes PtX(CF==CF2)(AsPh2)2 which are readily characterised
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by the appearance of the C =  C stretching vibration of the tri 
-fluorovinyl ligand in their infrared spectra as well as a 
platinum-chlorine stretching vibration in the product when 
X = Cl.

The reaction of both chlorotrifluoroethylene and
bromotrifluoroethylene with the carbonate complex could involve
an ionic intermediate, (Ph^As) ̂ Pt— CF (X)— CF^ , prior to the
formation of the vinyl complex as has been suggested for some

134analogous systems . Alternatively intermediate olefins
could be formed which subsequently, undergo a vinyl rearrangement
in the solvent ethanol ' . Some evidence for this latter
scheme is provided by the observation that both Pt(CF2= C F C 1)
^^AsPhgïg and Pt CCF2= C F B r )  (AsPh^) 2 give the corresponding vinyl
complexes when suspended in ethanol at 40^C. Further since
we also find that the reaction of tetrakis(triphenylarsine)
T-platinum Co) with either chloro- or bromotrif luoroethylene in
benzene solutions at 40°C gives only vinyl complexes whereas it
is Icnown that the corresponding reactions with tetrakis (triphenyl

128
- p h o s p h i n e )platinum ( 0 }  give olefin complexes it is clear that t h e  

triphenylarsine ligands enhance this vinyl rearrangement. In 
other investigations it has been shown that Pt(CF^=CFBr) (PPh2Me) 
undergoes rea angement to the vinyl complex more readily than 
Pt (CF2=CFBr) (PPh^)^^ .

123In some previous studies we have shown that 
tetrachloroethylene reacts with Pt(PhC^CPh) (PPh^ ) 2 to produce 
the olefin complex, Pt (Cl2 C = C C l 2 ) (PPhg)2 . However the anal 
^ogous reaction with Pt (PhC=CPh) (AsPhg) 2  in benzene at room 
temperature gives the vinyl Pt(Cl) (CCl=CCl 2 ) CAsPh2 )2 « in view 
of these findings it is theoaCore not surprising that the tetra 
^chloroethylene reacts with Pt(C0 2 )(AsPh^ ) 2  in ethanol at 40^C
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to give PtCl (CCl=CCl 2 ) (AsPh^) 2 • The corresponding reactions
with tetrabromoethylene and tetraiodoethylene give the dihalo
complexes, PtX2 (AsPh^)2 •

Although triphenylarsine enhances the olefin-vinyl
rearrangement it is noteworthy that we have obtained no evidence
for the isomérisation of the tetrafluoroethylene complex, Pt
-(C2 F 4 ) CAsPhg)2 / to the vinyl complex, even in boiling butanol.
The high strength of the carbon-fluorine bond presumably
inhibits this rearrangement. Treatment of Pt(C2F^) (PPhg)2
Vith lithium iodide in benzene/ethanol at 95^C does produce a
vinyl complex, PtI (CF=^CF2) (PPh^) 2 / ( C = C  = 1735 cm )̂ ,
since the high lattice energy of lithium fluoride formed provides
a driving force for the reaction; however, below 95°C a mixture

135of Pt 0 0 2 ^^) CPPh3 ) 2  and Pti CCF=CF 2 ) (PPh3 ) 2 is obtained



3.3. EXPERIMENTAL

3.3.1. Synthesis of reagents and preparation of 
precursors.

3.3.2. Synthesis of carbonatobis(triphenylarsine) 
-platinum Cl I) .

3.3.3. Reactions of carbonatobis(triphenylarsine) 
-platinum (II) with :-
3.3.3.1. Tetrafluoroethylene.
3.3.3.2. Trifluoroethylene.
3.3.3.3. Hexafluoropropene.
3.3.3.4. Tetracyanoethylene.
3.3.3.5. Chlorotrifluoroethylene.
3. 3. 3. 6. Bromotrifluoroethylene.
3.3.3.7. Tetrachloroethylene.
3.3.3.8. Tetrabromoethylene.
3.3.3.9. Tertraiodoethylene.
3.3.3.10. Diphenylacetylene.
3.3.3.11. Hexafluorobut-2-yne.
3.3.3.12. Fumaronitrile.
3.3.3.13. 1 ,2-difluoroethylene.

3.3.4. Reaction of tetrakis (triph.enylarsine)platinum(0) 
with :-
3.3.4.1. . Chlorotrifluoroethylene.
3.3.4.2. Bromotrifluoroethylene.



3.3.5. Isomérisation of the olefin complexes Pt(C2F2X)
-(AsPh2)2 “̂
3.3.5.1. X = Cl. (Chlorotrifluoroethylene)
3.3.5.2. X = Br (Bromotrifluoroethylene)

3.3.6. Reactions of Pt (AsPh )̂2 ̂ "̂ olan) with;-
3.3.6.1. Tetrachloroethylene.
3.3.6.2. Tetracyanoethylene.

3.3.7. Attempted vinylisation of tetrafluoroethylene 
complexes.
3.3.7.1. Tetrafluoroethylenebis(triphenylphos 

-phine)platinum(0).
3.3.7.2. Tetrafluoroethylenebis(triphenylarsine) 

platinum CO).
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3.3.1. Unless otherwise stated chemicals were used
without further purification.
Potassium chloroplatinite was obtained on loan from 

Johnson Matt hey ; aqueous solutions were filtered to remove
traces of chloroplatinate before use.

Triphenylarsine and tetracyanoethylene from Ralph
Emanuel.

Fumaronitrile - Fluka.
Diphenylacetylene - Koch Light.
Tetrabromoethylene and tetraiodoethylene from K & K

Laboratories.

Tetrachloroethylene - Kodak.

Bromotrifluoroethylene and chlorotrifluoroethylene 
from Matheson Co.

Hexafluoropropene and hexafluorobut-2-yne from 
Peninsular Chemicals (Bristol Organics).

1,2-difluoroethylene, trifluoroethylene and tri 
-fluoroacetonitrile from Pierce Chemical Co.

Tetrafluoroethylene was prepared by the pyrolysis 
of polytetrafluoroethylene (I.e.I.) under high vacuum

Ethanol was redistilled in a stream of dry nitrogen. 

Dichlorobis(triphenylarsine)platinum(II) and tetra
riphen}1 ocroutes'

Spectroscopic and analytical specifications as for

-kis(triphenylphosphine)platinum(0) were prepared by literature 
,136

1.4.1.
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3.3.2. Preparation of carbonatobis(triphenylarsine)platinum(0).
A solution of cis-dichlorobis (triphenylarsine) 

platinum(II) , (0.88 g. - 1 m.mole), in methylene chloride,
(50 mis,), was shaken at room temperature with an excess of 
freshly prepared silver carbonate, (2.0 g. - 9 m.mole). After
2h. the deep yellow solution had become colourless and the
precipitated silver chloride and excess silver carbonate were
filtered off. The filtrate was evaporated under reduced press
Ture until the complex just began to crystallise. Diethyl 
ether, (100 mis.) was then added slowly to the vigorously shaken 
solution to give white crystals of carbonatobis (triphenylarsine) 
-platinum(II). / (0.82 g. - 95%), identified by analytical and
infrared data.

3.3.3. Reactions of carbonatobis(triphenylarsine)platinum(II).

3.3.3.1. Reaction with tetrafluoroethylene.
Tetrafluoroethylene, (I ml.), was condensed (-196°)

into a Carius tube containing a suspension of carbonatobis(tri
phenylarsine)platinum(II), (0.89 g. - 1.0 m.mole), in degassed
ethanol, (20 ml.),. After mechanical shaking of the tube at
40° for 2 days the colourless crystals which had been deposited
were collected and washed with methanol (3 x 5 ml.). The
product was identified as tetrafluoroethylenebis (triphenylarsine)
-platinum(0), (0.85 g. - 94%), by comparison of its infrared 

19and F spectra with that of an authentic sample.

3.3.3.2. Reaction with trifluoroethylene.
As for 3.3.3.1. using trifluoroethylene, (I ml.), 

which gave after 3 h. ; trifluoroethylenebis(triphenylarsine)
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-platinum(O) , Pt (CF2= C F H )  (AsPh^) 2 / (70%).

3.3.3.3. Reaction with hexafluoropropene.
As for 3. 3. 3.1 . using hexaf luoropropene, ( I  ml.O 

which gave after 2 days; kexafluoropropenebis(triphenylarsine) 
-platinum(0), Pt(CF2— CFCF^) (AsPh^)2 / (9 5 %).

3.3.3.4. Reaction with tetracyanoethylene.
Tetracyanoethylene, (0.13 g. - 1 m.mole), was 

shaken in a Carius tube at 40° with a suspension of carbqnato 
-bis(triphenylarsine)platinum(II), (0.89 g. - 1 m.ole), in degassed 
ethanol, (20 mis.), for 2 days. The bright white crystals 
that were deposited were filtered off and after washing with 
methanol (3 x 5 ml.) dried in vacuo at 56°. The product was 
identified as tetracyanoethylenebis(triphenylarsine)platinum(O),
Pt j (CN) 2 C = C  (CN) 2 } (AsPh^) 2 / (0.96 g. - 90%), from infrared and 
analytical data.

3.3.3.5. Reaction with chlorotrifluoroethylene.
As for 3.3.3.I . using chlorotrifluoroethylene, (1 ml), 

which gave after 18 h. the vinyl complex PtCl (CF=CF2) (AsPhg)2, 
(74%).

3. 3. 3. 6. Reaction with bromotrifluoroethylene.
As for 3.3.3.I . using bromotrifluoroethylene, (1 ml), 

which gave after 12 h. the vinyl complex PtBr (CF=CF2) (AsPh^kg, 
(72%).

3.3.3.7. Reaction with tetrachloroethylene.
As for 3.3.3.4. using tetrachloroethylene, (1 ml), 

which gave after 18 h. sandy yellow crystals of the vinyl com 
-plex PtCl (CCl=CCl 2 ) (AsPh3 )2 / (63%).
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3.3.3.8. Reaction with tetrabromoethylene.
As for 3 . 3.3.4. using tetrabromoethylene, (0.35 g.

- 1 m.mole),which gave after 2 days dibromobis(triphenylarsine) 
-platinum(II), PtBr^(AsPh^)^, (100%).

3.3.3.9. Reaction with tetraiodoethylene.
As for 3.3.3.4. using tetrabromoethylene, (0.54 g

- 1 m.mole), which gaye after 2 days diiodobis (triphenylarsine) 
-platinumCII), Ptl^(AsPh3)2, (100%).

3.3.3.10. Reaction with diphenylacetylene.
As for 3.3.3%4. using tolan, (0.18 g. - 1 m.mole) 

which after 2 days gave diphenylacetylenebis(triphenylarsine) 
T-platinum(O), Pt (tolan) (AsPh^) 2 , (68%).

3.3.3.11. Reaction with hexafluorobut-2-yne.
As for 3,3.3.I . using hexafluorobut-2-yne, (1 ml.), 

which after 18 h. gaye hexafluorobut-2-ynebis(triphenylarsine) 
-platinumCO) , Pt | (CF3)CSC (CF3) } (AsPh^) 2 / (92%).

3.3.3.12. Reaction with fumaronitrile.
As for 3.3.3.4. using fumaronitrile, (0.1 g. -1.25 

m.mole), The contents of the tube became a very dark brown 
within a few hours and no pure products could be isolated.

3.3.3.13. Reaction with 1.2-difluoroethylene.
As for 3.3.3.I . using 1 ,2-difluoroethylene, (I ml). 

The contents of the tube became a very dark brown within an 
hour and no pure product could be isolated; even at r.t. 
a dark brown solution was produced with 3 hours. \
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3.3.4. Reactions of tetrakis(triphenylarsine)platinum(0)

3.3.4.1. With chlorotrifluoroethvlene.
Synthesis of the olefin complex Pt(C2 F2 CI)(AsPh^)2
Chlorotrifluoroethylene, (I ml.), was condensed (-196^) 

into a Carius tube containing a suspension of tetrakis(triphenyl 
-arsine)platinum(0) , (0.72 g. 0.5 m.mole) in degassed benzene, 
(.20 mis. ) . After shaking the tube for 3 hours at room tempe 
-rature the solution was filtered to remove a small deposit of 
platinum metal and the filtrate evaporated to dryness under 
reduced pressure at room temperature. The white residue was 
dissolved in methylene chloride, (10 mis.), and diethyl ether,
(10 mis.) added. Dropwise addition of petrol Cb.pt. 60-80) 
with vigorous shaking yielded a highly crystalline white solid. 
This was filtered off and afterwashina with diethyl ether dried 
in vacuo at .r.t. The compound was identifed as chlorotrifluoro 
•^thylenebis Ctriphenylarsine)platinum CO) , (C2F2CI) (AsPh2)2Pt 
CO.33 g. - 72%), from infrared and analytical data.

3.3.4.2. With bromotrifluoroethylene.
Synthesis of the olefin complex Pt(C2F2Br)(AsPhg)2
As for" 3.3.4.I . using brcmotrifluoroethylene, (I ml.) 

to yield bromotrifluoroethylenebis(triphenylarsine)platinum(0), 
CC2F2Br) (AsPh3)2Pt, (0.28 g. - 58%) .

3.3.5. Isomérisation of the olefin complexes Pt(C2F2X)(AsPh3)2 
( X = Cl, Br).
A suspension of the olefin complex Pt(C2F3X)(AsPh3)2, 

(0.5 m.mole), (25 mis.) was shaken occasionally and maintained 
at 40^ for several days. During this time the crystal form of 
the complex was observed to change and very long needle like
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crystals were deposited. These were filtered off and after 
washing with a few mis of ether dried in vacuo at r . t  . Infra 
-red spectra indicated complete conversion to the corresponding 
vinyl complex by the appearance of a very strong C = C  stretching 
vibration of the trifluorovinyl ligand and, for the chloro-olefin, 
a platinum-chlorine stretching vibration.

3.3.6. Reaction of Pt (tolan) (AsPh^)3

3.3.6.1. Reaction with tetrachloroethylene.
Tetrachloroethylene, ( 1 ml.) was added to a solution

of diphenylacetylenebis(triphenylarsine)platinum(0), (0.49 g.
^0.5 m.mole), in ether, (35 mis). The pale yellow solution 
was allowed to stand at r.t. for several hours and the solvent 
then removed under reduce^ pressure to leave a yellow oil.
This was recrystallised from dichloromethane/ether-petrol 
to give a white highly crystaline solid, which after 
washing with a few mis of ether was dried in vacuo at r . t .

The complex was identified as the chloro-vinyl complex,
Pt.CCl) (C2 F 3 ) (AsPh^) 2 f (0.27 g. - 55%) by comparison of the 
melting point and infra-red spectra with an authentic sample.

3.3.6.2. Reaction with tetracyanoethylene.
Tetracyanoethylene, (0.07 g. - 0.5 m.mole), in

benzene, (5 mis.), was added to a solution of diphenylacetylene 
bis(triphenylarsine)platinum(0), (0.49 g. - 0.5 m.mole), in 
ether, (35 mis.). The colour of both solutions was very 
rapidly discharged and within a few minutes a crop of very 
fine colourless crystals was deposited. These were filtered 
off , and after washing with a few mis of ether dried in vacuo.
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The complex was identified as tetracyanoethylenebis(triphenyl 
-arsine) platinum CO) / | (CN) 2C = C  (CN) 2} (AsPh^) 2?t, (0.43 g.- 92%) 
by comparison of melting point and infrared spectra with an 
authentic sample.

3.3.7. Attempted vinylisation of tetrafluoroethylene complexes

3.3.7.1. Tetrafluoroethylenebis(triphenylphosphine)platinum(0).
Tetrafluoroethylenebis(triphenylphosphine)platinum 

- (0 ) , (0.20 g. - 0.25 m.mole), was refluxed in ethanol for
eight hours. The product was filtered off and examined by 
infrared spectroscopy, and found to be the starting material. 
There was no evidence for the presence of any vinyl complex.

The reaction was repeated using n-butanol (b.pt. 
117^) but vinylisation was still not observed, and the starting 
material isolated.

3.3.7.2. Tetrafluoroethylenebis(triphenylarsine)platinum(0)
Tetrafluoroethylenebis(triphenylarsine)platinum(0) 

(0.23 g. 'T 0.25 m.mole) was refluxed for 8-10 h. in both 
ethanol and n-butanol , however, no evidence was found for the 
presence of the vinyl complex in either reaction; and the 
starting material was isolated in both cases.



3.4. APPENDICES.
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4.1. INTRODUCTION.
AS part of our study of phosphine complexes of the 

platinum group metals, containing metal fluorine bonds, we 
have found that one of the most convenient routes to such 
complexes is halide exchange on square planar complexes of 
the type MCI (CO) (PPh^jg , (M = Rh, Ir)..

We thus decided to investigate new synthetic 
routes to series of such complexes.

4.2. RESULTS AND DISCUSSION.
We have found that the reaction of hydrogen chloride

or bromide with square planar rhodium(I) complexes Rh(acac)
-(CO)L, (L = PPhg, AsPhg) yields halogen bridged dimers
[RhX(CO)L]2, (X = Cl, Br). Similar reactions using hydrogen
fluoride are, however, unsuccessful.

These complexes are readily cleaved by donor
ligands L', to give mixed ligand complexes RhX(CO)LL'
(L' = PPhg, AsPhj, SbPhg, P (OPh)^ )

The reaction of triphenylphosphine with [phCl(CO)J 2
137was thought to initially involve halogen bridge cleavage ,

further s t u d i e s h a v e  shown that the first step in the '
reaction involves carbonyl displacement to give the halogen
bridged dimer, [PhCl (CO) (PPh2^ 2"

The halogen bridged dimers, [RhX(CO)l]2  ̂ (X = Cl,
Br; L = PPhg, AsPhg) exhibit one strong carbonyl stretching
frequency, but in the absence of dipole moment data it is not
possible to assign either cis- or trans- structures to these

-1complexes. In the region 400-200 cm the chloro complex
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-1shows two strong bands in the range 2 60-300 cm which are 
absent from the spectra of the corresponding bromides and 
hence can be assigned to rhodium - chlorine stretching 
frequencies.

r *1 140The dimeric halogen bridged complexes RhClfCO). «
r n 141 ,142 L J
[RhCl (C2 H^)2J 2 and (1,5C0D) RhCl2 Rh{P (OPh) 3 } 2 have been
shown by X-ray studies to contain a bent RhCl2Rh unit 02^
symmetry whereas in [phCl (1, 5 C 0 D ) J a  planar RhCl2Rh unit
^2h ^y^^^atry is present. Infrared studies on these types
of complexes have shown that the spectra obtained do not
always distinguish a bent RhCl2Rh unit from a planar arrang 

144-ement . Consequently although only two rhodium-chlorine
stretching frequencies are observed for the complexes
[RhCl(CO)lJ2/ (L = PPh3, AsPh3), which would be consistent
with a planar arrangement, the present data does not preclude
a bent RhCl2Rh unit.

The precursors for the halogen bridged complexes
Rh(acac)(CO)L have previously been prepared by the action

145of the ligand L on Rh(acac) (CO) 2 • However^ during the course
of our studies, we have found that the phosphine complex,
Rh(acac) (CO) (PPh3), can also be prepared by the action of 
carbon monoxide upon. Rh (acac) (PPh3)2

The mixed ligand complexes are formulated with a 
trans- configuration since their carbonyl and halogen stret

«

-ching frequencies are very similar to those found in the 
adducts trans-RhX (CO) (PPh3) 2 .

Recently it has also been independently 
reported that the chlorine bridge in di-^-chlorodicarbonyl 
-bis(triphenylphosphine)dirhodium(I) is cleaved by donor 
ligands^39.



4.3. EXPERIMENTAL.

4.3.1. Purification or reagents and preparation of 
precursors.

4.3.2. Synthesis of the halogen bridged complexes 
[RhX (CO)l] 2

4.3.2.1. Di-p-chlorodicarbonylbis(triphenyl 
-phosphine)dirhodium(I).

4.3.2.2. Di-^-chlorodicarbonylbis(triphenyl 
-arsine)dirhodium(I).

4.3.2.3. Di-^-bromodicarbonylbis(triphenyl 
-phosphine)dirhodium(I).

4.3. 2.4. Di-At-bromodicarbonylbis (triphenyl
-arsine)dirhodium (I).

4.3.3. Synthesis of the mixed ligand complexes
RhX(CO)LL' by cleavage of the halogen bridged 
dimers [RhX (CO) l]  ̂•

4.3.3.1. Reactions of di-M-chlorodicarbonyl 
bis(triphenylphosphine)dirhodium(I) 
with:-
4.3.3.1.1. Triphenylphosphine.
4.3.3.1.2. Triphenylarsine.
4.3.3.1.3. Triphenylstibine.
4.3.3.1.4. Triphenylphosphite.

4.3.3.2. Reactions of di-M-chlorodicarbonyl 
bis(triphenylarsine)dirhodium(I) 
with:-
4.3.3.2.I Triphenylarsine.
4.3.3.2.2. Triphenylstibine.
4.3.3.2.3. Triphenylphosphite.

4.3.3.3. Reaction of di-M-bromodicarbonyl 
bis (triphenylphosphine)dirhodium(I) 
with :-



4.3.3.3.1. Triphenylphosphine.
4.3.3.3.2. Triphenylarsine.
4.3.3.3.3. Triphenylstibine.
4.313.3.4. Triphenylphosphite.

4.3.3.4 Reactions of di-M-bromodicarbonyl 
bis (triphenylarsine)dirhodium(I) 
with;-
4.3.3.4.I Triphenylarsine.
4.3.3.4.2. Triphenylstibine.
4.3.3.4.3. Triphenylphosphite.
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4.3.1. Unless otherwise stated chemicals were used
without further purification.

Hydrated rhodium trichloride was obtained on 
loan from Johnson Matthey.

Triphenylarsine - Ralph Emanuel.
Triphenylantimony and triphenylphosphite from B.D.H.
Triphenylphosphine, a gift from Albright and Wilson 

was recrystallised from ethanol.

Standard solutions of hydrogen chloride and hydrogen 
bromide were made by diluting concentrated (or constant boiling 
point) acid with methanol. The exact molarity was found by 
titration against standard aqueous sodium hydroxide using phenol 
^pthalein.

{CCOD)RhCl}2̂ ^^ (COD)Rh(acac)L(CO)Rh(acac)
(L= AsPhg, PPh2)and Na(Acac)^^^were prepared by literature routes.

CCO) 2Rh (Acac) was prepared from (COD) Rh (Acac) 
by reaction with carbon monoxide in petrol.

'a slow stream of carbon monoxide was bubbled 
through a saturated solution of (COD)Rh(acac) in petrol(below 
40*̂ C grade) maintained at O^C (ice/water) . Within a few seconds 
the solution darkened and almost quantitative precipitation of 
(CO)2Rh(acac) occurred. This was filtered off, dried in vacuo 
at R.T. and used without further purification. ''

Molecular weights were obtained on a'Mechrolab' 
vapour pressure osmometer in benzene at 38°C.
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4.3.2. Synthesis of the halogen bridged complexes
[RhX (CO) L] .
—  2

The calculated volume of a freshly prepared and 
-2 -Isstandardised (ça. 10 Mi) solution of the acid HX (X = Cl,

Br) in dry methanol was added dropwise to a vigorously stirred 
suspension of the•acetylacetonato complex Rh(acac) (CO)L,
(I.O m.mole) (L = PPh^, AsPh^) in ether, (35 mis). The 
original yellow suspension instantly yielded fine orange 
crystals whichwere filtered off, washed with ether and dried 
under vacuo at 56^C.

Using this method we prepared:-

4.3.2.1 Di“M“Chlorodicarbonylbis(triphenylphosphine)di
rhodium(I), (0.38 g. - 90%), from (acetylacetonato) carbonyl 
(triphenylphosphine)rhodium(I), (0.50 g. - 1 m.mole), and
hydrogen chloride.

\

4.3.2.2 Di“M“Chlofodicarbonylbis (triphenylarsine)di 
rhodium(I), (0.42 g. - 89%), from (acetylacetonato)carbonyl 
(triphenylarsine)rhodium(I), (0.55 g. - 1 m.mole), and 
hydrogen chloride.

4.3.2.3 Di-p-bromodicarbonylbis(triphenylphosphine)di
rhodium(I), (0.34 g. - 87%); from,(acetylacetonato)carbonyl
(triphenylphosphine)rhodium(I), (0.50 g. - 1 m.mole), and
hydrogen bromide.

4.3.2.4. Di“M“ bromodicarbonyIbis(triphenylarsine)di
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rhodium (I) , (0.46 g. - 89%), from (acetylacetonato)carbonyl 
(triphenylarsine)rhodium(I), (0.55 g. - 1 m.mole), and 
hydrogen bromide.

,4.3.3. Synthesis of the mixed ligand complex RhX(C0)LL*
by halogen bridge cleavage of the dimers [fihX(CO)L].̂

A solution of the donor ligand L', (L' = PPh^, 
AsPhg, SbPhg, P(OPh)g ), (1 m.mole), in ether, (10 mis), 
was added to a solution/ suspension of the dimeric halogen . 
bridged complexes |^X (CO)L^j ̂ , (X = Cl, Br L = PPh^, AsPh^), 
(0.5 m.mole), in warm benzene, (25 mis).

A clear yellow solution was immediately formed 
(except in the case of triphenylstibene where a very deep 
red solution was produced) which was left to stand at 0°C 
overnight to yield a crop of yellow crystals. These were 
filtered off washed with a few mis of ethanol and then ether 
and dried in vacuo at 56°C. A second crop could be obtained 
by concentration of the filtrate and the addition of ethanol 
/ether.

4.3.3.1. Reaction of di-^-chlorodicarbonylbis(triphenyl 
-phosphine)dirhodium(I).
From, Rh2 Cl2 (CO)2 (PPh^)2  ̂ (0.43 g. - 0.5 m.mole) 

we prepared:-
4.3.3.1.1. Chlorocarbonylbis(triphenylphosphine)rhodium (I) 

(0.66 g. - 100%),using triphenylphosphine,
(0.26 g. - 1 m.mole).

4.3.3.1.2. Chlorocarbony1 (triphenylarsine)triphenylphos 
-phine)rhodium(I), (0.69 g. - 92%), using
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triphenylarsine, (0.31 g. - 1 m.mole).
4.3.3.1.3. Chlorocarbonyl(triphenylantimony) (triphenylphos 

-phine)rhodium(I), (0.63 g. - 80%), using
triphenylstibine, (0.35 g. - 1 m.mole).

4.3.3.1.4. Chlorocarbonyl(triphenylphosphine)(triphenylphos 
-phite)rhodium(I), (0.57 g. - 77%), using
triphenylphosphite, (0.31 g. - 1 m.mole).

4.3.3.2. Reactions of di-M-chlorodicarbonvlbis(triphenvl
-arsine)dirhodium(I).
From Rh2Cl2(CO)2 (AsPh^)2/ (0.48 g. - 0.5 m.mole)

we prepared ;-
4.3.3.2.1. Chlorocarbonylbis(triphenylarsine)rhodium(I), 

(0.74 g. - 97%), using triphenylarsine,
(0.31 g. - 1 m.mole).

4.3.3.2.2. Chlorocarbonyl(triphenylarsine) (triphenyl 
-antimony)rhodium(I), (0.60 g. - 73%), using
triphenylstibine, (0.35 g. - 1 m.mole).

4.3.3.2.3. Chlorocarbonyl(triphenylarsine)(triphenylphos 
-phite)rhodium(I), (0.55 g. - 70%), using
triphenylphosphite, (0.31 g.. - 1 m.mole).

4.3.3.3. Reactions of di-M-bromodicarbonylbis(triphenyl 
phosphine)dirhodium(I).
From Rh2Br2(CO)2 (PPh^)2/ (0.47 g. - 0.5 m.mole) 

we prepared:-
4.3.3.3.I. Bromomcarbonylbis(triphenylphosphine)rhodium(I), 

(0.67 g. - 95%), using triphenylphosphine 
(0.26 g. - 1 m.mole). û
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4.3.3.3.2. Bromocarbonyl(triphenylarsine)(triphenylphos 
-phine) rhodium(I), (0.68 g. - 87%), using
triphenylarsine*, (0.31 g. - 1 m.mole).

4.3.3.3.3. Bromocarbonyl(triphenylantimony)(triphenylphos 
-phine)rhodium(I), (o.59 g. - 71%), using
triphenylstibine, (0.35 g. - 1 m.mole).

4. 3. 3. 3.4. Bromocarbonyl(triphenylphosphine) (triphenylpho 
-sphite)rhodium(I), (0.57 g. - 71%), using 
triphenylphosphite, (0.31 g. - 1 m.mole).

4.3.3.4. Reaction of di-M-bromodicarbonylbis(triphenvl 
arsine)dirhodium(I).
From Rh2Br2(CO)2 (AsPh^)2  ̂ (0.52 g. - 1 m.mole)

was prepared :-
4.3.3.4.I. BromocarbonyIbis(triphenylarsine)rhodium(I),

(0.72 g. - 91%), using triphenylarsine, (0.31 g.
- 1 m.mole).

4.3.3.4.2 Bromocarbonyl(triphenylarsine)(triphenylantimony) 
-rhodium(I), (0.59 g. - 68%)/ using triphenyl 
-stibine, (0.35 g. - 1 m.mole).

4.3.3.4.3. Bromocarbonyl(triphenylarsine)(triphenylpho 
-sphite)rhodium(I), (0.54 g. - 65%), using
triphenylphosphite, (0.31 g. - 1 m.mole).



4.4. APPENDICES.

4.4.1. Analytical data
4.4.2. Infrared data.
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5.1. INTRODUCTION.
The most extensive studies of oxidative addition 

reactions have been made on square planar iridium(I) complexes
of the type IrXfCOjLg (X =C1, Br, I; L= tertiary phosphine)

58,59,60,61 151“154and several reviews concerning this or aspects
of it have appeared.

Attempts have been made to classify the reactivity
of metal complexes^^^'^^^in a similar way to those found for
the organic chemistry of carbon; the oxidative addition of
d^ ( & d^^) complexes to that of carbenes, and d^ complexes to
alkyl radicals from their ability to be converted to diamagnetic
species by abstraction of radicals. This is however only a

157superficial comparison since, as Ugo has pointed out,many  

carbenes act as electrophiles a&ding preferentially to olefins 
with electron d o n a t in g  substituents; whereas nucleophilic

obehaviour is the main characteristic of the reactivity of d 
10and d complexes.

5.2. RESULTS AND DISCUSSION.
For Vaska's complex the oxidative addition of 

molecules of the type X2 (or XY) may occur by one of two 
limiting mechanisms (Fig. I); and result in either cis or 
trans adducts of the type IrCl(CO) (X) (Y) (PPh2)2*

Mechanism (A) is a concerted process involving a 
three centered transition state of low polarity, in which
both coordinating atoms of the addendum molecule interact\
simultaneously with the metal atom forming M“X and M“Y bonds.

Mechanism (B) involves a dipolar transition state 
very similar to those accepted for classical S^2 reactions of
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alkyl halides with non-metallic nucleophiles.
There is no reported evidence for free radical

mechansims in the case of two electron oxidations of the
metal [ir(I)—^ I r h o w e v e r ,  one electron oxidations of
Co (II) complexes with alkyl halides to give Co(III) alkyl

158compounds have been shown to involve alkyl radicals 
Although these are the only two basic mechanistic types to be 
considered there are several possible modifications. For 
example, a transition state of thé type (B) may result in 
complete ionisation with the liberation of free halide ion 
X in solution, or an ion pair may be formed which rapidly 
recombines. Alternatively, the complex may react with an 
alkyl halide which is coordinated to another metal, through

159r the halogen atom, a type of coordination shown to be possible 
Nevertheless," all mechanisms so far proposed are of 

one of these types , A or B ; and the main criteria that 
have been used in attempts to distinguish them are;-

(i) Type (A) should involve retention of config
uration at the carbon atom while for type (B) inversion should 
be observed.

(ii) The value of activation parameters for type 
(B) and their solvent dependence should be characteristic of 
reactions involving molecules of low polarity (for neutral 
complexes) reacting to give highly polar transition states; 
as, for example, in the Menschutkin reaction.

R^N + R-X -------  I R4N x'

(iii) It may be possible to detect ionic intermed 
iates, for example free halide generated from an alkyl halide
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which would support type (B).

It has been shown that the addition of MeX to IrY 
-(COiLg to give IrMe (X) (Y) (CO) (PPh^) both in solution '^°^d 
for the reaction of gaseous MeX with crystalline complexes is 
trans , and these trans additions are kinetically controlled. 
There is one report^^^ of cis addition of Mel to IrCl(CO)(PPh )̂2 
but later work has suggested that this is infact trans also. 
Trans addition of acetyl halides to IrX(CO)(PPhMe2)2 bas also 
been reported^^^.

The additions are however solvent dependent.
Whereas in benzene the addition of methyl iodide to chlorocarb 
-onylbis (phenyldimethylphosphine)iridium(I) is stereospecif 
-ically tranSy in the better ionising solvent methanol, a mixture 
is obtained

Me
,1

c o * ^
L 

55%

Me
,1:1

c c ^

40%

CO

Me

Cl

5%

The halide exchange reaction must occur during the oxidative
addition process since Ir(Me)I(Cl)(C0)(PMe2Ph^can be recovered
unchanged from refluxing methanol . Hence it has been suggested 
161 that the reaction occurs via a transition state of the type
(B) to give a five.coordinate (or six coordinate solvent contain
-ing) cationic alkyl iridium(III) complex and iodide ion, which
rapidly substitutes the chloride of the unreacted starting

64,164material as would be expected
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In benzene either the ions recombine via an ion pair before 
separation occurs or there is a different mechanism operating.

There is evidence to suggest that such a combination 
of ions would give the trans product since nucleophilic attack 
of five coordinate iridium(III) complexes occurs at the most 
electropositive site of the complex; that is trans to the 
most strongly sigma bonded ligand , (in this case below,H)^^^

L L

I I Cl ------- L*------- - Cl— ^ I r -- -Cl
I . v r  \

L

Thus for methyl iodide the solvated halide ion , 
would attack the iridium trans to the group with the greatest 
trans influence (in this case the methyl group) to give 
overall trans addition.

The observation of trans addition itself, however, 
is not evidence for a two step process since, as Pearson and 
Muir have pointed out, orbital symmetry considerations allow

162for either cis or trans addition to occur by one step processes.
Indeed the trans addition of gaseous methyl iodide to crystals
of IrCl(C0)L2/ (L=PPh^/ PMePhg) is unlikely to go by an ionic 

162mechanism . The addition of Mel to Irl(CO)(PPh )̂2 the 
137presence of 1“ leads to negligible incorporation of labelled

166iodine in the adduct (even though rapid equilibrium of free
and coordinated iodine might be expected for the iridium(I)

164complex prior to oxidative addition ), suggesting that the 
halide ion is not liberated in solution.
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167 r -1 j.However, King and Efraty claim evidence for llrMe (CO) 2 (’'-Cp)J
I as an intermediate in the reaction of methyl iodide with
Ir(%-Cp) (00)2-

The addition of Mel to Irl(CO)(PPh2)2 the presence
137of I"" leads to negligible incorporation of labelled iodine 

in the adduct, (even though rapid equilibrium of free and coo 
-rdinated iodine might be expected for the iridium(I) complex 
prior to oxidative addition ), suggesting that the halide is 
not liberated in solution.

162 168 Both retention and inversion of configuration
of the alkyl groups have been claimed for the addition of
alkyl bromides to,complexes of the type IrCl(C0)L2 in dichloro
-methane.

Optically active MeCHBrCCÿlt has been added to 
IrCl(CO)(PMePh2)2 to give an adduct which retained optical 
activity. Cleavage of the Ir-C bond by bromine regenerated
the halide with retained configuration and since it has been shown

1 6 9 , 1 7 0  ,that alkyl-metal bonds are cleaved by bromine with
162retention, Muir and Pearson argued that the configuration 

be
must also^retained during the oxidative addition. However,
Dodd and Johnson have shown that there may be a weak link in 

171this argument. Since cleavage of non-transition metal
alkyls by electrophiles is generally presumed to take place
with retention of configuration at the carbon atom, and this

172has been verified in a few cases ^ they expected to obtain 
(+) 1-methylhepty bromide from the reaction of optically active 
(1-methylheptyl)bis(dimethylglyoximinato)pyridenecobalt(III) 
with bromine in acetic acid. Since the product is substantially 
(-) 1-methylheptyl bromide one of the assumptions must be incorrect
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Either the reaction of the cobalt complex with the alkyl 
halide proceeds with retention of configuration or the cleavage 
of the M-C bond involves predominant inversion of configuration.

An opposite result has been reported for the
reaction of trans-2-fluorocyclohexylbromide with IrCl(CO)(PMeg)2

168for which inversion was demonstrated . Recently an attempt
to confirm this observation failed, and it was claimed that

173there was no reaction between these compounds
The reaction of silanes with trans-IrCl(CO) (PPhg)2

174seems to involve retention of configuration at silicon.

64Chock and Halpern have shown that the addition of 
methyl iodide to IrX(CO)(PPhg)2, (X= Cl, Br, I) is a second 
order process, first order in both iridium complex and methyl 
iodide; and.the dependence of the rate on the halide ion is 
C l > Br > I . Only methyl iodide and not the corresponding
bromide or chloride add to the triphenylphosphine complex;

161 160 with the more basic ligands PMe2Ph and PMePh2 these can
however be added. The reaction parameters are in the range
AH^= 5.6 - 8.8 k.cal.mol  ̂ and -rAS^= 43 - 51 e.u. in benzene.
Such large-AS values are usually associated with a large
increase in polarity or in considerable steric confines on
forming the transition state.

Large negative AS^ values have been obtained in
174,175the addition of R^SiH , a reaction unlikely to have an ionic

mechanism and, in this case, steric constraints may account
for this. The greatest change in A S^ was observed in going
from benzene, (-51 e.u.) to dimethylformamide, (-10 e.u.); the

64 166pattern in various solvents being similar to the reaction
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of pyridine with ethyl iodide, a reaction known to have a highly
polar transition state.

All of this provides strong evidence for a polar
transition state. However, care should be taken when interp

159rating the data in such solvents as DMF since Wilkinson has 
pointed out that methyl iodide produces conducting solutions 
in this solvent and a different mechanism may be operative. 
Equally in benzene a great driving force for this reaction may 
be the affinity of iodine for the solvent,as shown by the ready 
formation of charge transfer complexes.

Addition of hydrohalic acids to Vaska^s complex are
64very fast and so far no kinetic study has been reported.

The stereochemistry of addition has been established however,
and shown to be kinetically controlled in a few cases.

Crystals of IrY (CO) (PPh2)2 react with gaseous HX
72to give adducts with X and H in mutually cis positions and

since rearrangements are unlikely to occur in the solid state,
this probably reflects the mechanism of addition; with a One
step process most favoured.

The addition of HBr in ether to a solution of 
176 160 .IrCl (CO)L2/ (L= PPhg . -,PMePh2 ) in benzene has been reported

to give the same equilibrium mixture of isomers as obtained by
the addition of HCl to IrBr(C0)L2' but it was later shown
that in completely anhydrous conditions there is a kinetically

177controlled cis addition of HX . The presence of ionising
177solvents was shown to enable exchange of halide to occur

before, during and after the oxidative addition to give mixtures
1 6 0 ,1 7 6obtained in the earlier work , In ionising solvents .

the reaction is very likely to involve several stages; probably
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the addition of a proton and then a halide ion, but whether 
in non-ionising solvents a one step process occurs is still 
to be established.

One of the earliest and most important reported
reactions of IrCl(CO)(PPh2)2 Vaska was the reversible cis

178addition of hydrogen. The cis nature of the addition was
178initially established by infrared studies and later by some

^ 161,179.
n .m .r , studies

Rate and equilibrium constants have been determined 
for this reaction:

IrX(C0)L2 + 1 IrH2X(CO)L2

The equilibrium constant for this reaction (k^/k_^) showed
the following dependence on the ligands:-

(i) Ligand X ; I > B r > C l > SON> OCN for the reaction
q I Q Q oin chlorobenzene at 40 ; while in toluene at 80 the,order is

I « Br^ Cl; the precise order for I and Br depends on the
, 181 tertiary phosphine used

(ii) Ligand L ; For X = Cl in toluene at 80^ PBuPh2
> P (^Pr) ̂  P (OPh) P (P”tolyl) PPh2> p (cyclohexyl)>  P (benzyl) •

181The order is somewhat different when the halide is changed

Other ligands: Replacement of the carbonyl group by
thiocarbonyl to give Ir(CS)Cl(PPhg)2 results in no hydrogen

42uptake, reflecting the greater % acidity of the CS ligand ■ ;
replacement by PPh^, which is a poorer % acid and better a base

182result in irreversible uptake of hydrogen
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Activation parameters and thermochemical data for the overall 
reaction show that there is a much greater enthalpy than
entropy difference on going from the transition state to the
final state of the reaction, indicating that the main difference 
between the transition and final state is in the degree of Ir-H 
bond formation and the H-H bond cleavage rather than in the 
polarity or structuring of the molecules.

The kinetics of addition of oxygen to the complexes
5 8 , 6 4 , 1 7 6 , 1 8 3 , 1 8 4  , IrXfCOjLg have been studied by several workers who

all reported a reaction first order in both iridium complex and
gas concentration, with the reverse reaction being first order
in adduct concentration.

IrX(CO)L,+ 0,-.------------- IrXlOgitCOXLg

The rate of reaction of IrX(CO) (PPh^jg decreases in the order
181 185.I > Br > Cl but the dependence on k^ is not simple. Strohmeier

has compared changes in k^ with apparent electron density changes
186on the metal as estimated from v(CO)• , while Roper et al.

have examined the steric effects of oxygen uptake for cationic
65iridium (I) phosphine complexes

We have found that methyfluorosulphonate reacts with 
chlorocarbonyIbis(triphenylphosphine)iridium(I) in benzene to 
give a high yield of a white highly crystalline 1:1 adduct.
On the basis of infrared and analytical data we have assigned 
this to an octahedral iridium(III) adduct IrCl(SO^F)Me(CO) (PPh2)2 
containing an O bonded fluorosulphonate group.
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Alkali and alkaline earth fluorosulphonate complexes with
187both covalent and ionic fluorosulphonate groups are’known

A kinetic study has shown the reaction to be an 
irreversible bimolecular process exhibiting second order kinetics, 
the reaction rate being given by;

rate = [irCl (CO) (PPh^)^] [MeSO^p]

From a study of the rate at various temperatures we have obtained 
activation parameters for the reaction.

On the basis of previous data for oxidative addition 
reactions of Vaska*s complex two limiting mechanisms can be 
envisaged for this reaction.

(i) A concerted reaction involving sideways nucleo 
-philic attack of the iridium(I) complex with simultaneous 
formation of an Ir-C and Ir-0 bonds as the rate determining 
step with very little charge dispersion in the transition 
state.(MECHANISM A)

(ii) An S^2 reaction involving nucleophilic attack at 
the carbon atom involving significant charge dispersion , 
both carbon and iridium going through a five coordinate config 
-uration in the transition state. (MECHANISM B)

A cursory examination of> the activation parameters 
obtained for MeSO^F (A H^= 17 K.cal. , A  S^= -10.9 e.u.) compared 
to those obtained for the addition of other molecules such as 
hydrogen,oxygen or methyl iodide under identical conditions, 
show that the activation enthalpy is signficantly higher .than 
any of these; but that on the basis of the entropy term alone 
exhibits behaviour closer to hydrogen, and oxygen than to methyl
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iodide. (see table (I) )
However, we feel intuitively that since the methyl

Ô+ 5—-fluorosulphonate molecule is polarised Me SO^F, in a similar
way to and probably to a greater extent than methyl iodide, an

mechanism is more likely. Methyl fluorosulphonate is
infact a very powerful methylating agent readily quaternising 

2amines(some 10 times faster than other related molecules) 
and will even methylate amides (eg DMF) . All of these
reactions necessitating the formation of Me^ .

If the reaction does occur via. an Ŝ :2 type of reaction 
a comparison could be made with methyliodide which has been 
interpreted by Chock and Halpern 64,166. terms of such a 
pathway. Such a comparison, however, shows a great disparity 
in both their entropy ( Mel = -51 eu ; MeSO^F = -10.9 eu.) and 
their enthalpy ( Mel = 5.6 k.cal ; MeSO^F = 17 k.cal) of activation 
Ignoring , for the moment,solvation effects, the activation 
energy for these reactions can be related to,the strength of 
the Ir-C bond being formed |H^(Ir-C)} and that of the C-X 
(X= I, 0 ) bond being broken |h^(C-X)}.

% -jH^(Ir-C)} + |H^(C-X)}

There is however significant charge dispersion in the transition 
state and , assuming solvation of the iridium moiety remains 
essentially the same an enthalpy term is also present for the 
solvation of the Y species which is being generated 
The equation is thus modified;

A h ’‘ k  -jHf(Ir-C)} + |H^(C-X){ —  

(Y-I^SOgP)
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The assumption concerning the solvation of the iridium moiety 
is not very valid, particularly for solvents which have donor 
properties, since such molecules may become associated with 
the planar face opposite to that of the attaching group and 
will be displaced (with a concurrent change in enthalpy and 
entropy) as the configuration of the iridium molecule changes 
from square planar through an approximate square pyramidal 
(or trigonal bypyramid) to octahedral; equally solvation 
effects of the rest of the system which have been ignored will 
also effect the reaction enthalpy.

However, if we compare the contribution of the 
effects mentioned on the activation enthalpy for the addition* 
of methy iodide and methyl fluorosulphonate, the term involving 
the formation of the Ir-C bond will be essentially the same.
In fact, for MeSO^F it may be a little greater as a consequence 
of the more electropositive nature of the a carbon atom in 
this molecule compared to Mel. This is not significantly ref 
-lected in the difference in rates for the two compounds under 
identical conditions in their reaction with Vaska*s complex,
(Mel = S.SxIO^l.MT^sec”^; MeSO^F = 8. 7x10^LMT^sec"^) .
The activation enthalpy difference (Mel = 5.6 K.cal; MeSO^F 
= 17 K.cal) is thus a consequence of the differences between 
the strength of the C-X bond that must be broken |h ^(C-X)| 

and the solvation enthalpy i^sol^^^^*
In poor solvents such as benzene the enthalpy con 

-tribution for the solvation of SO^F cannot be very large 
hence the activation enthalpy for the reaction must be dominated 
by the strength of the carbon-oxygen bond in MeSO^F.

The entropies of activdtion also reflect the diff 
-erence in solvation (assuming that both reactions go by the
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same mechanistic route ?) ; (Mel = -51 eu. ; MeSO^F = -10 eu.)
The data for methyl iodide in benzene, however, 

may be atypical, this- is further exemplified by the unpredicted 
behaviour in dimethylformamide. A much better comparison would 
be to compare the reactions of MeBr, or MeCl; however, these 
do not add to the triphenylphosphine complex , which may be an 
important observation in itself, and hence no such comparisons 
are possible.

64The data obtained by Chock and Halpern is
suspect since various factors indicate that the reactants may
be significantly modified such that the kinetic oattern is
different. Wilkinson has showed the ionisation of methyl *

159iodide occurs in dimethylformamide .  ̂ .Roper et al. have
shown that in polar solvents such as DMSO and methyl cyanide 
the iridium-carbon bond can become ionised and species contain 
-ing bonded solvent molecules ^^produced,

IrCl (CO) (PPh3)2------  *.[lr (S) (C0)(PPh3) ̂  "̂ Cl“
(S = MeCN, DMSO)

A similar reaction may occur using DMF, even if ionisation does 
not occur 'association' of solvent molecules may modify both 
the reactivity pattern and activation parameters. There is an

gextensively documented literature for analogous d Pt(II) complexes 
with much evidence for the modifying effects of 'associated' 
solvent molecules along the z axis. Some semi-empirical evid 
-ence of solvent coordination by Vaska's complex has been prov 
-ided by Strohmeier who has equated changes in the carbonyl 
frequency of the complex, and hence electron density on the



Im

>x:
(US
-G
4-1
• H3

(M
a.C4—'
ou
1—4
up
H

440
G0

- H
4 4
UG0k
0

4 :
4 4

P0
4 4

U)
U0

4 4

0
gG
54GCl
G0

•H
4 4 ■KG .
> U

• H 0
4 4 LD
U O JG

4 4T5 GGG m
4 4G G0 0

- H >
4 4 rH
U 0G U), 0
54 U)

H G
M 4 4 0
— 0 • H

54W U) GGI 0 >
CÛ 4 4< G G

•H

X rH iH rH m CN o
w G LD r r T f 1—1

<d 0 1 1 1 1 1 I

Ht 1—1 
G VO O o > VD 1—1 r r

U • • » • • •
i n 0 0 5 0 r-" 5 0<I rH

r o r o fN CN CN CN
rH 1 1 1 1 1 I

1 O O O O O O
U r 4 «H rH .H 1—! 1—1

(N 0
U) X X X X X X

1—i
1 • LD LD rH 5 0 0 0 5 0

s : . . • • • •
T—i r o 0 0 1—! rH rH  ■ 1—1

0
Gd
•H
g

0 GG 0 g
0 G 0 54

4-5 N 0 G 0

G G N 0 4 4

0 0 G N r H

> 0 0 G 0 > 4
r H G 0 rQ 0 G rG
0 0 54 0 ' 43 0 4 4

œ N 0 g 0 4 4 0G 1—^ o Gd 0 g
0 ■ 4: 54 o U • H

m u m H C Q

5-4
■P
U)•Hg0
U
g

• H
4->
rdG

• H

OOU
GO
0UG05̂044GOU
fdGO

• H
4 JGG54
0

4-1G
04G4J .

un 
44 ro O <—I
mCn vD
■g S

u -p 2 o
G , M

GP
0Oi

00
UOjqCJ
Çh



-114-

metal, in various solvents to the formation of complexes with 
the solvent itself.

We have also studied the reaction of Vaska's complex 
with methyfluorosulphonate in various solvents in an attempt 
to provide further evidence to elucidate the mechanism. The 
range of solvents which can be used is limited because of sol 
-ubility, solvent reactivity or solvent absorption in the region 
where spectroscopic observations are made. Solvent such as 
alcohols do not dissolve the iridium complex, methyl cyanide, 
dimethylsulphoxide ,pyrid i.ne or dimethylformamide react with 
either the iridium complex or methylfluorosulphonate; while 
solvent like nitromethane or nitrobenzene absorb in the region 
studied.

The rates of reaction in benzene, chlorobenzene, 
bromobenzene and toluene at 25° are shown below;-

- 1  - I t

Benzene
Chlorobenzene
Bromobenzene
Toluene

kjlM". .sec" )
8 . 7 7  X  10

2 . 0 8  X  I0"2

2 . 8 4  X I0"2  
-21 . 1 7  X  10

Relation of these rates to solvent parameters such as Z (derived
from electronic transition; - 'solvatochromie' - shifts of
certain organic dystuffs) , Bronstein R values for weakly
ionising solvents or dielectric(or derivative) constants showed
zero correlation ; probably due to the very small range of
solvents and hence parameters and rates available for comparison,
Chock and Halpern also found very little change in rates or
activation parameters for the reaction of Mel with Vaska's

166complex in a similar series of substituted benzenes
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An attempt was also made to observe the kinetic 
pattern in mixed solvents such as MeCN/benzene, CHCl^/benzene 

EtOH/benzene; however unusual results were obtained. An 
initial very fast reaction (t^« 2-3 seconds) was followed by 
a much slower reaction typical of that observed in benzene 
alone. This may be due to partial ionisation of either or both 
of the reactants in these solvent mixtures resulting in a 
different kinetic pattern and was not investigated further.

The rate of reaction of the corresponding bromo 
iridium complex, bromocarbonylbis(triphenylphosphine)iridium(I) 
with methyIfluorosulphonate in benzene at 25° was measured, and 
found to be slower than that of the chloro complex (as Chock and 
Halpern found for the reaction of methyl iodide); however 
similar attempts to obtain data with the iodo iridium complex 
failed to provide meaningful results, since an unusual pattern 
very similar to that observed for the chloro complex in mixed 
solvents was observed.



5.3. EXPERIMENTAL.



-116-

5.3.1. Spectrophotometric measurements were made by
sequential observation of the absorbance of series of four 
separate cells, each with a different concentration of «
methylfluorosulphonate, at fixed time intervals using an SP25(C) 
spectrometer fitted with a (water) thermostated copper cell 
compartment, at a fixed wavelength.

The temperature of the solutions was measured using 
a Varian copper-constantan thermocouple.

All solvents, which were of AnalaR or spectroscopic 
grade, were redistilled in a stream of dry nitrogen and stored 
under nitrogen untill required.

'Stock’ solutions of the iridium complexes and of 
methyfluorosulphonate were contained in an apparatus specifically 
designed for easy measurement, mixing and storage of air sensit 
-ive compounds to minimise reaction of such dilute iridium(I) 
solutions with oxygen.

IrX(CO) (PPh^)^ , (X = Cl^^^,Br^^, were prepared
by literature routes.

5.3.2. Solutions of chlorocarbonyIbis (triphenylphosphine)
-1 -3 -1iridium (I), (ca. 1.0 g. 1 1.3 xIO Ml in benzene , methyl

-fluorosulphonate (ca. 1.3 M.? at 19.2°C to 0.25M.1. at 40. 6°C)
solution and solvent were mixed such that:-

(a) The initial absorbance of the solution was in the 
region of two.

(b) The half life of the fastest cell was not less 
than approximately 10 mins.

(c) The concentration of the methylfluorosulphonate 
was always very much greater than that of the iridium (I)
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complex; consistent with (b) .
(d) And as wide a range as possible of methylfluoro 

-sulphonate concentration was achieved; consistent with (b) & (c).

The rate of reaction was followed by monitoring 
the concentration of the iridium(I) complex from its absorption 
band at a fixed wavelength (488 millimicrons), where the product 
has no appreciable absorbance.

The same procedure was adopted for the reaction 
in different solvents, solvent mixtures and for the bromo and 
iodo derivatives in benzene.

The resultant concentration of the iridium(I) 
complex and methyfluorosulphonate are tabulated in the append

} .

ices together with all relevant spectral , kinetic and arithmetical 
data.

All kinetic data involving linear regression of the 
form y = mx t c was processed by means of a least mean squares 
linear regression analysis written in ALGOL 68 for an I.C.L.
4130 computer.

In data tables;-
"R" is the correlation coefficient

*"T" is the 'Student T value* (A probability function)
% i n c  —  % d a t a  in r e g r e s s i o n

* See;- K.J.Laidler. 'Reaction Kinetics' 1966
Pergamon Press Ltd. Appendix I.Pg 216 - 221.



5.4. APPENDICES
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For a second order reaction ;

A + B  -2.

the rate of reaction is given by;

Hence;

le :

rate = k2 [A] [b]

d [ç] = -d[A] = -d Lb] = kp [a1 [b] 
dt dt dt

d t  =  -  d C A l  _
k g W  Lb]

But if one reactant is present in a high concentration relative 
to the other the change in its concentration is insignificant

thus ;

d t  =  — 1 X  d[A] 
kjB] [A]

ie ;
t = - I L n ( [a 1 ) + constant

At t=0 A=A^ ; hence :

constant = -- Ln ( [ A^] )

thus :

le :

t = ;Ln([A^ ) - Ln([Aj )

UJkjt = - Ln C[Aq] ). - LnC[A]l

Thus plots of log^( [a ] ) ^ t will give a straight line of 
gradient k^^^ ( =-k^ x [b] )
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and since the optical density is proportional to the concentration 
plots of Ln (A^ - Aco) against time will give a stright line of 
gradient -k2 [s] . Thus plots of k^^^ against [b] will give a 
straight line passing through the origin of gradient -k^.

The variation of the rate of the reaction with temperature 
is given by the Arrhenius equation;

-(E^/RT) ' 
k = A e ^

A plot of log^Ck2)against (1/T) affords,from the slope,the 
value for E

The value for the activation enthalpy A H  was calculated from:-

A  H^ = E^ - RT

the activation free energy from:*?

-(AG^/RT)
kp = _KT e 
 ̂ h

and the entropy of activation A S  using:

zL at
A  G = A H  ^ TAS
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The brevity of our life, the dullness of our senses, the 
torpor of our indifference, the futility of our occupation, 
suffer us to know but little: and that little is soon
shaken and then torn from the mind by that traitor to learning, 
that hostile and faithless stepmother to memory, oblivion. "

John of Salisbury (d.1180) 
Prologue to the Policraticus.
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