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Summary 

Reaction of [M(q5-C5Me5)C1 t ] 2 with AgPF6 in acetone gave [M($-CsMes)- 
(lMe2CO),] [PF,], (Ia, M = Rh; lb, M = Ii). Heating an acetone solution of Ia 
gave [ {Rh($-C5Me5) )z(POzF2)3]PF6 (Ha). Heating an acetone solution of Jh 
gave the ~5-(2-hydroxy-4-methylpentadienyl)(~5-pent~ethylcyclopentadienyl)- 
iridium cation; an intermediate in this reaction, the $-(2,4_dimetbyl-l-oxapen- 
tadienyl)(q’-pentamethylcyclopentadienyl)iridium cation could also be pre- 
pared from lb and mesityl oxide. Possible reaction mechanisms are discussed. 

We have recently discussed [2] the dicationic pentamethylcyclopentadienyl- 
rhodium and -iridium t&s-solvent complexes, [M(C5Me5)(s)3]2’ (s = MeCN; 
Me,SO, pyridine); the complexes with s = MeCN or MelSO are appreciably labile 
and may be utilised in the synthesis of a variety of derivatives by replacement of 

solvent by hydroctibon ligands. 
The most useful for this purpose are, however, the acetone species. [M(C5Me,) 

(Me,CO),] [PF611 (Ia, M = Rh; lb, M = Ir) since they are the most labile. How- 
ever, when attempts were made to isolate them decomposition always occurred 
and therefore the stoichiometies &d structures of these species are uncerttin; 
we write them as t&-acetone complexes by analogy to the isolated and charac- 
terised MeCN, MeZSO, or pyridine complexes. 

* For put XIII see ref. 1. 
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The decomposition products of these reactions have, however, been character- 
ised. When the rhodium complex (Ia) in acetone solution was heated (54-C/18 
h) an interesting reaction took place in which the PFC- ion was partially solvol- 
ysed to PC&F; and the final product contained three such ligahds coordinated 
in a bridging manner to two Rh(C,Me,) units. By a combination of X-ray crystal- 
lography, and ‘H, 13C, “F and 3*P NMR spectroscopy structure Ha was 
elucidated for the complex [3]. 

Results and discussions 

~is(~-difluorophosphaSo)bis[ri5-penfamethyicyclopentadienylrhodium(lll)l 

hexafluorophosphafe (IIa) 

When the decomposition of Ia in acetone-& was followed by ‘H NMR spec- 
troscopy the C5MeS signal at 6 1.79 ppm was slowly replaced by another at 
6 1.65 ppm_ F&her heating caused no further changes, and an orange complex 
could be isolated from the solution which showed only the presence of a &Me, 
group in both the ‘H and the 13C LNMR spectra_ The IR spectrum showed a very 
strong band at 835 cm-‘, assigned to v(P-F) in PF;, as well as strong bands at 
1306 and 1135 [v(P=O)] and 851 and 363 [Y(P-F)] cm-’ which are assigned to 
P02F2_ The “F NMR spectrum showed two doublets (6 t-80.4 ppm (J(F-P) 
1030 i 110 Hz) and +71.3(&F-P) 750 2 80 Yz); CF&C&H as external reference) 
in a l/l ratio: The doublet at +71.3 is in the region, and has a coupling constant of 
the magnitude, expected for PF, 143. The chemical shift of the other doublet 
was consistent with P02F;; the doublet was broad at +35OC and was unchanged 
down to -80°C. The presence of a PF, and of three PQ2FZ groups w’as confirmed 
by the 31P NMR spectrum which showed a septet and a triplet (6 -166.2 ppm, 
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.J(l?-F) 708 Hz, and -33.2 ppm, J(P-F) 952 Hz; acetone-& solution, H3P04 as 
external reference) in the ratio of l/3. The coupling &P-F) of 952 Hz is close 
to the literature values of 966 or 980 Hz for PF*O(OH) [5], but again these re- 
sonances were broad. On cooling this sample to -90°C the PF, resonance re- 
mained unchanged but the P02Fz resonance was now split into three triplets 
(6 -34.6 (J 959 Hz), -33.3 (J 955 Hz) and -36-g ppm (J 952 Hz)) with intensi- 
ties approximately in the ratio l/5/6. An exchange process, presumably involving 
Rh-0 bond cleavage, is occurring at ambient temperature. The compiex low 
temperature spectrum may arise from long-range P-F coupling or alternatively 
+the three POZFt ligands.may not alI be in the same environment in the frozen-. 
out form. Some supnort for the latter possibility comes from the X-ray crystal 
structure determina$on which indicates some of the P02FZ fluorines in IIa to be 
disordered [ 37. 

Surprisingly, addition of water to an acetone solution of Ia did not accelerate 
the reaction, but addition of mesityl oxide increased the rate of formation of 
IIa by a factor of ca. 15 and the reaction was complete within one hour at 50°C. 
The complex could also, and more conveniently, be synthesised by reaction of 
Ia with HPOIF2. 

The PF, ion has long been regarded as very stable. Lange, who first prepared 
it, reported that molten caustic alkali was required to break it up (to give fluoride 
and phosphate) [6], and Ryss and Tul’chinskii later showed that the larger alkali 
metal ions catalyse this decomposition under alkaline conditions [‘7]. 

Hydrolysis to phosphate in 6 M HCl is faster than alkaline hydrolysis but is 
still very slow and catalysis by highly charged cations (thorium(IV), zirconium- 
(IV), aluminium(II1)) has been observed [8,9]. The product of hydrolysis is al- 
ways phosphate but in the aIuminium(III)-catalysed reactions at low acidity 
kinetic evidence was presented in favour of the build-up of an intermediate, be- 
lieved to be l?O*F;. 

The present work therefore describes the first definitive example of the partial 
hydrolysis of PF; to POIFl and also the first well-defined transition metal com- 
plex of the PO*Fz ligand, in this case bridging two rhodium atoms. 

Rearrangement of [ir(CSMeS)(~fezCO),][PF,]= (fb) 

When the iridium acetone solvent complex Ib was allowed to stand in acetone 
solution at 35°C a series of rearrangements occurred, which could be followed by 
‘H NMR spectroscopy. The &Me, singlet due to Ib at 6 1.79 ppm was slowly re- 
placed by another at S 1.54 ppm which in turn was replaced by yet a third sing- 
let at 6 2.02 ppm: this was the only &Me, peak remaining after 21 days at 35°C 
or 3 days at 50°C. 

Although it waS never possible to isolate the complex, the peak at 6 1.54 ppm 
is presumed to be due to the iridium difluorophosphate complex IIb. The final 
prohuct (&Me, resonance at 6 2.02 ppm) was isolated as colcurless crystals show- 
ing a peak at_ 3400 cm-i in the infrared, assigned to Y(OH), which disappeared 
on exchange with D20. Analytical data on various samples of this material were 
not consistent, the IR spectrum showed no peak in the 830-840 cm-’ region so 
characteristic of the PF< ion, and the “F NMR spectrum also showed no reso- 
nance characteristic of the PF, ion but it did show a singlet (F-) and some minor 
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peaks. Clearly then this cation was associated with P and other anions from the 
solvolysis of the PF6_ ion, -. 

This material ~&as converted into the tetraphenylborate salt, [Ir(C,Me& 
(CJ&O)] BP&, the ‘H and 13C NMR spectra of which were identical (except for 
the phenyl protons of the BPh, anion) to that of the salt isolated from the initi- 
al reaction_ Structure IV is assigned to this complex based on the NMR spectra *., 
(‘H, 6 (ppm) at 1.38 Id, Hb or H,;J(H,-H,) or J(H,-&I,) 4 Hz], 1.64 Cd, K or 

Hb, JW,--Hf 1 or JO% -H,) 6 Hz] 1.98 (s, C&e5), 2.10 (s, Me,), 3.26 (d, Ha or 
Hf, 54 Hz), 3.50 (dd, Hf or H,, J 6,1 Hz), 6.20 (s, broad, OH,), 6.30 (s, H) and 
6.6-7.0 and 7.2-7.4 (mm, BPh;); 13C, S at 8.9 (CsMe5), 23.2 [Me,] 35.7,44.7 
[C(l), C(5)], 86.1 [C(3)], 96.8 EC5Mej], 97.2 [C(2)], 132.5 [C(4)], 122.7, 125.9, 
128.1, and 136.9 [phenyls of BPh,]). For compakon, the ‘H spectrum of the 
pentadienyl(tricarbonyl)iron cation (V) shows H, at. 6 3.75, Hb at 2.17 and Hd- 
at 7.22 ppm with J(H,-H,) 3.5, J(H,-Ha) 1.5 and J(H,-Ha) 0 Hz [lo]. 

,HC 

H 

Since the 2-hydrouy-4-methylpentadienyl ligand in IV is simply the deproton- 
ated enol form [CH1WXk+G-l=C(OH)=CH2] of mesityl oxide [CH,C(Me)= 
CHCOCH3], the complex was synthesised by treatment of the acetone solvent 
complex Ib with mesityl oxide. 

In fact, this reaction did not initially give IV but it gave instead an isomer III 
thereof which was then.slowly converted into IV in the presence of acid (HP02F2 
or CF3C02H). Complex III as the hexafluorophosphate salt was identified by 
spectroscopy (‘H NMR, 6 (ppm) at 2.00 (s, C,MeS); 2.00,2.41 (ss, Me,, Me,), 
3.09 (d, H,, &HE-H,) 3 Hz), 4.19 (d, H,, J3 Hz), 6.55 (s, H,); 13C {‘H}NMR 
6 at 9.2 (&Me,), 21.8,23.2 (Me,, Me,), 60.3 [C(5)], 86.2 [C(3)], 96.6 [&Me,], 
111.7 [C(4)], 157.2 [C(2)]). The IR spectrum showed the presence of PF< (840 
cm-‘) and the absence of bands that could be ascribed to Y(OH) or free Y(C=O), 
but it did show a strong band at 1475 cm-? which we assign to coordinated 
v(CkOj, probably coupled to other modes. 

Mechanism of the formation of the oxapentadienyi and the hydroxypentadienyi 
ligands 

Three separate unusual reactions occur: (i) the selective soIvolyGs of PF, to 
coordinated PO*F;, (ii) the deprotonation of mesityl oxide to the oxapenta- 
dienyl ligand, and (iii) the isomerisation-of the oxapentadienyl ligand to the 
hydroxypentadienyl ligand. _ 

* The spectra of 111 and IV were assigned 011 the basis of H-H and selective C-H dccouplinc experi- 
3nenf.s. 
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(i) Separate esperimentsshowed that me&y1 oxide by itself does n&t solvolyse 
the.PF; ion in NH4PFs; therefore the initial formation of the P02F2 complexes 
‘(II) must arise from the combined effect of the metals and mesityl oxide, since 
water apparently plays no major role. The slowness of the formation of IIa fur- 
ther suggests that the mesityl oxide is being formed in situ by a catalysed aldol 
condensation. 

(ii) The deprotonation of mesityl oxide to form the q3-allyIpalladium complex 
VI is well-established [l-l]; the observation of Y(CO) at 1690 cm-’ in VI indi- 
cated the q3-mode of bonding and that the carbonyl was not coordinated. 

M e,C=CHCOMe + PdClt- 

L dOMe 

Clearly a similar deprotonation is induced in the reaction of the highly charged 
Ib with mesityl oxide but the tendency of iridium(II1) in these complexes to 
favour $-bonding is so high that the carbonyl is also coordinated and III is 
formed. 

[C,Me,Ir(s),] 
2-b 

-i- Me,C=CHCOMe ------ [C5Me5Ir ( FI;Me) (5)2] 2+ 

I -H+;-s 

We have no direct proof that III is an intermediate in the formation of IV in 
the thermal decomposition of an acetone solution of Ib, since the closeness of 
the positions of the CsMeS resonances of III and IV in the ‘H NMR spectra of 
the reacticn mixture makes it impossible to distinguish between them. However, 
we incline to the view that III is always intermediate in the formation of IV, 
particularly since the acid generated in the formation of III (as well as any 
HPOIF+ present) would promote the isomerisation III --f IV. 

Whether indeed we are dealing with a metal-catalysed aldol condensation is 
not known; certainly such processes have been described 1123 and recently 
Bennett and Bruce [13] obtained a 9% yield of VII by the reaction of two mole- 
cules of 1-phenylpropan-2-one with methyl(pentacarbonyl)manganese, methane 
presumably being eliminated. The analo,q between the structure of VII and 
that of III is obvious. 

PhCH2 

MeMn(CO& f .2 PhCH,COMe 

0 

Mn(CO), 

Ph 
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(iii) The acid catalysed isomerisation III- + IV is more unusud. The driving 
force is probably the relative Ysoftness” of the iridium(III) centre-[2,3] which 
encourages the formation of the th_ermodynamically favoured allcarbon-bonded 
q’qentadienyl over the carbon-and-oxygen-bond+l.q5-ox@entadienyl ligand. 
The mechanism may be envisaged to proceed by an-initial decomplexation and 
protonation of the carbonyl group, and elimination of H’ from the adjacent 
methyl (giving the enol form) followed by rotation about the C-C bond and re- 
complexation. Solvent or anions may well participate. A related isomerisation 
of the (syn-I-cnti-5dimethylpentadienyl)(tricarbonyl)iron cation to the 
syn,syn-l,5_dimethyl isomer has been reported [14]. 

CH, 

Experimental 

All reactions were carried out under dry nitrogen. 

i- 

Tris(Cr_difluorophosphate)bisf~5~pentamethyIcyciopentadienylrhodium‘(lll)] 
hexufluorophosphate (IIa) 

Silver hexafluorophosphate (0.5 g, 2.0 mmol) was added to a stirred solution 
of [Rh(C5Mej)Clzj2 (0.3 g, 0.5 mmol) in acetone (10 ml). An immediate exo- 
thermic reaction occurred to give a white precipitate of silver chloride and an _ 
orange solution containing fRh(CSMes)(Me&O),][PF&_ The silver chloride was 
removed by centrifugation followed by decantation, and any residual silver salts 
in the solution were removed by filtering the solution through a short column of 
powdered cellulose, The solution was made up to 50 ml with more acetone and 
degassed on a vacuum line by repeatedly freezing and evacuating_ Nitrogen was 
then admitted and the solution was heated at 54”Cfor 18 h. The solution was 
tier1 filtered and the solvent removed in vacua; the crude yellow-orange 
[ {Rb(C5Me,) )2(POZFt)3]PF6 @a) (0.45 g, 65%) wss crystallised from dichloro- 
methane/ether to give the pure complex (0.12 g). (Found: .C; 26.2; H, 3.5. 
CZ,.&0F,20~4RhZ c&d.: C, 26-O; H, 3.3%). ‘H XMR at d 1.65 ppm (s, C5Mes); 
13C {‘H) h%lR at 6 8.7 (s, &Me,) and 94.7 ppm (d, CSMes, J(C-Rh) 2.5 Hz). 
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~S-(2,~-Dimethyl-l-oxap~nta-l.3-dienyI)(penfamethylcyclopentadienyi)iridium 
hexafluorophosphate (III) 

Mesityl oxide (O-06 g, 0.6 mmol) was added to a solution containing [Ir- 
(C5Mes)fMezCO),J~F6J2 (prepared from [Ir(CsMes)Cl& (0.2 g, 0.25 mmol) and 
AgPF, (0.25 g, 1 mmol) in acetone); the solution was heated with stirring (5O”C/ 
30 min) and the solvent -was then removed in vacua. The residue was washed 
with ether to remove any traces of mesityl oxide and then crystalliseci from 
chloroform/ether to give the white [Ir(CSMeS)(Me2C4H30)]PFb (III, 0.16 g, 64%). 
(Found: C, 34.0; H, 4.2. C,,H,4F&OP &cd.: C, 33-7; H, 4.4%). 

~2-(2-Hydroxy-d-metyipeniad~e~y~)(r15_i~~ 
tetm@zenylborate (IV) 

A solution containing [ Ir(CSMe,)(Me&O),] [PF,] Z was prepared as described 
above from [Ir(CSMe5)Cl& (0.3 g, 0.4 mmol) and AgPF6 (0.4 g, 1.6 mmol) in 
acetone. The solution was then made up to 30 ml with more acetone and was 
carefully deoxygenated with nitrogen before being heated (5O”C/72 h). The sol- 
vent was then removed in vacua and the residual gum extracted with chloroform; 
the chloroform was then removed in vacua and the remaining solid crystallised 
from dichloromethane/ether to give a white solid (0.12 g) containing the [Ir- 
(C5MeS) {(2-HO)(4-Me)C,HS 11 cation. This solid was dissolved in acetone and 
treated with a saturated acetone solution of sodium tetraphenylborate. The ace- 
tone was removed in vacua, excess NaBPh, removed by washing with cold water 
and dried to give [Ir(C,MeS){(2-H0)(2-Me)C,H,)]BPh, (IV) (0.14 g, 32%). 
(Found: C, 64.2; H, 6.2. C40H44BIr0 calcd.: C, 64.6; H, 6.0%). 
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