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Cationic Complexes of Iridium(i1) Containing Phosphites, Phosphines, or

Arsines as Ligands

By L. M. Haines and E. Singleton,” National Chemical Research Laboratory, Council for Scientific and Industrial
Research, Pretoria, Republic of South Africa

A series of four- and five-co-ordinate iridium(i) salts of the type [CgHy,lrL1X, [CgHyalrlslX, [IrL,]X, and [IrLglX
(L = tertiary phosphite, phosphine, or arsine; X = BPh,, PFg, or ClO,) have been prepared from the reactions of
[CgHyolrCll, with L. For L = PMe,Ph the dioxygen adduct [Ir(O,)L,]BPh, has been characterised. The corre-
sponding dioxygen adduct [Ir(O,) (AsMe,Ph),1BPh, has also been prepared. The reactions of [CgH,IrCi], with L

(L = PEt,Ph and PBu®;) have given the c/s-dihydride, c/s-[IrH,L4]BPh,.

A new olefin hydride of iridium(i),

namely [(CgHyq)2lrHCl,],. has been isolated. The reaction of this hydride with AsMe,Ph gave trans-[irHCI-

(AsMe,Ph),]PFs.

VRIEZE ¢t al.l have reported detailed n.m.r. kinetic
studies on the ligand exchanges in the systems [IrCl-
(CgH;y0) (EPhy)]1-EPh,, (E = P or As), and have inter-
preted their results in terms of the equilibria occurring

[LrCL(C5Hyg) (EPhy)] -+ EPhy ~— [IrCL(CyHys) (EPhy),]
=== [Ir(CgH,p) (EPhy),) ™ + ClI7 (i)

in solution. The formation of ionic species in these
systems was confirmed by monitoring conductimetric-
ally the addition of the ligands, EPh, to solutions of
[IrCl(CgH;o)(EPhg)] in nitromethane, though no salts
were isolated from these reactions. We have briefly
reported 2 that by performing the above reactions in
alcohols, or by direct treatment of [CgH,IrCl], with
other neutral ligands, L, in alcohols, salts containing
the ionic species [CgHj,IrL,]* and [CgH,,IrLgl*, can
be isolated at room temperature or [IrL,]* and [IrLg]*
under refluxing conditions. We now report the re-
actions of [CgH;,IrCl], with various ligands, L, in detail,
viz. the preparations of [CgHyIrLo]X, [CgHj,IrLa1X,
(IrL,]X, and [IrL;]X, together with the formations of
the dihydrides [IrH,L,]JBPh, and the dioxygen adducts
{(Ir(O,)L,]BPh,. Other workers3® have recently de-
scribed different routes to some of these salts. However,
the preparative methods reported here, yet remain the
simplest and most direct routes for the preparations
of a large variety of phosphine, phosphite, or arsine
salts of iridium(1) in pure form in high yield.
Preparation of Salls of the Type [CgH oIty )X and
[CgH,pIrLy]X.—Treatment of a suspension of [CgH,,-
IrCl], in cold methanol or ethanol with an excess of
ligand, L [L = PEtPh,, PMePh,, or P(OMe)Ph,]
rapidly gave deep red solutions from which the four-
co-ordinate salts [CgH;IrL,]X (X = BPh,, PF,, or
ClO,) were isolated on addition of X~ anions. For
P(OEt)Ph,, however, the cation [CgH,Ir{P(OEt)Ph,},]*
was only formed when stoicheiometric amounts of
P(OEt)Ph, were used. With an excess of this ligand
only semi-crystalline oils were obtained. In contrast
the reactions of [CgH,,IrCl], with three molar equival-

1 H. C. Volger, K. Vrieze, and A, P. Praat, J. Organometallic
Chem., 1968, 14, 429.

2 L. M. Haines and E. Singleton, J. Organometallic Chem.,
1970, 25, C83.

3 R. R. Schrock and J. A. Osborn, J. Amer. Chem. Soc., 1971,
93, 2397.

The H n.m.r. spectra of these salts are discussed.

ents per iridium of ligand, L [L = P(OMe),;, P(OEt),,
PMe,Ph, AsMe,Ph, or P(OMe),Ph] in cold alcohols gave
five-co-ordinate iridium (1) salts of the type [CgH,IrL;]X
(X = BPh, or PFy) on addition of X~ anions to the re-
action solutions. Spectroscopic and conductivity evid-
ence has indicated that the formation of [CgHy,lIr-
(PPhg),]* from [CgH,,IrCl], and PPh, follows reaction
scheme (i). We have prepared the five-co-ordinate
neutral intermediate in scheme (i), namely [CgHy,IrCl-
(PPhg),], from [CgH,IrCl], and an excess of PPh, in
dichloromethane solution. This neutral complex had a
small percentage dissociation in chlorinated solvents,
acetone, nitromethane, or dimethyl sulphoxide but ca.
1009, dissociation in methanol or ethanol (based upon
conductivity measurements in these solvents, with
[Ir(diphos),]Cl as the standard used), giving further
evidence for mechanism (i) and indicating the strong
solvent dependence of the reaction, with alcohols by far
the best solvolysing agents.

The complexes [CgH ,IrL,]X and [CgH,IrL,]X were
stable in air over extended periods and soluble in a
variety of polar solvents. Their colours ranged from
red or orange for [CgH,IrL,]X to white or pale yellow
for [CgH,pIrLg]X. The 'H n.m.r. spectra of these
salts are summarised in Table 1. No useful information
was derived from their i.r. spectra.

The complex [CgH,;,Ir{P(OEt)Ph,},]PF, contained a
single triplet resonance in its 'H n.m.r. spectrum for
the magnetically equivalent methyls on the ethyl groups,
with J(P-H) = 0 for the long range coupling through
four bonds. The 'H n.m.r. spectrum of [CgH;,lIr-
(PEtPhy),]PFg however, contains two broad methyl
triplets of equal intensity with J(P-H) =17 Hz. A
similar spectrum has been observed for the methyl
spectrum of the ethyl groups bonded to the phosphine
ligand in frans position to the chlorine in the complex
mer-[ITCly(PEt,Ph)g].” The 'H n.m.r. spectra of the
methyl groups on the ligands in the complexes [CgH,,-
IrL,]X [L = PMePh,, X = ClO, and L = P(OMe)Ph,,
X = PFg] show a resonance pattern characteristic of

4 M. Green, T. A. Kuc, and S. H. Taylor, J. Chem. Soc. (4),
1971, 2334.

5 G. R. Clark, C. A. Reed, W. R. Roper, B. W. Skelton, and

T. N. Waters, Chem. Comm., 1971, 758.
¢ R. R. Schrock and J. A. Osborn, J. Amer. Chem. Soc., 1971,

93, 3089.
? E. W. Randall and D. Shaw, Mol. Phys., 1965, 10, 41.
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‘ virtually coupled’ AXgA'Xy" systems with inter-
mediate 2J(P-P) couplings.® The methyl resonances
of the ions [CgH,IrLg]*" [L = P(OMe); and P(OMe),Ph]
occur as single triplets comprising of a broad central
component and two sharp outer peaks. No change
was observed in these spectra between 35 and —80°
or on the addition of free ligand to the n.m.r. solution
(apart from the appearance of free ligand resonances).
Thus the observed spectra of [CgH,,IrL,]* are indicative
of virtually coupled systems in which the ions in solution

J.C.S. Dalton

facilitating poorer overlap between the ligand and
substrate orbitals.

Formation of the Complexes [ItL X and [IrLgX.—
Treatment of [CgH,,IrCl], with eight molar equivalents
of the ligand, L {L = PMePh,, P(OMe)Ph,, P(OMe),Ph,
and P(OEt)Ph,] in refluxing ethanol for up to 30 min
gave solutions containing the cationic species [IrL,]*,
from which the salts [IrL,]X (X = BPh,, PF, or ClO,)
could be readily isolated. For the salt [Ir(PMeyPh),]-
BPhy,, the reaction was performed under strict anaerobic

1H N.m.r. data for the ionic derivatives recorded at 34° and 60 MHz ¢

—CH,— or Ligand methyl
Compound Diene protons —O—CH,— protons groups Hydride resonances
[CeHIr(PEtPh,),]PF, 5-40bs 7-83m Obscured 87t J(H~H) 8-5 Hz
9-0t J(H—H) 8-5 Hz
J(P-H) 17-5 Hz
[CeH,,Ir(PMePh,),]CIO, 5-64bs 7-81bs 8-22pt J 7-56 Hz4d
[CsH,,Ir{P(OMe)Ph,},]PF4 5:16bs 7-7bs 6-8pt J 11-5 Hz 4
[CeH . Ir{P(OEt) Ph,},] PF, 5-2bs 7-73bs 6:6m 9-2t ] (H-H) 7-5 Hz é
CgH,,Ir{P(OMe),},] BPh, 6-13bs 7-63m 6457 J 11-4 Hz?
CsHmIr{P(OEt),}a]BPh, Obscured 7-6m 6:056m 877t J(H-H) 7-2 Hz?®
t,H, Ir{P(OMe),Ph};]BPh, 6-38bs 7-90m 6-62pt J 114 Hz?
sH,aIr(AsMe,Ph);]BPh, 6-8bs 8:00m 8:69s
[CsH,,Ir(PMe,Ph),]C1O, 6-8bs 7-84m 8:23m?
[Ir(PMePh,),]PF, 9-65bt J 6:4 Hze
[Ir{P(OMe)Ph,},]PF, 7-38m J 11-3 Hz?
[Ir{P(OMe),Ph},]PF, 6-82m J 12-1 Hz?
[Ir{P(OEt) Ph,},]PF, 7-05q J 6-9 Hz 9-86t J 8-4 Hz?
[Ir{P(OMe),};]BPh, 6-46m %
[Ir{P(OEt),};]BPh, 6-1m 869t J 7-0%
[Ir(O,) (PMe,Ph),]BPh, g -28d ]] (P-H ) 9 Hze
-59t
[Ir(O,)(AsMe,Ph),|BPh, 8-41s 8:60s "
[IrH,(PBu®,),]BPh, Broad multiplet centred at 8-65 23-3d J(P-H) 96 Hz?
[IrH,(PEt,Ph),]BPh, 8-25m 9-21m 23-8d J(P-H) 100 Hz?
[IrHCl(AsMe,Ph),]PF, 8-4s 31-2s%
@ 7 Scale; ® CDCly; ¢ CH,Cl,; ¢ CD,Cl,; * [2H,]Acetone; s = singlet; d = 1:1 doublet; t=1:2:1 triplet; pt = pseudo-

triplet; m = multlplet b = broad; q = quartet. / See Figure 1.
* Complexes may be analysed as a limiting case of an AX A’X,’ system ® with ‘ J* the separation of the outer peaks of the

observed resonance.

are undergoing rapid Berry-type rotations.® It is
apparent that the intramolecular rate of ligand exchange
in these ions must be such that although the three
ligands, L, are equivalent on the n.m.r. time scale the
effects of phosphorus to hydrogen and phosphorus to
phosphorus couplings are still observed. The 'H n.m.r.
of the ions [CgHy,IrLgl* (L = PMe,Ph and AsMe,Ph)
are more complex, however, and show temperature,
free ligand, as well as solvent dependence and the
full mechanistic study of these ions in solution will be
the subject of a forthcoming publication.

The reactions of [CgH,IrCl], with the ligands, L
(L = phosphine, phosphite, or arsine) in cold alcohols
to give the cations [CgH,,IrLyl* and [CgHypIrLg]* are
in complete contrast to corresponding reactions of
[CgH;,RNhCl],.1® With the rhodium-diene dimer, diene
replacement was readily effected in cold alcohols to
give the [RhL,)* and [RhL,]* species, indicating
weaker rhodium-diolefin bonds. This is presumably
due to the higher energies of the rhodium 4 orbitals

8 R. K. Harris, Canad. J. Chem., 1964, 42, 2275,

? R. S. Berry, J. Chem. Phys., 1960, 32, 923.
10 1., M. Haines, Inorg. Chem., 1971, 10, 1685.

conditions to prevent the formation of the dioxygen
adduct. In the reaction involving PMePh,, a second
product was isolated, depending upon the refluxing
time used. With refluxing times longer than 15 min,
increasing yields (up to 459,) of the highly insoluble
[IrHCL,(PMePh,),] precipitated from the boiling re-
action solution. The reaction of [CgH;,IrCl], with an
excess of AsMe,Ph in boiling ethanol gave only the cation
[CgH;oIr(AsMe,Ph)sj*. No salt containing the cation
[Ir(AsMe,Ph),]* could be isolated from [CgH,,IrCl],
and AsMe,Ph. The ability of phosphines to co-ordinate
more strongly than arsines with iridium :1% and pla-
tinum ¥ complexes has previously been observed, and
could account for the inability of AsMe,Ph to replace
the strongly chelating CgH,;, group. With the ligands
P(OR); (R = Me or Et), treatment of [C4Hy,IrCl], with
fourteen molar equivalents of P(OR); in refluxing
ethanol gave the five-co-ordinate complexes [IrL;]BPh,
[L = P(OR),] on adding NaBPh, to the reaction solution.

11 M. A. Bennett and D. L. Milner, J. Amer. Chem. Soc., 1969,
91, 6983.

12 J. Powell and B. L. Shaw, J. Chem. Soc. (4), 1968, 617.

13 S, Ahrland, J. Chatt, and N. Davies, Quart. Rev., 1958, 12,
265.
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The salts [IrL,}X and [IrL;)X with the exception of
[Ir(PMe,Ph),]X are reasonably stable in air, but some
show decomposition in light over extended periods.
Once again their colours ranged from red to orange
for [IrL,]1X to white for {IrL;]BPh,. It is pertinent to
note, however, that with the limited number of ligands
used in these preparations, the red cations all seemed
to be formed with ligands having high steric require-
ments. Complexes of rhodium(r) and iridium(1) con-
taining ligands of low steric size, e.g. [CgH;,MCIL]
(M = Rh and Ir; L = phosphine) are orange whereas
known non-planar compounds, e.g. [Ir(PMePh,),|BF, 8
and [RhCI{(PPh,)s] ¥ are red, indicating some degree
of distortion from planarity in the red cations [CgH;,-
IrL,]* and [IrL,]*. The isolation of salts containing
the cations [CgH,,IrLg]* for both strong =-, and strong
o-donor ligands indicate that the formations of these
five-co-ordinate iridium(r) species are dependent only
upon the steric size of the ligand L.

The methyl resonance pattern in the H n.m.r. spectra
of the compounds [IrL,P¥, [L = P(OMe),Ph and
P(OMe)Ph,] is identical with that observed for the
corresponding rhodium salts [RhL,]PFg1® The H
n.m.r. spectrum of [Ir(PMePh,),]Cl10, contains a broad
ill-defined triplet centred at « 9-65 with J = 6-4 Hz.
No change in the observed spectrum occurred on ad-
dition of free ligand and hence the observed spectrum
is not due to exchange of the methyldiphenylphosphine
ligands. Similar spectra have been observed for other
complexes in which four phosphine ligands are coplanar
e.g. [ReCl(CO)(PMe,Ph),] and [RuCl(CO)(PMe,Ph),]-
BPh,15 The methyl resonances observed in the spectra
of the compounds [Ir{P(OEt)Ph,},]PF,, [Ir(PMePh,),]-
ClOy, and [CgH,,Ir{P(OEt)Ph,},}1BPh, occur at = 1-17,
1-28, and 0-58 respectively to high field of the corre-
sponding resonances in the spectra of the free ligands
P(OEt)Ph, and PMePh,. This could possibly be due
to the ‘neighbour-anisotropy effect ’ ¢ of the phenyl
rings or the proximity of these methyl groups to the
metal atom which would cause them to experience
considerable magnetic anisotropic shielding.

The complex [Ir(PMe,Ph),|BPh, reacts with air to
give the dioxygen adduct too rapidly in solution for
satisfactory n.m.r. data to be obtained. The 'H n.m.r.
resonance for [Ir{P(OMe);},]BPh, is given in Figure 1,
and is consistent with a limiting case of a  virtually-
coupled ’ system in which the ligands in the cation
[Ir{P(OMe)z};]* are undergoing a Berry or pseudorota-
tion at such a rate as to preserve J(P-H). A similar
mechanism also explains the doublet of quartets
(P-O-CH,~) and the single triplet (-CH,;) observed
in the 'H n.m.r. spectrum of the salt [Ir{P(OEt),},]BPh,.

Cations of the Type [Ir(Og)Ly)+.—The salt [Ir(PMe,-

14 P. B. Hitchcock, M. McPartlin, and R. Mason, Chem. Comm.,
1969, 1367.

15 B. L. Shaw and R. M. Slade, J. Ckem. Soc. (A), 1971, 1184
and references therein.

16 J. A. Pople, W. G. Schneider, and H. J. Bernstein, ‘ High
Resolution Nuclear Magnetic Resonance,” McGraw-Hill, New
York, 1959, p. 176.
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Ph),)BPh, slowly absorbs oxygen in the solid state but
rapidly in solution to give the dioxygen product [Ir(O,)-
(PMe,Ph),JBPh,. Treatment of [CgH,,IrCl], with an
excess of PMe,Ph and NaBPh, in methanol in air,
similarly gave the product [Ir(O,)(PMe,Ph),]BPh,.
The corresponding AsMe,Ph dioxygen adduct [Ir(O,)-
(AsMe,Ph),]BPh, could be formed only via the cyclo-
octene complex 17 [(CgH,,),IrCl},. Thus treatment of
[(CgHyy),IrCl}, with AsMe,Ph in methanol at room
temperature in air gave the cation [Ir{O,)(AsMe,Ph),]*,
characterised as the BPh, salt. Both these dioxygen

o Noippssip

ca 14Hz

FiGurRE 1 Methyl resonance pattern observed in the 'H
n.m.r. spectrum of [Ir{P(OMe),},]BPh,

complexes have recently been prepared by the decom-
position in air of the carbonyl complexes [Ir(CO)L,}-
BPh, (L = PMe,Ph and AsMe,Ph) in acetone-methanol
mixtures.!®

The solid-state i.r. spectrum of [Ir(O,)(AsMe,Ph),]-
BPh, contained a band at 838 cm™ characteristic of an
oxygen—oxygen vibration.!® For [Ir(O,)(PMe,Ph),]-
BPh,, no v(O-O) could be unambiguously assigned
because of overlapping anion resonances. The H
n.m.r. spectrum of [Ir(O,)(PMe,Ph),]BPh, in CH,CI,
consists of a doublet and triplet of equal intensity which
is in accord # with the structure (L = PMe,Ph) shown
in Figure 2. Similarly the two methyl singlets of equal
intensity in the H n.m.r. spectrum of [Ir(O,)(AsMe,-
Ph),]BPh,; are also consistent 2 with the proposed
structure (L = AsMe,Ph) in Figure 2.

The factors affecting the uptake of oxygen in these
systems have been shown to be related to the residual
electron density on the metal atom centre and hence

17 B. L. Shaw and E. Singleton, J. Chem. Soc. (A), 1967, 1683.

18 1.. M. Haines and E. Singleton, J. Organometallic Chem.,
1971, 30, C81.

1% A. J. Deeming and B. L. Shaw, J. Chem. Soc. (4), 1969,
1128.

20 P, R. Brookes and B. L. Shaw, J. Ckhem. Soc. (4), 1967,
1079.


http://dx.doi.org/10.1039/DT9720001891

1894

to the properties of all the ligands in the co-ordination
sphere.2 The more basic the ligands, the stronger
is the metal-oxygen = overlap, and the longer the OO
bond distance. It will be of interest to compare the
O-O distance in the cation [Ir(O,)(PMe,Ph),]* con-
taining the strongly basic PMe,Ph ligand with that value
reported 2 for the cation [Ir(O,)(dpe)y]*.

Formations of [IrH,L,]*.—When refluxing times of
longer than 15 min are used for the reactions of [CgH,,-
IrCl], with L (L = PEt,Ph and PBu®;) in ethanol, the
deep red solutions containing the cations [IrL,]* gradu-
ally turn white and addition of NaBPh, gave the di-
hydrides [IrH,L,]BPh,. The metal hydride resonances
in the M n.m.r. spectra of [IrH,L,|]BPh, appear as
broad featureless doublets with separations ca. 100 Hz.
The splitting, however is characteristic of coupling be-
tween hydride groups and mutually #rans phosphorus

Ficure 2 Proposed structure for the [Ir(O,)L,]* cations

nuclei and is thus consistent with a ¢/s-configuration for
the cations [IrH,L,|*. We have prepared a series of
salts containing the cation [IrH,L,]* by other routes
however, and their H n.m.r. together with those of
[IrH,L,]* (L = PEt,Ph and PBu?;) show temperature
and solvent dependence and will form the basis of a
forthcoming publication. The formations of the di-
hydrides for the ligands L = PEt,Ph and PBu?, in the
above reactions is in keeping 2 with their strongly
basic # natures.

It has previously been reported 17 that chloroiridic
acid reacts with an excess of cyclo-octene in refluxing
isopropyl alcohol to give the complex [(CgH,,)oIrCl],.
It has now been found that a second product can also
be isolated in low yield from this reaction.

The i.r. spectrum of this second product contains a
sharp peak at 2262 cm™, indicative of a hydride group
bonded to the metal atom. The complex could not be
obtained pure and was not fully characterised, but its
nature was inferred from its reactions with AsMe,Ph.
When a suspension of the hydride in methanol was
treated with an excess of AsMe,Ph and NH,PF,, a
white crystalline salt [IrHCI(AsMe,Ph),]PF; was
formed. On the basis of this observation it is suggested
that the secondary product isolated from the reaction
of chloroiridic acid with CgH,, is the iridium(rr) dimer,

2 J. A. McGinnety, N. C. Payne, and J. A. Ibers, J. Amer.
Chem. Soc., 1969, 91, 6301.

22 A, J. Deeming and B. L. Shaw, J. Chem. Soc. (4), 1969,
1802.
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[(CgH,4)oIrHCL], by analogy with [CiH,;,IrHCL],.2
Furthermore, the mode of isolation of [(CgH,,)sIrCl],
from the chloroiridic acid—cyclo-octene reaction mixture
requires water addition to the solution formed to pre-
cipitate the product. It has been shown that a sus-
pension of [CgH,IrHCl,], in ethanol rapidly gives a
suspension of [CgH,,IrCl], when water is added to the
mixture,?® so we suggest that in the original cyclo-
octene reaction solution, the hydride [(CgH,,),IrHCl,],
is formed initially and is then!converted by the weak
base, water to the iridium(1) complex [(CgH,,),IrCl],.
The i.r. spectrum of [IrHCI(AsMe,Ph),]PF, contains a
sharp band at 2171 cm™ corresponding to v(Ir-H).
The 'H n.m.r. spectrum in CDCl; contains a single
ligand methyl resonance consistent with a frans-con-
figuration for the cation [IrHCl(AsMe,Ph),]*. The
hydride resonance was observed as a singlet at = 31-2.

EXPERIMENTAL

The 'H n.m.r. spectra were recorded with a Varian
A-60A instrument. Conductivities were determined on
ca. 1073M solutions in acetone using a Van Waters and
Rogers model 31 conductivity bridge. M.p.s were de-
termined on a Kofler hot-stage and are corrected. All
ligands were obtained commercially. The preparative
methods used for the isolation of cations with BPh,~,
PF¢~, or ClO, as the anion were identical and only one
analysis is given for the relevant compound. Most of
the salts [CgH aIrL )X, [CeH,IrL,]X, and [IrL,}X could be
isolated from the reaction mixture analytically pure when
stoicheiometric amounts of ligand were used. For re-
actions requiring an excess of ligand, the method of re-
crystallisation is given with the experimental details.
It was not found necessary to perform these reactions
under nitrogen, with the exception of the preparation of
[Ir(PMe,Ph)]BPh,. Yields varied between 60 and 959%,.

Bis(methyldiphenylphosphine)cyclo-octadieneiridium(x)
Hexafluovophosphate, ~[CgH,,Ir(PMePh,),) PF,—Methyldi-
phenylphosphine (0-2 g) was added to a suspension of di-p-
chlorobis(cyclo-octadiene)di-iridium(i) (0-2 g) in ethanol
(10 ml) and the mixture was stirred until all the original
suspension had dissolved (ca. 10 min). To the deep red
filtered solution was added a filtered solution of excess of
NH,PFg in ethanol. After cooling to 0° the precipitate
was filtered off and washed with ethanol, then ether, to
give the required product as red prisms (0-36 g), m.p.
236° decomp. (Found: C, 48-2; H, 4:7; P, 10-6. CyHy,s-
F¢P,Ir requires C, 48-3; H, 4-55; P, 10-95%,); conduc-
tivity = 135 Q' cm? mol™?. The following salts were
similarly prepared from di-u-chlorobis(cyclo-octadiene)-
di-iridium(1) and the appropriate ligand.

Bis(methyldiphenylphosphinite)cyclo-octadieneividium (1)
Hexafluorophosphate,  [CgH,,Ir{P(OMe)Ph,),}PF,,  from
ethanol as rved prisms, m.p. 195—196° (Found: C, 46-45;
H, 4-2. C3H; FgO,P,Ir requires C, 46-50; H, 4-35%);
conductivity 129 Q™ cm? mol™.

Bis(ethyldiphenylphosphine)cyclo-octadieneividium (1) Hexa-
Sfluovophosphate, [CgH,,Ir(PEtPh,),]PF,, from ethanol as
ved prisms, m.p. 172—178° decomp. (Found: C, 49-25;

23 S, O. Grim, P. R. McAllister, and R. M. Singer, Chem. Comm.,
1969, 38.

24 S. D. Robinson and B. L. Shaw, J. Chem. Soc., 1965, 4997.
2 E. Singleton, Ph.D. Thesis, University of Leeds, 1967.
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H, 47 C;H,FP;Ir requires C, 49-5;
conductivity 131 Q™ cm? mol™.
Bis(ethyldiphenylphosphinite)cyclo-octadieneiridium (1)
Hexafluovophosphate,  [CgH,,Ir{P(OEt)Ph,},]PF,, from
ethanol as red prisms, m.p. 197—198° decomp. (Found:
C, 53:15; H, 4-8. C,H,F,O,P,Ir requires C, 53-45;
H, 4-89%,); conductivity 119 Q! cm? mol™.
Tris(triethylphosphite)cyclo-octadieneividium (1) Tetra-
phenylborate, [CgH,Ir{P(OEt),}3]BPh,.—To a suspension of
di-p-chlorobis(cyclo-octadiene)di-iridium (1) (0-05 g) in meth-
anol (8 ml) was added triethylphosphite (0-1 g) and the
mixture stirred until all the initial suspension had dissolved.
Addition of sodium tetraphenylboron (0-1 g) to the solution
gave a white precipitate which on recrystallisation from
dichloromethane-methanol gave the required product as
white prisms (0-06 g), m.p. 145° decomp. (Found: C, 53-7;
H, 7.0, P, 85. C,;H,;BO,P,Ir requires C, 53-5; H, 7-0;
P, 8:3%); conductivity = 85Q1cm?moll. The following
salts were similarly prepared from di-u-chlorobis(cyclo-
octadiene)di-iridium(r) and the appropriate ligand in
ethanol, and recrystallised from dichloromethane-methanol.
Tris(trimethylphosphite)cyclo-octadieneividium (1) Tetra-
phenylborvate, [CgH,,Ir{P(OMe);};]1BPh,, as white prisms,
m.p. 168° decomp. (Found: C, 50-0; H, 6-05; P, 9-2.
Cy H;eBO,P,Ir requires C, 49-65; H, 6:0; P, 9-49%);
conductivity 104 Q™! cm?2 mol ™.
Tvis(dimethylphenylphosphonite)cyclo-octadieneividium (1)
Tetraphenylborvate, [CiHp,Ir{P(OMe),Ph}s]BPh,, as white
prisms, m.p. 138° decomp. (Found: C, 59-4; H, 5-85;
P, 8-4. C;HgBOgPgIrrequires C, 59-5; H, 5-8; P, 8-29%);
conductivity 80 Q! cm? mol™.
Tris(dimethylphenylphosphine)cyclo-octadieneividium(1)

H, 4-85%);

Peychlorate, [CgH,,Ir(PMe,Ph);]Cl1O,, as while prisms,
m.p. 122—125° decomp. (Found: C, 47-0; H, 5-6; Cl,
4-15. C,,H,CIO,P,Ir requires C, 47-2; H, 555; Cl,

4-35%); conductivity 122 Q! cm? mol™.
Tris(dimethylphenylarsine)cyclo-octadieneividium(1) Hexa-

Suorophosphate, [CH,,Ir(AsMe,Ph),|PF,, as pale yellow

prisms, m.p. 130—134° decomp. (Found: C, 38-75; H,

4:55. CyH,As;F¢PIr requires C, 38-75; H, 4-459%);
conductivity 109 Q™ cm? mol™.
Tetrakis(methyldiphenylphosphine)ividium(1) Hexafluoro-

phosphate, [Ir(PMePh,),|PF;.—Methyldiphenylphosphine
(0-52 g) was added to a suspension of di-u-chlorobis(cyclo-
octadiene)di-iridium(1) (0-21 g) in methanol (8 ml) and the
mixture was refluxed for 15 min. The deep red solution
formed was filtered and a filtered solution of excess
of ammonium hexafluorophosphate in methanol was
added. The precipitate which formed was washed
with methanol, then ether, to give the required product
as deep ved plates (0-4 g), m.p. 218—220° decomp. (Found:
C, 552; H, 46; P, 13-8. C;,H;,F¢P;Ir requires C, 54-9;

H, 46; P, 13-6%); conductivity 85 Q! ¢cm? moll. The
following compounds were similarly prepared.
Tetrakis(methyldiphenylphosphinite)ividium (1) Tetra-

phenylborate, [Ir{P(OMe)Ph,},]BPh,, as red prisms, m.p.
225—226° decomp. (Found: C, 66-25; H, 54; P, 9-05.
C;6H,,BO,P,Ir requires C, 66-35; H, 5-4; P, 9:0%); con-
ductivity 78 Q™ cm? mol™.

Tetrakis(dimethylphenylphosphonite)ividium(1) Hexa-
Jluovophosphate, [Ir{P(OMe),Ph},]JPF,, as orange prisms,
m.p. 192—193° decomp. (Found: C, 38-1; H, 4-3. C,,H,,-
F¢OuP;Ir requires C, 37-8; H, 449%); conductivity 130
Q' cm? mol™.

Tetrakis(ethyldiphenylphosphiniteyividium(t)  Hexafluoro-
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phosphate, [Ir{P(OEt)Ph,},]PF,, as orange prisms, m.p.
197—198° decomp. (Found: C, 53-2; H, 4-75. C;¢HgFg-
O,PIr requires C, 53-45; H, 4-89,); conductivity 124
Q71 cm? mol™.

Tetrakis(dimethylphenylphosphine)ividium(i) Tetraphenyl-
borvate, [Ir(PMe,Ph)BPh,, from ethanol under an atmo-
sphere of nitrogen, as beige microcrystals, m.p. 85—95°
decomp. (Found: C, 63-40; H, 6-05. C;HBPJIr re-
quires C, 63-25; H, 6:059,). The complex decomposed
too rapidly in solution for a reliable conductivity to be
measured.

Pentakis(triethyl phosphite)ividium(1) Tetraphenylborate,
[Ir{P(OEt),};]BPh,—To a suspension of di-u-chlorobis-
(cyclo-octadiene)di-iridium(1) (0-3 g) in ethanol (10 ml)
was added triethyl phosphite (1-5 g) and the mixture was
refluxed for 4 h. To the very pale yellow solution formed
was added sodium tetraphenylborate (0-6 g), and re-
crystallisation of the precipitate formed from dichloro-
methane-methanol gave the required product as white
prisms (0-4 g), m.p. 212—214° decomp. (Found: C, 48-15;
H, 7-3; P, 11-3. C;H,;BO,;P,Ir requires C, 48-3; H,
7-15; P, 11:5%); conductivity 88 Q' cm? moll
Similarly prepared was pentakis(trimethyl phosphite)ivid-
ium(1) tetraphenylbovate, [Ir{P(OMe);};]BPh,, as white
needles, m.p. 158—160° decomp. (Found: C, 41-6; H,
575. CyHg;BOP,Ir requires C, 41-:35; H, 5-8%);
conductivity 100 Q! cm? mol™.

Dioxygentetvakis(dimethylphenylphosphine)ividium (1)
Tetraphenylborate, [Ir(O,)(PMe,Ph)jBPh,—A suspension of
di-p-chlorobis(cyclo-octadiene)di-iridium(1) (0-33 g) and
dimethylphenylphosphine (0:59 g) were refluxed for } h.
The deep red solution which formed gradually turned very
pale yellow on cooling in air. Addition of sodium tetra-
phenylborate (0-3 g) to this pale yellow solution gave a
precipitate which on recrystallisation from acetone—
methanol gave the required product as pale yellow needles,
(0-3 g), m.p. 171—172° decomp. (Found: C, 61-5; H, 6-2;

P, 11-35. C;sHyBO,P,JIr requires C, 61:35; H, 5-9;
P, 11-:3%); conductivity 91 Q™ cm? mol L.
Dioxygentetyakis(dimethylphenylaysine)ividium(1)  Tetra-

phenylborvate, [Ir(O,)(AsMe,Ph),]BPh,.—Dimethylphenyl-
arsine (0-204 g) and di-u-chlorotetrakis(cyclo-octene)di-
iridium(1) (0-1 g) were stirred in methanol (10 ml) until
all the initial suspension had dissolved. To this colourless
solution was added sodium tetraphenylborate (0-2 g) and
recrystallisation of the white precipitate formed from di-
chloromethane-methanol gave the required product as
white needles (0-1 g), m.p. 168—170° decomp. (Found:
C, 52:8; H, 50. C;gHgAs,BO,Ir requires C, 52-9; H,
5-19,); conductivity 83 Q™ cm? mol™.
cis-Dihydrotetrakis(tvi-n-butylphosphine)iridium (111)

Tetraphenylborate, cis-[IrH,(PBu?,),]BPh,—A suspension of
di-p-chlorobis(cyclo-octadiene)di-iridium(r) (0-1 g) ethanol
(10 ml) and tri-z-butylphosphine (0-4 g) were refluxed for
2 h. Addition of sodium tetraphenylborate (0-2 g) to the
resultant solution gave a white precipitate which on
recrystallisation from dichloromethane-methanol in the cold
gave the product as white prisms m.p. 160° (Found: C,
65-4; H, 9:7; P, 97. CuH,4BP,Ir requires C, 654;
H, 9-9; P, 9-49%); conductivity 92 Q! cm? moll. Simil-
arly prepared was cis-dihydrotetrakis(diethylphenylphos-
phine)ividium(111)  tetraphenylborate, cis-[IrH,(PEt,Ph),]-
BPh,, as white prisms, m.p. 160—162° (Found: C, 65-15;
H, 7-0. C4H,BP,Ir requires C, 65-25; H, 7-05%,); con-
ductivity 88 Q! cm?2 mol™.
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trans-Hydrochlorotetrakis(dimethylphenylaysine)ividium-
(1) Hexafluovophosphate, trans-[ITHCl(AsMe,Ph)PFg.—
Treatment of a suspension of di-pu-chlorodichlorodihydrido-
tetrakis(cyclo-octene)di-iridium(rir) (0-1 g) in methanol
(10 ml) with dimethylphenylarsine (0-22 g) rapidly gave a
colourless solution from which a white solid was deposited
on addition of ammonium hexafluorophosphate (0-2 g).
Recrystallisation from dichloromethane-methanol gave the
required product as white prisms (0-2 g) containing methanol
of crystallisation. Heating the prisms under high vacuum
at 80° for 16 h gave crystals of analytical purity, m.p.
209—211° (Found: C, 34-45; H, 4-15; Cl, 3-4. C;H,,-
As,CIF¢PIr requires C, 34-85; H, 4-1; Cl, 3-2%); con-
ductivity 131 Q7! cm? mol 2,

Di-y-chlorodichlovodihydridotetrakis(cyclo-octene)di-ivid-
tum(in1), [IrHCl,(CgH,,),];.—Chloroiridic acid (5 g) and
cyclo-octene (5 ml) were refluxed in propan-2-ol (20 ml) for
24 h. Water (5—10 ml) was added slowly with stirring to

J.C.S. Dalton

the deep brown solution formed and the brick red precipitate
of  di-p-chlorotetrakis(cyclo-octene)di-iridium(r)  which
formed was filtered off. Excess of water (ca. 20 ml) was
then added rapidly to the solution, depositing pale brown
microcrystals (0-8 g), m.p. decomp. above 190° without
melting. No sample of analytical purity could be obtained
from this reaction.
Chloro(cyclo-octadiene)bis(triphenylphosphine)ividium(r),

[CsH,,IrC1(PPhy),].—To a solution of di-p-chlorobis(cyclo-
octadiene) di-iridium(1) (0-34 g) in dichloromethane (5 ml)
was added triphenylphosphine (1-154 g). The dichloro-
methane was removed under reduced pressure and the re-
sultant oil formed crystallised from ether. This gave the
required product as orvange prisms (0-6 g), m.p. 105—109°
(Found: C, 60-9; H, 4-9. C,,H,,ClIrP, requires C, 61-4;
H, 4-9%,).
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