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Suinmary

The oxidative addition of trifluoromethanesulfonyl chloride to trans- {IrX-
(CO)[P(CcHs)3]1} yields as the only product an iridium(III) complex, {IrXCl-
(OS(0)CF3)(CO)[P(GeHs)3)2 T (Ia, X = Cl; Ib, X = Br) in which the O-sulfinato
group is lrans to the carbonyl ligand. This is in contrast to the behavior of hydro-
carbon sulfonyl halides which have previously been found to give exclusively S-
bonded forms with the sulfinato group ¢rans to chloride. The S- and 0,0’-tri-
fluoromethanesulfinato isomers of the compound {IrCl,(O,SCF;)[P(CsHs);].}
have been prepared and characterized. Addition of carbon monoxide or pyridine
to either of these isomers gives {IrCl,(-S(0),CF;)}[P(CcHs):). -B} (B =CO or
CsH;N) in which the added Lewis base is trans to an S-sulfinato group.

Introduction

The sulfinato ligand is of interest in organometallic chemistry because of its
formation in sulfur dioxide insertion reactions of metal carbon bonds and its in-
volvement in the desulfonation of sulfonyl halides catalyzed by metal complexes
[1,2,3]. Sulfur-bonded sulfinates are the most numerous in transition metal or-
ganometallic compounds {1,2]. Insertion of sulfur dioxide into metal-—carbon
bonds leads to S-sulfinates as the isolable product, although O-sulfinates may be
the kinetically controlled product [1,4]. Oxidative addition of a wide range of
alkyl- and arylsulfonyl halides to low valent complexes of the platinum metals
has given exclusively S-sulfinato complexes [5—9]. The O-sulfinato complex
trans- {Ir[OS(O)C¢H,CH;]CO(PPh;), } has been prepared from Vaska’s complex
by a metathetical reaction. Oxidation of this complex by dioxygen yields a
product which contains the S-sulfinato group [10]. We wish to report the synthe-
sis and propertles of five and six-coordinated complexes of iridium(II1) which
contain an S,0- or bidentate trifluoromethanesulfinato ion. In the light of our
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: ﬁndmfrs prevmus observatlons f7]on the rate of migration of perfluoro groups
in ﬁve coordmated sulfmato complexes have been remterpreted

, Results and dxscussxon
Addltxon of tnﬂuoromethanesulfonyl chloride, CF1S0,Cl, to Vaska’s complex

or its bromo analog, yields the complexes Ia or Ib in which an O-sulfinato group
is mcorporaued trans tothe carbonyl hgand {eq. 1).

L ci
H
IFXCOL, + CFi80,c1 —2He > P
x L
co

Ia: X =C!, L = PPhy
Ib: X = Br,L = PPhy

This structure is supported by the following evidence. Compound Ia has a single
IR band (Table 1).at 329 cm™! characteristic of v(Ir—Cl) for chloride trans to
chloride {11,12]. In the S—O region of the IR two bands are assigned as v(S=0),
1120 cm™, and v(Ir—O0—S), 888 cm™ . These are characteristic of an O-sulfinato
group. [2] . Similar bands are found in the IR spectrum of the bromo analog.
Mutually trens phosphine ligands are indicated by the relative intensity of the
pair of weak bands at 1675w and 1690vw cm™! [7]. The correlation of these
band intensities with the relative positions of the phosphine ligands has not been
well established; however, oxidative addition products of Vaska’s complex in
which the triphenylphosphine ligands are cis are very rarely encountered {13].
The products of reaction 1 contrast in two respects with those of the oxidative
addition of hydrocarbon sulfonyl chlorides to a wide range of iridium(I) com
plexes [5,7,8,9]: (1) alkyl- and arylsulfonyl halides have been found to give only
S-sulfinates and (2) the addition products obtained in prior work incorporate
the sulfinato group trans to chloride, not carbon monoxide. We have rechecked
the results of Collman and Roper [5], who reported no v(Ir—Cl) data, and con-
firmed that the isomer obtained by the addition of methanesulfonyl chloride to
Vaska’s complex is that shown in eq. 2. '

-
O__——S=O‘
L Ci
o C.H .
IrCHCOML, + CH3SO,Cl ——2 O o \Ir< 2
S . ) oc/ [ .
ci

L = PPhs
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The values of vu(SOZ), 1220 cm vm(SOz), 1070 cm™!'and v(CO) at 2090 -
em™! conespond to those reported in the original work. Two weak bands at 312
and 272 cm™! in the »(Ir—Cl) region are consistent with a chleride trans to carbon’
monoxide and one trans to an S-sulfinatc group, respectively [11]. The same
geometric and linkage isomer also has been obtained when the ligand L is di-
methylphenylphosphine [9] or methyldiphenylphosphine {8]. .

A coordinatively unsaturated sulfinato complex can be obtained by the fol-
lowing method. Addition of trifluoromethanesulfonyl! chloride to trans-{IrCl-
{N,)L.] vields a brown product, II, (reaction 3).

i
O=—=8S—=0
ci L
CeHe ~N 7
[Trampr,]  + cFsoc ————e— /Ir\ + N, (3
(I1)

L = PPhy

This compound is characterized by v(Ir—Cl) at 330 cm™, v,,(SO,—) at 1280 cm™*
and v,,,(SO.—) at 1075 cm™'. These bands are consistent with trans chloro-li-
gands and an S-sulfinato ion [2,11]. The complex is monomeric in chloroform
but is not sufficiently soluble to obtain a '’F NMR spectrum. Hydrocarbon ana-
logs of II have been obtained by Kubota and Leoffler [7]. The known examples
of five coordinated iridium(I11) complexes are believed to have a square pyrami-
dal geometry [7,12]. Upon stirring a suspension of complex II in benzene it iso-
merizes to a yellow form, I1I, which is also monomeric in chloroform (eq. 4).

FAC
3 \s
P~
S|
CgH : \ /
876 - 4)
28°C / ! \
. (I

This complex, 111, is characterized by a single band in the »(Ir—Cl) region at 329
cm™!, which is appropriate for Cl trans to oxygen [11], and there is a shift in the
S—O vibrational modes to 1040 and 935 cm™'. These bands are consistent with
a structure in which the sulfinato group acts as a chelating ligand [2]. B

Complexes 11 and 111 are probably in rapid equilibrium in solution. Addition
of carbon monoxide to either complex dissolved in benzene gives the ca.rbonyl
adduct having an S-sulfinato group, IV, {eq. 5). :
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Spectral data for compound IV are consistent with the given structure. There is
a single p(Ir—Cl) band at 338 em™! (Cl trans to Cl) [11] and the S—O bands,
V.s(80). 1262 em™! and v,,,(SO;) 1076 cm™', are characteristic of the S-bonded
form [11]. »(CO) is at 2100 em™1, characteristic of CO trans to a good m-accep-
tor ligand [2]. The S-sulfinato complex, IV, is the kinetically controlled product.
It will slowly isomerize to the O-sulfinato complex, Ia, in benzene or methylene
chloride solution. Conversion is complete in about 5 h at room temperature. The
slow rate at which compound IV isomerizes to the O-sulfinato isomer, Ia, makes
it unlikely that an S-sulfinate is the initial oxidative addition product in reaction
1. We have found no evidence for linkage isomerization in the methylsulfinato
analog of IV which was prepared by Kubota and Loeffler [7]. However, the
methyl derivative loses SO, at a rate which would make its loss competitive with

the rearrangement.
Pyridine also reacts w1th either 11 or 11l to produce an S-sulfinato complex

(eq. 6).

I
O—sS—=0
Ci L
o I + C;-I N \Ir/ (6)
or
5'5 CGHS / l \
: L Cti
[NJ
()

The IR spectrum of compound Y clearly shows that the sulfinato group is S-bonded
Veym(S0,—) 1085 and v,:(SO,—) 1275 cm™'. The single band at 332 cm™!is
indicative of mutually frans chloro ligands.

The results of reactions 5 and 6 indicate that interconversion of the S-bonded
and bidentate forms of the complex is facile. It does not appear that a monoden-
tate, O-sulfinate is present to a significant extent. If it were, the thermodynami-
cally most stable carbonyl adduct, Ia, would likely be an observed product of car-
bon monoxide addition in reaction 5.

. Coordinatively unsaturated . hydrocarbon sulfonyl complexes have been found
to readily undergo a migration reaction in solution, yielding alkyl or aryl com-
plexes and sulfur dioxide. Heating of the trifluoromethanesulfinato compound,
11, in refluxing xylene for 48 h yields an olive green residue whose IR spectrum
still shows bands due to the sulfonyl and trifluoromethyl groups in the 1100~
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TABLE 2
ANALYTICAL DATA (FOUND (CALC.)).

Complex @ Color M.p. C H Cl -- Molecular
ccy : weight
IrCl; (—OS(O)CF3){CO)L> Pale 261 48.46 3.46 7.19
yvellow (48.11) (3.19) (7.47)
IrCIBr(—OS(O)CF3)}(CO)L2 - CeHg Pale 188 49.48 3.43
yellow (49.33) (3.39)
1rCl3(—S{0)2CF3)L» Brown 140—5  48.31 3.51 8.33 230
] (48.26) (3.28) (7.81) . (921)
IrC12(0,0 -SCF3)L> Yellow 130—2 47.89 3.75 7.15 . 923
' (48.26) (3.28) (7.81) (921)
IrCl3(—S(0)2CF3X{CO)L2 Pale 260 48.33 3.39 8.26 :
yelow (48.11) (3.19) {7.47)
IrCl3(—5(0)2CF 3N (CsHsN)La Paie 123—6 50.05 4.01
yellow (51.17) (3.58)

ay, = P(CgHjs)3.

1300 cm™! region. Infrared spectra of the volatile products of the thermal decom-
position of solid II in vacuo at 220°C indicate the presence of benzene, hydrogen
chloride and sulfur dioxide but these were not quantified. It can be concluded
that the trifluoromethyl group undergoes migration reactions in sulfonyl com-
pounds much less readily than hydrocarbon groups. This parallels the behavior
of fluorocarbon groups in acyl complexes {12,14].

Kubota and Leoffler have reported that the pentafluorophenyl group in IrCl,-
(S(0).CsF;5)(PPhs), migrates very rapidly to give the perfluoroaryl-sulfur dioxide
complex {IrCl,(C¢Fs)(PPh;);S0;}. A re-examination [15] of their data suggests
that the rapid reaction they interpreted as a migration of the pentafluorophenyl
group from sulfur to iridium was in fact the rearrangement of the S-sulfinato
complex to the bidentate O,0’-sulfinato isomer as in reaction 4. The infrared
bands they observed in the product at 1060 and 967 cm™' were assigned in the
original work [7] to coordinated sulfur dioxide (in {IrCl,(C¢F'5)(PPh;), - SO, })
but are consistent with the product actually being {IrCl,{O,0'—SC4F;s)(PPhs),}
for which the sulfur—oxygen vibrational modes occur in this region of the IR
spectrum [2]. Carbonylation of the rearrangement product preduces a product
in which bands at 1060w and 962m cm™! remain in the IR spectrum. The pres-
ence of these bands after carbonylation would support the belief that the sulfi-
nato group remains intact {15]. '

Experimental

The compounds trans-{IrX(CO)[P(C¢Hs):l.} (X = Cl or Br) [16], trans- {IxCl-
(N2)}[P(C¢Hs):)2} {17] and {IrCl(S(0).CH;)(CO)[P(CeHs)s]: } [5] were prepared
by raethods in the literature. Trifluoromethanesuifonyl chloride (PCR, Inc.) was
stored in vacuo in a-container with a teflon stopcock, as were dried benzene and
toluene. Reaction mixtures including CF;S0,Cl were prepared in vacuo but sub-
sequent work-up was carried out using bench-top methods. Infrared spectra were
obtained on a Perkin—Elmer Model 621 spectrometer. Samples were prepared as
Nujo! mulls between cesium iodide plates. Molecular weights were determined
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in chloroform using a Mechrolab 301 A osmometer. Microanalyses weré performed
by Galbraith Laboratories, Knoxville, Tennessee.

{IrX(—OS(O)CF;)(CO) [P(C¢Hs)s]:} (X = Cl or Br)

Trifluoromethanesulfonyl chloride (0.1 ml) and benzene (4 ml) were con-
densed onto Vaska’s complex or its bromo analog (0.3 g) at 77 K in vacuo. The
mixture was warmed to room temperature and stirred for 3 min. The resulting
pale yellow solid was recovered, washed with benzene (1 ml) and ether and dried
in vacuo. Yield 0.25 g.

{IrCl,(—SO,CF3)[P(CcHs )3 ]2 }

Trifluoromethanesulfonyl chloride (0.15 ml) and toluene (10 ml) were con-
densed onto trans- {IrCI{N,)[P{CcH;s)3].} (0.5 g) at 77 K. The mixture was
warmed to 0°C and stirred for 15 min. The resulting brown solid was recovered
as rapidly as possible on a filter, washed with cold toluene and dried in vacuo.
Yield 0.33 g.

In some preparations the brown solid begins to turn yellow in the filter. Nei-
ther light nor oxygen apparently caused this change but it may be caused by
washing with polar solvents. The yellow color is due to the presence of the 0,0’
sulfinato isomer (see the following preparation).

{IrCly(O,0'-SCF3)[P(CeHs)s]2 }

A suspension of the brown S-sulfinato isomer, {IrCl,(—S(0),CF3)}(PPhs).},
from the previous preparation (0.5 g) was stirred in benzene (10 ml) at room
temperature for 20 h. Filtration gave the O-bonded isomer as a bright yellow
solid which was washed with ether and dried in vacuo. Yield 0.3 g.

{rCly(—S(0),CF3 (CO)[P(CsHs)s] 2}

Into either the S- or 0,0"-sulfinato form of {IrCl,(SO,CF;)(PPh3),} (0.1 g) in
benzene (2 ml) was bubbled carbon monoxide for 3—4 min. The resulting pale
yellow solid was recovered and washed with ether. Yield 0.08 g.

Isomerization of {IrCl,(—S(0),CF;)}(CO)L,} to {IrCl,(—OS(O)CF;(CO)L,}-
(L =P(CcHs)3)

The IR spectrum of a solution of the carbonyl-S-sulfinato complex in methyl-
ene chloride was recorded periodically. The band at 2100 em™' characteristic of
the S-bonded isomer gradually decreased in intensity while that at 2080 cm™*
characteristic of the O-bonded isomer increased. The reaction was complete within
5 h at room temperature.

{IrCl,(—S(0),CF3 (CsHsN)[P(C¢Hs)3] 2} )
To a suspension of either the S- or O,0'-sulfinato form of [IrCl,{(SO.CF;)-
(PPh3).] (0.1 g) in benzene (3 ml) was added 0.2 ml of pyridine. Ether (5 ml)
was added to give a sticky precipitate. The liquid phase was decanted and the
residue was triturated with ether to give a pale yellow solid. Yield 0.05 g.
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