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The addition reactions of diatomic molecules,
X-Y (X-Y = HCl, HBr, HI, Cl, and Br;) to square-
planar d® carborane—iridium(1) complexes of general
formula trans-[Ir(o-carb)(CO)L,], where L = PPhs,
PMePh, and carb = —2-R-1,2- and —7-R—1,7-B -
C,H\o (R = H, CH,, C4Hs) have been investigated in
both the solid state and in solution of a variety of
solvents. The stereochemistry of the obtained octa-
hedral adducts was determined by ir. and 'H nmr
spectroscopy. The stereochemical course of the addi-
tion reactions appears to be dependent on the reac-
tion medium and on the type of the carborane
anionic ligands. Evidence suggesting that these oxida-
tive-addition reactions proceed through solvent-
containing intermediates when they are carried out in
coordinating solvents is reported.

The HX adducts of general formula [Ir(H)(X)(o-
carb)(CO)L,], (X = Cl, Br, I), reductively eliminate
the carborane molecule, H-carb. Factors governing
these elimination reactions are also described.

Introduction

Oxidative-addition and its reverse, reductive
elimination, are very important reactions in transition
metal chemistry and catalysis and in this connection
the role of d® metal complexes of the type trans-
[IrX(CO)L,], where L = tertiary phosphines or
arsines and X = halogen, has been widely investi-
gated [1-7].

In a previous paper [8] we have reported the
results of an investigation on the oxidative-addition
reactions of molecular hydrogen to 1,2- and 1,7-
dicarba~closo-dodecarborane(12)-Iridium(I) com-
plexes, isoelectronic and isostructural with Vaska’s
complex, formed through carborane carbon—metal o
bonds. The stereochemical course of these reactions
appears to be solvent dependent and three octahedral

isomeric adducts have been obtained and character-
ized. On the other hand, it is a well-known fact that
the stereochemical course of the addition of hydro-
gen to complexes of the type trans-[IrX(CO)L,]
is always stereospecifically cis and is unaffected by
the nature of the solvent, a single isomer in which the
phosphine ligands remain frans being formed [1].
The peculiar behaviour shown by the carborane—
iridium(I) complexes toward hydrogen addition
prompted us to extend our investigation on the
oxidative-addition reactions to these complexes in
an attempt to assess the role of the carborane ligand
in determining the stereochemistry of the addition
reactions. Thus, we report herein a study of the
oxidative additions of diatomic molecules, X—-Y
(X-Y = HCl, HBr, HI, Cl,, Br,;) to the complexes
trans-[Ir(o-carb)(CO)L,], where L = PPh,, PMePh,
and carb = —2—-R-1 2—, ~1-R—-1 ,7-B10C2H10 (R =
H, CH;, C¢Hs), carried out in solution and in the
solid state.

In addition we also present some qualitative data
on the reductive elimination reaction of the
carborane molecule, H-carb, from the complexes
[Ir(HX X)X o-carb)CO)L,], X = Cl, Br, L, in depen-
dence on the coordination sphere and on the
configuration,

Results and Discussion

Oxidative Addition of Hydrogen Halides and Halo-
gens

The complexes trans-[Ir(o-carb)(CO)L,], where
L = PPh,; and PMePh,, carb =—-2-R-12— and -7-R~
1,7—B10C2H10 (R =H, CHg, C6H5), readily react with
diatomic molecules, as HCl, HBr, HI, Cl; and Br,,
at room temperaure either in solution or in the solid
state to give octahedral addition products.
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TABLE 1. Analytical Data for the Carborane—Iridium(I1I) Complexes, [Ir(X)(Y)(o-carb)(CO)L,].

Complex Conf. Mp. °C Analysis, % (calcd.)
C H halogen
1)  1-[Ir(H)(CI){CO)(PPh3), - A 130% 49.81 4.48 3.75
-2-H-1,2-(¢-B19C,Hyg) (50.67) 4.58) (3.83)
2)  1-[Ir(H)CQ)(CO)(PPhj), |- A 1532 50.18 4.53 3.68
-7-H-1,7-(a-B1oC2H1o) (50.67) (4.58) (3.83)
3)  1-[Ir(H)XCI)}CO)(PPhj), }- B 120-121% 51.55 4.40 3.95
-2-CH3-1,2-(0-B1oC,Hy0) (51.19) “4.72) (3.78)
4)  1-[Ir(H)(C1)(CO)PPh3),]- A 124-126"° 50.49 4.60 4.02
-7-CH3-1,7-(0-B1oC,Hy0) (51.19) 4.72) (3.78)
5)  1-[Ir(H)(CI)(CO)(PPh3),]- A 113-115% 54.60 4.61 3.76
-7-C¢Hs-1,7-(6-B 1o C; Hyg) (54.06) 4.63) (3.54)
6)  1-[Ir(H)CI)(CO)(PMePh,), |- A 118-120% 43.93 5.10 4.65
-1-CH3-1,7-(6-B1oC,H1o) 44.24) 4.95) 4.35)
7)) 1-[IEH)CI)(CO)(PMePh,), ]- A 131-133% 48.30 4.89 4.10
-7-C¢Hs-1,7-(6-B1oC2 Hio) (47.90) 4.83) (4.04)
8)  1-[Ir(H)Br)}CO)(PPh3),]- A 92-93% 51.44 4.14 7.49
-7-C¢Hs-1,7(0-B19C2Hyp) (51.72) 4.43) (1.65)
9)  1-[Is(HXI)(CO)(PPh3),]- A 103 49.55 4.15 12.25
-7-C¢Hs-1,7-(0-B1oCaHyo) 49.49) 4.24) (11.63)
10)  1-[Ir(H)(C(COXCH3CN)(PPh3)] - Cc+D n.d® 44.53 4.34 4614
-7-C¢Hs-1,7-(a-B1oCaHy0) (44.70) (4.40) @.55)
11)  1-[Ir(H)(CI)(CO)CHsCN)(PPh3)] - C+D n.d® 49.05 4.25 4.18¢
-7-C¢Hs-1,7-(0-B1oCaH1o) (49.96) “.31) 4.21)
E 148-149° 41.87 4.59 8.15
(42.45) 4.63) (8.35)
12)  1-[Ir(Cl), (CO)PMePh, ), ]- F 193-194°¢ 42.51 4.54 8.01
-7-CH3-1,7-(0-B10C2H10) (42.45) (4.63) (8.35)
13)  1-[Ir(Cl), (CO)(PMePhy ), | - E 145-146° 45.82 4.66 1.13
-7-C¢Hs-1,7-(0-B1o C3 Hyg) (46.15) 4.53) (1.78)
14)  1-[Ir(Br), (CO)(PMePh;), | - E+F n.d.? 41.87 3.99 15.07
-7-C¢ Hs-1,7-(a-B1oC2Hyp) 42.05) 4.13) (15.98)

2Decomposes without melting on heating in a capillary tube sealed under vacuum.

bNot determined: mixture of isomers.

¢ Decomposes on melting in a capillary tube sealed under vacuum.dComplex 10: N = 1.74(1.80%); complex 11; N=1.65(1.67%).

Table I lists the obtained carborane—iridium(III)
adducts with the pertinent analytical data. The
configuration of these iridium(III) derivatives follows
from ir. and 'H nmr spectroscopic data which are
reported in Table II.

Hydrogen halides

With the exception of the iridium(l) derivative
containing the —2-CH;-1,2-B,,C,H;, ligand being
unreactive toward gaseous hydrogen halides in the
solid state, the crystalline carborane—iridium(I)
complexes add stereospecifically gaseous hydrogen
chloride, bromide and iodide giving only octahedral
cis addition products (complexes 1, 2, 4-9 of Table
I) having the configuration A4 (eqn. 1).

H
L CO L)X
\I / + HX \I 4 1)
r —_— r
/A aN ¢
Cartb L OC (L
carb

X=Cl, Br,I; carb =—2-H-1,2—,

(R =H, CH;, C¢Hs)

The obtained complexes exhibit the hydride proton
nmr resonance as a triplet centered at 7 21-22 (Jpy
ca. 17-18 Hz), in agreement with a structure in which
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the two phosphine ligands are mutually zrans.
Moreover, the observed values for the hydrido chem-
ical shift indicate that these adducts contain the
hydride trans to the carboranyl group [8]. In addi-
tion, the far-infrared spectra of the hydrogen chloride
adducts show the iridium—chlorine stretching absorp-
tions around 310 c¢m™! corresponding to chlorine
trans to carbon monoxide [9].

The lack of reactivity toward gaseous hydrogen
halides exhibited by the crystalline derivative of iri-
dium(I) containing the —2—-CHs—1,2-B;,C,H,, ligand
is possibly due to steric congestion in the coordina-
tion sphere caused by the presence around the metal
atom of a bulky carboranyl group together with two
triphenylphosphines having high cone angle rather
than to electronic factors. On the other hand, this
complex slowly adds hydrogen chloride when it is
suspended in benzene yielding stereospecifically a
trans addition product (complex 3) having the struc-
ture B.

H
L | CO
NI/
B Ir\ carb = -‘2—CH3-—1 ,2—B10C2H10
carb ‘ L L = PPh,,
Ci

The 'H (hydride) nmr spectrum of 3 exhibits the
hydrido resonance as a triplet centered at 7 25.33
(Jpy = 109 Hz) in accordance with an hydrido ligand
trans to Cl and cis to two equivalent phosphorus
nuclei [10]. In addition, the far infrared spectrum
of 3 exhibits the p(I—Cl) absorption at 263 ¢cm™?,
suggesting the chlorine to be zrans to H [9], and then
the structure B accommodates all these data. The
other carborane-ridium(I) complexes react with
hydrogen chloride, bromide or iodide in solution of
dry non polar solvents, as benzene or dichloro-
methane, yielding only products of cis addition,
structure 4. On the other hand, mixures of cis and
trans addition products (complexes I, 2, 5 of Table
IT) are obtained by reacting the iridium(l)-carborane
derivatives with gaseous hydrogen chloride in wet
benzene or CH30H-CH,Cl, solution. A similar
solvent effect on the stereochemical course of oxida-
tive addition reactions to iridium(I) complexes was
also found by Blake and Kubota [4]. However, the
origin of the mixtures of cis and trens addition
products formed in wet benzene of CH;OH-CH,Cl,
was not clarified. This observed effect of the polar
solvents on the stereochemical course of oxidative
additions could be due to several reasons, such as a
thermodynamic solvent effect or the formation of
solvent-containing intermediates.

In this connection we were able to obtain two
isomeric carborane—iridum(III) adducts (complexes

B. Longato, F. Morandini and S. Bresadola

10 and 11, Table 1) containing a coordinated nitrile
molecule in place of a triphenylphosphine ligand,
[Ir(H)(C1)(o-carb)(CO)YRCN)(PPh;)], R = CH;j,
C¢Hs, by adding gaseous HCl to trans-[Ir(o-carb)-
(CO)(PPh;),] in acetonitrile/benzene or benzonitrile/
benzene (1 to 1) solutions (eqn. 2).

+HCI
trans-[Ir(o-carb)(CO)PPh
ans-[Ir(c )COXP 3)2] RCN/benzene
H H
Ph,P | CI PhyP | carb
N N\
. Ir + It @)
/1N 7N
OC | carb 0oC ‘ NCR
NCR cl
10G11C 10D,11D

The 'H (hydride) nmr spectra (Table II) of the reac-
tion mixtures exhibit two doublets [complex 10:
7 27.00 (Jpy = 10.1 Hz) and 7 28.06 (Jpy = 12.8 Hz);
complex 11: 7 26.79 (Jpyg = 10.5 Hz) and 7 27.55
(Jpy = 132 Hz)], which are consistent with the
presence of two isomeric octahedral species having
both the hydrido ligand cis to the triphenylphos-
phine. The doublets at lower field are in agreement
with a structure in which the hydrido ligand is frans
to Cl atom (structure D), whereas those at higher
field can be assigned to H trans to RCN group (struc-
ture C) [11]. In addition, the 'H nmr spectrum of
the acetonitrile-iridium (I1I) adducts (complex 10)
exhibits the nitrile methyl proton resonance as a
doublet centered at 7 8.17 (Jpy = 1.8 Hz), attributed
to the isomer D, and a singlet at 7 8.05, assigned to
the isomer C. The occurence of the observed doublet
for the resonance of the nitrile methyl protons is the
result of a long-range P-H coupling [11] and it is
further evidence for a frans arrangement of CH3CN
and PPh, in structure D.

Finally, the far-infrared spectra of nitrile contain-
ing adducts show the v(Ir—Cl) absorption at ca. 310
and 260 cm™!, which are in agreement with Cl trans
to CO and trans to H, respectively. The formation of
two isomers having the structures C and D, respec-
tively, is then in accordance with all these data. It is
to be noted that mixtures of the isomers C and D
are formed by treating with gaseous hydrogen
chloride either the bis-phosphino-iridium(I) complex
in benzene/nitrile solution or the nitrile—phosphino-
iridium(I) complexes in benzene, as summarized in
the reaction scheme 1. In both the cases the nmr
evidence shows that the isomers C and D are formed
in the ratio 1:2. On treating the isomer mixture
of the HCI nitrile—iridium(IIl) adducts (/0 and 11)
with free triphenylphosphine ligand, a reversible
displacement of the nitrile ligand occurs with forma-
tion of a mixture of both cis and trans HCI bis-
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trans- [I1(g-carb)(CO)(PPh3), ] E(L [Ir(H)(Cl)(g-carb)(CO)(PPh3), ]

+ RCN | | +PPh; + RCN

+PPh;

[Ir(o-carb)(CO)(RCN)(PPh;)] a, [Ir(H)(Cl)(o-carb)(CO)Y(RCN)(PPh3)]

10,11
R = CHj;, C¢Hs.
Scheme 1

phosphino adducts having the structure 4 and B,
respectively.

Halogens

The carborane—iridium(I) complexes, trans-[Ir(o-
carb)(CO)L,] add irreversibly halogens either in the
solid state or in solution. In order to obtain structural
information from the 'H nmr spectra, we decided to
prepare iridium(I)-carborane complexes containing
the diphenylmethylphosphine ligands, the methyl
proton resonances of which permit determination of
the relative position of the coordinated phosphines.
All of the obtained products of halogen addition
(complexes 12-14) appear to contain the phosphines
in mutual trans position, as shown by 'H nmr spectra
of the PCHj; groups (triplet due to the virtual
coupling between the phosphorus atoms, Table II).
Once the phosphines are shown to be frans, only one
adduct of cis-addition (E) and one adduct of trans
addition (F) are possible (eqn. 3).

X X

LL CO L | CO L i Co
\/ X, N\l / \!'/

Ir — I + Ir 3

/\ /1N /1N

carb L X[ L carb \ L
carb X
E F

X, =Cl,, Br,; L =PMePh,; carb=—7-R-1,7—
B10C2H10
(R = CHj;, C¢Hj).

The mutual position of the halogen atoms on the
metal can then be readily determined by far-infrared
spectra [1,2].

The addition of gaseous chlorine to solid frans-
[Ir(g-carb)(CO)L,] complexes gives rise stereospeci-
fically to cis-addition products having the configura-
tion £ (complexes /2 and 13). In fact the infrared
spectra of 72 and 13 exhibit two p(Ir—Cl) absorption
bands at ca. 315 and 280 cm !, While the band at
315 ecm™! can be assigned to Cl trans to CO, that at
280 cm™! is consistent with a chlorine trans to carbo-

carb = —7—C6H5—1 ,7—B10C2H10

ranyl group. On the other hand, the reaction with
gaseous bromine carried out in the solid state affords
a mixture of both cis (50%) and trans (50%) addition
products (complexes 14 £ and 14 F).

A dependence of the stereochemical course of the
addition reaction on the type of carboranyl group
bonded to the metal was found in the case of the
reaction of gaseous chlorine with the carborane
iridium(I) complexes carried out in solution. The
complex containing —7-CgH;—1,7-B,C;H,o as
anjonic ligand reacts with chlorine in dry benzene
yielding a mixture of cis (60%) and trans (40%)
adducts, structure £ and F respectively. The forma-
tion of two addition isomers was proved by 'H nmr
and i.r. spectra (Table I1). The far infrared spectrum
of the product precipitated from the reaction mixture
shows absorptions at 330, 315 and 280 cm™! (nujol
mull) attributed to iridium—chlorine stretching vibra-
tions. The first one is characteristic of mutually
trans chlorine atoms and is in accord with trans
addition, configuration F. The absorptions at 315 and
280 cm™! are assigned to two chlorines trans to CO
and trans to the carboranyl group, respectively, and
thus a product of cis addition (configuration FE)
accommodates these data. On the contrary, a frans
addition product appears to be the unique product
formed by adding chlorine to the iridium(I) complex
containing the anionic ligand —7—CH3~1,7-B,,C2H;o
under the same conditions.

In order to exclude that isomerization of the
hydrogen halide and halogen addition products
occurred during work-up, we have carried out
spectroscopic (*H nmr and i.r.) measurements on the,
reaction mixture solutions and on the products
separated by precipitation with methanol or hexane.
The spectra obtained appear virtually identical,
showing that isomerization is not significant under
the experimental conditions. However, it is to be
noted that the hydrogen halide adducts undergo
reductive elimination reaction on standing in solution
at room temperature (see below).

Reductive Elimination of the Carborane Molecule
While the complexes of the type [Ir(X),(o-carb)-

(CO)L,], 12-14, are stable toward reductive elimina-

tion, the hydrogen halide adducts, /-9, undergo
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reductive elimination of the carborane molecule H-
carb giving Vaska’s complex trans-[Ir(X}CO)L,],
eqn. 4.

[Ir(H)(X)(o-carb)(CO)L,] -
trans[It(X)(CO)L,] + H-carb G

This elimination process, which occurs also in the
solid state, takes place slowly on standing in benzene
solution already at room temperature, The ease with
which these iridium(III) adducts reductively eliminate
the carborane molecule depends markedly on the
phosphine and halogen ligands and on the type of
carboranyl group bonded to the metal. Thus, we have
investigated the influence of the ligand system on
these reductive elimination processes.

Considering the iridium(III) adducts having the
configuration A4, for given phosphine, e.g. PPh;,
and halogen, e.g. Cl, the ease of carborane elimination
increases in the order carb = —2-H-1,2— < -7-H-
1,7- < -7-C¢H;s—1,7— < —7-CH3-1,7-B;,C,Hy.
A combination of both steric and electronic factors,
which are not readily separable, can be invoked to
account for this trend. However, for the complexes
1 and 2 containing the unsubstituted 1,2- and 1,7-
carboranyl ligands the observed different tendency to
undergo reductive elimination must be related
exclusively to electronic factors. In fact, these two
carborane isomers show similar steric requirements,
but the electron-withdrawing ability of the 1,2-deri-
vative is greater than that of the 1,7-derivative [12].
The higher stability toward carborane elimination
exhibited by the iridium(III) complex containing the
—2-H-1,2-B,,C,H,o ligand, I, may be due to the
higher carborane carbon-iridium bond strength. On
the other hand, the greater tendency to lose the
carborane molecule shown by the adducts containing
the substituted carborane ligands may be determined

H
L f I L
NI/ = + \
/Ir\ —— [Ir(H)(I)}o-cartb)(CO)L] ——— s
oC ‘ L oC
+ L
carb
L\ /CO
94 Ir + Hcarb
/\

L= PPh3; carb = —7—C6H5-1 ,7~B10C 2H10
Scheme 2

by the considerable steric crowding effect of these
ligands. For the complexes containing —7—C¢Hs—

B. Longato, F. Morandini and S. Bresadola

1,7-B1oC,H;y¢ and chlorine as anionic ligands, the
ease of carborane reductive elimination in depen-
dence on the group 5 donor atom was found to
increase on passing from PMePH, to PPh,. This trend
is in accordance with the order of increasing size of
the phosphine ligands (PMePh, < PPh;). However,
considering that the reductive elimination is enhanced
by the factors able to decrease the electron density
on the metal atom, it could be also related to the
decreasing ligand basicity order: PMePh, > PPh,.
Finally, for given carboranyl (~7—C¢Hs—1,7-B;o-
C,H;o) and phosphine (PPhj;) ligands, the ease of
carborane elimination decreases on passing from
chlorine to iodine (Cl > Br >1). In fact, the chlorine
and bromine derivatives show practically the same
ability to undergo reductive elimination, while the
iodine derivative is much more stable toward elimina-
tion. Electronic factors are invoked to account this
observed order. In going from the chlorine to iodine
the electron density on the iridium atom increases
and consequently the ease of carborane elimination
decreases.

As regards the influence of the molecular struc-
ture on promoting the elimination reaction, we have
found that in the case of the HCl adducts, e.g. com-
plexes 54 and 5B, either the isomers of cis (structure
A) or trans (structure B) addition appear to be able
to eliminate the carborane molecule. But 'H nmr
evidence shows that the grgns addition isomer, in
which the carboranyl and hydrido ligands are
mutually cis, eliminate H-carb faster than the cis
addition one, in which the carboranyl and hydrido
ligands are mutually ¢rans. On the other hand, the HI
adduct, complex 9, exhibits a different reaction
pattern. While the trgns addition product appears to
be stable for several days in solution at room temper-
ature, the cis addition product undergoes either
reductive elimination or isomerization reactions, as
shown in Scheme 2.

In CHCl; or CH,Cl, solution at room temperature
isomer 94 finally gives isomer 9B together with the
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T T T
2275 2326 2490 T o
Fig. 1. b ¢ (hydride) nmr spectrum (CDCl3) of complex 9

as a function of time: a) t = 0 (isomer 94);b) t = 15 min;¢)
t = 300 min; d) t = 600 min (isomer 9B).

elimination reaction products, ie. carborane and
trans- [If(D)(COXPPh;),]. This reaction pattern has
been investigated by 'H nmr spectroscopy in CDCl,
and CD,Cl; solutions.
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The proton (hydride) nmr spectrum (Fig. 1a)
of a freshly prepared sample of the isomer 94
exhibits, as expected, a triplet centered at 7 22.75
(Jpg = 17.4 Hz). After a few minutes, a doublet
centered at T 24.90 begins to appear (Fig. 1b), at the
expense of the initial triplet. Finally, a new triplet
centered at T 23.26 (Jpyg = 11.0 Hz) appears, whereas
the triplet at t 22.75 due to species 94 and the
doublet at 7 24.90 progressively disappear (Fig. Ic
and Id). The appearance of the final triplet at 7 23.26
is in agreement with the formation of the isomer 98B
having the hydride cis to two mutually frans phos-
phines and #rans to an iodine atom. The doublet
resonance can be assigned to an intermediate five-
coordinate species containing one phosphine ligand.
The H nmr spectra exhibit also a singlet centered
at 7 7.04 due to the C-H resonance of the incoming
carborane molecule [8] whose intensity increases
in the time, as expected on the basis of the reaction
Scheme 2.

The suggested intermediate five-coordinate species
can then explain the observed formation of the
isomer 9B together with the elimination products,
namely trans-[Ir(1)(CO)PPh;),] and H-carb [13].

Obviously, the suggested reaction scheme must be
confirmed by kinetic investigations which are now in
progress.

Experimental

Reagent grade solvents were further purified by
standard methods and were dried and degassed before
use. The complexes trans[Ir(c-carb)(CO)L,], L =
PPh;, PMePh, and [Ir(o-carb)(CO)(RCN)(PPhj)],
R = CHj;, C¢Hs, were prepared as previously reported
[8, 11]. All of the reactions involving iridium(I)
complexes were carried out under argon atmosphere.
The 'H nmr spectra were recorded at ca. 27 °C and
at 60 MHz in CDCl; with a WP-60 FTNMR Bruker
spectrometer. Infrared spectra were obtained with
a Perkin-Elmer model 457 instrument and calibrated
against polystyrene film. Melting points were deter-
mined by a conventional hot-stage microscope and
are uncorrected.

Oxidative-addition Reactions to Trans-[Ir{a-carb)-
(CO)L,] Complexes

Hydrogen halides (1-9).

Procedure A: Crystals of trans-[Ir(g-carb)(CO)L,]
were placed in a flask which was purged with argon
and then kept under anhydrous gaseous hydrogen
halides (1 atm) at room temperature. While the
complex containing carb = -2—CH3—1,2-B,,C,Hyo
appeared to be unreactive and was quantitatively
recovered unaffected, the other iridium(I)-carborane
complexes reacted rapidly and the initiallly orange
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solid turned white 1n the course of 3—-5 minutes The
resulting white 1ridium(IIl) adducts were further
punified by recrystallization from 1,2-dichloro-
ethane/methanol or benzene/n-hexane (yields
>95%)

Procedure B To 0203 mmol of mdium(I)-
carborane complexes placed i a flask previously
purged with argon were added 5-8 ml of the appro-
priate solvent (dry benzene, wet-benzene, 1,2-
dichloroethane, CH30H-CH,Cl,) Solutions of the
anhydrous hydrogen halides (c2 025 N) m the
respective solvents were added dropwise with stir-
rnng The mtially orange solutious rapidly turned
colorless After stirring for 1 hr, argon was bubbled
into the solutions and then white solids were
precipitated by addition of n-hexane The crude
products were recrystallized from benzene/n-hexane
(vields ca 80%)

Halogens (12—-14)

Procedure A Crystals of trans-[Ir(o-carb)(CO)L,]
placed mn a flask previously purged with argon were
kept under dry gaseous halogens at room tempera-
ture As the mtially orange crystals became color-
less and no further color change was observed,
argon was let into the flask The resulting iridium-
(III) adducts were then purnfied by recrystalliza-
tion from  dichloromethane/methanol  (yelds
>90%)

Procedure B To 02-0 3 mmol of the indium(I)-
carborane complexes dissolved in 5-8 ml of dry
benzene, were added dropwise benzene solutions
of the anhydrous halogens at room temperature
The obtained solutions were stirred until the
mitially orange solutions turned colorless or yellow
At this point, argon was bubbled into the solutions
and then addition of n-hexane caused separation of
the white or pale yellow adducts of iridium(III)
The crude products were further punfied by recrys-
tallization from dichloromethane methanol (yields
>80%)

Addition of HCl to 1-[Ir{CO)(PPh5),]-2-CH;5-1,2-
(0-B1oCyH,yo) 1n Benzene Suspension (3)

This indium(I)-carborane complex exhibits poor
solubility and thus the addition reaction was car-
ried out 1n a benzene suspension according to general
procedure B The reaction 1s very slow at room
temperature and only after stirring for 8 hr com-
plete dissolution of the starting complex was
attammed and the mtially orange solution turned
pale yellow n-Hexane was then added to precipi-
tate the white adduct 3 which was further punfied
by recrystallization from benzene-methanol As
the complex 3 underwent extensive reductive elimina-
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tion m the course of purification, the yield of the
ridium (I1T) adduct was only ca 45%

Addition of HCl to [Ir{a-carb)(CO)(PPhs),] n
RCN/C¢Hs Solutions (10and 11)

Dry hydrogen chloride was bubbled mto a solu-
tion of 03 g (031 mmol) of 1-[Ir(CO)(PPhj).]—
7—Ce¢Hs—1,7«0-B14CyHy) m 10 ml of acetonitrile/
benzene or benzomnitrile/benzene (1 to 1) The
mitially yellow solutions turned colorless in a few
seconds The resulting mixtures were evaporated
under vacuum and the solids were purified by recrys-
tallization from benzene/n-hexane White crystals
of 10 (yield, 85%) or 11 (yield, 91%) where obtamned
which proved to be muxtures of both cis (1somer C)
and trans (1somer D) addition products (see text)

Reductive-elimunation Reactions of the Carborane
Molecule from the Complexes [Ir(H)X)(o-carb)-
(CO)L," General Procedure

The complexes [Ir(H)(XXo-carb)(CO)L;], X =
Cl, Br, I (I-9), lose the carborane molecule either on
standing 1n solution (benzene or 1,2-dichloroethane)
or on heating the solutions at the reflux tempera-
tures yielding Vaska’s analogues The reductive
elimmation reactions were followed by ir and 'H
nmr spectroscopies on the reaction mixtures
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