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Treatment of tram-[lr(CO)(PPh3)2 Y], Y = -7-C6- 
H5-1,7-BloC2H,,, with RCN(R = CH,, C&l,) in solu- 
tion affords neutral complexes of general formula 
[Ir(CO)(RCN)(PPh,)Y] which were isolated as 

yellow crystals. These complexes readily undergo sub- 
stitution reactions with CO and phosphines to give 

neutral complexes which have been characterized by 
ir and ‘H nmr spectroscopy. The four-coordinate 
nitrile complexes add oxidatively molecular hydrogen 
giving octahedral adducts which readily undergo 
nitrile ligand substitution reactions with carbon 
monoxide and phosphines. The stereochemistry of 

TABLE I. Analytical (%) and 1.1. (cm-’ , Nujol) Data for the Prepared Iridium-Carborane Complexes. 

Complexa M.P. (“C)b Color Found (Calcd.) I.R. bandsC 

C H N v(C0) u(CN) v(Ir-1~) 
- 

[Ir(CO)(CHaCN)LY] , (2a) 

[lr(CO)(CeHsCN)LY], (2b) 

[~~(CO)2L2Yl, (3) 

Ilr((‘0)3LY 1, (4) 

lIr(CWDpe)Y I, (5) 

Wfz(CO)(Dpe)Yl , (6) 

[IrHa(CO)(CH,CN)LY], (7a) 

[IrHa(CO)(CeHsCN)LY], (76) 

~IIH~(CW~LYI, (9) 

174 yellow 

191 yellow 

111 orange 

138 white 

150 orange 

212 white 

84 white 

160 white 

156 white 

47.88 
(47.69) 

so.97 
(50.73) 

56.34 
(55.68) 

4.07 1.88 
(4.03) (1.62) 

4.08 1.75 

(4.38) (1.74) 

4.98 
(4.57) 

45.96 3.99 
(45.78) (3.98) 

51.02 
(50.16) 

4.81 
(4.69) 

50.16 
(50.05) 

4.95 
(4.92) 

46.92 
(46.76) 

50.28 
(50.60) 

45.95 
(45.60) 

4.60 1.76 
(4.73) (1.88) 

4.26 1.61 
(4.62) (1.73) 

4.40 
(4.47) 

1982 vs 2300 VW 
2320 VW 

1980 vs 2258 w 

1998 s, 

1940 vs 

2060 w, 
1980 s, 

1970 s 

1983 vs 

1997 vs 

1992 vs nd.; 

1991 vs 2278 VW 

206 1 vs 
2023 vs 

2122s, 
2084 s 

2235 m, 

2119 s 

2114 s, 

2110s 

2154 s, 

2132 s 

‘L = PPhs; Dpe = PhaP(CH2)2PPha;Y = -7CeHs-1,7-BreCaHre. bAll compounds melt with decomposition in a capillary 

tube sealed under vacuum. Uncorrected values. ‘Key: vs, very strong; s, strong; m, medium; w, weak; VW, very weak; n.d., not 

detected. 



190 B. Longato and S. Bresadola 

the resultirzg octahedral complexes has been assigned 
by a combination of ir and nmr spectroscopy. 

Introduction 

Recently we have reported that the stereo- 
chemical course of the oxidative addition of Hz to 
trans-[Ir(CO)(PPh,),Y], Y = -7-C6H5-1,7-Blc,CZ- 
HI,, complex I, is solvent-dependent [I]. Particu- 
larly, when the reaction of I with Hz is carried out 
in acetonitrile solution a unique isomer of cis-addi- 
tion having the two phosphine Iigands in mutual 
cis positions was quantitatively obtained. This 
unusual stereochemical course together with the 
observation that the oxidative addition of HX (X = 
Cl, Br) to I in acetonitrile and benzonitrile solutions 
gives neutral nitrile adducts of iridium(III) of general 
formula [It(H)X(CO)(RCN)(PPh,)Y] [2], prompted 
us to study the reaction of I with acetonitrile and 
benzonitrile. Thus, we have obtained the first 
examples of neutral four-coordinate iridium(I) com- 
plexes containing a nitrile ligand, [Ir(CO)(RCN)- 
(PPh,)Y] , whose characterization is reported. The 
reactions of these square-planar nitrile complexes of 
iridium(I) with molecular hydrogen and the inves- 
tigation on ligand substitution reactions of the 
resulting octahedral adducts with carbon monoxide 
and phosphines are also described. From the obtained 
results, the nitrile ligands appear to be more readily 
replaced by other ligands in the iridium(II1) com- 
plexes than in the iridium(I) complexes. 

Results and Discussion 

The complex trans-[Ir(CO)(PPh,),Y] , Y = -7-C6- 
Hs-1 ,7-BreCzHro, I, reacts with RCN (R = CHa, 
C6H5) at room temperature to give monophosphino 
nitrile iridium(I) complexes, 2a and 2b (Table I), of 
general formula [Ir(CO)(RCN)(PPh,)Y] , eq. 1: 

tram-[Ir(CO)(PPh&Y] + RCN m 
1 

(1) 
[Ir(CO)(RCN)(PPha)Y] + PPh, 

2a and 2b 

This reaction is reversed by addition of free tri- 
phenylphosphine and an equilibrium constant K = 
I .6 for the complex 2b (RCN = C6H,CN) was found 
at 30 “C by v(CN) absorption measurements. This 
value indicates that the iridium(I) displays 
comparable affinity towards both the labile ligands’, 
as a result of a combination of steric and electronic 
factors which are not readily separable. The infrared 
spectra of 2a and 2b (Table I) exhibit the v(CO) 
absorptions ca. IO-12 cm-’ higher than complex 1, 

~-[~~(CO)(PI’~&I-~-CJIS-~ ,~(~-BI&HNJ, (J~CO), 
Nujol, I970 cm-‘) and the v(CN) bands increased 
slightly compared to the CN frequencies in the free 
nitriles in common with most nitrile complexes [3]. 
The rise in the v(C0) frequencies observed for these 
nitrile complexes could indicate that the RCN ligands 
are weaker u-donors and/or better n-acceptors than 
the PPh, ligand. However, it is to be noted that these 
v(CO) vibrational frequencies are dependent on the 
symmetry of the related complexes which places a 
severe limitation to their usefulness, also on consider- 
ing that these complexes contain a bulky carborane 
anionic ligand bound to the metal atom. The increase 
in v(CN) upon coordination is in keeping with poor n- 
backbonding to the nitrile. 

The ‘H nmr spectrum (CDCla) of complex 2a 
exhibits the nitrile methyl proton resonance as a 
doublet centered at T 8.40 with Jpn = 1.8 Hz. This 
resonance appears slightly upfield from free aceto- 
nittile (singlet at r 8.20). The occurrence of the 
observed long-range P-H coupling in the complex 
2a is not wholly convincing evidence for a tram 
combination of CHaCN and PPh3 in this square- 
planar complex. In fact, even though the cation 
[Ir(CO)(CH,CN)(PPh&]’ containing the aceto- 
nitrile ligand cis to the coordinated phosphines shows 
the methyl proton resonance as a singlet at r 9.40 
[4], coupling between methyl protons of a CH,CN 
ligand and phosphorus nuclei of coordinated phos- 
phines has been reported [5] for some platinum 
complexes in which the nitrile and phosphine ligands 
are mutually cis. Thus, on the basis of the obtained 
ir and ‘H nmr data it is not possible to establish 
unequivocally the stereochemistry of 2a and 2b and 
further work is required. 

On treating solutions of 2a and 2b with the biden- 
tate ligand Dpe, (C6H5)2P(CH2)~P(C6H5)~, facile 
and irreversible displacement of both RCN and 
PPh, ligands occurs to give the four-coordinate com- 
plex 5, [Ir(CO)(Dpe)Y] , which was isolated as orange 
crystals. This complex shows poor solubility in the 
common organic solvents which prevented any 
further characterization. Complex 5 reacts with 
hydrogen in a benzene suspension yielding the white 
dihydrido complex 6 (Eq. 2). 

co 

s s 

The adduct 6 appears to be a product of cis-addi- 
tion. In fact the ‘H (hydride) nmr spectrum (CDCIa) 
of 6 exhibits two doublets of doublets centered at 
r 19.21 (JP_ntrans = 146.0 Hz; JP_ncis = 14.2 Hz) and 
at r 19.06 (JP_n = 17.8 Hz; JP-n = 17.9 Hz), respec- 
tively. The JH+ values appear to be lower than 0.9 
Hz. This nmr pattern is in agreement with a structure 
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for 6 in which two mutually cis hydrido ligands are 
trans to one P donor atom and to the CO group, 
respectively. The yellow solutions of 2a and 2b in 
benzene or 1,2dichloroethane immediately turn 
colorless on bubbling CO through at room tempera- 
ture to give the white crystalline five-coordinate 
tricarbonyl derivative, complex 4. As shown in 
Scheme I, complex 4 can be also obtained on treating 
complex I with excess of CO (1 atm) at 25 “C in solu- 
tion, taking care to perform any subsequent purifica- 
tion step under a CO atmosphere to prevent the 
formation of the dicarbonyl derivative 3. Thus com- 
plex 4 is also formed when a benzene solution of the 
orange dicarbonzl complex 3 is treated with carbon 
monoxide at 2.5 C and 1 atm (Eq. 3). 

[Ir(C0)2L2Y] + CO ( [Ir(CO),LY] + L (3) 
3 4 

L= PPh,: Y = -7-CsHS-1 ,7-B&HrO. 

This carbonylation is reversed on flushing with dry 
nitrogen. Thus, when a benzene solution of 3 is 

of doublets [complex 7a: T 17.15 (JP-n = 20.1 Hz, 
Jn_n = 3.2 Hz) and r 28.20 (JP-n = 16.0 Hz, JH--H = 
3.2 Hz); complex 7b: T 17.04 (JP_H = 19.7 Hz, 
Jn_n = 2.7 Hz) and r 27.65 (Jp-n = 15.5 Hz, Jr+n = 
2.7 Hz)] whose chemical shift and coupling constant 
values are in accordance with a structure in which the 
two mutually cis hydrido ligands are tram to CO and 
to RCN, respectively [ 1, 6,7] . The nitrile ligands are 
irreversibly displaced from 7a and 7b by free tri- 
phenylphosphine to give stereospecifically the white 
dihydrido derivative of iridium(II1) 8 containing two 
mutually cis phosphine ligands. This compound was 
previously obtained by us [l] on treating 1 with 
molecular hydrogen in acetonitrile solution. Thus, 
this result also explains the anomalous stereochemical 
course of the hydrogen oxidative addition reactions 
to the carborane bisphosphino iridium(I) complexes 
observed in acetonitrile solution, suggesting that these 
reactions proceed through solvent-containing inter- 
mediates when they are carried out in coordinating 
solvents. Furthermore, 7a and 7b react with CO 

SCHEME I. 

co ~ 
[lr (CO&,Y] c-- [WO~LY] 
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/’ 
+ 

$5 
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Dpe 

I 

RCN solution -v L Y .E 
co 

L = P(QjH&. 4n = @,$45h f’(CH2)2 W,H,),; 

R = cH3:C5H5; Y = -7-c&,5-1.7~B,,,c2H,,,. 

treated with a CO 
changes from orange 
nitrogen the solution 
and by resaturation 
again colorless. 

Complexes 2a and 2b stereospecifically undergo 
oxidative addition of hydrogen yielding the corres- 
ponding iridium(II1) adducts 7a and 7b. The reaction 
is fast in benzene or trichloromethane solutions, 
but very slow in the solid state. The ‘H (hydride) 
nmr spectra (CD&) of 7a and 7b show two doublets 

H2 c 

[lr wb) YJ 

5 _ 

‘H2 

H 
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H 
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I y 9 

co 
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RCN Y _II, _Ib 
co 
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atmosphere the color rapidly 
to colorless. On sweeping with 
regains its initial orange color 
with carbon monoxide turns 

(Scheme I) to give the dicarbonyl iridium(II1) deriva- 
tive 9 by displacement of the RCN molecule. This 
substitution reaction cannot be reversed by passing 
a stream of nitrogen in a 1,2-dichloroethane solution 
of 9 containing excess of free RCN. Complex 9 ^ _ 
appears also to be the unique product of the reaction 
of 4 with hydrogen in benzene. The ‘H (hydride) 
nmr spectrum (CDCIJ) of 9 exhibits a doublet 
centered at r 18.81 (JpLH = 17.4 Hz) which suggests 
that the two hydrido ligands are mutually cis and 
both trans to the CO groups. 
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hexane to give 0.80 g (yield 96%) of yellow crystals 
of pure 2b. 

I-[Ir(COjz(PPh&]-7-C6H5-1,7-(a-B&HIo), 3 
A benzene (20 ml) solution of complex I (0.20 g) 

was stirred under CO atmosphere (1 atm) for five 
minutes at room temperature. A brief stream of nitro- 
gen was then passed through the resulting solution. 
By addition of n-hexane a yellow-orange solid was 
precipitated which was purified by recrystallization 
from benzene/n-hexane to give orange crystals (0.15 
g, 73%) of pure 3. 

I-[Ir(CO),(PPh,)] -7-C,H,-I,7-(o-B,oCzH,,), 4 
A stream of carbon monoxide was passed through 

a CH2Cl, solution of complex 2~ (0.5 g). After 5 min 
addition of n-hexane to the resulting pale-yellow 
solution afforded a white precipitate which was 
separated and washed with n-hexane. The crude 
product was recrystallized from benzene/n-hexane 
under CO atmosphere. The yield of pure 4 was 0.3 
g (60%). Following the same procedure, complex 4 
was also obtained starting from the derivative 2b. 

The stereochemistry of 8 and 9 indicates that 
these ligand substitution reactions occur with reten- 
tion of configuration. In addition, the obtained 
results are testimony to the lower stability of the Ir- 
NCR bond in the iridium(II1) derivatives compared 
to the iridium(I) complexes. 

It is to be noted that the nitrile complexes (2a, 
2b and 7b of Table I) exhibit higher v(CN) 
frequencies compared to CN stretching frequencies in 
the free nitriles and that the increase is greater for 
the iridium(II1) derivative 7b. The latter result 
appears to be in contrast with the data reported in 
the literature for some hydrido complexes of iridium- 
(III) containing coordinated nitriles, for which a 
considerable decrease of the v(CN) frequencies (Av- 
(CN) x -1.50 cm-‘) has been observed [8]. However, 
the rise in v(CN) exhibited by the iridium-carborane 
complexes containing end-on coordinated nitriles 
is in agreement with an increase in the strength in the 
CN u system as a consequence of electron pair dona- 
tion [9]. In addition, a poorer 71 donation into anti- 
bonding orbitals of the coordinated benzonitrile 
molecule can be also invoked to justify the higher 
v(CN) frequency shown by complex 7b. 

Experimental 

Reagent grade solvents were further purified by 
standard methods and were dried and degassed before 
use. The complex 1, 1 -[Ir(CO)(PPh,),] -7-C6Hs-1 ,7- 
(u-B&,H,~), was prepared as previously reported [l] . 
All of the reactions involving iridium(I) complexes 
were carried out under argon. The ‘H nmr spectra 
were recorded at ca. 30 “C and at 60 MHz with the 
WP-60 FTNMR Bruker spectrometer. T-values _+ 
0.02 ppm; J-values + 0.2 Hz. ‘H shifts are relative 
to internal TMS (7 10.00 ppm). Infrared spectra were 
obtained with a Perkin-Elmer Model 457 and cali- 
brated against polystyrene film. 

1-[Ir(CO)(RCN)(PPh3)]-7-C6H,-1,7-(o-BIoCzH,,), 2a 
Complex 1 (0.5 g) was dissolved in CH,CN (2 ml) 

at room temperature. After few minutes a yellow 
microcrystalline precipitate was formed which was 
then separated by filtration, washed with n-hexane 
and dried under vacuum. The crude product was 
purified by recrystallization from benzene/n-hexane. 
The yield of pure yellow crystals of 2a was 0.35 g 
(90%). 

I-[Ir(CO)(C,H,CN)(PPh,)]-7- 
C6HS-I,7-(~-B10CZH,o), 2b 

Complex 1 (1.0 g) was dissolved in C,HSCN 
(2 ml) at room temperature. After few minutes, 
40 ml of n-hexane were added to the resulting solu- 
tion and yellow crystals were then separated. The 
obtained solid was recrystallized from benzene/n- 

I- [Ir(CO)(Dpe)] -7-C6H,-1, ~-(u-BI~C~HI~), 5 
A suspension of 2a or 2b (0.62 mmol) in benzene 

(5 ml) was treated with an excess of (C6Hs),P(CH&- 
P(C6H5)2, Dpe (1.5 g, 3.7 mmol) in benzene (10 ml) 
at room temperature. After ca. 10 min an orange 
microcrystalline solid was formed which was filtered 
and washed with n-hexane. The poor solubility of the 
obtained solid prevented any further purification. 
The yield of crude orange product was 0.30 g (60%). 

l-[lrH~(CO)(Dpe)]-7-C6H,-I,7-(o-B,oC2H,,), 6 
Hydrogen was bubbled into a suspension of com- 

plex 5 (0.20 g) in benzene (10 ml) at room tempera- 
ture. The initial suspension gave a colorless solution 
in the course of CQ. 1 min. Then, addition of 
n-hexane afforded a white product which was 
further purified by recrystallization from CH,C12/ 
CH,OH; yield 0.18 g (90%) of 6. 

I-[IrHz(CO)(CH,CN)(PPh3)]-7-C6H,-I,7-(-(o-BIoCz- 
Hd 7a 

Complex 2a (0.3 g) was dissolved in CHzClz 
(5 ml) and hydrogen was bubbled through the 
obtained solution at room temperature. The yellow 
solution immediately turned colorless. Addition of 
n-hexane caused precipitation of a white solid which 
was purified by recrystallization from benzene/n- 
hexane to give white crystals of pure 7a; yield 0.28 
g (93%). 

I-[IrH,(CO)(C,H,CN)(PPh,)]-7-C,H,-1,7-(a-B,,C,- 
Hm), 7b 

This complex was obtained as above starting 
from 2b. The crude product was recrystallized from 
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benzene/n-hexane and a yield of 89% of white crys- 
tals of pure 7b were obtained. The corresponding 
dideuterido complex was similarly prepared using 
deuterium. 

l-[IrH2(CO)(PPh,)2]-7-C6H5-l,7-(o-B10CzH10), 8 
Free triphenylphosphine was added to benzene 

solutions of 7a and 7b at room temperature. Then, 
by addition of nhexane to the resulting solutions 
white crystals of complex 8 was quantitatively 
obtained in both the cases. The crude precipitate 
was recrystallized from CH2C12/CH30H. Anal. 
Calcd. for C45H47B100PZIr: C, 55.95; H, 4.90. 
Found: C, 55.85; H, 4.98. mp 140” dec. 

Infrared spectrum (cm-‘, Nujol): v(C0) = 1987 
s; v&-H) = 2196 w, 2138 s. 

‘H (hydride) resonances in CDC13: doublets of 
doublets centered at 7 18.6 (JFH = 14.6; 22.4 Hz) 
and at 7 20.73 (JP-H = 2 1.5, 144.2 Hz). Each peak 
of these signals is further split into two lines by 
H-H coupling (JH+ = 2.7 Hz). 

1-[IrH2(CO)z(PPh3)]-7-CsHs-1,7-(-(a-B,oC2H,o), 9 
Complex 9 was prepared by bubbling for few 

minutes either CO through benzene solutions of 
7a and 7b or HZ through a benzene solution of com- 
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plex 4. Then addition of n-hexane to the obtained 
reaction mixtures afforded a white precipitate 
which was separated by filtration and purified by 
recrystallization from CH2Clz/n-hexane. White crys- 
tals of pure 9 were quantitatively obtained. 
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