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Abstract 

Reaction of the hydrocarbyliridium(III)-halide complexes Ir(R)X[N(SiMe2CH 2- 
PPh2)2] ( R =  CH 3, X = I; R =  CHzPh, X = Br; R =  C6H 5, X = I) with organo- 
lithium reagents generates the coordinatively unsaturated, five-coordinate complexes 
Ir(R)R'[N(SiMe2CH2PPh2)2], where R' can be CH 3, CH2CMe 3, CHzSiMe 3, or 
C6H 5. These highly colored, crystalfine materials are trigonal bipyramidal in the 
solid state and in solution. The crystal structure of the dibenzyl derivative, 
Ir(CHzPh)2[N(SiMe2CHzPPh2)2], shows a distorted trigonal bipyramidal structure 
with the tridentate ligand occupying the two axial positions (PPh 2 donors) and one 
equatorial site (NSi2); the two benzyl groups are at the remaining equatorial 
positions with the angle between these two ligands being 77.6 (1)o. 

Introduction 

Simple o-bonded hydrocarbyl complexes of iridium have figured prominently in 
all facets of mechanistic and synthetic organometallic chemistry [1]. The fundamen- 
tal processes of oxidative addition and reductive elimination, migratory insertion 
and deinsertion of CO, and r-elimination and olefin insertion [2], have all be- 
nefitted from model studies [1-3] using organoiridium complexes as either reactants 
or products. More recently, advances in carbon-hydrogen bond activation [4] have 
involved hydrocarbyliridium complexes at almost every stage. 

By far, most of the alkyl and aryl complexes known for iridium are of Ir m where 
the metal center is coordinatively saturated in an octahedral [5] or pseudo-oc- 
tahedral (" piano-stool") environment [6]. One important example of the latter type 
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is the complex (~/5-CsM%)Ir(CO)H(CH3) which is produced upon photochemical 
activation of methane by Ir(~5-CsMe 5)(CO) 2 [6e]. Square-planar Ir J alkyls and aryls 
have been prepared [7]. These include the alkyl analogues to Vaska's compound 
which tend to be more reactive than IrCI(CO)(PPh3): due to the increased electron 
density at the metal center when a CI is replaced by an alkyl group R [7hi. 
Remarkably, there are only a few examples of five-coordinate hydrocarbyl deriva- 
tives and those reported thus far contain just a single alkyl or aryl ligand [8]. 

&s part of a general study, we have been developing the coordination chemistry 
of the tridentate, mixed-donor ligand N(SiM%CH2PR2)  2 with the transition 
metals [9] and the lanthanoids [10]. Target molecules are perhydrocarbyl complexes 
stabilized with the above ancillary ligand having a general formula MR',,[N(SiM%- 
CHePR:)2] .  It is our intention to exanaine the effect of this ancillary ligand on the 
reactivity of coordinated hydrocarbyl groups as a function of the central metal M. 
In this paper, we present the full details for the preparation and characterization of 
complexes of the general formula I r (R)R ' [N(SiM%CH:PPh2) : ]  where R - - C H 3 ,  
C(,H 5, CH2Ph, and R ' = C H >  C~,H 5, CH:Ph ,  CH~CMe~. or Clt2SiM %. These 
five-coordinate bis(hydrocarbyls) of lr nl can be considered as formally 16-electron 
species and thus would be expected to show high reactivity. 

Experimental 

General information. All manipulations were performed under prepurified 
nitrogen in a Vacuum Atmospheres HE-553-2 glovebox equipped with a MO-40-2H 
purifier or in standard Schlenk-type glassware on a vacuum line. IrCl:~. x H 2 0  was 
obtained from Johnson Matthey and was used as received to prepare Ir(~ 2- 
CsH14)[N(SiMexCH:PPh2):]  and I r (CH3)I [N(SiM%CH:PPh:)2]  as outlined in a 
previous publication [11]. 

Toluene, diethyl ether (Et20) and hexanes were purified by refluxing over dark 
blue or purple solutions of sodium-benzophenone ketyl (NaPh2CO) followed by 
distillation under argon. Deuterated benzene (C6D6) was purchased from Aldrich, 
dried over activated 4A molecular sieves, vacuum-transferred, and freeze-pump- 
thawed for several cycles prior to use. 

Carbon, hydrogen, and nitrogen analyses of these air- and moisture-sensitive 
compounds were expertly performed by Mr. Peter Borda of this department.  ~H 
N M R  spectra were recorded on either a Varian XL-300 spectrometer (300 MHz) or 
a Bruker WH-400 spectrometer (400 MHz). 13C{1H} and-qP{~H} N M R  spectra 
were recorded on a Varian XL-300 spectrometer (75.43 MHz and 121.421 MHz, 
respectively). The 31p{~t_i } N MR spectra were referenced to external P(OMe)~ set at 
+ 141.0 ppm relative to 85% H3PO 4. N O E D I F F  experiments were carried out on a 
Bruker WH-400 spectrometer (400 MHz) using standard pulse sequences. 

All reagents were obtained in the highest purity possible. The organolithium 
reagents were prepared as described in the literature (LiCH2CM % [12], LiC6H 5 
[13], LiCH2SiMe 3 [14], L i C H : C 6 H s . T M E D A  [15]) or used as received from 
Aldrich (LiCH> 1.4 M solution in Et20  ). 

Ir(CIts)R' [N(SiMe2CH2PPhe)2], R '=  CHs, CIt2CMe s, C~H~, Ctt2SiMe ~ 
To Ir(CIt3)I[N(SiMe:CH:PPh2)2]  in toluene was added a toluene (or to luene/  

E t ,O  for R ' =  C6H 5 or Et20  for R' = CH3) solution of the appropriate organo- 



233 

lithium reagent at 20 ° C, resulting in immediate colour changes from green to red or 
purple solutions. After stirring for 0.5 h, the solvent was removed in vacuo and the 
residue extracted with hexanes, filtered through Celite and reduced to dryness. 
Recrystallization from toluene/hexanes or neat hexanes at room temperature (or by 
cooling to - 3 0  ° C), followed by decantation and vacuum drying gave products in 
isolated yields ranging from 60-80%. 
Ir(CH3)2[N(SiMe2CH2PPh2)2]: 31p(1H) NMR (C6D6) 19.67 ppm (s). Anal. Found: 
C, 51.24; H, 5.80; N, 1.86. C32H42IrP2SiEN calcd.: C, 51.18; H, 5.64; N, 1.86%. 
Ir(CHa)CH2CMea[N(SiMe2CH2PPh2)2]: alP(ill} NMR (C6D6) 11.53 ppm (s). 
Anal. Found: C, 53.71; H, 6.26; N, 1.59. C36HsoIrP2SiEN calcd.: C, 53.57; H, 6.24; 
N, 1.74%. 
Ir(CH3)C6Hs[N(SiMe2CHEPPh2)2]: 31p(1H) NMR (C6D6) 16.56 ppm (s). Anal. 
Found: C, 55.54; H, 5.50; N, 1.60. CavH44NIrPESi2" ¼CTH 8 calcd.: C, 55.66; H, 
5.54; N, 1.68%. 
Ir(CH3)CH2SiMe3[N(SiMe2CHEPPh2)2]: 31p(1H) NMR (C6D6) 13.51 ppm (s). 
Anal. Found C, 51.00; H, 6.00; N, 1.67. C35HsoIrP2Si3N calcd.: C, 51.07; H, 6.12; 
N, 1.70%. 

Ir(C 6 Hs)I[N(SiMe 2CH2 PPh 2)2] 
Ir(CH3)I[N(SiMe2CH2PPh2)2] was heated overnight at 80°C with stirring in 

benzene followed by solvent removal in vacuo and recrystallization from toluene/ 
hexanes to give olive green crystals in 70% yield. 31p(1H) NMR (C6D6): 10.66 
ppm(s); 1H NMR (C6D6): Si(CH3)2, -0.11 (s), 0.52 (s); PCH2Si, 1.57 (dt, Japp 5.4 
HZ, Jgem 13.4 Hz), 1.77 (dr, J~pp 5.6 Hz); Ir-C6Hs, 6.29 (t, meta, J(H) 7.7 Hz), 6.54 
(t, para, J(H) 7.1), 6.84 (d, ortho, J(H) 9 Hz); P(C6Hs) 2, 7.01 (m, meta/para),  
7.55 (m, ortho), 7.84 (m, ortho). Anal. Found: C, 47.80; H, 4.74; N, 1.36. 
C36HnlNIrP2Si2 • ¼CTH 8 calcd.: C, 47.83; H, 4.57; N, 1.48%. 

Ir(C6Hs)R' [N(SiMe2CH2PPh2)2], R' = C6H 5, CHeCMe 3 
The syntheses of these complexes were carried out as described for the 

Ir(CH3)R'[N(SiMe2CH2PPh2)2] analogues above. 
Ir(C6Hs)2[N(SiMe2CH2PPh2)2]: 31p(1H) NMR (C6D6) 11.22 ppm (s). Anal. Found 
C, 57.66; H, 5.40; N, 1.53. C42H46IrPzSiEN calcd.: C, 57.64; H, 5.30; N, 1.60%. 
Ir(C6Hs)CH2CMe3[N(SiMe2CH2PPh2)2]: 3ap{1H) NMR (C6D6): 11.77 ppm (s). 
Anal. Found: C, 58.18; H, 5.88; N, 1.55. C41H52NIrP2Si2 • ½C7H8 calcd.: C, 58.40; 
H, 6.17; N, 1.53%. 

Ir(CH2C 6 H5)Br[N(SiMe 2CH 2 PPh 2)2] 
To a toluene solution of Ir(~/2-C8H14)[N(SiMe2CH2PPh2)2] was added 1.1 

equivalents of C6HsCH2Br which was then stirred in the dark for 24 h. Solvent 
removal follwed by recrystallization from toluene/hexanes gave bright green crystals 
in 80% yield. 31p(1H) NMR (C6D6): 0.10 ppm (s). 1H NMR (C6D6): Si(CH3)2, 
-0.23 (s), 0.46 (s); PCHESi, 1.55 (q of t, Jgem 15 Hz, Japp 5 Hz); Ir-CHEC6Hs, 4.95 
(t, 3j(p) 5.0 Hz); Ir-CHEC6Hs, 6.65 (t, meta, J(H) 8 Hz), 6.95 (t, para, J(H) 7.5 
Hz), 7.28 (d, ortho, J(H) 8 Hz); P(C6Hs) 2, 7.04 (m, meta/para), 7.91 (m, ortho). 
Anal. Found: C, 49.58; H, 5.00; N, 1.53. C37H43BrlrNPESi2 calcd.: C, 49.82; H, 
4.86; N, 1.57%. 
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Ir(CH2CoHs)R'[N(SiMe:CHePPh:):], R '= CI-l¢, CH2C~Hs, Ctt2SiMe:, C6I-I~ 
Method as for Ir(CH3)R'[N(SiMe2CH2PPh2):]  analogues described above [16]. 

Ir(CH2C6Hs)CH3[N(SiMe2CHzPPh2)2]:  31p{1H} N M R  (CrDr) 12.87 ppm (s). 
Anal. Found: C, 55.40; H, 5.50; N, 1.65. C3sH~rIrNP2Si : calcd.: C, 55.18; H, 5.61; 
N, 1.69%. 
Ir(CH2CrHs)2[N(SiMe2CH2PPh2)2]: -~lP{1H} N M R  (CrDr) 4.96 ppm (s). Anal. 
Found: C, 58.70; H, 5.50: N, 1.52. C44HsoIrNP2Si 2 calcd.: C. 58.51: H, 5.58: N, 
1.55%. 
Ir(CH2C6Hs)CH2SiM%[N(SiMe2CH:PPh2)2]:  31P{IH} N M R  (C¢,D6)7.43 ppm 
(s). Anal. Found: C, 56.30; H, 6.26; N. 1.20. C41H54IrNP:Si3 calcd.: C, 56.54; H, 
6.18; N, 1.48%. 
Ir(CH2C¢,Hs)CrHs[N(SiM%CH2PPh2)z]:  31p{1H}NMR (CrDr) 11.68 ppm (s). 
Anal. Found: C, 58.87; H, 5.64; N, 1.57. CasH4sIrNP2Si:, calcd.: C, 59.19; H, 5.30; 
N, 1.53%. 

X-rc~v crystallographic anal)'sis 
Data collection. An irregular red-brown crystal of Ir(CH2CrHs)2[N(SiMe2CH 2- 

PPh2)2], having approximate dimensions of 0.53 × 0.30 × 0.21 ram, was mounted in 
a 50/50 mixture of Paratone 717 and mineral oil, on a glass fiber in a non-specific 
orientation, on an Enraf Nonius CAD4 automated diffractometer. The crystal was 
cooled to - - 4 0 ° C  using a cold air-stream apparatus and all measurements were 
made at this temperature. The crystals are extremely air sensitive so the combina- 
tion of oil coating and low temperature was used to protect the crystals from 
decomposition. All intensity measurements were performed using Mo-K,~-radiation 
(~ 0.71073 A) with a graphite crystal, incident beam monochromator.  

The automatic peak search and reflection indexing programs [17] in conjunction 
with a cell reduction program showed the crystal to be triclinic with possible space 
groups P1 and P1. 

The space group P1 (No. 2) [18] was chosen and this choice confirmed by the 
successful refinement of the structure. 

Cell constants were obtained from a least-squares refinement of the setting angles 
of 23 reflections in the range 15 < 20 < 24 °. The various crystal parameters are 
given in Table 1. The intensity data were collected using an o~-20 scan ranging in 
speed from 10.1 to 2.0 deg /min  (in w). The variable scan rate was chosen to give 
o ( l ) / I  ~ 0.30 within 45 s in order to achieve improved counting statistics for both 
intense and weak reflections in a minimum time. The scan range was determined as 
a function of ~ to compensate for the % - %  wavelength dispersion: (0: scan width 
(deg) = 0.80 + 0.35 tan 0). Backgrounds for the peaks were measured by extending 
the scan 25% on either side of the calculated range to give a peak to background 
counting time of 2/1 .  Intensity measurements were made out to a maximum 20 of 
55.0 o. There were 2 reflections which were chosen as standard reflections and these 
were remeasured every 120 rain of exposure time to check on crystal and electronic 
stability over the course of data collection. These reflections changed in intensity by 
--1.3 and -1 .9%,  respectively, over the time span of data collection, which was 
considered negligible. 

Data reduction. A total of 9826 reflections were collected and these were 
corrected for Lorentz, polarization and background effects according to the follow- 
ing formulae: I = SR(SC - R * B ) / L p  and o ( I )  = {SR(SC + R2B) + (p I2)} /Lp  :, 
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Compound Ir(CH 2C6 H 5) 2 [N(SiMe2CH 2 PPh 2 ) 2 ] 
Formula C4n H 50 IrNP2 Si 2 
Crystal dimensions 0.53 x 0.30 × 0.21 mm 
Triclinic space group P 1 

a, ,~ 13.627(3) 

b, A 14.205(3) 

c, .~ 11.052(2) 
a, deg 105.33(2) 
r ,  deg 93.91(2) 
y, deg 91.41(2) 
v, h 3 2056. 
Z 2 
Dcal~ d, g / c m  3 1.459 
~, c m -  1 33.97 

Radiation Mo-K,~ (X 0.71073 * )  
Monochromator Incident beam, graphite crystal 
Take-off angle, deg 3.0 
Detector aperture, mm 2.40 (horizontal) 

4.0 (vertical) 
Crystal-to-detector distance, nun 205 
Scan type ~o-20 
Scan rate, deg/min 10.1-2.0 
Scan width in ,0, deg 0.80+0.35 tan 0 
Data collection 20 limit, deg 55.0 
Data collection index range h, + k, + l 
Reflections measured 9427 unique, 8038 with I > 3o(1) 
Observations/variables ratio 8038/451 
Agreement factors R1, R2, GOF 0.027, 0.035, 1.24 

where SR is the scan rate, SC is the total scan count, R is the ratio of scan time to 
background time, B is the total background count, p is a factor to down weight 
intense reflections (chosen as 0.040 in this experiment) and Lp is the Lorentz and 
polarization correction term. 

After averaging equivalent forms (R-Factor for averaging is 0.025) and rejecting 
any systematically absent data there were 9427 unique reflections of which 8038, 
having I > 30(I ) ,  were used in the structure solution and refinement. 

Prior to assigning anisotropic thermal parameters an absorption correction was 
calculated using the absorption surface method of Walker and Stuart [19]. This 
correction applied coefficients ranging from 0.8899 to 1.2392 to F 0. 

Structure solution and refinement [20]. The structure was solved using a three-di- 
mensional Patterson synthesis which gave the positional parameters for the Ir atom. 
The remaining non-hydrogen atoms were located by the usual combination of 
least-squares refinement and difference Fourier synthesis, 

Refinement of atomic parameters was carried out by using full-matrix least- 
squares techniques on F o minimizing the function Ew( [F  o I - IFc I) 2, where I Fo [ 
and ] F~ I are the observed and calculated structure factor amplitudes respectively, 
and the weighting factor w is given by: w = 4Fo2/o2(Fo2). The neutral atom 
scattering factors were calculated from the analytical expression for the scattering 
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Table 2 

Bond lengths (A) with estimated standard deviations 
PPh2)2] 

in parentheses for Ir(CH2C6Hs)2[N(SiMe:CH z- 

lr-P(1) 2.3148(8) C(10)-C(11) 1.373(6) 
Ir-P(2) 2.3125(8) C(11)-C(12) 1.377(5) 
Ir-N 2.113(3) C(19)-C(20) 1.397(5) 
lr-C(31) 2.102(3) C(19)-C(24) 1.390(5) 
It-C(38) 2.125(3) C(20)-C(21) 1.378(5) 
P(l )-C(1) 1.843(3) C(21)-C(22) 1.392(6) 
P(1)-C(7) 1.827(3) C(22)-C(23) 1.361(6) 
P(1)-C(13) 1.818(3) C(23)-C(24) 1.390(5) 
P(2)-C(18) 1.822(4) C(25 )--C(26) 1.387(6) 
P(2)-C(19) 1.824(3) C(25)-C(30) 1.385(5) 
P(2)-C(25) 1.834(3) C(26)-C(27) 1.389(6) 
Si(I)-N 1.715(3) C(27)-C(28) 1.363(9) 
Si(I)-C(13) 1.883(3) C(28)-C(29) 1.377(8) 
Si(1)-C(14) 1.883(4) C(29)-C(30) 1.398(5) 
Si(I)-C(15) 1.879(4) C(31 )-C(32) 1.496(4) 
Si(2)-N 1.719(3) C(32)-C(33) 1.382(5) 
Si(2)-C(16) 1.872(4) C(32)-C(37) 1.387(5) 
Si(2)-C(17) 1.856(4) C(33)-C(34) 1.387(5) 
Si(2)-C(18) 1.888(4) C(34)-C(35) 1.384(6) 
C(I )-C(2) 1.385(4) C(35)-C(36) 1.376(6) 
C(1)-C(6) 1.389(5) C(36)-C(37) 1.395(5) 
C(2)-C(3) 1.385(5) C(38)-C(39) 1.496(5) 
C(3)-C(4) 1.381(6) C(39)-C(40) 1.406(5) 
C(4)-C(5) 1.383(6) C(39)- C(44) 1.378(5 ) 
C(5)-C(6) 1.396(5) C(40)-C(41 ) 1.384(6) 
C(7)-C(8) 1.387(5) C(41)-C(42) 1.379(7) 
C(7)-C(12) 1.395(5) C(42)-C(43) 1.375(7) 
C(8)-C(9) 1.391(5) C(43)-C(44) 1.402(6) 
C(9)-C(10) 1.377(6) 

factor curves [21]. The f '  and f "  components  of anomalous  dispersion [22] were 
included in the calculations for all non-hydrogen atoms. 

All hydrogens were included as fixed, isotropic atoms at their calculated posi- 
tions, assuming C - H  of 0.95 A and appropriate sp 2 or sp 3 geometries. The methyl 
H's were fitted, by least-squares, to peaks observed in a difference Fourier. The 
thermal parameters assigned were 1.2 times those of  the attached C atoms. During 
least-squares refinement the H atoms were constrained to 'ride' with the attached C 
atom. 

In the final cycle 451 parameters were refined using 8038 observations having 
I > 3o(1) .  The final agreement factors were: R 1 = Z t[Fo ] - I Fc 11/57 f Fo I = 0.027, 
and R 2 = (Zw(  ] F o ] - ] F,, I)2/EwFo2) 1/2 = 0.035. The largest shift in any parameter 
was 0.008 times its estimated standard deviation and the error in an observation of  
unit weight was 1.24 e. An analysis of  R 2 in terms of  F o, X-~sin 0. and various 
combinations of Miller indices showed no unusual trends. The highest peak in the 
final difference Fourier had an electron density of 1.0(1) e A - *  and is without 
chemical significance. The bond distances and bond angles are listed in Tables 2 
and 3 respectively. The atomic positional and thermal parameters, tables of  aniso- 
tropic and equivalent isotropic thermal parameters, rms amplitudes of  vibration, 
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Table 3 

Bond angles (deg) with estimated standard deviations in parentheses for Ir(CH2C6Hs)2[N(SiMe2CH 2- 
PPh2)2] 

P(1)-Ir-P(2) 1 7 0 . 2 5  C(7)-C(12)-C(11) 121.0(3) 
P(1)-Ir-N 85.31(8) C(21)-C(22)-C(23) 120.4(4) 
P(1)-Ir-C(31) 94.08(9) C(22)-C(23)-C(24) 120.5(4) 
P(1)-Ir-C(38) 92 .9 (1 )  C(19)-C(24)-C(23) 120.3(4) 
P(2)-Ir-N 84.93(8) P(2)-C(25)-C(26) 121.6(3) 
P(2)-Ir-C(31) 93.60(9) P(2)-C(25)-C(30) 119.4(3) 
P(2)-Ir-C(38) 94 .6 (1 )  C(26)-C(25)-C(30) 119.0(4) 
N-Ir-C(31) 141.6(1)  C(25)-C(26)-C(27) 119.8(5) 
N-Ir-C(38) 140.8(1)  C(26)-C(27)-C(28) 121.2(5) 
C(31)-Ir-C(38) 77 .6 (1 )  C(27)-C(28)-C(29) 119.8(4) 
Ir-P(1)-C(1) 118.6(1)  C(28)-C(29)-C(30) 119.7(5) 
Ir-P(1)-C(7) 119.4(1)  C(25)-C(30)-C(29) 120.4(4) 
Ir-P(1)-C(13) 106.8(1)  Ir-C(31)-C(32) 111.1(2) 
C(1)-P(1)-C(7) 103.0(1)  C(31)-C(32)-C(33) 121.1(3) 
C(1)-P(1)-C(13) 100.0(1)  C(31)-C(32)-C(37) 121.1(3) 
C(7)-P(1)-C(13) 107.0(2)  C(33)-C(32)-C(37) 117.8(3) 
Ir-P(2)-C(18) 106.3(1)  C(32)-C(33)-C(34) 121.3(3) 
Ir-P(2)-C(19) 116.0(1)  C(33)-C(34)-C(35) 120.3(4) 
Ir-P(2)-C(25) 122.3(1)  C(34)-C(35)-C(36) 119.1(4) 
C(18)-P(2)-C(19) 102.1(2)  C(35)-C(36)-C(37) 120.1(4) 
C(18)-P(2)-C(25) 105.8(2)  C(32)-C(37)-C(36) 121.2(3) 
C(19)-P(2)-C(25) 102.2(2)  Ir-C(38)-C(39) 111.7(2) 
N-Si(1)-C(13) 107.3(1)  C(38)-C(39)-C(40) 120.8(3) 
N-Si(2)-C(18) 106.5(1)  C(38)-C(39)-C(44) 121.7(3) 
C(16)-Si(2)-C(17) 107.9(2)  N-Si(1)-C(14) 113.3(2) 
C(16)-Si(2)-C(18) 107.0(2)  N-Si(1)-C(15) 112.4(2) 
C(17)-Si(2)-C(18) 108.5(2)  C(13)-Si(1)-C(14) 110.2(2) 
Ir-N-Si(1) 117.7(1)  C(13)-Si(1)-C(15) 105.2(2) 
Ir-N-Si(2) 118.9(1)  C(14)-Si(1)-C(15) 108.1(2) 
Si(1)-N-Si(2) 123.4(2)  N-Si(2)-C(16) 112.5(2) 
P(1)-C(1)-C(2) 118.0(2)  N-Si(2)-C(17) 114.2(2) 
P(1)-C(1)-C(6) 122.3(2)  P(1)-C(13)-Si(1) 109.4(2) 
C(2)-C(1)-C(6) 119.3(3)  P(2)-C(18)-Si(2) 109.0(2) 
C(1)-C(2)-C(3) 120.4(3)  P(2)-C(19)-C(20) 118.1(3) 
C(2)-C(3)-C(4) 120.7(3)  P(2)-C(19)-C(24) 123.4(3) 
C(3)-C(4)-C(5) 119.2(3)  C(20)-C(19)-C(24) 118.5(3) 
C(4)-C(5)-C(6) 120.6(3)  C(19)-C(20)-C(21) 120.9(4) 
C(1)-C(6)-C(5) 119.9(3)  C(20)-C(21)-C(22) 119.5(4) 
P(1)-C(7)-C(8) 122.3(3)  C(40)-C(39)-C(44) 117.4(3) 
P(1)-C(7)-C(12) 119.3(3)  C(39)-C(40)-C(41) 121.0(4) 
C(8)-C(7)-C(12) 118.3(3)  C(40)-C(41)-C(42) 120.5(4) 
C(7)-C(8)-C(9) 120.2(3)  C(41)-C(42)-C(43) 119.7(4) 
C(8)-C(9)-C(10) 120.6(3)  C(42)-C(43)-C(44) 119.7(4) 
C(9)-C(10)-C(ll) 119.4(3)  C(39)-C(44)-C(43) 121.8(4) 
C(10)-C(11)-C(12) 120.5(4) 

hydrogen atom parameters, torsion angles, and observed and calculated structure 
factors are available from Dr. R.G. Ball at the Structure Determination Laboratory,  
Department  of Chemistry, University of Alberta. Inquiries regarding the crystallo- 
graphic results should be directed to the above address quoting report number  
SR : 180702-01-86. 
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Results and discussion 

Synthesis 
Prelimina~ communications from our laboratory have reported [23,24] the 

preparation of methylhydrocarbyliridium(III) complexes Ir(CHB)R[N(SiMe2CH 2- 
PPh 2 )2] by reaction of RLi with the green, square-pyramidal methyl iodide complex 
Ir(CH3)I[N(SiMe2CH 2 PPh 2)2] (la)- To extend this class of bis(hydrocarbyl) deriva- 
tives, we have developed routes to other five-coordinate, hydrocarbyl-halide deriva- 
tives. The bright green, benzyl bromide complex Ir(CH 2Ph)Br[N(SiMe2CH 2PPh 2 ) 2 ] 
(lb) is produced in 80%. isolated yield by the oxidative addition of PhCH2Br to 
Ir(~72-CsH14)[N(SiMe2CH2PPh2)2] in complete analogy to the preparation of la. 
The phenyl-iodide complex Ir(Ph)I[N(SiMe2CH2PPh 2)2] (Ic), cannot be accessed 
by oxidative addition, but rather heating the methyl-iodide derivative la in pure 
benzene results in tile elimination of methane [25] and the formation of tile olive 
green complex lc. The structures of the new hydrocarbyl-halides lb and lc are 
completely analogous to that previously described [11]: the geometries are square- 
pyramidal with the hydrocarbyl group occupying the apical position. 

The bis(hydrocarbyl) complexes are generated straightforwardly by addition of 
one equivalent of the appropriate organolithium derivative to the corresponding 
hydrocarbyl halide 1 (eq. 1). The reactions can be conveniently followed by the 
dramatic color changes from green to deep-red or purple. By NMR spectroscopy, 
these reactions are quantitative; isolated yields are generally 60-80% because of the 
high solubility of these complexes, however. These crystalline materials can be 
stored for several months under an inert atmosphere. In solution, they are extremely 
air- and moisture-sensitive, but remarkably thermally stable: for example, heating to 
80 °C for extended periods (12-18 h) generally results in no change in the spectral 
properties for most of these complexes. 

M e 2 S i  [ , "  (-I_iX) Me2Si\ J , R .  
• N - - t  ' r 

N - - I r  . . . .  x + LJR' ~ / , " ~  
/ ] Me2Si ] " ~  R' Me2Si 

N/F" X/P P h 
ph 2 

(1) 

R X R R' 

la CH? I 
lb CH2Ph Br 
le C6H 5 I 

2 CH 3 
3 CH~ 
4 CH~ 
5 CH:~ 
6 C. t t  5 
7 C6H 5 
8 CH,  Ph 
9 CH2Ph 

10 CH,  Ph 
i l  CH2Ph 

CH3 
C H 2C M e3 
C,,, H5 
CHeSiM % 
C~, H 5 
CH2CMe3 
Ctt:, 
Ctt ~ Ph 
CH2SiMe 3 
C~, H 5 
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IH and 13C( 1H} NMR data 
The proton N M R  spectra of the bis(hydrocarbyl) complexes provide a valuable 

and straightforward method for their characterization. As for the resonances of the 
ligand backbone, there are two possible patterns that are observed depending on the 
hydrocarbon substituents at iridium. For those complexes where R = R', and thus 
have C2v symmetry, one observes very simple spectra consisting of a sharp singlet 
for the silyl methyl protons, a virtual triplet for the methylenes (due to coupling to 
the trans disposed phosphine donors), and one set of resonances for the ortho 
protons of the diphenylphosphino groups. This can be seen in Table 4 for the 
dimethyl (2), diphenyl (6) and dibenzyl (9) complexes in which there are equivalent 
environments above and below the metal tridentate plane. As for the rest of the 
complexes having only Cs symmetry, two singlets are observed for the silyl methyl 
protons as well as an AB quartet of virtual triplets for the methylenes and two sets 
of ortho-phenyl resonances. 

The a-protons of the alkyl substituents on iridium have chemical shifts in the 
range of 0.51 ppm to 3.42 ppm, with the methyl and trimethylsilylmethyl a-protons 
being further up field than those of the neopentyl and benzyl groups as would be 
expected, All show coupling to the phosphine ligands with 3J(PH) ranging between 
5.4 and 8 Hz. 

As can be seen in the 13C( 1H} NMR listed in Table 5, the methyl carbon bonded 
to iridium resonates anywhere between -31 .60  and -22 .06  ppm depending on the 
second hydrocarbon substituent. The methylene carbon of the trimethylsilylmethyl 
ligand is also found upheld between -24 .22  and -14 .37  ppm. As for those of the 
benzyl and neopentyl groups, the resonances are found further downfield between 
- 4 . 22  to 4.13 ppm and 16.34 to 20.45 ppm, respectively. Although ~3C{~H} N M R  
data for iridium alkyls are somewhat limited in the literature, there does seem to be 
some precedence for high field shifts for methyl carbons. For example, in the 
complexes O15-CsMes)Ir(PMe3)(CH3)X (X = C1, CH 3, H) the methyl carbon reso- 
nance appears between - 18.09 ppm and - 37.96 ppm depending on the value of X 
[6j]. In the bis(hydrocarbyl) derivatives, 2-11, two bond coupling to phosphorus 
(2j(PC)) with values between 3.1 and 7.0 Hz can be observed for most of the carbon 
atoms bonded directly to iridium. 

Solution structure 
As described in a previous communication [24] for the methyl alkyl complexes 

Ir(CH3)R'[N(SiMezCHzPPh2)2] (R' = CH3, CHzCMe3, CHzSiMe3, CHzPh),  the 
five-coordinate iridium bis(hydrocarbyl) complexes have a trigonal bipyramidal 
geometry in both the solution and solid states on the basis of 1H NMR, nuclear 
Overhauser effect difference (NOEDIFF [26]) experiments and X-ray diffraction 
studies. In particular, the NOEDIFF  results clearly support this stereochemistry 
especially when contrasted to those results obtained for the square-pyramidal 
methyl halide complexes. In the latter situation, irradiation of the methylene 
protons of the ligand backbone gives rise to a positive NOE for the iridium methyl 
( I r -CH3) resonance of the complex Ir(CH3)Br[N(SiMe2CHzPPh2)z], indicating 
that the methyl is apical and cis to the amide donor. The analogous N O E D I F F  
experiment for the methyl iodide complex, la, was complicated by a more complex 
multiplet for the methylene (PCH2Si) resonance close in chemical shift to the 
iridium methyl ( I r -CH3) resonance, thus obscuring any observable NOE. The 
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benzyl bromide (lb) and phenyl iodide (lc) complexes also show the expected 
enhancement in the Ir-Ctt2Ph and the ortho protons of the iridium-phenyl group 
when the appropriate, respective methylene resonances are irradiated. However, the 
analogous NOE results are not observed upon irradiation of the ligand methylene 
protons of the bis(hydrocarbyl) complexes. For example, the N O E D I F F  spectrum 
for compound 3 does not show any enhancement for the I r -CH 3 nor for the 
I r -CH2CMe 3 on irradiation of either set of methylene protons on the backbone of 
the ancillary ligand. The diphenyl (6) and the dibenzyl (9) complexes also show no 
enhancement of the appropriate resonances of the hydrocarbyl group when the 
ligand methylene protons are pulsed in a NO ED IF F  experiment. Indeed, all of the 
complexes 2 11 give analogous results and are therefore considered to have a 
different geometry than the hydrocarbyl halide complexes 1. Given that both sets of 
complexes are five-coordinate with the latter complexes having a square-pyramidal 
structure, the inescapable conclusion is that the bis(hydrocarbyl) derivatives are 
trigonal bipyramidal. This is consistent with the accepted origin of the NOE [26] as 
a through-space transfer of magnetization that varies a l /r6: thus, in the square- 
pyramidal geometry, the apical hydrocarbyl ligand is closer to the methylene 
protons of the ligand backbone than in the trigonal bipyramidal geometry where the 
hydrocarbyl groups are in the equatorial plane. Additional evidence supporting this 
conclusion are the X-ray crystal structures of the methyl neopentyl complexes 3 [24] 
and the dibenzyl derivative 9. 

X-ray co,stallographic information 
Shown in Fig. 1 is the molecular structure of the dibenzyl derivative 

Ir(CH2Ph)z[N(SiMe2CH2PPh2)2] (9), as determined by X-ray crystallographic 
analysis. The molecule is best described as having a trigonal-bipyramidal configura- 
tion, very similar to that observed for the methylneopentyl complex 3, the structure 
of which was reported in a previous communication [24]. In particular, the 
ir idium-carbon bond lengths of 2.113(3) A (Ir-C38) and 2.102(3) A (I t-C31) are 
significantly different as was observed for the methylneopentyl complex 3: 2.131(9) 
and 2.089(9) A. The angle between the axial phosphorus donors of 9 is 170.25(5) ° 
as compared to 168.45(9) ° found in 3. The largest distortion from ideal trigonal-bi- 
pyramidal geometry for both complexes is the angle subtended by the two alkyl 
ligands. Considerably less than the 120 ° expected, the angle measures only 77.6(1 )° 
and 76.0(4) ° for the dibenzyl and methylneopentyl compounds~ respectively. Inter- 
estingly, the isoelectronic, five-coordinate hydridophenyl complex, Ir(C~Hs)H- 
(PPri3)2CI [27], also shows such a small angle of 77.9 ° in the equatorial plane 
between the phenyl and hydride substituents. The closing down of this equatorial 
angle has been predicted [28] by a theoretical calculation for d ~' five-coordinate 
complexes. On the basis of extended H~ickel calculations, it was concluded that a 
trigonal bipyramidal geometry would actually by stabilized by an angular deforma- 
tion in the equatorial plane in the form of a decrease in one of the angles from 120 
to 90 o. Moreover, it was pointed out that strong or-donor ligands subtending this 
angle would further stabilize the trigonal-bipyramidal form by removing a degener- 
acy and preventing destabilization by a first order Jahn-Teller  effect. A rather 
different set of ligands around iridium, as found in Ir(O2CCF3)zNO(PPh:~)2 [29], 
also results in a trigonal bipyramidal geometry with a similar angle distortion in the 
equatorial plane; the angle O- I r  -O is 75.0(6)°. Taken together, these results tend to 
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CI4 

Fig. 1. Perspective view of the molecule showing the atom numbering scheme. The phenyl rings are 
numbered sequentially around the ring. Atoms are represented by thermal ellipsoids at the 20% 
probability level. The H atoms have been omitted for clarity. 

support the importance of the o-donor ability of the equatorial ligands in stabilizing 
the trigonal bipyramidal form and distorting the equatorial angle. 

Another facet of the theoretical study [28] mentioned above was the prediction 
that single-faced rr-donors should also help stabilize the trigonal bipyramidal form 
over the square-pyramidal geometry; for example, an amide, - N R  2, is a single-faced 
donor while a chloride can be considered as a double-faced ~r-donor. This was 
reasoned by considering that the most favorable overlap between the single, filled p 
orbital on the amide and an empty suitable orbital on the metal, would occur in the 
trigonal bipyramidal geometry in the equatorial plane. Our ancillary ligand is 
precisely set up for this since the filled p orbital on the amides lies coplanar with 
the equatorial ligands. However, examination of the I r - N  bond lengths for a variety 
of complexes does not provide conclusive evidence for such an overlap. While the 
I r - N  bond length in 9 is 2.113(3) A and is identical to that found [24] in the 
methylneopentyl complex 3 of 2.109(7) ,~, these are approx. 0.03 ~, longer than that 
found for two other iridium amide complexes: the five-coordinate, square pyramidal 
Ir(CH3)I[N(SiMe2CHEPpri2)2] has an I r - N  length of 2.079(5) ,~ [11], and the I r - N  
length in the square planar methylidene complex Ir(=CH 2)[N(SiMe2CH 2 PPh 2) 2 ] is 
2.080 (9) .~ [23]. The alternative argument, that all of these complexes are stabilized 
by some ~r-p-d contribution resulting in short I r - N  bonds, is of course tenable. 
Iridium amides are such rare species [30] that arguments requiring a reasonable 
sample of examples, such as a series of I r - N  bondlengths, are difficult to substanti- 
ate. 



246 

Conclusion 

T h e  s t r a i g h t f o r w a r d  s y n t h e s i s  a n d  c h a r a c t e r i z a t i o n  of  the  c o m p l e x e s  as  d e s c r i b e d  

a b o v e  ha s  p r o v i d e d  a fac i le  r o u t e  fo r  t he  p r o d u c t i o n  o f  b i s ( h y d r o c a r b y l ) i r i d i u m ( I l I )  

c o m p l e x e s .  T h e s e  f i v e - c o o r d i n a t e  c o m p l e x e s  h a v e  t r i g o n a l  b i p y r a m i d a l  s t r u c t u r e s  

b o t h  in s o l u t i o n ,  as  d e t e r m i n e d  b y  N O E D I F F  e x p e r i m e n t s ,  a n d  in t he  so l id  s ta te ,  as  

d e t e r m i n e d  b y  s ing le  c rys t a l  X - r a y  d i f f r a c t i o n .  A l t h o u g h  t h e r m a l l y  s t ab l e ,  t h e s e  

c o m p l e x e s  h a v e  b e e n  f o u n d  to u n d e r g o  s o m e  i n t e r e s t i n g  p h o t o c h e m i c a l  r e a c t i o n s .  A 

p r e v i o u s  r e p o r t  [23] f r o m  o u r  l a b o r a t o r y  d e s c r i b e d  t he  f i rs t  e x a m p l e  of  a s q u a r e  

p l a n a r  m e t h y l i d e n e i r i d i u m  c o m p l e x ,  p r o d u c e d  u p o n  t he  i r r a d i a t i o n  of  I r ( C H B ) -  

C H 2 C M e 3 [ N ( S i M e 2 C H 2 P P h 2 ) 2 ] .  T h e  p h o t o c h e m i s t r y  of  a n u m b e r  o f  t he se  b i s ( h y -  

d r o c a r b y l )  c o m p o u n d s  as wel l  as s p e c u l a t i o n  o n  the  m e c h a n i s m  of  the  a l k y l i d e n e  
f o r m a t i o n  will  be  the  s ub j ec t  of  a f u t u r e  p u b l i c a t i o n .  
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