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Abstract 

Stable dicarbonyl(cycloocta-l,S-dieneX~’-indenyi~iridium is formed 

by addition of CO to cyclooctadiene(v’-indenylhridium in CD,C12 
at low temperature. On raising the temperature above 250 K, the ~1’ 

species changes quantitatively into dicarbonyl(~5-indenyl)iridium 

Associative ligand substitution reactions in cyclo- 
pentadienyl (Cp> and indenyl transition metal com- 
plexes are believed to occur through an q1 3 q3 -+ 7’ 
mechanism [l]. Indenyl metal complexes are far more 
reactive than the corresponding Cp analogues, and this 
enhanced reactivity has been attributed to an easier 
“ring slippage” towards an q3 (or even r] ’ ) intermedi- 
ate favoured by the aromatization of the fused benzene 
ring (“indenyl effect” [2]). However, to our knowledge, 
direct evidence of these intermediates is elusive 131, 
even if their postulation is in some cases necessary to 
explain the reaction products [3,4]. 

In this communication we report direct evidence for 
the formation of an 77’ species as an intermediate in 
the associative substitution reaction of [Ir (T”-indenyl)- 
(COD)] (COD = cycloocta-1,5-diene) with carbon 
monoxide. 

Bubbling CO through a CD2Cl, solution of [Ir(q’- 
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indenyl)(COD)] * at room temperature leads to its 
quantitative conversion to [Ir ($-indenyl)(CO),] * * 
within a few minutes [4]. In contrast, by carrying out 
the reaction at or hclow 242 K, the complex is quanti- 
tatively transformed into ;I stable spccics within 1 h. 
The ‘H NMR spectrum of this species is shown in 
Fig, 1 _i; v ‘~, 

The “C spectrum suggests that two CO molecules 
(ii 176.89 and 176.77 ppm) have been added to the 
metal. In addition, the ABCDEFG pattern shown by 
the ‘H NMR spectrum of the indenyl moiety. togethel 
with the magnetic noncquivalcnce of all the carbon 

atoms, indicates unambigously that this ligand is 
bonded to Ir in an q’ mode. In particular. the reso- 
nance attributed to H( 1) is found at 3.61 8. The signals 
of olefinic protons of COD appear as two distinct 
multiplets (due to the chiral nature of the q’-indene) 
at cu, 4.0 and 4.2 (5 at 2.17 K and they arc broader than 
the other signals in the spectrum (see Fig. 1). As the 

-__ 
* [Ir(rli-indenyl)(COD)]: solvent, CD,CI,: 119X K. 6 in ppm from 

internal Me,% ‘II NMR data (I.(, 400.13 MHz, spectral parant- 

eters obtained by computel simulation): 8 7.370 and 7.095 (2II 

each, AA’RR’ system. H(3.7) and H(5.h). respectively). i.Y71 

(1H H(2)). 5,.X14 (LFI. H(i.3)), 3.87 (111, m. oiefinic COD 

protons), and 1.7-i .C (XII. m. aliphaiic COD protons). Proton 

proton coupling constants. ‘J,,, = ‘Jz,; 2.55. ‘.l, T 2.52. ‘J,,, = 
5J,,,. 1.18, J.I,,-.=V;, -o..;‘L ‘J.$<=‘J,,,: 8.31. ‘$.1*,, =-I&,; 1.02. 

iJ.,7 0.97. and ‘,l:,, &XI 177. “C data !r,,, IOr).hl MHT) 6 123.X1 

(C,,,). 1x.00 iC,,-1. 113.hl (C ?,+ ,,,, i. Sl.35 CC, ). 71.95 ((‘, ;i. 
50.41 (=C’-H in C,H,,). and 33.21 t--C’HI in (_“,I~!,,). 

** [Ir(o’-indcnyl)((‘O)~]: ‘IH NF\4R data (CD %Cl,: 798 10: S 7.381 

and 7.245 (21-I each. :\A’Hi)’ system. H(4.+1 and lH(S.6). respec- 

tively). h.l7’j \IH. II(Z)). and S.S3Cl (21i. H(l.3)). Proton-. 

proton coupling constants. ‘.l!,, = ‘,i;,: 2.82. 1/,,, ‘.83. ‘I % - 1.4 = 
<J ?, 1.03. ‘.lt.- r= ‘.I>,, ~0.21. ‘J,,< : ‘.I,,-. 

‘J,,, 0.95. and i 
5.17. ‘J,I, =‘Ji,, 0.99. 

I,,, h.YX It/.. “C dat,l: K 172.77 (GO), 126.63 

(C5,J’ 120.56 (C‘,,,). 115xX (C1.,,7a), Y4..35 CC,), 72.17 (C,,,). 

* [Ir(rl’-indenyl)(<‘O)~(C‘OD!j: ‘II NMR data (C‘I>,CI,: 23.3 K 

(assignments obtained by ( ’ H- ’ II NOL: measurements): 7.505 

(III, m. H7). 7.336 (IH. m. Ii,). 7.110 (ItI. m. ti,). 7.086 (III, 

m. H,). 6.782 (11-i. m. FfLj. h.44Y illI. m, II,). 1.12 and 3.Yh 

(two broad m. XI, each. =(‘N COD protons). 1.7-1.3 ppm (8 

H, broad m, C’I!? protons), and 3.610 (III. III, I{ ,). Proton-pro- 

ton coupling constants: ‘./1,z 1.80. 1 .i,,? 
5.15. ‘Jq7 

1 Oi, 4J,,7 I1.W. ‘J,,; 

1.03. 1.1.t~3 7.58, ‘.I,,,, 1.19. ‘.I&_ 053. ‘J5,(, 731, “,I<_ 
1.15. anb ‘.I,,,: 7.6Y tlz. “C NMR data (C‘D,CI,: ‘ii ti: 

assignments obtained by selective proton decouphrrg): 176.8’1 

and 176.77 !IC each, GO), 156.83 and 111.Y9 cc‘,, and C,,,). 

150.16 fCz). 124.37 iC‘,,). 173.OY (c-,1. I’i.35 (C.<,. l?.l.Y8 CC,). 

120.80 (CJ, ca. 76 ivery t~road. =C‘ -H in C’,H ,L). 35.07 and 

.13.@ (2c‘ each broad. <‘II, in (‘,1-I!,). and X.50 (C, ). 
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Fig. 1. ‘H NMR spectrum of [Ir(77’-indenyl)(CO),(COD)]. Solvent, CDaCl,; 243 K; va 400.133 MHz. For proton labelling, see Fig. 2. The 

asterisks indicate the resonances of the olefinic hydrogen atoms of COD. The resonances attributed to the methylene protons of COD are 

omitted. 

temperature is lowered, they further broaden, disap- 
pear (at cu. 203 K), and finally reemerge as four signals 
(6 4.93, 4.87, 3.46, and 3.18) at 173 K. For this fluxional 
process AGS was calculated to be 8.4 k 0.5 Kcal mol-‘. 
The resonances due to the corresponding 13C nuclei 
behave similarly, since they appear as a very broad 

signal (6 cu. 76 ppm) at 233 K, and as four singlets (6 
92.17, 92.12, 59.80, and 59.26) at 173 K. Thus, COD 
undergoes an intramolecular exchange between two 
nonequivalent coordination sites. If the addition prod- 
uct has a bipyramidal trigonal structure as shown in 
Fig. 3, the fluxional process would involve one axial 
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Fig. 2. Temperature dependence of the ‘H NMR spectrum of [Ir(n’-indenyl)(COI,(COD)I t a va 80.13 MHz. For proton labelling, see Fig. 2. 

Solvent, CD,Cl,; S indicates solvent signals. A: 243 K. B: 270 K; the asterisks and the arrow indicate some signals of [Ir($-indenyl)(COIzl and 

uncoordinated COD, respectively. 
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Fig. 3. 

and one equatorial coordination position for the dou- 
ble bonds of the olefin. 

On raising the temperature above 250 K, the q’ 
species converts quantitatively into the substitution 
product, [Ir CT’-indenyl)(CO),l, with first-order kinet- 
ics. The process was monitored by ‘H NMR spec- 
troscopy at four different temperatures, and from the 
values of the rate constants, 10”k (T/K): 0.591 i 0.006 
(253); 1.23 i 0.02 (2.58); 2.23 I 0.02 (263); 7.01 i 0.06 

(270), the activation parameters AH’ = 1X.X _t 0.5 Kcal 
mol _ ’ and AS: = - 3.4 rf: 2.0 cal mol ’ K ’ were cal- 
culated. 

Thus, the q1 + 77’ change of iridium hapticity which 

involves the loss of the two 7 bonds with COD and 
restoration of the aromaticity of the Cp moiety, has a 
relatively high enthalpy of activation. This process 
probably occurs through an intcrmcdiatr or transition 
state having rl’-coorciination. ‘There is no direct cvi- 
dcnce for the formation of such an intcrmcdiatc, hut 
some insight is provided hy the fact that at 263 K ;I 
second fluxional process is obscncd in the ‘H NMR 
spectrum (80 MHz). At this temperature one observes 
the coalescence of all the rescmanccs of the indcne, 
giving to the AA’HH’XX’Y spectral pattern shown in 
Fig. 2. 

Higher-temperature measurements were inhibited 
by the fast transformation of the q’-complex into the 
carbonylated product. The spectrum of Fig. 3 can be 
explained if the metal undergoes a rapid 1.3exchange 
through an vi-species in which COD is monodentatc 
and the Ir maintains its 1X-electron shell. At higher 
temperatures complete dissociation of COD occurs, to 
allow rearomatizution of the cyclopenladicnyi ring and 
formation of the substitution product, 
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