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The new complex Tp+Ir(C2H4), 1 [Tp" = hydrotris(3,5-dimethyl-l -pyrazolyl)borate] rearranges thermally into the 
hydrido-ally1 Tp*lr(H)(q3-CH2CHCHMe) 2 (cyclohexane, 60 "C, 15 h) through the intermediate vinyl-hydride 
Tp*lr(H)(CH=CH,)(C,H,) 3, as demonstrated by an independent synthesis of 3 and its clean conversion into 2. 

The transition metal-mediated transformations of alkenic 
substrates are among the most attractive and interesting 
processes in organometallic chemistry. Alkene dimerization 
has been the subject of recent and intense studies.1 A 
commonly accepted mechanism for this reaction invokes the 
participation of a catalytically active metal-hydrido species 
that can undergo successive insertion of , for example, C2H4 to 
form a butyl complex. 132 Developments in metallacyclic 
chemistry have led to an alternative proposal involving 
metallacyclopentane intermediates,3 while more recently, a 
photochemical pathway, based on binuclear vinyl species, has 
been advanced.4 In this communication we present the first 
example of a well-defined ethylene dimerization reaction that 
proceeds through an isolable vinyl hydride intermediate. This 
transformation occurs on the iridium complex Tp*Ir( C*H4)2 1 
[Tp" = hydrotris(3,S-dimethyl-l-pyrazolyl)borate, structure 
A] that cleanly converts into the hydrido-ally1 derivative 
Tp*Ir(H)(q3-C4H7) 2, via the hydrido-vinyl Tp*Ir(H)(CH- 

The new complex Tp*1r(C2H4), 1 has been prepared from 
[ I r C l ( ~ o e ) ~ ] ~  (coe = cyclooctene) , ethylene and KTp*-5 
following a procedure due to Or06 and Crabtree7 for the 
unsubstituted Tp derivative. When a cyclohexane solution of 1 
is heated at 60 "C for 15 h a smooth transformation ensues with 
formation of a new compound 2 [eqn. ( l ) ]  in ca. 80% isolated 
yield. Formulation of 2 as a hydrido-ally1 species 8 comes 

=CH2) (C2H4) 3. 

straightforwardly from the available spectroscopic data. t 
Thus, a high field signal at 6 -29.0 confirms the presence of a 
hydride ligand, while the allylic moiety, CH2-CH-CHMe, 
yields characteristic signals-f- in the range 6 4.3-2.7, indicating 
trihapto coordination and an anti disposition of the methyl 
substituent. The endo or ex0 orientation of the ally1 ligand has 
not been unambiguously established. 

When the conversion of 1 into 2 is complete, NMR studies 
of the reaction mixture show formation of no other detectable 
products. However, monitoring of the reaction by 1H NMR 
spectroscopy allows the observation of an intermediate 
species. This shows a hydride resonance3 at 6 - 16.9 together 
with a vinylic pattern (AMX spin system, 6~ 7 . 3 8 , b ~  4.94, b~ 
5.63; 3JAM 18.0, 3 J ~ ~  10.3, 2JMx 2.7 Hz) suggesting formula- 
tion of the complex as Tp*Ir(H)(CH=CH2)(C2H4), 3. This has 
been confirmed by an independent high yield (80% by NMR) 
synthesis of 3, achieved by the room temperature photolysis7." 

1 2 

T Selected spectroscopic data for 2: IH NMR (200 MHz, C6DJ b 5.06 

CHMe), 3.29 (d, 3JHH 6.8Hz, lH,  CHH),  2.74 (d,  'JHH 10.2Hz, IH, 
(dt, 'JHH 10.2, 'JHH 7.1 Hz, lH,  CH). 4.31 (quintet, 'JHH 6.3 Hz. IH, 

CHH), 1.54 (d, 'JHH 6.3,3H, CH3) and -29.0 ( s ,  lH, Ir-H): I3C{ IH) 
NMR (c6D6) b 78.7 ( I J C H  161 Hz, CH). 28.7 ( 'J( . f I  149 Hz, CHMe), 
20.1 ( I JCH 130 Hz, CH3) and 16.2 ('J(.H 158 Hz, CHI). 

3 Spectroscopic data for 3: I R  (Nujol mull) 2200 cm-1 ( Y , , - ~ ) .  I T {  'H) 

and 43.9 (lJCH 161 Hz, C2H4). 
NMR (CbDb) 6 126.4 ('JCH 142 Hz, CH), 118.8 ( ' J C H  151 Hz, CH?) 
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H 
,\ h (20 "C) or heat A heat Tp'lr/j- 

Tp*lr Me (2) ~ - Tp*lr-H 

D \ 'r/ CH=CH, 

H 
h (20 "C) or heat x\ I . Tn"l.4 

le (2) 

I 3 2 

of the bis(ethy1ene) complex 1 [eqn. (2)]. It is interesting to 
point out that complex 3 transforms cleanly, and more 
quickly, as compared to  1, into the allylic species 2, no 
conversioii being observed into the bis(a1kene) derivative 1, 
despite the fact that this is a very common process for most of 
the already known vinyl hydride complexes.9 In fact, for 
unactivated alkenes, there is only one recently reported 
mononuclear example in which the vinylic hydride formula- 
tion is thermodynamically preferred over the alkenic isomer. 10 

As in this example this thermodynamic preference may be 
associated with a change in the coordination mode of the Tp* 
ligand10 from q 2  to q 3 .  The implication of vinylic species in 
other important transformations has been disclosed 
recently. 11-14 

It is noteworthy that the known compound TpIr(C2H4)2 has 
been reported to decompose thermally to a complex mixture 
of products.7 A similar situation holds also for the related 
hydrido-vinyl TpIr(H)(CH=CH2)(C2H4).7 Hence, it seems 
that the presence of methyl substituents in the 3- and 
S-positions of the pyrazolyl rings (or CF3 and CH3, as in 
Graham's complexlo) not only plays a crucial role in the 
thermodynamic stabilization of the hydrido vinyl structure 
over its isomeric alkenic form, but also in the subsequent 
rearrangements that the hydrido vinyl species may undergo. 
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