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Summary.- Homogeneous catalytic dehydrogenation of cyclooctane into 

cyclooctene has been effected by means of a variety of iridium and 

ruthenium polyhydrides, at 150°C, in the presence of an olefin as the 

hydrogen acceptor; best results (45-70 catalytic turnovers) have 

been achieved with (iPr3P)ZIrH5, [(g-F-C6H4)5P121rH5 and 

[(p_-F-C6H4)3P13RuH4. 

I- 

Heterogeneous reactions (reforming, hydrocracking) involving alkanes, used 

on a large scale industrially, require vigorous conditions and are very unse- 

lective.' Homogeneous transition metal catalysts are often milder and more se- 

lective than their heterogeneous counterparts,' and current interest 3 in the 

"activation" of saturated hydrocarbons by soluble transition metal compounds is 

sustained by the prospect of finding a system which would allow the efficient, 

selective, catalytic, functionalisation of these rather unreactive substrates. 

Although a few soluble systems (containing Pt,4 Ir, 5 Re, 6 Rh,7 Lu and Y8) have 

recently been discovered which bring about the insertion of the transition me- 

tal into the C-H bonds of saturated hydrocarbons, in only one case has such a 

reaction actually led to catalysis: cycloalkenes are formed catalytically from 

cycloalkanes when these are treated with the bisphosphine rhenium heptahydrides 

(Ar3P)ZReH7 (&) and an olefin (e.g., ,3) as a hydrogen acceptor.6byg 

We imagine that this homogeneous catalytic dehydrogenation proceeds by the 

mechanism shown in the Scheme, 10 via highly reactive 14e intermediates such as 

$2 (which may exist in equilibrium with cyclometalled intermediates), and that 

the maximum number of catalytic turnovers which can be achieved [about 10 in 

the reaction involving cyclooctane and 1% (Ar = E-F-C~H~)] is limited by compe- 

tition between the C-H insertion step ($3-k%) and various deactivation pro- 

cesses [e.g., oligomerisation or further dehydrogenation (by 2) of the 14e in- 

termediates @I. 
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We were interested to find out whether other soluble 18e transition metal 

polyhydride systems, which should be capable of affording reactive 14e inter- 

mediates $ in the same way (see Scheme), would also convert alkanes into alke- 

nes. We hoped we might find a system which would deactivate less readily and 

thus lead to a greater number of catalytic turnovers. 

q,) (;I R(jW R ($) 

R(-H) &H RH 
(alkene) 

[NH2 - 
(alkane) 

(Q) (2) 

Scheme. Postulated catalytic cycle for the dehydrogenation of satu- 

rated hydrocarbons by soluble 18e transition metal polyhydrides ,J,. 

IMI = 2, (Ar3P)2ReH3; Q, (iPrgP)21rH; $, t(p-F-C6Hq)3P121rH; 

$, (Me3P)2IrH; E, Up-F-C6H4)3P13Ru; & (PhjP)3Ru. 

We have therefore examined the reactions of a variety of ruthenium and iri- 

dium polyhydrides with cyclooctane, 11 
and found that the iridium pentahydrides 

(iPrgP)21rH5 (,@,) l2 and [(p-F-C6H4)3P121rH5 Q$)13 and the ruthenium tetrahy- 

dride [(p-F-C6H4)3P13RuH4 (JJ) I4 are indeed more effective catalysts than the 

rhenium heptahydride ke (Ar = p-F-C6H4) for the dehydrogenation of this cyclo- 

alkane. Deoxygenated solutions of the polyhydrides JJI, ,& and ,& (2 mM) and 

3,3_dimethylbutene (2) (200 mM) in cyclodctane were heated at 150°C in evacua- 

ted sealed tubes15 until no further reaction occurred. The iridium pentahy- 

dride J,k gave 23 catalytic turnovers after 3 hours and reached a maximum of 70 

turnovers (i.e., 16 
-- 70 moles of cyclooctene were formed per mole of ,JJ) after 5 

days; the ruthenium tetrahydride ,& gave 45-55 turnovers after 10 days; and 

the iridium pentahydride ,& gave 30-35 turnovers after 5 days. When the ini- 

tial quantity of olefin 2 was halved (,& 2 mM, and 2 100 mM), after 8 days it 

was almost entirely converted to 2,2_dimethylbutane (g.c.) and 45 moles of cy- 

clooctene per mole of ,& were formed (corresponding to a yield of 90% with res- 

pect to 2). Presumably ,$ and cyclooctane compete for the reactive intermediate 

capable of inserting into a C-H bond of cyclodctane. 

The polyhydrides (Me3P)21rH5 (,JJI)'~ and (Ph3P)3RuH4 (,Jf) 
18 also catalysed 

the formation of cyclooctene " from cyclosctane under the same conditions but 

they were less effective than ,Jk, & and LE. 

The solutions were colourless ($.$, yellow (kg, l$), or orange (&, ki) at 

the start of the reactions, and brown at the end. They appeared to be perfec- 

tly homogeneous throughout, and the presence of mercury did not significantly 
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affect the yields of cyclobctene, indicating that colloidal metal was not in- 

volved. 
20 

Furthermore, samples of the ruthenium tetrahydride le, recrystalli- 

sed from different solvent systems, 
21 were equally effective a?catalysts , sug- 

gesting that the catalytically active species is derived from the tetrahydride 

rather than from a trace impurity. 

This approach to the catalytic dehydrogenation of cycloalkanes thus appears 

to be quite general. We believe that systems such as l, which are capable of 

forming 14e intermediates (see Scheme), are more likely to lead to efficient 

catalysis than systems involving only 16e intermediates. Not only are 14e com- 

plexes expected to be more reactive than related 16e complexes in the key C-H 

insertion step (e.g., $--c$,), but catalysis requires the regeneration of a re- 

active intermediate, and this can be achieved when the product of the C-H in- 

sertion step is itself still coordinativcly unsaturated (16e) and therefore 

able to undergo further reaction (e.g., b-elimination, followed by loss of 

olefin, &+k-)&). 
22 
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