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Summary 

The isomerisation of 1,5-cyclooctadielle cstalysed by Ir,H,CI:( 1,5-C,H,:) 
(PPh,), under Nz occurs through consecutive reactions 1,5-CEH,2 = 1.4~&HI2 --L 
1,3-C8H,?; the first reaction is reversible where,% the second is irreversible. LJn- 
der H,, a selective hydrogenation of the non-conjugated 1,5 and 1,4 isomers 
leads to cyclooctene. hlechanisms for the isomerization and hydrogenation are 
proposed. 

Introduction 

In our previous work the chelating diolefin cis.cis-1,5-cyclooctadiene was 
used to stabilize rr-ally1 complexes of cobalt [ 1,2] and rhodium [3] and hydrido 
compleses of iridium 13.41. In particular, in the synthesis of Ir?H,CI,( 1,5-C&,,) 
(PPhJ),, we found an interesting hydrogen-deuterium scrambling between the 
cyclooctadiene hydrogens and molecular deuterium. For a better understanding 
of the interaction of the olefin ligand with the hydrido ligand we have esamined 
the interaction of the free 1,5-cyclooctadiene with the iridium complex under 
varying experimental conditions. 

Results and discussion 

A benzene solution of IrzHIC12( l,5-C8H,z)(PPh3)z under nitrogen shows n 
catalytic activity toward the isomerisation of the free 1,5-cyclooctadiene. As 
shown in Fig. 1, both the 1,4- and the 1,3-cyclooctadlenes are obtained as re- 
action products: the 1,4-isomer slightly predominates for low degrees of con- 
versions but the 1,3 isomer becomes the major product after a few hours. 

The rate of reaction slowly decreases during the isomerisation of the 
diene, and the fal! off shows a dependence on the initial catalyst concentration 
and temperature. In fact, if a dilute solution of Ir,H,CI,(l,S-C,H,,)(PPh,), 



Fig. I. tsomensatioo of 1.5-cydooctadir~1e (2.05 AI) NiLh Ir2HICI2(1,5CgH,2)(PPh))2 (6.2 X 10m3fif) III 

benzene at 20a wder N~.0.1.5-cycl00~tad1e~~;o. l.4-~y~loo~tadmw:~. 1.3-cyclooctad~ene. 

(2.0 X 10-3M) is used at high temperature (617, the isomerisation reaction 
stops after a few hours leaving about 40% o f the unreacted 1,5-C8Hlz(Fig. 2). 
At a lower temperature (04 and with a higher catalyst/diene ratio, the cata- 
lytic activity remains almost unchanged for a long time (Fig. 3). 

Fig. 2. lsomerisation of l.!%cydooctadiene (2.04 df) with lrlH2C12(1.5CgH,~)~PPhg), (2.0 X lO-3M) in 
benzene at 61° under N2. o. 1.5-cycloocfadrene: 0. 1.4-cydooctadiene: A. 1.3sycJooctadrene. 
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h. 3. ~mmri%dOn of ~.5-c~choctad~ene (2.5 X 10-‘/U) wllh Ir~H~C12(I.~C~H12)(PPh~)~ (4.8 X lo-‘,II) 
in dichloromelhane aL 0” under Nz. o. 1Scycloocladien~; 0. l&cycloocradiene: A, 1,3-~yclooc~adie~~. 

lld 
550 500 450 400 350 

Fits -3. Electronic specka of the benzene solution c~nt.&kg lr2HzC12(i.~s~,z)(~ph~)~ (3.6 X 10-3nj) 
and 1.5CsH12(2.0 M) at 20° at ranous hmes (as shown 1x1 Fig. 5) 
I~zHzC~~(I.~-C~HI?)(PP~~)~ (3.9 X 10e3M) in benzene; -m -. . 

. - . reacting solut.ion; - - - . 

benzene. 
IrCl(l&CgH12)PPb3 (1.7 X 10-3fif) in 
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1 

W. 5. DisaPPWance of lr~H2C12(1.5CsH12)(PPb3), denved from the data reportsd in Fls. 4 

This fall in the catalytic activity has been attributed to the conversion of 
the active hydrido complex into an inert compound (reaction 1). This reaction is 
relatively slow at low temperature (O-20”), and can be followed by the change 
in the UV spectrum (Fig. 4 anA 5), which shows the disappearance of Ir7HzC12 - 
(1,5-C8H,2)(PPh~)z (bands at 405 nm, E 900; and at 447 nm, E 270), and the 
concomitant appearance of IrC1(1,5-CsH12)PPhj (bands at 386 nm, E 1250; at 
430 nm (sh); at 455 nm, e 2130; and at 512 nm, e 410). 

Ir2H~CI~(1,5-CsH,2j(PPh3)1, + 2 1,5-CsH,2 + 2 IrCl(1,5-CSH,2)PPh3 + CBHIq (1) 

The catalyst Ir2H2CII_(1,5-CBH,z)(PPh3)2 is consumed by reaction 1 but it 
can be reformed in situ when the reaction is carried out in the presence of hy- 
drogen. Our previous results [4] show that IrC1(1,5-CsH,2)PPii~ reacts with 
molecular hydrogen by reaction 2 to produce the original hydrido comples. 
The results for the catalysed reactions of 1,5-cyclooctadiene under hydrogen at- 
mosphere at !ow (229 and high temperature (689, are shown in Figs. 6 and 7, 
respectively. 

2 IrCI(1,5-CsHIc)PPh3 + 2 Hc + Ir2H&Iz(1,5-CsH,2)(PPhS)2 + &HI4 (2) 

From the results it can be seen tbat molecular hydrogen is an effective co- 
ca?Ayst for the isomerisation, since the catalytic activity of the solution is still 
present after a long time; however, under-these conditions, an extensive con- 
comitant hydrogenation reaction occurs both at low and high temperature. The 
data reported for the catalytic transformation of 1,5_cyclooctadiene, under an 
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FIN. 6. Calalyt~c transformarion of 1.5cyc1oocLadxn-z ( 2.33 .%I) rvitb Ir~H~Cl~~1.5C~~l~~)~PPh~~~ 
(2.67 X 10s3M) III benzene at 2 2’ under hydrogen (1 arm). 0. 1.5cycloocladleoe. 0. 1.4-c~cloocLad~ane; 
A. = 1.3-cycloocta~iwoe; a. cvdooctenr; 0 . cyclooctme. 

Fig. 7. Catalytic transformarlon of 1.5-cyclooctadxne (1.7 df) wllh Ir?H2C12(1.5-CXH,I)(PPh3)~ (2.7 X 10-3,Sf) 
in benzene aL 68” under hydrogen (1 arm). o. 1.5-cyclooctndlene: 0, l.kycloocta&ene: A. 1.3cvclooclodieoe; 
A. cyclooctene. 

inert atmosphere or hydrogen, show that the pattern of the isomerisation pro- 

cess is very similar in both cases. 
It is well known that several transition metal compleves catalyse the homo- 

geneous isomerisation of the non-conjugated dienes to the conjugated isomers. 
In particular, the isomerisation of the 1,5-cyclooctadiene has been extensively 
studied by Tayim and Bailar using the PtC12(PPh3)2 /SnCl, catalyst [5]. They 
found that the isomerisation occurs through two consecutive first order reac- 
tions, as in eqn. 3. The kinetic data suggested that the conjugated and the non- 
conjugated dienes are similarly activated by the platinum complex. This behav- 
iour has not been observed on our case, in which 1,3-cyclooctadiene is irreversi- 
bly produced. In fact, while the pure 1,4+yclooctadiene does isomerise in the 
presence of the iridium complex to give both the 1,5 and the 1,3 isomers (Fig. 
8), the 1,3-diene does not produce isomers under such conditions. 

1,5GH12 = 1,4-C8H,2 = 1,3-CsH12 (3) 

The difference in the interaction with the catalyst between the non-conjuga- 
ted and conjugated diolefins is confirmed by their reaction with Ir2D2CI,( 1,5C,H,,) 
(PPh& . An excess of 1,s or of 1,4-cyclooctadiene rapidly leads to hydrogen 
exchange with the deuterido ligand to give IrzHzC12(1,5-C8H12)(PPhS)Z, while 



Fig. 8. CataIytx isomensatzon of l.kyc!oocta&ene ( 2.3 X 10-1:11) with L~?H~CI~(I.~C~HI~)(PP~~)~ 

(4.8 X 10-2M) in dichlorometbane at 0” under Nz. 0. 1.5-cycIooct2dkne: 0. 1 .I-c~clooctadiene: *. 1.3- 

cyclooctediene. 

practically no isotopic exchange is observed when the 1,3diene is used. When 
the transformation of 1,5-cyclooctadiene is carried out under hydrogen cyclo- 
octene and cyclooctane are produced as hydrogenation products. From the data 
shown in Fig. 6 the following interesting features can be deduced: (i) the hydro- 
genation rate of the 1,5 and the 1,4 isomers is faster than that of the 1,3 isomer 
which is virtually not hydrogenated under these conditions, (ii) the hydrogena- 
tion of the cyclooctene to cyclooctane is slow and starts only after complete 
disappearence of the non-conjugated 1.5 and 1,4 isomers. 

The selectivity observed in the iridium complex catalysed hydrogenation of 
the cyclooctadienes may be compared with that observed when other homoge- 
neous catalysts are used. Thus, the PtC12 (PPh3)2 /SnC& system [6 1, which requires 
more drastic conditions (temp. 100”) P( H2) 30 atm), is very effective for non-con- 
jugated dienes and also shows a lower, though definite, rate of hydrogenation for 
the conjugated dienes. Furthermore, in this case, hydrogenation of the 1,3-diene 
is favoured over that of cyclooctene. 

The Wilkinson’s catalyst RhCI(PPh,), is less selective towards diene and 
monoene hydrogenation, since the;rate observed for the 1,3-cyclooctadiene is 
comparable with that observed for the cyclooctene [7] _ 

Scheme 1 presents the activation of 1,5-cyclooctadiene in the isomerisation 
and hydrogenation reactions. 

The intermediate LrH,CI( 1 ,5-C8HI 2)PPh~can be produced by dissociation 
of one tripbenylphosphine ligand. Under an inert atmosphere and at low temp- 



41.5 CIH,l 

-1,s C,H12 
+P 

erature this compound acts as the principal catalyst for the arc isomerisation of 
the 1,5 to the 1,4 and 1,3 isomers. This is probably because a structure having 
each olefinic double bond cis to only one hydrido ligand does not favour hydro- 
genation of the ligand. Under hydrogen, however, a multihydrido complex can be 

formed, and acts as a hydrogen donor to the diolefin, producing cyclooctene. 
The presence of the IrH,C1(1,5-C,H,,)PPh, intermediate is supported by twn- 
observations: (i) under nitrogen this complex can readily Lose hydrogen to give 
the observed ZrC1(1,5-C8H,2)PPhX; (ii) with LrCI(1,5-C,H,,)PPh, under hydrogen 
at low temperature the catalytic transformation of the 1,5-cyclooctadiene occurs 
without an induction period (Fig. 9). 
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Fa 9. Catiyt~c tmnsIormatmn of l.b-chclooctatiene (2.03 M) wl~h IrCl(1.5-C,3H1,)PPh3 (6.55 X lo-3M) 
in benzene at 22O under hydrogen (1 atm). o. 1,5-cyclooctadreoe;~. l.+cyclooctad.ieoe; A. 1.3-cycle- 

oclachene; 4 cyclooctene: 0. cyclooctane. 

The presence of a multihydrido comples under hydrogen is postulated be- 
cause Ir~H2CI,(1,5-C8H,2)(PPh3)~ is only a weak hydrogen donor towards the 
diolefins as clearly indicated by Figs. 4 and 5, which show that reaction 1 is very 
slow in absence of hydrogen. The multihydrido complex cannot be directly de- 
tected, however, in fact precipitation of the catalyst under hydrogen gives the pure 
Ir2H,CI,(1,5-C,H,,)(PPh,), and the IR, NMR and electronic spectra of the cata- 
lyst solution under hydrogen atmosphere are not different from those observed 
under nitrogen atmosphere. 

Experimental 

AlI the solvents, which were reagent grade, were dried and distilled under 
nitrogen and the solutions were manipulated under nitrogen or hydrogen. UV 
spectra were recorded with Carl Zeiss DMR21 instrument. 

The cyclooctadienes were distilled under nitrogen before use: the 1,5 and 
1,3 isomers were supplied by Fluka and the 1,4 isomer was prepared by the 
bromination-reduction method [9]. 

The complexes Ir,H,C12(1,5-C8H,2)(PPhJ)z 141 tid IrC1(1,5-CsH11_)PPh3 [S] 
were prepared by published methods. The products of the isomerisation and hy- 
drogenation reactions were identified and quantitatively determined by GUY, with 
a Hewlett-Packard 5750 instrument, using 20% DEGS on Chromosorb P column 
(5 m x 2 mm) connected with a 15% Apiezon L on Chromosorb W column (2 m- 
x 2 mm)at 110”; the samples of the reacting solutions were treated with acryl- 
on&rile to quench the catalytic activity of the iridium complex and then analysed. 
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