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Rhodium(I) and iridium(I) complexes effect the dehydrogenation of the. . . 
alkane chain in the ligand 1,6-bis(diphenylphosphino)hexane forming the metal 
olefin complexes (BDPH)MCl where BDPH = 1,6-bis(diphenylphosphino)- 
truns-hex-3-ene and M = Rh or Ir. 

The homogeneous hydrogenation of olefins using metal complexes as the 
active site is well known, e.g. the use of [(C, H5 )3 P] 3 RhCl [l] is well 
documented. However the-reverse reaction, i.e. the dehydrogenation of_alk+es 
to give an olefin has not been studied in any great detail. The only reported 
dehydrogenation reaction of a saturated chain occurs in the reaction of 2,2’- 
bis(diphenylphosphino)bibenzyl with [CODRhCl] 2 (COD =. 1,5-cycle; : 
octadiene), to give ~2,2’-bis(diphenylphosphino)stilbenechlororhodium(I) [2]. 
Coupling-dehydrogenation reactions also occur with o-tolylphosphincs and 
ethanolic rhodium trichloride [3], and in the reaction of o-styryldiphenyl- 
phosphine with.ruthenium carbonyl [4] : However all these reactions involve 
dehyclrogenation of relatively active benzyl protons. We now -w+h. to report 
the .dehydrogenaticn occurring in the alkane chain of 1,6-bis(diphenylphoS- ..,- 
phino)bexane. . 



F&.1. Proposed structure for the complexes <BDPH)MCl where BDPH = 1.6-bis(diphenylphosphino)- 
tam.+hex-3-ene and M = Rh or k 

cyanide in ethanol at room temperature. The tertiary unsaturated diphosphine 
ligand [m-p. 191°C (decomp.); M’, 452; moLwt., 485 (CHCl, vapour phase 
osmometry (vpo))] has an intense sharp band in the infrared at 970 cm- l 
typical of a C-H out of plane deformation vibrational frequency of a frans- 
disubstituted olefin 151. This band is not present in the starting ligand 1,6- 
bis(diphenylphosphino)hexane. The band due to the C=C stretching mode is 
too weak to be observed, an observation which has been noted before in the 
similar ligand 2,2’-bis(di-o-tolylphospbino)stilbene 131. The PMR spectrum 
of BDPH shows three distinct resonances at T (ppm) 2.4-2.8 (phenyl, area 20), 
4.50 (olefinic, area 2) and at 7.8-8.0 (overlapping methylenes, area 8). In the 
13C NMR spectrum, resonances occur at 137.3-127.1 ppm (phenyl), 129.2 
ppm (olefinic) and at 28.6 ppm and 27.7 ppm (methylenes) downfield from 
TMS. Similar physical data were obtained for the rhodium and iridium com- 
plexes. (RDPH)RhCl [M’, 590; mol.wt., 635 (CHC13, vpo) J has a strong 
band at 958 cm- ’ f as well as new bands at 811,825 and 835 cm- ’ , and a 
v(Rh-Cl) band at 288 cm-’ in the infkared spectrum. The olefinic resonance 
has been shifted upfield compared to the free ligaud to 7 6.37 ppm in the 
PMR spectrum. .+I the 13C NMR spectrum, resonance‘s appear at 132.9-127.2 

. ppm (Ijhenyl), 62.3 pPm (olefinic) with a J(Rh-C) 16.5 Hz, and at 30.0 and 
20.8 ppm (methyIenes) downfield from TMS. The magnitude of the upfield 
shift of the olefinic carbons compared to the free &and, and the degree of 
rhodium coupling to the olefinic carbons are in agreement with previous 13C 
NMR studies of rhodium olefin complexes 161. (BDPH)IrCl [M’, 680; molwt., 
683 (CHC13 ;vpo)] has a band at 972 cm-.: and new bands at 820 and 839 
cm-’ ; and a v(Ir-Cl) band at 300 cm-’ in the infrared spectrum. In-the PMR 
spectrum, the olefinic.resonance is again shifted well upfield compared to 
the free ligandaud ocCurs at 7 7.46 ppm. 
t. %‘he activation df. C-H bonds in the presence of metal complexes has 

r&Red iuiriuch~discussick inrecent years- [7] , and most of the research has 
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been concentrated on the more active phenyl C-H bonds. It has been shown, 
however, that alkyl C-H bonds can be reactive sites. For example, the alkyl 
as well as aryl protons of (C, H5 )* P(CH2 CH, CH3 ) are exchanged with 
deuterium in the presence of RuHCl[P(Cs H5)3 ] J2 [S] . Similarly, the alkyl 
protons of the phosphines in the complexes @tC12 [P(C, H7)J ])2 and 
(PtCl, [P(C, H9)3 ] I2 are exchanged with deuterium in a CHJ COOD/D* 0 
medium [9,10]. Such exchanges are proposed to proceed via metal-deuteride 
intermediates which involve the activation of the C-H bond by an oxidative 
addition reaction. Although it is quite obvious that the t-butyl groups in the 
diphosphines (~-Bu)~ P(CH* ),P(t-Bu), (n = 9 or 10) play an important role 
in forcing the diphosphine to trans-chelate [ll] ; it is also apparent from 
molecular models that the alkane chain as well as the phenyl rings in 1,6-b& 
(phenylphosphino)hexane would exhibit steric hindrance if the diphosphine 
c&chelated. It is therefore proposed that in the trans-chelating position, two 
of the protons in the 3 and 4 positions of the hexane chain of 1,8bis(di- 
phenylphosphino)hexane are so placed that there could be cqnsiderable overlap 
between the filled d,, or dyz orbitals of the metal complex (considering a 
square planar configuration with the ligands occupying the xy plane) and the 
empty arzti-bonding orbitals of the C-H bond. This would then facilitate the 
transfer of electrons from the metal with the subsequent formation of a 
relatively unstable metal hydride species, and the formation of a stable metal- 
olefin bond. Although we have no direct evidence that this is the correct 
mechanism for the dehydrogenation step, we have found that the iridium 
complex (BDPH)IrCl activates hydrogen reversibly at low temperatures 
(RT) forming the cis-dihydride complex (BDPH)IrH2 Cl. 
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