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Reversible protonation of the b&ethylene complex, Co(CSMe4Et)(C2H4 )2 
yields [Co(C,Me,Et)(C,H,),H] [BF,], which readily exchanges its hydridic and 
olefinic protons stereospecifically at low temperatures; subsequent protonation 
at room temperature yields cobaIt(II1) complexes, -C,H, and C,H,. 

The successive protonation and reduction of olefins to alkanes catalysed by 
metal complexes offers an interesting alternative to conventional hydrogena- 
tion in that the energy of reaction may in some circumstances be released as 
electricity rather than heat when the process is carried out in a fuel cell. In 
this context, the protonation of olefin metal complexes forms part of a cata- 
lytic cycle for an electrochemical hydrogenation process. 

when Co(C5Me4Et)(C2H4 )* (I) 111 in CHzClz/E&O at 20°C is treated with 
HBF4/Eh0, a blue material results together with roughly equal quantities of 
ethene and ethane (by GC). Traces of I-butene ace also formed. The blue 
species may be converted to recognisable organometallic species by treatment 
with suitable ligands in the presence of NH4PF6. Thus acetonitrile gives 
[Co(C5Me4Et)(MeCN)s] [PF,], (II), (v(CN) 2330, 2305 cm-‘) and toluene 
gives [Co(C,Me,Et)(toluene)] [PF,], . Both of these complexes were identified 
by ‘H NMR and IR spectra, which corresponded to previously reported data 
PI- 

When I is treated with CF,CO,D under similar conditions to the above 
HBF4/Eh0 reaction, ethane and ethene are again the major gaseous products, 
but GC/MS shows a random distribution of deuterium in both alkane and 
alkene_ This result leads one to expect to isolate an intermediate in the 
protonation reaction and indeed, when the reaction of I with 2 mol HBF,/ 
EGO is carried out at -78°C in CH,Cl,/EhO, a red temperature sensitive com- 
pound (III) crystal&es out (ea. 80% yield)_ Back-titration of excess acid in the 
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Fig. 1.400 MHz 'H NMR spectrumof III in CD,CI, at -85°C. 

supernatant shows that one mole of H+ has reacted per mole of Co (by atom- 
ic absorption on the red product)_ Treatment of III with bases such as proton 
sponge, pyridine and water gives back I as the only organometallic species ob- 
served by ‘H NMR. No gases are evolved. 

Reaction of III with aqueous HBF, similarly gives ethene, ethane and 
Com(CSMe4Et) complexes with small amounts of l-butene. This shows that 
the ether present in the earlier reactions is not the source of the hydrocarbons. 

The 400 MHz ‘H NMR spectrum of III in CD2C12 at -85°C is shown in 
Fig. 1[2] _ There are four olefinic resonances (2.74, t, Jck + Jhnns = 21.7, (2), VIA; 
2-22, t, Jcis + Jtmns = 21.7, (2), Hg; 1.48, m, Hc; 0.46, m, (2), HD), a 
hydride (-12.1, quintet, J = 9.3), (1)) and the ring resonances (2.11, q, J = 
7-4, (2), CH, of Et; l-57, s, (6), MeA; 1.48, s, Men; 0.88, t, J= 7.4, (3), CH, 
of Et). The spectrum and preceding data are consistent with a structure for 

III of: 
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~Eeco&ding experim&ts, elk#na& alter@ive assignments for the definic 
protons...Thuti, irradiation at HA does not alter Hg, but _irrzkliation at either Hc 
6r.H~ decouples -both HA --and Hg. Also, irradiation at the hidride narrows 
I& Hc tid.H~ -resonances and vice-versa. -Only if the hydride is situated on 
the vertical mirror plane of symmetry but to one side of the main molecular 

FQ. 2. Saturation transfer experiments on (III) at 400 MHz. 
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FigUr$ .-2 shotis. the, iesults of satiation-transfer experiments on 111 aS a 
.:fun&ibn’&. tempe_$&r& The nor&d sp+ctrum:is showk at the.. top for 470, 

-55 and +4#6. Ben&& each are &aces- multipli&d by 16, of the. difference 
be&keix thy notial ~pwtrum and one recorded by irradiating at a specific 

: 

-400 

Fig. 2 (continued): 



c30 

line in the spectrum. The upper trace shows- the result of irradiating at HA, 
the lower trace, at 8~. The programs .used a& discussed elsewhere [ 31. 

As may be seen, at -70° transfer of magnetisation is observed only between 
Hc, HD and the hydride, while at -55 and -4O”, magnetisation is transferred 
evenly between all the oIefinic protons and the hydride. 

These experiments demonstrate how deuterium exchange mentioned above 
occurs with the olefin ligands in I. The following conclusions may be drawn. 
(1) The ‘hydride proton’ in III exchanges specifically with HC and HD , Ea = 
30 kJ mol-’ and with HA and Hg, E, = 40 kJ mol-’ (line width analysis). 

(2) Attack of the hydride does not appear to occdr perpendicular to the 
olefinic plane, and coupling between the hydride and Hc and HD suggests 
orbital overlap in the starting material between the hydride and one end of 
the olefins. (If the coupling were via the metal, HA and Hg would also be ex- 
pected to couple). Similar geometrical questions arise in a recently reported 
olefin insertion reaction [4]_ 

(3) There is little change in chemical shift of HA and HB (ca. 6 0.05 ppm 
from -85 to -20°C) during rapid exchange of Hc; HD and the hydride. 
Although correlation of hydridisation with chemical shift is very dubious in 
these systems, such a &rrelation would indicate that the geometry of the 
olefin is unchanged as attack by the hydride occurs. It would then follow that 
the attack is by hydride migration and not olefin insertion. 

(4) The system is similar in behaviour to Mo(dppe), (C,H,), [5]. 
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