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SCOPE AND LIMITATIONS OF THE STEREOSELECTIVE HOMOGENEOUS HYDROGENATION 

OF METHYLENECYCLOHEXANOLS BY CATIONIC RHODIUM COMPLEXES 

By John 11. Brown and Stephen A. Hall = 
(Dyson Perrins Laboratory. South Parks Road. Oxford OX1 3QY, U.K.) 

Summary Homogeneous catalytic hydrogenation of 3-methylenecyclohexanol 

gives trans-3-methylcyclohexanol with 98% stereoselectivity, but Low selectivity 

is observed for 2-methylenecyclohexanol and 2-methytenecyclohexanemethanol. 

Homogeneous hydrogenation of chira1 acyclic allylic and homoallylic alcohols may be carried 

out with a high degree of ll,21 or Cl,31 asymmetric induction. 1 
Success requires both a 

cationic chelate biphosphine rhodium catalyst and an aprotic solvent, normally dichloro- 

methane or tetrahydrofuran. Our study has now been extended to cyclic unsaturated alcohols, 

and results obtained are summarised in the Scheme. overleaf. 

Reactiun of the readily available2 2-methylenecyclohexanol (la) and H2 in the presente 

of 2 mol % of catalyst A in thf leads to its isomerisation to 2-methylcyclohexanone (2) in 

competition with reduction to 2-methylcyclohexanol (3). Isomerisation is Largely suppressed 

by carrying out reduction with the iPh4 salt of A but here addition of hydrogen is very slow. 

Under a range of conditions the selectivity to cisC3) never exceeeded 65%. - The corresponding 

acetate (Ib) was reduced cleanly but unselectively, employing A in thf. - 

Ph,P 
/Rh 

Correspondingly, 2-methylenecyclohexanemethano13 (4aI and its acetate (4b) show Little 

selectivity in hydrogenation catalysed by complex A in thf, CH2C12, or MeOH. The isomer 

formed in reduction of (4a) is solvent-dependent. 475 
but the hydroxyl-group nevertheless 

plays a significant part in determining the course of hydrogenation. This is evidenced by 

comparison with the reduction of 2-methylmethylenecyclohexane (6) catalysed by complex A_ 

In thf and MeOH, reduction gives mainly 1.2-dimethylcyclohexane (7) as a 2:l mixture of 

c@ and trans-isomers but accompanied by significant amounts (37% and 12% respectively) of -- 

isomerisation product which is almost exclusively 2,3-dimethylcyclohexene (8).5 In CH2C12. 

isomerisation is the dominant reaction course and 1,2-dimethylcyclohexene (91, is formed 
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Scheme. Results of hydrogenation reactions. Values recorded in square brackets relate to 

runs carried out in the absence of mercury (20 IAL). In other cases this had no effect on 

the course of reaction. Standard conditions: 1 atm; 20’; 5O:l substrate: catalyst; 

Csubstratelinit = 0.1 M. 
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unless mercury is added to scavenge colloidal rhodium. The competitive isomerisation 

here. and its absence in reduction of the homoallylic alcohol (4a) intimates that the 

OH-group of the latter is bound to rhodium during the catalytic cycle of reduction. 

A much more clear-cut result was obtained when 3-methylenecyclohexanol (10a)was 

employed. 
6.7 

Hydrogenation in CH2Cl2 or thf catalysed by complex A gave 98% selectivity - 

to the trans-isomer of 3-methylcyclohexanol (II) accompanied by ca. 5% of an unidentified 

impurity. Even the triphenylphosphine complex B effected reduction with appreciable 

stereoselectivity giving 81% and 91% of trans-(11) in thf and CH2Cl2 respectively. Like 

other examples the acetate (lob) was reduced to a near-equal mixture of the cis- and - 

trans- isomers of (Ilb). 

The reduction of homoallylic alcohols (lOa) and (4a) may be rationalised if both the 

olefin and hydroxyl-groups are bound to rhodium at some intermediate stage in the catalytic 

cycle. In the former case, this leads to a transition-state in which an axial hydroxyl-group 

controls the delivery of hydrogen from the axial-direction so that the methyl-group in the 

initially formed product is equatorial (Figure). In the latter case, the stereoelectronically 

preferred transition-state leads to a product in which both the hydroxymethyl and 

methyl-groups are axial. 

only 

or 

Figure Hydroxyl-group binding to control the stereochemistry of hydrogen delivery. 

These results may be compared with the highly selective reductions of endocyclic 

unsaturated alcohols reported by Crabtree. Stork and their respective co-workers. 
8.9 

10 
It may be that iridium catalysts perform better in the reduction of hindered double bonds, 

but that rhodium complexes (which give clean hydrogenation at a reasonable rate when 2 mol % 

catalyst is employed) are to be preferred for the hydrogenation of exocyclic olefins. The 

stereoselectivity obtained in reduction of BOaI is comparable to that obtained in reduction 

of 3-methylcyclohexanone by the most hindered tralkylborohydride reducing agents. 11 
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