
Tetrahedron Lettere No. 20, pp 1773 - 1775, 1973. Pergamon Preee. Printed in Great Britain, 

STEBFCSELECTIVE RELXICTION WITH HANEY NICKEL CATALYSTS 

by J.H.P. Tyman and S.W. Wilkins 

School of Chemistry, Brunei University, 

Kingston Lane, Uxbridge, Middlesex 

(Reoeived in UK 16 March 1973; accepted for publication 3 April 1973) 

The selective reduction of the exocyclic methylene group to produce one stereoisomer is 

frequently required in the synthesis of terpenoid natural products' 
2 

or in industrial processes . 

Homogeneous and heterogeneous hydrogenations of 4-t-butylmethylenecyclohexane3, 

4 B-pinene , and 2-methyl.methylenecyclohexane5 have been carried out with noble metal catalysts 

and a comprehensive examination made of the reduction of the isomeric methylmethylenecyclo- 

hexanes (I) which will be described elsewhere5. 

Nickel catalysts have not been used in such reductions and a novel effect has now been 

found in which the ratio of stereoisomeric dimethylcyclohexanes produced depends upon the age 

of the catalyst. High proportions of the cis or m isomer are produced with Raney nickel 

catalysts as shown typically in Table 1 (fresh catalyst compared with 16 hrs. aged catalyst). 

(1) 

TABLE1 

PROPORTIONS OF DIMEIHYLCYCICHEXANES OBTAINED FHCM EXOCYCLIC (I) AND ENIx)CYCLIC 

OLEFINS (II) WITH HANEY NICKEL CATALYSTS 

Raney 

catalyst 

(I) 2-methyl (I) 3-methyl 

cis trans cis trans 

(I) C-methyl 

cis trans 

(II) &methyl 

cis trans 

New 59 w 70 30 32 68 45 55 

Old 72 28 27 73 72 28 67 33 
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Following these general results obtained with no special precautions a more detailed 

examination of the preparative aspects was made in an attempt to obtain higher yields of the 

&g and a isomers. 

These are described in Table 2 where all the experiments relate to new (unaged) catalyst. 

TABLE2 

VAFUATIONOFPPNPARATIVE CONMTIONSUSJ%DFORRANEYNICKEL CATALYSTS 

Expt. 
No. 

Conditions of 
Catalyst Preparation 

Compound 
Hydrogenated 

Composition of Product 
(dimethylcyclohexane) 

CiS trans 

1 control runs with fresh 343tbylmethylene 70 30 
catalyst without special cyclohexane 
precautions in the catalyst &methylmethylene 22 78 

2 preparation. , cyclohexane 

3 with I&. No outgassing of 3anethylmethylene X.S. 
catalyst. Adsorbed He used. cyclohexane 

4 Catalyst prepared in hydro- 3-methylmethylene 81 19 
genation apparatus containing cyclohexane 
Na. Adsorbed He used. 

5 Catelyst prepared in hydro- 4-methylmethylene 15 85 
genation apparatus containing cyclohexane 
Na - Added Haused. 

6 Catalyst prepared and left in 3-methylmethylene 81 19 
alkaline solution overnight 
(with Ha present), washed. 

cyclohexane 

7 HQ only used in catalyst 3-methylmethylene 86 LG 
preparation. No methanol wash. cyclohexane 
Ha atmosphere. HaOused in 
hydrogenation. Slowed rate of 
reaction. 

8 Hp atmosphere maintained in 3-methylmethylene 83 17 
preparation of catalyst. Washed cyclohexane 
with Ha saturated HsO, MeOH. 

9 minimum vol. of He0 used and .&-methylmethylene 17 83 
methanol only for hydrogenation. cyclohexane 
Na atmosphere. 

10 Fresh catalyst. N, atmosphere. l,&dimethyl 
cyclohexene-1 

more than 
90% 
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Since it seemed likely that some deterioration of fresh catalyst would result from 

oxygen present in the water and methanol used, experiments nos. 5,7,8 carried out established 

that the selectivity of the fresh catalyst was enhanced by the exclusion of air. Ageing of 

the catalyst, normally evident after a few hours, did not occur and its high activity was 

maintained if the prepared catalyst was left in alkaline suspension overnight (expt. 6). 

It is evident that the results are not due to a directional effect, one isomer arising from 

6 adsorbed hydrogen and the other from the addition of gaseous hydrogen, since the same results 

were obtained with and without a nitrogen atmosphere (expts 3,4,9). Furthermore the same 

isomer distribution would have been likely for all the methylmethylenecyclohexanes. 

gxperiments as yet-incomplete are in hand with I&IE, to elucidate the mechanism. 

It seems most likely that a fresh Raney catalyst causes some isomerisation of the 

exocyclic to an endocyclic olefin (there is some GLC evidence for this) both of which would 

lead to different proportions of dimethylcyclohexanes. The adsorbed hydrogen in the fresh 

catalyst which allows hydrogenation to proceed in a nitrogen atmosphere may also encourage 

facile isomerisation. 

Fresh and aged Sabatier-type catalyst prepared by the decomposition of nickel formate did 

not behave in a similar selective way. The behaviour of Rekey nickel in the present instance 

is apparently associated with the surface-absorbed hydrogen and its diffusion, both consequent 

upon the nature of the alloy used in the catalyst preparation. In view of its cheapness the 

above observations have, it is believed, some practical 

Raney nickel dependent upon its age can fulfil the role 
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