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Alternative methods to conventional hydrogenation procedures 
heterogeneous and homogeneous catalytic transfer hydrogena- 
have fou%d widespread use in the reduction of a variety of 

functional groups . These methods offer greater experimental con- 
venience with most reactions complete within lhr and use of elabo- 
rate apparatus can be avoided. 
ver atile 

Ammonium formate / Pd-C system is a 

$ 
reagent for rapid 

sis . 
and selective transfer hydrogenoly- 

Since the publication of a review article on the utility of 
ammonium formate in organic synthesis this reagens has been used 
for reduction of the hetedocyclic ring'in quinolines reduction of 
aryl ketontjs to alcohols , 
glycosides nO, 

regioselective hydrogenol;sis of benzyl 
hydrogenolysis of dibenzyl uracils9 

diary1 oximes", reduction120;n~,~&-~;;;zuus~~d n;t~%~%",lPf 
reduction of hydroxy flavones 
sation of 2-nitro B#yrenes to indoles 

reductive cycli- 
deoxybenation of hete- 

dechlorination of &ono and polychlorinated 
and reduction of nitro compounds to the corre- 

sponding aminesX7. However, to the best of our knowledge, hydroge- 
nation of a,&unsaturated carbonyl compounds with this reagent and 
the stereoselectivity involved in such reductions are not known. 

We wish to report that ammonium formate / Pd-C (10%) readily 
reduces cyclic a,&unsaturated ketones to the corresponding ketones 
under reflux in methanol in good yields within 5 min. We have chosen 
bicyclo[4.3.O]noneneones (la, lb) and bicyclo[4.4.0]decaleneones (la 
- le) as substrates for the present study because of their inherent 
importance in steroid and terpenoid fields. Our results are 
summarised in the Table. It is noteworthy that, for some 
substrates, the observed stereoselectivity (entry 1, 3, 5) is 
different from that in conventional hydrogenation. For example, in 
the reduction of bicyclo[4.4.0]dec-l(2)-ene-3-one (lo) to a-and 
trans-bicyclo[4,4.0]decan-3-ones (20, 30) and 1-ethoxycarbonyl 
bicyclo[4.4.0]deca-5(6)-ene-4-one (lo) to 1-ethoxycarbonyl 
bicyclo(4.4.0]decan-4-ones (2e, 3e), there is a cross-over in stere- 
oselectivty (entry 3 and 5, Table). This is another indication of 
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Table: Transfer Hydrogenation of Cyclic a,B-Unsaturated Ketones 

HCOONHc /lO V. Pd -C 
MrOH, 

1 2 3 

w trans 

la: n=l, R=H; 2a: n = 1, R = H; 3a: n=l,R=H 
lb: n = 1, R = Me; 2b: n = 1, R = Me; 3b: n = 1, R = Me 
1c: n = 2, R= H; 2c: n = 2, R = H; 3c: n=Z,R=H 
Id: n = 2, R = Me; 2d: n = 2, R = Me; 3d: n - 2, R=Me 
le: n = 2, R - COOEt; 2e: n = 2, R = COOEt; 3e: n = 2, R = CCOEt 

Entry Starting Ratioa,b Yield 
enone (Szi.E:trans) (0) 

1 la go:10 (100:00; 18) 85 
2 lb 1oo:oo (100:00; 19) 80 
3 IC 76~24 ( 43:57; 20) 92 
4 Id 1oo:oo (100:00; 21) 86 
5 le 77:23 (05:>95; 22)C 76 

a. 

b. 

C. 

Ratio8 in brackets refer to reported stereoselectivity under 
conventional hydrogenation conditions with solvent ethanol and a 
literature reference 
patios were determined by integration of charcteristic peaks in 
H NMR spectra (270MHz, CDC13) or from gas liquid chromatography 

results. Individual isomers were separated and characterised 
(ref. 23). 
The observed stereoselectivity by conventional hydrogenation 

(HZ. 10% Pd-C, rt, 2-3 atm) using EtOAc as solvent was, =& : 
trans ratio = 12:88. 
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the different mechanisms in transfer and standard hydrogenation2. 
Reductions were very slow or did not take place if the reactions 
were attempted at room temperature or even at 50°C. Reduction of l- 
ethoxycarbonyl bicyclo[4.3.0]non-5(6)-ene-4-one resulted in a com- 
plex mixture of products. 

ExDer imen a L 
(5 mmol) knd' 10% 

A mixture of o,B-unsaturated ketone (1 mmol), HCGGNIi4 
Pd-C (5% of the unsaturated ketone by weight) in 

redistilled methanol (20 ml) was refluxed for 5 minutes by which 
time reduction was complete (tic). The catalyst was removed by 
filtration through a Celite pad and the product was isolated by 
standard work up. 
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