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Abstract: Various carbon�carbon double bonds in olefins and a,b-
unsaturated ketones were effectively reduced to the corresponding
alkanes and saturated ketones, using ammonium formate as a hy-
drogen transfer agent in the presence of Pd/C as catalyst in refluxing
methanol.
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Catalytic hydrogen transfer reduction is an alternative
method to the classical hydrogenation reactions.1 Accord-
ing to literature data, a considerable variety of olefinic
compounds can be hydrogenated in good to excellent
yield by catalytic transfer hydrogenations (CTH) under
homogenous or heterogeneous conditions.2 Homogenous
reductions require catalysts of various complexity, salts
and complexes of Pd, Pt, Ru, Rh, Ir, Fe, Co, Ni and oth-
ers.2 In heterogeneous catalytic transfer hydrogenations,
palladium on carbon or palladium black catalysts are by
far the most frequently used.1,2 Less versatile catalysts are
derived from Ni, Rh, Ru, Pt, Ir, Os and Co. These catalysts
are used as finely divided metals or metals dispersed on
various carriers.3 The list of hydrogen donor compounds
is diverse and includes simple olefins, unsaturated terpe-
nes, alcohols, hydrazine, formic acid and formates, and
others.2 Cyclohexene, due to its high reactivity and avail-
ability appears to be the most frequently used hydrogen
donor.2 In some cases, however, higher temperatures are
required to complete the reduction1 and/or solubility prob-
lems may arise.

Application of ammonium formate in organic synthesis
has been reviewed by Ram and Ehrenhaufer.4 This versa-
tile and cheap reagent has been used as a source of hydro-
gen in catalytic transfer hydrogenations and has been
frequently applied in reduction of the following functional
groups: azido,5 nitro,6�8 cyano,9 and carbonyl in aldehydes
or ketones.10 Ammonium formate has also served as hy-
drogen donor in dehalogenation reaction,11 reductive am-
ination,12 and for deprotection of functional groups, in
particular in peptide4,13,14 and carbohydrate15 chemistry.
In reductions with ammonium formate, chemoselectivity
has been frequently observed.4 A recent paper on reduc-
tion of pyridine N-oxides to piperidines provides another

example of the use of ammonium formate in reduction re-
actions.16

Olefins are generally reduced by CTH and a considerable
variety of olefinic compounds have been hydrogenated in
good to excellent yield by this method, using several cat-
alytic systems in cooperation with a variety of donors like
cyclohexene, formic acid, isopropyl alcohol and many
more.1 Surprisingly, a literature search revealed that am-
monium formate has not been frequently used as an active
hydrogen donor in CTH reactions of compounds with car-
bon�carbon double bonds and only few hydrogenations
with the use of trialkylammonium formates have been re-
ported.2 In a recent communication, hydrogenation of alk-
enes by the CTH method using expensive decaborane has
been described.17 

In this report we wish to describe a simple and convenient
method for the catalytic hydrogen-transfer reduction of
carbon�carbon double bonds in olefins and a,b-unsaturat-
ed carbonyl compounds using readily available and inex-
pensive ammonium formate, as a hydrogen donor, under
mild conditions (Equation 1). In the study of reductive re-
moval of benzyl group from 1,3-dibenzyluracil 1 under
CTH conditions we found that debenzylation was accom-
panied by reduction of the 5,6-double bond in uracil.18

Thus, reaction of 1 gave 2 and 3 (Figure 1) in an approxi-
mate ratio of 1:2. It has been reported, that reduction of the
substituted uracil derivatives required L-selectride as a re-
ducing agent.19 These results prompted us to examine
CTH reactions of other unsaturated compounds with car-
bon�carbon double bonds. Our previous interest in ste-
roids allowed access to a series of steroidal olefins with
the double bonds of different type of substitution pattern
and steric hindrance.

Equation 1

Under standard conditions, the substrate (Figure 1) was
hydrogenated in refluxing methanol in the presence of
10% Pd/C catalyst and an excess of ammonium formate.
Refluxing methanol is the solvent of choice because re-
ductions are generally fast and the solubility problems are
avoided in this solvent. The optimum catalyst:substrate
ratio for effective hydrogenation was estimated as 10% of
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the weight of olefin. When 2% or 5% of the catalyst was
used for the reduction of the standard olefin, 5a-cholest-
2-ene (15), the substrate was still present after 12 hours of
reaction and the hydrogenation could not be completed. In
the presence of 10% of the catalyst this reduction required
2 hours. The results of the hydrogenations are summa-
rized in Table 1.

The unhindered endocyclic D2-double bond in 5a-cholest-
2-ene (15)20 was easily reduced to 16, while the more hin-
dered D2-double bond in compound 2621 having a lanos-
tane skeleton required 20 hours reaction time to give
dihydrolanosterol (27).22 In accord with previous data,23

the trisubstituted D5-double bond in compounds 1924 and
25 was found unreactive, as was the highly hindered D8-
double bond in lanosterol (28). The D24-double bond in the
side chain of lanosterol (28) was completely reduced to
give dihydrolanosterol (29)25 in the prolonged reaction.
Reduction of the D24-double bond, quite common in triter-

penoids, often required a substantial proportion of
Adam�s catalyst, prolonged reaction times, high tempera-
ture and/or elevated pressures.26 Exocyclic double bond in
3-methylene-5a-cholestane (21)27 has been reduced in a
fast reaction to give 3b- and 3a-methyl-5a-cholestane
(2228 and 23) in the ratio 2:1, respectively. Reduction of
21 with Adam�s catalyst was reported to give 22 and 23 in
the ratio 1:4.29 

The reduction of vinyl- and allyl-substituted steroids, 1730

and 19, gave the respective saturated compounds 1831 and
20,32 with excellent, practically quantitative yield. Also
other compounds having allyl residues attached to an ox-
ygen or nitrogen atom were easily hydrogenated, as
proved by the hydrogenation of benzylallyl ether (13)33 to
1433 and N-allylpyrrolidinone (7)34 to compound 8.35 The
1-allyl-3-benzoyluracil (4)18 gave 1-propyluracil deriva-
tives 5 and 636 in a 2:9 ratio, respectively. In the reaction
of allyl phenyl ether, a hydrogenolysis of C(aliphatic)�ox-
ygen bond was observed, however.37 In this case phenol
was isolated as the only product in 88% yield. 

Similar to N-allyl derivatives, N-vinyl compounds were
also efficiently hydrogenated. Thus, N-vinyl lactams 9
and 11 were quickly reduced to N-ethyl compounds 1038

and 12,39 respectively.

In further experiments it was found that the CTH system
described is also effective for the reduction of unhindered,

Figure 1 Structures of substrates and products used in this study

1  R1 = Bn, R2 = Bn,  ∆5

2  R1 = H,   R2 = Bn,  ∆5

3  R1 = R2 = Bn
4  R1 = allyl, R2 = Bz,  ∆5

5  R1 = n-Pr, R2 = Bz,  ∆5

6  R1 = n-Pr, R2 = H,  ∆5

N

NO

O

R2

15  R1,R2 = H, R3 = C8H17, R4 = H,  ∆2

16  R1 = R2 = H, R3 = C8H17, R4 = H
17  R1 = OH, R2 = vinyl, R3 = C8H17, R4 = H
18  R1 = OH, R2 = Et, R3 = C8H17, R4 = H
19  R1 = OH, R2 = H, R3 = OH, R4 = allyl,  ∆5

20  R1 = OH, R2 = H, R3 = OH, R4 = n-Pr,  ∆5

21  R1,R2 = CH2, R3 = C8H17, R4 = H
22  R1 = Me, R2 = H, R3 = C8H17, R4 = H
23  R1 = H, R2 = Me, R3 = C8H17, R4 = H
24  R1 = AcO, R2 = H, R3,R4 = Ac,  ∆5,16

25  R1 = AcO, R2 = H, R3 = Ac, R4 = H,  ∆5

R1

R2

R4R3

O
R

13  R = allyl
14  R = n-Pr

  7  R = allyl, n = 1
  8  R = n-Pr, n = 1  
  9  R = vinyl, n = 1
10  R = Et, n = 1
11  R = vinyl, n =3
12  R = Et, n = 3

N

(CH2)n

O

R

R1 R2

  30  R1 = O, R2 = H2,  ∆1,  5α-H
  31  R1 = O, R2 = H2,  5α-H
  32  R1 = O, R2 = H2,  ∆4

  33  R1 = O, R2 = H2,  5β-H
  34  R1 = β-AcO,H, R2 = O,  ∆5

  35  R1 = β-AcO,H, R2 = O,  5α-H

C8H17

26  R = H,  ∆2

27  R = H
28  R = β-OH,  ∆24

29  R = β-OH

R

R1

Table 1 Catalytic Transfer Hydrogenation of Unsaturated Com-
poundsa

Entry Substrateb Productb Yield (%) Reaction
Time (h)

1 4 5 + 6 (2:9) 99 3.5

2 7 8 94 1.5

3 9 10 94 0.5

4 11 12 97 0.5

5 13 14 90 2

6 15 16 99 2

7 17 18 99 1.5

8 19 20 91 2

9 21 22 + 23 (2:1) 98 5

10 24 25 98 0.6

11 26 27 92 20

12 28 29 99 7

13 30 31 71 3

14 32 33 95 1

15 34 35 98 1

a Reaction conditions: HCO2NH4 , Pd/C, MeOH, reflux.
b For the structures of substrates and products, see Figure 1.
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a,b-unsaturated steroid ketones, which otherwise require
more vigorous conditions and/or platinum catalyst.23

Thus, the unhindered D1-double bond in 5a-cholest-1-en-
3-one (30)40 was easily reduced to ketone 31, while the
highly hindered 8,9-double bond in 3b-acetoxy-5a-
lanost-8-en-7-one was unchanged after prolonged reac-
tion. 

Interestingly, cholest-4-en-3-one (32) was stereoselec-
tively reduced to 5b-cholestan-3-one (33).41 This stereo-
chemical outcome of the reaction is important since
catalytic reduction of steroid D4-3-ketones usually affords
a mixture of 5a- and 5b-3-ketones, while reduction with
metals in liquid ammonia results in formation of 5a-ste-
roids.23 The D5-double in 3b-acetoxycholest-5-en-7-one
(34)42 was stereoselectively reduced to 7-ketone 3543 hav-
ing the 5a configuration. The efficient and fast reduction
of D16-double bond was found in the reaction of 3b-ace-
toxypregna-5,16-dien-20-one (24). The product 25 was
slightly contaminated with the 17b-H isomer (1H NMR).

Other examples of effective hydrogenation include reduc-
tion of ethyl cinnamate to 2-phenylpropionic acid ethyl
ester (96%, 1.5 h) and maleic anhydride, which gave suc-
cinic anhydride and succinic acid in the ratio 2:3 (0.6 h).

In summary, these results demonstrate that the reducing
system Pd/C-HCO2NH4/MeOH is simple, effective, and
applicable for reduction of a variety of carbon�carbon
double bonds under mild conditions. The reduction may
be chemoselective if the double bonds under consider-
ation differ markedly in steric hindrance. 

An important benefit is an easy isolation of the products
from the reaction mixture. It requires only filtration of the
catalyst followed by removal of the solvent. In some cases
filtration of the crude product through a short column of
silica gel, followed by crystallization is preferable. This
hydrogenation procedure offers an attractive alternative to
other methods available for reduction of carbon�carbon
double bonds.

1H NMR spectra were recorded with a Varian Gemini 300 VT spec-
trometer at 300 MHz in CDCl3 using TMS as an internal standard.
Electron-impact mass spectra were recorded with an AMD 402
spectrometer using ionization energy of 70 eV. The substrates were
either commercial products and were used as purchased or were
prepared according to literature procedures. The progress of the re-
action was followed by TLC on silica gel (Merck 60 F254) plates im-
pregnated with silver nitrite and/or 1H NMR analysis. The reduction
products were identified by comparison of their 1H NMR and mass
spectra with those of authentic samples. 

Catalytic Transfer Hydrogenation of Unsaturated Compounds; 
General Procedure
To a solution of an olefin or enone (see Figure 1) (1 mmol) in
MeOH (5 mL), the catalyst 10% Pd/C (Fluka) (10% of olefin by
weight) and ammonium formate (630 mg, 10 mmol) was added.
The mixture was refluxed until reduction was complete (TLC mon-
itoring, time given in Table 1). After cooling, the mixture was fil-
tered and the solvent evaporated under reduced pressure. To the
residue, CHCl3 (few mL) was added to precipitate the excess of am-
monium formate. After filtration, the solvent was evaporated to give
crude product of sufficient purity. This was filtered through a short

silica gel (Merck, 70�230 mesh) column and/or crystallized from
the appropriate solvent (see Figure 1 for products).
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