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ABSTRACT. Some N-alkylimines and oximes were subjected to catalytic transfer 
hydrogenation in presence of ethanol or cyclohexane as a solvent. The solvents 
were found suitable as hydrogen donors for hydrogenolysis reaction of these 
imines in presence of palladium as a catalyst. The yields were high and the ob
tained amines were analysed by 'H and "c NMR. The reaction mechanism sug
gested is represented in the Scheme. 

Reduction of organic compounds is an important method well known for its utilizations in 
laboratories and industries. The addition of hydrogen through heterogeneous catalytic 
transfer is relatively convenient when carried in presence of a suitable organic solvent (as 
hydrogen donor) with an active catalyst. It was first reported (Braude et al. 1952 and 
1954) that catalytic hydrogen transfer from an organic donor molecule to a variety of or
ganic acceptors might be possible under mild condition. The catalytic transfer hydrogena
tion with an organic solvent as hydrogen donor predominantly with palladium as catalyst 
has potential advantage for a greater experimental convenience accompanying no consid
erable hazards as in the case of molecular hydrogen (Johnstone et al. 1985, Ciola and 
Dolberkau 1978, Flix el al. 1978 and Brieger and Nestrick 1974). The transfer methods 
afford enhanced selectivity reduction and lead to the process of addition of hydrogen from 
an organic solvent which could be affected by heterogeneous catalyst using molecule oth
er than molecular hydrogen as the source of hydrogen (Johnstone el al. 1985). 

• AUlhor 10 whom correspo"dence should be addressed . 
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Results and Discussion 

The catalytic transfer hydrogenolysis of some N-aLkylimines (R1C = N ~ R) and re
lated oximes are reported here; as the compounds undergo addition process of hydrogen 
by reducing C = N in presence of an active catalyst (Pd/C > 5%) in EtOH or cyclohexane 
as an organic solvent. The subsequent results revealed a considerable good yield of the re
sulting amine products ranging between 50-93% (Table I). 

Table I: 'H NMR chemical shifts in CDCI , at 28°C 

No. Solvent Ar R R' oAr oR oR' oNH oCH Yield 
% 

I EtOH Ph H «CH,), 7.3 - 8.08 1.17 3.5 3.72 90 

2 EtOH Ph CH, OH 731-7.71 1.25 2.47 3.53 4.11 70 

3 EtOH Ph CH, CH, 7.30-7.65 1.28 2.45 3.53 4 .62 80 

4 EtOH Ph Ph OH 7.22-7 .23 7.22-7 .23 2.96 3.56 3.98 75 

5 EtOH Ph Ph CH , 7.2-7.35 7.27-7.33 2.39 3.96 4 .67 90 

6 EtOH 2-Cl-Ph CH , «CH,), 7.30-7.33 1.71 1.52 35 3.8 70 

7 EtOH 2-thienyl 2-ClC"H, CH(CH,), 7.71-7.80 7.28-7.44 1.22: 1.28 3.55 4 .3 91 

8 EtOH I-naphthyl H C(CH,), 7.5 -7.8 8.08 125 3.45 4.16 90 

9 EtOH I-naphthyl CH, C(CH,), 7.24-8.0 1.73 1.15 3.65 3 .8 93 

10 Cyclohexane Ph H «CH,), 7.28 - 1.2 3.7 4.5 61 

II Cyclohexane Ph CH, OH 7.14-7.33 1.41 2.4 3.75 4 . 1 53 

12 Cyclohexane Ph CH, CH , 7. 17-7 .27 1.36 2 406 4.76 67 

13 Cyclohexane Ph Ph OH 7.16-7.26 7.16-7.26 1.86 3.92 5. 1 52 

14 Cyclohexane Ph Ph CH, 7.14-7.28 7. 11-7 .26 2.28 3 .9 4.61 58 

15 Cyclohexane 2-thienyl 2-ClC(, H, CHICH,) , 7.7 -7.8 7.14-7.40 1.18: 1.25 3.73 4,2 53 

16 Cyclohexane I-naphthyl H «CH,), 7.34-7 .8 8.83 1.32 4 4.74 42 .5 

17 Cyclohexane I-naphthyl CH, «CH,), 7.5 -7.9 2.6 1.18 3 3.6 50 

It is well documented in the literature that the C = N group is generally more reduc
ible than the corresponding carbonyl groups under suitable conditions (Patai 1970 and AI
Showiman 1988). However, the nature of hydrogen donor is an important factor for re
duction processes. The co-ordination of solvent to the catalyst is decisive factor to trans
fer hydrogen from the hydrogen donor to the hydrogen acceptor. A hydrogen is 
transferred from the donor solvent under influence of effective catalyst to electrophilic 
carbon of the C = N group through stepwise mechanism (Robert e/ at. 1974). 

We found that the catalytic transfer hydrogenation process of imines and oximes us
ing palladium metal on charcoal (Pd/C > 5%) has a strong reducing power towards reduc
tion of the imines (Johstone e/ at. 1985; Ciola and Dolberkau 1978; Flix e/ at. J978; 
Brieger and Nestrick J974). The results in Table 1 indicate that the imines and oximes re
duction through this process leads to higher yield of amines (upto 93%). The catalyst, 
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solvent and temperature are the variable factors for catalytic transfer hydrogenation pro
cesses. However, the choice of solvent as hydrogen donor could affect the reduction 
through its competitive adsorption onto the catalyst surface. The imines corresponding to 
the amines I, 3, 5-9 and oximes of the amines 2, 4, were treated with EtOH, while the 
imines and oximes corresponding to the amines 10-17 (Table I) were carried out in cy
clohexane. When ethanol was used as a solvent in the imine and oximes reduction pro
cess, acetaldehyde was formed and was detected out in the reduction mixture by chemical 
tests showing positive results with phenylhydrazine, Ag(NH~) and Fehlings reagents . The 
IJC NMR analysis for the crude product showed two singlet at 830.50 and 198.70 in C60 6 

for the methyl and the carbonyl carbons of the acetaldehyde respectively. IHand JJC 
analysis for the title compounds are shown in Table I and 2. 

Similarly when cyclohexane was used as a solvent for the reduction of imines and 
oximes corresponding to the amines (10-17, Table I) cyclohexene was formed which was 
too detected out by chemical test. Also the IJC NMR analysis for the crude products 
showed chemical shifts for olifinic carbons at 8 127.27 in COCl)" 

There was apparent variable temperature effects for the catalytic transfer hydrogena
tion process (Adkins et at. 194 I). In a practical sense, increase in temperature leads usual
ly to a faster overal rate of reaction (Johnstone et at. 1985). In order to determine this 
effect, three sequentially different variable temperature attempts (at 90°C, 100°C and 
140°C) were carrried out. Thus the imines of the amines 2,4, I I and 13 (Table I) were 
subjected to the reduction process and were observed that there was an obvious increased 
in the rate of reduction when the temperature was increased. The catalyst too had a sub
stantial role on the net yield of the product. For example, it was found in the case of imine 
4 (Table I) that when it was treated initially at temperature 90°C with molar ratio of 
imine-catalyst (I :2.4 x '0 4) for , 1:, hr., the yield of the product was 42%. However, it 
was increased substantially upon increasing the imine-catalyst ratio (I :3,2 x 10 4), and the 
net yield of the product was increased to 75%. 

Similar observations were obtained for the same imine at 140°C. Increasing the cata
lyst amount to the amine (I :4 ,8 x 10 4) did not lead to further increase in the yield indicat
ing that there is sealing limit for the catalyst function. 

The catalytic transfer hydrogenation mechanism has been suggested on the basis of a 
process in which hydrogen donor (solvent) and the reductive elimination on the catalytic 
surface is controlled by a rate determining separation of complex of the catalyst and the 
reaction product , and the eventual transformation of the product acceptor under the influ
ence of the catalyst (Breiger and Nestrick 1974 and Patai '970). On this basis, the reac
tion mechanism suggestion for the imine reduction may be generalized as follows in 
equation . 

'i{:::::C=N-R+OH2 ---7 'i{:::::CH-NH - R+O eqn. ( I) 

imine amine 

where DH2 = solvent 
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The nature of the catalyst surface is important in heterogeneous systems where both a 
donor, and acceptor are involved in overall reaction. The observations here suggest that 
palladium being the catalyst of choice has an ability to form palladium hydride as an in
termediate in presence of a hydrogen donor (solvent) followed by transfer of hydride to 
the imines and oximes with the first step being the production of PdH2 complex. 

eqn. (2) 

The palladium catalyst being able to bond both hydrogen donor and acceptor in the 
reduction process acting as the best metal for effective bonding of both donor and accep
tor (Johnstone el al. 1985 and Brieger and Nestrick 1974). The choice of solvent is also an 
important factor for governing the activity of a catalyst in catalytic transfer hydrogena
tion. The catalyst co-ordination with solvent oftenly displaced by a suitable solvent (S) 
from a metal complex (Mm+ x m-Ln) (m = 1,2,3, ... , n = 0, I ,2, ... ) (L) ligand, to form new 
complexes Mm

+ x m-LnSx, making the solvent (S) molecule more active than original 
(Johnstone el al. 1985). 

eqn. (3) 

We have found ethanol and cyclohexane are suitable hydrogen donor with the use of 
PdJC 5% catalyst. This was proven by the stoichiometric production of acetaldehyde and 
cyclohexene respectively. The production of the amine was then followed by the transfer 
of hydrogen from palladium hydride as suggested in the following scheme. 

CH)CHpH + Pd ~ PdHz + CH) - C:::~ 
ethanol acetaldehyde 

~O+Pd PdH2+ 0 
cyclohexane cyclohexene 

Ar Ar_ CH _ NH - R:::::C = N - R + PdH2 ~ R-R 


imine amine 


Experimental 

Reduction Procedure 

The amines (1-9, Table I) were obtained from their corresponding imines by using 
the relevent prepared imine (0.5 g) with palladium (0.5 g)(PdJC > 5%) in a solution of 
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- + - + 
sodium ethoxide) (EtONa) in ethanol (50 ml). The solution of (EtONa) in ethanol nor
mally made by adding freshly cut petroleum ether washed sodium (1.15g) into 50 ml of 
EtOH, in a 250 ml round-bottomed flask equipped with a magnetic stirrer and reflux con
denser. The flask was immersed in an oil-bath to reflux for an hour with stirring. The 
solution was then cooled to room temperature, filtered off and the unreacted solvent was 
removed. Distilled water (35 ml) was added and the whole lot was transferred to a separa
ting funnel where it was thoroughly washed with diethyl ether to extract out the com
pound. The ethereal layer was separated and dried over MgS04 (anhydrous) over-night. 
The solvent was removed and the crude residue was subjected to a high vacuum distilla
tion to get the pure amines. 

Similarly the amines (10-17, Table I) were obtained from their corresponding imines 
by following the same procedure as above except cyclohexane was used as a solvent for 
the reduction. 

NMRSpectra 

The NMR spectra were obtained on a Jeol JNM FX-I 00 spectrophotometer operating 
in the fourier transform (FT) mode. All the spectra were recorded at ambient temperature 
28°C and the sample concentration was generally 0.3 M in the appropriate solvent. 
Chemical shifts were determined relative to the internal standard tetramethylsilane (TMS) 
for 'H and IJC spectra. 

i) 'H NMR Spectra 

'H observed frequency 100 MHz; pulse width 20 us (45°); pulse delay auto set, acqui
sition tilne auto set, data points 8K, spectral width 1000 Hz, effective resolution 0.10 Hz, 
probe temperature 28°C, sample tubes 10 mm, probe I H/IJC dual probe and deuteriun 
interlock. 

ii) I1C NMR Spectra 

IJC observed frequency 25 MHz; pulse width 10 us (45°); pulse delay 155, acquisi
tion time auto set; data points 8K; spectral width 5000 Hz; effective resolution 0.15 ppm, 
sample tube 10 mm; probe 'H/IJC dual probe; 'H noise decoupling and internal lock on 
deuteriurm signal of the solvent. 
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IVTable 2: I 'c NMR chemical shifts in CDCI, at 28°C. AI:; CH _ NH _ R 
R 

No. 

I 
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