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In the course of a survey of the palladium catalyzed amine exchange reaction,' we found an 

efficient method for selective hydrogenation of dlenes by hydrogen transfer from dlamlnes, espe- 

cially 1,3-propanedlamlne and 2-ethylhexahydropyrlmldlne catalyzed by palladium black This 1s 

the first example of selective hydrogenation of dlenes by transfer hydrogen, although extensive 

investigations concerning to catalytic transfer hydrogen from organic compounds 2,3 to olefins 

have been undertaken Furthermore, the results may be regarded as a model reaction for blo- 

logical hydrogen transfer reactions 
4 

A mixture of 1,5-cyclooctadlene (1,5-COD) and three molar equivalents of 1,3-propanedlamlne 

(1) was stirred at 140" for 2 hr in the presence of catalytic amount of palladium black (5 wt %) 

Flltrantlon followed by dlstlllatlon gave cyclooctene (conv 71 %) ln 85 % yield along with 2- 

ethyl-1,4,5,6-tetrahydropyrlmldlne (Z), which 1s an exclusive product of the amine side The 

reaction was accompanied by lsomerization of 1,5-COD to 1,4- and 1,3-cyclooctadlene Cyclooctane 

could not be detected among the products This 1s in contrast to the result that 1,5-COD was 

not reduced by the reaction with cyclic amlnes catalyzed by RhC1(PPh3)3, although partial 

isomerlzatlon of 1,5-COD to 1,3-COD occurred 3c 

n Pd + H,N Ny140”- 
1 J 

Normal amines such as n-hexylamlne are ineffective to hydrogen transfer to 1,5-COD: however, 

appreciable hydrogen transfer has been observed for dlamlnes of H2N(CH2)nNH2, whose efficiency 
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depend uwn the carbon number between two amino groups as shown in Table 1 LIlamine A was the 

most efficient hydrogen donor among dlamlnes examined Other examples of hydrogenation of 

dienes by hydrogen transfer from -&with palladium catalyst are summarized in Table 2 

Table 1 Palladium Catalyzed Hydrogen Transfer from Dlamlnes H2N(CH2),,NH2 to 1,5-CODa) 

Diamine Conv of COD(%) Yield of cyclooctene(%) Yield of cyclooctane(%) 

H2N(CH2)2NH2 32 0 1 

H2N(CH2)3NH2 71 35 0 

H2N(CH2)4NH2 31 39 2 

H2N(CH2)5NH2 23 5 

H2N(CH2)6NH2 33 11 4 

a) A mixture of 1,5-COD (2 mmol), the diamlne (6 mmol), and palladium black (0 5 mmol) Iqas 

reacted at 140" for 2 hr 

Table 2 Palladium Catalyzed Hydrogen Transfer from either DiamlneJ or DlamineAto Dienes 

Dlene Olefln From la) From 3b) 

Conv (%)') YGld(%)") Conv (%)') YGld(%)d) 

1,5-COD cyclooctene 71 85 96 65 

1,3-COD cyclooctene 83 70 37 89 

norbornadlene norbornene 41 57 74 51 

dlcyclopentadlene trlcyclo[5 2 1 02'$lec-3-ene 63 97 90 93 

4-vlnylcyclohexene 4-ethylcyclohexene __e) e) -_ 80 a5 

llnalool 3,8-dlmethyloct-7-en-3-01 -- e) __e) 95 99 

nona-1,4-diene 4-nonene e) e) __ -- 62f) 499) 

hexa-1,5-diene 1-hexene e) -_ __e) 7af) 43h) 

a) A mixture of the dlene (2 mmol), diamlneA((6 mmol), and palladium (0 5 mmol) was reacted at 

140" for 2 hr b) A mixture of the dlene (2 mmol), diamlne$(2 mmol), and palladium (0 5 mmol) 

was reacted at 120" for 2 hr c) Conversion of dlenes d) Yields of olefins e) The dlenes 

are insoluble in d]atnlneA f) The reaction temperature was 130" g) Other products were 

trans-3-nonene(12 %), unknown nonene lsomer(20 %), and n-nonane(6 %) h) Other products were 

2-hexene(29 %), 3-hexene(l1 %), and n-hexane(4 %) 
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Treatment ofJ with palladium in the absence of COD at 200" for 8 hr affordedL in 56 % 

yield This reaction can be rationalized by assuming that palladium catalyzed reaction of allyl- 

amine initially formed, with ,l+ would give 2-ethylhexahydropyrlmldlne (a, which 1s subsequently 

dehydrogenated tot?, Lctually, palladium catalyzed reaction ofAwith allylamine at 25" for 15 

hr gave2 in 82 % yield 
1 

Further, amine &was converted into~quantitatively on treatment with 

palladium at 200" for 2 hr 

In view of the above mechanistic consideration, we examined hydrogen transfer from,X+to 1,5- 

COD catalyzed by palladium, and found that the selective hydrogen transfer proceeded more 

smoothly than that from 1 
/v 

The results sumnarlzed in Table 2 indicate that palladium-catalyzed 

hydrogen transfer from3 promises to provide an efficient method for selective hydrogenation of 

dlenes, and which may correspond to the selective hydrogenation of dlenes with molecular hydro- 

gen by homogeneous catalysts 
5 

It 1s noteworthy that dienes are hydrogenated selectively by hydrogen transfer from diamines 

J andA, since regular hydrogenation of dienes with molecular hydrogen by heterogeneous catalyst 

proceeds nonselectively In case of the hydrogen transfer from 1,4-butanedlamlne to 1,5-COD 

(Table l), pyrrolldlne may be a real hydroqen donor by analogy with the relatlonshlp between2 

and 3 
Iv 

Indeed, hydrogen transfer from pyrrolidlne to 1,5-COD occurred efficiently, however, 

the selectivity was lost Thus, 1,5-COD was converted into cyclooctene (54 % yield) along with 

cyclooctane (24 % yield) The key step of the hydrogen transfer reaction would be dehydrogena- 

tlon of an amine by palladium to give palladium-hydride species by analogy with the amlne ex- 

change reaction that we previously reported 
1 

In contrast to normal amlnes, cyclic amlnes such 

as pyrrolldlne and3 seems to stabilize the palladium-hydride species enough to transfer hydrogen 

to a carbon-carbon double bond Further, the chelation of dlamines bearing the 1,3-propanedl- 

amine structure seems to be essential for selective transfer of hydrogen to a carbon-carbon 

double bond Interestingly, such 1,3-propanediamlne structures are often involved in key inter- 

mediates of biological hydrogen transfer reactions 
4 

Hydrodeuteration can be readily performed by utilizing deuterated 3_ Thus, the reaction of 

norbornadiene with N,N-dlJeuterlo-&(3a)6 in the presence of palladium gave exo-5-d,-norbornene 

(2, 63 X) along with exo-5,6-d2-norbornene (42, 17 %) and norbornene (5 20 %) Slmllarly, 

treatment of norbornadiene wit+ N,N-diderterio-2-d,-&gave 4& (70 %), 4A(l4 %), and $(16 %) 

When 2-deuterlo-&(3&) was used, no deuterlum cooperation was observed in norbornene formed 
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These results indicate that dehydrogenatlon of&by palladium proceeds to give 2-ethyl-1,2,5,6- 

tetrahydropyrimidine, which ln turn lsomerlzes toLvla 1,3-shift 

3 R1,R2, H 
.u' 
3a, R'=U, R*=H 

$b, R'=H, R*=D 

3c R'=R*=D N' 
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