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A wide variety of nucleophiles have been observed to add to olefins complexed to 

palladium. 
2 

When the nucleophile, e.g. acetate, is added externally trana-addition appears to take 

place. 2,3.4,5 With aryl- and alkylpalladium compounds, where the aryl and alkyl groups are 

essentially covalently bound to palladium, &r-addition occurs. 
5 

Chloride ion, which is more 

strongly co-ordinated to palladium than acetate, appears to add partially &is5 and the same 

may be true for hydroxyl. 
5 

We have recently shown that amines add to double bonds in high yields in an efficient 

palladiusrpromoted reaction. In this reaction the olefins show a reactivity pattern similar to 

that observed for olefins in cycloaddition reactions, e.g. trans-olefins are more reactive than 

697 the corresponding cis-olefins and cyclopentene is considerably more reactive than cyclohexene. 

Since amines are strongly co-ordinated to palladium the amination could very well be cis. 

However, trans-addition has been observed for the corresponding platinum-promoted amination. 
a 

The amination with palladium is thus open to question and knowledge of the steric course of the 

amino-palladation is highly desirable. In this comrmnication we report results from the palla- 

dium-promoted amination of 2-butenes, which show that the reaction proceeds trans. 

The amination of tram- and cis-2-butene, respectively, produces two different o-complexes 

1 and 2. 
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2 

We first tried to establish the configuration of these complexes by NIS methods but suf- 

ficiently good NMR spectra could not be obtained due to the instability of the complexes 1 and 

2. The following procedure was therefore used (Scheme 1): The complexes 1 and 2 were reduced 

at low temperature (-70') with LiAlDA.' The deuteriated amines obtained in this way were then 

converted to the N-oxides, for instance the compound 3, which after Cope elimination of hydroxyl- 

amine furnished a mixture of 1-butene,cis-2-butene and trans-2-butene. 
11 

These olefins were sepa- 

rated by GLC and analysed for deuterium content by mass spectromotry (Table 1). 

Within the experimental error (a 1 %) cis-2-butene was transformed into dl-&8-2-butene 

with complete retention of the deuterium label as would be expected for stereospecific tPmzS- 

amination followed by hydride reduction with retention of configuration 
10 

and stereospecific 

&o-Cope elimination. 
12,13 The 1-butene that is formed simultaneously also retains the deteu- 

rium label (992 1 X). However, the truna-2-butene, where deuterium would be expected to b.e 
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In the olefin-forming Cope elimination, an isotope effect is observed, ?ZRk/KD being 
approximately 2.6 for cis-2-butene and 2.9 for trans-2-butene. Theselgfgures agree well 
with the value 3.5 observed for the oxide of cyclooctyldimethylamine. 

The olefin complexes were prepared in 8itI.J by stirring bis-benzonitrilepalladium 
dichloride in THF with a tenfold excess of the appropriate olefin for 30 min. at 0'. The 
mixture was then cooled to -40' and an excess of dimethylamine was added. After further 
cooling to -70°, LiA1D4 was introduced. The deuteriated 2-butyldimethylamines obtained 
in this way containgd none of the isomeric 1-butylamines. During the preparation of the 
olefin complex at00 , about 2 X isomerization of trans-2-butene to the &s-compound was 
observed. At -50 and below, the isomeriza!ion was negligible. Similar results have 
recently been obtained with other olefins. 
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