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Vinylic bromides, olefins, and basic, unhindered secondary amines react in the presence of a palladium acetate 
catalyst to form mixtures of dienes and tertiary allylic amines in generally high yields. The reaction is often selec- 
tive in forming predominantly, or exclusively, one isomeric amine when various vinylic bromides are reacted with 
1-hexene and various secondary amines. 

The palladium-catalyzed vinylic substitution reaction 
of a,@-unsaturated esters, styrene, and ethylene with the vi- 
nylic group of vinylic halides in the presence of tertiary amines 
to produce dienes has been reported upon previous1y.l In 
general, the reactions yielded mixtures of stereoisomers in 
modest yields. A typical example is the following one. 

1% Pd(OAc),(PPh,), * 
100 'C.  21 h 

40% 

33% of 5-methyl-6-piperidino-4-hexen-2-01. We presume that 
the piperidino compound is being formed by a nucleophilic 
attack of piperidine upon the probable x-allylic palladium 
intermediate. The reaction of x-crotylpalladium complexes 
with dimethylamine has been reported to form mainly 
N,N-dimethyl~rotylamine.~ 
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While the selectivity of the reaction can be improved by 
varying conditions from the 2:l selectivity above to about 8:1, 
high stereospecificity was not observed.' Since publication 
of this paper, we have continued to study these reactions. I t  
was clear from our early work that the rates of the reactions 
and their stereospecificities varied greatly from reactant to 
reactant. For example, 2-bromopropene reacted both with 
methyl acrylate' and styrene' at  100 "C but failed completely 
to react with 3-buten-2-01 even a t  higher temperatures. 

We proposed previously that the loss of stereochemistry in 
the vinylic halide reactions was the result of the formation of 
x-allylic palladium complexes which readily isomerized anti 
substituents to form the more stable syn structures before 
they ultimately eliminated the hydridopalladium group to 
produce the diene.' More recently, Larock2 has shown that 
presumed vinylic palladium species generated by the exchange 
reaction of vinylic mercurials with palladium(I1) salts do form 
x-allylic palladium complexes when reacted with olefins. We 
reasoned that the slow rates and/or incomplete reactions ob- 
served in many of our vinylic halide-olefin reactions were due 
to the formation of relatively stable x-allylic palladium 
complexes from the catalyst. In order to decompose these 
complexes under catalytic conditions, we tried employing 
amines other than the tertiary amines used previously. Certain 
of these amines have not only turned out to improve the re- 
action rates dramatically and produce complete reactions but 
have also altered the products formed. 

The amines which are effective in this reaction are unhin- 
dered, basic, secondary amines, and the new products pro- 
duced are allylic tertiary amines. Our preliminary investiga- 
tion of this reaction is reported herein. 

Results and Discussion 
The reaction of 2-bromopropene and 3-buten-2-01 with 2% 

palladium acetate and 4% tri-o-tolylphosphine as catalyst, 
which did not occur significantly with triethylamine, did take 
place in 90 min at  100 O C  in the presence of 3 equiv of piperi- 
dine. The products were 63% of 5-methyl-5-hexen-2-one and 

0022-3263/78/ 1943-3898$01.00/0 

I 
- p q  

n 

- H-Pd-Br \* 
OH 

HPd( PR&Br 

0 

H 
I 

H,+ Br - 
hH 

The initial adduct in the 2-bromopropene-3-buten-2-01 
reaction, compound I, apparently eliminates the palladium 
hydride group in both possible directions. Elimination of 
hydrogen on the carbon bearing the hydroxyl group yields the 
x complex of the enol of 5-methyl-5-hexen-2-one, which 
ultimately dissociates to form the ketone and the palladium 
hydride. Elimination in the other direction yields a x complex 
of the conjugated dienol. Since no dienol is observed as a re- 
action product, this complex must entirely undergo an internal 
readdition of the hydride to form the *-allylic complex I1 (or 
re-form I). Complex I1 has not yet been isolated, and its de- 
tailed structure is not known. Quite possibly the hydroxyl 
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group is coordinated with the palladium, thereby stabilizing 
the complex. The complex, however, does react with piperi- 
dine, presumably in an s N 2  fashion, exclusively at the terminal 
allylic carbon to form the piperidinohexenol. We do not know 
the stereochemistry of the double bond in the product, but it 
appears to be a single isomer by GLC and NMR. Presumably, 
it is the E isomer based upon the fact that the *-allylic pal- 
ladium complexes prefer syn arrangements of substituents 
on the terminal *-allylic positions. 

To answer the question, “how general and how selective is 
the reaction?”, we undertook an investigation of the reactions 
of a series of differently substituted vinylic bromides with 
1-hexene and various amines. The results of these reactions 
are shown in Table 1. 

The physical properties of the products prepared, NMR 
spectra, boiling points, and molecular weights, are given in 
Table 11, which appears in the supplementary material. 

Vinyl bromide reacts with piperidine in the presence of 
palladium acetate a t  100 O C .  We have not determined the 
products formed (probably acetylene or butadiene), but this 
reaction occurs morie rapidly than the palladium-catalyzed 
reaction of vinyl bromide with 1-hexene. The competition is 
more favorable for the olefin reaction when morpholine is used 
as the base instead of piperidine. Even in this reaction, how- 
ever, under the usual conditions, about half of the vinyl bro- 
mide is lost in the side reaction. The yield of products based 
upon the vinyl bromide increases with increasing 1-hexene 
concentration. With a 1-hexene to vinyl bromide ratio of 1.2, 
the products consist of 3% of trans-1,3-octadiene, 3% of 1,4- 
octadiene, and 47% ofN-(l-oct-2-enyl)morpholine. The same 
yields are obtained in the same reaction time in the presence 
of 2 equiv of tri-o -tolylphosphine/equiv of palladium acetate. 
With a 1-hexene to vinyl bromide ratio of 2.4, the yields in- 
crease to 3:3:63, respectively, and with a ratio of 3.6 to 4:4:84, 
respectively. A small amount of an apparent isomer of the 
major morpholine adduct is also present in these reaction 
mixtures. It is probably N-(3-oct-l-enyl)morpholine, but we 
could not isolate a pure sample for identification. Triethyl- 
amine does not effectively promote the 1-hexene-vinyl bro- 
mide reaction. In 96 h, only 23% of the three octadiene isomers 
was formed and the vinyl bromide had all reacted. It is notable 
that in contrast to bromobenzene, where about 20% addition 
to the second carbon occurred14 vinyl bromide adds exclusively 
to the terminal carbon of the 1-hexene. We also note that the 
ratios of products in this and the experiments described below 
do not change with time, showing that the amine products are 
being formed directly and not by an amination of initially 
formed dienes. 

2-Bromopropene behaves somewhat differently in the re- 
action with 1-hexene and morpholine. In the absence of an 
arylphosphine, the bromide is stable in the reaction mixture, 
but the reaction only consumes about 18% of the bromide and 
stops. Presumably, an unreactive *-allylic palladium bromide 
dimer complex is formed, but we have not attempted to 
identify it yet. The reaction does go to completion if tri-o- 
tolylphosphine is present, in which case 16% of 2-methyl- 
1,3-octadiene, 16% of 2-methyl-1,4-octadiene, and 64% of 
N-(P-methyloct-2-en- 1-y1)morpholine are formed. 

In contrast to morpholine, piperidine does cause the com- 
plete reaction of 2-bromopropene and 1-hexene even in the 
absence of an arylphosphine. The reaction products are 93% 
of N-(2-methyloct-2-en-l-yl)piperidine and about 3% each 
of the 2-methyl-1,3- and 2-methyl-1,4-octadienes. If tri-o- 
tolylphosphine is added, the yield of the piperidine adduct 
drops to 66% and the dienes increase to 16% each. Tris(2,5- 
diisopropylpheny1)phosphine in the reaction surprisingly 
causes less diene formation. In this reaction about 10% of each 
diene was produced and 74% of the piperidine adduct. The use 
of triethylamine with the tri-o-tolylphosphine catalyst pro- 

H 

I 
16% 64% 

+ OnNH2+Br- I 

duces an incomplete reaction forming equal amounts, 14% 
each, of three dienes: the 2-methyl-1,3- and 2-methyl-1,4- 
octadienes found in the other reactions and, in addition, 2- 
methyl-2,4-octadiene. In all of the reactions of 2-bromopro- 
pene, addition of the 2-propenyl group occurred only to the 
terminal carbon of the 1-hexene. 

Both trans- and cis-1-bromo-1-propene react with 1-hexene 
and morpholine in the absence of a phosphine. In the presence 
or absence of tri-o-tolylphosphine, both bromides produce 
three dienes and two morpholine adducts. Products arise from 
addition of the 1-propenyl group in both directions to the 
1-hexene. The trans bromide in the presence of the phosphine 
yields 18% of (E,E)-2,4-nonadiene, 18% of (E)-2-butyl-1,3- 
pentadiene (?), 5% of an unknown diene (probably 2,5-nona- 
diene), 34% of N-(2-non-3-enyl)morpholine, and 11% of N- 
(4-methyloct-3-en-2-yl)morpholine. The ratio of the terminal 
to internal addition to the 1-hexene is -1.8. It is interesting 
that the ratio is considerably higher, -2.3, in the absence of 
the phosphine. The cis bromide in the presence of the phos- 
phine produces 15% of (Z,E)-2,4-nonadiene, 15% of (E)-2- 
butyl-1,3-pentadiene (same isomer as obtained from the trans 
bromide), 6% of the unknown diene, 42% of N-(2-non-3- 
eny1)morpholine and 15% of N-(4-methyloct-3-en-2-yl)mor- 
pholine. The ratio of terminal to internal products is 1.8, the 
same as observed with the trans bromide. In the absence of 
the phosphine, the cis isomer shows a terminal to internal 
isomer ratio of -2.1. The presence of the tri-o-tolylphosphine 
in both the cis and trans reactions increases the amount of 
dienes formed by 11-16% and decreases the amount of mor- 
pholine addition products by a corresponding amount. The 
use of the tris(2,5-diisopropylphenyl)phosphine in the cis- 
1-bromo-1-propene reaction seems to have little influence on 
the reaction since the results are similar to those obtained in 
the absence of a phosphine. 

cis-1-Bromo-1-hexene was reacted with morpholine and 
ethylene in order to compare the products formed with those 
from vinyl bromide, morpholine, and 1-hexene. The reaction 
products were 5% of cis-1,3-octadiene, 84% of N-(2-oct-3- 
enyl)morpholine, and 11% of N-(4-oct-2-enyl)morpholine. 
Essentially, the same ratio of products is obtained at one-tenth 
the rate using diethylamine in place of morpholine. As ex- 
pected by the *-allylic mechanism, the morpholine adducts 
obtained from the bromohexene reaction are different from 
those obtained in the vinyl bromide reaction. 

The products formed in the reaction of 2-methyl-l- 
bromo-1-propene with morpholine and 1-hexene clearly show 
that electronic factors are significant in determining the di- 
rection of addition of the vinylic groups to 1-hexene since 
terminal to internal addition ratios were lower than in the 
1-bromo-1-propene reactions. In the absence of a triaryl- 
phosphine, this reaction reaches completion in 96 h, forming 
a mixture of six dienes and two morpholine adducts. The two 
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Table I. Palladium-Catalyzed Reactions of Vinylic Bromides with 1-Hexene and Aminesa 

% 
termi- 

reaction nal/ 
time, % 

vinylic h a t  products, (% yield) inter- 
bromide amineb PAr3 100°C dienesC aminesc nal 

vinyl bromide 

vinyl bromide 

vinyl bromidef 

vinyl bromideg 

vinyl bromide 

2- bromopropene 

2- bromopropene 

2-bromopropene 

2 - bromopropene 

2- bromopropene 

2-bromopropene 

@)-I- bromo-1 -propene 

(E)-1-bromo-1-propene 

(2)-1-bromo-1-propene 

( 2 )  -1 -bromo- 1 -propene 

(2)- 1 -bromo- 1-propene 

M 

M 

M 

M 

T 

M 

M 

P 

P 

P 

T 

M 

M 

M 

M 

M 

P ( o - t o l ) ~  

P(o-tol)3 

P ( o - t o l ) ~  

P(o-tol)g 

P ( o - t o l ) ~  

P ( o - t o l ) ~  

P(2,fj-i- 
P r z P h ) ~  

P(o-tol)a 

P (0 -tol) 3 

P(o- to l )~  

p(2,5-i- 
PrzPhh 

21 

18 

21 

16 

96 

60 

68 

48 

68 

56 

60 

32 

41 

30 

40 

50 

(E)-1,3-octadiene (3)d 

( E )  - 1,4-octadiene (3) d 
(E)-1,3-octadiene ( 5 )  

(E)-1,4-octadiene ( 5 )  
(E)-1,3-octadiene (3) d 

(E)-1,4-octadiene (3)d 
( E )  -1,3-octadiene (4) d 

(E)-1,4-octadiene (4)d 
(E)-1,3-octadiene (5)d 
(E)-l,$-octadiene ( 5 ) d  
(E,E)-2,4-octadiene (13)d 
(E)-2-methyl-1,3-octadiene 

(E)-2-methyl-1,4-octadiene 

(E)-2-methyl-1,3-octadiene 

(E)-2-methyl-1,4-octadiene 

(E)-2-methyl-1,3-octadiene 

(E)-2-methyl-1,4-octadiene 

(E)-2-methyl-1,3-octadiene 

(E)-2-methyl-1,4-octadiene 

(3)d 

(3) 

(16) 

(16) 

(3)d 

(3)d 

(16) 

(16) 
(E)-2-methyl-1,3-octadiene 

( W d  

( 1 0 P  

(14) 

(E)-2-methyl-1,4-octadiene 

(E)-2-methyl-1,3-octadiene 

(E)-2-methyl-1,4-octadiene 

(E)-2-methyl-2,4-octadiene 

(E,E)-2,4-nonadiene 

(14) 

(14) 

l-(N-morpholino)-2-octene >20e 

unknown (5)d 
l-(N-morpholino)-2-octene >20e 

unknown (1) 
l-(N-morpholino)-2-octene >20e 

unknown (5)d 
l-(N-morpholino)-2-octene >20e 

unknown (2)d 

(47)d 

(48) 

(63)d 

(84) 

>20e 

1 -(N-morpholino) -2-meth- >20 
yl-2-octene (12)d 

l-(N-morpholino)-2-meth- >20 
yl-2-octene (64) 

l-(N-piperidino)-2-methyl- >20 
2-octene (93)d 

l-(N-piperidino)-2-methyl- >20 
2-octene (66) 

l-(N-piperidino)-2-methyl- >20 
2-octene (66) 

>20 

N-(2-non-3-enyl)morpho- -2.3 
line (51)d 

(E)-2-n-butyl-1,3-pentadiene N-(4-methyloct-3-en-2-yl)- 

unknown ( 5 ) d  
(E,E)-2,4-nonadiene (18) N-(2-non-3-enyl)morpho- -1.8 

(E)-2-n-butyl-1,3-pentadiene N-(4-methyloct-3-en-2-yl)- 

unknown ( 5 )  
(Z,E)-2,4-nonadiene ( N-(2-oct-3-enyl)morpholine -2.1 

(E)-2-n-butyl-1,3-pentadiene N-(4-methyloct-3-en-2-yl)- 

unknown (5)d 
(Z,E)-2,4-nonadiene (15) N-(2-oct-3-enyl)morpholine 1.8e 

(E)-2-n-butyl-1,3-pentadiene N-(4-methyloct-3-en-2-yl)- 

unknown (6) 

(10)d morpholine (17) 

line (34) 

(18) morpholine (11) 

(52)d 

(10)d morpholine (20)d 

(42) 

(15) morpholine (15) 

(Z,E)-2,4-nonadiene (6)d N-(2-oct-3-enyl)morpholine -1.9 
(40) 

( E )  -2-n -butyl- 1,3-pentadiene N-( 4-methyloct-3-en-2-yl) - 

unknown (3)d 
(6) morpholine (18) 
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Trible I (Continued) 

% 
termi- 

reaction nal/ 
time, % 

vinylic h at products, (% yield) inter- 
bromide amine6 PArn 100°C dienesc aminesC nal 

(Z)-1-bromo-1-hexenel M P(o-tol)~ 

(Z) - 1 -bromo- 1 -hexene D P(o-tol)B 

2-methyl-1 -bromo- 1 -propene M 

2-methyl-1-bromo-1-propene M P(o-toU3 

2-methyl-1-bromo-1-propene P 

2-methyl-1-bromo-1-propene P P(o-tol)s 

2-methyl- 1-bromo- 1 -propene DIPA P(0 -toll3 

2-methyl- 1 -bromo-1 -propene T PPh3 
2-methyl-1-bromo-1-propene T P(o-toU3 

2-methyl-1-bromo-1-propene T P(2,5-i- 
PrzPh)3 

methyl (E)-3-bromo-2- T P(o-tol)a 
methylpropenoate 

2 

20 

96 

48 

48 

48 

721 

96 
48J 

(Z)-1,3-octadiene (5) N-(2-oct-3-enyl)morpholine 

N-(4-oct-2-enyl)morpholine 
(Wd 

( W d  

(Wd 
(Z) -1,3-octadiene (5) 2-diethylamino-3-octene 

unknown ( 7 ) d  
(E)-2-methyl-2,4-nonadiene N-(2-methylnon-3-en-2- 

(25)d yl) morpholine ( 13) 
2-n-butyl-4-methyl-l,3-penta- unknown (7) 

diene (8)d 
4 unknowns (31)d 
(E)-2-methyl-2,4-nonadiene N-(2-methylnon-3-en-2, 

(13) y1)morpholine (31) 
2-n -butyl-4-methyl- 1,3-penta- 

diene (15) 
4 unknowns (30) 
(E)-2-methyl-2,4-nonadiene N-(2-methylnon-3-en-2- 

(23)d y1)piperidine (2l)d 
2-n-butyl-4-methyl-1,3-penta- unknown (3)d 

diene (5) 
4 unknowns (22)d 
(E)-2-methyl-2,4-nonadiene N-(2-methylnon-3-en-2- 

2-n -butyl-li-methyl- 1,3-penta- 

4 unknowns (31) 
(E)-2-methyl-2,4-nonadiene 

2-n -butyl-.l-rnethyl- 1,3-penta- 

4 unknowns (30)d 
no reaction 
(E)-2-methyl-2,4-nonadiene 

2-n-butyl-4-methyl-l,3-penta- 

4 unknowns (10) 

(14) y1)piperidine (35) 

diene (11) 

(30) 

diene (30) 

(40) 

diene (50) 

72g~i (E)-2-methyl-2,4-nonadiene 
(32) 

diene (27) 
2-n-butyl-4-methyl-l,3-penta- 

4 unknowns (25)d 
20 methyl (E,E)-2-methyl-2,4- 

nonadienoate (63) 
5 unknowns (25) 

m 

m 

1.7e 

1.3 

1.0e 

4.6e 

a The normal reaction conditions were the following: 10 rnmol of vinylic bromide; 12 mmol of 1-hexene; 30 mmol of amine; 0.10 mmol 
of palladium acetate; and 0.20 mmol of triarylphosphine, if used. The mixtures became homogeneous on warming and were heated 
in capped Pyrex tubes at 100 "C until the vinylic bromide disappeared as determined by GLC or the reaction stopped. M = morpholine, 
P = piperidine, D = diethylamine, T = triethylamine, and DIPA = diisopropylamine. c Relative amounts of isomers present in mixtures 
were estimated by GLC assuming equal sensitivity to the 8GLC detector. d Yields were determined by GLC using internal standards 
calibrated with known samples isolated by preparative GLC. e Calculated using the ratio of isomeric dienes determined by complete 
hydrogenation of the diene mixture. f Used 24 mmol of 1-hexene instead of 12. g Used 36 mmol of 1-hexene instead of 12. Reaction 
stopped before vinylic bromide had all reacted. i Reacted with ethylene under 200 psi using 4 mL of acetonitrile as solvent. Twice 
the normal amounts of palladium acetate and triarylphosphine were used. 

major dienes are 2-methyl-2,4-nonadiene (25%) and 2- 
butyl-4-methyl-1,3-pentadiene (8%). Unexpectedly, the major 
morpholine adduct obtained is the allylic tertiary amine N -  
(2-methylnon-3-en-2-yl)morpholine (13%). The minor mor- 
pholine adduct (7%) was not identified. 

This reaction proceeded more rapidly in the presence of 
tri-o-tolylphosphine (48 h) and produced only one morpholine 
adduct, N - (  2-methylnon-3-en-2-yl)morpholine, in 31% yield. 
The formation of the related unexpected tertiary allylic amine 

occurred when piperidine was used in place of morpholine. 
The structure of these unexpected amines was established 
from several pieces of evidence. The NMR spectra alone are 
quite conclusive based upon the presence of two vinylic pro- 
tons rather than the one in the allylic isomer and by the 
chemical shift of the gem dimethyl on the carbon bearing the 
amine function at b 1.10. If the methyls were on a double-bond 
carbon, they would appear at  6 1.60 (in 2-methyl-2-butene, for 
example). Hydrogenation of the morpholine adduct in acetic 
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H 

Pd(OAc), + P(o-tol), 
+ 

5% 
100 OC. 2 h 

+ ,AAA/ 
84% 

acid with platinum oxide as catalyst a t  15 psig gave 2-meth- 
ylnonane as the sole product. The highly hindered nature of 
the amine is shown by the fact that it fails to react with methyl 

H 

Pd(OAC), I 
*- 

100 O C ,  96 h 
25% 

I 

+ CJ 
iodide over a period of several days at  room temperature. The 
mass spectra of both the morpholine and piperidine adducts 
show major peaks at  M - 15 with only a very weak parent peak 
in the piperidine case and none in the morpholine adduct. Loss 
of one of the methyls in the gem dimethyl group would be 
expected since a highly stabilized carbonium ion would be 
formed. In contrast to these compounds, the other amine 
adducts prepared in this study all show significant parent ion 
peaks. We do not have an explanation for the formation of the 
more hindered amines in these reactions, but we are now 
looking at the behavior of isolated *-allylic palladium com- 
plexes with secondary amines with the hope of finding an 
explanation. Probably differences in the trans and cis ligands 
or in the T -  or a-allylic structures are responsible for the un- 
usual products. 

The 2-methyl- 1-bromo-1-propene-1-hexene reaction goes 
to completion, even with the hindered diisopropylamine or 
triethylamine. With diisopropylamine and tri-o-tolylphos- 
phine, the reaction gives a mixture of dienes: 30% of 2- 
methyl-2,4-nonadiene, 30% of 2-butyl-4-methyl-1,3-penta- 
diene, and 30% of four other unidentified (presumed) ten- 
carbon dienes. With triethylamine, the composition of the 
diene mixture was shown to be dependent upon the aryl- 
phosphine employed. Triphenylphosphine caused only a few 
percent reaction in 48 h, while tri-o -tolylphosphine produced 

a complete reaction in the same time. The products were 40% 
of 2-methyl-2,4-nonadiene, 50% of 2-butyl-4-methyl-1,3- 
pentadiene, and 10% of four other dienes. The use of 
tris(2,5-diisopropylphenyl)phosphine changed the product 
yields to 32,27, and 25%, respectively. The yields of the various 
dienes in these reactions therefore may vary significantly with 
the reactants and reaction conditions. 

Further evidence of the importance of electronic effects in 
determining the direction of addition of vinylic halides to al- 
kenes was found in the reaction of methyl (E)-3-bromo-2- 
methylacrylate with 1-hexene. Unhindered secondary amines 
cannot be used in this reaction because Michael additions and 
amide formation occur under the reaction conditions. With 
triethylamine, the reaction goes well, however, presumbly 
because the carboxyl group facilitates elimination and dis- 
sociation of the palladium hydride group. The major product, 
63%, of this reaction is (presumed E )  methyl 2-methyl-2,4- 
nonadienoate. Five other minor products which have similar 
GLC retention times, obtained in 25% yield, are believed to 
be other isomers of this ester. Complete hydrogenation of the 
mixture reveals that two basic carbon skeletons are present, 
that formed by terminal addition of the bromo ester and that 
formed by addition of it to the second carbon of the 1-hexene. 
The ratio of the two was 4.6, considerably less than the 1.0 
value obtained in the addition of 1-bromo-2-methyl-1-propene 
to 1-hexene under similar conditions. The change is in the 
direction expected if the ester group withdraws electrons from 
the terminal vinyl carbon relative to methyl, and therefore this 
causes the vinyl group to add more easily to the more negative 
terminal carbon of the 1-hexene. Previously we observed es- 
sentially complete terminal addition of this bromide to methyl 
acrylate.' The direction of addition depends upon the sub- 
stituents in both reactants. 

Several trends can be seen in the data in Table I which will 
be of value in predicting the products which will be formed in 
various vinylic halide-olefin reactions. 

(1) Vinyl bromide and a-substituted vinylic bromides add 
exclusively to the less substituted carbon of a double bond. 

(2) /?-Substituted vinylic halides may add either way to an 
unsymmetrical double bond. The less substituted carbon is 
preferred and may be the only position attacked if the 0 sub- 
stituent or substituents are electron withdrawing. Selective 
attack at the double-bond carbon /? to an electron-with- 
drawing group in the olefin will occur if there are no major 
steric problems at this site. 

(3) Dienes formed in the reaction of olefins with vinylic 
bromides and basic unhindered secondary amines generally 
retain the stereochemistry present in the vinylic bromide 
double bond to a high degree. The amine adducts lose any 
stereochemistry present in the vinylic bromides. If triethyl- 
amine is used as the base, stereochemistry in the dienes may 
be lost and double-bond migration may occur. 

(4) Amine attack upon the presumed a-allylic palladium 
complex intermediate occurs a t  the least substituted or least 
hindered end of the allylic systems unless a tertiary-secondary 
system is present, in which case tertiary attack may occur. 

(5) Many vinylic bromide-olefin-secondary amine reactions 
occur in the absence of triarlyphosphines, but all do not. 
Tri-o-tolylphosphine is often useful to cause slow or incom- 
plete reactions to go faster and in higher yield. Product ratios 
may also be altered by use of a phosphine with the palladium 
acetate catalyst. 

From the results reported in Table I, it is clear that the 
palladium-catalyzed vinylic substitution reaction will have 
some important applications in aliphatic chemistry as well as 
in the aromatic areas reported upon previously. Since allylic 
tertiary amines are readily converted into other types of 
compounds by reactions such as the von Braun, Hofmann 
elimination, hydrogenolysis, and Polonovski reactions, the 
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vinylic substitution will be generally useful. For example, we 
have converted l-(N-morpholino)-2,9-decadiene (obtained 
from vinyl bromide, 1,7-octadiene, and morpholine in 80% 
yield) into l-chloro-%,9-decadiene in 69% (isolated) yield by 

n , fi 0 + CICOICHB - W 
CClPCHS 

a very useful modification of the von Braun reaction with 
methyl chl~roformate.~ The reaction occurred in 4 h at  room 
temperature, and none of the 3-chloro allylic isomer was 
seen.6 

The tolerance of the olefinic substitution reactions for 
nearly all functional groups7** may make this method of major 
synthetic value in the preparation of complex polyfunctional 
aliphatic structures. 

Experimental Section 
Reagents. The amines used were all commercial materials used 

without further purification, but they were dried and stored over 
Linde 4A molecular sieves. Palladium acetate? tri-o-tolylphosphine,6 
tris(2,5-diisopropylphenyl)phosphine,5 cis -l-bromo-l-hexene,:.O and 
l-bromo-2-methyl-l-propene11 were prepared by published proce- 
dures. The methyl (E)-3-bromo-2-methylpropenoate was obt.ained 
by the method of Canbere,13 but heating of the reaction mixture was 
necesary to get mainly the E isomer (95%). Vinyl bromide (Alclrich), 
2-bromopropene (Chemical Samples Co.), and 1-bromo-1-propene 
(Columbia Organic Chemicals) were commercial samples, but the 
1-bromo-1-propene was fractionated to separate 95% pure samples 
of the cis and trans isomers. 

The Reaction of 2-Bromopropene with 3-Buten-2-01 arid Pi- 
peridine. A solution of 0.449 g (2.0 mmol) of palladium aceta1;e and 
1.216 g (4.0 mmol) of t,ri-o-tolylphosphine in 12.1 g (100 mrrkol) of 
2-bromopropene, 30 mL (-300 mmol) of piperidine, and 8.0 1: (110 
mmol) of 3-buten-2-01 was heated a t  100 "C in a steam bath in a 
capped 200 mL Pyrex bottle for 90 min. Analysis a t  125 OC on a 10 ft 
20% DC-550 column showed that all of the bromide had reacted. The 
cooled, semisolid reaction mixture was rinsed into a separatory funnel 
with ether and water. The ether layer was separated, washed twice 
with 100-mL portions of water, dried over potassium carbona1;e and 
distilled. There was obtained 7.0 g (63%) of 5-methyl-5-hexen-2-one, 
bp 100 "C (185 mm), and 6.5 g (33%) of 5-methyl-6-piperidino-4- 
hexen-2-01, bp 142 "C (15 mm). 

General Procedure for the Reaction of Vinylic Bromides with 
Hexene and Amines. A solution of 0.0224 g (0.1 mmol) of palladium 
acetate and 0.061 g (0.2 mmol) of tri-o-tolylphosphine, or an equiva- 
lent amount of another phosphine if one is used, in 10 mmol of the 
vinylic bromide, 30 mmol of the secondary amine or triethylamine, 
and I .OO g (12 mmol) of 1-hexene was heated in a capped heavy-walled 
"Pyrex" tube at 100 "C until GLC analysis of the solution showed that 
the bromide had all reacted or else that the reaction had c'eased. 
Samples for VPC analysis were removed from the hot reaction mixture 
by syringe through a needle injected through a small hole in the metal 
cap and the self-sealing rubber cap liner. Analyses of the cooled re- 
action mixtures were generally performed by GLC on a 10 f t  :K 0.25 
in 20% DC-550 column by adding an internal standard either before 

the reaction or afterwards using predetermined sensitivity coefficients 
for the products to calculate yields. Generally, naphthalene, alkyl- 
naphthalenes, or alkylbenzenes were used as the internal standards. 
For preparative scale experiments, the reactions were carried out with 
ten times the amounts given and the products were isolated as de- 
scribed in the preceding experiment. 

Hydrogenation of Diene Mixtures. A solution of 10 mmol of the 
diene mixture dissolved in 10 mL of acetic acid and 100 mg of 590 
platinum on carbon (Engelhard Industries) in a 60 mL Parr bomb was 
hydrogenated at room temperature with magnetic stirring under 500 
psi of hydrogen until absorption stopped. The pressure was released, 
the catalyst was removed by filtration, and the filtrate was diluted 
with water. The product was extracted with ether, and after washing 
the ether with aqueous base the solution was dried and concentrated. 
Products were than purified by preparative GLC. 
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