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PROCESS FOR THE PREPARATION OF
TERTIARY ALLYLIC AMINES FROM VINYLIC
HALIDES AND OLEFINS

This invention relates to a catalytic process for the
preparation of tertiary allylic amines from vinylic ha-
lides, and substituted derivatives thereof, by reacting
said halide with a mono-, di-, or tri-substituted olefin
and an unhindered basic secondary amine in the pres-
ence of a palladium catalyst.

The Government has rights in this invention pursuant
to Grant No. CHE-04973 AO1 awarded by the Na-
tional Science Foundation.

It is known that rhodium chloride will catalyze the
addition of dialkylamines to conjugated dienes (e.g., D.
Rose, Tetrahedron Letters, p. 2776 (1972)). This reac-
tion is limited by the difficulty of obtaining conjugated
dienes, and also by the fact that isomeric mixtures are
formed. In addition, the reaction employs the very rare
and expensive metal rhodium as a catalyst.

It is an object of this invention to produce catalyti-
cally allylic amines under mild conditions in a highly
selective manner from readily available vinylic halides
and olefins.

In accordance with this invention, it has been found
that tertiary allylic amines are produced when vinylic
halides, or substituted derivatives thereof, are contacted
with mono-, di-, or tri-substituted olefins and an unhin-
dered basic secondary amine in the presence of a palla-
dium catalyst.

The process of this invention appears to depend upon
the reactions broadly expressed as follows:
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-continued
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in which the R, R1, R2, R3, R4, R% and RS groups may
be hydrogen, alkyl, aryl or heteroaryl groups or substi-
tuted derivatives thereof with up to about 30 carbons.
The X group is iodide, bromide, or chloride and L is a
triarylphosphine or a basic, unhindered secondary
amine. The R groups may be methyl, ethyl or be part of
a ring system involving both R groups in the R,NH.
The R, R2 and R? as well as the R4, RS and R® groups
also may be part of ring systems. These R1-R6 groups
may also have various substituents present such as alkyl
and aryl groups, cycloalkyl groups, nitro, cyano, ester,
carboxylate, amide, aldehyde, hydroxyl, ether, amino
or even halogen groups if these groups are less reactive
than the other groups in the reactants which are in-
tended to take part in the reaction.

Examples of vinylic halides, RZR3C—=CR!X, which
will undergo the reaction of this invention are vinyl
bromide, vinyl iodide, vinyl chloride, 1-bromo-1-pro-
pene, 2-bromopropene, 2-chloropropene, 1-bromo-2-
methyl-1-propene,  1-bromo-1-hexene, 1-bromo-1-
butene, 1-iodo-2-methyl-1-propene, methyl 2-methyl-3-
bromopropenoate, [S-bromostyrene, 3-bromoacrolein
dimethyl acetal, and 1-bromocyclopentane.

The olefinic reactant normally will react best if only
two of the R groups are carbon groups and the other
two are hydrogen. Examples of olefins which are useful
include ethylene, propylene, butene, cyclohexene, 1-
hexene, isobutylene, acrolein dimethyl acetal, allyl alco-
hol, allyl pyranyl ether, allylbenzene, butadiene, iso-
prene, vinyl methyl ether, methallyl pyranyl ether,
vinylbenzonitrile, vinylpyridine, vinylnaphthalene, 9-
decen-1-ol, 5-dimethylamino-1-hexene and ‘methallyl
alcohol.

Examples of basic, unhindered secondary amines
which can be used in this process are dimethylamine,
diethylamine, piperidine, morpholine, pyrrolidine, 4-
methylpiperidine, benzylmethylamine, piperazine, and
monomethylpiperazine.

The coordinating group, L, may be a basic, unhin-
dered secondary amine as listed in the previous para-
graph, or a triarylphosphine such as triphenylphos-
phine, tri-p-anisylphosphine, tri-o-tolylphosphine, tri-p-
tolylphosphine, tri-p-fluorophenylphosphine, and tri-o-
ethylphenylphosphine.

The process of this reaction is carried out at a temper-
ature in the range of 20° to about 175° C., with about
50°-150° C. being preferred, and within a pressure
range of about 0.5 to about 50 atmospheres.

Generally no solvent other than the reactants is nec-
essary for the reaction, provided that they are liquids at
the reaction temperature or at least if the solids used are
partially soluble in the other liquid reactants. Solvents
such as excess reactant secondary amine, methanol,
ethanol, isopropanol, tetrhydrofuran, toluene, N-
methylpyrrolidone, dimethylformamide, acetonitritile
and N,N-dimethylacetamide may be used, however,
with little effect upon the reaction.
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The ratios of reactants used are not critical. Gener-
ally two or more equivalents of secondary amine are
used per mole of vinylic halide, although the normal
products are also obtained with smaller amounts, but
often in reduced yields and at reduced rates. The vinylic
halide is normally the limiting reactant, and the olefin is
used in at least equivalent amounts.

Catalyst concentrations of from about 0.001 mole
percent to about 10 mole percent of the vinylic halide or
more may be used with about 0.01 to 2% being gener-
ally preferred. The catalyst may be added as finely
divided palladium metal in cases where the vinylic hal-
ide is an iodide, but in other cases palladium(If) salts are
preferred, such as the dihalides or diacetates. If triaryl-
phosphines are used in conjunction with the palladium
salt the phosphine may be added separately or in the
form of a complex with the palladium(I¥) salt. A ratio of
two triarylphosphine molecules to each palladium(II)
salt molecule is usually sufficient, although larger
amounts are not harmful and, in fact, may be helpful in
some instances.

It should be noted that the process of this invention
does not involve the formation of conjugated dienes
initially, followed by a palladium-catalyzed addition of
the secondary amine to the diene. It has been shown
that conjugated dienes, while present in these reaction
mixtures as by-products, do not undergo further reac-
tion with the secondary amines present in the reaction
mixture, since the ratios of amine products to conju-
gated dienes remain constant throughout the reactions.

The tertiary allylic amines are valuable chemical
intermediates. They can be converted to allylic bro-
mides by reaction with cyanogen bromide or directly
into alcohols by reaction with hydrogen peroxide, fol-
lowed by rearrangement by heating and then reduction.
Terpenes of value in the perfume industry and insect
pheromones of value in insect control, for example, can
be advantageously prepared by means of this process.

The following examples illustrate various ramifica-
tions of this invention, but the invention is not limited
thereby.

EXAMPLE 1

A mixture of 10 mmoles of vinyl bromide, 30 mmoles
morpholine, 12.5 mmoles 1-hexene, 0.10 mmole palla-
dium acetate and 0.20 mmole of tri-o-tolyphosphine was
heated in a capped bottle at 106° C. for 18 hrs. The
reaction mixture was cooled, diluted with water and
ether and the ether layer was separated. This layer was
washed with water, dried over anhydrous magnesium
sulfate and distilled under reduced pressure. There was
obtained a 10% yield of two octadiene isomers and 48%
N-oct-2-enylmorpholine, b.p. 94° C. (1.2 mm.)

EXAMPLE 2

A mixture of 10 mmoles cis-1-bromo-1-hexzene, 30
mmoles morpholine, 4 ml of acetonitrile, 0.10 mmole
palladium acetate and 0.20 mmole of tri-o-tolylphos-
phine was heated in a pressure vessel under 260 psig of
ethylene at 100° C. for 2 hrs. After cooling, the pressure
was released and the reaction products were isolated as
in Example 1. There was obtained about 5% cis-1,3-
octadiene, 84% N-oct-3-en-2-ylmorpholine and 8%
N-oct-2-en-4-ylmorpholine.

EXAMPLE 3

A reaction was carried out as in Example 1 employ-
ing trans-1-bromo-1-propene insiead of vinyl bromide.

4
After 47 hrs. at 100° C. the products were isolated and
found to be 40% nonadiene isomers, 40% N-non-3-en-2-
ylmorpholine and 5% N-(4-methyloct-3-en-2-yl)mor-
pholine.

EXAMPLE 4

A reaction was carried out as in Example 1 employ-

_ing cis-1-bromo-1-propene instead of vinyl bromide.
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After 40 hrs. of reaction at 100° C. there was isolated
35% nonadienes, 50% N-non-3-en-2-ylmorpholine and
5% N-(4-methyloct-3-en-2-y1) morpholine.

EXAMPLE 5

A reaction was carried out as in Example 1 employ-
ing 1-bromo-2-methyl-1-propane instead of vinyl bro-
mide. After 48 hrs. at 1060° C. the products were iso-
lated. There was obtained a 58% yield of a mixture of
six decadienes and 31% of N-(2-methylnon-3-ene-2-
yDmorpholine. ’

EXAMPLE 6

The process of Example 5 was carried out with piper-
idine instead of morpholine. After 48 hrs. at 100° C., the
products consisted of 56% of a mixture of six decadi-
enes and 40% of N-(2-methylnon-3-en-2-yl)piperidine.

EXAMPLE 7

Example 1 was carried out with 2-bromopropene in
place of vinyl bromide. After 68 hrs. at 100° C. there
was produced a 32% yield of a mixture of 2-methyl-1,3-
and 2-methyl-1,4-octadienes and 64% N-methyloct-2-
en-2-ylmorpholine.

EXAMPLE 8

A mixture of 10 mmoles 2-bromopropene, 12.5
mmoles 2-methyl-3-buten-2-ol, 30 mmoles piperidine,
0.10 mmole palladium acetate and 0.20 mmole triphen-
ylphosphine were heated together at 100° C. for 20 hrs.
From the reaction mixture there was isolated an 80%
yield of 2,5-dimethyl-6-piperidinohex-4-en-2-ol.

EXAMPLE 9

A mixture of 10 mmoles cis-1-bromo-1-propene, 12.5
mmoles acrolein dimethyl acetal, 30 mmoles piperidine
and 0.10 mmole palladium acetate was heated at 100° C.
for 6 hours. After cooling the products were separated
and found to be 17% trans, cis-sorbyl aldehyde di-
methyl acetal and 66% 5-piperidino-3-hexenal dimethyl
acetal.

EXAMPLE 10

The process of Example 9 when carried out with 10
mmoles trans-1-bromo-1-propene gives trans,trans-sor-
byl aldehyde dimethyl acetal and 5-piperidino-3-hexe-
nal dimethyl acetal in about the same yields as from the
cis-1-bromo-1-propene.

EXAMPLE 11

A mixture of 10 mmoles 2-bromopropene, 12.5
mmoles 3-buten-2-ol, 30 mmoles piperidine, 0.20 mmole
palladium acetate and 0.40 mmole tri-o-tolylphosphine
was heated at 100° C. for 2 hirs. Analysis of the reaction
mixture by gas chromatography showed that about
30% of 5-methyl-5-hexen-2-one and 70% 5-methyl-6-
piperidino-4-hexen-2-ol had been formed.
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EXAMPLE 12

The process of Example 11 was repeated employmg
12.5 mmoles 1-buten-3-yl dihydropyrany] ether in place. .
of 1-buten-3-ol. After 44 hrs. of reaction at 100° C. there
was obtained 63% of the tetrahydropyranyl ether of

5-methyl-3,5-hexadien- 2-0l - and- 28% of 5-methyl-6-

piperidino-4-hexen-2-ol.
EXAMPLE 13

A mixture of 10 mmoles 2-methyl- -bromo-1-pro-
pene, 12.5 mmoles 2-methyl-3-buten- 2-0l, 30 mmoles
piperidine, 0.20 mmole. palladium acetate and 0.40
mmole trlphenylphosphme was reacted. at 100° C.
There was produced 61% of a mixture of nonadlenols,
31% 2,6-dimethyl-6-piperidino-4-hepten-2-ol and 6% of
what is believed to be 2 6-d1methyl-4-p1per1dmo- -hept-
en-2-ol.

' EXAMPLE 14

The process of Example 1 was carried out with vinyl

chloride instead of vinyl bromide and N-oct-2-enylmor-
pholine was obtained as a product.

~EXAMPLE: 15

The process of ‘Example 1 was carried’ out with 2-
methyl-1-iodo-1-propene instead of with vinyl bromide
and N- (2-methy1non-3 -en-2-yl)morpholine  was ob-
tained.

1

—
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EXAMPLE 16

~_ The process of Example 2 was carried out with dieth-
ylamine instead of morpholme and 2-d1ethylammo-3-
octene was obtained in 80% yleld

35

EXAMPLE 17

~ The process of Example 1 was carried out with, pyr-
rolidiné instead of morpholme and N-oct-2—enylpyrroh-
dine was obtamed

As can be seen from the above examples, thls inven:
tion is broadly applicable to a wide variety of vinylic
halides. The products are valuable chemical intermedi-
ates as hereinbefore noted. ThlS invention provides a
néw method for producmg complex molécules from
simpler ones and is generally very easy to. use. ‘The

40

6

_ “catalyst is not only highly effective but also is non-
..volatile and presents no health hazard to use.

The term’ “substituted ethylene”, as used in the
‘claims, is intended to include also dienes, both conju-
gated and non-conjugated. Thus, the following exam-
ples of the practice of this invention pertain to dienes of

.both of the aforesaid types.

EXAMPLE 18

Here an isolated type diene, namely, 1,7-octadiene,
was reacted with morpholine to form an amine in accor-
dance with the schematic reaction

NN N
N
O e
O NN 0
—/

" The conditions were: -

A mixture of 44 ml (300 mmoles) 1,7-octadiene, 7.1 ml
(100 mmoles) vinyl bromide, 22 m! (250 mmoles) mor-
pholine, 0.224 g (1.0 mmole) palladium acetate and
0.608 g (2.0 mmoles) tri-o-tolylphosphine was heated in
a capped bottle at 100° for 22 hrs. After cooling the
reaction mixture was diluted with aqueous sodium hy-
droxide and the product was extracted with three por-
tions of ether. The extracts were dried over anhydrous
magnesium. sulfate and distilled. There was obtained
15.04 g (68%) of 1-mropholino-2,9-decadiene, b.p.
104°~7° at 0.9 mm.

This product was converted into 1-chloro-2,9-decadi-
ene by reaction with excess methyl chloroformate in
80% yield.

The following tabulated Examples 19-29, both inclu-
sive, utilized a variety of vinylic halides in Pd-catalyzed
reaction with a number of specific conjugated dienes,
together with one of the secondary amines morpholine
(abbrev. HM) and piperidine (abbrev. HP).

Table I

Vinylation Reactions of Conjugated Dienes at 100° C.2

Example Vinylic Halide Diene

Amine® Phosphine Time, hrs. Products, % Yield

19 Vinyl bromide® E-1,3-pentadiene®

20 Z-1-Bromopropene  isoprene

21 2-Bromopropene 1,3-butadiene

22 2-Bromopropene isoprene

23 2-Bromopropene E-1,3-pentadiene

24 2-Bromopropene 4-methyi-1,3-
pentadiene

25 2-Bromopropene 1,3-cyclohexadiene
t-methyl-1,3-

26 2-Bromopropene

e cyclohexddiene

HM  P(o-tol); 17 6-morpholino-1,4-

' heptadiene, 52%
2-methyl-1-morpholino-2,
5-heptadiene, 40% .
2-methyl-6-piperidino-1,4-
hexadiene, 60%
2,5-dimethyl-1-morpholino-
2,5-hexadiene, 40%
2-methyl-6-morpholino-1,4-
heptadiene, 55%
2,6-dimethyl-1,3,5-
heptatriene, 12%
2,6-dimethyl-1-morpholino-
2,5-heptadiene, 3%
2,6-dimethyl-6-morpholino-
1,4-heptadiene, 26%
1-isopropenyl-1,3-
cyclohexadiene, 21%
3-piperidino-6-
isopropenylcyclohexene, 35%
3-piperidino-4-
isopropenylcyclohexene, 15%
1-isopropenyl-4-methyl-1,3-
cyclohexadiene, 39%

HM  P(o-tol); 5 days

HP 30

HM  P(o-tol)3 45

HM  P(o-tol)3 30

HM PlotoDy® 22

24

HP

HP 20
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Table I-continued

Vinylation Reactions of Conjugated Dienes at 100° C.9

Example Vinylic Halide Diene

Amineb Phosphine Time, hrs.

Products, % Yield

27 1-methyl-1,3- HP

cyclohexadiene

2-Bromopropene

28 Z-3-lodo-3-hexene  E-1,3-pentadiene HM

29 1-Bromo-2-methyl- HM

1-propene

isoprene

P(o-tol)3

P(o-tol)3

P(o-tol)s

Unidentified triene, 13%
4-isopropenyl-1-methyl-3-
piperidinocyclohexene, 9%
1-isopropenyl-4-methyl-1,3-
cyclohexatriene, 22%
Unidentified triene, 29%
4-isopropenyl-1-methyl-3-
morpholinocyclohexene, 7%
undecatrienes?, 9%
4-ethyl-8-morpholino-3,6-
nonadiene, 63%
morpholinoheptadecatrienes, 28%
2,6-dimethyl-1,3,5-
heptatriene, 12%
2,6-dimethyl-1-morpholino-
2,5-heptadiene, 54%
2,6-dimethyl-3-morpholino-
1,5-heptadiene, 8%

60

13

4 days

“Reactants: 10 mmol. vinylic halide, 12.5 mmol. diene, 30 mmol. amine, one mole percent palladium acetate and two mole percent phosphine based on

the halide (or a 5 or 10 time multiple of these ratios was used).
5HM = morpholine, HP - piperidine.

Reactants: 20 mmol. vinyl bromide, 60 mmol. E-pentadiene, 50 mmol. morpholine, 1% palladium acetate and 2% tri-o-tolylphosphine.

969% Tri-o-tolylphosphine used.
“Structures not established other than by molecular weights (HRMS).

In elaboration:

EXAMPLE 19 (supra)

Vinyl bromide, E-1,3-pentadiene, and morpholine
reacted with one mole percent palladium acetate - two
mole percent tri-o-tolylphosphine as catalyst in 17 hrs.
at 100° C. to form 6-morpholino-1,4-heptadiene in 52%
yield. (All yields hereinafter reported, except where
otherwise noted, are of purified, isolated products.) In
this instance a 3:1 ratio of diene to vinylic halide was
used, it being found that better yields were obtained
thereby than with the lower 1.25:1 ratio. The remainder
of the product was polymer and higher boiling materi-
als which were not identified.

The formation of the product in the above reaction
can be readily explained on the basis of an addition of
the vinyl-palladium intermediate to the terminal double
bond of the diene followed by cyclization to the pi-ally-
lic complex and a final attack of the amine upon the
complex with displacement of the palladium-phosphine-
halide group. The palladium then undergoes loss of
halide ion and oxldatlvely adds more vmyl bromlde to
start the cycle again.

25

30

40

45

diene reaction the pi-allylic complex is formed directly
from the initial adduct. It is also notable that the attack
of the amine upon the pi-allylic complex is very selec-
tive, in that the product appears to be entirely the 6-
morpholino adduct and little, if any, of the possible
4-adduct seems to be formed.

EXAMPLE 20 (supra)

In a much slower reaction than Example 19, Z-1-
bromopropene, isoprene and morpholine gave 2-meth-
yl-1-morpholino-2,5-heptadiene in 40% yield along
with higher boiling unidentified products and polymers.
The major point of interest in this Example was to de-
termine whether or not the stereochemistry of the Z-1-
bromopropene was retained in the product. The prod-
uct appeared homogeneous by GLC (gas liquid chro-
matography) and NMR (nuclear magnetic resonance);
however, IR (infrared) showed bands characteristic of
both cis and trans olefinic groups. Therefore, the prod-
uct may be a mixture of isomers. Aside from the stereo-
chemistry with respect to the double bonds, the struc-
ture can be assigned conclusively from the NMR spec-
trum. The addition of the 1-propenyl group, therefore,

. PR3
AN, + PdPRI, —> 2 ;7
/7 N\
RsP Br
/PR3
/\Pd + AN Ry
R3P Br
R3P Br
ANV4 R;
A))d\/\ \ /
g O
/\/\//\

M

/\/\/\ il IRl
& N + Pd(PR3); + Br— J

In contrast to the formation of the pi-allylic complex
by a palladium hydride elimination-reverse readdition
in the vinylic halide-olefin reaction, in the conjugated

was completely regio-selective, adding to the terminal
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carbon of the less-substituted double bond of the iso-
prene. This contrasts with the mixture of positional
isomers obtained when this halide was added to 1-hex-
ene (refer Example 4, supra).

EXAMPLES 21-23, inclusive (supra)

2-Bromopropene reacted as expected from the fore-
going results with 1,3-butadiene, isoprene and E-1,3-
pentadiene giving amine adducts as the sole or predomi-
nant products in 40-60% yields. When piperidine was
used as the amine, no triarylphosphine was required.

EXAMPLES 24 and 25

The reaction of 2-bromopropene with 4-methyl-1,3-
pentadiene was more complex than Examples 20-23.
The intermediate piallylic complex to be expected from
this reaction, I infra, would have a gem dimethyl group
on one of the pi-allylic carbons. Few complexes with
this structure are known. The 1,1-dimethyl-pi-allylpal-
ladium chloride phosphine derivatives are known.
(Refer J. Powell and B. L. Shaw, J. Chem. Soc. A, 1967,
1839.) Structural studies revealed that carbon bearing
the gem dimethyl group is trans to the phosphine, and
less strongly bonded to the palladium than the primary
allylic carbon. It is perhaps not surprising, therefore, to
find products from the 4-methyl-1,3-pentadiene reac-
tion arising from both the pi-complex expected to be
formed directly, I infra, and the product produced by a
palladium hydride elimination and reverse readdition,

20

25

111 infra. The product from the direct complex, II, was 30

obtained in 26% yield (GLC), and the product from the
rearranged complex, IV, in 3% yield. There was also
produced 12% of conjugated triene, V.

—HPd(PR3)Br

HM\L
/\/\/‘<

I

M

2-Bromopropene was also reacted with two cyclic
olefins, 1,3-cyclo-hexadiene and 1-methyl-1,3-cyclohex-
adiene respectively. In Example 24, the first diene gave
21% conjugated triene and a 2:1 mixture of the two
piperidine adducts (35% and 15%) resulting from attack
at both ends of the presumed pi-allylic intermediate.
Very probably the amine attacks trans to the side of the
ring with the isopropenyl group and there is not a large
difference in the environments around the two terminal
allylic carbons in this compound.

EXAMPLES 26 and 27

In Example 26, the reaction of I-methyl-1,3-
cyclohexadiene with 2-bromopropene and piperidine

Br
—HPdPR3
R3P Br
\, / o

60

65

10

gave the expected triene, VI infra, (39%), another iso-
mer triene (13%), and 4-isopropenyl-1-methyl-3-
piperidinocyclohexene, VII infra, (9%). The latter ad-
duct is not the N-tertiary-alkylpiperidine derivative that
might have been expected on the basis of the results
obtained with the 4-methyl-1,3-pentadiene but rather
the compound from attack of the amine at the second-
ary pi-allylic carbon. The difference is apparently due
to the more bulky tertiary group in the cyclic com-
pound. The N-t-butylpiperidine structure is “hindered,
and the situation apparently becomes significantly
worse if the group is larger that t-butyl.

/]\ Pd(OAc),

PPh;3
Z N + 4+ 2PH — >
PH = piperidine

+ + Pﬁzﬁ‘r
P
A AN
A% vl

Morpholine reacted similarly to piperidine in this
reaction.

EXAMPLE 28

A reaction between Z-3-iodo-3-hexene, morpholine
and E-1, 3-pentadiene gave 9% trienes and 63% of the

HM \l/ —HPd(PR3)Br

MM

1\

expected adduct, 4-ethyl-8-morpholino-3,6-nonadiene.

1

AN

Pd(OAc)2
/\/\ P(o-tol)
== = + 2MH o-tol)3
= “ =
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-continued -continued
/\/\/‘\_ EtOH,CO :
M 5 c PdCl;
* = - + MH + 17 /\/\A NaOEt
& Z COEt ——>
Qualitatively, Z-3-bromo-3-hexene and E-1,3-pen- *
tadiene gave the same products in approximately the 1o MCOzEt
same ratios as the iodo compound, but at a slower rate COZEt
(30 hrs. required). '
EXAMPLE 29 s s S~
In this Example, 1-bromo-2-methyl-1-propene was From the foregoi it i that th Hadiom
) . . . . e foregoing, it is seen that the palla
reacted‘w1.th morp Flolme arfd 1s?prene. This bromide catalyzed reaction of vinylic halides with conjugated
added significantly in both directions to 1-hexene (refer dienes and a secondary amine which produces tertiary
Example 5), but only terminal addition of the alkyl 2 5.dienylamines is quite general. Yields are moderate
group was obtained in the reaction with isoprene, al- 0 40 good, considering the specificity and complexity of
though two allylic amine adducts were seen in a ratio of the reaction. Finally, the reaction is of considerable
. . synthetic value, since the tertiary amine group can be
54% terminal to 8% internal. readily removed by known methods.
As many apparently widely different embodiments of
Pd(OAc), 23 this invention may be made without departing from the
Br P(o-tol)3 spirit and scope therof, it is to be understood that this
/\/ + N + 2MH invention is not limited to the specific embodiments
thereof except as defined in the appended claims.
I claim:
M/\ 30 1 The catalytic process of producing tertiary allylic
2% amines from vinylic halides, with up to about 30 carbon
atoms, which comprises reacting said halide with a
/\/\/\_ mono-, di-, or tri-substituted ethylene, or ethylene itself
+ S - M + with an unhindered basic secondary amine, in the pres-
54% 35 ence of a palladium catalyst.
2. The process of claim 1 in which the reaction is
M\ carried out at a temperature within the range of from
+MH*Br™  50° to 150° and at a pressure of 0.5 to 50 atmospheres.
M 3. The process of claim 1 wherein the palladium cata-
8% 40 lyst is a palladium(II) salt of one of the group consisting
of acetate and chloride.
4. The process of claim 1 wherein the palladium cata-
. o lyst is a triarylphosphine complex which is either added
The morpholine adducts in this example can be con- as the compound per se or wherein said complex is
verted into monoterpenes by adding one carbon atom. 45 formed under the existing reaction conditions by adding
This was accomplished by first reacting the mixture 2 palladium(Il) salt and the triarylphosphine.
with methyl chloroformate to give the chloride in 77% 5. The process of claim 2 wherein said vinylic halides
. . . . are bromides and said catalyst is palladium chloride.
yield, and then carbonyla.tmg the ch{onde w1tl} carbon 6. The process of claim 5 wherein said catalyst is
monoxide and ethanol using a palladium chloride cata- 30 composed of a palladium(II) salt and two equivalents of
lyst. This latter reaction gave only a 40% yield of an E one of the group consisting of tri-o-tolylphosphine and
and Z mixture of ethyl 3,7-dimethyl-3,6- octadienoate. triphenylphosphine. . . .
Treatment of this diene mixture with sodium ethoxide 7. The process of claim 2 in which 3-bromo-1-pro-
. . . pene is reacted with an acrolein acetal and a basic sec-
slowly isomerized it to ethyl geranate. 55 ondary amine.
8. The process of claim 2 in which 9-decen-1-ol is
reacted with vinyl bromide and a basic secondary
/\/\/l\— amine.
7 = M + CICO;CH3 —> o ¥ % % % %
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