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Recently extensive studies have been carried out on
the palladium catalyzed dimerization reactions of buta-
diene, which can be classified into two types.® The
first one is the dimerization reaction, especially with
incorporation of a nucleophile such as water, alcohols,
carboxylic acids, ammonia, amines, and some active
methylene compounds to give l-substituted 2,7-octa-
dienes. Another one is the cocyclization reaction with
a dipolar double bond such as aldehydes and isocyanates
to give six-membered heterocyclic compounds.

2CH,=CH-CH=CH,

v/ \a-s

CH,-CHCH,CH,CH,CH-CHCH,-Y /_/ NS
Y~ =nucleophile A-B

We have investigated a reaction of enamine with
butadiene in the presence of a palladium catalyst
based on the following considerations. Enamines are
considered to be a strong nucleophile and their nucle-
ophilic reactions are well known.? In addition,
enamines have dipolar double bond, which takes part
in cyclization reactions to form six- or four-membered
rings. Thus with these dual reactivities of butadiene
and enamines in mind, we have carried out the reaction
of enamine with butadiene in the presence of a palla-
dium catalyst in order to determine which type of the
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reaction, namely nucleophilic attack or cocyclization of
enamine, takes place. Concerning the interaction of
enamine with a palladium complex, we have shown
before that enamines are allylated with z-allylpalladium
chloride.?

Pyrrolidine enamine of cyclohexanone was allowed
to react with butadiene by using palladium acetate
combined with triphenylphosphine as the catalyst. The
reaction observed was not the cocyclization, but the
introduction of 2,7-octadienyl moiety at the « position
of cyclohexanone took place. In addition, 2,6-disub-
stituted cyclohexanone was obtained as a minor prod-
uct. Pyrrolidine enamine of cyclopentanone behaved
similarly giving 2-(2,7-octadienyl)cyclopentanone as a
main product, accompanied by 2,5-di(2,7-octadienyl)-
cyclopentanone.
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The reaction undoubtedly proceeds through nucle-
ophilic attack of the enamine on an intermediate
z-allylic palladium complex formed from butadiene
and the palladium compound. Formation of the inter-
mediate m-allylic complex was proposed by Hagihara
and his co-workers for dimerization of butadiene in
the presence of nucleophiles.® Allyl acetate is known
to form the most simple m-allylpalladium complex,
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which is expected to react with enamines in the presence
of the palladium catalyst. Thus we carried out the
reaction of allyl acetate with the enamine. of cyclo-
hexanone, and 2-allylcyclohexanone was obtained as
expected.”
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Reaction of the Cyclohexanone Enamine. A solution of
1-pyrrolidinocyclohexene (15 g), palladium acetate (100 mg),
triphenylphosphine (200 mg) in acetonitrile (40 ml) was
placed in an autoclave, and butadiene (12 g) was introduced.
The autoclave was shaken for 3 hr at 80 °C. Two layers
were formed, which were subjected to hydrolysis with hydro-
chloric acid at 50 °C for 30 min. Dichloromethane (100 ml)
was added and the solution was washed with water. After
being dried, the solvent was evaporated. The residue was
distilled to give 2-(2,7-octadienyl)cyclohexanone (13.5 g) and
2,6-di(2,7-octadienyl)cyclohexanone (6.8 g), which were iden-
tified by the following data.

2-( 2,7-Octadienyl Jcyclohexanone. Bp 130—135 °C/3 mmHg,
IR (neat); 993, 911 (CH=CH,), 968 cm~! (frans olefin).
The NMR spectrum (CCl,) showed complex olefin bands
at 73.5—4.8 (=CH-) and 74.8—5.4 (=CH,), which were
identical with the olefin bands of the NMR spectrum of
the known methyl 2,7-octadienyl ether.®

Found: C, 81.66; H, 10.739%; mol wt (mass spectrum),
206. Caled for C,H,,O: C, 81.50; H, 10.75%; mol wt,
206.32.

2,4-Dinitrophenylhydrazone, mp 93—94 °C. Found: C,
62.54; H, 6.81; N, 14.51%. Calcd for C,H,ON,: C,
62.16; H, 6.78; N, 14.50%.
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2,6-Di( 2,7 - octadienyl ) cyclohexanone. Bp 170—175 °C/
1 mmHg, showed the similar NMR olefinic bands as those
of the above-shown monoderivative. Found: mol wt, 314.
Calcd for C,,Hj,O: 314.49. Hydrogenation over platinum
oxide absorbed 4 mol of hydrogen to give 2,6-dioctylcyclo-
hexanone, bp 160—165 °C/0.5 mmHg, mp 37—38 °C (from
methanol-ether).

Found: G, 82.16; H, 12.849%,; mol wt, 322.
Cy,H,,O: G, 81.91; H, 13.13%; mol wt. 322.56.

Reaction of Cyclopentanone Enamine. A mixture of the
enamine (10 g), butadiene (9 g), dimethylformamide (30 ml),
palladium acetate (100mg), and triphenylphosphine (200 mg)
was allowed to react at 85°C for 5hr. After the usual
work-up, 2-(2,7-octadienyl)cyclopentanone (8.2 g) and 2,5-
di(2,7-octadienyl)cyclopentanone (4.2 g) were obtained.

2- (2,7 - Octadienyl ) cyclopentanone. Bp 100—105 °C/
3mmHg. The NMR spectrum showed the similar olefinic
pattern as that of the corresponding cyclohexanone derivative.

Found: C, 81.36; H, 10.60%; mol wt. 192. Calcd for
Cy3H,0O: G, 81.20; H, 10.48%,; mol wt. 192,29,

2,5-Di( 2,7 -octadienyl) cyclopentanone. Bp 155—165 °C/
2 mmHg.

Found: C, 83.76; H, 10.68%,; mol wt. 300. Calcd for
C,,H;,0: G, 83.94; H, 10.739, ; mol wt. 300.47.

Hydrogenation gave 2,5-dioctylcyclopentanone, mp 45—
47 °C.

Found: C, 81.86; H, 12.909%,; mol wt. 308. Calcd for
C,y,H,yO: G, 81.75; H, 13.079,; mol wt. 308.53.

Reaction of Allyl Acetate and Cyclohexanone Enamine. A
mixture of l-pyrrolidinocyclohexene (18g), allyl acetate
(15 g), acetonitrile (30 ml), palladium acetate (100 mg), and
triphenylphosphine (200 mg) was stirred at 80 °C for 5 hr.
Then 10 ml of concd hydrochloric acid and 10 ml of water
were added and the mixture was stirred for 30 min. After
the usual work-up, distillation gave 2-allylcyclohexanone
(7.2 g, 70—73 °C/3 mmHg) and 2,6-diallylcyclohexanone (3 g,
85—95 °C/3 mmHg). They were identified with authentic
samples prepared by the known method® by NMR and IR
spectra and mixed mp determination of 2,4-dinitrophenyl-
hydrazones (148—150 and 113—115 °C).
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