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Recently we reported the codimerization of acetylene and allyl halides

Do

with palladium benzonitrile complex to give 1l,4-pentadiene derivatives.
the relation to this reaction, we have found that the palladium acetate -
lithium halides system catalyzes the cotrimerization of acetylene and allyl
halides to give the 2:1 linear cotrimers of acetylene and allyl halides
selectively. On the 2:1 cotrimerization of acetylene and monoolefin,

little 1s known concerning the selective linear cotrimerization by transition
metals although cyclotrimerizations catalyzed by Ni and Rh complexes have

2) Now we wished to communicate the selective

been already reported.
cotrimerization of acetylene and allyl halides using palladium acetate -

lithium halides catalysts under mild conditions.

Pd{QAc)z - LaX
HC=CH + CH2=CHCH2X -» CH,=CH-CH

AcOH 2 2

-CH=CH-CH=CHX

( X = halogen ) (a)

A typical reaction procedure 1s given below. To a solution of 2.25 g
(10 mmol) of Pd(OAc)2 and 2.12 g(50 mmol) of LiCl in 90 ml of AcOH was added

23.0 g(300 mmol) of allyl chloride. The reaction mixture was stirred under
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a constant bubbling of acetylene at room temperature for 2 hr. Gas chromatogram

of the resulting mixture showed l-chloro-1,3,6~-heptatriene (A) (500% based on Pd4)

)

and l-chloro-l,4-pentad1ene(19%).1 After usual treatment, distillation gave

pure cotrlmer3)(A, 3.51 g); bp. 34 -35°C/ 7 mmHg; UV (MeOH): Amax 237 nm

(emax 26,700); IR (neat): 1640, 1585 (-C=C~C=C-), 990, 913 (CH2=CH-), 973

t¢trans -CH=CH-), and 713 om™? (cis -CH=CH-}; PMR (CCl,): 2.88 (t, 2H, -CH,-),
4.8 -5.2 (m, 2H, EQC=), 5.5 -6.1 (m, 3H, H2C=C§f, -CH=CHC1), and 6.1 -6.6 ppm
(m, 2H, -CH=CH-CH=CHC1).

The structure assignment for A was based on the spectral properties

cited and on the following chemical behaviors. Catalytic hydrogenations of A

4)

over the polymer-rhodium complex ' or Ni,B afforded l-chloroheptane and

1-chloro-1,3-heptadiene respectively. UV of the latter (MeOH): Amax 237 nm;

IR (neat): 970 (trans -CH=CH-) and 712 cm & (cis -CH=CH-); PMR (CCl,): 0.94

(t, 38, -CH;), 1.2 -1.7 (m, 2H, -CH,~CH;), 2.0 -2.3 (m, 2H, -CH=CH~CH,-),

2
5.3 -6.0 (m, 2H, -CH=CHCl), and 6.0 -6.8 ppm (m, 2H, -CH=CH-CH,-). Treatment
5)

(-CuC-), 995, 905 (CH,=CH-), and 940 cm = (trans -ca=ci-);®  PMr (cc1,):

of A with NaNH, gave 1,3-heptadien-5-yne as main product. IR (CC14): 2220
1.94 (4, 3H, —CEC-C§3), 5.0 -5.3 (m, 2H, §2C=), 5.52 (4, 1lH, -CH=CH-C=C-),

and 6,1 -6.6 ppm (m, 2H, H,C=CH-CH=CH-),

2
Similarly bromo and 1odo analogues could be obtained in 490% and 260%

7
ylelds respectively using the corresponding allyl halide and lithium halide.
Palladium catalysts such as (Ph4As)2[Pd2C16], (Et4N)2[Pd2C16], dez—le and
dez(PhCN)z-le (X-halogen) were found to be active for this cotrimerization,
but had low cotrimer selectivities to codimer. Ni, Co, Fe and Rh transition
metal halides had no catalytic function.

In order to investigate the product path of this cotrimer, the reaction
of dideuterated acetylene with allyl chloride was carried out under same
conditions. The PMR spectrum of the obtained triene [ PMR (CC14): 2.89
(d, 2H, -CH,~), 4.8 -5.2 (m, 2H, H,C=), and 5.5 -6.1 ppm (m, 1H, H,C=CH-) ]
showed only the characteristic pattern of allyl group (H2C=CH-CH2-), and no
butadienyl protons. This result shows that the cotrimer 1s composed of two

acetylene and one allyl chloride molecules. Furthermore we confirmed that the
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cotrimer did not result from the codimer product reacting with allyl halade.
The reaction would be elucidated by the following scheme. Two molecules
of acetylene stepwise insert into a Pd-halogen bond to form o~butadienyl-Pd-
complex (2), followed by insertion of allyl halide into a Pd-butadienyl o-bond
to give the cotrimer product with an accompanying B-halogen elimination. The
similar o-butadienyl complex as an intermediate (2) recently was isolated by

8 The codimer product would be formed by the reaction of

1)

P. M. Maitlis et el.
the i1ntermediate species (1) and allyl halade. The above scheme 1s compatible

with the result of dideuterated acetylene.

Scheme
v vd
' HC=CH 1 Je=cC HC=CH 1 Se=C
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The catalytic cotrimerization reaction reported here 1is very useful for
the preparation of l-halogenoheptatriene derivatives and the details will be

reported in full.
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