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Recently we reported the codimerization of acetylene and ally1 halides 

with palladium benzonitrile complex to give 1,4-pentadiene derivatives. ') In 

the relation to this reaction, we have found that the palladium acetate - 

lithium halides system catalyses the cotrimerisation of acetylene and ally1 

halides to give the 2:l linear cotrimefs-of acetylene and ally1 halides 

selectively. On the 2:l cotrimerzsation of acetylene and monoolefin, 

little is known concerning the selective linear cotrimerisatron by transition 

metals although cyclotrrmerisations catalyzed by Ni and Rh complexes have 

been already reported.2' Now we wished to communicate the selective 

cotrimerisation of acetylene and ally1 halides using palladium acetate - 

lithium halides catalysts under mild condztions. 

HCECH + CH2=CHCH2X 

( X = halogen 1 

Pd(O&.z)* - LiX 

AcOH 
D CH2=CH-CH2-CH=CH-CH=CHX 

(A) 

A typical reaction procedure is given below. To a solution of 2.25 g 

(10 mmol) of Pd(0Ac)2 and 2.12 g(50 mmol) of LiCl in 90 ml of AcOH was added 

23.0 g(300 mmol) of ally1 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 resultang mrxture showed 1-chloro-1,3,6-heptatrlene (A)(500% based on Pa) 

and 1-chloro-1,4-pentadlene(l9%).1) After usual treatment, dlstlllatlon gave 

pure cotrimer3)(A, 3.51 g); bp. 34 -35"C/ 7 mmHg; UV (MeOH): Amx 237 nm 

(z max 26,700); IR (neat]: 1640, 1585 (-C=C-C=C-1, 990, 913 (CH2=CH-), 973 

Ctrans -CIi=CH-), and 713 cm-' (~1s -CH=CH-); PMR (CC14): 2.88 (t, 2H, -Cg2-,, 

4.8 -5.2 (m, 2H, g2C=), 5.5 -6.1 (m, 3H, H2C=Cg-, -CE=CgCl], and 6.1 -6.6 ppm 

(m, ZH, -Cz=Cg-CH=CHCl). 

The structure assignment for A was based on the spectral properties 

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

over the polymer-rho&urn complex 4) or Ni2B afforded l-chloroheptane and 

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

IR (neat): 970 (trans -CH=CH-) and 712 cm" (cl8 -CH=CH-); PMR (CC14): 0.94 

(t, 3H, -Cg3), 1.2 -1.7 (m, 2H, -CE2-CH3), 2.0 -2.3 (m, 2H, -CH=CH-CE2-), 

5.3 -6.0 (m, ZH, -CH_CI$l), and 6.0 -6.8 ppm (m, 2H, -CH_=Cg-CH2-). Treatment 

Of A with NaNH2 gave 1,3-heptadien-5-yne as map product. 5) IR (CC14): 2220 

(-C&-j, 995, 905 (CH~=CH-), and 940 cm-l (trans -CH=CH-) i6] PMR (CC14]: 

1.94 (a, 3H, -C=C-CIi3), 5.0 -5.3 (m, 2H, 

and 6,l -6.6 ppm (m, 2H, H2C=Cg-Cz=CH-), 

Slmdarly bromo and lodo analogues 

H2C=), 5.52 (a, lH, -CH=Cz-CrC-1, 

could be obtained in 490% and 260%7] 

yields respectively using the corresponding ally1 halde and lithium halide. 

Palladium catalysts such as (Ph4As)2[Pd2C16], (Et4N)2[Pd2C16], PdX2-LiX and 

PdX2(PhCN)2 -LiX (X-halogen) were found to be active for th1.s cotrlmerizatlon, 

but had low cotrimer selectlvlties to codlmer. NI, Co, Fe and Rh transltion 

metal haldes had no catalytic function. 

In order to investigate the product path of this cotrlmer, the reaction 

of dldeuterated acetylene with ally1 chloride was carried out under same 

conditions. The PMR spectrum of the obtained triene [ PMR (CC14): 2.89 

(a, 2H, -Cg2-), 4.8 -5.2 (m, 2H, E2C=), and 5.5 -6.1 ppm (m, lH, H2C=Cg-] 1 

showed only the characterlstlc pattern of ally1 group (H2C=CH-CH2-), and no 

butadlenyl protons. This result shows that the cotrlmer 1s composed of two 

acetylene and one ally1 chlorde molecules. Furthermore we conflrmed that the 



No. 33 2835 

cotrlmer dkl not result from the codlmer product reacting with ally1 halide. 

The reactlon would be elucidated by the following scheme. Two molecules 

of acetylene stepwlse insert into a Pa-halogen bond to form a-butadlenyl-Pd- 

complex (2), followed by Insertion of ally1 halide into a Pa-butadlenyl a-bond 

to give the cotrlmer product with an accompanying B-halogen ellmlnatlon. The 

slmdar a-butadienyl complex as an lntermedlate (2) recently was isolated by 

P. M. Maltlls et el. 8) The codlmer product would be formed by the reaction of 

the lntermedlate species (1) and ally1 haLde.') The above scheme 1s compatible 

with the result of ddeuterated acetylene. 

Scheme 

-id-x 
HC'CH I >=c’, HCECH 

b -Pa 
I insertlon I InsertIon 

(1) 

(X,Y = halogen) CH2=CHCH2Y 

I InsertIon 

\I c 
y/c\’ 

‘% -pa -c- x-y// 
, 

B-elimination 

-c 
CH2=CH-CH2-CH=CH-X 

+ 

-id-Y 
I 

CH2=CHCH2Y 

lnsertlon 

B-ellminatlon 
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CH2=CH2-CH2-CH=CH-CH=CH-X 
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-id-Y 
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The cata?lytic cotrimerlzatlon reactlon reported here 1s very useful for 

the preparation of 1-halogenoheptatrlene derlvatlves and the details ~111 be 

reported In full. 
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