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METAL CATALYSIS IN ORGANIC REACTIONS. X. 

NICKEL-CATALYZED DIMERIZATION OF I-ALKYNES TO 1,3_DIALKYLBUTENYNES 

G. Giacomellrf F. Marcacci, A.M. Caporusso,and L. Lardicci 

Centro di Studio deZ C.N.R. per le Macromolecole Stereordinate ed Otticamente Attive- 

Istituto di Chimica Organica dell'lhiversitd, 56100, Piss, ItaZy. 

An efficient method for the selective synthesis of 1,3_dialkylbutenynes is described 

via reaction between terminal acetylenes and isolated diisobutylzinc in the presence of a 
--F- 
nickel catalyst. 

Considerable attention has been given to the dimerization processes of 

I-alkynes: in addition to the well known Glaser 
1 

and Cadiot-Chodkiewicz 
2 

cou- 

plings to conjugated diynes, a number of interesting organometallic methods 

have been developed for the stereospecific dimerization of terminal alkynes to 

(E,E):, (E,Z)i or (Z,Z)-1,4-dialkyl-l,3-butadienes.5 More recently useful meth- 

ods for "head-to-tail" dimerization of I-alkynes to 2,4_dialkylbutadienes in 

excellent yields were also reported. 6,7 However there appear presently to be 

only a few direct methods available for preparing conjugated enynes by di- 

merizing I-alkynes. While both (Z)- and (E)-1,4_dialkylbutenynes can be ob- 

tained through the Straus procedure, 
8 

1,3-dialkylbutenynes are described to be 

formed from I-alkynes by using a chromium tetrabutoxide/diethylzinc catalyst. 
9 

During the course of our investigations, Carlton and Read reported a rhodium 

(I)-catalyzed dimerization of I-octyne to 87% of the corresponding "head-to- 

tail" enyne along with 13% of the (E) isomeric enyne. 
10 

We now wish to report some novel features of the catalysis of bis- 

[(N-methylsalycilaldimine)] nickel [Ni(mesal)2] in the reaction of terminal a- 

cetylenes with organometallic compounds of main group elements. While nickel- 

catalyzed reaction of I-alkynes with trialkylalanes provides a general route 

to (E)-2,4-dialkyl-1,3-butadienes, under suitable experimental conditions and 
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by using isolated diisobutylzinc, I-alkynes undergo a selective "head-to-tail" 

dimerization to afford 1,3_dialkylbutenynes in a generally good yield: 

2 R-CWH + ZnBu; 
Ni catalyst /R ) R-C=$-CICH 

2 

In the absence of nickel complexes, I-hexyne reacts very slowly with 

diisobutylzinc and only little amounts of the alkynylzinc derivative are for- 

med even at refluxing tetrahydrofuran (<25% after 24h). When diisobutylzinc 

was allowed to react with the stoichioimetric amount of I-hexyne in the pres- 

ence of I,6 mol% of Ni(mesal)2, the alkyne is slowly converted (36% after 72h) 

into 5-methylene-6-undecyne (66%), together with little amounts of (El-5-meth- 

ylene-6-undecene (4%) and 22% of a mixture of 1,3,5- and 1,2,4-tri-;-butylben- 

zenes. Whereas the conversion of the reaction is increased by raising temper- 

ature, yields are not significantly affected. The subsequent studies have in- 

dicated that the molar ratios [RC=CH]/[Z~B~~]= 2 and [~~=~~]/[Ni(mesal)~]= 120 

give the most satisfactory results. 
11 

Thus, at 70°C, I-hexyne is almost com- 

pletely converted into the corresponding "head-to-tail" enyne with high yield 

(Table, entry 1). However, both conversion and yield of the reaction are de- 

pending on the structure of the acetylenic substrate employed (Table). In fact, 

increasing size of the alkyl group bound to the triple bond results in a pro- 

gressive decreasing of the conversion, which is increased by raising tempera- 

ture. Moreover, the yields in the dimer drop when B- or c- branched I-alkynes 

are employed. This difficulty can however be overcome by carrying out the re- 

action in the presence of two equivalents of triphenylphosphine with respect 

to the nickel complex. The presence of this cocatalyst has a marked influence 

on both conversion and yield of the reaction (Table). For example, in the ab- 

sence of PPh 
3' 

3-methyl-I-pentyne reacts very slowly to give a complex mixture 

of high oligomers, whereas under the same experimental conditions and in the 

presence of PPh3, the I-alkyne is converted (73%) into 3,7-dimethyl-4-methyl- 

ene-5-nonyne in a good yield (Table, entry 11). 

This synthetic procedure appears really satisfactory, taking also I$ 

into account that the 1,3_dialkylbutenynes formed can be recovered in high chem- 

ical purity by simple distillation of the crude reaction mixture. Moreover, 

such a nickel-catalyzed dimerization offers the advantage of the use of a 

readily available catalyst, respect to other procedures. 
9,lO 

The following rep- 

resentative procedure indicates the simplicity of the present method. 
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To 0.07g (0.21 mmol) of Ni(mesal)2 In 20ml of anhydrous heptane were 

added, at O'C under argon, O.llg (0.42 mmol) of PPh3, followed by 2.26g (12.6 

mmol) of neat diisobutylzinc and 2.78g (25.2 mmol) of I-octyne. The orange so- 

lution was heated at refluxing heptane for 24h and then cautiously hydrolyzed 

with dilute sulfuric acid and extracted with pentane. The combined organic 

layers were washed with saturated aqueous NaHC03, water,dried (Na2S04) and care 

fully distilled to yield 2.64g (95%) of pure 7-methylene-8-pentadecyne. 
10 - 

We are presently exploring the possible mechanism of the reaction, in 

particular for what concerns the role of the organozinc compound. 
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