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IODIDES. A NOVEL SYNTHESIS OF 2-PHENYL-l-ALKENES OR 2-ALKYL- 
1,3-ALKADIENES VIA ORGANOBORANES 
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Faculty of Engineering, Hokkaido University, Sapporo 060 (Japan) 

(Received February 16th, 1981) 

The reaction of phenyl or 1-alkenyl iodides with 1-alkenyl-1,3,2-benzodioxa- 
boroles readily obtainable via the hydroboration of 1-alkynes, gives the corre- 
sponding “head-to-tail” cross-coupling products, 2-phenyl-l-alkenes or Z-alkyl- 
1,3-alkadienes, in good yields. The reaction is effectively catalyzed by catalyt- 
ic amounts of palladium compounds in the presence of triethylamine. 

Recently, we have reported palladium-catalyzed cross-coupling reactions of 
1-alkenylboranes with organic halides such as 1-alkenyl [l], 1-alkynyl [I], 

aryl r.21, allsrlic E31, and benzylic [3] halides as shown in eq. 1. These reac- 
tions are effectively catalyzed by tetrakis(triphenylphosphine)palladium in the 

R’ H 
‘C=C-- 

PdL, R’ H 
R’C=CH + 

H’ ‘BY2 
+ R2X - .C=CI 

base H’ ‘R’ 
(1) 

(1) (f1) 
R2 = 1-alkenyl, 1-alkynyl, aryl, allylic and benzylic 
X=BrandI 
Y2 = disiamyl and 1,3,2-benzodioxaboryl 

presence of strong bases such as sodium hydroxide and alkoxides. In this com- 
munication we wish to report that a different type of reaction, ‘head-to-tail’ 
cross-coupling reaction, occurs between 1-alkenyl-1,3,2-benzodioxaboroles and 
phenyl or 1-alkenyl iodides in the presence of palladium compounds and tri- 
ethylamine (eq. 2). 
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R’ 
‘CCC’ 

H Pd” R’ 

II’ ‘BY, 
+ R2X - 

E&N 
\ C=CH2 

RZ1 

c55 

(2) 

(1) (III) 

R2 = phenyl and 1-alkenyl, Y2 = 1,3,2-benzodioxaboryl 

To the palladium black prepared from Pd(OAc)2 (O.C!404 g, 0.18 mmol) 
and diborane was added a mixture of 20 ml of dimethylformamide, tiethyl- 
amine (4.2 ml, 30 mmol), phenyl iodide (1.224 g, 6 mmol), and (E)-l-hexenyl- 
1,3,2-benzoclioxaborole (1.33 g, 6-6 mmol) [4] under nitrogen atmosphere. 
After stirring the mixture at 80°C for 20 h, the residual alkenylborane was 
oxidized with 3 M NaOH and 30% H202 under the usual conditions. GLC 
analysis indicated the formation of 2-phenyl-l-hexene in a 91% yield, together 
with a small amount of l-phenyl-1-hexene (<4%). 

Although the use of palladium black and triethylamine was satisfactory for 
the present reaction, we additionally examined the use of other catalysts and 
bases, the results of which are summarized in Table 1. Other palladium com- 
pounds such as Pd(PPh3), [5] and Pd(PPh,)2 [6] were found to be also effec- 
tive to the cross-coupling reaction (entries 6 and 7). However, the yields of III 
were slightly lower than those of the reaction employing palladium black. The 
product distribution of ‘head-to-head’ to ‘head-to-taii’ coupling (II : III) was 
markedly depended on the bases used (entries l-4). The ‘head-to-head’ 
product (II) was preferentially produced under strongly basic conditions, as 
we reported previously [l-3] _ 

The similar type of reaction to the present coupling was reported in the pal- 
ladium-catalyzed ‘head-to-tail’ dimerization of vinylic mercurials, the mechan- 
ism of which was proposed to involve palladium hydride rearrangement of the 
vinylic palladium compound, as depicted in eqs. 3 and 4 [7]. 

R H 
‘c=cZ 

Li,PdCl, R H 
‘C=C’ - 

R 

H’ 

‘C=C’ 
H 

(3) 
HgCl H’ ‘PdCl ClPd’ ‘H 

(IV) w 
R\ H 

1v+v- ,c=c’ 
H lc=c< 

H 

R’ H 

(4) 

The present reaction is, however, inexplicable by such a mechanism_ -4s an 
alternative, the following reaction pathways involving the addition and elimina- 
tion sequence (eqs. 5-7) may be considered. Phenyl or l-alkenyl groups in 
organopalladium compounds (VI) add mainly to the electron-deficient carbon 
of unsymmetric olefins [S] to form VII, which are readily isomerized to VIII 
[8]. Finally, the elimination of XPdBY* from VIII gives the corresponding 
‘head-to-tail’ cross-coupling products (III). The minor ‘head-to-head’ products 
(II) are formed via eq. 7. On the other hand, palIadium-catalyzed cross- 
coupling reactions of 1-alkenylboranes in the presence of strong bases such as 



C56 

i Pd” - R*PdX 

azu 

(5) 

(6) 

(71 

sodium hydroxide and ethoxide [l-3] have been confirmed most recently to 
proceed through a different reaction mechanism, which will be reported in 
another paper. 

In order to infer the present coupling reaction mechanism, we carried out 
the following experiment by using D-labeled hexenylborane (X) which was pre- 
pared from 1,3,2-benzodioxaborole-d, and l-hexyne (eq. 8). Under essentially 
the same reaction conditions, the expected products, XI and XII were ob- 
tained and the D-content was more than 96%; determined by ‘H NMR and 
mass spectral analyses. The ‘H NMR spectrum of the mixture showed two 
singlets at 6 5.03 and 5.22 ppm and their relative intensity was 75 : 25, indicat- 
ing the ratio of XI:XII. 

BU 

\ ,iH BU 

D’ 

c=c\ ,o 

m 

0 
-t- Phi & 

\ 
c=c 

/H + B”\C=C/D (8) 

“\, 

3 
' ‘D 

/ 
Ph Ph xl 

(Xl (2x1 GKm 

Although the scope and mechanistic details of the reaction remain to be 
further investigated, two types of regio-controlled cross-couplings, ‘head-to- 
head’ and ‘head-to-tail’, of 1-alkenylboranes with organic halides became 
available. 

References 

N. Miyaura and A. Suzuki+ Tetrahedron L&t.. (1979) 3437: N. Miyaura. H. Suginome. and A. Suzuki. 
Tetrahedron L&t.. (1981) 127. 
N. Miyaura and A. Suzuki. J. Chem. Sot. Chem. Common_. (1979) 866. 
N. Miyaura. T. Yano. and A. Suzuki. Tetrahedron Lett.. (1980) 2865. 
H-C. Brown. Organic Synthesis via Boranes, John Wiley & Sons. New York, 1975. 
D.R. Coulson, Ino= Synth., 13 (1972) 121. 
J. Chatt. F-A. Hart, and H.R. Watson, J. Chem. Sot.; (1962) 2537. 
R-C. I,arock and B.Riefling.J.Org. Chem., 43 (1978) 1468. 
R-M. Maitlis.The Organic Chemistry ofPzdFadium.Volr land 11,Academic Pres.New York. 1971: 

J.K. Kochi. Organometallic Mechanisms and Catalysis. Academic Press. New York 1978: R-F. Heck 
Accounts Chem. Rer, 12 (1979) 146. 


