
Cl 

Journal of Organometallic Chemistry, 225 (1982) Cl-C5 
Ekevier Sequoia Sk, Iausanne - Priited in The Netherlands 

preliminary communication 

IODINE INDUCED %‘RANSFER OF DIALKYLVINYLBORANES PRODUCED 
BY THE HYDRIDATION OF DIALKYLHALOBORANES IN THE PRESENCE 
OF l-ALKYNES. GENERALIZATION OF THE ZWEIFEL cis- ALKENE 
sYNTIIEs1s* 

SURENDRA U. kULKARN1, D. BASAVAIAH and HERBERT C. BROWN* 

Richard B. Wetherill Laboratory, Purdue University. West Lafayette, Indiana 

(Received June 12th, 1981) 

47907 (U.S.A.) 

Dialkylvinylboranes, prepared conveniently via the hydridation of dialkyl- 
haloboranes in the presence of terminal alkynes, react with iodine in tlle pre- 
sence of a base at reduced temperatures to form the corresponding cis-disubsti- 
tuted alkenes. This development greatly increases the generality of the elegant 
Zweifel cis-olefin synthesis. 

The iodination of dialkylvinylboranes (I) in the presence of sodium hydr- 
oxide results in the transfer of one of the alkyl groups from boron to the ad- 
jacent carbon atom, followed by deboronoiodination, producing the corre- 
sponding c&iisubstituted alkenes (II, eq. 1) [1,2]. 

H R' R R' 

HC=CR' - 
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R2BH + 
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H H H 
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However, the utility of this elegant Zweifel synthesis was severely handicapped 
in the past by the limited availability of dialkylboranes. Direct hydroboration 
leads cleanly to the formation of clialkylboranes only in the case of relatively 
hindered alk!nes (eq. 2). 

*In honor of Piofessm Henry Gilman for his exceptional pioneering contributions and m=Y Ye- of 

outstanding research and teaching in the field of organometallic. chemistry. 
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2 alkene + BH3 - R,BH 

alkene = 
(J.t$J,~JJ (2) 

More generally, the hydroboration fails to stop cleanly at the R2BH stage [S]. 
Consequently, the hydroboration-ionation route has been severely limited by- 
this limited availability of dialkylboranes. 

Recent developments in this laboratory have provided a general preparation 
of a wide variety of dialkylboraues via the hyclridation [4,5] of dialkylhalo- 
boranes [6]. Consequently, we undertook to utilize such dialkylboranes for 
the synthesis of cti-alkenes by the Zweifel procedure (eq. 3). 

LiAlHq “\ ,/R’ 

R2W + HC- =CR’ 

R2f3 H 

NaOH I, 

I 

(3) 

R\ _ /R’ 
/= =\ + RB(oH)2 

H H 

Unfortunately, we encountered two difficulties. The monohydroboratiox of 
terminal alkynes with relatively unhindered dialkylboranes is accompanied by a 
competing dihydroboration [5]. The iodination of such dialkylvinylboraues 
containing groups of low steric requirements and appreciable amounts of xl- 
dibora derivatives as side-products produced considerable amounts of alkyl 
iodides along with the desired cis-alkenes. The formation of such alkyl iodides 
presumably arises from a reaction similar to that involved in converting tri- 
alkylboranes into the corresponding iodides [ 7,8]. The formation of such 
iodides is undesirable.- They both decrease the yield and decrease the purity of 
the cis-alkene product. 

We circumvented these difficnlties in the following manner. First, the 
amount of dihydroboration can be decreased by carrying out the hydrobora- 
tion of the 1-alkyne with the dialkylborane at a lower temperature, generally 
-25°C [ 51. Unfortunately, at this temperature the rate of hydroboration-G 
often inconveniently slow. Use of an excess of the I-alkyne, generally lOO%, 
reduces the amount of dihydroboration to an insignificant factor. If .desired,- 
the excess 1-alkyne can be readily recovered by distillation from the hydro- 
boration product. 

Finally, we established that the second difficulty, the-concurrent -formation 
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In summary, the present modification permits a general synthesis of cis-di- 
substituted alkenes of different steric requirements under mild reaction condi- 
tions. A variety of alkenes prepared by this method are listed in Table 1. 

The following procedure for the synthesis of cis-1-cyclopentyl-1-octene is 
representative. To a solution of 5.5 ml BH,Cl - SMe, (50 mmol) in 35 ml of 
CH,Cl, taken in a 500~ml round-bottom flask was added 9.7 ml of cyclo- 
pentene (l.10 mmol) at 0°C under nitrogen. The mixture was stirred at room 
temperature for 2 h, and the solvent was removed under reduced pressure. The 
residue was dissolved by adding 40 ml of THF at O”C, and 7.4 ml of 1-octyne 
(50 mmol) was added, followed by a dropwise addition of 6.0 ml of a 2.2 M 
solution of LiAlH, (13.2 mmol, 5% excess) in THF, with vigorous stirring. 
The reaction was allowed to proceed for 2 h at O”C, followed by 0.5 h at 
room temperature, .then cooled to -78”C, and 45 ml of a 4.4 M solution of 
NaOMe in MeOH (200 mmol) and 12.7 g of Iz (50 mmol) in 50 ml of THF, 
were added sequentially with vigorous stirring. Stirring was continued at -78°C 
for 3.0 h. Any excess iodine present was decolorized by adding an aqueous 
solution of NazSz03. The flask was then brought to room temperature and the 
reaction mixture was extracted with pentane (3 X 75 ml). The organic layer 
was washed with 3 N NaOH solution (50 ml), and water (100 ml), dried over 
anhydrous K&OS, and the solvents were removed under vacuum. Distillation 
afforded 5.6 g (62% yield) of cis-1-cyclopentyl-1-octene, b-p. SO-Sl”C/ 
1.6 mmHg, ng 1.4580. GC analysis indicated 99% chemical purity, and 13C 
NMR showed 99% isomeric purity [9]. 
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