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COMMUNICATIONS TO T H E EDITOR 

THE HYDROBORATION OF ACETYLENES—A 
CONVENIENT CONVERSION OF INTERNAL 

ACETYLENES TO CIS OLEFINS OF HIGH PURITY 
AND OF TERMINAL ACETYLENES TO ALDEHYDES 
Sir: 

The hydroboration reaction provides a convenient 
synthetic route for the anti-Markownikoff hy
dration of terminal olefins1 and for the cis hydra
tion of cyclic olefins.2 In extending this reaction 
to acetylenic derivatives, we have observed tha t 
the hydroboration reaction provides a new syn
thetic procedure for the conversion of internal 
acetylenes to cis olefins of high purity,3 and for 
the hydration of terminal acetylenes into the cor
responding aldehydes. 

In ether solvents internal acetylenes, such as 2-
pentyne and 3-hexyne, readily undergo hydrobora
tion to form unsaturated boron derivatives which 
readily are converted to the corresponding cis 
olefins by glacial acetic acid. 
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Analysis by gas chromatography (column, adipo-
nitrile on Celite) of the cj'.y-2-pentene produced in 
this reaction indicated it to be of remarkably high 
purity, approaching 100%, with only traces of the 
trans isomer suggested. Similarly, m-3-hexene 
and «5-2-hexene from the corresponding acetylenes 
are essentially free from the corresponding trans 
isomers, both by gas chromatography (adiponi-
trile) and infrared examination. A minor im
purity of approximately 2%, possibly the isomeric 
cis hexene, was indicated by the chromatograms. 

Direct hydroboration of 1-hexyne was unsuc
cessful. Examination revealed tha t approxi
mately half of the initial 1-hexyne had not reacted, 
whereas the remaining half had added two H - B 
bonds. To circumvent this double addition, we 
utilized a dialkylborane, R2BH, with bulky alkyl 
groups, readily synthesized through hydroboration 
of 2-methyl-2-butene. In this case, the addition 
to 1-hexyne proceeded smoothly and 1-hexene 
was realized in a yield of 90%. Trea tment of a 
similar reaction mixture with hydrogen peroxide 
formed w-hexaldehyde, isolated as the 2,4-dinitro-
phenylhydrazone in 8 8 % yield. Consequently, 
the boron atom must add to the terminal carbon. 

Similarly, t reatment of 3-hexyne with this 
reagent (R2BH) gives an 82%, vield of cw-3-hexene 
of purity > 99%. 

3-Hexyne, 24.6 g., 0.3 mole, was added to 83 
ml. of a 1.00 M solution of sodium borohydride in 
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diglyme. The flask was immersed in ice, flushed 
with nitrogen, and boron trifluoride etherate, 15.0 
g., 0.11 mole, was added over a period of 1 hour. 
After further 30 min. at room temperature, a 
small quant i ty of ethylene glycol was added to 
destroy residual hydride. Then 60 ml. of glacial 
acetic acid was added (maintaining the nitrogen 
atmosphere), and the mixture left overnight a t 
room temperature. The solution was poured into 
ice water, the product collected, dried, and 
distilled: 6 8 % yield of m-3-hexene, b.p. 67.1° at 
754 mm., « 2 0 D 1.3957°. 
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Hydroboration of 2-methyl-2-butene, 33.6 g., 

0.480 mole, was carried out in diglyme solution at 
0° in the usual manner, utilizing 0.180 mole of 
sodium borohydride and 0.240 mole of boron 
trifluoride etherate. To the reaction product, 
freshly prepared, was added 1-hexyne, 16.4 g., 
0.2 mole. After 30 minutes, excess hydride was 
destroyed with ethylene glycol. The product 
was oxidized at 0° with 150 ml. of 15% hydrogen 
peroxide, adding sufficient alkali to maintain the 
solution slightly alkaline (pH 8-9). The reaction 
mixture was treated with water and the aldehyde 
taken up in ether. An aliquot was analyzed for 
w-hexaldehyde. The 2,4-dinitrophenylhydrazone, 
m.p. 104°, indicated a yield of 88.5%,. 
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ISOLATION OF v-glycero-D-manno-OCTVLOSE FROM 
THE AVOCADO 

Sir: 

In a recent examination of the aqueous extract of 
the fruit of the Californian avocado (Calavo; 
Fuerte variety) we isolated a sirupy octulose, of 
[a]20D + 20° in methanol. The yield was about 
1 g. of the sugar from 27 kg. of avocado. On a 
paper chromatogram, sprayed with the orcinol-
hydrochloric acid reagent and heated in an oven at 
110°, the octulose gives a crimson-colored spot tha t 
fades rapidly to gray. The octulose has been 
characterized bv its 2,5-dichlorophenylhydrazone, 
m.p. 169-170° (calcd. for C14H20Cl2N2O7: Cl, 17.76. 
Found: Cl, 17.59). Oxidation of the octulose 
with two molar equivalents of lead tetraacetate 
according to the method of Perlin and Brice,1 

and then acid hydrolysis, yielded D-ribose (I), 
which was identified through its crystalline p-

(1) A. S. Perlin and C. Brice, Can. J. Chem., 34, 541 (195C), 


