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Since a convenient one-step synthesis of allenes was developed by the treat- 
ment of commercially available acetylenic alcohols with hydrochloric acid and 
lithium aluminum hydride ( l ) ,  we became interested in the reaction of other 
acetylene derivatives with lithium aluminum hydride. One of the main uses 
of this versatile reducing agent has been the reduction of olefin derivatives with- 
out the reduction of the carbon-to-carbon double bond. Very little information 
was available in the literature concerning the reaction of lithium aluminum hy- 
dride with derivatives containing a carbon-to-carbon tripie bond. In  the few 
cases reported, a triple bond that was Conjugated with an unsaturated group 
was invariably reduced to a double bond. Thus Chanley and Sobatka (2) reduced 
1- (1 -cyclohexenyl) -1 -butyn-3-01 to 1-( 1-cyclohexenyl) - 1-but en-3-01 with lithium 
aluminum hydride. Micovic and Mikliailovic (3) reduced a series of conjugated 
acetylemc acids to the corresponding olefin alcohols; for example, propiolic acid 
was converted to  allyl alcohol. Similarly, Benedict and Russell (4) reduced acet- 
ylenedicarboxylic acid to  trans-2-bute ?e-1 ,4-&01. 

With the exception of the propargyl halides (1, 5), no other acetylenic deriva- 
tives have been reduced with lithium aluminum hydride. In  previous work (1) 
it was shown that a tertiary propargyl chloride could be reduced with lithium 
aluminum hydride either to  a &mixture of an allene and a small amount of an 
acetylene under mild conditions or to  ,in olefin under vigorous conditions. Wotia 
and eo-workers (5 )  showed that primary and secondary propwgyl bromides gave 
a mixture of allenes and acetylenes and in one case a pure acetylene. 

In  a research program to determine whether an isolated triple bond could be 
reduced by lithium aluminum hydride, the reaction with 1-hexyne, which has 
an active hydrogen, was studied. Even when the acetylene was heated a t  60" 
for 6 days with a dioxane solution of the hydride, the triple bond was unaffected. 
It was also interesting that, a t  0", 4 days was required to effect the evolution of 
the theoretical amount of hydrogen in the reaction of hydride with 1-hexyne. 

3-Hexyne also was unaffected by lithium aluminum hydride. This acetylene 
was recovered unchanged from an ether solution of hydride that had been heated 
under reflux for 10 days 

Since in the previous examples the product from the reduction of a conjugated 
acetylenic acid was an unsaturated alcohol, i t  was of interest to determine 
whether the tripie bond could have been reduced after the carboxyl group was 
reduced to  the alcohol dzrivative. Therefore, a dioxane solution of butynediol (I) 
was heated under reflux with lithium aluminum hydride for 30 hours. In order to 

1 Previous paper in this series, J. Org. Cliem., 20,95 (1955) 
* Office of Xaval Research Fellow, 1951-1953 ; Union Carbide Fellow, 1953-1954. 
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facilitate the isolation of the water-soluble diol from the inorganic salts, the 
procedure for reductive acetylation (6), in which the reduction mixture was 
heated for 2 days with acetic anhydride, was applied. With this procedure a 
31 % yield of trans-1 ,2-diacetoxy-2-butene (111) was obtained. This reaction, 
therefore, is an example of the reduction of an isolated triple bond with lithium 
aluminum hydride and shows that butynediol (I) could be an intermediate in 
the reduction of acetylenedicarboxylic acid. Since this work was completed, 
Bharucha and Weedon (7) reduced 2-butyn-1-01 with lithium aluminum hydride 
to trans-2-buten-1-01, thus showing that the reduction of propargyl alcohols t o  
allyl alcohols is fairly general. The reduction must be closely related to the re- 
duction of cinnamyl alcohol with lithium aluminum hydride to  3-phenylpro- 
panol (8). 

4-Chloro-2-butyn-1-01 (IV) (9), which is both a propargyl alcohol and a pro- 
pargyl chloride, then was investigated in order to  determine which functional 
group has the greatest influence on the course of the reduction. Treatment of IV 
with lithium aluminum hydride produced a 68 % yield of 1,2-butadien-4-01 (V). 
Carothers and Berchet (10) had previously synthesized this very interesting 
allenic alcohol V in low yield by the addition of hydrogen chloride to vinyl- 
acetylene, followed by hydrolysis of the resulting chloride. The structure of V 
was confirmed by hydrogenation and determination of the infrared absorption 
spectrum. Thus V absorbed 2 moles of hydrogen to produce 1-butanol. V also 
showed strong bands in its infrared absorption spectrum at  853,1020,1440, 1980, 
2950, and 3200 cm.-l and medium bands at  918, 1120, 1215, and 1707 cm.-I. 
The starting chloro compound IV had absorption bands a t  962,1065, 1155, 1240, 
1730, 2060, and 2210 crn.-l. 

A dichloroacetylene derivative, 2,5-dichloro-2,5-dimethyl-3-hexyne (VI), was 
reduced with lithium aluminum hydride to produce a 53 % yield of 2,5-dimethyl- 
2 , 4-hexadiene (VII) and a 14 % yield of the allene, 2,5-dimethy1-2,3-hexadiene 
(VIII). The solid diene VI1 had physical properties almost identical with those 
reported by Henne and Turk (11). The structure of VI11 was indicated not only 
by its infrared absorption spectrum but also by agreement of its physical prop- 
erties with those obtained by Krestinsky (12). VI11 showed strong absorption 
bands at  848,895, 1410, 1487, 1538, 1690, and 2960 cm.-l and medium intensity 
bands at  1049, 1152, 1230, and 1980 cm.-'. The starting dichloro compound VI 
has strong absorption bands at  1164, 1232, 1298, and 2080 cm.-' and medium 
bands a t  812, 1045, and 2240 cm.-l. 

The present work indicates that isolated triple bonds are not reduced by 
lithium aluminum hydride but that an acetylene with an alpha halogen group 
has a strong tendency to  undergo allylic rearrangement during reduction, while 
an acetylene with an alpha hydroxyl group can be reduced to an olefinic alcohol. 
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EXPEF~IMENTAL~ 

Materials. 2,5-Diohloro-2,5-dimethyl-3-hexyne (VI), b.p. 56-57' (9 mm.), ni5 1.4597 
[reported (13) b.p. 62" (14 mm.), nta 1.46031, was prepared in a 45% yield by the treatment 
of 2,5-dimethyl-3-hexyne-2,5-dio14 with gaseous hydrogen chloride, according t o  the pro- 
cedure of Hennion and Banigan (13). 

I-Butyne-l,4-dioE (I) was obtained as a :35% aqueous solution from the General Aniline 
and Film Gorp. Evaporation of the water, followed by distillation of the residue under 
reduced pressure, produced the colorless diol I, b.p. 115" (0.15 mm.), m.p. 56-57' [reported 
(14) m.p. 57.5'1. 

4-Chloro-2-butyn-1-01 (IV), b.p. 50" (0.5 mm.), n:5 1.4976 [reported (8) b.p. 50" (0.5 mm.), 
ni5 1.49801, was prepared from 2-butyne-1,4-diol (I) and thionyl chloride in a 48% yield. 

3-Hexyne, b.p. 80.4-80.5" (759 mm.), n:5 1.4090 [reported (15) b.p. 81.9", d5 1.40921, was 
obtained by distillation of a commercial sample (Farchan Research Laboratories) through 
a 6-inch, helix-packed column. 

1-Hexyne, b.p. 70.0-70.6", n:' 1.4001 [reported (16) b.p. 7(t72", n:' 1.39901, was also ob- 
tained by distillation of a commercial sample (Farchan Research Laboratories) through the 
same column. 

Attempted reduction of I-hezyne. A mixture of 44.0 g. (0.536 mole) of 1-hexyne and 14.0 g. 
(0.368 mole) of lithium aluminum hydride in 150 ml. of dioxane was stirred at  0" for 4 days. 

3 The authors are indebted t o  Kathryn Gerdeman for the analysis and t,o Joseph Weno- 
grad, Franklin Byers, Kathyrn Gerdeman, and Dr. Robert A. Spurr for the infrared ab- 
sorption spectra. A Perkin-Elmer model 12-C infrared spectrophotometer, modified for 
double pass operation, was used. 

The authors are grateful t o  the Air Reduction Co. for a generous supply of this acetyl- 
enic glycol. 
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Hydrogen was still being evolved after 3 days. The complex was decomposed as usual and 
the volatile hydrocarbon was removed by extraction with toluene. Distillation of the dried 
toluene extracts through a 6-inch, helix-packed column produced 38.9 g. (88%) of the 1- 
hexyne, b.p. 69-71", do 1.4004, with no evidence of any reduction t o  the corresponding 
olefin or paraffin. 

When equivalent quantities of 1-hexyne and lithium aluminum hydride in dioxane were 
heated for 6 days a t  60" and the reaction mixture was worked up in the same way, the 1- 
hexyne was again recovered unchanged. 

Attempted reduction of 3-hezyne.  A mixture of 45.6 g. (0.556 mole) of 3-hexyne and 21.2 g. 
(0.557 mole) of lithium aluminum hydride in 250 ml. of anhydrous ether was heated under 
reflux with stirring for 10 days. After the reaction mixture was worked up in the usual way, 
distillation of the dried ether solution of the hydrocarbon through a 6-inch, helix-packed 
column produced 40.4 g. (88.5%) of 3-hexyne, b.p. 79-51", nz5 1.4088. No evidence of the 
formation of any 3-hexene or n-hexane was found. 

t r a n s - 1 , 4 - D i a c e t o z y - ~ - ~ ~ ~ e n e  (111). To  a stirred slurry of 28.5 g. (0.75 mole) of lithium 
aluminum hydride in 350 ml. of anhydrous dioxane was added through a dropping-funnel 
over a period of 1.5 hours a solution of 43.0 g. (0.50 mole) of 2-butyne-1,4-diol (I) in 120 
ml. of anhydrous dioxane. After the mixture had been stirred and heated under reflux for 
an additional 28 hours, the excess hydride was decomposed by the addition of 36 g. of water 
in 40 ml. of dioxane. Acetic anhydride (300 ml.) then was added dropwise t o  produce an 
extremely thick reaction mixture. However, after the mixture had been stirred and heated 
under reflux for 44 hours, i t  became quite fluid. The mixture then was cooled t o  approxi- 
mately 60" and was filtered rapidly through a Buchner funnel. The insoluble salts were 
washed with two 25-ml. portions of acetic anhydride, and the washings were combined with 
the original filtrate. After the filtrates were concentrated to  about 150 ml. by vacuum dis- 
tillation of the solvents a t  40" through a 6-inch, helix-packed column, the cold residue was 
washed with a cold, saturated sodium bicarbonate solution until the washings remained 
basic to  litmus paper. The aqueous washings were re-extracted with three 100-ml. portions 
of ether, and the combined ether layers plus the original organic layer were dried over- 
night with potassium carbonate. After the etherwas removed by distillation, the residuewas 
fractionated through a 6-inch, helix-packed column to yield 26.5 g. (31%) of trans-1,4- 
diacetoxy-2-butene (111), b.p. 62-63' (0.28 mm.), n? 1.4430, m.p. 13.615.5" [reported b.p. 
116" (12 mm.) (17), nzo 1.4435 (17), m.p. 14-16' (IS)]. 

1 , e - B ~ t a d i e n - 4 - o l  (V).  To a stirred slurry of 23.0 g. (0 605 mole) of lithium aluminum 
hydride in 800 ml. of anhydrous ether was added dropwise, over a period of 1.3 hours, 30.0 
g. (0.287 mole) of 4-chloro-2-butyn-1-01 ( IV)  in 200 ml. of anhydrous ether. After the mixture 
was heated under reflux for an additional 2 hours, the excess hydride was decomposed with 
water and enough 20% hydrochloric acid was added t o  lower the pH of thesolutionto2. The 
water layer was extracted continuously for 3 days with 200 ml. of ether, and this extract 
was combined with the original ether layer. After the combined ether solution was dried 
over potassium carbonate, the ether was removed by distillation and the residue was frac- 
tionated through a 10-inch, helix-packed column to produce 13.8 g. (68%) of 1,2-butadien- 
4-01 (V), b.p. 68-69' (45mm.), nt5 1.4754, d:O0.913 [reported (10) b.p. 68-70' (53 mm.), n:' 
1.4759, di0 0.9161. 

Anal. Calc'd for CaHaO: C, 68.60; H ,  8.57. 

A larger run, made by the use of 104.5 g. (1.0mole) of the chlorohydrin I V ,  47.5g. (1.25 
moles) of lithium aluminum hydride, and 1400 ml. of ether, yielded 38.5 g. (56%) of the al- 
lenic alchol V.  

Hydrogenation of 1.136 g. (0.0162 mole) of 1,2-butadien-4-01 (V) in70 ml. of distilled water 
in the presence of 0.50 g. of Adams catalyst (PtOz) a t  23" and 763 mm. resulted in the ab- 
sorption of 766 ml. (97.8%) of hydrogen in 44 hours. The n-butyl alcohol formed in the 
reduction was identified as its 3,5-dinitrobenzoate, m.p. 6464.5" [reported (19) m.p. 64'1. 
A mixture melting point determination with an authentic sample of n-butyl 3,5-dinitro- 
benzoate showed no depression. 

Found: C, 68.54; H ,  8.52. 
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Reduction of B,6-dichloro-8,6-dimethyl-S-hexyne (VI). To a stirred slurry of 25.0 g. (0.650 
mole) of lithium aluminum hydride in 1 liter of anhydrous ether was added dropwise over a 
period of 1.2 hours 116 g. (0.648 mole) of 2,5-dichloro-2,5-dimethyl-3-hexyne (VI). After 
the mixture was heated under reflux for an additional 20 hours, the excess hydride was de- 
composed by the addition of cyclohexanone, and enough 20% hydrochloric acid was added 
to produce a clear solution. The aqueous layer was extracted with three 150-ml. portions of 
ether, and the extracts were combined with the original ether layer. This ether solution waa 
dried for 4 hours with calcium chloride and then was dried overnight with Drierite and 
potassium carbonate. After the ether was removed by distillation, the residue was fraction- 
ated through a 6-inch, helix-packed column t o  yield 9.85 g. (14%) of 2,5-dimethyl-2,3- 
hexadiene (VIII), b.p. 1W122.5°, n? 1.4505 [reported (12) b.p. 119-123", n? 1.450541, and 
37.6 g. (53%) of slightly impure 2,5-dimethyl-2,4-hexadiene (VII), b.p. 132-134" (747 mm.), 
n? 1.4731. Fractional crystallization of this diene produced a highly purified sample of 
VII, nz5 1.4752, m.p. 13.6-13.7' [reported (11) b.p. 134.5", m.p. 13.94", n? 1.47811. 

STJMMARY 

Although the simple acetylenes, 1-hexyne and 3-hexyne, could he recovered 
unchanged from lithium aluminum hydride solutions, 2-butyne-1 ,4-diol was, 
in effect, reductively acetylated with lithium aluminum hydride and acetic an- 
hydride to yield 1 ,4-diacetoxy-2-butJene. The very interesting allenic alcohol, 
1,2-butadien-4-01, was synthesized in a 68 % yield by reduction of 4-chloro-2- 
'butyn-1-01. Lithium aluminum hydride reduced 2,5-dichloro-2 ! 5-dimethyl-3- 
hexyne to 2,5-dimethyl-2,3-hexadiene plus 2,5-dimethy1-2,4-hexadiene. 

COLLEGE PARK, MARYLAND 
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