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1-Hexene and 2-cyclopropyl-1-penteue are unaffected by sodium in liquid ammonia and by sodium and ammonium bro- 
mide in liquid ammonia; however, they are reduced by sodium and methanol in liquid ammonia to  hexane and 2-cyclopropyl- 
pentane, respectively. 2-Hexene is unaffected by sodium and methanol in liquid ammonia. 

It has been proposed that a conjugated cyclo- 
propylalkene behaves like a conjugated diene 
toward catalytic hydrogenation, and can add hy- 
drogen by either a 1,2- or a 1,4-me~hanism.~ 

Our interest in the mechanism of homogeneous 
hydrogenation* prompted the study of the reduction 
of cyclopropylalkenes by sodium in liquid am- 
monia. Conjugated dienes are reduced by this 
reagent, whereas simple monoolefins are ~naf fec ted .~  
The reduction of methyl cyclopropyl ketone by 
sodium and ammonium sulfate in liquid ammonia 
yields 2-pentanone and 2-pentanol excl~sively.3~ 
This reaction presumably involves a conjugate 
type of reduction. 

In the present study it was found that k y c l o -  
propyl-1-pentene was unaffected by sodium in 
liquid ammonia and by sodium and ammonium 
bromide in liquid ammonia, but was reduced by 
sodium and methanol in liquid ammonia to 2- 
cyclopropylpentane. No other product, except the 
starting olefin, was obtained. 

Although the literature6 contains numerous 
examples of the inertness of simple monoolefins 
to sodium in liquid ammonia, there is no example 
of the reaction of a simple olefin with sodium and 
liquid ammonia in the presence of a hydrolytic 
agent. The successful reduction of the cyclo- 
propylalkene prompted us to extend the study to 
1-hexene and 2-hexene. 

1-Hexene gave a 41% yield of hexane with sodium 
and methanol in liquid ammonia when the theo- 
retical amount of sodium was used. The remainder 
of the product was unreacted 1-hexene. 2-Hexene 
was unaffected under the same conditions. KO 
reaction took place with 1-hexene when ammonium 
bromide was employed as the hydrolytic agent 
instead of methanol. 

Experimental 
All reactions were run in a clear Dewar vessel which was 

fitted with a sealed stirrer, an addition tube, and a Dry Ice 
condenser N ith a sodium hydroxide drying tube. 

Reaction of 1-Hexene with Sodium and Ammonium Bro- 
mide in Liquid Ammonia.-To a mixture of 8.4 g. (0.10 
mole) of 1-hexene (Phillips Petroleum Co., pure grade) and 
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150 ml. of a liquid ammonia solution containing 39.2 g. 
(0.40 mole) ammonium bromide was added 4.6 g. (0.20 
mole) sodium over a period of 40 minutes. The reaction 
mixture never acquired more than a pale blue color, indicat- 
ing that the sodium was reacting very rapidly after i t  had 
dissolved in the liquid ammonia. Stirring was continued 
for 30 minutes and the reaction mixture was then diluted 
with cold water. The infrared spectrum of the organic 
layer indicated that it was pure 1-hexene. Apparently the 
sodium had reacted only with ammonium ion. 

Reaction of 1-Hexene with Sodium and Methanol in 
Liquid Ammonia.-A mixture of 21 .0 g. (0.25 mole) of l-hex- 
ene and 32 g. (1.0 mole) of methanol was diluted with liquid 
ammonia to a total volume of about 300 ml., and 11.5 g. 
(0.50 mole) of sodium was added over a period of 100 min- 
utes. Stirring was continued for 60 minutes, and the white 
reaction mixture was then diluted with cold water. The 
infrared spectrum of the organic layer showed i t  to be a mix- 
ture of 1-hexene and hexane. Mass spectrographic analysis 
indicated that 41% of the mixture consisted of hexane. 

Reaction of 2-Hexene with Sodium and Methanol in 
Liquid Ammonia.-A mixture of 21.0 g. (0.25 mole) of 2- 
hexene (Phillips Petroleum Co., technical grade) and 32 g. 
(1 .0 mole) of methanol was diluted with liquid ammonia to 
a total volume of abcut 300 ml., and 11.5 g. (0.50 mole) 
sodium was added over a period of 85 minutes. Stirring 
was continued for 40 minutes, and the white reaction mix- 
ture was then diluted with cold water. Infrared and mass 
spectrographic analysis of the organic layer indicated the 
formation of a maximum of 0.5y0 of hexane, some or all of 
which may have been derived from impurities in the 2-hex- 
ene. 

Reaction of 2-Cyclopropyl-1-pentene with Sodium and 
Liquid Ammonia.-To a mixture of 10.1 g. (0.09 mole) of 
2-cyclopropyl-1-pentene and 200 nil. of liquid ammonia was 
added 0.24 g. (0.01 mole) of sodium. Stirring was continued 
for 4 hours, a t  the end of which time the reaction mixture 
still had the deep blue color characteristic of solutions of 
sodium in liquid ammonia. The sodium was treated with 
ammonium bromide and the reaction mixture diluted with 
cold water. The infrared spectrum of the organic layer in- 
dicated that it was pure 2-cyclopropyl-1-pentene. 

Reaction of 2-Cyclopropyl-1-pentene with Sodium and 
Ammonium Bromide in Liquid Ammonia.-To a mixture of 
11.1 g .  (0.10 mole) of 2-cyclopropyl-I-pentene and a solu- 
tion of 44.1 g. (0.45 mole) of ammonium bromide in 20G ml. 
of liquid ammonia was added 9.2 g. (0.40 mole) of sodium 
over a period of one hour. Stirring was continued for 3 
hours, and the white reaction mixture was then diluted with 
cold water. The infrared spectrum of the organic layer iii- 
dicated that i t  was pure 2-cyclopropyl-1-pentene. 

Reaction of 2-Cyclopropyl-1-pentene with Sodium and 
Methanol in Liquid Ammonia.-To a mixture of 22.2 g. 
(0.20 mole) of 2-cyclopropyl-l-pentene, 60 ml. ( c a .  1.5 
moles) of methanol and 100 ml. of liquid ammonia was added 
18.5 g. (0.80 mole) of sodium over a period of 3 hours. 
Stirring n-as continued for 1.5 hours and the white reaction 
mixture diluted with cold water. Infrared analysis of the 
organic layer indicated that ca. 40y0 of the 2-cyclopropyl-l- 
pentene had been reduced to  2-cyclopropylpentane, and that 
no other products had been formed. 

Discussion 
In 1951, King reported the only example of the 

chemical reduction of a carbon-carbon double 
bond that was not conjugated with another un- 
saturated center.6 He found that three allyl- 
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amines, N-allylpiperidine, N-2-methylallylpiperi- 
dine and diethyl-2-methylallylamine, were reduced 
by sodium and methanol in liquid ammonia to the 
corresponding saturated amines, while N-crotyl- 
piperidine, N-2-t-butylallylpiperidine, N-cyclohex- 
2-enylpiperidine and N-2,3,4,5-tetrahydrobenzyl- 
piperidine were unaffected by the same reagent. 
In no case was a non-terminal olefin reduced. 

The successful reduction of 1-hexene invalidates 
the generally held opinion that isolated carbon- 
carbon double bonds are inert in metal-liquid 
ammonia systems. Failure to obtain reduction 
of 2-hexene is consistent with King’s observationa 
that reduction of non-conjugated olefins under 
these conditions is confined to terminal double 
bonds. A satisfactory interpretation of these 
results must await further experimental data. 

The reduction of 2-cyclopropyl-1-pentene by 
sodium and methanol in liquid ammonia does not 
appear to proceed more readily than the similar 

reduction of 1-hexene and gives no ring-opening 
products. The reduction of the cyclopropyl olefin 
would thus indicate that the conjugation between 
the cyclopropyl group and the ethylenic linkage is 
not a first-order conjugation. This result is in 
agreement with considerable spectroscopic evidence 
that the conjugation of the cyclopropyl group with 
an unsaturated center is a second-order conjuga- 
tion, that is, hyperconjugation. 
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Extent of attack on the secondary carbon by halide ion on propylene oxide in ring-opening reactions with hydrogen chlo- 
ride, hydrogen bromide and with hydrogen iodide has been found to decrease in the order C1 > Br > I and to increase 
with increase in temperature. Entropies and enthalpies of activation have been calculated and the differences are ration- 
alized by consideration of transition state structures. Significant solvent effects in the reactions also have been observed. 
Addition of positive halogen 3,5-dinitrobenzoates to propylene has been found to afford largely the secondary ester, with an 
increase in primary ester formation accompanying an increase in temperature. Analysis of isomeric content of reaction prod- 
ucts was accomplished largely by infrared spectrophotometric methods. 

As part of a general study of factors affecting the 
direction of ring opening in unsymmetrically sub- 
stituted ethylene oxides, a comparison has been 
made of the reactions of the simplest of these com- 
pounds, propylene oxide, with hydrochloric, with 
hydrobromic and with hydriodic acid. The choice 
of propylene oxide as a substrate for such a study 
was dictated by the following considerations: (1) 
the reaction of propylene oxide with hydrochloric 
acid is known1 to give a mixture of isomers; (2) 
from the data of Levene and Walti,2 it may be as- 
sumed that reaction a t  either carbon takes place 
with Walden inversion and that the kinetics for 
both reactions are presumably the same; (3) the 
smaller the molecule, the greater are the expected 
differences in the properties of the primary and 
secondary alcohol products, since the functional 
group is a correspondingly greater part of the mole- 
cule; and (4) the propylene chlorohydrins have 
already been prepared and characterized. 3 

Smith and Skylel reported that both hydrochlo- 
ric and hydrobromic acids gave 90% of attack of 
halogen a t  the primary carbon of glycidol, while 1,2- 
epoxybutane has been found4 to give increasingly 
(1) L. Smith and S. Skyle, Acta Chem. Scand., 6 ,  1415 (1951). 
(2) P. A. Levene and A. Walti, J. Bid .  Chem.,  7 3 ,  263 (1926). 
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Wert, J .  Org. Chcm., 17, 623 (1952). 

greater attack in the primary position as the size 
of the halogen increases. In this connection, i t  is 
significant that  Swain6 has provided quantitative 
evidence for the long accepted generalization that 
the base strengths toward carbon of the halide ions 
are in the same order as the size of the ions, that is, 
chloride < bromide < iodide. 

From the theory of absolute reaction rates, the 
relative rates of formation of two isomers from the 
same reactants may be related by the equation6 

If k1 and k? are constants for the reactions 
ki 

CHiCHOHCHiX (A) 

CH3CHXCHsOH (B) 
CH~CH-CHZ + H X - - I  

kz 

then from a plot of the reciprocal temperature versus 
the logarithmic ratio of product A to product B ob- 
tained in the reaction, i t  should be possible to evalu- 
ate the differences in entropy and enthalpy of ac- 
tivation from the intercept and slope of the straight 
line predicted from the equation 1. If the differ- 
ences between chloride, bromide, and iodide are due 
only to steric effects, one might expect that the en- 
(5) C. G. Swain, C. B. Scott and K. H. Lohmann, THIS JOURNAL, 
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