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(m, 21, 2.0 (m, 2 ) ,  1.40 (m, 21, 0.90 (m, 3); uv A,,, (ethanol) 244 nm 
( e  9700); ir 1690 cm-'. 

Anal. (for a mixed V and VI $ample). Calcd for Cl3HI60: C, 
82.93; H,  8.57. Found: C, 82.78; H,  8.67. 

Irradiation of Benzaldehyde and 1-Hexyne. A solution of 
8.09 g (75 mmol) of benzaldehyde and 3.1 g (38 mmol) of 1-hexyne 
was placed in a Pyrex tube and purged with nitrogen for 10 min. 
The tube was then stoppered and irradiated at  a distance of 8 in. 
from the light source. Aliquots were removed from the irradiated 
mixture at  various times and analyzed by vpc. The results for 1.5 
and 7.5 hr are listed in Scheme I. The vpc fractions (at 7.5 hr) were 
collected and the structures determined as follows. Fraction 1 
proved to be 1-hexyne. Fraction 2 was benzaldehyde (83% recov- 
ered). Fraction 3 (0.5%) exhibited an ir spectrum identical with 
that of authentic heptanophenone (IV) (Pfaltz-Bauer Inc.). Frac- 
tion 4 (3%) exhibited ir and mass spectra identical with that of an 
authentic sample of 3-heptenophenone (VI). Fraction 5 (3%) ex- 
hibited ir and mass spectra identical with that of an authentic 
sample of 2-heptenophenone (V). Fraction 6 (4%) exhibited an ir 
spectrum identical with that of deoxybenzoin '(111) prepared by the 
method of Allen and Barker.16 Fraction 7 (8%) sh'owed ir,spectrum 
identical with that of an authentic sample of benzoin (I) (Heyden 
Chemical Co.). Fraction 8 (8%) exhibited an ir spectrum identical 
with that of hydrobenzoin (11) (Sadtler spectrum no. 37,405). Frac- 
tion 9 (57%) showed ir, nmr, and mass spectra identical with that 
of 2-n-butyl-1,4-diphenyl-1,4-butanedione (VI) prepared by the 
procedure of Sawa and coworkers.17 

Other fractions were observed but could not be isolated in a 
large enough yield to characterize. 

Irradiation of a Mixture of V and VI in Benzaldehyde. A 
mixture of V and VI (0.069, 0.32 mmol) and 10 g of benzaldehyde 
was irradiated as above to yield VI1 (67%) along with compounds I, 
11, and 111. Compound VI was recovered. 

Irradiation of V and VI Mixtures in Benzene. In two experi- 
ments a mixture of 78% VI and 22% V and a mixture of 89% V and 
11% VI were irradiated in benzene through a 310-410-nm filter. 
Both irradiations resulted in a mixture greater than 95% VI and 
5% V. Small amounts of compound IV were also formed in these 
reactions. 
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The hydrogenolysis of cyclic and acyclic acetals and ke- 
tals to the corresponding ethers can be effected by alane,2 
chloroalane,2 dichloroalane,2 alkoxyalanes,3 and alkoxy- 
ch l~roa lanes .~  Hydrogenolysis of acetals or ketals by lithi- 
um aluminum hydride (LAH) is rare. However certain al- 
lylic acetals can be reductively rearranged to vinyl ethers 
by LiAlH4 alone. For example, hex-2-enopyranosides led to 
3-deoxyglycals4 and certain vinyl-substituted 2-vinyl-1,3- 
dioxolanes led to 1-propenyl 2-hydroxyethyl ethers5 In the 
light of these results and because of our continuing inter- 
est3,6 in the hydrogenolysis of acetals and ketals, we chose 
to study the reactions of an acetylenic acetal, 2-butynal di- 
ethyl acetal 1. If hydrogenolysis by LAH alone were analo- 
gous to  the allylic acetal reaction, then C-0 bond cleavage 
of the acetylenic acetal with bond migration would yield an 
allenic ether7 2 (Scheme I, path a). Otherwise C-0 bond 

Scheme I 
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cleavage without bond migration would simply lead to the 
acetylenic ether 3 (Scheme I, path b). 

In this work the reaction of 1 with LAH led to trans- 
crotyl ethyl ether 4. To determine if the observed product 
resulted from reduction of allenic ether 2, reduction of 1 
with LAH was repeated and the reaction quenched with 
DzO (Scheme 11). There was found a 65% deuterium incor- 

Scheme I1 

65 % 35 % 

poration at C-2 and 35% a t  C-3.8 For the allenic ether to be 
an intermediate 100% of the hydrogen a t  C-3 must come 
from LAH. When the reduction of 1 was repeated using 
LiA1D4 followed by quenching with HzO, the crotyl ethyl 
ether 4 was found to have 65% deuterium a t  C-3, 35% at C- 
2, and 100% at C- l a  (Scheme 111). For the allenic ether to 
be an intermediate, there would have to be 100% incorpora- 
tion of deuterium a t  C-3 and C-1. 

2-Butynyl ethyl ether 3 was ruled out as a possible inter- 
mediate by allowing it to react with LAH in refluxing ether 
for 48 hr. While 3 gave crotyl ethyl ether 4 in 65% yield, 
35% of 3 remained unreacted. On the contrary no trace of 
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(35%) (65%) 

2-butynyl ethyl ether was found from the reaction of 1 with 
LAH after 24 hr. Therefore it appears that 2-butynyl ethyl 
ether 3 is too unreactive to be considered an intermediate 
in the reaction of 1 with LAH. 

Based upon the results from the above experiments, the 
formation of the observed product trans-crotyl ethyl ether 
4 from the reaction of 2-butynal diethyl acetal 1 with LAH 
can be explained by a pathway involving the nonregiospeci- 
fic addition of LAH or LAD to the triple bond followed by 
hydrogenolysis of the acetal linkage (see Scheme 111). 

A number of the other experiments were also carried out. 
2-Butynal diethyl acetal 1 was smoothly hydrogenolyzed by 
dichloroalane in ether to 2-butynyl ethyl ether 3. 

trans-Crotyl ethyl ether 4 can be obtained by the dichlo- 
roalane hydrogenolysis of trans-crotonaldehyde diethyl ac- 
etal 5 and is identical with the product of the LAH reduc- 
tion of 2-butynal diethyl acetal 1. 

I t  was also determined that crotonaldehyde diethyl ace- 
tal 5 is 8 times more reactive than 2-butynal diethyl acetal 
1. Since the carbon-carbon double bond can stabilize a pos- 
itive charge better than the carbon-carbon triple bond, the 
preceding result is consistent with the accepted mechanism 
of acetal hydrogenolysis which predicts the acetal produc- 
ing the more stable carbonium ion to be more reactive, 
other factors, such as steric, being the same.6 

Experimental Section 

An F&M Model 700 gas chromatograph was used for glpc analy- 
ses. Nmr spectra were obtained with a Varian A-60 spectrometer 
on CDC13 solutions with TMS as an internal standard. 

2-Butynal diethyl acetal 1 and 2-butynyl ethyl ether 3 were ob- 
tained from Farchan Laboratories, Willoughby, Ohio. 

Trans-Crotonaldehyde diethyl acetalg 5 was prepared from 
trans-cortonaldehyde and triethyl orthoformate by a method pre- 
viously described.6 

trans-Crotyl ethyl etherlo 4 was prepared by the dichloralane 
hydrogenolysis of trans-crotonaldehyde diethyl acetal by a method 
previously d e ~ c r i b e d . ~  

Competitive hydrogenolyses of 1 and 5 with alane were carried 
out according to the procedure of Davis and Browas 

Reaction of 2-Butynal Diethyl Acetal 1 with LiAIHd. This 
reaction was carried out by the procedure of Davis and Br0wn.j 
The reaction was repeated using LiAlH4 but quenched with DzO. 
The reaction was also carried out with LiAlD4 and quenched with 
HzO. In each there was obtained an 83% yield of trans-cortyl ethyl 
ether 4 and 12% of starting material. In each case the crotyl ethyl 
ether was subjected to nmr analysis in the following manner. In a 
glove bag with a nitrogen atmosphere, 63 mg of Eu(fod)s was 
weighed into an nmr tube and dissolved in 30 pl of CDC13. The 
glpc-purified crotyl ethyl ether was added to the nmr tube and the 

spectra were run. From the initial amount of 30 pl, the amount of 
crotyl ethyl ether was successively increased to 40, 50, 60, and fi- 
nally 85 rl .  The nmr spectra were run and analyzed as 

Registry No.-l,2806-97-5; 4,1476-06-8; LiAlH4, 16853,85-3. 
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Lithium triethylborohydride has recently been reported 
to be a source of remarkably nucleophilic hydride ion as 
demonstrated by its ability to rapidly reduce organic ha- 
lides susceptable to SN2 disp1acement.l In light of the ap- 
parent high nucleophilicity of this reagent it seemed that 
lithium triethylborohydride might serve as a source of hy- 
dride ion for the displacement of groups which are much 
poorer leaving groups than halide ions, We now wish to re- 
port that this reagent readily effects the displacement of 
tertiary amines from quaternary ammonium iodides in 
THF.2 Results are shown in Table I. 

As can be seen from the results in Table I, aromatic trial- 
kylammonium iodides readily react with lithium triethyl- 
borohydride a t  room temperature to give the tertiary 
amine resulting from the displacement on an alkyl group 
by hydride ion. I t  is also evident that displacement occurs 
predominately on a methyl group in salts containing a t  
least two methyl groups while an appreciable amount of 
deethylation is observed with phenyldiethylmethylammon- 
ium iodide which contains but one methyl group. The sur- 
prising increase in deethylation in this case may be due to 
an increased steric hindrance to the attack on the remain- 
ing methyl group. 

I t  is worthy of note that while the above mentioned salts 
are readily demethylated a t  25', these displacements are 
considerably slower than those involving the displacement 
of halide ion. Under conditions in which n-octyl bromide is 
said to be completely reduced to n-octane (2 min, 25'),1 n- 


