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The photoreactions of benzaldehyde have been reported 
extensively. Some of these include  photooxidation^,^ pho- 
toreduct ion~,~  cycloadditions to form oxetanes5 and sus- 
pected oxetene intermediates,6 and mechanistic studies 
using chemically induced dynamic nuclear polarization 
(CIDNP)  technique^.^ We wish to report on the products of 
the ultraviolet irradiation of benzaldehyde and 1-hexyne. 

Mixtures of 1-hexyne and benzaldehyde were irradiated 
through Pyrex under a nitrogen atmosphere. The reaction 
mixture was separated by vapor phase chromatography 
(vpc) and the products (Scheme I) were analyzed by com- 
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parisons with authentic samples some of which were pre- 
pared in our laboratory. Products V and VI were both iso- 
lated in the course of preparing V. The structures are con- 
sistent with their nmr spectra. The aliphatic portion of the 
nmr spectrum for V is the same as that for 1-hexene while 
the aliphatic portion of the nmr spectrum for VI is the 
same as that for 1-pentene. We believe that compound V 
has the trans form because the infrared spectrum has two 
carbonyl bands.8 Six per cent of the benzaldehyde was con- 
verted in 1.5 hr and 17% in 7.5 hr. The listed yields are 
based on the actual conversion of the benzaldehyde. 

Products I, 11, and I11 were formed from benzaldehyde- 
benzaldehyde reactions as previously reported.2 As shown 
by the products, radical addition to 1-hexyne to form IV- 
VI1 dominates, but radical pair formation7a and hydrogen 
abstraction4 mechanisms are also in evidence. We believe 
that benzoyl radicals formed by hydrogen abstraction from 
benzaldehyde add to the first carbon of 1-hexyne as has 
been observed for the addition of free radicals to l-alk- 
y n e ~ . ~  The resulting hexenyl radical (C6H&(=O)- 
CH=CCdHg) would abstract a hydrogen from another 
benzaldehyde or from a 1-hexyne molecule to form 2-hep- 
tenophenone (V). This reaction is similar to that reported 
by Wiley and Harrell for the cobalt-60 induced addition of 

various aldehydes to the esters of maleic and acetylenedi- 
carboxylic acids.1° Product IV is formed by a photochemi- 
cal reduction of V. Indeed, irradiation of V gave IV proba- 
bly in a similar manner as that reported by Griffin and 
O’Connell for the reduction of cis-dibenzoylethylene.ll 
Product VI1 is formed by further addition of benzaldehyde 
to V as shown by the fact that irradiation of V in benzalde- 
hyde gave a high yield of VI1 in a very short period of time. 
I t  is instructive to note that product VI1 was the major 
product of the overall reaction. This is probably a result of 
the high reactivity of V toward radical reactions. The sec- 
ond benzoyl radical added to  the second carbon of the orig- 
inal 1-hexyne, giving the more stable radical cy to the ben- 
zoyl group. This reaction has possible value as a prepara- 
tive method for y-diketones although we made no attempt 
to  study the preparative aspects.12 Product VI probably re- 
sulted from a simple photochemical isomerization of V as 
first shown by Yang and Jorgenson.13 In our case, mixtures 
of V and VI, when irradiated, gave products which con- 
tained 95% or more of compound VI. 

We do not believe that the addition of benzaldehyde to 
1-hexyne involves the cycloaddition of triplet state benzal- 
dehyde to the unsaturated system to form an oxetene as re- 
ported by Buchi and coworkers.6 They obtained 6-benzyli- 
dene-5-decanone when benzaldehyde was irradiated in 5 -  
decyne. They proposed an oxetene intermediate which 
opened to give the observed product.6 In our reaction of 
benzaldehyde with 1-hexyne, two different oxetene inter- 
mediates (VI11 and IX) would be possible. Ring opening of 
these intermediates would lead to 1-phenyl-1 -hepten-3-one 
(X) and a-n-butylcinnamaldehyde (XI). Neither X nor XI 
was found in our reaction indicating that an oxetene inter- 
mediate is not involved. 
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Experimental Section 
Materials and  Apparatus.  Spectra were obtained as follows: ir, 

Perkin-Elmer Model 457 spectrophotometer; nmr, Varian A60-A; 
uv, Cary Model 15 spectrophotometer; mass spectra, Varian MAT- 
111 gc-ms system using a 4 ft  X in. column packed with 3% SE- 
30 on Chromosorb W. A Varian Aerograph 202-B temperature pro- 
gramming vapor phase chromotograph (vpc) was used to analyze 
and separate all reaction mixtures. Accurate analytic analyses were 
carried out using a 4 ft  X 0.25 in. stainless steel column packed 
with 4% CaLbowax 20M on Chromosorb G/AW, 80-100 mesh. 
Quantitative yields were obtained by calibrating the columns with 
a mixture of weighed amounts of the compounds to be ana1y~ed. I~  
A Hanovia 450-W medium-pressure lamp was used for all irradia- 
tions. Benzaldehyde (J. T. Baker) and 1-hexyne (Chemical Sam- 
ples Co.) were distilled prior to use. 

Prepara t ion  of 2-Heptenophenone (V).15 Phenacyltriphenyl- 
phosphonium bromide (0.65 g, 14.1 mmol), prepared from triphen- 
ylphosphine and 2-bromoacetophenone, was dissolved in 25 ml of 
ethanol containing about 0.1 g of potassium hydroxide. To this so- 
lution was added 0.23 g (2.68 mmol) of pentanal in 25 ml of te- 
trahydrofuran. This mixture was refluxed for 25 hr and evaporated 
leaving a yellow liquid and a white solid. The liquid was separated 
on the vpc to give compounds V (65%) and VI (35%). Compound V 
exhibited the following spectra: nmr b 7.85 (m, 2), 7.40 (m, 3 ) ,  6.80 
(m, 2), 2.20 (m, 2), 1.40 (m, 4), 0.95 (m, 3); uv A,,, (ethanol) 238 
nm ( 6  18,000); ir 1673 and 1625 cm-’. Compound VI exhibited the 
following spectra: nmr 6 7.85 (m, 2), 7.40 (m, 3 ) ,  5.55 (m, 2 ) ,  3.60 
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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 
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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 


