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Photocycloaddition of Propionaldehyde to Ethyl Vinyl Ether1)
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It has been reported that aliphatic aldehyde add

to highly-alkylated olefins, such as tri-and tetra-

methylethylene, to give oxetanes photochemically.2)

However, in the cases of 1-olefins (e.g., 1-hexene

or 1-octene) ketones (1) are mainly formed by the

radical chain mechanism.3)

by

(Ⅰ)

The photoreaction of aliphatic aldehydes with

electron-deficient olefins also gives ketones.4)

In this communication, we wish to report on

the photochemical formation of oxetanes from

propionaldehyde and ethyl vinyl ether.5) A solution

containing 70g of ethyl vinyl ether and 32g of

propionaldehyde was irradiated, using a 350-W

high-pressure mercury lamp and a Pyrex filter,

at 20℃ under nitrogen for 20hr. After the sub-

sequent evaporation of the unreacted materials,

a fraction boiling at 60-70℃/27mmHg was

collected; yield, ca. 10g.6) It contained two main

products (more than 85%) and several minor

products.7) A mixture of the two main products

(in almost a 1:1 ratio) was isolated using a prepara-

tive VPC; by 64℃/27mmHg, nD28 1.4133. Found:

C, 64.50; H, 11.08%; mol wt,8) 133. Calcd for

C7H12O2: C, 64.58; H, 10.84%; mol wt, 130.

The structure Ⅱa was assigned on the basis

of spectral data. The IR spectrum showed a strong

(Ⅱa) (Ⅱb)

band at 970cm-1 (oxetanes) and neither hydroxyl

nor carbonyl absorptions. The NMR spectrum

showed resonances at a 5.3-6.2 (4H, complex

multiplet),τ6.68 (2H, quartet, He),τ8.40 (2H,

quintet, H9),τ8.88 (3H, triplet, Hf), andτ9.12

(3H, triplet, Hh).9) Four hydrogens on the oxetane

ring appear atτ5.3-6.2. If the oxetanes had the

structure Ⅱb, Hd' would be present in the lower

field due to the adjacent two oxygens and would

have an appreciably different τ value from those

of Hb' and Hc'.10) On the other hand, if they had

the structure Ⅱa, all of the four hydrogens on the

ring would be in the α-position relative to the

oxygens and would be expected to give complex

multiplets because of their similar τ values and

because of the complex coupling between them.

On the basis of these data, two these oxetanes were

confirmed to be cis- and trans-isomers of Ⅱa.

Generally, one cannot obtain oxetanes in the

photoaddition of aliphatic aldehydes to 1-olefins.

This is mainly because of the slow rate of the forma-

tion of oxetanes compared with that of the formation

of free radicals. It is well established that the

formation of oxetanes proceeds via the attack by

the electrophilic oxygen atoms of the nπ* triplet

states of carbonyl compounds on olefins with

electron-donating groups. Therefore, oxetanes are

easily obtained in the photoaddition of propion-

aldehyde to ethyl vinyl ether. In this case, very

few ketones are formed. This may be due to the

high probability of polymerization in ethyl vinyl

ether. The orientation of the resulting oxetanes is

that to be expected from a consideration of the

more stable biradical intermediate. It is interesting

that 1-olefins, with an electron-donating sub-

stituent, give mainly oxetanes upon the photo-

addition of aliphatic aldehydes.
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