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The photoaddition of Wuinones to olefins has recently been reported as 

a widely-applicable reaction. 
1 

The products in general are Spiro-oretanes, 

u. the adduct (I) is formed in virtually quantitative yield from p-benzoquinone 

and cycle-octene. 

I II III Ip P 

Chloranil forms oxetanes, but addition to its ethylenic bonds can also occur. 2 

We now report that diphenylacetylene readily forma a photo-adduct with P-benso- 

quinone having the fuchsone-like structure (II). Feasible alternative structures 

such as (IV) and (V) derived from addition to an ethylenic bond in the quinone 

have been ruled out. 

In a typical experiment, a solution of P-benzoquinone (5.Og.) and 

diphenylacetylene (12.Og.) in benzene (180 ml.) was irradiated under air in a 

borosilicate glass flask for 18 hr. at 38-*2" et a distance of 12 cm. from an 

Hanovia S-500 medium pressure mercury lamp. The adduct (II), l'-phenyl-l'-benzoyl- 

l-methylenecylohexa-2,5-dien-r-one, (7.9 g., 60% yield) formed yellow hexagonal 

plates, m.p.lOcO: much of the starting materials remained, and the true yield 
was probably almost quantitative. Found: C, 83.9; H,r.q; g (mass spectrum), 286. 

2137 



2118 A photoadduct of p-beusoquinone and dipheuylacetylene No.31 

Calc. for c*OE1402: C, 83.9; B, 4.9; n, 286. This adduct was also 

readily prepared in sunlight in high yields. The ultraviolet spectrum 

had 1 _(E) 207 u+ (14.200), 244.5 w (14,500). 301~ (13,750) 

(shoulder), and 332 w (16,650). This rules out structures (III) and 

(IV). Structure (IV) was also inconsistent with the n.m.r. spectrum 

(proton rations 2:10:2, bands centered atZ 2.8, 3.3, and 3.8 re- 

spectively). 

Catalytic hydrogenation of the adduct (Adams catalyst, or 10% 

Pd on C) led to the consumption of only 2 mol. of hydrogen (no dis- 

continuity at the 1-mol. stage), and the quantitative formation of 

the phenol (VI), m.p. 190", having the correct elemental analysis. 

OrI) (VII) 

Structure (V) for the adduct was thereby eliminated. Structure (VI) for 

the hydrogenated product was established by its typical phenolic re- 

actions (solubility in aqueous NaOll, and formation of an orange dye 

with bensenediasonium chloride), the formation of a diphenylurethane, 

m.p. 96". with phenyl isocyanate. and the n.m.r. spectrum (proton 

ratios 1:2:10:2:1:1:1 at Z values 1.95, 2.67, 2.83, 3.24, 4.48, 5.78, 

and 5.97 respectively, assigned to phenolic OH, aromatic H. aromatic H, 

aromatic H, +l, $C-H, and aliphatic OIh the first and last 

peaks were absent from the spectrum in D20, and from the spectrum of 
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the diacetate, m.p. 122*). 

The adduct (II) reacted with semicarbaside in the pH range 

7.5 -10 to form the colourless phenol @II), m.p. 193'. which gave 

yellow solutions at pH > 10. The adduct (II) vas fairly stable to cold 

aqueous and alcoholic potassium hydroxide, but was rapidly decomposed 

by ethanolic HGl to give bensoic acid and phydroxybenaoic acid. (bi- 

dation with 1Mno4 in refluxing acetone gave bensil (mixed m.p. and 

infrared spectrum) aui benaoic acid. The adduct (II) is thermally very 

stable, and distilled unchanged from a bath at 350°. 

The formation of the adduct can be rationalised in terms of 

an unstable intermediate oxetene (III). tietenes have been postulated 

as intermediates in the addition of dec-5-yne to certain aldehydes 

and ketones. 
3 

Investigation of the mechanism and scope of the present 

reaction is continuing. 
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