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The photoaddition of olefins and |,3~dienes to p-benzoquinone has received considerable

attention,!

The light-induced addition of diphenylacetylene (tolan} to p-benzoquinone is
known? to afford the adduct | in high yield, presumably yig the intermediate oxetene Il.2a

Herein we report that alkynes undergo photoaddition fo methoxy-p-benzoquinone efficiently
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and stereoselectively to afford the novel bicyclo [}.2.6] octa=3,7-diene~2,5~dione ring system,
Irradiation® of an acetonitrile solution (40 mi) containing methoxy-g—benZOquinone

(435 mg, 0.079 M) and diphenylacetylene (4.15 g, 0.58 M} for two hours, followed by carefui

silica gel chromatography, resulted in the isolation of a single adduct and unreacted starting

materials. After recrystallization from ether-hexane, the adduct, m.p. 130~1319C, was isolate

In about 50% yield {based on recovered starting material) and was assigned the structure illa

on the basis of infrared, uitraviolet, nmr, and mass spectra.
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a) R=R'=f cIR=f, R =H
b) ReR'=CH dIR=H R '=4f
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The elemental anaiysis (Calc, for C2'H,603 :t C, 79.7; H, 5,1, Found: C,79.8; H, 5,2,)
and molecular weight (316 by mass spcctromefry)4 are consistent with this formulation.
ethanol

The uitraviolet spectrum exhibits n 382 mple774) (shoulder), 292 (1,08 x |o4l, and

223 (3,07 x 10%), indicating the presence of both the ciz-stiibene { A cyciohexane

max

. ethanol
275 11,07 x 10*) and 224 (2.26 x 1011 and 1,3-dione-2ene chromophores tfor 1v,5 7

max
360 (60) and 223 (1,19 x 104)). The spectrum is incompatible with a |,3~dione-2-methoxy—2-ene

7
part structure (for V (ReCHy),” ) ethanol 545 (160) (shoulder) and 269 (8.4 x 103). The
max
infrared spectrum of the adduct shows a singie carbonyl band at 5.93 ¢ in contrast fto that of

V(R=H),8 which exhibits carbonyl bands at 5,88 and 6,04 ¥ lending further support to our

formulation,
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Four regions of resonances In the area ratios of 10:2:1:3 for asromatic, vinyl, methine,
and methoxyi hydrogens, respectively, are disptayed in the nmr spectrum 9 of Illa, The
aromatic hydrogens appear as a complex multipiet at lowest fieid; the vinyl hydrogens, as an
AB quartet centered at 395 cps {J=I10 cps) with A calculated at 401 cps, B, at 389, and B
further split into a doublet (J&1,5 cps}., The methine and methoxy| hydrogens appear at 255 cps
(broad} and 203 cps, respectively, Viewed in total the physical and spectral properties of
.the adduct provide compelling evidence for the assignment i{lla,

An interesting feature of the mass spectrum of li{a is noteworthy, While the most
intense line corresponds to the molecular ion at m/e 316 (arbitrarily taken as 100%), the most
aboundant ion fragment is at m/e (9] (57%) as compared to m/e |78 {19%), which probably
represents the diphenylacetylene ion radical, This suggests that fthe ionization process
resulting in the 191 fragment is more important than retro-addition, A |ilkely candidate for
this fragment is the diphenylcyclopropenium ion,

Photoaddition to methoxy-p-ben-oguinone is not restricted to aromatic alkynes, Thus,
2~butyne reacfs3 to afford the adduct t1ib together with considerable amounts of ether-
insoluble polymeric material, After purification by silica gel chromatography and

recrystallization from ether—hexane, the pure adduct, m.p. 50-5i9C, was isolated in 30% yield,
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it prevides the correct elemental anaiysis (Calc. for C“leo3 : C, 68.7; H, 6,3 Found:

C, 68.8; H, 6.4). and molecutar weight (i92 by mass spectrometry). The uitraviolet spectrum
exhibits ) :::'”' 387m p( € 155), 283 (299) (shoulder), and 223 (1,30 x 10%); the carbonyl
band in the infrared spectrum appears at 5,94 p,

Four regions of resonances are displayed in the nmr spectrum of (I|lb with area ratios
of 2:1:316 for vinyl, methine, methoxyl and C-methy! hydrogens, respectively. The vinyl
hydrogens appear as an AB quartet centered at 394 cps (J=I0 cps) with A calculated at 397,

B, at 391, and finer splittings superimposed on all the {ines, The methine and methoxyl
hydrogens appear at 215 cps (broad) and 199 cps, respectively; the C—methy! hydrogens, as a
complex multipiet centered at 102 cps.

Pheny! acetylene undergoes photoadditian> fo mefhoxy-g—benZOquinone efficientty and
stereoselectively to afford a single adduct, m.p, 124-125°C, isolated in 80% yield after
purification (Calc, for C|5H1203 t C, 75.0; H, 5.0, Found: C, 74.9; H, 5.1.)., The spectrali
properties of the adduct clearly indicate that addition occurs, as with diphenylacetylene and
2-butyne, to the methoxyl-side of the quinone;‘0 however, this evidence may be accomodated,
as well, by structure lllc or |11d. Pertinent to this problem is the nmr spectrum of the
adduct, which displays four regions of resonances in the area ratios of 5:3:1:3 for aromatic,
vinyl, methine and methyl hydrogens, respectively, The three vinyl hydrogens appear as four
peaks at 403, 401, 397, and 395 cps, the area ratio of the former two peaks fo the latter
two being |/2. Possibly, the cyclobutene hydrogen resonance is under the X haif of an AX
pattern; however, definitive assignments are nof possible, The methoxyl hydrogens appear at
203 cps, as compared with 203 for illa and 199 for Iilb, indicating that the phenyl rings
in (lla and the phenylacetylene adduct do not influence these resonances appreciably. On
the other hand, the methine hydrogens are considerabiy deshielded by the phenyl rings. For
the phenylacetyiene adduct this resonance appears as a broad singlet with fine sptifttings
at 234 cps, as compared with 255 for llla and 215 for |ilb, indicating that deshielding by
each of the two phenyl rings in Ille is equaily efficient and additive, While these
deshielding effects are of interest, they, unfortunately, do not aliow structure elucidation
by nmr spectroscopy.

Replacement of a hydrogen atom on B—benzoquinone by a methexy group resuits in a striking

change on the course of photoaddition to ajkynes vide supra. This finding is not surprising,
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however, in view of the profound influence that this replacement has on the nature of the
chromophoric groups, While the present data clearly do not allew definitive mechanistic
conclusions, the products from_g-benzoquinone and methoxy-p—benzoquinone suggest that n,T %
and 7 ,47 * reactive states, respectively, may be involved,

Structure etucldatlion of the phenylacetylene adduct by chemical methods, mechanistic
aspects of photoaddition, and chemical fransformations of the photoproducts are currently
under active investigation,
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