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Although photochemical [2+2] cycloadditions of a,B8-unsaturated ketones with
carbon-carbon multiple bonds have been extensively studied and applied to organic
syntheses,l) much fewer [2+2] cycloadditions of 2-ene-1,4-diones have been
described.z'G) Differing from o,B-unsaturated ketones, 2-ene-1,4-diones tend to
form oxetanes (or oxetene-derived products with acetylenes) depending on their
structures, which has limited their application to organic syntheses. In search
of a new and practical synthetic way of bicyclo[4.2.0]octane-2,5-diones as a part
of our study on eight-membered ring compounds, we examined photoreactions of
2-cyclohexene-1,4-dione 1°/ and found that ] underwent [2+2] cycloadditions exclu
sively or predominantly with varieties of olefins and acetylenes, fulfilling our
need. The compound 1 can be readily prepared from p-quinone in three steps
according to the procedure of Chapman et al. - (60-65% improved total yield at 1.5
mol scale in our hand). Although 1, which is the keto-form of hydroquinone, is
extremely sensitive to acids and bases, it is susceptible of intramolecular
photoreactions in neutral aprotic solvents.

Irradiations of a solution of 1 (10 mmol) and cyclohexene (20 mmol) in di-
chloromethane (100 ml) through a water-cooled pyrex probe using a 100 W high
pressure Hg lamp for 2 hr gave a [2+2] adduct in 72% yield along with a small
amount of hydroquinone. No oxetane formation was observed. A similar result
(73% yield) was obtained in acetonitrile. In ether, however, the yield of 2 was
only 20%, though again no oxetane was formed. The stereochemistry of the adduct
2 was assigned to be cis-anti-cis from the following observation and remark: (i)
selenium dioxide oxidation of 2 in refluxing ethyl acetate gave the corresponding
ene-dione 29) (95%) in which more informative PMR spectrum C-2 and C-7 protons
appear as a doublet of J=4.5 Hz, indicating a cis-cis configuration; (ii) though
the coupling constant between the cyclobutane-ring protons does not tell about
the syn-anti problem, photo-dimerizations and -cycloadditions of cyclopentenone
and cyclohexenone have been revealed to yield anti adducts exclusively or most
predominantly in accordance with stereochemical point of view.1
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The results obtained with varieties of olefins and acetylenes are listed in
Table I in which the yields of oxetanes are not included on account of lack of
space. While Z-butenes and tetramethylethylene yielded a small and an appre-
ciable amount of oxetanes (3% and 30%, respectively)lo), the others did no trace
or only a trace of oxetanes or oxetene-derived compounds. Both Z- and E-2-
butene gave a mixture of exo-cis and trans [2+2] adducts in almost the same
composition of 55:45 (GLC), indicating an intermediacy of an 1,4-diradical and

hence triplet nature of the photo-excited reactive species. Cyclooctene, of
which trans [2+2] adduct is much less strained than those of cyclopentene and
cyclohexene, also gave a 5:4 mixture of cis-anti-cis and cis-trans adducts.ll)

When 1,4,6,8-tetrahydronaphthalene, which is composed of two disubstituted
double bonds and a tetrasubstituted double bond, was used as an olefin, 1,4-di-
hydronaphthalene (42%), cyclohexane-1,4-dione (37%), and hydroquinone (9%) were
obtained in addition to the [2+2] adduct at the disubstituted double bond, 4
(45%)12). The reaction, in this case, apparently involves an oxidation-reduc-
tion process as a side path.
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The exclusive [2+2] cycloadditions of 1 with acetylenes provide a simple
and practical syntheses of bicyclo[4.2.0]octa-3,7-diene-2,5-diones 5’ , Since
the adducts were readily dehydrogenated by selenium dioxide in refluxing ethyl

acetate. 9 1 0 1 Sa: RI=r%=m ; 75%
R Se0, R Sb: rl-ph, RZ-H; 838
| | | sc: RI=RZ=Ph; 91%
R2 R2
0 0

Since the [2+2] adducts of 1 are convertible not only into the correspond-
ing 2-ene-1,4-diones as described above but also into bicyclo[4.2.0}octa-2,4-
dienes (or cyclooctatrienes as their valence isomers), benzocyclobutenes by de-
hydrogenation of the dienes, and cyclooctatetraenes, the present simple synthesis
of the diones would provide a synthetic method for such classes of compounds.14)
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Table I. Photoadditions of 2-cyclohexene-1,4-dione with olefins and
acetylenesa)
£1 Yield | M.p. (b.p.
SiZt;QZH:Qd [2+2] Adducts e p;{b-p-) PMR data, § ppm (CC1,)
b) r! ] 4 77 (4H
ethylene R2R1=R2‘ 80 (83/0.7 torr) 2.33(4H,m), 2.77(4H,s)
3.28 (2H,m)
i\ R3 R7= =
0 r*
z- or B-2- ) RY=R%=Me, R2=R3-H 50 | (oil)
15)
butene RI=R3=Me, R%=R%=H 41 | (0il)
tetramethyl- 3_4_ d) .
ethylene Rl R =R”“=R"=Me 40 (0il) 16)
1_ 2_.3_p4_ 17) ) 2.4-4.0(SH,m; s at
styrene R"=Ph, R"=R"=R"=H 64 64-65 2.83), 7.2(5H,br s)
Z_ 1.3 _-4_ i 2.0-4.2(9H,m), 7.2
R“=Ph, R*=R°=R"=H 8 77-78 (55 N
cyclopentene | -R1-R*-=-(CH,) ;- 64 82-83 1.5-2.1(6H,m), 2.6-
R2ep3on 3.1(8H,m)
1 .4 _ i 1.2-2.0(8H,m), 2.5-
cyclohexene % g (CH )3 72 71-72 3.0(6H,m),’3.i0(2H, br
Ré=R3=H d, J=4 Hz)
1,4-cyclo- | -R'-R*-=-CH,cH=CHCH,-| 76 | 79-80 Zen  aprys)y 2.88
hexadiene 2_.3_ ’ 1xel, 0.
R®=R (2H,t,2 Hz)
T .48
-R*-R"-=- (CH,) 30 57-59 1.0-2.1(12H,n)
cyclooctene RZ=R3-p 6 2.1-3.2(8H,$)
ol o3 .. i 0.8-2.1(12H,m)
R-% (CHy) g 24 82-83 2.1-3.3(8H,m)
R%=Rr%*=H
b) 0 1
acetylene R 40 (86/1.5 torr) 15)
R1=R2=H l
55
R2
N 3 1.82(3H,d,1 Hz), 2.3-
methyl- 1_ 2_ 3.3(4H,m), 3.53(2H,s)
acetylene |R =Me, R"=H 64 | (82/0.5 torr) 5 93011 br 5) o
phenyl- 1 5 2.2-3.3(4H,m), 3.71(1H,
acetylene |R'=Ph, R®=H 50 97-98 dd,4.0,1.5 Hz), 4.07
(18,d,4. 0), 6.53(1H,d,
1.5), 7.2-7.7(5H,m)
: R Z.4-3.3(4H,m), 4.05(2H,
g;g?;ggée RI=R%=pPh 61 133-134 s), 7.2-7.7(10H,m)

a) CH,Cl, was used as the solvent, and irradiations were performed at_room tem-
peratiire " for 2-5 hr using 2 equiv.
gaseous compounds were constantly introduced into the solutions during the

irradiations at ice-bath temperature.
were used in an excess at ice-bath temperature.

of the substrates unless noted.

b) These

c) These low boiling point compounds
d) 3:2 cis and trans mixture,
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