Photodecarbonylation of 2,2,6,6-Tetrasubstituted Cyclohex-

3-enones to Vinylcyclopropanest

Sven Andresen and Paul Margaretha*

J. CHEM. RESEARCH (S), 1997 345

J. Chem. Research (S),
1997, 345+

Institute of Organic Chemistry, University of Hamburg, D-20146 Hamburg, Germany

Onirradiation (4 = 300 nm), 2,2,6,6-tetramethylcyclohex-3-enone (1) is cleanly converted into 1-(2,2-dimethylcyclopropyl)-
2-methylpropene (3); similarly, 6-oxo-1,5,5-trimethylcyclohex-2-ene-1-carbonitrile (2) affords a mixture of (Z)- and
(E)-3-(2,2-dimethylcyclopropyl)-2-methylpropenonitriles 4a and 4b.

The photorearrangement of bicyclooct-2-en-5-ones or
bicyclohept-2-en-5-ones by a 1,3-acyl migration to yield
(bicyclic) cyclobutanones occurs efficiently for a variety of
systems, while subsequent photodecarbonylation has only
been observed in a few cases.'” Here we report the first
examples of the light-induced conversion of monocyclic
cyclohex-3-enones to vinylcyclopropanes.

2,2,6,6-Tetramethylcyclohex-3-enone (1) and 6-oxo-1,5,5-
trimethylcyclohex-2-ene-1-carbonitrile (2) were obtained by
methylation of 2,6,6-trimethylcyclohex-2-enone and 5,5-di-
methyl-6-oxocyclohex-1-ene-1-carbonitrile, respectively. Irra-
diation of 1 in pentane up to total conversion affords 3 select-
ively in 75% yield, while irradiation of 2 affords a 4:1 mixture
of 4a and 4b. Monitoring the irradiation of 1 in CD;CN by '"H
NMR and GC-MS at a low degree of conversion (<20%)
indicated the formation of 3 (2/3) and an additional product
5 (1/3), the latter disappearing at higher degrees of conver-
sion of 1. Spectroscopic evidence allows the assignment of a
cyclobutanone structure, i.e. the expected 1,3-acyl migration
product, to 5. From these findings it becomes evident that 5 is
efficiently (photo)reconverted to its precursor, i.e. the bi-
radical 6, which undergoes only decarbonylation and subse-
quent 1,3-cyclization, to the exclusion of f-cleavage to di-
methylketene and 4-methylpenta-1,3-diene (Scheme 1). This
selectivity in the behaviour of 6 is most probably due to its
(alkyl)substitution pattern,® the a-cleavage process (leading
to 3) being facilitated by the methyl groups on C(2) of the
acyl-allyl biradical.

Experimental

NMR spectra (Bruker WM 400 spectrometer: 'H, 400 MHz; "°C,
100.62 MHz) were recorded in either CDCl; or CD;CN as solvent.
High-resolution mass spectra were recorded at 70 eV on a 311A
(Varian MAT) spectrometer. Photolyses were run in a Rayonet
RPR-100 photoreactor equipped with 300 nm lamps.
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Cyclohex-3-enones.—Treatment of  2,6,6-trimethylcyclohex-
2-enone’ with LDA-HMPT and Mel in THF,*’ and subsequent
chromatography (SiO,, pentane—diethyl ether, 15:1) afforded 1 in
47% yield as a colourless liquid, 'H NMR and UV-spectrum identi-
cal to those reported;'®"" §. (CDCl,) 219.5 (C-1), 136.1 (C-4), 122.7
(C-3),44.1 and 43.4 (C-2 and C-6), 38.5 (C-5), 27.0 and 25.6 (CHs).
Similarly, treatment of 5,5-dimethyl-6-oxocyclohex-1-ene-1-carbo-
nitrile'” and subsequent chromatography (SiO,, pentane—ethyl
acetate, 10:3) afforded 2 in 13% yield as a colourless oil; oy
(CDClLy) 6.02 (1H), 5.76 (1 H), 2.38 (2H), 1.58, 1.36 and 1.19
(CH,); d¢ 206.2 (CO), 128.8 and 127.0 (CH = CH), 118.9 (CN),
44.2 and 423 (>C<), 39.2 (CH,), 26.0, 25.2 and 23.8 (CH.,)
(Found: M*, 163.0997. C,,H,;NO requires M, 163.0996).

Preparative Irradiations.— An Ar-degassed solution of 1 (760 mg,
5 mmol) in pentane (50 ml) was irradiated for 6 h. After distillation
of the solvent through a Vigreux column the residue was bulb-
to-bulb distilled at 130°C to give 1-(2,2-dimethylcyclopropyl)-
2-methylpropene (3), 465 mg (75%), with '"H and “C NMR spectra
identical with those reported.” Similarly, an Ar-degassed solution
of 2 (815 mg, 5 mmol) in pentane (50 ml) was irradiated for 8 h.
After distillation of the solvent as above the residue, a 4:1 mixture
of 4a and 4b, was separated by chromatography (SiO,, pentane—
diethyl ether 15:1) to afford first (Z)-3-(2,2-dimethylcyclopropyl)-
2-methylpropenonitrile (4a), R; = 0.47, as a colourless liquid, oy
(CDCL; 5.79 (1 H), 1.93 (3H), 1.73 (ddd, J 5.1, 8.4, 10.4 Hz), 1.30
and 1.10 (CHs;), 0.97 (dd, J 4.6, 8.4 Hz), 0.56 (t, J 4.8 Hz) (Found:
M+, 135.1041. CH;3N requires M, 135.1040), and then the E-
diastereoisomer (4b), R, = 0.37 as a colourless liquid, d;; (CDCL;)
6.00 (1 H), 1.91 (3H), 1.44 (ddd, J 4.9, 8.1, 10.2 Hz), 1.23 and 1.21
(CH,), 0.96 (dd, J 4.8, 8.1 Hz), 0.61 (t, J 4.9 Hz) (M*, 135.1039.
CoHy;3N requires M, 135.1040).

Detection of 2-(2-Methylprop-1-enyl)-4,4-dimethylcyclobutanone
(5).—An Ar-degassed solution of 1 (1.52 mg, 1x 10~* mmol) in
CD;CN (1 ml) was irradiated for 10 min. Besides 1 (80%) and 3
(12%) there were '"H NMR signals for 5, d,; 5.15 (1 H), 4.25 (1 H),
2.18 (t,J 11.7 Hz), 1.71 and 1.63 (CH,), 1.58 (dd, J 8.1, 11.7 Hz),
1.22 (6 H). GC-MS analysis gave (M, 152.1341. C,(H,O requires
M, 152.1340).
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