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Reactions of carbonyl compounds in photoexcited states have
attracted much attention, and hence, the precedented examples

are well classified. However, we herein report a new type of
photochemical carbon skeletal rearrangementugfydroxym-
ethylateda,3-unsaturated carbonyl compounds.( Molecules

of type 1 selectively rearrange to 1,4-dicarbonyl compou@ds
which are highly desirable intermediates for the synthesis of
cyclopentenones and five-membered heterocyg¢@sheme 1).
The substrated were easily prepared by the Bawliblillman
reaction ofa,-unsaturated carbonyl compounds with aldehykdes.

Therefore, the overall transformation can be regarded as 1,4-

addition of acyl anions derived from the aldehydes to the starting
a,5-unsaturated carbonyl compourtdhis new and synthetically

interesting pathway to 1,4-dicarbonyl compounds is the subject

of this paper.
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Table 1. Rearrangement af,5-Unsaturated Carbonyl Compounds
la

substratel R R? 2 (% yield)
a Me Ph 53
b p-MeO-Ph 41
c p-CIl-Ph 66
d Ph Ph 54
e Me 62
f Et 5C¢

a[rradiated fo 6 h in 0.01 M benzene solution with high-pressure
mercury lamp? Irradiated for 4 h¢ Irradiated for 2 h.

The enoned was irradiated with a high-pressure mercury lamp,
and the 1,4-dicarbonyl compoun@svere isolated simply by silica
gel chromatography through carbon skeletal rearrangement with
almost complete consumption b{<8% recoveryf. The present
carbon skeletal rearrangement can be applied to a variety of alkyl-
and aryl-substituted oneg)((Table 1). The quantum yields with
laor leat 313 nm using valerophenone as an actinometere
calculated to be ca. 0.1. This rearrangement can be quenched
by a triplet quencher, N&l. The substrates without hydroxy group
at the allylic position such as 2-methyl-1-phenyl-2-penten-1-one
did not give any rearrangement proddainder the same reaction
conditions. This suggests the requirement for the hydroxy group
to weaken the allylic €H bond.

To clarify the intra- or intermolecular courses, the crossover
experiment was examined betwedr and 1f (Scheme 2).
However, bimolecular product2¢ or 2f ') were not observed
at all, thus indicating that this reaction proceeds in an intramo-
lecular fashion.

To gain a deeper insight into the mechanism, we next examined
the methyl- and silyl-protected substraBesand5a, respectively
(Scheme 3). After irradiation d3c for 6 h, the rearrangement
product4c® and the resultant 1,4-dicarbonyl compowzwiwere
isolated by silica gel chromatography in 68% combined yield.

(6) Whenld, 1leand1f were used, 1,3-dicarbonyl compounds were obtained
in about 16-26% vyields by olefin isomerization. No other byproduct was
observed in the crudéH NMR spectra.
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(8) Fukuzumi, S.; Kuroda, S.; Tanaka, J. Am. Chem. S0d.987 109,
305.
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Supporting Information Available: Experimental procedure of
. . ) 0 photoirradiation!H and*C NMR data of products and the quantum yield,
When 5a was irradiated for 5 h, siloxycycloproparga™ was and kinetic isotope effect determination (6 pages, print/PDF). See any
obtained. Indeedsa gave the 1,4-dicarbonyl compou@d!! in current masthead page for ordering information and Web access
guantitative yield after treatment with tetrabutylammonium instructions.
fluoride (TBAF).
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On the basis of these results, the hydroxymethylenecyclopro- JA972393G
panol @) is shown as the common intermediate as follows (12) The rarity of 1,4-hydrogen abstraction is generally believed to reflect
(Scheme 4): (1) rarely precedented 1,4-hydrogen abstragtion @ geometric problem. (a) Cyclic system in a favorable geometry for
h . - 1,4-hydrogen abstraction: Scheffer, J. R.; Dzakpasu, A. Am. Chem. Soc.
takes pla_ce by the assistance of allylic hydroxy group in the 1978 100, 2164. (b) For a similar reaction of 3-methylene-4-phenoxy-2-
photoexcited state of carbonyl compourtéi$2) cyclopropanol butanone leading to methyl phenoxycyclopropoxyl ketone (17% yield), see:
(A) is formed through Coup"ng of the dihydroxytrimethy|en_ Cormier. R. A.; Schreiber, W. L.; Agosta, W. @.Am. Chem. Sod973 95,
emethan¥ (B) th_us generated; (3) The rearr_anged prodfctee (1:3,) Indeed, the significant levels of intra- and intermolecular kinetic isotope
eventually obtained by double tautomerization of enol and effects ki/ko = 2.4 and 1.8, respectively) were observed.
cyclopropanol portions ii\.

O O0TBS ke kp o]

In summary, we have reported the new type of photochemical " =DH =24 oTBS
carbon skeletal rearrangementogf-unsaturated carbonyl com- P b — - Ph)‘\VLH
pounds to 1,4-dicarbonyl compounds. This transformation can Ph Ph
be regarded as the consequence of high level of control over H
photochemical pathways by the introduction of an allylic alcohol o otes +
“functionality” in the carbonyl substrates. Ph " 9 Lres

Ph

(9) *H NMR (CDCk): 6 2.12 (s, 3H), 3.16 (dJ = 7.7 Hz, 2H), 3.70 (s, Ph _ °
3H), 4.90 (t,J = 7.7 Hz, 1H), 7.27 (dmJ = 8.9 Hz, 2H), 7.35 (dmJ = 8.9 o omes | kjg Ph
Hz, 2H).1IR (neat): 2906, 1717, 1491, 1375, 1359, 1160, 1125, 1093, 1015, Ph D ' D
839 et

(10)*H NMR (CDCl) 6 0.17 (s, 6H), 0.93 (s, 9H), 3.10 (ddi= 4.8, 10.6 Ph
Hz, 1H), 3.26 (ddJ = 3.3, 10.6 Hz, 1H), 4.63 (dd] = 3.3, 4.8 Hz, 1H), (14) For reviews on trimethylenemethane, see: (a) Little, RCitem. Re.
7.10-7.30 (m, 5H), 7.42 (tmJ = 7.8 Hz, 2H), 7.52 (tm,) = 6.9 Hz, 1H), 1986 86, 875. (b)Diradical; Borden, W. T., Ed.; Wiley: New York, 1982.
7.91 (dm,J = 7.2 Hz, 2H).*C NMR (CDCk): ¢ —4.8, 18.1, 25.9, 36.3 (c) Berson, J. A. IrRearrangements in Ground and Excited StatlesMayo,
(Jec—n = 162.6 Hz), 39.5Jc-n = 158.9 Hz), 59.4 Jc-n = 182.0 Hz), 126.9, P., Ed.; Academic: New York, 1980; Vol. 1, p 334. (d) DowdAec. Chem.
128.0, 128.2, 128.6, 129.1, 132.7, 134.6, 138.5, 195.0. Res.1972 5, 242. (e) Doering, W. E.; Roth, H. Dletrahedron197Q 26,
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