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Abstract—-Chiral spirocyclic dioxinones having an w-alkenyl
group at 3-position were synthesized and their intramolecular
photol[2+2]cycloaddition reactions were examined. The results
not only provide enantioslective synthetic route te 2§-aceto-
nylcyclohexanecarboxylic acids but also clarify the reason
why these dioxinones exhibit remarkable diastereofacial se-
lectivities in both intra- and intermolecular photo[2+2]-
cycloaddition reactions.

The [2+2]cycloaddition of enones and enone-like chromophores to olefins is by
far the most widely employed photochemical reaction in organic synthesis.3 Most
obviously it constitutes a major route to products containing the cyclobutane
moiety. Eneol derivatives or even tautomers of B-dicarbonyls act as the encne
component in the de Mayo variant,4 in which the photoadducts undergo retro-aldol
cleavage of the cyclobutane and hence the method is applicable to the synthesis

6'7, as the alter-

of complex molecules. The use of achiral dioxinones, A5 and B
natives for acetoacetates and formylacetates (A' and B': both of which are
incapable of photoaddition to olefins), has further broadened the scope of the

de Mayo reaction.
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Recently, two lines of development have further been brought about in the de
Mayo reaction using the dioxinones. These are 1) the intramolecular variant,s'9
in which the problems inherent to the regio- and/or stereoselectivities are
substantially reduced owing to geometrical constraints imposed on the reaction
sites and 2) the use of the rigid spirccyclic dioxinones (C‘IO and D11) as the
chiral encnes, which permits by the preferential a-side addition, the ready
access of diastereoisomeric, and ultimately enantiomeric products. In the work
along line 2, ({+}-grandisol (E) and {+)-Corey lactone analogue (F) were synthe-

10 (r=Me} and 5-D' (R=H), respectively.

sized from §-C
In this paper, we wish tc report the photoaddition of chiral dioxinones having
w-alkenyl group at 3-position (5} in order to attain not only the enantioselec-
tive synthesis of cycloalkanecarbexylic acids having 2-acetonyl group with
specified absolute configuration at 2-position, but alsc a reasonable explana-
tion why the dioxinones (C and D)} show preferential a-side addition in the
corresponding intermclecular photocycloadditions.

The substrates (both achiral and chiral) for the intramolecular dioxinone photo-
cycloaddition were prepared as outlined in Chart 2.12'13 Alkylation of tert-
butyl acetoacetate with corresponding w-alkenyl bromides under basic conditions
[i; NaH/DMF, ii: Br—(CHZ}n—CH=CH2, 60 °C] followed by dioxinone formation
(cyclohexanone, acetic anhydride, sulfuric acid, 0 °C) gave the achiral dioxi-
nones (2a-2c) in ca. 40% overall yields {the yields of the second step were ca.
70%), respectively. Treatment cof 2-alkenylated esters (1) with l-menthone under

the same conditions as above furnished the chiral alkenylated dioxincnes (S- and
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R-5a-5c} in ca. 40% yields as a mixture of diastereisomers., The diastereocisomers
were separated by Reber column te give the less (S-series) and more polar

14 The determination of absclute structure of

isomers (R-series), respectively.
each diastereoisomer can readily be achieved by nar spectroscopy.14 In addition,
the structure of 5¢ was verified by X-ray crystallographic analysis (vide
infra). It should be noted that in the chiral series the total yields of the
dioxinones were decreased appreciably (ca. 40%) and 6§ isomers were obtained in
much larger amounts than 6R iscmers (ca. 2:1 for 5a and 7:1 for 5b and 5c).

While irradiation of 2a (10% acetone/acetonitrile, 300 nm Rayonet photochemical
reactor) gave the cross adduct (3: mp 45 °C, 66%), compounds 2b and 2c under
identical conditions, afforded the corresponding parallel adducts (4b: mp 84 °C,
87% and 4c: mp 73 °C, 56%). The structures of the photoproducts were determined
not only from nmr spectra but also by their transformations [1) Hzo—heat and 2)
CH2N2/ether] to the ring-cpened ketc esters (6, 7b, and 7c)} whose structures
were determined unequivocally by nmr spectra. The keto esters obtained were a
mixture of both cis- and trans-isomers, as the latters always being the major
isomers. Obviously, the regioselectivity observed in the above reactions is the
one as expected from the so-called rule of five.15
Next, we examined the intramolecular cycloaddition reactions by using the 68-
isomers [S5-5a-5c: the major isomers obtained in the above synthesis] as the
chiral dioxincones. Though photolysis of 5-5a proceeded only slowly and after
prolonged irradiation resulted in a complex mixture, the same photclysis if
applied to S8-5¢ afforded a single adduct (8: mp 108 °C) in 90% yield in a
comparable rate as in the corresponding achiral compcound (2c). The stereochemis-
try cf 8 was determined as formed by a-side addition from X-ray crystallographic
analysis.16 The adduct 8, on hydrclysis with 10% HCl followed by methylation
with diazomethane, afforded the Z-acetonylcarboxylate (11) as a mixture of

trans- and cis-isomers both having 2§—configuration.17
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The same photolysis of $-5b, though proceeded in much faster rate than that of

§-5c, resulted in the formaticn of the two adducts (9 and 10: ca., 1:1) in a
total yield of 70%.

Two important informations were obtained in the present study: 1)} since 8-5c¢
shows high preference for a-side addition, the methodology previously establis-
hed in achiral series for highly sterecselective construction of complex carbo-
cyclic systems9 can evidently be extended in the chiral series if one uses
chiral spirocyclic diecxincnes as the enones, so long as the methylene chain is
4, and 2) the fact that preferential a-side addition is obkserved in $-5¢ just
like as in the case of the intermolecular additions strongly supports the mecha-

0 and our groups11: i.e. the addition occurs

nism proposed previously by Demuth1
from the more exposed a-side (we believe that these dioxinones exist as the
sofa-conformation even in the excited state, just like as in the ground
10’”; cf. Chart 1)18'19

the fact that shortness of the methylene chain brought about extra gecmetrical

state The lack of selectivity in S-5b probably reflects
constraints imposed on the reaction sites which mainly determines the prefe-
rential site by kinetic control irrespective to the conformation of the dioxi-
none. The high rate of photoadditicn of §-5b over that of §-5c supports the
above view. Further studies in the photcochemistry of chiral 5 and their related
compounds [the corresponding 2-{w-alkenyl) derivatives] are currently under way

and will be reported in due course,.
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