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ABSTRACT

Crystalline dialkyl 1,3-acetonedicarboxylates give dialkyl succinates in high chemical yields by combination of a-carbonyl radical pairs produced
by photochemical decarbonylation. It is proposed that the solid-state reaction depends on the exothermicity of two consecutive bond cleavage
processes. It is also suggested that the efficiency of radical formation in the solid state is determined by the effect of substituents on bond
dissociation energies and radical-stabilization abilities.
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in crystalline solids. Our interest stems from the high e have proposed that photochemical decarbonylation of
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acyl—alkyl (RP-1) and dialkyl (RP-2) radical pairs, and
excited-state reaction rates that can compete with other
deactivation pathways. We predict that the efficiency of the proceeded in quantitative yields withi4 h by azeotropic
solid-state reaction will depend on substituents that can lowerremoval of EtOH. Methylation of ketodiesteBa—c with
the value of the A—CO—B bond dissociation energies by excess KH and Mel gave the desired ketodiesBarscin
increasing the stabilities of radicals And B [RSE(A) and 80—90% isolated yields.
RSE(B)]® Compound3a, obtained as a statistical mixture of four
On the basis of thermochemical arguments and taking diastereomers (meso an¢l pair), crystallized as a substi-
acetone as reference (Scheme 1), a stepwise decarbonylatiofutional solid solution of diastereométsvith a broad melting
reaction should become exothermic with substituents that canpoint (105-115°C). Compoundb was obtained as a single

lower the BDE values of the-bonds by more than-11 enantiomer, and it forms crystals with a very low melting
kcal/mol. This presumes that efficient decarbonylation in the point (mp < —10 °C). Compound3c forms large prisms
solid state must be either exothermic or thermonettvdée which melt at 165—-167C.

have recently shown thatphenyl substituents promote rapid Irradiation of compound8a—cin deoxygenated benzene

solid-staten-cleavage and decarbonylation by formation of at ambient temperature withia> 305 nm filter gave diesters
benzylic stabilized radicals (ca. RSE 15—20 kcal/mol) 4a—calong witho-methylpropionateSa—cand methacry-
[Scheme 1, A= B = CH,Ph, A= B = C(Me),Ph]#8 We lates6a—c(Scheme 3 and Table 1). Irradiations in the solid

have also shown that alkyl substituents leading to tertiary

stabilized radical centers (ca. R3E8.5 kcal/moly fail to _

promote the reaction in the solid stébdn this Letter, we Scheme 3
explore the solid-state reactivity of crystalline ketones having o 0 0 o CO o
radical-stabilizingx,o’ -dialkoxycarbonyl substituents (Scheme REAN k.co
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Table 1. Product Distribution from Irradiation of Ketodiesters
3a—3cin Benzene and in Crystals

reaction time temp convn
ketone medium (h) °C) () 4" (%) 5P (%) 6° (%)
3a benzene 4 20 100 20 45 35
crystal 5 20 70 100 0 0
crystal 7 20 100 70 27 3
3b benzene 4 20 100 33 43 24
crystal 14 -70 35 75 25 0
3c benzene 4 20 100 24 46 29
crystal 8 20 88 100 0 0

a|rradiations carried out withh > 305 nm filter.? Product yields
determined by gas chromatography normalized to 100%.

Reactions carried out at ambient temperature with crystals

of 3a and3c gave diestergla,c with high selectivities and
high chemical yields. In contrast, irradiation of low-melting
3bat—70°C gave a mixture of products in modest chemical
yields.

The results in Table 1 reveal an efficient decarbonylation
reaction in solution and in the solid state and are consisten
with expectations that arise from the radical stabilizing
abilities of tertiary a-ester group$!? Reactions in the
crystalline solid state are characterized by a very high
selectivity toward radical combination. We suggest that
decarbonylation in the solid state proceeds along the triple
surface. Decarbonylation 8RP-1 to generatéRP-2 must
occur before the acylalkyl radical pair can intersystem cross

by subsequent radical encounters and by reaction with
scavengers. Radicals encountering in the singlet state may
combine to yield diested or may disproportionate by
hydrogen transfer to generate propiortatnd methacrylate

6. An experimental discrepancy between the yields of
propionate$ and methacrylateé&may result from secondary
photoreactions and free radical polymerization in the latter.

Extended irradiation at ambient temperatures resulted in
crystal melting and formation of propionat®a and5c. To
solve this problem, experiments are in progress to determine
the phase diagram of the two-component system, which will
help us determine the highest temperatures that will maintain
a solid phase during the progress of the entire reaétion.

To our knowledge, the photochemical decarbonylation of
ketodiesters has not been previously documehtéd.

However, on the basis of thermochemical arguments and
radical delocalization data, one can expect that an ester
carbonyl and two alkyl groups can stabilize a carbon radical
by about 12.3 kcal/md®1> Assuming that spirspin inter-
actions and conformational restrictions in the solid state do
not alter the energetics by a large measure, stabilization ener-

tgies of this magnitude are expected to mekeleavage and

decarbonylation reactions exothermic and nearly barrier-
less. The successful generation of radical pairs in crystalline
ketones by using thermochemical guidelines gives a promis-
ing forecast for many other substituents. Studies with other

tradical stabilizing groups are currently in progress.
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3, dashed arrow). Experiments carried out with low-melting
crystals of3b at —70 °C proceeded inefficiently to give
diesterdb with a 75% selectivity in 35% yield. In contrast,
higher melting crystals o8a and 3c proceeded with 100%
selectivity toward diesterda and4c with conversion values
as high as 70 and 88%, respectively.

Application of the Norrish type®lreaction mechanism to
ketodiesters3a—c (Scheme 3) indicates that excited-state
o-cleavage to generateP-1 is followed by rapid decar-
bonylation of the acetyl radical center to genergie-2.
Decarbonylation in solution is likely to occur after the two
radicals inRP-1 separate to form free radicals. The fate of
the a-ester tertiary free radicals in benzene is determined
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