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Abstract: Reactions of allyliributylstannanes with enones were studied. Although the parent allylstannane would
not react with enones, an electrophilic variation was successful. The reaction provides perhaps one of the only non-

basic and non-nucleophilic alternatives to the classic conjugate additions,
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One of the more commonly used organotin reagents in both free radical reactions and Lewis acid-
mediated reactions is allyltributylstannane.'” This reagent permits the construction of new carbon-carbon bonds
from free radical precursors under the standard conditions of benzene at 80 °C with AIBN initiator.” Although
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allyltin reactions, no free radical reactions using enones as precursors have as of yet been studied.
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product 7 after water quench of tin(IV) enolate 6.° This reaction provides for the B-carbon elaboration of ke-
tones in a manner conceptually related to a Michael addition.’ It differs markedly, however, from classic con-
jugate additions because neutral free radical conditions are utilized. The reaction sequence provides one of the
only non-basic and non-nucleophilic alternatives to well-known 1,4-additions of organocuprates to enones.’®
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Thus, the successful implimentation of Scheme 1 could lead to a new and synthetically very useful pathway to

B-carhnn-carbnn bond construction from enones.
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The reaction was first attempted using 2-cyclohexenone (8) and allyltributyltin (2) and AIBN in ben-
zene. The reaction was refluxed for 24 h, but no formation of the desired allylated product 9 was realized. One
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kyl radicals are inherently nucleophilic, radical species {10 «» 11] is particularly electron-rich due to the reso-
nance delocalization. Resonance contributor 11 bearing anionic charge at the B—carbon enhances the nucleo-
philic character at that position.
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Therefore, it was determined that the radical was possibly too nucleophilic to add to the electron-rich
double bond of allyltributyltin.® An clcctmn—withdrawmg substituent on the alkene of the allyltributyltin should

switch it to an electrophilic reagent and provide a better polarity match for the reaction with 1. We chose the
ethyl ester substituent (R = CO,CH,CH,) since there was a literature preparation of these tin reagents from ben-
zenesulfonyl precursors.” With the desired 2-substituted allylstannane 3 synthesized, it was now possibie to
study its reactivity with enones.

Several enones were subjected to this new reaction and the results are shown in the Table.'” The reac-
tion is clearly successful, constructing an ester substituted allyl substituent with each enone examined. These
reactions proceed more slowly than the tin hydride transformations we have examined before. For example,
completc consumpnon of 2-cyclohexenone (8) by TLC, overa4 h penod is observed with tin hydride, transfer-

h 3 5 AUURR. U % ST, A‘I'I'IT

the overall time required.

The two new stereocenters in (-)-carvone adduct 18 arise from attack on the nearly flat radical-anion in-
termediate on the face of the ring opposite the the bulky 2-propene substituent. The methyl adjacent to the car-
bonyl in 18 is equatorial; this arises from axial protonation of the tin enolate.*®® Related Michael reactions of
(-)-carvone (17) produce identical stereochemical results.®
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Radical Reactions Of Enones With Electrophilc Allyltin(lV) Reagents

Unsaturated
Entry Ketone Product Yield (%)

1 12n =CH, 13 58
2 8 n = (CHp), 14 61
3 i5n= (CH2)3 16 67
0
| (‘:.H;.3 Il \CH3
/\i/ N Co,Et
W W"w/k
il Il
4 17 18 69
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N NN
5 19 20 63
o] o]
I 1
\/\IL \/1 CO,Et
™~ PV N
6 21 22 65

In summary, a free radical method for the formation of new carbon-carbon bonds at the B-position of

enones has been achieved. A 2-ester substituted allylstannane permits the formation of the B-radical and allyl
addition from enone precursors. To the best of our knowledge, not only is this the first reaction of this type, but
it provides perhaps one of the only non-basic and non-nucleophilic alternatives to the Michael addition reac-

tions.
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