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Abstract

Triethylborane in the presence of trace oxygen was employed simultaneously as a radical initiator and carboxyl
protecting group to promote the conjugate radical addition of 2-phenethyl iodide to�,�-unsaturated carboxylic
acids in good yields. © 2000 Elsevier Science Ltd. All rights reserved.

Over the last two decades, interest in free radical reactions in organic synthesis has greatly increased,
with many radical reaction types now providing useful synthetic strategies.1 Of various radical based
reactions, the 1,4-addition of carbon radicals to enones represents a well known subset. While the
synthetic applications of conjugate radical additions to�,�-unsaturated esters has also been studied,
little work has been reported in the area of direct conjugate radical addition to�,�-unsaturated carboxylic
acids.2 As part of ongoing efforts to develop direct methods for conjugate addition to eneoic acids,3 herein
we report the direct conjugate radical addition of phenethyl iodide to�,�-unsaturated acids enhanced by
triethylborane.

Employing routine conditions for effecting conjugate radical addition, a benzene solution of artemi-
sinic acid1 containing a low concentration of tributyltin hydride was refluxed in the presence of AIBN
and 2-phenylethyl iodide. Under these conditions, the product2 was formed in low yield (less than 5%)
(Scheme 1). Triethylborane, which serves as one of several methods for the generation of radical species,4

is an effective radical initiator for radical additions under mild conditions.5 When a small amount of
triethylborane was employed as a radical initiator in place of AIBN above, only starting material was
detected. However, with 1.2 mol equivalents of triethylborane, the reaction proceeded smoothly providing
2 in 72% yield as a mixture of diastereomers (R:S=2:1).

Table 1 shows some other examples of direct conjugate radical addition to�,�-unsaturated carboxylic
acids in the presence of triethylborane.6 When the reaction was performed under standard radical addition
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Scheme 1.

conditions (Entries 1, 3 and 5, AIBN was used as an initiator), the yields were poor (less than 15% yield).
Substituents at the 2- or 3-position of the�,�-unsaturated acid gave comparable results (Entries 6, 7, 9
and 10), while the 2,3-disubstituted�,�-unsaturated carboxylic acid3e gave a poor yield (Entry 8) of
conjugate addition product4e. We noted that many of the yields were moderate after chromatography
despite a relatively clean TLC profile, while the isolated yield of product2 starting from artemisinic acid
1, a crystalline, nonvolatile acid with greater lipophilicity, was quite acceptable. Thus, purification of
a simple acid was studied in greater depth to estimate the loss due to conventional purification. Entry
2 gave 71% of4a after flash chromatography on silica gel; however, careful quantitation of the crude
reaction product by HPLC methods revealed the yield to be 80%.7

Table 1

Since alkyl radicals are generally nucleophilic, their addition to olefinic substrates would be enhanced
by electron-withdrawing substituents on the olefinic linkage.4,8 It has been reported that all acyloxy-
dialkylboranes are monomeric, or only very loosely self-associated in dilute solution, and generally
dimeric in the solid state.9 Therefore, when an�,�-unsaturated carboxylic acid (e.g.1) is treated with
triethylborane, an acyloxydiethylborane (e.g.5) should be formed leading to an expected decrease in the
electron density of its olefinic moiety and an increase in the radical addition rate to5 leading to radical
6 (Scheme 2). It therefore seems possible that in the above reactions, triethylborane serves not only as a
radical initiator, but also to enhance the reactivity of the�,�-unsaturated carboxylic acid toward radical
addition. If the borate ester did not exert a beneficial influence in the addition step, one might expect the
silyl ester to undergo radical addition equally well. To gauge this, reaction of the diphenyl-tert-butylsilyl
(DPS) ester of1 (7)3 was studied with catalytic Et3B and O2, 1.7 equiv., PhCH2CH2I and 1.5 equiv.n-
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Bu3SnH (vide supra). While8 was formed in modest yield in this case (40%), it was inferior to production
of 2 via the borate ester5 (72%).

Scheme 2.

The secondary enhancing effect of preforming the borate ester might be to protect then-Bu3SnH from
reaction with the carboxyl group. In a separate experiment,1 reacted slowly withn-Bu3SnH to furnish a
stannyl carboxylate (NMR). Finally, the effect of the H-atom donor was briefly examined. In principle,
radical6 could afford product2 via a mechanism not involvingn-Bu3SnH. Reaction of5, PhCH2CH2I
and varying amounts of Et3B (catalytic O2) did not provide the product2, indicating that a H-atom donor
was required in the reaction. If tris(trimethylsilyl)silane were used in place of tributylstannane in this
process, product2 was formed, but in low yield (10%).

In summary, we have described a simple and efficient direct radical addition of a primary alkyl iodide
to �,�-unsaturated carboxylic acids enhanced by triethylborane. We have also found that the reaction
proceeded smoothly with a substituent in either the�- or �-position of the acid, while�,�-disubstituted
acid gave only poor yields of addition products.
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