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There has been a steady increase in the use of Lewis
acids in radical reactions.1 The principal function of a
Lewis acid in these processes is to control the rotamer
population in either the substrate or the reagent, such
that high diastereoselectivity is the result.2 In addition,
Lewis acids sometimes accelerate radical additions,3 and
can also serve as radical initiators.4 Early work on
tandem radical addition and trapping experiments using
oxazolidine, 2,5-dimethylpyrrolidine, and camphorsultam
auxiliaries were reported from the laboratories of Porter,5
Giese,6 and Curran.7,8 The diastereoselectivity in these
experiments using alkyl radicals was good to excellent.
Recently Porter et al.9 have also reported the use of
stoichiometric chiral Lewis acids in achieving high enan-
tioselectivity in tandem addition processes involving
N-propenoyloxazolidinone. We have recently shown that
Lewis acids can be effectively employed for conjugate
additions to N-enoyloxazolidinones3 and for F-diastereo-

selective radical allylation.10 Conjugate addition followed
by diastereoselective trapping of the intermediate radical
using versatile oxazolidinone auxiliaries with high dias-
tereoselectivity has not been described, but seemed a
logical extension of our previous findings.11 A good
understanding of these diastereoselective processes is
essential for their successful extension to an enantio-
selective version. This work describes the Lewis acid-
mediated radical addition/trapping of N-propenoyloxazo-
lidinone proceeding with high diastereoselectivity. Alkyl
radicals as well as radicals containing Lewis basic sites
add to N-propenoyloxazolidinone with excellent diaste-
reoselectivity in the Lewis acid-mediated process.
At the outset we were concerned with three potential

problems: (1) low yields, (2) the extent of diastereo-
selectivity in the tandem process, and (3) telomerization
of the starting propenoyloxazolidinone. Our work on
Lewis acid-mediated conjugate radical additions3 in high
yields gave us confidence that clean radical addition with
negligible polymerization should be possible. The high
F-diastereoselectivity10 observed in simple allylation ex-
periments with oxazolidinone auxiliaries supported the
assumption that the intermediate radical could be trapped
with high selectivity in the tandem process.
Our experiments began with optimization of reaction

conditions for the addition of ethyl radical to 1 followed
by trapping of the intermediate radical with allyltribut-
ylstannane (Table 1, eq 1).12 The radical reactions were
initiated using triethylborane and oxygen. The auxiliary
of choice was the oxazolidinone derived from diphenyl-
alanine13 since it had shown the best characteristics in
our earlier work. Some trends emerge. High chemical
yields and diastereoselectivity were realized with mag-
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Table 1. Lewis Acid-Mediated Diastereoselective
Radical Addition to N-Propenoyloxazolidinonea

entry Lewis acid (equiv) isolated yield (%) ratio â: Rb

1 - 90 1.0:1.0
2 BF3‚Et2O (2) 90 1.0:1.8
3 ZnI2 (2) 85 2.2:1.0
4 ZnCl2 (2) 90 4.1:1.0
5 Zn(OTf)2 (2) 85 1.3:1.0
6 MgBr2‚Et2O (2) 93 >100:1c
7 Yb(OTf)3 (1) 90 >100:1
8 Sm(OTf)3 (1) 90 >100:1
9 La(OTf)3 (1) 71 >100:1
a Typical procedure: see footnote 12. b Diastereomeric ratios

were determined by 1H 400 MHz NMR analysis. c Absolute ster-
eochemistry was determined to be (S) by hydrolysis [see footnote
14].

6090 J. Org. Chem. 1996, 61, 6090-6091

S0022-3263(96)00947-4 CCC: $12.00 © 1996 American Chemical Society



nesium and rare earth Lewis acids (Table 1, entries 6-9).
Use of zinc and boron Lewis acids led to high yields but
low diastereoselectivity (Table 1, entries 2-5). The
absolute stereochemistry of the newly formed chiral
center was established to have the S configuration.14
These results indicate that effective Lewis acids coordi-
nate with the two carbonyl groups of the enoyloxazoli-
dinone (eq 2). With the two carbonyls locked in the syn

configuration, the radical site also adopts a syn config-
uration for steric reasons. Allylstannane addition to the
intermediate radical then takes place from the face
opposite to the bulky oxazolidinone 4- substituent.
The results for tandem additions using primary, sec-

ondary, tertiary, cycloalkyl, R-alkoxy alkyl, and acyl
radicals are tabulated in Table 2 (eq 3). Several interest-
ing trends emerged. Reactions with alkyl radicals pro-
ceeded with >100:1 diastereoselectivity, regardless of the
degree of substitution (Table 2, entries 1-4). The range
of radical precursors employed to evaluate new method-
ologies is generally limited to alkyl radicals. For radical
processes to become more synthetically useful, the use
of radicals containing heteroatoms is essential. The
selective addition of functionalized radicals would make
products more useful as precursors for the synthesis
natural products. Functionalized radicals possessing
Lewis basic sites could also be used successfully in the
addition/allylation experiments. Addition of acyl radi-
cals15 generated from acyl halides followed by allyl
trapping proceeded with excellent selectivity (Table 2,
entries 7 and 8).16 Surprisingly, the use of acyl selenides
as radical precursors gave small amounts of the starting
compound along with polymeric material, but none of the
tandem addition product. The diastereoselectivity in the
reaction involving methoxymethyl addition was more

complex. Whereas ytterbium triflate gave 58:1 selectiv-
ity, magnesium bromide gave only a 1.8:1 mixture
(entries 5 and 6). The higher selectivity with ytterbium
triflate may reflect its higher coordinating ability. It is
evident that functionalized radicals possessing Lewis
basic sites can be used successfully, but that appropriate
matching of the Lewis acid may be critical.
In conclusion, we have shown that Lewis acid-mediated

tandem additions proceed with high levels of diastereo-
selectivity. The use of simple as well as functionalized
radicals in these tandem addition processes has also been
established. Further studies regarding the dependence
of diastereoselectivity on the Lewis acid-radical precursor
combination, extension of the methodology to more
complex systems, and applications of these reactions in
natural product synthesis are currently underway in our
laboratory.
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Table 2. Diastereoselective Addition/Allylation Using
Different Radical Precursorsa

entry RX Lewis acid (eq) prod.
yield
(%)b ratioc

1 MeI MgBr2 (2) 3a 82 >100:1
2 i-PrI MgBr2 (2) 3b 85 >100:1
3 t-BuI MgBr2 (2) 3c 94 >100:1
4 C6H11I MgBr2 (2) 3d 93 >100:1
5 MeOCH2Br MgBr2 (2) 3e 50 1.8:1
6 MeOCH2Br Yb(OTf)3 (1) 3e 70 58:1
7 MeCOBr MgBr2 (2) 3f 55 50:1
8 PhCOBr MgBr2 (2) 3g 90 50:1
a For typical procedure see footnote 12. b Yields are for isolated

products. c Diastereomeric ratios were determined by 1H 400 MHz
NMR analysis. The absolute stereochemistry at the newly formed
center has not been established.
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