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Since the introduction of the 1,5-hydrogen atom translocation
as a new mechanistic concept in radical processes,1 eminent
accomplishments by Curran2a and De Mesmaeker,2b among
others,2c-f have demonstrated its considerable scope and ap-
plication for synthetic methodology. As part of our efforts in
this active area,1c,3 we report on the highly (>95:5) diastereo-
selective transformation of racemic and enantiomerically pure
N-(o-bromo- and -iodobenzoyl)-2-tert-butyl-perhydropyrimidi-
nones 1a,b with electron-deficient alkenes into substituted
products3a-c (Scheme 1). This aryl toR-amidoyl 1,5-radical
translocation,4 tailored for the first time for 1,3-asymmetric
induction,5 offers a new general route for the synthesis of
unusually functionalized optically activeâ-substitutedâ-amino
acids6a such as7, 8which are of considerable current interest
as bioactive natural and unnatural entities and as precursors for
â-lactams.6b
RacemicN-o-bromobenzoylperhydropyrimidinone1aand the

corresponding iodo analogue1bwere prepared7 from â-alanine
in four steps according to the Juaristi-Seebach protocol for the
debromo derivative,8a while enantiomerically pure1a was
obtained fromL-asparagine by a route used for the preparation
of other enantiopure perhydropyrimidinones.8b-11 While 1H and
13C NMR spectra of the pyrimidinones1a,b displayed high

complexity due to restricted rotation about the amide N-CO
and Ar-CO bonds,1c,3 X-ray crystallographic analysis12 of
enantiomerically pure (-)-1a (Figure 1) showed the heterocyclic
ring in a sofa-like conformation with a quasi axialtert-butyl
group, similar to that described for the debromo analogue and
related derivatives.13 Thus, in the solid state, the equatorial and
axial R-amidoyl hydrogens are located 3.30 and 4.65 Å,
respectively, from the bromo atom, and thetert-butyl group
strongly shields theâ-face of the molecule.
To probe the efficacy of the 1,5-hydrogen atom transfer,

pyrimidinone1awas subjected to tin deuteride/AIBN conditions
to afford deuterated products5 and6 (Scheme 2) (89% yield,
53% d1 by MS) in a 7:3 ratio14 which is in good agreement
with corresponding rotamer populations as determined by
variable temperature NMR.15

The results of electrophilic olefin-trapping experiments are
summarized in Table 1. Using standard tin hydride conditions
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in the presence of methyl acrylate,1c the bromoperhydropyri-
midinone1a cleanly furnished a mixture of addition product
3a (53% yield,>90% diastereoselectivity) and reduced material
4 (41%). By the application of the catalytic tin method,16 the
yield of the addition product3a (62%) was improved and the
amount of reduction product4 (16%) was considerably de-
creased. In the presence of acrylonitrile and phenyl vinyl
sulfone as acceptor olefins, the radical interception products3b
and 3c were obtained from1a in 64% and 40% yields,
respectively, together with 21% and 48% reduced material4.
Trapping theR-amidoyl radical derived from the iodo compound
1b with these alkenes led to predominant amounts of4. The
substantial difference in amounts of reduction product between
the iodo and the bromo derivatives is not understood and needs
further investigation.
When optically active (-)-1awas subjected to the catalytic

tin hydride conditions, the substituted products3a-c were

obtained in acceptable yields (similar to the racemic series) and
high enantiomeric purity (Table 2).17

To demonstrate the utility of the 1,5-hydrogen atom trans-
location for the synthesis of optically activeâ-amino acids,
compounds3a-cwere treated under acid-catalyzed conditions8a

followed by purification by acidic ion-exchange resin to afford
3-aminoadipic acid718 and theδ-sulfonyl-substituted analogue
8 in 45-80% yields (Scheme 3).19

In summary, a new highly diastereoselective transformation,
1 f 3, mediated by 1,5-hydrogen atom translocation (2), has
been uncovered. Its generality and application to the synthesis
of â-substitutedâ-amino acids7, 8 has been demonstrated. The
broader conceptualization of this 1,3-asymmetric induction
radical process and its application in the design and construction
of optically active, biologically important natural and unnatural
â-amino acids andâ-lactams may be anticipated.
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Table 1. R-Amidoyl Functionalization of Racemic
Perhydropyrimidinones1a and1b

X conditionsa
addition product
(yield, %)b Y

reduction (4)
(yield, %)b

Br A 3a (53) CO2Me 41
Br B 3a (62) CO2Me 16
I B 3a (63) CO2Me 34
Br B 3b (64) CN 21
I B 3b (42) CN 57
Br B 3c (40) SO2Ph 48
I B 3c (27) SO2Ph 70

a A: Bu3SnH (2 equiv)/AIBN (cat)/alkene (5 equiv)/PhH/reflux
(standard conditions). B: Bu3SnCl (0.1 equiv)/NaCNBH3 (2 equiv)/
AIBN (cat)/alkene (5 equiv)/t-BuOH/reflux. bAll yields refer to isolated
and purified (chromatographed) materials. In all cases,1H NMR spectra
of crude materials showed the presence of only one isomer (dr> 95:
5).

Table 2. 1,5-Hydrogen Atom Transfer in Optically Active
N-(o-Bromobenzoyl)-tert-butylpyrimidinone(-)-1a using the
Catalytically Tin Hydride Methoda

addition product Y yield, %b ee, % reduction (4), %b

3a CO2Me 56 97 10
3b CN 59 97 20
3c SO2Ph 50 98 41

a Bu3SnCl (0.1 equiv)/NaCNBH3 (2 equiv)/AIBN (cat)/alkene (5
equiv)/t-BuOH/reflux. b All yields refer to isolated and purified (chro-
matographed) materials. By1H NMR spectroscopy all crude products
showed the presence of only one isomer (dr>95:5); ee’s were measured
on the single pure isomers3a-c, obtained by flash chromatography.
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