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ABSTRACT

A new method for the synthesis of chiral â-branched r-amino acids based on a copper-mediated directed allylic substitution reaction with
Grignard reagents is reported. This is the first case in which a δ-stereogenic center is controlling the diastereoselectivity of an o-DPPB-
directed allylic substitution. Depending on the alkene geometry of the starting material either diastereomer, anti or syn, is accessible with
good levels of acyclic stereocontrol.

Synthesis ofâ-branchedR-amino acids requires the control
over adjacent stereocenters. To achieve this goal three major
synthetic strategies have appeared in the literature: (i) the
azaenolate-Claisen rearrangement for the synthesis of syn
adducts;1,2 (ii) the Meerwein-Eschenmoser-Claisen rear-
rangement, an alternative to reach the anti diastereomers;3

and (iii) the Overman imidate rearrangement, requiring the
oxidation of an allylamine.4,5 In previous work we6 and
others7-9 have shown that the oxazolidine moiety in Garner’s
aldehyde is a useful control element to achieve high levels
of π-diastereofacial discrimination in the course of 1,4

conjugate addition. We also explored the use of Garner’s
aldehyde as a precursor for seco-kainic acid, isoleucine, or
ADDA.6,10 In this context, we were wondering whether it
would be possible to construct the two epimeric alkenyl-
oxazolidines1 and 2 from the correspondingE and Z
allylalcohols 3 and 4, via a SN2′ displacement reaction
(Scheme 1). Indeed, deprotection of the aminoalcohol
function in1 and2 followed by oxidation could regenerate
the R-amino acid function and would represent a new
synthesis ofâ-branchedR-amino acids equipped with an
additonal terminal alkene function, amenable for further
chemical elaborations.
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The allylic substitution with organocopper reagents is an
attractive operation since in contrast to many other transition-
metal catalyzed allylic substitutions it allows the introduction
of hard nucleophiles such as alkyl, alkenyl, and aryl
substituents.11 However, the simultaneous control of regio-
and stereochemistry is still a difficult problem, and only a
few successful examples are known.12,13One solution to this
problem makes use of reagent-directing leaving groups which
control the trajectory of the incoming copper nucleophile to
occur as an exclusiveγ-attack.14,15Additionally, a directing
leaving group reverses the stereochemical course of the
allylic substitution to occur as a syn process as opposed to
the natural anti attack relative to the leaving group.16 In this
regard theo-diphenylphosphanyl benzoate (o-DPPB) has
proved to be an efficient controller of regio- and stereo-
chemistry in the course of the allylic substitution reaction
with secondary and primary allylic substrates.17 Excellent
SN2′ selectivity and perfect levels of 1,3-synchirality transfer
have been observed in many cases for cyclic and acyclic
derivatives.18,19However, it was unknown whether a stereo-
genic center inδ-position of a primary allylic substrate would
exert any influence on the stereochemical course of the
intramolecular delivery of the organometallic nucleophile

from either face of theπ-system in allylico-DPPB esters
such as7 or 8.20

Preparation of allylic substrates7 and8 commenced from
(R)-Garner’s aldehyde.21,22 Conversion to enoates5 and 6
was achieved employing either a modified Horner-Wad-
sworth-Emmons reaction for theE isomer (6)6,23 or the
Stille-Gennari procedure for theZ isomer (5).7,24 Chemose-
lective ester reduction occurred upon treatment with DIBAL.
Finally esters7 and 8 were obtained using Steglich’s
esterification conditions witho-DPPB acid (Scheme 2).25

In a first series of experiments allylico-DPPB esters7
and8, respectively, were subjected to the reaction conditions
of the directed allylic substitution with methyl magnesium
bromide in the presence of 0.5 equiv of CuBr‚SMe2 in
diethylether (Table 1). In accordance with previous inves-
tigations, optimal results were obtained upon slow syringe
pump addition of the Grignard reagent to a solution of the
allylic o-DPPB ester precomplexed with copper(I). Thus, for
E-substrate7 under optimized conditions excellent SN2′
selectivity and a remarkable diastereoselectivity in favor of
the anti-SN2′ product1a (dr 85:15) was obtained (Table 1,
entry 3). Even better, and most interestingly, opposite
diastereoselectivity was observed forZ-substrate8 (dr 95:
5) in favor of syn-SN2′ product2a. Hence, depending on
alkene geometry both diastereomeric allylic substitution
products1aand2aare accessible with good levels of acyclic
stereocontrol exerted by a stereogenic center inδ-position.
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Scheme 1. Approach towardâ-BranchedR-Amino Acids

Scheme 2
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Assignment of the absolute configuration of1a and 2a
was achieved upon transformation to knownN-Boc isoleu-
cine andN-Boc allo-isoleucine (Scheme 3).

With the optimized reaction conditions in hand, we decided
to probe the influence of more spatially demanding nucleo-
philes on the regio- and diastereoselectivity of the directed
allylic substitution. Thus, the reaction of substrates7 and8
with a series of alkyl Grignard reagents was studied. Results
are summarized in Table 2. In all cases (R) Et, nBu, and
iPr) complete conversion and almost quantitative yields of
allylic substitution product were obtained1a-d and2a-d
(Table 2, entries 1-8).

Regioselectivity toward the SN2′ product was high in all
cases. Furthermore, it proved generally that fromE-substrate
7 anti-diastereomers1a-d were formed preferentially,
whereas the correspondingZ-substrate8 furnished the syn
diastereomers2a-d diastereoselectively. Interestingly, dia-
stereoselectivity was more or less independent from the
nature of the Grignard reagent employed.

As a rationale for the stereochemical outcome of these
reactions, we assume that the reaction follows the pathway
of a directed allylic substitution based on previous extensive
control experiments17 (Figure 1). Thus, forE-substrate7 it

is plausible that reactive conformations (7A) or (7A′) are
accounting for the observed stereochemical outcome. Both
conformations are in agreement with stereoelectronic re-

Table 1. Results of Copper-Mediated Directed Allylic
Substitution of Allylic o-DPPB Esters7 and8 with Methyl
Magnesium Bromide: Influence of Reaction Conditions

entrya cpd equiv [MR]

SN2′/SN2
1a + 2a/
10 + 11b

syn/anti
2a/1ac

1 7(E) 0.5 CuBr.SMe2/1.6 MeMgBr 95/5 25/75
2 7(E) 0.5 CuBr.SMe2/1.6 MeMgBr 69/31 33/67
3 7(E) 0.5 CuBr.SMe2/1.6 MeMgBr 98/2 15/85
4 7(E) 0.5 CuBr.SMe2/2 MeMgBr 96/4 21/79
5 7(E) 0.5 CuBr.SMe2/2 MeMgBr 92/8 18/82
6 7(E) 1 CuBr.SMe2/2 MeMgBr 93/7 24/76
7 7(E) 0.5 CuI/2 MeMgBr 84/16 22/78
8 7(E) 0.5 CuCN/2 MeMgBr 89/11 28/72
9 8(Z) 0.5 CuBr.SMe2/1.6 MeMgBr 98/2 95/5
10 8(Z) 0.5 CuBr.SMe2/2 MeMgBr 97/3 95/5

a All reactions were performed in Et2O, except for entry 1 which was
run in DCM. The reactions were performed at 20°C, except for entries 2
and 4, run at 0 and 35°C, respectively. In all cases the concentration of the
reaction was 0.02 M, MeMgBr 1.0 M in Et2O was added by syringe pump
(300 µL/h). b The SN2′/SN2 ratio was determinated by GC, the observed
SN2 adducts10 and11 were prepared from Garner’s aldehyde via a Wittig
olefination (E/Z: 7/93 with Ph3PdCHMe) and were employed for
identification purposes in the crude reaction mixture by GC/MS.c Complete
conversion of7 or 8 was observed.

Scheme 3. Assignment of the Absolute Stereochemistry

Table 2. Results of Copper-Mediated Directed Allylic
Substitution of Allylic o-DPPB Esters7 and8 with Grignard
Reagents

entrya cpd
RMgBr

R SN2′/SN2
syn/antib

(products)
yield
(%)c

1 7(E) Me 98/2 15/85
(2a/1a)

78

2 7(E) Et 96/4 15/85 (2b:1b) 91
3 7(E) nBu 98/2 17/83

(2c/1c)
97

4 7(E) iPr 98/2 7/93
(2d/1d)

97

5 8(Z) Me 96/4 97/3
(2a/1a)

86

6 8(Z) Et 99/1 97/3
(2b/1b)

98

7 8(Z) nBu 98/2 98/2
(2c/1c)

96

8 8(Z) iPr 95/5 95/5
(2d/1d)

98

a RMgBr (2 equiv) at 0.1 M was added at a rate of 3 mL/h to a solution
of 7 or 8 precomplexed with of CuBr-Me2S (0.5 equiv) in Et2O at rt (0.01
M). b Configuration of1b-d and2b-d assigned on analogy with1a and
2a by GC/MS.c Isolated products after column chromatography.

Figure 1. Rationale for the regio- and stereocontrol.
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quirements for the SN2′ reaction16 and minimize allylic A1,3

strain.26 Directed attack from the least hinderedSi alkene
face provides the anti diastereomer preferentially.

In the case ofZ-substrate8, conformation (8B) with deliv-
ery of the alkyl nucleophile to the sterically less-hindered
Re face could explain the preferred formation of the syn
diastereomer. The pronounced A1,3 strain expected for a cis
disubstituted alkene could be responsible for the higher
diastereoselectivities observed for theZ-o-DPPB ester8.

Our methodology has been applied toward the synthesis
of (2S,3S)-2-amino-3-cyclopropylbutanoic acid (15), isolated
from the mushroomAmanita castanopsidis Hongo, a natu-
rally occurring amino acid.27 As its absolute configuration
is related to iLeu, we started from substitution product1a
(dr 85:15) (Scheme 4). Cyclopropanation of1a occurred

upon treatment with diazomethane in the presence of a
catalytic amount of palladium acetate to furnish fully pro-
tected amino acid precursor12.28 Cleavage of the acetonide

with TFA in methanol and subsequent oxidation of the
primary alcohol toward the carboxylic acid with HIO4 and
CrO3 furnished the Boc-protected amino acid14 in good
overall yield. Cleavage of the Boc group under standard
conditions yielded the desiredâ-branched amino acid15
quantitatively (dr 9:1).

Employing the o-DPPB group as a reagent-directing
leaving group, chemo-, regio-, and diastereoselective allylic
substitution of allylic alcohols3 and4 derived from Garner’s
aldehyde is possible. This is the first case in which a
δ-stereogenic center is controlling the diastereoselectivity of
a o-DPPB-directed allylic substitution. Depending on the
alkene geometry of the starting material either diastereomer,
syn or anti, is accessible with good levels of acyclic
stereocontrol. A rational has been proposed including reactive
conformations minimizing A1,3 strain. The allylic substitution
products1a-d or 2a-d constitute valuable building blocks
for the construction of natural and unnaturalâ-branched
R-amino acids as demonstrated with the synthesis of natural
(2S,3S)-2-amino-3-cyclopropylbutanoic acid.
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