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ABSTRACT

A novel crystallization-induced chiral inversion of (S)-2-bromo-3-phenylpropanoic acid to its (R)-enantiomer with excellent enantiomeric excess
(96−99%) is achieved. Optically pure (S)-2-acetylthio-3-phenylpropanoic acid can be prepared in good yield from inexpensive and commercially
available L-phenylalanine via diazotization/bromination, chiral inversion, and thioacetate substitution reactions.

Omapatrilat and Gemopatrilat were developed as vaso-
peptidase inhibitors for treatment of hypertension, congestive
heart failure, and renal disease.1 During the course of
developing these inhibitors, an efficient synthesis of the
common intermediate, (S)-2-acetylthio-3-phenylropanoic acid
(Figure 1,1), was needed.

An existing synthetic route in the literature for the acid
starts from unnaturalD-phenylalanine.2 D-phenylalanine is
first converted to (R)-2-bromo-3-phenylpropanoic acid through
diazotization/bromination. The acid obtained is then subjected
to nucleophilic substitution with potassium thioacetate to
afford 1. Although efficient, this approach is not desirable
due to the high cost ofD-phenylalanine.

Alternative synthetic routes were investigated in our
laboratory, and we reported one approach to this intermediate
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via enzymatic resolution.3 Here, we report a novel crystal-
lization-induced chiral inversion approach to the acid using
inexpensiveL-phenylalanine as starting material.

The desired precursor to1 is (R)-2-bromo-3-phenyl-
propanoic acid (Scheme 1,3). Recently, crystallization-

induced dynamic resolution (CIDR) via a pair of salt
diastereomers has gained popularity in asymmetric synthesis.4

Preliminary lab studies indicated that some chiral amines
were effective for dynamic kinetic resolution of the racemic
2-bromo-3-phenylpropanoic acid (2), which was available
from our earlier work.3 Among more than 40 chiral amines
screened, (R)-bornylamine was found to be the most effec-
tive.

We further optimized the dynamic kinetic resolution
conditions with various combinations of chiral amines,
solvents, and halide sources. Selected combinations are
compiled in Table 1. Excellent enantiomeric excess (∼96%,

Table 1, entry 13) could be obtained when (R)-bornylamine
was used as the chiral amine, acetonitrile as the solvent, and

tetraethylammonium bromide (TEAB) as a bromide ion
source.

We then reasoned that under dynamic kinetic resolution
conditions, the undesired (S)-enantiomer could be directly
converted to its (R)-enantiomer. This concept can be
described as a crystallization-induced chiral inversion, and
this would ultimately allow us to start with the inexpensive
L-phenylalanine.

It is known that diazotization/bromination of an amino acid
results in retention of configuration. ConvertingL-phenyla-
lanine via diazotization/bromination5 leads to the (S)-
enantiomer of the precursor (S)-2-bromo-3-phenylpropanoic
acid 4. Chiral inversion of4 was then investigated using
optimal reaction conditions identified for dynamic resolution
of 2: (R)-bornylamine as a chiral amine, acetonitrile as a
solvent, and TEAB as the bromide ion source. Under these
conditions,4 was converted to5, the (R)-bornylamine salt
of 4, with high stereospecificity (>96% ee) and good yield
(78%).

The enrichment of the desired bornylamine salt5 is likely
due to its lower solubility in acetonitrile. It was found that
the undesired salt, the (R)-bornylamine salt of (R)-2-bromo-
3-phenyl-propanoic acid, was almost three times more
soluble than5 (0.95 vs 0.35 mg/mL). Since the solubility
for both salts in acetonitrile is low, a relatively long reaction
time (∼48 h) was needed to achieve the desired level of
enantiomeric inversion. The bromide source also appeared
to play an important role in achieving the optimal result.
For example, under similar conditions TEAB gave a higher
yield than TBAB (entries 13 and 2). The differences in
isolation yields may primarily be attributed to the differences
in solubility of the salt in different isolation medium, since
there was no difference in reaction profiles. However, when
no bromide was added, the reaction gave only∼40% ee
under similar conditions.

(R)-2-bromo-3-phenylpropanoic acid (3) was obtained by
dissolving5 in water, acidifying with methanesulfonic acid,
and extracting the product with MTBE. The ee of the acid
obtained was usually between 96 and 98%. The (R)-
bornylamine was also recovered by adjusting pH to 10-13
and then extracting the free amine into MTBE. The recovered
bornylamine was∼97% pure, and the recovery was>92%.

The bromo acid3 was subsequently converted to1 by
nucleophilic substitution with KSAc to furnish the desired
common intermediate in∼87-90% yield. The ee of the acid
obtained was between 92 and 95%. Recrystallization of the
acid in MTBE/heptanes further increased the ee to∼99%.
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(7) Abbreviations for bromide sources: TBAB) tetrabutylammonium
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Scheme 1. Crystallization-Induced Dynamic Resolution of2

Table 1. Optimization of CIDR Conditions for26

entry bromide source7 solvent yield(%)a ee (%)8

1 TBAB butyl acetate 40.00 87.0
2 TBAB acetonitrile 45.49 93.5
3 TBAB MTBE 78.93 85.1
4 TBAB ethyl acetate 69.57 88.6
5 TBAB THF nab na
6 TBAB butanol 44.15 84.1
7 TBAB isobutanol 56.19 78.1
8 TMAB butyl acetate 77.19 74.3
9 TEAB butyl acetate 77.59 89.4

10 THAB butyl acetate 42.81 89.2
11 MTOAB butyl acetate 40.00 84.5
12 TOAB butyl acetate 64.75 87.6
13 TEAB acetonitrile 76.0 96.0

a Yield was calculated on the basis of the chiral amine input and was
not optimized.b No salt formation.
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The entire scheme, including the recycle of the bornylamine,
is depicted in Scheme 2.

In conclusion, optically pure3 can be obtained from the
corresponding optically pure4 via a crystallization-induced
chiral inversion with an appropriate chiral amine, and a route
to 1 utilizing inexpensiveL-phenylalanine has been demon-
strated. To the best of our knowledge, this is the first time
that anR-substituted chiral carboxylic acid was synthesized
by inverting its enantiomer through a crystallization-induced
chiral inversion.
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Scheme 2. Synthesis of1 from L-Phenylalanine
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