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The preparation of enantiomerically pure cyclopropylalanine
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Abstract—Single enantiomer cyclopropylalanine (>99.9% ee) and various derivatives were prepared using an asymmetric
hydrogenation approach with a rhodium catalyst based on the methyl BoPhoz™ ligand. N-Boc cyclopropylalanine benzyl ester
was the preferred derivative, as this material is ripe for further selective reaction and can be recrystallized to >99.5% enantiomeric
excess.
© 2003 Elsevier Ltd. All rights reserved.

1. Introduction

Asymmetric hydrogenation is an efficient and attractive
approach to a number of interesting single enantiomer
materials, largely due to the ability to transform inex-
pensive starting materials such as olefins or ketones
into higher value products. The area of asymmetric
hydrogenation, and in particular the design and synthe-
sis of novel ligands for these transformations, has been
under intense investigation.1 Although there are a num-
ber of materials available via asymmetric hydrogena-
tion, the preparation of amino acid derivatives using
this technology has long been of particular interest.
Indeed, the first commercial application of asymmetric
hydrogenation was the preparation by Knowles of L-
DOPA.2 The mechanism of this type of reaction has
been thoroughly studied,1b,3 and the central nature of
this asymmetric hydrogenation reaction is indicated by
the fact that virtually all new ligands prepared are
tested for enantioselectivity in the hydrogenation of
dehydroamino acid derivatives.
The continuing interest in unnatural amino acids is
driven by their extensive use as key building blocks for
a large variety of pharmaceutically active materials.
The cyclopropyl group is also an important pharma-
cophore, and has found its way into a number of
pharmaceutical agents. Cyclopropyl-substituted amino
acids are an intriguing combination of these two func-
tionalities. Of these, cyclopropylalanine has been incor-
porated into pharmaceutically active materials4 despite
the fact that the current syntheses of this amino acid in

enantiomerically pure form are challenging.4,5 None of
the approaches to date have utilized asymmetric hydro-
genation chemistry, presumably since cyclopropanecar-
boxaldehyde (CPCA), a key starting material for an
efficient approach to the requisite dehydroamino acid,
was not readily available. CPCA has recently become
available to us by the sequential isomerization of 3,4-
epoxybutene, a new material from Eastman Chemical
Company.6 The additional discovery of a new class of
phosphine–aminophosphine ligands 1 (BoPhoz™ lig-
ands, Fig. 1) as highly active and enantioselective lig-
ands for the asymmetric hydrogenation of
dehydroamino acids7 spurred us to investigate the syn-
thesis of single enantiomer cyclopropylalanine via
asymmetric hydrogenation.

2. Results and discussion

The key variables for the synthesis of an amino acid
using asymmetric hydrogenation are the amino and
carboxyl substituents. The best combination of these

Figure 1.
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Scheme 1. Initial substrate synthesis.

two groups depends on a variety of factors including
ease of synthesis, hydrogenation characteristics (enan-
tioselectivity, rate, and throughput), ability to enhance
to absolute enantiomeric purity, and ease and selectiv-
ity of protecting group removal. The key initial hurdle
is obtaining high enantioselectivity in the asymmetric
hydrogenation reaction. Thus, our initial investigation
involved the preparation of a number of dehydrocyclo-
propylalanine derivatives for asymmetric hydrogenation
screening.

There are several methods for the synthesis of dehy-
droamino acids. The most flexible approach in this case
was the condensation of CPCA with a variety of appro-
priately substituted phosphonate reagents as pioneered
by Schmidt.8 Using the chemistry shown in Scheme 1
(as well as that described below for benzyl esters) we
prepared a number of species 2 for hydrogenation
screening with the rhodium complex of the BoPhoz™
ligands.

Our previous results have indicated that the rhodium
complex of the methyl BoPhoz™ ligand 1b is superior
to all other BoPhoz™ ligands for dehydroamino acid
hydrogenation enantioselectivity.7 Thus, we examined
the hydrogenations of substrates 2 as shown in Scheme
2 in THF with 1 mol% of a complex prepared in situ
from 1b and bis(1,5-cyclooctadiene)rhodium(I) trifl-
uoromethanesulfonate under 10 psig of hydrogen. The
results shown in Table 1 indicate that the methyl
BoPhoz™ ligand 1b affords high conversion to the
desired product 3 with high enantioselectivity for a
variety of amine and carboxyl protection schemes. The
data suggest that while variation of the carboxyl sub-
stituent has minimal effect, the N-acetyl or N-Boc
groups display decidedly higher enantioselectivity than
the other amino substituents. The N-Boc substrates
were preferred as they afford the highest enantioselec-
tivities and are much more synthetically versatile.

The choice of the most desirable substrate for further
study and scale-up was thus largely predicated on the
attractiveness of its preparation and the versatility of
the carboxyl protecting groups.

Table 1. Asymmetric hydrogenation of dehydrocyclo-
propylalanine derivatives with (R)-methyl BoPhoz™
rhodium complexa

Compound Conversion (%)R R� Ee (%)

MeMea 10098.0
Me t-BuOb 97.8 99

100c 98.6t-BuOPhCH2

PhCH2 Phd 10092.0
He 9695.0Ph

f 9995.0PhMe
9894.2PhCH2OMeg

a Reactions were run at 0.5 M in MeOH using 1 mol% catalyst for 1
h at 10 psig hydrogen.

Although the phosphonate chemistry in Scheme 1 can
readily afford the N-Boc derivatives of 2, this chemistry
was deemed unattractive for scale-up due to the lengthy
preparation of the phosphonate reagent and its atom
inefficiency. Two other routes are generally used for
dehydroamino acid preparation. The first involves the
simple condensation of an amide or carbamate with an
�-ketoester, but is disfavored due to the lack of ready
availability of a cyclopropylpyruvate ester. The other
standard approach to the preparation of dehydroamino
acids is the Erlenmeyer condensation of an N-
acylglycine with an aldehyde (CPCA in this case).9

Unfortunately, this condensation is usually limited to
aromatic aldehydes, as aliphatic aldehydes in general
perform poorly.10 However, cyclopropylcarbonyl com-
pounds such as CPCA often react more like aromatic
rather than aliphatic carbonyl species, and although the
condensation of CPCA with N-acetylglycine afforded
an intractable mixture, the similar condensation with
hippuric acid afforded a moderate yield of the desired
azlactone 4 (Scheme 3). This material was readily

Scheme 3. Optimized substrate synthesis.

Scheme 2. Asymmetric hydrogenation of 2.
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purified and could be converted into a variety of esters
2 by reaction with the corresponding alkoxide.
Although there are a number of good choices for the
carboxyl derivative, we chose the benzyl ester. This
group provides the most downstream versatility as it
can be removed under either base hydrolytic or reduc-
tive conditions, both of which would differentiate it
from the Boc group. This ester was readily formed by
the reaction of 4 with benzyl alcohol in toluene using
sodium methoxide catalysis. Conversion of the benz-
amido species to the desired N-Boc derivative was
achieved using chemistry similar to that previously
described for saturated amino acid derivatives.11 Com-
pound 2d was reacted with di-tert-butyl dicarbonate
using DMAP as catalyst to afford the mixed imide
species 5, which was treated directly with hydrazine to
specifically cleave the benzoyl group and afford the
desired N-Boc benzyl ester 2c.

We investigated the asymmetric hydrogenation of 2c
with a variety of catalysts. We were surprised to find
that this substrate is non-trivial to reduce with the
rhodium complexes of a variety of available ligands.
The results shown in Table 2 indicate that many com-
mercially available ligands afford moderate enantiose-
lectivity and often poor activity under our screening
conditions. Of these ligands, only the DuPHOS species
show results comparable to the methyl BoPhoz™ lig-
and (with Et DuPHOS affording slightly higher
enantioselectivity).

More industrially relevant conditions were then investi-
gated with the rhodium complex of the methyl
BoPhoz™ ligand 1b. We were particularly interested in
the kinetics of this transformation, as there was some
concern that the sterically hindered Boc substituent of
2c would render it sluggish in its reactivity. It was not
particularly surprising that this asymmetric hydrogena-
tion was significantly slower than that of an N-acetyl
species such as methyl 2-acetamidocinnamate.7 How-
ever, the exceedingly high intrinsic reactivity of the
rhodium complex of the methyl BoPhoz™ ligand for
the hydrogenation of dehydroamino acid derivatives is

more than sufficient to overcome the large steric nature
of the Boc substituent of 2c. Thus, we observed an
initial rate of reaction of over 9100 catalyst turnovers
per hour in methanol (our usual preferred solvent) at a
substrate to catalyst ratio of 1000:1, affording 3c with
96.4% ee. We also performed a solvent screen of reac-
tivity and selectivity for this transformation, and found
that ethyl acetate is preferred over methanol for this
reaction, as under the same reaction conditions it
afforded a similar rate (8300 catalyst turnovers per
hour) and improved enantioselectivity (98.4% ee).
Reactions at a higher substrate to catalyst ratio prefer-
able for scale-up (e.g. 2500:1) afforded similar turnover
frequencies with slight diminution of enantiomeric
purity (97.6% ee).

The final criterion for an effective synthesis of cyclo-
propylalanine is the ability to enhance the enantiomeric
purity to high levels. We examined a number of sol-
vents to determine if the hydrogenation product 3c
could be recrystallized to enantiomeric purity, and
found that recrystallization from hexane afforded mate-
rial of >99.5% ee.

The absolute configuration of this material was origi-
nally inferred by the elution order of the enantiomers
on chiral GC. However, it was important to unequivo-
cally determine the absolute configuration of the prod-
ucts, and this was most readily ascertained by
conversion to the native amino acid, which also allowed
us to examine how readily derivative 3c could be selec-
tively deprotected.

As shown in Scheme 4, the t-butyl carbamate of 3c
could be readily removed by simple treatment with
methanesulfonic acid in toluene. Neutralization and
aqueous isolation afforded the benzyl ester 6 in 99%
yield. This material was hydrogenated under mild con-
ditions using 5% palladium on carbon to hydrogenolyze
the benzyl ester and afford the amino acid 7, which
could be readily recrystallized from an ethanol/water
mixture (83% yield). The hydrogenation conditions did
not hydrogenolyze the cyclopropyl ring. The examina-
tion of the specific rotation of 7 derived from the
asymmetric hydrogenation of 2c using (R)-methyl
BoPhoz™ ligand and comparison to literature values
indicated that these conditions afforded the (S)-enan-

Table 2. Asymmetric hydrogenation of benzyl N-Boc 3-
cyclopropylpropenoate 2ca

Ligand Conversion (%)Ee (%)

98.61b 100
(S,S)-Methyl DuPHOS 98.6 99

10099.3(S,S)-Ethyl DuPHOS
41(S)-BINAP 55
9740(R,R)-DIOP

(R,S)-BPPFA 8934
(2S,3S)-CHIRAPHOS 0–
(R)-PROPHOS 5b81.8

515.0(S,S)-PHANEPHOS
8186.8(R,S)-Josiphos

a Reactions were run at 0.5 M in THF using 1 mol% catalyst for 1 h
at 10 psig hydrogen.

b Reaction was run for 6 h.

Scheme 4. Synthesis of (S)-cyclopropylalanine.
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tiomer of 3c.5d,f The enantiomeric purity of 7 was also
of concern to determine whether any racemization
occurred during the deprotection reactions. This was
accomplished by conversion of 7 to 3b by sequential
treatment with di-tert-butyl dicarbonate (NaOH/H2O)
and trimethylsilyldiazomethane (MeOH). Chiral GC
examination of 3b thus produced indicated that the
deprotection sequence afforded 7 with >99.9% ee.

3. Conclusions

We have developed an efficient and effective synthesis
of the single enantiomers of cyclopropylalanine and
various derivatives in high enantiomeric purity. The
material is derived from cyclopropanecarboxaldehyde,
a readily available epoxybutene derivative. The synthe-
sis proceeds via the asymmetric hydrogenation of the
corresponding dehydroamino acid derivative using a
rhodium complex of the methyl BoPhoz™ ligand 1b.
The N-Boc benzyl ester of cyclopropylalanine was cho-
sen for scale-up due to synthetic ease and downstream
versatility.

4. Experimental

4.1. General methods

All solvents were used as received from Burdick and
Jackson except where indicated. All reagents were used
as received from Aldrich Chemical Company except
where indicated. Bis(1,5-cyclooctadiene)rhodium trifl-
uoromethanesulfonate was obtained from Alfa Aesar.
1H NMR (300 MHz) and 13C NMR (75.5 MHz) spec-
tra were obtained on a Varian Gemini-300 Spectrome-
ter. Mass spectral data were collected on a Micromass
Autospec Magnetic Double Focusing Mass Spectrome-
ter using field desorption ionization techniques. High
resolution mass spectra were run by positive ion elec-
trospray on a Micromass LCT Time of Flight mass
spectrometer in positive ion mode. Gas chromatogra-
phy was performed on a Hewlett–Packard 6890 gas
chromatograph with flame ionization detection. Optical
rotations were determined on a Rudolph Research
Autopol III polarimeter. Melting points are
uncorrected.

4.2. Preparation of 4-cyclopropylmethylene-2-phenyl-
4H-oxazol-5-one 4

A 72 L flask fitted with a condenser, mechanical stirrer,
addition funnel, and thermocouple was charged with
acetic anhydride (19 L; 201 mol; 6 equiv.), sodium
acetate (4.14 kg; 50.5 mol; 1.5 equiv.), and N-benzoyl-
glycine (hippuric acid, 6.0 kg, 33.5 mol) under an inert
atmosphere. CPCA (7.56 L; 101 mol; 3 equiv.) was
added via the addition funnel over 40 min to the
mixture at 25°C. Once the addition was complete, the
reaction mixture was heated to 110°C. After 1.5 h, the
reaction was cooled to 50°C. Volatile materials (24 L)
were removed by vacuum distillation. Toluene (39 L)
was added and the mixture was stirred for 1 h and

washed with water (3×30 L). The organic solution was
concentrated by distillation of ca. 20 L of toluene
(white precipitate formed as toluene was removed). The
remaining thick slurry was filtered, washed with tolu-
ene, and dried to afford 2.35 kg (33%) of azlactone 4 as
an off-white solid. 1H NMR (CDCl3, 300 MHz) �
8.09–8.07 (m, 2H); 7.60–7.46 (m, 3H); 6.17–6.13 (d, 1H,
J=10.8 Hz); 2.46–2.35 (m, 1H); 1.29–1.23 (m, 2H);
0.96–0.91 (m, 2H). 13C NMR (CDCl3) � 165.9; 161.7;
145.4; 134.3; 132.7; 128.8; 127.8; 125.8; 110.7; 13.5;
11.1. HRMS calcd for C13H12NO2 (M+H)+: 214.0898,
found: 214.0868.

4.3. Preparation of 2-benzoylamino-3-cyclopropylacrylic
acid benzyl ester 2d

To a 5 L jacketed 3-neck flask was added azlactone 4
(343 g; 1.61 mol), toluene (3.5 L) and benzyl alcohol
(172 g; 1.6 mol; 1 equiv.) at ambient temperature.
Sodium methoxide (8.6 g; 0.16 mol; 0.1 equiv.) was
added to the slurry at 25°C. After 1 h much solid had
precipitated and NMR analysis indicated complete con-
sumption of starting material. The solid was filtered,
washed with toluene, and dried to afford 2d as a white
amorphous solid (441 g; 85%), mp 130–132°C, which
was used without further purification. 1H NMR
(CDCl3, 300 MHz) � 7.90–7.85 (m, 2H), 7.61–7.25 (m,
3H), 6.27–6.24 (d, 1H, J=11.1 Hz), 5.19 (s, 2H), 1.83–
1.57 (m, 1H), 1.05–1.02 (m, 2H), 0.72–0.70 (m, 2H); 13C
NMR (CDCl3) � 177.0; 164.5; 144.5; 128.6; 128.4;
128.2; 127.3; 67.1; 65.3; 44.4; 12.6; 8.9. HRMS calcd for
C20H20NO3 (M+H)+: 322.1443, found: 322.1460. Anal.
calcd for C20H19NO3: C, 74.75; H, 5.96; N, 4.36.
Found: C, 74.52; H, 5.91; N, 4.11.

4.4. Preparation of 2-tert-butoxycarbonylamino-3-cyclo-
propylacrylic acid benzyl ester 2c

A 5 L three-neck jacketed flask with a mechanical
stirrer and thermocouple thermowell was charged with
enamide 2d (260 g, 0.81 mol) and DMAP (19.8 g; 0.16
mol; 0.2 equiv.). Toluene (2.0 L) was added and the
slurry was stirred at 20°C. Di-tert-butyl dicarbonate
(200 g; 0.92 mol; 1.13 equiv.) was added to the solution,
which resulted in the evolution of carbon dioxide and a
temperature drop to 17°C. The reaction mixture was
stirred at ambient temperature for 17 h at which point
TLC analysis indicated no 2d. The solution was cooled
to 10°C and methanol (250 mL) was added. The mix-
ture was further cooled to 3°C and 55% aqueous hydra-
zine hydrate (200 mL; 3.5 mol; 4.4 equiv.) was added
over 1 h such that the temperature remained below 5°C.
The solution was cooled to 3°C for 3 h and warmed to
7°C for 1 h, then diluted with ethyl acetate (500 mL)
and washed with water (2×1 L). The organic layer was
washed with 0.5N HCl (2×1L), saturated NaHCO3

(2×800 mL), dried over Na2SO4 and concentrated. The
crude product was crystallized from hot methanol by
cooling to ambient temperature to afford two crops of
2c as a white solid (227 g; 87%). This material was
recrystallized from hot ethyl acetate (454 mL; 2 mL/g)
by cooling overnight to 4°C to afford 136 g (52%) of 3c,
mp 92–94°C, which was highly active for asymmetric
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hydrogenation. 1H NMR (CDCl3, 300 MHz) � 7.37–
7.26 (m, 5H), 6.07–6.04 (d, 1H, J=10.8 Hz), 5.92 (bs,
1H), 5.18 (s, 2H), 1.76–1.66 (m, 1H), 1.45 (s, 9H),
1.03–0.97 (m, 2H), 0.66–0.63 (m, 2H). 13C NMR
(CDCl3) � 164.1; 153.9, 143.4; 135.9, 128.4; 128.3;
124.4, 110.9; 80.3; 66.9; 28.3; 11.7; 8.8. HRMS calcd
for C18H24NO4 (M+H)+: 318.1705, found: 318.1726.
Anal. calcd for C18H23NO3: C, 68.12; H, 7.30; N, 4.41.
Found: C, 68.05; H, 7.38; N, 4.26.

4.5. Kinetic analysis and preparation of (S)-2-tert-
butoxycarbonylamino-3-cyclopropylpropionic acid benzyl
ester 3c

(R)-N-Methyl-N-diphenylphosphino-1-[(S)-2-(diphenyl-
phosphino)ferrocenyl]ethylamine 1b (14.7 mg; 0.024
mmol; 1.2 equiv. based on Rh) and bis(1,5-cycloocta-
dienyl)rhodium trifluoromethanesulfonate (9.4 mg;
0.02 mmol) were combined and 2.0 mL of argon-
degassed methanol was added. The solution was
stirred for 15 min. To a Fisher–Porter bottle was
added enamide 2c (3.17 g; 10.0 mmol) and 10 mL of
ethyl acetate. The mixture was stirred and degassed
with an argon stream for 5 min. A pressure head was
attached and the mixture was evacuated and filled
with helium ten times. The rhodium complex solution
of 1b prepared above (1.0 mL; 0.01 mmol; 0.001
equiv.) was added to the bottle and the reaction mix-
ture was evacuated and filled with helium ten times
and hydrogen five times. The bottle was pressurized to
45 psig of hydrogen, sealed and stirred vigorously. The
time course of the reaction was followed by the pres-
sure change in the bottle using a pressure sensor, and
uptake ceased after about 20 min. The vessel was filled
and evacuated with helium five times, then the con-
tents were removed and concentrated to afford 3.20 g
of a pale red oil which showed 100% conversion to 3c
with an enantiomeric purity of 98.4% ee. The extent of
conversion was correlated with the observed pressure
change. Graphical analysis over the first 40% of the
reaction indicated a catalyst turnover frequency of
8300 catalyst turnovers per hour. The oil was dis-
solved in hexane (6.4 mL; 2 mL/g) and chilled to 4°C
for 1 h to afford a small amount of flocculent red
precipitate. This was clarified and the filtrate was
cooled to 4°C overnight to afford a white solid. The
precipitate was collected, washed with hexane, and
air-dried to afford 3c (2.69 g; 84%), mp 54–55°C, with
an enantiomeric purity of >99.5% ee. Chiral GC [CP-
Chirosil-Val (Varian) 175°C isothermal, 15 psig He
column pressure]: tR=15.23 (minor), tR=15.89
(major). 1H NMR (CDCl3) � 7.41–7.30 (m, 5H), 5.13–
5.12 (m, 1H), 5.02 (s, 2H), 1.70–1.60 (m, 2H), 1.45 (s,
9H), 0.69–0.61 (m, 1H), 0.42–0.39 (m, 2H), 0.02–0.01
(m, 2H). 13C NMR (CDCl3) � 172.8, 155.4, 135.6,
128.7, 128.5, 128.4, 79.9, 67.1, 54.2, 37.5, 28.5, 7.1,
4.4. HRMS calcd for C18H26NO4 (M+H)+: 320.1862,
found: 320.1876. Anal. calcd for C18H25NO3: C, 67.69;
H, 7.89; N, 4.39. Found: C, 67.49; H, 7.99; N, 4.13.
[� ]D24 −22.5 (c 1.04, CH3OH).

4.6. Preparation of (S)-2-tert-butoxycarbonylamino-3-
cyclopropylpropionic acid benzyl ester 3c

(R)-N-Methyl-N-diphenylphosphino-1-[(S)-2-(diphenyl-
phosphino)ferrocenyl]ethylamine 1b (36.7 mg; 0.060
mmol; 1.2 equiv. based on Rh) and bis(1,5-cycloocta-
dienyl)rhodium trifluoromethanesulfonate (23.4 mg;
0.05 mmol) were combined and 5.0 mL of argon-
degassed methanol was added. The solution was
stirred for 15 min. To a Fisher–Porter bottle was
added enamide 2c (31.74 g; 100 mmol) and 50 mL of
ethyl acetate. The mixture was stirred and degassed
with an argon stream for 5 min. A pressure head was
attached and the mixture was evacuated and filled
with helium ten times. The rhodium complex solution
of 1b prepared above (4.0 mL; 0.04 mmol; 0.0004
equiv.) was added to the bottle and the reaction mix-
ture was evacuated and filled with helium ten times
and hydrogen five times. The bottle was pressurized to
a constant 45 psig of hydrogen and stirred vigorously.
A mild exotherm (to ca. 30°C) was noted as the reac-
tion commenced, which subsided to room temperature
over about 1.5 h. After 3 h the reaction vessel was
sealed and no pressure change was noted. The vessel
was filled and evacuated with helium five times, then
the contents were removed and concentrated. Hexane
(ca. 20 mL) was added and the mixture was concen-
trated once more to afford 32.04 g of a pale red oil
which showed 99.9% conversion to 3c with an enan-
tiomeric purity of 97.6% ee. The oil was dissolved in
hexane (48 mL; 1.5 mL/g) and held at ambient tem-
perature for 2 h to afford a flocculent red precipitate.
This was removed by filtration and washed with hex-
ane (16 mL; 0.5 mL/g of 3c). Seed crystals were added
to the filtrate and crystallization began immediately.
The mixture was cooled to 4°C overnight to afford a
white solid. The precipitate was collected, washed with
hexane, and air-dried to afford 3c (29.88 g; 94%) with
an enantiomeric purity of >99.5% ee.

4.7. Preparation of S-2-amino-3-cyclopropylpropionic
acid benzyl ester 6

N-Boc benzyl ester 3c (2.0 g; 6.3 mmol) was dissolved
in 6 mL of toluene and methanesulfonic acid (0.49
mL; 1.2 equiv.) was added. Vigorous gas evolution
was immediately noted which lasted for about 15 min.
After the bubbling had ceased a precipitate was
formed over about 2 h, at which time 3c had been
completely consumed according to NMR analysis.
Ethyl acetate (10 mL) and 2N sodium hydroxide (10
mL) were added and the mixture was stirred for 5 min
to afford two homogeneous layers. The layers were
separated and the aqueous layer was extracted with
two portions of ethyl acetate. The combined organic
solution was dried with magnesium sulfate and
concentrate to afford 1.36 g (99%) of 6 as a pale
tan oil. 1H NMR (CDCl3) � 7.36 (s, 5H), 5.18 (d,
1H, J=12.4 Hz), 5.13 (d, 1H, J=12.4 Hz), 3.60 (t,
1H, J=6.0 Hz); 1.73 (s, 2H); 1.70–1.50 (m, 2H),
0.76–0.70 (m, 1H), 0.49–0.42 (m, 2H), 0.09–0.04 (m,
2H). 13C NMR (CDCl3) � 175.8, 135.8, 128.6, 128.4,
126.8, 66.7, 55.1, 39.7, 28.5, 7.3, 4.4, 4.2. HRMS
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calcd for C13H18NO2 (M+H)+: 220.1338, found:
220.1361. [� ]D24 +5.6 (c 1.0, CH3OH).

4.8. Preparation of S-2-amino-3-cyclopropylpropionic
acid 7

Benzyl ester 6 (1.00 g; 4.6 mmol) was dissolved in 10
mL of methanol in a Parr bottle and 5% palladium on
carbon (50 mg; 5 wt%) was added. The reaction mix-
ture was shaken under 40 psig hydrogen at 50°C for 3
h and then cooled to ambient temperature. The reac-
tion mixture was filtered through Celite, eluted with hot
methanol, and concentrated to afford 0.58 g (98%) of 7
as a white solid. The crude product was dissolved in 6
mL of refluxing water, diluted with 45 mL of ethanol,
and cooled to 4°C overnight to afford 491 mg (83%) of
7 as a glistening white solid. 1H NMR (NaOD in D2O)
� 3.20 (t, 1H, J=6.0 Hz); 1.50–1.38 (m, 1H), 1.35–1.29
(m, 1H); 0.58–0.54 (m, 1H), 0.32–0.30 (m, 2H), −0.02 to
−0.04 (m, 2H). 13C NMR (NaOD in D2O+DMSO-d6) �
184.9, 58.0, 40.9, 8.5, 5.2, 5.0. Anal. calcd for
C6H11NO2: C, 55.80; H, 8.58; N, 10.84. Found: C,
55.90; H, 8.51; N, 10.78. [� ]D24 −12.8 (c 0.50, H2O) [Lit.5d

[� ]D −12.7 (c 0.50, H2O)], [� ]D24 +14.5 (c 0.51, H2O/2 M
NaOH) [Lit.5d [� ]D +13.4 (c 0.50, H2O/2 M NaOH)].
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