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Introduction

The stereoselective synthesis of unnatural R-amino
acids1 is currently a subject of enormous interest mainly
due to the increasing biological and therapeutic applica-
tions of modified peptides.2 Over the last few years, we
have been involved in a project devoted to the enantio-
selective synthesis of several structural types of N-Boc
amino acids and dipeptide isosteres.3,4 Our approach,
which is based on the intermediacy of enantiomerically
pure N-Boc-3-amino-1,2-diols 1, readily available from
allyl alcohols through Sharpless epoxidation5 followed by
a regio- and stereospecific ring-opening by a convenient
ammonia equivalent6 (Scheme 1), has even found ap-
plication at the industrial level.7

As an application of this methodology, we have recently
reported a more convenient synthesis of N-Boc arylgly-
cines 3.8 In that particular case, our approach benefits
from several aspects that make it attractive in front of
possible alternatives: (a) the easy availability of aromatic
carbaldehydes which are the precursors of the allyl

alcohols used in the Sharpless epoxidation, (b) the
benzylic nature of the C-3 carbon in the epoxides 2 (R )
aryl), which efficiently controls the regioselectivity of the
ring opening process, and (c) the crystalline nature of the
N-Boc-3-amino-1,2-diols 1 (R ) aryl) which allows, if
necessary, an easy enantioenrichment.

However, if the procedure described in Scheme 1 had
to be applied to the synthesis of the even more interesting
â-aryl alanines 4,9,10 these advantages would be at least
partially lost. In particular, the strict regiocontrol in the
epoxide ring-opening derived from the benzylic nature
of the attacked carbon atom would be no longer operating.
To circumvent this difficulty, we planned to accede the
â-aryl alanines from N-Boc-3-aryl-3-amino-1,2-propane-
diols (1 R) aryl), but introduce in the sequence a 1,2-
nitrogen shift instead of the degradative oxidation step.
This would be done through the intermediacy of N-Boc
aziridines 5 (Scheme 2), which present a benzyl type
carbon for nucleophilic attack and offer the additional
bonus of easily allowing the preparation of â-substituted
derivatives 6.

We report here a new and simple procedure for the
preparation of optically pure â-aryl alanines (4) and
â-alkyl-â-aryl alanines (6), from readily available N-Boc-
3-aryl-3-amino-1,2-propanediols (1, R ) aryl).

Results and Discussion
Phenyl and 1-naphthyl were selected as representative

aryl groups for our study. In both cases, the preparation
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Tetrahedron Lett. 1993, 34, 7781-7784. (b) Pastó, M.; Moyano, A.;
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of the corresponding enantiomerically pure N-Boc-3-
amino-1,2-diols3a,3f,8 is well documented and can be very
easily performed. Starting from these aminodiols (1a,b),
the primary alcohol was first protected (Scheme 3) as a
tert-butyldimethylsilyl ether under standard conditions
to afford 7a,b with excellent yield (85-89%) and complete
chemoselectivity. The conversion of these ethers into the
derived N-Boc aziridines 5a,b was then attempted using
Mitsunobu conditions (DEAD, PPh3),11 but probably due
to the low nucleophilicity of the carbamate nitrogen atom,
the cyclization yields were rather low (20-34%). Quite
gratifyingly, this cyclization could be conveniently per-
formed by mesylation of the secondary alcohol, leading
to 8a,b, and subsequent generation of the anion of the
carbamate with sodium hydride. In this way, N-Boc-
aziridines 5a,b were obtained in 62-71% yield.

With the key aziridines 5 in hand, reductive conversion
to â-aryl alanine precursors was first studied by catalytic
hydrogenation. To our satisfaction, the reaction took
place in excellent yield and with complete regioselectivity,
affording the protected amino alcohols 9a,b. Then, a
selective deprotection of the silyl ether (TBAF/THF) and

subsequent oxidation of the primary alcohol in 10a,b with
PDC in DMF afforded the target â-aryl alanines 4a,b in
58-67% overall yield from aziridines 5a,b (Scheme 3).

To check the enantiomeric purity of these amino acids,
the corresponding methyl esters, prepared by treatment
with methyl iodide and potassium hydrogen carbonate
in DMF, were analyzed by HPLC (Chiracel OD). In both
cases the enantiomeric purity was very high (>99% ee
for 4a and >98% ee for 4b), in full agreement with the
optical purity of the starting N-Boc-3-amino-1,2-diols 1.

As we have already mentioned, the ring opening of
N-Boc-aziridines 5 by carbon nucleophiles could lead to
â-substituted â-aryl alanines which are important bio-
active compounds. In particular, several â-methyl-â-aryl
alanines have been incorporated into peptides in order
to confer conformational restrictions to the molecule12 and
modify their biological activities.13 The demand for
flexible stereoselective methods allowing the preparation
of any desired diastereomer of such amino acids has only
recently met a satisfactory answer4 in the case of â-meth-
yl-phenylalanine.14 In this context, the planned ring
opening of the N-Boc-aziridines with carbon nucleophiles
could be the key step of a new and practical synthesis of
such amino acids with anti configuration.

Although the protection of the aziridine nitrogen with
a tert-butoxycarbonyl group is well-known,15 the activa-
tion of the aziridine ring by this group has received very
little attention.16 Notwithstanding, the reaction of 5a,b
with lithium dimethylcuprate took place cleanly to afford
with regioselectivity and with excellent yields the pro-
tected 2-amino-3-arylbutanols 11a,b (Scheme 4). The
conversion of these intermediates into the target amino
acids 6a,b was easily performed by a sequence of fluoride-
induced deprotection (75-93% yield) and oxidation of the
intermediate alcohols 12a,b with PDC in DMF (77-83%),
as for the â-unsubstituted analogues.

The so-prepared anti-N-Boc-â-methylphenylalanine 6a
was spectroscopically identical to the one previously
obtained by us,4 and its optical purity was determined
to be greater than 99% ee by HPLC analysis of its methyl
ester. On the other hand, the previously unreported anti-
N-Boc-â-methyl-â-naphthyl alanine 6b was completely
characterized, and its optical purity was also checked by
HPLC (>97% ee). This new compound has a great
potential interest for structural and biological studies,
since it combines two of the most usual modifications of
phenylalanine used in peptides: replacement of the
phenyl group for a naphthyl and alkyl substitution at the
â-position.17
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Scheme 3a

a Reagents and conditions: (a) ButMe2SiCl, imidazole, DMF, rt;
(b) CH3SO2Cl, Et3N, 4-DMAP, CH2Cl2; (c) HNa, THF; (d) H2, Pd/
C, AcEt; (e) TBAF, THF; (f) PDC, DMF.
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In summary, we have developed a new procedure for
the synthesis of enantiomerically pure â-aryl alanines
and â-alkyl substituted â-aryl alanines. Our methodol-
ogy takes advantage of the convenient preparation of
optically pure N-Boc-3-aryl-3-amino-1,2-diols using the
Sharpless epoxidation as a source of chirality and is
based on the conversion of these compounds into optically
active N-Boc-aryl aziridines, which can be regioselectively
hydrogenated or opened by a organocuprate. Extension
of this methodology to the stereocontrolled preparation
of other â-substituted alanines is underway in our
laboratories and will be reported in due term.

Experimental Section

General Methods. Optical rotations were measured at room
temperature (23 °C) (concentration in g/100 mL). Melting points
were determined in open capillary tubes and are uncorrected.
Infrared spectra were recorded using NaCl film or KBr pellet
techniques. 1H NMR were recorded at 200 MHz (s ) singlet, d
) doublet, t ) triplet, q ) quartet, dt ) double triplet, m )
multiplet, b ) broad, and bd ) broad doublet). 13C NMR were
recorded at 50.3 or 75.4 MHz. Carbon multiplicities have been
assigned by distortionless enhancement by polarization transfer
(DEPT) experiments. High-resolution mass spectra (CI) were
performed by the Servicio de Espectrometrı́a de Masas, Univer-
sidad de Córdoba. Elemental analyses were performed by the
Servei d’Anàlisis Elementals del CSIC de Barcelona. Chromato-
graphic separations were carried out using NEt3-pretreated
(2.5% v/v) SiO2 (70-230 mesh). Chromatographic analyses were
performed on a instrument equipped with a Chiralcel OD (25
cm) column. THF and diethyl ether were distilled over metallic
sodium/benzophenone. DMF and methylene chloride were
distilled over calcium hydride.

(2R,3R)-3-(tert-Butoxycarbonylamino)-3-phenyl-1,2-pro-
panediol 1a3f and (2R,3R)-3-(tert-butoxycarbonylamino)-3-(1-
naphthyl)-1,2-propanediol 1b8 were prepared according to de-
scribed procedures.

(2R,3R)-1-[(tert-Butyldimethylsilyl)oxy]-3-[(tert-butoxy-
carbonyl)amino]-3-phenyl-2-propanol, 7a. To a solution of
(2R,3R)-3-[(tert-butoxycarbonyl)amino]-3-phenyl-1,2-propane-
diol 1a (300 mg, 1.12 mmol) in dimethylformamide (5 mL) were
added tert-butyldimethylsilyl chloride (186 mg, 1.23 mmol) and
imidazole (168 mg, 2.47 mmol). The reaction was monitored by
TLC. After 24 h, water (8 mL) was added, and the aqueous
phase was extracted with diethyl ether (3 × 6 mL). The
combined organic phases were washed with saturated NH4Cl

aqueous solution and dried over MgSO4, and the solvents were
evaporated in vacuo. The crude product was purified by chro-
matography (AcOEt/hexane 0-5%) yielding 365 mg of 7a as a
white solid (85% yield). [R]D ) -25.9 (c 2.1, CHCl3). Mp: 43-
45 °C. IR (film) νmax: 3410, 2960, 1700, 1500 cm-1. 1H NMR
(200 MHz, CDCl3) δ 0.04 (s, 3H), 0.06 (s, 3H), 0.93 (s, 9H), 1.41
(s, 9H), 2.7 (broad s, 1H, OH), 3.4 (dd, J ) 10.4 Hz, J ) 4.2 Hz,
1H), 3.6 (dd, J ) 10.4 Hz, J ) 3.8 Hz, 1H), 3.8 (m, 1H), 4.9 (m,
1H), 6.1 (broad d 1H, NH), 7.3 (s, 5H) ppm. 13C NMR (50 MHz,
CDCl3) δ -5.6 (CH3) 18.0 (C), 25.8 (CH3), 28.3 (CH3), 58 (CH),
63.9 (CH2), 72.8 (CH), 79.3 (C), 126.8 (CH), 127.3 (CH), 128.4
(CH), 139.3 (C), 155.5 (C) ppm. Anal. Calcd for C20H35NO4Si:
C, 62.95%; H, 9.25%; N, 3.67%. Found: C, 63.14%; H, 9.23%;
N, 3.62%.

(2R,3R)-1-[(tert-Butyldimethylsilyl)oxy]-3-[(tert-butoxy-
carbonyl)amino]-3-(1-naphthyl)-2-propanol, 7b. The pro-
cedure described in the preparation of 7a but starting from 0.93
g (2.93 mmol) of 1b afforded 1.13 g of 7b as a white solid (89%
yield). [R]D ) +15.0 (c 1.0, CHCl3). Mp: 71-72 °C. IR (KBr)
νmax: 3401, 2931, 1692, 1506 cm-1. 1H NMR (200 MHz,
CDCl3): δ 0.14 (s, 6H), 1.03 (s, 9H), 1.34 (s, 9H), 2.89 (d J ) 8.8
Hz, 1H, OH), 3.59 (dd, J ) 10.6 Hz, J ) 3.2 Hz, 1H), 3.66 (dd,
J ) 10.6 Hz, J ) 3.0 Hz, 1H), 4.1 (broad s, 1H), 5.9 (broad s,
1H), 6.5 (broad d, 1H), 7.5-8.25 (m, 7H) ppm. 13C NMR (50
MHz, CDCl3) δ -5.7 (CH3) 18.2 (C), 25.8 (CH3), 28.3 (CH3), 55.3
(CH), 63.9 (CH2), 71.2 (CH), 79.3 (C), 122.8 (CH), 123.2 (CH),
125.2 (CH), 125.6 (CH), 126.3 (CH), 128.0 (CH), 128.8 (CH), 130.5
(C), 134.3 (C), 136.3 (C), 155.3 (C) ppm. EM (CI-NH3) m/e )
432 (M+ + 1, 51), 376 (100), 332 (23). Anal. Calcd for C24H37-
NO4Si: C, 66.78%; H, 8.64%; N, 3.24%. Found: C, 66.82%; H,
8.78%; N, 3.37%.

Methanesulfonic Acid (1R,2R)-2-[(tert-Butoxycarbonyl)-
amino]-1-[[(tert-butyldimethylsilyl)oxy]methyl]-2-phenyl-
ethyl Ester, 8a. To a solution of 7a (1.86 g, 4.88 mmol) in
CH2Cl2 (5 mL) at -15 °C were added triethylamine (0.75 mL,
5.37 mmol), 4-(N,N-dimethylamino)pyridine (30 mg, 0.24 mmol),
and methanesulfonyl chloride (0.41 mL, 5.37 mmol). The
mixture was allowed to warm to room temperature under
stirring, and the reaction progress was monitored by TLC. When
no starting material could be detected (ca. 5 h), water (10 mL)
was added and the aqueous phase was extracted with CH2Cl2
(3 × 15 mL). The combined organic phases were washed with
cold 10% aq HCl, NaHCO3 satd solution and water, dried over
MgSO4, concentrated in vacuo, and purified by column chroma-
tography (AcOEt/hexanes 10-15%) to afford 1.87 g (83% yield)
of 8a as an oil. [R]D ) -9.6 (c 2.0, CHCl3). IR (KBr) νmax: 3400,
2960, 1710, 1500 cm-1. 1H NMR (200 MHz, CDCl3) δ 0.05 (s,
3H), 0.08 (s, 3H), 0.93 (s, 9H), 1.42 (s, 9H), 3.00 (s, 3H), 3.62
(dd, J ) 12 Hz, J ) 4.1 Hz, 1H), 3.74 (dd, J ) 12 Hz, J ) 3.7
Hz, 1H,), 4.87 (m, 1H), 5.10 (broad s, 1H), 6.15 (broad d, 1H,
NH), 7.34 (s, 5H) ppm. 13C NMR (50 MHz, CDCl3) δ -5.7 (CH3)
18.0 (C), 25.7(CH3), 28.2 (CH3), 38.6 (CH3), 56.2 (CH), 62.9 (CH2),
79.4 (C), 82.0 (CH), 127.2 (CH), 128.6 (CH), 128.0 (CH), 137.4
(C), 155.1 (C) ppm. EM (CI-NH3) m/e ) 477 (M+ + 18, 100),
460 (M+ + 1, 15), 421 (18).

Methanesulfonic Acid (1R,2R)-2-[(tert-butoxycarbonyl)-
amino]-1-[[(tert-butyldimethylsilyl)oxy]methyl]-2-(1-naph-
thyl)ethyl Ester, 8b. The procedure described in the prepa-
ration of 8a but starting with 1.0 g (2.31 mmol) of 7b afforded
1.02 g of 8b as a colorless oil (87% yield). [R]D ) +38.3 (c 1.0,
CHCl3). IR (KBr) νmax: 3411, 2932, 1717, 1503 cm-1. 1H NMR
(200 MHz, CDCl3) δ 0.03 (s, 6H), 0.92 (s, 9H), 1.38 (s, 9H), 3.03
(s, 3H), 3.55 (dd, J ) 12 Hz, 1H), 3.70 (dd, J ) 12 Hz, J ) 2.4
Hz, 1H), 5.01 (s, 1H), 6.09 (dd, J ) 7.6, J ) 4.8 Hz, 1H), 6.65
(broad d 1H, NH), 7.4-8.2 (m, 7H) ppm. 13C NMR (50 MHz,
CDCl3) δ -5.8 (CH3), 18.0 (C), 25.6 (CH3), 28.1 (CH3), 38.7 (CH3),
53.0 (CH), 63.0 (CH2), 79.3 (C), 79.3 (CH), 122.4 (CH), 123.9
(CH), 125.1 (CH), 125.7 (CH), 126.7 (CH), 128.5 (CH), 128.7 (CH),
130.6 (C), 134.1 (C), 134.2 (C), 155.6 (C) ppm. EM (CI-NH3)
m/e ) 510 (M+ + 1, 50), 454 (100), 410 (21).

(2S,3R)-1-(tert-Butoxycarbonyl)-2-[[(tert-butyldimethyl-
silyl)oxy]methyl]-3-phenylaziridine, 5a. To a suspension of
sodium hydride (13.05 mmol, from 392 mg of a 80% mixture with
paraffin washed with anhydrous hexane under nitrogen) in THF
(7 mL) was added a solution of 8a (1.5 g, 3.26 mmol) in THF (10
mL). After 3 h of stirring at room temperature, ethyl acetate (5
mL) and some drops of methanol were added to the mixture to

(17) The synthesis of four isomers of â-methyl-3-(2-naphthyl)alanine
has been reported recently: Yuan, W.; Hruby, V. J. Tetrahedron Lett.
1997, 38, 3853-3856.

Scheme 4a

a Reagents and conditions: (a) Me2CuLi, THF; (b) TBAF, THF;
(c) PDC, DMF.
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remove any trace of unreacted hydride. The solvent was
removed at reduced pressure, and the crude mixture was treated
with a 1:1 mixture of H2O/AcOEt. The aqueous phase was
extracted with ethyl acetate (3 × 7 mL), and the combined
organic phases were dried (MgSO4) and concentrated. Purifica-
tion of the crude mixture by column chromatography (AcOEt/
hexanes 3%) gave 0.89 g of aziridine 5a as a colorless oil (75%
yield). [R]D ) -54.6 (c 1.1, EtOH). IR (film) νmax: 2931, 1721
cm-1. 1H NMR (200 MHz, CDCl3): δ 0.09 (s, 3H), 0.11 (s, 3H),
0.92 (s, 9H), 1.39 (s, 9H), 2.8 (m, 1H), 3.5 (d, J ) 3.4 Hz, 1H),
3.92 (dd, J ) 11.5 Hz, J ) 3.7 Hz, 1H), 4.05 (dd, J ) 10.4 Hz, J
) 11.5 Hz, J ) 3.2 Hz, 1H), 7.3 (s, 5H) ppm. 13C NMR (50 MHz,
CDCl3) δ -5.2 (CH3), 18.4 (C), 25.9 (CH3), 28.0 (CH3), 41.5 (CH),
46.6 (CH), 60.3 (CH2), 81.0 (C), 126.7 (CH), 127.6 (CH), 128.3
(CH), 136.6 (C), 160.7 (C) ppm. EM (CI-NH3) m/e ) 381 (M+ +
18, 5), 364 (M+ + 1, 60), 325 (100). HRMS (CI) calcd for
C20H34O3NSi: 364.2308. Found: 364.2317.

(2S,3R)-1-(tert-Butoxycarbonyl)-2-[[(tert-butyldimethyl-
silyl)oxy]methyl]-3-(1-naphthyl)-aziridine, 5b. The proce-
dure described in the preparation of 5a but starting with 460
mg of 8b afforded 309 mg of aziridine 5b as a white solid (82%
yield). [R]D ) -67.2 (c 0.97, CHCl3). Mp: 63-65 °C. IR (KBr)
νmax: 2933, 1719 cm-1. 1H NMR (200 MHz, CDCl3) δ 0.15 (s,
6H), 0.96 (s, 9H), 1.37 (s, 9H), 2.84 (m, 1H), 3.92 (dd, J ) 11.4
Hz, J ) 4.6 Hz, 1H), 4.05 (d, J ) 3.4 Hz), 4.27 (dd, J ) 11.4 Hz,
J ) 3.4 Hz, 1H), 7.4-8.4 (m, 7H) ppm. 13C NMR (50 MHz,
CDCl3) δ -5.3 (CH3) 18.6 (C), 25.9 (CH3), 27.9 (CH3), 40.6 (CH),
45.2 (CH), 60.9 (CH2), 81.0 (C), 123.9 (CH), 124.2 (CH), 125.4
(CH), 125.8 (CH), 126.1 (CH), 128.1 (CH), 128.4 (CH), 132.1 (C),
132.7 (C), 133.3 (C), 159.7 (C) ppm. EM (CI-NH3) m/e ) 431
(M+ + 18, 100), 414 (M+ + 1, 68), 375 (100), 376 (29). Anal.
Calcd for C24H35NO3Si: C, 69.69%; H, 8.52%; N, 3.38%.
Found: C, 69.71%; H, 8.60%; N, 3.32%.

(2S)-2-[(tert-Butoxycarbonyl)amino]-1-[(tert-Butyldi-
methylsilyl)oxy]-3-phenylpropane, 9a. A solution of aziri-
dine 5a (205 mg, 0.56 mmol) in ethyl acetate (3 mL) was added
to a stirred suspension of 10% Pd/C (30 mg) in ethyl acetate (1.2
mL) under hydrogen. The mixture was hydrogenated at atmo-
spheric pressure (hydrogen balloon) until no starting material
could be detected by TLC (ca. 4 h). Then, the suspension was
filtered through Celite, washing the filtrate thoroughly with
AcOEt and MeOH. The solvents were evaporated at reduced
pressure yielding 206 mg of a crude product that was spectro-
scopically pure (quantitative yield). [R]D ) -22.8 (c 1.1, CHCl3).
IR (film) νmax: 3452, 2930, 1719, 1497, 1254, 1171, 837 cm-1.
1H NMR (200 MHz, CDCl3) δ 0.05 (s, 6H), 0.92 (s, 9H), 1.42 (s,
9H), 2.8 (d, J ) 7 Hz, 2H), 3.45-3.57 (m, 2H), 3.82 (s, 1H), 4.73
(broad s, 1H, NH), 7.2-7.35 (m, 5H) ppm. 13C NMR (50 MHz,
CDCl3) δ -5.2 (CH3), 18.4 (C), 25.9 (CH3), 28.3 (CH3), 37.3 (CH2),
53.0 (CH), 62.8 (CH2), 81.0 (C), 126.2 (CH), 128.3 (CH), 129.4
(CH), 139.9 (C), 154.0 (C) ppm. EM (CI-NH3) m/e ) 383 (M+ +
18, 9), 366 (M+ + 1, 100). HRMS (CI) calcd for C16H30NOSi (M+

- Boc): 280.2097. Found: 280.2089.
(2S)-2-[(tert-butoxycarbonyl)amino]-1-[(tert-Butyldi-

methylsilyl)oxy]-3-(1-naphthyl)propane, 9b. The procedure
described in the preparation of 9a but starting with 5b (76 mg,
0.18 mmol) afforded after chromatographic purification (AcOEt/
hexanes 0-2%) 68 mg of 9b (88% yield). [R]D ) -35.0 (c 0.8,
CHCl3). IR (KBr) νmax: 3450, 2931, 1713, 1491 cm-1. 1H NMR
(200 MHz, CDCl3) δ 0.05 (s, 3H), 0.06 (s, 3H,), 0.96 (s, 9H), 1.44
(s, 9H), 3.15-3.5 (m, 4H), 4.01 (s, broad, 1H), 4.95 (broad d, 1H),
7.3-8.4 (m, 7H) ppm. 13C NMR (50 MHz, CDCl3) δ -5.4 (CH3)
18.4 (C), 25.9 (CH3), 28.4 (CH3), 34.4 (CH2), 52.2 (CH), 62.6
(CH2), 78.9 (C), 124.2 (CH), 125.3 (CH), 125.5 (CH), 126.1 (CH),
127.1 (CH), 127.7 (CH), 128.6 (CH), 132.3 (C), 133.7 (C), 134.5
(C), 155.5 (C) ppm. EM (CI-CH4): m/e ) 416 (M+ + 1, 92), 360
(100), 316 (33).

(2S)-2-[(tert-Butoxycarbonyl)amino]-3-phenyl-1-pro-
panol, 10a. To a solution of 9a (120 mg, 0.33 mmol) in THF
(1.7 mL) at 0 °C was added a solution of tetrabutylammonium
fluoride monohydrate (0.17 g, 0.65 mmol) in THF (1 mL). The
reaction was stirred at room temperature and monitored by TLC.
After 60 min, the solution was washed with water and the
organic layer extracted with ether. The combined organic phases
were dried over MgSO4 and concentrated in vacuo. The residue
was purified by chromatography (AcOEt/hexane), yielding 68 mg
(83% yield) of 10a as a white solid. [R]D ) -25.0 (c 1.0, CHCl3).

Mp:73-75 °C. IR (film) νmax: 3357, 1686, 1528 cm-1. 1H NMR
(200 MHz, CDCl3) δ: 1.4 (s, 9H), 2.35 (s, broad, 1H, OH), 2.84
(d, J ) 6.8 Hz, 2H), 3.52-3.69 (m, 2H), 3.87 (m, 1H), 4.75 (broad
d, J ) 8.4 Hz, 1H, NH), 7.2-7.35 (m, 5H) ppm. 13C NMR (50
MHz, CDCl3) δ 28.3 (CH3), 37.4 (CH2), 53.7 (CH), 64.3 (CH2),
79.7 (C), 126.5 (CH), 128.5 (CH), 129.3 (CH), 137.8 (C), 156.5
(C) ppm. EM (CI-NH3) m/e ) 286 (M+ + 35, 4), 269 (M+ + 18,
100), 252 (M+ + 1, 83). Anal. Calcd for C14H21NO3: C, 66.91%,
H, 8.42%; N, 5.57%. Found: C, 66.86%; H, 8.51%; N, 5.52%.

(2S)-2-[(tert-Butoxycarbonyl)amino]-3-(1-naphthyl)-1-
propanol, 10b. Following the procedure described in the
preparation of 10a but starting with 68 mg (0.16 mmols) of 9b,
46 mg of 10b was obtained as a white solid (93% yield). [R]D )
-55.7 (c 1.0, CHCl3). Mp: 122-123 °C. IR (KBr) νmax: 3367,
2975, 1684, 1532 cm-1. 1H NMR (200 MHz, CDCl3) δ 1.4 (s,
9H), 3.1 (broad s, 1H, OH), 3.3 (m, 2H), 3.58 (dd, J ) 11 Hz, J
) 4.8 Hz, 1H), 3.67 (dd, J ) 11 Hz, J ) 4.8 Hz, 1H), 4-4.09 (m,
1H), 4.9 (broad s, 1H), 7.3-8.2 (m, 7H) ppm. 13C NMR (50 MHz,
CDCl3) δ 28.3 (CH3), 34.5 (CH2), 53.1 (CH), 64.1 (CH2), 79.5 (C),
123.8 (CH), 125.4 (CH), 125.6 (CH), 126.2 (CH), 127.4 (CH), 127.5
(CH), 128.7 (CH), 131.6 (C), 133.9 (C), 134.0 (C), 157.8 (C) ppm.
EM (CI-NH3): m/e ) 302 (M+ + 1, 29), 319 (M+ + 18, 100).
Anal. Calcd for C18H23NO3: C, 71.73%; H, 7.69%; N, 4.64%,
Found: C, 72.01%; H, 7.71%; N, 4.65%.

N-Boc-(L)-Phenylalanine 4a. To a solution of 10a (50 mg,
0.2 mmol) was added under nitrogen at room temperature a
solution of PDC (374 mg, 1.0 mmol) in DMF (0.75 mL). After
24 h of stirring, water (10 mL) and diethyl ether (10 mL) were
added. The aqueous phase was extracted with diethyl ether (3
× 7 mL), and the combined organic phases were dried (MgSO4)
and evaporated. The crude product was taken with AcOEt and
extracted with NaHCO3 satd solution. The aqueous layer was
washed with AcOEt, acidified with 2 N HCl, and extracted with
AcOEt. The organic phases were then dried (MgSO4) and
evaporated yielding 43 mg of N-Boc-phenylalanine 4a (81% yield)
spectroscopically identical to a commercial sample (Propeptide).
Determination of the enantiomeric purity: To a mixture of 4a
(61 mg, 0.23 mmol) and KHCO3 (46 mg, 0.46 mmol) in DMF
(0.4 mL) was added CH3I (43 µL,0.69 mmol) by syringe. After
24 h of stirring water (2 mL) was added, and the aqueous phase
was extracted with diethyl ether (3 × 3 mL). The combined
organic phases were washed with water (2 × 2 mL), 5% aqueous
Na2SO3 (2 × 2 mL) and brine (2 × 2 mL), dried (MgSO4), and
evaporated under vacuum. The crude product was chromato-
graphed (AcOEt/hexanes 0-5%) yielding 44 mg of N-Boc-(L)-
phenylalanine methyl ester (69% yield). Chiral HPLC analy-
sis: only one peak at 18.9 min (> 99% ee) was observed under
the following conditions: CHIRALCEL OD (25 cm) column, 30
°C, hexane/2-propanol 90/10, 0.3 mL/min, λ ) 254 nm. Racemic
sample: tR(2R) ) 17.6 min, tR(2S) ) 19.0 min.

N-Boc-(L)-(1-Naphthyl)alanine, 4b. The procedure de-
scribed in the preparation of 4a but starting with 76 mg (0.25
mmol) of 10b afforded 56 mg of 4b (71% yield), spectroscopically
identical to a commercial sample (Sigma). Determination of the
enantiomeric purity: Chiral HPLC analysis of the methyl ester
prepared as described in the preparation of 4a. A major peak
at 15.4 min (>98% ee) was observed under the following
conditions: CHIRALCEL OD (25 cm) column, 30 °C, hexane/2-
propanol 90/10, 0.5 mL/min, λ ) 254 nm. Racemic sample: tR-
(2R) ) 13.7 min, tR(2S) ) 15.4 min.

(2S,3S)-1-[(tert-Butyldimethylsilyl)oxy]-2-[(tert-butoxy-
carbonyl)amino]-3-phenylbutane, 11a. To a stirred slurry
of CuI (171 mg) in anhydrous diethyl ether (3 mL) at 0 °C was
added MeLi (1.12 mL, 1.6 M in diethyl ether), and the mixture
was stirred at this temperature several minutes. A solution of
aziridine 5a (109 mg, 0.30 mmol) in diethyl ether (3 mL) was
added via cannula to the lithium dimethylcuprate solution at 0
°C, and the reaction was stirred under N2 and monitored by TLC.
When no starting material could be detected (ca. 2 h), a 8:1
mixture of saturated aqueous NH4Cl and NH4OH (6 mL) was
added to the reaction, and the organic layer was extracted with
diethyl ether (3 × 6 mL). The combined organic phases were
dried over MgSO4 and concentrated in vacuo. The residue was
purified by flash chromatography (AcOEt/hexanes 0-2%) yield-
ing 90 mg of 11a (80% yield) as an oil: [R]D ) -17.0 (c 1.0,
CHCl3). IR (film): νmax: 3452, 2930, 1719, 1497 cm-1. 1H NMR
(200 MHz, CDCl3) δ 0.048 (s, 6H), 0.92 (s, 9H), 1.27 (s, 9H), 1.39
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(d, J ) 9.6 Hz, 3H), 3.1 (m, 1H), 3.4-3.6 (m, 2H), 3.7 (m broad,
1H), 4.4 (broad s, 1H), 7.1-7.3 (m, 5H) ppm. 13C NMR (50 MHz,
CDCl3) δ -5.5 (CH3), 18.2 (C), 18.2 (CH3), 25.9 (CH3), 28.3 (CH3),
39.6 (CH), 56.1 (CH), 62.8 (CH2), 78.8 (C), 126.3 (CH), 128.2
(CH), 129.4 (CH), 143.0 (C), 154.5 (C) ppm. EM (CI-NH3) m/e
) 397 (M+ + 18, 4), 380 (M+ + 1, 100).

(2S,3S)-1-[(tert-Butyldimethylsilyl)oxy]-2-[(tert-butoxy-
carbonyl)amino]-3-(1-naphthyl)butane, 11b. To a solution
of aziridine 5b (100 mg, 0.24 mmol) in diethyl ether (2.4 mL)
was added via cannula at -20 °C a solution of lithium dimeth-
ylcuprate (0.60 mmol) in diethyl ether prepared as described in
the preparation of 11a. After 4 h of stirring at this temperature,
the reaction was worked up as described in the preparation of
11a affording after chromatographic purification (AcOEt/
hexanes 0.5%) 70 mg of 11b (68% yield). [R]D ) +12.4 (c 1.1,
CHCl3). IR (KBr) νmax: 3454, 2931, 1715, 1495 cm-1. 1H NMR
(200 MHz, CDCl3) δ 0.042 (s, 3H), 0.06 (s, 3H), 0.94 (s, 9H), 1.27
(s, 9H), 1.43 (d, J ) 6.6 Hz, 3H), 3.57-3.8 (m, 2H), 4.1 (m, 2H),
4.64 (broad d), 7.4-8.4 (m, 7H) ppm. 13C NMR (50 MHz, CDCl3)
δ -5.4 (CH3), 18.5 (CH3), 18.3 (C), 25.9 (CH3), 28.3 (CH3), 33.9
(CH), 55.8 (CH), 62.8 (CH2), 78.8 (C), 123.3 (CH), 124.1 (CH),
125.2 (CH), 125.4 (CH), 125.8 (CH), 126.7 (CH), 128.7 (CH), 132.2
(C), 133.7 (C), 139.7 (C), 155.3 (C) ppm. EM (CI-NH3) m/e )
447 (M+ + 18, 1), 430 (M+ + 1, 100). HRMS (CI) calcd for C25H40-
NO3Si (M+ + 1): 430.2777. Found: 430.2761.

(2S,3S)-2-[(tert-Butoxycarbonyl)amino]-3-phenyl-
butanol, 12a. The procedure described in the preparation of
10a, but starting with 112 mg (0.30 mmols) of 11a, afforded 60
mg of 12a (80% yield) as a white solid. [R]D ) -2.3 (c 1.0,
CHCl3). Mp 49-51 °C. IR (film) νmax: 3363, 2973, 1684 cm-1.
1H NMR (200 MHz, CDCl3) δ 1.27 (d, J ) 5.4 Hz, 3H), 1.35 (s,
9H), 2.75 (s, broad, 1H, OH), 3.05-3.2 (m, 1H), 3.5-3.9 (m, 3H),
4.7 (broad d, 1H, NH), 7.15-7.3 (m, 5H) ppm. 13C NMR (50
MHz, CDCl3) δ 18.3 (CH3), 28.3 (CH3), 40.2 (CH), 57.3 (CH), 64.0
(CH2), 80.5 (C), 127.9 (CH), 128.5 (CH), 128.7 (CH), 142.8 (C),
156.5.0 (C) ppm. EM (CI-NH3): m/e ) 266 (M+ + 1, 100%),
283 (M+ + 18, 92%), 300 (M+ + 35, 4%). Anal. Calcd for C15H23-
NO3: C, 67.89%; H, 8.73%; N, 5.28%. Found: C, 67.78%; H,
8.89%; N, 5.00%.

(2S,3S)-2-[(tert-Butoxycarbonyl)amino]-3-(1-naphthyl)-
butanol, 12b. The procedure described in the preparation of
10a, but starting with 115 mg (0.27 mmols) of 11b, afforded 79
mg of 12b as a colorless oil (93% yield). [R]D ) +29.1 (c 1.1,
CHCl3). IR (KBr) νmax: 3429, 2977, 1694, 1511 cm-1. 1H NMR
(200 MHz, CDCl3) δ 1.3 (s, 9H), 1.45 (d, J ) 6.6 Hz, 3H), 2.3
(broad s, 1H, OH), 3.6-3.8 (m, H), 3.9-4.1 (m, 3H), 4.6 (broad

s, 1H), 7.4-8.2 (m, 7H) ppm. 13C NMR (50 MHz, CDCl3) δ 18.3
(CH3), 28.1 (CH3), 34.2 (CH), 57.1 (CH), 63.3 (CH2), 79.7 (C),
123.1 (CH), 123.9 (CH), 125.3 (CH), 125.4 (CH), 126.0 (CH), 127.0
(CH), 128.9 (CH), 132.0 (CH), 133.9 (CH), 139.4 (CH), 156.0 (C)
ppm. EM (CI-NH3): m/e ) 333 (M+ + 18, 17%), 316 (M+ + 1,
100%), 277 (38%), 260 (24%), 216 (6%). HRMS (CI) calcd for
C19H25O3N: 315.1834. Found: 315.1814.

(2S,3S)-2-[(tert-Butoxycarbonyl)amino]-3-phenylbutano-
ic Acid (N-Boc-(L)-â-Methyl-â-phenylalanine), 6a. The pro-
cedure described in the preparation of 4a but starting with 114
mg (0.43 mmol) of 12b afforded 93 mg of 6a (77% yield),
spectroscopically identical to the product described in the
literature.4 Determination of the enantiomeric purity: Chiral
HPLC analysis of the methyl ester, prepared as described for
4a: Only one peak at 20.1 min (>99% ee) was observed under
the following conditions: CHIRALCEL OD (25 cm) column, 30
°C, hexane/2-propanol 90/10, 0.3 mL/min, λ ) 254 nm. Racemic
sample: tR(2R,3R) ) 22.6 min, tR(2S, 3S) ) 20.5 min.

(2S,3S)-2-[(tert-Butoxycarbonyl)amino]-3-(1-naphthyl)-
butanoic Acid [N-BOC-â-Methyl-(L)-(1-naphthyl)alanine],
6b. The procedure described in the preparation of 4a but
starting with 53 mg (0.17 mmol) 12b afforded 43 mg of 6b (83%
yield). [R]D ) +66.7 (c 0.9, MeOH). IR (film) νmax: 3051, 2979,
1717, 1600, 1397, 1163, 779 cm-1. 1H NMR (200 MHz, CDCl3)
δ 1.37 (s, 9H), 1.5 (d, J ) 6.8 Hz, 3H), 4.2 (m, 1H), 4.65 (m, 1H),
4.9 (broad d, 1H), 7.2-7.8 (m, 7H) ppm. 13C NMR (50 MHz,
CDCl3) δ 18.4 (CH3), 28.2 (CH3), 35.9 (CH), 58.2 (CH), 80.5 (C),
122.8 (CH), 124.1 (CH), 125.3 (CH), 125.5 (CH), 126.2 (CH), 127.5
(CH), 128.9 (CH), 131.7 (C), 133.8 (C), 137.1 (C), 155 (C), 176
(C) ppm. EM (CI-NH3) m/e ) 347 (M+ + 18, 100), 330 (M+ +
1, 26), 291 (40). HRMS (CI) calcd for C14H16NO2 (M+ - Boc):
230.1181. Found: 230.1190. Determination of the enantiomeric
purity: Chiral HPLC analysis of the methyl ester prepared as
described in the preparation of 4a. A major peak at 31.7 min
(>97% ee) was observed under the following conditions: CHIRAL-
CEL OD (25 cm) column, 30 °C, hexane/2-propanol 99/1, 0.45
mL/min, λ ) 254 nm. Racemic sample: tR(2R,3R) ) 37.3 min,
tR(2S, 3S) ) 31.7 min.
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