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Gilbertson and co-workers have used the N-protected
amino acid 1 as the key building block in syntheses of
peptidomimetics having one or more phosphine-contain-
ing side chains.1,2 These products have conformational
properties that may be conveniently modulated by adding
metals to coordinate with the phosphine moieties. More-
over, libraries of peptidomimetics derived from 1 can be
produced via combinatorial methods;3,4 hence, they are
obvious targets for high-throughput catalyst screening,
an interest shared by our group5-7 and by Gilbertson et
al.8,9

The published route to the phosphine sulfide 1 involves
diastereoselective transfer of an azido group10 to an
oxazolidinone enolate.1 This paper describes an alterna-
tive procedure that does not involve expensive chiral
auxiliaries, or diastereoselective reactions which are
critically dependent upon reaction conditions and workup
procedures. It does, however, give optically pure product
via a protocol amenable to scale-up.

Serine was converted into the BOC-protected ester 2
(Scheme 1) via a practical improvement11 of earlier
procedures.12,13 Reduction of the ester and tosylation
gave the intermediate 3, which was conveniently purified
via recrystallization. A phosphine functionality was then
introduced via a nucleophilic displacement using phos-

phide. The resulting phosphine needed to be protected
immediately to shelter it from oxidation in the subse-
quent steps in this synthesis and in solid-phase syntheses
of peptidomimetics. Phosphine boranes have been used
extensively to protect phosphorus(III) centers,14-16 but in
our studies the derivative 4 was insufficiently robust to
tolerate the unavoidable oxidation steps that follow later
in the synthesis. Consequently, the intermediate phos-
phine was oxidized to the corresponding phosphine
sulfide 5. Treatment with aqueous acid had the desired
effect of cleaving the oxazolidine ring, but removal of the
tert-butyloxycarbonyl N-protection was an undesired
consequence. The latter group was therefore reinstated
to give the alcohol 6, which was purified via flash
chromatography.

Oxidation of alcohol 6 to the corresponding acid
without racemization of the adjacent chiral center was a
nontrivial challenge. The Moffatt oxidation17,18 has been
used in similar situations where stereochemical integrity
is an issue;19 this step, followed by further oxidation of
the aldehyde produced using buffered permanganate,20

gave the corresponding BOC-protected amino acid 1 in
94% ee. The best method identified for oxidation of the
alcohol, however, was a pyridinium dichromate oxida-
tion21 in the presence of molecular sieves, giving the
product 1 in >99% ee as assessed via chiral-phase
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Scheme 1. Synthesis of Chiron 1
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analytical HPLC of the corresponding methyl ester
(formed via treatment of 1 with diazomethane).

Only one chromatographic separation was used in the
synthesis of 1 from serine. The intermediate preceding
this separation, i.e., compound 5, could be prepared on a
very large scale, and purification of 6 is the only major
restriction on the amounts of 6 and 1 that can be
produced. The synthesis begins with serine, which is
fortunate because both enantiomers of this amino acid
are relatively cheap. In this synthesis, L-serine was used
as a starting material, giving the phosphine sulfide in
the D-series. The overall yield of the product 1 from
serine was 22%.

Chiron 1 can be used in the typical reactions involved
in peptide syntheses, and the phosphine sulfide side
chains can be reduced to the corresponding phosphines
using Raney nickel1 or via an alkylation of the sulfur and
reaction with a phosphorus(III) compound.22

Experimental Section

General Procedures. Melting points were uncorrected.
Proton NMR spectra were recorded at 200 or 300 MHz; 13C
spectra at 50 or 75.4 MHz; 31P spectra were recorded at 121 MHz
referenced to H3PO4 external standard. Where necessary, the
carbon multiplicities were determined via APT experiments.
Thin-layer chromatography was performed using silica gel 60
F254 plates. Flash chromatography was performed using silica
gel (230-600 mesh). DMF was stored over 4 Å molecular sieves
for 1 week before use; CH2Cl2, THF, and methanol were distilled
from appropriate drying agents. 4-Methyl-(S)-N-(tert-butyloxy-
carbonyl)-2,2-dimethyl-4-oxazolidinecarboxylate 2 was synthe-
sized via a literature procedure,11 and it is also available from
Aldrich Chemical Co. Other chemicals were purchased from
commercial suppliers and used as received.

(S)-N-tert-Butoxycarbonyl-4-[[(4′-methylbenzenesul-
fonyl)oxy]methyl]-2,2-dimethyloxazolidine (3). A solution
of 2 (2.59 g, 10.0 mmol) in 10 mL of THF was added dropwise to
a stirred suspension of lithium borohydride (650 mg, 30 mmol)
at 0 °C in 15 mL of THF. The reaction was allowed to warm to
room temperature and stirred until all starting material was
consumed as determined by TLC (ca. 4 h). The solution was
diluted with 200 mL of ethyl acetate. Dropwise addition of 1 M
HCl gave an emulsion. This dropwise addition was continued
until the emulsion disappeared and layers separated. The
aqueous layer was removed, and the organic layer was washed
with brine, dried over Na2SO4, and filtered. Removal of solvent
gave an oil that was used for the next step without further
purification. Thus, this oil was dissolved in 20 mL of dry
pyridine and cooled to 0 °C. 4-Methylbenzenesulfonyl chloride
(2.09 g, 11 mmol) was added, and the resulting yellow solution
was stored at 0 °C for 24 h. The solvent was then removed,
and remaining material was redissolved in ethyl acetate (100
mL) and washed three times with 1 M HCl (20 mL), one time
with brine (20 mL), dried over Na2SO4, and filtered. After
removal of solvent, the remaining solid was recrystallized from
ethyl acetate/hexanes to provide 2.58 g of colorless crystals
(67%): mp 108-109 °C; Rf 0.2 (9:1 hexanes/ethyl acetate); 1H
NMR (200 MHz, C6D6, 60 °C) δ 7.74 (d, J ) 8.0 Hz, 2H), 6.80 (d,
J ) 8.0 Hz, 2H), 4.22-4.27 (m, 1H), 3.88-4.08 (m, 2H), 3.73-
3.78 (m, 1H), 3.52-3.59 (m, 1H), 1.91 (s, 3H), 1.52 (s, 3H), 1.37
(s, 12H); 13C NMR (50 MHz, C6D6, 60 °C) δ 151.8, 144.6, 134.3,
130.0, 128.5, 128.0, 127.6, 94.3, 80.2, 68.3, 65.0, 56.2, 28.4, 27.1,
23.6, 21.2; IR 3021, 1692, 1389, 1377, 1366, 1175, 653 cm-1;
HRMS (FAB/acc. mass) m/z calcd 385.4790 for C18H27NO6S,
found 385.4773; [R]D -79.2 (c ) 2.01, CHCl3, 25 °C).

(S)-N-(tert-Butoxycarbonyl)-4-[(methylenediphenylphos-
phino)sulfide]-2,2-dimethyloxazolidine (5). A flask was
charged with diphenylphosphine (7.25 g, 20 mmol), and 150 mL
of THF was added. The solution was cooled to -78 °C, and 2

mL of a 10 M solution of n-butyllithium in hexanes was added,
providing a bright orange solution of the phosphine anion. After
being stirred for 0.5 h, the solution was warmed to 0 °C and
added via cannula dropwise to a solution of 3 (5.0 g, 13 mmol)
in 150 mL of THF. The addition was continued until the orange
color persisted and TLC showed complete consumption of the
sulfonyl starting material. The reaction mixture was then
treated with a stoichiometric amount of elemental sulfur (416
mg, 13 mmol) at 0 °C. The reaction was followed by TLC and
stopped when the phosphine starting material had disappeared
(approximately 1 h). The solvent was removed, giving a crude
oil that was then recrystallized from ethyl acetate/hexanes,
providing 3.42 g of colorless crystals. Recovery of material from
the mother liquor and recrystallization of this gave 1.02 g
slightly yellow crystals (pure enough for use in the next stage
in this sequence). The combined yield of these materials was
4.44 g (87%): mp 133-134.5 °C; Rf 0.24 (9:1 hexanes/EtOAc);
1H NMR (300 MHz, C6D5CD3, 90 °C) δ 8.05-8.25 (b, 2H), 7.72-
7.90 (m, 2H), 6.94-7.25 (m, 6H), 4.20-4.80 (b, 2H), 3.65-3.80
(b, 1H), 3.25-3.70 (b, 1H), 2.40-2.70 (b, 1H), 1.60 (s, 3H), 1.45
(s, 12H); 13C NMR (75.4 MHz, C6D5CD3, 90 °C) δ 152.1, 132.1-
128.6, 80.1, 67.6, 54.8, 35.6 (d, JCP ) 51.6 Hz), 28.7, 27.8; 31P
NMR (121 MHz, C6D5CD3, 90 °C) δ 37.4; IR 3054, 2975, 1688,
1396, 1166, 1099 cm-1; HRMS (FAB/acc. mass) m/z calcd
454.1582 for C23H30NO3PS + Na, found 454.1605; [R]D -13.2
(c ) 1.12, CHCl3, 25 °C).

(S)-2-[(tert-Butoxycarbonyl)amino]-3-[(diphenylphos-
phino)sulfide]propan-1-ol (6). The protected intermediate 5
(812 mg, 1.9 mmol) was placed in 10 mL of MeOH and cooled to
0 °C. Gaseous HCl was bubbled through the reaction for 5 min,
whereupon the starting material was consumed (TLC). The
solvent was then removed and the residue was redissolved in
10 mL of THF and cooled to 0 °C. Triethylamine (1.05 mL, 7.5
mmol) was added, followed by di-tert-butyl dicarbonate (615 mg,
2.8 mmol), and the solution was stirred for 2 h. The reaction
was diluted with EtOAc (40 mL) and washed with 0.5 M HCl
and brine. The organic layer was dried over Na2SO4, and
filtered, and the solvent was removed. Purification was per-
formed via flash chromatography on silica gel (3:2 hexanes/
EtOAc), providing 621 mg (84%) of 6 as a white solid: mp 106-
107.5 °C; Rf 0.21 (3:2 hexanes/EtOAc); 1H NMR (300 MHz,
CDCl3) δ 7.90-8.00 (m, 2H), 7.75-7.85 (m, 2H), 7.38-7.55 (m,
6H), 5.22 (d, J ) 9.4 Hz, 1H), 3.92 (m, 2H), 3.62 (m, 1H), 3.45
(m, 1H), 3.15 (m, 1H), 2.70 (m, 1H), 1.35 (s, 9H); 13C NMR (75
MHz, CDCl3) δ 155.5, 133.8, 132.7, 131.7 (d, JCP ) 14.5 Hz),
131.6 (d, JCP ) 14.6 Hz), 131.3 (d, JCP ) 10.5 Hz), 130.7 (d, JCP
) 10.5 Hz), 128.8 (d, JCP)9.1 Hz), 128.7 (d, JCP ) 9.0 Hz), 79.7,
64.3 (d, JCP ) 6.5 Hz), 49.4, 33.8 (d, JCP ) 54.6 Hz), 28.3; 31P
NMR (121 MHz, CDCl3) δ 38.3; IR 3392, 2968, 1685, 1509, 1165,
750 cm-1; HRMS (FAB/acc. mass) m/z calcd 414.1269 for C20H26-
NO3PS + Na, found 414.1277; [R]D 0.11 (c ) 2.85, CHCl3, 25
°C).

(S)-2-[(tert-Butoxycarbonyl)amino]-3-[(diphenylphos-
phino)sulfide]-1-propanoic Acid (1). Alcohol 6 (293 mg, 0.75
mmol) in 1.5 mL of DMF was added to a slurry of PDC (1.41 g,
3.75 mmol) and 3 Å powdered molecular sieves (1 g) in 2 mL of
DMF. Dichloroacetic acid (30 µL, 0.37 mmol) was then added
to the mixture. The solution was stirred for 12 h, after which
time all the alcohol starting material was consumed but some
intermediate aldehyde remained (TLC). Attempts to completely
oxidize this aldehyde intermediate under more forcing conditions
were unsuccessful. The solution was diluted in ether (30 mL)
and filtered through Celite. The filtrate was washed two times
with 0.5 M HCl (10 mL). The acid was extracted into aqueous
base by washing the organic solution three times with 1 N NaOH
(15 mL). This aqueous base layer was then carefully acidified
with 1 M HCl until the solution became turbid and an acidic
pH was observed. The organic material was extracted three
times with ether (15 mL), and the combined organic layers were
then washed with brine and dried over Na2SO4. Removal of the
solvent gave 139 mg (46%) of 1 as a fluffy white crystalline solid.
The optical purity of this material was determined by formation
of the methyl ester (diazomethane) and separation via HPLC
((S,S)-Whelk-O1 analytical column; eluting with 95:5-90:10 for
15 min then isocratic 90:10 hexanes/2-propanol, flow rate 0.8
mL/min, 254 nm, t1 ) 16.5 min, t2 ) 18.2 min). The HPLC
separation was calibrated using racemic material. None of the
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other enantiomer was observed in the analysis of the optically
active material: mp 70-73 °C; Rf 0.22 (9:1 CHCl3/ MeOH); 1H
NMR (300 MHz, CDCl3) δ 7.75-7.85 (m, 4H), 7.20-7.35 (m, 6H),
5.56 (d, J ) 9.6 Hz, 1H), 4.42 (m, 1H), 3.15 (m, 1H), 1.35 (s,
9H); 13C NMR (75 MHz, CDCl3) δ 175.5 (d, JCP ) 16.1 Hz), 155.2,
133.1 (d, JCP ) 31.1 Hz), 131.9 (d, JCP ) 30.5 Hz), 131.6, 131.1,
131.0, 130.9, 130.8, 130.7, 128.8, 128.7, 128.7, 128.6, 80.3, 50.2,
32.7 (d, JCP ) 57.6 Hz), 28.1; 31P NMR (121 MHz,CDCl3) δ 39.4;
IR 3318, 2979, 1718, 1501, 1170, 790 cm-1; HRMS (FAB/acc.
mass) m/z calcd 428.1061 for C20H26NO3PS + Na, found 428.1067;
[R]D 0.01 (c ) 3.16, CHCl3, 25 °C).
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