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Abstract Orthogonally protected L-threo-f-ethoxyaspar-
agine (Fmoc-EtOAsn(Trt)-OH, 1) was synthesized from
diethyl (25,35)-2-azido-3-hydroxysuccinate 2 in eight steps
as a building block for solid-phase peptide synthesis. The
starting material is easily available in multi-gram scale from
p-diethyltartrate. The transformation steps reported here are
robust and scalable. Thus, a significant amount of 1 (1.8 g)
was obtained in 21% overall yield. The synthesis reported is
also expected to be useful for the preparation of other
O-substituted L-threo-f-hydroxyasparagine derivatives.
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Abbreviations

ACN Acetonitrile

DIEA N, N-Diisopropylethylamine

DMF N,N-Dimethylformamide

EDC N-(3-Dimethylaminopropyl)-N-
ethylcarbodiimide

EtOAc Ethyl acetate

Fmoc-OSu  N-(9-Fluorenylmethoxycarbonyloxy)
succinimide

HOAc Acetic acid

TLC Thin-layer chromatography

Introduction

L-Threo-f-ethoxyasparagine is structurally closely related
to L-threo- f-hydroxyasparagine, a non-proteinogenic amino
acid present in various antimicrobial peptides. Efficient
synthetic routes to derivatives bearing common protecting
schemes for solid-phase peptide synthesis (SPPS) have
been reported (Boger et al. 2000; Guzman-Martinez and
VanNieuwenhze 2007). However, no information is
available for L-threo-f-ethoxyasparagine or its diastereo-
mers, despite this compound being a non-proteinogenic
amino acid constituent of at least one bioactive peptide
(structure not shown). We required a considerable amount
of Fmoc-EtOAsn(Trt)-OH 1 to produce this peptide by
Fmoc-SPPS. The direct introduction of the additional ethyl
ether function in Fmoc-f$-OH-Asn(Trt)-OH or in earlier
stages of its synthesis calls for additional, orthogonal and
temporary carboxylic- or amide protection and this would
cause an drop in the yield of the reported multistep syn-
thesis (Guzman-Martinez and VanNieuwenhze 2007: eight
steps, 29% overall yield from L-threo-f-hydroxyaspartic
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acid; Boger et al. 2000: nine steps, 11% overall yield from
methyl 4-methoxycinnamate). To circumvent this obstacle,
we developed an alternative route starting from diethyl
(28,3S5)-2-azido-3-hydroxysuccinate 2, which is available
in multi-gram scale from p-diethyltartrate in two steps and
represents a carboxy-protected L-threo-[-hydroxyaspartate
scaffold with a masked amino group (Charvillon and
Amouroux 1997; Saito et al. 1996). Therefore, we con-
sidered this compound perfectly suited for the introduction
of substituents at the f-hydroxy function. Although 2 was
obtained with ca. 20% of the undesired (2R,3S)-diastereo-
mer, this contamination was completely removed in later
stages (in course of the purification of compound 7) of the
synthesis.

Materials and methods
General remarks

Diethyl (2S,35)-2-azido-3-hydroxysuccinate 2 was pre-
pared as mixture of diastereomers from D-diethyltartrate,
following reported procedures (Charvillon and Amouroux
1997; Saito et al. 1996). All commercial reagents and
solvents were used as received unless otherwise indicated.
Solvents were from SDS (Peypin, France). TLC was per-
formed with TLC aluminum sheets coated with silica gel
60 F,s4 (Merck). Spots were observed with UV or after
staining and heating as indicated [15 g phosphomolybdic
acid in ethanol (100 mL), or with 5 g ninhydrin in acetone
(100 mL), or 6 g KMnOQ,, 40 g K,CO5 and 5 mL NaOH in
600 mL water]. For column chromatography, Silice 60
ACC 35-70 pm (SDS) was used.

"H-NMR spectra were acquired at 400.125 MHz, '*C at
100.625 MHz with TMS as internal reference, and 19F at
376.494 MHz) with a Varian Mercury 400 (High-field
NMR Unit, Barcelona Science Park). The following
abbreviations are used to indicate multiplicity: s, singlet; d,
doublet; dd, double doublet; t, triplet; dt, double triplet; m,
multiplet, br s, broad signal. Chemical shifts (J) are
expressed in parts per million downfield from tetrameth-
ylsilyl chloride. IR spectra were recorded with a Thermo
Nicolet spectrometer and with the Omnic 6.0 program from
the Thermo Nicolet Corporation. Optical rotation values
were measured with a Perkin-Elmer 241 spectrometer
(concentrations are expressed in g 100 mL™'). Melting
points were determined in a Biichi Melting Point B-540
apparatus and are uncorrected. High-resolution mass
spectroscopy (HRMS) was performed with the electrospray
(ion spray) (ESI-MS) method with a HRMS LC/MSD-TOF
(2006) (Agilent Technologies) in positive or negative mode
(as indicated).
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Compound synthesis and characterization

Diethyl (25,3S)-2-azido-3-ethoxysuccinate (3)
(as diastereomeric mixture)

A solution of 2 (10.02 g, 43.34 mmol) and iodoethane
(35.1 g, 18 mL, 225 mmol) in diethyl ether (200 mL) was
placed in a round bottomed flask equipped with a condenser
and stirred with a mixture of silver(I)oxide (13 g,
56.1 mmol) and sand (50 g) at 37°C for 15 h (the sand was
added to prevent that the silver(I)oxide sticks together).
When TLC analysis revealed complete conversion, the
solution was filtered and concentrated in vacuo. Product 3
was obtained after column chromatography (hexane/
EtOAc), 2:1, Ry = 0.5, KMnOy: yellow) as a yellow oil (all
fractions containing product, 10.0 g, 89%). The product was
amixture of diastereomers and some side products were also
present. It was used for the next step without further purifi-
cation. "H NMR (CDCl5): 6 = 4.43 (d, J = 3.6 Hz, 1H),
4.39-4.17 (m, 14H), 3.91-3.79 (m, ca. 2H), 3.66 (m, ca. 1H),
3.59-3.39 (m, ca. 2H), 1.16-1.40 (m, ca. 24H).

Diethyl (28,3S)-2-amino-3-ethoxysuccinate (4)

A solution of 3 (as diastereomeric mixture) (10.0 g,
38.6 mmol) in EtOAc (150 mL) was stirred with Pd-C
catalyst (5% Pd, 0.5 g) under an atmosphere of H, (air
pressure) for 15 h. When TLC (hexane/EtOAc, 2:1,
Ry = 0.5, KMnOQOy: starting material yellow) revealed
complete conversion, it was filtered and concentrated in
vacuo. The diastereomers were partially separated by col-
umn chromatography (dichloromethane (DCM)/methanol
(MeOH)/HOAc, 10:1:0.5, Ry = 0.3 (product), Ry = 0.26
(other diastereoisomer), ninhydrin: red brown). The frac-
tions with product were sampled and concentrated in
vacuo. HOAc was removed by co-evaporation with toluene
to give 7.85 g, 87% of 4 as a yellow oil with ca. 10% of the
(2R,3S)-diastereomer (NMR). "H NMR (CDCli): 0 = 4.33
(d, J=3.0Hz, 1H), 4.27-4.18 (m, 4H), 3.89 (d,
J = 3.0 Hz, 1H), 3.76 (m, 1H), 3.40 (m, 1H), 1.29 (m, 6H),
1.17 (m, 3H) ppm; *C NMR (CDCls): 6 = 170.3, 79.1,
67.0, 61.5, 61.3, 56.8, 14.8, 14.1, 14.1 ppm; [0]p —33
(¢ 2.0, CHCl;, diastereomeric mixture); IR (film): 2,980,
1,751, 1,221, 1,164, 1,104 cm™'; HRMS (ES+) calc. for
C,oHoNOs m/z (M + Na)* 256.1161, found 256.1154.

Diethyl (2R,3S)-2-amino-3-ethoxysuccinate: 'H NMR
(CDCly): 6 = 4.14-4.28 (5H), 3.98 (d, J = 3.4 Hz, 1H),
3.80 (m, 1H), 3.49 (m, 1H), 1.32-1.19 (9H).

(2S,3S)-2-amino-3-ethoxysuccinic acid (5)

Diethyl (25,35)-2-amino-3-ethoxysuccinate 4 (7.85 g,
33.65 mmol) was refluxed with stirring with 5 N aqueous
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HCI (100 mL) for 5 h. When TLC (DCM/MeOH/HOAc,
10:1:0.5, Ry = 0.3 (starting material), ninhydrin: red
brown) revealed complete conversion, the solution was
concentrated at 70°C. The residue was dissolved in THF
(30 mL) and propylene oxide (10 mL) was added drop
wise. The supernatant was removed by suction and the
white precipitate was dried under vacuo to give 5.01 g
(84%) of 5. Decomp. at 210°C. The 'H and "*C NMR
spectra showed approx. 10% contamination with the
(2R,3S)-diastereomer. '"H NMR (DMSO-dy): § = 3.92 (d,
J =9.2 Hz, 1H), 3.79 (m, 2H), 3.72 (d, J = 9.2 Hz, 1H),
3.42 (m, 1H), 1.13 (m, 3H) ppm; '*C NMR (DMSO-d):
0 = 1709, 168.4, 75.2, 66.4, 53.4, 14.9 ppm; (diastereo-
mer 2R,3S: 6 = 170.1, 167.9, 79.7, 65.5, 53.8, 14.7 ppm);
IR (KBr): 3,431, 3,112, 1,695, 1,466, 1,138, 1,100 cm™;
[oc]zD5 —56 (¢ 1.5, DMSO, diastereomeric mixture); HRMS
(ES-) calc. for CgH;;NOs m/z (M-H)™ 176.0559, found
176.0562.

(2S)-2-Ethoxy-2-[(4S)-5-0x0-2,2-bis-trifluoromethyl-
oxazolidin-4-ylJ-acetic acid (6)

A solution of § (3.73 g, 21.05 mmol) in DMF (20 mL)
was stirred under an atmosphere of hexafluoroacetone
(anhydrous) for 22 h (uptake of 8.8 g). DMF was
removed at | mm Hg at 55°C and the residue was purified
by column chromatography (hexane/EtOAc/HOAc,
1:1:0.05, Ry = 0.3, phosphomolybdic acid: blue). The
fractions with product were pooled and concentrated in
vacuo. HOAc was removed by co-evaporation with toluene
to give 5.65 g (83%) of yellow oil. The 'H and '*C NMR
spectra showed ca. 10% contamination with the other
diastereomer. 'H NMR (acetone-ds): 6 = 5.09 (d, J =
6.8 Hz, 1H), 4.66 (dd, J = 2.4, 7.0 Hz, 1H), 4.32 (d,
J=26Hz, 1H), 3.85 (m, 1H), 3.52 (m, 1H), 1.15
(t, J=7.0Hz, 3H) ppm; F NMR (acetone-dg): & =
—80.14 (q, J = 9.0 Hz, 3F), —80.88 (q, J/ = 9.2 Hz, 3F)
ppm; [other diastereomer: —80.31 (m, approx. 0.3F),
—80.84 (m, approx. 0.3F) ppm]; 'C NMR (CDCls):
0= 1743, 169.2, 120.99 (q, J = 287.5 Hz), 119.95 (q,
J =1285.7Hz), 89.4 (m), 75.2, 63.3, 58.1, 14.6 ppm
(additional signals of the other diastereomer: 173.6,
57.5 ppm); [oc]2D5 —49 (¢ 2.5, CHCIl;, diastereomeric mix-
ture); IR (film): 3,345, 1,831, 1,734, 1,234 cm™'. HRMS
(ES-) calc. for CoHoF¢NO5 m/z (M-H)™ 325.0307, found
325.03009.

(28)-2-Ethoxy-2-[(4S)-5-0x0-2,2-bis-trifluoromethyl-
oxazolidin-4-yl]-N-trityl-acetamide (7)

Oxazolidinone 6 (2.28 g, 7.01 mmol) was dissolved in
oxalyl chloride (10 mL) and five drops of DMF were
added. This mixture was stirred for 30 min. The excess of

oxalyl chloride was removed in vacuo and the residue
was co-evaporated with dry toluene (20 mL). The acid
chloride was directly converted without further purifica-
tion ['"H NMR (CDCl,): § = 4.52 (d, J = 2.0 Hz, 1H),
442 (m, 2H), 3.88 (m, 1H), 3.59 (m, 1H), 3.39 (br. d,
J=175Hz, 1H), 122 (t, J= 6.7 Hz, 3H) ppm; °F
NMR (CDCl3): 6 = —79.07 (q, J = 8.4 Hz, 3F), —80.78
(q, J=28.5Hz, 3F) ppm; diastereomer 2: —79.87
(q, J = 8.5 Hz, approx. 0.3F), —80.53 (q, J = 8.5 Hz,
approx. 0.3F) ppm.]. The acid chloride of 6 dissolved in
dry toluene (10 mL) was dropped into a solution of tri-
tylamine (3.82 g, 14.72 mmol) in dry toluene (30 mL) at
0°C. After 1 h of stirring at 0°C, the suspension was fil-
tered and the precipitate was washed with toluene
(4 x 10 mL). The unified solutions were concentrated
under vacuo and the residue was purified by column
chromatography (hexane/EtOAc, 2:1, Ry = 0.55, UV
254 nm: blue). The undesired diastereomer was com-
pletely separated and eluted in a mixture with tritylamine
(R = 0.4, UV 254 nm: blue). The fractions with product
were pooled and concentrated in vacuo, then dissolved in
ACN/H,0O and lyophilized to give 2.36 g (59%) of dia-
stereomerically pure product 7. Mp 49-50°C; 'H NMR
(CDClz): 6 = 8.08 (br. 1H), 7.22-7.33 (18H), 4.48 (dd,
J =138, 7.8 Hz, 1H), 4.23 (d, J = 2.1 Hz, 1H), 3.78 (m,
2H), 2.76 (d, J = 7.9 Hz, 1H), 1.26 (t, J = 7.0 Hz, 3H)
ppm; F NMR (CDCl;): 6 = —80.16 (q, J = 8.6 Hz,
3F), —80.79 (q, J = 8.5 Hz, 3F) ppm; '>C NMR (CDCl5):
0 =169.2, 168.0, 144.0, 128.4, 128.1, 127.3, 121.0 (q,
J = 287.4 Hz), 120.0 (q, J = 284.6 Hz), 89.5 (m), 78.7,
70.4, 69.4, 57.9, 15.2 ppm; IR (KBr): 3,396, 1,836, 1,689,
1,493, 1,239, 1,198, 974, 702 cm™ ' [o]5 —32 (¢ 1.6,
CHCly); HRMS (ES +) calc. for CygHpyFeN-O4 m/z
M + H)* 567.1719, found 567.1712.

(2S,3S)-2-Amino-3-ethoxy-N-trityl-succinamic
acid methyl ester hydrochloride (8)

A solution of dry HCl in dioxane (4 M, 60 mL) was added
to a solution of 7 (2.98 g, 4.72 mmol) in MeOH (60 mL) at
0°C. This mixture was stirred (closed flask) for 15 h. When
HPLC revealed complete conversion, the volatiles were
removed in vacuo and the residue was treated with diethyl
ether (30 mL). The solid precipitate was dried in vacuo to
give 2.1 g of 8 as hygroscopic solid (95%). '"H NMR
(DMSO-dg): 6 = 8.99 (s, 1H), 7.18-7.33 (18H), 4.49 (d,
J =59 Hz, 1H), 436 (d, J = 5.9 Hz, 1H), 3.70 (s, 3H),
3.51 (m, 2H), 1.08 (t, J = 7.0 Hz, 3H) ppm; '*C NMR
(DMSO-de): 06 = 171.9, 167.9, 144.2, 128.3, 127.6, 126.7,
78.4, 69.5, 66.3, 54.3, 52.4, 14.9 ppm; IR (KBr): 3,396,
1,751, 1,685, 1,491, 1,097, 700 cm™'; [«]® —11 (¢ 1.8,
DMSO); HRMS (ES+) calc. for CycHpsN-O4 m/z
(M + H)" 433.2127, found 433.21109.
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(28,3S)-2-(9H-Fluoren-9-yl)methoxycarbonylamino-3-
ethoxy-N-trityl-succinamic acid (1)

A solution of KOH (1.22 g, 21.85 mmol) in H,O (20 mL)
was added to a solution of 8 (1.89 g, 4.37 mmol) in dioxane
(40 mL) at 0°C. After 1 h of stirring, TLC revealed com-
plete conversion. Glacial HOAc (1.25 mL) was added and
the solution was cooled to 0°C. After addition of Fmoc-OSu
(2.21 g, 6.55 mmol), DIEA was dropped into the milky
suspension until pH 9 was reached (ca. 2 mL). After 1 h of
stirring, complete conversion was observed by TLC. The
dioxane was removed under vacuo at 30°C, and 1 N
aqueous HCl (100 mL) was added. The product was
extracted with ethyl acetate (3 x 50 mL). The organic layer
was dried over MgSQOy, filtered and concentrated in vacuo.

The residue was purified by column chromatography
(hexane/EtOAc, 3:2) until the excess of Fmoc-OSu had
eluted, and the product was then eluted with hexane/
EtOAc/HOACc, 1:1:0.05, R; = 0.2, UV 254 nm: blue). The
fractions with product were pooled and concentrated in
vacuo. HOAc was removed by co-evaporation with toluene
to give 1.98 g (70%) of 1 as a foamy white solid. Mp 113—
116°C; '"H NMR (DMSO-dq): 6 = 8.40 (s, 1H), 7.99 (d,
J =9.3Hz, 1H), 7.86-7.91 (3H), 7.81 (d, J = 7.5 Hz,
1H), 7.37-7.44 (2H), 7.33-7.14 (20H), 4.39 (m, 2H), 4.34
(d, J = 2.9 Hz, 1H), 4.19 (m, 1H), 4.07 (m, 1H), 3.72 (m,
1H), 3.57 (m, 1H), 1.17 (t, J = 7.0 Hz, 3H) ppm; >°C NMR
(DMSO-dg): 6 = 171.3, 167.9, 156.3, 144.3, 143.7, 143.5,
140.6, 140.8, 128.4, 127.6, 127.6, 127.5, 127.0, 126.9,
126.5, 125.8, 125.4, 120.0, 119.9, 80.1, 69.3, 67.1, 66.2,
55.9, 46.5, 15.0 (some signals are doubled) ppm; IR (KBr):
3,397, 1,726, 1,696, 1,492, 700 cm™%; [«]F 13 (¢ 1.75,
DMSO); HPLC (70-100% ACN, 8 min): #, 4.97 min
(98%); HRMS (ES+) calc. for C4oH36N,O0g m/z (M + H)*
641.2652, found 641.2649.

Results and discussion

Highly efficient procedures for the formation of ethyl
ethers from hydroxy carboxylic acids by base-induced OH-
deprotonation and reaction with iodoethane have been
described (Aikins et al. 2005). However, the risk of epi-
merization under basic conditions must be taken into
consideration because the starting material diethyl (25,35)-
2-azido-3-hydroxysuccinate 2 contains significant amounts
of the (2R,3S)-diastereomer and epimerization at the (35)-
carbon of the diastereomeric contamination would produce
the (2R,3R)-enantiomer of our target molecule. Therefore,
we used the mild, non-basic Ag,O/iodoethane protocol,
which is reported to be useful for the formation of ethyl
ethers of hydroxy carboxylic acids (Parmenon et al. 2008)
and gives 89% of diethyl 2-azido-3-ethoxysuccinate 3 as a
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diastereomeric mixture. After Pd—C-catalyzed hydrogena-
tion of the azido function to diethyl 2-amino-3-ethox-
ysuccinate 4, the ethyl ester was hydrolyzed in boiling
aqueous HCI and the 2-amino-3-ethoxysuccinic acid 5 was
precipitated from propylene oxide/THF.

The differentiation between the two carboxyl functions
of 5 was accomplished by the use of the bidentate pro-
tecting/activating reagent hexafluoroacetone (HFA). HFA
undergoes a cyclocondensation with the a-amino carbox-
ylic acid unit to give 2,2-bis(trifluoromethyl)-1,3-oxazoli-
din-4-ones. This reaction proceeds site selectively in the
presence of further carboxylic acid residues in the molecule
(Spengler et al. 2006). Thus, 5 was reacted with HFA in
DMEF to give the oxazolidinone 6 in 83% yield (Scheme 1).

For the transformation of the unreacted carboxylic acid
of 6 into a suitable protected amide group, we reasoned that
it would be much easier to obtain the 2,4,6-trimethox-
ybenzyl-protected amide than the trityl-protected amide,
because 2.4,6-trimethoxybenzylamine is less sterically
hindered and more nucleophilic than tritylamine. The
2.,4,6-trimethoxybenzyl-group is reported to provide effi-
cient amide protection orthogonally to the Fmoc-group and
can be removed with acids (Weygand et al. 1968). Indeed,
the amide formation was found to be possible by activation
of the terminal carboxylic group of 6 with carbodiimide
(EDC) and subsequent reaction with 2,4,6-trimethoxyben-
zylamine. Amide 9 was isolated in 46% yield (Scheme 2).
These conditions failed completely when tritylamine
was tried to react. Although 2,2-bis(trifluoromethyl)-1,

EtO,C  CO.Et 4 EtO,C  COEt
D-diethyltartrate ——> 2 —_— A
N; OH 89 % N; _ OEt
2 3
b EtO,C  CO,Et ¢ HO.C  CO-H
—_— R > N
87 % H,N  OEt 84 % HoN 5 OFEt
4
o) O 0
CO.H e NHTt
i 59 % N  OEt
gz%  FC N O ©ORC W,
6
o) Q
f  MeO,C NHTrt g, h HO,C NHT
—_— S - S
95 % HoN 8 OEt 70 % FmocHN ] OEt

a. Ag,O/Etl, Et,0, reflux. b. Hy, Pd-C, ethyl acetate, r.t. ¢1. aqu. HCI, reflux,
c2. propylene oxide, r.t.. d. hexafluoroacetone, DMF, r.t. e1. oxalyl chloride,
r.t., e2. tritylamine, toluene, 0 °C. f. MeOH/dry HCI, r.t. g. KOH, dioxane/H,0,
r.t. h. Fmoc-OSu, DIEA, dioxane/H,0, r.t.

Scheme 1 Synthesis of Fmoc-EtOAsn(Trt)-OH 1 from D-diethyl-
tartrate
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MeO
0 O O OMe
CO,H a o NH
F3Cyo\//€_< 2 5 F3CM MeO
F4C H OEt 46 % F4C ” OEt
6 9
(6] MeO
b HoN
5 N—C OMe + other products
EtO H|2v| g
10 (0] e

a. EDC*HCI, 2,4,6-trimethoxybenzylamine, r.t. b. H,O, r.t.

Scheme 2 The Tmob-protected amide reacts as nucleophile with the
oxazolidinone

3-oxazolidin-4-ones, like 9, represent carboxy-activated
species, their direct use in SPPS is limited (Albericio et al.
2005). Therefore, we envisioned the exchange of the HFA-
protecting group for N-Fmoc protection. However, mild
hydrolysis (room temperature) of the lactone 9 produced
only traces of the desired 1-carboxy-o-amino acid, but
mainly products such as 10, originating from an intramo-
lecular cyclization reaction between the (lactone-) acti-
vated carboxylic acid and the amide-group (HPLC-MS).
This observation led us to question the suitability of 2,4,6-
trimethoxybenzyl-(Tmob)-protection for the amide func-
tion in our case because the carboxylic group has to be
activated for coupling on solid-phase reactions and the
observed intramolecular cyclization would then compete
with the reaction with the resin-bound peptide.

We reasoned that the steric demanding trityl group could
prevent undesired intramolecular cyclizations. Several
conditions were tested to generate the trityl-protected amide
7 (Scheme 1). Finally, the best results gave the activation of
6 as acid chloride, and subsequent reaction with 2.1 equiv.
of tritylamine. A substitution of the excess of tritylamine for
pyridine caused a significant drop in yield. The tritylamide 7
could be completely separated from the remaining amounts
of the (2R,3S)-diastereomer by chromatography on silica
and 7 was obtained diastereomerically pure in 59% yield.
Also, parts of the tritylamine used as excess were recovered.
The hydrolysis of the oxazolidinone 7 proceeded very
slowly. Therefore, the methyl ester hydrochloride 8 was
prepared as intermediate by stirring in methanol containing
dry HCI. After hydrolysis of the methyl ester and amino
group protection with Fmoc-OSu under standard condi-
tions, 1 was obtained in 21% yield over eight steps.

Conclusions

Here, we describe a robust and scalable strategy for the
preparation of diastereomerically pure (2S,3S-configuration)

Fmoc-EtOAsn(Trt)-OH 1 in eight steps, which is amenable
for SPPS. The starting material is easily available in multi-
gram scale from p-diethyltartrate. Contaminations with the
undesired (2R,3S)-diastereomer which was obtained toge-
ther with the starting material could be removed in step 5.
The transformation steps reported here allow the synthesis of
the target compound in 21% overall yield. This strategy can
be used for the synthesis of other non-natural O-substituted
L-threo-f-hydroxyasparagine analogs.

Acknowledgments We are deeply indebted to Professor Klaus
Burger, who inspired the HFA chemistry, for his continuous support.
This study was partially funded by PharmaMar S.A.I, CICYT
(CTQ2006-03794), the Generalitat de Catalunya (2009SGR 1024),
the Barcelona Science Park and the Institute for Research in
Biomedicine.

References

Aikins JA, Haurez M, Rizzo JR, Van Hoeck J-P, Brione W,
Kestemont J-P, Stevens C, Lemair X, Stephenson GA, Marlot
E, Forst M, Houpis IN (2005) Synthesis of a peroxime
proliferator activated receptor (PPAR) o/y agonist via stereo-
controlled Williamson ether synthesis and stereospecific Sn2
reaction of S-2-chloro propionic acid with phenoxides. J Org
Chem 70:4695-4705

Albericio F, Burger K, Cupido T, Ruiz J, Spengler J (2005)
Application of hexafluoroacetone as protecting and activating
reagent in solid phase peptide and depsipeptide synthesis.
Arkivoc 2005(vi):191-199

Boger DL, Lee RJ, Bounaud P-Y, Meier P (2000) Asymmetric
synthesis of orthogonally protected L-threo-f-hydroxyaspara-
gine. J Org Chem 65:6770-6772

Charvillon FB, Amouroux R (1997) Synthesis of 3-hydroxylated
analogs of p-aspartic acid f-hydroxamate. Synthetic Commun
27:395-403

Guzman-Martinez A, VanNieuwenhze MS (2007) An operationally
simple and efficient synthesis of orthogonally protected L-threo-
p-hydroxyasparagine. Synlett 1513-1516

Parmenon C, Guillard J, Caignard D-H, Hennuyer N, Staels B,
Audinot-Bouchez V, Boutin J-A, Dacquet C, Ktorza A,
Viaud-Massuard M-C (2008) 4, 4-Dimethyl-1, 2, 3, 4-tetrahy-
droquinoline-based PPAR o/y agonists. Part I: Synthesis and
pharmacological evaluation. Bioorg Med Chem Lett 18:1617-
1622

Saito S, Komada K, Moriwake T (1996) Diethyl (2S, 3R)-2-(N-tert-
butoxycarbonyl)amino-3-hydroxysuccinate. Org Synth 73:184—
200

Spengler J, Boettcher C, Albericio F, Burger K (2006) Hexafluoro-
acetone as protecting and activating reagent: new routes to
amino, hydroxy, and mercapto acids and their application for
peptide and glyco- and depsipeptide modification. Chem Rev
106:4728-4746

Weygand F, Steglich W, Bjarnason J (1968) Easily cleavable
protective groups for acid amide groups. III. Derivatives of
asparagine and glutamine with 2, 4-dimethoxybenzyl- and 2, 4,
6-trimethoxybenzyl-protected amide groups. Chem Ber
101:3642-3648

@ Springer



	Synthesis of orthogonally protected l-threo- beta -ethoxyasparagine
	Abstract
	Introduction
	Materials and methods
	General remarks
	Compound synthesis and characterization
	Diethyl (2S,3S)-2-azido-3-ethoxysuccinate (3)  (as diastereomeric mixture)
	Diethyl (2S,3S)-2-amino-3-ethoxysuccinate (4)
	(2S,3S)-2-amino-3-ethoxysuccinic acid (5)
	(2S)-2-Ethoxy-2-[(4S)-5-oxo-2,2-bis-trifluoromethyl-oxazolidin-4-yl]-acetic acid (6)
	(2S)-2-Ethoxy-2-[(4S)-5-oxo-2,2-bis-trifluoromethyl-oxazolidin-4-yl]-N-trityl-acetamide (7)
	(2S,3S)-2-Amino-3-ethoxy-N-trityl-succinamic  acid methyl ester hydrochloride (8)
	(2S,3S)-2-(9H-Fluoren-9-yl)methoxycarbonylamino-3-ethoxy-N-trityl-succinamic acid (1)


	Results and discussion
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


