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Abstract—An efficient synthesis of N-hydroxy or alkoxy-�-aminocarboxylic acids and N-(tert-butyl sulfinyl)-�-amino carboxylic
acids has been developed from N,O-alkyl or hydroxylamines and tert-butyl sulfinamide utilizing a Petasis boronic acid–Mannich
reaction. The scope and limitations of this method have been examined.
© 2003 Elsevier Ltd. All rights reserved.

The development of an efficient synthesis of N-
hydroxy-�-amino acids and derivatives1 thereof repre-
sents a challenging goal in organic synthesis since these
compounds are key intermediates in metabolic path-
ways and can be found in human and animal tumors.1,2

In our earlier report, it was shown that hydrazines can
participate in the Petasis boronic acid–Mannich reac-
tion, providing a powerful and convenient method for
the preparation of �-amino acids3–5 which is quite
useful for the synthesis of combinatorial libraries.6 We
have investigated the scope and limitations of using
substituted hydroxylamines and tert-butyl sulfinamide
as amine components in the Petasis boronic acid–Man-
nich reaction. To the best of our knowledge hydroxyl-
amines and tert-butyl sulfinamide have not previously
been studied as substrates for this reaction.3–5

General methods for the synthesis of enantiomerically
pure or enriched N-hydroxy-�-amino acids have had
scant mention in the literature until recently.7 Various
methods have already been reported for obtaining N-
hydroxy or alkoxy amino acid esters which can be
converted into the corresponding acid derivatives by

SN2 displacement8 but such methods are not advanta-
geous. There are relatively few methods for the synthe-
sis of N-hydroxy amino acids. These involve
asymmetric oxyamination,9 oxidation by dioxiranes,10

Mitsunobu condition,11 and oxidation of amines.12

We describe herein an efficient synthesis of N-hydroxy
or alkoxy-�-aminocarboxylic acids and tert-butyl sulfin-
amide by the Petasis boronic acid–Mannich reaction.
Commercially available substrates (1 and 3) were sub-
jected to standard Petasis boronic acid–Mannich reac-
tion conditions, i.e. 1 equiv. each of 1 and 3, glyoxylic
acid monohydrate, and an organoboronic acid stirred
at ambient temperature in DCM (Tables 1 and 2).

When R1=methyl, R2=methyl, R3=aryl (2a–b), the
reactions proceeded in excellent yields, ranging from
95–96% of the corresponding N-alkoxy-�-amino acid
after purification by column chromatography (Table
1).13 When R1=methyl, R2=H, R3=aryl or hetero-
cyclic (2c–d), the reactions afforded good yield of the
desired product in 79–87% after purification. When
R3=aryl containing electron withdrawing group (2e),
the corresponding N-alkoxy-�-amino acid was obtained
in 89% yield after purification. Remarkably, when R1=
benzyl, cyclohexyl and tert-butyl, R2=H, R3=aryl (2f–
h), this reaction gave 41–80% yield after purification by
column chromatography. It was also observed that
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these compounds slowly decomposed on long standing
at ambient temperature.

When R2=aryl, R3=H (4a–e), these reactions pro-
ceeded in very good yields to afford the desired product
in 50–73% yield after purification by column chro-
matography (Table 2).14 When R2=heterocyclic (4f–h),
the reactions also proceeded in good yields to afford
the desired product in 66–68% yield. When the �-keto
acid was varied from R3=H to R3=Me (4i–j), these
reactions afforded only 37–39% yields of the product.
Together, these results suggest the steric environment at
the reaction center plays a significant role in the yield of
the reaction. As expected, the product consisted of a
50:50 mixture of racemic diastereomers (LC–MS). In

the example 4a, the racemic diastereomers (1:1) were
separated by preparative HPLC and characterized by
LCMS, 1H and 13C NMR, and HRMS.14

In summary, we have demonstrated that hydroxyl-
amines and sulfinamides can serve as amine substrates
for the Petasis boronic acid–Mannich reaction, provid-
ing a practical synthetic route for the preparation of
N-hydroxy or alkoxy-�-aminocarboxylic acids and N-
(tert-butyl sulfinyl)-�-aminocarboxylic acids. These N-
protected amino acids can be activated either as the
acid chloride or with HATU to provide excellent cou-
pling partners for amide bond formation, and should
be versatile intermediates for the synthesis of hindered
peptides and drugs.

Table 1. Petasis boronic acid–Mannich reactions of substituted hydroxylamines
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Table 2. Petasis boronic acid–Mannich reactions of sulfinamide
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13. General procedure for the Petasis boronic acid–Mannich

reaction of substituted hydroxyl amine 1 to prepare N-
hydroxy or alkoxy-�-aminocarboxylic acids 2 (Table 1):
To a stirred mixture of glyoxylic acid monohydrate (368
mg, 4.0 mmol) in DCM (12 mL) was added N,O-
dimethylhydroxylamine hydrochloride (390 mg, 4.0
mmol) followed by phenyl boronic acid (488 mg, 4.0
mmol). The resulting mixture was stirred at ambient
temperature for 24 h, and after this time, the solid was
filtered and washed with DCM several times, dried under
reduced pressure and purified by column chromatogra-
phy to afford 750 mg (96%) of 2b as a white solid, mp
(Met-TempII): 152–153°C (uncorrected): Rf=0.16 (5%
MeOH:DCM); analytical HPLC: Polaris C18 column
(4.6×250 mm, 3 micron particle size), mobile phase 0.1%
aqueous phosphoric acid/CH3CN linear gradient over 30
min, 1 mL/min, one peak detected by ELS and UV at 214
nm, tR=9.32 min; 1H NMR (MeOH-d4, 300 MHz): �

2.84 (s, 3H), 3.94 (s, 3H), 5.12(s, 1H), 7.49–7.58 (m, 5H);
13C NMR (MeOH-d4, 75 MHz): � 41.49, 62.27, 77.30,
130.75, 131.38, 132.33, 133.11, 170.45; LCMS (ELSD):

196 (M+H+); HRMS: 196.096608 [calcd for C10H13NO3

196.097368 (M+H)+].
14. General procedure for the Petasis boronic acid–Mannich

reaction of sulfinamide 3 to prepare 4 (Table 2): To a
stirred mixture of glyoxylic acid monohydrate (460 mg,
5.0 mmol) in DCM (15 mL) was added (S)-(−)-2-methyl-
2-propanesulfinamide (606 mg, 5.0 mmol) followed by
4-methoxyphenylboronic acid (760 mg, 5.0 mmol). The
resulting mixture was stirred at ambient temperature for
48 h and after this time, the DCM was removed under
reduced pressure. The residue was purified by chromato-
graphy (silica gel, 40% EtOAc:hexanes) to give 1.04 g
(72%) of 4a as a 50:50 mixture of racemic diastereomers.
The diastereomers (A and B) have been separated by
preparative HPLC; [Polaris C18 column (250×500 mm,
10 micron particle size), mobile phase 0.1% aqueous
TFA/CH3CN linear gradient over 55 min, 60 mL/min];
analytical HPLC: Polaris C18 column (4.6×250 mm, 3
micron particle size), mobile phase 0.1% aqueous phos-
phoric acid/CH3CN linear gradient over 30 min, 1 mL/
min, one peak detected by ELS and UV at 220 nm,
tR=9.078 (A), another peak detected by ELS and UV at
220 nm, tR=9.840 (B).
4a(A): Rf=0.13, 10% MeOH:DCM; white solid, mp
(Met-TempII): 140–141°C (uncorrected); 1H NMR
(CD3OD, 300 MHz): � 1.24 (s, 9H), 3.82 (s, 3H), 5.02 (s,
1H), 6.96 (d, J=8.7 Hz, 2H), 7.39 (d, J=8.7 Hz, 2H); 13C
NMR (CD3OD, 75 MHz): � 21.83, 54.59, 56.73, 59.63,
113.90, 128.93, 129.98, 160.11, 173.31; LCMS (ELSD):
286 (M+H+); HRMS: 286.110069 [calcd for C13H19NO4S
286.111305 (M+H)+].
4a(B): Rf=0.14, 10% MeOH:DCM; white solid, mp
(Met-TempII): 109–110°C (uncorrected); 1H NMR
(CD3OD, 300 MHz): � 1.24 (s, 9H), 3.80 (s, 3H), 4.96 (s,
1H), 6.93 (d, J=9 Hz, 2H), 7.34 (d, J=8.4 Hz, 2H); 13C
NMR (CD3OD, 75 MHz): � 23.33, 56.16, 57.52 61.85,
115.46, 131.03, 131.53, 161.68, 174.84; LCMS (ELSD):
286 (M+H+); HRMS: 286.110228 [calcd for C13H19NO4S
286.111305 (M+H)+].
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