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a-Monoalkyl ¢-amino acids were oxidized to the corresponding
alkanenitriles in good yields by treatment with copper(II) bromide—
lithium zert-butoxide. The oxidation of a,z-disubstituted a-amino
and a-hydroxy acids also gave the corresponding ketones.

Since oxidations of a-amino acids and their derivatives
are important processes in the fields of synthetic organic
chemistry as well as biological chemistry, various meth-
ods and reagents have been developed for these trans-
formations. The modes of oxidation of a-amino acids
are classified into two categories: the oxidative transfor-
mation of an amino group into carbonyl or nitro group®
and oxidative decarboxylation.2 >

The latter oxidation leads to the formation of various
carbonyl compounds? or nitriles® ~3 of one less carbon
atom depending on the reagent and reaction conditions
employed. In connection with oxidative decarboxylation
of a-amino acids, it was reported that the lead tetraacetate
oxidation of their N-acyl derivatives gave N-acylimines
which were hydrolyzed to the corresponding aldehydes.®
As for the transformation into nitriles, N-bromosuccin-
imide® and alkaline bromine* have been employed as
oxidizing agents. The isolated yields of nitriles obtained
by these reactions, however, are only moderate or not
described in the literature. Although the oxidation of
a-amino acid with chloramine-T usually gave nitriles in
good yields,” the method suffers a disadvantage that the
corresponding aldehydes are produced as byproducts.

Recently we reported the oxidations of alcohols to alde-
hydes and ketones,” secondary amines to imines,® pri-
mary amines to nitriles,® and primary carboxamides to
N-(tert-butoxycarbonyl)amines® using the copper(Il) oxi-
dizing agent 1 prepared by the treatment of copper(Il)

bromide with lithium tert-butoxide, in which fert-but-
oxycopper(Il) bromide 2 would serve as the active species.
The advantages of these oxidations are that the reagent
is less toxic and the reactions proceed in an aprotic me-
dium under mild reaction conditions. In this paper, we
describe the oxidations of a-amino acids 3 and related
compounds, a-hydroxy acids 4 and their esters 5 and 6,
with the copper(II) oxidizing agent 1.

Firstly the oxidation of methyl 2-amino-2-phenylacetate
hydrochloride (5) was examined. The treatment of the
ester with 4 equivalents of the oxidizing agent 1 prefe-
rentially gave the corresponding azine 7 which would be
produced by the further oxidation of the initially formed
imine (Scheme 1; table, entry 1). We assumed that the
oxidative decarboxylation of the intermediate imine
would take place when free a-amino acid 3 was treated
with 1.

NHj + HCI N
)\H/OMe 1 /[H(OMe 2
Ph Ph
—_—
o) 0
7

Scheme 1

As was expected, the oxidation of a-monosubstituted o-
amino acids 3 (R? = H) required greater than 4 equiva-
lents of the oxidizing agent 1 to complete the reaction,
and the corresponding alkanenitriles 8 were obtained as
sole products in good yield. The present oxidation is
operationally simple and easily carried out in a large

Table. Oxidation of «~-Amino Acids, a-Hydroxy Acids, and Their Esters®

Entry  Substrate CuBr,—#-BuOLi Temp. Time Product Yield Mp (°C) or bp (°C)/Torr
(eq) (2] (%) .
Found Reported™
1 5 44 r.t. 0.2 7 82° 143.5-144
2 3a 44 r.t. 2.5 8a 72 82-83/20 79/171°
3 3b 44 r.t. 2.5 8b 53 109-111/13 107.1-107.3/121!
4 3¢ 44 r.t. 2.5 8¢ 78 130-132/11 127/1312
5 3d 44 r.t. 2.5 8d 83 90-95/10 100/1113
6 3e 5.0 r.t. 1 9d 65 103-106/9 108-110/10*4
7 6 6.0 r.t. 14 15 86 112-113/3.5
8 4a 6.0 reflux 1.5 16 65 84-87/10 92/10*3
9 4b 2.2 50°C 2 9b 86° 47.5-48 47-4816
10 4c 2.2 reflux 2 9¢ 80 90--92/16 88.5/1617
11 4d 2.2 reflux 6 9d 56 106-108/10 108-110/104

2 All reactions were performed with the same procedure as described in the text on a 20 mmol scale; unless otherwise noted.
® The pure compound was obtained by washing the crude crystalline material with hexane.
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scale. In such a case, the pure nitrile can be isolated by
fractionation of the crude material. In the case of the
oxidation of a,x-disubstituted amino acid 3e, the corre-
sponding ketone 9d was isolated after treatment of the
crude material with hydrochloric acid (table, entry 6).

On the basis of these results, the following mechanism
is presumed for the oxidation of x-amino acids (Scheme
2). In the first step, the reaction of a-monosubstituted
e-amino acid 3 (R? = H) with 2 equivalents of fers-but-
oxycopper(Il) bromide 2 proceeds to form the carboxy-
late 10 which in turn eliminates copper(IT) hydride 11 to
afford the imine 12. The resulting imine 12 is immediately
converted to the copper salt 13 which then loses carbon
dioxide and 2 equivalents of copper(I) bromide to give
nitrile 8 (Path A). Another equivalent of 2 is consumed
by the reaction with 11 to form copper(I) bromide and
tert-butyl alcohol. The alternative pathway through the
copper salt of aldimine 14 (Path B) should also be con-
sidered. In the case of o,x-disubstituted amino acid 3e,
9d would be produced by hyrolysis of the copper salt of
ketimine 14.
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The most serious side reaction in the conventional trans-
formations of a-amino acids to nitriles may be the hy-
drolysis of the intermediate imines to produce aldehydes.
It should be noted that the selective formation of nitriles
in the present oxidation is attributable to the nonaqueous
medium employed.

Next the oxidation of ethyl mandelate (6) with a large
excess of the oxidizing agent 1 was performed, and it was
found that the oxidation proceeded at room temperature
accompanied by transesterification to give the corre-
sponding oxo ester 15 (Scheme 3; table, entry 7).
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Scheme 3

This mode of oxidation is the same as that of the oxi-
dation of common secondary alcohols.” On the other
hand, the oxidation of the corresponding free acid 4a
required a higher reaction temperature and afforded fers-
butyl benzoate (16) as the oxidation product (table, entry
8). Since it was confirmed that benzaldehyde was unreac-
tive to 1 under similar reaction conditions, the above
oxidation would proceed via the copper salt of benzoyl-
formic acid 17 (Scheme 4). The fact that 16 was obtained
in 35 % yield by the treatment of benzoylformic acid with
4 equivalents of 1 under the same reaction conditions
substantiates the assumption that this reaction path is
followed, at least in part, in the oxidation of mandelic
acid (4a).
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On the basis of the above consideration, we performed
the oxidation of some a,x-disubstituted a-hydroxy acids
4 using 2.2 equivalents of the oxidizing reagent 1 and
found that the corresponding ketones 9 were obtained
in good yields (Scheme 5; table, entries 9—-11).

Although the oxidative decarboxylation of a-hydroxy
acids to aldehydes or ketones can be achieved with va-
rious oxidizing agents, such as chromic acid,*® sodium
bismuthate,'® lead tetraacetate,® nickel peroxide,?° pe-
riodates,?! N-bromosuccinimide,?? and N-iodosuccini-
mide,?3 the present oxidation procedure provides a con-
venient method using a combination of readily available
reagents.

Oxidation of 2-Amino-2-phenylacetic Acid (3a):

In a 500 mL round-bottomed flask +-BuOH (7.12 g, 96 mmol) and
THF (100 mL) were placed under argon and cooled (ice bath). Then
BuLi (1.69 M solution in hexane, 52.1 mL; 88 mmol) was added
slowly. After the mixture was stirred for 30 min, anhyd. CuBr,
(19.7 g, 88 mmol) was added in one portion. The cooling bath was
then removed and stirring was continued for 40 min. Meanwhile,
the color of the reaction mixture changed from deep green to deep
red. Amino acid 3a (3.02 g 20 mmol) was added and the mixture
was further stirred for 2.5h. After addition of 10% aq NH,
(150 mL), the organic layer was separated and the aqueous layer
was extracted with Et,O (2 x 30 mL). The combined organic layers
were washed with 10 % aq NH; (100 mL) and brine (100 mL) and
dried (Na,SO,). After evaporation of the solvent, the residue was
purified by distillation under reduced pressure to give benzonitrile
(8a); yield: 1.48 g (72%), bp 82-83°C/20 Torr.

Oxidation of Methyl 2-Amino-2-phenylacetate Hydrochloride (5):
To a THF solution of copper(II) oxidizing agent 1 prepared in a
similar manner as previously described for 3a from ~-BuOH (7.12 g,
96 mmol), THF (100mL), BuLi (1.56 M solution in hexane,
56.4mL, 88 mmol), and CuBr, (19.7g, 88 mmol) in a 500 mL
round-bottomed flask was added 5 (4.03 g, 20 mmol) and the reac-
tion mixture was stirred for 0.2 h. After addition of 10% aq NH;
(200 mL), the organic layer was separated and the aqueous layer
was extracted with Et,O (2 x 30 mL). The combined organic layers
were washed with 10 % agq NH; (100 mL) and brine (100 mL), and
dried (Na,SO,). After evaporation of the solvent, the crude crys-
talline material was purified by washing with hexane (2 x 20 mL
and 3 x 5 mL) to give azinodi(methyl phenylacetate) (7); yield: 2.67 g
(82%), mp 141-143°C.
Recrystallization from hexane yielded a sample for elemental ana-
lysis (mp 143.5-144°C).
IR (neat): 1738, 1608 cm ™ 1.
'HNMR (CDCl,): 6 = 3.94,3.97,4.01(35,0.2H,0.2H, and 5.6 H),
7.38-7.57 (m, 6 H), 7.74-7.83 (m, 4 H).
C,sH (N,0, calc. C66.66 H497 N 8.64

found 66.39  5.00 8.50

Oxidation of Ethyl Mandelate (6):

To a THF solution of copper(Il) oxidizing agent 1 prepared in a
similar manner as previously described for 3a from +~BuOH (9.78 g,
132 mmol), THF (130mL), Buli (1.64 M solution in hexane,
73.2mL; 120 mmol), and CuBr, (26.8 g, 120 mmol) ina 1 L round-
bottomed flask was added a THF (40 mL) solution of 6 (3.60 g,
20 mmol) and the mixture was stirred for 14 h. After addition of
sat. aq NH,Cl (300 mL), 1 M HCl was added to the mixture until
the aqueous layer was just clarified. The organic layer was separated
and the flask was rinsed with Et,O (50 mL). The aqueous layer was
extracted with Et,O (2 x 50 mL). The combined organic layers were
washed with sat. ag NaHCO, (150 mL) and brine (150 mL) and
dried (Na,SO,). After evaporation of the solvent, the residue was
purified by distillation under reduced pressure to give fert-butyl
benzoylformate (15); yield: 3.56 g (86 %), bp 112—113°C/3.5 Torr.

IR (neat): 1738, 1693 cm ™.
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'H NMR (CDCL,): § = 1.64 (s, 9H), 7.45-7.77 (m, 3 H), 7.93-8.02

(m, 2H).

C,,H,,0, C 69.89 T 6.84
7019 6.96.

calc.
found
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