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Abstract

The ruthenium tetroxide oxidation of cyclic N-acyl amines by a 10% NalO,4 aqueous solution containing ferz-butanol as a single layer
system resulted in the endo-cyclic C-N bond cleavage to afford the w-amino acids as almost sole products in good yields, while a similar
oxidation under the double layer using a NalO4 aqueous solution, and ethyl acetate gave the N-acyl lactams.
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Ruthenium tetroxide (RuQy) is well known as a highly
effective oxidant,? and very useful for the transformation
of cyclic® and acyclic* N-acyl amines into the correspond-
ing lactams and imides. The double layer oxidation
method® using a catalytic amount of RuO, hydrate, an
excess of a NalO4 aqueous solution and ethyl acetate sys-
tem was established for these purposes in our laboratory.
We have previously reported the preparation of various
N-acyl lactams® including the natural products® by the
double layer RuOy4 oxidation. Recently, the first direct con-
version of cyclic N-acyl amines to N-acyl amino acids via
oxidative C-N bond cleavage with pyridine N-oxides cata-
lyzed by a ruthenium porphyrin was reported by Higuchi
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and co-workers.” We now wish to describe a similar simple
RuO, oxidation of various N-acyl cyclic amines into the
corresponding N-acyl amino acids in a NalO4 aqueous
solution containing terz-butanol (single layer system).

The oxidation of the five-membered N-acyl pyrrolidine 1
was performed with RuO,4 using NalO4 as a co-oxidant.
The RuO, oxidation of N-benzoylpyrrolidine la under
the conventional double layer system (10% NalO,4 solu-
tion—ethyl acetate) gave lactam 2a in almost quantitative
yield (Table 1, entry 1). To our surprise, 1a was oxidized
under single layer system using a 10% NalOy4 solution con-
taining tert-butanol at room temperature to give 4-amino-
butanoic acid 3a and lactam (2-pyrrolidinone) 2a in 64% and

R

10% NalO, { ‘toon CHN: ( \
——— M > N\ COOCH;
|
R

3 4

Scheme 1.

* Corresponding author. Tel.: +8 76 229 6211; fax: +8 76 229 2781.
E-mail address: h-sashida@hokuriku-u.ac.jp (H. Sashida).

0040-4039/$ - see front matter © 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2008.02.127


mailto:h-sashida@hokuriku-u.ac.jp

M. Kaname et al. | Tetrahedron Letters 49 (2008) 27862788 2787

Table 1

RuO, oxidation of N-acyl pyrrolidines 1 via Scheme 1

Entry R Conditions Time (h)  Products
(additional media)® (vield %)°

1 Bz D° (AcOEt) 2 2a (99)

2 Bz S¢ (ter-BuOH) 5 2a (6) 3a (64)

3b Boc" S (tert-BuOH) 4 4b (79)

4 Boc S (Acetone) 6 4b (78)

5 Boc S (Acetonitrile) 6 4b (78)

6 Troc® S (tert-BuOH) 6 2¢ (3) 4c (49)

7 zh S (tert-BuOH) 3 4d (53)

% Reaction condition: substrate, 6 mmol; RuO,-xH,O, 60 mg; 10%
NalOy, 80 mL, additional media, 20 mL, room temperature.

® Isolated yields.

¢ Double layer.

4 Single layer.

¢ Benzoyl.

! tert-Butoxycarbonyl.

€ 2,2,2-Trichloroethoxycarbonyl.

b Benzyloxycarbonyl.

6% vyields, respectively (entry 2).® The former is the endo C—
N bond cleavage product, and the latter is formed by the
general carbonylation at the C-2 position of the pyrrolidine
ring. In contrast, the RuO,4 oxidation of N-tert-butoxycar-
bonyl(Boc)pyrrolidine 1b gave only 4-aminobutanoic acid
3b, which was isolated as the methyl ester 4b by treatment
of the crude product with diazomethane in ether in 79%
yield (entry 3).° Using acetone or acetonitrile, which were
miscible in water, instead of tert-butanol afforded almost
similar results (entries 4 and 5). Replacement of the N-pro-
tect group from the Boc group to the 2,2,2-trichloroethoxy-
carbonyl (Troc) or benzyloxycarbonyl group (Z) reduced
the yields of the 4-aminobutanoic acids 3¢,d, and a small
amount of lactams 2¢ were produced (entries 6 and 7). In
these cases, the 4-aminobutanoic acids 3c¢,d were also iso-
lated as the corresponding methyl esters 4c,d by the treat-
ment of the crude products with diazomethane (Scheme 1).

A possible mechanism for the formation of the m-amino
acid G from the N-acylpyrrolidine A is shown in Scheme 2.
The initial oxidized intermediate, the ruthenate ester B or
N-acyliminium ruthenate C generated by the oxidative
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attack of RuQy at the C-2 position of the N-acylamine A,
undergoes hydrolysis to form the 2-hydroxyl amine E.
The tautomerism with the migration of the hydroxyl pro-
ton of E produces the ring opening aldehyde F, which is
further oxidized by RuO, to afford the w-amino acid G.
In the case of the double layer system (10% NalOy4 solu-
tion—ethyl acetate), the ruthenate ester B is further oxidized
to afford lactam D. When the substrate is oxidized under
the single layer system, the hydrolysis of the ruthenate ester
intermediate B or the nucleophilic attack of H>O on the ini-
nium salt C is favored due to the aqueous condition. In
addition, the isolated 2-hydroxyl amine E was easily oxi-
dized to give the w-amino acid G under the single layer sys-
tem in good yield, although the oxidation of E under the
double layer system gave lactam D in ca. 40% yield.
Four-, six-, and seven-membered cyclic N-Boc amines 5,
7, 9 were also transformed into the corresponding N-Boc
w-amino acid methyl esters 6, 8, 10 in moderate yields by
the RuO, oxidation under the similar conditions followed
by diazomethane esterification, respectively (Scheme 3).
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Next, we planned the deployment of this single layer
RuO4 oxidation into the optically active compounds.
Four-membered N-Boc cyclic imino acid ester 11 was oxi-
dized under similar conditions to give the corresponding
optically active ®-amino acid 12 [[o ]19 —19.9° (1it."? [« ]23
—19°)] in 68 yield without any loss of chirality at the C-2
position of the cyclic amine 11. Similarly, the optically
active w-amino acids 14 and 16 were obtained by the oxida-
tion of the corresponding imino acid esters 13 and 15 in
88% and 84% yields, respectively (Scheme 4).

In summary, simple RuO, oxidized cyclic N-acylamines
to afford m-amino acids under a single layer system using a
NalO, solution containing fert-butanol in moderate to
good yields. This oxidative system can successfully be
applied to optically active cyclic imino acid esters produc-
ing w-amino acids having an ester moiety at the o position
of the amino group. A significant reaction mechanism of
this oxidation reaction is proposed.
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