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Abstract: A practical method for a-amination of a-alkyl-B-keto-
esters using hydroxamic acids is described. In this protocol, an oxi-
dative N-acylnitroso aldol reaction is catalyzed by magnesium
chloride in the presence of the oxidant fert-butyl hydroperoxide.
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a-Amino-B-ketoesters are potential precursors of B-hy-
droxy-o-amino acids and of nitrogen-containing hetero-
cyclic compounds that serve as important building blocks
in many bioactive agents.'” One pathway effective for
constructing this useful scaffold is the direct electrophilic
a-amination of B-ketoesters, and various aminating agents
have been explored in this procedure.* In particular, ami-
nating agents with nitrogen moieties that can react as
aldol-type or Michael-type acceptors, such as azodi-
carboxylates, have been extensively investigated in the
symmetric and asymmetric versions of this pathway.’
However, few studies have examined acylnitroso species
as aminating agents because they are highly reactive and
usually need to be generated in situ via oxidation.®’

Read de Alaniz and coworkers recently reported an N-se-
lective acylnitroso aldol reaction that enables a-amination
of a-alkyl-B-ketoesters; this procedure relies on acylnitro-
so intermediates as the electrophilic source of nitrogen.
This one-pot transformation combines copper(Il)-cata-
lyzed enolization of B-ketoesters and copper(I)-catalyzed
aerobic oxidation of hydroxamic acids (Scheme 1).* To
ensure the success of this approach, the acylnitroso inter-
mediates and enolates must be formed under compatible
reaction conditions.®’ Here we describe a practical meth-
od in which compatible conditions can be ensured, using
magnesium chloride to catalyze enolization and tert-butyl
hydroperoxide (TBHP) for oxidation (Scheme 1).

During initial attempts to develop a new catalyst for the
oxidative N-acylnitroso aldol reaction, we used the rhodi-
um caprolactamate [Rh,(cap),]/TBHP!! catalytic proto-
col. Our previous studies on the oxidative acylnitroso
hetero-Diels—Alder reaction'® showed that Rh,(cap), ac-
celerates the generation of acylnitroso compounds be-
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cause it accelerates TBHP-mediated oxidation of
hydroxamic acids. We carried out this approach in the
present study using common bases such as Cs,CO; or
Et;N, which promoted the enolization of B-ketoester 1a,
leading to the complete consumption of hydroxamic acid
2a. However, no desired N-acylnitroso aldol product was
observed (Table 1, entry 1). When we replaced the base
with various Lewis acids, we found that catalytic amounts
of magnesium chloride'? facilitated the enolization of 1a
and generated a-amination product 3a in 82% yield (Ta-
ble 1, entry 2). Decreasing the catalyst loading of
Rh,(cap), to 0.1 mol% did not affect the reaction, provid-
ing the desired product 3a in 83% yield (Table 1, entry 3).
In fact, comparably high yields were obtained in the ab-
sence of the precious rhodium catalyst: 83% at room tem-
perature and 85% at 40 °C (Table 1, entries 4 and 5).
Therefore we simplified our protocol for the acylnitroso
aldol reaction to involve simply mixing starting materials
with MgCl,/TBHP in a suitable solvent.'* Control experi-
ments confirmed the necessity of each component in this
simplified protocol: in the absence of TBHP,'* no 2a was
consumed; in the absence of MgCl,, the desired reaction
did not occur, even though 2a was oxidized by TBHP.

We then examined the substrate scope of this optimized
protocol for MgCl,-catalyzed a-amination of a-alkyl-
B-ketoesters.!> We tested a wide range of substituted
B-ketoesters and N-hydroxycarbamates, obtaining high or
excellent yields in most cases (Table 2). Various a-meth-
yl-acetoacetates with different ester moieties, such as eth-
yl, benzyl, and tert-butyl, reacted smoothly to give high
yields (3a—c). B-Ketoesters with alkyl substituents (linear
or branched) or aryl substituents (electron-rich or elec-
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enolization and oxidation conditions:
ref. 8: Cu(OTf), (5 mol%), CuCl (5 mol%), air
this work: MgCl, (10 mol%), t-BuOOH

Scheme 1 o-Amination of a-alkyl-B-ketoesters using hydroxamic
acids
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Table 1 MgCl,-Mediated a-Amination of a-Alkyl-B-ketoesters®

+BuOOH o o
OEt Lewis acid

- %
o )]\ (or base) )%OB

3\* + HN” ot MeCN N—OH
O

OH
© Ot-Bu
1a 2a 3a

Entry Catalytic protocol Yield (%)°
1 Rh,(cap), (1.0 mol%), base (1.0 equiv)° 0
2 Rh,(cap), (1.0 mol%), MgCl, (10 mol%) 82
3 Rh,(cap), (0.1 mol%), MgCl, (10 mol%) 83
4 MgCl, (10 mol%) 83
54 MgCl, (10 mol%) 85 (81)°

2 Reaction conditions: 1a (1.2 equiv), 2a (1.0 equiv), and ~-BuOOH in
nonane (1.2 equiv) at r.t., unless otherwise noted.

b Isolated yield of 3a after purification by silica gel chromatography.
The reaction was allowed to continue until 2a was completely con-
sumed based on TLC analysis.

¢ Base: Cs,CO; or Et;N; solvent: CH,Cl,.

4 Reaction was performed at 40 °C.

¢ Preparation of 3a on a 1-gram scale.

tron-deficient) at R! were effective nucleophilic partners,
generating functionalized N-carbamate hydroxylamines
3a-1 in yields of 75-99%. Varying the substituents at the
a-position of the B-ketoesters led to structurally diverse
a-quaternary a-amino-B-ketoesters (3m and 3n), as well
as their cyclic counterparts (30—q). Even hydroxylamines
protected with the frequently used nitrogen-protecting
groups Cbz, Troc, and Fmoc worked in our reaction, giv-
ing moderate to high yields of the desired products (3r—t).
It is worth noting that we occasionally observed byprod-
ucts derived from the O-selective acylnitroso aldol reac-
tion: 3a, with a ratio of N-aldol product to O-aldol product
of 13:1; 3d, 18:1; 3r, 13:1; and 3s, 16:1.%

The reaction was sluggish and low-yielding (<20%) with
B-ketoesters containing hindered substituents at R! such
as tert-butyl or bulky substituents at R? such as isopropyl.
When the unsubstituted p-ketoester ethyl acetoacetate
was used, the reaction produced an uncharacterized mix-
ture. This result may reflect electrophilic transformations
of an a-imino B-ketoester intermediate. Read de Alaniz
and coworkers postulated that such an intermediate forms
during the N-aldol reaction when ethyl acetoacetate and
the acylnitroso intermediate couple together, and the
B-hydroxyl group is eliminated.®

We then tried to extend this catalytic process to asymmet-
ric catalysis, but our efforts proved fruitless. When we
used Mgl, as catalyst together with a chiral pybox ligand!®
in the reaction of 1a and 2a, we obtained a-amination
product 3a as a racemic mixture (Scheme 2, conditions 1
and 2).!"” In addition to TBHP, we tested the mild oxidant

Synlett 2014, 25, A-D

MnO,,”* which gave 3a in moderate yield without asym-
metric induction (conditions 3).

Table 2 Substrate Scope for o-Amination of a-Alkyl-p-ketoesters
Using Hydroxamic Acids®®

0O O
o o j\ MgCl, (10 mol%)
tBuOOH (1.2 equiv) Rt 3
R1J\/U\OR3 + HN” DOoRt — = R ; OR
| 40°C R® N—OH
R2 OH
o]
OR*
1 2 R',RZ= Ak, Ar 3

RS3 = Et, Bn, tBu, Me
R* = tBu, Bn, CClI3CHoy, 9-fluorenylmethyl

Entry Product Time (h) Yield (%)
(0] (0]
1A,
1 N—OH 34 85
|
Boc
3a N/O ratio? = 13:1
(0] (0]
LA,
2 l}l—OH 22 83
Boc
3b
(0] (0]
3 l}l—OH 65 82
Boc
3¢
(0] (0]
S,
4 l}l—OH 20 80

Boc

3d N/O ratio = 18:1

0} (0]
Bn OEt
5 I}I—OH 25 84
Boc
3e
(e} (e}
-Pr OEt
6 ITJ—OH 40 80
Boc
3f
o o
OEt
7 N—OH 49 96
Boc
3g

© Georg Thieme Verlag Stuttgart - New York

Downloaded by: National Dong Hwa University. Copyrighted material.



LETTER

MgCl,-Catalyzed a-Amination of a-Alkyl-B-ketoesters C

Table 2 Substrate Scope for a-Amination of a-Alkyl-p-ketoesters
Using Hydroxamic Acids** (continued)

Table 2 Substrate Scope for a-Amination of a-Alkyl-p-ketoesters
Using Hydroxamic Acids** (continued)

(o} (e}
Q@ Q i MgCl; (10 mol%) M Q@ 0 j)\ MgCl (10 mol%)
+BuOOH (1.2 equiv) Rt 3 +BuOOH (1.2 equiv) Rt 3
R‘J\)J\OR3 + HN7 NORt —————— R KX OR muoﬂa + HNT NoRt 2 EHY R KT TO0R
| 40 °C R< N—OH | 40°C R® N—OH
R? OH R? OH
© OR* © OR*
1 2 R!,R2= Ak, Ar 3 1 2 R!,R2= Al Ar 3
RS = Et, Bn, tBu, Me RS = Et, Bn, Bu, Me
R* = +-Bu, Bn, CCI3CHy, 9-fluorenylmethyl R* = +-Bu, Bn, CCI3CHy, 9-fluorenylmethyl
Entry Product Time (h) Yield (%)  Entry Product Time (h)  Yield (%)
(0] (o} o O
OMe OEt
8 _ 46 91 16 N— 78 90
Boc Boc
3h 3p
o 0 o @
A OMe &\OB
9 | N—OH 26 75 17 \\~oH 65 57
MeO I Boc
Boc
3i 3q
o o o o}
10 N—OH 46 97 18 | 8 87
cl I Cbz
Boc
3i 3r N/O ratio® = 13:1
o o o} 0}
" -on 51 99 19 N—OH 17 89
Br Boc Troc
3Kk 3s N/O ratio? = 16:1
o o (0] O
O - 20 )%kooHEt 90 41
N—OH B
12 O | 41 97 Emoc
Boc
3t
31 2 Reactions were performed using 1 (1.2 equiv), 3 (1.0 equiv), catalyst
0 (10 mol%), and oxidant (1.2 equiv) in MeCN at 40 °C. Boc = tert-bu-
) toxycarbonyl; Cbz = benzyloxycarbonyl; Troc = (2,2,2-trichloroe-
OEt thoxy)carbonyl; Fmoc = [(9-fluorenylmethyl)oxy]carbonyl.
13 Et" N—OH 60 80 b Hydroxamic acid was completely consumed after the indicated time.
llgoc ¢ Isolated yield of 3 after silica gel chromatography.
4 The ratio of N-aldol product to O-aldol product (N/O ratio) was de-
3m termined by "H NMR analysis of the crude reaction mixture.
(0] O
OEt In summary, we have developed a practical and efficient
14 Bn N—OH 47 92 catalytic protocol for the a-amination of a-alkyl-B-keto-
Boc esters that relies on an oxidative N-acylnitroso aldol reac-
3n tion with hydroxamic acids. In this process, the
o O combination of MgCl, catalyst and TBHP oxidant simul-
Rt taneously achieves the catalytic enolization of B-ketoester
and oxidation of hydroxamic acid.
15 N=0H 70 80
Boc
3o
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(R,R)-(-Pr-pybox)Mgl>

(R, R)-(i-Pr-pybox)Mgls (10 mol%)

1) t-BuOOH (1 equiv), MeCN

| A (83% yield, 0% ee)
7
| ’}l | 2) t-BUOOH (1 equiv), CCl,
N—~Mg—N (29% vyield, 0% ee)
/N

3) MnO;, (5 equiv), CCly
4AMS
syringe pump addition of 2a over 20 h
(58% yield, 0% ee)

Scheme 2 Attempts to extend our protocol to asymmetric catalysis
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