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A Cul-catalyzed coupling reaction of benzofuran-3(2H)-ones with
amines has been well established for the direct synthesis of
a-ketoamides. This process involves C—-O bond cleavage and
C=0/C-N bond formation. Mechanism studies indicated that this
a-ketoamide formation reaction may involve a free radical process.

a-Ketoamides are versatile structural motifs in natural pro-
ducts, biologically relevant molecules, drug candidates and
functional materials." Some relevant compounds are displayed
in Fig. 1.> Consequently, developing novel synthetic methods
for the construction of a-ketoamides has attracted consider-
able attention over the past several decades.® Traditionally,
the approach to a-ketoamides is based on the amidation of
a-oxocarboxylic acids and their derivatives with nitrogen
sources.* In addition, other synthetic reactions, such as oxi-
dation of a-hydroxyamides and a-aminoamides,’ transition-
metal-catalyzed double carbonylative amination of aryl
halides,® metal catalyzed or metal free oxidative coupling reac-
tions,” and other methods,® have been widely used. Although
many elegant methods have been developed for the synthesis
of a-ketoamides, they suffer from several drawbacks, such as
the need for harsh conditions or the use of dangerous
reagents. The introduction of multiple functional groups sim-
ultaneously allows molecular synthetic versatility and struc-
tural diversity.” Therefore, the development of more efficient
and direct synthetic pathways towards o-ketoamides contain-
ing multiple functional groups would be highly desirable.

The development of direct and novel methodologies to
install carbon-nitrogen bonds has received continuous atten-
tion in organic synthesis.'® Particularly, the amination of car-
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bonyl compounds has become one of the most powerful and
efficient tools in recent years.' In 2001, the group of Loh dis-
covered a copper-catalyzed a-amination of aliphatic aldehydes
for the synthesis of a-amino acetals using secondary amines
with readily removable protecting groups as a nitrogen source
(Scheme 1a)."* Soon after, a highly efficient a-amination of
sterically divergent aldehydes catalyzed by in situ generated
hypoiodite was described by the same group.'* In 2012, an oxi-
dative coupling reaction of methyl ketones with primary and
secondary amines to synthesize a-ketoamides was established
by Wan’s group (Scheme 1b)."* In 2019, Wang developed
a catalyst-free oxidative decyanation amidation reaction
of p-ketonitriles and primary amines for the synthesis of
a-ketoamides (Scheme 1c)."* Prompted by the above-men-
tioned considerations, we envisaged that C-N bond formation
between benzofuran-3(2H)-ones and amines could be achieved
via a-amination of carbonyl compounds. In an effort to con-
tinue our studies of the conversion reaction of carbonyl com-
pounds,® herein we disclose a Cul-catalyzed coupling reaction
of benzofuran-3(2H)-ones with amines for the synthesis of
a-ketoamides (Scheme 1d).

At the outset of this investigation, benzofuran-3(2H)-one 1a
and morpholine 2a were selected as the model substrates,
Co(acac), as the catalyst, TBHP as the oxidant, and EtOAc as
the solvent. The mixture was stirred at 70 °C for 12 h. To our
delight, the target product 3a could be isolated in 51% yield
(Table 1, entry 1). The structure of the product was confirmed
by NMR, HRMS and single-crystal X-ray diffraction.'®
Subsequently, the catalytic activity of various metal catalysts
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Fig. 1 Biological molecules containing the a-ketoamide moiety.
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Scheme 1 Amination of carbonyl compounds.

Table 1 Optimization of the reaction conditions?
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Entry Catalyst Oxidant Solvent Yield” (%)
1 Co(acac), TBHP EtOAc 51
2 FeCl, TBHP EtOAc 31
3 Pd (OAC]2 TBHP EtOAc 20
4 Mn(OAc),-4H,0 TBHP EtOAc 18
5 CuCl TBHP EtOAc 61
6 CuBr TBHP EtOAc 64
7 CuBr, TBHP EtOAc 54
8 Cul TBHP EtOAc 75
9 Cu(OTf), TBHP EtOAc 54
10 Cu(OAc), TBHP EtOAc 39
11 Cul TBHP CH;CN 69
12 Cul TBHP DCE 77
13 Cul TBHP Dioxane 88
14 Cul TBHP Toluene 82
15 Cul TBHP THF 65
16 I, TBHP Dioxane 81
17 TBAI TBHP Dioxane 65
18 Nal TBHP Dioxane 76
19 Cul DTBP Dioxane 83
20 Cul H,0, Dioxane 85
21 Cul CHP Dioxane 70
22 Cul K,S,054 Dioxane 25
23 Cul 0, Dioxane 62
24 Cul Air Dioxane 50
25 TBHP Dioxane <5
26 Cul Dioxane 48
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was the optimal catalyst, providing the expected product 3a in
75% yield (entries 5-10). A short survey of solvents demon-
strated that dioxide was better than EtOAc, CH3;CN, DCE,
toluene and THF (entries 11-15). As Cul provided superior
yields to other copper salts, we doubted whether iodide is
involved in the catalytic cycle. Successively, we examined
several iodine reagents and found that they could also give the
target product smoothly compared with Cul (entries 16-18).
Meanwhile, the effect of different oxidants was also investi-
gated and the result suggested that TBHP is still the best
choice (entries 19-24). Moreover, a control experiment
suggested that a copper catalyst and oxidant were essential for
this transformation (entries 25 and 26).

With the optimized reaction conditions in hand, the gener-
ality and limitation of the protocol were examined with respect
to both benzofuran-3(2H)-ones and amines as shown in
Table 2. Firstly, the substrate scope of benzofuran-3(2H)-ones
was explored and we found that all reactions proceeded
smoothly to give the corresponding products (3a-3g) in moder-
ate to good yields under the optimized conditions. Halogen
atoms, such as F, Cl and Br, did not affect the reactivity of the
substrates (3c-3e) and created opportunities for further deriva-
tization. When different groups were present at the C7 posi-

Table 2 Scope of substrates®

7P gi motkCu o Q
N ; 5 eq TBHP .R
Z~X R2 dioxane, 70 °C XH O R2
1 2 3

“Reaction conditions: 1a (0.3 mmol, 1 equiv.), 2a (1.2 mmol, 4.0
equiv.), catalyst (0.06 mmol, 20 mol%), oxidant (1.5 mmol, 5.0 equiv.)
and solvent (2.0 mL) in a test tube at 70 °C for 12 h. ” Isolated yields.
TBHP = tert-butyl hydroperoxide (70% in water). DTBP = di-tert-butyl
peroxide. CHP = cumene hydroperoxide.

was examined. To our delight, common metal catalysts, includ-
ing FeCl;, Pd(OAc),, Mn(OAc),-4H,0 and CuCl, could promote
this a-ketoamide formation reaction and CuCl demonstrated
the highest reactivity to give 3a in 61% yield (entries 2-5).
Further screening of other copper catalysts revealed that Cul
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“Reaction conditions: 1a (0.3 mmol, 1 equiv.), 2a (1.2 mmol, 4.0
equiv.), Cul (0.06 mmol, 20 mol%), TBHP (70% in water, 1.5 mmol, 5.0

equiv.) and dioxane (2 mL) at 70 °C for 12 h in a sealed tube.
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tion, such as 7-CHj, the reaction could equally proceed well
with good yields (3g). To our delight, 1-acetylindolin-3-one was
compatible with the reaction conditions, and reacted smoothly
with 2a to furnish the corresponding product 3h in 47% yield.
We next evaluated the scope of amines for this coupling reac-
tion. Differently substituted secondary amines displayed no
obvious detrimental effect on the reaction efficiency and
afforded the desired products 3i-31 in moderate to good yields.
When we used other amines as the substrate under the stan-
dard conditions, such as dibenzylamine, aniline or butyla-
mine, unfortunately, it was observed that the reaction did not
take place (3m-30).

To shed light on the reaction mechanism of this transform-
ation, control experiments were performed, as shown in
Scheme 2. As expected, the addition of the well-known radical-
trapping reagent TEMPO (2,2,6,6-tetramethyl-1-piperidinyloxy)
suppressed the reaction and radical adduct 4 was separated in
20% yield, which indicated that the carbon radical intermedi-
ate of benzofuran-3(2H)-one at the C2 position may be involved
in this transformation (Scheme 2a)."” Based on the result of
screening several iodine reagents (Table 1), the iodine anion is
the key to the catalytic cycle, not the copper catalyst. Furthermore,
when using naphtho|[2,1-b]furan-1(2H)-one as the substrate,
the desired target product 3p was not obtained, but compound
3p’ was separated in 28% yield (Scheme 2b). This result
revealed that the iodo intermediate further undergoes a
nucleophilic substitution reaction with the amine. When an
80-labeled reaction was carried out, both 3a and 3a-'*0 were
obtained and the ratio was approximately 2.3:1, which
suggested that nucleophilic attack of a water molecule may be
involved in the catalytic cycle (Scheme 2c).

Based on the above experiments and previous studies in the
literature,">'” we formulated a plausible mechanism for
this transformation leading to a-ketoamides, as depicted in
Scheme 3. Initially, TBHP decomposes to the tert-butoxyl
radical and a hydroxyl anion in the presence of I~.'*'®
Subsequently, hydrogen atoms were abstracted from benzo-
furan-3(2H)-one 1 by the tert-butoxyl radical to provide carbon
radical A,"” which undergoes iodination to form intermediate
B." Then nucleophilic substitution of the amine to B yields

[¢)
e @5&
0
+ HN o _Standard conditions standard conditions o N
o / 2 equiv TEMPO o

1a 2a 3a, trace 4, 20% yield
A ] L o (3
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Scheme 2 Preliminary mechanism studies.
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Scheme 3 Proposed reaction mechanism.

intermediate C, which undergoes further iodination producing
intermediate D. Ionization of D generates iminium-type inter-
mediate E, followed by nucleophilic attack by H,O to give
intermediate F. Finally, C-O bond cleavage affords the desired
3a. In addition, nucleophilic substitution of the amine to
intermediate D could also form 3p’.*°

Conclusions

In summary, we have implemented a Cul-catalyzed coupling
reaction of benzofuran-3(2H)-ones with amines that allows
efficient synthesis of diverse o-ketoamide derivatives. This
process involves C-O bond cleavage and C=O/C-N bond for-
mation. Mechanism studies indicated that this a-ketoamide
formation reaction may involve a free radical process. Our
method utilizes easily available starting materials and offers
operational simplicity as well as functional group tolerance.
Further explorations of the synthetic utility of this transform-
ation are currently underway in our laboratory.
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