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a copper catalyst under mild reaction conditions. A broad scope of dioxazolones is exhibited as well as

dioxazolones containing biologically active structural motifs. These robust and mild reaction conditions
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Amides are among the most invaluable functional groups in
organic chemistry and have been extensively utilized in drug
discovery, functional materials, and natural products."” In
particular, primary amides and carbonyl groups directly bearing
a free-NH, unit, can serve as key synthetic intermediates in
a wide range of N-substituted amides through catalytic C-N
bond formation using transition metals such as copper and
palladium.®® Several conventional strategies for the preparation
of primary amides rely on the use of readily available carboxylic
acid sources, ammonia treatment, activating agents such as
thionyl chloride and oxalyl chloride, peptide-coupling agents,
and phosphine-fluoride reagent system (Scheme 1A).°* More-
over, catalytic hydration of organic nitriles has been explored to
avoid undesired hydrolysis to carboxylic acids using transition
metal catalysts such as cobalt, ruthenium, palladium, rhodium,
and platinum.'**® However, these approaches are challenging
because of their low functional group tolerance under harsh
reaction conditions and reduced sustainability, which can
produce toxic chemicals that may negatively impact environ-
mental systems.™ Instead of carboxylic acids, hydroxamic acids
and their derivatives are widely used to access primary amides
(Scheme 1B). Several synthetic approaches have been developed
from Weinreb amides to access primary amides, facilitated
through weak N-O bond cleavage (55-65 kcal mol™') using
stoichiometric amounts of metal-based reducing agents such as
Mo(CO),,2*%* TiCl;,»% SmI,*** 7Zn,** and Li/NH,(1).>**
Moreover, catalytic hydrogenation by the Raney-Ni** and Pd/C*
protocols can further reduce other functional groups, such as
carbonyls and unsaturated carbon motifs. More recently,
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allow the transformation of dioxazolones to primary amides, in which sensitive functional groups such as
hydroxyl, aldehyde, trialkylsilyl, and unsaturated carbon units are tolerated with excellent chemoselectivity.

organic photocatalytic systems have proven effective in cleaving
N-O bonds through a single-electron transfer process, avoiding
the use of stoichiometric reductants under mild conditions.** In
addition, O-acylated hydroxamic acids bearing weak N-O bonds
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Scheme 1 Synthetic methodology for primary amides.
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(45 keal mol ') were effectively converted to primary amides by
copper(u) salts®** and ruthenium catalysts.** Moreover, a recent
study showcased hydroxamic acids as amide sources, easily
synthesized from carboxylic acids and hydroxylamine using
1,1’-carbonyldiimidazole, would be reduced to corresponding
primary amides using thioacetic acid, NH,;HCO3 in ethanol.*” In
the past decade, dioxazolones, first invented by Beck and
coworkers,*® have been widely studied in the research area of
catalytic C-H amidations using precious transition metals such
as iridium and rhodium.**** Despite the development of diox-
azolones in transition metal catalysis, an alternative catalytic
system is recognized to set the stage for a more convenient
reaction regime that can be utilized under milder reaction
conditions. Copper, one of the 3d transition metals, getting
more attentions owing to its cost-effectiveness, low toxicity, and
earth abundance.” Recently, several decarboxylative N-func-
tionalizations of dioxazolones using copper salts have been re-
ported (Scheme 1C). First, the research group of de Bruin
reported a preparation of N-acyl amidines from three-
component reaction of dioxazolones, terminal alkynes, and
amines using copper(i) catalyst.*® In addition, the enantiose-
lective hydroamidation of styrene motifs was studied using
a copper-hydride catalytic system.** More recently, decarbox-
ylative N-arylation of dioxazolones using boronic acids has been
reported.” All these transformations of dioxazolones using
copper salts have been proposed to engage the formation of
copper(m) species from terminal alkynes, alkenes, and arylbor-
onic acids.

Based on these previously reported transformations of
dioxazolones, we anticipated that if we use silane as a hydrogen
source, the reaction might undergo N-O bond cleavage,
resulting in the formation of primary amides (Scheme 1D).
Herein, we report the first example of the synthesis of primary
amides using dioxazolones as a convenient methodology to
access a variety of primary amides.

We began the optimization screening using dioxazolone 1a
as the starting material (Table 1). Optimization screening was
commenced using y-valerolactone (GVL) as a biomass-derived
green solvent.”® Initial investigations using several copper
salts indicated that the reaction with copper(i) acetate afforded
the best performance (entry 1-3). Ligand screening showed that
nitrogen-based ligands outweighed phosphine-based ligands,
resulting in 1,10-phenanthroline being the best ligand system
(entry 4-6). Further solvent screening revealed that GVL was the
optimal solvent (entry 7-11). Several reductive N-O bond
cleavage of isoxazolines and 2-oxa-3-azabicyclic compounds
have been studied using copper(0) nanoparticle and heteroge-
neous copper-on-carbon in the absence of silane.***® It is
noteworthy that the reaction without silane gave trace amount
of amide, indicating the use of silane is essential (entry 9). To
confirm that the reaction was not possible, several control
experiments were further performed, which indicated that the
copper catalyst was pivotal (entry 12 and 13). Based on these
results, optimal reaction parameters were determined,
demonstrating a catalytic copper(u) system using GVL as an
environmentally benign solvent. Further screening of several
N-O bond-containing scaffolds was explored under standard
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Table 1 Optimization of the synthesis of primary amides from
dioxazolones”

0
OJ(Q [Cu], ligand o
@N/ Ph,SiH, (2.0 equiv.) /@ANHZ
solvent, r.t
MeO time (h) MeO
1a
(1.0 equiv.) 2
Entry [Cu] Ligand Solvent Yield (%)
1 CuCl 1,10-Phen GVL 41
2 Cu(OAc), 1,10-Phen GVL 92
3 Cu(OAc), 1,10-Phen GVL 98
4 Cu(OAc), DPPE GVL <5
5 Cu(OAc), PPh, GVL <5?
6 Cu(OAc), Pyridine GVL 95?
7 Cu(OAc), 1,10-Phen DMF 45
8 Cu(OAc), 1,10-Phen DCE 95
9 Cu(OAc), 1,10-Phen DCE <5°
10 Cu(OAc), 1,10-Phen MeOH 50
11 Cu(OAc), 1,10-Phen Benzene 57
12 — 1,10-Phen GVL N.R
13 Cu(OAc), — GVL 26

% Reaction conditions: 1a (0.2 mmol), Cu(OAc), (2 mol%), 1,10-
phenanthroline (2 mol%), Ph,SiH, (2.0 equiv.), and solvent (1 mL)
under argon at room temperature for 18 h. ” Ligand (4 mol%) was
used. ¢ Without Ph,SiH,.

reaction conditions, revealing dioxazolone 1a was the optimal
amide precursor in this transformation (see the ESIf).

Under the optimized reaction conditions, the substrate
scope of the dioxazolones was assessed to probe their reactivity,
as shown in Scheme 2. Phenyl dioxazolones bearing methoxy,
hydrogen, and tert-butyl substituents were transformed into the
corresponding primary amides 2a-2d in excellent yields.
Regioisomeric tolyl-dioxazolones were also successful, sug-
gesting that the transformation was affected by steric factors
(2e-2g). Dioxazolones bearing halogens were shown to be
effective, affording the targeted primary amides 2h-2k in good
to excellent yields. Notably, dioxazolones with electron-poor
substituents, such as trifluoromethyl, nitrile, and nitro
groups, were smoothly converted to the desired primary amides
2]-2n. Based on these results, the reduction system could be
applied to both electron-rich and electron-poor dioxazolones.
Fused and heteroaromatic motifs were also tolerated in this
transformation (20-2r). Excellent yields were obtained for
dioxazolones containing aliphatic alkyl motifs (2s-2u). In
addition, the trialkylsilyl protecting group remained intact in
this transformation (2v). Surprisingly, the free OH-containing
dioxazolone successfully underwent targeted reduction in
high yield (2w). Notably, our catalytic reduction system repre-
sents a good chemoselective reduction process for the N-O
bond of dioxazolone motifs rather than those of other possible
unsaturated functional groups, such as aldehyde and alkene
motifs (2x and 2y).

Motivated by this example of dioxazolone 1, we expanded our
attention to dioxazolones bearing bioactive structural motifs
(Scheme 3). Several dioxazolones derived from naturally

RSC Adv, 2024, 14, 9440-9444 | 9441
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Scheme 2 Scope of dioxazolones 1. ? 4 mol% of Cu(OAc), and 4 mol%
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Cu(OAc); (2 mol%)

2x: 75%

2y: 60%

o] 1,10-Phen (2 mol%)
o—/< Ph,SiH, (2 equiv.) 1
W «
N -valerolactone 2
t, 18 h
3 r 4
o] Me Me O o}
thN\)]\NHQ Me™ NH, Me/\/\/\/\/\)J\NHZ
4a: 38%(55%)7 4b: 40%(75%)? 4c: 94%
(from Glycine) (from Citronellic acid) (from Lauric acid)
[0}

4d: 94%
(from Cinnamic acid)

Scheme 3 Scope

Q!
NH;

4e: 30%(50%)%
(from Felbinac)

2

of bioactive motif-containing dioxazolones 3.
@4 mol% of Cu(OAc); and 4 mol% of 1,10-phenanthroline are used.

Me o]
e
No
Me”™ //S\\
[o2e]

4f: 85%
(from Probenecid)

occurring compounds such as glycine, citronellic acid, lauric
acid, and cinnamic acid have been tested under standard
reaction conditions and have shown promising reactivities (4a-
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4d). Moreover, dioxazolones bearing bioactive structural motifs,
such as felbinac and probenecid, which are commercially
available drugs, have been shown to be applicable to the cor-
responding primary amides (4e-4f). The poor yields of 4a and 4e
were observed owing to the low conversion of dioxazolones.
Based on these results, we anticipate that our reduction
protocol for dioxazolones is more efficient for accessing primary
amides, owing to the mild reaction conditions and convenient
reaction setup.

We also extended our reduction protocol to a large-scale
process (Scheme 4). Several aryl- and aliphatic-substituted
dioxazolones afforded the corresponding primary amides (2a,
2s, and 4c) in excellent yields. Based on these trials, it is
anticipated that the catalytic reductive transformation of diox-
azolones is amenable to large-scale processes (20 mmol scale of
dioxazolones), highlighting the operationally simple procedure
and mild reaction conditions without any significant loss of
product formation.

The robustness of the transformation was represented by
practical copper catalysis in the presence of water (Scheme 5).
We were excited to observe that the reaction was still amenable
when 10 equivalent of water was present in reaction medium,
implying the desired transformation was potentially nontoxic
with excellent tolerance. It is noteworthy that the presence of
100 equivalent of water showed diminished reactivity presum-
ably owing to lower solubility.

To provide mechanistic insight into this transformation,
several mechanistic studies were explored (Scheme 6). Stryker's
reagent, a phosphine-based mild copper hydride source, resul-
ted in no conversion of 1a (Scheme 6a). Interestingly, the same
process with 1,10-phenanthroline ligand showed a promising
reactivity, implying the use of nitrogen-based ligand is crucial in
this transformation. In addition, a radical trapping experiment
was performed using TEMPO (Scheme 6b). The addition of
TEMPO to the reaction mixture for 10 min inhibited the
reduction process. Moreover, the formation of silyl formate was
not observed, implying the catalytic reduction of carbon dioxide

Cu(OAc); (2 mol%)

0 1,10-Phen (2 mol%)

O—‘/< Ph,SiH; (2 equiv.) )O|\
A”RJ\\ pel svalerolactone AR "NH,
rt, 18h
1and3 2and 4

(20 mmol)

[o]

(o} (o}
NH /\/\/\/\/\)L
ons SN S “
MeO

4c: 80%
(16 mmol, 3.19 g)

2a: 97%
(19 mmol, 2.92 g)

2s:70%
(14 mmol, 2.29 g)

Scheme 4 Gram-scale synthesis of primary amides 2 and 4.

(o]
H,0 (x equiv.) [e)

04 standard reaction condition 1 equiv.: 94%

NP —_— NH, 10 equiv.: 84%

N 50 equiv.: 78%

9
MeO MeO 100 equiv.: 31%
1a 2a

Scheme 5 Catalytic performance in the presence of H,O.
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a) Reaction with potential copper hydride species
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1a
b) Reaction with TEMPO
o
o) Cu(OAc), (2 mol%)
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Ph,SiH, (2.0 equiv.)

rvalerolactone

o
rt, 10 min 1) add TEMPO

e
N
MeO (3 equiv.)

1a 2) stir for 18 h

HRMS (TEMPOH+H)*

c calculated: 158.1539 |
- observed: 158.1546

Scheme 6 Mechanistic studies.
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N)\? R’J\\N’O
LyCu(InX s

B

H,SiPh,

Scheme 7 Proposed reaction pathway.

byproduct was not possible in this transformation (see the
ESIT).>*® Based on this experiment, a radical-involving mech-
anism was envisioned.

Based on mechanistic observations and previous studies,
a plausible reaction pathway was proposed (Scheme 7). The
reaction commences with the association of dioxazolone 1 onto
the copper catalyst to afford the complex A. Incorporation of
silane as a reductant furnished decarboxylated amide-copper
complex B, followed by hydrogen atom abstraction and
protonation to afford a desired primary amide 2, which is
supported by the experiment with radical trapping experiment.
However, we cannot completely rule out the pathway based on
the formation of copper hydride involving oxidative N-O bond
insertion of dioxazolone, decarboxylative reductive elimination,
and protonation processes.*>*

Conclusions

In summary, we have investigated the Cu-catalyzed preparation
of primary amides from dioxazolones using silanes. vy-

© 2024 The Author(s). Published by the Royal Society of Chemistry
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valerolactone as a solvent was used in this transformation,
featuring more sustainable reaction condition for primary
amides. The scope of dioxazolones in this transformation was
well tolerated with excellent chemoselectivity. In addition, we
developed a sustainable copper catalytic system and synthe-
sized several dioxazolones bearing biologically active structural
motifs, highlighting a convenient synthetic approach to
potentially bioactive primary amide analogs. The gram-scale
test also demonstrated the possible large-scale production of
primary amides in a more sustainable manner under mild
reaction conditions. Further detailed mechanistic studies are
underway in our laboratory to delineate the nature of catalytic
reduction process.
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