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We report a Pd-catalyzed denitrative C—-N coupling of amide
nucleophiles with nitroarenes, providing direct and atom-
economical access to N-aryl amides from readily available
nitroarene feedstocks. Al(OTf); is essential, both promoting the
reaction and suppressing BrettPhos oxidation to maintain the
active Pd-phosphine species. The method shows broad amide
scope and delivers products in up to 95% yield.

The N-aryl amide scaffold represents a valuable structural motif
widely found in biologically active molecules and functional
materials.? Consequently, the development of efficient and
versatile synthetic methods for such compounds continues to
attract significant interest. In efforts to expand the synthetic
toolbox beyond classical amide bond-forming protocols,?
transition-metal-catalyzed approaches—particularly Pd-
catalyzed C—N cross-coupling reactions have drawn increasing
attention (Scheme 1a). This appeal stems from the ready
availability of amides as nucleophiles and the broad range of
(hetero)aryl electrophiles available for coupling.?> Despite
challenges associated with their inherently low nucleophilicity*
and potential catalytic inhibition through «?-N, O coordination
to the metal center,® Pd-catalyzed C—N cross-coupling has
nevertheless emerged as an efficient and reliable strategy for
constructing N-aryl amides.®

Significant progress in amide N-arylation has been enabled by
the development of phosphine’ and N-heterocyclic carbene
(NHC) ligands® with distinctive structural and electronic
properties. Although ligand design has played a crucial role in
advancing these transformations, persistent reactivity
challenges continue to motivate exploration of alternative
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catalytic strategies and refinement of existing methodologies.
One particularly effective approach for accelerating the
turnover-limiting transmetalation step in Pd-catalyzed amide
coupling involves the use of Lewis acid additives, as
independently demonstrated by the research groups of
Dobereiner (Scheme 1b)° and Organ (Scheme 1c)® in 2017.
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Scheme 1 Approaches to the N-arylation of amides via C—N
bond formation from diverse aryl precursors.

In modern synthetic chemistry, achieving high atom economy
and step efficiency is central to sustainable methodology
design.’® In this context, employing nitroarenes as aryl donors
in amide N-arylation offers a conceptually simple yet atom-
economical strategy.!! By enabling direct amide bond formation
from reactions

readily available nitro compounds, such
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streamline synthetic routes, minimize waste generation, and
provide a more environmentally responsible alternative to
traditional multistep protocols.

Building on our group’s prior studies,'?2 we hypothesized that
relatively inert nitroarenes could serve as electrophilic partners
in the Pd-catalyzed C—N coupling of amides. This approach
would further broaden the scope of denitrative cross-coupling
reactions (Scheme 2a). Guided by literature precedents and
preliminary experiments, we speculated that under Palladium
catalysis, the use of electron-rich and sterically demanding
phosphine or NHC ligands could facilitate cleavage of the
C(sp?)—NO; bond in nitroarenes,3 thereby enabling amides to
participate as nucleophiles. The proposed mechanism is
illustrated in Scheme 2b. To ensure efficient reaction progress,
the formation of the catalytically inactive k2-amidate complex E
should be suppressed through careful optimization of the
reaction conditions.
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Privileged P/NHC Ligands R?
NO. e ‘
RCnet] - R2 L base NNV R
= N~ "R? w or w.o. additives R@ W
H solvent = @)

Challenges: e Formation of an inactive k?-N,O-amidate complex
o Catalyst deactivation by coordination or reduction of the nitro group
o Inherent inertness of the C5—NO, bond

(b) Proposed mechanism:

2
NO R
L = BrettPhos or NHC /o HT\
LA = Lewis Acid Ln*Pg R0
Ar
B
2
| N R
i O)\ R
transrn:etalation ‘
LA assjsted ? Ln*F"d —nNo,
Ar C
LA assisted ?\ requctive
R! elimination R’ base
0= o=
[ N-R? N-R?
Ar/Fid I Lan{jH metal salts
L, E D \Ar

k%-amidate complex
Scheme 2 This work and the proposed mechanism.

At the outset of this study, p-toluamide (1a) and a-
nitronaphthalene (2a) were selected as model substrates to
explore the reaction parameters. The initial denitrative
amidation conducted in toluene (150°C) with Pd(acac);
(5 mol%), BrettPhos (10 mol%), and KsPO4 (3.0 equiv) afforded
no detectable product (Table 1, entry 1). Inspired by the work
of Dobereiner® and Stradiotto,'* the introduction of Al(OTf)s
(10 mol%) as a Lewis acid additive furnished the coupling
product 3a in 37% isolated yield (entry2). Subsequent
optimization revealed that KsPO4 was the optimal base; K;CO3
or Cs,COs led to slightly lower yields, while strong bases such as
t-BuOK or DBU completely supressed the reaction (entries 3—6).
Solvent screening identified PhCF; as superior to 1,4-dioxane,
anisole, and p-xylene (entries 7-10). Ligand evaluation showed
that BrettPhos outperformed other biarylphosphines (RuPhos,

XPhos, tBuBrettPhos), while imidazo[1,5-a]pyridine-derived

2| J. Name., 2012, 00, 1-3

NHC ligands (NHC-HCI 1, NHC-HCI 2) also promoted;the reaction
effectively (entries 11-15). Ultimately, BREXtHR3S WwasGdeptifiéd
as the optimal ligand. Increasing the loadings of both the
catalyst and ligand improved the yield of 3a to 85%, whereas
deviations in temperature reduced efficiency (entries 16—18).
Under optimized conditions—Pd(acac). (10 mol%), BrettPhos
(20 mol%), Al(OTf)s (10 mol%), and K3PO4 (3.0 equiv) in PhCF3 at
150 °C for 12 h,the coupling product 3a was obtained in 85%
isolated yield (entry 16).

Table 1 Optimization of the denitrative amidation reaction.

Pd(acac); (5 mol%)

0 NO, Ligand (10 mol%) 0] O
Base (3.0 equiv)
ﬁNH2+ Solvent, Ny, 150 °C, 12 h ﬁm O
1a 2a 3a

Entry Catalyst Base solvent Yield
(%)°

1° BrettPhos K3PO4 Toluene N.D.
2 BrettPhos K3POa Toluene 37
3 BrettPhos K,CO3 Toluene 20
4 BrettPhos Cs,CO3 Toluene 34
5 BrettPhos t-BuOK Toluene N.D.
6 BrettPhos DBU Toluene N.D.
7 BrettPhos K3POa Dioxane 39
8 BrettPhos K3POa Anisole 32
9 BrettPhos K3POa p-Xylene 30
10 BrettPhos K3POg4 PhCF3 40
11 RuPhos K3POg4 PhCF3 28
12 XPhos K3POg4 PhCF3 24
13 tBuBrettPhos K3POg4 PhCF3 31
14 NHC-HCI 1 K3POg4 PhCF3 35
15 NHC-HCI 2 K3POg4 PhCF3 36
16¢ BrettPhos K3POg4 PhCF3 85
17¢d BrettPhos K3POg4 PhCF3 82
18%¢ BrettPhos K3POg4 PhCF3 79

\'l'\7 Ci \Ny (o]]

N Pr _ N ‘Pr _
; <> P < <> P
\ /=P \ s

NHC-HCI 1 NHC-HCI 2

Reaction conditions: p-toluamide 1a (0.4 mmol), a-

nitronaphthalene 2a (0.6 mmol), Pd(acac): (5 mol%), ligand

(10 mol%), base (3.0 equiv), Al(OTf); (10 mol%) and solvent

(2.0 mL, 0.2 M) at 150 °C under N for 12 h. 2isolated yields.

bno additive. °Pd(acac), (10 mol%), ligand (20 mol%).

4140 °C. ¢160 °C. N.D. = not dected.

With the optimized conditions in hand, the substrate scope
of nitroarenes was next examined (Scheme 3). Both 1-
nitronaphthalene and nitrobenzene underwent smooth
coupling to afford 3a and 3b in 85% and 86% yields,
respectively. Scaling up the reaction of 2a to 5.0 mmol afforded
3ain 76% yield. The polycyclic aromatic substrate 1-nitropyrene
exhibited moderate reactivity, vyielding 3r (52%). Alkyl-
substituted nitrobenzenes afforded 3d—f in 88-92% yields,

This journal is © The Royal Society of Chemistry 20xx
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irrespective of substitution pattern. Electron-donating
substituents, such as methoxy and tert-butyl (3¢, 3j, 3p), were
well tolerated, as were ester-functionalized substrates (3n). In
contrast, nitroarenes bearing strongly electron-withdrawing
groups (e.g., cyano) failed to undergo coupling. Substrates
containing base-sensitive functionalities (e.g., benzoyl, 3h) gave
significantly reduced vyield (15%). Fluorinated substrates,
including those bearing trifluoromethoxy (3g), fluoro (3i), and
trifluoromethyl (3k) groups, proved compatible. Furthermore,
heteroaromatic nitro compounds, such as oxygen-containing
heterocycles (3l-m), carbazole (30), and dibenzothiophene
(3q), afforded the corresponding products in 30—-91% vyields.

Pd(acac), (10 mol%)
BrettPhos (20 mol%)

0 NO, K3PO, (3.0 equiv)
/©)LNH . ij __AI(OTf); (10 mol%) mol% /@)L /@
2 " R'Ghel]  PhCF, (0.2 M),
150 °C, 12 h

S AP A

3a, 85% (76%)° 3b, 86% 3¢, 76%

S o o

3d, 89% 3¢, 92% 31, 88%
0
VeSS N aupSNen
N N N F
H H A
39, 65% 3h, 15% 3i, 85%
30 SO0 AL
NN N CFs N Q
Hoo H A
3, 77% 3k, 80% 31,91%

o o . NPh

3m, 52% 3n, 59% 30, 30%
R @ 00
jou. ﬂ
H
3p, 37% 3q, 81% 3r, 52%

Scheme 3 N-arylation of p-toluamide 1a with nitroarenes under
palladium catalysis.

Exploration of the amide substrate scope (Scheme 4)
revealed similarly broad applicability. Benzamide afforded 4a in
78% yield, while meta- and ortho-methyl benzamides (4b, 4c)
were obtained in 88% and 84% yields, respectively, indicating
negligible steric effects. Electron-donating groups such as
methoxy (4d) and tert-butyl (4e) were well tolerated; however,
strongly electron-withdrawing substituents (cyano and
trifluoromethyl) completely suppressed the reaction.
Heteroaromatic amides, exemplified by furan-2-carboxamide,
delivered 4f in 77% yield, and the fluorinated amide afforded 4g
in 53% yield. Additional aryl amides, including 1-naphthamide
(4h) and 2-naphthamide (4i), provided excellent yields (90—
93%). Among aliphatic amides, pivalamide lacking of a-C—H
bonds afforded 4j in 95% yield, whereas

This journal is © The Royal Society of Chemistry 20xx
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cyclohexanecarboxamide gave 4k in 61% vyield, this meoderate
efficiency is likely due to deprotonation atdhecacigi¢ro<C=db site,
leading to competitive deprotonation/enolization and reduced
chemoselectivity under the reaction conditions, which can
interfere with the coupling process. 1> Secondary amides and
lactams were not compatible with this protocol; nevertheless,
it provides a new approach to access N-aryl amide substrates.

Pd(acac), (10 mol%)
BrettPhos (20 mol%)

o NO, K3POy4 (3.0 equiv) o
S . AI(OTf); (10 mol%) /@
R2™ NH; PhCF3 (0.2 M), N, R2 N
1 b 150 °C, 12 h 4
NG
g y 2
N e,
H H
4a, 78% 4b, 88% 4c, 84%
2 0 ey
N N
O jog o7
~o tBu \ H
4d, 83% 4e, 83% a5, 77%
SHCNSU NSNS NS
N N N
L o H g
49, 53% 4h, 90% 4i, 93%

%QQMVﬁQ

4j, 95% 4k, 61% = CN or CF3, trace
I
o~
H
no reaction no reaction

Scheme 4 Scope of amide substrates.

We also examined the influence of various Lewis acid
additives on the reaction outcome (Scheme 5a). Among a series
of air-stable metal triflates, the identity of the metal cation
significantly affected the reactivity. Notably, Group 13 metal
triflates, such as indium(lll) triflate [In(OTf)s] and AI(OTf)s,
exhibited the most pronounced promoting effects. Increasing
the loading of AI(OTf)s to 20 mol% did not lead to any
appreciable improvement in yield. In contrast, borane-type
Lewis acids employed by Organ and co-workers,® such as
B(CsFs)sproved ineffective in promoting the transformation.

J. Name., 2013, 00, 1-3 | 3
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(a) Evaluation of Lewis Acid Additives:
NO,

Pd(acac), (10 mol%)
(e}
Jogu e
1a 2b

BrettPhos (20 mol%)
Lewis Acid (x mol%
Zn(OTf), i Sc(OTf)3 i In(OTf)3 ' NaOTf
X=1

i @
N
PhCF3 (0.2 M), N, /@)LH

150 °C, 12 h b

K3POy (3.0 equiv)
0, 42%! X = 10, 28%, X = 10, 60% 'X = 10, 25%

AIOTf; | B(CeFs)s | ACl; ! TBAOTF
X'=20,84%' X=10,N.R; X=10,18% X =10, 9%

(b) Pd-Catalyzed Desulfurative Amidation of Aryl Sulfonium Salt 6a:
[(tBuBrettPhos)Pd(allyl)]OTf (2 mol%)

o _C\) ‘f/ K3POy (1.5 equiv) o /@
s AI(OTH); (10 mol%)
/@ANHZ : 1,4-dioxane (0.2 M), N, /©)LH
110°C, 12 h
1a 6a 3b, 85%;

wlo Al(OTf)3, N.R.

Scheme 5 Effects of Lewis acid additives. (a)?Reaction
conditions: 1a (0.4 mmol), 2b (0.6 mmol), Pd(acac), (10 mol%),
BrettPhos (20 mol%), KsPO4 (3.0 equiv), Lewis acid (10 mol%) in
PhCF; (2.0 mL, 0.2 M) at 150 °C for 12 h under N, atmosphere.
blsolated yields. (b) 2Reaction conditions: 1a (0.4 mmol), 6a (0.5
mmol), [(tBuBrettPhos)Pd(allyl)]OTf (2 mol%), KsPO4 (1.5 equiv),
Al(OTf); (10 mol%) in 1,4-dioxane (2.0 mL, 0.2 M) at 110 °C for
12 h under N; atmosphere. PIsolated yields.

We further explored the C—N coupling reactions of amide
nucleophiles with other electrophilic coupling partners,
exemplified by dimethyl(phenyl)sulfonium triflate (6a) (Scheme
5b). In the absence of AI(OTf)s;, the desired N-phenyl amide
product was not detected; instead, thioanisole-the
demethylated byproduct was formed as the major product.
Upon addition of 10 mol% AI(OTf)s;, the desired coupling
product 3b was isolated in 85% yield. Moreover, Al(OTf);
effectively inhibited the oxidation of BrettPhos (section 1.5 of
the Supporting Information), thereby maintaining a higher
proportion of the active Pd—phosphine complex in the catalytic
system and consequently enhancing the overall efficiency of the
cross-coupling reaction.

In conclusion, we have developed a Pd-catalyzed denitrative
C-N coupling between amide nucleophiles and nitroarenes
using a catalytic amount of Lewis acid additives. This
transformation employs nitroarenesas electrophilic partners.
The Pd—Al cooperative catalytic system effectively inhibits the
oxidation of the phosphine ligand. Importantly, the Lewis acid
not only functions as an anion abstractor but also likely interacts
with the amide substrate to form a catalytically active complex,
accelerating the transmetalation step and preventing the
formation of the inactive k>-amidate species. Moreover, metal
triflate additives may exert additional beneficial effects, and
further studies are required to elucidate their mechanistic role
in Pd-catalyzed denitrative cross-coupling reactions.
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