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A base-catalyzed, transition-metal-free synthesis of imides and
amides from N-acyl-a-aminonitriles is reported under batch and
continuous-flow conditions. Imides are selectively formed in the
presence of open air or an O, atmosphere, while degassed H,O-DMSO
conditions afford amides. The protocol shows good scalability and
broad functional-group tolerance, and enables late-stage modification
of pharmaceutically relevant, ibuprofen-derived substrates; mechanistic
studies suggest oxidative decyanation and nitrile hydrolysis pathways
for imides and amides, respectively.

The imide functional group is a key structural motif prevalent
in numerous natural products and widely exploited in pharma-
ceuticals'®” and materials science.'* Representative examples
include penimide A, a fungitoxic natural product,”® berkeley-
amide B,*” and approved drugs such as dermagen (a skin-care
agent),” fumaramidmycin (an antibiotic),>* and aniracetam
(a cognitive enhancer),> all defined by the imide scaffold (Fig. 1).
Its broad utility in bioactive molecules and materials continues to
drive the development of efficient and practical synthetic strategies
for imide scaffolds.’

Classical approaches to imide synthesis primarily include
the Mumm rearrangement, which involves a 1,3-(O-N) acyl
transfer from an acyl imidate to an imide (Scheme 1a),* and
the direct acylation of amides with acid chlorides, anhydrides,
or isocyanates (Scheme 1b).> While effective, these strategies
often rely on toxic reagents and generate significant chemical
waste. To address these limitations, Bode and co-workers
developed a chemoselective acylation of amides with potassium
acyltrifluoroborates (KATs) under aqueous acidic conditions.®
In addition, a wide range of modern strategies for imide
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formation have emerged, including palladium-catalyzed amino-
carbonylations, dicarbonylation of amines, hydroamidocarbonyla-
tion of olefins, and radical oxidative carbonylations (Scheme 1c),”
as well as oxidative cross-coupling (Scheme 1d),® o-oxygenation
(Scheme 1e),’ isocyanide-based multi-component reactions,
visible-light and electrochemical approaches,""'* and a few other
notable methods."™ Despite these advances, many of these meth-
odologies still depend on transition-metals, stoichiometric oxi-
dants, or complex setups, which can restrict their practicality and
broader synthetic applicability. This highlights the continued need
for efficient, sustainable, and operationally simple approaches for
imide synthesis. The motivation for this work arose from studies
on the base-promoted Nef reaction (Scheme 1f)'* and the oxidative
amidation of a-substituted malonitriles (Scheme 1g)'® using
molecular oxygen, along with our ongoing investigations on
o-aminonitriles.'®*°  Herein, we report a base-catalyzed,
condition-switchable strategy that enables oxidative imidation
via decyanation or amide formation via nitrile hydrolysis under
both batch and continuous-flow conditions (Schemes 1h and 1i).

Initial screening of model substrate 1a with Et;N delivered
2a, albeit in only 15% yield, whereas DBU gave a markedly
improved 83% yield (Table 1, entries 1 and 2). To further
enhance the efficiency, a range of bases was evaluated and
Cs,CO; emerged as the most effective, affording 2a in 87%
yield, while DIPEA, DMAN, K,CO3, Na,CO; and NaHCO; were

o8 8
nIAJ\/\SMe

Penimide A
Fungitoxicity

O
Berkeleyamide B O\ﬂ/

o
o [o}
é‘
o
Aniracetam
Congnitive function enhancer

B A QU
N = NH.
H | HJW 2
o
Fumaramidmycin
Antibiotic

CHS\{/O

N_O
™, LT
o
Dermagen

Skin-Care product

Fig. 1 Representative examples of imides found in natural products and
marketed drugs.
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Scheme 1 Reported approaches to imide synthesis and this work.

Table 1 Optimization of the reaction parameters for the synthesis of

imides®
o o HoN o] o
@ *@ e Ay A
2a 3a
Temp. (°C) Yield® (%) (2a/3a)

Entry Base (x mol%) Solvent

1 Et;N (10) DMSO 100 15/0
2 DBU (10) DMSO 100 83/0
3 DIPEA (10) DMSO 100 23/0
4 DMAN (10) DMSO 100 56/0
5 K,CO; (10)  DMSO 100 72/0
6 Na,CO; (10) DMSO 100 76/0
7 NaHCO, (10) DMSO 100 85/0
8 Cs,CO; (10) DMSO 100 87/0
9 Cs,CO; (10)  EtOH 75 N.R.
10  Cs,CO; (10)  1,4-Dioxane 100 21/0
11 Cs,CO; (10)  ACN 80 16/0
12 Cs,CO; (10)  H,0:DMSO (8:2) 100 57/25
13°  Cs,CO; (10) H,0:DMSO (8:2) 100 0/78%
14 Cs,CO;3 (20) DMSO 100 83/0
15  Cs,CO; (05) DMSO 100 68/0
16 Cs,CO; (10) DMSO 80 64/0
17 Cs,CO; (10)  DMSO 120 79/0
18°  Cs,CO; (10)  DMSO 100 23/0
19" Cs,CO; (10) DMSO 100 85/0

“ Reaction conditions: All reactions were carried out using 1a
(0.5 mmol), base (x, mol%), and solvent (0.15 M) in a vial at the
indicated temperature for 11 h under open air. ? Isolated yield. ° N,
degassed then sealed. ¢ Yield is based on recovered starting material.

®Ar atmosphere.” O, atmosphere. Abbreviations: DBU (1,8
diazabicyclo[5.4.0Jundec-7-ene). DIPEA (N,N-diisopropylethylamine).
DMAN (1,8-bis(dimethylamino)naphthalene). DMSO (dimethyl sulfox-
ide). EtOH (ethanol). ACN (acetonitrile). N.R. (no reaction).

less competent (Table 1, entries 3-8). Examination of the
solvent effects revealed that EtOH, 1,4-dioxane and ACN were
inferior to DMSO (Table 1, entries 9-11). However, using H,O:
DMSO (8:2) (Table 1, entry 12), as the solvent, the expected
product 2a was obtained in 57% yield, along with the nitrile-
hydrolyzed product 3a in 25% yield. To improve the selectivity
toward 3a, the reaction conditions were slightly modified. The
mixture was degassed under N, and then sealed (Table 1, entry
13), resulting in the selective formation of 3a in 78% yield, and
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the unreacted starting material was recovered. Variation of the
catalyst loading showed that lowering Cs,CO; reduced the
yield, whereas increasing it to 20 mol% provided no additional
benefit (Table 1, entries 14 and 15). Temperature optimization
established 100 °C as optimal, with diminished efficiency at
80 °C and no improvement at 120 °C (Table 1, entries 16 and
17). Variation of the reaction atmosphere revealed the crucial
role of air, as the yield dropped to 23% under Ar and showed no
significant change under O, (Table 1, entries 18 and 19). Taken
together, these studies defined the optimal conditions as
10 mol% Cs,CO; in DMSO (0.15 M) at 100 °C under open air,
which were then employed in subsequent scope studies for
imides.

The synthetic scope of the N-acyl-a-aminonitrile framework
was comprehensively investigated (Table 2) by systematically
varying the substituents, demonstrating broad applicability for
oxidative decyanation reactions. Initial exploration focused on
the phenyl group, revealing that electron-donating substituents
such as 3-Me (1b), 4-Me (1c), 3-MeO (1d), 4-MeO (1e), and 3,4,5-
tri-MeO (1f) successfully afforded the desired imide products
2b-2f in good to excellent yields, ranging from 57% to 83%.
Subsequently, halogen-substituted derivatives, including 4-F (1g),
4-Cl (1h), 4-Br (1i), and 3,4,5-tri-F (1j), also yielded the corres-
ponding imides 2g-2j with satisfactory yields (52% to 74%). The
methodology was further extended to electron-withdrawing
groups such as 4-CF; (1k), 4-CN (1l), and 4-NO, (1m), which
underwent oxidative decyanation to produce 2k-2m in 48% to
63% yields under standard conditions. To enhance the versa-
tility of the reaction, diverse aromatic and heteroaromatic
systems including 2-naphthyl (1n), benzyl (10), 2-furyl (1p),

Table 2 Cs,COs-catalyzed oxidative imidation of N-acyl-a-aminonitriles

)k Cs,CO3 (10 mol%) 2 j\
DMSO (0.15 M) N R
100 °C 1h 2a-v

o o
0 o o o 9 o
N N
| ) H
2a, 87% 26,76% o 2c, 83% Me 2d,75% Gy
o o 29 o o o o
SN OMe
N I H N N
H 2 ome H H
OMe F cl
2e, 80% 2f, 57% OMe 2g, 74% 2h, 66%
o
o o 2 . o o o o
NN ]
N | | H N N
H = F H H
Br CFs CN

2i, 62%

oro, oo o

2m, 48% 2n, 59% 20,79%
o o o o o o o o
©%N)k© ©ﬁN)k ©)kN)k/\ ©)kN)¥
H /) H H H
s
29, 77% 2r, 89% 2s,87%
o o o o
NJ\Q N
o '

2u, 84% 2v,83%

2j, 52% 2k, 63% 21, 53%

? o]
SRR
H 1<) //

2p, 72%

2t,79%

% Reaction conditions: Compound 1la-v (0.5 mmol) and Cs,CO;
£10 mol%) in DMSO (0.15 M) were stirred in open air at 100 °C for 11 h.
Isolated yields.
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and 2-thiophenyl (1q) were successfully converted into their
respective imides 2n-2q, with yields ranging from 59% to
79%. Remarkably, the scope of the R-functionality was exten-
sively evaluated with various linear and cyclic aliphatic deri-
vatives, such as methyl (1r), n-propyl (1s), cyclopropyl (1t),
cyclobutyl (1u), and cyclohexyl (1v), all of which afforded the
desired compounds 2r-2v in good to excellent yields, specifi-
cally 79% to 89%. Notably, aliphatic derivatives generally demon-
strated superior yields compared to their aromatic and
heteroaromatic counterparts. Similarly, to extend the scope, the
reaction conditions described in Table 1, entry 13, were tested for
other representative derivatives (1a, 1b, 1d, 11 and 10) to afford the
nitrile hydrolysis products amides (see the SI, 2.5).

Enhanced mass and heat transfer in a microtubing flow
reactor'” significantly accelerated the reaction; however, under
flow conditions using catalytic Cs,CO;3; in H,O0-DMSO (8:2) in
the presence of O,, a mixture of imide 2a and amide 3a was
obtained in 25% and 37% yield, respectively (see the SI, 2.6).
The formation of the amide is likely attributable to the presence
of water used to dissolve Cs,COj. To suppress amide formation,
the next best conditions identified in Table 1 (entry 2) were
employed, affording the desired imide 2a in 87% yield within a
residence time of 1.27 min. The protocol was extended to
substrates bearing a 4-Me substituent (1c) and a 4-Cl substitu-
ent (1h), delivering the corresponding imides in 65% and 51%
yield, respectively (see the SI, 2.7). Unreacted starting material
was recovered, and yields are reported based on recovered
starting material; further increases in residence time were not
explored. Furthermore, to improve the selectivity toward amide
3a, a systematic optimization in the absence of O, (see the SI,
Table S1) delivered amide 3a in 76% yield using flow rates (F; =
20 pL min~ !, F, = 40 uL min~') at 90 °C with a residence time of
20.9 min. The scope was further extended to electron-donating,
halogen-substituted, electron-withdrawing, benzyl and hetero-
aryl substrates and all of them gave better yields in shorter
reaction times as compared to the batch amide synthesis
(Scheme 2).

To demonstrate scalability, gram-scale reactions were per-
formed under the optimized conditions (Scheme 3a). The
model substrate 1a (1.0 g) afforded imide 2a in 82% yield,
while aliphatic (1s to 2s, 85%) and heteroaryl (1q to 2q, 72%)

cN o T,=90°C
)LR F4 =20 ul/min
e HaN o)
H P25 Ry = 250/200 cm o

1ab,d,h10,p 1=25cm / R1 = 20.9/21.6 min NJKR
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Scheme 2 Continuous-flow approach for the hydrolysis of N-acyl
a-aminonitriles to amides.

A 3p 60%
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substrates also delivered good yields. Late-stage modification of
a pharmaceutically relevant, ibuprofen-derived substrate furn-
ished imide (1w to 2w) in 73% yield, further demonstrating the
robustness of the protocol (Scheme 3b). Mechanistic studies
revealed no product in the absence of base (Scheme 3c), and
product suppression with TEMPO and TEMPOL suggested a
radical pathway (Scheme 3d). H,"®O-labeling experiments were
conducted to probe oxygen incorporation in products 2a (batch)
and 3a (flow). LC-MS analysis revealed no '®0 incorporation in
imide 2a (Scheme 3e), whereas clear incorporation of '*0 was
observed in the amide product 3a (Scheme 3f) (see the SI, 10).
Furthermore, to verify the involvement of superoxide anion
radicals in the formation of acyclic imides, we carried out
room-temperature EPR studies (X-band, 9.65 GHz) using DMPO
(0.1 mol L") as a spin trap (see the SI, Fig. S4). Spectra were
recorded under three conditions: (i) DMPO in DMSO, (ii) DMPO
with substrate 1a and base in DMSO, and (iii) DMPO with
substrate 1a in DMSO. In the stacked spectra, the signal
marked (*¥) corresponds to DMPO, while the feature labeled
(@) arises from its oxidized adduct, consistent with the trapping
of superoxide species. The characteristic hyperfine pattern
together with a g value of 2.0035 provides strong evidence for
the generation of superoxide under the reaction conditions."®
Based on control experiments, a plausible reaction mecha-
nism is proposed (Scheme 4).'® Under basic conditions, depro-
tonation of N-acyl a-aminonitrile 1 generates the amidyl anion
A, which undergoes a rapid [1,2]-H shift to afford the carbanion
B. The latter engages in a single-electron transfer (SET) with

0,
(a) Ph)\N)LR CspC05 (10Mol%) o~~~ SR
N DMSO (0.15 M) H

open air, 100 °C, 11 h R =Ph, 2a, 82%
R = 2-thienyl, 29, 72%
R = Propyl, 2s, 85%

R =Ph, 1a, 1.0g
R = 2-thienyl, 1q, 1.0g
R = Propyl, 1s, 1.0g

(b)
)C\N o Cs,CO3 (10 mol%) i Q
PR N DMSO (0.15M) _ Ph™ "N
a open air, 100 °C, 11 h H Ibuprofen

1w, 0.5 mol 2w, 73% derivative
CN O o o
(© DMSO (0.15 M)
Ph)\NJ\Ph open air Ph)J\NJ\Ph
H 100°C, 11 h H
1a, 0.5 mmol 2a, 0%
@ CN O Cs,CO;3 (10 mol%), O O
PN DMSO (0.15 M PN
Ph™ N Ph o Coenar, 100°c,11h PPN Ph
Radical inhibitor TEMPO: 2a, 54%
1a, 0.5 mmol (2.0 equiv.) TEMPOL: 2a, 27%
CN O 18
(@ T Cs,C05 (10 mol%) i i
Ph H Ph DMSO (0.15 M) H,'®0 (5 equiv.)  pp” "N~ “Ph
open air, 100 °C, 11 h H
1a, 0.5 mmol 2a-*0
Not detected by LC-MS
HN 80
(f) j\N j\ Fl diti L
Oow conditions
Ph u Ph  using H,'®0 instead of H,0 ~ Ph
3a-180

1a, 0.09 mmol LC-MS detected

Confirms the incorporation of 80

Scheme 3 Synthetic applications and control studies.
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Scheme 4 Plausible reaction mechanism.

molecular oxygen to produce radical intermediate C and a super-
oxide radical anion. Coupling of C with the superoxide species
forms the peroxy intermediate D, which undergoes intramolecular
cyclization to give the imino-dioxetane E. Proton transfer from E
furnishes intermediate F, and subsequent C-C bond cleavage
releases isocyanic acid G, affording the acyclic imide 2. On the
other hand, the o-carbanion B undergoes delocalization into the
nitrile group, giving a resonance-stabilized ketenimine intermedi-
ate II, which reacts with water to afford the iminol species IIL
Subsequent enol-keto tautomerization of III furnishes the corres-
ponding amide product 3 (see the SI, Scheme S1).

In summary, a base-catalyzed, condition-switchable protocol
enables the transformation of N-acyl-w-aminonitriles into imides
or amides under both batch and continuous-flow conditions. Flow
processing allows access to both product classes with significantly
shorter residence times compared to batch reactions. Mechanistic
investigations indicate that the carbonyl oxygen in the amide
product originates from water, as demonstrated by H,'*O-
labeling experiments, while radical inhibition and EPR studies
support a radical pathway involving superoxide species for imide
formation. The practicality of the method is demonstrated through
gram-scale synthesis and late-stage modification of an ibuprofen-
derived substrate. Further studies aimed at expanding the synthetic
utility of N-acyl-o-aminonitriles are ongoing.
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