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Available online An efficient method for the synthesis of multi-substituted cyclic imides was developed

with cyanoesters and diaryliodonium salts. This method proceeds through a cascade of N-arylation-

acylation and rearrangement to give target heterocycles in good yields (up to 99%). This method has

the major advantages of a broad substrate scope, excellent functional group compatibility. The strategy

was also extended to the fused cyclic imides, such as malonimides, succinimides and glutarimides.

© 2023 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

The cyclic imide scaffold as a core structural motif widely ex-

ists in a range of materials, pharmaceuticals, agrochemicals and

polymer chemistry [1–5]. In particular, the amides are versatile

synthetic building blocks in material science [1,6]. For example,

perylenetetracarboxyl diimide I, a brilliant charge-transport mate-

rials [7], contains an imide moiety. In addition, various important

marketed drugs or prodrugs such as cycloxygenase-2-itopride with

anti-inflammatory activiy II [8], 4-oxo-lactams III [9] with molec-

ular recognition, Leukocyte Exfoliation inhibitors IV [10], CFRP ini-

tiators precursor V (Fig. 1) [11], all have a cyclic imide backbone.

Traditionally, the cyclic imides including phthalimides and un-

substituted cyclic imides are synthesized from dicarboxylic acids

or anhydrides by heating with amines (Scheme 1a) [12,13]. This

method typically requires high temperatures and an excess amount

of promoter (Lewis acid, base, dehydrating agent, or ionic liquids).

Recent years, phthalimides have been formed via carbonylation

of 1,2-diiodoarenes with amines [14–18] or benzamides with CO

(Scheme 1b, I, II) [19–23]. Furthermore, oxidative coupling [24] and

three-component coupling reactions [25,26] have expanded the

range of substrates (Scheme 1b, III, IV). In these cases, noble met-

als, carbonyl catalysts or CO are essential. Many efforts have been

devoted to the synthesis of phthalimides. However, few effective

methods for the synthesis of unsubstituted cyclic imides have been

reported thus far. Herein, we would like to report a general and
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mild method to synthesize cyclic imides with cyanoesters and di-

aryliodonium salts via a tandem arylation-acylation and rearrange-

ment sequence (Scheme 1c). This method with high tolerance of

functional groups only used simple and accessible substrates. This

strategy could also be applied to the fused cyclic imides such as

malonimides, succinimides and glutarimides.

During previous studies on the nitriles and diaryliodonium salts

[27–39], our group developed an efficient and economical synthe-

sis of heterocycles via the cascade reaction. Miao [40] and Novák

[41] groups further applied this strategy to copper-catalyzed diver-

gent cyclizations of 2-formylbenzomitrile and diaryliodonium salts

and oxidative ring closure of ortho-cyanoanilides with hypervalent

iodonium salts (Scheme 1c). Motivated by this, we envisioned that

the diaryliodonium salts 1 could be attacked by cyanoesters 2 to

give N-arylation intermolecular 6. Then passed through the nucle-

ophilic addition of ester to nitriles moiety and an intramolecular

1,3-(O-N) acyl transfer rearrangenent to give target heterocycles 3

(Scheme 1d).

Our investigation of this Cu-catalyzed tandem process com-

menced with cyanoesters 2a and diaryliodonium 1a as the model

to survey reaction conditions. In the presence of 10% of Cu(OTf)2 as

catalyst in DCE, the N-aryl-substituted amide 3aa was detected in

51% NMR yield at 130 °C (Table 1, entry 1). To our delight, 3aa was

obtained by changing the Cu(OTf)2 catalyst to Zn(OTf)2 or FeBr2 in

63% and 62% yields, respectively (Table 1, entries 2 and 3). Even-

tually, the yield was increased to 80% with CuBr as catalyst in DCE

(Table 1, entry 4). The screening of solvents showed that other sol-
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Fig. 1. The representative important molecules with N-aryl cyclic imide backbone.

Scheme 1. The methods for the synthesis of the cyclic amides.

vents such as DCM, THF could also enabled this transformation,

but not as efficient as DCE (Table 1, entries 4, 5 and 7). However,

in the presence of some highly polar or protic solvents like MeCN,

DMF, EtOH, no detectable 3aa was produced (Table 1, entries 6, 8

and 9). The yield decreased at lower temperature (Table 1, entries

10-12) and no product was detected at 35 °C.
The substrate scope of the functionalized diaryliodoniums 1

was then examined (Scheme 2). Under the optimal reaction con-

ditions, a wide range of diaryliodoniums 1 reacted with cya-

Table 1

The optimization of synthesis of succinimide 3aa from diaryliodoni-um 1a and cya-

noesters 2a in presence of catalyst.a

Entry Temp. (°C) Catalyst Solvent NMR yield (%)

1 130 Cu(OTf)2 DCE 51

2 130 Zn(OTf)2 DCE 63

3 130 FeBr2 DCE 62

4 130 CuBr DCE 80

5 130 CuBr DCM 66

6 130 CuBr MeCN n.d.

7 130 CuBr THF 51

8 130 CuBr DMF n.d.

9 130 CuBr EtOH n.d.

10 100 CuBr DCE 63

11 80 CuBr DCE 60

12 35 CuBr DCE n.d.

a Reaction conditions: 0.2 mmol diaryliodonium 1a, 0.2 mmol cyanoesters 2a,

2.86 mg CuBr, 2 mL solvent, N2, 14 h. The yield was determined by 1H NMR analysis

using tetrachloroethane as the internal standard. n.d.=not detected.

Scheme 2. Substrate scope of diaryliodonium 1. Reactions were performed on

0.4 mmol scale; isolated yield. a Cyanoesters 2a was replaced by dodecyl 2-

cyanobenzoate (2a’), the product 3aa was still well obtained. For 3na, unsymmetric

hypervalent iodine of (4-tBu-Ph-)I+MesOTf− was used.

noesters 2a to form N-aryl-substituted amides 3 in moderate to

excellent yields. Interestingly, diaryliodoniums with a range of

substituents involving halogen atoms, electron-withdrawing and

electron-donating groups all worked well with 2a. Apparent sub-

stituent effect was observed. Electron-withdrawing substitutes

show better effect on the reaction than electron-donating sub-

stitutes (3aa-3la). Diaryliodonium salts with electron-withdrawing

groups including CF3, Cl, Br, F gave the product 3aa-3ha in

37%-88% yield. On the other hand, diaryl-iodonium salts bearing
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Scheme 3. Substrate scope of aryl-cyanoesters 2. Reactions were performed on 0.4 mmol scale; isolated yield.

Me or MeO groups afford the corresponding imides 3ia-3ka in

yields ranging from 44% to 75%. Regardless of m-substituent, o-

substituent, p-substituent or di-substituent, products 3 could be

obtained in moderate to good yields (up to 88%). Interestingly, S-

containing heterocyclic diaryliodonium salts, which often poison

noble-metal centers, was also converted into product 3ma with

51% yield. Several unsymmetric diaryliodonium salts were used to

explore the preference of the transfer of aryl group in the reagents.

It was found when using unsymmetric hypervalent iodine like (4-
tBu-Ph-)I+MesOTf− including the aryl group with large sterically

hindered group, no transfer product of Mes was detected, but only

the other transfer product 3na (Scheme 2) was detected.

Next, the scope of the reaction with respect to aryl-cyanoesters

2 was evaluated with (4-CF3Ph)2I
+OTf− 1a (Scheme 3). Electron-

donating or electron-withdrawing substitutes show little effect

on the reaction in moderate to good yield. Aryl-substituted cya-

noesters 2, including halo (CF3, Cl, Br, F), NO2, Me and MeO sub-

stituents were all converted into the corresponding amide 3ab-3al

in yields from 51% to 99%. In addition, different substituent posi-

tions, mono- or di-substituted aryl-cyanoesters 2 could react well.

Finally, a variety of alkyl-substituted cyanoesters 2 were in-

vestigated (Scheme 4). Various unsubstituted cyclic imides, such

as malonimides, succinimides and glutarimides were formed with

moderate to excellent yields. Fortunately, succinimides 3am-3jm

were proven to have good functional group tolerance. A range

of substituents involving halogen atom, electron-withdraw and

electron-donating groups all worked well in yields from 44% to

99%. However, cyclopropane-substituted succin-imide 3an were

synthesized in low yield. The structure of 3an was confirmed by

single crystal X-ray diffraction (Scheme 5). Apart from this, glu-

tarimides 3ao-3jo and 3ap could be well synthesized. It should be

noted that more ring-strain hindered malonimide 3aq could also

be prepared.

To gain insights into the mechanism of this tandem N-arylation-

acylation and rearrangement reaction, a few experi-ments were

conducted. Based on the above results and the previous studies in

diaryliodonium-involved cascade reactions, we proposed two pos-

sible pathways with cyanoesters 2a and diaryliodonium 1a as the

model. Firstly, cyanoesters reacted with diaryliodonium salts to

form the arylnitrilium cation intermediate 6. One possible pathway

I (Scheme 6a, pathway I): this cation intermediate 6 was easy to

transform to amide intermediate 4aa under transition metal catal-

ysis. In the next step, the product was afforded by an intramolec-

ular cyclization via the nucleophilic attack of amide to ester moi-

ety to. To demonstrate whether this process experi-enced an in-

termediate amide, the reaction of amide 4an with diaryliodonium

salt 1a under the optimal conditions did not produce correspond-

ing products 3an (Scheme 6b). This result excluded the possibil-

Scheme 4. Substrate scope of alkyl-cyanoesters 2. Reactions were performed on 0.4

mmol scale; isolated yield.

Scheme 5. The X-ray structure of the N-substituted imide 3an (CCDC: 2191460)

ity of pathway I. The other pathway II: the cation intermediate 6

via intramolecular cyclization transformed to isophthalimide inter-

mediate 5aa followed by an intramolecular 1,3-(O-N) acyl transfer

rearrangenent to give 3aa. To investigate this pathway, intermedi-

ate 5aa was tried to be separated, but it was too active to be iso-

lated and rapidly converted into the final product 3aa. On contrast,

intermediate 5ka could be isolated (Scheme 6c). The reaction of

isophthalimide intermediate 5ka with diaryliodonium salt 1a was

carried out and pleasantly, products 3ka could be further afforded

in 99% yield (Scheme 6c). Above results demonstrated that isoph-

thalimide 5 might be crucial intermediate in this reaction.
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Scheme 6. Mechanistic studies.

Based on the above-mentioned results, we may come to a

plausible reaction mechanism for the reaction between diaryl-

iodonium salts and cyanoesters (Scheme 6a, pathway II). Initially,

diaryliodonium salts 1a was affected by copper salts to gener-

ate electrophilic species, Ar-CuIII [27–39], which was easily coordi-

nated by cyanoester 2a. Then the cation 6 with high electrophilic-

ity was afforded via elimination of CuBr. Next, the isophthalimide

cation intermediate was obtained through the intramolecular nu-

cleophilic addition of the ester to the nitrile group. Immediately

after the alkyl cation leaved, the isophthalimide intermediate 5aa

was formed. Ultimately, by means of intramolecular 1,3-(O-N) acyl

transfer rearrangement [40–44] to afford N-aryl-substituted cyclic

amide 3aa.

In summary, we have developed a novel and efficient strat-

egy for cyclic imides via the CuBr-catalyzed tandem N-arylation-

acylation reaction. This method has excellent functional group

compatibility with the simpler and more accessible cyanoesters

and diaryliodonium salts as substrate. A wide range of cyclic

imides including phthalimides and unsubstituted cyclic imides are

synthesized in good yields (up to 99%). This method has also been

successfully applied to the generation of fused cyclic imides includ-

ing malonimides, succinimides and glutarimides.
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