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a b s t r a c t

A H4SiW12O40-catalyzed three-component tandem reaction of 2-acylbenzoic acids, primary amines and

phosphine oxides to form 3,3-disubstituted isoindolinones was developed. By employing H4SiW12O40 as

the catalyst and dimethyl carbonate (DMC) as the solvent, a diverse range of 2-acylbenzoic acid deriva-

tives and primary amines worked well to give the C3-phosphinoyl-functionalized 3,3-disubstituted isoin-

dolinones with the yield range of 61%-87%. Advantages of this transformation include green catalyst and

solvent, available starting materials, broad substrate scope, high efficiency and operational simplicity with

water as the sole by-product. The strategy achieved an efficient and green molecular fragment assembly

to access isoindolinones, which would provide opportunities for the synthesis of potential biologically

active molecules in a green manner.

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

Medica, Chinese Academy of Medical Sciences.

The 3,3-disubstituted isoindolinone compounds featuring qua-

ternary carbon centers at the C3-position are ubiquitous hetero-

cyclic motifs in many synthetic and naturally occurring molecules

[1,2]. The skeleton of 3,3-disubstituted isoindolinones is the core

of numerous bioactive and pharmaceutically active compounds

[3,4]. For instance, Rhodamine spirolactam (A) exhibits great su-

periority for subcellular imaging [5,6]. Drug B is used to treat

cardiac arrhythmias [7]. Furthermore, the 3,3-disubstituted isoin-

dolinones with a heteroatom-functionality at the C3-position

also show unique biological activities such as compound C act-

ing as an MDM2-p53 inhibitor (Scheme 1a) [8–10]. On the

other hand, organophosphorus compounds are widely used in

organic synthesis, medicinal chemistry, agricultural chemistry,

and materials science [11–16]. Notably, phosphorus substituents

can modulate important biological functions by mimicking the

carboxylic acid functionality [17]. Phosphorus-substituted isoin-

dolinones that combine the advantage of both phosphorus moi-
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ety and isoindolinone scaffold, represent an important class of

organophosphorus compounds [18]. Therefore, the development

of compound libraries based on phosphorus-substituted isoin-

dolinone motifs is of great value for drug discovery [19,20]. How-

ever, only a few methods have been reported for the prepa-

ration of 3,3-disubstituted isoindolinones with a phosphorus-

functionality at the C3-position. Singh’s group developed a chi-

ral phosphoric acid PA5 catalyzed asymmetric synthesis of C3-

phosphorylated 3,3-disubstituted isoindolinones using 3–hydroxy-

3-phenylisoindolinones as raw material (Scheme 1b) [21]. Re-

cently, Xu and co-works reported FeCl3-catalyzed phosphorylation

of 3-methyleneisoindolinones for the construction of phosphorus-

functionalized 3,3-disubstituted isoindolinones (Scheme 1c) [22].

Both approaches applied the strategy of direct functionalization of

parent isoindolinones, which is not conducive to the diversity and

complexity of the constructed products. It is still challenging to de-

velop efficient and practical methods to construct C3-phosphinoyl-

functionalized 3,3-disubstituted isoindolinones from simple start-

ing materials, especially in a green and sustainable manner.

Multicomponent reactions (MCRs) consist of a process involving

the condensation of three or more reactants. The obtained prod-

ucts are formed in a single step from simple starting materials in

high atom efficient reactions. The possibility of applying diverse

reagents makes them ideal for creating new molecular libraries

[23–27]. In this regard, MCRs is one of the most useful and ideal
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Scheme 1. Background of 3,3-disubstituted isoindolinones synthesis and our strat-

egy.

tools for the synthesis of versatile 3,3-disubstituted isoindolinones.

In addition, polyoxometalates (POMs) are a well-known class of an-

ionic metaloxo clusters with diverse structures and excellent prop-

erties [28–35]. Given their tunable acidity and redox properties,

good thermal stability and environmental friendliness, POMs were

widely used as a kind of green catalyst in organic synthesis [36–

42]. Particularly, our previous works demonstrated that POMs are

practical and excellent catalysts for the construction of heterocyclic

compounds [43–47]. In this regard, POMs would be a promising

catalyst for the synthesis of 3,3-disubstituted isoindolinones.

Based the above considerations, we described the first MCRs

for the preparation of C3-phosphorylated 3,3-disubstituted isoin-

dolinones via the condensation of 2-acylbenzoic acids, primary

amines and phosphine oxides using H4SiW12O40 as an environ-

mentally benign and inexpensive catalyst, and DMC as the green

solvent (Scheme 1d). The simple starting materials, green catalyst

and solvent, and water as the sole by-product make this method

suitable for the 3,3-disubstituted isoindolinones library synthesis.

Initially, 2-acetylbenzoic acid (1a), hexylamine (2a) and

diphenylphosphine oxide (3a) were employed as the model sub-

strates to optimize the reaction conditions (Table 1, Tables S1–S5 in

Supporting information for more details). A variety of heteropoly-

acids (HPAs) (2 mol%) as Brønsted acid catalysts were screened in

PhCl (1mL) in a sealed tube at 100 °C for 2h at first. It was re-

vealed that H4SiW12O40 performed better than other HPAs such

as H3PW12O40 and H3PMo12O40, affording product 4a in 61% yield

(entries 1–3). Other Brønsted acids like p-TSA and PA5 did not

improve the yields compared to HPAs (entries 4 and 5). In addi-

tion, Lewis acids such as CuCl2, CoCl2 and FeCl3 were also tested

as catalysts, but none of them could catalyze this transforma-

tion with higher yield (entries 6–8). Control experiments indicated

that H4SiW12O40 played a crucial and essential role in this three-

component reaction. Subsequently, the solvents screening showed

the transformation was strongly influenced by the solvents, and

DMC turned out to be the best choice resulting in a 73% yield (en-

tries 9–13). The yield of 4a could not be increased by changing

the reaction temperature (entries 14 and 15). Applying a longer re-

action time (3h) and more catalyst loading (2.5 mol%), led to the

desired product 4a with 80% and 89% yield, respectively (entries

Table 1

Optimization of reaction conditions.a

Entry Catalyst Solvent Yield (%)b

1 H3PMo12O40 PhCl 52

2 H3PW12O40 PhCl 56

3 H4SiW12O40 PhCl 61

4 p-TSA PhCl 43

5 PA5 PhCl 34

6 CuCl2 PhCl 32

7 CoCl2 PhCl 20

8 FeCl3 PhCl 45

9 – PhCl 0

10 H4SiW12O40 CH3CN 52

11 H4SiW12O40 DCE 66

12 H4SiW12O40 DMC 73

13 H4SiW12O40 1,4-dioxane 70

14c H4SiW12O40 DMC 64

15d H4SiW12O40 DMC 73

16e H4SiW12O40 DMC 80

17f H4SiW12O40 DMC 89

a Reaction conditions: 2-acetylbenzoic acid (1a, 0.2mmol), hexylamine (2a,

0.2mmol), diphenylphosphine oxide (3a, 0.2mmol), solvent (1mL), catalyst for 2 h.
b The yields were determined by GC with biphenyl as the internal standard.
c Reaction temperature: 80 °C.
d Reaction temperature: 110 °C.
e Reaction time: 3h.
f Catalyst loading: 2.5 mol%.

16 and 17). Finally, the optimum results were obtained when 2-

acetylbenzoic acid (1a, 0.2mmol), hexylamine (2a, 0.2mmol) and

diphenylphosphine oxide (3a, 0.2mmol) were treated with 2.5

mol% of H4SiW12O40 in DMC (1mL) in a sealed tube at 100 °C for

3h.

Next, the substrate scope of this three-component reaction

process was investigated under the optimized conditions. We

first explored a range of 2-acetylbenzoic acids (1) with hexy-

lamine (2a) and diphenylphosphine oxide (3a) as partners. As

shown in Scheme 2, 2-acetylbenzoic acids bearing either electron-

Scheme 2. Scope of 2-acylbenzoic acids for the synthesis of 3,3-disubstituted isoin-

dolinones. Reaction conditions: 2-acylbenzoic acid (1, 0.2mmol), hexylamine (2a,

0.2mmol), diphenylphosphine oxide (3a, 0.2mmol), DMC (1.0mL), H4SiW12O40 (2.5

mol%) for 3h.
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Scheme 3. Scope of primary amines for the synthesis of 3,3-disubstituted isoin-

dolinones. Reaction conditions: 2-acetylbenzoic acid (1a, 0.2mmol), primary amines

(2, 0.3mmol), diphenylphosphine oxide (3a, 0.3mmol), DMC (1.0mL), H4SiW12O40

(2.5 mol%) for 3h.

withdrawing or electron-donating groups are efficient substrates,

giving the desired 3,3-disubstituted isoindolinones 4a-4h in good

yields. Furthermore, 2-propionylbenzoic acid was also tolerated

well, delivering the corresponding product 4i in 84% yield.

After having exhibited a broad scope for substituted 2-

acetylbenzoic acids, a variety of primary amines (2) were next

investigated to react with 1a and 3a under the same optimized

conditions and the results are summarized in Scheme 3. A wide

variety of structurally and electronically diverse primary alkyl

amines can be successfully subjected to this transformation. The n-

butylamine, i-butylamine, and cyclopropanemethylamine are com-

petent coupling partners, furnishing the desired products in good

isolated yields (4j-4l). Interestingly, unprotected N–H isoindolinone

(4m) can be prepared by using ammonium acetate as substrate.

For the substrate of benzylamines, a slightly increased amount of

2 and 3a was necessary to reach full conversion. Benzylamines

with electron-donating or -withdrawing groups reacted smoothly

to afford the desired products with moderate yields (4n-4u). The

structure of product 4n was characterized by single-crystal X-ray

diffraction analysis. Substituents such as −CH3, −OCH3, −F, −Cl,

−Br on the benzene ring of 2 were well tolerated, the electronic

property of which slightly affected the reactivity of amine and

electron-rich amine afforded better yields. In the case of phenethyl

amines, the corresponding product 4v and 4w were obtained in

the yield of 80% and 61%, respectively.

Furthermore, we examined the scope of H-phosphine oxides

3 using 1a and 2a as coupling partners (Scheme 4). Gener-

Scheme 4. Scope of diarylphosphine oxides for the synthesis of 3,3-disubstituted

isoindolinones. Reaction conditions: 2-acetylbenzoic acid (1a, 0.2mmol), hexy-

lamine (2a, 0.2mmol), diphenylphosphine oxide (3, 0.2mmol), DMC (1.0mL),

H4SiW12O40 (2.5 mol%) for 3h.

Scheme 5. Gram-scale reaction.

Scheme 6. Control experiments.

ally, H-phosphine oxides substituted with electron-donating (−Me,

−OMe) or electron-withdrawing group (−Cl) were both suitable re-

action partners, and the corresponding products were obtained in

72%–85% yields (4x-4aa).

To determine the practicability of this method, a gram-scale re-

action was performed with 1a (5mol), 2a (5mol) and 3a (5mol)

to synthesize 4a and the reaction proceeded smoothly to give the

product in good yield (4a, 80%, 1.73 g). The result demonstrated

the potential application of this protocol in large-scale production

(Scheme 5).

In order to have a deeper understanding on how the three com-

pounds combine together, and get some insight into the mecha-

nism, several control experiments were conducted (Scheme 6). In
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Scheme 7. Possible reaction mechanism.

the presence of radical inhibitor: BHT, 4a was still obtained in

83% yield, indicating that a radical pathway should be excluded

(Scheme 6a). The reaction of 1a and 2a led to the formation of

the compound IV (Scheme 6b). On the other hand, the reaction of

1a and 3a in the absence of 2a was performed, no reaction was

observed (Scheme 6c). Furthermore, when 3a was reacted with

compound IV under standard conditions, the desired product 4a

obtained in 86% yield (Scheme 6d). These results proved that IV

would be the key intermediate for this transformation. Without

H4SiW12O40, 1a could not be converted to IV, and IV could also

not be converted to 4a, which means H4SiW12O40 plays an essen-

tial role in the whole reaction process.

Based on the above experimental results and previous literature

reports [22,48,49], a plausible mechanism was proposed in Scheme

7. The reaction initially goes through the formation of imine I,

which was protonated by H4SiW12O40 to generate a higher elec-

trophilic intermediate II. Next, the nucleophile imine attacked car-

bonyl to provide the intermediate III, followed by the elimination

of H2O and regeneration of catalyst H4SiW12O40 to afford the key

intermediate IV. The acyliminium intermediate V is generated from

IV in the presence of Brønsted acid H4SiW12O40. Then, 3a as the

nucleophile reacts with the acyliminium intermediate V to form

intermediate VI, which produces the product 4a along with releas-

ing the catalyst H4SiW12O40.

In conclusion, we have developed the first facile and efficient

H4SiW12O40-catalyzed three-component tandem reaction for the

synthesis of 3-phosphoryl-substituted isoindolinones from read-

ily accessible 2-acylbenzoic acids, primary amines and phos-

phine oxides in one pot. Importantly, the environmentally be-

nign and inexpensive catalyst, green organic carbonate solvent

DMC, available starting materials and water as the sole by-product

mean that this protocol provides a green and efficient cycliza-

tion pattern for the synthesis of potential biologically active C3-

phosphinoyl-functionalized 3,3-disubstituted isoindolinones, which

promises potential applications in synthetic and medicinal

chemistry.
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