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Graphical Abstract 

 

 

A manganese(III)-promoted oxidative radical cascade reaction of easily accessible arylboronic acids with isocyanides to construct 
diimide derivatives was studied. This protocol provides a new way to synthesis of acetyl diimide derivatives. New C-C, C-N and 
C=O bonds were formed in one step. 

 

ABSTRACT 

A manganese(III)-promoted oxidative radical cascade reaction of easily accessible arylboronic acids with isocyanides to construct diimide derivatives 

was studied. This protocol provides a new way to synthesis of acetyl diimide derivatives. New C-C, C-N and C=O bonds were formed in one step. 
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In nature, there are a wide range of compounds containing amide structures, which are important intermediates and structural units in 
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organic synthesis [1]. In addition to amides, diimide structures are also important organic moieties in fine chemicals. For example, 

TAED, Dermagan, Formothion, Thalidomide, Pecilocin, etc. have properties such as insecticidal, anti-tumor, anti-fungal, and anti-

anxiety drugs (Fig. 1) [2]. Therefore, it is of great significance to prepare chemical compounds with diimide structure. The traditional 

method for preparing diimides is achieved by nucleophilic substitution of an amide with an activated carboxylic acidderivative (such as 

an acid chloride or anhydride) in the presence of a base [3]. In addition, selective oxidation by amides is also known [4]. In recent 

years, the interest of researchers has been drawn to the use of carbon monoxide (CO) as the cheap C1 synthon to synthesize carbonyl-

containing chemicals [5]. Recently, Prof. Wu’s, Beller’s, and Lei’s group have reported the efficient use of CO for the synthesis of 

compounds containing imide structures (Scheme 1, eqs. 1 and 2) [6]. 

Isonitriles are also important C1 synthons and play an important role in the synthesis of nitrogen-containing heterocyclic compounds 

[7,8]. Free-radical reactions involving isonitriles are an important part of isonitrile chemistry. In recent years, the transition metal-

catalyzed radical reactions involving isonitriles have been tremendously developed [9]. Our group has reported the transition metal-

catalyzed diaryl isonitriles involved in free radical reactions to prepare phenanthridine derivatives [10]. Here, we first report the 

successful preparation of diimide derivatives by reaction of phenylboronic acid with isonitrile under the catalysis of Mn(OAc)3 

(Scheme 1, eq. 3). 

 

Initially, we attempted the reaction of 1-isocyano-4-methoxybenzene (1a), phenylboronic acid (2a), 3 equivalents of 

Mn(OAc)3
.2H2O as oxidant in MeCN at 65 °C for 12 h, Gratifyingly, target product 3a could be obtained with 22% LC yield (Table 1, 

entry 1). The reaction failed to afford 3a when other oxidant, such as Cu(OAc)2 and AgOAc were used (Table 1, entries 2-3). Then, we 

studied the effects of the solvent and found that 1,4-dioxane, DMF, DCE, and DME did not give better results (Table 1, entries 4-7). 

Next we screened the reaction temperature and found that the reaction was best at 100 oC, and the target product could be obtained with 

a 53% LC yield (Table 1, entries 8-10). Finally, we optimized the reaction time and found that the reaction yield was highest for 4 h 

(Table 1, entries 11-14). When we used a catalytic amount of Mn(OAc)3
.2H2O and Mn(acac)3, 1.5 equiv. of NaOAc, the reaction failed 

to afford 3a (Table 1, entries 15-16).  

With the optimized conditions in hand, we began to study the scope of various aryl isonitriles (Scheme 2). It was found that when we 

used 2,6-dimethyl aryl isocyanide, 2,4,6-trimethyl aryl isocyanide and 2,6-diethyl aryl isonitrile to react with phenylboronic acid, the 

target products (3b, 3c, 3d) could be obtained in 49% to 71% yields. The reaction of 2a with 1-isocyano-4-methylbenzene 1e furnished 

the desired product 3e in 40% yield. The reaction of p-methoxyphenyl isonitrile with p-methoxyphenylboronic acid could result in the 

desired product 3f in 56% yield. Then we used 2,4,6-trimethylphenylisonitrile to react with p-acetylphenylboronic acid, the desired 

product 3g was obtained in 55% yield. However, when we select the halogen-substituted and 3-nitro-substituted isonitriles to react with 

different substituted phenylboronic acids, The corresponding imide product was not obtained, but only the corresponding amide 

product (3h, 3i) was obtained. Besides, the reaction of tert-butylisonitrile with 2a also lead to the corresponding amide compounds 3j 

in 46% yield (detail information of 3a–j see Supporting information). 

Thereafter, we investigated a range of different phenylboronic acids 2 (Scheme 3). When p-methylphenylboronic acid reacted with 

m-methylphenylboronic acid, the target product (4a, 4b) could be obtained in 65% and 69% yields, respectively. The reaction of p-

methoxyphenylboronic acid and 1b afforded the desired product 4c in 49% yield. Then, when we selected halogen-substituted 

phenylboronic acid at different positions, the target product (4d~4g) could be obtained in 53%~64% yields. Electron-withdrawing 

groups, such as CN substituted phenylboronic acid (4h) could also lead to the desired products 4b in 40% yield. When [1,1'-biphenyl]-

4-ylboronic acid was subjected to the reaction with 1b, 4i could be obtained in 52% yield. The reaction of 2-naphthaleneboronic acid 

with 1b furnished the desired product (4j) in 64% yield. Unfortunately, the reactions of heterocycle-functionalized boric acid 2k and 

alkylboronic acid 2l failed to give the desired products 4k and 4l (detail information of 4a–j see Supporting information). 

To gain insights into the mechanism of this reaction, two control experiments were conducted (Scheme 4). When 2 equiv. of 

TEMPO (2,2,6,6-tetramethylpiperidine-1-oxyl) was added to the reaction system of 1b with 2a, As expected, the desired product N-

acetyl-N-(2,6-dimethylphenyl)benzamide (3b) was not detected, and the reaction system was very messy. This result indicated that the 

reaction may have experienced a free radical process. When 2 equiv. of another radical scavenger (1,1-diphenylethylene) was added to 

the reaction system of 1b with 2a, We successfully obtained the captured imine radical (II) product 3b' in an isolated yield of 41% 

(detail information of 3b' see Supporting information). It was proved that the reaction went through an imine free radical intermediate. 

Based on the literature reports [11] and the above experimental results, we proposed a plausible reaction mechanism in Scheme 5. 

First, the phenylboronic acid compound produce phenyl radical I under the action of Mn(III), then phenyl radical I reacts with 1a to 

give the imine radical intermediate II. Next, II gives the nitrogen positive ion intermediate III under the oxidation of Mn(III). III is 

attacked by acetate ions to obtain intermediate IV, which is then rearranged intramolecularly to give the target product diimide 3a. 

In summary, we have reported a manganese(III)-catalyzed oxidative radical cascade reaction of isonitrile and phenylboronic acid 

under mild conditions. A new C-C bond, C-N bond, and C=O bond were constructed in one step, and a series of diimide derivatives 

was successfully constructed. It provided a practical method for the preparation of diimide derivatives, which has the advantages of 

easy availability of starting materials, simple operation. 
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Fig. 1. Examples of imide-containing bioactive molecules. 

 

 

 

 
Scheme 1. Synthesis of imide using CO along with this work. 

 

 

 
Scheme 2. Scope study of isonitriles. Reaction conditions: 1 (0.2 mmol), 2 (0.24 mmol), Mn(OAc)3

.2H2O (3.0 equiv.), MeCN (2 mL), under 

air. Isolated yield 
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Scheme 3. Scope study of phenylboronic acids. Reaction conditions: 1 (0.2 mmol), 2 (0.24 mmol), Mn(OAc)3

.2H2O (3.0 equiv.), MeCN (2 

mL), under air. Isolated yield. 

 

 

 
Scheme 4. Control experiments. 

 

 

 
Scheme 5. A plausible mechanism. 
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Table 1 Optimization of the reaction conditions.a 

 
Entry Oxidant  Solvent Temp. (oC) Time (h) LC yield (%)b  

1 Mn(OAc)3
.2H2O MeCN 65 12 22 

2 Cu(OAc)2 MeCN 65 12 trace 

3 AgOAc MeCN 65 12 trace 

4 Mn(OAc)3
.2H2O Dioxane 65 12 trace 

5 Mn(OAc)3
.2H2O DMF 65 12 N.R 

6 Mn(OAc)3
.2H2O DCE 65 12 trace 

7 Mn(OAc)3
.2H2O DME 65 12 trace 

8 Mn(OAc)3
.2H2O MeCN 80 12 32 

9 Mn(OAc)3
.2H2O MeCN 100 12 53 

10 Mn(OAc)3
.2H2O MeCN 110 12 42 

11 Mn(OAc)3
.2H2O MeCN 100 2 42 

12 Mn(OAc)3
.2H2O MeCN 100 4 58(43c) 

13 Mn(OAc)3
.2H2O MeCN 100 5 53 

14 Mn(OAc)3
.2H2O MeCN 100 6 42 

15d Mn(OAc)3
.2H2O MeCN 100 4 N.R 

16d Mn(acac)3 MeCN 100 4 N.R 
a Reaction conditions: 1a (0.2 mmol), 2a (0.24 mmol), oxidant (3.0 equiv.), solvent (2 mL), under air.  
b The yields were determined by LC analysis using biphenyl as the internal standard. 
c Isolated yield.  
d Oxidant (0.1 equiv.), 1.5 equiv. of NaOAc was added.  
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