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Transition Metal Free Intramolecular Selective 

Oxidative C(sp
3
)-N Coupling: Synthesis of N-Aryl-

isoindolinones from 2-Alkylbenzamides 

Ajay Vermaa, Saket Patela, Meenakshia, Amit Kumara, Abhimanyu Yadava, 
Shailesh Kumara, Sadhan Janaa, Shubham Sharmaa, Ch. Durga Prasada, and 
Sangit Kumara*

A synthetic method has been developed for the construction 

of biologically important isoindolinones including indoprofen 

and DWP205190 drugs from 2-alkylbenzamide substrates by 

transition metal-free intramolecular selective oxidative 

coupling of C(sp3)-H and N-H bonds utilizing iodine, 

potassium carbonate and di-tert-butyl peroxide in acetonitrile 

at 110-140 oC. 

Transition metal-free coupling reactions have attracted considerable 

interest in recent time for the functionalization of C-H bond.1 These 

reactions avoid costly transition metal and even more expensive 

ligands. Also removal of toxic transition metal catalysts from the 

drug relevant molecules is expensive and challenging.2 Iodine-

mediated coupling reactions are realized to be an alternative for TM-

free approaches as iodine is readily available, economical and non-

toxic. As a result, several TM-free iodine mediated methods for 

C(sp2)-H functionalization have been reported in the literature,3-4 

however, selective C(sp3)-H functionalization remains challenging 

and attractive. Particularly, selective coupling of C(sp3)-H and N-H 

bonds would be economical and advantageous as this avoids pre-

functionalization of starting materials.  

Fig 1. Biologically active isoindolinones 

 

The isoindolinone core having C(sp3)-N bond is present in many 

natural and synthetic drug molecules possessing various biological 

activities namely inhibitor for the production of tumor necrosis 

factor (TNF-α), MGR-1 antagonist, anti-tumor, and anti-

inflammatory activities (Fig. 1).5 

Several methods have been developed for the synthesis of N-

substituted isoindolinones in view of their potential applications.6-10 

Selective mono-reduction of N-substituted phthalimides has been 

applied for the preparation of isoindolinones utilizing 

polymethylhydrosiloxane and fluoride ion as a catalyst6a or Sn and 

HCl reducing agent.6b TM-Catalyzed methodologies have also been 

developed exploiting various halogenated substrates such as 2-

iodobenzylbromide, 2-iodobenzylamine, 2-bromobenzaldehyde, CO 

gas, 1-halo-2-alkynylbenzene, and N-alkyl-2-haloamides.7-10 

Recently Cao and Gu et al have reported catalysis on Pt-nanowires 

with 2-carboxybenzaldehyde and primary amine substrate under the 

pressure of H2 gas.8b Several encouraging methodologies have been 

developed. However, most of the methods utilized halogenated 

substrates, expensive transition metal catalysts, highly toxic CO or 

flammable H2 gas. Therefore, a method which avoids halogenated 

substrates, transition metals, expensive ligands, and utilizes readily 

available reagents and substrates would be highly desirable for the 

synthesis of isoindolinones. Here in continuation of our work on 

TM-free C-H bond functionalization,11 synthesis of isoindolinones 

by the coupling of C(sp3)-H and N-H bonds from 2-alkylbenzamides 

has been presented utilizing mild base K2CO3, I2 and di-tert-butyl 

peroxide (DTBP) in acetonitrile. 

Scheme 1. Optimized reaction conditions on 2-methyl-N-phenylbenzamide 

Optimization of reaction conditions was carried out on 2-methyl-N-

phenylbenzamide substrate by screening various bases, oxidants, 

radical initiators, transition metal catalysts, and solvents (details 

presented in the SI, page S3-S6) and briefly summarized here 

(Scheme 1). Iodine and potassium carbonate seem to be crucial for 

this transformation since absence of either one failed to yield any C-

N coupled isoindolinone 1. Two equiv. of I2 was noticed to be 

optimum which yielded 27% of isoindolinone 1, as further increase 

or decrease of I2 loading lowered the yield of isoindolinone 1 
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considerably. Addition of DTBP (8 equiv) gave quantitative yield 

(86%) of C-N coupled product 1. Only trace amount of over 

oxidized N-phenyl phthalimide 2 was observed in the reaction 

despite excessive use of DTBP under optimized conditions. Next, 

several other solvents such as DMSO, DMF, CH3OH, 1,2-

dichloroethane were screened, however, acetonitrile found to be 

superior.  

 
Scheme 2. Isoindolinones obtained from 2-methylbenzamides. bRespective 

phthalimide was also obtained in 10% yield. 

After screening various conditions, we have chosen two equiv 

of I2, and K2CO3, and eight equiv of DTBP in acetonitrile at 140 
oC to examine further scope of the reaction. The results are 

summarized in scheme 2. Fluoro, di-fluoro, fluoro-chloro, 

fluoro-bromo containing isoindolinones (3-6) were obtained in 

70-92% yields. Similarly isoindolinones (7-13) with chloro, 

trichloro, bromo, even iodo substituents were obtained under 

the optimized reaction conditions in moderate to good yields. 

 

Fig. 2. ORTEP diagram of 8 (chiral space group) and 25 (planar molecule)12 

Structures of isoindolinones 8, 11 and 25 (vide infra) also 

established by single crystal X-ray crystallography (Fig. 2).12  

Next, substrates with methyl substitution at various positions in 

the aniline ring were subjected to the TM-free iodine mediated 

C-N coupling reaction. Isoindolinones (14-17) with mono-, di- 

and tri-methyl substituted aniline ring were obtained in 50-95% 

yields. Similarly 2,3-dihydro-1H-indene substituted 

isoindolinone 18 was obtained in moderate yield (62%). 

Methoxy substituted isoindolinones are biologically important 

as these show inhibition of TNF-α production in the cancer 

cells (vide supra, Fig. 1).13 Earlier synthetic route for the 

synthesis of 23 involve multi-steps; protection of 2-

methylbenzoic acid to ethyl 2-methylbenzoate ester, followed 

by bromination to give ethyl 2-(bromomethyl)benzoate and 

finally coupling with amine under reflux conditions provided 

23.13a Here we have synthesized several methoxy substituted 

isoindolinones (19-20 and 22-24) and thio-methyl substituted 

isoindolinone 21 from respective 2-methyl-N-arylbenzamides 

under TM-free reaction conditions. Further substrate study 

showed that isoindolinones 25 and 26 containing N-biphenyl 

and N-naphthyl substituents can also be synthesized. 

Substitution in benzamide ring was explored next. 

Isoindolinones 27-31 having fluoro, chloro and methyl 

substituent in the benzamide ring were readily obtained in 70-

96% yields from respective substituted 2-methyl-N-Aryl-

benzamide substrates in 2-4 h. 

Scheme 3. Synthesis of 3-alkylisoindolinones. Indolinones 32-36, 38, and 40 

were obtained from respective benzamides using 2 equiv of I2, and K2CO3, 6 
equiv of DTBP in acetoniltrile in 4-5 h at 110 oC. a Respective C-O coupled 

products 37, 39 and 41 were also observed. b Yields obtained by heating the 

reaction mixture at 140 oC. 
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Next, 2-alkyl substituted benzamide substrates were studied in 

the TM-free oxidative C-N coupling reaction. 2-Alkyl 

substituted-benzamides were prepared from respective 2-alkyl 

benzoic acids which were readily accessed by ortho-lithiation 

of 2-toluic acid, followed by quenching with alkyl bromides 

(Scheme 3). To our delight, benzamides with 2-ethyl and pentyl 

chain underwent oxidative C-N coupling reaction successfully 

and indeed, 3-substituted isoindolinones (32-36, 38 and 40) 

were obtained in good (65-98%) yields in shorter period (4-6 h) 

at 110 oC. The formation of N-aryl-3-methylisobenzofuran-1(3H)-

imines, C-O coupled products 37, 39 and 41 in 8-22% yields was 

also noticed along with the expected indolinones 36, 38 and 40, 

respectively, at 110 oC. Worthy to note, isoindolinones were 

obtained in better yields when reaction was heated at 140 oC. 

Synthesis of DWP205190 and indoprofen (Fig-1) drugs was 

targeted under optimized reaction conditions (Scheme 4).  

Scheme 4. Synthesis of isoindolinone based drugs (See SI page S34-S40) 

Synthesis of DWP205190 has been reported by the coupling of 

respective amine with phthalaldehyde, followed by the selective 

reduction, and then cyclization using diethyl azodicarboxylate 

and PPh3.
13b Here synthesis of indoprofen and DWP205190 

was achieved from less expensive 2-methylbenzoic acid in two 

steps, respectively, without employing brominating or reducing 

reagents. Additionally, 3-butyl substituted indoprofen analogue 

44 has also been constructed in two steps from respective amide 

in 75% overall yield. 

Scheme 5. Reaction with TEMPO 

Several control experiments were carried out to understand the 

mechanistic pathways. Addition of a radical quencher TEMPO 

halted the progress of reaction, suggesting involvement of the 

radicals in the formation of 1 (Scheme 5). 

Scheme 6. Proposed reaction mechanism 

Iodine could react with N-H bond in the substrate leading to N-I 

intermediate I (Scheme 6). This intermediate I would further react 

with DTBP forming a nitrogen-centered amide radical II which 

undergoes 1,5-H shift generating benzyl radical III.4a 1,5-H Shift 

seems to be the key step in this transformation. Reaction of benzyl 

radical with I2 would lead to 2-(iodomethyl)-N-phenylbenzamide IV, 

which finally undergoes nucleophilic substitution with the 

benzamide moiety in the presence of K2CO3 to furnish C-N coupled 

isoindolinone 1.  

In summary, we have presented a new synthetic method for the 

preparation of isoindolinones from 2-alkyl-N-arylbenzamide 

substrates utilizing iodine, DTBP and potassium carbonate. This 

simple and TM-free oxidative coupling of C(sp3)-H and N-H bonds 

in 2-alkyl-N-phenylbenzamides could be complementary to the 

earlier methods in which pre-functionalized substrates such as 2-

iodobenzylbromides, 2-iodobenzylamines, 2-iodobenzaldehydes 

together with transition metal catalysts were used. Currently 

intermolecular C-N coupling mode of this reaction and mechanistic 

understanding are underway in our laboratory. 
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