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Abstract 

A series of N-substituted isoindolinones were treated with an oxidation system comprised of catalytic 

copper(II) acetate monohydrate and tert-butylhydroperoxide (TBHP) in a non-chlorinated solvent 

(acetonitrile). As a result of benzylic methylene oxidation, the oxidation system afforded the corresponding 

phthalimides in isolated yields of 50-98%. Simple isoindolinones responded quite well to the oxidation system 

and gave the products after a reaction period of 24-48 hours at room temperature. The oxidation was 

selective for the benzylic (C3) carbon of the isolindolinone as opposed to isolated methylene groups and 

benzylic methyl groups. Using selected substrates, an analogous oxidation method mediated by Cu(II) oxinate 

is also detailed.   
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Introduction 

 

The oxidation of methylene groups α- to nitrogen can result in the formation of amides, imides or even 

triacylamines depending on the nitrogen substitution.1,2 In particular the α-methylene oxidation of cyclic 

amines can give rise to lactams or cyclic imides, functional groups which appear in a great many biologically-

active compounds and natural products. In particular, the isoindolinone or otherwise lactam core forms a 

central scaffold from which a great many therapeutics and naturally-occurring compounds have been 

derived.3,4 Previous reports from these laboratories have focused on the oxidation of lactam and 

hydroxylactam derivatives of isoindolinones to phthalimides.5-8 Considering the well-established applicability 

of the phthalimide group, its interconversion between the corresponding lactams and hydroxylactams would 

be of interest in the protecting group chemistry of nitrogen.9 While isoindolinones have yet to be proven and 

accepted as routine protecting groups for nitrogen, their use in unnatural amino acid synthesis has been 

briefly demonstrated.5  Catalytic iron(III) salts in conjunction with tert-butylhydroperoxide (TBHP) have proven 

to be useful in the methylene oxidation of isoindolinones to the corresponding phthalimides (Scheme 1).8 

 

 
 

Scheme 1. Oxidative conversions of isoindolinones to phthalimides. 

 

While the catalytic iron/TBHP systems can be harsh to some substrates, the ‘eco’ friendliness, low expense 

and ready availability of these systems make them highly desirable for organic synthesis. Recent studies from 

other laboratories have demonstrated that catalytic copper salts in conjunction with TBHP are effective in 

oxidizing both benzylic methylenes (C1, C3) of isoindolines to give the corresponding phthalimides.10 While the 

majority of oxidations in the copper/TBHP report utilized CuCl as the catalyst, one example listed utilized 

copper(II) acetate as the oxidant along with TBHP in dichloromethane. Furthermore, both catalytic copper 

salts and complexes in conjunction with organic peroxides have been demonstrated to be synthetically useful 

oxidants in the conversion of π-activated methylene groups to carbonyls.11 Accordingly, it was of interest to 

study the properties of catalytic copper salts or copper complexes in conjunction with the peroxide oxidant in 

acetonitrile whereby the employment of dichloromethane or other chlorinated reaction solvents are avoided. 

The application of catalytic copper(II)/TBHP systems for the oxidation of isoindolinones (lactams) to the 

corresponding imides is examined in the present report with emphasis on selectivity of the benzylic methylene 

group (C3). While many metal salts in conjunction with organic peroxides have received attention in the 

oxidation of isolated or otherwise unactivated methylenes,12 the work reported herein focused on 

phthalimide/isoindolinone chemistry. Particular attention was paid to yield, mild reaction conditions and the 

ease of isolation and purification of the product imides. 
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Results and Discussion 
 

Isoindolinones 1a-1l (Table 1) were prepared from the corresponding imides through selective reduction of 

phthalimides using activated zinc metal and acetic acid.13,14,15 There are countless strategies for the 

preparation of substituted isoindolinones and many of these utilize both transition metal-catalyzed and non-

transition metal-mediated annulation reactions.16,17 While the annulation reactions focus on the de novo 

construction of the lactam ring, the lactam substrates utilized in the present study did not require extensive 

substitution and we deemed the phthalimide reduction method more suitable for our application. The 

substrates 1a-l were treated with a mixture of cupric acetate monohydrate (5 mol%) and tert-

butylhydroperoxide (TBHP, 70%, 10 equivalents) in acetonitrile. The reaction mixtures were entirely 

homogeneous and took on a clear blue coloration at the start of the reaction while changing to a bluish-green 

at its conclusion.  

 

Table 1. Oxidation of Isoindolinones (lactams) 1a-l to Imides 2a-l using Cu(OAc)2/TBHP1,2 

 

1. Typical oxidations utilized Cu(OAc)2 monohydrate (5 mol%), TBHP (70%, 

10 eq)/acetonitrile. 

2.Reactions were conducted under nitrogen at room temperature. 

3.Yields (%) are of isolated purified product. 
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The corresponding product imides (2a-2l, Table 1) were obtained in isolated yields of 50-98% after silica 

gel column chromatography. In cases of substrates bearing one or more benzylic methylenes or benzylic 

methyl groups (2g, 2i, 2k, 2l, Table 1) the oxidation was selective for the methylene α-to the nitrogen of the 

isoindolinone. Of special interest in the oxidation study were the structures and conversions of isoindolinone 

substrates 1b and 1l. Substrate 1b (2-propylisoindol-1-one) forms the structural backbone of a class of small-

molecule inhibitors of the MDM2-p53 interaction.18 In certain cancers, the MDM2 (murine double minute) 

oncoprotein-p53 interaction plays a role in deactivating the tumor suppressor p53, so inhibition of the 

interaction will reactivate the tumor suppressor which leads to eliminating tumors. In the design of 

isoindolinone inhibitors of MDM2-p53, scaffolds such as 1b are further elaborated through placement of aryl 

groups on C3 of the isoindolinone. As part of an earlier biological profile study, substrate 1l (Table 1) was 

derived from imide 2l, a compound which was of interest as a tumor necrosis factor (TNF) inhibitor. TNFα is a 

cytokine which is present during chronic inflammation and is associated with the progression of complications 

such as autoimmune disorders.  In a bioassay of LPS (lipopolysaccharide)-induced TNF- production in human 

monocytes, 2l exhibited <10% inhibition and 74% cell viability at 50M, which was marginal compared to 

other phthalimide-derived analogues in the study There is interest in the interconversion of thalidomide 3 

and its isoindolinone analogue known as EM12 (3-(1-oxoisoindolin-2-yl)piperidine-2,6-dione, 4).20 During the 

course of early studies on the teratogenicity of thalidomide, EM12 was found to be a more potent teratogen 

than thalidomide along with many of its analogues as evidenced by bioassay studies using thalidomide-

sensitive species.21 Furthermore, the isoindolinone core of EM12 formed a conceptual or otherwise structural 

starting point for the development of the immunomodulatory compound Revlimid 5.22 Thus the treatment of 4 

with catalytic (5 mol%) copper(II) acetate/with TBHP (10 equiv.) in acetonitrile over a 48 hour period resulted 

in clean conversion to thalidomide 3 with an isolated yield of 94% (Scheme 2).  
 

 
 

Scheme 2. Oxidation of EM12 4 to thalidomide 3. 

 

While the employment of copper salts in conjunction with oxygen or peroxides has been established as 

synthetically-useful for the preparation of carbonyl compounds, copper coordination complexes such as 

Cu(acac)2, Cu(II) salen or Cu(II) ethylenediamine have also been evaluated for the oxidation of a wide spectrum 

of substrates. In contrast, comparatively little attention has been given to the evaluation of the Cu(II) oxine 

complex [bis(8-quinolinolato)copper(II)] 6 or its analogues as catalysts for the types of oxidative 

transformations detailed in the present study.12,23 Copper(II) oxinate, otherwise known as Cu(II)8HQ 6 was 

prepared by a method described in an early U.S. patent and was isolated as a green-brown powder.24 

Treatment of three selected substrates 1c, 1e and 1f (Table 1) on a 0.05 mmol scale gave the corresponding 

phthalimide products 2c, 2e and 2f in isolated yields of 76, 99 and 80% respectively (Table 2). Similar to the 

Cu(OAc)2-mediated reactions, the Cu(II)8HQ reactions were conducted with 5 mole % copper oxine catalyst 

and TBHP (10 equivalents) in acetonitrile with the exclusion of air. 
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Table 2. Oxidation of Isoindolinones 1c, 1e, 1f to Imides 2c, 2e, 2f  using Cu(II)8HQ1,2 

N

O

Cu N

O

        6
Cu(II)8HQ  

 

 

1.Typical oxidations utilized Cu(II)8HQ (5 mol%), TBHP (70%, 10 eq)/acetonitrile. 

2.Reactions were conducted under nitrogen at room temperature. 

3.Yields (%) are of isolated purified product. 

 

Plausible mechanistic steps include the interconversion of Cu(II) and Cu(I) as the initiation step (Eq. 1) and 

the transformation of the N-substituted isoindolinone 1 to the corresponding radical 7 (Eq. 4) (Scheme 3). The 

reactive intermediate 7 in the overall mechanism is derived from that formulated for Cu-mediated benzylic 

oxidation as proposed by Sasson and co-workers.11 Specifically, exposure of copper(II) to tert-

butylhydroperoxide results in the generation of copper(I) with concomitant formation of the tert-butylperoxy 

radical. Copper(I) reacts further with tert-butylhydroperoxide to provide the copper(II) species (Cu (II)-OH and 

the tert-butoxy radical (Eq. 2).  

The recombination of copper(II) as CuOH and tert-butyl hydroperoxide forms the tert-butylperoxy Cu(II) 

species (Eq. 3).  In turn, the tert-butoxy radical can then abstract a benzylic hydrogen from the substrate 1 

which results in forming the 3-isoindolinoyl radical 7 (Eq. 4). The interception of radical 7 with the tert-

butylperoxy Cu(II) species gives rise to the 3-tert-butylperoxy isoindolinoyl 8 (Eq. 5) which collapses to yield 

the imide product 2 (Eq. 6). 
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Scheme 3. Plausible mechanistic steps for the Cu(II)/TBHP-mediated isoindolinone to phthalimide oxidation. 

 

 

Conclusions 
 

The development and application of a catalytic copper(II)/TBHP system for the mild and effective oxidation of 

N-substituted isoindolinone-derived lactams is detailed. While catalytic copper-mediated oxidations have 

been reported to be somewhat selective for π-activated methylene groups as in benzylic oxidation,12 the 

isoindolinone scaffold responded with high selectivity to give oxidation at the benzylic methylene α-to 

nitrogen. The mechanistic steps involve the formation of an isoindolinoyl radical which is mediated by a 

cascade of reactions starting with the hydroperoxide-initiated conversion of copper(II) to copper(I). The 

inclusion of a copper complex Cu(II)8HQ in the oxidation of selected isoindolines demonstrated the potential 

of using Cu co-ordination compounds as opposed to Cu salts as the oxidation catalysts.     

 

 

Experimental Section 
 

Solvents, reagents, and starting materials were ACS grade and were used as commercially supplied. Deionized 

water was used for any aqueous washes and in preparing aqueous solutions of brine. Copper(II) acetate 

monohydrate was reagent grade and used as supplied. Activated zinc for the imide reductions was prepared 

by the method of Yamamura.25 Analytical thin-layer chromatography (TLC) utilized 0.25 mm pre-cut glass-

backed plates (Merck, Silica Gel 60 F254). Thin-layer chromatograms were visualized during chromatographic, 

extraction and reactions by rapidly dipping the plates in anisaldehyde/ethanol/sulfuric acid stain or 

phosphomolybdic acid/ethanol stain and heating. Gravity-column chromatography utilized silica gel 60 (E. 

Merck 9385-9, 70-23 mesh). Melting points were taken on a Mel-Temp apparatus. Disposal of metal waste 

was performed in accordance with the National Research Council publication Prudent Practices in the 

Laboratory.26 Nuclear magnetic resonance (1H and l3C NMR) spectra were recorded with Varian VNMRS 400 
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and 700 (13C NMR-100, 175 MHz) and Oxford AS 500 MHz (13C NMR-125 MHz) instruments using CDCl3 and 

DMSO-d6 as 1H and 13C NMR solvents. Infrared spectra (Fourier Transform Infrared Spectroscopy, FTIR) were 

recorded with a Perkin-Elmer Spectrum 100 instrument. High Resolution Mass Spectra (HRMS) were measured 

at the Indiana University Mass Spectrometry Facility. 

 

Preparation of the Substrate Isoindolinones (lactams) 1a-l (Table 1): The isoindolinone substrates 1a-l (Table 

1) were prepared from the corresponding imides by the zinc/acetic acid reduction method of Brewster.13,14 

The scale of the reductions ranged from 250 mg to 1.0 g as shown below. All the substrate lactams with the 

exception of 1l (See Supporting Information) were known compounds: 

2-Ethylisoindolin-1-one (1a): (500 mg scale); Colorless oil (221 mg, 49%); Rf=0.18 (hexanes/EtOAc, 2 :1). The 

spectral properties of 1a were consistent with those found in the literature.27 

2-Propylisoindolin-1-one (1b): (500 mg scale); Colorless oil (196 mg, 43%); Rf=0.2 (hexanes/EtOAc, 2 :1); the 

spectral data exhibited by 1b were consistent with those found in the literature.28   

2-Cyclopentylisoindolin-1-one (1c): (500 mg scale); Yellow oil (291 mg, 63%); Rf=0.24 (hexanes/EtOAc, 2 :1); 

the spectral data exhibited by 1c were consistent with those found in the literature.29 

2-Pentylisoindolin-1-one (1d): (1.0 g scale); Clear yellow oil (440 mg, 47%); Rf=0.28 (hexanes/EtOAc, 2 :1); the 

spectral data exhibited by 1d were consistent with those found in the literature.30 

2-Phenylisoindolin-1-one (1e): (500 mg scale); White solid (207 mg, 45%); Mp. 159-160 oC [Lit.31 156-160 °C]; 

Rf=0.38 (hexanes/EtOAc, 2 :1); the spectral data exhibited by 1e were consistent with those found in the 

literature.  

2-Cyclohexylisoindolin-1-one (1f): (1.0 g scale); White solid (305 mg, 33%); Mp. 80-82 oC [Lit.32 78-82 oC]; 

Rf=0.26 (hexanes/EtOAc, 2 :1); the spectral data exhibited by 1f were consistent with those found in the 

literature.  

2-Benzylisoindolin-1-one (1g): (1.0 g scale); Pale yellow solid (506 mg, 54%); Mp. 83-84 oC [Lit.33 85-86 oC]; 

Rf=0.22 (hexanes/EtOAc, 2 :1); the spectral data exhibited by 1g were consistent with those found in the 

literature. 

2-(4-Fluorophenyl)isoindolin-1-one (1h): (500 mg scale); White solid (295 mg/65%); Mp. 169-172 oC [Lit.33 

170-171 oC]; Rf=0.36 (hexanes/EtOAc, 2 :1); the spectral data exhibited by 1h were consistent with those 

found in the literature. 

(S)-2-(1-Phenylethyl)isoindolin-1-one (1i): (1.0 g scale); White solid (256 mg, 27%); Mp. 140-142 oC [Lit.34 144-

145 oC]; Rf=0.24 (hexanes/EtOAc, 2 :1) the spectral data exhibited by 1i were consistent with those found in 

the literature. 

2-(4-Methoxyphenyl)isoindolin-1-one (1j): (500 mg scale); White solid (248 mg, 52%); Mp. 131-134 oC [Lit.35 

130-134 oC]; Rf=0.23 (hexanes/EtOAc, 2 :1); the spectral data exhibited by 1j were consistent with those found 

in the literature. 

2-(4-Methoxybenzyl)isoindolin-1-one (1k): (500 mg scale); White solid (303 mg, 63%);  Mp. 89-91 oC [Lit.36 87-

90 oC]; Rf=.16 (hexanes/EtOAc, 2 :1); the spectral data exhibited by 1k were consistent with those found in the 

literature. 

2-(2,4-Difluorophenyl)-4,7-dimethylisoindolin-1-one (1l): Activated zinc powder (680mg, 12 equiv.) was 

added to a solution of 2-(2,4-fluorophenyl)-4,7-dimethylisoindole-1,3-dione 2l (250 mg, 0.87 mmol) and glacial 

acetic acid (3.0 mL). The mixture was heated at reflux while stirring (4h) followed by filtering the hot mixture 

on a sintered glass funnel with suction. The filter cake was washed with small (2 mL) portions of glacial acetic 

acid and to the combined filtrates was added saturated aqueous NaHCO3 (30 mL). The solution was extracted 

with dichloromethane (3X30mL) and the combined extract was washed with aqueous NaHCO3 (15 mL), water 
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(15 mL) and finally brine (15 mL). The organic phase was then dried over anhydrous sodium sulfate followed 

by removal of the drying agent by filtration and concentration under vacuum. The residue was applied to a 

gravity silica gel column (hexanes/EtOAc, 2:1) and the product 1l was obtained as a white solid (71.3 mg, 30%). 

Mp. 101-102 oC, Rf=0.5 (hexanes/EtOAc, 2 :1); FTIR (neat): 3055, 3018, 1683, 1505, 1387, 1262 cm-1; 1H NMR 

(700MHz, CDCl3), ppm δ: 7.57-7.54 (m, 1H), 7.25 (t, J = 4.2Hz, 1H), 7.16 (d, J = 8.4Hz, 1H), 6.96-6.93 (m, 2H),  

4.67 (s, 2H), 2.70 (s, 3H), 2.309 (s, 3H). 13C NMR (100 MHz, CDCl3): ppm: 169.10, 162.43, 159.95, 158.79, 

156.27, 140.74, 135.58, 132.48, 130.32, 129.40, 128.25, 122.51, 111.53, 104.86, 50.81, 16.92 HRMS: (ESI): m/z 

[M+Na]+ Calcd. For C16H13F2NO 273.0965, Found: 273.0966. 

Oxidation of Isoindolinones 1a-1l to Phthalimides 2a-2l (Table 1); General Procedure: 

To a stirred solution of lactam (1a-1l, 50mg, 10-25mmol) in acetonitrile (3 mL) was added cupric acetate 

monohydrate (5 mol%) followed by tert-butylhydroperoxide (70%, 10 equiv). The resulting blue homogenous 

mixture was stirred under nitrogen for 24-48 h. The reaction mixture was concentrated under reduced 

pressure, the dark residue was taken up in dichloromethane and applied directly to a gravity silica gel column. 

Elution of the column with hexanes/EtOAc (4 :1) gave the pure product phthalimides (2a-l, Table 1).      

2-Ethylisoindoline-1,3-dione (Table 1, 2a): White solid (55 mg, 85%); Mp. 73-76 oC [Lit.27 75.1-76.2 oC]; Rf=0.23 

(hexanes/EtOAc, 4 :1). 

2-Propylisoindoline-1,3-dione (Table 1, 2b): White solid (45 mg, 84%); Mp. 65-66 oC [Lit.37 63-65 oC]; Rf=0.31 

(hexanes/EtOAc, 4 :1). 

2-Cyclopentylisoindoline-1,3-dione (Table 1, 2c): White solid (43 mg, 83%); Mp. 98-100 oC [Lit.38 99-100 oC 

]; Rf=0.55 (hexanes/EtOAc, 4 :1). 

2-Pentylisoindoline-1,3-dione (Table 1, 2d): Oil (44 mg, 83%); Rf=0.39 (hexanes/EtOAc, 4 :1). The spectral data 

exhibited by 2d was consistent with that previously reported.39  

2-Phenylisoindoline-1,3-dione (Table 1, 2e): White solid (34 mg, 65%); Mp. 215-217 oC [Lit.40 216-218 oC]; 

Rf=0.28, (hexanes/EtOAc, 4 :1).   

2-Cyclohexylisoindoline-1,3-dione (Table 1, 2f): White solid (31 mg, 60%); Mp. 168-170 oC [Lit.41 169-172 oC ]; 

Rf=0.37 (hexanes/EtOAc, 4 :1).  

2-Benzylisoindoline-1,3-dione (Table 1, 2g): White solid (35 mg, 67%); Mp. 112-115 oC [Lit.41 111-113 oC]; 

Rf=0.35, (hexanes/EtOAc, 4 :1). 

2-(4-Fluorophenyl)isoindoline-1,3-dione (Table 1, 2h): White solid (51 mg, 98%); Mp. 181-183 oC [Lit.41 181-

182 oC]; Rf=0.22 (hexanes/EtOAc, 4 :1). 

(S)-2-(1-Phenylethyl)isoindoline-1,3-dione (Table 1, 2i): White solid (26 mg, 50%); Rf=0.45 (hexanes/EtOAc, 

4 :1). The spectral data for 2i was consistent with that previously reported.42 

2-(Methoxyphenyl)isoindoline-1,3-dione (Table 1, 2j): White solid (37 mg, 72%); Mp. 159-162 oC [Lit.41 160-

163 oC ]; Rf=0.19 (hexanes/EtOAc, 4 :1). 

2-(4-Methoxybenzyl)isoindoline-1,3-dione (Table 1, 2k): White solid (43 mg, 82%); Mp. 128-130 oC [Lit.43 127-

129 oC ]; Rf=0.48 (hexanes/EtOAc, 4 :1) .      

2-(2,4-Difluorophenyl)-4,7-dimethylisoindoline-1,3-dione (Table 1, 2l): White solid (39 mg, 76%); Mp. 135-

137 °C; Rf=0.32 (hexanes/EtOAc, 4 :1). A reference sample was prepared by the method described by 

Gütschow (Ref. 15): Mp. 135-136 oC [Lit.19, 212-212.5 oC]. Despite the marked difference in melting point, the 

spectral data of 2l prepared in these laboratories was consistent with that previously reported.19 

Oxidation of 3-(1-oxoisoindolin-2-yl)piperidine-2,6-dione (EM12) 4 to Thalidomide 3: 

To a stirred solution of 3-(1-oxoisoindolin-2-yl)piperidine-2,6-dione 4 (50.0 mg, 20mmol) in dry acetonitrile 

(3 mL) was added Cu(OAc)2۰H2O (1.9 mg, 0.1mmol, 5 mol %). The resulting blue mixture was stirred under 

nitrogen while monitoring by TLC (CH2Cl2/Me2CO, 5 :1). The reaction mixture turned in color to yellow over a 
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reaction period of 24h. The reaction mixture was concentrated under vacuum, diluted with CH2Cl2 and passed 

through a short silica gel column eluting with CH2Cl2/Me2CO. Removal of the solvent gave an off-white solid 

(49 mg, 94%) which had the spectral properties of thalidomide 3 as previously reported.6  

Bis(8-quinolinolato)copper (II) (Cu(II)8HQ) (6): Cupric acetate monohydrate (0.67 mg, 0.34 mmol) was added 

to a solution of 8-hydroxyquinoline (100 mg, 0.68 mmol) in acetonitrile (5 mL) while stirring under nitrogen. 

Stirring under nitrogen was continued for 24 h whereby the pale yellow mixture had changed to a green-

brown suspension. The solid material was collected by suction filtration and dried under high vacuum (76 mg, 

63%). The copper (II) oxine complex could be stored up to three months with no loss of activity.  

Oxidation of Isoindolinones 1c, 1e, 1f to Phthalimides 2c, 2e, 2f using the copper(II) oxine (Cu(II)8HQ) 

catalyst 6: To a solution of substrate lactam (Table 1) 1c, 1e or 1f (10 mg, 0.45-0.5 mmol) and acetonitrile 

(3 mL) was added copper oxine (Cu(II)8HQ) catalyst 6 (5 mol %) followed by TBHP (70%) while stirring under 

nitrogen. The resulting pale yellow reaction mixture was stirred under nitrogen (48 h). The reaction mixture 

was concentrated, the residue then taken up in dichloromethane and applied to a silica gel column. Column 

elution (hexanes/EtOAc, 4:1) gave 2c (8.1 mg, 76%), 2e (10.5 mg, 99%) or 2f (8.5 mg, 80%). The physical and 

spectral properties of the imide products were consistent with those listed in the literature.38,40,41 
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