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ABSTRACT: Isatin in a solution of dry DMF/NaClO4 is electro-reduced in the presence of CH3I. N-methylisatin (NMI) is obtained 
in quantitative molar yield and high current efficiency by controlled potential electrolysis (CPE). NMI and N-methylisatoic anhy-
dride are the reaction products when CPE is performed in the absence of CH3I, but adding it once the CPE was completed. The 

water effect on the identity and yield of the reaction product(s) is investigated. Reaction pathways are proposed.  

INTRODUCTION 

Isatin (indoline-2,3-dione; ISH in Figure 1) and its deriva-
tives are important compounds found in natural products and 

in many bioactive molecules with anticancer,1,2 anticonvul-

sants3 and other antiviral,4,5 antibacterial and antifungal prop-
erties.6 ISH is used in the synthesis of oligo/polymeric struc-

tures with applications in the field of organic electronic devic-

es.7–12 Furthermore, ISH seems to be a promising molecule in 
the field of liquid crystals and crystal engineering because of 

its molecular structure with convenient characteristics (moder-
ately large dipole moment and notable hydrogen bond do-

nor/acceptor abilities) for the construction of supramolecular 

assemblies.13 The importance of the indole derivatives in dif-
ferent fields has encouraged researchers to develop synthetic 

methods for their preparations.14–17 N-methylisatin (1-
methylindoline-2,3-dione; NMI in Figure 1) derivative pre-

sents cytotoxic, antinociceptive and cytoprotective activity.18–

20 Some carbazone and hydrazone derivatives have virus inhi-
bition capacity, antimicrobial and/or antioxidant activity in 

vitro tests.21–23 NMI has been used as a precursor in the syn-

thesis of quinolone, quinoxaline, spiro compounds, Schiff and 
Mannich bases,24-34 polymers and indigoids dyes.24–26 Reduc-

tion of NMI with sodium amalgam gives a compound with 

characteristics of organic electron donor.27 Furthermore, NMI 
nanoparticles have been used as a novel probe for selective 

detection of Cd2+ ion in aqueous medium.28 

It is well known that ISH, (cyclic alpha-ketoamide) and com-
mon alkylating agents (alkyl halides or sulphates) do not react 

by simple contact between them. To alkylate the ISH molecule 
by the generally used procedures it is necessary to generate the 

isatin anion (IS¯) which is then treated with the alkylating 

agent. Direct synthesis of N-alkylisatins from N-alkylanilines 
and the N-alkylation of ISH employing a base are the com-

monly used procedures.29–31 Direct synthesis is a multi-step 
procedure that generally gives N-alkylisatins in moderate to 

low yields.32 For the N-alkylation of ISH different bases 

(NaOH, K2CO3, CaH2, NaH, etc.) and solvents are used for the 
generation of  IS¯. The different methods give good yields of 
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N-alkylisatins in some cases, but present certain disadvantages 

as the alkaline hydrolysis of the amide chemical function in 
some isatins or N-alkylisatins,33,34 the need of anhydrous sol-

vents due to the use of dangerous reagents such as metal hy-
drides, and/or long reaction times and side products formation 

that difficult the isolation of the desired product.31 For exam-

ple, the above mentioned amide hydrolysis is reported by 
Torisawa et al.35 for 5-nitroisatin.  
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Figure 1. Structural formulas of isatin, N-methylisatin, N-
methylisatoic anhydride, and tryptanthrin. 

Electrochemical technology can be used to replace toxic or 

dangerous oxidizing/reducing reagents and also for the in-situ 
production of unstable and hazardous reagents. Electrosynthe-

sis is considered a clean and efficient synthetic methodology. 
When using the electron as a reagent the number of steps is 

reduced as compared to conventional thermal processes, 

cleaner reaction mixtures are obtained, the isolation of the 
product is simpler, and the pollution caused by the use of 

chemicals is decreased.36-40 Stimulated by the recent achieve-

ments in electroorganic synthesis,38 in this work we study the 
electrochemical reduction of ISH in DMF solution at prepara-

tive scale (see SI) as a new and clean methodology for NMI 
synthesis. The electrolysis (controlled potential electrolysis, 

CPE) was performed under different experimental conditions 

(Table 1). The water effect on the identity and molar yield of 
the reaction product(s) is investigated. Current efficiency and 

cyclic voltammetric results are presented, and mechanistic 

proposals based on qualitative/quantitative products analy-
sis/current efficiency are discussed. The peculiarities of the 

NMI molecule structure and crystal packing are studied by 
single crystal X-ray diffraction.  

 

 

 

 

 

 

 

RESULTS AND DISCUSSION 

Table1. Experimental conditions and results of controlled 

potential electrolysis (CPE) 

Experimental condi-

tions (EC)a 

timed 

(min) 
Products 

Molar 

yield  

(%) 

Current 

efficiencye 

(%) 

EC1b 
without H2O 115 NMI 100 100 

with H2O 515 NMI 100 49.3 

EC2c 

without H2O 165 
NMI; 

NMIA 

49.8 

50.2 
61.5 

with H2O 330 
NMI; 

NMIA 

46.5 

53.5 
78.0 

aCPEs of ISH (9.66 mM) in NaClO4 (0.1M)/DMF solution/C-

vitreous electrode. Eappl= -1.35 V vs. Ag+ (0.1 M, ACN)/Ag. 
bEC1: CPE with CH3I (15,1 mM). Experiments with [H2O]: 50.3 

mM. cEC2: CPE without CH3I and further addition of CH3I (15.1 

mM). Experiments with [H2O]: 50.3 mM. dElectrolysis time. 
eCurrent efficiency (%) was calculated based on the number of 

electrolyzed ISH mmoles. 

Cyclic voltammograms (CVs) of ISH in DMF/NaClO4 solu-
tion/C-vitreous electrode, without CH3I and H2O, were meas-

ured previously to the preparative experiments to choose the 

best conditions to obtain NMI and for information about the 
possible reaction mechanism. Up to four cathodic peaks (cp1-

4) can be observed in the CVs measured without CH3I in the 
electrolyte solution according to the ISH initial concentration 

(1.0 - 51.6 mM) and the potential scan rate (v: 0.020-0.500 

V/s). At v: 0.200 V/s and 6.45-12.9 mM ISH, the peak poten-
tials are Ecp1: -1.30 V; Ecp2: -1.47 V; Ecp3: -1.70 V and 

Ecp4: -1.87 V. The CV measured without CH3I in the electro-

lyte solution (Figure 1S) shows a mono-electron quasi-
reversible redox couple (cp1/ap1) when the potential scan 

includes only the first couple. ΔEp = Eap1 – Ecp1 = 70/n mV 
(the value for an ideal reversible process is 59/n mV).41 This 

result suggests that the radical-anion ISH●– is formed in 

cp142,43 at Ecp1 (Scheme 1). However, potential scan rate 
dependence is shown by the CVs when the potential is 

scanned to more cathodic zones. For the slowest v the CV 
shows the cp2 at Ecp2 (Figure 2S). As the potential is scanned 

at a higher v, the cp2 seems to disappear (Figure 2S) until it is 

no longer observed at the highest investigated rate. The possi-
ble superposition of the cp2 with the cp1 is neglected because 

the current intensity of the cp1 (Icp1) is linearly proportional 

to v1/2 (Figure 3S). This behavior suggests that a chemical 
reaction (C, Scheme 1) is taking place. We propose that this 

homogeneous reaction produces the radical ISH2
● and the 

anion IS– whose concentrations are dependent on ISH initial 

concentration (Figure 4S), as will be discussed below. The 

mono-electronic electro-reduction of the radical ISH2
● to the 

anion ISH2
– occurs at Epc2 (Figures 2S and 4S). As it was men-

tioned above, there is an effect of ISH initial concentration on 

the electrochemical behavior of ISH. Only two cathodic pro-
cesses, cp1 and cp4 (Figure 4S), are observed for the lowest 

concentration of ISH. As the concentration of ISH in the elec-
trolyte medium increases, cp3 begins to be detected at Ecp3 

(Figure 4S) and remains at the highest concentration, while 

cp4 disappears, being no longer observed at the highest inves-
tigated concentration. The cp4 (Figures 2S and 4S) corre-
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sponds to the mono-electronic reduction of ISH●– to the dian-

ion ISH2– (E4, Scheme 1). The Icp4 is linearly proportional to 
v 1/2, and it is diffusion controlled (Figure 3S). The Ecp3 is 

similar to that measured for ISH in DMF/NaClO4 solution in 
the presence of KOH, in a molar ratio ISH/KOH ca. 1 (Figure 

5S). Hence, cp3 is assigned to the reduction of the IS– anion 

(Figure 4S), and this is confirmed by the absence of cp4 for 
the lowest ISH concentration. The cp3 is only observable for 

the highest initial ISH concentrations (12.9 – 51.6 mM). The 

described behavior is rationalized as the result of the chemical 
reaction C (Scheme 1), slow on the CV time scale, following 

the first charge transfer.  

 

Scheme 1. Mechanism for electro-reduction of ISH in 

DMF/NaClO4 

 

The ESR spectrum (Figure 2) of a solution of 
ISH/DMF/NaClO4 electrolyzed for a short period of time (15 

min) shows the existence of a paramagnetic species, which is 

identified as ISH●– by spectral simulation (Figure 2). Hyper-
fine interaction of the free electron with the nitrogen nucleus 

and five non-equivalent protons is evidenced in the ESR spec-

trum (fit: 0.108 mT (1N); 0.377 mT (1H); 0.319 mT (1H); 
0.025mT (1H); 0.098 mT (1H) and 0.109 mT (1H); g factor = 

2.0044. The radical-anion ISH●– disappears during the course 
of the CPE as shown by the disappearance of the oxidation 

peak corresponding to the transformation of ISH●– in ISH in 

the registered CV for 175 min of electrolysis (Figure 6S). This 
observation suggests that the chemical step C (Scheme 1) also 

occurs during the CPE performed at the potential of the first 
reduction charge transfer. Accordingly, ISH2

● is more difficult 

to be reduced than ISH, because if the neutral radical was 

reduced at Ecp1 as might be supposed44,45 and the homogene-
ous reaction was occurring, the non-paramagnetic species 

ISH2
– would exist in the solution electrolyzed for large periods 

of time. 

Magnetic field (mT)
352

 

Figure 2. ESR spectrum recorded after the electrolysis (Eappl= -
1.35V) of a 4.3 mM ISH/DMF/0.1 M NaClO4 solution, for a short 

time (15 min). Experimental (▬▬) and fitted (▬▬) spectra. 

The important differences on the CV behavior of ISH in 

DMF/NaClO4 solution on carbon vitreous electrode between 
the results of our work and those published in the literature are 

the detection and stability of the species formed, and not the 
type of species generated during the electrode processes. Gup-

ta and Sindal43, working in solution of DMF/LiCl as support-

ing electrolyte system on a hanging mercury drop electrode, 
observed two separated one electron transfer waves. They 

propose that the first electron transfer leads to the formation of 

the radical ISH●─ and that the electro-reduction of ISH2
● 

formed by the homogeneous reaction C (Scheme 1) also oc-

curs at the potential of the first wave, whereas the second one 
leads to dioxindole by conducting controlled potential cou-

lometry. However, our work shows that ISH2
● is electro-

reduced at a more cathodic potential with respect to the initial 
organic substrate (Scheme 1). We show that the reduction of 

ISH2
● to ISH2

– does not occur at Ecp1 because if this was the 

situation, the ESR would not show a signal because ISH2
– 

instead of the radical anion would be the species present in the 

medium. However, the different behavior is rationalized by a 
competition between the electro-generated base (ISH2

–) and 

the solvent (Solv) by the cation of the supporting electrolyte 

(Na or Li): Na+/Li+[Solv]   +   ISH2
– 
  Solv   +   Na+/Li+[ 

ISH2
–].  This is a homogeneous equilibrium reaction subse-

quent to the charge transfer ISH2
●/ISH2

–, and the greater the 

value of the equilibrium constant, the greater the Ecp2 dis-

placement to less cathodic potentials should be observed in the 
measured CV, as it is suggested by Gupta and Sindal.43 Li+ 

tends to join the electrochemical processes of reduction,46,47 

which sometimes makes it difficult to separate consecutive 
processes of electronic transfer. Except for this aspect, Li+ 

does not present other significant difference with respect to 
Na+. The second aspect is the detection of the IS– reduction, 

which was observed for ISH concentrations higher than ca.13 

mM (Figure 4S), showing that the homogeneous reaction (C, 
Scheme 1) is dependent on the initial concentration of ISH. 

The comparison of our results with those from Gupta and 

Sindal,43 leads to the choice of the sodium salt and not a lithi-
um one to be selected as supporting electrolyte to obtain the 

desired NMI product. 

The presence of CH3I in the electrolyte solution causes 

some changes in the CV of ISH compared to the voltammo-

gram measured in the absence of the methylating agent. On 
the one hand, an increase in the cathodic current intensity for 

potentials lower than ca. -2 V because of the electro-activity 
of CH3I at these cathodic potentials is observed (CV of CH3I 

not shown). Also, the CV scanned (v: 0.200 V/s) including 

only the cp1 shows a decrease in the current intensity of ap1 in 
the reverse anodic scan for ISH initial concentration ca. 10 

mM (Figure 7S). This behavior suggests that both ISH●– 

and/or IS– (Scheme 1) could react with CH3I in homogeneous 
phase. However, the circulated charge in a CPE experiment 

corresponds to a number of mole of e–/mole of ISH ca. 1, and 
1 mole of NMI is formed/1 mole ISH electrolyzed (Table 1). 

Then, at least in CPE experiments performed with the methyl-

ating agent in the electrolyte solution, the nucleophilic species 
seems to be ISH● – and not IS–. ISH• ─ is sufficiently stable in 

DMF to be detected and measured by CV (Figures 4S and 6S) 

and ESR even if the sample was transferred into the ESR 
cavity after electrolysis outside (Figure 2). However, Batanero 

and Barba48 rationalized the electro-reduction ISH in DCM 
solution at a Pt or Hg through a first mono-electronic charge 

transfer with hydrogen evolution to the corresponding IS– 

E1;    ISH    +  1e–      ISH• ─                                       Ecp1: -1.30 V 

C ;    ISH• ─ +  ISH  →  ISH2
•    +   IS─                   slow   

E2;    ISH2
•   +  1e–   →   ISH2

─                                       Ecp2: -1.47 V 

E3;    IS─        +  1e–    →  IS•2─                                           Ecp3: -1.70 V 

E4;    ISH• ─ +  1e–    →  ISH2─                                       Ecp4: -1.87 V  
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anion. According to our knowledge, these authors do not in-

form experiments performed to detect or measure the hydro-
gen evolution. We consider that the different behavior of the 

ISH● – is the result of the solvent effect on the radical anion 
stability. It is known that solvation contributes to the stability 

of radical anions.49 Radical anions are especially sensitive to 

medium effects. A more exhaustive discussion of the solvent 
effect on the stability of radical anions is presented, for exam-

ple in ref. 50. On the other hand, Farinia et al.51 published that 

the radical anion (ISH• ─) which is formed in the first charge 
transfer step can react with ISH itself in a protonation reaction.  

The neutral radical formed can immediately add a second 
electron. That is, they propose the same chemical reaction “C” 

that we propose in our manuscript, but not the fast hydrogen 

evolution as Batanero and Barba suggest.48 

The CVs measured for the residual solids isolated (see ex-

perimental section) from the electrolyzed solutions (Figure 3) 

show three quasi-reversible cathodic peaks at -1.43, -1.98 and 
-2.35 V if the CPE was performed without CH3I added to the 

electrolytic medium, and only two reversible cathodic peaks 
at-1.42 and -2.00 V, if the CPE was performed in the presence 

of an excess of the methylating agent. The two less cathodic 

peaks correspond to NMI measured in the same electrolyte 
medium (Figure 8S).  

The identification and quantification of the reaction prod-

ucts were simultaneously performed by GC-MS peaks and the 
areas of the ion peaks, respectively. One or two peaks at m/z 

161.0 and 177.0 corresponding to NMI and N-methylisatoic 
anhydride (NMIA) with retention time 9.94 and 11.71 min, 

respectively (e.g. Figure 9S and Table 1S for the EC2 in Table 

1) are shown in the chromatograms of the residual solids after 
the workup of the electrolyzed solutions. The quantification of 

the products was carried out by means of the external standard 
method, using ISH as standard. 
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Figure 3. CVs measured for the residual solids isolated from the 

electrolyzed solutions. Electrolysis performed in the absence 

(▬▬) or in the presence (▬  ▬) of an excess of CH3I in the 
electrolytic media. Scan rate: 0.2 V/s. Electrolyte: 0.1M NaClO4 

in DMF. 

The workup of the solutions resulting of the CPEs per-
formed in the presence of CH3I without or with added H2O 

yields a solid which is identified (TLC and CG-MS) as NMI in 

quantitative molar yield, and 1 mol e─/mol of electrolyzed ISH 
is consumed to generate in the medium the anion radical 

ISH•─. On the other hand, when the CPE is performed in the 
absence of the electrophilic reagent, and it is added to the 

electrolytic medium after the CPE is complete, NMIA is 

formed in addition to NMI, both products with ca. 50% molar 
yields (Table 1). Based on the identity and the molar yield of 

the reaction products, the current efficiency, and the CV be-

havior, possible reaction pathways (Scheme 2) are proposed 
for the electrolysis performed in EC1 and EC2 (Table 1). The 

formation of NMIA is explained in Scheme 2. The nucleo-
philic anion ISH─ reacts with the keto-carbonyl group of the 

ISH molecule to form a new dimeric anion (1, Scheme 2). 

During the workup of the electrolyzed solution carried out in 
an open atmosphere, 1 is oxidized in the presence of atmos-

pheric oxygen giving rise to the radical 2 and the superoxide 

anion. Superoxide anion is coupled with 2 to form a molozo-
nide species (3, Scheme 2),52 which evolves to the ozonide. In 

the presence of CH3I and the water from the environment, 
ozonide hydrolysis takes place to finally produce NMIA. The 

remaining N-anion is converted to NMI by the excess of CH3I. 

Other authors have shown that in the absence of CH3I, the 
preparative cathodic reduction of ISH leads to the formation of 

tryptanthrin (Figure 1).48 In our work, we have not isolated any 

reaction intermediate, and from this point of view it might be 
possible that the proposed mechanism was not adequate. 

However, we consider that the possible mechanism published 
by Batanero and Barba48 has been at present accepted by the 

scientific community. We have not detected tryptanthin in the 

experiment performed without MeI in the catholyte. No signif-
icant changes in the results of the quali/quantitative analyses 

of the isolated reaction products are observed when the elec-

trolysis is carried out in the presence of water (Table 1). This 
result shows that NMIA is originated during the workup of the 

electrolyzed solution. 

In our procedure, the methylation of ISH is explained 

through the generation of ISH●─ by the electrochemical way. 

This methodology employs the electron as a reagent, and does 
not require the use of temperature for the formation of the 

reactive species to methylation. The yield of NMI is not modi-
fied in the presence of an excess of water in the electrolyte 

medium and thus the use of anhydrous solvents is not neces-

sary. However, to obtain NMI with the highest molar yield it 
is necessary to perform the CPE in the presence of the methyl-

ating agent. The electrolysis time 515 min (Table 1) was the 

time needed to electrolyze ISH in the presence of MeI and 
specially added H2O to study its effect on the electrochemical 

behavior. In this condition, a portion of the circulated charge is 
consumed by the electrolysis of the H2O and a decrease in the 

current efficiency is observed comparing with the experiment 

performed without added H2O. In the absence of added H2O to 
the electrolyte system, the electrolysis time was 115 min (Ta-

ble 1), and the current efficiency for NMI was 100%. The 

molar yield for NMI was quantitative for both experiments. 
The apparent inconvenient of relative electrolysis long time 

(see Table 1) could be easily resolved by changing of the 
electrochemical experimental conditions as the area of the 

used electrode, the concentration of the electroactive substrate, 

the design of the electrolytic cell, and the agitation speed, 
which favors the mass transport from the bulk of the solution 

to the electrode/solution interface. These conditions can be 
adjustable so that the electrolysis reaction time can be short-

ened.  

Scheme 2. Reaction mechanism proposed for the synthesis of 
NMI and NMIA.  
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Physical properties and spectroscopic data measured for 

NMI synthesized in this work were compared with those of the 

authentic sample and with data previously published by other 
authors28,32 and found to be identical. We carried out the 

search of NMI structure in Cambridge Structural Database 
(CCDC) and only found a single crystal X-ray analysis per-

formed to confirm the structure of an unexpected reaction 

product that was identified as NMI.53 While our manuscript 
was being sent to be considered for publication, Kumar et al.54 

published the crystal structure of NMI crystallized from meth-

anol, without reporting the CCDC number. The results ob-
tained by Kumar et al. and by us are similar, but they do not 

associate the intense color of NMI with its crystalline struc-
ture. Our detailed X-ray report (Table 2S) is presented in SI. A 

single crystal of NMI, obtained from CH2Cl2 solution by slow 

evaporation of the solvent, is shown in Figure 4a. The X-ray 
diffraction pattern shows that NMI crystallizes as a dimer and 

it does not include the solvent molecule. 

 

Figure 4. a) Single-crystal of NMI. b) View showing the 

dimeric arrangement of the two independent molecules in the 
asymmetric unit (upper pair of molecules) of solid state NMI. 

The bottom molecule is obtained from the upper one through a 

unit cell translation along the crystal a-axis. The displacement 
ellipsoids are drawn at the 30% probability level. The intra- 

and inter-dimer separations (in Å) correspond to distances 

from the centroids of the upper and bottom molecules to the 
plane through the middle one. Carbon, oxygen and nitrogen 

atoms are indicated by grey, red and blue colors, respectively.   

Figure 4b shows a MERCURY55 drawing of the solid state 

molecule. Intra-molecular bond distances an angles are in 

Table 3S. There are two chemically identical but crystallo-
graphically different molecules per asymmetric unit (space 

group P21/c, Z = 8). The intra-molecular geometry and met-

rics conform what is expected from established Organic 
Chemistry knowledge. Particularly, and because extended 

intra-molecular π-bonding delocalization, they are planar (rms 
deviation of non-H atoms from the least-squares plane less 

than 0.024 Å). The molecules are nearly parallel and rotated 

roughly 90º to each other and about 3.445 Å apart to conform 
a dimeric arrangement. Through unit cell translations along 

the short crystal a-axis, the dimers are piled-up about 3.484 Å 

apart in a canted fashion along this axis. The short inter-planar 
distances and significant molecular framework overlap favor 

considerable intermolecular π-π interaction which could ex-
plain the observed deep pink color exhibited by the solid (Fig-

ure 4a).  

In conclusion, we have developed an electrochemically in-
duced synthesis of NMI from ISH in DMF/NaClO4 as support-

ing electrolyte system on carbon vitreous electrode, in the 

absence or in the presence of CH3I and/or H2O, using the CPE 
technique. Results show that there is an effect of the experi-

mental conditions. NMI in quantitative molar yield and maxi-
mum current efficiency is obtained as the only reaction prod-

uct in CPE performed in the presence of CH3I in the electro-

lyte system. However, two products, NMI and NMIA are 
obtained in CPE performed in the absence of CH3I, but adding 

it once the CPE was completed. On the other hand, there is not 
a water effect on the identity and molar yield of the products. 

The oxidized species NMIA is originated during the workup 

of the electrolyzed solution. Reaction pathways are proposed 
for the formation of these products. Our protocol provides an 

appealing approach to NMI synthesis, as it proceeds at room 

temperature, without the use of an external reducing agent or 
anhydrous organic solvents.  

EXPERIMENTAL SECTION 

General information. The reagents and solvents were of 

analytical grade. Isatin (Merck) was purified by recrystalliza-

tion, 56 until constant melting point (m.p. 202-204 C; Lit. 56 

201-203 C). Commercial N-methyl isatin (Merck) was puri-

fied by recrystallization57 (m.p. 131-132 C; Lit.32 129-130 

C). Methyl iodide (Merck) and N-methylisatoic anhydride 
(high purity, ThermoFisher, Scientific) were employed as 

received without further purification. DMF puriss. p.a. 

(Merck) was dried with freshly activated 4Å molecular sieves 
and stored in the dry glove-box on a freshly activated molecu-

lar sieve. Its water content, measured by Karl-Fischer titration, 

was <50 ppm. Preparation of the solutions and electrochemical 
experiments were carried out inside a dry glove-box under a 

dry oxygen free nitrogen atmosphere. 

ESR spectra were obtained at room temperature in a 

Bruker EMX-Plus spectrometer, using the 9.7 GHz frequency. 

The samples were held in 1mm diameter flame sealed glass 
capillaries. The simulated ESR spectra were computed with 

the Easy Spin program.58,59 FT-IR spectra were recorded in 

KBr pellets on a Nicolet 380 FT-IR spectrophotometer, 
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equipped with a cryogenic MCT-A detector, cooled with liq-

uid nitrogen and purged with dry air. The measurements were 
made at frequencies between 4000-400 cm-1. GC-MS analyses 

were carried out in a Thermo Quest Trace model 2000, on a 
capillary column ZB-5HT Inferno (5% biphenyl, 95% polydi-

methylsiloxane), 30 m length, 0.32 mm internal diameter and 

0.25 µm of stationary phase thickness, and helium was used as 
the carrier gas at 1mL/min. The mass detector was found with 

an electron ionization source (EI) and in acquisition mode 

SCAN at 70 eV. Silica-gel plates F254Merck were used for 
TLC, and toluene/acetone (1:1 v/v) as the eluent solvent. Melt-

ing points were determined using the capillary tube method by 
a Melting Point Apparatus B-545 (Büchi, Flawil, Switzerland) 

and are uncorrected. 

Cyclic voltammetry (CV). The CV experiments were per-
formed in a conventional undivided gas-tight glass cell with 

dry nitrogen gas inlet and outlet. The working electrode was a 

3 mm diameter vitreous carbon disk encapsulated in Teflon, 
the counter-electrode was a 2 cm2 Pt foil, and an Ag+ (0.1 M, 

ACN)/Ag reference electrode (to which all potentials reported 
are referred) was used. NaClO4 was the supporting electrolyte. 

A LYP-M2 potentiostat, a 3-module LYP sweep generator and 

a WinPCChrom digital Data Acquisition Module were used. 

X-ray diffraction data. The measurements were performed 

on an Oxford Xcalibur, Eos, Gemini CCD diffractometer with 

graphite-monochromated CuKα ( = 1.54184 Å) radiation. X-

ray diffraction intensities were collected ( scans with  and 
κ-offsets), integrated and scaled with CrysAlisPro60 suite of 

programs. The unit cell parameters were obtained by least-
squares refinement (based on the angular settings for all col-

lected reflections with intensities larger than seven times the 
standard deviation of measurement errors) using CrysAlisPro. 

Data were corrected empirically for absorption employing the 

multi-scan method implemented in CrysAlisPro. The structure 
was solved by direct methods with the SHELXS program of 

the SHELX package61 and the corresponding molecular mod-
els developed by alternated cycles of Fourier methods and 

full-matrix least-squares refinement with the program 

SHELXL of the same package. All H-atoms were determined 
from a Fourier difference map phased on the heavier atoms 

and refined at their found locations with isotropic displace-

ment parameters. Crystal data, data collection procedure, and 
refinement results are summarized in Table 2S. CCDC number 

for the structure of NMI is 1829157. 

General procedure for the electrosynthesis. Controlled po-

tential electrolysis (CPE) of isatin (ISH) in dry DFM/NaClO4 

as solvent-supporting electrolyte system on a carbon vitreous 
electrode was performed in the absence and in the presence of 

an excess of water, in the presence of methyl iodide (CH3I) 

and in the absence of the methylating agent in the electrolyte 
solution (see EC1 and EC2 in Table 1). An excess of CH3I was 

immediately added to the electrolyte solution when the CPE 
performed in the absence of this agent was completed.  

The general procedure adapted for each case was the fol-

lowing: ISH (128 mg; 0.87 mmol) in 0.1M NaClO4/DMF (85 
mL) as the electrolyte solution was added to the cathode com-

partment of the cell. For the CPE performed in the presence of 

the methylating agent, 80μL of CH3I were added, and/or 77 μL 
of H2O (4.28 mmol) for the assays performed in its presence. 

The applied potential was -1.35 V (vs. Ag+ (0.1 M, 

ACN)/Ag)). The progress of the CPE was performed by TLC 

and CV. In all cases, the circulated current intensity (I) was 

recorded as a function of the electrolysis time (telect). When 

Ifinal<1%Iinitial the electrolysis was ended. The solution electro-
lyzed in the absence of CH3I showed an intense violet color at 

the end of the electrolysis. A change in the coloration of the 
solution to yellow-brown was observed after CH3I addition 

(15 mM). In all experiments the resulting cathodic solution 

was worked up, first removing the DMF solvent (2 mm Hg, 50 
ºC), DCM was added to the residual solid and the suspension 

was stored at 4 °C, for 24 h. The insoluble supporting electro-

lyte was separated by filtration and washed with DCM that 
was added to the filtered solution. DCM of the combined 

organic extracts was removed and the residual solid was dried. 
Its purity was checked by TLC and by gas chromatography 

coupled to a mass spectrometer (GC/MS). The reaction prod-

ucts were identified by GC/MS, TLC, mixed melting point and 
FT-IR by comparison with authentic samples. The electro-

chemical characterization was performed by CV inside a 

glove-box, under a dry oxygen-free N2 atmosphere. 

The electrolysis cell, the electrolyzed solutions and all the 

laboratory material used were covered with aluminium foil to 
prevent possible photochemistry of the reagents and/or prod-

ucts.62-64 

1-methylindoline-2,3-dione (NMI). Yellow crystalline sol-
id, (100% yield, 140.2 mg); m.p. 130–132 ºC. m/z (EI) 161.0; 

νmax (cm-1) 3054, 2923, 1742, 1723, 1599, 1467, 1091. See 

also: Figure 8S, Part I; Table 1S, Part II. 
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