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ABSTRACT: Sodium hydride, potassium carbonate, and other
bases are commonly used for N-alkylation of heterocyclic
compounds. This report reveals the problems associated with N-
benzylation of isatoic anhydride and identifies the plausible
byproduct structures formed during the reaction. Subsequently, a
novel breakthrough methodology has been developed using
diisopropylamine and tetra butyl ammonium bromide. It gives
excellent yields >88% in a short reaction time (2 h) at 30 °C with
no byproducts, saving on processes as the pure product is directly
obtained.

■ INTRODUCTION

N-Alkylated and benzylated isatoic anhydride and their
derivatives are the most expedient building blocks for the
synthesis of numerous potent nitrogen-substituted heterocyclic
compounds mainly N-substituted 4-hydroxyquinolinone es-
ters,1 acetylenic quinazolinones,2 anthranilamides, benzodiaze-
pinedione,3 quinazolinone,4 quinolone derivatives,5 benzoaze-
tinone,6 N-sulfonyl-1,2,3-triazoles,7 tryptanthrin,8 and 2,3-
dihydroquinazolin-4(1H)-ones.9 Therefore, in the global isatoic
anhydride market, 30−40% isatoic anhydrides have been used as
pharmaceutical and chemical intermediates. The isatoic
anhydride derivatives find a variety of applications that include
dyes, pigments, coupling agents, labeling, and functionalizing
target materials.
Owing to the significant importance of N-alkylated/

benzylated isatoic anhydride, various methodologies for its
synthesis have been developed earlier.10−16 However, these
methods have significant shortcomings and disadvantages of
product conversion, time, excess energy and cost-intensive
processes, nonrenewable, and usage of toxic chemicals. Hence,
there is a pressing need to develop a simple, generic, time,
energy, and cost-efficient eco-sustainable method for the
synthesis of N-benzylated isatoic anhydride and its derivatives.
The existing methods for the synthesis ofN-benzylated isatoic

anhydride can be summarized into three categories (Figure 1):

a Cyclization of anthranilic acid.10,11

b Carbonylation of substituted anilines with CO in the
presence of a Pd(II) catalyst.12−14

c Direct alkylation/benzylation of isatoic anhydride in the
presence of a base.11,15,16

In method a, anthranilic acid, phosgene, triphosgene, or ethyl
chloroformate are used as a source of a carbonyl group. Because
of high toxicity of phosgene and its analogs, this approach is
inconvenient.10,11 The method b has been developed to
overcome the problems for the synthesis of substituted isatoic
anhydrides based on the Pd(II)-catalyst. Yields of 6−99% are
reported in the literature.12−14 Numerous reagents like oxidants,
bases, additives, Pd catalysts, carbon monoxide, and non-
renewable solvents are used in this method making it highly
expensive and complex. Both the methods a and b produce the
intended product, but they require elevated temperatures (60−
100 °C), a long reaction time (10−16 h), usage of toxic
solvents/metal, and are cost-intensive.
Direct alkylation/benzylation of isatoic anhydride is most

commonly used (method c) for the preparation of a N-
substituted isatoic anhydride derivative. In 1975, Hardtmann
and co-workers reported the N-sodio derivative of isatoic
anhydride that is easily formed with sodium hydride and
potassium carbonate. TheN-Sodio derivative is readily alkylated
with alkenyl, propargyl, and benzyl halides. However, lower
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yields were found in the case of benzylation with secondary alkyl
halide with a reaction time of 18 h.11,15,16 In 2011, Wube and his
team followed the same method for the synthesis of N-
substituted isatoic anhydride derivatives with a slight
modification in reagent quantity and solvent. Alkylation was
completed in 24 h with an improved yield of 70−87%.5
Diisopropylethylamine (DIPEA) was also used for the
formation of N-benzylated isatoic anhydride.1,17

In 1997, Coppola reported that the alkylation of N-
substituted isatoic anhydride can be easily done with sodium
hydride/potassium carbonate bases followed by the addition of
an alkylating agent. However, direct substitution on nitrogen
with an aryl moiety is not possible. It could be achieved by direct
N-arylation of isatin with an aryl bromide in the presence of
cupric oxide followed by oxidation. N-Arylation of isatins was
completed in 5−8 h with 28−55% yield.18 Subsequent oxidation
of N-aryl isatin was required to obtain the desired products.
Chromic acid,19 chromium trioxide,20,21 glacial acetic acid with
hydrogen peroxide and concentrated sulfuric acid,21 urea
hydrogen peroxide complex with acetic acid and formic acid,22

m-chloroperbenzoic acid,1,23 and peroxomonosulfate24 are
frequently used for the oxidation of isatins. Despite these
methods, it is still challenging to decide which base should be
used for the synthesis of N-benzylated isatoic anhydride.
Consequently, there is a significant need for the development
of a methodology that is efficient, cost-effective, with a reduced

time and temperature, free from ametal catalyst, uses a less-toxic
solvent, and delivers a high yield with no side products.

■ RESULTS AND DISCUSSION
Bases such as sodium hydride,5,11,15,25 cesium carbonate,26,27

sodium carbonate,28 potassium carbonate,11,29−31 DIPEA,1

potassium hydroxide,32 di-N-propylaniline, N,N-diethylaniline,
tri-N-butylamine, sodium hydroxide,33 triethylamine,34 potas-
sium carbonate with potassium iodide,35 and 1,2,2,6,6-
pentamethyl piperidine36 are commonly used for the N-
alkylation/benzylation of heterocyclic compounds. Therefore,
as part of the ongoing research program, a detailed analysis was
carried out on different bases at varying temperatures and
timeframes for the N-benzylation of isatoic anhydride with 4-
chlorobenzyl chloride (Scheme 1, Table 1, and Figure 2:
synthetic route 1).
The examination was initiated with sodium hydride (NaH) as

the base at different temperatures (0, 30, and 80 °C). Multiple
products were formed at 80 °C as evident from the thin layer
chromatography (TLC)* image (Figure S1) resulting in a
complex mixture. Separation of these products became
extremely difficult by column chromatography because of the
formation of multiple byproducts. The plausible mechanism for
the formation of these byproducts was explored with the help of
the literature1 and spectroscopy data. It was found that several
byproducts such as benzyl aldehyde (BP1), sodium 2-

Figure 1. Schematic representation of advantages of our present method over reported methods for the synthesis of N-benzylated isatoic anhydride.

Scheme 1. Benzylation of Isatoic Anhydridea

aReaction conditions: 1 (1.0 mmol), 2 (1.1 mmol), base (1.0 mmol), and DMA (1.0 mL).
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isocyanatobenzoate (BP2), anthranilic acid (BP3), a double
benzylation product (BP4), corresponding benzyl ester (BP5),
and chloride salt of dimethylamine (BP6) were generated during
the reaction with a plausible mechanism as illustrated in Figure
3.
At 30 °C, two compounds were obtained as the major

products and the remaining compounds were of insignificantly
low quantity as evident from the preparative TLC* image
(Figure S2). The two major products were easily separated by
TLC. The nuclear magnetic resonance (NMR) spectroscopy
technique was used to identify the desired compound and to
calculate its percentage yield (Figure 4). However, the desired
compound could not be successfully obtained by column
chromatography and flash chromatography. It may be because of

the hydrolysis of anhydride functionality because the oxide beds
(silica, alumina) of the column may work as a catalyst for the
hydrolysis of anhydride, ester, and amide groups at room
temperature.37 At 0 °C, the unreacted starting material was still
over 50% and more than two byproducts were observed.
Furthermore, the role of other bases such as sodium

hydroxide (NaOH), sodium carbonate (Na2CO3), potassium
carbonate (K2CO3), and cesium carbonate (Cs2CO3) in
benzylation of isatoic anhydride was explored at 0, 30, and 80
°C. However, they too were found to be ineffective during the
reaction. Only 15−47% conversion of the desired product was
achieved with major byproducts. These reactions were
completed between 12 and 24 h at 30 °C. From the above
reactions, it is inferred that the isatoic anhydride ring is very
sensitive and gets opened in the presence of a strong base and
under high-temperature conditions (Figure 5).
To overcome this disadvantage of a strong base and a high

temperature, weak bases such as diisopropylamine (DIPA) and
DIPEA were evaluated only at 0 and 30 °C. During this reaction,
no byproducts were produced. However, the conversion was
found to be reduced at 30 °C even after 24 h. Therefore, to
enhance the conversion rate,30,38 the quaternary ammonium
salts (phase transfer catalysts) were incorporated into the above
reaction. This reaction was performed with a weak base (DIPA)
at 30 °C (Scheme 2i).
Screening of catalysts was started with 10−20 mol % tetra-n-

butyl ammonium bromide (TBAB) and the Mukaiyama reagent
(MR) with different equivalent millimoles of 4-chlorobenzyl
chloride (2) at 30 °C (Table 2). The best result was obtained
with 20 mol % TBAB catalyst and DIPA (2 equiv) having 1.5
mmol 4-chlorobenzyl chloride (2) within 2 h with 73.5%
conversion (Figure 6). The reaction time was significantly
reduced from 18 to 2 h with no requirement for higher
temperature. Despite these advantages, the reaction yield was
found to be less than 38%. With 20 mol % TBAB and 1.1 mmol
4-chlorobenzyl chloride, though 90% yield was obtained,
conversion was merely 50%.
After studying the reaction behavior of isatoic anhydride in

the presence of different catalysts and bases under different

Table 1. Investigation of Bases for N-Benzylation of Isatoic
Anhydride under Different Temperature Conditions for
Scheme 1

entry base temp. (°C) time (h) conversion (%)

1A1 NaH 0 24 30
1A2 NaH 30 12 48
1A3 NaH 80 06 trace
1A4 NaOH 0 24 16
1A5 NaOH 30 12 18
1A6 NaOH 80 06 nil
1A7 K2CO3 0 24 17
1A8 K2CO3 30 12 43
1A9 K2CO3 80 06 trace
1A10 Na2CO3 0 24 16
1A11 Na2CO3 30 12 39
1A12 Na2CO3 80 06 trace
1A13 Cs2CO3 0 24 15
1A14 Cs2CO3 30 12 47
1A15 Cs2CO3 80 06 trace
1A16 DIPA 0 24 nil
1A17 DIPA 30 24 13
1A18 DIPEA 0 24 nil
1A19 DIPEA 30 24 13

Figure 2. Synthetic routes for the preparation of 1-(4-chlorobenzyl)-1,3-benzaoxazine-2,4-dione. Synthetic route 1 shows the direct benzylation of
isatoic anhydride (1) with 4-chlorobenzyl chloride (2) to obtainN-benzylated isatoic anhydride (3) and synthetic route 2 uses benzylation of isatin (4)
in the presence of DIPA and TBAB catalysts (step 1) followed by the oxidation (step 2) to get N-benzylated isatoic anhydride (3).
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temperature conditions, it is concluded that N-benzylation of
isatoic anhydride cannot be achieved in its purest form.
Therefore, keeping in view the above reaction problems, we

performed a two-step reaction using isatin as the starting
material instead of isatoic anhydride (Figure 2: synthetic route
2). The first step involves N-benzylation of isatin, which is
followed by oxidation in the second step. Considering the
advantages and trade-offs of TBAB andDIPA, theN-benzylation
of isatin was performed under optimized conditions (Scheme
2ii). During step I, the substituted isatins at the 5th position gave
excellent yields of N-benzylated isatins ranging from 76 to 88%.
The purity of N-benzylated isatins was checked using 1H NMR.
The reaction was found to be compatible with various functional
groups; from electron-withdrawing to electrodonating groups
such as fluro, chloro, bromo, and methyl groups.
The second step involved the oxidation ofN-benzylated isatin

to obtain the desired compoundN-benzylated isatoic anhydride.
Various oxidizing agents such as peroxyacids and peroxides
[peracetic acid, performic acid, metachloroperbenzoic acid
(MCPBA), and hydrogen peroxides with lewis acids] were used.
First, peracetic acid was used because it is safe, cheap and easily
available. Two spots were revealed after the completion of the
reaction with peracetic acid and performic acid (Figure S6a,b,

Figure 3. The plausible mechanism for the formation of byproducts during the reaction of synthesis of N-benzylated isatoic anhydride.

Figure 4. 1HNMR spectrum of the crude reactionmixture with sodium
hydride.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://dx.doi.org/10.1021/acsomega.1c00061
ACS Omega 2021, 6, 8346−8355

8349

http://pubs.acs.org/doi/suppl/10.1021/acsomega.1c00061/suppl_file/ao1c00061_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00061?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00061?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00061?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00061?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00061?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00061?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00061?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00061?fig=fig4&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://dx.doi.org/10.1021/acsomega.1c00061?ref=pdf


Table 3). These two compounds (1-(4-chlorobenzyl)-1,3-
benzaoxazine-2,4-dione and isomeric 1-(4-chlorobenzyl)-2,3-
dioxo-1,4-benzoxazines) might be produced by the rearrange-
ment of the Criegee adduct (acts as the intermediate), which is
produced by possible attack of peroxide at the C3 position21

(Figure 7). Separation of these isomeric compounds was not
possible by ordinary chromatography.
Then, other peroxides were tested to achieve a regioselective

synthesis of 1-(4-chlorobenzyl)-1,3-benzaoxazine-2,4-dione.
Ring opening was observed with peroxymonosulfuric acid
(Scheme 3i, Figure 8). Lewis acid with hydrogen peroxide was
also tried but no product was formed (Scheme 3ii, Table 3).
Finally, the reaction was performed with metachloroperbenzoic
acid (Scheme 3iii). The 95% yield of the regioselective
compound 1-(4-chlorobenzyl)-1,3-benzaoxazine-2,4-dione was
obtained within 2−4 h. Purity of the compound was checked by
using 1H NMR and the status of ring opening was checked by
infrared (IR) spectroscopy where it was observed that the ring
was quite stable (Figure 9).
Subsequently, the best solvent for this reaction, reagents, and

conditions were identified and listed in Table 4. Dichloro-
methane (DCM), benzene, chloroform, ethanol, ethyl acetate,
acetonitrile, and tetrahydrofuran (THF) were used as solvents.
The product yield was found to be 95% with benzene. Benzene
and DCM solvents were more compatible for oxidation with
MCPBA.

■ CONCLUSIONS

The direct N-benzylation of isatoic anhydride using the entire
range of strong to weak bases led to the formation of many
byproducts and proved to be ineffective and cost-intensive. The
combination of conditions (2 equiv DIPA and 20% mol TBAB
catalyst, at a normal temperature of 30 °C and a reaction time of
2 h), though useful, results in an unstable anhydride ring of N-
benzylated isatoic anhydride in silica and alumina columns.With
73% conversion of the desired product, the final yield wasmerely
35%. However, using the same combination for the N-
benzylation of isatin with a hard nucleophile (4-chlorobenzyl
chloride), the yield was increased to >88% with absolutely no
byproducts. This combination is remarkably useful, for the N-

benzylation of various N-containing heterocyclic nuclei except
in the case of anhydride with a hard nucleophile in polar aprotic
solvents. After N-benzylation of isatin, the insertion of oxygen
with ring expansion was successfully achieved using MCPBA
with 95% yield.
In view of the above, it can be concluded that direct

benzylation of isatoic anhydride cannot be achieved with a high
yield without byproducts and accompanying high cost. The N-
benzylated isatoic anhydride in the pure form with all the added
advantages can be accomplished using this novel breakthrough
methodology with isatin followed by oxidation. This method-
ology uses the green chemistry concept and is helpful for the
scientific community as a whole.

■ EXPERIMENTAL SECTION

General Information. All reagents, solvents, and TLC
plates were procured from Sigma Aldrich, Himedia, LOBA, and
Spectrochem. Reactions were carried out in oven-dried
glasswares and solvents were dried using distillation followed
by the addition of 3 Å activated (250 °C for 2 h) molecular
sieves. The progress of reactions was checked by silica gel G
TLC plates with F-254 and spots were visualized under an UV
chamber at 254 and 365 nm. The purification of the compounds
was done by flash chromatography (EPCLC AL-580S &
Yamazen Corporation) on the silica gel with hexane and ethyl
acetate as a mobile phase. Melting points of the synthesized
compounds were recorded using Thiele’s tube. The infrared
spectra of the compounds were recorded on FT-IR-8400S
(Shimadzu). Proton and carbon-13 nuclear magnetic resonance
spectra were recorded on a Bruker DX 400/500 MHz
spectrometer. CDCl3 and DMSO-d6 were used as a solvent. In
1H NMR, chemical shifts were reported in parts per million and
tetramethylsilane was used as an internal standard.

Experimental Details for the Synthesis of N-Benzy-
lated Isatoic Anhydride from Isatoic Anhydride. General
Procedure for Scheme 1. The base (Table 1, 1 mmol) was
slowly added to a solution of isatoic anhydride (0.163 g, 1
mmol) in 1 mL N,N-dimethylacetamide with continuous
stirring at different temperatures (0, 30, and 80 °C). 4-
Chlorobenzyl chloride (0.192 g, 1.1 mmol) was added to the

Figure 5. IR spectrum of the reaction mixture with sodium hydride.
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reaction mixture. After completion of the reaction, the reaction
mixture was poured into crushed ice. The precipitate was filtered
off, washed with cold water, and dried.
General Procedure for Scheme 2i. Isatoic anhydride (0.163,

1 mmol) was dissolved in N,N-dimethylacetamide (2 mL) and
then tetra butyl ammonium bromide (0.145 g: 10mol % 0.322 g:
20 mol %) as a catalyst and the DIPA (0.28 mL, 2 mmol) base
were added to the reaction mixture with continuous stirring at
30 °C. After 5 min, 4-chlorobenzylchloride (0.192 g: 1.1 mmol/
0.262 g: 1.5 mmol) was added to the reaction. The reaction
mixture was continuously stirred for 2 h at the same
temperature. The reaction mixture was poured into the crushed

ice. The precipitate was filtered off, washed with cold water, and
dried.

Experimental Details for the Synthesis of N-Benzy-
lated Isatin. General Procedure for Scheme 2ii. DIPA (0.28
mL, 2 mmol) and tetra butyl ammonium bromide (0.32 g, 20
mol %) were added to the solution of isatin (1 mmol) in N,N-
dimethylacetamide and 4-chlorobenzyl-chloride (1.1 mmol)
was added to the reaction mixture, the reaction mixture was
poured into the crushed ice after 2 h mixing at 30 °C. The
precipitate so obtained was filtered off and washed with water
and dried. Completion of the reaction was checked by TLC

Scheme 2. (i) Benzylation of Isatoic Anhydride; (ii) Benzylation of Isatinsa

aReaction conditions: 2i. 1 (1.0 mmol), 2 (1.1 mmol/1.5 mmol), DIPA (2 mmol), 2A (10 mol %/20 mol %), 2B (10/20 mol %), DMA (2 mL).
2ii. 4 (1.0 mmol), 2 (1.1 mmol), DIPA (2 mmol), 2A. TBAB (20 mol %), and DMA (2 mL).
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(Figure S5). Further purification was not required in this
reaction (5a−5e).

Experimental Details for the Synthesis of N-Benzy-
lated Isatoic Anhydride from N-Benzylated Isatin.
General Procedure for Scheme 3i. 3A. 1-(4-Chlorobenzyl)
indolin-2,3-dione (0.271 g, 0.01 mol), urea hydrogen peroxide
complex (97%; 0.145 g, 0.015 mol), acetic anhydride (8 mL),
glacial acetic acid (1 mL), and a few drops of concentrated
sulfuric acid were taken in a round bottom flask. The reaction
mixture was stirred for 24 h at room temperature. The resulting
precipitate was filtered off and dried.
3B. Formic acid (8 mL) was taken in place of acetic anhydride

and glacial acetic acid.
3C. Concentrated sulfuric acid (6 mL) and 30% hydrogen

peroxide (2 mL) were taken in place of formic acid and the urea
hydrogen peroxide complex.

General Procedure for Scheme 3ii. 4A. Mercuric chloride
(0.169 g, 20 mol %) and the urea hydrogen peroxide complex
(97%; 0.145 g, 1.5 mmol) were added in the solution of 1-(4-
chlorobenzyl) indolin-2,3-dione (0.271 g, 1 mmol) in ethanol.
This reaction mixture was refluxed for 48 h at 60 °C. The
reaction did not proceed even after 48 h of refluxing. The
reaction was monitored by TLC.
4B. Bismuth nitrate (0.246 g, 20% mol) was taken in place of

mercuric chloride.
General Procedure for Scheme 3iii. 1-(4-Chlorobenzyl)-

indolin-2,3-dione (1 mmol) was dissolved in a solvent (Table
S4). MCPBA (77%; 1.1 mmol) was added slowly with
continuous stirring at 30 °C. A white solid was observed in
the reaction mixture within 2 h. In the case of some derivatives,
the stirring was continued up to 4 h to achieve completion of the
reaction. The reaction mixture was diluted with benzene/DCM
to dissolve the precipitate and washed with 5% sodium
bicarbonate solution to remove the acidic impurity formed
during the reaction. It was further washed with 5% sodium sulfite
solution to remove the excess MCPBA. The organic layer was
dried with anhydrous sodium sulfate and the solvent was
evaporated. The reaction status was checked by the TLC (Figure
S7) and the status of ring opening was checked by IR
spectroscopy where the ring was found to be quite stable
(Figure 9).

Table 2. Optimization of the Catalyst (Percentage) and
Reaction Time for the Synthesis of 1-(4-Chlorobenzyl)-1,3-
Benzoxazine-2,4-dione in the N,N-Dimethylacetamide
Solvent for Scheme 2i

entry
catalyst
mol %

time
(h)

4-ClBa

(equiv mm)
conversion

(%)
yield
(%)

2A TBAB
2A1 10 4 1.1 48.0 88.0
2A2 20 2 1.1 50.0 90.0
2A3 10 4 1.5 71.0 32.0
2A4 20 2 1.5 73.0 38.0
2B MR
2B1 10 5 1.1 Nil
2B2 20 2 1.1 Nil

a4-ClB = 4-chlorobenzyl chloride.

Figure 6. 1H NMR spectrum of the crude reaction mixture with DIPA.

Table 3. Screening of Oxidizing Agents for the Conversion of
N-Alkylated Isatin to N-Alkylated Isatoic Anhydride for
Scheme 3iii

entry oxidizing agents catalyst T (°C)
time
(h)

yield
(%)

3A peracetic acid 30 24 70
3B performic acid 30 24 75
3C persulfuric acid 30 24 trace
4A hydrogen peroxide bismuth nitrate 60 48 nil
4B hydrogen peroxide mercuric chloride 60 48 nil

Figure 7. Rearrangement of the Criegee adduct formed during oxidation of isatins into two possible isomers.
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Scheme 3a

aReagent conditions: 3i. 5 (0.01 mol), 3A [urea H2O2 complex (0.015 mol), acetic anhydride (8 mL) and glacial acetic acid (1 mL)], 3B [urea
H2O2 complex (0.015 mol) and acetic anhydride (8 mL)], 3C [30% H2O2 (2 mL) and 95% H2SO4 (6 mL). 3ii. 5 (0.01 mol) 4A (20 mol %), 4B
(20 mol %), ethanol (4 mL), urea H2O2 complex (0.015 mol). 3iii. 5 (1 mmol), MPCBA (1.1 mmol), and DCM (13.5 mL).

Figure 8. IR spectrum of the reaction mixture with peroxymonosulfuric acid.
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