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Abstract An unexpected migration of a ninhydrin carbon bearing a
phenolic subunit has been observed when phenolic adducts of ninhy-
drin reacted with 2-aminophenol in butan-1-ol at the reflux tempera-
ture. The products were unambiguously assigned as 2-(1,3-dioxoiso-
indolin-2-yl)phenyl benzoates on the basis of NMR spectroscopy and
X-ray crystallographic analysis.

Key words phenols, rearrangement, heterocycles, migration, inser-
tion

Isoindole and its derivatives are found in a variety of
naturally occurring alkaloids and pharmaceutical com-
pounds.1 Among them, N-substituted phthalimides [1H-
isoindole-1,3(2H)-diones] have been considered as attrac-
tive synthetic targets due to their diverse biological activi-
ties2 and their applications as functional materials.3 Addi-
tionally, phthalimide photochemistry has been applied to
chiral synthesis,4 as well as in the synthesis of macrocyclic
polyethers.5 Recently, some substituted phthalimide deriv-
atives have been reported to exhibit color-tunable lumines-
cence.6 Therefore, access to N-substituted phthalimides re-
mains an important challenge in current organic chemistry.

On the other hand, ninhydrin [2,2-dihydroxy-1H-in-
dene-1,3(2H)-dione] is a compound with two hydroxy
groups attached to the same carbon atom, which is flanked
by two carbonyl groups. Adducts of ninhydrin have attract-
ed considerable attention due to their applicability as
building blocks in the development of various heterocyclic
scaffolds.7 We recently reported the synthesis of benzimid-
azoisoindole and benzodiazonine frameworks from ninhy-

drin–phenol adducts.8 Consequently, it was thought of in-
terest to explore the reactivity of ninhydrin adducts to-
wards 2-aminophenol. However, the reaction did not afford
the expected 3-(2-hydroxybenzoyl)-2-(2-hydroxyphe-
nyl)isoindolin-1-one 5,9 but instead we observed an inser-
tion of the 2-aminophenol core into the adducts in conjunc-
tion with a migration of the ninhydrin carbon to the amino-
phenol oxygen (Scheme 1). Although several related
migration reactions have been documented for different

Table 1  Optimization of the Synthesis of Benzoate 4a

Entry Solvent Temp. Time (h) Yield (%)

1 MeOH r.t. (25 °C) 24 NRa

2 EtOH r.t. (25 °C) 24 NR

3 BuOH r.t. (25 °C) 24 NR

4 EtOH reflux  8 NR

5 PrOH reflux  8 trace

6 BuOH reflux  3 60

7 MeCN reflux  8 NR

8 toluene reflux  8 NR
a NR = no reaction.
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systems,10 to the best of our knowledge, migration of the
ninhydrin ring carbon bearing a phenol is hitherto unre-
ported. Here, we report an unprecedented synthesis of 2-
(1,3-dioxoisoindolin-2-yl)phenyl benzoates 4 from 2-amin-
ophenol and ninhydrin–phenol adducts through this rear-
rangement.

The ninhydrin–phenol adducts, 2-hydroxy-2-(2-hy-
droxyaryl)-1,3-indanediones 2, were prepared as reported
previously11 by refluxing the corresponding phenols 1 with
ninhydrin in glacial acetic acid. The resulting adducts pref-
erentially remain in the cyclic hemiketal form 3.11a,b In the
next step, we treated the ninhydrin–guaiacol adduct 2a
with 2-aminophenol in various solvents. The reaction did
not proceed in methanol, ethanol or butan-1-ol at 25 °C
(Table 1, entries 1–3), and no reaction occurred refluxing
ethanol, even after eight hours (entry 4); however, traces of
the product were isolated when the reactants were heated
in propan-1-ol (entry 5). When the reaction was carried
out in refluxing butan-1-ol, the unexpected rearrangement
product 2-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)phenyl
2-hydroxy-3-methoxybenzoate (4a) was isolated in 60%

yield within three hours (entry 6).12 When the aprotic sol-
vents toluene and acetonitrile were used, the reaction
failed to give product 4a (entries 7 and 8).

Under the optimized conditions, various substituted
phenolic adducts 2b–g gave products 4b-g (Figure 1). Prod-
ucts 4a–g were all obtained smoothly as precipitates from
the reaction mixture in yields of 50–65%. Notably, simple
filtration afforded phthalimide derivatives 4a–g in a pure
form, and no byproducts were detected in the filtrate.

The IR spectrum of compound 4a exhibited bands at
1720 and 1688 cm–1 for the ester and imide carbonyl
groups, respectively. In the 1H NMR spectrum, the phenolic-
OH proton appeared as a singlet at δ = 9.89. Aromatic pro-
tons were observed in the range δ = 7.94–6.75. The 13C NMR
spectrum showed distinct signals in agreement with the
proposed structure. The structure of compound 4a was
supported by mass spectrometry, which showed a molecu-
lar ion [M + Na]+ at m/z = 412. The structure of 4a was final-
ly and unambiguously confirmed by single-crystal X-ray
analysis (Figure 2).13

Scheme 1  Synthesis of 2-(1,3-dioxoisoindolin-2-yl)phenyl benzoates 4
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Figure 1  Synthesized 2-(1,3-dioxoisoindolin-2-yl)phenyl benzoate derivatives 4a–g
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Figure 2  ORTEP view of compound 4a (40% thermal ellipsoids)

A plausible mechanism for the reaction, based on our
earlier results,8 is shown in Scheme 2. In Path a, the eight-
membered lactone intermediate A is subject to nucleophilic
attack by the NH2 group to give intermediate B. Subse-
quent intramolecular nucleophilic attack on the lactone
carbonyl, followed by breaking of the C–O bond, affords
the isoindolone core C. Alternatively, in Path b, the NH2
group of the 2-aminophenol attacks either carbonyl of the
diketo form 2 to produce intermediate D, which is attacked

by NH to generate C. Then intermediate E (formed by air ox-
idation) undergoes attack on the carbonyl group by the
phenolic–OH group, resulting in the formation of a new C–
O bond; subsequent cleavage of the C–C bond affords the
rearranged intermediate F. Finally, oxidation produces
product 4. However, hemiketal formation might be an im-
portant aspect, because the ninhydrin adduct of 1,4-dime-
thoxybenzene, which exists exclusively in the diketo form,14

did not lead to product formation when treated with 2-
aminophenol. Therefore, C is probably formed by Path A.
However, none of the intermediates A to F could be isolated
under the reaction conditions.

In conclusion, we have observed the migration of the
ninhydrin ring carbon to an aminophenol oxygen during
the reaction of 2-aminophenol with phenolic adducts of
ninhydrin. This migratory insertion reaction proceeds
through hemiketal formation. Thus, the novel reactivity of
ninhydrin adducts has been expanded.
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Scheme 2  Plausible mechanism for the reaction
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