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A novel, convenient, and practical one-pot procedure for the direct synthesis of spiroisoindoline-1,5 -oxa-
zolidine derivatives is described via oxidative cleavage of 3a,8a-dihydroxyindeno[2,1-d]imidazole-2,8-
diones with lead(IV) acetate at room temperature.
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Developing new synthetic methods for novel nitrogen-contain- reaction of ninhydrin 1 and urea (Scheme 1).7 In continuation of

ing molecules is an important area of organic synthesis.1 Among
these compounds, isoindoline derivatives are of particular interest
because of their diverse biological activities and clinical applica-
tions. The core ring structure is present in many heterocycles
which have been shown to elicit a wide array of biological effects
including NMDA receptor antagonism,2a modulation of estrogen2b

and dopamine D3 and D4 receptors,2c,d inhibition of selective sero-
tonin reuptake,2e and anti-bacterial activity.2f Similarly, oxazoli-
dine moieties are present in many biologically active molecules
of pharmaceutical interest. These ring systems have been exploited
successfully in medicinally valuable compounds such as the anti-
cancer prodrugs doxazolidine, doxoform, and doxaz carbamate.3

These heterocyclic units are also useful intermediates for the syn-
thesis of polymers and agricultural chemicals.4 Several substituted
oxazolidines have been investigated extensively because of their
importance as chiral auxiliaries in the synthesis of a variety of chi-
ral compounds and as chain-protecting groups for amino alcohols.5

The vast number of transformations1–4 reported over the last few
years has led to significant interest in the chemistry of these
compounds.6

Recently, we introduced a new procedure for the diastereose-
lective synthesis of highly functionalized dihydrofuran derivatives
3 by the intramolecular Wittig reaction on dihydroxyindeno[1,2-
d]imidazole 2, which was easily synthesized from the addition
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this work, and as a part of our ongoing program on ninhydrin-
based reactions for the preparation of new heterocyclic deriva-
tives,8 we focused our attention on the oxidative cleavage of the
dihydroxyindeno[1,2-d]imidazole derivatives 2 for the formation
of the corresponding heterocycles.

Initially, we found that when a mixture of lead tetraacetate and
dihydroxyindeno[1,2-d]imidazole9 (2a) in ethanol was stirred for
3 h at room temperature, a solid compound was obtained, and its
structure was characterized as 2-benzylspiro[isoindoline-1,50-oxa-
zolidine]-20,3,40-trione (4a) (Scheme 2) using spectroscopic data
and CHN analysis.

For example, the 1H NMR spectrum of 4a10 exhibited two dis-
tinct doublets at d 4.54 and d 4.75 readily recognized as arising
from two diastereotopic CH2 protons along with a singlet at d
2.54 for the NH proton. Nine aromatic H-atoms are located as mul-
tiplets in the range of d 7.28–7.89. The 1H-decoupled 13C NMR
spectrum of 4a showed 15 distinct resonances in agreement with
the proposed structure. The signals at d 44.0, d 153.3, d 167.9,
and d 169.7 correlated with the benzylic CH2 and carbonyl groups,
respectively. The spiro carbon resonated at d 95.7. The structure of
product 4a was further confirmed by mass spectrometry, which
showed a molecular ion peak at 308. Finally, the structure of the
product was determined unambiguously by an X-ray diffraction
study (Fig. 1).

Next, the solvent and temperature were investigated to find the
optimum reaction conditions. After extensive screening, we found
that the reaction proceeded best in acetic acid at room tempera-
ture. Increasing the reaction temperature not only remarkably
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Scheme 1. Our previous work7 on the diastereoselective synthesis of highly functionalized dihydrofurans 3.
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Scheme 2. Initial study on the oxidative cleavage of dihydroxyindeno[1,2-d]imi-
dazoles 2a.

Figure 1. X-ray crystal structure of 4a. CCDC 753345.

Table 1
One-pot synthesis of spiro[isoindoline-1,50-oxazolidine]-20 ,3,40-trione derivatives 4a
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a All reactions were performed using 1.0 mmol of ninhydrin, 1.0 mmol of urea,
and 1.5 mmol of Pb(OAc)4 in 5 mL of acetic acid at room temperature.

b Isolated yield.
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accelerated the reaction rate but also increased side reactions and
by-product formation.

Furthermore, using this method, we obtained the spiroisoindo-
line-1,50-oxazolidine derivatives 4a–d which could also be pre-
pared using a one-pot procedure involving the addition of lead
tetraacetate to a mixture of ninhydrin 1 and urea 5 (Scheme 3).
Using this one-pot procedure10 the separation and purification
steps involved with dihydroxyindeno[1,2-d]imidazoles 2 were
eliminated and consequently, a considerable amount of time and
solvent were saved. Some of the spiroisoindoline-1,50-oxazolidine
derivatives 4 were efficiently prepared using this optimized one-
pot procedure and their structures were deduced from spectro-
scopic data and CHN analysis.10 The results are shown in Table 1.
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Scheme 3. One-pot synthesis of spiroisoindoline-1,50-oxazolidines 4a–d.
Transannular interactions and reactions among functional
groups have already been identified when the donating and
accepting functional groups are located at suitable positions in
medium-sized (8–11-membered) ring molecules.11 Consequently,
here the formation of a benzo[e][1,3]diazocine-1,3,5,6(2H,4H)-tet-
raone intermediate 6 from the oxidative cleavage of cyclic diols 2,
involving lead tetraacetate, and its subsequent intermolecular
rearrangement to the spiroisoindoline-1,50-oxazolidines 4 is pro-
posed as a reasonable mechanism (Scheme 4).

The reaction was very sensitive to the nature of the R1 substitu-
ent; it progressed effectively when R1 was a small group such as H
or methyl (Table 1, entries 1–4), but no product was obtained with
more bulky R1 substituents such as phenyl, ethyl, and propyl, even
on heating the reaction mixture for a longer time.

In summary, we have reported a novel transformation involving
oxidative cleavage of 3a,8a-dihydroxyindeno[2,1-d]imidazole-2,8-
diones in the presence of lead(IV) acetate, which affords spiroiso-
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Scheme 4. Proposed mechanism for the formation of spiro[isoindoline-1,50-oxazolidine]-20 ,3,40-triones 4.
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indoline-1,50-oxazolidine derivatives. The combination of high
yields, short reaction times, and mild conditions makes this meth-
od highly efficient.
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