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Abstract: The oxidation of 3a,8a-dihydroxy-2-(alkyl/benzylthio)indeno[1,2-d]imidazol-8(3H)-

ones to give the corresponding 3-(alkyl/benzylthio)-9b-hydroxy-1H-imidazo[5,1-a]isoindole-

1,5(9bH)-dione derivatives in good to excellent yields at room temperature using two oxidants, 

periodic acid in aqueous ethanol and lead(IV) acetate in acetic acid, has been reported.  

Keywords: 3a,8a-dihydroxyindeno[1,2-d]imidazoles, 9b-hydroxy-1H-imidazo[5,1-a]isoindole-

1,5(9bH)-diones, oxidation, periodic acid, lead(IV) acetate 

The imidazolyl moiety
1
 has a wide-range of applications as building blocks in the 

development of new drugs,
2
 organometallic catalysis,

3
 coordination chemistry,

4
 and asymmetric 

catalysis.
5
 Isoindole is an important heterocyclic ring system which occurs as the core structure 

in a variety of naturally occurring alkaloids and synthetic compounds,
6
 possessing a diverse 

pharmacological profile including antimicrobial,
7
 anthelmintic,

8a-b
 insecticidal,

8c
 cyclooxygenase 

isoenzyme (COX-2),
9a

 thrombin inhibition
9b

 and anticancer activities.
9c

 They also have broad 

applications as organic light-emitting devices (OLED)
10

 and as key structural moieties for the 

preparation of oligoacenes
11a-b

 and porphyrins.
11c-d

 Among the imidazole fused isoindoles, the 

synthesis and biological activity of imidazo[5,1-a]isoindole derivatives are more widely 

investigated. There are several reported procedures for the preparation of these compounds, 

however, the majority of these methods suffer from one or more drawbacks such as the use of 

structurally complex and expensive catalysts and starting materials, harsh reaction conditions, 

multi-step procedures leading to low overall yields, and low chemoselectivity.
12-19

  

Recently we reported the oxidative cleavage of a series of vicinal cyclic diols, prepared 

from the addition reactions of ninhydrin with several 1,3-binucleophiles; e.g. urea,
20

 



  

aminouracil,
21

 enol,
22a

 and enamine
22b-c

 derivatives, using lead(IV) acetate or periodic acid under 

various conditions. In all cases the reactions progressed via eight-membered heterocyclic 

intermediates containing 1-donor-5-acceptor groups, similar to that shown in Scheme 3 

(intermediate E). Depending on the employed oxidant, reaction conditions, and the nature of 

substituents, these intermediates were converted to spiro
20-22b

 or fused
22c

 N/O-containing 

heterocycles.  

As a part of our ongoing program on the synthesis of novel heterocycles,
23

 we have 

investigated the synthesis and oxidation of 3a,8a-dihydroxy-2-(alkyl/benzylthio)indeno[1,2-

d]imidazol-8(3H)-ones 4. To begin, 2-(benzylthio)-3a,8a-dihydroxy-3a,8a-dihydroindeno[1,2-

d]imidazol-8(3H)-one 4a was prepared in high yield from the one-pot, two-step reaction of 

thiourea and benzylchloride in EtOH, followed by the addition of ninhydrin (Scheme 1). 

Addition of benzyl chloride to thiourea gave 2-benzylisothiouronium chloride 3a which was 

directly subjected to the addition reaction with ninhydrin at room temperature to give 3a,8a-

dihydroxyindeno[1,2-d]imidazole 4a whose structure was determined by 
1
H and 

13
C-NMR 

spectroscopy as well as mass spectrometry. 

 

Scheme 1. One-pot synthesis of 3a,8a-dihydroxyindeno[1,2-d]imidazole 4a  

Next, with the expectation of the formation of either compound 5 or 6 (Fig. 1),
20-22

 we 

investigated the oxidative cleavage of 3a,8a-dihydroxyindeno[1,2-d]imidazole 4a using two 

oxidants; lead(IV) acetate and periodic acid under different conditions.  

 

Figure 1. Expected products
20-22

 from the oxidative cleavage of 3a,8a-dihydroxyindeno[1,2-

d]imidazole 4a 



  

After extensive screening, we found that the reaction proceeded best with periodic acid in 

aqueous EtOH at room temperature (Scheme 2). Although, the 
1
H and 

13
C-NMR and mass 

spectrometry data of the obtained compound was initially indicative of spiro[imidazole-4,1'-

isobenzofuran] 5 (Fig. 1), to our surprise, single crystal X-ray crystallography showed that the 

reaction proceeded with the formation of 3-(benzylthio)-9b-hydroxy-1H-imidazo[5,1-

a]isoindole-1,5(9bH)-dione 7a (Fig. 2). 

 

Scheme 2. Preparation of 3-(benzylthio)-9b-hydroxy-1H-imidazo[5,1-a]isoindole-1,5(9bH)-

dione 7a  

The 
1
H NMR spectrum of 7a exhibited an AB-quartet pattern at δ 4.60 arising from two 

diastereotopic CH2 protons as well as a broad singlet at δ 8.15 for the OH proton. Nine aromatic 

H-atoms were observed as multiplets in the range of δ 7.20–8.05. The 
1
H-decoupled 

13
C NMR 

spectrum of 7a showed 15 distinct resonances which were in agreement with the proposed 

structure. The signals at δ 36.1, δ 166.1, δ 180.9 and δ 185.1 correlated with the benzylic CH2 

functional group, the S-Bz substituted carbon of the imidazole moiety and the carbonyl groups, 

respectively. The quaternary carbon connected to the hydroxyl group resonated at δ 90.6. The 

structure of product 7a was further confirmed by mass spectrometry, which showed a molecular 

ion peak at 324.  



  

 

Figure 2. Single crystal X-ray structure of 7a (CCDC 1506317). 

 

In order to evaluate the feasibility of this new strategy for the synthesis of 3-

(alkyl/benzylthio)-9b-hydroxy-1H-imidazo[5,1-a]isoindole-1,5(9bH)-dione derivatives 7, 

various thioalkyl and thioaryl substituted 3a,8a-dihydroxyindeno[1,2-d]imidazoles 4 were 

subjected to the oxidation reaction with periodic acid in aqueous EtOH at room temperature. All 

reactions were complete in less than 20 minutes and the precipitated products 7 were purified by 

recrystallization from EtOH or column chromatography (Table 1).  

Table 1. Synthesis of 3-(alkyl/benzylthio)-9b-hydroxy-1H-imidazo[5,1-a]isoindole-1,5(9bH)-

diones 7a-p from the oxidation of 3a,8a-dihydroxyindeno[1,2-d]imidazole derivatives 4a-p  



  

 

Entry Product (7) Yield
a
 Yield

b
 Entry Product (7) Yield

a
 Yield

b
 

1 

 

92 93 9 

 

85 85 

2 

 

95 90 10 

 

95 90 

3 

 

90 84 11 

 

88 90 

4 

 

90 83 12 

 

98 86 

5 

 

85 91 13 

 

77 80 

6 

 

96 85 14 

 

90 83 

7 

 

90 93 15 

 

80 77 



  

8 

 

93 81 16 

 

80 89 

a
Isolated yield using the H5IO6/H2O/EtOH system; 

b
Isolated yield using the Pb(OAc)4/AcOH 

system 

 

As shown in Table 1, the procedure worked well for both alkyl and benzyl substituted 

diols 4. The oxidation reaction of diols 4a-p proceeded rapidly, however, the benzyl substituted 

products 7a-l were more conveniently precipitated from the reaction mixture. Therefore, benzyl 

substituted products 7a-l were obtained in relatively higher yields than the corresponding alkyl 

substituted products 7m-p. 

Notably, the oxidation of 3a,8a-dihydroxyindeno[1,2-d]imidazole derivatives 4a-p with 

lead(IV) acetate in acetic acid at room temperature also progressed efficiently to give the 

corresponding 9b-hydroxy-1H-imidazo[5,1-a]isoindole-1,5(9bH)-diones 7a-p in good to 

excellent yields. Although, from an eco-friendly point of view, the aqueous periodic acid system 

is preferred.  

A proposed mechanism is shown in Scheme 3. Benzo[e][1,3]diazocine-1,5,6(2H)-trione 

E resulting from the oxidation of diols 4 with periodic acid or lead(IV) acetate proceeds via 

intermediates C and D, respectively. Due to the suitable positioning of electron-donating (N-2) 

and electron-withdrawing (C-6) atoms, strong transannular interactions between N-2 and C-6 are 

predominant in benzodiazocine cycle E. Unlike our previous studies
20-23,25

 where this type of 

transannular interaction caused ring cleavage at the C(1)-N(2) bond, in the case of 

benzodiazocine E, this interaction led to cyclization.  



   

Scheme 3. Proposed mechanism for the preparation of imidazo[5,1-a]isoindoles 7 via oxidation 

of dihydroxyindenoimidazolones 4  

In summary we have studied the oxidation of dihydroxyindeno[1,2-d]imidazolones using 

periodic acid in aqueous ethanol and lead(IV) acetate in acetic acid. Using these oxidation 

systems we have introduced two highly efficient procedures for the synthesis of 9b-hydroxy-1H-

imidazo[5,1-a]isoindole-1,5(9bH)-dione derivatives.  
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*Simple method for the synthesis of structurally complex compounds 

*Procedures are fast and highly efficient 

*The starting materials are simple and commercially available 

 

 


