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The reaction between o-phenylenediamine and 2,3-dichloromaleic 

anhydride has been probed and found to give 2,3-dichloropyrrolo[1,2-a]- 

benzimidazol-1-one as the major product.  Chlorine substitution in 

2,3-dichloropyrrolo[1,2-a]benzimidazol-1-one by added benzylthiol occurs in 

the presence of pyridine to provide the corresponding monosulfide and 

disulfide derivatives.  The first benzylthiol ligand undergoes reaction at the 

C-3 position of the five-membered pyrrolo-1-one ring, with the addition of the 

second benzylthiol ligand occurring at the remaining chlorine-substituted 

carbon.  The mono- and disulfide derivatives have been isolated and 

characterized in solution by NMR, IR, and UV-vis spectroscopies, and the 

solid-state structure of 2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol-1-one has 

been established by X-ray crystallography. 
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INTRODUCTION 

     The chemistry of transition-metal complexes and their phosphine- 

substituted derivatives, a rapidly developing area of research, has been 

studied extensively in recent years.1  Dr. Richmond’s group is interested in 

the study of the interaction between redox-active diphosphine ligands and 

polynuclear cluster compounds such as ruthenium and cobalt clusters 

containing µ3-capping ligands.2  In order to explore the effect of the capping 

ligand on the course of ligand substitution related with the group’s interest in 

producing clusters with multiple redox properties, a second generation of new 

sulfur-based redox-active ligands is being synthesized.  

     Benzimidazole derivatives have been studied over the years and 

employed in various applications.  For example, they can be used as 

antitumor drugs, anticonvulsant agents, or organic electroluminescent 

elements.3,4,5  The benzimidazole ring and the structurally related indole and 

purine rings play a significant role in biological processes.6  The indole ring is 

commonly found in nature and is a constituent ring of the heme, melatonin, 

and indomethacin ring systems just to name a few.  The purine ring is a 

component of the guanine and adenine base residues in DNA.  The 
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benzimidazole ring is also found in vitamin B12, and this same ring serves as 

the parent heterocyclic ring in various drug agents.7  The numbering 

sequence for these important rings is shown in Figure1. 
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Figure 1. Structures of benzimidazole, indole, and purine rings. 

 

 To synthesize the benzimidazole scaffold, the starting materials would be 

an ortho-phenylenediamine and a reagent that allows for the insertion or 

incorporation of the required carbon, such as an aldehyde or carboxylic acid 

component.  There are many reports of the synthesis of benzimidazole 

derivatives.  One of the most important methods for preparing benzimidazole 

was reported by Phillips in 1928.8  In this synthesis an o-phenylenediamine is 

heated in the presence of HCl with a carboxylic acid, with Equation 1 showing 

the course of this reaction. 
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 Benzimidazole is a 10 π electron system, where two of the 10 π electrons 

are contributed by the nitrogen atom at position 1 of the aromatic ring system. 

The hydrogen associated with the nitrogen at position 1 has a pKa value about 

12, making it difficult to substitute by other groups using conventional acid and 

base techniques.  This same hydrogen on the N(1) center of benzimidazole 

can be removed by using sodium hydride, which enables the synthesis of other 

benzimidazole derivatives.9  It should be noted that it is still difficult to attach 

other substituents to the C-2 position of the ring.  A novel synthesis for the 

benzimidazole derivative, 2,3-dichloropyrrolo[1,2-a]benzimidazol-1-one, has 

been carried out by our group.  The reaction between o-phenylenediamine 

and 2,3-dichloromaleic anhydride in the presence of PTSA gives 
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2,3-dichloropyrrolo[1,2-a]benzimidazol-1-one as the major product.10  The 

structure of this heterocyclic compound is shown in Figure 2.  The material 

exhibits a yellow color and possesses high thermal stability.11  In our research 

group, the compound 2,3-dichloropyrrolo[1,2-a]benzimidazol-1-one was of 

interest to us because it has the potential to serve as a platform for the 

construction of new bidentate ligands through an addition-elimination reaction 

at each of the chlorine-substituted carbons. 

 

                           

N N
O

Cl Cl  
Figure 2. Structure of 2,3-dichloropyrrolo[1,2-a]benzimidazol-1-one. 

 

 The cyclic compounds 2,3-dichloromaleic anhydride and 

4,5-dichloro-4-cyclopenten-1,3-dione have been used as precursors for the 

synthesis of the corresponding diphosphine complexes 

2,3-bis(diphenylphosphino)maleic anhydride (bma) and 

4,5-bis(diphenylphosphino)-4-cyclopenten-1,3-dione (bpcd).  These two 
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particular diphosphines, first prepared by Becher and Fenske, have been used 

as ligands in the syntheses and redox investigations of other mononuclear 

compounds by the same group.12  In addition, these two ligands, which 

possess a low-lying π* orbital that is delocalized over each five-membered ring, 

display unique electronic properties.  An organometallic compound formed 

from either of these ligands is predicted to have a LUMO that is expected to 

serve as an efficient electron reservoir by stabilizing electron counts in excess 

of 18 electrons.13  The structures of these bidentate phosphines are shown 

below (Figure 3).  

 

          Ph2P

OO

PPh2

O

          Ph2P

OO

PPh2 

bma                        bpcd 

Figure 3. Bidentate phosphines 

 

  Dr. Richmond’s group has been interested in the substitution and redox 

chemistry of diverse mono- and polynuclear metal complexes with polydentate 

phosphine ligands as a means to prevent or retard cluster fragmentation in 
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electron-transfer reactions.14  Replacement of the two chlorine atoms in 

2,3-dichloromaleic anhydride and 4,5-dichloro-4-cyclopenten-1,3-dione, 

respectively, by diphenylphosphine groups affords the corresponding 

redox-active ligands bma and bpcd.  Because the six-π electron system 

associated with the pyrrolo-1-one ring in 2,3-dichloropyrrolo[1,2-a]- 

benzimidazol-1-one and the extended π system in both bma and bpcd are 

similar in nature, the functionalization of 2,3-dichloropyrrolo[1,2-a]- 

benzimidazol-1-one by suitable phosphine and thiol reagents is predicted to 

give new redox-active ligands based on a heterocyclic theme containing three 

fused rings. 

 Wishing to explore more redox-active bidentate ligands based on maleic 

anhydride fused to a heterocyclic moiety, we have synthesized the new 

heterocyclic thiol ligands described within.  The results for the reaction of 

2,3-dichloropyrrolo[1,2-a]benzimidazol-1-one with benzylthiol that yields 

2-chloro-3-benzylthiopyrrolo[1,2-a]benzimidazol-1-one and 

2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol-1-one are reported.  The 

solid-state structure of the latter compound was established by X-ray 

crystallography, and the spectroscopic properties of the two compounds are 
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presented and discussed. 

EXPERIMENTAL SECTION 

1. General  

 The CH2Cl2 used in the cyclic voltammetry study was distilled from P2O5 

under argon and stored in Schlenk storage vessels equipped with Teflon 

stopcocks.  All other solvents were of reagent grade and used as received.  

The compounds o-phenylenediamine, 2,3-dichloromaleic anhydride, 

p-toluenesulfonic acid (PTSA), benzylthiol, and pyridine were purchased from 

Aldrich Chem. Co. and were used as received.  The reported melting points 

were recorded on a Meltemp apparatus and are uncorrected. 

 The UV/vis spectrum was collected on a Hewlett-Packard 8425A diode 

array spectrophotometer in a 1.0-cm quartz cell.  Routine infrared spectra 

were recorded with a Nicolet 20 SXB FT-IR spectrometer in 0.1 mm NaCl 

cells, using PC control and OMNIC software, while the 1H NMR and 13C NMR 

spectra were obtained at 200 and 50 MHz, respectively, on a Varian 

Gemini-200 spectrometer. 

2. Synthesis of 2,3-dichloropyrrolo[1,2-a]benzimidazol-1-one 

 To 1.00 g (6.00 mmol) of 2,3-dichloromaleic anhydride and 0.65 g (6.00 
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mmol) of o-phenylenediamine in a reflux apparatus equipped with a 

Dean-Stark trap was added 100 mL of toluene and 100 mg of PTSA.  The 

reaction was heated at 110 °C for two hours, with the water that was produced 

being periodically removed.  After the reaction solution was cooled down to 

room temperature, TLC examination in CH2Cl2 revealed the presence of 

2,3-dichloropyrrolo[1,2-a]benzimidazol-1-one (Rf = 0.63).  The toluene was 

removed under vacuum, and 2,3-dichloropyrrolo[1,2-a]benzimidazol-1-one 

was isolated by column chromatography over silica gel using CH2Cl2 as the 

eluent. 2,3-Dichloropyrrolo[1,2-a]benzimidazol-1-one: yield 1.22 g (86.0%). Mp: 

170-172 °C. IR (CH2Cl2): ν(CO) 1787 (m), 1769 (s) cm-1. 1H NMR (DMSO-d6):

δ7.29 (t, J = 7.9 Hz), 7.40 (t, J = 7.9 Hz), 7.56 (d, J = 7.9 Hz), 7.71 (d, J = 7.9 

Hz). 13C NMR (DMSO-d6):δ112.24 (C-H aromatic), 122.47 (C-H aromatic), 

125.35 (C-H aromatic), 128.16 (C-H aromatic), 130.42 (C-Cl), 130.63 (C-Cl), 

135.01 (C-N amine, aromatic), 147.65 (C-N imine, aromatic), 153.34 ( C=N 

imine), 155.16 (carbonyl). UV-vis (CH2Cl2):λmax 350 (ε= 3200), 260 (ε= 

12000), 229 (ε= 15000). 

3. Synthesis of 2-chloro-3-benzylthiopyrrolo[1,2-a]benzimidazol-1-one and 

2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol-1-one 
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 To 400 mg (1.68 mmol) of 2,3-dichloropyrrolo[1,2-a]benzimidazol-1-one 

and 0.25 mL (2.13 mmol) of benzylthiol in 50 mL of 1,2-dichloroethane in a 100 

mL round-bottom flask was added excess pyridine.  After the reaction was 

stirred overnight at room temperature, the crude solution was examined by 

TLC analysis in hexane and CH2Cl2 (1:1 ratio), which revealed the presence of 

2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol-1-one as the major product (Rf = 

0.38) and 2-chloro-3-benzylthiopyrrolo[1,2-a]benzimidazol-1-one (Rf = 0.31) as 

the minor product.  The 1,2-dichloroethane was removed under vacuum, and 

the desired sulfide compounds were isolated by column chromatography over 

silica gel using CH2Cl2/hexane (1:1 ratio) as the eluent. 

2,3-Di(benzylthio)pyrrolo[1,2-a]benzimidazol-1-one: yield 0.22 g (32.0%). Mp: 

132-133 °C. IR (CH2Cl2): ν(CO) 1748 (vs) cm-1. 1H NMR (CDCl3):δ4.15 

(SCH2), 4.73 (SCH2), 7.17 (m, 12H, aromatic), 7.48 (d, 1H, J = 7.4 Hz, 

aromatic), 7.55 (d, 1H, J = 7.6 Hz, aromatic). 13C NMR (CDCl3):δ36.32 

(SCH2), 37.44 (SCH2), 111.72 (CH aromatic), 121.80 (CH aromatic), 124.41 

(CH aromatic), 127.20 (CH aromatic), 127.48 (CH aromatic), 127.78 (CH 

aromatic), 128.60 (CH aromatic), 128.75 (CH aromatic), 128.90 (CH aromatic), 

129.08 (CH aromatic), 129.88 (C), 136.27 (C), 137.00 (C), 147.74 (C), 148.32 
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(C), 156.00 (imine), 159.25 (CO). UV-vis (CH2Cl2):λmax 464 (ε=300), 335 

(ε= 14000), 271 (ε= 22000), 230 (ε= 31000). 

2-Chloro-3-benzylthiopyrrolo[1,2-a]benzimidazol-1-one: yield 65.0 mg (12.0%). 

Mp: 126-127 °C. IR (CH2Cl2): ν(CO) 1757 (vs) cm-1. 1H NMR (CDCl3):δ4.45 

(SCH2), 7.25 (m, 7H, aromatic), 7.50 (d, 1H, J = 7.4 Hz, aromatic), 7.60 (d, 1H, 

J = 8.0, Hz, aromatic). 13C NMR (CDCl3):δ36.05 (SCH2), 111.90 (CH 

aromatic), 122.17 (CH aromatic), 124.96 (CH aromatic), 127.36 (CH aromatic), 

127.86 (CH aromatic), 128.79 (CH aromatic), 130.79 (C), 134.02 (C), 135.88 

(C), 136.24 (C), 148.27 (C-N), 154.75 (imine), 157.91 (CO). UV-vis (CH2Cl2):

λmax 446 (ε= 3650), 350 (ε= 8740), 268 (ε= 22000), 232 (ε= 16400). 

4. X-ray diffraction structure of 2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol- 

1-one 

 A red, single crystal of 2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol 

-1-one for X-ray crystallography was obtained from a CH2Cl2 solution 

containing the heterocyclic compound that had been layered with hexane. 

X-ray data were collected on a Bruker SMARTTM 1000 CCD-based 

diffractometer at 213 K. The frames were integrated with the available SAINT 

software package using a narrow-frame algorithm,15 and the structure was 
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solved and refined using the SHELXTL program package.16  The molecular 

structure was checked by using PLATON.17  All nonhydrogen atoms were 

refined anisotropically. Refinement converged at R = 0.0354 and Rw = 0.0692 

for 2655 independent reflections with I > 2σ(I).             

5. Extended Hückel MO calculations 

 The extended Hückel calculations on 2,3-di(benzylthio)pyrrolo- 

[1,2-a]benzimidazol-1-one were conducted with the original program 

developed by Hoffmann,18 as modified by Mealli and Proserpio,19 using 

weighted Hij’s.  The orbital properties of 2,3-di(benzylthio)pyrrolo[1,2-a]- 

benzimidazol-1-one was examined by the use of the model compound 

2,3-di(thio)pyrrolo[1,2-a]benzimidazol-1-one, which was constructed by using 

bond distances and angles from the X-ray diffraction coordinates of 

2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol-1-one. Here the benzyl groups 

were replaced by hydrogens in order to simplify the calculations, with the S-H 

bond lengths assigned a value of 1.35 Å.20 

6. Cyclic voltammetry data 

 All cyclic voltammetric experiments were recorded on a PAR Model 273 

potentiostat/galvanostat, equipped with positive feedback circuitry to 
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compensate for iR drop.  A three-electrode design was utilized in the airtight 

CV cell, and a platinum disk was employed as the working and auxiliary 

electrodes.  The reference electrode was made of a silver wire and was 

employed as a quasi-reference electrode.  All potential data reported have 

been referenced to the formal potential of the Cp2Fe/Cp2Fe+ (internally added) 

redox couple, taken to have E1/2 = 0.307 V.21  Diffusion control was found to 

be operative for the reduction of the heterocycle given the linear plots of Ipc 

versus v1/2. 

 
 

DISCUSSION 

1. Synthesis and spectroscopic data 

 The reaction between a 1:1 molar ratio of o-phenylenediamine and 

2,3-dichloromaleic anhydride in refluxing toluene, which is catalyzed by PTSA, 

gives an essentially quantitative yield of 2,3-dichloropyrrolo[1,2-a]- 

benzimidazol-1-one (1) as an easily isolated product by column 

chromatography over silica gel.  The course of this reaction is depicted in Eq. 

2, and compound 1 was characterized in solution by IR, NMR, and UV-vis 

spectroscopies. 
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O
OO

ClCl NH2H2N

+ N N
O

ClCl

Toluene

PTSA
( 2 )

            

1 

   

     The observed yellow color exhibited by the heterocyclic compound 1 

results from a moderately intense visible absorbance found at 350 nm that is 

due to a n to π* transition involving the heterocycle.  Figure 4 shown below is 

the UV/vis spectrum of 2,3-dichloropyrrolo[1,2-a]benzimidazol-1-one in CH2Cl2 

at a concentration of 8.16×10-5 M. 

 

 

Figure 4. UV/vis spectrum of the compound 1 in CH2Cl2. 
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 The IR spectrum of the compound 1 is shown in Figure 5, where the 

stretches at 1787 and 1769 cm-1 are from the carbonyl and imine groups; 

however, no definite assignment can be made concerning the identity of these 

two groups given their conjugation with the extended π system in compound 

1.22  In 2,3-dichloropyrrolo[1,2-a]benzimidazol-1-one, the four hydrogen 

groups exhibit an ABCD spin system in the 1H NMR spectrum (Figure 6).  

Here two high-field triplets atδ7.29 and 7.40 and two low-field doublets atδ

7.56 and 7.71 are observed.  In Figure 7, the 13C NMR spectrum of the 

compound 1 reveals the presence of all ten symmetry unique carbons fromδ

112 to 156. 

 

 

 

Figure 5. IR spectrum of the compound 1 in CH2Cl2. 
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Figure 6. 1H NMR spectrum of the compound 1 in DMSO-d6. 

 

 

Figure 7. 13C NMR spectrum of the compound 1 in DMSO-d6. 

 

 Treatment of 2,3-dichloropyrrolo[1,2-a]benzimidazol-1-one with excess 

benzylthiol in the presence of pyridine gives the mono- and disubstituted 
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sulfides 2 and 3 over the course of several hours when stirred at room 

temperature.  In similarity to known conjugate addition reactions, the first 

replacement of a chlorine by a benzylthiol ligand in the heterocyclic compound 

1 affords a monosulfide derivative by an addition-elimination reaction.  The 

first chlorine substitution by benzylthiol could occur at either C-2 or C-3 of the 

heterocyclic compound 1; however, the sequence for chlorine replacement 

may be inferred from the data collected by Mr. Wu for the reaction involving 

2,3-dichloropyrrolo[1,2-a]benzimidazol-1-one and methylthiol.  Here it was 

shown by X-ray diffraction analysis that chlorine replacement initially occurred 

at the C-3 position.23  Therefore, the first chlorine replacement by a 

benzylthiol ligand in compound 1 is also expected to occur at the C-3 position. 

Subsequent replacement of the remaining chlorine in compound 2 by the 

second benzylthiol ligand furnishes the disulfide derivative 3. Each of the 

sulfide compounds 2 and 3 was isolated by chromatography over silica and 

characterized in solution by IR, NMR, and UV-vis spectroscopies. Equation 3 

illustrates the course of this reaction, and the possible mechanism of this 

reaction is shown in Scheme 1. 
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Scheme 1. Mechanism of 2,3-dichloropyrrolo[1,2-a]benzimidazol-1-one with 
benzylthiol to yield mono- and disulfide derivatives. 
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 The red color exhibited by compounds 2 and 3 results from moderately 

intense UV-vis absorption bands centered around 400 nm, which are typical of 

highly conjugated polynuclear aromatic systems.  Figures 8 and 9 shown 

below are UV-vis spectra of the heterocyclic compound 2 at 6.83×10-5 M and 

3 at 5.30×10-5 M, respectively, in CH2Cl2. 

 The IR spectra (Figures 10 and 11) of compounds 2 and 3 display a 

carbonyl stretching band at 1757 and 1748 cm-1, respectively.  Replacement 

of two chlorine groups by two benzylthiol ligands leads to a low shift in energy 

of the ν(CO) stretch in the compound 3 as compared to 2, as expected given 

the greater electron-donation property of the two sulfide moieties.24  
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Figure 8. UV-vis spectrum of the compound 2 in CH2Cl2. 

 

Figure 9. UV-vis spectrum of the compound 3 in CH2Cl2. 
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Figure 10. IR spectrum of monosulfide compound 2 in CH2Cl2. 

 

 

Figure 11. IR spectrum of disulfide compound 3 in CH2Cl2. 
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Figure 12. 1H NMR spectrum of the compound 2 in CDCl3. 

 The 1H NMR spectrum (Figure 12) of the compound 2 displays one 

resonance atδ4.45 that corresponds to the single methylene of the SCH2Ph 

group.  There are two down-field doublets observed atδ7.50 and 7.60, in 

addition to a broad multiplet centered atδ7.25 that belongs to the aromatic 

hydrogens of benzylthiol ligand in compound 2 and the two triplet of doublets 

linked with the ABCD spin system of the hydrogens in the benzimidazole ring. 

The 13C NMR spectrum (Figure 13) of the compound 2 reveals fourteen of the 

fifteen expected 13C resonances.  The seven non-protonated carbon 

resonances atδ130.79 (C), 134.02 (C), 135.88 (C), 136.24 (C), 148.27 (C-N), 

154.75 (imine), 157.91 (CO) have assigned through the use of APT data25 and 

chemical shift data from related compounds.26  The fact that compound 2 

displays one carbon less than theoretically expected number results from the 
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accidental degeneracy of two different carbon groups.  

 

 

 

Figure 13. 13C NMR spectrum of the compound 2 in CDCl3. 

 The 1H NMR spectrum (Figure 14) of the compound 3 reveals the 

presence of two benzylthiol methylene groups atδ4.15 and 4.73.  As in the 

1H NMR spectrum of the compound 2, there are two down-field doublets atδ

7.48 and 7.55 in 3, along with a broad multiplet centered atδ7.17.  The 

complicated multiplet atδ7.17 is due to the overlap of the aryl hydrogens on 

the two benzyl groups and two of the aryl hydrogens on the benzimidazole ring. 

The dibenzylsulfide-substituted compound 3 contains 20 different carbon 

atoms.  In Figure 15, the 13C NMR spectrum of the compound 3 exhibits 19 
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resonances for the carbon atoms, which is one carbon less than expected 

number due to the degeneracy of two different carbon groups.  The detail 

chemical shifts are summarized in the experimental section. 

 

Figure 14. 1H NMR spectrum of the compound 3 in CDCl3.  

 

 

 

Figure 15. 13C NMR spectrum of the compound 3 in CDCl3. 
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2. X-ray diffraction structure of 2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol- 

1-one 

 The unequivocal molecular structure of the compound 3 was established 

by X-ray diffraction analysis.  Single crystals of compound 3 were grown from 

CH2Cl2 and hexane, and the compound 3 was found to exist as discrete 

molecules in the unit cell with no unusually short inter- or intramolecular 

contacts.  The X-ray data collection and processing parameters are listed in 

Table 1, with Tables 2 and 3 giving the final atomic coordinates and selected 

bond distances and angles, respectively. 
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Table I. X-ray crystallographic data and processing parameters for 
2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol-1-one 

Space                                      Triclinic, P-1 

a, Å                                        5.180(1) 

b, Å                                        11.494(2) 

c, Å                                        17.243(3) 

α, deg                                     86.024(3) 

β, deg                                     88.606(4) 

γ, deg                                     81.235(3) 

V, Å3                                                           1012.1(4) 

Mol formula                                 C24H18N2OS2 

Fw                                         414.25 

Formula units per cell (Z)                      2 

Dcalcd (mg/m3)                              1.360 

λ (Mo Kα), Å                                 0.71073 

Absorption coeff (mm-1)                       0.281 

Abs corr factor                               0.3535/0.2099 

Total reflections                              5943 

Independent reflections                       2655 

Data/res/parameters                          2655/0/263 

R                                           0.0354 

Rw                                                             0.0692 

GOF                                         0.924 

Weights                                      [0.04F2+(σF)2]-1 
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Table 2. Atomic coordinates (x 104) and equivalent isotopic displacement 
parameters (Å2 x 103) for 2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol-1-one 
(U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.) 

atom              x              y              z              U(eq) 

 

S(1) -627(1) 2964(1) 4036(1) 43(1) 

S(2) -38(1) 4569(1) 2386(1) 39(1) 

O(1) 4562(3) 884(2) 3928(1) 46(1) 

N(1) 5577(4) 1825(2) 2741(1) 34(1) 

N(2) 5674(4) 2935(2) 1613(1) 34(1) 

C(1) 4125(5) 1679(2) 3435(2) 37(1) 

C(2) 1982(5) 2723(2) 3390(1) 32(1) 

C(3) 2175(1) 3366(2) 2695(1) 31(1) 

C(4) 4479(5) 2779(2) 2275(1) 32(1) 

C(5) 7793(5) 1985(2) 1640(2) 33(1) 

C(6)              9759(5)    1727(2)       1096(2)        41(1) 

C(7)         11695(5)        766(2) 1272(2)        45(1) 

C(8)              11600(5) 79(2) 1971(2)      43(1) 

C(9)              9636(5) 328(2) 2522(2) 40(1) 

C(10)             7760(5) 1279(2) 2343(1) 32(1) 

C(11) 885(5) 2635(3) 4984(1) 53(1) 

C(12) -1281(5) 2758(2)  5583(1)  37(1) 

C(13)  -2480(5) 1805(2) 5834(2)  45(1) 

C(14) -4504(5) 1922(2) 6375(2) 48(1) 

C(15) -5350(5) 2988(3) 6671(2)  48(1) 
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Table 2. Con’t 

C(16) -4188(6) 3946(3) 6419(2) 54(1) 

C(17) -2156(6) 3834(2) 5884(2) 51(1) 

C(18) 1512(5) 5199(2) 1536(2) 53(1) 

C(19) -472(5) 6164(2) 1179(2) 40(1) 

C(20)  -2300(5) 5911(2) 669(2) 47(1) 

C(21) -4183(5) 6788(3) 349(2) 47(1) 

C(22) -4263(5) 7931(2) 549(2) 46(1) 

C(23) -2458(5) 8198(2) 1054(2) 48(1) 

C(24) -577(5) 7319(2) 1370(2) 46(1) 
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Table 3. Selected bond distances (Å) and angles (deg) in 

2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol-1-onea 

Bond Distances 

S(1)-C(2)           1.731(2)             S(1)-C(11)           1.822(3) 

S(2)-C(3)           1.719(2)             S(2)-C(18)           1.812(2) 

O(1)-C(1)           1.203(3)             N(1)-C(4)            1.371(3) 

N(1)-C(10)          1.397(3)             N(1)-C(1)            1.410(3) 

N(2)-C(4)           1.300(3)             N(2)-C(5)            1.424(3) 

C(1)-C(2)           1.504(3)             C(2)-C(3)            1.373(3) 

C(3)-C(4)           1.478(3)             C(5)-C(6)            1.380(3) 

C(5)-C(10)          1.413(3)             C(6)-C(7)            1.385(3) 

C(7)-C(8)           1.396(3)             C(8)-C(9)            1.387(3) 

C(9)-C(10)          1.372(3) 

Bond Angles 

C(2)-S(1)-C(11)     103.6(1)           C(3)-S(2)-C(18)      104.3(1) 

C(4)-N(1)-C(10)     107.1(2)             C(4)-N(1)-C(1)       112.2(2) 

C(10)-N(1)-C(1)     140.6(2)             C(4)-N(2)-C(5)      102.9(2) 

O(1)-C(1)-N(1)      126.3(2)             O(1)-C(1)-C(2)       130.1(2) 

N(1)-C(1)-C(2)      103.7(2)             C(3)-C(2)-C(1)       109.5(2) 

C(3)-C(2)-S(1)      124.2(2)             C(1)-C(2)-S(1)       125.6(2) 

C(2)-C(3)-C(4)      107.0(2)             C(2)-C(3)-S(2)       124.3(2) 

C(4)-C(3)-S(2)      128.6(2)            N(2)-C(4)-N(1)      115.2(2) 

N(2)-C(4)-C(3)      137.4(2)             N(1)-C(4)-C(3)      107.5(2) 

N(1)-C(10)-C(5)     103.6(2)     
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. 

 
Figure 16. Thermal ellipsoid plot of 2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol-1-one 
showing the thermal ellipsoids at the 50% probability level. 

     

      Figure 16 shows the thermal ellipsoid drawing of 

2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol-1-one that confirms the double 

replacement of two original chlorine atoms in compound 1 by benzylsulfide 

groups.  The fused ring system in compound 3 is planar, however the two 

auxiliary phenyl groups are rotated out of the plane by 49.8(1)° and 80.7(1)°. 
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The conformation of 2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol-1-one is  

stabilized by intramolecular interactions that involve a C(11) hydrogen with O(1) 

and a C(18) hydrogen with N(2).  Here the intramolecular interactions are 

H(11a)••O(1) = 2.53 Å, C(11)••O(1) = 3.189(3) Å and C(11)-H(11a)••O(1) =125°; 

H(18b)••N(2) = 2.56 Å, C(18)••N(2) = 3.113(3) Å and C(18)-H(18b)••N(2) =116°.  

The C=N imine linkage of N(2)-C(4) and C=C π bond linkage of C(2)-C(3) in 

the pyrrolo-1-one ring display distances of 1.300(3) Å and 1.373(3) Å, 

respectively, and agree well with the nature of such linkages.27  In addition, 

the C=N imine bond is slightly shorter than the remaining four carbon-nitrogen 

bonds which range from 1.371 Å [C(4)-N(1)] to 1.424 Å [C(5)-N(2)] and show 

an average distance of 1.401 Å.  The carbon-carbon single bond lengths of 

C(1)-C(2) and C(3)-C(4) are within acceptable limits with related maleimide 

compounds prepared by our group.  The average bond length of S(1)-C(2) 

[1.731(2) Å] and S(2)-C(3) [1.719(2) Å] is 1.725 Å, and they are slightly shorter 

than the average bond distance of 1.817 Å that is calculated between 

S(1)-C(11) [1.822(3) Å] and S(2)-C(18) [1.812(2) Å].  The remaining bond 

distances and angles in compound 3 are unremarkable and do not require 

comment.  In Figure 17, the packing diagram of compound 3 reveals that 
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molecules of 3 pack in well separated sheets in a head-to-head mode along 

the a axis without significant intermolecular interactions. 

 

 

Figure 17. Packing diagram of 2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol-1-one. 
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3. Redox properties and molecular orbital calculations 

 The electrochemistry of the disulfide compound 3 was studied by cyclic 

voltammetry in distilled CH2Cl2 solvent containing 0.25 M TBAP as the 

supporting electrolyte at room temperature.  Scanning the sample at a rate of 

1000 mV/s over a potential range of 0.2 V to –1.65 V revealed the presence of 

a single CV wave belonging to the 0/1- redox couple at E1/2 = -1.08 V.  Figure 

18 shows the CV of 2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol-1-one.  The 

plot of the current function (Ip) vs the square root of the scan rate (ν) is linear, 

and it is concluded that the reduction is under diffusion control.  The electron 

stoichiometry of the reduction was further confirmed by current calibration 

against the known one-electron standard ferrocene, with application of 

Walden’s rule.21  The E1/2 value of the reduction wave in compound 3 is 

similar to the related compound 4,5-bis(p-tolylthio)-4-cyclopenten-1,3-dione, 

which displays a quasi-reversible reduction at E1/2 = -1.10 V.28  The reduction 

of 3 affords a relatively stable radical anion, while the latter disulfide compound 

exhibits an ECE decomposition process involving the radical anion of 

4,5-bis(p-tolylthio)-4-cyclopenten-1,3-dione.  The radical derived from 3 is at 

least an order of magnitude more stable on the CV time scale than the radical 
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anion formed from 4,5-bis(p-tolylthio)-4-cyclopenten-1,3-dione.29  According 

to the data obtained from cyclic voltammetry, both disulfide compounds have 

similar E1/2 values suggesting that there is a commonality of the LUMO in both 

compounds. 

 

 
Figure 18. CV of 2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol-1-one in CH2Cl2 

at 298K containing 0.25 M TBAP at 1000 mV/s scan rate. 

 

 In order to more fully understand the observed electrochemistry in 

compound 3, the nature of the HOMO and LUMO in the model complex 

2,3-di(thio)pyrrolo[1,2-a]benzimidazol-1-one was investigated by extended 

Hückel MO calculations.  Figures 19 and 20 show the three-dimensional 

CACAO drawings of HOMO and LUMO levels, respectively, for 

2,3-di(thio)pyrrolo[1,2-a]benzimidazol-1-one.19  The HOMO (Figure 19) of 

 34 



2,3-di(thio)pyrrolo[1,2-a]benzimidazol-1-one, which appears at –11.45 eV, is 

composed of a π-based orbital with substantial contributions from the C=C π 

bond of the pyrrolo-1-one ring and its antibonding interaction with a 

lone-electron pair on each of the thiol groups and the pyrrolo-1-one nitrogen 

C-9 atom.  These orbital contributions account for 90% of the HOMO 

composition, with additional minor contributions from the imine nitrogen C-4 

atom and the six-membered aromatic ring comprising the remaining HOMO 

contributions. 

 

 
Figure 19. Three-dimensional CACAO drawing for HOMO of 
2,3-di(thio)pyrrolo[1,2-a]benzimidazol-1-one. 
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      The LUMO (Figure 20) exhibits an orbital energy of –10.06 eV and is 

located almost exclusively on the six atoms comprised by the pyrrolo-1-one 

ring and the imine linkage.  Of particular interest to us is the antibonding π* 

character displayed by the LUMO, which bears strong resemblance to the π* 

LUMO reported in other simple 6 π electron systems such as maleic anhydride, 

1,3,5-hexatriene, the diphosphine ligands bma and bpcd and their 

transition-metal substituted derivatives.13, 30, 31, 32  Here the major orbital 

contribution to the LUMO originates from the overlap of p orbitals on the 

five-member pyrrolo ring of the molecule and is analogous to ψ4 of common  

6 π electron systems and the ligands bma and bpcd. A minor antibonding 

interaction exists in the LUMO involving a lone-electron pair on each ancillary 

thiol group with the π* system of the pyrrolo-1-one ring and π contributions from 

the six-membered aromatic ring.  The out-of-plane C-SH overlap observed in 

the LUMO accounts for less than 5% of the total contribution to the LUMO.  

The 3-substituted thiol group reveals a larger antibonding contribution to the 

LUMO than the 2-substituted thiol group.  The π* character of the LUMO in 

2,3-di(thio)pyrrolo[1,2-a]benzimidazol-1-one fully explains the reductive 

electrochemistry that is largely localized on the exterior five-membered ring of 
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the heterocycle in compound 3. 

 
Figure 20. Three-dimensional CACAO drawing for LUMO of 
2,3-di(thio)pyrrolo[1,2-a]benzimidazol-1-one. 
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CONCLUSION 

      The reaction between 2,3-dichloropyrrolo[1,2-a]benzimidazol-1-one and 

benzylthiol has been studied, and the sequential substitution of the two 

chlorine groups by benzylthiol ligands in the heterocyclic compound 

2,3-dichloropyrrolo[1,2-a]benzimidazol-1-one has been verified.  The first 

substitution step takes place regioselectively at C-3 of the parent heterocycle 

to give 2-chloro-3-benzylthiopyrrolo[1,2-a]benzimidazol-1-one, and then the 

replacement of the remaining chlorine group provides the disulfide compound 

2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol-1-one.  Both sulfide derivatives 

have been isolated and characterized in solution by standard spectroscopic 

methods.  The X-ray structure and the cyclic voltammetric behavior of 

2,3-di(benzylthio)pyrrolo[1,2-a]benzimidazol-1-one have been investigated. 

The HOMO and LUMO data of the model compound 

2,3-di(thio)pyrrolo[1,2-a]benzimidazol-1-one have been used in the study of 

the disulfide derivative 3.  In the future, the coordination chemistry of these 

sulfide derivatives with polynuclear metal complexes will be studied. 
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