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A B S T R A C T   

An efficient I2/TBHP promoted isocyanide insertion cyclization reaction for the synthesis of quinazolines-fused 
benzoimidazole was reported. The synthesized compounds have a unique potential to use as a selective sol
vatochromic fluorescence probe for methanol detection from other solvents, especially EtOH. Introducing a 
simple one-step method and using a more acceptable iodine molecule instead of expensive transition metal 
catalysts are the most important advantages of this strategy.   

1. Introduction 

Cyclization reactions using an isocyanide insertion strategy are 
powerful methods for synthesizing various cyclic organic compounds 
[1–4]. Although most of these reactions are catalyzed by transition 
metals such as Pd, Ni, Co, Rh, Mn, and Cu [1–4], the metal coordination 
of isocyanides and their polymerization using transition metals lead to 
the reduction of catalytic activity [5]. Very recently, the metal-free I2- 
catalyzed isocyanide insertion cyclization reaction is a significant 
challenge for chemists to synthesize the potentially active heterocycles 
[6–8]. Compared to transition metals, iodine is an inexpensive, readily 
available, environmentally friendly, and nontoxic catalyst [9]. 

Recently, a number of dyes have been used in the detection of toxic 
substances [10,11]. Methanol as a hazardous compound leads to some 
illnesses in optic and nervous systems and may progress to death. It has 
omnipresent use as raw material and solvent in various industries and 
research laboratories. Therefore, methanol level detection is necessary 
and significant in chemical and pharmaceutical industries [12,13]. The 
HPLC, GC, UV–visible, FTIR spectroscopy, electrochemical, and enzy
matic amperometric techniques have been reported for the methanol 
detection. Some of these methods are tedious and need complex pre- 
treatment and high-cost instruments [12,13]. The instability of 
enzyme electrodes under harsh conditions and toxic chemicals pose 
practical concerns in some electrochemical techniques [13]. Thus, 

significant attention has been attracted to introducing new applicable, 
efficient, cheap, and quick techniques for the detection of methanol 
[14–16]. Because of simplicity, sensitivity, fast response times, and the 
monitoring of the trace amounts of substances, fluorescent spectroscopy 
is an ideal candidate to achieve the goal [17–21]. 

Very shortly, the synthesis of some new solvatochromic fluorescence 
compounds has been developed for methanol recognition without any 
investigations on the methanol-ethanol discrimination [22–24]. Due to 
same properties of methanol and ethanol, the careful discrimination of 
methanol over ethanol is an important and needful task. Despite its 
importance, the number of reports on the synthesis of solvatochromic 
fluorescence compounds for the efficient MeOH-EtOH distinction in 
solutions are rare [25–27]. Encouraged by these reports, herein, we 
report a facile and straightforward I2/TBHP catalyzed cyclization reac
tion using isocyanide insertion for the benzoimidazoquinazolins syn
thesis. The synthesized scaffold can be used as a selective 
solvatochromic fluorescence probe for methanol detection. 

2. Experimental 

2.1. Materials and methods 

Melting points were determined with a melting point Thermo Sci
entific 9100 apparatus and are uncorrected. IR spectra were taken with a 
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Bomem FT-IR MB spectrometer. NMR spectra were recorded with 300 
MHz Bruker DRX Avance spectrometers. Mass spectra were recorded 
with an Agilent Technologies (HP) 5973 mass spectrometer. UV–Vis 
spectra were recorded on a Shimadzu 2100 spectrometer using a 1-cm 
path length cell at room temperature, and the fluorescence spectra 
were recorded on a Perkin Elmer LS 45, using a 1-cm path length cell. 
The X-ray diffraction measurements were made with a STOE IPDS-II 
diffractometer with grafite-monochromated MoKa radiation. All chem
icals were purchased from Merck or Aldrich and were used without 
further purification. The 2-(4,5-diphenyl-1H-imidazol-2-yl)aniline 5 
was synthesized according to a literature report [28]. 

2.2. General procedure for the synthesis of benzoimidazoquinazoline 
amines (3) 

Isocyanide (0.75 mmol) was added to a stirred solution of 2-(1H- 
benzo[d]imidazol-2-yl)aniline (0.5 mmol), I2 (0.1 mmol) and TBHP 
(70% aqueous solution, 1 mmol) in 1,4-dioxane (1 mL). The mixture was 
then kept under stirring at 100 ◦C for 12 h. After that, the concentrated 
residue was purified by the column chromatography over silica gel using 
n-hexane/ethyl acetate (4:1) as eluent to give the desired product 3. 

3. Results and discussion 

Our investigation was initiated by the reaction of benzo[d]imidazol- 
aniline 1a and tert-butyl isocyanide 2a using 20 mol% I2 as the catalyst 
and TBHP as the oxidant in MeCN at 100 ◦C for 12 h. The 
benzoimidazoquinazolin-6-amine 3a was produced in 39% yield 
(Table 1, entry 1). To improve the yield, various reaction conditions 
were then tested. First, the solvent screening (entries 1–9) revealed that 

the 1,4- dioxane is the superior solvent for the reaction, and the 3a was 
obtained in 63% isolated yield (entry 5). Then, the effect of iodine in the 
reaction was checked. In the absence of iodine, only a trace amount of 3a 
was produced (entry 10). Next, the other amounts of catalyst was tested 
in the reaction using 10, 15 and 25 mol% of catalyst (Table 1, entries 
11–13). The 20 mol% of catalyst afforded the best isolated yield (entry 
5). Notably, no better result was observed by removing the oxidant 
(Table 1, entry 14). Subsequently, some commercially available oxi
dants such as BPO, K2S2O8, H2O2 and Ag2CO3 were screened in the re
action (entries 15–18). As shown, the reaction worked most efficiently in 
the presence of TBHP as an oxidant (entry 5). We tested the reaction at 
room temperature and 50 ◦C. It was found that the 3a was obtained in 
lower yields (entries 19 and 20). Finally, the other iodine sources such as 
NIS, KI, and CuI were tested in the reaction [29–31]. As shown in 
Table 1, the product 3a was obtained in low yield (entries 21–23). 
Therefore, the 1,4-dioxane using 20 mol% iodine in the presence of 
TBHP at 100 ◦C was chosen as the optimized reaction conditions. 

Then, the reaction of various benzimidazoloanilines with different 
isocyanides was carried out to investigate the generality of the method 
(Scheme 1). The reaction of substituted benzo[d]imidazol-2-yl) anilines 
with aromatic and aliphatic isocyanides successfully afforded the 3a-l in 
moderate to high isolated yields. 

To achieve more information about the reaction mechanism, a con
trol radical trapping experiment was conducted using TEMPO as a 
radical scavenger to trap possible radical intermediates. Surprisingly, no 
considerable change took place, and the desired product 3a produced in 
60% yields, thus indicating the no radical mechanism (Scheme 2, eq. 1). 
When the reaction was carried out by the N-methyl imidazole derivative 
4 or nitro-phenyl imidazole 5 under the standard reaction condition, the 
TLC and 1H NMR spectra of the reaction mixture showed a combination 

Table 1 
Optimization of the reaction conditionsa.  

Entry Solvent I2 (mol%) Oxidant Yield [%] 

1 CH3CN 20 TBHP 39 
2 tBuOMe 20 TBHP 43 
3 DCM 20 TBHP 35 
4 PhCH3 20 TBHP 59 
5 1,4-Dioxane 20 TBHP 63 
6 H2O 20 TBHP trace 
7 THF 20 TBHP 33 
8 DMF 20 TBHP 19 
9 DMSO 20 TBHP 25 
10 1,4-Dioxane – TBHP trace 
11 1,4-Dioxane 10 TBHP 49 
12 1,4-Dioxane 15 TBHP 54 
13 1,4-Dioxane 25 TBHP 60 
14 1,4-Dioxane 20 – 18 
15 1,4-Dioxane 20 BPO 59 
16 1,4-Dioxane 20 K2S2O8 54 
17 1,4-Dioxane 20 H2O2 48 
18 1,4-Dioxane 20 Ag2CO3 60 
19b 1,4-Dioxane 20 TBHP trace 
20c 1,4-Dioxane 20 TBHP 27 
21d 1,4-Dioxane 20 TBHP 25 
22e 1,4-Dioxane 20 TBHP <20 
23f 1,4-Dioxane 20 TBHP 28  

a 2-amino-N-benzylbenzamide (0.5 mmol), t-BuNC (0.75 mmol), I2 (20 mol%), oxidant (2 eq), solvent (2.0 mL), 100 ◦C, 12 h.  

b room temperature.c 50 ◦C. dCat. = NIS. eCat. = KI. fCat. = CuI.  
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of starting materials and several products (Scheme 2, Eq. 2 and 3). Based 
on the current study results and referring to the previous literature re
ports [8], we propose a plausible mechanism for the reaction (Scheme 
2). It seems the Lewis acidity of iodine shows enormous catalytic activity 
making it capable of binding with the isocyanide to form the desired 
intermediate I. Then, intermediate I reacts with benzimidazole aniline 1 
to result in intermediate II and HI through dehydrohalogenation. The HI 
is oxidized by TBHP, giving iodine, and then completes the cycle. There 
are two possible pathways for the second dehydrohalogenation of in
termediate II. In Path A, dehydrohalogenation leads to carbodiimide III 
formation, and finally, intramolecular cyclization of III affords the 
product. The other plausible pathway for forming the final product (Path 
B) involves the formation of IV by intramolecular cyclization. Then, the 
tautomerization of IV gives the final product. 

Recently, the aminophenylbenzimidazole based structures have been 
reported as probes for detecting toxic substances [32,33]. Consequently, 
tphotophysical behavior of the synthesized scaffold was evaluated by 
absorption and emission spectroscopy. Due to different solvation of the 
ground and excited states for a light-absorbing molecule, the photo
physical behavior of solvatochromic materials depends on media 
[34,35]. Therefore, the solvatochromic behavior of 3a was investigated 
at room temperature in various polar solvents like DCM, dioxane, DMF, 
DMSO, EtOH, isopropyl alcohol (IPA), and MeOH (Fig. 1). Almost the 
same behavior was observed for 3a in all solvents (Fig. 1-left). It showed 
a maximum absorption at about 269–274 nm in these solvents (ESI, 
Table S1). In aporotic solvents, the emission behavior of 3a was almost 
similar, including an emission peak at 374–386 nm (Fig. 1-right, 

Table S1). Probably, a little separation of charge or no significant sta
bilization of solvent can be considered within 3a. Notably in MeOH, a 
major blue shift was observed (325 nm). The compounds 3 g and 3 J 
showed similar behavior (ESI). The Stokes shift of 3a showed the highest 
values (9924–10,630 cm− 1) in aprotic polar solvents while the lowest 
Stokes shift value (6405 cm− 1) in MeOH as a protic solvent. The 
particular property of 3a in MeOH could consider from the hydrogen 
bonding formation of 3a with MeOH. We assumed that the formation of 
H-bonded coordination pairs with methanol could form new confor
mational isomers [13], solidifying selective discrimination through 
spectral changes (Scheme 3). 

The DFT calculations were used to support the hydrogen bonding 
pair formation in MeOH. All calculations were done using DFT and time- 
dependent DFT (TDDFT) methods. The B3LYP and m062-x functionals 
with 6–31 + G(d,p) and Def2-TZVP basis sets were used in the calcu
lations. The polarizable continuum model (PCM) and the conductor-like 
polarizable continuum model (CPCM) were considered the solvent ef
fect. The molecular orbital diagrams are plotted by Gauss View 5.1 
software. All calculations were done by the Gaussian 09 W software 
package. The compound 3a adapted two different structures (ESI, 
Fig. S5). The structure optimization results of these geometries based on 
B3LYP and M062-X functionals along with the 6–31 + G(d,p) and Def2- 
TZVP basis sets demonstrated that isomer 1 with in-plane tert-butyl is 
more stable ((− 0.325 eV) and (− 0.209 eV)) than isomer 2 without of the 
plane tert-butyl group. 

The ability of hydrogen bonding pair formation of 3a with methanol 
can overcome this difference. According to Fig. S5, isomers 1 and 2 have 

Scheme 1. Synthesis of benzoimidazoquinazoline 3. 
Isocyanide (0.75 mmol), 2-(1H-benzo[d]imidazol-2-yl)aniline (0.5 mmol), I2 (0.1 mmol), TBHP (1 mmol), 1,4-dioxane (1 mL) at 100 ◦C for 12 h. 

F. Ahmadi et al.                                                                                                                                                                                                                                 



Catalysis Communications 157 (2021) 106331

4

enough free space around the nitrogen of benzimidazole moiety (N3) to 
form a H-bond with MeOH. The in-plane tert-butyl group in isomer 1 
makes steric effects for hydrogen bond formation in other sites (N2 and 
NH groups). In isomer 2, the out-of-plane tert-butyl group does not have 
a steric effect to disrupt the hydrogen bond formation of MeOH with N2. 
In addition, the oxygen atom of the methanol can form a hydrogen bond 
with the NH group. This behavior was examined by DFT calculations. 
The hydrogen-bonded structures of 3a were optimized in B3LYP/Def2- 
TZVP computational level, and the thermodynamic parameters (ΔE, 

ΔH, and ΔG) were calculated (ESI, Table S2). Although isomer 1 is more 
stable than isomer 2 but based on Table S1, the ΔE, ΔH, and ΔG of F2- 
(MeOH)2 is more negative than F1-MeOH. In other words, the interac
tion of isomer 2 with methanol is easier and more spontaneous than 
isomer 1. As a result, the hydrogen-bonded coordination pair formation 
in MeOH makes conformational isomer 2. 

The ability of hydrogen bonding pair formation of 3a with EtOHhas 
been provided in ESI. A similar trend was observed for EtOH. However, 
the thermodynamic parameters for EtOH are less negative than MeOH. 

Scheme 2. The control experiments and the reaction mechanism  
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This demonstrates that the creation of hydrogen-bonded complexes of 
3a with MeOH is more favorable (ESI). Moreover, the stabilizing effect 
of the solvent on the gas phase of the 3a was examined. For this purpose, 
compound 3a was optimized using B3LYP/6–31 +G(d,p) computational 
level in the gas phase and all tested solvents in this research. As can be 
seen in Table S3 (ESI), it is obvious that 3a is more stabilized in all 

solvents rather than the gas phase. It is notable that 3a is more stable 
(− 915.8677 Hartree) in methanol compared to other solvents. 

Compared to the excited state, the hydrogen bond makes 3a and its 
HOMO orbital more stable in the excited state. The total energy of gas 
phase, ground, and excited states of 3a were calculated using B3LYP/ 
6–31 + G(d,p) and PCM model for MeOH. As shown in Fig. S8 (ESI), 
methanol solvent makes 3a and its HOMO more stabilized in the ground 
state than the excited state. In order to receive a more precise perspec
tive of the fluorescent properties of 3a in methanol, the F2-(MeOH)2 
hydrogen-bonded structure was selected, and the lowest 15 single
t–singlet transitions were calculated at B3LYP/Def2-TZVP computa
tional level. The fluorescent properties such as transition Oscillatory 
strength (f), molecular orbitals transitions, and contributions of F2- 
(MeOH)2 are represented in Table S4 (ESI). According to Table S4, the 
main molecular orbitals transition which creates λmax in absorption and 
emission are HOMO-1 –〉 LUMO+1 (69.61%) and LUMO+1 –〉 HOMO-1 
(62.91%), respectively. Fig. S9 (ESI) represents molecular orbital dia
grams, energy level, and shape of LUMO+1 and HOMO-1 orbitals. The 
energy difference between LUMO+1 and HOMO-1 orbitals equals 5.014 
eV. 

Fig. 1. UV − vis absorption spectrum (left) and fluorescence spectra (right) of 3a (1 × 10− 6 M) at room temperature excited at 272 nm.  

Scheme 3. A schematic formation of a hydrogen bonded coordination pair.  

Fig. 2. Changes in emission of 3a (1 × 10− 6 M) in MeCN upon addition of MeOH. λex = 272 nm (left) and vhanges in emission of 3a (1 × 10− 6 M) in EtOH upon 
addition of MeOH. λex = 272 nm (right). 
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The above resulting data show the ability of the synthesized skeleton 
to detect the methanol by monitoring its emission spectra in the protic 
media. This particular solvatochromic behavior was tested for the MeOH 
levels detection in acetonitrile solvent. It was found that an increase in 
the level of MeOH led to an increase in fluorescence intensity (Fig. 2- 
left). A linear correlation was found between the amount of MeOH 
added and the fluorescence intencity (ESI). Although methanol and 
ethanol have the same properties, they have numerous effects on health 
and the environment. Consequently, in the pharmaceutical and chemi
cal industries and forensic fields, MeOH-EtOH discrimination is signifi
cant [26]. The particular solvatochromic behavior for MeOH has 
therefore been investigated in EtOH solvent (Fig. 2-right). A low- 
intensity unstructured emission response was observed for 3a in EtOH. 
An increment in MeOH (v/v%) was found to have resulted in a regular 
increase in intensity. A linear correlation was found between the amount 
of MeOH added and the intensity of fluorescence (ESI), with a limit of 
detection of 0.1529 V/V % and a quantification limit of 0.5099 V/V %. 
As a result, the 3a demonstrated high sensitivity to MeOH detection in 
ethanol. It can be utilized for the quality control of alcoholic drinks by 
calculating the percentage of MeOH. 

Finally, to further explore the isocyanide insertion strategy, we 
investigated the reaction of 2-(4,5-diphenyl-1H-imidazole-2-yl)aniline 6 
and isocyanide 2 under optimized reaction conditions. The desired 
product N-(tert-butyl)-2,3-diphenylimidazo[1,2-c]quinazolin-5-amine 7 
was obtained in good isolated yield (Scheme 4). 

4. Conclusion 

In conclusion, a metal-free and environmentally benign iodine- 
mediated isocyanide insertion reaction was developed for the benzoi
midazoquinazoline scaffold synthesis as new solvatochromic dyes. The 
transition metal-free and inexpensive catalysis, the ready availability of 
starting materials, broad substrate scope, high efficiency, and simple 
experimental procedure are advantages of this work. The emission 
spectrum of the synthesized skeleton was investigated in different polar 
solvents. Gratefully, it showed a selective blue shift in MeOH and can be 
utilized as an efficient and applicable probe for the selective MeOH 
monitoring. 
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