
 

 

 

 

 

Halogen Bonding Assisted C-3 Benzylation of 

Indoles and N-Benzylation of Imidazoles at 

Room Temperature 

 

Abstract: A study into the selective C-3 benzylation of indole and N-benzylation of 

imidazole derivatives using trityl chlorides is investigated experimentally under catalyst-free 

conditions at room temperature in acetonitrile. The Lewis basic nature of acetonitrile plays a 

significant role to carry out the reaction via halogen bonding by breaking down the C-Cl 

bond of the benzylating source. The UV-Vis and FT-IR analyses indicate the existence of 

halogen bonding which is the driving force of the reaction. This metal-free approach is 

suitable for a wide range of substrates, furnishing moderate to excellent yields (up to 100%) 

of benzylated products under ambient reaction conditions. 

Chapter 4 
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4.1 Introduction 

Nitrogen-rich heterocycles (N-heterocycles) are significant structural motifs in organic 

synthesis and their site-selective benzylation at nitrogen atom or at carbon atom is very 

important from the medicinal and pharmaceutical chemistry viewpoint (Figure 4.1) [1]. 

A large number of bioactive indole alkaloids are C-3 substituted and the formation of C-

3 substituted products is mainly attributed to the high nucleophilicity of the carbon atom 

at that position [2,3]. The classical approach to the synthesis of C-3 benzylated indole is 

achieved by transition metal-catalyzed strategies [4], acid-catalyzed Friedel-Crafts-type 

reactions [5], and SN2 type reactions [5]. However, these reported methodologies are not 

able to deal with the environmental issues and violate the sustainable developmental 

goals by using a stoichiometric amount of strong acids [5], expensive metal catalysts 

(Au, Pd, Pt, etc.), harsh reaction conditions, and the formation of unwanted by-products 

[6]. As a result, the development of mild and efficient reaction conditions to afford C-3 

benzylated products is highly desirable in organic synthesis. Similar to indole, imidazole 

derivatives are integral scaffolds of various bioactive compounds, drugs, and 

agrochemicals [7]. N-benzylation of imidazoles represents a class of pharmaceutically 

active compounds [8] and also important synthetic intermediates in the preparation of 

different ionic liquids [9]. 

Different benzyl sources such as benzyl alcohols and benzyl halides are most commonly 

employed either for C-C or C-N bond formation in these N-heterocyclic molecules 

(Scheme 4.1) [1]. Apart from these single aryl group containing benzyl sources, polyaryl 

agents like diphenyl methanol [4,5,10], triarylmethane chloride [6], etc. also play a 

significant role in the benzylation of N-heterocycles. Tri- and tetraarylmethanes are some 

well-known examples of polyaryl compounds as they attract researchers because of their 

rising importance in the field of material and medicinal chemistry. Triarylmethane 

derivatives are found to be active against tricomonads, helminthes, filariae, and their 

phenolic compounds exhibit antitumor and antioxidant properties [11]. The derivatives 

of triphenylmethane can provide stable quinoid structures which are common motifs of 

organic dyestuffs and fluorophores [12]. These derivatives are also utilized as protecting 

groups in organic synthesis to block different functional moieties transiently [12].  
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Figure 4.1. Representative examples of pharmaceutically active N-heterocycles  

In recent years, molecular interactions through halogen bonding have been illustrated 

experimentally by a large number of instances [13] and utilized as the driving force for 

different organic transformations [14]. Halogen bonding (XB) is a type of non-covalent 

interaction between a halogen atom (X) (halogen bond donor) and an electron donor 

atom (generally Lewis base, halogen bond acceptor) (Figure 4.2) [15]. In this non-

covalent interaction, the area directly utilized in bonding is the electropositive region 

generated at the outermost portion of the halogen atom which is projected away from the 

covalent bond [15]. The electropositive region is termed as the sigma hole (σ-hole), 

which is the localized deficient of electrical charge opposite to σ-bond [13]. The other 

area is the electronegative belt appears perpendicular to the covalent bond concerning the 

halogen atom. As a result, an electronic gradient is developed on the surface of the 

halogen atom, moving from outermost portion (electropositive region) to the equator 

(electronegative region). The electronic distribution highlights distinct regions (positive 

and negative) that offer the characteristic directional nature of halogen bond. A recent 

report by Jin group established that chloromethane could interact with various Lewis 

basic nitrogen sites (CCl3CN, CH3CN, FCN, ClCN, BrCN, SiH3CN, etc.) through 

halogen bonding [16]. Since acetonitrile (CH3CN) acts as Lewis basic halogen bond 

acceptor site, it can offer this type of bonding with polyaryl benzyl source such as trityl 

chloride and thereby triggering the benzylation of N-heterocyles. As compared to 

covalent force, this type of non-covalent interaction is dominant in biological functions 

because of its lesser rigidity [17]. Halogen bonding is found in ligand-to-metal binding, 

folding of molecules, hormone recognition by receptors, drug designing, crystal 

engineering, and organic synthesis [18]. 
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Figure 4.2. Schematic representation of interaction in halogen bonding 

In this context, we have carried out C-3 benzylation of indoles and N-benzylation of 

imidazoles using trityl chloride in CH3CN at room temperature through halogen bonding 

under catalyst-free conditions (Scheme 4.1).  

 

Scheme 4.1. C-C and C-N bond formation via halogen bonding 
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4.2 Experimental Section 

4.2.1 General procedure for the synthesis of C-3 benzylated indoles 

A mixture of indole (0.5 mmol), trityl chloride (0.5 mmol), and CH3CN (2 mL) was 

taken in a 50 mL round-bottomed flask. The reaction mixture was stirred at room 

temperature (27 °C) for the appropriate time. The completion of the reaction was 

observed by TLC and the reaction mixture was then extracted with ethyl acetate, washed 

with brine solution, and dried over with anhydrous sodium sulfate. To acquire the desired 

product, column chromatography was done using silica gel and hexane:ethyl acetate as 

solvent system. 

4.3 Results and Discussion 

4.3.1 Optimization of reaction conditions 

To explore the catalytic efficiency of halogen bonding triggered by Lewis basic nature of 

CH3CN, N-methylindole, and trityl chloride were used as model substrates and the 

optimization is displayed in Table 4.1.  

Table 4.1. Screening of reaction conditionsa 

 

Entry Solvent (mL) Time (h) Yield (%)b 
1c CH3CN 2 100 
2 CH3CN 2 100 
3 EtOH 24 27 
4 iPrOH 24 12 
5 MeOH 24 40 
6 Toluene 24 43 
7 H2O 24 NR 
8 DMSO 24 NR 
9 DMF 24 NR 
10 THF 24 NR 
11d CH3CN 24 54 

aReaction conditions: 1a (1 equiv.), 2a (1 equiv.), Solvent (2 mL), rt,  bIsolated yields, cat 

50 °C, d0.5 equivalent of 2a was used, NR-No reaction. 
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At first, the reaction was carried out at 50 °C in CH3CN by taking 1 equivalent of each of 

the substrates. To our delight, within 2 hours the reaction mixture appeared in light pink 

and the solution precipitated. Complete consumption of starting materials (vide TLC) 

was observed with the formation of the C3 benzylated product (100% yield) (entry 1, 

Table 4.1). Inspired by this result, we carried out the reaction at room temperature 

keeping the other parameters constant, and the reaction proceeded smoothly by 

consuming the substrates completely (entry 2, Table 4.1). In alcoholic medium (EtOH, 

iPrOH, MeOH), the reaction afforded low yields of the desired product (entries 3-5, 

Table 4.1). In toluene also, there was no significant improvement in the yield (entry 6, 

Table 4.1). On the other hand, the reaction failed in aqueous and other polar solvents 

(entries 7, 8-10, Table 4.1). By reducing the amount of trityl chloride to 0.5 equivalent, 

54% yield of the C-3 benzylated product was obtained (entry 11, Table 4.1). The 

efficiency of this C-3 benzylation depends on the nature of the solvent utilized in the 

reaction. CH3CN acts as Lewis base [15b] and lone pair of electrons on the nitrogen 

atom may easily polarize the chlorine atom of trityl chloride by inducing a positive 

potential [20]. This induced positive potential may create the σ-hole and hence complex 

formation takes place between CH3CN and trityl chloride through halogen bonding. 

4.3.2 Substrate scope study 

After optimization, we further studied the scope and limitations of electronically and 

sterically diverse substrates and the results are shown in Table 4.2. 

Table 4.2. C-3 benzylation of indoles with trityl chloride derivativesa 
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aReaction conditions: 1 (1 equiv.), 2 (1 equiv.), CH3CN (2 mL), 2 hours, b3 hours, c8 

hours, d5 hours. 

Differently substituted indole and trityl chloride derivatives reacted smoothly, furnishing 

the C-3 substituted product in moderate to excellent yields (36-100%). Both N-methyl 

and N-H indoles were compatible with the optimized reaction conditions. N-

methylindoles having electron-donating (-OCH3,-CH3) (3ba-3bd, 3ca-3cd, 3da, 3db, 

Table 4.2) and withdrawing-groups (-Cl, -Br) (3ea-3ec, 3fa, 3fb, Table 4.2) proceeded 

the reaction efficiently. Similarly, electron-rich (-OCH3, -CH3) (3ab, 3ae, 3bb-3bd, 3cb-

3cd, 3db, 3eb, 3ec, 3fb, 3gb-3gd, Table 4.2) and deficient (-Cl) (3ad, Table 4.2) trityl 

chlorides were also well-tolerable to the current protocol. The reaction afforded column 

chromatography-free isolation of products for some of the substrates (3aa, 3ac, 3ba, 3ca, 
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3da, 3ga, Table 4.2) with excellent yields (98-100%). N-methylindole having –CH3 

group at the C-2 position (3h, Table 4.2) resulted in a moderate yield (62%) of the 

desired product which might be due to the steric effect. The reaction failed in the case of 

C-3-protected N-methylindole indicating that the benzylation is only feasible at the C-3 

position. Similar to N-methylindoles, in our protocol, the benzylation of N-H indole 

occurs at the C-3 position without affecting the N1 position due to the high 

nucleophilicity of C-3 rather than N1. Like trityl chloride, chlorodiphenylmethane is also 

an active benzylating agent under the optimized conditions and afforded 58% yield of the 

targeted product (3i, Table 4.2). 

To further extend the applicability of this methodology, we have tried to benzylate other 

nitrogen-containing heterocycles including pyrrole, imidazole, and piperidine 

derivatives. But the developed methodology is not suitable for the N-benzylation of 

pyrrole and piperidine derivatives. For the N-benzylation of imidazole, the current 

protocol is not effective in 2 hours at room temperature. Then we increased the reaction 

time to 24 hours, but we could not get a satisfactory result. Increasing the temperature up 

to 60 °C (for 24 hours) was also ineffective to furnish the N-benzylated product. 

Following these experiments, we again repeated the reaction at room temperature and the 

formation of the desired product was observed after 48 hours. The effectiveness of 

various substituents in the N-benzylation of imidazoles was studied and the results are 

shown in Table 4.3. Electron-donating or withdrawing groups present in imidazole and 

trityl chloride reacted efficiently with low to good yields (20-81%) of N-benzylated 

products. Chlorodiphenylmethane was also utilized for the N-benzylation of imidazole 

and resulted in a comparatively low yield (28%) (4h, Table 4.3). In imidazoles, the 

nitrogen atom attached to hydrogen acts as a better nucleophile since this hydrogen is 

more acidic as compared to the hydrogen atom attached to carbon and hence benzylation 

occurs at the N-H position rather than the carbon atom [21]. 

With this catalyst-free methodology, the synthesis of a pharmaceutically active 

compound, Clotrimazole (antimycotic agent) was done and we were able to isolate the 

product up to 67% yield (4i, Table 4.3). 
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Table 4.3. Substrate scope for the reaction between imidazole and trityl chloride 

derivatives:a 

 
aReaction conditions: 3 (1 equiv.), 2 (1 equiv.), CH3CN (2mL). 

4.3.3 Mechanism study 

To study the halogen bonding formation, the reaction mixture of only trityl chloride in 

CH3CN (after 2 hours of stirring at room temperature) was used for UV-Vis and FT-IR 

(Figure 4.3) analyses. In the UV spectra (Figure 4.3a), the maximum absorption for trityl 

chloride appeared at 240 nm. Conversely, the complex of trityl chloride and CH3CN 

showed a maximum absorption peak at 204 nm. This blue shifting (36 nm) of 

wavelength interpreted the formation of trityl chloride-CH3CN complex via halogen 

bonding [22]. Since in our methodology, the reaction was not feasible in DMF so, we 

carried out the UV-Vis analysis of trityl chloride and DMF mixture and the maximum 

absorption peak appeared at 227 nm. But the shifting of wavelength (13 nm) was low in 
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DMF, which might indicate the weak or less favourable or somewhat repulsive 

interaction with trityl chloride (if deviated from the σ-hole region) due to the planar 

structure of DMF. 

 

Figure 4.3. (a) UV-Vis spectra of trityl chloride and mixtures in CH3CN and DMF at 

room temperature in ethanol; (b) FT-IR spectra trityl chloride, CH3CN, and mixture of 

CH3CN and trityl chloride  

The peak appears at 638 cm-1 in the FT-IR spectrum (Figure 4.3b) of trityl chloride is due 

to C-Cl bond stretching. Similarly, alkyl C-H stretching of CH3CN appears at 2923 and 

2856 cm-1. The peak at 2371 cm-1 is due to the C≡N bond stretching of CH3CN. But the 

FT-IR spectrum of trityl chloride and CH3CN mixture shows that alkyl C-H (2921, 2849 

cm-1), C≡N (2254 cm-1) and C-Cl (631 cm-1) bond stretching frequencies are shifted to 

lower wavenumber, indicating the decrease of bond strength which may be due to the 

complex formation between them through halogen bonding [16,22,23]. From UV-Vis and 

FT-IR analyses it is seen that CH3CN plays the key role to carry out the benzylation 

through halogen bonding. 

4.3.4 Plausible mechanism 

Based on the spectroscopic studies, a possible mechanism for halogen bond formation in 

CH3CN was proposed (Scheme 4.2). Trityl chloride has not a positive potential on the 

chlorine atom due to the higher electronegativity as compared to the carbon [16,20,24]. 

The Lewis basic nature of CH3CN polarized the chlorine atom by inducing a positive 

potential which we might consider as the σ-hole, and then facilitated the formation of 

complex A. Complex A then generated intermediate B, which finally furnished the 

desired product. The linear structure of CH3CN might be favourable in retaining the 
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proper directionality of the halogen bonding interaction by limiting the deviation from 

the σ-hole. 

 

Scheme 4.2. Possible mechanism for C-3 benzylation of indole through halogen bonding 

4.4 Conclusion 

In summary, we have developed a new protocol for CH3CN mediated C-3 and N-

benzylation of nitrogen-rich heterocycles using trityl chlorides through halogen bonding 

at room temperature under catalyst-free conditions. Both protected and unprotected 

indole derivatives proceed the reaction with equal efficiency under the developed 

reaction conditions. In absence of an external base, trityl chlorides can easily benzylate 

imidazole derivatives at the nitrogen atom. This transition metal-free methodology is 

applicable for a broad range of substrates with moderate to excellent yields of the 

targeted products. The mechanistic pathway indicates the existence of halogen bonding 

which is further proved by UV-Vis and FT-IR analyses. The cleavage of the C-Cl bond 

is offered by CH3CN because of its Lewis basic nature that enhances the halogen 

bonding. This simple and easy protocol is environmentally benign, affording the desired 

product under catalyst-, base-, and ligand-free conditions. 

4.5 1H and 13C NMR analytical data 

 

1-methyl-3-trityl-1H-indole (3aa): 1H NMR (400 

MHz, CDCl3): δ (ppm) 7.31–7.08 (m, 18H), 6.77 (t, J 

= 7.5 Hz, 1H), 6.65 (d, J = 8.8 Hz, 2H), 3.70 (s, 3H); 
13C NMR (100 MHz, CDCl3): δ (ppm) 146.7, 137.7, 

130.8, 130.2, 128.3, 128.0, 127.4, 126.0, 122.9, 

122.3, 121.3, 118.7, 109.0, 59.5, 32.8. 
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3-(bis(4-methoxyphenyl)(phenyl)methyl)-1-

methyl-1H-indole (3ab): 1H NMR (400 MHz, 

CDCl3): δ (ppm) 7.32–7.13 (m, 12H), 6.86–6.76 (m, 

5H), 6.72–6.65 (m, 2H), 3.81 (s, 6H), 3.74 (s, 3H); 
13C NMR (100 MHz, CDCl3): δ (ppm) 157.5, 147.2, 

139.2, 137.7, 131.7, 130.6, 130.0, 128.3, 127.3, 

125.9, 123.0, 122.8, 121.2, 118.7, 112.6, 109.0, 58.0, 

55.2, 32.7. 

 

 

3-(diphenyl(p-tolyl)methyl)-1-methyl-1H-indole 

(3ac): 1H NMR (400 MHz, CDCl3): δ (ppm) 7.22–

7.00 (m, 15H), 6.95 (d, J = 7.5 Hz, 2H), 6.70 (t, J = 

7.5 Hz, 1H), 6.61–6.56 (m, 2H), 3.62 (s, 3H), 2.23 (s, 

3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 146.8, 

143.7, 137.7, 135.4, 130.8, 130.7, 130.2, 128.3, 

128.1, 127.4, 125.9, 123.0, 122.4, 121.2, 118.6, 

109.0, 59.1, 32.8, 21.0. 

 

 

3-((2-chlorophenyl)diphenylmethyl)-1-methyl-1H-

indole (3ad): 1H NMR (400 MHz, CDCl3): δ (ppm) 

7.43–7.11 (m, 17H), 6.79 (t, J = 7.6 Hz, 1H), 6.69–

6.57 (m, 2H), 3.74 (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ (ppm) 144.3, 144.0, 137.6, 136.4, 132.4, 

131.9, 130.8, 128.2, 128.1, 127.3, 126.2, 126.0, 

122.2, 121.2, 121.0, 118.8, 109.0, 59.8, 32.8. 

 

 

3-((4-methoxyphenyl)diphenylmethyl)-1-methyl-

1H-indole (3ae): 1H NMR (400 MHz, CDCl3): δ 

(ppm) 7.32–7.22 (m, 12H), 7.20–7.14 (m, 3H), 6.85–

6.79 (m, 3H), 6.71 (d, J = 9.7 Hz, 2H), 3.82 (s, 3H), 

3.75 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 

157.6, 146.9, 138.9, 137.7, 131.8, 130.7, 130.1, 

128.3, 127.4, 125.9, 123.0, 122.5, 121.2, 118.7, 
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112.6, 109.0, 58.7, 55.2, 32.8. 

 

 

1,7-dimethyl-3-trityl-1H-indole (3ba): 1H NMR 

(400 MHz, CDCl3): δ (ppm) 7.31–7.27 (m, 5H), 7.21 

(s, 11H), 6.79 (d, J = 6.9 Hz, 1H), 6.61 (t, J = 7.6 Hz, 

1H), 6.55–6.47 (m, 2H), 3.96 (s, 3H), 2.74 (s, 3H); 
13C NMR (100 MHz, CDCl3): δ (ppm) 146.6, 132.1, 

130.8, 129.3, 128.0, 127.3, 125.9, 124.0, 121.8, 

121.2, 120.8, 118.8, 59.4, 36.9, 19.9. 

 

 

3-(bis(4-methoxyphenyl)(phenyl)methyl)-1,7-

dimethyl-1H-indole (3bb): 1H NMR (400 MHz, 

CDCl3): δ (ppm) 7.14–7.09 (m, 5H), 7.08–7.00 (m, 

4H), 6.73–6.65 (m, 5H), 6.58–6.53 (m, 1H), 6.43 (d, 

J = 8.7 Hz, 2H), 3.88 (d, J = 4.6 Hz, 3H), 3.69 (s, 

6H), 2.67 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 

(ppm) 157.5, 147.1, 139.1, 136.5, 131.9, 131.7, 

130.6, 129.3, 127.3, 125.8, 123.9, 122.3, 121.3, 

120.8, 118.8, 112.6, 58.0, 55.2, 36.9, 19.9. 

 

 

3-(diphenyl(p-tolyl)methyl)-1,7-dimethyl-1H-

indole (3bc): 1H NMR (400 MHz, CDCl3): δ (ppm) 

7.17–7.08 (m, 10H), 7.01 (d, J = 8.3 Hz, 2H), 6.94 

(d, J = 8.2 Hz, 2H), 6.71 (d, J = 7.0 Hz, 1H), 6.57–

6.51 (m, 1H), 6.47–6.40 (m, 2H), 3.88 (s, 3H), 2.67 

(s, 3H), 2.23 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 

(ppm) 146.7, 143.6, 136.5, 135.4, 132.0, 130.8, 

130.7, 129.3, 128.1, 127.3, 125.9, 124.0, 121.9, 

121.3, 120.8, 118.8, 59.0, 36.9, 21.0, 19.9. 
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3-((4-methoxyphenyl)diphenylmethyl)-1,7-

dimethyl-1H-indole (3bd): 1H NMR (400 MHz, 

CDCl3): δ (ppm) 7.17–7.07 (m, 10H), 7.06–7.01 (m, 

2H), 6.75–6.64 (m, 3H), 6.58–6.51 (m, 1H), 6.42 (d, 

J = 8.9 Hz, 2H), 3.88 (s, 3H), 3.70 (d, J = 7.8 Hz, 

3H), 2.67 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 

(ppm) 157.6, 146.9, 138.8, 136.5, 132.0, 131.8, 

130.7, 129.3, 127.3, 125.9, 124.0, 122.0, 121.3, 

120.8, 118.8, 112.6, 58.7, 55.2, 36.9, 19.9. 

 

 

1,5-dimethyl-3-trityl-1H-indole (3ca): 1H NMR 

(400 MHz, CDCl3): δ (ppm) 7.32–7.26 (m, 5H), 7.21 

(dd, J = 7.4, 2.6 Hz, 10H), 7.14 (d, J = 8.3 Hz, 1H), 

6.97–6.92 (m, 1H), 6.60 (s, 1H), 6.40 (s, 1H), 3.67 (s, 

3H), 2.14 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 

(ppm) 146.6, 136.2, 130.8, 130.4, 128.6, 127.9, 

127.3, 125.9, 122.9, 122.5, 121.6, 108.6, 59.4, 32.8, 

21.5. 

 

 

3-(bis(4-methoxyphenyl)(phenyl)methyl)-1,5-

dimethyl-1H-indole (3cb): 1H NMR (400 MHz, 

CDCl3): δ (ppm) 7.29–7.22 (m, 5H), 7.17 (t, J = 8.1 

Hz, 5H), 6.99 (t, J = 8.3 Hz, 1H), 6.80 (d, J = 8.9 Hz, 

4H), 6.61 (s, 1H), 6.48 (s, 1H), 3.82 (s, 6H), 3.71 (s, 

3H), 2.20 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 

(ppm) 157.5, 147.3, 139.2, 136.2, 131.7, 130.7, 

130.2, 128.5, 127.6, 127.3, 125.8, 122.9, 122.6, 

122.2, 112.6, 108.6, 58.0, 55.2, 32.8, 21.5. 
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3-(diphenyl(p-tolyl)methyl)-1,5-dimethyl-1H-

indole (3cc): 1H NMR (400 MHz, CDCl3): δ (ppm) 

7.17–7.00 (m, 13H), 6.95 (d, J = 8.3 Hz, 2H), 6.88–

6.84 (m, 1H), 6.52 (s, 1H), 6.34 (s, 1H), 3.59 (s, 3H), 

2.24 (s, 3H), 2.07 (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ (ppm) 146.8, 143.8, 136.2, 135.3, 130.8, 

130.7, 130.3, 128.5, 128.1, 127.6, 127.3, 125.8, 

122.9, 122.6, 121.8, 108.6, 59.1, 32.8, 21.5, 21.0. 

 

 

3-((4-methoxyphenyl)diphenylmethyl)-1,5-

dimethyl-1H-indole (3cd):  1H NMR (400 MHz, 

CDCl3): δ (ppm) 7.29–7.13 (m, 14H), 6.97 (d, J = 8.3 

Hz, 1H), 6.80 (t, J = 6.0 Hz, 2H), 6.62 (s, 1H), 6.45 

(s, 1H), 3.81 (s, 3H), 3.71 (s, 3H), 2.18 (s, 3H); 13C 

NMR (100 MHz, CDCl3): δ (ppm) 157.5, 147.0, 

138.9, 136.2, 131.8, 130.7, 130.2, 128.5, 127.6, 

127.3, 125.8, 122.9, 122.6, 121.9, 112.6, 108.6, 58.7, 

55.2, 32.8, 21.5. 

 

 

5-methoxy-1-methyl-3-trityl-1H-indole (3da): 1H 

NMR (400 MHz, CDCl3): δ (ppm) 7.31–7.27 (m, 

2H), 7.24–7.18 (m, 14H), 7.12 (d, J = 8.8 Hz, 1H), 

6.76 (dd, J = 8.8, 2.5 Hz, 1H), 6.64 (s, 1H), 6.03 (d, J 

= 2.4 Hz, 1H), 3.67 (s, 3H), 3.37 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ (ppm) 153.1, 146.6, 133.1, 

130.8, 128.6, 127.9, 127.4, 125.9, 121.7, 111.6, 

109.5, 104.4, 59.4, 55.5, 32.9. 
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3-(bis(4-methoxyphenyl)(phenyl)methyl)-5-

methoxy-1-methyl-1H-indole (3db): 1H NMR (400 

MHz, CDCl3): δ (ppm) 7.31–7.15 (m, 10H), 6.83 (t, J 

= 5.8 Hz, 5H), 6.68 (s, 1H), 6.13 (d, J = 1.8 Hz, 1H), 

3.82 (s, 6H), 3.71 (s, 3H), 3.46 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ (ppm) 157.6, 153.0, 147.2, 

139.2, 133.1, 131.7, 130.7, 130.5, 128.6, 127.4, 

125.9, 122.4, 112.6, 111.6, 109.7, 104.5, 58.0, 55.2, 

32.9. 

 

 

5-chloro-1-methyl-3-trityl-1H-indole (3ea): 1H 

NMR (400 MHz, CDCl3): δ (ppm) 7.34–7.16 (m, 

16H), 7.09 (dd, J = 8.7, 2.0 Hz, 1H), 6.74 (s, 1H), 

6.62 (d, J = 1.9 Hz, 1H), 3.72 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ (ppm) 146.2, 136.1, 131.3, 130.7, 

129.2, 128.0, 127.5, 126.2, 124.5, 122.0, 121.7, 

110.1, 59.3, 33.0. 

 

 

3-(bis(4-methoxyphenyl)(phenyl)methyl)-5-

chloro-1-methyl-1H-indole (3eb): 1H NMR (400 

MHz, CDCl3): δ (ppm) 7.17–6.95 (m, 12H), 6.68 (d, 

J = 8.9 Hz, 4H), 6.59–6.53 (m, 2H), 3.70 (s, 6H), 

3.59 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 

157.7, 146.8, 138.7, 136.1, 131.6, 131.2, 130.5, 

129.2, 127.5, 126.0, 124.5, 122.6, 122.0, 121.7, 

112.7, 110.1, 57.9, 55.2, 32.9. 
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5-chloro-3-(diphenyl(p-tolyl)methyl)-1-methyl-

1H-indole (3ec): 1H NMR (400 MHz, CDCl3): δ 

(ppm) 7.19–6.94 (m, 16H), 6.62 (s, 1H), 6.52 (s, 1H), 

3.61 (s, 3H), 2.25 (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ (ppm) 146.4, 143.3, 136.1, 135.6, 131.3, 

130.7, 130.5, 129.2, 128.2, 127.5, 126.1, 124.5, 

122.2, 122.0, 121.7, 110.1, 58.9, 32.9, 21.0. 

 

 

5-bromo-1-methyl-3-trityl-1H-indole (3fa): 1H 

NMR (400 MHz, CDCl3): δ (ppm) 7.19–7.10 (m, 

16H), 7.04 (d, J = 8.7 Hz, 1H), 6.64 (d, J = 1.8 Hz, 

1H), 6.60 (d, J = 3.6 Hz, 1H), 3.61 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ (ppm) 146.2, 136.4, 131.2, 

130.7, 129.8, 127.5, 126.1, 125.0, 124.3, 122.0, 

112.2, 110.6, 59.3, 32.9. 

 

 

3-(bis(4-methoxyphenyl)(phenyl)methyl)-5-

bromo-1-methyl-1H-indole (3fb): 1H NMR (400 

MHz, CDCl3): δ (ppm) 7.30–7.10 (m, 12H), 6.85–

6.77 (m, 5H), 6.68 (s, 1H), 3.82 (s, 6H), 3.71 (s, 3H); 
13C NMR (100 MHz, CDCl3): δ (ppm) 157.7, 146.8, 

138.7, 136.4, 131.6, 131.0, 130.5, 129.8, 127.5, 

126.0, 125.1, 124.2, 122.6, 112.7, 112.2, 110.6, 57.9, 

55.2, 32.9. 

 

 

3-trityl-1H-indole (3ga): 1H NMR (400 MHz, 

CDCl3): δ (ppm) 7.90 (s, 1H), 7.33–7.16 (m, 17H), 

7.08 (t, J = 7.6 Hz, 1H), 6.78 (dd, J = 11.0, 4.3 Hz, 

2H), 6.67 (d, J = 8.1 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ (ppm) 146.5, 137.0, 130.8, 128.0, 127.8, 

127.4, 126.0, 125.5, 124.0, 122.8, 121.7, 119.2, 

111.0, 59.5. 
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3-(bis(4-methoxyphenyl)(phenyl)methyl)-1H-

indole (3gb): 1H NMR (400 MHz, CDCl3): δ (ppm) 

7.96 (s, 1H), 7.36–7.10 (m, 13H), 6.88–6.71 (m, 8H), 

3.81 (s, 6H); 13C NMR (100 MHz, CDCl3): δ (ppm) 

157.6, 147.1, 139.0, 137.0, 131.7, 130.6, 127.8, 

127.4, 125.9, 125.3, 124.5, 122.9, 121.7, 119.2, 

112.6, 110.9, 58.0, 55.2. 

 

 

3-(diphenyl(p-tolyl)methyl)-1H-indole (3gc): 1H 

NMR (400 MHz, CDCl3): δ (ppm) 7.68 (s, 1H), 

7.20–6.95 (m, 19H), 6.91 (d, J = 8.1 Hz, 2H), 6.67 

(m, 2H), 6.59 (d, J = 8.1 Hz, 1H), 2.20 (s, 3H); 13C 

NMR (100 MHz, CDCl3): δ (ppm) 146.7, 143.5, 

137.0, 135.5, 130.8, 130.7, 128.7, 128.1, 127.9, 

127.4, 127.2, 126.0, 125.5, 124.1, 122.9, 121.7, 

119.2, 110.9, 59.1, 21.0. 

 

 

3-((4-methoxyphenyl)diphenylmethyl)-1H-indole 

(3gd): 1H NMR (400 MHz, CDCl3): δ (ppm) 7.83 (s, 

1H), 7.25–7.18 (m, 2H), 7.17–7.07 (m, 10H), 7.06–

6.98 (m, 3H), 6.77–6.58 (m, 5H), 3.68 (d, J = 4.3 Hz, 

3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 157.6, 

146.8, 138.7, 137.0, 131.8, 137.0, 131.8, 130.7, 

127.9, 127.8, 127.4, 126.0, 125.4, 124.2, 122.9, 

121.7, 119.2, 112.6, 111.0, 58.7, 55.2. 

 

 

1,2-dimethyl-3-trityl-1H-indole (3h): 1H NMR (400 

MHz, CDCl3): δ (ppm) 7.43 (m, 6H), 7.24–7.11 (m, 

10H), 7.03 (m, 1H), 6.73 (m, 1H), 6.40 (d, J = 8.2 

Hz, 1H), 3.60 (s, 3H), 1.82 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ (ppm) 147.1, 136.8, 134.9, 130.6, 

127.4, 125.5, 122.0, 120.0, 118.3, 117.7, 108.3, 60.3, 

29.5, 13.8. 
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3-benzhydryl-1-methyl-1H-indole (3i): 1H NMR 

(400 MHz, CDCl3): δ (ppm) 7.21–7.05 (m, 15H), 

6.90–6.83 (m, 1H), 6.30 (s, 1H), 5.57 (s, 1H), 3.53 (s, 

3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 144.2, 

142.3, 137.6, 129.1, 128.8, 128.5, 128.4, 127.6, 

127.5, 127.4, 126.3, 121.7, 120.1, 118.9, 118.4, 

109.2, 48.9, 32.7. 

 

 

4-methyl-1-trityl-1H-imidazole (4a): 1H NMR (400 

MHz, CDCl3): δ (ppm) 7.38–7.32 (m, 10H), 7.17 

(dd, J = 6.2, 3.5 Hz, 6H), 6.54 (s, 1H), 2.22 (s, 3H); 
13C NMR (100 MHz, CDCl3): δ (ppm) 142.6, 138.2, 

137.1, 129.8, 128.0, 127.9, 118.2, 75.0, 13.9. 

 

 

1-((2-chlorophenyl)diphenylmethyl)-4-methyl-1H-

imidazole (4b): 1H NMR (400 MHz, CDCl3): δ 

(ppm) 7.32–7.19 (m, 9H), 7.18–7.07 (m, 5H), 6.85 

(dd, J = 8.0, 1.6 Hz, 1H), 6.34 (s, 1H), 2.09 (s, 3H); 
13C NMR (100 MHz, CDCl3): δ (ppm) 141.0, 140.3, 

138.2, 137.0, 135.5, 132.2, 130.4, 130.2, 129.8, 

128.1, 128.0, 127.0, 118.0, 75.0, 13.7. 

 

 

1-(diphenyl(p-tolyl)methyl)-4-methyl-1H-

imidazole (4c): 1H NMR (400 MHz, CDCl3): δ 

(ppm) 7.39–7.27 (m, 7H), 7.16 (m, 6H), 7.04 (d, J = 

8.3 Hz, 2H), 6.54 (s, 1H), 2.38 (s, 3H), 2.22 (s, 3H); 
13C NMR (100 MHz, CDCl3): δ (ppm) 142.8, 139.7, 

138.2, 137.7, 137.1, 129.8, 128.7, 127.9, 118.1, 74.8, 

21.0, 13.9. 
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1-((4-methoxyphenyl)diphenylmethyl)-4-methyl-

1H-imidazole (4d):  1H NMR (400 MHz, CDCl3): δ 

(ppm) 7.37–7.30 (m, 7H), 7.18–7.12 (m, 4H), 7.09–

7.05 (m, 2H), 6.88–6.83 (m, 2H), 6.53 (s, 1H), 3.83 

(s, 3H), 2.22 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 

(ppm) 159.0, 142.9, 138.1, 137.0, 134.7, 131.2, 

129.7, 127.9, 118.1, 113.2, 74.6, 55.3, 13.9. 

 

 

1-trityl-1H-imidazole (4e): 1H NMR (400 MHz, 

CDCl3): δ (ppm) 7.39 (s, 1H), 7.29–7.21 (m, 9H), 

7.10–7.02 (m, 6H), 6.99 (s, 1H), 6.75 (s, 1H); 13C 

NMR (100 MHz, CDCl3): δ (ppm) 142.5, 139.0, 

129.8, 128.3, 128.1, 121.7, 75.2. 

 

 

1-(diphenyl(p-tolyl)methyl)-1H-imidazole (4f): 1H 

NMR (400 MHz, CDCl3): δ (ppm) 7.49 (s, 1H), 

7.39–7.28 (m, 6H), 7.16 (m, 6H), 7.10–7.02 (m, 3H), 

6.85 (s, 1H), 2.38 (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ (ppm) 142.7, 139.6, 139.0, 137.9, 129.8, 

128.7, 128.2, 128.0, 127.8, 121.7, 75.1, 21.0. 

 

 

1-((4-methoxyphenyl)diphenylmethyl)-1H-

imidazole (4g): 1H NMR (400 MHz, CDCl3): δ 

(ppm) 7.37 (s, 1H), 7.27–7.18 (m, 6H), 7.12–7.01 

(m, 4H), 7.00–6.95 (m, 3H), 6.79–6.70 (m, 3H), 3.72 

(s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 

159.1, 142.8, 139.0, 134.6, 131.2, 129.7, 128.2, 

128.0, 121.7, 113.3, 74.9, 55.3. 
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1-benzhydryl-1H-imidazole (4h): 1H NMR (400 

MHz, CDCl3): δ (ppm) 7.33 (d, J = 8.5 Hz, 1H), 

7.32–7.23 (m, 6H), 7.03 (dd, J = 4.9, 2.7 Hz, 5H), 

6.77 (s, 1H), 6.44 (s, 1H); 13C NMR (100 MHz, 

CDCl3): δ (ppm) 139.1, 137.4, 129.2, 128.9, 128.4, 

128.1, 65.1. 

 

 

1-((2-chlorophenyl)diphenylmethyl)-1H-imidazole 

(4i): 1H NMR (400 MHz, CDCl3): δ (ppm) 7.38 (s, 

1H), 7.32 (dd, J = 7.8, 1.4 Hz, 1H), 7.26–7.20 (m, 

7H), 7.18–7.07 (m, 5H), 6.96 (s, 1H), 6.84 (dd, J = 

8.0, 1.6 Hz, 1H), 6.66 (s, 1H); 13C NMR (100 MHz, 

CDCl3): δ (ppm) 140.9, 140.4, 139.1, 135.6, 132.2, 

130.4, 130.2, 129.9, 128.4, 128.2, 128.0, 127.0, 

121.6, 75.1. 

 

 

1-((2-chlorophenyl)diphenylmethyl)-1H-

benzo[d]imidazole (4j): 1H NMR (400 MHz, 

CDCl3): δ (ppm) 8.02 (s, 1H), 7.80 (d, J = 8.1 Hz, 

1H), 7.44–7.14 (m, 15H), 6.95–6.86 (m, 1H), 6.45 (d, 

J = 8.3 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 

(ppm) 144.8, 144.5, 135.9, 134.6, 132.5, 131.4, 

130.5, 129.9, 128.2, 128.1, 126.8, 122.5, 122.1, 

120.3, 114.8, 75.6. 

 

 

1-trityl-1H-benzo[d]imidazole (4k): 1H NMR (400 

MHz, CDCl3): δ (ppm) 7.92 (s, 1H), 7.81 (d, J = 8.1 

Hz, 1H), 7.37–7.30 (m, 9H), 7.24–7.16 (m, 7H), 6.92 

(t, J = 7.7 Hz, 1H), 6.50 (d, J = 8.3 Hz, 1H); 13C 

NMR (100 MHz, CDCl3): δ (ppm) 144.5, 144.1, 

141.3, 134.7, 130.0, 128.2, 128.0, 122.4, 122.1, 

120.2, 115.4, 75.5. 
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1-((2-chlorophenyl)diphenylmethyl)-2-methyl-1H-

imidazole (4l): 1H NMR (400 MHz, CDCl3): δ 

(ppm) 7.35 (dd, J = 7.8, 1.5 Hz, 1H), 7.29–7.17 (m, 

8H), 7.06 (dd, J = 18.4, 5.6 Hz, 5H), 6.81 (d, J = 1.5 

Hz, 1H), 6.74 (s, 1H), 1.49 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ (ppm) 146.8, 139.8, 135.8, 132.6, 

130.8, 130.7, 129.8, 128.0, 127.8, 126.8, 124.9, 

122.1, 75.2, 17.1. 
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1H and 13C NMR spectra of 1-methyl-3-trityl-1H-indole 
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1H and 13C NMR spectra of 4-methyl-1-trityl-1H-imidazole 
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