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A one-pot Barluenga coupling between N-tosylhydrazones and nitro-benzylbromide, followed 

by deoxygenation of ortho-nitrostyrenes, and subsequent cyclization has been developed 

providing a new way to synthesize various C2-arylindoles. This method exhibits a good 

substrate scope and functional group tolerance, and it allows an access to NH-free indoles, 

which can present a potential utility in medicinal chemistry applications. 

Introduction 

N-Tosylhydrazones (NTH) have been emerged recently as a carbene precursors and 

have been one of the most important achievements in the search for a new type of cross-

coupling partners in transition-metal catalysis.1 They serve as a versatile and powerful 

synthetic tool for the formation of C-C,1 C-X (N,2 O,3 S4) bonds with a remarkable range of 

applications in medicinal chemistry.5 NTH are solid and stable reagents and are readily 

accessible from ketones, and aldehydes. In comparison to classical cross-coupling reactions, 

which employ stoichiometric organometallic reagents (such as boronic reagents, Grignard 

reagents, organozinc reagents, organolithium) as a nucleophilic component, the use of NTH 

represents an attractive alternative for metal-catalyzed cross-coupling processes that does not 

involve the use of a stoichiometric organometallic species (R-MgX, RSnBu3, RLi).  

Indoles constitute a privileged structure that can be found in a large number of drugs 

approved for various diseases including cancer, cardiovascular diseases, and neurologic 

disorders.6 In the framework of our medicinal chemistry-screening program to discover new 

anticancer compounds,5c, 7 recently, we developed a novel strategy for the effective synthesis of 

3-aryl-indoles from NTH, as antitubulin agents (Scheme 1),8 this approach has already proven 

useful in the synthesis of potent antiproliferative agents compounds. Over the previous 

decade, the access to molecular diversity has increased impressive enthusiasm within the 

community of synthetic chemists because of its vital role in drug discovery.9 In connection 

with the above and in order to use the NTH as a versatile building block in organic synthesis,10 

which enables further transformations of the carbene coupling product, we decided to explore 

the reactivity of NTH derived from aldehydes in the cross-coupling reaction with 2-

nitrobenzyl bromide to form C2-arylated indoles in a one-pot reaction. This transformation 
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consists firstly on the formation of a Csp2-Csp2 bond between NTH and the benzyl bromide, 

then in situ reduction of the nitroalkene to nitrene derivative, followed by annulation leading 

to the formation of C2-arylated indoles.  

Over the past decades, many synthetic strategies have been developed to obtain C2 

arylated indoles.11 Among them, great efforts have been devoted to transition metal catalyzed 

direct C2-H arylations,12 Suzuki-Miyaura coupling (Scheme 1),13 and predominant metal-

catalyzed preparation of indoles starting from 2-alkynylanilines.14 However, many of these 

methods require activated indoles and arenes, some work better with N-methylated or 

protected indoles,15 and others suffer from regioselectivity issue (C2:C3).16 Hence, the 

development of straightforward methodologies for synthesizing 2-aryl indoles remains highly 

desirable. Highlighted features of this strategy are (a) the divergent synthesis of 2-arylindoles 

can be achieved by changing the coupling partners; (b) functional-group tolerance; (c) 

formation of NH-free arylindoles which can be interesting for biological activity. 

 

Scheme 1. Different strategies for the access of C2-arylated indoles derivatives 

Results and discussion 
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Initially, the reaction of NTH 1a with 2-nitrobenzylbromide 2a under previously reported 

conditions (Pd2dba3/Xphos)17 or (Pd2dba3/ P(2-furyl)3)18 provided 3a in a low 25% and 50% 

yields respectively (entries 1-2, Table 1). The low reactivity of 2-nitrobenzylbromide 

derivative led to inefficient coupling and resulted in the concomitant formation of sulfone 

derivative resulted from decomposition of NTH.19 Performing the coupling by using a 

combination of Pd2dba3/ P(2-furyl)3 in dioxane instead of toluene led to a slight increase in the 

yield (cf. entry 2 and 3). We also tested other solvents such as THF and CPME but no 

improvement in the yield was observed in comparison to dioxane. Surprisingly, the reduction 

of the amount of ligand from 20 mol% (entry 3) to 10 mol% (entry 6) led to a significant 

increase in the yield of the desired product 3a. Then, we turned toward the study of the 

temperature parameter, and we found that the optimal range is at 110°C (entry 7). We 

examined other palladium sources such as Pd(OAc)2 which was also effective, albeit affording 

3a with slightly reduced yield (entry 8). Switching the P(2-furyl)3 by Sphos ligand led to 

dramatically decrease in the yield (cf. entry 7 and 9). Finally, other inorganic bases were 

tested such as NaOtBu and Cs2CO3 and we found them less efficient than LiOtBu in this 

coupling (entries 10-11). As a result, the combination of Pd2dba3.CHCl3 (2.5 mol%), P(2-

furyl)3 (10 mol%), LiOtBu (2.2 equiv), dioxane in a sealed tube at 110 °C was fixed as 

optimal condition.  

Table 1.  Optimization of Coupling Reaction of N-Tosylhydrazones 1a with 2-Nitrobenzyl bromide 2a under 
Various Conditions.a 

	
	
	

	

entry [Pd] X mol% L mol% solvent base Temp (°C) yield (%)b 
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1 Pd2dba3.CHCl3 (2.5) XPhos (10) dioxane LiOtBu 90  25  

2 Pd2dba3.CHCl3 (2.5) P(2-furyl)3 (20) PhMe LiOtBu	 90 50  

3 Pd2dba3.CHCl3 (2.5) P(2-furyl)3 (20) dioxane LiOtBu	 90 55 

4 Pd2dba3.CHCl3 (2.5) P(2-furyl)3 (20) THF LiOtBu	 90 15 

5 Pd2dba3.CHCl3 (2.5) P(2-furyl)3 (20) CPME LiOtBu	 90 35 

6 Pd2dba3.CHCl3 (2.5) P(2-furyl)3 (10) dioxane	 LiOtBu	 90 64 

7 Pd2dba3.CHCl3 (2.5) P(2-furyl)3 (10) dioxane	 LiOtBu	 110 85 

8 Pd(OAc)2  (5) P(2-furyl)3 (10) dioxane	 LiOtBu	 110 65 

9 Pd2dba3.CHCl3 (2.5) Sphos (10) dioxane	 LiOtBu	 110 15 

10 Pd2dba3.CHCl3 (2.5) P(2-furyl)3 (10) dioxane	 NaOtBu	 110 18 

11 Pd2dba3.CHCl3 (2.5) P(2-furyl)3 (10) dioxane	 Cs2CO3	 110 30 

a The reactions were carried out in a sealed tube with 1a (0.6 mmol), 2a (0.6 mmol), [Pd] (X mol %), Ligand (Y 
mol %), base (2.2 equiv) in 2.5 mL of solvent. b Yield of 3a.  

With the optimal conditions for the first step in hand, we subsequently investigated the one-

pot reaction in order to perform reduction of the nitro function to nitrenes, and then 

spontaneous annulation led to C2-aryl indole 4. To our delight, we found that the optimal 

conditions were compatible with the one-pot reaction and when the first coupling was 

achieved (3 hours), PPh3 was added allowing the formation of C2-aryl indole 4a in 70% yield 

(Table 2, entry 1). This yield represents an average of 84% for each step. Next, we examined 

the scope of NTH partner in this one-pot sequence. Most of these NTH were prepared from 

the corresponding aldehydes and used without further purification. Electron-donating groups 

on the phenyl ring of NTH were compatible, affording the desired C2-aryl indole derivatives 

with good yields (Table 2, entries 1-4). However moderate to low yield was obtained when 

the reaction was performed with NTH having electron-withdrawing groups (entries 5-7). 

Different substituents at various positions on the arenes, including 3,4,5-trimethoxy group did 

not hamper the coupling. Also, the reaction was successfully carried out with N-

tosylhydrazones derived from benzaldehyde, 2-naphthaldehyde, and biphenyl-4-

carboxaldehyde (entries 8-10). When the coupling was performed between NTH derived from 

alkyl aldehyde 1k and benzyl bromide 2a, we were unable to isolate the desired compound 

4k, and only a trace of the intermediate 3 was obtained. Finally, our standard conditions was 

useful for NTH generated from heterocyclic NTH, and the desired compound 4l was obtained 

in 40% isolated yield.  
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Table 2. Substrate scope of NTH, synthesis of C2-aryl indoles. 

	
entry NTH 1 Benzyl bromides 2 product yield (%)a 

1 

   
70 

 1a 2a 4a  

2 

 

2a 

 

65 

 1b  4b  

3 
 

2a 
 

73 

 1c  4c  

4 
 

2a 
 

70 

 1d  4d  

5 
 

2a 
 

55 

 1e  4e  

6 
 

2a 
 

45 

 1f  4f  

7 
 

2a 
 

42 

 1g  4g  

8 
 

2a 
 

68 

 1h  4h  

9 
 

2a 
 

62 

 1i	  4i	  
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10 
 

2a 
 

36 

 1j  4j  

11 
 

2a 
 

0b 

 1k  4k  

12 
 

2a 
 

40 

 1l  4l  
a Yield of products 4. b Only a trace of intermediate 3 was obtained.   

In order to gauge the performance of this one-pot procedure, the substrate scope has been 

investigated with respect to the substituted ortho-nitro-benzylbromide 2 (Table 3). These aryl 

halides derivatives were prepared easily by bromination of the corresponding 1-methyl-2-

nitroaryls in the presence of AIBN/NBS.20  

Under the optimized reactions conditions, the electrophilic coupling partner ortho-nitro-

benzylbromide having an EDG (OMe), in ortho (2b), meta (2c), and para (2d) positions to 

NO2 were coupled to a diverse range of N-tosylhydrazones 1, and the corresponding 2-aryl 

indole derivatives were obtained in satisfactory yields (Table 3, entries 1-6). Also, the 

coupling was successful in the presence of EWG (F) on the benzylbromide partner (entries 7-

9). Remarkably, functional groups, such as fluoro (compounds 4r-u), and cyano (4n and 4v) 

were tolerated, providing the possibility for further transformations. It should be noted that 

under our standard conditions, we were able to realize the coupling between hydrazones 

derivated from cinnamaldehyde and benzylbromide 2a, which lead to the corresponding (E)-

2-styryl-1H-indole (4w) in a 32% yield. Finally, coupling with NTH (1g) and 2-nitrobenzyl 

bromide partner (2e) having both EWG led successfully to the formation of the desired 

compound 4x.  

 

 

Table 3. Substrate scope of NTH and nitro-benzylbromide. 
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entry NTH 1 Benzyl bromides 2 product yield (%)a 

1 
   

58 

 1d 2b 4m  

2 
 

2b 
 

56 

 1g  4n  

3 

   

66 

 1a 2c 4o  

4 1a 

  

71 

  2d 4p  

5 

 

2d 

 

63 

 1b  4q  

6 
 

2d 
 

68 

 1e  4r  

7 
   

52 

 1c 2e 4s  

8 
   

72 

 1i 2f 4t  

9 
   

65 

 1d 2g 4u  

10 1a 
 

 

55 

  2h 4v  

11 
	

1m 
	

2a 
	

4w 

32 

12 
	 	 	

35 

 1g 2e 4x  
a Yield of products 4.  

After the success in the coupling of NTH derived from aldehydes, we finally intended to 

perform the one-pot reaction between NTH derived from benzophenone 1n (R = H) (Scheme 
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2) and nitrobenzyl bromide 2a which would lead to the intermediate 6i and then the reductive 

cyclization normally would give rise to a compound with seven-member azepin heterocycle 

7i (Scheme 2). When the reaction has performed, a new compound was obtained in 55% 

yield and was expected to be the desired 7-member ring compound. Even if we obtained the 

desired peak of mass for this product 7: HRMS (ESI): for C20H16N (M + H)+: m/z calcd 

270.1283, found 270.1274, however the 1H and 13C NMR analysis did not fit with this already 

known compound 7.21 After careful analysis (MS, 1H, and 13C NMR), we deduced that the 

obtained compound corresponds to 2,3-diphenyl-1H-indole 8a (Scheme 2).22 To validate this 

observation, we studied the same reaction with another NTH derived from benzophenone (R 

= OMe), again no traces of 7-member ring compound was observed and we isolated 

compound 8b in a 30% yield. However, NTH having EWG (R = F) was not suitable for this 

transformation, in this case the corresponding intermediate 6 was not obtained. Finally, to 

study the selectivity of this rearrangement, we performed this coupling with dissymmetrical 

NTH 1q, in this case, the rearrangement was also successful, and, the indole 8c was obtained 

in a poor yield. 
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Scheme 2. Unexpected 2,3 diphenyl indoles formation from NTH derived from 

acetophenone and  nitrobenzyl bromide 

 

 

Conclusion  

In summary, we have developed a new one-pot method for the synthesis of C2-aryl indoles. 

This method implies the formation of ortho-nitrostyrenes intermediates from N-

tosylhydrazones and nitro-benzylbromides. Then, nitrenes derivatives were generated in situ 

after deoxygenation of nitrostyrenes, followed by annulation leading to the formation of C2-

arylated indoles. We anticipate that this method may quickly find use in medicinal chemistry 

programmes as it allows the synthesis of NH-free indoles libraries for direct biological tests, 

Page 10 of 33

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



and which can be alkylated thereafter in order to increase the molecular diversity and enables 

drug discovery.  

 

EXPERIMENTAL SECTION 

General Methods. Solvent peaks were used as reference values, with CDCl3 at 7.26 ppm 

for 1H NMR and 77.16 ppm for 13C NMR. Chemical shifts δ are given in ppm, and the 

following abbreviations are used: singlet (s), doublet (d), doublet of doublet (dd), triplet (t), 

multiplet (m) and broad singlet (bs). Reaction courses and product mixtures were routinely 

monitored by TLC on silica gel, and compounds were visualized with under a UVP 

Mineralight UVGL-58 lamp (254 nm) and with phosphomolybdic acid/Δ, anisaldehyde/Δ, or 

vanillin/Δ. Flash chromatography was performed using silica gel 60 (40–63 mm, 230–400 

mesh) at medium pressure (200 mbar). Dioxane, dichloromethane, cyclohexane and 

tetrahydrofuran were dried using the procedures described in D. Perrin Purification of 

Laboratory Chemicals.23 Organic extracts were, in general, dried over MgSO4 or Na2SO4. High-

resolution mass spectra were recorded with the aid of a MicrOTOF-Q II. All products 

reported showed 1H and 13C NMR spectra in agreement with the assigned structures.  

General procedure for preparation of hydrazone24 

To a rapidly stirred suspension of p-toluenesulphonohydrazide (930 mg, 5 mmol) in dry 

methanol (10 mL) at 60 °C, the ketone (5 mmol) was added dropwise. Within 5-60 min the N-

tosylhydrazone began to precipitate. The mixture was cooled to 0 °C and the product was 

collected on a Büchner funnel, washed by petroleum ether then was dried in vacuo to afford 

the pure product.  

(E)-N'-(3,5-Dimethoxybenzylidene)-4-methylbenzenesulfonohydrazide (1a).25 The title 

compound was isolated as a white solid, m.p. = 114-116 ˚C (1.58 g, 4.75 mmol, yield 95%). 

1H NMR (300 MHz, acetone-d6) δ (ppm): 10.11 (s, 1H), 7.90 (s, 1H), 7.84 (d, J = 8.3 Hz, 

2H), 7.40 (d, J = 8.2 Hz, 2H), 6.77 (d, J = 2.3 Hz, 2H), 6.51 (t, J = 2.3 Hz, 1H), 3.79 (s, 6H), 
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2.39 (s, 3H). 13C{1H} NMR (75 MHz, acetone-d6) δ (ppm): 162.0, 147.9, 144.7, 137.4, 137.0, 

130.4, 128.6, 105.7, 103.0, 55.8, 21.5.  

4-Methyl-N'-(3,4,5-trimethoxybenzylidene)benzenesulfonohydrazide (1b).26 The title 

compound was isolated as a white solid, m.p. = 141-143 ˚C (1.67 g, 4.6 mmol, yield 92%). 1H 

NMR (300 MHz, CDCl3) δ (ppm): 8.05 (s, 1H), 7.76 (s, 1H), 6.76–7.81 (m, 6H), 3.74 (s, 9H), 

2.25 (s, 3H). 13C{1H} NMR (75 MHz, CDCl3) δ (ppm): 154.9, 148.8, 141.4, 137.3, 135.5, 

129.6, 125.8, 125.5, 107.9, 56.7, 20.6.   

N'-(4-Methoxybenzylidene)-4-methylbenzenesulfonohydrazide (1c).27 The title 

compound was isolated as a yellow solid, m.p. = 103-105 ˚C (1.29 g, 4.25 mmol, 85%). 1H 

NMR (300 MHz, CDCl3) δ (ppm): 8.12 (s, 1H), 7.87 (d, J = 8.4 Hz, 2H), 7.73 (s, 1H), 7.51 

(d, J = 8.8 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 6.88 (d, J = 8.8 Hz, 2H), 3.80 (s, 3H), 2.39 (s, 

3H). 13C{1H} NMR (75 MHz, CDCl3) δ (ppm): 161.4, 148.3, 144.2, 135.3, 129.7, 129.0, 

127.9, 125.9, 114.1, 55.4, 21.6. 

4-Methyl-N'-(4-methylbenzylidene)benzenesulfonohydrazide (1d).28 The title compound 

was isolated as a white solid, m.p. = 139-141 ˚C (1.3 g, 4.5 mmol, 90%). 1H NMR (300 MHz, 

CDCl3) δ (ppm): 8.08 (br s, 1H), 7.87 (d, J = 8.2 Hz, 2H), 7.73 (s, 1H), 7.47 (d, J = 8.2 Hz, 

2H), 7.30 (d, J = 8.0 Hz, 2H), 7.16 (d, 2H, J = 8.0 Hz), 2.36 (s, 3H, CH3), 2.32 (s, 3H, CH3). 

13C{1H} NMR (75 MHz, CDCl3) δ (ppm): 148.3, 144.1, 140.7, 135.2, 130.5, 129.6, 129.2, 

127.8, 127.2, 21.5 (CH3), 21.4 (CH3). 

N'-(4-Fluorobenzylidene)-4-methylbenzenesulfonohydrazide (1e).29 The title compound 

was isolated as a white solid, m.p. = 133-135 ˚C (1.24 g, 4.25 mmol, 85%). 1H NMR (300 

MHz, CDCl3) δ (ppm): 8.56 (br s, 1H), 7.88 (d, J = 8.5 Hz, 2H), 7.78 (s, 1H), 7.54 (dd, J1 = 

8.9, J2 =5.6 Hz, 2H), 7.30 (d, J = 7.9 Hz, 2H), 7.04 (t, J = 8.6 Hz, 2H), 2.39 (s, 3H). 13C{1H} 

NMR (75 MHz, CDCl3) δ (ppm): 165.5 (JC-F = 251.2 Hz), 148.4, 144.2, 135.3, 129.7, 129.5, 

129.2 (JC-F = 8.3 Hz), 127.9, 115.7 (JC-F = 22.3 Hz), 21.5. 
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4-Methyl-N'-(4-(trifluoromethyl)benzylidene)benzenesulfonohydrazide (1f).27 The title 

compound was obtained as white solid, m.p. = 148-150 ˚C (1.33 g, 3.9 mmol, yield 78%). 1H 

NMR (300 MHz, DMSO-d6) δ (ppm): 11.72 (s, 1H), 8.00 (s, 1H), 7.80-7.70 (m, 6H), 7.39 (d, 

J = 8.0 Hz, 2H), 2.34 (s, 3H). 13C{1H} NMR (75 MHz, DMSO-d6) δ (ppm): 145.0, 143.5, 

137.5, 136.1, 129.7 (q, J C-F = 31.7 Hz), 129.9, 127.3, 127.2, 125.6 (q, J C-F = 4.0 Hz), 123.9 

(q, J C-F = 270.0 Hz), 20.9. 

N'-(4-Cyanobenzylidene)-4-methylbenzenesulfonohydrazide (1g).30 The title compound 

was isolated as a white solid, m.p. = 161-163 ˚C (1.2 g, 4.0 mmol, 80%). 1H NMR (300 MHz, 

CDCl3) δ (ppm): 8.87 (br s, 1H), 7.88 (d, J = 8.0 Hz, 2H), 7.80 (s, 1H), 7.64 (m, 4H), 7.32 (d, 

J = 8.0 Hz, 2H), 2.40 (s, 3H). 13C{1H} NMR (75 MHz, CDCl3) δ (ppm): 144.9, 144.8, 137.4, 

134.9, 132.4, 129.9, 127.9, 127.6, 118.4, 113.4, 21.7.  

N'-Benzylidene-4-methylbenzenesulfonohydrazide (1h).28 The title compound was 

isolated as a white solid, m.p. = 119-121 ˚C (1.01 g, 3.7 mmol, 74%). 1H NMR (300 MHz, 

CDCl3) δ (ppm): 8.12 (br s, 1H), 7.91 (d, J = 8.2 Hz, 2H), 7.79 (s, 1H), 7.61-7.58 (m, 2H), 

7.38-7.28 (m, 5H), 2.42 (s, 3H). 13C{1H} NMR (75 MHz, CDCl3) δ (ppm): 148.2, 144.4, 

135.3, 133.3, 130.5, 129.8, 128.7, 128.0, 127.5, 21.7. 

4-Methyl-N'-(naphthalen-2-ylmethylene)benzenesulfonohydrazide (1i).18b The title 

compound was isolated as a white solid, m.p. = 128-130 ˚C (1.36 g, 4.2 mmol, 84%). 1H 

NMR (300 MHz, DMSO-d6) δ 8.10 (s, 1H), 7.94 – 7.91 (m, 3H), 7.89 – 7.76 (m, 5H), 7.52 – 

7.47 (m, 2H), 7.32 (d, J = 8.1 Hz, 2H), 2.39 (s, 3H). 13C{1H} NMR (75 MHz, DMSO-d6) δ 

147.0, 143.4, 136.2, 133.6, 132.7, 131.4, 129.6, 128.6, 128.4, 128.2, 127.7, 127.3, 127.1, 

126.7, 122.1, 20.9. 

N'-([1,1'-Biphenyl]-4-ylmethylene)-4-methylbenzenesulfonohydrazide (1j).31 The title 

compound was obtained as white solid, m.p. = 198-200 ˚C (1.5 g, 4.3 mmol, yield 86%).1H 

NMR (300 MHz, DMSO-d6) δ 11.47 (s, 1H), 7.97 (s, 1H), 7.80 (d, J = 8.1 Hz, 2H), 7.67 (q, J 
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= 8.2 Hz, 6H), 7.48-7.34 (m, 5H), 2.35 (s, 3H). 13C{1H} NMR (75 MHz, DMSO-d6) δ 146.5, 

143.4, 141.5, 139.2, 136.2, 132.7, 129.6, 128.9, 127.8, 127.3, 127.2, 126.9, 126.6, 20.9 

4-Methyl-N'-(3-phenylpropylidene)benzenesulfonohydrazide (1k).27 The title compound 

was obtained as white solid, m.p. = 112-114 ˚C (0.8 g, 2.7 mmol, yield 53%). 1H NMR (300 

MHz, DMSO-d6) δ (ppm): 10.93 (s, 1H), 7.67 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 

7.27 (t, J = 5.1 Hz, 2H), 7.23-7.14 (m, 3H), 7.11 (d, J = 7.4 Hz, 2H), 2.67 (t, J = 7.5 Hz, 2H), 

2.43-2.40 (m, 2H), 2.38 (s, 3H). 13C NMR (75 MHz, DMSO-d6) δ (ppm): 150.9, 143.1, 140.7, 

136.3, 129.5, 128.2, 128.2, 127.1, 125.8, 33.2, 31.5, 21.0. 

4-Methyl-N'-(pyridin-3-ylmethylene)benzenesulfonohydrazide (1l).32 The title 

compound was obtained as white solid, m.p. = 154-156 ˚C (1.35 g, 4.9 mmol, yield 98%). 1H 

NMR (300 MHz, DMSO-d6) δ (ppm): 11.63 (s, 1H), 8.70 (s, 1H), 8.55 (d, J = 4.6 Hz, 1H), 

7.94 (m, 7.95-7.93, 2H), 7.78 (d, J = 8.0 Hz, 2H), 7.41 (d, J = 8.1 Hz, 3H), 2.36 (s, 3H). 

13C{1H} NMR (75 MHz, DMSO-d6) δ (ppm): 150.6, 148.3, 144.1, 143.5, 136.0, 133.2, 129.7, 

129.6, 127.2,123.9, 21.0. 

4-Methyl-N'-((2E)-3-phenylallylidene)benzenesulfonohydrazide (1m).32 The title 

compound was isolated as a white solid, m.p. = 156-158 ˚C (750 mg, 2.5 mmol, 50%). 1H 

NMR (300 MHz, DMSO-d6) δ (ppm): 7.93 (s, 1H), 7.82 (d, J = 7.5 Hz, 2H), 7.53 (d, J = 7.6 

Hz, 1H), 7.37 – 7.22 (m, 7H), 6.84-6.70 (m, 2H), 2.34 (s, 3H). 13C{1H} NMR (75 MHz, 

DMSO-d6) δ 149.2, 143.3, 139.1, 136.3, 135.6, 129.6, 128.8, 128.7, 127.2, 127.0, 124.7, 30.0. 

N'-(Diphenylmethylene)-4-methylbenzenesulfonohydrazide (1n).33 The title compound 

was isolated as a white solid, m.p. = 180-182 ˚C (1.58 g, 4.5 mmol, 90%). 1H NMR (300 

MHz, CDCl3) δ (ppm): 7.86 (d, J = 8.3 Hz, 2H), 7.53 – 7.51 (m, 4H), 7.46 – 7.43 (m, 2H), 

7.35 – 7.26 (m, 5H), 7.14-7.11 (m, 2H), 2.43 (s, 3H). 13C{1H} NMR (75 MHz, CDCl3) δ 

(ppm): 154.3, 144.3, 136.6, 135.7, 131.3, 130.2, 130.0, 129.9, 129.8, 128.4, 128.4, 128.1, 

127.7, 21.8. 
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N'-(bis(4-Methoxyphenyl)methylene)-4-methylbenzenesulfonohydrazide (1o).34 The 

title compound was isolated as a white solid, m.p. = 138-140 ˚C (1.4 g, 3.4 mmol, 68%). 1H 

NMR (300 MHz, CDCl3) δ (ppm): 7.86 (d, J = 8.1 Hz, 2H), 7.49 (s, 1H), 7.36 (dd, J = 8.4 Hz, 

4H), 7.04 (d, J = 8.7 Hz, 4H), 6.81 (d, J = 8.9 Hz, 2H), 3.89 (s, 3H), 3.81 (s, 3H), 2.44 (s, 3H). 

13C{1H} NMR (75 MHz, CDCl3) δ (ppm): 160.9, 160.5, 154.2, 143.9, 135.5, 129.8, 129.50, 

129.47, 129.1, 127.8, 123.0, 115.0, 113.5, 55.4, 55.3, 21.7. 

N'-(bis(4-Fluorophenyl)methylene)-4-methylbenzenesulfonohydrazide (1p).33 The title 

compound was isolated as a white solid, m.p. = 154-156 ˚C (1.16 g, 3.0 mmol, 60%). 1H 

NMR (300 MHz, CDCl3) δ (ppm): 7.87 (d, J = 8.5 Hz, 2H), 7.50 (s, 1H), 7.43 – 7.35 (m, 4H), 

7.31 (d, J = 8.9 Hz, 2H), 7.18-7.13 (m, 2H), 6.99 (t, J = 8.6 Hz, 2H), 2.46 (s, 3H). 13C{1H} 

NMR (75 MHz, CDCl3) δ (ppm): δ 164.5 (d, 1JC-F = 247.5 Hz), 164.2 (d, 1JC-F = 246.3 Hz), 

153.0, 144.8, 137.5, 134.7 (d, 4JC-F = 2.6 Hz), 132.2 (d, 3JC-F = 8.5 Hz), 130.5 (d, 3JC-F = 8.5 

Hz), 130.4, 129.3 (d, 4JC-F = 3.2 Hz),128.9, 117.1 (d, 2JC-F = 21.8 Hz), 116.0 (d, 2JC-F = 21.9 

Hz), 21.5.  

N'-((4-Methoxyphenyl)(phenyl)methylene)-4-methylbenzenesulfonohydrazide (1q).35 

The title compound was obtained as white solid, m.p. = 140- 142˚C (1.7 g, 4.5 mmol, yield 

90%). 1H NMR (300 MHz, CDCl3) δ 7.84 (2H, d, J = 8.2 Hz) 7.54-7.42 (3H, m), 7.42-7.26 

(m, 4H), 7.15-7.00 (2H, m), 6.8 (2H, d, J = 8.9 Hz), 3.78 (3H, s), 2.42 (3H, s); 13C NMR (75 

MHz, CDCl3) δ 161.2, 154.4, 144.1, 135.7, 130.1, 129.9,. 129.7, 129.2, 128.4, 128.0, 113.7, 

55.5, 21.7.  

 

 

General procedure for the synthesis of 2-arylated NH-free indole derivatives 

A 5 ml sealed tube under argon atmosphere was charged with N-tosylhydrazone (0.6 mmol, 

1.0 eq), 2-nitrobenzylbromide (0.6 mmol, 1.0 eq), Pd2dba3·CHCl3 (2.5 mol%), and P(2-furyl)3 
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(10 mol%). Then dioxane (2.5 mL) was added via syringe and the mixture was stirred at room 

temperature for 1 min before the addition of LiOtBu (1.32 mmol, 2.2 eq). Then the flask was 

put into a preheated oil bath (110 oC) and stirred. After 3 h, PPh3 (2.4 mmol, 4 eq) was added 

to the same reaction mixture which was stirred at 160 oC for 24 h. The crude reaction mixture 

was allowed to cool to room temperature. EtOAc was added to the mixture, which was 

filtered through Celite®. The solvents were evaporated under reduced pressure, and the crude 

residue was purified by column chromatography on silica gel.  

2-(3,5-Dimethoxyphenyl)-1H-indole (4a).36 Column chromatography on silica gel 

afforded 106 mg of the desired compound (0.42 mmol, yield 70%), white solid, m.p.= 129-

130 ˚C. TLC: Rf = 0.4 (Cyclohexane/ Ethyl acetate 8/2). IR (film, cm-1): 3388, 2994, 2937, 

1611, 1592, 1546, 1455, 1428, 1359, 1280, 1204, 1151, 1081. 1H NMR (300 MHz, CDCl3) δ 

(ppm): 8.36 (s, 1H), 7.67 (d, J = 7.7 Hz, 1H), 7.39 (d, J = 7.8 Hz, 1H), 7.24 (t, J = 7.7 Hz, 

1H), 7.17 (t, J = 7.8 Hz, 1H), 6.84 (s, 1H), 6.83 (d, J = 2.1 Hz, 2H), 6.48 (t, J = 2.1 Hz, 1H), 

3.87 (s, 6H). 13C{1H} NMR (75 MHz, CDCl3) δ (ppm): 161.3 (2C), 137.9 (C), 136.8 (C), 

134.4 (C), 129.2 (C), 122.5 (CH), 120.8 (CH), 120.4 (CH), 111.1 (CH), 103.7 (2CH), 100.4 

(CH), 99.7 (CH), 55.5 (2OCH3). HRMS (ESI): for C16H16NO2 (M + H)+: m/z calcd 254.1181, 

found 254.1182.  

2-(3,4,5-Trimethoxyphenyl)-1H-indole (4b).37 Column chromatography on silica gel 

afforded 109 mg of the desired compound (0.39 mmol, yield 65%), brown solid, m.p.= 178-

180˚C. TLC: Rf = 0.27 (Cyclohexane/ Ethyl acetate 8/2). IR (film, cm-1): 3332, 2923, 1591, 

1501, 1462, 1363, 1285, 1261, 1239, 1184, 1127, 1077. 1H NMR (300 MHz, CDCl3) δ (ppm): 

8.37 (s, 1H), 7.63 (d, J = 7.7 Hz, 1H), 7.41 (d, J = 7.8 Hz, 1H), 7.20 (td, J = 7.7, 1.2 Hz, 1H), 

7.13 (td, J = 7.8, 1.1 Hz, 1H), 6.87 (s, 2H), 6.76 (d, J = 2.0 Hz, 1H), 3.95 (s, 6H), 3.90 (s, 3H). 

13C{1H} NMR (75 MHz, CDCl3) δ (ppm): 153.9 (2C), 138.3 (C), 138.2 (C), 136.9 (C), 129.4 

(C), 128.5 (C), 122.5 (CH), 120.7 (CH), 120.5 (CH), 111.0 (CH), 102.9 (2CH), 100.1 (CH), 
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61.2 (OCH3), 56.4 (2OCH3). HRMS (ESI): for C17H18NO3 (M + H)+: m/z calcd 284.1287, 

found 284.1280.  

2-(4-Methoxyphenyl)-1H-indole (4c). 38 Column chromatography on silica gel 

afforded 98 mg of the desired compound (0.44 mmol, yield 73%), yellow solid, m.p.= 228-

230˚C. TLC: Rf = 0.51 (Cyclohexane/ Ethyl acetate 8/2). IR (film, cm-1): 3431, 3054, 2361, 

2340, 1607, 1545, 1502, 1486, 1454, 1432, 1398, 1351, 1287, 1256, 1182, 1115. 1H NMR 

(300 MHz, Acetone-d6) δ (ppm): 10.54 (s, 1H), 7.79 (d, J = 8.6 Hz, 2H), 7.53 (d, J = 7.7 Hz, 

1H), 7.38 (d, J = 7.8 Hz, 1H), 7.07 (t, J = 7.7 Hz, 1H), 7.02 (d, J = 8.7 Hz, 2H), 7.01 – 6.97 

(m, 1H), 6.76 (d, J = 2.1 Hz, 1H), 3.84 (s, 3H). 13C{1H} NMR (75 MHz, Acetone-d6) δ (ppm): 

160.3 (C), 139.0 (C), 138.2 (C), 130.4 (C), 127.3 (2CH), 126.3 (C), 122.1 (CH), 120.8 (CH), 

120.3 (CH), 115.2 (2CH), 111.8 (CH), 98.7 (CH), 55.6 (OCH3). HRMS (ESI): for C15H14NO 

(M + H)+: m/z calcd 224.1075, found 224.1086. 

2-(p-Tolyl)-1H-indole (4d). 39 Column chromatography on silica gel afforded 87 mg of 

the desired compound (0.42 mmol, yield 70%), yellow solid, m.p.= 214-216˚C. TLC: Rf = 0.6 

(Cyclohexane/ Ethyl acetate 8/2). IR (film, cm-1): 3441, 1595, 1546, 1501, 1454, 1426, 1351, 

1298, 1264, 1205, 1155. 1H NMR (300 MHz, CDCl3) δ (ppm): 8.30 (s, 1H), 7.67 (d, J = 7.7 

Hz, 1H), 7.59 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 7.7 Hz, 1H), 7.29 (d, J = 7.9 Hz, 2H), 7.23 (t, J 

= 7.7 Hz, 1H), 7.17 (t, J = 7.8 Hz, 1H), 6.83 (d, J = 1.5 Hz, 1H), 2.44 (s, 3H). 13C{1H} NMR 

(75 MHz, CDCl3) δ (ppm): 138.2 (C), 137.8 (2C), 136.8 (C), 129.8 (2CH), 129.5 (C), 125.2 

(2CH), 122.2 (CH), 120.7 (CH), 120.3 (CH), 110.9 (CH), 99.5 (CH), 21.4 (CH3). HRMS 

(ESI): for C15H14N (M + H)+: m/z calcd 208.1126, found 208.1130. 

2-(4-Fluorophenyl)-1H-indole (4e). 38 Column chromatography on silica gel afforded 

70 mg of the desired compound (0.33 mmol, yield 55%), white solid, m.p.= 189-191 ˚C. TLC: 

Rf = 0.6 (Cyclohexane/ Ethyl acetate 8/2). IR (film, cm-1): 3413, 1606, 1545, 1498, 1484, 1453, 

1428, 1347, 1298, 1233, 1160, 1100, 1011. 1H NMR (300 MHz, CDCl3) δ (ppm): 8.25 (s, 1H), 

7.65 – 7.60 (m, 3H), 7.40 (d, J = 7.7 Hz, 1H), 7.21 (td, J = 7.7, 1.3 Hz, 1H), 7.18 – 7.15 (m, 

1H), 7.14 (t, J = 7.9 Hz, 2H), 6.77 (d, J = 2.0 Hz, 1H). 13C{1H} NMR (75 MHz, CDCl3) δ 

(ppm): 162.5 (d, J = 247.4 Hz, C), 137.2 (C), 137.0 (C), 129.4 (C), 128.9 (d, J = 3.0 Hz, C), 
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127.0 (d, J = 8.0 Hz, 2CH), 122.6 (CH), 120.8 (CH), 120.5 (CH), 116.2 (d, J = 21.8 Hz, 2CH), 

111.0 (CH), 100.1 (CH). 19F{1H} NMR (188 MHz, CDCl3) δ (ppm): -110.7 (s). HRMS (ESI): 

for C14H11NF (M + H)+: m/z calcd 212.0876, found 212.0878. 

 

2-(4-(Trifluoromethyl)phenyl)-1H-indole (4f). 40 Column chromatograph on silica 

gel afforded 71 mg of the desired product (0.27 mmol, yield 45%), yellow solid, m.p.= 234-

236 ˚C. TLC: Rf = 0.4 (cyclohexane/EA 8/2). 1H NMR (300 MHz, Acetone-d6) δ (ppm): 10.84 

(s, 1H), 8.07 (d, J = 7.9 Hz, 2H), 7.77 (d, J = 8.0 Hz, 2H), 7.61 (d, J = 7.8 Hz, 1H), 7.45 (d, J 

= 8.1 Hz, 1H), 7.17 (t, J = 5.2 Hz, 1H), 7.08-7.06 (m, 2H). 13C{1H} NMR (75 MHz, Acetone-

d6) δ (ppm): 138.9 (C), 37.4 (C), 137.1 (C), 130.1 (C), 129.2 (q, C, JC-F=32 Hz), 129.1 (q, C, JC-

F=269 Hz), 126.8 (q, 2CH, JC-F=4 Hz), 126.3 (2CH), 123.6 (CH), 121.6 (CH), 120.9 (CH), 

112.4 (CH), 102.03 (CH). 19F{1H} NMR (188 MHz, Acetone-d6) δ (ppm): -62.98.  

4-(1H-indol-2-yl)benzonitrile (4g). 41  Column chromatograph on silica gel afforded 

55 mg of the desired product (0.25 mmol, yield 42%), yellow solid, m.p.= 192-194 ˚C.  TLC: 

Rf = 0.4 (cyclohexane/EA 8/2). 1H NMR (400 MHz, Acetone-d6) δ 10.88 (s, 1H), 8.04 (d, J = 

8.6 Hz, 2H), 7.82 (d, J = 8.7 Hz, 2H), 7.61 (d, J = 7.9 Hz, 1H), 7.45 (d, J = 9.0 Hz, 1H), 7.20– 

7.15 (m, 1H), 7.12-7.11 (m, 1H), 7.08-7.04 (m, 1H). 13C{1H} NMR (101 MHz, Acetone-d6) δ 

(ppm): 139.0 (C), 137.8 (C), 136.7 (C), 133.6 (2CH), 129.9 (C), 126.3 (2CH), 123.9 (CH), 

121.7 (CH), 121.0 (CH), 119.5 (C), 112.4 (CH), 111.0 (C), 102.7 (CH). HRMS (ESI): for 

C15H11N2 (M + H)+: m/z calcd 219.0922, found 219.0926. 

2-Phenyl-1H-indole (4h). 42 Column chromatography on silica gel afforded 80 mg of the 

desired compound (0.41 mmol, yield 68%), white solid, m.p.= 188-190˚C. TLC: Rf = 0.6 

(Cyclohexane/ Ethyl acetate 8/2). IR (film, cm-1): 3446, 1603, 1480, 1458, 1446, 1403, 1352, 

1299. 1H NMR (300 MHz, CDCl3) δ (ppm): 8.33 (s, 1H), 7.68 (d, J = 7.7 Hz, 1H), 7.66 (d, J = 

7.2 Hz, 2H), 7.47 (d, J = 7.7 Hz, 1H), 7.42 (t, J = 7.2 Hz, 2H), 7.37 – 7.31 (m, 1H), 7.22 (t, J = 

7.7 Hz, 1H), 7.15 (t, J = 7.8 Hz, 1H), 6.85 (d, J = 1.1 Hz, 1H). 13C{1H} NMR (75 MHz, 

CDCl3) δ (ppm): 138.0 (C), 136.9 (C), 132.5 (C), 129.4 (C), 129.2 (2CH), 127.8 (CH), 125.3 
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(2CH), 122.5 (CH), 120.8 (CH), 120.4 (CH), 111.0 (CH), 100.1 (CH). HRMS (ESI): for 

C14H12N (M + H)+: m/z calcd 194.0970, found 194.0970. 

2-(Naphthalen-2-yl)-1H-indole (4i). 43 Column chromatography on silica gel afforded 

91 mg of the desired compound (0.37 mmol, yield 62%), white solid, m.p.= 196-197 ˚C. TLC: 

Rf = 0.63 (Cyclohexane/ Ethyl acetate 8/2). IR (film, cm-1): 3054, 1603, 1454, 1422, 1345, 

1296, 1264. 1H NMR (300 MHz, CDCl3) δ ppm: 8.47 (s, 1H), 8.05 (s, 1H), 7.92 – 7.81 (m, 

4H), 7.68 (d, J = 7.7 Hz, 1H), 7.56 – 7.46 (m, 2H), 7.44 (d, J = 7.8 Hz, 1H), 7.24 (t, J = 7.7 

Hz, 1H), 7.16 (t, J = 7.7 Hz, 1H), 6.97 (s, 1H). 13C{1H} NMR (75 MHz, CDCl3) δ ppm: 138.0 

(C), 137.2 (C), 133.7 (C), 133.0 (C), 129.8 (C), 129.5 (C), 129.0 (CH), 128.1 (CH), 127.9 

(CH), 126.8 (CH), 126.3 (CH), 123.9 (CH), 123.2 (CH), 122.7 (CH), 120.9 (CH), 120.5 (CH), 

111.0 (CH), 100.8 (CH). HRMS (ESI): for C18H14N (M + H)+: m/z calcd 244.1126, found 

244.1124. 

2-([1,1'-Biphenyl]-4-yl)-1H-indole (4j). 43 Column chromatograph on silica gel 

afforded 59 mg of the desired product (0.22 mmol, yield 36%), light brown solid, m.p.= 296-

298 ˚C. TLC: Rf = 0.4 (cyclohexane/EA 8/2). 1H NMR (300 MHz, DMSO-d6) δ (ppm): 11.56 

(brs, 1H), 7.96 (d, J = 8.2 Hz, 2H), 7.81-7.71 (m, 4H), 7.46-7.38 (m, 5H), 7.11 (t, J = 7.1 Hz, 

1H), 7.02 (d, J = 7.7 Hz, 1H), 6.95 (s, 1H). 13C{1H} NMR (101 MHz, DMSO) δ 139.5 (C), 

138.8 (C), 137.21 (C), 137.20 (C), 131.3 (C), 129.0 (2CH), 128.7 (C), 127.5 (CH), 127.1 

(2CH), 126.4 (2CH), 125.5 (2CH), 121.7 (CH), 120.0 (CH), 119.4 (CH), 111.3 (CH), 98.9 

(CH). HRMS (ESI): for C20H16N (M + H)+: m/z calcd 270.1283, found 270.1281. 

2-(Pyridin-3-yl)-1H-indole (4l). 36 Column chromatograph on silica gel afforded 48 

mg of the desired product (0.25 mmol, yield 40%), yellow solid, m.p.= 175-177 ˚C. TLC: Rf = 

0.3 (cyclohexane/EA 5/5). 1H NMR (300 MHz, Acetone-d6) δ (ppm) 10.80 (s, 1H), 9.10 (d, J 

= 2.3 Hz, 1H), 8.52-8.50 (m, 1H), 8.21-8.06 (m, 1H), 7.60 (d, J = 7.8 Hz, 1H), 7.45-7.41 (m, 

2H), 7.14 (t, J = 7.6 Hz, 1H), 7.07-7.01 (m, 2H). 13C NMR (75 MHz, Acetone-d6) δ (ppm): 

149.4 (CH), 147.6 (CH), 138.4 (C), 135.7 (C), 132.9 (CH), 130.2 (C), 129.6 (C), 124.7 (CH), 

123.4 (CH), 121.5 (CH), 120.9 (CH), 112.4 (CH), 101.3 (CH). HRMS (ESI): for C13H11N2 

(M+H)+: m/z calcd. 195.0922, found 195.0920.  
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7-Methoxy-2-(p-tolyl)-1H-indole (4m). Column chromatography on silica gel 

afforded 83 mg of the desired compound (0.35 mmol, yield 58%), brown solid, m.p.= 106-

108 ˚C. TLC: Rf = 0.6 (Cyclohexane/ Ethyl acetate 8/2). IR (film, cm-1): 3783, 3451, 2925, 

2375, 2061, 1634, 1420, 1332, 1255, 1097. 1H NMR (300 MHz, CDCl3) δ ppm: 8.55 (s, 1H), 

7.59 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 7.8 Hz, 1H), 7.05 (t, J = 7.8 Hz, 

1H), 6.78 (d, J = 2.4 Hz, 1H), 6.66 (d, J = 7.8 Hz, 1H), 4.00 (s, 3H), 2.40 (s, 3H). 13C{1H} 

NMR (75 MHz, CDCl3) δ ppm: 146.1 (C), 137.9 (C), 137.7 (C), 130.8 (C), 130.7 (C), 129.8 

(2CH), 127.3 (C), 125.2 (2CH), 120.6 (CH), 113.4 (CH), 102.2 (CH), 99.8 (CH), 55.5 

(OCH3), 21.4 (CH3). HRMS (ESI): for C16H16NO (M + H)+: m/z calcd 238.1232, found 

238.1240. 

4-(7-Methoxy-1H-indol-2-yl)benzonitrile (4n). Column chromatography on silica 

gel afforded 84 mg of the desired compound (0.34 mmol, yield 56%), yellow solid, m.p.= 

133-135 ˚C. TLC: Rf = 0.34 (Cyclohexane/ Ethyl acetate 8/2). IR (film, cm-1): 3781, 3449, 

2925, 2853, 2223, 1634, 1425, 1335, 1257, 1173, 1094. 1H NMR (300 MHz, Acetone-d6) δ 

ppm: 10.73 (s, 1H), 8.14 (d, J = 8.7 Hz, 2H), 7.81 (d, J = 8.7 Hz, 2H), 7.20 (d, J = 7.9 Hz, 

1H), 7.09 (d, J = 2.0 Hz, 1H), 6.98 (t, J = 7.9 Hz, 1H), 6.72 (d, J = 7.8 Hz, 1H), 3.96 (s, 3H). 

13C{1H} NMR (75 MHz, CDCl3) δ ppm: 147.5 (C), 137.9 (C), 136.7 (C), 133.5 (2CH), 131.2 

(C), 129.4 (C), 126.6 (2CH), 121.6 (CH), 119.5 (C), 114.3 (CH), 111.0 (C), 103.8 (CH), 

103.3 (CH), 55.7 (OCH3). HRMS (ESI): for C16H13N2O (M + H)+: m/z calcd 249.1028, found 

249.1026. 

2-(3,5-Dimethoxyphenyl)-6-methoxy-1H-indole (4o). Column chromatography 

on silica gel afforded 113 mg of the desired compound (0.40 mmol, yield 66%), yellow oil. 

TLC: Rf = 0.29 (Cyclohexane/ Ethyl acetate 8/2). IR (film, cm-1): 3853, 3779, 3415.31, 2925, 

2851, 2372, 2051, 1727, 1618, 1439, 1356, 1236, 1201, 1155, 1063. 1H NMR (300 MHz, 

acetone-d6) δ ppm: 10.63 (s, 1H), 7.42 (d, J = 8.6 Hz, 1H), 6.99 (d, J = 2.2 Hz, 2H), 6.94 (d, J 

= 2.2 Hz, 1H), 6.83 (d, J = 2.2 Hz, 1H), 6.70 (dd, J = 8.6, 2.2 Hz, 1H), 6.42 (t, J = 2.2 Hz, 

1H), 3.84 (s, 6H), 3.79 (s, 3H). 13C{1H} NMR (75 MHz, acetone-d6) δ ppm: 162.3 (2C), 

157.6 (C), 139.1 (C), 137.7 (C), 135.7 (C), 124.3 (C), 121.7(CH), 110.7 (CH), 103.6 (2CH), 
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100.3 (CH), 99.9 (CH), 95.2 (CH), 55.7 (2OCH3), 55.6 (OCH3). HRMS (ESI): for C17H18NO3 

(M + H)+: m/z calcd 284.1287, found 284.1280. 

2-(3,5-Dimethoxyphenyl)-5-methoxy-1H-indole (4p). 44 Column chromatography 

on silica gel afforded 121 mg of the desired compound (0.43 mmol, yield 71%), yellow oil. 

TLC: Rf = 0.32 (Cyclohexane/ Ethyl acetate 8/2). IR (film, cm-1): 3854, 3779 3414, 2925, 

2852, 2376, 2051, 1726, 1616, 1459, 1355, 1295, 1205, 1153, 1064. 1H NMR (300 MHz, 

CDCl3) δ ppm: 8.24 (s, 1H), 7.24 (d, J = 8.8 Hz, 1H), 7.05 (d, J = 2.2 Hz, 1H), 6.83 (dd, J = 

8.8, 2.3 Hz, 1H), 6.76 (d, J = 2.2 Hz, 2H), 6.71 (d, J = 2.3 Hz, 1H), 6.41 (t, J = 2.2 Hz, 1H), 

3.83 (s, 3H), 3.82 (s, 6H). 13C{1H} NMR (75 MHz, CDCl3) δ ppm: 161.4 (2C), 154.6 (C), 

138.7 (C), 134.6 (C), 132.1 (C), 129.7 (C), 112.9 (CH), 111.8 (CH), 103.6 (2CH), 102.4 

(CH), 100.3 (CH), 99.8 (CH), 56.0 (OCH3), 55.6 (2OCH3).  HRMS (ESI): for C17H18NO3 (M + 

H)+: m/z calcd 284.1287, found 284.1281. 

5-Methoxy-2-(3,4,5-trimethoxyphenyl)-1H-indole (4q). 37 Column 

chromatography on silica gel afforded 119 mg of the desired compound (0.38 mmol, yield 

63%), brown solid, m.p.= 151-152 ˚C. TLC: Rf = 0.26 (Cyclohexane/ Ethyl acetate 7/3). IR 

(film, cm-1): 3783, 3417, 2926, 2851, 2378, 2054, 1727, 1624, 1460, 1353, 1231, 1127, 1033, 

1001. 1H NMR (300 MHz, CDCl3) δ ppm: 8.23 (s, 1H), 7.29 (d, J = 8.6 Hz, 1H), 7.08 (d, J = 

2.2 Hz, 1H), 6.87 (dd, J = 8.6, 2.2 Hz, 1H), 6.85 (s, 2H), 6.68 (d, J = 2.1 Hz, 1H), 3.94 (s, 6H), 

3.89 (s, 3H), 3.87 (s, 3H). 13C{1H} NMR (75 MHz, CDCl3) δ ppm: 154.7 (C), 153.9 (2C), 

139.0 (C), 138.1 (C), 132.1 (C), 129.9 (C), 128.6 (C), 112.6 (CH), 111.7 (CH), 102.8 (2CH), 

102.4 (CH), 99.9 (CH), 61.2 (OCH3), 56.4 (2OCH3), 56.0 (OCH3). HRMS (ESI): for C18H20NO4 

(M + H)+: m/z calcd 314.1392, found 314.1390. 

2-(4-Fluorophenyl)-5-methoxy-1H-indole (4r). 45 Column chromatography on silica 

gel afforded 98 mg of the desired compound (0.41 mmol, yield 68%), yellow oil. TLC: Rf = 

0.47 (Cyclohexane/ Ethyl acetate 8/2). IR (film, cm-1): 3853, 3781, 3415, 2925, 2854, 2378, 

2037, 1885, 1728, 1620, 1448, 1381, 1221, 1156, 1112, 1028. 1H NMR (300 MHz, Acetone-

d6) δ ppm: 9.70 (s, 1H), 7.85 (dd, J = 8.9, 5.3 Hz, 2H), 7.42 (d, J = 8.8 Hz, 1H), 7.30 (t, J = 

8.9 Hz, 2H), 7.16 (d, J = 2.4 Hz, 1H), 6.90 (dd, J = 8.8, 2.4 Hz, 1H), 6.82 (d, J = 1.6 Hz, 1H), 

3.91 (s, 3H). 13C{1H} NMR (75 MHz, Acetone-d6) δ ppm: 162.7 (d, J = 244.8 Hz, C-F), 154.9 
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(C), 138.2 (C), 132.9 (C), 130.2 (C), 129.6 (C), 129.6 (d, J = 3.3 Hz, C), 127.5 (d, J = 8.2 Hz, 

2CH), 116.3 (d, J = 21.9 Hz, 2CH), 112.8 (CH), 112.4 (CH), 102.3 (CH), 99.4 (CH), 55.7 

(OCH3). 19F{1H} NMR (188 MHz, CDCl3) δ (ppm): -110.7 (s). HRMS (ESI): for C15H13NOF 

(M + H)+: m/z calcd 242.0981, found 242.0984. 

7-Fluoro-2-(4-methoxyphenyl)-1H-indole (4s). Column chromatography on silica 

gel afforded 75 mg of the desired compound (0.31 mmol, yield 52%), brown solid, m.p.= 

117-118 ˚C. TLC: Rf = 0.47 (Cyclohexane/ Ethyl acetate 8/2). IR (film, cm-1): 3782, 3419, 

2925, 2854, 2376, 2037, 1634, 1438, 1334, 1240, 1179, 1111, 1025. 1H NMR (300 MHz, 

CDCl3) δ ppm: 8.41 (s, 1H), 7.61 (d, J = 8.8 Hz, 2H), 7.36 (d, J = 7.8 Hz, 1H), 7.03 – 7.01 (m, 

1H), 7.00 (d, J = 8.8 Hz, 2H), 6.88 (dd, J = 11.1, 7.8 Hz, 1H), 6.74 – 6.71 (m, 1H), 3.87 (s, 

3H). 13C{1H} NMR (75 MHz, CDCl3) δ ppm: 159.8 (C), 149.5 (d, J = 242.9 Hz, C-F), 139.0 

(d, J = 0.9 Hz, C), 133.1 (d, J = 5.3 Hz, C), 126.8 (2CH), 125.0 (d, J = 13.0 Hz, C), 124.8 (C), 

120.5 (d, J = 6.2 Hz, CH), 116.2 (d, J = 3.4 Hz, CH), 114.7 (2CH), 106.9 (d, J = 16.2 Hz, 

CH), 99.5 (d, J = 2.4 Hz, CH), 55.5 (OCH3). 19F{1H} NMR (188 MHz, CDCl3) δ (ppm): -135.7 

(s). HRMS (ESI): for C15H13NOF (M + H)+: m/z calcd 242.0981, found 242.0982. 

6-Fluoro-2-(naphthalen-2-yl)-1H-indole (4t).  Column chromatography on silica 

gel afforded 113 mg of the desired compound (0.43 mmol, yield 72%), white solid, m.p.= 

178-180 ˚C. TLC: Rf = 0.47 (Cyclohexane/ Ethyl acetate 8/2). IR (film, cm-1): 3781, 3441, 

2924, 2854, 2375, 2035, 1625, 1498, 1442, 1393, 1348, 1249, 1141, 1107. 1H NMR (300 

MHz, CDCl3) δ ppm: 8.49 (s, 1H), 8.02 (d, J = 1.3 Hz, 1H), 7.90 (d, J = 8.2 Hz, 1H), 7.87 (d, J 

= 8.2 Hz, 1H), 7.85 – 7.77 (m, 2H), 7.59 – 7.54 (m, 1H), 7.53 – 7.45 (m, 2H), 7.11 (dd, J = 

8.5, 2.2 Hz, 1H), 6.95 – 6.88 (m, 2H). 13C{1H} NMR (75 MHz, CDCl3) δ ppm: 160.3 (d, J = 

238.5 Hz, C-F), 138.5 (d, J = 3.7 Hz, C), 137.1 (d, J = 12.5 Hz, C), 133.7 (C), 133.0 (C), 

129.6 (C), 129.0 (CH), 128.1 (CH), 128.0 (CH), 126.9 (CH), 126.3 (CH), 126.0 (d, J = 0.7 

Hz, C), 123.7 (CH), 123.0 (CH), 121.6 (d, J = 12.2 Hz, CH), 109.2 (d, J = 24.5 Hz, CH), 

100.7 (d, J = 0.7 Hz, CH), 97.5 (d, J = 24.8 Hz, CH). 19F{1H} NMR (188 MHz, CDCl3) δ 

(ppm): -120.0 (s). HRMS (ESI): for C18H13NF (M + H)+: m/z calcd 262.1032, found 262.1037. 
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5-Fluoro-2-(p-tolyl)-1H-indole (4u). Column chromatography on silica gel afforded 

88 mg of the desired compound (0.39 mmol, yield 65%), yellow oil. TLC: Rf = 0.47 

(Cyclohexane/ Ethyl acetate 8/2). IR (film, cm-1): 3781, 3437, 2924, 2854, 2375, 2053, 1635, 

1447, 1262, 1200, 1111. 1H NMR (300 MHz, CDCl3) δ ppm: 8.30 (s, 1H), 7.54 (d, J = 7.8 Hz, 

2H), 7.29 (d, J = 4.4 Hz, 1H), 7.29 – 7.25 (m, 1H), 7.25 (d, J = 7.8 Hz, 2H), 6.91 (td, J = 8.6, 

2.5 Hz, 1H), 6.73 (d, J = 2.2 Hz, 1H), 2.39 (s, 3H). 13C{1H} NMR (75 MHz, CDCl3) δ ppm: 

158.3 (d, J = 234.4 Hz, C-F), 140.0 (C), 138.1 (C), 133.4 (C), 129.9 (2CH), 129.8 (C), 129.4 

(C), 125.3 (2CH), 111.5 (d, J = 9.7 Hz, CH), 110.5 (d, J = 25.4 Hz, CH), 105.4 (d, J = 24.6 

Hz, CH), 99.6 (d, J = 4.6 Hz, CH), 29.9 (CH3). 19F{1H} NMR (188 MHz, CDCl3) δ (ppm): -

124.3 (s). HRMS (ESI): for C15H13NF (M + H)+: m/z calcd 226.1032, found 226.1040. 

2-(3,5-Dimethoxyphenyl)-1H-indole-6-carbonitrile (4v). Column 

chromatography on silica gel afforded 92 mg of the desired compound (0.33 mmol, yield 

55%), white solid, m.p. = 189-191 ˚C. TLC: Rf = 0.22 (Cyclohexane/ Ethyl acetate 8/2). IR 

(film, cm-1): 3852, 3780, 3428, 2925, 2854, 2373, 2050, 1728, 1625, 1439, 1356, 1240, 1201, 

1162. 1H NMR (300 MHz, CDCl3) δ (ppm): 7.80 (s, 1H), 7.72 (d, J = 8.2 Hz, 1H), 7.32 (dd, J 

= 8.2, 1.3 Hz, 1H), 7.08 (d, J = 2.2 Hz, 2H), 7.07 (d, J = 1.5 Hz, 1H), 6.54 (t, J = 2.2 Hz, 1H), 

3.87 (s, 6H). 13C{1H} NMR (75 MHz, CDCl3) δ (ppm): 162.4 (2C), 143.0 (C), 137.0 (C), 

134.2 (C), 133.1 (C), 123.6 (CH), 122.0 (CH), 121.1 (C), 116.6 (CH), 104.7 (C), 104.6 

(2CH), 101.4 (CH), 101.0 (CH), 55.8 (2OCH3). HRMS (ESI): for C17H15N2O2 (M + H)+: m/z 

calcd 279.1134, found 279.1132. 

(E)-2-Styryl-1H-indole (4w). 46 Column chromatography on silica gel afforded 42 mg 

of the desired compound (yield 32%), white solid, m.p. = 188-190 ˚C. TLC: Rf = 0.4 

(Cyclohexane/ Ethyl acetate 8/2. 1H NMR (300 MHz, Acetone-d6) δ (ppm): 10.52 (s, 1H), 

7.58 (d, J = 7.6 Hz, 2H), 7.53 (d, J = 8.0 Hz,1H), 7.41-7.34 (m, 3H), 7.30-7.18 (m, 3H), 7.12 

(t, J = 7.5 Hz, 1H), 7.03-6.98 (m, 1H), 6.63 (s, 1H). 13C{1H} NMR (75 MHz, Acetone-d6) δ 

(ppm): 138.3 (C), 137.8 (C), 135.3 (C), 130.0 (C), 129.6 (2CH), 128.3 (CH), 128.1 (CH), 

127.1 (2CH), 123.1 (CH), 121.1 (CH), 120.4 (CH), 120.3 (CH), 111.7 (CH), 104.1 (CH). 

HRMS (ESI): for C16H14N (M + H)+: m/z calcd 220.1126, found 220.1125. 
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4-(7-Fluoro-1H-indol-2-yl)benzonitrile (4x). Column chromatograph on silica gel 

afforded 49 mg of the desired product (0.21 mmol, yield 35%), white solid, TLC: Rf = 0.4 

(cyclohexane/EA 8/2). 1H NMR (400 MHz, CDCl3) δ 8.60 (s, 1H), 7.79-7.73 (m, 4H), 7.42 (d, 

J = 7.9 Hz, 1H), 7.06 (td, J1 = 7.9, J2=4.8 Hz, 1H), 6.98-6.94 (m, 2H). 13C{1H} NMR (101 

MHz, CDCl3) δ (ppm): 149.5 (d, JC-F= 244.2 Hz, C), 136.5 (C), 136.2 (C), 133.1 (2CH), 132.5 

(d, JC-C-C-F = 4.9 Hz, C), 125.6 (2CH) , 121.2 (d, JC-C-C-F = 6.1 Hz, CH), 118.8 (C) , 117.1 (d, J C-C-C-C-F= 

3.6 Hz, CH) , 111.3 (C) , 108.4 (d, JC-C-F = 16.0 Hz, CH), 103.2 (d, J C-C-C-C-F = 2.5 Hz, CH). 19F{1H} 

NMR (188 MHz, CDCl3) δ (ppm): -134.85. HRMS (ESI): for C15H10FN2 (M + H)+: m/z calcd 

237.0828, found 237.0820. 

2,3-Diphenyl-1H-indole (8a). 22a Column chromatography on silica gel afforded 90 mg 

of 8a, white solid m.p. = 122-124 ˚C, (0.33 mmol, yield 55%). 1H NMR (300 MHz, CDCl3) δ 

(ppm): 8.25 (s, 1H), 7.71 (d, J = 7.9 Hz, 1H), 7.48-7.43 (m, 5H), 7.40-7.34 (m, 2H), 7.35 – 

7.24 (m, 5H), 7.23 – 7.12 (m, 1H). 13C{1H} NMR (75 MHz, CDCl3) δ (ppm): 136.0 (C), 135.2 

(C), 134.2 (C), 132.9 (C), 130.3 (2CH), 128.9 (C), 128.8 (2CH), 128.7 (2CH), 128.3 (2CH), 

127.8 (CH), 126.4 (CH), 122.8 (CH), 120.6 (CH), 119.8 (CH), 115.2 (C), 111.0 (CH). HRMS 

(ESI): for C20H16N (M + H)+: m/z calcd 270.1283, found 270.1274. 

2,3-bis(4-Methoxyphenyl)-1H-indole (8b).46 Column chromatography on silica gel 

afforded 119 mg of the desired compound (yield 30%), slight yellow solid, m.p.= 151-152 ˚C. 

TLC: Rf = 0.4 (Cyclohexane/ Ethyl acetate 8/2). IR (film, cm-1): 3376, 3333, 2835, 1610, 

1555, 1517, 1242, 1231, 1175, 1033, 906, 727. 1H NMR (300 MHz, CDCl3) δ (ppm): 8.23 

(bs, 1H), 7.68 (d, J = 7.7 Hz, 1H), 7.49 – 7.28 (m, 5H), 7.25-7.14 (m, 2H), 6.96 (d, J = 8.6 Hz, 

2H), 6.85 (d, J = 8.6 Hz, 2H), 3.85 (s, 3H), 3.79 (s, 3H). 13C{1H} NMR (75 MHz, CDCl3) δ 

(ppm): 159.1(C), 158.1 (C), 135.8 (C), 133.9 (C), 131.2 (2CH), 129.4 (2CH), 129.1 (C), 127.7 

(C), 125.4 (C), 122.3 (CH), 120.2(CH), 119.4 (CH), 114.2 (2CH), 114.1 (2CH), 113.7 (C), 

110.9 (CH), 55.3 (2OCH3). HRMS (ESI): for C22H20NO2 (M + H)+: m/z calcd 330.1494, 

found 330.1495. 
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2-(4-Methoxyphenyl)-3-phenyl-1H-indole (8c).47 Column chromatography on silica gel 

afforded 27 mg of the desired compound (yield 15%), yellow solid, m.p.= 151-152 ˚C. TLC: Rf 

= 0.4 (Cyclohexane/ Ethyl acetate 8/2). 1H NMR (300 MHz, CDCl3) δ (ppm): 8.20 (brs, 1H), 

7.65 (d, J = 7.9 Hz, 1H), 7.45-7.41 (m, 3H), 7.37-7.28 (m, 5) 7.24-7.12 m, 1H), 7.17-7.12 (m, 

1H), 6.97-6.91 (m, 2H), 3.86 (s, 3H). 13C{1H} NMR (101 MHz, CDCl3) δ (ppm): 158.3 (C), 

136.0 (C), 133.8 (C), 133.0 (C), 131.3 (2CH), 129.1 (C), 128.8 (2CH), 128.2 (2CH), 127.6 

(CH), 127.5 (C), 122.7 (CH), 120.4 (CH), 119.8 (CH), 114.8 (C), 114.2 (2CH), 111.0 (CH), 

55.3 (OCH3). 

Author Contributions 

#T.B. and K.Z. contributed equally to this work.  

AKNOWLEDGMENT 

T. Bzeih thanks Lebanese University for her Ph.D grant. K. Zhang thanks the Chinese 

Scholarship Council for Ph.D. funding. The authors gratefully acknowledge support of this 

project by CNRS, University Paris-Sud and “La Ligue Contre le Cancer” throughout an 

“Equipe Labellisée 2014” grant. Our laboratory (Biocis UMR 8076 is a member of the 

laboratory of excellence LERMIT supported by a grant from ANR (ANR-10-LABX-33). 

Supporting Information 

Copies of 1H and 13C NMR spectra for all new compounds. This material is available free of 

charge via the Internet at http://pubs.acs.org 

 

 

REFERENCES 

1. For recent reviews, see: (a) Xia, Y.; Wang, J. N-Tosylhydrazones: versatile synthons 

in the construction of cyclic compounds. Chem. Soc. Rev. 2017, 46, 2306-2362. (b) For 

reviews on N-Tosylhydrazones, see Barluenga, J.; Valdés, C. Tosylhydrazones: new uses for 

Page 25 of 33

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



classic reagents in palladium-catalyzed cross-coupling and metal-free reactions. Angew. 

Chem. Int. Ed. 2011, 50, 7486-7500. 

2. (a) Hamze, A.; Treguier, B.; Brion, J.-D.; Alami, M. Copper-catalyzed reductive 

coupling of tosylhydrazones with amines: A convenient route to [small alpha]-branched 

amines. Org. Biomol. Chem. 2011, 9, 6200-6204. (b) Aziz, J.; Brion, J.-D.; Hamze, A.; 

Alami, M. Copper Acetoacetonate [Cu(acac)2]/BINAP-Promoted Csp3-N Bond Formation via 

Reductive Coupling of N-Tosylhydrazones with Anilines. Adv. Synth. Catal. 2013, 355, 

2417-2429. 

3. Barluenga, J.; Tomás-Gamasa, M.; Aznar, F.; Valdés, C. Straightforward Synthesis of 

Ethers: Metal-Free Reductive Coupling of Tosylhydrazones with Alcohols or Phenols. 

Angew. Chem. Int. Ed. 2010, 49, 4993-4996. 

4. Ding, Q.; Cao, B.; Yuan, J.; Liu, X.; Peng, Y. Synthesis of thioethers via metal-free 

reductive coupling of tosylhydrazones with thiols. Org. Biomol. Chem. 2011, 9, 748-751. 

5. (a) Brachet, E.; Hamze, A.; Peyrat, J.-F.; Brion, J.-D.; Alami, M. Pd-Catalyzed 

reaction of sterically hindered hydrazones with aryl halides: Synthesis of tetra-substituted 

olefins related to iso-combretastatin A4. Org. Lett. 2010, 12, 4042-4045. (b) Bzeih, T.; 

Lamaa, D.; Frison, G.; Hachem, A.; Jaber, N.; Bignon, J.; Retailleau, P.; Alami, M.; Hamze, 

A. Csp2–Csp2 and Csp2–N Bond Formation in a One-Pot Reaction between N-

Tosylhydrazones and Bromonitrobenzenes: An Unexpected Cyclization to Substituted Indole 

Derivatives. Org. Lett. 2017, 19, 6700-6703. (c) Treguier, B.; Lawson, M.; Bernadat, G.; 

Bignon, J.; Dubois, J.; Brion, J. D.; Alami, M.; Hamze, A. Synthesis of a 3-(alpha-

Styryl)benzo[b]-thiophene Library via Bromocyclization of Alkynes and Palladium-Catalyzed 

Tosylhydrazones Cross-Couplings: Evaluation as Antitubulin Agents. Acs Comb Sci 2014, 

16, 702-710. 

6. For recent review, see: Chadha, N.; Silakari, O. Indoles as therapeutics of interest in 

medicinal chemistry: Bird's eye view. Eur. J. Med. Chem. 2017, 134, 159-184. 

Page 26 of 33

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



7. (a) Messaoudi, S.; Treguier, B.; Hamze, A.; Provot, O.; Peyrat, J. F.; De Losada, J. R.; 

Liu, J. M.; Bignon, J.; Wdzieczak-Bakala, J.; Thoret, S.; Dubois, J.; Brion, J. D.; Alami, M. 

Isocombretastatins a versus combretastatins A: The forgotten isoCA-4 isomer as a highly 

promising cytotoxic and antitubulin agent. J. Med. Chem. 2009, 52, 4538-4542. (b) Hamze, 

A.; Giraud, A.; Messaoudi, S.; Provot, O.; Peyrat, J.-F.; Bignon, J.; Liu, J.-M.; Wdzieczak-

Bakala, J.; Thoret, S.; Dubois, J.; Brion, J.-D.; Alami, M. Synthesis, biological evaluation of 

1,1-diarylethylenes as a novel class of antimitotic agents. ChemMedChem 2009, 4, 1912-

1924. (c) Lawson, M.; Hamze, A.; Peyrat, J.-F.; Bignon, J.; Dubois, J.; Brion, J.-D.; Alami, 

M. An efficient coupling of N-tosylhydrazones with 2-halopyridines: Synthesis of 2-[small 

alpha]-styrylpyridines endowed with antitumor activity. Org. Biomol. Chem. 2013, 11, 3664-

3673. (d) Aziz, J.; Brachet, E.; Hamze, A.; Peyrat, J.-F.; Bernadat, G.; Morvan, E.; Bignon, J.; 

Wdzieczak-Bakala, J.; Desravines, D.; Dubois, J.; Tueni, M.; Yassine, A.; Brion, J.-D.; 

Alami, M. Synthesis, biological evaluation, and structure-activity relationships of tri- and 

tetrasubstituted olefins related to isocombretastatin A-4 as new tubulin inhibitors. Org. 

Biomol. Chem. 2013, 11, 430-442. 

8. Bzeih, T.; Naret, T.; Hachem, A.; Jaber, N.; Khalaf, A.; Bignon, J.; Brion, J.-D.; 

Alami, M.; Hamze, A. A general synthesis of arylindoles and (1-arylvinyl)carbazoles via a 

one-pot reaction from N-tosylhydrazones and 2-nitro-haloarenes and their potential 

application to colon cancer. Chem. Commun. 2016, 52, 13027-13030. 

9. Garcia�Castro, M.; Zimmermann, S.; Sankar, M. G.; Kumar, K. Scaffold Diversity 

Synthesis and Its Application in Probe and Drug Discovery. Angew. Chem. Int. Ed. 2016, 

55, 7586-7605. 

10. (a) Aziz, J.; Frison, G.; Gomez, M.; Brion, J. D.; Hamze, A.; Alami, M. Copper-

Catalyzed Coupling of N-Tosylhydrazones with Amines: Synthesis of Fluorene Derivatives. 

ACS Catal. 2014, 4, 4498-4503. (b) Shang, X. S.; Li, N. T.; Siyang, H. X.; Liu, P. N. 

Palladium-Catalyzed Tandem Carbene Migratory Insertion and Intramolecular Cyclization: 

Synthesis of Chromeno[4,3-b]chromene Compounds. J. Org. Chem. 2015, 80, 4808-4815. 

Page 27 of 33

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



11. (a) Roger, J.; Gottumukkala, A. L.; Doucet, H. Palladium�Catalyzed C3 or C4 Direct 

Arylation of Heteroaromatic Compounds with Aryl Halides by C-H Bond Activation. 

ChemCatChem 2010, 2, 20-40. (b) Alonso, F.; Beletskaya, I. P.; Yus, M. Transition-Metal-

Catalyzed Addition of Heteroatom−Hydrogen Bonds to Alkynes. Chem. Rev. 2004, 104, 

3079-3160. 

12. (a) Stuart, D. R.; Fagnou, K. The Catalytic Cross-Coupling of Unactivated Arenes. 

Science 2007, 316, 1172-1175. (b) Stuart, D. R.; Villemure, E.; Fagnou, K. Elements of 

Regiocontrol in Palladium-Catalyzed Oxidative Arene Cross-Coupling. J. Am. Chem. Soc. 

2007, 129, 12072-12073. (c) For regioselective C-H activation on indoles, see: Markandeya, 

S. V.; Renuka, C.; Lakshmi, P. K.; Rajesh, A.; Sridhar, C.; Babu, K. R. Design and 

applications of new phosphine-free tetradentate Pd-catalyst: Regioselective C–H activation on 

1-substituted 1,2,3-triazoles and indoles(NH-Free). Synthetic Commun. 2018, 48, 135-145. 

13. (a) Yamamoto, S.-i.; Kinoshita, H.; Hashimoto, H.; Nishina, Y. Facile preparation of 

Pd nanoparticles supported on single-layer graphene oxide and application for the Suzuki-

Miyaura cross-coupling reaction. Nanoscale 2014, 6, 6501-6505. (b) Wang, M.; Li, P.; Chen, 

W.; Wang, L. Microwave irradiated synthesis of 2-bromo(chloro)indoles via intramolecular 

cyclization of 2-(gem-dibromo(chloro)vinyl)anilines in the presence of TBAF under metal-

free conditions. RSC Adv. 2014, 4, 26918-26923. 

14. (a) Sakai, N.; Annaka, K.; Fujita, A.; Sato, A.; Konakahara, T. InBr3-Promoted 

Divergent Approach to Polysubstituted Indoles and Quinolines from 2-Ethynylanilines: 

Switch from an Intramolecular Cyclization to an Intermolecular Dimerization by a Type of 

Terminal Substituent Group. J. Org. Chem. 2008, 73, 4160-4165. (b) Hirano, K.; Inaba, Y.; 

Takasu, K.; Oishi, S.; Takemoto, Y.; Fujii, N.; Ohno, H. Gold(I)-Catalyzed Polycyclizations 

of Polyenyne-Type Anilines Based on Hydroamination and Consecutive Hydroarylation 

Cascade. J. Org. Chem. 2011, 76, 9068-9080. 

15. (a) Lebrasseur, N.; Larrosa, I. Room Temperature and Phosphine Free Palladium 

Catalyzed Direct C-2 Arylation of Indoles. J. Am. Chem. Soc. 2008, 130, 2926-2927. (b) 

Zhao, J.; Zhang, Y.; Cheng, K. Palladium-Catalyzed Direct C-2 Arylation of Indoles with 

Page 28 of 33

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Potassium Aryltrifluoroborate Salts. J. Org. Chem. 2008, 73, 7428-7431. (c) Liang, Z.; Yao, 

B.; Zhang, Y. Pd(OAc)2-Catalyzed Regioselective Arylation of Indoles with Arylsiloxane in 

Acidic Medium. Org. Lett. 2010, 12, 3185-3187. 

16. (a) Campbell, A. N.; Meyer, E. B.; Stahl, S. S. Regiocontrolled aerobic oxidative 

coupling of indoles and benzene using Pd catalysts with 4,5-diazafluorene ligands. Chem. 

Commun. 2011, 47, 10257-10259. (b) Lionel, J.; Nelly, B.; Laurent, D. “On Water” Direct 

and Site�Selective Pd�Catalysed C-H Arylation of (NH)�Indoles. Adv. Synth. Catal. 2010, 

352, 2929-2936. 

17. Barluenga, J.; Moriel, P.; Valdes, C.; Aznar, F. N-tosylhydrazones as reagents for 

cross-coupling reactions: A route to polysubstituted olefins. Angew. Chem. Int. Ed. 2007, 46, 

5587-5590. 

18. (a) Xiao, Q.; Ma, J.; Yang, Y.; Zhang, Y.; Wang, J. Pd-Catalyzed C═C Double-Bond 

Formation by Coupling of N-Tosylhydrazones with Benzyl Halides. Org. Lett. 2009, 11, 

4732-4735. (b) Paraja, M.; Valdés, C. Pd-Catalyzed Autotandem Reactions with N-

Tosylhydrazones. Synthesis of Condensed Carbo- and Heterocycles by Formation of a C–C 

Single Bond and a C═C Double Bond on the Same Carbon Atom. Org. Lett. 2017, 19, 2034-

2037. 

19. Barluenga, J.; Tomás-Gamasa, M.; Aznar, F.; Valdés, C. Synthesis of Sulfones by 

Iron-Catalyzed Decomposition of Sulfonylhydrazones. Eur. J. Org. Chem. 2011, 2011, 1520-

1526. 

20. Rajeshwaran, G. G.; Mohanakrishnan, A. K. Synthetic Studies on Indolocarbazoles: 

Total Synthesis of Staurosporine Aglycon. Org. Lett. 2011, 13, 1418-1421. 

21. Herrera, A.; Grasruck, A.; Heinemann, F. W.; Scheurer, A.; Chelouan, A.; Frieß, S.; 

Seidel, F.; Dorta, R. Developing P-Stereogenic, Planar–Chiral P-Alkene Ligands: 

Monodentate, Bidentate, and Double Agostic Coordination Modes on Ru(II). Organometallics 

2017, 36, 714-720. 

Page 29 of 33

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



22. (a) Wang, C.; Huang, Y. Traceless Directing Strategy: Efficient Synthesis of N-Alkyl 

Indoles via Redox-Neutral C–H Activation. Org. Lett. 2013, 15, 5294-5297. (b) Arcadi, A.; 

Cacchi, S.; Fabrizi, G.; Goggiamani, A.; Iazzetti, A.; Marinelli, F. 2-Substituted 3-arylindoles 

through palladium-catalyzed arylative cyclization of 2-alkynyltrifluoroacetanilides with 

arylboronic acids under oxidative conditions. Org. Biomol. Chem. 2013, 11, 545-548. 

23. Perrin, D. D.; Armarego, W. L. F.; Perrin, D. R., Purification of Laboratory 

Chemicals. 2nd ed.; Pergamon Press: Oxford, 1980. 

24. Creary, X.; Tam, W. W.; Albizati, K. F.; Stevens, R. V. Tosylhydrazone salt 

pyrolyses: phenyldiazomethanes. Org. Synth. 1986, 64, 207. 

25. Nun, P.; Martin, C.; Martinez, J.; Lamaty, F. Solvent-free synthesis of hydrazones and 

their subsequent N-alkylation in a Ball-mill. Tetrahedron 2011, 67, 8187-8194. 

26. Ghiya, S.; Joshi, Y. C. Synthesis and antimicrobial evaluation of hydrazones derived 

from 4-methylbenzenesulfonohydrazide in aqueous medium. Med. Chem. Res. 2016, 25, 

970-976. 

27. Crespin, L.; Biancalana, L.; Morack, T.; Blakemore, D. C.; Ley, S. V. One-Pot Acid-

Catalyzed Ring-Opening/Cyclization/Oxidation of Aziridines with N-Tosylhydrazones: 

Access to 1,2,4-Triazines. Org. Lett. 2017, 19, 1084-1087. 

28. Butler, R. N.; Hanniffy, J. M.; Stephens, J. C.; Burke, L. A. A Ceric Ammonium 

Nitrate N-Dearylation of N-p-Anisylazoles Applied to Pyrazole, Triazole, Tetrazole, and 

Pentazole Rings:� Release of Parent Azoles. Generation of Unstable Pentazole, HN5/N5-, in 

Solution. J. Org. Chem. 2008, 73, 1354-1364. 

29. Aggarwal, V. K.; Alonso, E.; Bae, I.; Hynd, G.; Lydon, K. M.; Palmer, M. J.; Patel, 

M.; Porcelloni, M.; Richardson, J.; Stenson, R. A.; Studley, J. R.; Vasse, J.-L.; Winn, C. L. A 

New Protocol for the In Situ Generation of Aromatic, Heteroaromatic, and Unsaturated Diazo 

Compounds and Its Application in Catalytic and Asymmetric Epoxidation of Carbonyl 

Page 30 of 33

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Compounds. Extensive Studies To Map Out Scope and Limitations, and Rationalization of 

Diastereo- and Enantioselectivities. J. Am. Chem. Soc. 2003, 125, 10926-10940. 

30. Aggarwal, V. K.; Fulton, J. R.; Sheldon, C. G.; de Vicente, J. Generation of 

Phosphoranes Derived from Phosphites. A New Class of Phosphorus Ylides Leading to High 

E Selectivity with Semi-stabilizing Groups in Wittig Olefinations. J. Am. Chem. Soc. 2003, 

125, 6034-6035. 

31. Xia, Y.; Hu, F.; Xia, Y.; Liu, Z.; Ye, F.; Zhang, Y.; Wang, J. Synthesis of Di- and 

Triarylmethanes through Palladium-Catalyzed Reductive Coupling of N-Tosylhydrazones and 

Aryl Bromides. Synthesis 2017, 49, 1073-1086. 

32. Li, P.; Wu, C.; Zhao, J.; Rogness, D. C.; Shi, F. Synthesis of Substituted 1H-Indazoles 

from Arynes and Hydrazones. J. Org. Chem. 2012, 77, 3149-3158. 

33. Li, G.; Ding, Z.; Xu, B. Rhodium-Catalyzed Oxidative Annulation of 

Sulfonylhydrazones with Alkenes. Org. Lett. 2012, 14, 5338-5341. 

34. Inamoto, K.; Saito, T.; Katsuno, M.; Sakamoto, T.; Hiroya, K. Palladium-Catalyzed 

C−H Activation/Intramolecular Amination Reaction: A New Route to 3-Aryl/Alkylindazoles. 

Org. Lett. 2007, 9, 2931-2934. 

35. Lawson, M.; Bignon, J.; Brion, J.-D.; Hamze, A.; Alami, M. Transition-Metal-Free 

Synthesis of Polysubstituted Cyclopropane Derivatives from N-Tosylhydrazones and their 

Cytotoxic Activities. Asian J. Org. Chem. 2015, 4, 1144-1154. 

36. Yu, X.; Park, E.-J.; Kondratyuk, T. P.; Pezzuto, J. M.; Sun, D. Synthesis of 2-

arylindole derivatives and evaluation as nitric oxide synthase and NF[small kappa]B 

inhibitors. Org. Biomol. Chem. 2012, 10, 8835-8847. 

37. Leboho, T. C.; Michael, J. P.; van Otterlo, W. A. L.; van Vuuren, S. F.; de Koning, C. 

B. The synthesis of 2- and 3-aryl indoles and 1,3,4,5-tetrahydropyrano[4,3-b]indoles and their 

antibacterial and antifungal activity. Bioorg. Med. Chem. Lett. 2009, 19, 4948-4951. 

Page 31 of 33

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



38. Gao, Y.; Zhu, W.; Yin, L.; Dong, B.; Fu, J.; Ye, Z.; Xue, F.; Jiang, C. Palladium-

catalyzed direct C2-arylation of free (NH) indoles via norbornene-mediated regioselective CH 

activation. Tetrahedron Lett. 2017, 58, 2213-2216. 

39. Nishiyama, Y.; Maema, R.; Ohno, K.; Hirose, M.; Sonoda, N. Synthesis of indoles: 

selenium-catalyzed reductive N-heterocyclization of 2-nitrostyrenes with carbon monoxide. 

Tetrahedron Lett. 1999, 40, 5717-5720. 

40. Yu, S.; Qi, L.; Hu, K.; Gong, J.; Cheng, T.; Wang, Q.; Chen, J.; Wu, H. The 

Development of a Palladium-Catalyzed Tandem Addition/Cyclization for the Construction of 

Indole Skeletons. J. Org. Chem. 2017, 82, 3631-3638. 

41. Molander, G. A.; Canturk, B.; Kennedy, L. E. Scope of the Suzuki−Miyaura Cross-

Coupling Reactions of Potassium Heteroaryltrifluoroborates. J. Org. Chem. 2009, 74, 973-

980. 

42. Ventura-Espinosa, D.; Sabater, S.; Mata, J. A. Enhancement of gold catalytic activity 

and stability by immobilization on the surface of graphene. J. Catal. 2017, 352, 498-504. 

43. La Regina, G.; Bai, R.; Rensen, W. M.; Di Cesare, E.; Coluccia, A.; Piscitelli, F.; 

Famiglini, V.; Reggio, A.; Nalli, M.; Pelliccia, S.; Da Pozzo, E.; Costa, B.; Granata, I.; Porta, 

A.; Maresca, B.; Soriani, A.; Iannitto, M. L.; Santoni, A.; Li, J.; Miranda Cona, M.; Chen, F.; 

Ni, Y.; Brancale, A.; Dondio, G.; Vultaggio, S.; Varasi, M.; Mercurio, C.; Martini, C.; Hamel, 

E.; Lavia, P.; Novellino, E.; Silvestri, R. Toward Highly Potent Cancer Agents by Modulating 

the C-2 Group of the Arylthioindole Class of Tubulin Polymerization Inhibitors. J. Med. 

Chem. 2013, 56, 123-149. 

44. Vara, Y.; Aldaba, E.; Arrieta, A.; Pizarro, J. L.; Arriortua, M. I.; Cossio, F. P. 

Regiochemistry of the microwave-assisted reaction between aromatic amines and [small 

alpha]-bromoketones to yield substituted 1H-indoles. Org. Biomol. Chem. 2008, 6, 1763-

1772. 

Page 32 of 33

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



45. Wang, X.; Lane, B. S.; Sames, D. Direct C-Arylation of Free (NH)-Indoles and 

Pyrroles Catalyzed by Ar−Rh(III) Complexes Assembled In Situ. J. Am. Chem. Soc. 2005, 

127, 4996-4997. 

46. Lu, B.; Luo, Y.; Liu, L.; Ye, L.; Wang, Y.; Zhang, L. Umpolung Reactivity of Indole 

through Gold Catalysis. Angew. Chem. Int. Ed. 2011, 50, 8358-8362. 

47. Yu, R.; Li, D.; Zeng, F. Palladium-Catalyzed Sequential Vinylic C–H 

Arylation/Amination of 2-Vinylanilines with Aryl boronic Acids: Access to 2-Arylindoles. J. 

Org. Chem. 2018, 83, 323-329. 

 

																																																													
 

 

Page 33 of 33

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60


