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Abstract 

 

Mechanical allodynia, a painful sensation caused by innocuous touch, is a major chronic pain 

symptom, which often remains without an effective treatment. There is thus a need for new anti-

allodynic treatments based on new drug classes. We recently synthetized new 3,5-disubstituted 

pyridin-2(1H)-one derivatives. By substituting the pyridinone at the 3-position by various 

aryl/heteroaryl moieties and at the 5-position by a phenylamino group, we discovered that some 

derivatives exhibited a strong anti-allodynic potency in rats. Here, we report that varying the 

substitution of the pyridinone 5-position, the 3-position being substituted by an indol-4-yl moiety, 

further improves such anti-allodynic potency. Compared with 2, one of the two most active 

compounds of the first series, eleven out of nineteen newly synthetized compounds showed higher 

anti-allodynic potency, with two of them completely preventing mechanical allodynia. In the first 

series, hit compounds 1 and 2 appeared to be inhibitors of p38α MAPK, a protein kinase known to 

underlie pain hypersensitivity in animal models. Depending on the substitution at the 5-position, 

some newly synthetized compounds were also stronger p38α MAPK inhibitors. Surprisingly, 

though, anti-allodynic effects and p38α MAPK inhibitory potencies were not correlated, suggesting 

that other biological target(s) is/are involved in the analgesic activity in this series. Altogether, these 

results confirm that 3,5-disubstituted pyridine-2(1H)-one derivatives are of high interest for the 

development of new treatment of mechanical allodynia. 

 

Keywords: Mechanical allodynia; Pyridin-2(1H)-ones; p38 MAPK; Animal model of chronic pain; 

Inflammatory chronic pain. 
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1. Introduction 

Pain is one of the most common reasons for seeking medical care, and pain management 

should be considered as a major public health concern [1]. The capacity to experience acute pain 

has a protective role. By contrast, persistent, chronic pain initiated by tissue damage/inflammation 

(inflammatory pain) or nervous system lesion (neuropathic pain) offers no biological advantage and 

causes suffering and distress. Chronic pain affects more than 20% of Europeans and costs several 

hundred billions each year in medical treatments and societal burden [2]. Currently available 

therapies are not always effective (some pathologies lack efficacious analgesic solution) and can 

produce side-effects or have abuse potentials, such as opioid pain relievers. Chronic pain thus 

constitutes an unmet medical need: it is critical to discover more effective and safer treatments, with 

novel drug classes and modes of action. 

Chronic pain syndromes are characterized by persistent pain hypersensitivity. This includes 

spontaneous pain, hyperalgesia and allodynia (pain in response to normally innocuous stimuli). It is 

now well established that each of these pain symptoms relies on different cellular and molecular 

mechanisms. Peripheral sensitization of nociceptors is obviously involved in acute pain and its 

transition to chronic pain [3]. However, the role of central sensitization – i.e. enhancement in the 

function of neurons and circuits in central pain pathways – in the manifestation of pain symptoms is 

increasingly recognized [4]. 

Protein kinases represent an important class of signaling proteins that are involved in 

numerous cellular process and act in the coordination of responses to extra- and intracellular 

signals, such as controlling cell growth and proliferation. Thus, numerous protein kinase inhibitors 

reached the market as anticancer drugs [5]. However, due to their pleiotropic role, protein kinases 

can be targeted for other application such as the treatment of pain [6–8]. It appears that some 

protein kinases are pivotal in the setting of central sensitization. Activation of several protein 

kinases, including the neuronal extracellular signal-regulated protein kinases (ERK), the γ isoform 

of protein kinase C (PKCγ) and the microglial p38 mitogen-activating protein kinase (p38), within 

the superficial spinal dorsal horn or medullary dorsal horn were shown to contribute to pain 

hypersensitivity. Thus, in animal models (rats, mice), local administration of protein kinase 

inhibitors produced analgesic effects. For example, targeting p38 [9,10] suppresses spontaneous 

pain behavior (formalin test). Inhibition of ERK [11], PKCγ [12–15], and p38 [16–18] prevents 

inflammatory mechanical allodynia (MA). Application of p38 inhibitors [18–21] can also reduce 

neuropathic MA. Thus, protein kinases appear to be relevant biological targets for developing new 

analgesics. 

As part of our ongoing program dedicated to the design and synthesis of small molecules with 

potent protein kinase inhibitory activities and analgesic properties, we previously reported the 

identification of a new 3,5-disubstituted pyridin-2(1H)-one series with potent in vivo activity in rat 

models of inflammatory and neuropathic MA [18]. The best anti-allodynic agent of the series 

(compound 2, Fig. 1A) was screened toward a panel of 62 protein kinases leading to the 

identification of p38α as a potential biological target (Fig. 1B). In addition, 2 was selective of p38α 

over protein kinases representative of the human kinome or close to p38α in the kinome 

phylogenetic tree. IC50 values toward p38α, determined for the two best anti-allodynic agents, 

showed moderate inhibitory potency in the micromolar range (compounds 1 and 2, Fig. 1A). 
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Figure 1. A. General structure of 3,5-disubstituted pyridin-2(1H)-one series. Structure of most 

active anti-allodynic agents of the first series (compounds 1 and 2), and their p38α MAPK 

inhibitory activity. B. Kinase selectivity of compound 2. Residual activity at 10 µM: Blue disks ≥ 

65%, red disk: 19% [18]. The tree was generated using the Kinome Render software, and the 

illustration reproduced courtesy of Cell Signaling Technology, Inc. (www.cellsignal.com) [22]. 

This work describes the enlargement of the structure-activity relationship study (SAR) 

performed on this series, in order to identify new compounds with improved in vivo anti-MA 

potency. Synthesis of new analogues, in vivo assessment of the antiallodynic effect, and evaluation 

toward p38α MAPK are described.  

2. Results and discussion 

2.1. Synthesis of novel analogues 

According to the good results obtained in vivo with compounds 1 and 2, we decided to 

extend our structure-activity relationship study. In the previous series, position 3 of the pyridinone 

core was diversely arylated/heteroarylated whereas position 5 was substituted by a phenylamino 

group. Therefore, in the present work, we synthesized more analogs by varying the substituent at 

position 5, while the 3-substitution remained unchanged. At this position, indol-4-yl moiety was 

selected because of the high in vivo activity of compound 1 bearing this heterocycle, and for 

synthetic feasibility. For the majority of new compounds, we used the synthetic pathway described 

in our previous work (Scheme 1, Table 1, pathway 1). Thus, the amino group of pyridine derivative 

3 was substituted in the presence of iodinated aryl/heteroaryl coupling partners in the presence of 

palladium acetate, Xantphos and cesium carbonate, leading to products 4–19 in yields ranging from 

50% to 90%. The next step was a Suzuki cross-coupling using pinacol boronate 20 to give 

compounds 21–36 in good overall yields. For compounds 40–42 bearing a bromophenylamino 

group at the 5-position, to prevent regioselectivity issues due to competing bromoaryl moieties, 

Buchwald-Hartwig and Suzuki-Miyaura coupling steps were reversed, leading to synthetic pathway 
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2 (Scheme 1, Table 1). Compound 37, we previously reported [18], was substituted by the indol-4-

yl group leading to 38 in 81% yield. Reduction of the nitro group led to 39 and Buchwald-Hartwig 

coupling produced compounds 40–42 in moderate yields. 

 

Scheme 1. Synthesis of compounds 4–36 and 38–42. 
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Table 1. Isolated yields for compounds 4–19, 21–36 and 40–42. 

 
Compounds 4–19  

Compounds 

21–36a and 40–42b 

 

Ar/HetAr Cpd 
Yield 

% 

 
Cpd 

Yield 

% 

 

2-F-C6H4 4 50  21 94  

3-F-C6H4 5 57  22 99  

4-F-C6H4 6 72  23 93  

2-(CO2Et)-C6H4 7 90  24 78  

3-(CO2Et)-C6H4 8 83  25 79  

4-(CO2Et)-C6H4 9 66  26 88  

2-MeO-C6H4 10 84  27 80  

3-MeO-C6H4 11 60  28 85  

4-MeO-C6H4 12 69  29 93  

2-NO2-C6H4 13 86  30 87  

3-NO2-C6H4 14 76  31 97  

4-NO2-C6H4 15 76  32 93  

2-Me-C6H4 16 74  33 78  

Pyridin-2-yl 17 55  34 88  

Pyridin-3-yl 18 85  35 94  

pyridin-4-yl 19 72  36 64  

2-Br-C6H4    40 47  

3-Br-C6H4    41 46  

4-Br-C6H4    42 46  

a Pathway 1. b Pathway 2.  

For the last step, compounds 21–36 and 40–42 were debenzylated using boron tribromide 

(Method A) or by hydrogenolysis of benzyl group (Method B), leading to compounds 43–63 

(Scheme 2, Table 2). For methoxyl derivative 28, deprotection using boron tribromide led to 

concomitant cleavage of the methyl ether to give 52 in 52% yield. Hydrogenolysis applied to nitro 

compound 30 produced aniline derivative 56 in 60% yield. 

 
Scheme 2. Synthesis of compounds 43–63. 
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Table 2. Yields of debenzylation of compounds 43–63. 

Starting from Product Ar/HetAr Method Yield (%) 

21 43 2-F-C6H4 A 81 

22 44 3-F-C6H4 A 57 

23 45 4-F-C6H4 A 70 

24 46 2-(CO2Et)-C6H4 B quant. 

25 47 3-(CO2Et)-C6H4 B 53 

26 48 4-(CO2Et)-C6H4 B quant 

27 49 2-MeO-C6H4 B 84 

28 50 3-MeO-C6H4 B 80 

29 51 4-MeO-C6H4 B 99 

28 52 3-OH-C6H4 A 52 

30 53 2-NO2-C6H4 A 33 

31 54 3-NO2-C6H4 A 91 

32 55 4-NO2-C6H4 A 31 

30 56 2-NH2-C6H4 B 60 

33 57 2-Me-C6H4 B 77 

34 58 pyridin-2-yl A 61 

35 59 pyridin-3-yl B 48 

36 60 pyridin-4-yl B 55 

40 61 2-Br-C6H4 A 59 

41 62 3-Br-C6H4 A 68 

42 63 4-Br-C6H4 A 52 

2.2. Biological activity of compounds 43–55 and 57–63. 

2.2.1. In vivo assessment of anti-allodynic effect. 

We compared the in vivo efficacy of new compounds 43–45, 47–55 and 57–63 with that of 

compound 2, one of the most active compounds of the first series [18] (Fig. 1), on the facial 

Complete Freund’s Adjuvant (CFA) model (Fig. 2) [15]. Compound 46 was not tested due to its 

insufficient solubility. Similarly, compound 56 was not assayed due to an HPLC purity <95%, 

despite its apparent good 1H NMR spectra. After receiving a subcutaneous injection of CFA (25 µL; 

2.5 mg/kg) into the right vibrissa pad, rats develop a facial MA that lasts days. We found that all 

intracisternally (i.c.) applied compounds prevented the development of inflammatory MA. 

However, it is difficult to draw conclusions about the structure-activity relationships. Nevertheless, 

compared with compound 2, most of the nineteen newly synthetized compounds produced equal 

(three compounds: 48, 52 and 59) or enhanced MA inhibition (≥ 80% inhibition of allodynic score; 

eleven compounds: 44, 45, 47, 49, 50, 53–55, 57, 58 and 60), including two compounds (55 and 60) 

which completely prevented MA. Notably, there were also two compounds (43 and 51) with much 

less anti-MA efficacy than compound 2. Therefore, according to these results, the nature of the 

arylamino group at the pyridinone 5-position appears to greatly impact on the capacity of 

compounds to prevent MA. The presence of a nitrogen atom (60) or highly polar nitro group (55) at 

the aryl 4-position provided compounds with the strongest anti-allodynic effects. On the other hand, 

bromine atom (63), ethoxycarbonyl (48) or methoxyl (51) groups at the very same position 

drastically reduced the anti-allodynic activity of the corresponding compounds. This confirms that 
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the nature of the atom/group at this place is critical for MA inhibition. Various substituents at the 

phenyl 2-, 3-, or 4-positions are also consistent with strong anti-allodynic activity (> 80%, larger 

than that of compound 2) such as 2- and 3-nitro (53, 54), 3-methoxyl (50), 2-methyl (57) groups, 3-

F and 4-F atoms (44, 45) or when the phenyl group was replaced by a pyridin-2-yl moiety (58). In 

summary, compared with 2, compounds 55 and 60 are the most interesting compounds of the new 

series, with an enhanced effect and a complete MA inhibition. 

A 

 

B 

 

Figure 2. Intracisternal (i.c.) application of new 3,5-disubstituted pyridin-2(1H)-one derivatives prevent MA 

in a rat model of facial inflammatory pain (Complete Freund’s Adjuvant; CFA). A. I.c. application of 

compounds 2, 43, 51 or 55 variably prevents inflammatory MA. Time courses of changes in behavioral 

responses (allodynic score) evoked by static mechanical stimuli (6-g von Frey filament) applied on the face 

of rats intracisternally treated with compounds 2, 43, 51 or 55 or vehicle. Compound 51 produced a 16% 

inhibition, compound 43, a 42% one and compound 55, an almost complete inhibition (98%), therefore 

stronger than that of compound 2 (65%) of inflammatory MA. B. I.c. application of compounds 2, 43–45, 

47–55 or 57–63 prevents inflammatory MA. Bar histograms summarizing MA inhibitions by compound 2, 

one of the two most active compounds of the first series, and new compounds 43–45, 47–55 and 57–63. 

Compounds 55 and 60 almost completely (98%) or completely (100%) inhibited inflammatory MA, 

respectively. In A and B, compounds (5 µL at 10 μM) or vehicle were intracisternally injected 30 min before 

CFA subcutaneous injection (at time 0 in A). Results are presented as mean + s.e.m.; n = 4 rats (A) and n = 4 

rats (B, except compound 48: n = 1 rat and compound 59: n = 2 rats) in each group. Allodynic score (from 0 

to 4) according to Vos et al. [23]. MA score in each group of treated rats is compared with that in control rats 

(injected with vehicle) using the unpaired Student t test. Red bars: MA score in treated rats vs. MA score in 

control rats: P < 0.05. Thus, when using such low doses of compounds (5 µL at 10 µM), 11 compounds of 

this second series (44, 45, 47, 49, 50, 53–55, 57, 58 and 60 – but not compound 2, one of the two most potent 

compounds of the first series), significantly inhibit MA. For the computing of MA inhibition, see 4. 

Experimental section. 

2.2.2. p38α MAPK inhibitory potency. 

Compounds 43–55 and 57–63 were evaluated for their p38α MAPK inhibitory potency 

(International Center for Kinase Profiling, ICKP, Dundee, Scotland) [24]. First, compounds 43–55 

and 57–63 were screened at a concentration of 1 µM (Table 3) and IC50 values were determined 

when the percentage of p38α residual activity was found <50% at this concentration. Compared to 

previous results obtained from compounds 1 and 2, data showed improved kinase inhibition for 
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fluorinated derivatives 43 and 45, meta-phenol 52, ortho-tolyl 57 and meta-bromophenyl derivative 

62. Conversely, ethyl ester and nitro derivatives (46–48, 53–55) were almost inactive whereas 

pyridinyl analogues 58–60 showed low potency at 1 µM. Thus, best IC50 values were found in the 

submicromolar range for compounds 43, 45 and 62, with an improved potency compared to 

compounds 1 and 2. 

Table 3. p38α MAPK inhibitory activity of compounds 43–55 and 57–63. 

Compound % res. activity (1 µM) IC50 (µM) 

1 59 ± 10 3.0 

2 59 ± 15 1.5 

43 28 ± 4 0.23 ± 0.01 

44 47 ± 6 1.4 ± 0.3 

45 39 ± 10 0.4 ± 0.1 

46 104 ± 22 nd 

47 81 ± 18 nd 

48 86 ± 7 nd 

49 50 ± 5 5.2 ± 0.7 

50 50 ± 6 5.5 ± 2.3 

51 59 ± 9 3.7 ± 1.4 

52 34 ± 7 1.0 ± 0.2 

53 92.3 ± 0.3 nd 

54 73.9 ± 0.2 nd 

55 93 ± 8 nd 

57 33 ± 6 1.1 ± 0.3 

58 70 ± 9 nd 

59 64 ± 11 nd 

60 67 ± 7 nd 

61 45 ± 2 2.7 ± 0.4 

62 31 ± 11 0.7 ± 0.2 

63 43 ± 14 2.4 ± 0.5 

The results are expressed as mean kinase residual activity ± SD for 

duplicate assays. nd: not determined. 

2.2.3. Correlation anti-allodynic potency/p38α MAPK inhibition. 

We next examined whether the in vivo antiallodynic potency of compounds was correlated 

with their inhibitory effects toward p38α MAPK. Surprisingly, there was no correlation. For 

example, compound 60, exhibiting the strongest antiallodynic activity, showed only a modest p38α 

MAPK inhibition (33% inhibition at 1 µM), lower than that of compound 2 (41% inhibition at 1 

µM). Conversely, compound 43, the best p38α MAPK inhibitor, with an IC50 value of 0.23 µM 

(72% inhibition at 1 µM) only produced 42% inhibition of MA (Fig. 2A). These results cannot be 

explained only by a cellular localization/penetration difference of the various compounds, but 

strongly suggest that other(s) biological target(s) is/are involved in the anti-allodynic activity, 

without ruling out p38α MAPK inhibition. 
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3. Conclusion 

In a work aiming at designing novel anti-allodynic drugs, we synthesized a new series of pyridine-2(1H)-one 

derivatives in three or four steps from precursors 3 and 37, respectively. The heterocyclic core was 

substituted at the 3-position by an indol-4-yl moiety whereas the 5-position was substituted by various 

aryl/heteroarylamino moieties. Compared with compound 2, one the two most active compounds of the 

previously reported series, most of the new derivatives (eleven out of nineteen) were more potent in 

preventing MA. Moreover, two of them completely suppressed MA in the conditions used. We also 

investigated the biological target(s) involved in such anti-allodynic potency. Since previously reported 

derivatives appeared to be selective p38α MAPK inhibitors, the new compounds were assessed for their 

p38α MAPK inhibitory activity. Some of them exhibited submicromolar p38α MAPK inhibitory potency. 

Their in vitro efficacy depended on the substitution at the 5-position and could be stronger than that of 

compound 2. Surprisingly, though, anti-allodynic effects and p38α MAPK inhibitory potencies were not 

correlated, suggesting that other biological target(s) is/are involved in the analgesic activity in this series. 

Additional in vivo and in vitro work to identify this/these target(s) as well as to test other routes of 

administration (e.g. systemic) and assess putative adverse effects such as motor impairment or sedation – of 

note, we used very low doses and animals behaved normally – is under progress.  Thus, these results show 

that, compared with our first series of pyridin-2(1H)one derivatives, substitution at the 5-position can 

improve the anti-allodynic potency. They confirm that, altogether, pyridin-2(1H)one derivatives are of high 

interest for the development of novel analgesics for the treatment of MA.  

4. Experimental section 

4.1. Chemistry. 

4.1.1. General. Starting materials were obtained from commercial suppliers and used without 

further purification. IR spectra were recorded on a Perkin-Elmer Spectrum 65 FT-IR spectrometer (

 in cm-1). NMR spectra, performed on a Bruker AVANCE 400 III HD (1H: 400 MHz, 13C: 101 

MHz) are reported in ppm using the solvent residual peak as an internal standard; the following 

abbreviations are used: singlet (s), doublet (d), triplet (t), quadruplet (q), doublet of doublets (dd), 

doublet of doublet of doublets (ddd), doublet of doublet of doublet of doublet (dddd), doublet of 

triplets (dt), triplet of doublets (td), multiplet (m), broad signal (br s). Coupling constants are 

expressed in Hertz. High resolution mass spectra were determined on a high-resolution Waters 

Micro Q-Tof or Thermo Scientific Q Exactive Q-Orbitrap apparatus (UCA Partner, Université 

Clermont Auvergne, Clermont-Ferrand, France). Chromatographic purifications were performed by 

column chromatography using 40–63 μm silica gel. Reactions were monitored by TLC using 

fluorescent silica gel plates (60 F254 from Macherey Nagel). Melting points were measured on a 

Stuart SMP3 apparatus and are uncorrected. 

The purity of compounds 43–63 was established by HPLC analysis using an Agilent infinity 1260 

chromatograph with DAD detector and an Agilent Zorbax SB-Phenyl column (4.6 mm x150 mm, 

3.5 µm). Flow rate was 0.8 mL/min and the analysis was performed at 25 °C. Detection wavelength 

is indicated for each compound. Solvents were (A) water/0.1% formic acid, (B) Acetonitrile. 

Gradient was 100:0 A/B to 30:70 A/B in 8 min and then 30:70 A/B for 3 min.  
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4.1.2. General procedures. 

Procedure A: Buchwald-Hartwig cross-coupling between compound 3 and iodide derivatives. 

A 5–9 mL screw-cap tube under argon was charged with compound 20 (1 equiv), Pd(OAc)2 (0.05 

equiv), Xantphos (0.05 equiv) and Cs2CO3 (2 equiv). Then, anhydrous 1,4-dioxane (amount for 0.2 

M substrate concentration, unless otherwise indicated) degassed with argon and the iodide 

derivative (1 equiv) were added. The tube was sealed and the mixture was stirred at 100 °C for 

several hours. The resulting suspension was filtered through a pad of Celite which was then washed 

with ethyl acetate. After evaporation of the filtrate, the brown residue was purified by column 

chromatography. 

Procedure B: Suzuki cross-coupling, conventional heating. 

To a solution under argon of brominated derivative (1 equiv) in 1,4-dioxane (amount for 0.1 M 

substrate concentration) were added the indole-4-boronic acid pinacol ester 20 (1.5 equiv) and 2 M 

Na2CO3 aqueous solution (5 equiv). The mixture was degassed with argon for 10 min before the 

addition of PdCl2(PPh3)2 (0.05 equiv). The solution was refluxed overnight. Ethyl acetate was added 

and the resulting mixture was washed with water. The organic phase was dried over MgSO4 and 

filtered. After evaporation under reduced pressure, the crude was purified by column 

chromatography.  

 

Procedure C: Debenzylation by BBr3. 

A solution under argon of benzylated compound (1 equiv) in anhydrous dichloromethane (amount 

for 0.02 M substrate concentration) was cooled to 0 °C (procedure C1) or to –10 °C (procedure C2). 

A solution of BBr3 in dichloromethane (1 M, 4 equiv unless otherwise indicated) was added 

dropwise. The mixture was stirred at room temperature (C1) or at 0 °C (C2) in the dark. The 

reaction mixture was then quenched by addition of NEt3 and methanol. After evaporation under 

reduced pressure, EtOAc was added. The mixture was washed with water and saturated aqueous 

NaCl solution, dried over MgSO4 and filtered. After evaporation under reduced pressure, the crude 

was purified by column chromatography.  

Procedure D: Debenzylation by catalytic hydrogenolysis. 

To a solution under argon of benzylated derivative (1 equiv) in MeOH degassed with argon was 

added 20% Pd(OH)2/C (0.08 equiv, unless otherwise indicated). The mixture was then 

hydrogenated at room temperature for 6 h in the dark. The mixture was filtered through a pad of 

Celite and then washed with ethyl acetate. The filtrate was evaporated under reduced pressure and 

the obtained crude was purified by column chromatography. 

4.1.3. 6-(Benzyloxy)-5-bromo-N-(2-fluorophenyl)pyridin-3-amine (4) 

Compound 4 was prepared according to general procedure A, starting from 3 (199 mg, 0.713 mmol) 

in 7 mL of anhydrous 1,4-dioxane. The mixture was heated for 20 h. The crude oil was purified by 

column chromatography (SiO2, cyclohexane to EtOAc/cyclohexane 8:92) to give 4 (134 mg, 0.360 

mmol, 50%) as a beige solid. Rf = 0.55 (EtOAc/cyclohexane 1:9); Mp 67 °C; IR (ATR) 3306, 1619, 

1443, 1356, 1295, 1219, 1181, 1098, 1056, 1012, 733 cm-1; 1H NMR (400 MHz, DMSO-d6) δ 

(ppm) 7.96 (s, 1H), 7.94 (d, J = 2.5 Hz, 1H), 7.73 (d, J = 2.5 Hz, 1H), 7.48–7.44 (m, 2H), 7.42–7.37 
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(m, 2H), 7.35–7.30 (m, 1H), 7.20 (ddd, J1 = 11.9 Hz, J2 = 8.1 Hz, J3 = 1.4 Hz, 1H), 7.14 (td, J1 = 

8.3 Hz, J2 = 1.7 Hz, 1H), 7.06 (td, J1 = 7.7 Hz, J2 = 1.3 Hz, 1H), 6.90 (dddd, J1 = 8.1 Hz, J2 = 7.3 

Hz, J3 = 4.9 Hz, J4 = 1.8 Hz, 1H), 5.37 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 153.5 (C), 

152.8 (d, JCF = 242 Hz, C), 137.1 (C), 135.5 (CH), 135.0 (C), 133.0 (CH), 131.5 (d, JCF = 11 Hz, 

C), 128.4 (2CH), 127.7 (CH), 127.5 (2CH), 124.9 (d, JCF = 3 Hz, CH), 121.0 (d, JCF = 7 Hz, CH), 

117.7 (d, JCF = 3 Hz, CH), 115.8 (d, JCF = 19 Hz, CH), 105.8 (C), 67.7 (CH2); HRMS (ESI+) calcd 

for C18H15BrFN2O (M+H)+ 373.0346, found 373.0343. 

4.1.4. 6-(Benzyloxy)-5-bromo-N-(3-fluorophenyl)pyridin-3-amine (5) 

Compound 5 was prepared according to general procedure A, starting from 3 (202 mg, 0.724 

mmol). The mixture was heated for 2 h 30 min. The crude oil was purified by column 

chromatography (SiO2, cyclohexane to EtOAc/cyclohexane 5:95) to give 5 (153 mg, 0.410 mmol, 

57%) as a brown solid. Rf = 0.72 (EtOAc/cyclohexane 3:7); Mp 43 °C; IR (ATR) 3431, 1619, 1594, 

1466, 1450, 1432, 1354, 1293, 1260, 1217, 1136, 1051, 970, 691 cm-1; 1H NMR (400 MHz, 

DMSO-d6) δ (ppm) 8.34 (s, 1H), 8.01 (d, J = 2.5 Hz, 1H), 7.84 (d, J = 2.5 Hz, 1H), 7.49–7.45 (m, 

2H), 7.42–7.37 (m, 2H), 7.35–7.30 (m, 1H), 7.22 (td, J1 = 8.2 Hz, J2 = 7.0 Hz, 1H), 6.74 (ddd, J1 = 

8.2 Hz, J2 = 2.2 Hz, J3 = 0.7 Hz, 1H), 6.67 (dt, J1 = 11.7 Hz, J2 = 2.3 Hz, 1H), 6.57 (dddd, J1 = 8.9 

Hz, J2 = 8.1 Hz, J3 = 2.5 Hz, J4 = 0.9 Hz, 1H), 5.39 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δ 

(ppm) 163.2 (d, JCF = 241 Hz, C), 154.1 (C), 146.3 (d, JCF = 11 Hz, C), 137.0 (C), 136.8 (CH), 

134.3 (CH), 134.2 (C), 130.9 (d, JCF = 10 Hz, CH), 128.4 (2CH), 127.8 (CH), 127.5 (2CH), 110.9 

(d, JCF = 2 Hz, CH), 106.0 (C), 105.5 (d, JCF = 21 Hz, CH), 101.4 (d, JCF = 25 Hz, CH), 67.8 (CH2); 

HRMS (ESI+) calcd for C18H15BrFN2O (M+H)+ 373.0346, found 373.0369. 

4.1.5. 6-(Benzyloxy)-5-bromo-N-(4-fluorophenyl)pyridin-3-amine (6) 

Compound 6 was prepared according to general procedure A, starting from 3 (202 mg, 0.724 

mmol). The mixture was heated for 2 h 45 min. The crude oil was purified by column 

chromatography (SiO2, cyclohexane to EtOAc/cyclohexane 5:95) to give 6 (193.6 mg, 0.519 mmol, 

72%) as a brown solid. Rf = 0.73 (EtOAc/cyclohexane 3/7); Mp 43 °C; IR (ATR) 3394, 1506, 1444, 

1215, 1052, 825, 735 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 8.06 (s, 1H), 7.92 (d, J = 2.5 

Hz, 1H), 7.72 (d, J = 2.5 Hz, 1H), 7.47–7.43 (m, 2H), 7.42–7.36 (m, 2H), 7.35–7.29 (m, 1H), 7.07 

(t, J = 8.8 Hz, 2H), 6.99 (dd, J1 = 9.0 Hz, J2 = 4.7 Hz, 2H), 5.36 (s, 2H); 13C NMR (101 MHz, 

DMSO-d6) δ (ppm) 156.4 (d, JCF = 236 Hz, C), 153.1 (C), 140.0 (d, JCF = 2 Hz, C), 137.2 (C), 135.9 

(C), 134.5 (CH), 132.0 (CH), 128.4 (2CH), 127.7 (CH), 127.5 (2CH), 117.8 (d, JCF = 8 Hz, 2CH), 

115.9 (d, JCF = 22 Hz, 2CH), 106.0 (C), 67.7 (CH2); HRMS (ESI+) calcd for C18H15BrFN2O 

(M+H)+ 373.0346, found 373.0349. 

4.1.6. Ethyl 2-((6-(benzyloxy)-5-bromopyridin-3-yl)amino)benzoate (7) 

Compound 7 was prepared according to general procedure A, starting from 3 (50.1 mg, 0.179 

mmol). The mixture was heated for 1 h 30 min. The crude oil was purified by column 

chromatography (SiO2, cyclohexane to EtOAc/cyclohexane 3:97) to give 7 (69.0 mg, 0.161 mmol, 

90%) as a white solid. Rf = 0.68 (EtOAc/cyclohexane 1:9); Mp 90 °C; IR (ATR) 3281, 1668, 1584, 

1517, 1431, 1361, 1243, 1225, 736, 697 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 9.15 (s, 1H), 

8.13 (d, J = 2.4 Hz, 1H), 8.04 (d, J = 2.4 Hz, 1H), 7.90 (dd, J1 = 8.0 Hz, J2 = 1.6 Hz, 1H), 7.50–7.46 

(m, 2H), 7.43–7.37 (m, 3H), 7.36–7.31 (m, 1H), 6.93 (dd, J1 = 8.5 Hz, J2 = 1.0 Hz, 1H), 6.81 (ddd, 

J1 = 8.1 Hz, J2 = 7.1 Hz, J3 = 1.1 Hz, 1H), 5.43 (s, 2H), 4.32 (q, J = 7.1 Hz, 2H), 1.33 (t, J = 7.1 Hz, 
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3H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 167.5 (C=O), 155.7 (C), 147.6 (C), 140.9 (CH), 

138.3 (CH), 136.9 (C), 134.6 (CH), 132.2 (C), 131.3 (CH), 128.4 (2CH), 127.8 (CH), 127.5 (2CH), 

117.7 (CH), 113.6 (CH), 112.0 (C), 106.0 (C), 68.0 (CH2), 60.6 (CH2), 14.1 (CH3); HRMS (ESI+) 

calcd for C21H20BrN2O3 (M+H)+ 427.0652, found 427.0654. 

4.1.7. Ethyl 3-((6-(benzyloxy)-5-bromopyridin-3-yl)amino)benzoate (8) 

Compound 8 was prepared according to general procedure A, starting from 3 (199 mg, 0.713 

mmol). The mixture was heated for 1 h 45 min. The crude oil was purified by column 

chromatography (SiO2, cyclohexane to EtOAc/cyclohexane 1:9) to give 8 (252.6 mg, 0.591 mmol, 

83%) as a brown solid. Rf = 0.19 (EtOAc/cyclohexane 1:9); Mp 99 °C; IR (ATR) 3378, 3336, 1694, 

1450, 1358, 1304, 1276, 1052, 739 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 8.38 (s, 1H), 8.02 

(d, J = 2.5 Hz, 1H), 7.84 (d, J = 2.5 Hz, 1H), 7.52–7.50 (m, 1H), 7.49–7.46 (m, 2H), 7.43–7.31 (m, 

5H), 7.21 (ddd, J1 = 7.6 Hz, J2 = 2.5 Hz, J3 = 1.6 Hz, 1H), 5.40 (s, 2H), 4.29 (q, J = 7.1 Hz, 2H), 

1.31 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 165.8 (C=O), 153.9 (C), 144.5 

(C), 137.1 (C), 136.3 (CH), 134.5 (C), 133.9 (CH), 130.9 (C), 129.8 (CH), 128.4 (2CH), 127.7 

(CH), 127.5 (2CH), 119.9 (CH), 119.3 (CH), 115.4 (CH), 106.0 (C), 67.8 (CH2), 60.7 (CH2), 14.1 

(CH3); HRMS (ESI+) calcd for C21H20BrN2O3 (M+H)+ 427.0652, found 427.0652. 

4.1.8. Ethyl 4-((6-(benzyloxy)-5-bromopyridin-3-yl)amino)benzoate (9) 

Compound 9 was prepared according to general procedure A, starting from 3 (200.8 mg, 0.719 

mmol). The mixture was heated for 2 h 15 min. The crude oil was purified by column 

chromatography (SiO2, cyclohexane to EtOAc/cyclohexane 1:9) to give 9 (201.9 mg, 0.473 mmol, 

66%) as a white solid. Rf = 0.16 (EtOAc/cyclohexane 1:9); Mp 139 °C; IR (ATR) 3316, 1677, 

1595, 1464, 1367, 1285, 1244, 1176, 1054, 1008, 767, 730, 696 cm-1; 1H NMR (400 MHz, DMSO-

d6) δ (ppm) 8.71 (s, 1H), 8.08 (d, J = 2.5 Hz, 1H), 7.91 (d, J = 2.5 Hz, 1H), 7.80 (d, J = 8.8 Hz, 2H), 

7.49–7.45 (m, 2H), 7.43–7.38 (m, 2H), 7.36–7.31 (m, 1H), 6.94 (d, J = 8.9 Hz, 2H), 5.40 (s, 2H), 

4.24 (q, J = 7.1 Hz, 2H), 1.28 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 165.5 

(C=O), 154.7 (C), 148.9 (C), 138.0 (CH), 137.0 (C), 135.5 (CH), 133.1 (C), 131.2 (2CH), 128.4 

(2CH), 127.8 (CH), 127.6 (2CH), 119.6 (C), 113.4 (2CH), 106.1 (C), 67.9 (CH2), 60.0 (CH2), 14.3 

(CH3); HRMS (ESI+) calcd for C21H20BrN2O3 (M+H)+ 427.0652, found 427.0662. 

4.1.9. 6-(Benzyloxy)-5-bromo-N-(2-methoxyphenyl)pyridin-3-amine (10) 

Compound 10 was prepared according to general procedure A, starting from 3 (200.2 mg, 0.717 

mmol). The mixture was heated for 1 h 30 min. The crude oil was purified by two successive 

chromatography columns (SiO2, cyclohexane to EtOAc/cyclohexane 8:92 and SiO2, cyclohexane to 

Et2O/cyclohexane 1:9) to give 10 (232 mg, 0.602 mmol, 84%) as a beige oil. Rf = 0.39 

(EtOAc/cyclohexane 1:9); IR (ATR) 3392, 3283, 1594, 1509, 1445, 1237, 733, 695 cm-1; 1H NMR 

(400 MHz, DMSO-d6) δ (ppm) 7.93 (d, J = 2.5 Hz, 1H), 7.72 (d, J = 2.5 Hz, 1H), 7.48–7.43 (m, 

3H), 7.41–7.36 (m, 2H), 7.35–7.29 (m, 1H), 7.03 (dd, J1 = 7.4 Hz, J2 = 1.9 Hz, 1H), 7.00 (dd, J1 = 

7.7 Hz, J2 = 1.4 Hz, 1H), 6.90–6.81 (m, 2H), 5.35 (s, 2H), 3.81 (s, 3H); 13C NMR (101 MHz, 

DMSO-d6) δ (ppm) 152.9 (C), 149.1 (C), 137.2 (C), 135.8 (C), 135.1 (CH), 132.7 (CH), 132.3 (C), 

128.4 (2CH), 127.7 (CH), 127.5 (2CH), 120.9 (CH), 120.8 (CH), 115.6 (CH), 111.5 (CH), 105.7 

(C), 67.6 (CH2), 55.5 (CH3); HRMS (ESI+) calcd for C19H18BrN2O2 (M+H)+ 385.0546, found 

385.0551. 
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4.1.10. 6-(Benzyloxy)-5-bromo-N-(3-methoxyphenyl)pyridin-3-amine (11) 

Compound 11 was prepared according to general procedure A, starting from 3 (151.1 mg, 0.541 

mmol) in 5 mL of anhydrous 1,4-dioxane. The mixture was heated for 1 h 30 min. The crude oil 

was purified by column chromatography (SiO2, cyclohexane to EtOAc/cyclohexane 1:9) to give 11 

(125.4 mg, 0.325 mmol, 60%) as a brown orange solid. Rf = 0.45 (EtOAc/cyclohexane 1:9); Mp 61 

°C; IR (ATR) 3375, 1619–1583, 1493, 1438, 1356, 1278 1215, 1158, 1052, 841, 765, 744, 692 

cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 8.12 (s, 1H), 7.97 (d, J = 2.5 Hz, 1H), 7.79 (d, J = 

2.5 Hz, 1H), 7.48–7.44 (m, 2H), 7.42–7.36 (m, 2H), 7.35–7.30 (m, 1H), 7.12 (t, J = 8.1 Hz, 1H), 

6.54 (dd, J1 = 8.0 Hz, J2 = 1.7 Hz, 1H), 6.47 (t, J = 2.2 Hz, 1H), 6.40 (dd, J1 = 8.1 Hz, J2 = 2.2 Hz, 

1H), 5.39 (s, 2H), 3.70 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 160.4 (C), 153.4 (C), 

145.1 (C), 137.1 (C), 135.7 (CH), 135.2 (C), 133.2 (CH), 130.2 (CH), 128.4 (2CH), 127.8 (CH), 

127.5 (2CH), 108.0 (CH), 105.9 (C), 105.2 (CH), 101.3 (CH), 67.8 (CH2), 54.9 (CH3); HRMS 

(ESI+) calcd for C19H18BrN2O2 (M+H)+ 385.0546, found 385.0548. 

4.1.11. 6-(Benzyloxy)-5-bromo-N-(4-methoxyphenyl)pyridin-3-amine (12) 

Compound 12 was prepared according to general procedure A, starting from 3 (200.7 mg, 0.719 

mmol). The mixture was heated for 20 h. The crude oil was purified by column chromatography 

(SiO2, cyclohexane to EtOAc/cyclohexane 1:9) to give 12 (190.9 mg, 0.496 mmol, 69%) as a beige 

solid. Rf = 0.20 (cyclohexane/EtOAc 9:1); Mp 86 °C; IR (ATR) 3390, 1508, 1437, 1360, 1242, 

1052, 1020, 727, 693 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 7.84 (br s, 1H), 7.83 (d, J = 2.5 

Hz, 1H), 7.60 (d, J = 2.5 Hz, 1H), 7.46–7.43 (m, 2H), 7.41–7.36 (m, 2H), 7.34–7.29 (m, 1H), 6.98 

(d, J = 9.0 Hz, 2H), 6.87 (d, J = 9.0 Hz, 2H), 5.33 (s, 2H), 3.71 (s, 3H); 13C NMR (101 MHz, 

DMSO-d6) δ (ppm) 154.0 (C), 152.2 (C), 137.4 (C), 137.3 (C), 136.1 (C), 132.7 (CH), 130.1 (CH), 

128.4 (2CH), 127.7 (CH), 127.5 (2CH), 119.5 (2CH), 114.8 (2CH), 106.0 (C), 67.6 (CH2), 55.2 

(CH3); HRMS (ESI+) calcd for C19H18BrN2O2 (M+H)+ 385.0546, found 385.0557. 

4.1.12. 6-(Benzyloxy)-5-bromo-N-(2-nitrophenyl)pyridin-3-amine (13) 

Compound 13 was prepared according to general procedure A, starting from 3 (200.9 mg, 0.720 

mmol). The mixture was heated for 2 h 30 min. The crude oil was purified by column 

chromatography (SiO2, cyclohexane to EtOAc/cyclohexane 7:97) to give 13 (249.1 mg, 0.622 

mmol, 86%) as an orange solid. Rf = 0.78 (cyclohexane/EtOAc 7:3); Mp 106 °C; IR (ATR) 3340, 

1616, 1571, 1498, 1471, 1439, 1350, 1256, 1149, 1056, 1023, 732 cm-1; 
1H NMR (400 MHz, 

DMSO-d6) δ (ppm) 9.32 (s, 1H), 8.18 (d, J = 2.4 Hz, 1H), 8.14–8.10 (m, 2H), 7.53–7.47 (m, 3H), 

7.44–7.38 (m, 2H), 7.37–7.32 (m, 1H), 6.99 (dd, J1 = 8.7 Hz, J2 = 1.1 Hz, 1H), 6.88 (ddd, J1 = 8.4 

Hz, J2 = 7.0 Hz, J3 = 1.2 Hz, 1H), 5.45 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 156.5 (C), 

142.8 (C), 142.7 (CH), 140.0 (CH), 136.8 (C), 136.2 (CH), 133.2 (C), 131.0 (C), 128.4 (2CH), 

127.9 (CH), 127.6 (2CH), 126.1 (CH), 118.0 (CH), 116.4 (CH), 105.9 (C), 68.1 (CH2); HRMS 

(ESI+) calcd for C18H15BrN3O3 (M+H)+ 400.0291, found 400.0291. 

4.1.13. 6-(Benzyloxy)-5-bromo-N-(3-nitrophenyl)pyridin-3-amine (14) 

Compound 14 was prepared according to general procedure A, starting from 3 (168.7 mg, 0.604 

mmol). The mixture was heated for 3 h. The crude oil was purified by column chromatography 

(SiO2, EtOAc/cyclohexane 1:9 to 17:83) to give 14 (184.2 mg, 0.460 mmol, 76%) as an orange 

solid. Rf = 0.58 (cyclohexane/EtOAc 7:3); Mp 105 °C; IR (ATR) 3387, 1519, 1448, 1340, 1235, 

1052, 976, 845, 743, 730, 691, 667 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 8.65 (s, 1H), 8.08 
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(d, J = 2.5 Hz, 1H), 7.93 (d, J = 2.5 Hz, 1H), 7.64 (t, J = 2.2 Hz, 1H), 7.59 (ddd, J1 = 8.1 Hz, J2 = 

2.2 Hz, J3 = 0.9 Hz, 1H), 7.49–7.38 (m, 5H), 7.36–7.31 (m, 1H) 7.31 (ddd, J1 = 8.3 Hz, J2 = 2.4 Hz, 

J3 = 0.9 Hz, 1H), 5.41 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 154.7 (C), 148.8 (C), 145.9 

(C), 137.8 (CH), 137.0 (C), 135.3 (CH), 133.3 (C), 130.6 (CH), 128.4 (2CH), 127.8 (CH), 127.6 

(2CH), 120.6 (CH), 113.2 (CH), 108.1 (CH), 106.2 (C), 67.9 (CH2); HRMS (ESI+) calcd for 

C18H15BrN3O3 (M+H)+ 400.0291, found 400.0295. 

4.1.14. 6-(Benzyloxy)-5-bromo-N-(4-nitrophenyl)pyridin-3-amine (15) 

Compound 15 was prepared according to general procedure A, starting from 3 (200.8 mg, 0.719 

mmol). The mixture was heated for 2 h. The crude oil was purified by column chromatography 

(SiO2, EtOAc/cyclohexane 1:9 to 15/85) to give 15 (217.5 mg, 0.543 mmol, 76%) as an orange 

solid. Rf = 0.17 (cyclohexane/EtOAc 9:1); Mp 153 °C; IR (ATR) 3304, 1599, 1587, 1464, 1445, 

1277, 1183, 1105, 1049, 983, 831, 738, 690 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 9.21 (s, 

1H), 8.13 (d, J = 2.5 Hz, 1H), 8.09 (d, J = 9.3 Hz, 2H), 8.01 (d, J = 2.5 Hz, 1H), 7.50–7.46 (m, 2H), 

7.43–7.38 (m, 2H), 7.37–7.31 (m, 1H), 6.94 (d, J = 9.3 Hz, 2H), 5.43 (s, 2H); 13C NMR (101 MHz, 

DMSO-d6) δ (ppm) 155.6 (C), 151.3 (C), 139.6 (CH), 138.2 (C), 136.9 (CH), 136.8 (C), 131.8 (C), 

128.4 (2CH), 127.8 (CH), 127.6 (2CH), 126.2 (2CH), 113.0 (2CH), 106.2 (C), 68.1 (CH2); HRMS 

(ESI+) calcd for C18H15BrN3O3 (M+H)+ 400.0291, found 400.0291. 

4.1.15. 6-(Benzyloxy)-5-bromo-N-(o-tolyl)pyridin-3-amine (16) 

Compound 16 was prepared according to general procedure A, starting from 3 (161.4 mg, 0.578 

mmol) in 3 mL of anhydrous 1,4-dioxane. The mixture was heated for 2 h 30 min. The crude oil 

was purified by column chromatography (SiO2, cyclohexane to EtOAc/cyclohexane 5:95) to give 16 

(157.1 mg, 0.425 mmol, 74%) as a brown oil. Rf = 0.77 (EtOAc/cyclohexane 3:7); IR (ATR) 3398, 

1586, 1498, 1464, 1443, 1358, 1291, 1236, 1051, 736, 696 cm-1; 1H NMR (400 MHz, DMSO-d6) δ 

(ppm) 7.84 (d, J = 2.5 Hz, 1H), 7.62 (d, J = 2.5 Hz, 1H), 7.47–7.44 (m, 2H), 7.41–7.36 (m, 2H), 

7.35 (s, 1H), 7.34–7.29 (m, 1H), 7.17 (d, J = 7.4 Hz, 1H), 7.09 (td, J1 = 7.7 Hz, J2 = 1.5 Hz, 1H), 

7.00 (dd, J1 = 8.0 Hz, J2 = 1.1 Hz, 1H), 6.86 (td, J1 = 7.3 Hz, J2 = 1.3 Hz, 1H), 5.36 (s, 2H), 2.20 (s, 

3H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 152.8 (C), 141.6 (C), 137.2 (C), 136.7 (C), 134.6 

(CH), 132.2 (CH), 130.9 (CH), 128.4 (2CH), 127.9 (C), 127.7 (CH), 127.5 (2CH), 126.7 (CH), 

121.5 (CH), 117.3 (CH), 105.9 (C), 67.7 (CH2), 17.8 (CH3); HRMS (ESI+) calcd for C19H18BrN2O 

(M+H)+ 369.0597, found 369.0607. 

4.1.16. N-(6-(Benzyloxy)-5-bromopyridin-3-yl)pyridin-2-amine (17) 

Compound 17 was prepared according to general procedure A, starting from 3 (250 mg, 0.896 

mmol). The mixture was heated for 5 h 30 min. The crude oil was purified by column 

chromatography (SiO2, cyclohexane to EtOAc/cyclohexane 2:8) to give 17 (177 mg, 0.497 mmol, 

55%) as a red powder. Rf = 0.12 (EtOAc:cyclohexane 1:9); Mp > 132 °C (decomposition); IR 

(ATR) 3250–2900, 1600, 1449, 1438, 1354, 1288, 1219, 1048, 992, 764, 736, 695 cm-1; 1H NMR 

(400 MHz, DMSO-d6) δ (ppm) 9.14 (s, 1H), 8.55 (d, J = 2.4, 1H), 8.37 (d, J = 2.4, 1H), 8.15 (ddd, 

J1 = 5.0 Hz, J2 = 1.9 Hz, J3 = 0.9 Hz, 1H), 7.58 (ddd, J1 = 8.4 Hz, J2 = 7.1 Hz, J3 = 2.0 Hz, 1H), 

7.48–7.44 (m, 2H), 7.42–7.36 (m, 2H), 7.34–7.29 (m, 1H), 6.79–6.75 (m, 2H), 5.38 (s, 2H); 13C 

NMR (101 MHz, DMSO-d6) δ (ppm) 155.4 (C), 152.9 (C), 147.2 (CH), 137.5 (CH), 137.2 (C), 

134.9 (CH), 133.9 (C), 132.3 (CH), 128.4 (2CH), 127.7 (CH), 127.5 (2CH), 114.7 (CH), 110.7 
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(CH), 105.1 (C), 67.6 (CH2); HRMS (ESI+) calcd for C17H15BrN3O (M+H)+ 356.0393, found 

356.0394. 

4.1.17. 6-(Benzyloxy)-5-bromo-N-(pyridin-3-yl)pyridin-3-amine (18) 

Compound 18 was prepared according to general procedure A, starting from 3 (201 mg, 0.720 

mmol). The mixture was heated for 2 h 45 min. The crude oil was purified by column 

chromatography (SiO2, EtOAc/cyclohexane 3:7 + 0.5% NEt3). CH2Cl2 was added to the product and 

the solution was washed with aqueous saturated NaHCO3 solution, dried over MgSO4 and filtered. 

Evaporation gave compound 18 (218.8 mg, 0.614 mmol, 85%) as a red powder. Rf = 0.15 

(EtOAc/cyclohexane 3:7); Mp 68 °C; IR (ATR) 3239, 1583, 1448, 1356, 1287, 1048, 992, 792, 

732, 691 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 8.31 (s, 1H), 8.25 (d, J = 2.8 Hz, 1H), 8.02 

(dd, J1 = 4.6 Hz, J2 = 1.4 Hz, 1H), 8.01 (d, J = 2.5 Hz, 1H), 7.84 (d, J = 2.5 Hz, 1H), 7.48–7.45 (m, 

2H), 7.42–7.37 (m, 2H), 7.37–7.30 (m, 2H), 7.21 (dd, J1 = 8.3 Hz, J2 = 4.6 Hz, 1H), 5.38 (s, 2H); 
13C NMR (101 MHz, DMSO-d6) δ (ppm) 153.9 (C), 140.5 (CH), 140.4 (C), 138.2 (CH), 137.1 (C), 

136.0 (CH), 134.3 (C), 133.4 (CH), 128.4 (2CH), 127.7 (CH), 127.5 (2CH), 123.9 (CH), 121.1 

(CH), 106.1 (C), 67.8 (CH2); HRMS (ESI+) calcd for C17H15BrN3O (M+H)+ 356.0393, found 

356.0398. 

4.1.18. 6-(Benzyloxy)-5-bromo-N-(pyridin-4-yl)pyridin-3-amine (19) 

Compound 19 was prepared according to general procedure A, starting from 3 (150.4 mg, 0.539 

mmol). The mixture was heated for 2 h 45 min. The crude oil was purified by column 

chromatography (SiO2, EtOAc/cyclohexane 9:1 + 0.5% NEt3 to EtOAc + 0.5% NEt3). CH2Cl2 was 

added to the product and the solution was washed with aqueous saturated NaHCO3 solution, dried 

over MgSO4 and filtered. Evaporation gave compound 19 (138 mg, 0.387 mmol, 72%) as an orange 

solid. Rf = 0.23 (EtOAc + 0.5% NEt3); Mp 138 °C; IR (ATR) 3500–3000, 1587, 1470, 1436, 1358, 

1056, 992, 811, 729, 693 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 8.71 (s, 1H), 8.19–8.16 (m, 

2H), 8.08 (d, J = 2.5 Hz, 1H), 7.94 (d, J = 2.5 Hz, 1H), 7.49–7.45 (m, 2H), 7.43–7.37 (m, 2H), 

7.36–7.31 (m, 1H), 6.78–6.75 (m, 2H), 5.41 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 

155.1 (C), 150.7 (C), 150.1 (2CH), 138.9 (CH), 136.9 (C), 136.3 (CH), 132.2 (C), 128.4 (2CH), 

127.8 (CH), 127.6 (2CH), 108.7 (2CH), 106.1 (C), 68.0 (CH2); HRMS (ESI+) calcd for 

C17H15BrN3O (M+H)+ 356.0393, found 356.0398. 

4.1.19. 6-(Benzyloxy)-N-(2-fluorophenyl)-5-(1H-indol-4-yl)pyridin-3-amine (21)  

Compound 21 was prepared according to general procedure B, starting from 4 (191 mg, 0.512 

mmol). The mixture was refluxed for 17 h. The crude oil was purified by column chromatography 

(SiO2, EtOAc/cyclohexane 5:95 to 1:9) to give 21 (198 mg, 0.484 mmol, 94%) as a beige solid. Rf = 

0.36 (EtOAc/cyclohexane 2:8); Mp 56 °C; IR (ATR) 3406, 1619, 1507, 1443, 1231, 987, 742, 695 

cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.19 (s, 1H), 7.99 (d, J = 2.8 Hz, 1H), 7.89 (d, J = 

1.4 Hz, 1H), 7.54 (d, J = 2.8 Hz, 1H), 7.42–7.10 (m, 11H), 7.04 (td, J1 = 7.6 Hz, J2 = 1.4 Hz, 1H), 

6.83 (dddd, J1 = 8.0 Hz, J2 = 7.5 Hz, J3 = 4.8 Hz, J4 = 1.7 Hz, 1H), 6.32 (ddd, J1 = 3.0 Hz, J2 = 2.0 

Hz, J3 = 0.9 Hz, 1H), 5.35 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 155.0 (C), 152.6 (d, 

JCF = 241 Hz, C), 137.7 (C), 136.0 (C), 135.7 (CH), 133.6 (C), 132.4 (d, JCF = 11 Hz, C), 131.6 

(CH), 128.1 (2CH), 127.8 (C), 127.4 (2CH), 127.3 (CH), 126.5 (C), 125.5 (CH), 124.8 (d, JCF = 3 

Hz, CH), 123.6 (C), 120.7 (CH), 120.05 (CH), 120.04 (d, JCF = 7 Hz, CH), 116.9 (d, JCF = 3 Hz, 
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CH), 115.7 (d, JCF = 19 Hz, CH), 111.1 (CH), 100.5 (CH), 66.9 (CH2); HRMS (ESI+) calcd for 

C26H21FN3O (M+H)+ 410.1663, found 410.1656. 

4.1.20. 6-(Benzyloxy)-N-(3-fluorophenyl)-5-(1H-indol-4-yl)pyridin-3-amine (22) 

Compound 22 was prepared according to general procedure B, starting from 5 (112 mg, 0.300 

mmol). The mixture was refluxed for 16 h. The crude oil was purified by column chromatography 

(SiO2, cyclohexane to EtOAc/cyclohexane 2:8) to give 22 (122 mg, 0.298 mmol, 99%) as a light 

green powder. Rf = 0.31 (EtOAc/cyclohexane 2:8); Mp 62 °C; IR (ATR) 3391, 1615, 1592, 1443, 

1228, 1140, 750 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.20 (s, 1H), 8.30 (s, 1H), 8.05 (d, 

J = 2.7 Hz, 1H), 7.60 (d, J = 2.7 Hz, 1H), 7.43–7.11 (m, 10H), 6.77 (dd, J1 = 8.1 Hz, J2 = 2.1 Hz, 

1H), 6.68 (dt, J1 = 11.9 Hz, J2 = 2.3 Hz, 1H), 6.52 (td, J1 = 8.5 Hz, J2 = 2.5 Hz, 1H), 6.32–6.30 (m, 

1H), 5.36 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 163.3 (d, JCF = 241 Hz, C), 155.4 (C), 

147.1 (d, JCF = 11 Hz, C), 137.6 (C), 136.6 (CH), 136.0 (C), 133.0 (C), 132.5 (CH), 130.9 (d, JCF = 

10 Hz, CH), 128.1 (2CH), 127.7 (C), 127.5 (2CH), 127.4 (CH), 126.5 (C), 125.6 (CH), 123.9 (C), 

120.7 (CH), 120.1 (CH), 111.2 (CH), 110.6 (d, JCF = 2 Hz, CH), 104.9 (d, JCF = 21 Hz, CH), 101.0 

(d, JCF = 25 Hz, CH), 100.5 (CH), 67.0 (CH2); HRMS (ESI+) calcd for C26H21FN3O (M+H)+ 

410.1663, found 410.1641. 

4.1.21. 6-(Benzyloxy)-N-(4-fluorophenyl)-5-(1H-indol-4-yl)pyridin-3-amine (23) 

Compound 23 was prepared according to general procedure B, starting from 6 (166.2 mg, 0.445 

mmol). The mixture was refluxed for 16 h. The crude oil was purified by column chromatography 

(SiO2, EtOAc/cyclohexane 1:9 to EtOAc/cyclohexane 2:8) to give 23 (170.2 mg, 0.416 mmol, 93%) 

as a grey-green solid. Rf = 0.21 (EtOAc/cyclohexane 2:8); Mp > 82 °C (decomposition); IR (ATR) 

3395, 1505, 1213, 751 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.18 (s, 1H), 8.00 (s, 1H), 

7.98 (d, J = 2.8 Hz, 1H), 7.53 (d, J = 2.8 Hz, 1H), 7.42–7.10 (m, 9H), 7.05 (t, J = 8.8 Hz, 2H), 7.01 

(dd, J1 = 9.2 Hz, J2 = 4.9 Hz, 2H), 6.30 (ddd, J1 = 3.0 Hz, J2 = 2.0 Hz, J3 = 0.9 Hz, 1H), 5.34 (s, 

2H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 156.0 (d, JCF = 235 Hz, C), 154.6 (C), 140.9 (d, JCF 

= 2 Hz, C), 137.7 (C), 136.0 (C), 134.7 (C), 134.6 (CH), 130.7 (CH), 128.1 (2CH), 127.9 (C), 127.4 

(2CH), 127.3 (CH), 126.5 (C), 125.5 (CH), 123.8 (C), 120.7 (CH), 120.0 (CH), 117.1 (d, JCF = 8 

Hz, 2CH), 115.8 (d, JCF = 22 Hz, 2CH), 111.1 (CH), 100.6 (CH), 66.9 (CH2); HRMS (ESI+) calcd 

for C26H21FN3O (M+H)+ 410.1663, found 410.1670. 

4.1.22. Ethyl 2-((6-(benzyloxy)-5-(1H-indol-4-yl)pyridin-3-yl)amino)benzoate (24) 

Compound 24 was prepared according to general procedure B, starting from 7 (115 mg, 0.269 

mmol). The mixture was refluxed for 14 h. The crude oil was purified by column chromatography 

(SiO2, cyclohexane to EtOAc/cyclohexane 12:88) to give 24 (97.6 mg, 0.211 mmol, 78%) as a beige 

solid. Rf = 0.13 (EtOAc/cyclohexane 1:9); Mp 63 °C; IR (ATR) 3411, 3311, 1677, 1582, 1500, 

1444, 1227, 1079, 746, 696 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.19 (br s, 1H), 9.23 (s, 

1H), 8.15 (d, J = 2.7, 1H), 7.90 (dd, J1 = 8.0 Hz, J2 = 1.6 Hz, 1H), 7.70 (d, J = 2.7 Hz, 1H), 7.43–

7.22 (m, 8H), 7.17–7.11 (m, 2H), 7.01 (dd, J1 = 8.6 Hz, J2 = 0.8 Hz, 1H), 6.77 (ddd, J1 = 8.1 Hz, J2 

= 7.1 Hz, J3 = 1.1 Hz, 1H), 6.33 (ddd, J1 = 3.0 Hz, J2 = 2.0 Hz, J3 = 0.9 Hz, 1H), 5.40 (s, 2H), 4.33 

(q, J = 7.1 Hz, 2H), 1.34 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 167.6 (C=O), 

157.0 (C), 148.3 (C), 140.7 (CH), 137.4 (C), 136.04 (CH), 136.02 (C), 134.6 (CH), 131.3 (CH), 

131.1 (C), 128.2 (2CH), 127.5 (2CH), 127.4 (C+CH), 126.5 (C), 125.6 (CH), 124.1 (C), 120.7 
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(CH), 120.1 (CH), 117.1 (CH), 113.3 (CH), 111.5 (C), 111.2 (CH), 100.6 (CH), 67.2 (CH2), 60.5 

(CH2), 14.1 (CH3); HRMS (ESI+) calcd for C29H26N3O3 (M+H)+ 464.1969, found 464.1970. 

4.1.23. Ethyl 3-((6-(benzyloxy)-5-(1H-indol-4-yl)pyridin-3-yl)amino)benzoate (25) 

Compound 25 was prepared according to general procedure B, starting from 8 (250 mg, 0.585 

mmol). The mixture was refluxed for 14 h. The crude oil was purified by column chromatography 

(SiO2, EtOAc/cyclohexane 1:9 to 15:85) to give 25 (212.9 mg, 0.459 mmol, 79%) as a beige solid. 

Rf = 0.16 (EtOAc/cyclohexane 2:8); Mp > 186 °C (decomposition); IR (ATR) 3345, 3177, 1697, 

1436, 1300, 1223, 746 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.20 (s, 1H), 8.33 (s, 1H), 

8.05 (d, J = 2.8 Hz, 1H), 7.61 (d, J = 2.8 Hz, 1H), 7.58–7.56 (m, 1H), 7.43–7.19 (m, 10H), 7.16–

7.11 (m, 2H), 6.34 (ddd, J1 = 3.0 Hz, J2 = 2.0 Hz, J3 = 1.0 Hz, 1H), 5.37 (s, 2H), 4.29 (q, J = 7.1 Hz, 

2H), 1.30 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 165.9 (C=O), 155.3 (C), 

145.3 (C), 137.6 (C), 136.4 (CH), 136.1 (C), 133.2 (C), 132.3 (CH), 130.9 (C), 129.7 (CH), 128.1 

(2CH), 127.7 (C), 127.5 (2CH), 127.4 (CH), 126.5 (C), 125.6 (CH), 123.9 (C), 120.7 (CH), 120.1 

(CH), 119.3 (CH), 119.2 (CH), 114.7 (CH), 111.2 (CH), 100.5 (CH), 67.0 (CH2), 60.7 (CH2), 14.2 

(CH3); HRMS (ESI+) calcd for C29H26N3O3 (M+H)+ 464.1969, found 464.1974. 

4.1.24. Ethyl 4-((6-(benzyloxy)-5-(1H-indol-4-yl)pyridin-3-yl)amino)benzoate (26) 

Compound 26 was prepared according to general procedure B, starting from 9 (152 mg, 0.356 

mmol). The mixture was refluxed for 15 h. The crude oil was purified by column chromatography 

(SiO2, EtOAc/cyclohexane 1:9 to 2:8) to give 26 (144.5 mg, 0.312 mmol, 88%) as a light yellow 

solid. Rf = 0.3 (EtOAc/cyclohexane 3:7); Mp > 188 °C (decomposition); IR (ATR) 3390, 3314, 

1683, 1597, 1456, 1283, 1229, 1174, 1120, 980, 746, 697 cm-1; 1H NMR (400 MHz, DMSO-d6) δ 

(ppm) 11.20 (s, 1H), 8.69 (s, 1H), 8.11 (d, J = 2.7 Hz, 1H), 7.79 (d, J = 8.9 Hz, 2H), 7.64 (d, J = 2.7 

Hz, 1H), 7.43–7.22 (m, 6H), 7.38 (t, J = 2.8 Hz, 1H), 7.17–7.11 (m, 2H), 6.97 (d, J = 8.9 Hz, 2H), 

6.32 (ddd, J1 = 2.9 Hz, J2 = 1.9 Hz, J3 = 0.8 Hz, 1H), 5.38 (s, 2H), 4.23 (q, J = 7.1 Hz, 2H), 1.28 (t, 

J = 7.1 Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 165.6 (C=O), 156.0 (C), 149.5 (C), 137.7 

(CH), 137.5 (C), 136.0 (C), 133.5 (CH), 132.0 (C), 131.2 (2CH), 128.2 (2CH), 127.53 (C), 127.50 

(2CH), 127.4 (CH), 126.5 (C), 125.6 (CH), 124.0 (C), 120.7 (CH), 120.1 (CH), 119.0 (C), 113.1 

(2CH), 111.2 (CH), 100.5 (CH), 67.1 (CH2), 59.9 (CH2), 14.3 (CH3); HRMS (ESI+) calcd for 

C29H26N3O3 (M+H)+ 464.1969, found 464.1966. 

4.1.25. 6-(Benzyloxy)-5-(1H-indol-4-yl)-N-(2-methoxyphenyl)pyridin-3-amine (27) 

Compound 27 was prepared according to general procedure B, starting 10 (200 mg, 0.519 mmol). 

The mixture was refluxed for 3 h. The crude oil was purified by two successive chromatography 

columns (SiO2, EtOAc/cyclohexane 1:9 to 2:8 and SiO2, Et2O/pentane 1:9 to 7:3) to give 27 (175.5 

mg, 0.416 mmol, 80%) as a white powder. Rf = 0.20 (EtOAc/cyclohexane 2:8); Mp 73 °C; 

IR (ATR) 3402, 1595, 1507, 1446, 1228, 1114, 1022, 736, 696 cm-1; 1H NMR (400 MHz, DMSO-

d6) δ (ppm) 11.18 (s, 1H), 8.00 (d, J = 2.7 Hz, 1H), 7.56 (d, J = 2.8 Hz, 1H), 7.41–7.21 (m, 8H), 

7.15–7.10 (m, 2H), 7.07–7.03 (m, 1H), 6.99–6.95 (m, 1H), 6.83–6.77 (m, 2H), 6.32 (ddd, J1 = 3.0 

Hz, J2 = 2.0 Hz, J3 = 0.9 Hz, 1H), 5.34 (s, 2H), 3.84 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 

(ppm) 154.7 (C), 148.6 (C), 137.8 (C), 136.0 (C), 135.8 (CH), 134.3 (C), 133.5 (C), 131.7 (CH), 

128.2 (2CH), 128.0 (C), 127.5 (2CH), 127.3 (CH), 126.6 (C), 125.5 (CH), 123.5 (C), 120.8 (CH), 

120.7 (CH), 120.1 (CH), 119.8 (CH), 114.3 (CH), 111.3 (CH), 111.0 (CH), 100.7 (CH), 66.9 (CH2), 

55.5 (CH3); HRMS (ESI+) calcd for C27H24N3O2 (M+H)+ 422.1863, found 422.1865. 
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4.1.26. 6-(Benzyloxy)-5-(1H-indol-4-yl)-N-(3-methoxyphenyl)pyridin-3-amine (28) 

Compound 28 was prepared according to general procedure B, starting from 11 (125.4 mg, 0.325 

mmol). The mixture was refluxed for 15 h. The crude oil was purified by column chromatography 

(SiO2, pentane/Et2O 9:1 to 45:55) to give 28 (116 mg, 0.275 mmol, 85%) as a pink powder. Rf = 

0.14 (EtOAc/cyclohexane 2:8); Mp > 53 °C (decomposition); IR (ATR) 3390, 1594, 1494, 1445, 

1226, 1154, 750, 692 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.19 (s, 1H), 8.07 (s, 1H), 

8.01 (d, J = 2.8 Hz, 1H), 7.58 (d, J = 2.8 Hz, 1H), 7.42–7.21 (m, 6H), 7.36 (t, J = 2.8 Hz, 1H), 7.16– 

7.11 (m, 2H), 7.09 (t, J = 8.1 Hz, 1H), 6.56 (dd, J1 = 8.0 Hz, J2 = 1.9 Hz, 1H), 6.51 (t, J = 2.2 Hz, 

1H), 6.35 (dd, J1 = 8.0 Hz, J2 = 2.3 Hz, 1H), 6.32–6.30 (m, 1H), 5.35 (s, 2H), 3.70 (s, 3H); 13C 

NMR (101 MHz, DMSO-d6) δ (ppm) 160.4 (C), 154.9 (C), 145.9 (C), 137.7 (C), 136.0 (C), 135.7 

(CH), 133.9 (C), 131.6 (CH), 130.1 (CH), 128.1 (2CH), 127.8 (C), 127.4 (2CH), 127.3 (CH), 126.5 

(C), 125.5 (CH), 123.7 (C), 120.7 (CH), 120.0 (CH), 111.1 (CH), 107.6 (CH), 104.5 (CH), 100.8 

(CH), 100.5 (CH), 66.9 (CH2), 54.8 (CH3); HRMS (ESI+) calcd for C27H24N3O2 (M+H)+ 422.1863, 

found 422.1862. 

4.1.27. 6-(Benzyloxy)-5-(1H-indol-4-yl)-N-(4-methoxyphenyl)pyridin-3-amine (29) 

Compound 29 was prepared according to general procedure B, starting from 12 (192 mg, 0.498 

mmol). The mixture was refluxed for 15 h. The crude oil was purified by column chromatography 

(SiO2, EtOAc/cyclohexane 9:1 to 15:85) to give 29 (196 mg, 0.465 mmol, 93%) as a grey solid. Rf = 

0.16 (EtOAc/cyclohexane 2:8); Mp > 61 °C (decomposition); IR (ATR) 3391, 1508, 1446, 1224, 

1022, 751, 696 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.17 (s, 1H), 7.90 (d, J = 2.8 Hz, 

1H), 7.75 (s, 1H), 7.45 (d, J = 2.8 Hz, 1H), 7.38 (ddd, J1 = 7.1 Hz, J2 = 2.0 Hz, J3 = 0.9 Hz, 1H), 

7.35 (dd, J1 = 3.1 Hz, J2 = 2.5 Hz, 1H), 7.33–7.20 (m, 5H), 7.15–7.08 (m, 2H), 6.99 (d, J = 9.0 Hz, 

2H), 6.84 (d, J = 9.0 Hz, 2H), 6.29 (ddd, J1 = 3.0 Hz, J2 = 2.0 Hz, J3 = 1.0 Hz, 1H), 5.32 (s, 2H), 

3.68 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 153.8 (C), 153.4 (C), 137.9 (C), 137.2 (C), 

136.0 (2C), 132.9 (CH), 129.1 (CH), 128.14 (C), 128.11 (2CH), 127.4 (2CH), 127.3 (CH), 126.5 

(C), 125.5 (CH), 123.6 (C), 120.7 (CH), 120.0 (CH), 118.7 (2CH), 114.7 (2CH), 111.0 (CH), 100.6 

(CH), 66.8 (CH2), 55.2 (CH3); HRMS (ESI+) calcd for C27H24N3O2 (M+H)+ 422.1863, found 

422.1867. 

4.1.28. 6-(Benzyloxy)-5-(1H-indol-4-yl)-N-(2-nitrophenyl)pyridin-3-amine (30) 

Compound 30 was prepared according to general procedure B, starting from 13 (248 mg, 0.620 

mmol). The mixture was refluxed for 14 h 20 min. The crude oil was purified by column 

chromatography (SiO2, EtOAc/cyclohexane 1:9 to 2:8) to give 30 (234 mg, 0.536 mmol, 87%) as an 

orange solid. Rf = 0.24 (cyclohexane/EtOAc 8:2); Mp 87 °C; IR (ATR) 3414, 3347, 3177, 1615, 

1571, 1495, 1345, 1260, 1218, 735, 693 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.20 (s, 

1H), 9.43 (s, 1H), 8.20 (d, J = 2.7 Hz, 1H), 8.12 (dd, J1 = 8.6 Hz, J2 = 1.6 Hz, 1H), 7.76 (d, J = 2.7 

Hz, 1H), 7.51 (ddd, J1 = 8.6 Hz, J2 = 6.7 Hz, J3 = 1.6 Hz, 1H), 7.41 (ddd, J1 = 7.3 Hz, J2 = 1.7 Hz, 

J3 = 1.0 Hz, 1H), 7.38–7.23 (m, 6H), 7.19–7.12 (m, 2H), 7.08 (dd, J1 = 8.7 Hz, J2 = 1.2 Hz, 1H), 

6.84 (ddd, J1 = 8.4 Hz, J2 = 6.9 Hz, J3 = 1.2 Hz, 1H), 6.37 (ddd, J1 = 3.0 Hz, J2 = 1.9 Hz, J3 = 0.8 

Hz, 1H), 5.42 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 157.7 (C), 143.4 (C), 142.3 (CH), 

137.6 (CH), 137.3 (C), 136.2 (CH), 136.0 (C), 132.9 (C), 130.0 (C), 128.2 (2CH), 127.53 (2CH), 

127.49 (CH), 127.2 (C), 126.5 (C), 126.2 (CH), 125.6 (CH), 124.2 (C), 120.7 (CH), 120.1 (CH), 

117.5 (CH), 116.2 (CH), 111.3 (CH), 100.6 (CH), 67.3 (CH2); HRMS (ESI+) calcd for C26H21N4O3 

(M+H)+ 437.1608, found 437.1617. 
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4.1.29. 6-(Benzyloxy)-5-(1H-indol-4-yl)-N-(3-nitrophenyl)pyridin-3-amine (31) 

Compound 31 was prepared according to general procedure B, starting from 14 (170 mg, 0.425 

mmol). The mixture was refluxed for 15 h. The crude oil was purified by column chromatography 

(SiO2, EtOAc/cyclohexane 1:9 to 25:75) to give 31 (180.7 mg, 0.414 mmol, 97%) as an orange 

solid. Rf = 0.35 (cyclohexane/EtOAc 7:3); Mp > 189 °C (decomposition); IR (ATR) 3364, 1532, 

1341, 983, 747, 735, 689 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.21 (s, 1H), 8.64 (s, 1H), 

8.12 (d, J = 2.7 Hz, 1H), 7.70 (t, J = 2.2 Hz, 1H), 7.66 (d, J = 2.7 Hz, 1H), 7.55 (ddd, J1 = 7.9 Hz, J2 

= 2.3 Hz, J3 = 0.8 Hz, 1H), 7.45 (t, J = 8.1 Hz, 1H), 7.40 (ddd, J1 = 6.7 Hz, J2 = 2.3 Hz, J3 = 0.8 Hz, 

1H), 7.37 (t, J = 2.8 Hz, 1H), 7.36–7.22 (m, 6H), 7.18–7.11 (m, 2H), 6.36–6.34 (m, 1H), 5.39 (s, 

2H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 156.0 (C), 148.8 (C), 146.6 (C), 137.5 (C+CH), 

136.1 (C), 133.2 (CH), 132.2 (C), 130.6 (CH), 128.2 (2CH), 127.5 (2CH+C), 127.4 (CH), 126.5 

(C), 125.6 (CH), 124.1 (C), 120.7 (CH), 120.4 (CH), 120.1 (CH), 112.6 (CH), 111.2 (CH), 107.5 

(CH), 100.5 (CH), 67.1 (CH2); HRMS (ESI+) calcd for C26H21N4O3 (M+H)+ 437.1608, found 

437.1614. 

4.1.30. 6-(Benzyloxy)-5-(1H-indol-4-yl)-N-(4-nitrophenyl)pyridin-3-amine (32) 

Compound 32 was prepared according to general procedure B, starting from 15 (188.9 mg, 0.472 

mmol). The mixture was refluxed for 14 h 30 min. The crude oil was purified by column 

chromatography (SiO2, EtOAc/cyclohexane 2:8 to 7:3) to give 32 (192.2 mg, 0.440 mmol, 93%) as 

a brown solid. Rf = 0.25 (cyclohexane/EtOAc 7:3); Mp 238 °C; IR (ATR) 3375, 1590, 1498, 1455, 

1419, 1296, 1110, 1080, 1007, 837, 750, 735 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.21 

(s, 1H), 9.24 (s, 1H), 8.17 (d, J = 2.7 Hz, 1H), 8.09 (d, J = 9.2 Hz, 2H), 7.69 (d, J = 2.7 Hz, 1H), 

7.41 (ddd, J1 = 7.0 Hz, J2 = 2.1 Hz, J3 = 0.9 Hz, 1H), 7.38 (t, J = 2.8 Hz, 1H), 7.36–7.22 (m, 5H), 

7.18–7.12 (m, 2H), 6.99 (d, J = 9.3 Hz, 2H), 6.34–6.32 (m, 1H), 5.40 (s, 2H); 13C NMR (101 MHz, 

DMSO-d6) δ (ppm) 156.8 (C), 151.8 (C), 139.1 (CH), 137.8 (C), 137.4 (C), 136.0 (C), 134.5 (CH), 

130.9 (C), 128.2 (2CH), 127.53 (2CH), 127.47 (CH), 127.3 (C), 126.5 (C), 126.3 (2CH), 125.7 

(CH), 124.3 (C), 120.7 (CH), 120.2 (CH), 112.7 (2CH), 111.3 (CH), 100.5 (CH), 67.2 (CH2); 

HRMS (ESI+) calcd for C26H21N4O3 (M+H)+ 437.1608, found 437.1614. 

4.1.31. 6-(Benzyloxy)-5-(1H-indol-4-yl)-N-(o-tolyl)pyridin-3-amine (33) 

Compound 33 was prepared according to general procedure B, starting from 16 (120 mg, 0.325 

mmol). The mixture was refluxed for 16 h. The crude oil was purified by column chromatography 

(SiO2, cyclohexane to EtOAc/cyclohexane 15:85) to give 33 (103 mg, 0.254 mmol, 78%) as a 

brown solid. Rf = 0.45 (EtOAc/cyclohexane 2:8); Mp > 58 °C (decomposition); IR (ATR) 3406, 

1585, 1498, 1443, 1350, 1229, 746, 695 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.17 (s, 

1H), 7.91 (d, J = 2.8 Hz, 1H), 7.47 (d, J = 2.8 Hz, 1H), 7.40–7.21 (m, 7H), 7.35 (dd, J1 = 3.1 Hz, J2 

= 2.6 Hz, 1H), 7.16–7.10 (m, 3H), 7.09–7.03 (m, 2H), 6.81–6.76 (m, 1H), 6.30 (ddd, J1 = 3.0 Hz, J2 

= 1.9 Hz, J3 = 0.9 Hz, 1H), 5.34 (s, 2H), 2.24 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 

154.5 (C), 142.7 (C), 137.8 (C), 136.0 (C), 135.3 (C), 135.2 (CH), 131.2 (CH), 130.8 (CH), 128.1 

(2CH), 128.0 (C), 127.4 (2CH), 127.3 (CH), 127.1 (C), 126.6 (CH), 126.5 (C), 125.5 (CH), 123.6 

(C), 120.7 (CH), 120.5 (CH), 120.0 (CH), 116.2 (CH), 111.0 (CH), 100.6 (CH), 66.9 (CH2), 18.0 

(CH3); HRMS (ESI+) calcd for C27H24N3O (M+H)+ 406.1914, found 406.1916. 

4.1.32. N-(6-(Benzyloxy)-5-(1H-indol-4-yl)pyridin-3-yl)pyridin-2-amine (34) 
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Compound 34 was prepared according to general procedure B, starting from 17 (139 mg, 0.390 

mmol). The mixture was refluxed for 15 h. The crude oil was purified by column chromatography 

(SiO2, EtOAc/cyclohexane 1:9 to 3:7). CH2Cl2 was added to the product and the solution was 

washed with aqueous saturated NaHCO3 solution, dried over MgSO4 and filtered. Evaporation gave 

compound 34 (135 mg, 0.344 mmol, 88%) as a light green solid. Rf = 0.17 (EtOAc/cyclohexane 

3:7); Mp 98 °C; IR (ATR) 3396, 1599, 1439, 1423, 1352, 1227, 987, 751, 732, 695 cm-1; 1H NMR 

(400 MHz, DMSO-d6) δ (ppm) 11.18 (s, 1H), 9.03 (s, 1H), 8.45 (d, J = 2.7 Hz, 1H), 8.21 (d, J = 2.7 

Hz, 1H), 8.08 (ddd, J1 = 5.0 Hz, J2 = 1.9 Hz, J3 = 0.8 Hz, 1H), 7.55 (ddd, J1 = 8.4 Hz, J2 = 7.1 Hz, 

J3 = 2.0 Hz, 1H), 7.43–7.21 (m, 6H), 7.37 (dd, J1 = 3.1 Hz, J2 = 2.5 Hz, 1H), 7.17–7.12 (m, 2H), 

6.78 (dt, J1 = 8.4 Hz, J2 = 0.9 Hz, 1H), 6.70 (ddd, J1 = 7.1 Hz, J2 = 5.0 Hz, J3 = 1.0 Hz, 1H), 6.40 

(ddd, J1 = 3.0 Hz, J2 = 1.9 Hz, J3 = 0.9 Hz, 1H), 5.36 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δ 

(ppm) 155.9 (C), 154.4 (C), 147.2 (CH), 137.9 (C), 137.3 (CH), 136.1 (C), 134.9 (CH), 132.9 (C), 

131.3 (CH), 128.13 (C), 128.12 (2CH), 127.4 (2CH), 127.3 (CH), 126.7 (C), 125.5 (CH), 122.8 (C), 

120.7 (CH), 120.1 (CH), 114.1 (CH), 111.0 (CH), 110.3 (CH), 100.7 (CH), 66.8 (CH2); HRMS 

(ESI+) calcd for C25H21N4O (M+H)+ 393.1710, found 393.1722. 

4.1.33. 6-(Benzyloxy)-5-(1H-indol-4-yl)-N-(pyridin-3-yl)pyridin-3-amine (35) 

Compound 35 was prepared according to general procedure B, starting from 18 (150 mg, 0.421 

mmol). The mixture was refluxed for 15 h. The crude oil was purified by column chromatography 

(SiO2, EtOAc/cyclohexane 1:9 to 6:4). CH2Cl2 was added to the product and the solution was 

washed with aqueous saturated NaHCO3 solution, dried over MgSO4 and filtered. Evaporation gave 

compound 35 (156 mg, 0.397 mmol, 94%) as a green solid. Rf = 0.21 (EtOAc/cyclohexane 6:4); 

Mp > 79 °C (decomposition); IR (ATR) 3374, 1579, 1447, 1423, 1229, 751, 694 cm-1; 1H NMR 

(400 MHz, DMSO-d6) δ (ppm) 11.20 (br s, 1H), 8.29 (d, J = 2.7 Hz, 1H), 8.26 (s, 1H), 8.06 (d, J = 

2.8 Hz, 1H), 7.97 (dd, J1 = 4.6 Hz, J2 = 1.3 Hz, 1H), 7.68–7.51 (m, 1H), 7.59 (d, J = 2.8 Hz, 1H), 

7.44–7.09 (m, 10H), 6.31 (ddd, J1 = 3.0 Hz, J2 = 1.9 Hz, J3 = 0.8 Hz, 1H), 5.36 (s, 2H); 13C NMR 

(101 MHz, DMSO-d6) δ (ppm) 155.3 (C), 141.1 (C), 139.9 (CH), 138.0 (CH), 137.6 (C), 136.0 (C), 

135.8 (CH), 133.1 (C), 131.7 (CH), 128.1 (2CH), 127.7 (C), 127.5 (2CH), 127.4 (CH), 126.5 (C), 

125.6 (CH), 124.0 (C), 123.9 (CH), 120.7 (CH), 120.6 (CH), 120.1 (CH), 111.2 (CH), 100.5 (CH), 

67.0 (CH2); HRMS (ESI+) calcd for C25H21N4O (M+H)+ 393.1710, found 393.1708. 

4.1.34. 6-(Benzyloxy)-5-(1H-indol-4-yl)-N-(pyridin-4-yl)pyridin-3-amine (36) 

Compound 36 was prepared according to general procedure B, starting from 19 (117 mg, 0.328 

mmol). The mixture was refluxed for 16 h. The crude oil was purified by column chromatography 

(SiO2, acetone/cyclohexane + 0.1% NEt3 5:5 to 7:3). CH2Cl2 was added to the product and the 

solution was washed with aqueous saturated NaHCO3 solution, dried over MgSO4 and filtered. 

Evaporation gave compound 36 (82.9 mg, 0.211 mmol, 64%) as an orange solid. Rf = 0.34 

(EtOAc/cyclohexane 7:3 + 0.1% NEt3); Mp 90 °C; IR (ATR) 3500–3000, 1593, 1512, 1445, 1353, 

1214, 995, 816, 752, 733 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.21 (s, 1H), 8.69 (s, 1H), 

8.17–8.14 (m, 2H), 8.11 (d, J = 2.7 Hz, 1H), 7.64 (d, J = 2.7 Hz, 1H), 7.43–7.22 (m, 6H), 7.37 (dd, 

J1 = 3.0 Hz, J2 = 2.6 Hz, 1H), 7.17–7.12 (m, 2H), 6.82–6.79 (m, 2H), 6.32 (ddd, J1 = 2.9 Hz, J2 = 

1.9 Hz, J3 = 0.9 Hz, 1H), 5.39 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 156.3 (C), 151.1 

(C), 150.1 (2CH), 138.4 (CH), 137.5 (C), 136.0 (C), 134.0 (CH), 131.2 (C), 128.2 (2CH), 127.5 

(2CH), 127.46 (C), 127.44 (CH), 126.5 (C), 125.7 (CH), 124.1 (C), 120.7 (CH), 120.1 (CH), 111.3 



22 
 

(CH), 108.5 (2CH), 100.5 (CH), 67.1 (CH2); HRMS (ESI+) calcd for C25H21N4O (M+H)+ 393.1710, 

found 393.1710. 

4.1.35. 4-(2-(Benzyloxy)-5-nitropyridin-3-yl)-1H-indole (38) 

Compound 38 was prepared according to general procedure B, starting from 37 (1 g, 3.24 mmol). 

The mixture was refluxed for 14 h 30 min. The crude oil was purified by three column 

chromatographies (SiO2, EtOAc/cyclohexane 1:9 to 15:85; SiO2, cyclohexane/Et2O 9:1 to 75:25, 

SiO2; cyclohexane/acetone 75:25) to give 38 (899.9 mg, 2.61 mmol, 81%) as an orange solid. Rf = 

0.25 (EtOAc/cyclohexane 2:8); Mp 161 °C; IR (ATR) 3277, 1584, 1506, 1332, 1303, 1215, 998, 

758, 719 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.30 (s, 1H), 9.13 (d, J = 2.8 Hz, 1H), 

8.47 (d, J = 2.8 Hz, 1H), 7.47 (dd, J1 = 6.8 Hz , J2 = 2.1 Hz, 1H), 7.41 (t, J = 2.8 Hz, 1H), 7.37–7.24 

(m, 5H), 7.21–7.15 (m, 2H), 6.35–6.33 (m, 1H), 5.55 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δ 

(ppm) 163.4 (C), 142.5 (CH), 139.6 (C), 136.2 (C), 136.1 (C), 134.1 (CH), 128.3 (2CH), 127.9 

(CH), 127.8 (2CH), 126.4 (C), 126.1 (CH), 125.5 (C), 124.2 (C), 120.8 (CH), 120.2 (CH), 112.1 

(CH), 100.2 (CH), 68.8 (CH2); HRMS (ESI+) calcd for C20H16N3O3 (M+H)+ 346.1186, found 

346.1195. 

4.1.36. 6-(Benzyloxy)-5-(1H-indol-4-yl)pyridin-3-amine (39) 

To a solution of compound 38 (72 mg, 0.208 mmol, 1 equiv) in a 10:1 propan-2-ol/water mixture 

(4.4 mL) were added Fe powder (70.5 mg, 1.26 mmol, 6.1 equiv) and NH4Cl (4.5 mg, 0.084 mmol, 

0.4 equiv). The mixture was refluxed for 1 h 30 min. Then, the mixture was filtered through a Celite 

pad and the solid was washed with EtOAc. The filtrate was washed with water, and the aqueous 

phase was extracted with EtOAc. The organic phase was dried over MgSO4, filtered and then 

evaporated. The obtained orange oil was purified by column chromatography (SiO2, 

EtOAc/cyclohexane 3:7 to 5:5) to give 39 (46 mg, 0.146 mmol, 70%) as a brown solid. Rf = 0.13 

(EtOAc/cyclohexane 3:7); Mp 68 °C; IR (ATR) 3404, 1608, 1582, 1455, 1423, 1407, 1355, 1220, 

751, 731, 695 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.13 (s, 1H), 7.54 (d, J = 2.8 Hz, 

1H), 7.36 (dt, J1 = 8.1 Hz, J2 = 1.0 Hz, 1H), 7.33 (t, J = 2.8 Hz, 1H), 7.29–7.18 (m, 5H), 7.15 (d, J = 

2.8 Hz, 1H), 7.11 (t, J = 7.6 Hz, 1H), 7.05 (dd, J1 = 7.3 Hz, J2 = 1.1 Hz, 1H), 6.27 (ddd, J1 = 3.0 Hz, 

J2 = 1.9 Hz, J3 = 1.0 Hz, 1H), 5.24 (s, 2H), 4.85 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 

152.0 (C), 139.7 (C), 138.2 (C), 136.0 (C), 129.8 (CH), 128.7 (C), 128.0 (2CH), 127.3 (2CH), 127.1 

(CH), 126.9 (CH), 126.6 (C), 125.2 (CH), 123.3 (C), 120.6 (CH), 119.9 (CH), 110.7 (CH), 100.8 

(CH), 66.5 (CH2); HRMS (ESI+) calcd for C20H18N3O (M+H)+ 316.1444, found 316.1446. 

4.1.37. 6-(Benzyloxy)-N-(2-bromophenyl)-5-(1H-indol-4-yl)pyridin-3-amine (40) 

Compound 40 was prepared according to general procedure A, starting from 39 (149.5 mg, 0.474 

mmol). The mixture was heated for 24 h. Pd(OAc)2 (0.05 equiv) was added and the mixture was 

heated for 48 h. PdOAc (0.05 equiv) and Xantphos (0.05 equiv) were added and the mixture was 

heated for 72 h. The crude oil was purified by two successive chromatography columns (SiO2, 

cyclohexane to EtOAc/cyclohexane 15:85 and SiO2, pentane/Et2O 9:1 to 8:2) to give 40 (105.8 mg, 

0.225 mmol, 47%) as a white solid. Rf = 0.42 (EtOAc/cyclohexane 3:7); Mp 74 °C; IR (ATR) 3384, 

3500–3100, 1593, 1494, 1441, 1353, 1021, 744, 728, 693 cm-1; 1H NMR (400 MHz, DMSO-d6) δ 

(ppm) 11.18 (s, 1H), 8.03 (d, J = 2.8 Hz, 1H), 7.57 (d, J = 2.7 Hz, 1H), 7.55 (dd, J1 = 8.0 Hz, J2 = 

1.5 Hz, 1H), 7.46 (s, 1H), 7.41–7.18 (m, 7H), 7.36 (dd, J1 = 3.1 Hz, J2 = 2.5 Hz, 1H), 7.15–7.10 (m, 

2H), 7.06 (dd, J1 = 8.2 Hz, J2 = 1.6 Hz, 1H), 6.79–6.74 (m, 1H), 6.33 (ddd, J1 = 3.0 Hz, J2 = 2.0 Hz, 
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J3 = 0.9 Hz, 1H), 5.37 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 155.6 (C), 142.9 (C), 137.8 

(CH), 137.6 (C), 136.0 (C), 133.5 (CH), 133.3 (C), 133.2 (CH), 128.6 (CH), 128.1 (2CH), 127.7 

(C), 127.5 (2CH), 127.4 (CH), 126.5 (C), 125.5 (CH), 123.8 (C), 121.1 (CH), 120.7 (CH), 120.1 

(CH), 116.5 (CH), 111.9 (C), 111.1 (CH), 100.6 (CH), 67.0 (CH2); HRMS (ESI+) calcd for 

C26H21BrN3O (M+H)+ 470.0863, found 470.0864. 

4.1.38. 6-(Benzyloxy)-N-(3-bromophenyl)-5-(1H-indol-4-yl)pyridin-3-amine (41) 

Compound 41 was prepared according to general procedure A, starting from 39 (150.2 mg, 0.476 

mmol). The mixture was heated for 5 h. The crude oil was purified by column chromatography 

(SiO2, EtOAc/cyclohexane 1:9 to 15:85) to give 41 (104.1 mg, 0.221 mmol, 46%) as an orange 

solid. Rf = 0.52 (EtOAc/cyclohexane 3:7); Mp > 155 °C (decomposition); IR (ATR) 3383, 1589, 

1446, 1421, 1406, 1229, 989, 751, 695 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.21 (s, 1H), 

8.28 (s, 1H), 8.04 (d, J = 2.8 Hz, 1H), 7.60 (d, J = 2.8 Hz, 1H), 7.42–7.37 (m, 1H), 7.37 (t, J = 2.8 

Hz, 1H), 7.35–7.21 (m, 5H), 7.16–7.11(m, 3H), 7.08 (t, J = 2.1 Hz, 1H), 6.93 (ddd, J1 = 8.3 Hz, J2 = 

2.3 Hz, J3 = 0.9 Hz, 1H), 6.89 (ddd, J1 = 7.9 Hz, J2 = 1.9 Hz, J3 = 0.9 Hz, 1H), 6.32 (ddd, J1 = 3.0 

Hz, J2 = 2.0 Hz, J3 = 1.0 Hz, 1H), 5.37 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 155.5 (C), 

146.8 (C), 137.6 (C), 136.8 (CH), 136.1 (C), 132.8 (C), 132.6 (CH), 131.2 (CH), 128.2 (2CH), 

127.6 (C), 127.5 (2CH), 127.4 (CH), 126.5 (C), 125.6 (CH), 123.9 (C), 122.4 (C), 121.0 (CH), 

120.7 (CH), 120.1 (CH), 116.7 (CH), 113.4 (CH), 111.2 (CH), 100.4 (CH), 67.0 (CH2); HRMS 

(ESI+) calcd for C26H21BrN3O (M+H)+ 470.0863, found 470.0865. 

4.1.39. 6-(Benzyloxy)-N-(4-bromophenyl)-5-(1H-indol-4-yl)pyridin-3-amine (42) 

Compound 42 was prepared according to general procedure A, starting from 39 (150.8 mg, 0.478 

mmol). The mixture was heated for 5 h. The crude oil was purified by two successive 

chromatography columns (SiO2, cyclohexane to EtOAc/cyclohexane 2:8 and SiO2, pentane/Et2O 9:1 

to 8:2) to give 42 (103.8 mg, 0.221 mmol, 46%) as a beige solid. Rf = 0.35 (EtOAc/cyclohexane 

3:7); Mp 161 °C; IR (ATR) 3398, 3171, 1586, 1496, 1447, 1353, 1225, 1007, 748, 724, 688 cm-1; 
1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.19 (s, 1H), 8.21 (s, 1H), 8.03 (d, J = 2.8 Hz, 1H), 7.57 

(d, J = 2.8 Hz, 1H), 7.42–7.21 (m, 8H), 7.36 (dd, J1 = 3.1 Hz, J2 = 2.5 Hz, 1H), 7.16–7.11 (m, 2H), 

6.92 (d, J = 8.9 Hz, 2H), 6.30 (ddd, J1 = 3.0 Hz, J2 = 2.0 Hz, J3 = 1.0 Hz, 1H), 5.36 (s, 2H); 13C 

NMR (101 MHz, DMSO-d6) δ (ppm) 155.2 (C), 144.2 (C), 137.6 (C), 136.1 (CH), 136.0 (C), 133.4 

(C), 132.0 (CH), 131.9 (2CH), 128.1 (2CH), 127.7 (C), 127.5 (2CH), 127.4 (CH), 126.5 (C), 125.6 

(CH), 123.9 (C), 120.7 (CH), 120.1 (CH), 116.8 (2CH), 111.1 (CH), 109.4 (C), 100.5 (CH), 67.0 

(CH2); HRMS (ESI+) calcd for C26H21BrN3O (M+H)+ 470.0863, found 470.0869. 

4.1.40. 5-((2-Fluorophenyl)amino)-3-(1H-indol-4-yl)pyridin-2(1H)-one (43) 

Compound 43 was prepared according to general procedure C1, starting from 21 (65.0 mg, 0.159 

mmol) and with 3.2 equiv of BBr3. The mixture was stirred for 1 h and was quenched with NEt3 (12 

equiv) and MeOH (4 equiv). The crude was purified by column chromatography (SiO2, EtOAc + 

0.5% NEt3) to give 43 (41 mg, 0.128 mmol, 81%) as a beige solid. Rf = 0.22 (EtOAc); Mp > 141 °C 

(decomposition); IR (ATR) 3353, 1649, 1609, 1505, 1337, 881, 739 cm-1; 1H NMR (400 MHz, 

DMSO-d6) δ (ppm) 11.61 (br s, 1H), 11.13 (s, 1H), 7.54 (d, J = 2.9 Hz, 1H), 7.39 (d, J = 1.6 Hz, 

1H), 7.36 (dt, J1 = 8.1 Hz, J2 = 0.9 Hz, 1H), 7.34 (t, J = 2.8 Hz, 1H), 7.28 (dd, J1 = 7.3 Hz, J2 = 1.0 

Hz, 1H), 7.23 (d, J = 2.9 Hz, 1H), 7.12 (ddd, J1 = 12.2 Hz, J2 = 8.1 Hz, J3 = 1.4 Hz, 1H), 7.10 (t, J = 

7.7 Hz, 1H), 7.00 (td, J1 = 7.7 Hz, J2 = 1.4 Hz, 1H), 6.89 (td, J1 = 8.5 Hz, J2 = 1.6 Hz, 1H), 6.74–
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6.67 (m, 1H), 6.40–6.38 (m, 1H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 159.7 (C), 151.5 (d, JCF 

= 240 Hz, C), 138.4 (CH), 136.1 (C), 134.7 (d, JCF = 11 Hz, C), 130.5 (C), 128.3 (C), 127.6 (CH), 

126.1 (C), 125.3 (CH), 124.8 (d, JCF = 3 Hz, CH), 121.7 (C), 120.4 (CH), 119.9 (CH), 118.2 (d, JCF 

= 7 Hz, CH), 115.3 (d, JCF = 18 Hz, CH), 114.6 (d, JCF = 3 Hz, CH), 110.9 (CH), 100.6 (CH); 

HRMS (ESI+) calcd for C19H15FN3O (M+H)+ 320.1194, found 320.1195; HPLC purity ≥ 96%, tR = 

7.93 min, λ = 272 nm. 

4.1.41. 5-((3-Fluorophenyl)amino)-3-(1H-indol-4-yl)pyridin-2(1H)-one (44) 

Compound 44 was prepared according to general procedure C1, starting from 22 (91.0 mg, 0.222 

mmol) and with 3 equiv of BBr3. The mixture was stirred for 3 h and was quenched with NEt3 (10 

equiv) and MeOH (6 equiv). The crude was filtered and washed with water, acetone and a mixture 

of CH2Cl2 and cyclohexane to give 44 as a dark green solid (40.8 mg, 0.128 mmol, 57%). Rf = 0.20 

(CH2Cl2/MeOH 95:5); Mp > 166 °C; IR (ATR) 3181, 1651, 1602, 1139, 751 cm-1; 1H NMR (400 

MHz, DMSO-d6) δ (ppm) 11.63 (br s, 1H), 11.14 (s, 1H), 7.78 (s, 1H), 7.50 (d, J = 3.0 Hz, 1H), 

7.36 (d, J = 8.3 Hz, 1H), 7.34 (t, J = 2.8 Hz, 1H), 7.27 (dd, J1 = 7.3 Hz, J2 = 0.9 Hz, 1H), 7.26 (br s, 

1H), 7.16 (td, J1 = 8.2 Hz, J2 = 7.0 Hz, 1H), 7.10 (t, J = 7.7 Hz, 1H), 6.57 (dd, J1 = 8.3 Hz, J2 = 2.2 

Hz, J3 = 0.8 Hz, 1H), 6.48 (dt, J1 = 11.9 Hz, J2 = 2.3 Hz, 1H), 6.47–6.41 (m, 1H), 6.37–6.34 (m, 

1H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 163.3 (d, JCF = 240 Hz, C), 159.8 (C), 149.0 (d, JCF 

= 11 Hz, C), 138.6 (CH), 136.1 (C), 130.78 (C), 130.76 (d, JCF = 10 Hz, CH), 128.2 (C), 128.1 

(CH), 126.1 (C), 125.4 (CH), 121.4 (C), 120.5 (CH), 119.9 (CH), 111.0 (CH), 109.6 (CH), 103.8 (d, 

JCF = 21 Hz, CH), 100.4 (CH), 99.9 (d, JCF = 25 Hz, CH); HRMS (ESI+) calcd for C19H15FN3O 

(M+H)+ 320.1194, found 320.1211; HPLC purity ≥ 95%, tR = 7.93 min, λ = 288 nm. 

4.1.42. 5-((4-Fluorophenyl)amino)-3-(1H-indol-4-yl)pyridin-2(1H)-one (45) 

Compound 45 was prepared according to general procedure C2, starting from 23 (119 mg, 0.291 

mmol) and 4.1 equiv of BBr3. The mixture was stirred for 15 h. The reaction mixture was then 

quenched by addition of NEt3 (12 equiv) and MeOH (9 equiv). The crude was purified by column 

chromatography (SiO2, CH2Cl2/MeOH 98:2 to 95:5) to give 45 (64.9 mg, 0.203 mmol, 70%) as a 

beige solid. Rf = 0.28 (CH2Cl2/MeOH 95:5); Mp > 146 °C (decomposition); IR (ATR) 3242, 1651, 

1599, 1504, 1210, 754 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.55 (br s, 1H), 11.13 (s, 

1H), 7.49 (d, J = 3.0 Hz, 1H), 7.45 (s, 1H), 7.36 (dt, J1 = 8.0 Hz, J2 = 0.9 Hz, 1H), 7.34 (dd, J1 = 3.2 

Hz, J2 = 2.5 Hz, 1H), 7.26 (dd, J1 = 7.3 Hz, J2 = 1.0 Hz, 1H), 7.18 (br s, 1H), 7.09 (dd, J1 = 8.1 Hz, 

J2 = 7.4 Hz, 1H), 7.00 (t, J = 8.9 Hz, 2H), 6.77 (dd, J1 = 9.1 Hz, J2 = 4.6 Hz, 2H), 6.35 (ddd, J1 = 

3.1 Hz, J2 = 2.0 Hz, J3 = 0.9 Hz, 1H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 159.5 (C=O), 155.4 

(d, JCF = 234 Hz, C), 143.1 (d, JCF = 2 Hz, C), 138.0 (CH), 136.1 (C), 130.7 (C), 128.3 (C), 126.3 

(CH), 126.1 (C), 125.3 (CH), 123.0 (C), 120.4 (CH), 119.9 (CH), 115.7 (d, JCF = 22 Hz, 2CH), 

115.2 (d, JCF = 7.5 Hz, 2CH), 110.9 (CH), 100.5 (CH); HRMS (ESI+) calcd for C19H15FN3O 

(M+H)+ 320.1194, found 320.1176; HPLC purity ≥ 98%, tR = 7.89 min, λ = 276 nm. 

4.1.43. Ethyl 2-((5-(1H-indol-4-yl)-6-oxo-1,6-dihydropyridin-3-yl)amino)benzoate (46) 

Compound 46 was prepared according to general procedure D, starting from 24 (104.6 mg, 0.226 

mmol) in 2 mL of MeOH. The mixture was stirred for 6 h in the dark. The mixture was filtered 

through a Celite pad and the solid was washed with EtOAc and MeOH. After evaporation under 

reduced pressure, compound 46 (84 mg, 0.225 mmol, quant.) was obtained as an orange solid. Rf = 

0.35 (CH2Cl2/MeOH 98:2 + 0.5% NEt3); Mp > 263 °C (decomposition); IR (ATR) 3285, 1680, 



25 
 

1654, 1627, 1452, 1238, 750 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.79 (br s, 1H), 11.13 

(s, 1H), 8.88 (s, 1H), 7.87 (dd, J1 = 8.1 Hz, J2 = 1.7 Hz, 1H), 7.51 (d, J = 3.0 Hz, 1H), 7.43–7.37 (m, 

2H), 7.36 (dt, J = 8.1 Hz, J2 = 0.9 Hz, 1H), 7.33 (t, J = 2.8 Hz, 1H), 7.26 (dd, J1 = 7.4 Hz, J2 = 0.9 

Hz, 1H), 7.09 (t, J = 7.7 Hz, 1H), 6.82 (dd, J1 = 8.6 Hz, J2 = 0.9 Hz, 1H), 6.72 (ddd, J1 = 8.2 Hz, J2 

= 7.2 Hz, J3 = 1.2 Hz, 1H), 6.38–6.35 (m, 1H), 4.31 (q, J = 7.1 Hz, 2H), 1.33 (t, J = 7.1 Hz, 3H); 
13C NMR (101 MHz, DMSO-d6) δ (ppm) 167.5 (C=O), 160.3 (C=O), 149.8 (C), 140.0 (CH), 136.1 

(C), 134.6 (CH), 131.5 (CH), 131.2 (CH), 130.9 (C), 128.2 (C), 126.1 (C), 125.3 (CH), 120.4 (CH), 

119.9 (CH), 119.3 (C), 116.4 (CH), 113.2 (CH), 110.9 (CH), 110.7 (C), 100.5 (CH), 60.4 (CH2), 

14.2 (CH3); HRMS (ESI+) calcd for C22H20N3O3 (M+H)+ 374.1499, found 374.1490; HPLC purity 

≥ 96%, tR = 8.65 min, λ = 270 nm. 

4.1.44. Ethyl 3-((5-(1H-indol-4-yl)-6-oxo-1,6-dihydropyridin-3-yl)amino)benzoate (47) 

Compound 47 was prepared according to general procedure D, starting from 25 (169.3 mg, 0.365 

mmol) in 4 mL of MeOH. The mixture was stirred for 20 h in the dark. The mixture was filtered 

through a pad of Celite and the solid was washed with EtOAc and MeOH. The obtained crude was 

purified by column chromatography (NEt3-treated SiO2, CH2Cl2/MeOH 95:5) to give 47 containing 

NEt3 salts. The product was washed with CH2Cl2 to give 47 (72.1 mg, 0.193 mmol, 53%) as a beige 

solid. Rf = 0.35 (CH2Cl2/MeOH 95:5 + 0.5% NEt3); Mp > 244 °C (decomposition); IR (ATR) 3365, 

3207, 1691, 1660, 1601, 1539, 1465, 1285, 846, 746 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 

11.61 (s, 1H), 11.15 (s, 1H), 7.82 (s, 1H), 7.50 (d, J = 2.9 Hz, 1H), 7.38–7.25 (m, 7H), 7.10 (t, J = 

7.7 Hz, 1H), 7.02 (dt, J1 = 6.6 Hz, J2 = 2.5 Hz, 1H), 6.39 (ddd, J1 = 3.0 Hz, J2 = 2.0 Hz, J3 = 1.0 Hz, 

1H), 4.28 (q, J = 7.1 Hz, 2H), 1.29 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 

166.0 (C=O), 159.8 (C=O), 147.2 (C), 138.5 (CH), 136.1 (C), 130.83 (C), 130.76 (C), 129.6 (CH), 

128.2 (C), 127.8 (CH), 126.1 (C), 125.4 (CH), 121.6 (C), 120.4 (CH), 119.9 (CH), 118.4 (CH), 

118.2 (CH), 113.5 (CH), 111.0 (CH), 100.4 (CH), 60.6 (CH2), 14.2 (CH3); HRMS (ESI+) calcd for 

C22H20N3O3 (M+H)+ 374.1499, found 374.1499; HPLC purity ≥ 96%, tR = 8.03 min, λ = 278 nm. 

4.1.45. Ethyl 4-((5-(1H-indol-4-yl)-6-oxo-1,6-dihydropyridin-3-yl)amino)benzoate (48) 

Compound 48 was prepared according to general procedure D, starting from 26 (145.4 mg, 0.314 

mmol) in 3 mL of MeOH. The mixture was stirred for 6 h 30 min in the dark. The mixture was 

filtered through a pad of Celite and the solid was washed with EtOAc and MeOH. The filtrate was 

evaporated under reduced pressure to give 48 (116.6 mg, 0.312 mmol, quant.) as a yellow-brown 

solid. Rf = 0.30 (CH2Cl2/MeOH 95:5 + 0.5% NEt3); Mp > 255 °C (decomposition); IR (ATR) 

3500–3200, 3280, 1687, 1656, 1595, 1454, 1257, 1168, 1098, 756 cm-1; 1H NMR (400 MHz, 

DMSO-d6) δ (ppm) 11.57 (br s, 1H), 11.14 (s, 1H), 8.21 (s, 1H), 7.76 (d, J = 8.8 Hz, 2H), 7.50 (d, J 

= 2.9 Hz, 1H), 7.37–7.33 (m, 2H), 7.33 (br s, 1H), 7.28 (dd, J1 = 7.3 Hz, J2 = 0.9 Hz, 1H), 7.09 (t, J 

= 7.7 Hz, 1H), 6.78 (d, J = 8.9 Hz, 2H), 6.37–6.35 (m, 1H), 4.22 (q, J = 7.1 Hz, 2H), 1.27 (t, J = 7.1 

Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 165.7 (C=O), 160.2 (C=O), 151.3 (C), 138.5 

(CH), 136.1 (C), 131.2 (2CH), 130.6 (C), 129.4 (CH), 128.3 (C), 126.1 (C), 125.4 (CH), 120.44 

(CH), 120.36 (C), 119.9 (CH), 118.1 (C), 112.3 (2CH), 110.9 (CH), 100.5 (CH), 59.8 (CH2), 14.3 

(CH3); HRMS (ESI+) calcd for C22H20N3O3 (M+H)+ 374.1499, found 374.1486; HPLC purity ≥ 

98%, tR = 7.95 min, λ = 310 nm. 

4.1.46. 3-(1H-Indol-4-yl)-5-((2-methoxyphenyl)amino)pyridin-2(1H)-one (49) 
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Compound 49 was prepared according to general procedure D, starting from 27 (148 mg, 0.351 

mmol) in 3.6 mL of MeOH. The mixture was stirred for 6 h in the dark. The mixture was filtered 

through a pad of Celite and the solid was washed with EtOAc and MeOH. After evaporation under 

reduced pressure, the solid was washed with CH2Cl2 to give 49 (97.8 mg, 0.295 mmol, 84%) as a 

beige solid. Rf = 0.51 (CH2Cl2/MeOH 95:5 + 0.5% NEt3); Mp > 240 °C (decomposition); IR (ATR) 

3395, 3351, 3314, 1653, 1619, 1595, 1556, 1503, 1454, 1342, 1251, 1116, 1021, 738 cm-1; 1H NMR 

(400 MHz, DMSO-d6) δ (ppm) 11.51 (br s, 1H), 11.13 (s, 1H), 7.53 (d, J = 3.0 Hz, 1H), 7.35 (dt, J1 

= 8.1 Hz, J2 = 1.0 Hz, 1H), 7.33 (t, J = 2.8 Hz, 1H), 7.27 (dd, J1 = 7.4 Hz, J2 = 1.0 Hz, 1H), 7.20 (br 

d, J = 2.8 Hz, 1H), 7.09 (dd, J1 = 8.0 Hz, J2 = 7.4 Hz, 1H), 6.91 (dd, J1 = 8.0 Hz, J2 = 1.4 Hz, 1H), 

6.85 (s, 1H), 6.80–6.66 (m, 3H), 6.39–6.37 (m, 1H), 3.82 (s, 3H); 13C NMR (101 MHz, DMSO-d6) 

δ (ppm) 159.7 (C=O), 147.3 (C), 138.8 (CH), 136.1 (C), 136.0 (C), 130.3 (C), 128.4 (C), 127.5 

(CH), 126.1 (C), 125.3 (CH), 122.2 (C), 120.8 (CH), 120.4 (CH), 119.9 (CH), 118.0 (CH), 111.9 

(CH), 110.83 (CH), 110.82 (CH), 100.6 (CH), 55.4 (CH3); HRMS (ESI+) calcd for C20H18N3O2 

(M+H)+ 332.1394, found 332.1393; HPLC purity ≥ 97%, tR = 8.00 min, λ = 276 nm. 

4.1.47. 3-(1H-Indol-4-yl)-5-((3-methoxyphenyl)amino)pyridin-2(1H)-one (50) 

Compound 50 was prepared according to general procedure D, starting from 28 (204.5 mg, 0.485 

mmol) in 2 mL of MeOH. The mixture was stirred for 6 h in the dark. The mixture was filtered 

through a pad of Celite and the solid was washed with EtOAc and MeOH. After evaporation under 

reduced pressure, the solid was washed with CH2Cl2 to give 50 (129.3 mg, 0.390 mmol, 80%) as a 

brown solid. Rf = 0.45 (CH2Cl2/MeOH 95:5 + 0.5% NEt3); Mp > 141 °C (decomposition); 

IR (ATR) 3500–3000, 1650, 1591, 1153, 752, 688 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 

11.52 (br s, 1H), 11.14 (s, 1H), 7.52 (s, 1H), 7.51 (d, J = 3.0 Hz, 1H), 7.36 (dt, J1 = 8.1 Hz, J2 = 0.9 

Hz, 1H), 7.34 (t, J = 2.8 Hz, 1H), 7.26 (dd, J1 = 7.3 Hz, J2 = 1.0 Hz, 1H), 7.20 (br d, J = 2.6 Hz, 

1H), 7.09 (t, J = 7.7 Hz, 1H), 7.05 (t, J = 8.1 Hz, 1H), 6.37–6.33 (m, 2H), 6.30 (t, J = 2.2 Hz, 1H), 

6.27 (ddd, J1 = 8.1 Hz, J2 = 2.5 Hz, J3 = 0.8 Hz, 1H), 3.68 (s, 3H); 13C NMR (101 MHz, DMSO-d6) 

δ (ppm) 160.4 (C=O), 159.6 (C), 148.0 (C), 138.5 (CH), 136.1 (C), 130.5 (C), 130.0 (CH), 128.3 

(C), 127.0 (CH), 126.1 (C), 125.3 (CH), 122.3 (C), 120.5 (CH), 119.9 (CH), 110.9 (CH), 106.6 

(CH), 103.4 (CH), 100.5 (CH), 99.7 (CH), 54.8 (CH3); HRMS (ESI+) calcd for C20H18N3O2 

(M+H)+ 332.1394, found 332.1392; HPLC purity ≥ 97%, tR = 7.81 min, λ = 278 nm. 

4.1.48. 3-(1H-Indol-4-yl)-5-((4-methoxyphenyl)amino)pyridin-2(1H)-one (51) 

Compound 51 was prepared according to general procedure D, starting from 29 (100.6 mg, 0.239 

mmol) in 1 mL of MeOH. The mixture was stirred for 6 h in the dark. The mixture was filtered 

through a pad of Celite and the solid was washed with EtOAc and MeOH. After evaporation under 

reduced pressure, compound 51 (78.4 mg, 0.237 mmol, 99%) was obtained as a red solid. Rf = 0.39 

(CH2Cl2/MeOH 95:5 + 0.5% NEt3); Mp > 132 °C (decomposition); IR (ATR) 3500–3000, 1651, 

1605, 1506, 1233, 1036, 820, 756 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.44 (br s, 1H), 

11.13 (s, 1H), 7.49 (d, J = 3.0 Hz, 1H), 7.37–7.33 (m, 2H), 7.25 (d, J = 7.3 Hz, 1H), 7.19 (s, 1H), 

7.09 (br s, 1H), 7.09 (t, J = 7.7 Hz, 1H), 6.83– 6.76 (m, 4H), 6.36–6.34 (m, 1H), 3.66 (s, 3H); 13C 

NMR (101 MHz, DMSO-d6) δ (ppm) 159.3 (C=O), 152.5 (C), 139.7 (C), 137.2 (CH), 136.1 (C), 

130.5 (C), 128.5 (C), 126.1 (C), 125.3 (CH), 124.6 (C), 124.0 (CH), 120.4 (CH), 119.9 (CH), 116.5 

(2CH), 114.7 (2CH), 110.8 (CH), 100.6 (CH), 55.3 (CH3); HRMS (ESI+) calcd for C20H18N3O2 

(M+H)+ 332.1394, found 332.1398; HPLC purity ≥ 96%, tR = 7.71 min, λ = 280 nm. 
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4.1.49. 5-((3-hydroxyphenyl)amino)-3-(1H-indol-4-yl)pyridin-2(1H)-one (52) 

Compound 52 was prepared according to general procedure C2, starting from 28 (103 mg, 0.244 

mmol) and 4.1 equiv of BBr3. The mixture was stirred for 15 h. The reaction mixture was then 

quenched by addition of NEt3 (13 equiv) and MeOH (10 equiv). The crude was purified by two 

successive chromatography columns (SiO2, EtOAc/MeOH 98:2 to 97:3 and SiO2, CH2Cl2/MeOH 

99:1 to 92:8) to give 52 (40 mg, 0.126 mmol, 52%) as a beige solid. Rf = 0.12 (CH2Cl2/MeOH 

95:5); Mp > 248 °C (decomposition); IR (ATR) 3500–3000, 1647, 1595, 1155, 751, 738, 684 cm-1; 
1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.51 (s, 1H), 11.13 (s, 1H), 9.09 (s, 1H), 7.52 (d, J = 2.9 

Hz, 1H), 7.39 (s, 1H), 7.36 (dt, J1 = 8.2 Hz, J2 = 0.9 Hz, 1H), 7.34 (t, J = 2.8 Hz, 1H), 7.27 (dd, J1 = 

7.3 Hz, J2 = 0.9 Hz, 1H), 7.17 (d, J = 3.0, 1H), 7.10 (t, J = 7.7 Hz, 1H), 6.92 (t, J = 8.3 Hz, 1H), 

6.38–6.36 (m, 1H), 6.23–6.20 (m, 2H), 6.11–6.08 (m, 1H); 13C NMR (101 MHz, DMSO-d6) δ 

(ppm) 159.6 (C=O), 158.3 (C), 147.9 (C), 138.6 (CH), 136.1 (C), 130.5 (C), 129.9 (CH), 128.3 (C), 

126.7 (CH), 126.1 (C), 125.3 (CH), 122.6 (C), 120.4 (CH), 119.9 (CH), 110.9 (CH), 105.33 (CH), 

105.27 (CH), 100.7 (CH), 100.6 (CH); HRMS (ESI+) calcd for C19H16N3O2 (M+H)+ 318.1237, 

found 318.1233; HPLC purity ≥ 99%, tR = 7.06 min, λ = 280 nm. 

4.1.50. 3-(1H-Indol-4-yl)-5-((2-nitrophenyl)amino)pyridin-2(1H)-one (53) 

Compound 53 was prepared according to general procedure C2, starting from 30 (119 mg, 0.273 

mmol) and 3.7 equiv of BBr3. The mixture was stirred for 3 h 15 min. The reaction mixture was 

then quenched by addition of NEt3 (13 equiv) and MeOH (5 equiv). The crude was purified by 

column chromatography (NEt3-treated SiO2, CH2Cl2/MeOH 98:2 to 95:5). To eliminate traces of 

NEt3 salts, the product was washed with CH2Cl2 to give 53 (31 mg, 0.090 mmol, 33%) as an orange 

solid. Rf = 0.33 (CH2Cl2/MeOH 95:5 + 0.5% NEt3); Mp > 268 °C (decomposition); IR (ATR) 3350, 

3232, 1653, 1606, 1498, 1470, 1257, 744, 726, 696 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 

11.87 (s, 1H), 11.13 (s, 1H), 9.18 (s, 1H), 8.10 (dd, J1 = 8.5 Hz, J2 = 1.6 Hz, 1H), 7.55 (d, J = 2.9 

Hz, 1H), 7.53 (ddd, J1 = 8.5 Hz, J2 = 7.0 Hz, J3 = 1.5 Hz, 1H), 7.48 (br s, 1H), 7.36 (dt, J1 = 8.1 Hz, 

J2 = 0.9 Hz, 1H), 7.33 (dd, J1 = 3.1 Hz, J2 = 2.5 Hz, 1H), 7.28 (dd, J1 = 7.4 Hz, J2 = 0.9 Hz, 1H), 

7.10 (t, J = 7.8 Hz, 1H), 7.01 (dd, J1 = 8.7 Hz, J2 = 1.2 Hz, 1H), 6.81 (ddd, J1 = 8.4 Hz, J2 = 6.9 Hz, 

J3 = 1.2 Hz, 1H), 6.42–6.40 (m, 1H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 160.3 (C=O), 144.5 

(C), 140.1 (CH), 136.3 (CH), 136.1 (C), 132.4 (C), 132.3 (CH), 131.0 (C), 128.0 (C), 126.2 

(CH+C), 125.4 (CH), 120.4 (CH), 119.9 (CH), 118.4 (C), 117.0 (CH), 116.2 (CH), 111.0 (CH), 

100.7 (CH); HRMS (ESI+) calcd for C19H15N4O3 (M+H)+ 347.1139, found 347.1150; HPLC purity 

≥ 96%, tR = 8.11 min, λ = 276 nm. 

4.1.51. 3-(1H-Indol-4-yl)-5-((3-nitrophenyl)amino)pyridin-2(1H)-one (54) 

Compound 54 was prepared according to general procedure C2, starting from 31 (90 mg, 0.206 

mmol). The mixture was stirred for 5 h. The reaction mixture was then quenched by addition of 

NEt3 (17 equiv) and MeOH (6 equiv). The crude was purified by column chromatography (NEt3-

treated SiO2, 98:2 CH2Cl2/MeOH to 9:1 CH2Cl2/MeOH) to give 54 (65.1 mg, 0.188 mmol, 91%) as 

an orange brown solid. Rf = 0.25 (CH2Cl2/MeOH 95:5 + 0.5% NEt3); Mp > 295 °C 

(decomposition); IR (ATR) 3396, 3283, 1604, 1655, 1604, 1509, 1455, 1337, 761, 724 cm-1; 1H 

NMR (400 MHz, DMSO-d6) δ (ppm) 11.74 (br s, 1H), 11.15 (s, 1H), 8.15 (s, 1H), 7.53 (d, J = 3.0 

Hz, 1H), 7.51–7.47 (m, 2H), 7.42 (t, J = 8.1 Hz, 1H), 7.37 (d, J = 8.0 Hz, 1H), 7.37–7.32 (br s, 1H), 

7.33 (t, J = 2.7 Hz, 1H), 7.27 (d, J = 7.1 Hz, 1H), 7.18–7.14 (m, 1H), 7.10 (t, J = 7.7 Hz, 1H), 6.38–

6.36 (m, 1H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 159.9 (C=O), 148.9 (C), 148.4 (C), 138.6 
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(CH), 136.1 (C), 131.1 (C), 130.5 (CH), 129.1 (CH), 128.1 (C), 126.1 (C), 125.4 (CH), 120.5 (C), 

120.4 (CH), 120.0 (CH), 119.7 (CH), 111.8 (CH), 111.0 (CH), 106.6 (CH), 100.4 (CH); HRMS 

(ESI+) calcd for C19H15N4O3 (M+H)+ 347.1139, found 347.1140; HPLC purity ≥ 95%, tR = 7.92 

min, λ = 260 nm. 

4.1.52. 3-(1H-Indol-4-yl)-5-((4-nitrophenyl)amino)pyridin-2(1H)-one (55) 

Compound 55 was prepared according to general procedure C2, starting from 32 (125 mg, 0.286 

mmol). The mixture was stirred at 0 °C for 5 h, then 2 h 30 min at 10 °C. The reaction mixture was 

then quenched by addition of NEt3 (12 equiv) and MeOH (5 equiv). The crude was purified by 

column chromatography (NEt3-treated SiO2, CH2Cl2/MeOH 98:2 to 92:8) to give 55 (30.3 mg, 

0.087 mmol, 31%) as a red brown solid. Rf = 0.22 (CH2Cl2/MeOH 95:5 + 0.5% NEt3); Mp > 295 °C 

(decomposition); IR (ATR) 3362, 3280, 1655, 1633, 1588, 1467, 1299, 1111, 747 cm-1; 1H NMR 

(400 MHz, DMSO-d6) δ (ppm) 11.82 (s, 1H), 11.15 (s, 1H), 8.82 (s, 1H), 8.07 (d, J = 9.3 Hz, 2H), 

7.53 (d, J = 2.9 Hz, 1H), 7.41 (br s, 1H), 7.37 (dt, J1 = 8.1 Hz, J2 = 0.9 Hz, 1H), 7.35 (t, J = 2.8 Hz, 

1H), 7.27 (d, J = 7.2 Hz, 1H), 7.10 (t, J = 7.7 Hz, 1H), 6.82 (d, J = 9.3 Hz, 2H), 6.38–6.36 (m, 1H); 
13C NMR (101 MHz, DMSO-d6) δ (ppm) 160.0 (C=O), 153.2 (C), 138.5 (CH), 137.3 (C), 136.1 

(C), 131.1 (C), 130.0 (CH), 128.0 (C), 126.3 (2CH), 126.1 (C), 125.4 (CH), 120.4 (CH), 119.9 

(CH), 119.3 (C), 112.2 (2CH), 111.1 (CH), 100.5 (CH); HRMS (ESI+) calcd for C19H15N4O3 

(M+H)+ 347.1139, found 347.1140; HPLC purity ≥ 97%, tR = 7.80 min, λ = 378 nm. 

4.1.53. 5-((2-Aminophenyl)amino)-3-(1H-indol-4-yl)pyridin-2(1H)-one (56) 

Compound 56 was prepared according to general procedure D, starting from 30 (50.4 mg, 0.115 

mmol) in 3 mL of MeOH. The mixture was stirred under H2 for 4 h 30 min in the dark. The crude 

was purified by column chromatography (SiO2, CH2Cl2/MeOH 95:5) to give 56 (22.1 mg, 0.070 

mmol, 60%) as a brown solid. Rf = 0.20 (CH2Cl2/MeOH 95:5 + 0.5% NEt3); Mp > 208 °C 

(decomposition); IR (ATR) 3500–3000, 1649, 1597, 1556, 1500, 1452, 747 cm-1; 1H NMR (400 

MHz, DMSO-d6) δ (ppm) 11.34 (s, 1H), 11.11 (s, 1H), 7.45 (d, J = 2.7 Hz, 1H), 7.36–7.31 (m, 2H), 

7.26 (d, J = 7.0 Hz, 1H), 7.08 (t, J = 7.7 Hz, 1H), 6.83 (br s, 1H), 6.76 (d, J = 7.7 Hz, 1H), 6.72–

6.65 (m, 2H), 6.54 (s, 1H), 6.53–6.48 (m, 1H), 6.40–6.37 (m, 1H), 4.73 (s, 2H); 13C NMR (101 

MHz, DMSO-d6) δ (ppm) 159.0 (C=O), 139.7 (C), 136.2 (CH), 136.1 (C), 130.9 (C), 130.0 (C), 

128.6 (C), 126.2 (C), 125.5 (C), 125.2 (CH), 121.9 (CH), 121.8 (CH), 120.4 (CH), 119.9 (CH), 

118.3 (CH), 116.8 (CH), 115.0 (CH), 110.7 (CH), 100.6 (CH); HRMS (ESI+) calcd for C19H17N4O 

(M+H)+ 317.1397, found 317.1394. 

4.1.54. 3-(1H-Indol-4-yl)-5-(o-tolylamino)pyridin-2(1H)-one (57) 

Compound 57 was prepared according to general procedure D, starting from 33 (69.4 mg, 0.171 

mmol) in 1 mL of MeOH. The mixture was stirred for 6 h at room temperature in the dark. The 

crude was purified by column chromatography (NEt3-treated SiO2, CH2Cl2/MeOH 95:5) to give 57 

containing NEt3 salts. CH2Cl2 was added and the solution was washed with saturated NaHCO3 

solution and water. The organic phase was dried over MgSO4 and filtered. After evaporation under 

reduced pressure, product 57 (41.8 mg, 0.133 mmol, 77%) was obtained as a red powder. Rf = 0.18 

(CH2Cl2/MeOH 95:5 + 0.5% NEt3); Mp > 199 °C; IR (ATR) 3500–3000, 1650, 1599, 1557, 1498, 

1113, 747, 614 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.53 (br s, 1H), 11.13 (s, 1H), 7.51 

(d, J = 3.0 Hz, 1H), 7.35 (dt, J1 = 8.1 Hz, J2 = 1.0 Hz, 1H), 7.33 (t, J = 2.8 Hz, 1H), 7.27 (dd, J1 

=7.3 Hz, J2 = 0.9 Hz, 1H), 7.13 (br s, 1H), 7.09 (t, J = 7.7 Hz, 1H), 7.07 (d, J = 7.3 Hz, 1H), 7.02 (t, 
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J = 7.7 Hz, 1H), 6.75 (s, 1H), 6.72 (d, J = 8.2 Hz, 1H), 6.67 (td, J1 = 7.2 Hz, J2 = 1.1 Hz, 1H), 6.36 

(ddd, J1 = 3.1 Hz, J2 = 2.0 Hz, J3 = 0.9 Hz, 1H), 2.20 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 

(ppm) 159.6 (C=O), 144.8 (C), 138.7 (CH), 136.1 (C), 130.5 (CH), 130.4 (C), 128.3 (C), 126.9 

(CH), 126.6 (CH), 126.1 (C), 125.3 (CH), 124.3 (C), 123.1 (C), 120.4 (CH), 119.9 (CH), 118.5 

(CH), 113.1 (CH), 110.8 (CH), 100.5 (CH), 17.8 (CH3); HRMS (ESI+) calcd for C20H18N3O 

(M+H)+ 316.1444, found 316.1449; HPLC purity ≥ 96%, tR = 8.09 min, λ = 278 nm. 

4.1.55. 3-(1H-Indol-4-yl)-5-(pyridin-2-ylamino)pyridin-2(1H)-one (58) 

Compound 58 was prepared according to general procedure C1, starting from 34 (102.6 mg, 0.261 

mmol). The mixture was stirred for 4 h 40 min and was quenched with NEt3 (14 equiv) and MeOH 

(9 equiv). The crude was purified by column chromatography (SiO2, acetone/cylohexane 5:5 + 0.5% 

NEt3 to 6:4 + 0.5% NEt3) to give 58 (48.5 mg, 0.160 mmol, 61%) as a light orange solid. Rf = 0.38 

(acetone/cyclohexane 7:3); Mp > 171 °C (decomposition); IR (ATR) 3500–3000, 1652, 1596, 1338, 

754 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.44 (br s, 1H), 11.13 (s, 1H), 8.67 (s, 1H), 

8.10 (dd, J1 = 5.0 Hz, J2 = 1.5 Hz, 1H), 7.97 (d, J = 2.8 Hz, 1H), 7.78 (d, J = 2.8 Hz, 1H), 7.51 (ddd, 

J1 = 8.7 Hz, J2 = 7.1 Hz, J3 = 2.0 Hz, 1H), 7.38–7.35 (m, 2H), 7.31 (dd, J1 = 7.4 Hz, J2 = 0.9 Hz, 

1H), 7.10 (t, J = 7.7 Hz, 1H), 6.71–6.68 (m, 1H), 6.67 (ddd, J1 = 7.1 Hz, J2 = 5.1 Hz, J3 = 0.9 Hz, 

1H), 6.51–6.49 (m, 1H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 159.1 (C=O), 158.5 (CH), 156.3 

(C), 147.2 (CH), 137.1 (CH), 136.1 (C), 136.0 (CH), 129.8 (C), 128.5 (C), 126.2 (C), 125.2 (CH), 

122.1 (C), 120.4 (CH), 120.0 (CH), 113.5 (CH), 110.8 (CH), 110.0 (CH), 100.8 (CH); HRMS 

(ESI+) calcd for C18H15N4O (M+H)+ 303.1240, found 303.1247; HPLC purity ≥ 98%, tR = 5.82 

min, λ = 320 nm. 

4.1.56. 3-(1H-Indol-4-yl)-5-(pyridin-3-ylamino)pyridin-2(1H)-one (59) 

Compound 59 was prepared according to general procedure D, starting from 35 (114.6 mg, 0.292 

mmol) in 2 mL of MeOH and with 0.14 equiv of Pd(OH)2/C. The mixture was stirred under H2 for 

3 days in the dark. The crude was purified by column chromatography (SiO2, CH2Cl2/MeOH 95:5 

to 9:1) to give 59 (42 mg, 0.139 mmol, 48%) as a light orange solid. Rf = 0.35 (CH2Cl2/MeOH 9:1 + 

0.5% NEt3); Mp > 179 °C (decomposition); IR (ATR) 3500–3000, 1651, 1579, 1336, 752, 706 cm-

1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.63 (s, 1H), 11.14 (s, 1H), 8.13 (dd, J1 = 2.6 Hz, J2 = 

0.8 Hz, 1H), 7.90 (dd, J1 = 4.4 Hz, J2 = 1.6 Hz, 1H), 7.73 (s, 1H), 7.51 (d, J = 3.0 Hz, 1H), 7.36 (dt, 

J1 = 8.0 Hz, J2 = 1.0 Hz, 1H), 7.34 (t, J = 2.8 Hz, 1H), 7.28 (br s, 1H), 7.26 (dd, J1 = 7.4 Hz, J2 = 

1.0 Hz, 1H), 7.18–7.09 (m, 2H), 7.10 (t, J = 7.8 Hz, 1H), 6.37–6.35 (m, 1H); 13C NMR (101 MHz, 

DMSO-d6) δ (ppm) 159.7 (C=O), 143.0 (C), 138.9 (CH), 138.1 (CH), 136.7 (CH), 136.1 (C), 130.9 

(C), 128.2 (C), 127.6 (CH), 126.1 (C), 125.4 (CH), 123.9 (CH), 121.4 (C), 120.5 (CH), 119.9 (CH), 

119.4 (CH), 111.0 (CH), 100.5 (CH); HRMS (ESI+) calcd for C18H15N4O (M+H)+ 303.1240, found 

303.1246; HPLC purity ≥ 96%, tR = 5.71 min, λ = 268 nm. 

4.1.57. 3-(1H-Indol-4-yl)-5-(pyridin-4-ylamino)pyridin-2(1H)-one (60) 

Compound 60 was prepared by a catalytic hydrogenation performed in an H-cube reactor (H-cube 

Mini - Thales Nano). A solution of 36 (61 mg, 0.155 mmol) in MeOH (6 mL) was engaged in 

reaction (Pd(OH)2/C cartridge, room temperature, 1 mL/min, 3 cycles). The crude was purified by 

column chromatography (NEt3-treated SiO2, CH2Cl2/MeOH 95:5 to 8:2) to give 60 after 

evaporation a ~1:1 solvate with MeOH (29 mg, containing 10.4% w/w of MeOH as measured by 

NMR, 0.086 mmol, 55%) as a light brown solid. Rf = 0.03 (CH2Cl2/MeOH 95:5); Mp > 200 °C 
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(decomposition); IR (ATR) 3400–2900, 1655, 1587, 1357, 1332, 1215, 1027, 1000, 808, 755, 638 

cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.71 (br s, 1H), 11.15 (s, 1H), 8.22 (s, 1H), 8.13–

8.10 (m, 2H), 7.50 (d, J = 3.0 Hz, 1H), 7.37 (dt, J1 = 8.0 Hz, J2 = 1.0 Hz, 1H), 7.35 (t, J = 2.7 Hz, 

1H), 7.33 (br s, 1H), 7.27 (dd, J1 = 7.4 Hz, J2 = 1.0 Hz, 1H), 7.10 (t, J = 7.7 Hz, 1H), 6.65–6.63 (m, 

2H), 6.36 (ddd, J1 = 3.0 Hz, J2 = 2.0 Hz, J3 = 0.8 Hz, 1H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 

159.9 (C=O), 152.6 (C), 149.8 (2CH), 138.6 (CH), 136.1 (C), 130.9 (C), 129.4 (CH), 128.1 (C), 

126.1 (C), 125.4 (CH), 120.5 (CH), 119.9 (CH), 119.5 (C), 111.0 (CH), 108.1 (2CH), 100.5 (CH); 

HRMS (ESI+) calcd for C18H15N4O (M+H)+ 303.1240, found 303.1236; HPLC purity ≥ 95%, tR = 

5.66 min, λ = 270 nm.  

4.1.58. 5-((2-Bromophenyl)amino)-3-(1H-indol-4-yl)pyridin-2(1H)-one (61) 

Compound 61 was prepared according to general procedure C2, starting from 40 (105 mg, 0.223 

mmol). The mixture was stirred for 3 h 30 min. The reaction mixture was then quenched by 

addition of NEt3 (16 equiv) and MeOH (6 equiv). The crude was purified by column 

chromatography (SiO2, CH2Cl2/MeOH 98:2 to 94:6). After evaporation, CH2Cl2 was added and the 

solution was washed with saturated aqueous NaCl solution. The organic phase was dried over 

MgSO4, filtered and evaporated to give 61 (49.8 mg, 0.131 mmol, 59%) as a beige powder. Rf = 

0.39 (CH2Cl2/MeOH 95:5 + 0.5% NEt3); Mp > 227 °C (decomposition); IR (ATR) 3500–3000, 

1650, 1611, 1589, 1555, 1491, 1449, 1020, 743 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 

11.68 (s, 1H), 11.13 (s, 1H), 7.49 (dd, J1 = 7.9 Hz, J2 = 1.5 Hz, 1H), 7.49 (d, J = 3.0 Hz, 1H), 7.36 

(dt, J1 = 8.0 Hz, J2 = 0.9 Hz, 1H), 7.33 (t, J = 2.7 Hz, 1H), 7.29 (br s, 1H), 7.28 (d, J = 7.2 Hz, 1H), 

7.18 (ddd, J1 = 8.8 Hz, J2 = 7.4 Hz, J3 = 1.5 Hz, 1H), 7.09 (t, J = 7.7 Hz, 1H), 7.01 (s, 1H), 6.78 

(dd, J1 = 8.1 Hz, J2 = 1.4 Hz, 1H), 6.66 (ddd, J1 = 7.9 Hz, J2 = 7.3 Hz, J3 = 1.6 Hz, 1H), 6.40–6.38 

(m, 1H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 159.9 (C=O), 144.4 (C), 139.4 (CH), 136.1 (C), 

132.9 (CH), 130.6 (C), 129.6 (CH), 128.5 (CH), 128.2 (C), 126.1 (C), 125.3 (CH), 121.1 (C), 120.4 

(CH), 119.9 (CH), 119.4 (CH), 114.3 (CH), 110.9 (CH), 109.6 (C), 100.5 (CH); HRMS (ESI+) 

calcd for C19H15BrN3O (M+H)+ 380.0393, found 380.0388; HPLC purity ≥ 98%, tR = 8.35 min, λ = 

274 nm. 

4.1.59. 5-((3-Bromophenyl)amino)-3-(1H-indol-4-yl)pyridin-2(1H)-one (62) 

Compound 62 was prepared according to general procedure C2, starting from 41 (81 mg, 0.172 

mmol). The mixture was stirred for 3 h 30 min. The reaction mixture was then quenched by 

addition of NEt3 (21 equiv) and MeOH (7 equiv). The crude was purified by column 

chromatography (SiO2, CH2Cl2/MeOH 97:3 to 94:6). After evaporation, the product was washed 

with CH2Cl2 to give 62 (44.7 mg, 0.118 mmol, 68%) as light green powder. Rf = 0.31 

(CH2Cl2/MeOH 95:5 + 0.5% NEt3); Mp > 155 °C (decomposition); IR (ATR) 3500–3000, 1649, 

1614, 1588, 1556, 1333, 892, 755 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.64 (br s, 1H), 

11.15 (s, 1H), 7.77 (s, 1H), 7.50 (d, J = 2.9 Hz, 1H), 7.36 (dt, J1 = 8.0 Hz, J2 = 0.9 Hz, 1H), 7.35 (t, 

J = 2.8 Hz, 1H), 7.27 (d, J = 7.2 Hz, 1H), 7.26 (br s, 1H), 7.12–7.07 (m, 2H), 6.89 (t, J = 2.1 Hz, 

1H), 6.82 (ddd, J1 = 7.9 Hz, J2 = 2.1 Hz, J3 = 1.0 Hz, 1H), 6.73 (dd, J1 = 8.3 Hz, J2 = 2.2 Hz, 1H), 

6.37–6.35 (m, 1H); 13C NMR (101 MHz, DMSO-d6) δ (ppm) 159.8 (C=O), 148.7 (C), 138.6 (CH), 

136.1 (C), 131.1 (CH), 130.8 (C), 128.3 (CH), 128.1 (C), 126.1 (C), 125.4 (CH), 122.4 (C), 121.1 

(C), 120.4 (CH), 120.0 (CH), 119.9 (CH), 115.6 (CH), 112.5 (CH), 111.0 (CH), 100.4 (CH); HRMS 

(ESI+) calcd for C19H15BrN3O (M+H)+ 380.0393, found 380.0396; HPLC purity ≥ 99%, tR = 8.26 

min, λ = 278 nm. 
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4.1.60. 5-((4-Bromophenyl)amino)-3-(1H-indol-4-yl)pyridin-2(1H)-one (63) 

Compound 63 was prepared according to general procedure C2, starting from 42 (74.8 mg, 0.159 

mmol). The mixture was stirred for 3 h 30 min. The reaction mixture was then quenched by 

addition of NEt3 (23 equiv) and MeOH (8 equiv). The crude was purified by column 

chromatography (SiO2, CH2Cl2/MeOH 97:3 to 95:5). After evaporation, the product was washed 

with CH2Cl2 to give 63 (31.4 mg, 0.083 mmol, 52%) as yellow solid. Rf = 0.30 (CH2Cl2/MeOH 

95:5 + 0.5% NEt3); Mp > 167 °C (decomposition); IR (ATR) 3500–3000, 1651, 1610, 1586, 1556, 

1487, 1333, 752 cm-1; 1H NMR (400 MHz, DMSO-d6) δ (ppm) 11.61 (s, 1H), 11.14 (s, 1H), 7.68 (s, 

1H), 7.49 (d, J = 3.0 Hz, 1H), 7.38–7.33 (m, 2H), 7.29 (d, J = 8.9 Hz, 2H), 7.26 (d, J = 7.2 Hz, 1H), 

7.23 (br s, 1H), 7.09 (t, J = 7.7 Hz, 1H), 6.71 (d, J = 8.9 Hz, 2H), 6.36–6.34 (m, 1H); 13C NMR (101 

MHz, DMSO-d6) δ (ppm) 159.7 (C=O), 146.2 (C), 138.3 (CH), 136.1 (C), 131.8 (2CH), 130.8 (C), 

128.2 (C), 127.6 (CH), 126.1 (C), 125.4 (CH), 121.7 (C), 120.4 (CH), 119.9 (CH), 115.6 (2CH), 

110.9 (CH), 108.4 (C), 100.5 (CH); HRMS (ESI+) calcd for C19H15BrN3O (M+H)+ 380.0393, found 

380.0396; HPLC purity ≥ 97%, tR = 8.27 min, λ = 278 nm. 

4.2. Assessment of anti-allodynic activity 

4.2.1. Facial Complete Freund’s Adjuvant (CFA) model. 

CFA (Becton Dickinson) was dissolved in saline solution containing Tween 80 and paraffin oil and 

conserved at 4 °C. For behavioral testing, animals were briefly (< 2 min) anesthetized using a mask 

with 2% isoflurane and received a subcutaneous injection of 25 µL of CFA (2.5 mg/kg,) solution 

into the right vibrissa pad using a 27 Ga needle coupled to a 25 µL Hamilton syringe, as described 

previously [15]. After recovery from anesthesia (< 2 min), rats were placed into an observation field 

(0.6 x 0.6 m square) under red light for mechanical testing. 6-g von Frey filament – a normally 

innocuous static mechanical stimulation – was gently applied every 10 min onto the orofacial region 

by a first experimenter for a 120 min mechanical testing period. Behavioral responses were 

observed and quantified by a second, blinded, experimenter (see below). 

4.2.2. Intracisternal injection. 

For investigating the effects of synthetized compounds upon CFA-induced MA, animals were 

briefly (≈ 3 min) anesthetized using a mask with 2% isoflurane and received an intracisternal 

injection of either compound (10 µM in 5 µL aCSF) or vehicle alone (aCSF + 1% DMSO) using a 

10 µL Hamilton syringe [25]. aCSF consisted of 150 mM Na+, 3 mM K+, 0.8 mM Mg 2+, 1.4 mM 

Ca 2+, 155 mM Cl-, pH 7.4, 295 mosmol.kg-1. After recovery (≈ 2 min), rats were placed in an 

observation field (0.6 x 0.6 msquare) under red light for a 30-min habituation session. During this 

period, rats were adapted to the observation field and red light. The experimenter also reached into 

the cage to apply innocuous mechanical (6-g von Frey filament) stimulation on the face of the 

animal, to which animals responded with only a simple detection, showing a non-aversive response. 

Immediately after the 30 min habituation period, animals were again briefly (≈ 3 min) anesthetized 

using a mask with 2% isoflurane and received intradermal injection of CFA. Behavioral responses 

to the very same 6-g von Frey filament as during the habituation session were then evaluated as 

described in the Behavioral Testing section (see below). 

4.2.3. Behavioral responses to normally innocuous static (6-g von Frey filament) mechanical 

stimulation. 
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The behavioral responses procedure was previously developed by Vos et al. [23]. A rat's response 

to mechanical stimulation consisted of one or more of the following elements: (1) detection, rat turn 

head toward stimulus; (2) withdrawal reaction, rat pull paw away or turn head away or pull it 

briskly backward when stimulation is applied (a withdrawal reaction is assumed to include a 

detection element preceding the head withdrawal and therefore consists of two responses elements); 

(3) escape/attack, rats avoid further contact with the stimulus, either passively by moving their 

bodies away from the stimulus, or actively by attacking the tip of the pump; (4) asymmetric 

grooming, rats display an uninterrupted series of at least three wash strokes directed to the 

stimulated area. 

The level of MA inhibition of a given compound was computed as following: [(AUC vehicle 

– AUC compound)/AUC vehicle]x 100 (AUC being the area under the curve; see Figure 2A) 
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