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Abstract  33 

The aryl hydrocarbon receptor (AhR) is a chemical sensor upregulating the transcription 34 

of responsive genes associated with endocrine homeostasis, oxidative balance, and 35 

diverse metabolic, immunological and inflammatory processes, which have raised the 36 

pharmacological interest on its modulation. Herein, a novel set of 32 unsymmetrical 37 

triarylmethane (TAM) class of structures has been synthesized, characterized and their 38 

AhR transcriptional activity was evaluated using a cell-based assay. Eight of the 39 

assayed TAM compounds (14, 15, 18, 19, 21, 22, 25, 28) exhibited AhR agonism but 40 

none of them showed antagonist effects. TAMs bearing benzotrifluoride, naphthol or 41 

heteroaromatic (indole, quinoline or thiophene) rings seem to be prone to AhR 42 

activation unlike phenyl substituted or benzotriazole derivatives. A molecular docking 43 

analysis with the AhR ligand binding domain (LBD) showed similarities in the binding 44 

mode and in the interactions of the most potent TAM identified 4-(pyridin-2-yl(thiophen-45 

2-yl)methyl)phenol (22) compared to the endogenous AhR agonist 5,11-46 

dihydroindolo[3,2-b]carbazole-12-carbaldehyde (FICZ). Finally, in silico predictions of 47 

physicochemical and biopharmaceutical properties for the most potent agonistic 48 

compounds were performed and these exhibited acceptable druglikeness and good 49 

ADME profiles. To our knowledge, this is the first study assessing the AhR modulatory 50 

effects of unsymmetrical TAM class of compounds. 51 

Keywords *(6): triarylmethane; Ah receptor; agonistic activity; CYP1A1; transcription 52 

factor.   53 
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1. Introduction 54 

The widely expressed and multifunctional aryl hydrocarbon receptor (AhR) protein is a 55 

ligand-activated, evolutionarily conserved and pleiotropic transcription factor. It is 56 

classified as a member of the basic helix–loop–helix (bHLH) family of receptors. The 57 

cytosolic and resting state of AhR is found in association with the chaperones heat 58 

shock protein 90 (Hsp90), the immunophilin-like protein XAP2 (ARA9 or AIP) and p23 59 

[1]. Although AhR is present in most tissues, its highest level of transcriptional activity is 60 

in cells with epithelial origin of liver, kidney, lung and spleen [2].  61 

The ligand binding domain (LBD) of AhR is allocated in the PAS-B [(PER)/AhR nuclear 62 

translocator (ARNT)/single-minded (SIM)] domain of the receptor. Once ligands arrived 63 

at the cytosolic locations of the receptor, they induce or inhibit the conformational 64 

modifications needed to prompt its nuclear translocation. If AhR is activated, the 65 

chaperone proteins are dissociated and its HLH domain forms a heterodimer with the 66 

nuclear translocator ARNT. The differential recognition of specific sequences in the 67 

promoter of downstream genes is determined by the recruitment of coactivators and 68 

corepressors, modulating thereby AhR expression. Such sequences of recognition are 69 

known as xenobiotic response elements (XRE) and they are identified by the core 70 

sequence 5’-GCGTG-3’ of the DNA [3]. Some XRE-independent mechanisms of AhR 71 

activation have been suggested on inflammatory and autoimmune conditions, 72 

particularly in selective hormone-sensitive cancer [4]. However, the main outcome of 73 

AhR expression is its canonical XRE-mediated signaling linked to the induction of 74 

xenobiotic metabolizing enzyme of the cytochrome P450 (CYP), in particular CYP1A1 75 

from family 1, subfamily A, polypeptide 1 [5].  76 

Several ligands have been identified as modulators of AhR including endogenous 77 

metabolites such 5,11-dihydroindolo[3,2-b]carbazole-12-carbaldehyde (FICZ) and 78 

indoxyl sulfate [6] as well as extensively used drugs such as omeprazole and 79 

leflunomide [7,8], and dietary phytocompounds as quercetin [9]. While exact interaction 80 

patterns of different ligands upon binding with AhR still lack of a completed crystallized 81 

structure of the receptor, important contributions are available for the LBD [10]. 82 

Moreover, vast studies of the toxic ligand/agonist of AhR known as 2,3,7,8-83 
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tetrachlorodibenzo-p-dioxin (TCDD) has shed light on the activation mechanism as well 84 

as on the signaling patterns of the receptor [11,12]. The functional activity of AhR has 85 

proved to be determined by each specific ligand that binds to the LBD and that 86 

ultimately leads to dissimilar ligand- and AhR-dependent biological responses [13]. In 87 

general, aromatic or heteroaromatic hydrocarbon moieties are crucial structural 88 

determinants in all kind of AhR modulators suggested to date [14–18].  89 

AhR ligands are associated with key physiological process such as proper development 90 

and metabolism, cell cycle regulation and immune defense [19]. Hence, while earlier 91 

perspectives focused on the function of AhR as xenobiotic sensor of toxicants like 92 

dioxins and polyaromatic hydrocarbons, recently suggestions placed AhR as an 93 

attractive pharmacological target [20–22]. Among the potential therapeutical uses of 94 

AhR modulation are included lung and vascular tissues health [23,24], treatment of liver 95 

and cystic fibrosis [25,26], control of the antioxidant response [27] and regulation of 96 

neural functions in both vertebrates and invertebrates [28]. Moreover, probably the most 97 

significant pharmacological applications of targeting AhR are in the treatment of several 98 

cancer types, in which the prodrug Phortress (NSC 710305) has been recommended as 99 

anticancerogenic and tumor suppressor chemotherapy for CYP1A1-positive tumors 100 

[4,29,30]. In addition, important inflammatory and immunological conditions could be 101 

modulated through AhR activation and particularly those affecting gut and intestinal 102 

tissues [31–33]. Hence, promising drug candidates such as NPD-0414-2 and NPD-103 

0414-24 have been recently suggested in the pharmacotherapy of colitis [34]. AhR-104 

mediated transcription converge with various nuclear receptor signaling pathway, mainly 105 

with the estrogen receptor (ER) [35]. Indeed, selective ER modulators (SERM) have 106 

been also identified as AhR ligands, which is probably contributing to their therapeutical 107 

effects in postmenopausal osteoporosis and breast cancers [36]. Some SERMs 108 

identified hold the triarylmethane (TAM) skeleton [37]. Moreover, the symmetric TAM 109 

compound tris-indolyl methane was evaluated in a recent publication as a dual 110 

modulator of AhR and Pregnane X receptor (PXR) [38]. However, to the best of our 111 

knowledge, unsymmetrical TAM compounds have never been addressed as potential 112 

modulators of AhR. 113 
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The TAMs are privileged structures in medicinal chemistry [39]. Numerous TAM 114 

derivatives have found applicability in neurodegenerative diseases and vascular 115 

disorders and as anti-inflammatory, antitumoral and anti-infective agents against 116 

tuberculosis, human immunodeficiency virus and respiratory syncytial virus [40–42]. 117 

Notable examples are the TAM drug bisacodyl (BSD) and its analogs pointed out as 118 

anti-inflammatory, antimicrobial and antiproliferative agents [43,44], and the well-known 119 

antimycotic drug clotrimazole suggested in the antiproliferative and antiangiogenic 120 

pharmacotherapy [44,45]. 121 

Considering the aforementioned evidence that endows TAMs as an interesting scaffold 122 

in medicinal chemistry, added to the pharmacological relevance of targeting AhR [21], 123 

led to the hypothesis pursued herein. That is, TAM class of compounds could modulate 124 

AhR activation with potential therapeutic applicability in malignancies, immunological 125 

and inflammatory processes. Hence, novel TAMs were synthetized and their AhR-126 

mediated transcriptional activity in AhR-HepG2 cells was assayed in vitro. The 127 

differential effects displayed by the set of compounds allowed to suggest theoretical 128 

contributions of the substituents in the AhR modulatory effects. ADME properties were 129 

predicted and the binding affinity preliminarily studied using computational methods for 130 

the most significant AhR activators identified.    131 
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2. Results and Discussion 132 

2.1. Synthesis of triarylmethanes 133 

The syntheses of triarylmethanes derivatives are shown in Schemes 1-4. Details about 134 

the synthetic protocol and chemical characterization of all intermediates are given in the 135 

Supplementary Information (SI-1). 136 

The synthesis of the p,p-N-oxides 6a-e and o,p-diarylmethylpyridines 7a-e were carried 137 

out following the synthetic pathways represented in Scheme 1. First, synthesis of the 138 

corresponding carbinols 3a-e was performed from 2-bromopyridine 1 and the 139 

corresponding aromatic aldehydes 2a-e, by a bromine-lithium exchange following the 140 

procedure of Seto et al. 2004 [46] or by a bromine-magnesium exchange using 141 

isopropylmagnesium chloride in tetrahydrofuran at room temperature [47]. 142 

 143 

Scheme 1. Synthesis of p,p- and o,p- triarylmethanes. (i) i-PrMgCl (1 M) in 2-Me-THF, anh THF, 2 h, rt, 144 

Ar; or n-BuLi, anh THF, -78°C/rt, Ar. (ii) phenol, H2SO4 (4 eq.), nitrobenzene, method A or B (A: 5 min at 145 
80 ºC, then at rt. B: from 0 ºC to rt), Ar (iii) Ac2O, NaOH, ≤15 h at 20 ºC or 40 ºC (iv) m-CPBA, anh DCM, 146 
2 h at 20 ºC. (v) phenol, H2SO4 (20 eq.), nitrobenzene at 80°C, Ar, 5 min. 147 

 148 
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The key step to obtain the desired TAMs involved a regioselective Friedel-Crafts 149 

hydroxyalkylation of the corresponding carbinol 3a-e with phenol in nitrobenzene under 150 

acidic activation [48]. The p,p regioisomers  4a-e were obtained with 4 equivalents of 151 

sulfuric acid at 80 °C in a range of 33% to 72% yield. The o,p compounds 7a-e were 152 

obtained with 20 equivalents of catalyst at 0 °C in a range of 23% to 98% yield. 153 

Acetates 5a-e were obtained by treating the corresponding triarylmethanes derivatives 154 

with acetic anhydride in the presence of sodium hydroxide at room temperature. After 155 

workup, the desired compounds 5a-e were isolated in a range of 76% to 98% yield and 156 

pure enough to be used in the next step without any supplementary purification as 157 

suggested 1H NMR analysis. N-oxide derivatives 6a-e were prepared from the 158 

corresponding acetates by oxidation with m-chloroperbenzoic acid in dichloromethane 159 

at room temperature. After 2-3 h of reaction, N-oxide derivatives 6a-e were isolated with 160 

a prior purification by flash column chromatography (FCC) on silica gel with non-161 

optimized yields in a range of 38% to 88%.  162 

The syntheses of the benzotriazolyl triarylmethanes 10-12 were carried out following the 163 

synthetic pathways represented in Scheme 2. 164 

 165 

Scheme 2. Synthesis of benzotriazolyl triarylmethanes. (i) n-BuLi, anh THF, -78°C/rt. (ii) benzotriazole, 166 

PTSA monohydrate, C8F18, 104 ºC, 24 h (iii) BBr3, DCM, 6 h, from 0 ºC to rt., Ar (iv) Ac2O, NaOH, 24 h, 167 
from 0 ºC to rt.  168 

First, the synthesis of the (4-methoxyphenyl)(pyridin-2-yl)methanol 9 was performed by 169 

a bromine-lithium exchange as previously described for compounds 3 from 2-170 

bromopyridine 1 and p-anisaldehyde 8 in anhydrous tetrahydrofuran. Pyridylaryl-171 
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benzotriazol 10 was prepared from benzotriazole and the corresponding diarylmethanol 172 

9 in the presence of a catalytic amount of p-toluenesulfonic acid in perfluorooctane 173 

(C8F18). In these conditions, the desired regioisomer 10 was obtained in 50% yield in 174 

high purity (HPLC, 95%). The regioisomer 10a was also isolated and its characterization 175 

is described in the SI-1. An optimization of this procedure could probably improve the 176 

obtained yield.  177 

The dimethoxylated compound 11 was synthesized by reaction with boron tribromide in 178 

dichloromethane. The reaction was conveniently carried out by mixing the reagents at 179 

0°C in an inert solvent and then allowing the mixture to warm up to room temperature 180 

during 6 h. Under these conditions the 4-((1H-benzo[d][1,2,3]triazol-1-yl)(pyridin-2-181 

yl)methyl)phenol 11 was obtained in 50% yield. The corresponding acetate derivative 12 182 

was obtained by treating 11 with acetic anhydride in the presence of sodium hydroxide 183 

at room temperature. After workup and purification by FCC, the desired compound 12 184 

was isolated in 52% yield.  185 

The synthesis of the TAMs bearing heteroaromatic rings (naphtol, indole, quinoline or 186 

thiophene) are outlined in Scheme 3. Unsymmetrical naphtol (14, 15), pyridylaryl 187 

indoles (18,19), and thiophene (21, 22) were synthesized under acid conditions by 188 

condensation of the corresponding heterocycle with (4-methoxyphenyl)(pyridin-2-189 

yl)methanol 9 previously obtained by a lithium-bromine exchange as described in 190 

Scheme 2. On the other hand, TAM 25 bearing a quinoline fragment was prepared from 191 

the corresponding aryl ketone 23 previously synthesized from the carbinol 9 in excellent 192 

yield (98%) via a base-promoted aerobic oxidation using air as a free and clean oxidant 193 

[49]. The other desired TAMs (16, 19) were prepared using sequence series of including 194 

methoxy group deprotection followed by acylation as indicated conditions in Scheme 3. 195 
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 196 
Scheme 3. Synthesis of naphthol, indole, thiophene and quinoline triarylmethanes. (i) NH2SO3H, DCE, 20 197 

h, at 85 ºC, Ar (ii) HI, AcOH, 5.5 h at 100 ºC, Ar (iii) Ac2O, NaOH, 24 h, from 0 ºC to rt. (iv) BBr3, DCM, 19 198 
h, from 0 ºC to rt (v) 18a, Ac2O, NaOH, 3.5 h, from 0 ºC to rt. (vi) CH3SO3H, DCE, MW 2 h at 80 ºC (vii) 199 
BBr3, DCM, 19 h, from 0 ºC to rt., Ar (viii) O2, NaOH, toluene at 110 ºC (ix) prior mix of n-BuLi and 24 in 200 
anh THF, 1.5 h at -78 ºC, Ar, then 23 in dry THF, 17 h at rt.  201 

The synthesis of the TAMs bearing trifluoromethyl group was carried out following the 202 

synthetic pathways represented in Scheme 4. The synthesis of the pyridin-2-yl(4-203 

(trifluoromethyl)phenyl)methanol 26 and the corresponding arylketone 27 was 204 

performed following the same procedure described in Scheme 1. Then, TAM 28 was 205 

obtained by a halogen-metal exchange from 4-bromoanisole in 67% yield. 206 

Demethoxylation was conveniently carried out with hydroiodic acid in acetic acid at 207 

reflux. Under these conditions the 4-(pyridin-2-yl(4-208 

(trifluoromethyl)phenyl)methyl)phenol 29 was obtained in 82% yield. The acetate 209 

derivative 30 was obtained by treating 29 with acetic anhydride in presence of sodium 210 

hydroxide at room temperature. After workup and purification by FCC, the desired 211 
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compound 4-(pyridin-2-yl(4-(trifluoromethyl)phenyl) methylphenyl acetate 30 was 212 

isolated in 87% yield.  213 

 214 
Scheme 4. Synthesis of TAMs bearing trifluoromethyl group. (i) prior mix of n-BuLi and 2-bromopyridine 215 

in anh THF at -78 ºC, Ar, then 4-(trifluoromethyl)benzaldehyde, 17 h at rt. (ii) NaOH, O2, toluene, reflux, 216 
24 h (iii) prior mix of n-BuLi and 4-bromoanisole in anh THF at -78 ºC, Ar and then 27 (iv) HI 57%, AcOH, 217 

reflux, Ar (v) Ac2O, NaOH, 4 h, from 0 ºC to rt. 218 

All compounds biologically evaluated were obtained in high purity (HPLC or NMR, 219 

generally > 95%). 220 

2.2. Biological Evaluation  221 

2.2.1. Cell viability 222 

The effects on cell viability caused by the synthetized TAMs on AhR-HepG2 cell line 223 

were determined by the 2-(3,5-diphenyltetrazol-2-ium-2-yl)-4,5-dimethyl-1,3-thiazole 224 

bromide (MTT) assay, which constitutes a valuable method to study cell proliferation, 225 

cytotoxicity and chemosensitivity in vitro [50]. The cell viability percentages obtained for 226 

32 novel TAMs and the drug BSD are shown in Figure 1. The adopted criterium 227 

considered as cytotoxic was a reduction of cell viability above 15% upon treatment with 228 

TAMs.  229 
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Figure 1. Viability percentages of cells exposed to the TAMs by MTT assay. a) Compounds 4 a-e, 10, 12, 16, b) 
Compounds 5 a-e and 6 a-c, c) Compounds 6d, 6e, 7 a-e and 30, d) Compounds 14, 15, 18, 19, 21, 22, 25 and 
28. All compounds were assayed at 0.1 μM, 1.0 μM, 5.0 μM and 10.0 μM, and compounds in d) were also tested 
at 2.5 μM and 7.5 μM. Each chart represents the mean percentage ± SEM from at least three independent 
experiments (n = 3). Cell viability lower than 85% was considered cytotoxic. *p<0.05 significantly different from 
vehicle control (using one-way ANOVA followed by Dunnett’s post-test).  

The eight TAMs 14, 15, 18, 19, 21, 22, 25 and 28 were studied in more detail due to 230 

their AhR agonist effects as will be described later. For these compounds, no cytotoxic 231 

effect was observed at the six assayed concentrations. The same conditions but longer 232 

exposure times (48 h and 72 h) in the MTT test revealed similar results (data not 233 

shown) than those obtained after 24 h of treatment (Figure 1d). 234 

The TAMs 4a, 5a, 6a and 30 were found cytotoxic over 5 μM. The strongest cytotoxicity 235 

was caused by compound 4a, whose reduction of cell viability was above 90%, while 236 

comparable reductions (~50%) of cell viability were observed for compounds 5a, 6a and 237 

30. The concentration limits established in the AhR transcriptional activity bioassay only 238 

considered no cytotoxic concentrations of the tested TAMs. 239 
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2.2.2. AhR transcriptional activity 240 

Standard Positive Controls. During the validation and optimization of the in vitro 241 

method, sigmoidal dose-response curves of the endogenous AhR agonist FICZ were 242 

obtained with concentrations from 0.01-18.0 μM (R2 = 0.99), according to the 243 

recommendations of the AhR-HepG2 cell line provider (See SI-2). Similarly, the 244 

antagonist bioassay was validated with the inhibition curve of the AhR antagonist 2-245 

methyl-2H-pyrazole-3-carboxylic acid (CH223191), obtained by co-exposure the EC50 of 246 

FICZ and concentrations from 1-30 μM of the CH223191 as described elsewhere [51]. 247 

The maximum induction of AhR transcription caused by FICZ was up to 30 folds at the 248 

maximum concentration tested (18 μM). From the dose-response curve of AhR agonist, 249 

the estimated EC50 of FICZ in the cell model was 9.06 μM. Meanwhile, in presence of 250 

FICZ concentration at the EC50, the antagonist compound CH223191 reduced to half 251 

the transcriptional activity of AhR at the maximum concentration tested (30 μM). From 252 

the dose-response curve of AhR inhibition, the estimated IC50 of CH223191 was 2.43 253 

μM, consistent with data reported in the literature [52]. 254 

TAM compounds. Results of AhR agonist and AhR antagonist assays are presented in 255 

Table 1 for all the studied compounds, that include the 32 novel TAMs synthetized, the 256 

commercial TAM drug BSD and the positive controls. Dose response-curves are 257 

provided as SI-2.  258 
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Table 1. AhR-mediated transcriptional activity of the 32 rationally designed TAMs 4-7 [a-e], 10, 12, 14-16, 259 
18, 19, 21, 22, 25, 28, 30, the drug bisacodyl and the agonist (FICZ) and antagonist (CH223191) controls. 260 

 

 AhR-HepG2 transcriptional activity  

ID Ar R X1 X2 [μM] a 
Agonist 

RPC (%) ±SEM b 

EC50 (μM) 

±SEM c 

Antagonist 

RPC (%) ±SEM b 

Activity 

Criteria d 

4a Phe (4-C(CH3)3) OH N H 1.0 6.89±0.29 ND 113.44±3.16 Inactive 

4b Phe (4-CH3) OH N H 10.0 7.09±0.35 >100 138.98±4.72 Inactive 

4c Phe (4-Br) OH N H 10.0 7.71±0.56 >100 168.82±7.81 Inactive 

4d Phe (4-Cl) OH N H 10.0 6.59±0.37 >100 200.45±7.41 Inactive 

4e Phe (4-F)  OH N H 10.0 7.79±0.52 >400 150.92±7.29 Inactive 

5a Phe (4-C(CH3)3) OCOCH3 N H 1.0 5.32±0.29 ND 112.56±2.01 Inactive 

5b Phe (4-CH3) OCOCH3 N H 10.0 9.42±0.46 >100 203.94±4.05 Inactive 

5c Phe (4-Br) OCOCH3 N H 10.0 6.32±0.13 >1000 143.15±6.44 Inactive 

5d Phe (4-Cl) OCOCH3 N H 10.0 6.26±0.10 >1000 128.16±5.01 Inactive 

5e Phe (4-F) OCOCH3 N H 10.0 8.77±0.33 >100 118.36±5.34 Inactive 

6a Phe (4-C(CH3)3) OCOCH3 N+O- H 1.0 6.10±0.23 ND 120.3±2.55 Inactive 

6b Phe (4-CH3) OCOCH3 N+O- H 10.0 6.28±0.18 >200 93.35±1.09 Inactive 

6c Phe (4-Br) OCOCH3 N+O- H 10.0 8.80±0.52 >100 106.22±3.50 Inactive 

6d Phe (4-Cl) OCOCH3 N+O- H 10.0 7.78±0.28 >200 78.81±3.89 Inactive 

6e Phe (4-F) OCOCH3 N+O- H 10.0 6.51±0.31 >1000 92.41±2.75 Inactive 

7a Phe (2-OH) (CH3)3C N H 10.0 6.81±0.19 >1000 196.65±7.59 Inactive 

7b Phe (2-OH) CH3 N H 10.0 6.93±0.15 >100 114.43±6.55 Inactive 

7c Phe (2-OH) Br N H 10.0 7.99±0.17 >1000 117.10±3.45 Inactive 

7d Phe (2-OH) Cl N H 10.0 7.18±0.16 >1000 114.57±5.72 Inactive 

7e Phe (2-OH) F N H 10.0 6.89±0.14 >1000 111.59±3.21 Inactive 

10 1H-benzotriazole OCH3 N H 10.0 8.86±0.26 >100 163.53±7.29 Inactive 

12 1H-benzotriazole OCOCH3 N H 10.0 9.23±0.24 >100 141.94±6.44 Inactive 

14 1-Naph(2-OH) OCH3 N H 10.0 39.70±0.76 53.62±0.22 142.31±2.78 Agonist 

15 1-Naph(2-OH) OH N H 5.0 28.57±0.51 >50 168.86±5.74 Agonist 

16 1-Naph(2-OCOCH3) OCOCH3 N H 10.0 5.17±0.25 >200 143.80±1.99 Inactive 

18 3-indole OCH3 N H 10.0 114.20±0.80 21.72±0.32 182.99±5.12 Agonist 

19 3-indole OCOCH3 N H 10.0 76.95±0.63 27.86±0.15 226.23±7.45 Agonist 

21 2-thiophene OCH3 N H 10.0 10.54±0.41 >50 136.57±2.70 Agonist 

22 2-thiophene OH N H 10.0 111.01±0.86 13.16±0.08 202.27±4.42 Agonist 

25 2-quinoline OCH3 N OH 10.0 53.78±0.37 19.88±0.08 272.13±5.51 Agonist 

28 Phe(4-CF3) OCH3 N OH 10.0 26.60±0.89 52.03±0.29 242.95±5.42 Agonist 

30 Phe(4-CF3) OCOCH3 N H 1.0 7.71±0.22 ND 117.24±3.81 Inactive 

BSD Phe(4-OCOCH3) OCOCH3 N H 10.0 6.58±0.19 >1000 107.20±3.03 Inactive 

Control FICZ - 18.0 100% 9.06±0.02 - Agonist 

Control CH223191 - 30.0 - (����) 2.43±0.18 54.50±0.79 Antagonist 
a Maximum concentration tested in the absence of limitations due to cytotoxicity or insolubility. b Average of the percentages of the maximum 

response relative to the positive control (RPCMax) ± SEM of AhR agonist/antagonist activity from at least three independent experiments (n=3). c 
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Estimated half effective concentration (EC50) for agonists or half inhibitory concentration (IC50) for antagonist ± SEM, all extrapolated from the dose-

response curve. ND: non-determined. d Activity criteria for AhR agonist (>10%) or antagonist (<70%) compounds [53].  

In the AhR reporter gene assay, the maximum effect observed corresponded to the 261 

maximum concentration tested for all TAMs except for 15 and 18. Compounds 4a, 5a, 262 

6a and 30 were assayed at non-cytotoxic concentrations (up to 1 μM) and they were 263 

unable to induce or blockage AhR transcriptional activity in this cell model. 264 

AhR agonist assay. The eight TAMs 14, 15, 18, 19, 21, 22, 25 and 28 were identified as 265 

agonists of AhR (RPCmax> 10%) while the rest of them and the BSD were classified as 266 

inactive AhR agonists (Table 1). The agonist effectiveness of the active compounds 267 

compared to FICZ followed the order: 18 ≈ 22 > 19 > 25 > 14 > 28 ≈ 15 > 21. 268 

Compounds 18 and 22 were more active as agonist than FICZ at a comparable 269 

exposure concentration showing an RPCmax of 114.2% and 111.0%, respectively.  270 

In cases where a dose-response curve of agonism was achieved, the half effective 271 

concentration (EC50) was estimated as a measure of the potency of active compounds. 272 

As reported in Table 1, compound 22 (EC50 = 13.16 μM) was suggested as the most 273 

potent AhR agonist. Compounds 25 and 18 showed comparable half effective 274 

concentrations of 19.88 μM and 21.72 μM, respectively, while compound 19 was less 275 

potent (EC50 = 27.86 μM). The EC50 estimated for compounds 14 and 28 were 53.62 μM 276 

and 52.03 μM, respectively. Lastly, it was not possible to obtain a dose-response curve 277 

for compounds 15 nor 21.  278 

AhR antagonist assay. None of the tested compounds showed antagonist effects on 279 

AhR activation. However, additive effects and probably synergism in presence of FICZ 280 

were observed for most of the agonist compounds. Interestingly, the level of AhR 281 

transcriptional response in presence of FICZ was not proportional to the effectiveness of 282 

compounds individually tested as agonists. Thus, a remarkable high induction during 283 

the co-exposure was registered for compounds 25 (RPCmax = 272.13%) and 28 (RPCmax 284 

= 242.95%) despite they were not by themselves among the strongest activators of 285 

AhR. Similarly, a notable induction of AhR activation in presence of FICZ during the 286 

antagonist assay was showed by the inactive compounds 5b, 4d and 7a (RPCmax 287 

203.94%, 200.45% and 196.65%, respectively).  288 
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2.3. SAR considerations 289 

The AhR-mediated transactivation induced by the TAMs allowed a comprehensive 290 

structure-activity relationship (SAR) analysis. The key structural features of the active 291 

TAMs and their AhR agonist effects expressed as fold responses are shown in Figure 2.  292 

Figure 2. Maximum AhR agonist activity induced in cells by compounds 14, 15, 18, 19, 21 22, 25 and 28. 293 
General structure and agonist compounds are represented at the left. Data are expressed as fold 294 
responses, as compared to non-induced cells (i.e. vehicle control (c)). The bar chart at the right shows 295 
mean fold response ± SEM (n = 4) as: ≥25 folds (red), between 10-20 folds (orange), ≤10 folds and 296 
significant (light orange), <10 folds and not significant (white). The levels of significance were determined 297 
using one-way ANOVA, followed by Dunnett’s post-test when compared to vehicle control (***p < 0.001) 298 
or by Bonferroni post-test when compared between pairs of structural analogous (##p < 0.01, ### p < 299 
0.001). 300 

X1, X2 substitution. Regarding X1, the occurrence of a pyridine ring (14, 15, 18, 19, 21, 301 

22, 25, 28) was important for AhR agonist activity similarly to some other compounds 302 

reported in vivo as CYP1A1 inducers [54]. The N-oxidation had no influence on AhR 303 
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activation, noticeable when comparing the TAMs 5a-e vs. the corresponding N-oxides 304 

6a-e. None of the substituted phenyls at Ar showed any effect on AhR except for 28 in 305 

which the introduction of a hydroxyl group at X2 position turned it moderately active. 306 

Compound 25 bearing a quinoline and a hydroxyl group at X2 also exhibited significant 307 

AhR agonist induction. 308 

R substitution. The presence of different oxygenated functional group at R does not 309 

appear to determine the agonist effects on AhR of the synthetized TAMs as it has been 310 

reported for others aromatic compounds in the literature [55]. Most of the active 311 

compounds in this study carry a hydroxyl or methoxy group at R. The methoxy 312 

substitution in most cases was a better feature to exhibit AhR agonist activity (14 vs. 15 313 

and 18 vs. 19). However, the free hydroxyl group in 22 resulted in a 30-fold increase of 314 

the AhR agonism when compared with the methoxylated derivative 21.  315 

Ar substitution. The AhR-agonist activity was crucially influenced by the third aromatic 316 

or heteroaromatic system occupying Ar. Thus, the most potent AhR agonism was 317 

exhibited by TAMs with heteroaromatic moiety such as thiophene (22), indole (18, 19) 318 

and quinoline (25). Otherwise, derivatives with a naphthol substituent (14, 15) displayed 319 

some AhR agonist ability although considerably weaker than the rest of heteroaromatic 320 

derivatives (except for 21) as shown in Figure 2. Curiously, compounds bearing a 321 

benzotriazole moiety (10, 12) were found inactive. It should be notice that even though 322 

15 and 21 were considered agonists according to the RPCmax threshold (Table 1), their 323 

induced fold response was not significant compared to the vehicle control as shown in 324 

Figure 2.  325 

On the other hand, the introduction of heteroaromatic substituent at Ar were in no case 326 

harmful to cells according to the cell viability study (Figure 1). Most of the substituted 327 

phenyl derivatives at Ar that were causing cytotoxicity at the highest concentrations 328 

tested (4a, 5a, 6a) are bearing a tertbutyl functional group.  329 

Consistent to the above results, phloroglucinol TAMs have shown better safety index 330 

and anti-HIV effects when bearing an heteroaromatic moiety [42]. Additionally, indole-331 

containing chemicals have long been recognized as AhR ligands from endogenous and 332 



17 

 

dietary sources, sustaining the strong agonism displayed by 18 and 19 [19,56]. 333 

Although the thiophene ring in TAM-class of compounds has been suggested as an 334 

attractive moiety for antimycobacterial activity [57], it is not commonly found in either 335 

classical or nonclassical AhR modulators identified to date [58]. Thus, to our knowledge, 336 

the agonist effects on AhR transcriptional activity of thiophene derivatives are 337 

suggested herein for the first time.  338 

2.4. Computational studies 339 

2.4.1. Molecular Docking 340 

The binding to AhR of the strongest TAM agonist identified (22) was compared by 341 

means of molecular docking analysis with the known ligand/agonist compounds FICZ 342 

and TCDD. In the absence of a crystalized structure of AhR-LBD, the structurally related 343 

PAS-B domain of HIF2α was used for molecular docking analysis (details are provided 344 

as SI-3). The best poses obtained for the three ligands during the docking simulations 345 

are represented in Figure 3.  346 

A B C 

 

 

 

 

 

 

 

Figure 3. Representation of molecular docking and the molecular interactions between HIF2α (PBD ID: 347 
3F1O) and 22 (A), FICZ (B) and TCDD (C). The structure of the protein is represented as transparent lilac 348 
ribbons and the best pose obtained for 22, FICZ and TCDD are displayed as sticks. The residues 349 
involved in hydrophobic interactions are labelled. Π-Cation (orange), hydrogen bond (blue) and halogen 350 
bond (green) interactions are represented in dot lines. (color online only) 351 
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The three docked ligands (22, FICZ and TCDD) seem to concurred in the internal cavity 352 

of the crystallized PAS-B heterodimer as expected [10]. While 22 and FICZ were 353 

predicted to bound with AhR-LBD in a similar region of the cavity, the best pose 354 

estimated for TCDD binding seem to lie in a different region as shown in Figure 3. 355 

Details on the residues involved in the molecular docking for each ligand are provided in 356 

Supplementary Information (SI-3). Furthermore, the hydrophobic interactions in the 357 

predicted protein/ligand complex for 22 as well as for the endogenous agonist FICZ 358 

shared PHE 254 and ALA 277 residues. Π-Cation interactions with HIS 248, hydrogen 359 

bond with TYR 281 and THR 321, and halogen bond with GLU 320 were also identified 360 

for 22, FICZ and TCDD respectively as represented in Figure 3. The posted results 361 

suggested differences in the predictive binding for these three ligands that could 362 

ultimately lead to distinct biological responses [13]. A comparison between the binding 363 

energies and interactions modes of compounds 22 and 21 did not provided plausible 364 

rationalization for the remarkable activity differences in vitro identified (see Section 2, 365 

SI-3). 366 

On the other hand, AhR ligands often modulate other transcription factors, particularly 367 

nuclear receptors [59,60]. Therefore, as a preliminary off-targeting screening, the 368 

binding capacity of compound 22 in ER, Androgen Receptor (AR), Progesterone 369 

Receptor (PR) and Pregnane X Receptor (PXR) was analyzed by molecular docking. A 370 

comparison between 22 and well-known ligands of each receptor did not reveal any 371 

apparent binding resemblances. Although the binding energies of 22 were in most 372 

cases similar to those exhibited by the specific ligand for each receptor, the pocket and 373 

binding sites were different in all cases (Details are provided in Section 4, SI-3). 374 

2.4.2. Druglikeness and ADME profile 375 

Characterizing the druglikeness as well as the bioavailability are important steps toward 376 

the prioritization in drug discovery [61]. Therefore, physicochemical properties (Table 2) 377 

were predicted in silico for the six novel synthesized TAMs with the most significant AhR 378 

agonist activity. Additional properties are provided in SI-3.  379 

Table 2. Physicochemical properties and druglikeness criteria of the AhR-agonist TAMs and the drug 380 

bisacodyl. 381 
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ID  #rtvFG a 
MW 

[g/mol] b Dipole c 
SASA 

[Å2] d 
Volume 

[Å3] e TPSA f 
Donor 
HB g 

Accpt 
HB h 

Polrz 

[Å3] i 
logP  
o/w j 

logS  

[S: mol/dm3] k 
Lipinski’s 

rule of five l 

14  0 341.41 0.68 599.04 1081.50 42.35 1 2.50 38.39 5.32 -5.46 1 

18  0 314.39 1.75 578.44 1034.32 37.91 1 1.75 36.98 5.36 -5.51 1 

19  1 342.40 1.75 625.36 1111.64 54.98 1 3.50 40.02 4.82 -5.74 0 

22  0 267.35 3.53 503.96 869.78 50.36 1 1.75 29.76 4.09 -4.32 0 

25  0 342.40 6.52 615.79 1090.79 61.36 1 3.50 38.90 4.95 -5.41 0 

28  0 359.35 7.33 606.32 1064.55 42.35 1 2.50 36.68 5.57 -6.12 1 

BSD  2 361.40 7.66 658.56 1169.98 65.49 0 6.00 40.99 3.66 -4.74 0 
 a #rtvFG: Number of reactive functional groups in the structure of the molecule (listed in Experimental Section). Recommended 

values: 0-2. 
b MW: Molecular weight of the molecule. Recommended values: 130-725 g/mol. 
c Dipole: Computed dipole moment of the molecule. Recommended values: 1.0–12.5. 
d SASA: Total solvent accessible surface area. Recommended values: 300-1000 Å2 using a probe with a 1.4 Å radius. 
e Volume: Total solvent-accessible volume. Recommended values: 500-2000 Å3 using a probe with a 1.4 Å radius.  
f TPSA: Topological polar surface area 
g Donor HB: Estimated number of hydrogen bonds that would be donated by the solute to water molecules in an aqueous solution. 
Recommended values: 0-6. 
hAccpt HB: Estimated number of hydrogen bonds that would be accepted by the solute from water molecules in an aqueous 
solution. Recommended values: 2-20 
i Polrz: Predicted polarizability. Recommended values: 13-70 Å3. 
j logP o/w: Predicted logarithm of octanol/water partition coefficient. Recommended values: -2.0 to 6.5. 
k logS: Predicted logarithm of solubility (S expressed in mol/dm3). Recommended values: -6.5 to 0.5. 
l Lipinski’s rule of five (druglikeness): Number of violations of Lipinski’s rule of five: MW < 500, logP o/w < 5, donor HB ≤ 5, accpt HB 
≤ 10. Maximum: 4 violations. 

The presence of reactive functional groups (#rtvFG) has been related to decomposition, 382 

reactivity and toxicity in vivo. Therefore, this molecular descriptor serves as an alert 383 

system of structural groups such as azo, diazo, carbonate, aluminum or silicon (full list 384 

in SI-3). All the agonist TAMs were consistent the recommended criterium for drug-like 385 

compounds. They all were free from potentially reactive functional groups except for 19. 386 

Interestingly, the TAM drug bisacodyl possessed two. The molecular weights, the 387 

computed dipole moments, the topological polar surface area (TPSA) and the total 388 

solvent accessible surface area (SASA) and volume, the polarizability as well as the 389 

estimated number of hydrogen bonds (HB) that would be donated or accepted in an 390 

aqueous solution were predicted within the recommended values for all the studied 391 

TAMs.  392 

The octanol/water partition coefficient (logP o/w) directly influences the effects of 393 

chemical entities on biological systems, particularly their pharmacokinetics and 394 

pharmacodynamics [62]. Similarly, the aqueous solubility (logS) of a compound 395 

influences its ability to reach the site of action and produce any kind of effect.  396 

According to the predicted logP o/w and logS, all the agonist TAMs met the 397 

recommended range for druglikeness. Finally, Table 2 shows the Lipinski’s rule of five 398 
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as a global criterium of druglikeness that suggests the limits of some physicochemical 399 

properties as follow: MW < 500, logP o/w < 5, donor HB ≤ 5, accpt HB ≤ 10. Hence, 400 

none of the agonist TAMs showed more than one violation of such rule and only the 401 

predicted logP o/w for the TAMs 14, 18 and 28 was slightly higher than 5. 402 

In order to analyze the six agonist compounds in the context of rapidly metabolized AhR 403 

ligands (RMAhRLs) or Selective AhR modulators (SAhRMs), a comparative analysis 404 

was performed based on their physicochemical profiles, as proposed by Dolciami D. et 405 

al [63]. The mean values ± SD of the molecular descriptors suggested for RMAhRLs are 406 

MW (335±91), log P o/w (3.46±1.10) and TPSA (65.1±24.8), while those for SAhRMs 407 

are MW (307±77), log P o/w (4.24±2.24) and TPSA (43.7±34) [63]. Comparisons 408 

performed using one-way ANOVA (p<0.05) followed by Dunnett’s post-test of the TAMs 409 

within the RMAhRLs and SAhRMs context, revealed no significant differences, as 410 

represented in Figure 4 a) and b), respectively. Therefore, the studied TAMs cannot be 411 

classified as SAhRMs or RMAhRLs according to this criterion. 412 
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Figure 4. Mean values of the molecular descriptors MW, logP and TPSA for 413 

compounds 14, 18, 19, 22, 25 and 28 suggested to classify rapidly metabolized AhR 414 

ligands (RMAhRLs) and Selective AhR modulators (SAhRMs) [63]. One-way ANOVA 415 

(p<0.05) followed by Dunnett’s post-test did not revealed significant differences between 416 

TAMs and RMAhRLs or SAhRMs, respectively.  417 
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On the other hand, predictive results of some properties contributing to the ADME 418 

profile of the AhR-agonist TAMs, are shown in Table 3.  419 

Table 3. Prediction of ADME descriptors for the AhR-agonist TAMs and the drug bisacodyl 420 

ID Caco-2 
[nm/sec] a 

MDCK 
[nm/sec] b logBB c logKp 

[nm/sec] d 
logKhsa 

[nm/sec] e 
Jm 

[μg cm−2 h−1] f HOA g #Metab h Jorgensen’s 
rule of three i 

14 4561.02 2551.05 -0.07 -0.05 0.87 1.06 3 5 0 

18 5349.67 3031.00 0.07 -0.07 0.93 0.83 3 4 0 

19 2083.59 1093.83 -0.37 -0.88 0.80 0.08 3 3 1 

22 2157.45 1872.28 -0.19 -1.07 0.47 1.11 3 5 0 

25 4130.44 2291.76 -0.12 -0.08 0.70 1.12 3 4 0 

28 5013.57 10000.00 0.26 -0.34 0.82 0.12 3 4 1 

BSD 846.79 413.32 -0.87 -1.81 0.20 0.10 3 3 0 
a Caco-2 (model for the gut-blood barrier): Predicted apparent Caco-2 cell permeability (non-active transport) [nm/sec]. Criteria: <25 
poor permeability,>500 great permeability.  
b MDCK (mimic for the blood-brain barrier): Predicted apparent MDCK cell permeability (non-active transport) [nm/sec]. Criteria: <25 
poor permeability,>500 great permeability. 
c logBB: Predicted brain/blood partition coefficient (model for orally delivery drugs). Recommended values: from -3.0 to 1.2. 
d logKP: Predicted skin permeability. Recommended values: from -8.0 to -1.0. 
e logKhsa: Predicted binding to human serum albumin. Recommended values: from -1.5 to 1.5.  
f Jm: Predicted maximum transdermal transport rate obtain from: Kp × MW × S (μg cm−2 h−1) 
g HOA (Human Oral Absorption): Predicted qualitative human oral absorption: low (1), medium (2), high (3).  
h Metab: Number of likely metabolic reactions (listed in SI-3). Recommended values: 1-8. 
i Jorgensen’s rule of three (oral availability): Fewer (and preferably no) violations of the follow: logS > -5.7, Caco-2 > 22 nm/sec, 
#PrimaryMetabolites< 7. 
 

Considering the predicted parameters collectively related to oral bioavailability (Caco-2 421 

permeability, Human Oral Absorption (HOA) and Jorgensen’s rule of three), it can be 422 

concluded that the AhR-agonist TAMs synthetized probably have good permeability to 423 

cross the gut-blood barrier, a high human oral absorption and only 19 and 28 violated 424 

the solubility criterium of Jorgensen’s rule. Adequate binding to human serum albumin 425 

(logKhsa) as well as an appropriated number of metabolic reactions (#Metab) were 426 

predicted for all the TAMs. Lastly, the apparent capacity to cross the brain/blood barrier 427 

(logBB) was predicted as good for all the studied TAMs while the predicted skin 428 

permeability (logKp) was in acceptable limit only for the strongest AhR-agonist 22 and 429 

BSD.  430 

3. Conclusions 431 

TAM compounds were straightforwardly synthetized and characterized by means of 432 

efficient synthetic strategies in this work. The effects of 32 newly TAM derivatives as 433 

potential modulators of the emerging pharmacological target AhR were determined in 434 

vitro using a novel secreted luciferase assay system. The bioassays revealed an 435 
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exclusive agonism of eight derivatives and a lack of antagonist activity on AhR 436 

activation across the TAM set. Heteroaromatic or naphthol moieties crucially determined 437 

the occurrence of AhR agonism and the thiophene derivative 22 was the most potent 438 

agonist compound on AhR-mediated transcription yielding over 30-fold response, 439 

comparable to the endogenous metabolite FICZ. The structural adequacy, absence of 440 

cytotoxicity as well as druglikeness and favorable ADME profile, allow to suggest 22 as 441 

a new lead compound in the study of AhR-mediated transcription. In general, these 442 

results could provide valuable insights to design new potent AhR modulators based on 443 

the TAM scaffold. 444 

4. Experimental Section 445 

4.1. Chemistry 446 

4.1.1. Materials and Methods 447 

All reagents were obtained from commercial sources unless otherwise noted and used 448 

as received. Heated experiments were conducted using thermostatically controlled oil 449 

baths. Reaction requiring anhydrous conditions were performed under an atmosphere 450 

oxygen-free in oven-dried glassware. Drying of the products was carried out under 451 

reduced pressure using a vacuum pump and/or a desiccant heated to 40°C in the 452 

presence of P2O5. All reactions were monitored by analytical thin layer chromatography 453 

(TLC) or by Gas chromatography-Mass spectrometry (GC-MS). TLC was performed on 454 

aluminium sheets, silica gel coated with fluorescent indicator F254, Merck. TLC plates 455 

were visualized using irradiation with light at 254 nm or in an iodine chamber as 456 

appropriate. FCC was carried out when necessary using silica gel 60 (particle size 457 

0.040-0.063 mm, Merck). The eluent mixture is specified for each purification. 458 

4.1.2. Physical measurements 459 

Melting points (Mp) were determined on a Leica VMHB system Kofler apparatus. The 460 

structure of the products prepared by different methods was checked by comparison of 461 

their NMR, IR and MS data and by the TLC behavior. 1H and 13C-NMR spectra were 462 

acquired on a Bruker BioSpin GmbH spectrometer 400 MHz, at room temperature. 463 
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Chemical shifts are reported in δ units, parts per million (ppm). Coupling constants (J) 464 

are measured in hertz (Hz). Splitting patterns are designed as follows: s, singlet; d, 465 

doublet; dd, doublet of doublets; dm, doublet of multiplets, ddd, doublet of doublets of 466 

doublets; m, multiplet; br, broad. Various 2D techniques and DEPT experiments were 467 

used to establish the structures and to assign the signals. For the assignments of the 468 

NMR signals, we use the convention presented in Figure 4. GC-MS analyses were 469 

performed with an Agilent 6890N instrument equipped with a 12 m x 0.20 mm dimethyl 470 

polysiloxane capillary column and an Agilent 5973N MS detector-column temperature 471 

gradient 80-300°C (method 160): 160°C (1 min), 180°C to 260°C (10°C/min), 260°C (4 472 

min); (method 180): 180°C (1 min), 180°C to 300°C (10°C/min), 300°C (2 min), gradient 473 

200-300°C (method 200): 200°C (1 min), 200°C to 300°C (10°C/min), 300°C (4 min). 474 

Low-resolution mass spectra (LRMS) resulting from ionization by electronic impact. 475 

Infrared spectra were recorded over the 400-4000 cm-1 range with an Agilent 476 

Technologies Cary 630 FTIR/ ATR/ ZnSe spectrometer. High-resolution mass spectra 477 

(HRMS) analyses were acquired on a Thermo Scientific LTQ Orbitrap mass 478 

spectrometer. The HPLC analyses were carried out on a normal phase column Hypersil 479 

Si (length: 150 mm, diameter: 4.6 mm, stationary phase: 5 µm) and a reverse phase 480 

column Hypersil ODS C18 (length: 150 mm, diameter: 4.60 mm, stationary phase: 5 481 

µm) using a Water 2998 Photodiode Array Detector (260-370 nm) and an isocratic 482 

system of elution. The retention time (Rt) is expressed in min in the decimal system. 483 

HPLC purity were determined on the Hypersil Si column, using n-heptane/ethyl acetate 484 

7/3 with a flow rate of 0.8 mL per min and UV detection at λ = 262-264 nm, unless 485 

otherwise notified. 486 
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 487 

Figure 4. Convention adopted to assign signals of 1H and 13C-NMR spectra.  488 

Only the 32 TAM compounds evaluated in vitro are described herein. Intermediates and 489 

other TAMs obtained are detailed as SI-1. 490 

4.1.3. General procedure for the preparation of p,p-triarylmethanes 491 

Method A: To a solution of the corresponding carbinol (1 eq.) and phenol (1.2 eq.) in 492 

nitrobenzene (0.4 M) was added dropwise concentrated sulfuric acid (4 eq.) at 0°C. The 493 

reaction progress was monitored by GC-MS and TLC (eluent DCM/MeOH 90/10). After 494 

5 min at 80 °C the reaction was cooled to room temperature and neutralized with a 495 

saturated solution of NaHCO3 (pH 7-8), then extracted with ethyl acetate three times. 496 

The combined organic phases were dried over anhydrous Na2SO4, filtered and 497 

concentrated. The crude residue was purified by FCC on silica gel (eluent gradient 498 

DCM, DCM/MeOH 98/2, DCM/MeOH 90/10) to afford the corresponding p,p 499 

triarylmethane: Yields: 4a (72%), 4b (63%) and 4c (39%). 500 

Method B: To a solution of the corresponding carbinol (1 eq.) and phenol (1.2 eq.) in 501 

nitrobenzene (0.4 M) was added dropwise concentrated sulfuric acid (4 eq.) at 0°C. The 502 

reaction progress was monitored by GC-MS and TLC (eluent CyHex/ EtOAc 50/50). 503 

After stirring at 0°C the reaction was cooled to room temperature and neutralized with a 504 

saturated solution of NaHCO3 (formation of a gum which solubilizes once pH 7-8 is 505 

reached), then extracted with ethyl acetate four times. The combined organic phases 506 
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were washed with brine, dried over anhydrous Na2SO4, filtered and concentrated. The 507 

crude residue was purified by FCC on silica gel (eluent gradient DCM, DCM/MeOH 508 

98/2, DCM/MeOH 90/10) to afford the corresponding p,p triarylmethane: Yields: 4d 509 

(33%) and 4e (47%). 510 

4.1.3.1. 4-((4-(tert-butyl)phenyl)(pyridin-2-yl)methyl)phenol (4a). Yield: 96 mg, 0.30 511 

mmol, white solid, 72%. 13 mg (0.04 mmol, 9.6%) of 2-((4-(tert-butyl)phenyl)(pyridin-2-512 

yl)methyl)phenol are also isolated, (Method A). Mp = 154-156 °C. TLC CyHex/EtOAc 513 

50/50, Rf = 0.54, DCM/MeOH 90/10, Rf = 0.80; 1H NMR (DMSO d6, 400 mHz) (δ ppm) 514 

1.24 (s, 9H, H20), 5.49 (s, 1H, H1), 6.69 (d, 2H, Jortho = 8 Hz, H4, H6), 7.01 (d, 2H, Jortho = 515 

8 Hz, H7, H3), 7.11 (d, 2H, Jortho = 8 Hz, H14, H18), 7.18 - 7.24 (m, 2H, H9, H11), 7.30 (d, 516 

2H, Jortho = 8 Hz, H15, H17), 7.71 (ddd, 1H, J10-9 = J10-11 = 8 Hz, J10-12 = 4 Hz, H10), 8.52 517 

(ddd, 1H, J12-11 = 4.7 Hz, J12-10 = 1.8 Hz, J12-9 = 0.95 Hz, H12), 9.27 (s, 1H, OH); 13C 518 

NMR (DMSO d6, 100 mHz) (δ ppm) 31.12 (C19), 34.03 (C20), 57.06 (C1), 114.96 (C6, 519 

C4), 121.38 (C11), 123.37 (C9), 124.87 (C15, C17), 128.60 (C14, C18), 129.88 (C3, C7), 520 

133.31 (C2), 136.56 (C10), 140.59 (C13), 148.22 (C16), 149.02 (C12), 155.58 (C5), 163.15 521 

(C8); GC-MS method 180, Rt = 7.82 min, m/z 317 [M+.] (100), 302 [M+. - CH3] (30), 286 522 

[M+. - 2 CH3] (5), 260  [M+. - C(CH3)3] (19), 239 [OHPhCHt-BuPh]+(23), 224 [OHPhCHt-523 

BuPh+ - CH3] (8); IR (ATR) (cm-1) 3058, 3020 (νCsp2-H), 2957 (νCsp3-H), 1615, 1600, 524 

1510 (νC=C), 1167 (νC-O), 810 (δCsp2-H p-disubst), 755(δCsp2-H o-disubst); HPLC 525 

purity: 96%, (Hypersyl Si, n-heptane/EtOAc 30/70, flow rate 0.80 mL/min, λmax = 264 526 

nm, Rt = 2.84 min). 527 

4.1.3.2. 4-(pyridin-2-yl(p-tolyl)methyl)phenol (4b). Yield: 73 mg, 0.26 mmol, beige 528 

solid, 63%. 18 mg (0.07 mmol, 15%) of 2-(pyridin-2-yl(p-tolyl)methyl)phenol are also 529 

isolated, (Method A). Mp = 156-158 °C. TLC CyHex/EtOAc 50/50, Rf = 0.44, 530 

DCM/MeOH 90/10, Rf = 0.53; 1H NMR (DMSO d6, 400 mHz) (δ ppm) 2.24 (s, 3H, H19), 531 

5.50 (s, 1H, H1), 6.69 (d, 2H, Jortho = 8.5 Hz, H4, H6), 6.99 (d, 2H, Jortho = 8.5 Hz, H7, H3), 532 

7.03-7.11 (m, 4H, H14, H15,H18, H17), 7.16-7.24 (m, 2H, H9, H11), 7.70 (ddd, 1H, J10-9 = 533 

J10-11 = 7.7 Hz, J10-12 = 1.80 Hz, H10), 8.51 (ddd, 1H, J12-11 = 5 Hz, J12-10 = 2.8 Hz, J12-9 = 534 

0.8 Hz, H12), 9.24 (s, 1H, OH); 13C NMR ( DMSO d6, 100 mHz) (δ ppm) 20.56 (C19), 535 

57.12 (C1), 114.98 (C6, C4), 121.40 (C11), 123.38 (C9), 128.78 (C14, C15, C17, C18), 536 
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129.91 (C3, C7), 133.40 (C16), 135.05 (C2), 136.57 (C10), 140.63 (C13), 149.05 (C12), 537 

155.70 (C5), 163.21 (C8); GC-MS method 180, Rt = 7.22 min, m/z 274 [M+.] (100), 259 538 

[M+. - CH3] (12), 197 [OHPhCHPhCH3]+(34), 181 [OHPhCHPhCH3+ - OH] (24), 167 539 

[PhCHPy]+, (8), 78 [Py]+(4); IR (ATR) (cm-1) 3018, 3005 (νCsp2-H), 2915 (νCsp3-H), 540 

1614, 1592, 1508 (νC=C), 1233 (νC-O), 754 (δCsp2-H o-disubst); HPLC purity: 98%, 541 

(Hypersyl Si, n-heptane/EtOAc 30/70, flow rate 0.80 mL/min, λmax = 264 nm, Rt = 3.00 542 

min). 543 

4.1.3.3. 4-((4-bromophenyl)(pyridin-2-yl)methyl)phenol (4c). Yield: 51 mg, 0.15 544 

mmol, oil, 39%, (Method A). TLC DCM/MeOH 90/10, Rf = 0.60; 1H NMR (DMSO d6, 545 

400 mHz) (δ ppm) 5.55 (s, 1H, H1), 6.69 (d, 2H, Jortho = 8.70 Hz, H4, H6), 7.00 (d, 2H, 546 

Jortho = 8.5 Hz, H7, H3), 7.14 (d, 2H, Jortho = 8.2 Hz, H14, H18), 7.20-7.28 (m, 2H, H9, H11), 547 

7.46 (d, 2H, Jortho = 8.3 Hz, H15, H17), 7.73 (ddd, 1H, J10-9 = J10-11 = 7.7 Hz, J10-12 = 1.8 548 

Hz, H10), 8.53 (dd, 1H, J12-11 = 5.3 Hz, J12-10 = 1.9 Hz, H12), 9.32 (s, 1H, OH); 13C NMR 549 

(DMSO d6, 100 mHz) (δ ppm) 56.56 (C1), 115.15 (C6, C4), 119.32 (C16), 121.68 (C11), 550 

123.58 (C9), 129.94 (C3, C7), 131.02 (C15, C17), 131.23 (C14, C18), 132.79 (C2), 136.83 551 

(C10), 143.16 (C13), 149.21 (C12), 159.91 (C7), 162.44 (C8); GC-MS method 180, Rt = 552 

8.81 min, m/z 340  [M+.] (100), 324 [M+. - OH] (3), 259 [M+. - Br] (52), 181 553 

[OHPhCH2Ph]+(85), 167 [PhCH2Py]+(21), 78 [Py]+ (15); IR (ATR) (cm-1) 3055, 3018 554 

(νCsp2-H), 2924 (νCsp3-H), 1593, 1511, 1486 (νC=C), 1168 (νC-O); HPLC purity: 95%, 555 

(Hypersyl Si, n-heptane/EtOAc 30/70, flow rate 0.80 mL/min, λmax = 263 nm, Rt = 3.00 556 

min). 557 

4.1.3.4. 4-((4-chlorophenyl)(pyridin-2-yl)methyl)phenol (4d). Yield: 865 mg, 2.94 558 

mmol, white solid, 33%, (Method B). Mp = 170-171 °C. TLC CyHex/EtOAc 50/50, Rf = 559 

0.49, DCM/MeOH 90/10, Rf = 0.70; 1H NMR (DMSO d6, 400 mHz) (δ ppm) 5.57 (s, 1H, 560 

H1), 6.70 (d, 2H, Jortho = 8.6 Hz, H4, H6), 7 (d, 2H, Jortho = 8.6 Hz, H7, H3), 7.19-7.25 (d + 561 

m, 4H, Jortho = 8.5 Hz, H9, H11, H14, H18), 7.34 (d, 2H, Jortho = 8.5 Hz, H15, H17), 7.73 (ddd, 562 

1H, J10-9 = J10-11 = 7.6 Hz, J10-12 = 1.9 Hz, H10), 8.53 (dd, 1H, J12-11 = 5.6 Hz, J12-10 = 2,2 563 

Hz, H12), 9.31 (s, 1H, OH); 13C NMR (DMSO d6, 100 mHz) (δ ppm) 56.48 (C1), 115.12 564 

(C4, C6), 121.64 (C11), 123.55 (C9), 128.07 (C15, C17), 129.91 (C3, C7), 130.77 (C14, C18), 565 
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130.80 (C16), 132.85 (C2), 136.80 (C10), 142.70 (C13), 149.19 (C12), 155.90 (C5), 162.50 566 

(C8); GC-MS method 180, Rt = 8.04 min, m/z 295 [M+.] (100), 280 [M+.-OH] (2), 259 [M+ - 567 

Cl] (25), 217 [OHPhCHPhCl]+(36), 201 [OHPhCHPhCl+-OH] (9), 181 [OHPhCHPhCl+- 568 

Cl] (35), 167 [PhCHPy]+(14), 78 [Py]+ (7); IR (ATR) (cm-1) 3054 (νO-H), ν 3019 (νCsp2-569 

H), 2928 (νCsp3-H), 1615, 1592, 1510 (νC=C), 1235 (νC-O), 806 (δCsp2-H p-disubst), 570 

756 (δCsp2-H o-disubst),  624(νC-Cl); HPLC purity: 95%, (Hypersyl Si, n-571 

heptane/EtOAc 30/70, flow rate 0.80 mL/min, λmax = 263 nm, Rt = 3.01 min). 572 

4.1.3.5. 4-((4-fluorophenyl)(pyridin-2-yl)methyl)phenol (4e). Yield: 89 mg, 0.32 573 

mmol, yellow oil, 47%, (Method B). TLC CyHex/EtOAc 50/50, Rf = 0.44, DCM/MeOH 574 

90/10, Rf = 0.70; 1H NMR (DMSO d6, 400 mHz) (δ ppm) 5.58 (s, 1H, H1), 6.73 (d, 2H, 575 

Jortho = 8.5 Hz, H4, H6), 7.02 (d, 2H, Jortho = 8.5 Hz, H7, H3), 7.05-7.14 (m, 2H, H9, H11), 576 

7.17-7.27 (m, 4H, H14, H15, H17, H18), 7.70 (ddd, 1H, J10-9 = J10-11 = 7.8 Hz, J10-12 = 2 Hz, 577 

H10), 8.53 (dd, 1H, J12-11 = 4.8 Hz, J12-10 = 1.7 Hz, H12); 13C NMR (DMSO d6, 100 mHz) 578 

(δ ppm) 56.64 (C1), 114.81 (d, 2C, JC-F = 21 Hz, C15, C17), 115.24 (C4, C6), 121.68 (C11), 579 

123.59 (C9), 130.02 (C3, C7), 130.83 (d, 2C, JC-F = 8 Hz, C14, C18), 133.31 (C2), 136.85 580 

(C10), 139.70 (d, 1C, JC-F = 3 Hz, C13), 149.25 (C12), 155.95 (C5), 160.65 (d, 1C, JC-F = 581 

240 Hz, C16), 162.89 (C8); GC-MS method 180, Rt = 6.37 min, m/z 278 [M+.] (100), 261 582 

[M+.-OH] (30), 201 [OHPhCHPhF]+(42), 183 [OHPhCHPhCl+-F] (23), 78 [Py]+ (4); IR 583 

(ATR) (cm-1) 3056, 3005 (νCsp2-H), 1592, 1506 (νC=C), 1221 (νC-O), 811 (δCsp2-H p-584 

disubst), 757 (δCsp2-H o-disubst); HPLC purity: 100%, (Hypersyl Si, n-heptane/EtOAc 585 

30/70, flow rate 0.80 mL/min, λmax = 264 nm, Rt = 3.07 min). 586 

4.1.4. General procedure for the preparation of triarylmethane acetates  587 

To a solution of the corresponding compound (1 eq.) in acetic anhydride (110 eq.) was 588 

added an aqueous solution of sodium hydroxide 1 M (1.30 eq.) at 20 °C or 40 °C. The 589 

reaction progress was monitored by GC-MS and TLC (eluent CyHex/EtOAc 90/10). 590 

After stirring at room temperature, the reaction mixture was concentrated, and ethyl 591 

acetate was added. The solution was washed with water, an aqueous solution of 592 

NaHCO3 then with brine and water. Then the organic phases were dried over anhydrous 593 
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Na2SO4, filtered and concentrated. The expected compounds were isolated, and purity 594 

was checked by NMR. Yields: 5a (90%), 5b (96%), 5c (77%), 5d (76%), and 5e (78%). 595 

4.1.4.1. 4-((4-(tert-butyl)phenyl)(pyridin-2-yl)methyl)phenyl acetate (5a). The 596 

reaction was performed during 4 h at 20 °C then 15 h at 40 °C. Yield: 524 mg, 0.35 597 

mmol, brown oil, 90%. TLC CyHex/EtOAc 50/50, Rf = 0.73, DCM/MeOH 90/10, Rf = 598 

0.20; 1H NMR (DMSO d6, 400 mHz) (δ ppm) 1.25 (s, 9H, H19), 2.25 (s, 3H, H21), 5.65 (s, 599 

1H, H1), 7.04 (d, 2H, Jortho = 8.6 Hz, H4, H6), 7.17 (d, 2H, Jortho = 8.3 Hz, H14, H18), 7.23-600 

7.29 (m, 4H, H3, H7, H9, H11), 7.32 (d, 2H, Jortho = 8.4 Hz, H15, H17), 7.74 (ddd, 1H, J10-9 = 601 

J10-11 = 7.6 Hz, J10-12 = 2 Hz, H10), 8.51-8.56 (m, 1H, H12); 13C NMR (DMSO d6, 100 602 

mHz) (δ ppm) 20.79 (C21), 31.09 (C19), 34.06 (C20), 56.91 (C1), 121.48 (C4, C6), 121.65 603 

(C11), 123.58 (C9), 125.06 (C15, C17), 128.58 (C14, C18), 129.91 (C3, C7), 136.79 (C10), 604 

139.88 (C2), 140.61 (C13), 148.55 (C16), 148.77 (C5), 149.17 (C12), 162.33 (C8), 169.23 605 

(C22); GC-MS method 180, Rt = 9.38 min, m/z 359 [M+] (99), 344 [M+ - CH3] (11), 316 606 

[M+ - 2 CH3] (100) , 302  [M+ - C(CH3)3] (33), 239 [OHPhCHt-BuPh]+(35), 224 607 

[OHPhCHt-BuPh+ - CH3](14), 209 [OHPhCHt-BuPh+ - 2 CH3] (25), 193 [OHPhCHt-608 

BuPh+ - C(CH3)3] (9), 167 [PhCHPy]+(23); IR (ATR) (cm-1) 3053 (νCsp2-H), 2960, 2905, 609 

2868 (νCsp3-H), 1759 (νC=O), 1587, 1504, 1467 (νC=C), 1192 (νC-O), 749 (δCsp2-H 610 

p-disubst). 611 

4.1.4.2. 4-(pyridin-2-yl(p-tolyl)methyl)phenyl acetate (5b). The reaction was 612 

performed during 2 h 20 min at 20 °C. Yield: 542 mg, 1.51 mmol, brown oil, 96%. TLC 613 

CyHex/EtOAc 50/50, Rf = 0.74, DCM/MeOH 90/10, Rf = 0.80; 1H NMR (DMSO d6, 400 614 

mHz) (δ ppm) 2.25 (s, 3H, H20),  5.72 (s, 1H, H1), 7.06 (d, 2H, Jortho = 8.6 Hz, H4, H6), 615 

7.21 (d, 2H, J ortho = 8.4 Hz, H14, H18), 7.24-7.26 (m, 3H, H3, H7, H11), 7.31 (dd, 1H, J9-10 = 616 

8 Hz, J9-11 = 2 Hz, H9), 7.51 (d, 2H, Jortho = 8.4 Hz, H15, H17), 7.76 (ddd, 1H, J10-9 = J10-11 617 

= 7.6 Hz, J10-12 = 1.80 Hz, H10), 8.56 (ddd, 1H, J12-11 = 7.6 Hz, J12-10 = 2.7 Hz, J12-9 = 0.9 618 

Hz, H12); 13C NMR  (DMSO d6, 100 mHz) (δ ppm) 20.83 (C20), 56.40 (C1), 119.64 (C16), 619 

121.68 (C4, C6), 121.90 (C11), 123.76 (C9), 129.94 (C3, C7), 131.19 (C14, C18), 131.24 620 

(C15, C17), 137.02 (C10), 140.08 (C2), 142.39 (C13), 148.97 (C5), 149.35 (C12), 161.66 621 

(C8), 169.24 (C19); GC-MS method 180, m/z Rt = 9.46 min, 382 [M+] (61), 340 [M+ - 622 

COCH3] (100), 261 [M+ - Cl - COCH3] (38), 184 [OPhCH2Ph]+(46), 167 [PhCH2Ph]+(24); 623 
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IR (ATR) (cm-1) 3061, 3029, 3009 (νCsp2-H), 1754 (νC=O), 1585, 1504, 1487 (νC=C), 624 

1202 (νC-O), 763 (δCsp2-H p-disubst); HPLC purity: 98%, (Hypersyl Si, n-625 

heptane/EtOAc 30/70, flow rate 0.80 mL/min, λmax = 262 nm, Rt = 2.79 min). 626 

4.1.4.3. 4-((4-bromophenyl)(pyridin-2-yl)methyl)phenyl acetate (5c). The reaction 627 

was performed during 1 h at 20 °C. Yield: 344 mg, 0.90 mmol, brown oil, 77%. 628 

TLC CyHex/EtOAc 50/50, Rf = 0.82; 1H NMR (DMSO d6, 400 mHz) (δ ppm)  2.25 (s, 629 

3H, H20), 5.74 (s, 1H, H1), 7.07 (d, 2H, Jortho = 8.6 Hz, H4, H6), 7.24-7.29 (m, 5H, H3, H7, 630 

H11, H14, H18), 7.31 (dd, 1H, J9-10 = 7.8 Hz, J9-11 = 1.20 Hz,  H9), 7.38 (d, 2H, Jortho = 8.5 631 

Hz, H15, H17), 7.76 (dd, 1H, J10-11 = 7.8 Hz, J10-12 = 1.9 Hz, H10), 8.56 (ddd, 1H, J12-11 = 632 

7.5 Hz, J12-10 = 2.7 Hz, J12-9 = 0.9 Hz, H12); 13C NMR (DMSO d6, 100 mHz) (δ ppm) 633 

20.83 (C20), 56.36 (C1), 121.68 (C4, C6), 121.90 (C11), 123.75 (C9), 128.27 (C15, C17), 634 

129.94 (C3, C7), 130.85 (C14, C18), 131.11 (C16), 137.70 (C10), 140.16 (C2), 141.95 (C13), 635 

148.97 (C5), 149.35 (C12), 161.73 (C8), 169.24 (C19); GC-MS method 180, Rt = 8.67 min 636 

m/z 338 [M+] (54), 294 [M+ - COCH3] (100), 259 [M+ - Py] (17), 217 [OPhCH2PhCl]+ (28), 637 

202 [PyCH2PhCl]+(7), 184 [OPhCH2Ph]+(18), 167 [PhCH2Ph]+(13); IR (ATR) (cm-1) 638 

3055, 3007 (νCsp2-H), 2917 (νCsp3-H), 1754 (νC=O), 1585, 1505, 1466 (νC=C), 1202 639 

(νC-O), 817 (δCsp2-H o-disubst), 763 (δCsp2-H p-disubst); HPLC purity: 95%, 640 

(Hypersyl Si, n-heptane/EtOAc 30/70, flow rate 0.80 mL/min, λmax = 262 nm, Rt = 2.78 641 

min). 642 

4.1.4.4. 4-((4-chlorophenyl)(pyridin-2-yl)methyl)phenyl acetate (5d). The reaction 643 

was performed during 1 h at 20 °C. Yield: 349 mg, 1.03 mmol, orange oil, 76%. 644 

TLC CyHex/EtOAc 50/50, Rf = 0.74, CyHex/EtOAc 50/50, , Rf = 0.74; 1H NMR (DMSO 645 

d6, 400 mHz) (δ ppm) 2.25 (s, 3H, H20), 5.73 (s, 1H, H1), 7.05 (d, 2H, J4-6 = 8.6 Hz, H4, 646 

H6), 7.15 (dd, 2H, Jortho = JH-F = 8.9 Hz, H15, H17), 7.23-7.31 (m, 6H, H3, H7, H9, H11, H14, 647 

H18), 7.76 (ddd, 1H, J10-9 = J10-11 = 7.7 Hz, J10-12 = 1.9 Hz, H10), 8.55-8.57 (ddd, 1H, J12-9 648 

= 0.80Hz, J12-10 = 1.8 Hz, J11-12 = 4.8 Hz, H12); 13C NMR (DMSO d6, 100 mHz) (δ ppm) 649 

20.83 (C20), 56.28 (C1), 115.04 (d, 2C, JC-F = 20.90 Hz, C15, C17), 121.63 (C4, C6), 650 

121.84 (C11), 123.69 (C9), 129.90 (C3, C7), 130.82 (d, 2C, JC-F = 7,9 Hz, C14, C18), 651 

136.98 (C10), 139.09 (d, 2C, JC-F = 3.20 Hz, C13), 140.49 (C2), 148.91 (C5), 149.33 (C12), 652 
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160.82 (d, 1C, JC-F = 239.60 Hz, C16), 169.25 (C8), 172.06 (C19); GC-MS method 180, Rt 653 

= 7.18 min, m/z, 321 [M+] (6), 278 [M+ - CH3CO] (100),183) [PyCHPhO]+(15); IR (ATR) 654 

(cm-1) 3051, 3006 (νCsp2-H), 2927 (νCsp3-H), 1754 (νC=O), 1571, 1588, 1503 (νC=C), 655 

1192 (νC-O), 1160 (νC-F), 819 (δCsp2-H o-disubst), 750 (δCsp2-H p-disubst); HPLC 656 

purity: 97%, (Hypersyl Si, n-heptane/EtOAc 30/70, flow rate 0.80 mL/min, λmax = 262 657 

nm, Rt = 2.84 min). 658 

4.1.4.5. 4-((4-fluorophenyl)(pyridin-2-yl)methyl)phenyl acetate (5e). The reaction 659 

was performed during 3 h at 40 °C. Yield: 470 mg, 1.46 mmol, brown oil, 78%. TLC 660 

CyHex/EtOAc 50/50, Rf = 0.60; 1H NMR (DMSO d6, 400 mHz) (δ ppm) 2.25 (s, 3H, 661 

H20), 5.73 (s, 1H, H1), 7.05 (d, 2H, J4-6 = 8.6 Hz, H4, H6), 7.15 (dd, 2H, Jortho = JH-F = 8.9 662 

Hz, H15, H17), 7.23-7.31 (m, 6H, H3, H7, H9, H11, H14, H18), 7.76 (ddd, 1H, J10-9 = J10-11 = 663 

7.7 Hz, J10-12 = 1.9 Hz, H10), 8.55-8.57 (ddd, 1H, J12-9 = 0.80Hz, J12-10 = 1.8 Hz, J11-12 = 664 

4.8 Hz, H12); 13C NMR (DMSO d6, 100 mHz) (δ ppm) 20.83 (C20), 56.28 (C1), 115.04 (d, 665 

2C, JC-F = 20.90 Hz, C15, C17), 121.63 (C4, C6), 121.84 (C11), 123.69 (C9), 129.90 (C3, 666 

C7), 130.82 (d, 2C, JC-F = 7,9 Hz, C14, C18), 136.98 (C10), 139.09 (d, 2C, JC-F = 3.20 Hz, 667 

C13), 140.49 (C2), 148.91 (C5), 149.33 (C12), 160.82 (d, 1C, JC-F = 239.60 Hz, C16), 668 

169.25 (C8), 172.06 (C19); GC-MS method 180, Rt = 7.18 min, m/z, 321 [M+] (6), 278 [M+ 669 

- CH3CO] (100),183) [PyCHPhO]+(15); IR (ATR) (cm-1) 3051, 3006 (νCsp2-H), 2927 670 

(νCsp3-H), 1754 (νC=O), 1571, 1588, 1503 (νC=C), 1192 (νC-O), 1160 (νC-F), 819 671 

(δCsp2-H o-disubst), 750 (δCsp2-H p-disubst); HPLC purity: 97%, (Hypersyl Si, n-672 

heptane/EtOAc 30/70, flow rate 0.80 mL/min, λmax = 262 nm, Rt = 2.84 min). 673 

4.1.5. General procedure for the preparation of triarylmethane acetate N-oxides 674 

To a solution of the corresponding triarylmethane acetate (1 eq.) in anhydrous 675 

dichloromethane (0.22 M), was added in one portion m-chloroperbenzoic acid (3 eq.). 676 

The suspension was stirred at room temperature. The reaction medium became a clear 677 

solution and then pale yellow milky one. The reaction progress was monitored by GC-678 

MS and TLC (eluent CyHex/EtOAc 60/40). At the end of the reaction, the reaction 679 

mixture was neutralized by a 40% aqueous solution of KOH (pH 7-8) then diluted with 680 

distilled water and extracted with dichloromethane four times. The combined organic 681 
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phases were dried over anhydrous Na2SO4, filtered and concentrated. The crude 682 

product was purified by FCC on silica gel (eluent DCM/MeOH 97/3) to afford the 683 

corresponding N-oxides: Yields: 6a (43%), 6b (88%), 6c (66%), 6d (38%), and 6e 684 

(80%). 685 

4.1.5.1. 2-((4-acetoxyphenyl)(4-(tert-butyl)phenyl)methyl)pyridine 1-oxide (6a). The 686 

reaction was performed during 2 h at 20 °C. Yield: 45 mg, 0.12 mmol, light yellow oil, 687 

43%. TLC DCM/MeOH 97/3, Rf = 0.20; 1H NMR (DMSO d6, 400 mHz) (δ ppm) 1.27 (s, 688 

9H, H20), 2.26 (s, 3H, H22), 6.13 (s, 1H, H1), 6.98-7.02 (m, 3H, H11, H14, H18), 7.07-7.12 689 

(m, 4H, H3, H4, H6, H7), 7.29-7.38 (m, 4H, H9, H10, H15, H17), 8.27 (dd, 1H, J12-11 = 690 

5.4 Hz, J12-9 = 0.8 Hz, H12); 13C NMR (DMSO d6, 100 mHz) (δ ppm) 20.84 (C22), 31.12 691 

(C19), 34.17 (C20), 48.71 (C1), 121.87 (C4, C6), 124.63 (C9,C10), 125.42 (C15,C17), 126.51 692 

(C11), 128.66 (C14, C18), 129.86 (C3, C7), 137.43 (C2), 138.11 (C13), 139.20 (C12), 149.13 693 

(C8, C16), 152.55 (C5), 169.19 (C21); IR (ATR) (cm-1) 3054 (νCsp2-H), 2962, 2954 694 

(νCsp3-H), 1759 (νC=O), 1506, 1486, 1431 (νC=C), 1250 (νN-O), 1183 (νC-O), 852 695 

(δCsp2-H o-disubst), 762 (δCsp2-H p-disubst); HPLC purity: 99%, (Hypersil ODS C18, 696 

MeOH/H2O 90/10, flow rate 0.80 mL/min, λmax = 264 nm, Rt= 2.47 min). 697 

4.1.5.2. 2-((4-acetoxyphenyl)(p-tolyl)methyl)pyridine 1-oxide (6b). The reaction was 698 

performed during 2 h at 20 °C. Yield: 92 mg, 0.28 mmol, white solid, 88%. Mp = 164-699 

166 °C. TLC DCM/MeOH 97/3, Rf = 0.30; 1H NMR (DMSO d6, 400 mHz) (δ ppm)  2.26 700 

(s, 3H, H21), 2.29 (s, 3H, H19), 6.12 (s, 1H, H1), 6.96-6.98 (m, 3H, H11, H14, H18), 7.08 (s, 701 

4H, H3, H4, H6, H7), 7.15 (d, 2H, Jortho = 7.8 Hz, H15, H17), 7.29 (ddd, 1H, J10-9 = 7.7 Hz, 702 

J10-11 = 7.8 Hz, J10-12 = 1.30Hz, H10), 7.35 (ddd, 1H, J9-10 = 7 Hz, J9-11 = 6.4, J9-12 = 2.2 703 

Hz, H9), 8.27 (dd, 1H, J12-10 = 6.4 Hz, J12-9 = 1.04 Hz, H12); 13C NMR (DMSO d6, 100 704 

mHz) (δ ppm) 20.61 (C21), 20.86 (C19), 48.80 (C1), 121.87 (C4, C6), 124.65 (C9, C10), 705 

126.55 (C11), 128.90 (C14,C18), 129.24 (C3, C7), 129.85 (C15, C17), 136.05 (C16), 137.47 706 

(C2), 138.16 (C13), 139.21 (C12), 149.15 (C8), 152.59 (C5), 169.21 (C20); LRMS (ESI, 707 

CV=30) 356 [M+23]+ (100), 357 [M+H+23]+ (15), 689 [2M+23]+ (12); IR (ATR) (cm-1) 708 

3071, 3049 (νCsp2-H), 2921 (νCsp3-H), 1756 (νC=O), 1607, 1501, 1488 (νC=C), 1250 709 

(νN-O), 1202 (νC-O), 838 (δCsp2-H o-disubst), 769 (δCsp2-H p-disubst); HPLC purity: 710 



32 

 

97%, (Hypersil ODS C18, MeOH/H2O 90/10, flow rate 0.80 mL/min, λmax = 263 nm, Rt 711 

= 2.38 min). 712 

4.1.5.3. 2-((4-acetoxyphenyl)(4-bromophenyl)methyl)pyridine 1-oxide (6c). The 713 

reaction was performed during 2 h 30 min at 20 °C. After purification by FCC, the 714 

product was solubilized in dichloromethane and then washed three times with 715 

NaHCO3/Na2CO3 aqueous solution (1:1) to remove the m-chloroperbenzoic acid 716 

residue. Yield: 78 mg, 0.20 mmol, yellow oil, 66%. TLC DCM/MeOH 97/3, Rf = 0.36; 1H 717 

NMR (DMSO d6, 400 mHz) (δ ppm) 2.27 (s, 3H, H20),  6.14 (s, 1H, H1), 7.10 (dd, 1H, J9-718 

10 = 7.8 Hz, J9-11 = 2.1 Hz, H9), 7.06 (d, 2H, Jortho = 8.4 Hz, H14, H18), 7.11 (s, 4H, H3, H4, 719 

H6, H7), 7.31 (ddd, 1H, J10-9 = 7.8 Hz, J10-11 = 7.7 Hz, J10-12 = 1.3 Hz, H10), 7.38 (ddd, 1H, 720 

J11-10 = 7.7 Hz, J11-12 = 7.4 Hz, J11-9 = 2.1 Hz, H11), 7.54 (d, 2H, Jortho = 8.5 Hz, H14, H18), 721 

8.30 (ddd, 1H, J12-11 = 7.4 Hz, J12-10 = 2.8 Hz, J12-9 = 1 Hz, H12); 13C NMR  (DMSO d6, 722 

100 mHz) (δ ppm) 20.85 (C20), 48.74 (C1), 120.07 (C16), 122.02 (C4, C6), 124.81(C11), 723 

124.88 (C10), 126.55 (C9), 129.99 (C3, C7), 131.10 (C14, C18), 131.52 (C15, C17), 137.45 724 

(C2), 139.26 (C12), 139.92 (C13), 149.34 (C8), 151.91 (C5), 169.17 (C19); LRMS (ESI, 725 

CV=30) 420 [M+23]+ (100), 689 [2M+23]+ (12); IR (ATR) (cm-1) 3083 (νCsp2-H), 1754 726 

(νC=O), 1505, 1484, 1428 (νC=C), 1248 (νN-O), 1201 (νC-O), 850 (δCsp2-H o-disubst), 727 

771 (δCsp2-H p-disubst); HPLC purity: 96%, (Hypersil ODS C18, MeOH/H2O 90/1, flow 728 

rate 0,8 mL/min, λmax = 264 nm, Rt = 2.42 min). 729 

4.1.5.4. 2-((4-acetoxyphenyl)(4-chlorophenyl)methyl)pyridine 1-oxide (6d). The 730 

reaction was performed during 2 h 30 min at 20 °C. After purification by FCC, the 731 

product was solubilized in dichloromethane and then washed three times with 732 

NaHCO3/Na2CO3 aqueous solution (1:1) to remove the m-chloroperbenzoic acid 733 

residue. Yield: 40 mg, 0.11 mmol, yellow oil, 38%. TLC DCM/MeOH 97/3, Rf = 0.38; 1H 734 

NMR (DMSO d6, 400 mHz) (δ ppm)  2.27 (s, 3H, H20),  6.15 (s, 1H, H1), 6.97 (dd, 1H, J9-735 

10= 7.8 Hz, J9-11= 2.1 Hz, H9), 7.11 (d, 2H, Jortho = 8.4 Hz, H14, H18), 7.11 (s, 4H, H3, H4, 736 

H6, H7), 7.32 (ddd, 1H, J10-9 = 7.8 Hz, J10-11 = 7.7 Hz, J10-12 = 1.3 Hz, H10), 7.36 - 7.42 737 

(m, 1H, H11), 7.31 (d, 2H, Jortho = 8.5 Hz, H14, H18), 8.29 (ddd, 1H, J12-11 = 7.3 Hz, J12-10 = 738 

2.8 Hz, J12-9 = 1 Hz, H12); 13C NMR (DMSO d6, 100 mHz) (δ ppm) 20.84 (C20), 48.67 739 
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(C1), 122.02 (C4, C6), 124.81 (C11), 124.87 (C10), 126.55 (C9), 128.60 (C15, C17), 129.99 740 

(C3, C7), 130.74 (C14, C18), 131.54 (C16), 137.52 (C2), 139.27 (C12), 139.49 (C13), 149.34 741 

(C8), 151.98 (C5), 169.17 (C19); IR (ATR) (cm-1) 3080, 3050 (νCsp2-H), 1755(νC=O), 742 

1506, 1487, 1430 (νC=C), 1251 (νN-O), 1200 (νC-O), 857 (δCsp2-H o-disubst), 765 743 

(δCsp2-H p-disubst); HPLC purity: 96%, (Hypersil ODS C18, MeOH/H2O 90/10, flow 744 

rate 0.80 mL/min, λmax = 264 nm, Rt = 2.38 min). 745 

4.1.5.5. 2-((4-acetoxyphenyl)(4-fluorophenyl)methyl)pyridine 1-oxide (6e). The 746 

reaction was performed during 4 h 30 min at 20 °C. Yield: 220 mg, 0.65 mmol, yellow 747 

solid, 80%. Mp = 226-224 °C. TLC DCM/MeOH 97/3, Rf = 0.20; 1H NMR (DMSO d6, 748 

400 mHz) (δ ppm) 2.26 (s, 3H, H20), 6.17 (s, 1H, H1), 6.98 (dd, 1H, J9-11 = 2 Hz, J9-10 = 749 

7.8 Hz, H9), 7.10 (s, 4H, H4,  H6, H15, H17), 7.12-7.20 (m, 4H, H3, H7, H14, H18), 7.31 750 

(ddd, 1H, J10-9 = J10-11 = 7.7 Hz, J10-12 = 1.2 Hz, H10), 7.37 (ddd, 1H, J11-10 = J11-12 = 7.7 751 

Hz, J11-9 = 2.1 Hz, H11), 8.28 (dd, 1H, J12-11 = 6.4 Hz, J12-9 = 1.0 Hz, H12); 13C NMR 752 

(DMSO d6, 100 mHz) (δ ppm) 20.85 (C20), 48.49 (C1), 115.42 (d, 2C, JC-F = 20.60 Hz, 753 

C15, C17), 121.98 (C4, C6), 124.79 (C10, C11), 126.53 (C9), 129.90 (C3, C7), 130.85 (d, 2C, 754 

JC-F = 8.30 Hz, C14, C18), 136.59 (d,1C, JC-F = 2.40 Hz, C13), 137.86 (C2), 139.26 (C12), 755 

149.28 (C5), 152.29 (C8), 161.08 (d, 1C, JC-F = 241.90 Hz, C16), 169.19 (C19); LRMS 756 

(ESI, CV=30) 360 (100) [M+23]+, 361 360 (100) [M+H+23]+; IR (ATR) (cm-1) 3066 757 

(νCsp2-H), ν 2922 (νCsp3-H), 1753 (νC=O), 1603, 1504, 1427 (νC=C), 1275 (νN-O), 758 

1193 (νC-O), 1160 (νC-F), 843 (δCsp2-H o-disubst), 765 (δCsp2-H p-disubst); HPLC 759 

purity: 97%, (Hypersil ODS C18, MeOH/H2O 90/10, flow rate 0.80 mL/min, λmax = 264 760 

nm, Rt = 2.25 min). 761 

4.1.6. General procedure for the preparation of o,p-triarylmethanes 762 

To a solution of the corresponding carbinol (1 eq.) and phenol (1.2 eq.) in nitrobenzene 763 

(0.40 M) was added dropwise concentrated sulfuric acid (20 eq.) at 0 °C. The reaction 764 

progress was monitored by GC-MS and TLC (eluent DCM/MeOH 90/10). After 5 min at 765 

80 °C the reaction was cooled to room temperature and neutralized with a saturated 766 

solution of NaHCO3 (pH 7-8), then extracted with ethyl acetate three times. The 767 

combined organic phases were dried over anhydrous Na2SO4, filtered and 768 
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concentrated. The crude residue was purified by FCC on silica gel (eluent gradient 769 

DCM, DCM/MeOH 95/5, DCM/MeOH 90/10) to afford the corresponding o,p-770 

triarylmethane: Yields: 7a (98%), 7b (45%), 7c (23%), 7d (80%), and 7e (64%). 771 

4.1.6.1. 2-((4-(tert-butyl)phenyl)(pyridin-2-yl)methyl)phenol (7a). Yield: 134 mg, 0.42 772 

mmol, beige solid, 98%, Mp = 202-204 °C. TLC  DCM/MeOH 90/10, Rf = 0.16; 1H 773 

NMR (DMSO d6, 400 mHz) (δ ppm) 1.25 (s, 9H, H19), 5.54 (s, 1H, H1), 6.71 (d, 1H, Jortho 774 

= 8.4 Hz, H6), 7.07 (dd, 1H, J4-6 = 2.3 Hz, Jortho = 8.50 Hz, H4), 7.13 (d, 2H, Jortho = 8.2 775 

Hz, H14, H18), 7.20-7.27 (m, 2H, H9, H11), 7.29-7.36 (m, 4H, H15, H17, H5, H3), 7.74 (ddd, 776 

1H, J10-9 = J10-11 = 7.7 Hz, J10-12 = 2 Hz, H10), 8.54 (ddd, 1H, J12-11 = 4.7 Hz, J12-10 = 1,8 777 

Hz, J12-9 = 0.9 Hz, H12), 10.38 (s, 1H, OH); 13C NMR (DMSO d6, 100 mHz) (δ ppm) 778 

31.13 (C19), 34.05 (C20), 56.84 (C1), 116.17 (C6), 121.50 (C11), 123.42 (C9), 124.97 (C15, 779 

C17), 127.24 (C3, C5), 128.58 (C14, C18), 130.37 (C2), 131.42 (C4), 136.68 (C10), 140.19 780 

(C13), 148.34 (C16), 149.11 (C12), 151.73 (C7), 162.77 (C8); LRMS (ESI, CV=30) 318.18 781 

(50) [M+H]+; IR (ATR) (cm-1) 3454 (νO-H), 3057 (νCsp2-H), ν 2959, 2904 (νCsp3-H), 782 

1489, 1592, 1473 (νC=C), 1168 (νC-O). 783 

4.1.6.2. 2-(pyridin-2-yl(p-tolyl)methyl)phenol (7b). Yield: 53 mg, 0.21 mmol, beige 784 

solid, 45%, Mp = 210-212 °C. TLC DCM/MeOH 90/10, Rf = 0.20, DCM/MeOH 90/10, Rf 785 

= 0.10-0.20; 1H NMR (DMSO d6, 400 mHz) (δ ppm)  2.26 (s, 3H, H19), 5.54 (s, 1H, H1), 786 

6.70 (d, 1H, Jortho = 8.4 Hz, H6), 7.03 (dd, 1H, J4-3 = J4-5 = 8.5 Hz, J4-6 = 2.3 Hz, H4), 787 

7.05-7.13 (m, 5H, H14, H15, H18, H17, H3), 7.19-7.25 (m, 2H, H5, H11), 7.29 (d, 1H, J9-10 = 788 

2.3 Hz, H9), 7.73 (ddd, 1H, J10-9 = J10-11 = 7.7 Hz, J10-12 = 1.9 Hz, H10), 8.53 (ddd, 1H, 789 

J12-11 = 7.5 Hz, J12-10 = 4.8 Hz, J12-9 = 0.9 Hz, H12), 10.38 (s, 1H, OH); 13C NMR (DMSO 790 

d6, 100 mHz) (δ ppm) 20.61 (C19), 56.91 (C1), 116.28 (C6), 121.54 (C9), 123.46 (C5), 791 

127.30 (C3), 128.83 (C2), 128.89 (C14, C15, C17, C18, C11), 130.40 (C16), 131.51 (C4), 792 

135.22 (C13), 136.71 (C10), 140.27 (C7), 149.16 (C12), 162.87 (C8); LRMS (ESI, CV=30) 793 

298 (100) [M+23]+; IR (ATR)  (cm-1) 3418 (νO-H), ν 3052, 3007 (νCsp2-H), 2922 794 

(νCsp3-H), 1590, 1509, 1474 (νC=C), 1166 (νC-O), 830 (δCsp2-H p-disubst). 795 

4.1.6.3. 2-((4-bromophenyl)(pyridin-2-yl)methyl)phenol (7c). Yield: 31 mg, 0.09 796 

mmol, orange oil, 23%. TLC DCM/MeOH 90/10, Rf = 0.10; 1H NMR (DMSO d6, 400 797 
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mHz) (δ ppm) 5.61 (s, 1H, H1), 6.73 (d, 1H, Jortho = 8.4 Hz, H6), 7.06 (ddd, 1H, J4-5 = J4-3 798 

= 8,4 Hz, J4-6 = 2.4 Hz, H4), 7.14-7.20 (m, 3H, H14, H18, H5), 7.22-7.29 (m, 2H, H9, H11), 799 

7.32 (d, 1H, J3-5 = 2.30 Hz, H3), 7.49 (d, 2H, Jortho = 8.5 Hz, H15, H17),  7.75 (ddd, 1H, J10-800 

9 = J10-11 = 7.7 Hz, J10-12 = 1.9 Hz, H10), 8.54 (ddd, 1H, J12-11 = 4.8 Hz, J12-10 = 1.8 Hz, 801 

J12-9 = 0.9 Hz, H12), 10.40 (s, 1H, OH); 13C NMR (DMSO d6, 100 mHz) (δ ppm) 56.26 802 

(C1), 116.40 (C6), 119.44 (C16), 121.77 (C11), 123.64 (C9), 127.33 (C3, C5), 130.53 (C2), 803 

131 (C15, C17), 131.08 (C14, C18), 131.24 (C4), 136.93 (C10), 142.77 (C13), 149.22 (C12), 804 

151.94 (C7), 162.07 (C8); IR (ATR) (cm-1) 3403 (νO-H), ν 3068, 2926 (νCsp2-H), 2922 805 

(νCsp3-H), 1590, 1486 (νC=C), 1164 (νC-O). 806 

4.1.6.4. 2-((4-chlorophenyl)(pyridin-2-yl)methyl)phenol (7d). Yield: 106 mg, 0.36 807 

mmol, beige solid, 80%, Mp = 200-202 °C. TLC  DCM/MeOH 90/10, Rf = 0.21; 1H 808 

NMR (DMSO d6, 400 mHz) (δ ppm) 5.65 (s, 1H, H1), 6.73 (d, 1H, Jortho = 8.4 Hz, H6), 809 

7.06 (dd, 1H, Jortho = 8.6 Hz, J4-6 = 2.5 Hz, H4), 7.23 (d, 2H, Jortho = 8.4 Hz, H14, H18), 810 

7.26-7.32 (m, 4H, H9, H11, H3, H5), 7.37 (d, 2H, Jortho = 8.5 Hz, H15, H17), 7.80 (ddd, 1H, 811 

J10-9 = J10-11 = 7.7 Hz, J10-12 = 1.8 Hz, H10), 8.57 (dd, 1H, J12-11 = 5.5 Hz, J12-10 = 1.8 Hz, 812 

H12), 10.41 (s, 1H, OH); 13C NMR (DMSO d6, 100 mHz) (δ ppm) 56 (C1), 116.46 (C6), 813 

121.98 (C11), 123.83 (C9), 127.37 (C3, C5), 128.22 (C15, C17), 130.56 (C2), 130.86 (C14, 814 

C18), 131.47 (C4), 132.55 (C16), 137.47 (C10), 142.13 (C13), 148.96 (C12), 152 (C7), 815 

161.85 (C8); IR (ATR) (cm-1) 3422 (νO-H), 3064 (νCsp2-H), 2957 (νCsp3-H), 1591, 816 

1488, 1450 (νC=C), 1163 (νC-O), 818 (δCsp2-H p-disubst), 623 (νC-Cl). 817 

4.1.6.5. 2-((4-fluorophenyl)(pyridin-2-yl)methyl)phenol (7e). Yield: 78 mg, 0.28 818 

mmol, light yellow solid, 64%, Mp = 222-224 °C.  TLC  DCM/MeOH 90/10, Rf = 0.39; 1H 819 

NMR (DMSO d6, 400 mHz) (δ ppm) 5.62 (s, 1H, H1), 6.71 (d, 1H, Jortho = 8.5 Hz, H6), 820 

7.06 (dd, 1H, J3-4 = J4-5 = 8.5 Hz, J4-6 = 2.2 Hz, H4), 7.09-7.16 (m, 2H, H14, H18), 7.22-821 

7.28 (m, 4H, H9, H11, H15, H17), 7.31 (d, 2H, Jortho = 2.1 Hz, H3, H5), 7.75 (ddd, 1H, J10-9 = 822 

J10-11 = 7.7 Hz, J10-12 = 1.9 Hz, H10), 8.54 (dd, 1H, J12-11 = 4.8 Hz, J12-10 = 1.9 Hz, H12); 823 
13C NMR (DMSO d6, 100 mHz) (δ ppm) 56.18 (C1), 114.83 (C15, C17), 115.04 (C6), 824 

121.70 (C11), 123.57 (C5, C3), 127.30 (C9), 130.52 (C2), 130.83 (C14, C18), 131.43 (C4), 825 

136.88 (C10), 139.47 (C13), 149.27 (C12), 157.33 (C7), 159.54 (C16), 162.46 (C8); IR 826 



36 

 

(ATR) (cm-1) 3424 (νO-H), 3064 (νCsp2-H), 1595, 1506, 1432 (νC=C), 1156 (νC-O), 827 

809 (δCsp2-H p-disubst), 750 (δCsp2-H o-disubst). 828 

4.1.7. Preparation of benzotriazole-triarylmethanes  829 

A mixture of benzotriazole (5 mmol, 1 eq.), (4-methoxyphenyl)(pyridin-2-yl)methanol 9 830 

(4.6 mmol, 1 eq.) and p-toluenesulfonic acid monohydrate (13 mmol, 2.8 eq.) was 831 

stirred and refluxed overnight in perfluorooctane (20 mL, bp 104°C) under argon. The 832 

perfluorocarbon fluid was removed on cooling. A solution of methanol saturated with 833 

KOH (20 mL) was added to the remaining solid and sonication was applied until 834 

solubilization was complete. Methanol was removed under vacuum and water (20 mL) 835 

was added. The mixture was extracted with ethyl acetate four times. The combined 836 

organic phases were dried over Na2SO4, filtered and concentrated. The crude product 837 

was purified by FCC on silica gel (eluent CyHex/ EtOAc, 60/40) and afforded the 838 

desired compound 10 as a beige solid. The regioisomer 2-((4-methoxyphenyl)(pyridin-2-839 

yl)methyl)-2,3-dihydro-1H-benzo[d][1,2,3]triazole 10a was also isolated and 840 

characterized (see SI-1). 841 

4.1.7.1. 1-((4-methoxyphenyl)(pyridin-2-yl)methyl)-1H-benzo[d][1,2,3] triazole (10). 842 

Yield: 730 mg (50%). Mp = 170-172 °C. TLC CyHex/EtOAc 60/40, Rf = 0.20; 1H NMR 843 

(DMSO d6, 400 mHz) (δ ppm) 3.78 (s, 3H, CH3), 7.00 (d, 2H, Jortho = 8.8 Hz, H4, H6), 844 

7.32-7.38 (m, 3H, H3, H7, H9), 7.39 (ddd, 1H, J11-10 = 7.6 Hz, J11-12 = 4.5 Hz, J11-9  = 0.9 845 

Hz, H11), 7.42 (m, 1H, HBt3), 7.50 (ddd, 1H, JBt2-Bt1 = 8.3 Hz, JBt2-Bt3 = 6.9Hz, JBt2-Bt4 = 1 846 

Hz, HBt2), 7.61 (dt, 1H, JBt4-Bt3 = 8.4 Hz, HBt4), 7.69 (s, 1H, H1), 7.88 (ddd, 1H, J10-9 = 7.8 847 

Hz, J10-11 = 7.7 Hz, J10-12 = 1.8 Hz, H10), 8.09 (dd, 1H, JBt1-Bt2 = JBt4-Bt3 = 8.3 Hz, JBt1-Bt3 = 848 

JBt4-Bt2 = 1.8 Hz, HBt1), 8.56 (ddd, 1H, J12-11 = 4.8 Hz, J12-10 = 1.8 Hz, J12-9 = 0.8 Hz, H12); 849 
13C NMR (DMSO d6, 100 mHz) (δ ppm) 55.12 (C13), 66.10 (C1), 111.23 (C Bt4), 114.02 850 

(C6, C4), 119.20 (C Bt1), 122.71 (C11), 123.19 (C9), 123.97 (CBt2), 127.30 (C Bt3), 129.12 851 

(C Bt5), 130.15 (C7 and C3), 133.08 (C2), 137.30 (C10), 145.23 (C Bt6), 149.37 (C12), 852 

157.44 (C5), 159.14 (C8); IR (ATR) (cm-1) 3054, 3005 (νCsp2-H), 2933, 2905 (νCsp3-H), 853 

2837 (νOMe), 1609, 1587, 1510, 1463 (νC=C), 1243 (νC - O); GC-MS method 200, Rt = 854 

8.83 min m/z: 316 [M]+(5), 198 [PyCHPhOCH3]+(100), 79 [PyH]+(10); HPLC: purity: 855 
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95%, (Hypersil 250, 5 μm, A165, Isooctane/EtOAc 70/30, flow rate 1.20 mL/min, λmax = 856 

260 nm, Rt = 12.3 min). 857 

4.1.7.2. 4-((1H-benzo[d][1,2,3]triazol-1-yl)(pyridin-2-yl)methyl)phenyl acetate (12). 858 

To a previously synthesized solution of 4-((1H-benzo[d][1,2,3]triazol-1-yl)(pyridin-2-859 

yl)methyl)phenol 11 (0.19 mmol, 1 eq.) (see SI-1) in acetic anhydride (40 mmol, 210 860 

eq.) at 0 °C was slowly added a solution of NaOH 1 M (0.6 mmol, 3.1 eq.). The mixture 861 

was stirred for 24 h at room temperature, concentrated under vacuum and water was 862 

added (10 mL). The mixture was extracted with ethyl acetate three times then the 863 

organic phases were neutralized with saturated NaHCO3 solution (pH ≈ 8), washed with 864 

brine and then dried over Na2SO4. The product was purified by FCC (eluent 865 

DCM/MeOH, 95/5) to afford 12 as a white solid.  866 

Yield: 33.6 mg (52%). Mp = 172-174 °C. TLC DCM/MeOH 95/5, Rf = 0.2;  1H NMR 867 

(DMSO d6, 400 mHz) (δ ppm) 2.26 (s, 3H, CH3), 7.17 (d, 2H, Jortho = 8.6 Hz, H4, H6), 868 

7.31 (d, 1H, J11-10 = 7.7 Hz, H9), 7.36 (ddd, 1H, J11-10 = 4.8, J11-12 = 4.7 Hz, J11-9 = 1.1 Hz, 869 

H11), 7.39-7.42 (m, 1H, HBt2), 7.43 (d, 2H, Jortho = 8.6 Hz, H3, H7 ), 7.47-7.51 (m, 1H, 870 

HBt3), 7.64 (dt, 1H, JBt4-Bt3 = 8.4 Hz, HBt4), 7.75 (s, 1H, H1), 7.86 (ddd, 1H, J10-9 = 7.7 Hz, 871 

J10-11 = 7.7 Hz, J10-12 = 1.8 Hz, H10), 8.09 (dd, 1H, JBt1-Bt2 = JBt4-Bt3 = 8.3 Hz, JBt1-Bt3 = JBt4-872 

Bt2 = 1.6 Hz, HBt1), 8.56 (ddd, 1H, J12-11 = 4.8 Hz, J12-10 = 1.8 Hz, J12-9 = 0.85 Hz, H12); 873 

13C NMR (DMSO d6, 100 mHz) (δ ppm) 20.80 (CH3), 65.85 (C1), 111.10 (C Bt4), 122.06 874 

(C6, C4), 119.20 (C Bt1), 122.84 (C9), 123.37 (C11), 124.12 (CBt2), 127.18 (C Bt3), 130.02 875 

(C7 and C3), 133.09 (C2), 134.72 (C Bt5), 137.44 (C10), 145.21 (C Bt6), 149.46 (C12), 876 

150.31 (C5), 157.00 (C8), 169.09 (C=O); IR (ATR) (cm-1) 3054, 3005 (νCsp2-H), 2923, 877 

2904 (νCsp3 - H), 1750 (νC-O), 1610, 1588, 1509 (νC=C), 1245 (νC - O), 835 (δCsp2-H 878 

p-disubst), 772 (δCsp2-H o-disubst); GC-MS: method 200, Rt = 9.92 min m/z: 344 879 

[M]+(12), 226 [M-Bt]+ (25), 184 [PyCHNH-Ph]+(100); HRMS: calcd. for C20H16N4O2 880 

[M+Na]+ (367.1165), found (367.1165). 881 

4.1.8. Preparation of naphthol triarylmethanes  882 

4.1.8.1. 1-((4-methoxyphenyl)(pyridin-2-yl)methyl)naphthalen-2-ol (14).  883 
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2-Naphtol 13 (2.70 mmol, 1.2 eq.) was mixed with (4-methoxyphenyl)(pyridin-2-884 

yl)methanol (2.30 mmol 1.5 eq.) in dichloroethane (2.5 mL) and sulfamic acid (3.45 885 

mmol, 1.5 eq.) under argon. The mixture was heated at 85 °C for 20 h. After reaction 886 

completion, the reaction mixture was cooled at room temperature, neutralized with a 887 

saturated solution of NaHCO3 (pH ≈ 8) and extracted with dichloromethane three times. 888 

The organic layers were dried over MgSO4, filtered and concentrated under vacuum. 889 

The product was purified by FCC on silica gel (DCM 100%) to afford 14 as a whitish 890 

solid.  891 

Yield: 38.5 mg (49%). Mp = 158-160 °C. TLC CyHex/EtOAc 60/40, Rf 0.2;  1H NMR 892 

(DMSO d6, 400 mHz) (δ ppm) δ 3.67 (s, 3H, CH3), 6.48 (s, 1H, H1), 6.79 (d, 2H, Jortho = 893 

8.7 Hz, H4, H6), 7.43 (d, 2H, Jortho = 8.7 Hz, H3, H7), 7.15 (d, 1H, JN3-N4 = 8.8 Hz, HN3), 894 

7.25 (ddd, 1H, JN7-N6 = 7.9 Hz, JN7-N8 = 6.8 Hz, JN7-N9 = 0.85 Hz, HN7), 7.29 (ddd, 1H, J11-895 

10 = 7.5, J11-12 = 4.9 Hz, J11-9 = 1.1 Hz, H11), 7.36 (ddd, 1H, JN8-N9 = 8.5, JN9-N8 = 7.9 Hz, 896 

JN8-N6 = 1.3 Hz, HN8), 7.51 (d, 1H, J9-10 = 7.9 Hz, H9), 7.74 (d, 1H, JN3-N4 = 7.9 Hz, NN4), 897 

7.80 (d, 1H, JN6-N7 = 7.9 Hz, HN6), 7.78-7.83 (m, 1H, H10), 8.18  (d, 1H, JN9-N8= 7.9 Hz, 898 

HN9), 8.52 (ddd, 1H, J12-11 = 4.9 Hz, J12-10 = 1.8 Hz, J12-9 = 0.7 Hz, H12), 11.13 ( s, 1H, 899 

OH); 13C NMR (DMSO d6, 100 mHz) (δ ppm) 48.08 (C1), 54.92 (CH3), 113.39 (C6, C4), 900 

119.91 (CN3), 120.34 (CN1), 121.89 (CN9), 122.27 (C9), 123.20 (CN7), 124.07 (C11), 901 

126.16 (CN8), 128.50 (CN6), 128.57 (CN5), 128.90 (CN4), 129.24 (C7 and C3), 133.37 902 

(CN10), 133.69 (C2), 137.59 (C10), 148.10 (C12), 153.63 (CN2), 157.41 (C5), 163.00 (C8); 903 

GC-MS: method 180, Rt = 11.64 min m/z: 341 [M]+(100), 324 [M-OH]+(90), 393 [M-904 

47]+(15); IR (ATR) (cm-1) 3031 (νCsp2-H), 2952, 2929 (νCsp3-H), 2834 (νOMe), 1618, 905 

1597, 1507 (νC=C), 1243 (νC-O); HRMS: calcd. for C23H19NO2 [M+H]+ (342.1489), 906 

found (342.1489). 907 

4.1.8.2. 1-((4-hydroxyphenyl)(pyridin-2-yl)methyl)naphthalen-2-ol (15).  908 

To a solution of 14 (0.6 mmol, 1 eq.) in glacial acetic acid (2.5 mL) under argon, was 909 

added 0.6 mL of stabilized hydriodic acid (d = 1.701, 57%, 4.5 mmol, 7.5 eq.). The 910 

mixture was refluxed (T = 100 °C) for 5 h 30 then neutralized with a saturated solution 911 

of NaHCO3 (pH ≈ 8). Then the mixture was extracted with ethyl acetate (3 x 20 mL), 912 
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dried over Na2SO4 and filtrated. The filtrate was concentrated under vacuum and 913 

purified by FCC on silica gel (CyHex/EtOAc, 60/ 40) to provide 15 as a yellow solid.  914 

Yield: 70.10 mg (35%). Mp = 218-220 °C. TLC CyHex/EtOAc 60/40, Rf 0.45; 1H NMR 915 

(DMSO d6, 400 mHz) (δ ppm) 3.67 (s, 3H, CH3), 6.48 (s, 1H, H1), 6.62 (d, 2H, Jortho = 916 

8.5 Hz, H4, H6), 6.83 (d, 2H, Jortho = 8.5 Hz, H3, H7), 7.14 (d, 1H, JN3-N4 = 7.1 Hz, HN3), 917 

7.23-7.31 (m, 2H, HN7 and H11), 7.37 m, 1H, HN8), 7.53 (d, 1H, J9-10 = 7.8 Hz, H9), 7.73 918 

(d, 1H, JN3-N4 = 7.1 Hz, NN4), 7.77-7.83 (m, 2H, HN6 and H10), 8.19 (d, 1H, JN9-N8= 8.6 Hz, 919 

HN9), 8.50-8.54 (m, 1H, H12), 9.19 ( s, 1H, OH), 11.20 ( s, 1H, OH); 13C NMR (DMSO d6, 920 

100 mHz) (δ ppm) 48.12 (C1), 114.77 (C6, C4), 119.99 (CN3), 120.50 (CN1), 121.85 (CN9), 921 

122.23 (C9), 123.20 (CN7), 124.09 (C11), 126.12 (CN8), 128.48 (CN6), 128.56 (CN5), 922 

128.80 (CN4), 129.14 (C7, C3), 131.92 (CN10), 133.42 (C2), 137.59 (C10), 148.03 (C12), 923 

153.67 (CN2), 155.44 (C5), 163.21 (C8); GC-MS: method 200, Rt = 9.12 min m/z: 327 924 

[M]+(90), 310 [M-OH]+(100); IR (ATR) (cm-1) 3339 (νO-H), 3077, 3016 (νCsp2-H), 1616, 925 

1591, 1511 (νC=C), 1410 (δ C-O), 1227(νC-O), 801 (δCsp2-H p-disubst), 740 (δCsp2-H 926 

o-disubst); HRMS: calcd. for C22H17NO2 [M+H]+ (328.1332), found (328.1332). 927 

4.1.8.3. 4-((2-acetoxynaphthalen-1-yl)(pyridin-2-yl)methyl)phenyl acetate (16) 928 

To a stirred solution of 15 (0.12 mmol, 1 eq.) in acetic anhydride (13 mmol, 110 eq.) at 929 

0°C, was slowly added a solution of NaOH 1 M (0.3 mmol, 2.6 eq.). The mixture was 930 

stirred for 24 h at room temperature, concentrated under vacuum and dissolved in 10 931 

mL of water. The reaction mixture was extracted with ethyl acetate three times, 932 

neutralized with saturated NaHCO3 solution (pH ≈ 8). The combined organic phases 933 

were washed with brine dried over Na2SO4, filtered and concentrated. FCC on silica gel 934 

(CyHex/EtOAc, 50/50) afforded 16 as a transparent oil. 935 

Yield: 47.70 mg (97%). TLC CyHex/EtOAc 70/30, Rf 0.60; 1H NMR (DMSO d6, 400 936 

mHz) (δ ppm) 1.84 (s, 3H, CH3), 2.24 (s, 3H, CH3), 3.67, 6.54 (s, 1H, H1), 7.79 (d, 2H, 937 

Jortho = 8.6 Hz, H4, H6), 7.09 (d, 1H, JN3-N4 = 7.9 Hz, HN3), 7.22 (d, 2H, Jortho = 8.6 Hz, H3, 938 

H7), 7.20-7.24 (m, 1H, H11), 7.30 (d, 1H, J9-10 = 8.9 Hz, H9), 7.43- 7.51 (m, 2H, HN7, HN8), 939 

7.72 (ddd, 1H, J10-9 = 7.7, J10-11 = 7.8 Hz, J10-12 = 1.2 Hz, H10), 7.92 (d, 1H, JN6-N7 = 8.9 940 

Hz, HN6), 7.94-7.97 (m, 1H, NN4), 8.16-8.21 (m, 1H, H9), 8.47 (ddd, 1H, J12-11 = 4.9 Hz, 941 
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J12-10 = 1.9 Hz, J12-9 = 0.9 Hz, H12); 13C NMR (DMSO d6, 100 mHz) (δ ppm) 25.66 and 942 

26.05 (CH3), 55.24 (C1), 126.73 (C6, C4), 126.93 (CN3),128.32 (C9), 130.19 (CN9), 130.56 943 

(CN7), 131.80 (CN8), 133.76 (CN5), 133.85 (CN4 and CN6), 129.14 (C7, C3), 137.01 (CN1), 944 

137.58 (CN10), 141.94 (C10), 143.90 (C2), 152.00 (CN2), 154.05 (C5), 154.15 (C12), 945 

167.21 (C8), 173.90 and 174.46 (C=O); GC-MS: method 180, Rt = 12.39 min m/z: 411 946 

[M]+(1), 369 [M-Ac]+(3), 252 [PyCHPhNapth]+(100); IR (ATR) (cm-1) 3059 (νCsp2-H). 947 

2926 (νCsp3-H), 1749 (νC=O), 1572, 1503, 1469 (νC=C), 1180 (νC - O), 811 (δCsp2-H 948 

p-disubst). HRMS: calcd. for C26H21NO4 [M+Na]+ (434.1363), found (434.1363). 949 

4.1.9. Preparation of indole triarylmethanes  950 

4.1.9.1. 3-((4-methoxyphenyl)(pyridin-2-yl)methyl)-3a,7a-dihydro-1H-indole (18) 951 

Indole 17 (4.7 mmol, 2 eq.) was mixed with (4-methoxyphenyl)(pyridin-2-yl)methanol 9 952 

(2.3 mmol, 1 eq.), dichloroethane (2.5 mL) and sulfamic acid (2.3 mmol, 1 eq.) under 953 

argon. The mixture was heated at 85°C during 20 h. After reaction, the mixture was 954 

cooled to room temperature. A solution of methanol saturated with NaOH (20 mL) was 955 

added to the remaining solid and sonication was applied until complete solubilization. 956 

Methanol was removed under vacuum and water (20 mL) was added. The mixture was 957 

extracted with dichloromethane three times. The combined organic phases were dried 958 

over Na2SO4, filtered and concentrated. FCC on silica gel (CyHex/EtOAc, 50/50) 959 

afforded 18 as a brown solid.  960 

Yield: 59 mg (81%). Mp = 136-138 °C. TLC: CyHex/EtOAc 50/50, Rf 0.4; 1H NMR 961 

(DMSO d6, 400 mHz) (δ ppm) 3.70 (s, 3H, CH3), 5.69 (s, 1H, H1), 6.84 (d, 2H, Jortho = 962 

8.7 Hz, H4, H6), 6.82- 6.88 (m, 2H, HIn1, HIn6), 7.0 (ddd, 1H, JIn7- In6 = 8.0 Hz, JIn7- In5 = 7.0 963 

Hz, J In7- In4 = 1.1 Hz, HIn7), 7.14 (d, 1H, J11-10 = 7.7 Hz, H11), 7.20 (ddd, 1H, J9-10 = 7.8 Hz, 964 

J9-11 = 4.9 Hz, J9-12 = 1.1 Hz, H9), 7.23 (d, 2H, Jortho = 8.6 Hz, H3, H7), 7.29 (dt, 1H, JIn4- In5 965 

= 8.9 Hz, HIn4), 7.35 (dt, 1H, NIn5, J In5- In4 = 8.9 Hz, HIn5), 7.68 (ddd, 1H, J10-9 = 7.7 Hz, 966 

J10-11 = 7.7 Hz, J10-12 = 1.8 Hz, H10), 8.51 (ddd, 1H, J12-11 = 4.9 Hz, J12-10 = 1.9 Hz, J12-9 = 967 

0.8 Hz, H12), 10.9 (s, 1H, NH); 13C NMR (DMSO d6, 100 mHz) (δ ppm) 49.08 (C1), 55.92 968 

(CH3),111.49 (CIn4), 114.56 (CIn2), 118.50 (C11), 119.72 (C9), 120.09 (CIn7), 120.36 (C6, 969 

C4), 122.56 (CIn5), 122.90 (CIn1), 122.94 (CIn6), 128.42 (CIn3), 130.56 (C7, C3), 135.40 970 
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(C2), 136.80 (C10), 139.81 (CIn8), 148.80 (C5), 149.08 (C12), 160.89 (C8); GC-MS: 971 

method 160, Rt = 13.14 min m/z: 314 [M]+(90), 299 [M-15]+(10), 236 972 

[InCHPhOCH3]+(100); IR (ATR) (cm-1) 3412 (νN-H). 3052, 3009 (νCsp2-H), 2920 973 

(νCsp3-H), 2857 (νOMe), 1592, 1507, 1456 (νC=C), 1246 (νC - O), 743 (δCsp2-H o-974 

disubst); HRMS: calcd. for C21H18N2O [M+H]+ (315.1492), found (315.1492). 975 

4.1.9.2. 4-((3a,7a-dihydro-1H-indol-3-yl)(pyridin-2-yl)methyl)phenyl acetate (19) 976 

To a stirred solution of 18a (1.6 mmol, 1 eq.) in acetic anhydride (183 mmol, 115 eq.) at 977 

0 °C, was slowly added a solution of NaOH 1 M (2.15 mmol, 1.3 eq.). The mixture was 978 

stirred for 3 h 30 at room temperature and concentrated under vacuum and dissolved in 979 

10 mL of water. The reaction mixture was extracted with ethyl acetate three times and 980 

neutralized with saturated NaHCO3 solution (pH ≈ 8). The combined organic phases 981 

were washed with brine, drying over Na2SO4, filtered and concentrated. FCC on silica 982 

gel (CyHex/EtOAc, 30/70) afforded 19 as a light brown solid. 983 

Yield: 39 mg (68%). Mp = 152-154 °C. TLC CyHex/EtOAc 30/70, Rf 0.60; 1H NMR 984 

(DMSO d6, 400 mHz) (δ ppm) 2.23 (s, 3H, CH3), 5.78 (s, 1H, H1), 6.85- 6.87 (m, 1H, 985 

HIn1), 6.88- 6.89 (m, 1H, HIn6), 7.02 (d, 2H, Jortho = 8.7 Hz, H4, H6), 7.03 (dd, 1H, JIn7- In6 = 986 

8.0 Hz, JIn7- In5 = 7.0 Hz, J In7- In4 = 1.1 Hz, HIn7), 7.14 (d, 1H, J11-10 = 7.9 Hz, H11), 7.22 987 

(ddd, 1H, J9-10 = 7.5 Hz, J9-11 = 4.8 Hz, J9-12 = 1.1 Hz, H9), 7.32 (m, 2H, HIn4, HIn5), 7.35 988 

(d, 2H, Jortho = 8.7 Hz, H3, H7), 7.71 (ddd, 1H, J10-9 = 8.6 Hz, J10-11 = 7.6 Hz, J10-12 = 1.9 989 

Hz, H10), 8.51 (ddd, 1H, J12-11 = 4.8 Hz, J12-10 = 1.8 Hz, J12-9 = 0.8 Hz, H12), 10.94 (s, 1H, 990 

NH); 13C NMR (DMSO d6, 100 mHz) (δ ppm) 20.80 (CH3), 49.82 (C1), 111.49 (CIn4), 991 

116.56 (CIn2), 118.42 (C11), 118.72 (C9), 121.09 (CIn7), 121.36 (C6, C4), 121.56 (CIn5), 992 

122.91 (CIn1), 123.94 (CIn6), 126.42 (CIn3), 129.56 (C7, C3), 136.40 (C2), 136.70 (C10), 993 

140.81 (CIn8), 148.70 (C5), 149.06 (C12), 162.89 (C8), 169.24 (C=O); GC-MS: method 994 

180, Rt = 11.76 min m/z: 342 [M]+(90), 300 [M- COCH3]+ (100), 264 [M-PyH]+(15), 222 995 

[PyCHIn]+(100); IR (ATR) (cm-1) 3408 (νN-H). 3060 (νCsp2 - H), 2989 (νCsp3 - H), 1749 996 

(νC=O), 1589, 1570, 1505 (νC=C), 1223 (νC - O), 743 (δCsp2-H o-disubst); HRMS: 997 

calcd. for C22H18N2O2 [M+Na]+ (365.1260), found (365.1260). 998 
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4.1.10. Preparation of thiophen triarylmethanes  999 

4.1.10.1. 2-((4-methoxyphenyl)(thiophen-2-yl)methyl)pyridine (21) 1000 

A mixture of (4-methoxyphenyl) (pyridin-2-yl)methanol 9 (1.3 mmol, 1 eq.), thiophene 20 1001 

(13 mmol, 10 eq.) and methanesulfonic acid (0.7 mL, d = 1,48, 10 mmol,  8 eq.) in 1002 

dichloroethane (6 mL) was placed in a vial. The vial was sealed, and the mixture was 1003 

stirred and submitted to microwave irradiation for 2 h (300 W power, T = 80 °C). The 1004 

mixture was neutralized with saturated NaHCO3 solution (pH ≈ 8), extracted with 1005 

dichloromethane (4 x 30 mL) and dried MgSO4. Concentration under vacuum over SiO2 1006 

(10 mL) and purification on FCC (CyHex/ EtOAc, 70/30) afforded 21 as greenish oil. 1007 

Yield: 80 mg (25%). TLC CyHex/EtOAc 70/30, Rf 0.4; 1H NMR (DMSO d6, 400 mHz) (δ 1008 

ppm) 3.71 (s, 3H, CH3), 5.80 (s, 1H, H1), 6.80 (dt, 1H, JT2-T3 = 3.5 Hz, JT2-T4 = 2.4 Hz, 1009 

HT2), 6.86 (d, 2H, Jortho = 8.8 Hz, H4, H6), 6.93 (dd, 1H, JT3-T2 = 3.5 Hz, JT3-T4 = 5.1 Hz, 1010 

HT3), 7.23-7.27 (m, 1H, HT4), 7.25 (d, 2H, Jortho = 8.8 Hz, H3, H7), 7.34 (d, 1H, J11-10 = 7.8 1011 

Hz, H11), 7.38 (m, 1H, H9), 7.74 (ddd, 1H, J10-9 = 7.7 Hz, J10-11 = 7.7 Hz, J10-12 = 1.9 Hz, 1012 

H10), 8.51 (ddd, 1H, J12-11 = 4.8 Hz, J12-10 = 1.8 Hz, J12-9 = 0.8 Hz, H12); 13C NMR (DMSO 1013 

d6, 100 mHz) (δ ppm) 52.53 (C1), 54.99 (CH3), 113.64 (C4, C6), 121.10 (C11), 122.18 1014 

(C9), 125.10 (CT4), 125.10 (CT2), 126.41 (CT3), 129.47 (C3, C7), 135.09 (C2), 136.93 1015 

(C10), 146.68 (CT1), 149.12 (C12), 157.90 (C5), 162.89 (C8); GC-MS: method 160, Rt = 1016 

8.06 min m/z: 281 [M]+(100), 266 [M-CH3]+(25), 203 [ThCHPhOCH3]+(100); IR (ATR) 1017 

(cm-1) 3081, 3048 3005 (νCsp2-H), 2962, 2932 (νCsp3-H), 2837 (νOMe), 1604, 1584, 1018 

1509 (νC=C), 1242(νC-O), 808 (δCsp2-H p-disubst), 702 (δCsp2-H o-disubst); HRMS: 1019 

calcd. for C17H15NOS [M+H]+ (282.0947), found (282.0946). 1020 

4.1.10.2. 4-(pyridin-2-yl(thiophen-2-yl)methyl)phenol (22)  1021 

To a stirred solution of 21 (0.5 mmol, 1 eq.) in anhydrous dichloromethane (7 mL) under 1022 

argon at 0°C, was added dropwise a 1 M solution of BBr3 in dichloromethane (2.4 mmol, 1023 

5 eq.). After 19 h at room temperature, MeOH (10 mL) was added. The solution was 1024 

dried over Na2SO4, filtrated and concentrated under vacuum over SiO2 (10 mL). The dry 1025 
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SiO2 powder was loaded onto a silica gel column and eluted (DCM/MeOH, 95/5). 1026 

Concentration under vacuum afforded 22 as a black oil. 1027 

Yield: 80 mg (60%). TLC DCM/MeOH 95/5, Rf 0.3; 1H NMR (DMSO d6, 400 mHz) (δ 1028 

ppm) 5.72 (s, 1H, H1), 6.67 (d, 2H, Jortho = 8.6 Hz, H4, H6), 6.80 (dt, 1H, JT2-T3 = 3.4 Hz, 1029 

JT2-T4 = 2.1 Hz, HT2), 6.93 (dd, 1H, JT3-T2 = 3.5 Hz, JT3-T4 = 5.1 Hz, HT3), 7.11 (d, 2H, Jortho 1030 

= 8.6 Hz, H3, H7), 7.24 (dd, 1H, JT4-T3 = 7.5 Hz, JT4-T2 = 2.1 Hz, HT4), 7.32 (d, 1H, J11-10 = 1031 

7.9 Hz, H11), 7.36 (m, 1H, H9), 7.73 (ddd, 1H, J10-9 = 7.7 Hz, J10-11 = 7.7 Hz, J10-12 = 1.9 1032 

Hz, H10), 8.53 (ddd, 1H, J12-11 = 4.9 Hz, J12-10 = 1.8 Hz, J12-9 = 0.9 Hz, H12); 13C NMR 1033 

(DMSO d6, 100 mHz) (δ ppm) (δ ppm) 50.50 (C1), 114.68 (C4, C6), 120.10 (C11), 122.20 1034 

(C9), 125.24 (CT4), 125.36 (CT2), 126.40 (CT3), 130.47 (C3 , C7), 135.45 (C2), 136.83 1035 

(C10), 146.74 (CT1), 149.10 (C12), 157.76 (C5), 162.40 (C8); GC-MS: method 180, Rt = 1036 

6.5 min m/z: 267 [M]+(100); IR (ATR) (cm-1) 3400 (νC-O), 3001 (νCsp2-H), 1590, 1511 1037 

(νC=C), 1249(νC-O), 816 (δCsp2-H p-disubst), 751(δCsp2-H o-disubst); HRMS: calcd. 1038 

for C16H13NOS [M+H]+ (268.0791), found (268.0790). 1039 

4.1.11. Preparation of quinoline triarylmethane 1040 

4.1.11.1. (4-methoxyphenyl)(pyridin-2-yl)(quinolin-2-yl)methanol (25)  1041 

n-Butyllithium in hexane (1.6 M, 2.5 mmol, 1.3 eq.) was added dropwise to a stirred 1042 

solution of 2-bromoquinoline 24 (2.2 mmol, 1.1 eq.) in anhydrous tetrahydrofuran (2 mL) 1043 

at -78°C under argon. After 1 h 30, (4-methoxyphenyl)(pyridin-2-yl)methanone 23 (1.9 1044 

mmol, 1 eq.) in dry tetrahydrofuran (3 mL) was added dropwise. After 17 h at room 1045 

temperature, water (10 mL) was added. The reaction mixture was extracted with ethyl 1046 

acetate three times, dried over Na2SO4, filtered and concentrated. FCC (CyHex/EtOAc, 1047 

80/20) afforded 25 as a brown oil.  1048 

Yield: 53 mg (81%). TLC CyHex/EtOAc 80/20, Rf 0.3; 1H NMR (DMSO d6, 400 mHz) (δ 1049 

ppm) 3.70 (s, 3H, CH3), 6.85 (d, 2H, Jortho = 8.9 Hz, H4, H6), 7.06 (s, 1H, OH), 7.24 (d, 1050 

2H, Jortho = 8.9 Hz, H3, H7), 7.29 (ddd, 1H, J11-10 = 7.7 Hz, J11-12 = 4.8 Hz, J11-9 = 1.1 Hz, 1051 

H11), 7.59 (ddd, 1H, JQ6-Q5 = 8 Hz, JQ6-Q7 = 6.9 Hz, JQ6-Q8 = 1.1 Hz, HQ6), 7.72-7.77(m, 1052 

3H, H9, HQ2, HQ5), 7.82 (ddd, 1H, J10-9 = 7.8 Hz, J10-11 = 7.4 Hz, J10-12 = 1.9 Hz, H10), 1053 
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7.94-7.97(m, 2H, HQ7 , HQ8), 8.32 (d, 1H, JQ3-Q2 = 8.0 Hz, HQ3), 8.49 (ddd, 1H, J12-11 = 4.8 1054 

Hz, J12-10 = 1.8 Hz, J12-9 = 0.9 Hz, H12); 13C NMR (DMSO d6, 100 mHz) (δ ppm) 54.98 1055 

(CH3), 90.63 (C1), 113.01(C4, C6), 121.23 (C11), 122.24 and 122.28 (CQ2, CQ5), 126.67 1056 

(CQ8), 126.79 (CQ4), 127.69 (CQ7), 128.49 (C11), 128.77 (C3 and C7), 129.70 (C9), 136.15 1057 

(C10), 136.74 (CQ3), 137.86 (C2), 145.16 (CQ9), 147.49 (C12), 158.15 (C8), 163.81 (CQ1), 1058 

163.99 (C5); GC-MS: method 180, Rt = 10.71 min m/z: 342 [M]+(75), 325 [M-OH]+(75), 1059 

128 [C9H6N]+(75); IR (ATR) (cm-1) 3408 (νO-H). 3031, 3025 (νCsp2H), 2992 (νCsp3 -1060 

H), 2851 (νOMe), 1580, 1587, 1509 (νC=C), 1220(νC-O), 742 (δCsp2-H o-disubst); 1061 

HRMS: calcd. for C22H18N2O2 [M+H]+ (343.1368), found (343.1367). 1062 

4.1.12. Preparation of triarylmethanes bearing trifluoromethyl  1063 

4.1.12.1. (4-methoxyphenyl)(pyridin-2-yl)(4-(trifluoromethyl)phenyl)methanol (28)  1064 

n-Butyllithium in hexane (1.6 M, 2.8 mmol, 1.6 eq.) was added dropwise to a stirred 1065 

solution of 4-bromoanisole (2.5 mmol, 1.4 eq.) in anhydrous tetrahydrofuran (2 mL) at -1066 

78°C under argon. After 1½ h, pyridin-2-yl(4-(trifluoromethyl)phenyl)methanone 27 (1.7 1067 

mmol, 1 eq.) dissolved in dry tetrahydrofuran (1 mL) was added dropwise. After 17 h at 1068 

room temperature, water (30 mL) was added. Extraction with ethyl acetate (4 x 30 mL), 1069 

drying over Na2SO4, concentration under vacuum and column chromatography 1070 

(CyHex/EtOAc, 70/30) afforded 28 as a white solid.  1071 

Yield: 39 mg (67%). Mp = 98-100 °C. TLC CyHex/EtOAc 70/30, Rf 0.5; 1H NMR (DMSO 1072 

d6, 400 mHz) (δ ppm) 3.55 (s, 3H, CH3), 6.45 (s, 1H, OH), 6.70 (d, 2H, Jortho = 9.0 Hz, 1073 

H16, H18), 6.90 (d, 2H, Jortho = 9.0 Hz, H15, H19), 7.15 (ddd, 1H, J11-10 = 7.6 Hz, J11-12 = 4.8 1074 

Hz, J11-9 = 1.1 Hz, H11), 7.30 (d, 2H, Jortho = 8.2 Hz, H3, H7), 7.50 (d, 2H, Jortho = 8.2 Hz, 1075 

H4, H6), 7.48 (d, 1H, J9-10 = 8.1 Hz, H9), 7.60 (ddd, 1H, J10-9 = 7.9 Hz, J10-11 = 7.5 Hz, J10-1076 

12 = 1.9 Hz, H10), 8.31 (ddd, 1H, J12-11 = 4.7 Hz, J12-10 = 1. Hz, J12-9 = 0.84 Hz, H12); 13C 1077 

NMR (DMSO d6, 100 mHz) (δ ppm) 54.98 (CH3), 80.15 (C1), 112.94 (C16, C18), 121.30 1078 

(C9), 122.04 (C11), 124.21 and 124.25 (C4, C6), 126.60 (C3 ,C7), 128.94 (C15, C19), 1079 

129.10 (CF3), 136.75 (C10), 138.60 (C5), 147.91 (C12), 151.90 (C2), 137.86 (C5), 158.09 1080 

(C17), 164.59 (C8); GC-MS: method 160, Rt = 8.59 min m/z 359 [M+](100), 281 1081 

[HOPhCOHPhCF3]+ (43), 252 [CH3OPhCH2PhCF3]+ (20), 173 [OCPhCF3]+ (65); IR 1082 
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(ATR) (cm-1) 3423 (νOH), 3012  (νCsp2-H), 2934 (νCsp3-H), 2854 (νOMe), 1612, 1590, 1083 

1525 (νC=C), 1324 (νC-O), 1109 (νC-O-C), 1065 (νC-F), 831 (δCsp2-H p-disubst); 1084 

HRMS: calcd. for C20H16F3NO2 [M+H]+ (360.1206), found (360.1206). 1085 

4.1.12.2. 4-(hydroxy(pyridin-2-yl)(4-(trifluoromethyl)phenyl)methyl)phenyl acetate 1086 

(30)  1087 

To a stirred solution of 4-(pyridin-2-yl(4-(trifluoromethyl)phenyl)methyl)phenol 29 (0.4 1088 

mmol, 1 eq.) in acetic anhydride (44 mmol, 110 eq.) was slowly added a solution of 1089 

NaOH 1 M (0.5 mmol, 1.3 eq.) at 0 °C. The mixture was stirred for 4 h at room 1090 

temperature then neutralized with a saturated solution of NaHCO3 (pH ≈ 8). Acetone 1091 

was added (10 mL) and the mixture was stirred for another 30 min (a white precipitate 1092 

of sodium acetate formed). The mixture was extracted with ethyl acetate three times, 1093 

dried with Na2SO4, filtrated and concentrated under vacuum. FCC on silica gel 1094 

(CyHex/EtOAc, 50/50) afforded 30 as a yellow oil. 1095 

Yield: 130 mg (87%). TLC: CyHex/EtOAc 50/50, Rf 0.45; 1H NMR (DMSO d6, 400 mHz) 1096 

(δ ppm) 2.30 (s, 3H, CH3), 6.45 (s, 1H, C1), 7.07 (d, 2H, Jortho = 8.6 Hz, H16, H18), 7.24-1097 

7.30 (m, 3H, H11, H15, H19), 7.33 (d, 1H, J9-10 = 7.9Hz, H9), 7.47 (d, 2H, Jortho = 8.4 Hz, 1098 

H3, H7), 7.67(d, 2H, Jortho = 8.2 Hz, H4, H6), 7.76 (ddd, 1H, J10-9 = 8.6 Hz, J10-11 = 7.6 Hz, 1099 

J10-12 = 1.9 Hz, H10), 8.57 (ddd, 1H, J12-11 = 4.8 Hz, J12-10 = 1.9 Hz, J12-9 = 0.9 Hz, H12); 1100 
13C NMR (DMSO d6, 100 mHz) (δ ppm) 20.78 (CH3), 56.65 (C1), 121.72 (C16, C18), 1101 

121.95 (C11), 122.93 (C9), 123.83 (C4 , C6), 129.73 (C3, C7), 129.79 (C15, C19), 129.96 1102 

(CF3), 136.83 (C10), 139.70 (C5), 147.66 (C14), 149.04 (C2), 149.36 (C12), 161.31 (C17), 1103 

169.16 (C8), 170.29 (C=O); GC-MS: method 180, Rt = 6.96 min m/z 371 [M+] (50), 328 1104 

[M-Ac]+ (100); IR (ATR) (cm-1) 3051 (νCsp2 -H), 2931 (νCsp3-H), 1755 (ν C=O), 1618, 1105 

1588, 1505 (νC=C), 1323 (νC-O), 1108 (νC-O-C), 1066 (νC-F), 823 (δCsp2-H p-1106 

disubst); HRMS: calcd. for C21H16F3O2 Na [M+23]+ (394.1025), found (394.1026). 1107 
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4.2. AhR transcriptional activity 1108 

4.2.1. Materials  1109 

Unless otherwise specified, chemical reagents and biological products for in vitro 1110 

assays were obtained from Gibco, Life Technologies (Thermo Fisher Scientific Inc), 1111 

MilliporeSigma (Merck KGaA) or InvivoGen. Fungible material was provided by Falcon®, 1112 

Corning ® or Eppendorf ®.  1113 

4.2.2. Cell Culture  1114 

Cell-Line and luciferase assay system.  AhR-Lucia™ Human liver carcinoma HepG2 1115 

(AhR-HepG2) reporter cells were obtained from InvivoGen engineered to detect 1116 

endogenous AhR expression. This cell line is stably transfected with a pSELECT-zeo-1117 

Lucia plasmid that contains the resistance marker to the antibiotic Zeocin™. EF-1118 

1α/HTLV composite promoter is combined to the elongation factor 1 alpha core 1119 

promoter and the 5’ untranslated region of the Human T-cell Leukemia Virus. The 1120 

secreted luciferase Lucia™ is expressed by a synthetic reporter gene codon optimized 1121 

for prolonged mammalian cell expression. The promoter is coupled with the human 1122 

Cyp1a1 gene entire regulatory sequence, that contains six XREs. The secreted 1123 

coelenterazine Lucia™ is a novel luciferase reporter technology that does not involve 1124 

cells lysis to measure the bioluminescence. 1125 

Quality and sterility. Quality control of the reporter activity and guaranteed of 1126 

mycoplasma-free contamination was provided by the cell line suppliers. Additional 1127 

routinely inspections were conducted as standard quality control procedures to avoid 1128 

mycoplasma, fungi, yeast and/or viruses’ contamination. All the experiments were 1129 

steered with less than 20 passages after thawing as recommended. The cell culture 1130 

facilities from the Central Service for Experimental Research (SCSIE) at the University 1131 

of Valencia where the experiments were conducted have certified proficiency to 1132 

maintain, subculturing and guarantee aseptic conditions.   1133 

Maintenance. AhR-HepG2 cells were handled and cultured according to supplier’s 1134 

information under strict sterility conditions in T-75 culture flasks under an aqueous 1135 
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saturated atmosphere with 5% CO2 at 37 °C. The growth medium was prepared as 1136 

follow: to Minimum Essential Medium (MEM) containing non-essential amino acids 1137 

(NEAA) was added 10% (v/v) of 56 °C heat‑inactivated fetal bovine serum (FBS) and a 1138 

mixture of Penicillin-Streptomycin (100 U/mL-100 μg/mL). The antimicrobial formula 1139 

Normocin™ (0.1 mg/mL) and, after the third passage, the selective antibiotic Zeocin™ 1140 

(0.2 mg/mL) were supplemented to prevent mycoplasma, bacterial and fungal 1141 

contamination.  1142 

Subculturing. Once the cells reached 85% confluency in the culture flasks, they were 1143 

rinsed twice with 10 mL of PBS and later detached through the incubation with 3-5 mL 1144 

of 0.25 % trypsin-EDTA during 6 min at 37 °C.  After inactivation, the cell suspension 1145 

was centrifugated at 1200 rpm during 5 min, the supernatant was removed, and the 1146 

pellet resuspended in fresh medium. To dissociate the clumps during the passages, 1147 

sterile 10 mL syringes with 18-gauge (18G) needles were used. This last step also 1148 

guaranteed the accuracy of the cell counting performed by mixing 10 μL of cell 1149 

suspension with 10 μL of 0.4% Trypan Blue Solution in a chamber slide read in cell 1150 

counters on the Countess™ II instrument (Invitrogen™, Thermo Fisher Scientific).  1151 

4.2.3. Bioassays  1152 

Assay medium and seeding. The assay medium used was the growth medium without 1153 

Normocin™ nor Zeocin™. A volume of 200 μL of cells/well was seeded into 96-wells 1154 

microplates at a density of 2.0 x 105 cells/mL and incubated overnight prior to treatment.  1155 

Treatment. The 32 synthetized TAMs and the commercial TAM-drug bisacodyl were 1156 

dissolved in DMSO (0.5% final maximum concentration/well). The cells were exposed 1157 

during 24 h to at least 4 different concentration of the TAMs (0.1 -10 μM), depending on 1158 

their cytotoxicity and/or solubility. In the agonist assay, cells were exposed to 10 μL/well 1159 

of the tested compounds while in the antagonist assay, cells were treated with 10 1160 

μL/well of the tested compounds plus 10 μL/well of the EC50 of FICZ. 1161 

Cell viability assay.  Cell viability was assessed by the 3-(4,5-dimethylthiazolyl-2)-2,5-1162 

diphenyltetrazolium bromide (MTT) assay, which is a colorimetric method based on the 1163 

reduction of the yellowish solution of the MTT tetrazolium salt to form the formazan 1164 
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precipitate, as an identification of the redox potential in metabolically actives cells [50]. 1165 

After seeding, cells were treated with different concentrations of the tested compounds 1166 

and incubated during 24-72 h. Then, the medium was discarded and 100 µL/well of 0.5 1167 

mg/mL of MTT solution was added. Plates were incubated at 37 °C allowing the 1168 

transformation, the supernatant was removed, and the formazan crystals were 1169 

dissolved adding 100 µL/well of DMSO. Finally, the optical density was determined by 1170 

reading the absorbance at 490 nm using a microplate reader (VICTORx3, PerkinElmer 1171 

Inc., USA).  1172 

AhR-transactivation assay. The induction of AhR-mediated transcriptional activity was 1173 

measured by transferring 20 μL of the supernatant of stimulated cells to white sterile 1174 

and flat-bottom 96-wells microplates. The QUANTI-Luc™ assay reagent containing the 1175 

coelenterazine substrate for the luciferase reaction was prepared according to suppliers 1176 

by pouring the lyophilized powder protected from light in sterile water. Finally, 50 μL/well 1177 

of the QUANTI-Luc solution was added and the light signal produced was immediately 1178 

measured in a microplate reader (VICTORx3, PerkinElmer Inc., USA).  1179 

4.2.4. Activity Results   1180 

Activity criteria. The capacity of the synthetized TAMs to activate (i.e. act as agonists) 1181 

and to suppress (i.e. act as antagonists) AhR-mediated transcription was analyzed in 1182 

terms of magnitude of the effects and based on the concentration at which such effects 1183 

occurs. Therefore, the fold response induced (compared with vehicle control) was used 1184 

to inform the magnitude of the effect while half effective/inhibitory concentrations (EC50 1185 

or IC50) were estimated from dose-response curves of agonist or antagonist activity 1186 

respectively. In the absence of a regulatory guidance for AhR, the threshold used to 1187 

identify active from inactive compounds in both agonist and antagonist assays followed 1188 

the OECD guideline for ER transactivation where the induced response is compared 1189 

with a positive control (PC) [53]. Thus, the maximum response relative to the positive 1190 

control (	
���
) in this work represented the maximum fold response induced by each 1191 

TAM (�) compared to the positive control FICZ.   1192 

In the AhR-agonist assay, the 	
���
  was calculated as percentage of the maximum 1193 

AhR induction of FICZ (in relative light units of the luciferase gene expression), that is 1194 
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expressed as ���� �������� 
���
(����) in Equation 1. Meanwhile, in the antagonist 1195 

assay, the 	
���
 was calculated as percentage of the effect induced by the ���� of 1196 

FICZ that is expressed as ���� �������� ����(����) in Equation 2.  1197 

Compounds showing 	
���
  ≥ 10 % were considered active in the agonist bioassay 1198 

while compounds with 	
���
  ≤ 70 % were considered active in the antagonist 1199 

bioassay.  1200 

!"��#�$ 	
���
 (%) =  ���� �������� (�)
���� �������� 
���
(����)& × 100 1201 

Equation 1 1202 

!�$("��#�$#) 	
���
 (%) =  ���� �������� (�)
���� �������� ����(����)& × 100 1203 

Equation 2 1204 

On the other hand, when it was possible, sigmoidal curves of � [log (concentration)] vs. 1205 

* (Fold response) were designed constraining the Hill Slope value to 1.0 and using the 1206 

Top and Bottom plateaus in the units of the * axis. The concentration of agonist 1207 

required to provoke a response halfway between the baseline and maximum responses 1208 

(EC50 or IC50) was estimated from Equation 3.  1209 

* = +�$$�, + . /�� − +�$$�,
1 + 10(12345678
)∗:;11 <12=>? 1210 

Equation 3 1211 

Statistical analysis. All data informed represent means obtained from at least three 1212 

independent experiments (n = 3) and sextuplicate in all cases. The precision of results 1213 

was reported through the standard error of the mean (SEM). All active compounds were 1214 

re-tested at least once again (n = 4) and a greater number of concentrations was 1215 

evaluated (≥5). Statistical significance was determined with a one-way analysis of 1216 

variance (ANOVA) following by Dunnett’s post-test for comparison with controls or 1217 

Bonferroni post-test to compare the studied compounds.  1218 
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4.3. Computational Studies  1219 

4.3.1. Molecular Docking Simulations  1220 

Molecular docking analysis was performed with Autodock Vina [64] as implemented in 1221 

YASARA [65]. The crystalized protein structure of HIF2α was used for docking analysis 1222 

(PDB ID 3F1O). The sequence of the PAS-B domain of HIF2α shows the highest level 1223 

of identity and similarity with AhR among all the PAS identified to date [66]. Hence, it is 1224 

commonly used as template structure in molecular modeling of AhR ligand binding 1225 

domain [67]. An additional evaluation of the aforementioned sequence identity and 1226 

similarity is provided in Section 3, SI-3. The analyzed ligands were the strongest agonist 1227 

identified 22, the structurally related compound 21, and the known AhR ligand/agonist 1228 

compounds FICZ and TCCD. Besides, a preliminary off-targeting docking analysis of 1229 

compound 22 with four nuclear receptors (ER, AR, PR and PXR) was performed. 1230 

All simulations were performed for the entirely target structure making stiff the protein 1231 

and totally flexible the ligand compounds. Protein Ligand Interaction Profiler server [68] 1232 

was used to predict the interactions of the best protein/ligand complex for each ligand 1233 

and molecular graphics and analyses were performed with UCSF Chimera [69]. 1234 

4.3.2. Druglikeness and ADME profile  1235 

The physicochemical parameters and ADME descriptors were predicted using the 1236 

QikProp v5.9 Panel from Schrödinger software v11.9. Conformational averages from 1237 

OPLS-AA force field were used for calculations. 1238 
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