Efficient access to unsymmetrical triarylmethanes by regioselective Friedel-Crafts hydroxyalkylation
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Friedel-Crafts alkylation is one of the most important methods used in organic chemistry to create carbon-carbon bonds. The traditional conditions using alkyl halides activated by a Lewis or Brønsted acid have been widely described in the literature. Nevertheless, the Friedel-Crafts reaction using aldehydes or ketones as substrates, known as hydroxyalkylation, has been poorly described. The development of regioselective Friedel-Crafts conditions is a challenge in organic synthesis. The growing interest in developing "metal and solvent-free" reactions justifies the special attention that the Brønsted acids have received as an alternative to toxic and precious metals. During the last few years, triarylmethanes have attracted considerable attention due to their applications in fine, medicinal and industrial chemistry. They have been used as protecting groups, dyes or photochromic agents. They also exhibit interesting biological properties including anti-tumor and antioxidant activities. Different methods of preparation of symmetrical triarylmethanes have been described in the literature; nonetheless, the synthesis of unsymmetrical ones has been very little explored. In this work we describe an efficient regioselective method to prepare unsymmetrical triarylmethanes, via a Friedel-Crafts hydroxyalkylation catalyzed by Brønsted acids using pyridylarylcarbinols as alkylating agents. The method described here is consistent with the principles of green chemistry and has significant advantages, such as the use of an inexpensive catalyst and mild conditions. This regioselective method offers good yields, shorter reaction times and a possible extension to various substrates.

INTRODUCTION

In recent years, triarylmethanes (TAMs) have received considerable attention from scientific community due to their numerous applications. In chemical industry, they have been used as leuco dyes, photochromic agents, protective groups in organic synthesis or building blocks for generating dendrimers. They have been used in food industry, in textile industry, as well as antifungal agents and parasiticides in the fish farm industry [START_REF] Turner | The condensed chemical dictionary[END_REF][START_REF] Kirk-Othmer | Encyclopedia of chemical technology[END_REF][START_REF] Freund | [END_REF][4]. Recent studies have shown a widespread application of TAMs in therapeutics as antiviral, antitumor, antitubercular, antifungal, anticancer and antiinflammatory agents [5][6][7].

The synthesis of unsymmetrical TAMs is less described in the literature because it generally leads to low yields and formation of byproducts principally due to lack of regioselectivity. As a result, the development of new approaches to synthesize unsymmetrical TAMs in simpler, efficient, regioselective and environmentally friendly ways is a real challenge.

The most common method for preparing unsymmetrical TAMs is a Friedel-Crafts Equipe de Chimie Moléculaire du Laboratoire Génomique, Bioinformatique et Chimie Moléculaire (EA 7528), Conservatoire national des arts et métiers (Cnam), 2 rue Conté, 75003, HESAM Université, Paris, France.
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*Corresponding author: maite.sylla@lecnam.net T r e n d s i n hydroxyalkylation from carbinols and activated benzenes. Nonetheless, it has been reported that under highly acidic conditions, Friedel-Crafts reaction leads to a complex mixture of products. Unsymmetrical TAMs bearing electron withdrawing groups have been also prepared via the formation of alkylbenzotriazoles [8][9][10][11]. Finally, coupling reactions using metal catalysts (Pd, Cu…), or Friedel-Crafts reactions using sulfone or αamidosulfones have been also reported [12][13][14].

We report here the regioselective synthesis of unsymmetrical triaylmethanes by Friedel-Crafts hydroxyalkylation using a functionalized carbinol as electrophile and a Brønsted acid as catalytic system. Firstly, the influence of solvent, temperature and the amount of catalyst were studied and secondly the reaction conditions were extended to other carbinols and activated arenes. The scope of this method is also discussed herein.

MATERIALS AND METHODS

All reagents were obtained from commercial sources unless otherwise noted, and used as received. Heated experiments were conducted using thermostatically controlled oil baths and were performed under an oxygen-free atmosphere in oven-dried glassware. The products were dried under reduced pressure and/or in a desiccator heated to 40 °C in the presence of P 2 O 5 .

Chromatographic methods

All reactions were monitored by analytical thin layer chromatography (TLC) or by gas chromatographymass spectrometry (GC-MS). TLC was performed on aluminum TLC plates, silica gel coated with fluorescent indicator F 254 . TLC plates were visualized using irradiation with light at 254 nm or in an iodine chamber as appropriate. Flash
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column chromatography was carried out when necessary using silica gel 60 (particle size 0.040-0.063 mm, Merck). High performance liquid chromatography (HPLC) analyses for the determination of chemical purity were performed using a column Hypersyl ODS C18, (length 150 mm, porosity 5 μm, internal diameter 4.6 mm, Column A) or a column Hypersyl Si, (length 150 mm, porosity 5 μm, internal diameter 4.6 mm, Column B). The retention times (R t ) are expressed in decimal system. 

Spectroscopic methods

Gas

General procedure for the synthesis of p,p regioisomers:

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

4-[(4-chloro-phenyl)-pyridin-2-yl-methyl]phenol 5b

After workup the crude product was purified by flash chromatography column on silica gel (gradient: CyHex/AcOEt 90: 

4-[(4-tert-butyl-phenyl)-(4-methoxy-phenyl)methyl]-pyridine 8b

From the corresponding carbinol (101 mg, 0.42 mmol, 1 eq.) and anisole (61 mg, 0.65 mmol, 1.5 eq); reaction time: 10 min. After workup the crude product was (0.4 M) concentrated sulfuric acid (4 eq.) was poured dropwise. After 5 min at 80 °C the reaction mixture was cooled to room temperature and then neutralized with a saturated solution of NaHCO 3 until pH 7-8, then extracted with EtOAc. The combined organic phases were dried over anhydrous Na 2 SO 4 , filtered and concentrated. The crude product was purified by flash chromatography on silica gel. 

4-[(

4-[(4-methyl-phenyl)-pyridin-2-yl-methyl]phenol 5a

After workup the crude product was purified by flash chromatography column on silica gel (gradient: CH 2 Cl 

2-[(4-tert-butyl-phenyl)-(4-chloro-phenyl)methyl]-pyridine 8d

From the corresponding carbinol (1 eq.) and chlorobenzene (56 mg, 0.50 mmol) and concentrated sulfuric acid (20 eq.); reaction time: 10 min. After workup the crude product was purified by flash chromatography column on silica gel (gradient: 

CH 2 Cl 2 ,

N-{2-[(4-tert-butyl-phenyl)-pyridin-2-ylmethyl]-phenyl}-acetamide 8e

From the corresponding carbinol (1 eq.) and phenylacetamide (67 mg, 0.50 mmol) and concentrated sulfuric acid (20 eq.); reaction time: 2 h. After workup, the crude product was purified by flash chromatography column on silica gel (gradient: CH 

2-[(4-tert-butyl-phenyl)-(4-fluoro-phenyl)methyl]-pyridine 8c

From the corresponding carbinol (1 eq.) and fluorobenzene (48 mg, 0.47 mmol) and concentrated sulfuric acid (20 eq.); reaction time: 10 min. 

2-[(4-tert-butyl-phenyl)-(4phenyldisulfanylphenyl)-methyl]-pyridine 11

From the corresponding carbinol (1 eq.) and thiophenol (55 mg, 0.50 mmol, 1.2 eq) and concentrated sulfuric acid (20 eq.); reaction time: 5 min at 80 °C. After workup the crude product was purified by flash chromatography column on silica gel (gradient: CyHex, CyHex/AcOEt 90:10, then 80:20 and CH 2 Cl 2 /MeOH 90:10). 60 mg (0.14 mmol) was isolated in 33% yield. 5% of p,p regioisomer 8f and 4% of o,p regioisomer 9f were also obtained. TLC: CH 2 Cl 2 /MeOH 90:10, Rf = 0.1; 

4-[(4-tert-butyl-phenyl)-pyridin-2-yl-methyl]benzenethiol 8f

From the corresponding carbinol (1 eq.) and thiophenol (55 mg, 0.50 mmol, 1.2 eq.) and concentrated sulfuric acid (20 eq.); reaction time: 30 h at 20 °C. After workup the crude product was purified by flash chromatography column on silica gel (gradient: CyHex, CyHex /AcOEt 90:10, then 80:20 and CH 2 Cl 2 /MeOH 90:10). 37 mg (0.11 mmol) of a yellow oil was isolated in 26% yield. TLC: CyHex/AcOEt 80:20, Rf = 0.26; 1 H NMR (DMSO-d6, 400 MHz) δ= 1.24 (s, 9H, tBu); 5.54 (s, 1H, H1); 6.60 (d, 2H, J ortho = 8.5 Hz, H 3 , H 7 ); 6.95 (d, 2H, J ortho = 8.4 Hz, H 14 , H 18 ); 7.14-7.17 

2-[(4-tert-butyl-phenyl)-(4-methylsulfanylphenyl)-methyl]-pyridine 8g

From the corresponding carbinol (1 eq.) and thioanisole (53 µL, 0,42 mmol, 1 eq.) and concentrated sulfuric acid (4 eq.); reaction time: 46 h at 20 °C. After workup the crude product was purified by flash chromatography column on silica gel (gradient: CyHex, CyHex /AcOEt 90:10, then 80:20 and CH 2 Cl 2 /MeOH 90:10). 97 mg (0.23 mmol) of a brown oil was isolated in 66% yield. TLC : CH 2 Cl 2 /MeOH 98 :2, Rf = 0.53; 1 H NMR (DMSO-d6, 400 MHz) δ= 1.25 (s, 9H, tBu); 2.44 (s, 3H, SMe); 5.59 (s, 1H, H 1 ); 7.13 (d, 2H, J ortho = 8.3 Hz, 1.9 Hz, H 10 ); 8.53 (ddd, 1H, J 12-11 = 7.5 Hz, J 12-10 = 4.8 Hz, J 12-9 = 0.9 Hz, H 12 ); 10.38 (s, 1H, OH); 13 

2-[(4-tert-butyl-phenyl)-(2-methoxy-phenyl)methyl]-pyridine 9b

From the corresponding carbinol (1 eq.) and anisole (54 mg, 0.50 mmol, 1.2 eq.) and concentrated sulfuric acid (20 eq.); reaction time: 30 h at 20 °C. After workup the crude product was purified by flash chromatography column on silica gel (gradient: CH 2 Cl 2 , CH 2 Cl 2 /MeOH 95:5, then 90:10). 25 mg (0,08 mmol, white solid) was obtained in a 19% yield. TLC : CH 2 Cl 2 /MeOH 90:10 ; Rf = 0.30. 1 

General procedure for the synthesis of o, p regioisomers

To a solution of the corresponding carbinol (1 eq.) and phenol (1.2 eq.) in nitrobenzene (0.4 M) concentrated sulfuric acid (20 eq.) was added dropwise. After 5 min at 80 °C, the reaction medium was cooled to ambient temperature and then neutralized with a saturated solution of NaHCO 3 until pH 7, then extracted with EtOAc. The combined organic phases were dried over anhydrous Na 2 SO 4 , filtered and concentrated. After workup the crude product was purified by flash chromatography column on silica gel (gradient: CH 2 Cl 2 , CH 2 Cl 2 /MeOH 95:5 then 90:10).

2-[(4-tert-butyl-phenyl)-pyridin-2-yl-methyl]phenol 4

134 mg (0.42 mmol, beige solid) was isolated in 98% yield. TLC: CH 2 Cl 2 /MeOH 90:10; Rf = 0.16; 

2-[(4-methyl-phenyl)-pyridin-2-yl-methyl]phenol 6a

53 mg (0.21 mmol, beige solid) was isolated in 45% yield. TLC: CH 2 Cl 2 /MeOH 90:10; Rf = 0.20; Hz, H 9 ); 7.73 (ddd, 1H, J 10-9 = J 10-11 = 7.7 Hz, J 10-12 = acid, the formation of a major p,p regioisomer was also observed in modest yields (35%). Furthermore, the o,p regioisomer was obtained in 46% yield using 20 equivalents of catalyst.

It was found that nitrobenzene was the best solvent with total conversions, good yields and excellent regioselectivities. The use of 20 equivalents of sulfuric acid lead only to the o,p regioisomer in 98% yield. On the other hand, 4 equivalents of catalyst give the p,p regioisomer in 72% yield. Additionally, the reaction was homogeneous with short reaction times and without byproduct formation. However, some drawbacks could be noticed: the high boiling point of nitrobenzene (bp = 210 °C) prevents its removal by distillation and flash column chromatography is required for its removing. Taking into account these arguments nitrobenzene was chosen to carry out the further studies.

Screening of temperature

The Friedel-Crafts reaction was performed at 80 °C, 20 °C and 0 °C in nitrobenzene using 4 or 20 equivalents of sulfuric acid. The results are listed in Table 1.

As mentioned above good regioselectivities were obtained in nitrobenzene at 80 °C (entries 1 and 2, Table 1). At 20 °C with 20 equivalents of catalyst, the p,p regioisomer was mainly obtained in 5 min in 72% isolated yield (entry 3, Table 1). However, with 4 equivalents of acid, the reaction time was 5 h leading mainly to the p,p regioisomer in 58% isolated yield. Increasing time did not significantly enhance the yield (entry 5, Table 1). At 0 °C, at least 20 equivalents of sulfuric acid were required to observe a conversion of starting material. Under these conditions and after 15 min of reaction, the p,p regioisomer 3 was mainly isolated in 78% yield (entry 6, Table 1).

RESULTS AND DISCUSSION

As part of our studies involving the synthesis of bioactive compounds structurally related with a triarylmethane skeleton, we focused our attention on the synthesis of unsymmetrical TAMs with interesting biological properties. We were particularly interested in the synthesis of the p,p regioisomers derived from pyridinophenylcarbinols and phenol under acid conditions. During our preliminary studies, we noticed that depending on the quantity of the catalyst a regioisomer can be obtained predominantly. These results encouraged us to look further into our experiments in order to develop a regioselective method for preparing unsymmetrical TAMs by Friedel-Crafts hydroxyalkylation.

In a first step we tested different experimental conditions using (4-tert-butyl-phenyl) pyridine-2yl-methanol 1 as a model (Scheme 1). The assays were carried out on a scale of 0.4 mmol with 1.2 equivalents of phenol using sulfuric acid as a catalyst. In order to establish the best operating conditions, we studied the influence of solvent, temperature and the amount of catalyst. Then, we extended this reaction to two carbinols and a series of activated arenes.

Screening of solvents

The reaction was tested with various solvents: benzene, toluene, 1,2-dichloroethane and nitrobenzene. The experiments were carried out at 80 °C using 4 or 20 equivalents of sulfuric acid. With 4 equivalents of catalyst in benzene and toluene, the p,p regioisomer was mainly afforded with yields not exceeding 45%. Furthermore, the formation of byproducts was observed due to the aromatic electrophilic substitution between these aromatic solvents and the carbinol 1. In 1,2dichloroethane and using 4 equivalents of sulfuric The operating conditions tested for the Friedel-Crafts hydroxyalkylation between phenol and carbinol 1 in nitrobenzene are summarized in Figure 3. At 80 °C with 20 equivalents of catalyst, the o,p regioisomer was mainly obtained, while 4 equivalents of sulfuric acid at 80 °C led mainly to the p,p regioisomer.

Extension to other carbinols

We pursued our investigation by exploring the reaction with other carbinols. The regioselective conditions previously developed were applied for a carbinol bearing an electron donating group (methyl group), and another one bearing an electron withdrawing group (chlorine atom). The reactions were performed at scale of 100 mg and were carried out at 80 °C (Scheme 2). The results are outlined in Table 2.

These results confirmed the important role of temperature in the regioselectivity of the Friedel-Crafts hydroxyalkylation. These results also suggested that p,p regioisomer obtained at low temperature would be the kinetic compound whereas the o,p regioisomer, obtained at 80 °C, would be the thermodynamic one. This can be justified by assuming that a hydrogen bond may be formed between the pyridinium and the hydroxyl functional group of the phenol, leading to a stabilized intermediate (Figure 2).

Screening of amounts of catalyst

To focus on the influence of the amount of catalyst, we studied this reaction using 0.02, 2, 4, 5 and 20 equivalents of sulfuric acid. In the literature, the synthesis of TAMs is reported using a catalytic amount of acid [15][16][17][18]. In our study when 0.02 or 2 equivalents of acid were used, no reaction was observed. Theoretically, two equivalents of acid should be enough to catalyze the reaction. However, at least 4 equivalents of sulfuric acid were required to totally consume the starting carbinol.

With 4 equivalents of sulfuric acid, the p,p regioisomer 3 was mainly isolated. The kinetics of the reaction is highly temperature dependent (at 20 °C, 48 h and at 80 °C, 5 min) (entries 5 and 2, respectively, Table 1). The o,p regioisomer was afforded in an excellent yield of 98% with 20 equivalents of catalyst (entry 1, Table 1). Additionally, the reaction from methylcarbinol 1b and 4 equivalents of sulfuric acid provided the p,p regioisomer 5a in 63% yield (entry 5, Table 2). However the reaction with the halogen-substituted carbinol was slower and the expected p,p

As expected, the reaction with 20 equivalents of sulfuric acid furnished predominantly the o,p regioisomers in yields of 45% and 80% for methylcarbinol and chlorocarbinol, respectively (entries 3 and 6, Table 2). the temperature reaction to 0 °C, the p,p regioisomer formation was favored and the o,p regioisomer was not observed (entries 4 and 7, Table 2).

Application to other activated arenes

In order to complete this study, the previous operating conditions were applied to the synthesis of triarylmethanes from activated arenes (1.2 eq) using once again carbinol 1 as a model (Scheme 3).

The results are listed in Table 3.

To our delight, the reaction with anisole and 4 equivalents of sulfuric acid was regioselective leading exclusively to the p,p regioisomer in 10 min at 71% yield (entry 4, Table 3). However, regioisomer was afforded in low yields (6%) (entry 8, Table 2). In order to improve these results, the reaction was performed at 0 °C with 20 equivalents of sulfuric acid. The desired p,p regioisomer was isolated in 66% and 39% yield from methylcarbinol and chlorocarbinol, respectively, without any trace of the o,p regioisomer (entries 4 and 7, Table 2).

The results obtained confirmed the possibility of extending the previously established regioselective conditions to other functionalized carbinols. The reaction with 20 equivalents of sulfuric acid at 80 °C was regiospecific leading only to o,p regioisomers. It is to be noticed that, by decreasing ). The formation of byproducts was confirmed by 1 H NMR. Comparable results were obtained with thioanisole. However, when the reaction was performed by using 4 equivalents of sulfuric acid, the p,p regioisomer was obtained exclusively in 56% isolated yield (entry 16, Table 3), which shows that under such conditions the reaction is regioselective.

In order to avoid side-reactions, the sulfured arenes were reacted with carbinol 1 at 20 °C using 20 equivalents of catalyst. Under these conditions, the corresponding o,p regioisomers were never observed and the corresponding p,p regioisomers were afforded in 26% and 52% isolated yields (entries 12 and 15, Table 3).

unexpectedly, when the reaction was performed using 20 equivalents of catalyst, the yield of the o,p regioisomer dropped significantly to 19% (entry 3, Table 3). These unsatisfactory results could be explained by the absence of hydrogen bond between the pyridinium and the methoxy group of the anisole, unlike the case of phenol, which no longer allows the SEAr attack to be directed in the ortho position (Figure 2). The low yield can also be explained by the formation of the o,p dimer 10 identified by GC/MS analysis (MW = 555 g/mol) (Scheme 4). The o,p compound 9b could react once again with another molecule of carbinol 1 to afford the o,p dimer 10.

In contrast, a different regioselectivity was observed with arenes bearing halogens or an acetamide motif. Reactions with fluorobenzene, chlorobenzene, and phenylacetamide at 80 °C in the presence of 20 eq of sulfuric acid resulted in the corresponding p,p regioisomers in 75%, 69%, and 86% isolated yields.Reaction times were slightly longer compared to the reaction with phenol (10 min to 2 h). In addition, under all conditions used, no formation of the o,p regioisomer was observed (entries 5, 7 and 9, Table 3). 

CONCLUSION

In summary, the regioselective Friedel-Crafts hydroxyalkylation conditions have been established herein using a Brønsted acid as promoting system. This methodology allowed us: (i) to prepare a series of unsymmetrical triarylmethanes difficult to obtain by other methods, (ii) to develop a regioselective Friedel-Crafts hydroxyalkylation under mild conditions with short reaction times using low-cost catalyst leading to unsymmetrical triarylmethanes with good yields, (iii) to extend the method to other carbinols or activated arenes. Thus, this hydroxyalkylation could also extend the scope to new triarylmethanes containing heteroaromatic units. The biological evaluation of synthesized triarylmethanes is currently underway and will be published in due course. 
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 121 Fig. 1. Convention adopted to assign signals of 1 H and 13 C-NMR spectra.

  (m, 2H, H 4 , H 6 ); 7.20-7.25 (m, 2H, H 9 , H 11 ); 7.44 (d, 2H, J ortho = 8.4 Hz, H 14 , H 18 ); 7.72 (ddd, 1H, J 10-9 = J 10-11 = 7.7 Hz, J 10-12 = 1.8 Hz, H 10 ); 8.52 (ddd, 1H, J 12-11 = 6.4 Hz, J 12-10 = 4 Hz, J 12-9 = 0.9 Hz, H 12 );13 C NMR (DMSO-d6, 100 MHz) δ = 31.12 (tBu); 34.09 (C q tBu); 57.02 (C 1 ); 121.70 (C 11 ); 123.63 (C 9 ); 125.10 (C 4 , C 6 ); 127.41 (C 15 , C 17 ); 128.63 (C 3 , C 7 ); 130.10 (C 14 , C 18 ); 133.63 (C 5 ); 136.83 (C 10 ); 139.65 (C 2 ); 142.93 (C 13 ); 148.61 (C 12 ); 149.68 (C 16 ); 162.11 (C 8 ); GC-MS: R t = 7.82 minmethod 180 (333/2) [M+.]; (318/0,3) [M+. -CH 3 ]; (255/0.4) [SHPhCHPht-Bu]+; (224/96) [PyCHt-BuPh]+; (168/100) [PhCHPh]+.

Scheme 1 .

 1 Scheme 1. Reaction between (4-tert-butyl-phenyl)-pyridin-2-yl-methanol and phenol.

Figure 3 .Scheme 2 .

 32 Figure 3. Summary of operating conditions evaluated in the regioselectivity study using the reaction between (4-tert-butyl-phenyl) pyridine-2-yl-methanol 1 and phenol as model.

Scheme 4 .

 4 Scheme 4. Proposed mechanism for the formation of dimer 10.

Scheme 5 .

 5 Scheme 5. Formation of secondary products observed with thiophenol at 80 °C.

4-tert-butyl-phenyl)-pyridin-2-yl-methyl]- phenol 3

  

	After workup the crude product was purified by
	flash chromatography column on silica gel (gradient:
	CH 2 Cl 2 , CH 2 Cl 2 /MeOH 98:2 then 90:10). 96 mg
	(0.30 mmol, white solid) was isolated in 72% yield.
	13 mg (0.04 mmol, 10%) of 2-[(4-tert-butyl-phenyl)-
	pyridin-2-yl-methyl]-phenol 4 was also isolated.
	TLC : CyHex/AcOEt 50:50; Rf = 0.54 or CH 2 Cl 2 / MeOH 90:10; Rf = 0.80, 1 H NMR (DMSO-d6, 400 MHz): δ=1.24 (s, 9H, tBu); 5.49 (s, 1H, H 1 ); 6.69 (d,
	2H, J ortho = 8 Hz, H 4 , H 6 ); 7.01 (d, 2H, J ortho = 8 Hz,
	H 7 , H 3 ); 7.11 (d, 2H, J ortho = 8 Hz, H 14 , H 18 ); 7.18-7.24
	(m, 2H, H 9 , H 11 ); 7.30 (d, 2H, J ortho = 8 Hz, H 15 ,
	H 17 ); 7.71 (ddd, 1H, J 10-9 = J 10-11 = 8 Hz, J 10-12 = 4 Hz,
	H 10 ); 8.52 (ddd, 1H, J 12-11 = 4.7 Hz, J 12-10 = 1.8 Hz, J 12-9 = 0.96 Hz, H 12 ); 9.27 (s, 1H, OH); 13 C NMR (DMSO-d6, 100 MHz) δ= 31.12 (tBu); 34.03 (C q
	tBu); 57.06 (C 1 ); 114.96 (C 6 , C 4 ); 121.38 (C 11 );
	123.37 (C 9 ); 124.87 (C 15 , C 17 ); 128.59 (C 14 , C 18 );
	129.88 (C 3 , C 7 ); 133.31 (C 2 ); 136.56 (C 10 ); 140.59
	(C 13 ); 148.22 (C 16 ); 149.02 (C 12 ); 155.58 (C 5 );
	163.15 (C 8 ); GC-MS: R t = 7.82 min -method 180 (317/100) [M +. ]; (302/30) [M +. -CH 3 ]; (286/5) [M +. -2 CH 3 ] ; (260/19) [M +. -C(CH 3 ) 3 ]; (239/23) [OHPhCHt-BuPh] + ; (224/8) [OHPhCHt-BuPh + -
	CH 3 ]; (209/16) [OHPhCHt-BuPh + -2 CH 3 ]; (194/6) [OHPhCHt-BuPh + -C(CH 3 ) 3 ]; (167/13) [PhCHPy] + ;
	HPLC purity: 96%, Column B, n-heptane/AcOEt 30/70, 0.8 mL/min, λmax = 264 nm, R

t = 2.84 min.

  CH 2 Cl 2 /MeOH 98:2 then 90:10). 96 mg (0.29 mmol) was isolated in 69% yield. TLC: CH 2 Cl 2 ; Rf = 0.45 1 H NMR (DMSO-d6, 400 MHz) δ= 1.24 (s, 9H, tBu); 5.65 (s, 1H, H

1 ); 7.14 (d, 2H, J ortho = 8.3 Hz, H 14 , H 18 ); 7.22-7.28 (m, 4H, H 3 , H 7 , H 9 , H 11 ); 7.29-7.37 (m, 4H, H 15 , H 17 , H 4 , H 6 ); 7,74 (ddd, 1H, J 10-9 = J 10-11 = 7.7 Hz, J 10-12 = 1.9 Hz, H 10 ); 8,54 (ddd, 1H, J 12-11 = 6.6 Hz, J 12-10 = 4 Hz, J 12-9 = 0.9 Hz, H 12 ); 13 C NMR (DMSO-d6, 100 MHz) δ = 31.11 (tBu); 34.08 (C q tBu); 56.76 (C 1 ); 121.73 (C 11 ) ; 123.64 (C 9 ) ; 125.11 (C 15 , C 17 ); 128.14 (C 4 , C 6 ); 128.60 (C 14 , C 18 ); 130.84 (C 3 , C 7 ); 130.92 (C 5 ); 136.85 (C 10 ); 139.65 (C 13 ); 142.18 (C 2 ); 148.65 (C 16 ); 149.23 (C 12 ); 162.07 (C 8 ); GC-MS: R t = 7.99 min -method 180: 335/100) [M +. ]; (320/67) [M +. -CH 3 ]; (278/27) [M +. -Cl]; (167/64) [PhCHPh] + .

  14 , H 18 ); 7.72 (ddd, 1H, J 10-9 = J 10-11 = 7.7 Hz, J 10-12 = 1.8 Hz, H 10 ); 7.88 (d, 1H, J ortho = 8.4 Hz, H 15 , H 17 ); 8.52 (dd, 1H, J 12-11 = 5.3 Hz, J 12-9 = 1.8 Hz, H 12 ).

	H
	NMR (DMSO-d6, 400 MHz) δ= 1.26 (s, 9H, tBu);
	3.73 (s, 3H, OMe); 5.56 (s, 1H, H 1 ); 6.90 (d, 1H,
	J ortho = 8.5 Hz, H 6 ); 7.09-7.15 (m, 3H, H 14 , H 18 ,
	H 4 ); 7.21-7.26 (m, 2H, H 9 , H 11 ); 7.29-7.34 (m,
	3H, H 15 , H 17 , H 5 ); 7.59 (d, 1H, J 3-4 = 2.4 Hz, H 3 );
	7.74 (ddd, 1H, J 10-9 = J 10-11 = 7.7 Hz, J 10-12 = 1.8
	Hz, H 10 ); 8.53 (dd, 1H, J 12-11 = 5.3 Hz, J 12-9 = 1.8 Hz, H 12 ); (DMSO-d6, 100 MHz) δ= 31.17 (tBu);
	34.10 (C q tBu); 55.59 (C 1 ); 57.02 (OMe); 111.70
	(C 6 ); 121.53 (C 11 ); 123.45 (C 9 ); 124.99 (C 15 , C 17 ,
	C 5 ); 128.64 (C 14 , C 18 ); 129.07 (C 3 ); 130.62 (C 4 );
	135.19 (C 2 ); 136.69 (C 10 ); 140.31 (C 13 ); 148.36
	(C 16 ); 149.14 (C 12 ); 154.66 (C 7 ); 162.80 (C 8 ).

H

Table 1 .

 1 Influence of temperature on yield of reaction.

								tBu	tBu
		tBu	OH	4 or 20 eq. H 2 SO 4	N		N
	N	+						+	HO
	OH			PhNO 2 , T	°C		
	1		2				OH 3	4
	Entry	T °C		eq H 2 SO 4	Time		Yield% a (p,p) 3	Yield% a (o,p) 4
	1	80		20	5 min			0	98
	2	80		4	5 min			72	10
	3	20		20	5 min		72	3
	4	20		4	5 h			58	3
	5	20		4	48 h			66	3
	6	0		20	15 min		78	2
	[a] After purification by silica gel chromatography.
					H	O	H +	N	H	O	+ H N
								+
								t Bu	t Bu
					Figure 2. Stabilization of o,p regioisomer by the formation
					of a hydrogen bond between the hydroxyl group and
					the pyridinium.

Table 2 .

 2 Friedel-Crafts reaction at 80 °C using different carbinols.

	Entry	R	eq H 2 SO 4	Time	Yield% a p,p 5	Yield% a o,p 6
	1	tBu	20	5 min	0	98
	2		4	5 min	72	10
	3		20	5 min	0	45
	4	Me	20 b	3 h 50	66	n.o
	5		4	5 min	63	15
	6		20	5 min	traces	80
	7	Cl	20 b	3 h 25	39	n.o.
	8		4	3 days	6	9
	[a] After purification by silica gel chromatography, [b] Reaction performed at 0 °C
	with 20 eq of H 2 SO 4 ;				
	n.o. non observed.				

Table 3 .

 3 Friedel-Crafts reaction at 80 °C using different activated arenes.

					t Bu	tBu
	t Bu	R	4 or 20 eq. H 2 SO 4	N	N
	N	+			+	R
	OH		PhNO 2 , 80	°C		
	1	7			R 8	9
	Entry	R	eq H 2 SO 4	Time	Yield% a p,p 8	Yield% a o,p 9
	1 2	OH	20 4	5 min 5 min	0 72	98 10
	3 4	OMe	20 4	5 min 10 min	0 b 71 b	19 n.o.
	5 6	F	20 4	10 min 30 h	75 14	n.o. traces
	7 8	Cl	20 4	30 min 48 h	69 18	n.o. traces
	9 10	NHAc	20 4	2h 28 h	86 55	n.o. traces
	11		20 b	5 min	5	4
	12	SH	20 c	30 min	26	n.o.
	13		4	1 h	0	traces
	14		20 b	5 min	5	traces
	15	SMe	20 c	5 min	52	n.o.
	16		4	45 min	56	n.o.

[a] After purification by silica gel chromatography, [b] The formation of dimers was observed, [c] Reaction performed at 20 °C; n.o. non observed. Scheme 3. Regioselective Friedel-Crafts conditions on various activated arenes. R= OH (a), OMe (b), F (c), Cl (d), NHAc (e), SH (f), SMe (g)
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