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Abstract 

[1,2,3]Triazolo[1,5-a]pyridine reacts with aryl halides in presence of catalytic amounts 

of Pd(OAc)2 and PPh3 in DMF to give, in medium or low yield, direct arylations in C3 

and pyridyl aryl ketones. Thiazole and benzothiazole have been directly arylated using 

7-halotriazolopyridines. These behaviours are unprecedented in the chemistry of 

[1,2,3]triazolo[1,5-a]pyridines. 

 

Keywords: Nitrogenated heterocycles, triazolopyridines, direct arylations, palladium 

catalyst 

 
 

 

Introduction 

 

[1,2,3]Triazolo[1,5-a]pyridines 1 are simple fused heterocycles, readily accessible by 

mild oxidation of pyridyl-ketone or pyridyl-aldehyde hydrazones.2a Their chemistry has 

been  studied by Jones and ourselves.2 This system is used as building blocks of 

pyridines 2,6-disubstituted not available by other synthetic methodology.3 Indolizines,4 

and bipyridines,5 have also been synthesized using [1,2,3]triazolo[1,5-a]pyridines as 

synthons. Their coordination chemistry6 as well as their application in the field of 

magnetic materials have been reported.6d,7 One very interesting property of this system 

is the fluorescence of triazolopyridines 3 or 7 substituted by aryl or heteroaryl groups.8 

This property provides molecular chemosensors for metal ions, anions, and amino 

acids.1,9 

Fluorescent aryltriazolopyridines were synthesized with a triazolopyridine halide 

and an aryl or heteroaryl boronic acid,8 by cross-coupling reactions,10 especially the 

Suzuki-Miyaura reaction.11 However, the 3-halotriazolopyridines used as starting 

materials were obtained in very low yield.12 

The reaction involving a triazolopyridyl boronic acid and an aryl halide was not 

successful. It was possible to synthesize and characterize some 7-triazolopyridyl 
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boronic acids and esters that are stable when stored, but in solution under the various 

Suzuki reaction conditions experimented, were not stable and underwent 

protodeboronation.13 On the other hand, it was impossible to prepare 3-triazolopyridyl 

boronic acid.12 

The requisite of triazolpyridine preactivation, such as halide or boronic acid, 

involves several manipulations prior to the cross-coupling reaction. In recent years, 

direct arylation reactions catalysed by palladium in a single step, have emerged as a 

very attractive alternative via to traditional cross-coupling methods for the 

functionalisation of unactivated C-H bonds in heterocycles.14 Although direct arylations 

have been studied with a great number of heterocycles,14a,h no reports of this type of 

reaction involving triazolopyridines have been published to date.15,2d Thus, we decided 

to explore the possibility of direct arylation of triazolopyridines. 

In this context, we report the first results on the study of this reaction with 

[1,2,3]triazolo[1,5-a]pyridine 1a, and the application of 7-halo-[1,2,3]triazolo[1,5-a] 

pyridines for direct arylation of thiazole and benzothiazole. 

 

 

Results and Discussion 

 

Electrophilic aromatic substitution was initially proposed by Miura as a possible 

mechanism for direct arylation reactions,16a since then distinct mechanisms have been 

proposed: C-H activation,16b,c cross-coupling,16a and Heck-type arylation.14d For 

palladium catalysed arylation of electron-rich heterocycles, the mechanistic pathway 

proposed by Miura16a has often been considered as the most probable mechanism for 

arylation of heterocycles,14d and has been strongly supported by a combination of 

experimental and computational data.17 Nevertheless, the potential involvement of other 

aforementioned pathways or mixed mechanisms could not be completely ruled out.14d  

It is known that in [1,2,3]triazolo[1,5-a]pyridine 1a the most acid hydrogen is the 

one in the C3 position, and that 1a reacts with electrophiles in two contrasting ways.2a 

In cases of Vilsmeier formylation or nitration, 3-substituted triazolopyridines are 

obtained, and with other electrophiles (acids, acetic anhydride, SeO2, etc) products 

resulting from a triazolo ring opening reaction losing dinitrogen are given. Thus, we 

decided to explore the possibility of direct arylation of triazolopyridine in the C3 

position using Miura conditions.16a 

We first examined the reaction between triazolopyridine 1a and 2 equivalents of 4-

iodoanisole 2 in DMF at 140 ºC, in the presence of 0.05 equivalents of Pd(OAc)2, 0.1 

equivalents of triphenylphosphine as ligand, and 2 equivalents of caesium carbonate as 

base. The reaction was completed after 3 days, and three compounds were isolated in 

moderate to low yields (Table 1, entry 1): 3-substituted triazolopyridine 3 (33%), 2-

pyridyl 4-methoxyphenyl ketone 4 (23%) and 4,4’-dimethoxybiphenyl 5 (24%) 

(Scheme 1). 
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Scheme 1 

 

Triazolopyridine 3 is the first example of a compound obtained by direct arylation 

of a triazolopyridine system. Compound 3 was obtained previously by some of us, by 

Suzuki reaction of 3-iodotriazolopyridine and 4-methoxyphenyl boronic acid, in a 

global yield of only 13.7%.8 An interesting feature is the attainment of ketone 4, it must 

be formed from 3 by a triazolo ring opening reaction with the loss of N2.
18 The 

formation of the biaryl derivative 5 can be explained by a homocouplig reaction of 2.19 

Several attempts to improve these results have been made modifying the reaction 

conditions. We modified the reaction time and temperature (Table 1, entry 2), the ligand 

and reaction time (entries 320-5), the catalyst (entry 6), yet we always obtained mixtures 

of difficult handling and unfavourable results. As reported by Bellina et al., the addition 

of copper(I) iodide (CuI) dramatically improved reaction efficiency of some direct 

arylations,16b,c,21c thus we investigated the activity of this transition element in our 

reaction. However no arylation product was found, (entry 7). Fagnou et al. developed a 

palladium-pivalic acid co-catalyst combination exhibiting unprecedented reactivity in 

direct arylation,22a that provides highly variable outcomes depending on the choice of 

base and the presence /absence of pivalic acid.22b They also established broadly 

applicable reaction conditions associated with the use of substoichiometric quantities of 

pivalic acid (in situ generated potassium pivalate) to accelerate direct arylation.22c Using 

some of these conditions, we tried to achieve better results, yet without success (entry 

8). 
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Table 1 Synthesis of 3-aryl-[1,2,3]triazolo[1,5-a]pyridines 

Entry 
Ar-X / 

(equiv) 

Catalyst / 

(equiv) 

Ligand / 

Additive 

(equiv) 

Base / 

(equiv) 

Solvent / 

(mL) 
Tª (ºC) 

Time 

(h) 

Products 

(%) 

1 2 / (2) 
Pd(OAc)2 / 

(0.05) 
PPh3 / (0.1) Cs2CO3 / (2) DMF / (5) 140 72 

3 (33%) 

4 (23%) 

5 (24%) 

2 2 / (2) 
Pd(OAc)2 / 

(0.05) 
PPh3 / (0.1) Cs2CO3 / (2) DMF / (5) 160 24 

4 (17,4%) 

5 (8,4%) 

3 2 / (2) 
Pd(OAc)2 / 

(0.05) 

P(o-Tol)3 / 

(0.1) 
Cs2CO3 / (2) DMF / (5) 140 72 3 (7,1%) 

4 2 / (2) 
Pd(OAc)2 / 

(0.05) 

P(o-Tol)3/ 

(0.45) 
Cs2CO3 / (2) DMF / (5) 140 96 

4 (6,1%) 

5 (9,3%) 

5 2 / (2) 
Pd(OAc)2 / 

(0.05) 

Xanphos / 

(0.05) 
Cs2CO3 / (2) DMF / (5) 140 96 3 (9,8%) 

6 2 / (2) 
PdCl2(PPh)3 / 

(0.05) 

PPh3 / (0.1) Cs2CO3 / (2) DMF / (5) 140 72 4 (traces)  

7 2 / (2) 

Pd(OAc)2  / 

(0.05) CuI / 

(2) 

PPh3 / (0.1)  Cs2CO3 / (2) DMF / (5) 140 72 
3 (traces) 

4 (traces) 

8 2 / (2) 

Pd(AcO)2/ 

PivOH/ 

0,02/0,3 

PCy3.HBF4 
K2CO3 

(1,5) 
DMA /(5) 100 72 

3 (3%) 

4 (10%) 

9 6 / (1,1) 
Pd(OAc)2 / 

(0.05) 
PPh3 / (0.1) Cs2CO3 / (2) DMF / (5) 140 48 

7 (16%) 

8 (21%) 

9 (32%) 

 

When 3-bromopyridine 6 was used as co-reagent in cited Miura conditions,16a 

triazolopyridine 7, (16%), ketone 8 (21%), and 3,3’-bipyridine 9 (32%) were obtained 

(Scheme 1, entry 9). These compounds are analogous to 3, 4, and 5. 

Some experiments were also carried using microwave conditions at a frequency of 

2.45 GHz, however no reaction was observed. 

We assume that the mechanism of these direct arylation reactions could be an 

electrophilic attack of the arylhalopalladium(II) species, which is formed by oxidative 

addition of aryl halide to the palladium (0) generated in situ, onto the triazolopyridine 

1a generating intermediate 10, that by deprotonation gives aryl(triazolopyridyl) 
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palladium(II) intermediate 11. By reductive palladium elimination the new 

triazolopyridines 3 or 7 could be formed (Scheme 2). 

 

 
 

Scheme 2 

 

Direct arylation reactions of thiazole 13 and benzothiazole 14 with 7-iodo- or 7-

bromo-3-substitutedtriazolopyridines 12 were also studied, under the same conditions as 

those that Miura et al.16a used for direct arylation of 1,3-azoles and benzoazoles (Table 

2). 

7-Halotriazolopyridines 12 are available products from regioselective lithiation of 

triazolopyridine (n-BuLi/toluene, -40 ºC) and iodine,12 dibromotetrachloroethane 

(DBTCE),23 or tetrachloroethane (TCE)12 in good yield. By reaction of 7-iodo-3-

methyltriazolopyridine 12a with thiazole in presence of Pd(OAc)2 (0.05 eq.), PPh3 (0.1 

eq.) in DMF at 140 ºC using caesium carbonate (2 eq.) as base, we obtained 7-(5-

thiazolyl)-3-methyltriazolopyridine 15 in 34% yield. This reaction gave regioselective 

arylation in C5 of the thiazole ring, (Scheme 3) (Table 2, entry 1). The dehalogenated 

product 3-methyltriazolopyridine 1b was also obtained in 41% yield. In contrast, when 

7-bromo-3-methyltriazolopyridine 12b was used, triazolopyridine 1b was obtained 

(60%) and only traces of compound 15 (entry 2). The reactions of 3-substituded-7-

halotriazolopyridines with benzothiazole gave different result depending on the 

substituent in C3 (Scheme 3). With compound 12b, 7-(2-benzothiazolyl)-3-

methyltriazolopyridine 16 (35%), and triazolopyridine 1b (45%) were obtained (entry 

3). However, with R = phenyl, compound 12c, no reaction was observed with or 

without CuI as additive. 
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Scheme 3 

 

Table 2. Reactions of 7-halo-[1,2,3]triazolo[1,5-a]pyridines with thiazole and 

benzothiazole 

Entry 

Starting 

material 

TP-X/ 

(equiv) 

Aromatic 

co-

reactive/ 

(equiv) 

Catalyst/ 

(equiv) 

Ligand, 

Additive / 

(equiv) 

Base / 

(equiv) 

Solven

t/ (mL) 

Tª 

(ºC) 

Time    

(h) 

Products 

(%) 

1 12a / (1) 13 / (2) 
Pd(OAc)2/ 

(0.05) 
PPh3/ (0.1) 

Cs2CO3/ 

(2) 

DMF / 

(5) 
140 2 

1b (41%) 

15 (34%) 

2 12b / (1) 13 / (2) 
Pd(OAc)2/ 

(0.05) 
PPh3/ (0.1) 

Cs2CO3/ 

(2) 

DMF / 

(5) 
140 2 

1b (60%) 

15 (traces) 

3 12b / (1) 14 / (2) 
Pd(OAc)2/ 

(0.05) 

PPh3/ (0.1) 

CuI/ (0.02) 

Cs2CO3/ 

(2) 

DMF / 

(5) 
140 2 

1b (45%) 

16 (35%) 

4 17/ (1) 14/ (2) 
Pd(OAc)2/ 

(0.05) 
PPh3 / (0.1) 

Cs2CO3/ 

(2) 

DMF / 

(5) 
140 2 

1d (traces) 

18 (13%) 

5 17/ (1) 14 / (2) 
Pd(OAc)2/ 

(0.05) 

PPh3/ (0.1) 

CuI/ (0.02) 

Cs2CO3/ 

(2) 

DMF / 

(5) 
140 2 

1d (58%) 

18 (13%) 

6 17/ (1) 14 / (2) 
Pd(OAc)2/ 

(0.05) 

PPh3/ (0.1) 

CuI/ (0.02) 

Cs2CO3/ 

(2) 

DMF / 

(5) 
140 4 

1d (traces) 

18 (10%) 

19 (traces) 

7 17/ (1) 13 / (2) 
Pd(OAc)2/ 

(0.05) 

PPh3/ (0.1) 

CuI/ (0.02) 

Cs2CO3/ 

(2) 

DMF / 

(5) 
140 2 

1d (30%) 

20 (26%) 

21 (11%) 
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When trying to synthesize compound 12 with R=2-pyridyl and X=I, 12d was not 

obtained, instead the compound found had the structure of their isomer 17, due to the 

ring-chain-ring isomerism in 3-(2-pyridyl)-7-substituted triazolopyridines previously 

described by our group (Scheme 4).24 

 

 
 

Scheme 4 

 

When the reaction with 3-(6-iodopyridin-2-yl)-[1,2,3]triazolo[1,5-a]pyridine 17 and 

benzothiazole was studied, direct arylation was found giving 18 in low yield. In this 

case, product of dehalogenation 1d was also observed, (Table 2, entry 4). Similar results 

were found adding CuI (entries 5, 6). In conditions of entry 6, the dimer 19 was also 

formed,25 (Scheme 4). Compound 18 is a new polynitrogenated tridentate ligand that 

has fluorescent properties. We are at the moment studying its potential application as 

sensor of cations and anions due to its structural similarity to another compound with 

this property described by some of us.9b 

In conditions of entry 5, compound 17 reacts with thiazole (entry 7) to give, in low 

yield, two thiazolylpyridyltriazolopyridines, 20 (26%) and 21 (11%). Also the 

triazolopyridine 1d was formed (scheme 4). 

 

 

Conclusions 

 

[1,2,3]Triazolo[1,5-a]pyridine reacts with aryl halides in presence of palladium acetate 

and PPh3 to give, in medium or low yield, direct arylations in the C3 position, and 

pyridyl aryl ketones. Thiazole and benzothiazole give direct arylations with 7-

halotriazolopyridines in Miura conditions, also in low yields. These behaviours are 

unprecedented in the chemistry of [1,2,3]triazolo[1,5-a]pyridines. 
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Experimental Section 

 

General. Melting points were determined on a Kofler heated stage and are uncorrected. 

NMR spectra were recorded on a Bruker AC300MHz with CDCl3 as solvent. COSY 

experiments were carried out for all compounds. HRMS Electron Impact (EI) or 

ElectroSpray (ES) determinations were made using a VG Autospec Trio 1000 (Fisons). 

All lithiation reactions were performed under inert atmosphere and with dry solvents.26 

[1,2,3]Triazolo[1,5-a]pyridine 1a,27 7-iodo-3-methyl-[1,2,3]triazolo[1,5-a]pyridine 

12a,28 7-bromo-3-methyl-[1,2,3]triazolo[1,5-a]pyridine 12b,23 7-Iodo-3-phenyl-

[1,2,3]triazolo[1,5-a]pyridine 12c,28 and 3-(6-iodo-pyridin-2-yl)-[1,2,3]triazolo[1,5-a] 

pyridine 17,24a  were prepared as described elsewhere. 

 

General procedure for the preparation of 3-aryl-[1,2,3]triazolo[1,5-a]pyridines 

A mixture of [1,2,3]triazolo[1,5-a]pyridine 1a (1 equiv), and aryl halide 2 or 6 (2 

equiv.), Pd(OAc)2 (0.05 equiv.), triphenylphosphine (0.1equiv.), and caesium carbonate 

(2equiv) in DMF (5 mL) was heated at 140 ºC whilst being vigorously stirred under 

argon atmosphere. The progress of the reaction was followed by TLC. An aqueous 

solution of sodium hydroxide was added at room temperature until reaching basic pH, 

and the mixture was extracted with dichloromethane. The organic layer was dried 

(Na2SO4), filtered, and concentrated under reduced pressure. The crude reaction mixture 

was purified by chromatotron, using ethyl acetate/hexane as solvent in increasing 

amounts. 

3-(4-Methoxyphenyl)-[l,2,3]triazolo[1,5-a]pyridine (3). [1,2,3]Triazolo[1,5-a] 

pyridine 1a (0.10 g, 0.84 mmol) and 4-iodoanisol 2 (0.39 g, 1.68 mmol). In the 

purification 4,4’-dimetoxybiphenyl 5 (43 mg, 24%) was first eluted. The second 

fraction was a yellow oil identified as 4-methoxyphenyl 2-pyridyl ketone 4,29 (30 mg, 

23%). The third fraction was a white solid identified as 3-(4-methoxyphenyl)-

[l,2,3]triazolo[1,5-a]pyridine 3 (10 mg, 33%), mp (AcOEt/Hexane) 132-134 ºC, lit.8 

132-134 ºC. The last fraction was starting material 1a (37 mg). 

3-(3-Pyridyl)-[l,2,3]triazolo[1,5-a]pyridine (7). [1,2,3]Triazolo[1,5-a]pyridine 1a 

(0.20 g, 0.84 mmol) and 3-bromopyridine 6 (0.29 g, 1.85 mmol). In the purification 3-

pyridyl 2-pyridyl ketone 8 (65 mg, 21%) was first eluted as a yellow oil.30 The second 

fraction was triphenylphosphine oxide (51 mg), and further a white solid was eluted 

identified as 3-(3-pyridyl)-[l,2,3]triazolo[1,5-a]pyridine 7 (53 mg, 16%), mp (AcOEt/ 

Hexane) 146-148 ºC, lit.8 146-148 ºC. The last fraction was 3,3’-bipyridyl 9 (26 mg, 

32%).31 

 

General procedure for the reactions of 7-halo-[1,2,3]triazolo[1,5-a]pyridines with 

thiazole or benzothiazole 

A mixture of the corresponding 7-halo-[1,2,3]triazolo[1,5-a] pyridine 12a,b or 17 (1 

equiv), thiazole 13 or benzothiazole 14 (2 equiv.), Pd(OAc)2 (0.05 equiv.), 

triphenylphosphine (0.1 equiv.), in some cases CuI (0.02 equiv), and caesium carbonate 

(dried at 150 ºC 2 h in vacuo) (2 equiv) in dry DMF (5 mL), was heated at 140 ºC in 
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argon atmosphere whilst being vigorously stirred. The progress of the reaction was 

followed by TLC for 2 hours. The mixture was evaporated at reduced pressure and 

treated with an aqueous solution of sodium hydroxide until reaching basic pH, and later 

extracted with dichloromethane (3x25 mL). The organic layer was dried (Na2SO4), 

filtered, and concentrated under reduced pressure. The crude reaction mixture was 

purified by chromatotron using ethyl acetate/hexane as solvent in increasing amounts. 

3-Methyl-7-thiazol-5-yl-[1,2,3]triazolo[1,5-a]pyridine (15). 7-Iodo-3-methyl-

[1,2,3]triazolo[1,5-a]pyridine 12a (0.10 g, 0.38 mmol) and thiazole (0.05 mL, 0.70 

mmol). In the purification 3-methyl-[1,2,3]triazolo[1,5-a]pyridine 1b (13 mg) was first 

eluted, then triphenilphosphine oxide (21 mg), and the last fraction was a yellow oil 

identified as 15, (20 mg, 34%). HRMS found for M+ 216.0475, C10H8N4S requires 

216.0469. 1H NMR  8.95 (s, 1H), 8.89 (s, 1H), 7.60 (dd, J1 = 8.7 Hz, J2 = 1.2Hz, 1H), 

7.35 (dd, J1 = 7.2 Hz, J2 = 1.2 Hz, 1H), 7.21 (dd, J1 = 8.7Hz, J2 = 7.2 Hz, 1H), 2.62 (s, 

3H). 13C NMR  154.5 (CH), 143.5 (CH), 122.7 (CH), 115.6 (CH), 112.7 (CH), 9.5 

(CH3). MS (EI) m/z (%) 216 (2); 188 (100); 187 (27); 162 (39). 

3-Methyl-7-benzothiazol-2-yl-[1,2,3]triazolo[1,5-a]pyridine (16). 7-Bromo-3-methyl-

[1,2,3]triazolo[1,5-a]pyridine 12b (0.20 g, 0.94 mmol), and benzothiazole (0.21 mL, 

1.9mmol). In the purification benzothiazole (108 mg) was first eluted, then 3-methyl-

[1,2,3]triazolo[1,5-a]pyridine 1b (20 mg), and finally a yellow oil identified as 16 

(35%). HRMS found for M+ 266.0620, C14H10N4S requires 266.0626. 1H NMR  8.29 

(d, J = 7.2 Hz, 1H), 8.08 (d, J = 8.1 Hz, 1H), 7.98 (d, J = 7.4 Hz, 1H), 7.71 (d, J = 8.7 

Hz, 1H), 7.49 (ddd, J1 = J2 = 9.0 Hz, J3 = 1.2 Hz, 1H), 7.39 (ddd, J1 = J2 = 8.1 Hz, J3 = 

1.2 Hz, 1H), 7.32 (dd, J1 = 7.2 Hz, J2 = 8.7 Hz, 1H). 13C NMR  156.69 (C), 152.10 (C), 

137.10 (C), 135.74 (C), 132.49 (C), 130.87 (C), 126.66 (CH), 125.77 (CH), 123.72 

(CH), 123.38 (CH), 121.77 (CH), 118.61 (CH), 115.96 (CH), 10.52 (CH3). MS(EI) m/z 

(%) 266 (9); 238 (100); 237 (49); 212 (34). 

3-(6-Benzothiazol-2-yl-pyridin-2-yl)-[1,2,3]triazolo[1,5-a]pyridine (18). 3-(6-

Iodopyridin-2-yl)-[1,2,3]triazolo[1,5-a]pyridine 17 (0.10 g, 0.31 mmol) and 

benzothiazole (0.77 ml, 0,62 mmol). In the purification Cl2CH2/ethyl acetate was used 

as eluent. Starting material 17 (11 mg) was first eluted, then 3-(2-pyridyl)-[1,2,3] 

triazolo[1,5-a]pyridine 1d (30 mg), and the last product eluted was a fluorescent yellow 

oil identified as 18 (13 mg, 13%). HRMS found for [M+H]+ 330.0806, C18H12N5S 

requires 330.0813. 1H NMR  8.93 (d, J = 9.0 Hz, 1H), 8.80 (d, J = 6.9 Hz, 1H), 8.47 

(dd, J1 = 7.8 Hz, J2 = 0.9 Hz, 1H), 8.28 (dd, J1 = 7.8 Hz, J2 = 0.9 Hz, 1H), 8.12 (d, J = 

7.8 Hz, 1H), 7.99 (d, J = 8.1 Hz, 1H), 7.96 (t, J = 7.8, 1H), 7.53 (dd, J1 = 7.2 Hz, J2 = 

6.8 Hz, 2H), 7.43 (ddd, J1 = 9.0 Hz, J2 = 7.2 Hz, J3 = 1.3 Hz, 1H), 7.11 (ddd, J1 = J2= 6.9 

Hz, J3 = 1.2 Hz, 1H). 13C NMR  169.8 (C), 154.6 (C), 152.1 (C), 138.0 (CH), 136.8 

(C), 136.1 (C), 132.4 (C), 131.1 (C), 127.2 (CH), 126.6 (CH), 125.9 (CH), 125.6 (CH), 

123.9 (CH), 122.2 (CH), 122.1 (CH), 121.4 (CH), 119.0 (CH), 116.2 (CH). 

3-(6-Thiazol-2-yl-pyridin-2-yl)-[1,2,3]triazolo[1,5-a]pyridine 20, and 3-(6-Thiazol-

5-yl-pyridin-2-yl)-[1,2,3]triazolo[1,5-a]pyridine (21). 3-(6-Iodopyridin-2-yl)-

[1,2,3]triazolo[1,5-a]pyridine 17 (0.20 g, 0.31 mmol) and thiazole (0.11 mg, 1.2 mmol). 

In the purification toluene/ethyl acetate (8:1) was used as eluent. 3-(2-Pyridyl)-[1,2,3] 
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triazolo[1,5-a]pyridine 1d (30 mg, 15%) was first eluted, then a yellow solid identified 

as 20 (45 mg. 26%). Mp. (AcOEt/ Hexane) 181-183 ºC. HRMS found for [M+H]+ 

280.0656, C14H10N5S requires 280.0657. 1H NMR  8.77-8.71 (m, 2H), 8.34 (dd, J1 = 

7.8, J2 = 1.2 Hz, 1H), 8.05 (dd, J1 = 7.8, J2 = 0.9 Hz, 1H), 7.91 (d, J = 3 Hz, 1H), 7.88 

(dd, J1 = J2 = 7.8 Hz, 1H), 7.43 (d, J = 3 Hz, 1H), 7.41 (ddd, J1 = 9 Hz, J2 = 6.9 Hz, J3 = 

0.9Hz, 1H), 7.03 (ddd, J1 = J2 = 6.9 Hz, J3 = 1.2 Hz, 1H). 13C NMR  169.73(C), 151.67 

(C), 150.59 (C), 144.24 (CH), 137.85 (CH), 136.68 (C), 132.17 (C), 126.88 (CH), 

125.39 (CH), 121.15 (CH), 121.13 (CH), 121.10 (CH), 117.71 (CH), 116.02 (CH), and 

the last product eluted was a fluorescent yellow solid identified as 21 (25 mg, 11%). 

Mp. (AcOEt) 211-213 ºC. HRMS found for [M+H]+ 280.0662, C14H10N5S requires 

280.0657. 1H NMR  8.80 (s, 1H), 8.70 (d, J = 6.9Hz, 2H), 8.66 (d, J = 9.2, 1H), 8.32 

(s, 1H), 8.2 (d, J = 8Hz, 1H), 7.76 (dd, J1 = J2 = 8Hz, 1H), 7.53 (d, J = 8Hz, 1H), 7.39-

7.35 (m, 1H), 7.01 (ddd, J1 = J2 = 6.9 Hz, J3 = 1.2Hz, 1H). 13C NMR  154.32 (CH), 

152.14 (C), 149.67 (C), 141.01 (C), 140.26 (CH), 138.72 (CH), 136.81 (C), 132.21 (C), 

126.94 (CH), 125.47 (CH), 121.20 (CH), 119.49 (CH), 117.89 (CH), 116.10 (CH). 

 

 

Acknowledgements 

 

We are grateful to the Ministerio de Ciencia e Innovación (Spain) (Project 

CONSOLIDER-INGENIO SUPRAMED CSD 2010-00065), to Generalitat Valenciana 

(Valencia, Spain) (project PROMETEO 2011/008) for its financial support, and to the 

SCSIE for the realization of HRMS spectra. R. A. thanks Generalitat Valenciana for a 

doctoral fellowship 

 

 

References 

 

1. Last part in the series: Triazolopyridines. Part 28. Ballesteros-Garrido, R.; 

Delgado Pinar, E.; Abarca, B.; Ballesteros, R. Tetrahedron 2012, 68, 3701-3707. 

2. (a) Jones, G.; Sliskovic, D. R. Adv. Heterocycl. Chem. 1983, 34, 79-143. (b) 

Jones, G. Adv. Heterocycl. Chem. 2002, 83, 1-70. (c) Abarca, B. J. Enz. Inh. Med. 

Chem. 2002, 17, 359-367. (d) Jones, G.; Abarca, B. Adv. Heterocycl. Chem. 2010, 

100, 195-252. 

3. Jones, G.; Sliskovic, R. J. Chem. Soc. Perkin I. 1982, 967-971. 

4. Jones, G.; Abarca, B.; Ballesteros, R.; Metni, M. R. Heterocycles 1992, 33, 203- 

210. 

5. (a) Jones, G.; Pitman, M. A.; Lunt, E.; Lyghgoe, D. J.; Abarca B.; Ballesteros R.; 

Elmasnouy, M. Tetrahedron 1997, 53, 8257-8268. (b) Abarca, B.; Ballesteros, R.; 

Elmasnaouy, M. Tetrahedron 1998, 54, 15287-15292. 

6. (a) Battaglia, L. P.; Carcelli, M.; Ferraro, F.; Mavilla, L.; Pellizzi, C.; Pellizzi, G. 

J. Chem. Soc. Dalton Trans. 1994, 2651-2654. (b) Ballesteros, R.; Abarca, B.; 

Samadi, A.; Server-Carrió, J.; Escrivá, E. Polyhedron 1999, 18, 3129-3133. (c) 



General Papers  ARKIVOC 2012 (ix) 229-241 

Page 239 ©ARKAT-USA, Inc 

Niel, V.; Gaspar, A. B.; Muñoz, M. C.; Abarca, B.; Ballesteros, R.; Real, J. A. 

Inor. Chem. 2003, 42, 4782-4788. (d) Abarca, B.; Ballesteros, R.; Chadlaoui, M.; 

Ramírez de Arellano, C.; Real, J. A. Eur. J. Inorg. Chem. 2007, 4574-4578. (e) 

Fitchett, C. M.; Keene, F. R.; Richardson, C.; Steel, P. J. Inorg. Chem. Commun. 

2008, 11, 595-598. 

7. (a) Boudalis, A. K.; Raptopoulou, C. P.; Abarca, B.; Ballesteros, R.; Chadlaoui, 

M.; Tuchages, J-P.; Terzis, A. Angew. Chem. Int. Ed. 2006, 45, 432-435. (b) 

Boudalis, A. K.; Raptopoulou, C. P.; Psycharis, V.; Sanakis, Y.; Abarca, B.; 

Ballesteros, R.; Chadlaoui, M. Dalton Trans. 2007, 3582-3589. (c) Boudalis, A. 

K.; Raptopoulou, C. P.; Psycharis, V.; Abarca, B.; Ballesteros, R. Eur. J. Inorg. 

Chem. 2008, 3796-3801. (d) Boudalis, A. K.; Pissas, M.; Raptopoulou, C.P.; 

Psycharis, V.; Abarca, B.; Ballesteros, R. Inorg. Chem. 2008, 47, 10674-10681. 

(e) Georgopoulou, A. N.; Raptopoulou, C. P.; Psycaris, V.; Ballesteros, R.; 

Abarca, B.; Boudalis, A. K. Inorg. Chem. 2009, 48, 3167-3176. (f) Georgopoulou, 

A. N.; Adam, R.; Sanakis, Y.; Raptopoulou, C. P.; Psycaris, V.; Ballesteros, R.; 

Abarca, B.; Boudalis, A. K. Polyhedron 2009, 28, 3251-3256, corrigendum 2010, 

29, 1189. (g) Georgopoulou, A. N.; Adam, R.; Raptopoulou, C. P.; Psycaris, V.; 

Ballesteros, R.; Abarca, B.; Boudalis, A. K. Dalton Trans. 2010, 39, 5020-5027. 

(h) Georgopoulou, A. N.; Adam, R.; Raptopoulou, C. P.; Psycaris, V.; Ballesteros, 

R.; Abarca, B.; Boudalis, A. K. Dalton Trans. 2011, 40, 8199-8205. (i) 

Stamatatos, T. C.; Adam, R.; Raptopoulou, C. P.; Psycaris, V.; Ballesteros, R.; 

Abarca, B.; Perlepes, S. P.; Boudalis, A. K. Inorg. Chem. Comm. 2012, 15, 73-77. 

8. Abarca, B.; Aucejo, R.; Ballesteros, R.; Blanco, F.; García-España, E. 

Tetrahedron Lett. 2006, 47, 8101-8103. 

9. (a) Chadlaoui, M.; Abarca, B.; Ballesteros, R.; Ramírez de Arellano, C.; Aguilar, 

J.; Aucejo, R.; García-España, E. J. Org. Chem. 2006, 71, 9030-9034. (b) 

Ballesteros-Garrido, R.; Abarca, B.; Ballesteros, R.; Ramirez de Arellano, C.; 

Leroux, F. R.; Colobert, F.; García-España, E. New J. Chem. 2009, 33, 2102–

2106. 

10. Stanforth, S.P. Tetrahedron 1998, 54, 263-303. 

11. Miyaura, N.; Suzuki, A. Chem. Rev. 1995, 95, 2457–2483. 

12. Blanco, F., Ph. D. Thesis, University of Valencia, Spain, 2006. 

13. Abarca, B.; Ballesteros, R.; Blanco, F.; Bouillon, A.; Collot, V.; Dominguez, J. 

R.; Lancelot, J. C.; Rault. S. Tetrahedron 2004, 60, 4887-4893. 

14. For recent reviews see: (a) Alberico, D.; Scott, M E.; Lautens, M. Chem.Rev. 

2007, 107, 174-238. (b) Fairlamb, I. J. S. Chem. Soc. Rev. 2007, 36, 1036-1045. 

(c) Campeau, L. C.; Fagnou, K. Chem. Soc. Rev. 2007, 36, 1058-1068. (d) 

Serengin, I. V.; Gevorgyan, V. Chem. Soc. Rev. 2007, 36, 1173-1193. (e) 

Campeau, L. C.; Stuart, D. R.; Fagnou, K. Aldrichimica Acta 2007, 40, 35-41. (f) 

Satoh, T.; Miura, M. Chem. Lett. 2007, 36, 200-205. (g) Wen, J.; Zhang, J; Chen, 

S.-Y.; Li, J.; Yu, X.-Q. Angew. Chem. Int. Ed. 2008, 47, 8897-8900. (h) Bellina, 

F.; Cauteruccio, S.; Rossi, R. Curr. Org. Chem. 2008, 12, 774-790. (i) Park, Y. J.; 

Park, J.-W.; Jun, C.-H. Acc. Chem. Res. 2008, 41, 222-224. (j) Lewis, J. C.; 



General Papers  ARKIVOC 2012 (ix) 229-241 

Page 240 ©ARKAT-USA, Inc 

Bergman, R. G.; Ellman, J. A. Acc. Chem. Res. 2008, 41, 1013-1025. (k) 

Kakiuchi, F.; Kochi, T. Synthesis 2008, 3013-3039. (l) McGlacken, G. P.; 

Bateman, L. M. Chem. Soc. Rev. 2009, 38, 2447–2464. (m) Ackermann, L.; 

Althammer, A.; Fenner, S. Angew. Chem. Int. Ed. 2009, 48, 201-204. (n) 

Daugulis, O.; Do, H.-Q.; Shabashow, D. Acc. Chem. Res. 2009, 42, 1074-1086. 

(o) Kulkarni, A. A.; Daugulis, O. Synthesis 2009, 4087-4109. (p) Chen. X.; Engle, 

K. M.; Wang, D.-H.; Yu, J.-O. Angew. Chem. Int. Ed. 2009, 48, 5094-5115. (q) 

Ackermann, L.; Vicente, R.; Kapdi, A. R. Angew. Chem. Int. Ed. 2009, 48, 9792-

9826. (r) Bellina, F.; Rossi, R. Chem. Rev. 2010, 110, 1082-1146. (s) Sun, C.-L.; 

Li, B.-J.; Shi, Z.-J. Chem. Comm. 2010, 46, 677-685. (t) Lyons, T. W.; Sanford, 

M. S. Chem. Rev. 2010, 110, 1147-1169. (u) Dudnik, A. S.; Gevorgyan, V. 

Angew. Chem. Int. Ed. 2010, 49, 2096-2098. (v) Satoh, T.; Miura, M. Synthesis 

2010, 3395-3409. (x) Satoh, T.; Miura, M. Chem. Eur. J. 2010, 16, 11212-11222. 

15. A preliminary communication was presented, Abarca, B.; Adam, R.; Ballesteros, 

R.; Gamón, C.; López, S. II Escuela de Química Organometálica Marcial Moreno 

Mañas, Equipo Consolider Ingenio 2009, Valencia (Spain), July 2009. 

16. (a) Pivusa A.; Satoh, T.; Kawamura, Y.; Miura, M. Nomura, M. Bull. Chem. Soc. 

Japan 1998, 71, 467-473. (b) Bellina, F.; Cauteruccio, S.; Mannina, L.; Rossi, R.; 

Viel, S. Eur. J. Org. Chem. 2006, 693-703. (c) Bellina, F.; Cauteruccio, S.; Rossi, 

R. Eur. J. Org. Chem. 2006, 1379-1382. 

17. (a) Park, C.; Ryabova, V.; Seregín, I. V.; Sromek, A. W.; Gevorgyan, V. Org. 

Lett.  2004, 6, 1159-1162. (b) Choprakov, S.; Chenyak, N.; Dudnik, A. S.; 

Gevorgyan, V. Org. Lett. 2007, 9, 2333-2336. 

18. Similar reaction was studied by Jones, G.; Mouat, D.J.; Tonkinson, D. J. J. Chem. 

Soc. Perkin Trans. I 1985, 2719-2723. 

19. Hassan, J.; Sévignon, M.; Gozzi, C.; Schulz, E.; Lemaire, M. Chem. Rev. 2002, 

102, 1359-1469. 

20. Ackermann, L.; Althammer, A.; Fenner, S. Angew. Chem. Int. Ed. 2009, 48, 201-

204. 

21. (a) Hirano, K.; Miura, M. Synlett 2011, 3, 294-307 and references therein cited. 

(b) Kulkarni, A. A.; Daugulis, O. Synthesis 2009, 4087-4109. (c) Yoshizumi, T.; 

Tsurugi, H.; Satoh, T.; Miura, M. Tetrahedron Lett. 2008, 49, 1598-1600. (d) 

Ackermann, L.; Potukuchi, H. K.; Landsberg, D.; Vicente, R. Org. Lett. 2008, 10, 

3081-3084. (e) Bellina, F.; Cauteruccio, S.; Di Fiore, A.; Marchetti, C.; Rossi, R. 

Tetrahedron 2008, 64, 6060-6072. (f) Do, H-Q.; Daugulis, O., J. Am. Chem. Soc. 

2007, 129, 12404-12405. 

22. (a) Lafrance, M.; Fagnou, K. J. Am. Chem. Soc. 2006, 128, 16496.16497. (b) 

Caron, L.; Campeau, L-C.; Fagnou, K. Org. Lett. 2008, 10, 4533-4536. (c) 

Liégault, B.; Lapointe, D.; Caron, L.; Vlassova, A.; Fagnou, K. J. Org. Chem. 

2009, 74, 1826-1834. 

23. (a) Abarca, B.; Ballesteros, R.; Jones, G.; Mojarrad, F. Tetrahedron Lett. 1986, 

27, 3543-3546. (b) Abarca, B.; Ballesteros, R.; Mojarrad, F.; Jones, G.; Mouat, D. 

J. J. Chem. Soc. Perkin Trans. 1 1987, 1865-1868. 



General Papers  ARKIVOC 2012 (ix) 229-241 

Page 241 ©ARKAT-USA, Inc 

24. (a) Abarca, B.; Alkorta, I.; Ballesteros, R.; Blanco, F.; Chadlaoui, M.; Elguero, J.; 

Mojarrad, F. Org. Biomol. Chem. 2005, 3, 3905-3910. (b) Ballesteros-Garrido, R.; 

Blanco, F.; Ballesteros, R.; Leroux, F. R.; Abarca, B.; Colobert, F.; Alkorta, I.; 

Elguero, J. Eur. J. Org. Chem. 2009, 5765-5778. 

25. Abarca, B.; Ballesteros, R.; Chadlaoui, M. Tetrahedron. 2004, 60, 5785-5792. 

26. Perrin, D.; Armarego, L. F. Purification of Laboratory Chemicals, 3rd Ed.; 

Pergamon. Oxford, 1988. 

27. Bower, D. J.; Ramage, G. R. J. Chem. Soc. 1957, 4506-4509. Note that it is now 

commercially available (ASM Research Chemicals). 

28. Bentabed-Ababsa, G.; Blanco, F.; Derdour, A.; Mongin, F.; Trécourt, F.; 

Quéguiner, G.; Ballesteros, R.; Abarca, B. J. Org. Chem. 2009, 74, 163-169. 

29. Maerten, E.; Sauthier, M.; Mortreux, A.; Castanet, Y., Tetrahedron 2006, 63, 682-

689. 

30. Popova, T. S.; Formanousky, A. A.; Mikhura, I. V. Russian Chemical Bulletin, 

Int. Ed. 2002, 51, 540-543. 

31. Font-Sanchis, E.; Céspedes-Guirao, F. J.; Sastre-Santos, A.; Fernández-Lázaro, F. 

J. Org. Chem. 2007, 72, 3589-3591. 

 

 


