
INTRODUCTION

The efficient methods for the construction of carbon-

carbon bonds are an ongoing, central theme of research of

organic synthesis1,2. In the past several decades, the transition-

metal-catalyzed Stille cross-coupling reaction has evolved as

a powerful synthetic tool for the synthesis of unsymmetrical

biaryls3, which are widely present in numerous classes of

organic compounds, such as natural products, polymers,

advanced materials, liquid crystals, ligands and molecules of

medicinal interest4. Most of the reported Stille reactions are

based on the use of aryl halides5-7, triflates8, sulfonyl chlorides9,

sulfonates10 and carboxylates11 as one of the reaction compo-

nents. As an alternative candidate for the electrophilic coupling

partner, arenediazonium salts have also been employed in place

of aryl halides in the Stille cross-coupling reaction12, and show

high activity. However, arenediazonium salts are prone to

decompose upon storage, which restricts their practical appli-

cation. Aryltriazenes are stable and readily available compounds

that can be easily prepared from the corresponding amines,

which have been studied for their anticancer potential13,14, used

as protecting groups in natural product synthesis15 and combi-

natorial chemistry16, incorporated into polymer17 and oligomer18

synthesis and used to form novel heterocycles19. Nevertheless,

they have rarely been employed as coupling partners in

transition-metal-catalyzed cross-coupling reactions to construct

carbon-carbon bonds. Recently, we reported recyclable poly-

mer-supported Pd-NHC complex catalyzed Suzuki-Miyaura
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cross-couplings of 1-aryltriazenes with arylboronic acids that

gave biaryls in good to excellent yields under mild conditions20.

To the best of our knowledge, It have never been used for

Stille cross-coupling reaction of aryltriazenes with organo-

stannanes in recyclic catalytic system. Here, we report a novel

and convenient boron trifluoride etherate induced recyclic

catalytic system for Stille cross-coupling reaction of aryltriazenes

with organostannanes in the presence of a simple Pd/C catalyst,

which shows excellent efficiency and can be easily recovered

and reused several times and still retains high activity.

EXPERIMENTAL

General procedure for the preparation of aryltriazenes:

A solution of aniline (10 mmol) ) in conc. HCl (2 mL) was

cooled in an ice bath while a solution of NaNO2 (10 mmol) in

cold water (1 mL) was added dropwise. The resulting solution

of the diazonium salt was stirred in the cold for 10 min and

then added all at once to a chilled solution of 11 mmol of

pyrrolidine in 10 mL of 1 M KOH solution. The reaction

mixture was stirred for 0.5 h in the cold and then the precipitate

was isolated by filtration. The damp solid was then recrystallized

from 10 mL of absolute EtOH or chromatographed on silica

gel with 20:1 petroleum ether/ethyl acetate and dried.

General procedure for the Stille cross-couplings of

aryltriazenes and tributyl(phenyl)stannane catalyzed by

Pd/C catalyst: Pd/C catalyst (2 mol % Pd), aryltriazenes (0.5

mmol), tributyl(phenyl)stannane (0.75 mmol) were mixed in

THF (5 mL). The mixture was stirred and added BF3·OEt2
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(0.50 mmol) dropwise at room temperature under an argon

atmosphere in 5 min. When the reaction was completed, the

catalyst was filtered and washed with ether (3 × 5 mL) and

then dried in vacuum for the next run. Solvent was evaporated

under reduced pressure. The product was purified by silica

gel column chromatography.

Compound constructs are charactered by 1H and 13C NMR.
1H NMR spectra and 13C NMR spectra were recorded on Varian

INOVA 400 MHz or Bruker Avance 600 MHz spectrometer.

RESULTS AND DISCUSSION

Stille cross-coupling of aryltriazenes and organostannane

catalyzed by the Pd/C catalyst were investigated with the

coupling of 1-(4-nitrophenyl)-2-(pyrrolidin-1-yl)diazene and

tributyl(phenyl)stannane as a model reaction during optimi-

zation studies. Initially, the effect of BF3·OEt2 was examined.

We found that BF3·OEt2 were essential for the formation of

the biphenyl product. No production was generated in the

absence of BF3·OEt2 (Table-1, entry 1). Various solvents were

then explored for this cross-coupling reaction (Table-1). Solvent

significantly affected the yield. Among the solvents examined,

THF was proven to be the best choice (82 % yield, Table-1,

entry 4). A good yield of the desired product (76 %) was

obtained when the coupling was carried out in dioxane (Table-

1, entry 2). While, other solvents such as DME, CH3CN, DMF

and CH2Cl2 gave lower yields (Table-1, entries 3 and 5-7).

The effect of the catalyst amount on the cross-coupling reaction

was investigated. The amount of the Pd/C catalyst employed

in the reaction is of importance. No product was observed in

the absence of the Pd/C catalyst (Table-1, entry 8). When the

amount of the Pd/C catalyst was less than 2 mol % Pd, the

yield of the corresponding biaryl product was less than 90 %

(Table-1, entries 9-11). A high yield of 90 % was obtained

when 2 mol % Pd was applied (Table-1, entry 12). Further

increase of the catalyst loading did not obviously improve this

reaction (Table-1, entry 13). During our research, we detected

biphenyl as byproduct, which may be produced by the home-

coupling reaction of tributyl(phenyl)stannane. Subsequently,

the effect of the molar ratio of tributyl(phenyl)stannane to

1-(4-nitrophenyl)-2-(pyrrolidin-1-yl)diazene on the reaction

was investigated (Table-1, entries 12 and 14-17). The yield of

the corresponding biaryl product increased with increasing

substrate the molar ratio. The highest yield (97 %) was obtained

when the ratio was increased to 1.5 (Table-1, entry 15).

Nevertheless, the yield did not further improve when the molar

ratio was increased to 1.75 or 2.0 (Table-1, entries 16 and 17).

After an extensive screening of the reaction parameters, the

best yield of desired product (97 %) was obtained by employing

2 mol % Pd/C catalyst and 1.0 equivalent of BF3·OEt2 in THF

at room temperature. Having defined the optimized reaction

conditions, the recyclability of the Pd/C catalyst for the Stille

cross-coupling reactions of 1-(4-nitrophenyl)-2-(pyrrolidin-

1-yl)diazene and tributyl(phenyl)stannane was investigated

(Table-2). The Pd/C catalyst was reused four times and still

remained high activity after being separated, washed and dried

in vacuum under the same reaction conditions. Under our opti-

mized reaction conditions, the scope and limitations of the

reaction of various aryltriazenes with tributyl(phenyl)stannane

TABLE-1 

Pd/C-CATALYZED CROSS-COUPLING OF 
TRIBUTYL(PHENYL)STANNANE WITH 1-(4-NITROPHENYL)-

2-(PYRROLIDIN-1-YL)DIAZENE: OPTIMIZATION 
OF THE REACTION CONDITIONSa 

2NO
Pd/C, BF3·OEt2

solvent, 8h, r.t.
N N NO2N SnBu3

  

Entry 
Pd (mol  

%) 
Solvent 

Lewis 
acids 

Molar 
ratiob 

Yield 
(%)c 

1 1.5 Dioxane – 1.0 – 

2 1.5 Dioxane BF3·OEt2 1.0 76 

3 1.5 DME BF3·OEt2 1.0 68 

4 1.5 THF BF3·OEt2 1.0 82 

5 1.5 CH3CN BF3·OEt2 1.0 61 

6 1.5 DMF BF3·OEt2 1.0 32 

7 1.5 CH2Cl2 BF3·OEt2 1.0 50 

8 – THF BF3·OEt2 1.0 – 

9 0.5 THF BF3·OEt2 1.0 51 

10 1.0 THF BF3·OEt2 1.0 74 

11 1.5 THF BF3·OEt2 1.0 82 

12 2.0 THF BF3·OEt2 1.0 90 

13 2.5 THF BF3·OEt2 1.0 90 

14 2.0 THF BF3·OEt2 1.25 93 

15 2.0 THF BF3·OEt2 1.5 97 

16 2.0 THF BF3·OEt2 1.75 97 

17 2.0 THF BF3·OEt2 2.0 96 
aReaction conditions: 1-(4-nitrophenyl)-2-(pyrrolidin-1-yl)diazene (0.5 
mmol), Tributyl(phenyl)stannane (0.5-1 mmol), Pd/C (0.5-2.0 mol % 
Pd), BF3·OEt2 (0.5 mmol), Solvent (5 mL), room temperature. bThe 
ratio of tributyl(phenyl)stannane to 1-(4-nitrophenyl)-2-(pyrrolidin-1-
yl)diazene. cIsolated by silica-gel column chromatography and based 
on 1-(4-nitrophenyl)-2-(pyrrolidin-1-yl)diazene. 

 

TABLE-2 

RECYCLING OF THE Pd/C CATALYSTa 
Pd/C, BF3 OEt2

THF, 8h, r.t.

N N NO2 2N NOSnBu3

  

Run 1 2 3 4 5 

Yieldb 97 95 95 89 78 
aReaction conditions: 1-(4-nitrophenyl)-2-(pyrrolidin-1-yl)diazene (0.5 
mmol), Tributyl(phenyl)stannane (0.75 mmol), Pd/C (2 mol % Pd), 
BF3·OEt2 (0.5 mmol), THF (5 mL), room temperature, 8 h. bIsolated by 
silica-gel column chromatography and based on 1-(4-nitrophenyl)-2-
(pyrrolidin-1-yl)diazene. 

 

were investigated. As shown in Table-3, a variety of biaryl

products can be conveniently and efficiently obtained by this

novel Stille cross-coupling reaction. The electronic nature of

substituents and steric factors of aryltriazenes affected the

yields of the cross-coupling products. Electron-withdrawing

substituents on aryltriazenes gave better yields of biaryl

products (Table-3, Entries 1-4), while donating groups on the

aryltriazenes slightly reduced the yields (Table-3, entries

7-9). Steric hindrance of ortho substituents reduced the yields

(Table-3, entries 6-8). Notably, good chemoselectivity was

achieved with 1-(4-bromophenyl)-, 1-(4-iodophenyl)-2-

(pyrrolidin-1-yl)diazene (Table-3, entries 9-10), which sugges-

ted that triazenes were more active than the corresponding

aryl bromides and iodides under these reaction conditions.

Conclusion

We have disclosed for the first time that the Stille cross-

couplings of aryltriazenes and tributyl(phenyl)stannane can

be catalyzed by a recyclable Pd/C catalyst. The catalyst can

be re-used several times and still retains high activity. The
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TABLE-3 

CROSS-COUPLINGS OF ARYLTRIAZENE 
AND TRIBUTYL(PHENYL)STANNANE  

CATALYZED BY Pd/C CATALYSTa 

Ar N N N
Pd/C, BF3 OEt2SnBu3 Ar

 

Entry Ar Ph- 
Time 
(h) 

Product 
Yield 
(%)b 

1 4-NO2Ph- Ph- 8 
 

O2N Ph
 

97 

2 2-NO2Ph- Ph- 10 

 

Ph

NO2

 

87 

3 3-NO2Ph- Ph- 8 

 

Ph

O2N  

96 

4 4-CNPh- Ph- 10 
 

PhNC
 

87 

5 Naphth- Ph- 12 

 

Ph
 

81 

6 
4-

MeOPh- 
Ph- 11 

 

PhMeO
 

84 

7 
3-

MeOPh- 
Ph- 11 

 

Ph

MeO

 

86 

8 
2-

MeOPh- 
Ph- 12 

 

Ph

OMe

 

72 

9 4-IPh- Ph- 12 
 

PhI
 

70 

10 4-BrPh- Ph- 12 
 

PhBr
 

75 

aReaction conditions: Aryltriazene (0.5 mmol), 
Tributyl(phenyl)stannane (0.75 mmol), BF3·OEt2 (0.5 mmol), Pd/C (2 
mol % Pd), THF (5 mL), r.t. bIsolated by silica-gel column 
chromatography and based on aryltriazene. 

 
present protocol, which utilizes simple and recyclable catalyst,

readily available starting materials and mild reaction conditions,

provides an attractive approach to a diverse range of biaryl

products in good to excellent yields.
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