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Table	1.	Optimization	of	palladium‐catalyzed	C–H	arylations	in	GVL.a	

 
Entry  Base  3aa (%)b 4aa (%)b 

1 NEt3c --- --- 

2 Cs2CO3
c --- --- 

3 K2CO3
c 70 8 

4 NH4OAc --- --- 

5 Na2CO3 45 5 

6 KHCO3 78 14 

7 K2CO3 82 (55) 16 (4) 

8 KOAc 66 (42) 16 (4) 

9 KTFA 86 (63) 14(8) 

[a] Reaction conditions: 1a (0.25 mmol), 2a (0.75 mmol), Pd/C (5.0 mol %), 

MesCO2H (30 mol %), base (3 equiv), GVL (1.0 mL), 150 °C, 16 h. [b] 1H NMR 

conversion with CH2Br2 as  internal standard, yields of  isolated products are 

given in parentheses. [c] 130 °C. 

With the optimized reaction conditions in hand, we initially probed 
the catalyst’s versatility in the C–H arylation of N-alkyl-substituted 
1,2,3-triazoles 1a–1d in GVL (Scheme 1). Thus, both mono- and 
1,4-di-substituted 1,2,3-triazoles 1a,b were efficiently converted. 
The triazole 1b displaying two alkyl-substituents delivered the 
corresponding products 3bb–3bh selectively as the sole products. 
Here, the robust nature of the heterogeneous palladium catalyst was 
reflected by fully tolerating valuable electrophilic functional groups, 
such as chloro, ester or enolizable ketone substituents. Likewise, the 
hindered 2-naphthyl electrophile 2h was transformed with high 
catalytic efficacy, as were alkyl-substituted 1,2,3-triazoles 1c,d. 

 
Scheme 1. C–H arylation of N-alkyl triazoles 1 in GVL.  

Subsequently, we evaluated the power of the Pd/C catalyst in the 
C–H functionalization of 1,2,3-triazole 1e–1k bearing N-aryl motifs 
(Scheme 2). Hence, differently decorated arenes were well tolerated 
by the user-friendly catalyst, enabling the synthesis of regio-
selectively arylated products 3 with excellent positional control. 
Substrates 1f–1j with electron-withdrawing or electron-donating N-
aryl groups furnished the desired tri-substituted 1,2,3-triazoles 3ef–
3jf, again featuring good functional group tolerance. Thereby, our 
strategy provided atom-economical access to the selectively tri-
arylated 1,2,3-triazole 3kf as well. 

 

 

Scheme 2. C–H arylation of N-arylated triazoles 1 in GVL. 
 

The heterogeneous catalyst was not restricted to intermolecular 
C–H arylations in GVL. Indeed, the intramolecular C–H 
functionalization with substrate 4a proved viable with comparable 
levels of efficacy, thereby delivering the triazolo[1,5-a]isoindole 5a 
(Scheme 3). 

 
Scheme 3. Intramolecular C–H arylation in GVL. 

In consideration of the remarkable efficacy of the versatile 
palladium C–H activation catalyst, we became attracted to probing 
its recyclability and reusability. To this end, we developed an 
effective protocol for the recycle of the heterogeneous palladium 
catalyst (Table 2), thereby allowing for the robust reuse of the 
catalyst. It is noteworthy that only a minor amount of palladium was 
detected by detailed ICP-MS analysis of the crude product.37 This 
observation indicated only minor leaching,38 that is within the 
specifications for active pharmaceutical ingredients produced by 
palladium-catalyzed processes.39 Our findings were further in line 
with a hot-filtration test and mercury poisoning studies,37 which 
provided strong support for a heterogeneous mode of action. 
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Likewise, the three-phase test suggested that no active homogeneous 
palladium species were formed.37 

	
Table	2.	Recovery	and	reuse	of	palladium	catalyst.[a]	

 
Run  1st   2nd  3rd  

3lf (%)  90  90  90 

Pd‐leaching (ppm)[b]  5.5  4.1  3.6 

[a]  Reaction  conditions:  1l  (0.30  mmol),  2f  (0.45  mmol),  Pd/C  (5.0  mol  %), 

MesCO2H (30 mol %), K2CO3 (0.60 mmol), GVL (2.0 mL), 120 °C, 24 h. [b] By ICP‐

MS analysis.37 

Conclusions 

In summary, we have developed the first C–H arylation of 1,2,3-
triazoles by a heterogeneous catalyst in environmentally-sound γ-
valerolactone (GVL)40 as the reaction medium. Thus, a broadly 
applicable palladium catalyst allowed for inter- as well as 
intramolecular C–H functionalizations with ample scope. The 
biomass-derived solvent further set the stage for the efficient reuse 
of the heterogeneous palladium catalyst in positional selective C–H 
activations. The use of the biomass-based GVL as environmentally-
benign solvent in C–H functionalization technology should prove 
instrumental for the future development of sustainable processes.41 
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