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Abstract. The first example of tetrazole-directed meta-
selective C-H nitration is described. This transformation 
provided a straightforward approach for the synthesis of 
biologically important m-nitroaryltetrazoles in moderate to 
excellent yields with good functional group compatibility. 
In addition, new metallo-β-lactamase inhibitors were 
obtained by further transformation of the synthesized m-
nitroaryltetrazoles. 

Keywords: tetrazole; meta-selective; C-H nitration; 
metallo-β-lactamase inhibitors. 

 

Aryltetrazoles make up a class of biologically active 
moieties, which have been used for the development 
of antimicrobial,[1] antihypertensive,[2] anticancer,[3] 
anti-inflammatory and analgesic agents[4]. Notably, 
the 5-phenyltetrazole moiety frequently occurs in 
clinically useful drugs, such as the loop diuretics 
Azosemide, the hypertension drug Losartan, and the 
anti-allergic drug Acitazanolast (Figure 1a). In recent 
years, this moiety has also been used in the 
development of inhibitors targeting β-lactamases,[5] 
which are an important class of enzymes that cause 
the β-lactam antibiotic resistance.[6] We are interested 
in developing new β-lactamase inhibitors,[7]  

Figure 1. The 5-phenyltetrazole containing drugs and 

MBL inhibitors 

  

particularly the metallo-β-lactamases (MBLs), which 
can hydrolyze almost all β-lactam antibiotics. 
Recently, we obtained a 5-phenyltetrazole containing 
compound, T-01, which showed potent inhibition 
against the clinically relevant B1 subclass of MBL 
enzymes NDM-1, IMP-1, and VIM-2 (Figure 1b). In 
the synthesis of such MBL inhibitors, the 
construction of meta-C-N bonds of aryltetrazoles is 
one of the key steps. Motivated by the 
pharmacophore feature of tetrazole rings and our 
continuous interests in C-H activation, we aimed to 
develop a new strategy for the synthesis of meta-
nitroaryltetrazoles, with the aim to readily construct 
the C-N bond with high regioselectivity and excellent 
functional group tolerance.  

With the rapid development of direct C-H 
functionalization in recent years,[8] several tetrazole 
templates have been reported as the directing groups 
(DG) to assist the Ru-, Rh- or Pd-catalyzed ortho-C-
H activation (Scheme 1a). For instance, the Murai 
group developed a method for ortho-silylation of 
aryltetrazoles with triethylsilane,[9] and then the C–H 
arylation/olefination reactions of aryltetrazoles were 
reported.[10] The Weck group reported an iridium-
catalyzed ortho-H/D and H/T exchange of  

Scheme 1.  C-H activation examples of aryltetrazoles or 2-

phenylpridine 
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aryltetrazoles.[11] However, tetrazole-directed meta-C-
H activation had not been reported, to the best of our 
knowledge. 

Fortunately, meta-C-H functionalizations have 

been achieved by using the ortho-metalation strategy, 

in which less expensive ruthenium catalysts and 

common DGs can be used.[12] Representative 

reactions included sulfonation,[13] halogenation,[14] 

nitration,[15] carboxylation,[16] alkylation[17] and so on  

(Scheme 1b). Compared with the widely used pyridyl 

DG, the tetrazole as a DG is relatively challenging, as 

it has multiple potential chelating sites that may 

deactivate the metal catalysts. We herein report a 

method for tetrazole-directed metal-catalyzed meta-

selective C-H nitration.  

Table 1.  Optimization of reaction conditions a) 

 

Entry Catal. NO2 source Solv. 
Yield 
b)  

1 Ru3(CO)12 AgNO3 DCE 33%  

2 
[RuCl2(p-

cymene)]2 
AgNO3 DCE N.R. 

3 Ru(bpy)3Cl2 AgNO3 DCE <5% 

4 c) Ru3(CO)12 AgNO3 DCE N.R. 

5 d) Ru3(CO)12 AgNO3 DCE <5% 

6 Ru3(CO)12 AgNO3 HFIP 55% 

7 Ru3(CO)12 AgNO3 Tol N.R. 

8 e) Ru3(CO)12 AgNO3 HFIP 61% 

9 e) Ru3(CO)12 KNO3 HFIP 7% 

10 e) Ru3(CO)12 Cu(NO3)2·3H2O HFIP 94% 

11e), f) Ru3(CO)12 Cu(NO3)2·3H2O HFIP 59% 

12 g) Ru3(CO)12 Cu(NO3)2·3H2O HFIP N.R. 

13       - Cu(NO3)2·3H2O HFIP N.R. 

14 RuCl3 Cu(NO3)2·3H2O HFIP N.R. 
a) Reaction conditions: 1a (0.2 mmol), 2 (0.3 mmol), Catal. 

(7.5 mol %), ligand (30 mol %), PhI(TFA)2 (0.22 mmol), 

solvent (2.0 mL) in a sealed tube; b) Isolated yields; c) 

K2S2O8 as the oxidant; d) Oxone as the oxidant; e) PPh3 as 

the ligand; f) 80 oC; g) no oxidant. 

Initially, 2-methyl-5-phenyl-2H-tetrazole (1a) was 
selected as a model substrate to react with AgNO3 in 
DCE at 100 °C for 24 hours in a sealed tube, using 
Ru3(CO)12 as the catalyst and PhI(TFA)2 as the 
oxidant (Table 1). The desired product 3a was 
obtained in a yield of 33% (entry 1). We then tried 
other Ru catalysts (entry 2 and 3); however, the 
results showed that Ru3(CO)12 remained the best 
catalyst for this transformation. Subsequently, we 
screened different oxidants, which did not improve 
the conversion (entry 4 and 5). Further screening of 
reaction solvents revealed that only 

hexafluoroisopropanol (HFIP) improved the yield 
(entry 6 and 7). Next, extensive ligands were 
screened (see Supporting Information). PPh3 led to a 
better yield of 61% in this model reaction (entry 8). 
To our surprise, a substantial increase in conversion 
was observed by using Cu(NO3)2·3H2O as the nitro 
source (entry 9 and 10). When the reaction was 
carried out at 80 °C, the yield of 3a notably dropped 
(entry 11). Control experiments in the absence of 
PhI(TFA)2 or Ru3(CO)12 revealed that these 
components were crucial for this transformation 
(entry 12 and 13). Further attempts by using simple 
RuCl3 as the catalyst failed to realize the nitration 
(entry 14). Taken together, the reaction conditions in 
entry 10 were selected as the optimal conditions. 

Scheme 2. Substrate scope of tetrazole as the DG a) 

 
a) Reaction conditions: 1 (0.2 mmol), Cu(NO3)2·3H2O (0.3 

mmol), Ru3(CO)12 (7.5 mol %), PPh3 (30 mmol %), 

PhI(TFA)2 (0.22 mmol) in HFIP (2.0 mL) for 24 h at 100 
oC in a sealed tube; isolated yields. b) Yield based on the 

recovered starting material is listed in parentheses. 

With the optimized conditions in hand, we moved 
on to extend the scope of 5-aryltetrazole substrates 
(Scheme 2). A series of R1 substituted tetrazoles were 
first tested. Introduction of various groups on the 
tetrazole moiety could proceed smoothly, affording 
the corresponding products in moderate to good 
yields, although electron-donating groups were likely 
more favorable to this transformation (3a-3g). 
Interestingly, in the case of the ortho-methyl 
substituted 5-aryltetrazole as the substrate, the 
corresponding product 3h was produced in 44% yield. 
A different preference was observed for the ortho-
methoxy substituted 5-aryltetrazole; meta-C-H 
nitration occurred at the less hindered site (C5), 
affording the corresponding product 3i, which may 
attribute to the different electronic effects.[14b, 15b, 15d] 
When a methyl group was introduced to the meta-
position, the desired product 3j was produced in 65% 
yield. The para-substituted 5-aryltetrazoles appear to 
be more suitable substrates for this reaction (3k-3n, 
3q-3r).  The substrates bearing a para-CN or CHO 
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substituent retarded the reaction, further indicating 
the reaction seems sensitive to the electronic effects 
(3o and 3p). The 1-substituted or non-substituted 
tetrazoles were also compatible with the catalytic 
system, albeit in low yields (3s and 3t). 

Scheme 3. Scope of triazole as the DG a) 

 
a) Reaction conditions: 1 (0.2 mmol), Cu(NO3)2·3H2O (0.3 

mmol), Ru3(CO)12 (7.5 mol %), PPh3 (30 mol %), 

PhI(TFA)2 (0.22 mmol) in HFIP (2.0 mL) for 24 h at 100 
oC in a sealed tube. Isolated yields. 

We then examined 2-aryl-1,2,3-triazole and 2-aryl-
1,2,4-triazole,[18] which are structurally similar to 
aryltetrazoles, as the substrates to react with 
Cu(NO3)2·3H2O under the standard conditions 
(Scheme 3). To our delight, the corresponding meta-
nitration products 3u and 3v were obtained with 
considerable yields. Various triazoles bearing diverse 
aryl substituents were also investigated. The 2-
phenytriazoles substituted with electron-donating and 
electron-withdrawing groups at ortho-, meta- or para-
positions of the 2-phenyl moiety were compatible 
with this transformation, generating the desired 
products (3w-3af) in moderate to high yields. 

We used the generated nitrated products to 
synthesize new compounds T-02 to T-06, containing 
a metal-binding moiety of (S)-3-mercapto-2-
methylpropanamide. These compounds displayed 
potent inhibition against MBL enzymes VIM-2, 
NDM-1, and IMP-1 (Scheme 4). In particular, T-03 
manifested IC50 values of 0.053, 0.058 and 0.108 μM 
to VIM-2, NDM-1, and IMP-1, respectively, which is 
more potent than the control compound L-captopril 
(Scheme 4). This application may also suggest a 
possible strategy to obtain new MBL inhibitor by 
incorporating aryltetrazoles and other appropriate 
metal binding pharmacophores.[19] 

To understand the mechanism of Ru-catalyzed 
meta-selective C-H nitration of aryltetrazoles, a 
preliminary mechanism study for the reaction was 
conducted. With the addition of the radical inhibitor 

Scheme 4. MBL inhibitors and their activities. 

 

1,1-diphenylethylene or 2,6-di-tert-butyl-4-
methylphenol (BHT), the reactions were almost 
completely quenched, suggesting that a radical 
pathway might be involved (Scheme 5a). More 
importantly, we found that the aryltetrazole substrate 
bearing two methyl groups to block the two ortho 
positions of the phenyl ring failed to get the target 
molecule under the standard conditions, supporting 
the necessity of the ortho-C-H metalation in the 
reaction process (Scheme 5b). We then conducted the 
reaction with two substrates 4 and 5, in which the N1 
or N4  

Scheme 5. Mechanistic studies 
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nitrogen atom is removed. Both meta-nitro products 6 
and 7 were generated in good yield under the 
standard conditions, indicating that both N1 and N4 
might be able to coordinate with Ru (Scheme 5c and 
5d). Next, ortho-H/D exchange was observed in the 
NMR spectrum when treating [D5]-1a or 1a with 
Cu(NO3)2·3H2O under the standard conditions, 
confirming that the initial ortho-C-H ruthenation was 
reversible (Scheme 5e and 5f). Finally, the 
competitive and parallel kinetic isotope effects were 
measured. The kH/kD and PH/PD values were 1.0 and 
1.6, respectively, suggesting that the C-H cleavage of 
aryltetrazole was probably not involved in the rate-
limiting step (Scheme 5g and 5h). 

Scheme 6. Proposed mechanism 

 

On the basis of the mechanistic experiments 
described above and the pertinent literatures,[15a-c] a 
plausible mechanism for this reaction is illustrated in 
Scheme 6. Firstly, the active Ru(II) catalysts are 
obtained by the oxidation of Ru(0) by PhI(TFA)2. 
Then the active state species I is formed from 
substrate 1a with the active Ru(II) catalyst via C-H 
activation process.[15c, 20] Next, electrophilic attack of 
the para-carbon relative to the C-Ru bond generates 
the active complex II.[15c] In this step, nitrogen 
dioxide radical (·NO2) is originated from 
Cu(NO3)2·3H2O through N2O4 process.[21] An anion 
exchange between Cu(NO3)2·3H2O and PhI(TFA)2 
gives a new active copper salt.[15a] Then, the active 
copper(II) assist the deprotonation of the complex II 
to generate the more stable complex III,[15a] which 
was detected by LC-MS(see SI). Finally, a ligand 
exchange of III with CF3COOH releases the meta-
nitrated product 3a and regenerates the active Ru(II) 
catalysts for next catalytic cycles.  

In summary, we established a strategy for 
tetrazole-directed, ruthenium-catalyzed meta-
selective C-H nitration. The reactions proceeded 
smoothly, affording the desired products in moderate 
to excellent yields, and also had a good functional 

group compatibility. Further transformation of the 
synthesized m-nitroaryltetrazoles led to new potent 
MBL inhibitors. This work will be useful to derive 
new m-nitroaryltetrazoles and related derivatives, as 
well as the new types of MBL inhibitors.  

Experimental Section 

Synthesis of Compound 3a; Typical Procedure 

Compound 1a (0.2 mmol), Cu(NO3)2·3H2O (0.3 mmol), 

Ru3(CO)12 (0.15 mmol), PPh3 (0.06 mmol) and PhI(TFA)2 

(0.22 mmol) were charged into a sealed tube, to which was 

added HFIP (2.0 mL). The reaction mixture was stirred at 

100 oC for 24 h. After cooled to room temperature, the 

solvent was removed under reduced pressure and the 

residue was purified by silica gel chromatography using 

PE/EA as the eluent to afford the corresponding compound 

3a. 

Acknowledgements 

We are grateful for financial support from the National NSF of 
China (grant number 81573259 and 81874291). 

References 

[1] a) C. X. Wei, M. Bian, G. H. Gong, Molecules 2015, 20, 

5528-5553; b) H. Parveen, S. Mukhtar, N. H. El Sayed, 

F. Hayat, Asian J. Chem. 2014, 26, 8134-8138. 

[2]  a) J. Wu, Q. Wang, J. Guo, Z. Hu, Z. Yin, J. Xu, X. 

Wu, Eur. J. Pharmacol. 2008, 589, 220-224; b) M. H. 

Norman, H. D. Smith, C. W. Andrews, F. L. Tang, C. L. 

Cowan, R. P. Steffen, J. Med. Chem. 1995, 38, 4670-

4678. 

[3] S. Bommagani, N. R. Penthala, M. Balasubramaniam, 

S. Kuravi, E. Caldas-Lopes, M. L. Guzman, R. Balusu, 

P. A. Crooks, Bioorg. Med. Chem. Lett. 2019, 29, 172-

178. 

[4] a) A. Rajasekaran, P. P. Thampi, Eur. J. Med. Chem. 

2004, 39, 273-279; b) A. A. Bekhit, O. A. El-Sayed, E. 

Aboulmagd, J. Y. Park, Eur. J. Med. Chem. 2004, 39, 

249-255. 

[5]  a) D. A. Nichols, P. Jaishankar, W. Larson, E. Smith, 

G. Liu, R. Beyrouthy, R. Bonnet, A. R. Renslo, Y. 

Chen, J. Med. Chem. 2012, 55, 2163-2172; b) O. 

Eidam, C. Romagnoli, G. Dalmasso, S. Barelier, E. 

Caselli, R. Bonnet, B. K. Shoichet, F. Prati, Proc. Natl. 

Acad. Sci. U.S.A. 2012, 109, 17448-17453. 

[6] a) K. Garber, Nat. Rev. Drug Discovery 2015, 14, 445-

447; b) A. S. Chaudhary, Acta Pharm. Sin. B 2016, 6, 

552-556; c) K. Bush, ACS Infect. Dis. 2018, 4, 84-87; 

d) K. Bush, P. A. Bradford, Nat. Rev. Microbiol. 2019, 

17, 295-306. 

[7] a) Y. L. Wang, S. Liu, Z. J. Yu, Y. Lei, M. Y. Huang, 

Y. H. Yan, Q. Ma, Y. Zheng, H. Deng, Y. Sun, C. Wu, 

10.1002/adsc.202000475

A
cc

ep
te

d 
M

an
us

cr
ip

t

Advanced Synthesis & Catalysis

This article is protected by copyright. All rights reserved.



 5 

Y. Yu, Q. Chen, Z. Wang, Y. Wu, G. B. Li, J. Med. 

Chem. 2019, 62, 7160-7184; b) S. Liu, L. Jing, Z. J. Yu, 

C. Wu, Y. Zheng, E. Zhang, Q. Chen, Y. Yu, L. Guo, Y. 

Wu, G. B. Li, Eur. J. Med. Chem. 2018, 145, 649-660; 

c) C. Zhang, Y.-c. Pu, Z.-J. Yu, C.-y. Wu, J. Brem, M. 

A. McDonough, C. J. Schofield, G.-B. Li, Y. Wu, Org. 

Chem. Front. 2018, 5, 1288-1292; d) Z.-J. Yu, S. Liu, S. 

Zhou, H. Li, F. Yang, L.-L. Yang, Y. Wu, L. Guo, G.-B. 

Li, Bioorg. Med. Chem. Lett. 2018, 28, 1037-1042; e) 

G.-B. Li, M. I. Abboud, J. Brem, H. Someya, C. T. 

Lohans, S.-Y. Yang, J. Spencer, D. W. Wareham, M. A. 

McDonough, C. J. Schofield, Chem. Sci. 2017, 8, 928-

937; f) Z.-J. Yu, C. Zhang, J.-L. Li, Y.-Z. Liu, X.-L. Yu, 

L. Guo, G.-B. Li, Y. Wu, Tetrahedron Lett. 2018, 59, 

2816-2819. 

 [8] a) C. Sambiagio, D. Schonbauer, R. Blieck, T. Dao-

Huy, G. Pototschnig, P. Schaaf, T. Wiesinger, M. F. 

Zia, J. Wencel-Delord, T. Besset, B. U. W. Maes, M. 

Schnurch, Chem. Soc. Rev. 2018, 47, 6603-6743; b) Z. 

Wang, P. Xie, Y Xia, Chin. Chem. Lett. 2018, 29, 47-

53. 

[9]  F. Kakiuchi, M. Matsumoto, K. Tsuchiya, K. Igi, T. 

Hayamizu, N. Chatani, S. Murai, J. Organomet. Chem. 

2003, 686, 134-144. 

[10] a) M. Seki, M. Nagahama, J. Org. Chem. 2011, 76, 

10198-10206; b) E. Diers, N. Y. Phani Kumar, T. 

Mejuch, I. Marek, L. Ackermann, Tetrahedron 2013, 

69, 4445-4453; c) L. Wang, W. Wu, Q. Chen, M. He, 

Org. Biomol. Chem. 2014, 12, 7923-7926; d) B. Chen, 

Y. Jiang, J. Cheng, J. T. Yu, Org. Biomol. Chem. 2015, 

13, 2901-2904; e) Y. J. Ding, Y. Li, S. Y. Dai, Q. Lan, 

X. S. Wang, Org. Biomol. Chem. 2015, 13, 3198-3201; 

f) J. Hubrich, L. Ackermann, Eur. J. Org. Chem. 2016, 

2016, 3700-3704; g) D. Zell, S. Warratz, D. Gelman, S. 

J. Garden, L. Ackermann, Chem. Eur. J. 2016, 22, 

1248-1252. 

[11] W. J. Kerr, D. M. Lindsay, M. Reid, J. Atzrodt, V. 

Derdau, P. Rojahn, R. Weck, Chem. Commun. 2016, 52, 

6669-6672. 

[12] a) L. Ackermann, N. Hofmann, R. Vicente, Org. Lett. 

2011, 13, 1875-1877; b) L. Ackermann, J. Li, Nat. 

Chem. 2015, 7, 686-687; c) J. Li, S. Warratz, D. Zell, S. 

De Sarkar, E. E. Ishikawa, L. Ackermann, J. Am. Chem. 

Soc. 2015, 137, 13894-13901; d) J. Li, S. De Sarkar, L. 

Ackermann, in Top. Organomet. Chem. 2016, 55, 217-

257; e) J. Li, K. Korvorapun, S. D. Sarkar, T. Rogge, D. 

J. Burns, S. Warratz, L. Ackermann, Nat. Commun. 

2017, 8, 15430; f) K. Korvorapun, N. Kaplaneris, T. 

Rogge, S. Warratz, A. C. Stückl, L. Ackermann, ACS 

Catal. 2018, 8, 886-892; g) M. T. Mihai, G. R. Genov, 

R. J. Phipps, Chem. Soc. Rev. 2018, 47, 149-171. 

[13] O. Saidi, J. Marafie, A. E. Ledger, P. M. Liu, M. F. 

Mahon, G. Kociok-Kohn, M. K. Whittlesey, C. G. 

Frost, J. Am. Chem. Soc. 2011, 133, 19298-19301. 

[14] a) C. J. Teskey, A. Y. Lui, M. F. Greaney, Angew. 

Chem. Int. Ed. 2015, 54, 11677-11680; b) Q. Yu, L. Hu, 

Y. Wang, S. Zheng, J. Huang, Angew. Chem. Int. Ed. 

2015, 54, 15284-15288; c) S. Warratz, D. J. Burns, C. 

Zhu, K. Korvorapun, T. Rogge, J. Scholz, C. Jooss, D. 

Gelman, L. Ackermann, Angew. Chem. Int. Ed. 2017, 

56, 1557-1560; d) Z. Fan, H. Lu, Z. Cheng, A. Zhang, 

Chem. Commun. 2018, 54, 6008-6011; e) G. M. Reddy, 

N. S. Rao, H. Maheswaran, Org. Chem. Front. 2018, 5, 

1118-1123. 

[15] a) Z. Fan, J. Ni, A. Zhang, J. Am. Chem. Soc. 2016, 

138, 8470-8475; b) Z. Fan, J. Li, H. Lu, D. Y. Wang, C. 

Wang, M. Uchiyama, A. Zhang, Org. Lett. 2017, 19, 

3199-3202; c) Z. Fan, H. Lu, A. Zhang, J. Org. Chem. 

2018, 83, 3245-3251; d) D. Liu, P. Luo, J. Ge, Z. Jiang, 

Y. Peng, Q. Ding, J. Org. Chem. 2019, 84, 12784-

12791; e) D. Zhang, D. Gao, J. Cai, X. Wu, H. Qin, K. 

Qiao, C. Liu, Z. Fang, K. Guo, Org. Biomol. Chem. 

2019, 17, 9065-9069. f) L. Song, Z. Fan, A. Zhang, 

Org. Biomol. Chem. 2019, 17,1351-1361. 

[16] a) H. L. Barlow, C. J. Teskey, M. F. Greaney, Org. 

Lett. 2017, 19, 6662-6665; b) K. Jing, Z.-Y. Li, G.-W. 

Wang, ACS Catal. 2018, 8, 11875-11881. 

[17] a) G. Li, D. Li, J. Zhang, D.-Q. Shi, Y. Zhao, ACS 

Catal. 2017, 7, 4138-4143; b) Z. Ruan, S.-K. Zhang, 

Cuiju Zhu, P. N. Ruth, D. Stalke, L. Ackermann, 

Angew. Chem. Int. Ed. 2017, 56, 2045-2049; c) F. 

Fumagalli, S. Warratz, S. K. Zhang, T. Rogge, C. Zhu, 

A. C. Stuckl, L. Ackermann, Chem. Eur. J. 2018, 24, 

3984-3988; d) P. Gandeepan, J. Koeller, K. 

Korvorapun, J. Mohr, L. Ackermann, Angew. Chem. Int. 

Ed. 2019, 58, 9820-9825; e) A. Sagadevan, M. F. 

Greaney, Angew. Chem. Int. Ed. 2019, 58, 9826-9830. 

[18] a) X. Wang, C. Zhang, J. Li, C. Jiang, F. Su, Z. Zhan, 

L. Hai, Z. Chen, Y. Wu, RSC Adv. 2016, 6, 68929-

68933; b) X. Yu, Q. Ma, S. Lv, J. Li, C. Zhang, L. Hai, 

Q. Wang, Y. Wu, Org. Chem. Front. 2017, 4, 2184-

2190; c) H. Zhang, Z. Yang, Q. Ma, J. Liu, Y. Zheng, 

M. Guan, Y. Wu, Green Chem. 2018, 20, 3140-3146; 

d) C. Zhang, X.-M. Chen, Y. Luo, J.-L. Li, M. Chen, L. 

Hai, Y. Wu, ACS Sustainable Chem. Eng. 2018, 6, 

13473-13479; e) R. Sang, Y. Zheng, H. Zhang, X. Wu, 

Q. Wang, L. Hai, Y. Wu, Org. Chem. Front. 2018, 5, 

648-652; f) H. Zhang, L. Jing, Y. Zheng, R. Sang, Y. 

Zhao, Q. Wang, Y. Wu, Eur. J. Org. Chem. 2018, 723-

729. 

[19] G. Li, Y. Su, Y. H. Yan, J. Y. Peng, Q. Q. Dai, X. L. 

Ning, C. L. Zhu, C. Fu, M. A. McDonough, C. J. 

Schofield, C. Huang, G. B. Li, Bioinformatics 2019，
36, 904-909. 

[20] M. Gagliardo, D. J. Snelders, P. A. Chase, R. J. Klein 

Gebbink, G. P. van Klink, G. van Koten, Angew. Chem. 

Int. Ed. 2007, 46, 8558-8573. 

[21] a) G. G. Pawar, A. Brahmanandan, M. Kapur, Org. 

Lett. 2016, 18, 448-451; b) Y. K. Liu, S. J. Lou, D. Q. 

Xu, Z. Y. Xu, Chem. Eur. J. 2010, 16, 13590-13593. 

10.1002/adsc.202000475

A
cc

ep
te

d 
M

an
us

cr
ip

t

Advanced Synthesis & Catalysis

This article is protected by copyright. All rights reserved.



 6 

UPDATE    

Ruthenium-catalyzed meta-selective C-H nitration 
of biologically important aryltetrazoles 

 

 

Adv. Synth. Catal. Year, Volume, Page – Page 

Jian Chen, Tianle Huang, Xinrui Gong, Zhu-Jun 
Yu, Yuesen Shi, Yu-Hang Yan, Zheng Yang, 
Xuexin Liu,  Guo-Bo Li* and Yong Wu* 

 

 

10.1002/adsc.202000475

A
cc

ep
te

d 
M

an
us

cr
ip

t

Advanced Synthesis & Catalysis

This article is protected by copyright. All rights reserved.


