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Abstract. A convenient and efficient protocol for the 
synthesis of thetetrazolo[1,5-a]quinoxalin-4(5H)-ones via 
copper-catalyzed [3+2] cyclization of azidotrimethylsilane 
with quinoxalin-2(1H)-ones under mild conditions has been 
disclosed. This practical protocol is compatible with a 
variety of functional groups and provides an access to 
functionalized tetrazolo[1,5-a]quinoxalin-4(5H)-ones from 
readily available and safe starting materials. 

Keywords: Cyclization; Copper-catalyzed; 
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Multi-nitrogen-containing heterocycles, especially 
tetrazoles and quinoxalines derivatives, are important 
scaffolds featured in diverse pharmaceutically and 
biologically active compounds.[1] Particularly, 
tetrazolo[1,5-a]quinoxalines, the combination of the 
two well-known tetrazole and quinoxaline moieties 
into the fused bis-heterocyclic systems have revealed 
potential application in agrochemistry and medicinal 
chemistry fields.[2] However, these heterocycles have 
been rarely reported, due to limitations in 
straightforward and convenient routes to synthesize 
them. A traditional procedure for synthesizing 
tetrazolo[1,5-a]quinoxalin-2(1H)-ones is the 
nucleophilic substitution of 3-chloroquinoxalin-
2(1H)-one with sodium azide.[2a, 2c] Another 
alternative process is based on the reaction of 3-
chloroquinoxalin-2(1H)-one with hydrazine, followed 
by treatment with nitrous acid.[2b, 2d] But both the 
aforementioned synthetic routes suffered from the 
requirement of pre-functionalized starting materials, 
tedious operation procedures, and utilization of 
explosive and poisonous reagents (Scheme 1, a). 
Azides, as important nitrogen sources,[3] have been 
widely used in cyclization reaction with organic 
nitriles to construct tetrazoles.[4] In 2013, Echavarren 
group disclosed a novel gold-catalyzed 
transformation of alkynes to tetrazoles with 

azidotrimethylsilane (TMSN3).[5] After that Jiao and 
Shi groups cooperatively reported a remarkable gold-
catalyzed nitrogenation of alkynes employing TMSN3 
as the nitrogen source for the synthesis of 5-amino-
tetrazoles (Scheme 1, b).[6] Subsequently, Zhu group 
demonstrated an elegant copper-catalyzed cyclization 
of TMSN3 with aldehyde hydrazones to form 1-
amino-tetrazoles (Scheme 1, c).[7] Despite significant 
achievements have been made, the scope of 
cyclization of TMSN3 is still limited, and the novel 
and practical method for synthesis of fused tetrazole-
quinoxalin-2(1H)-ones and analogues from simple 
and safe starting materials under mild conditions 
remains rarely. 

 

Scheme 1. Active tetrazolo[1,5-a]quinoxalin-4(5H)-ones 

and different strategies for the synthesis of tetrazoles. 
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In recent years, the modification of available 
quinoxalin-2(1H)-ones based on direct C3-H 
functionalization has drawn significant attention, 
because this strategy provides an efficient and 
practical access to 3-functional quinoxalin-2(1H)-
ones. Several exciting achievements have been made 
in succession, such as C3-H amination[8], 

phosphonation[9], alkylation[10], arylation[11], 
heterocyclization[12], and acylation[13] of quinoxalin-
2(1H)-ones. Recently, we have accomplished the 
original C3-H trifluoromethylation of quinoxalin-
2(1H)-ones with CF3SO2Na as the trifluoromethyl 
source under metal-free conditions.[14] However, all 
of these works focused on C-H functionalization, 
nevertheless, and other types of reactions including 
annulation reaction are still scarce and challenging. 
Hence, we develop the first example for [3+2] 
cyclization of quinoxalin-2(1H)-ones with TMSN3. 
This reaction employs low-cost copper salt as the 
catalyst and easily available potassium permanganate 
as the oxidant. A series of tetrazolo[1,5-a]quinoxalin-
4(5H)-ones with different functional groups are 
obtained in moderate to excellent yields under mild 
conditions. 

Table 1. Selected reaction conditions optimization.a)  

 

Entr

y 
catalyst oxidant additive solvent 

yield 

(%)b) 

1 Cu(OAc)2 PhI(OAc)2
c) - CH3CN N.D.d) 

2 Cu(OAc)2 PhI(OAc)2
c) K2CO3 CH3CN N.D. 

3 Cu(OAc)2 (NH4)2S2O8
c) - CH3CN 40 

4 Cu(OAc)2 TBHPc), e) - CH3CN trace 

5 Cu(OAc)2 DTBPc), f) - CH3CN trace 

6 Cu(OAc)2 CANc), g) - CH3CN 42 
7 Cu(OAc)2 KMnO4

c) - CH3CN 49 

8 Cu(OAc)2 KMnO4 - CH3CN 55 

9 Cu(OAc)2 KMnO4 CH3COOH CH3CN 43 

10 Cu(OAc)2 KMnO4 PivOHh) CH3CN 74 

11 Cu(OAc)2 KMnO4 K2CO3 CH3CN 33 

12 Cu(BF4)2▪6H2O KMnO4 PivOH CH3CN 64 

13 Cu2O KMnO4 PivOH CH3CN 78 

14 Cu(eh)2i) KMnO4 PivOH CH3CN 81 
15 Co(OAc)2▪4H2O KMnO4 PivOH CH3CN N.D. 

16 Fe(OAc)2 KMnO4 PivOH CH3CN 61 

17 Cu(eh)2 KMnO4 PivOH EtOAc 21 

18 Cu(eh)2 KMnO4 PivOH THF 30 

19 Cu(eh)2 KMnO4 PivOH Acetone 34 

20j) Cu(eh)2 KMnO4 PivOH CH3CN 75 
a)  Unless specifically noted otherwise, reaction conditions: 

1a (0.4 mmol), TMSN3 (3.0 equiv.), catalyst (20 mol %), 

oxidant (1.5 equiv.), additive (1.0 equiv.) and solvent (4 

mL), stirred at room temperature under an argon 

atmosphere for 10 hours. b) Yield of isolated product. c) 

Oxidant (2.0 equiv.). d) N. D. = no detected. e) TBHP = 

tert-butyl peroxybenzoate (70% solution in H2O).  f) DTBP 

= di-tert-butyl peroxide. g) CAN = ceric ammonium nitrate. 

h) PivOH = pivalic acid. i) Cu(eh)2 = copper bis(2-

ethylhexanoate).
 j) under an air atmosphere. 

Initially, we started our exploration with 1-
methylquinoxalin-2(1H)-one (1a) as the model 

substrate, TMSN3 as a nitrogen source, Cu(OAc)2 as 
catalyst and CH3CN as a solvent to optimize the 
reaction conditions. In the beginning, we chose 
PhI(OAc)2 as an oxidant based on the optimal 
conditions for cyclization of TMSN3 with aldehyde 
hydrazones (Table 1, entries 1-2).[7] Unfortunately, no 
target product was isolated. This result implied that 
the cyclization of TMSN3 with quinoxalin-2(1H)-
ones was clearly different from that with aldehyde 
hydrazones. Subsequently, we tested almost all 
oxidants. To our delight, the target product (2a) was 
obtained in 49% yield in the case of KMnO4 as an 
oxidant (Table 1, entry 7). Other oxidants such as 
(NH4)2S2O8 and CAN were not as efficient as KMnO4, 
and organic peroxides including TBHP and DTBP 
were invalid for this cyclization (Table 1, entries 3–6). 
Encouraged by these results, we evaluated the 
loading of KMnO4 and found that 1.5 equiv. of 
KMnO4 was appropriate for this transformation and 
the yield of 2a was promoted from 49% to 55% 
(Table 1, entries 7-8). Next, various acids or bases 
were screened as additives, such as CH3COOH, 
PivOH, and K2CO3. It was found that PivOH was 
most favorable and the target molecule (2a) was 
obtained in 74% yield (Table 1, entries 9-11). Further 
screening of different copper catalysts showed that 
Cu(eh)2 was better than Cu(OAc)2, improving the  
yield of 2a distinctly to 81% (Table 1, entries 12-14). 
Other low-cost metal catalysts, such as 
Co(OAc)2▪4H2O and Fe(OAc)2 were inefficient or 
invalid for this reaction (Table 1, entries 15-16). 
Finally, the solvents screening revealed that CH3CN 
was the most appropriate solvent (Table 1, entries 17-
19). Overall, the reaction progressed efficiently under 
an argon atmosphere in the presence of 1a (0.4 
mmol), TMSN3 (3.0 equiv.), Cu(eh)2 (20 mol %), 
KMnO4 (1.5 equiv.) and PivOH (1.0 equiv.) in 
CH3CN (4.0 mL) at room temperature. 

With the optimal reaction conditions in hand, the 
substrate scope was explored by using an array of 
quinoxalin-2(1H)-one derivatives (Table 2). Initial 
studies were focused on a series of 1-
methylquinoxalin-2(1H)-ones. The reactions 
progressed smoothly and provided the desired 
products in moderate to good yields (2a-2h).[15] Next, 
various N-protected quinoxalin-2(1H)-ones were also 
examined. The substrates with ethyl and benzyl 
protecting groups are more suitable for the 
transformation than substrates with methyl acetate 
and tert-butyl acetate groups (2i-2l). It is notable that 
N-SEM protected quinoxalin-2(1H)-one was well 
compatible with this reaction, affording the target 
product in 71% yield (2m). The SEM protecting 
group was easily removed by treatment with boron 
trifluoride in dichloromethane.[16] We also tested the 
quinoxalin-2(1H)-ones without a protecting group 
and found that the target tetrazolo[1,5-a]quinoxalin-
4(5H)-one was gained in moderate yield (2n). 
Considering the case that N-ethyl protected 
quinoxalin-2(1H)-one provided a higher yield than N-
methyl protected quinoxalin-2(1H)-one, we chose a 
variety of 1-ethylquinoxalin-2(1H)-ones as substrates 
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and found that the correspondingly annulate products 
were obtained in moderate to excellent yields (2o-2z). 
Finally, 4-ethylpyrido[2,3-b]pyrazin-3(4H)-one and 
1-methylpyrazin-2(1H)-one were examined as a 
representative approximate substrates of quinoxalin-
2(1H)-ones, and the expected products were obtained 
in moderate yields (2aa-2ab). 

Table 2. Substrate scope.a)  

 
a)  Unless specifically noted otherwise, reaction conditions: 

1a (0.4 mmol), TMSN3 (3.0 equiv.), Cu(eh)2 (20 mol %), 

KMnO4 (1.5 equiv.), PivOH (1.0 equiv.) and CH3CN (4 

mL), stirred at room temperature under an argon 

atmosphere. b) Yield of isolated product. 

In order to elucidate the preliminary mechanism of 
this transformation, several control experiments were 
carried out and demonstrated in Scheme 2. It was 
found that the reaction was completely suppressed in 
the presence of 3.0 equivalent of 2,2,6,6-tetramethyl-
1-piperidinyloxy (TEMPO) as a radical inhibitor 
(Equation 1). Besides, when 2,6-di-tert-butyl-p-cresol 
(BHT) as anther radical inhibitor was added under 

standard conditions, the N3-trapped compound 3a 
was detected by LCMS (Equation 2). These results 
suggested that a radical progress might be involved in 
the transformation. On the other hand, the effects of a 
copper catalyst and KMnO4 oxidant on the reaction 
were also investigated. The target molecule 2a was 
obtained in only 45% yield under standard conditions 
in the absence of a copper catalyst (Equation 3). 
However, no desired product was detected, when 3.0 
equivalents of Cu(eh)2 were used under standard 
conditions in the absence of KMnO4 (Equation 4). 
These results indicated that KMnO4 played a crucial 
role in the transformation and Cu(eh)2 facilitated this 
transformation. 

 

Scheme 2. Control experiments. 

According to the above control experiments and 
previous reports[7], a presumptive mechanism is 
proposed in Scheme 3. Initially, TMSN3 reacts with 
KMnO4 to form the azide radical B.[17] Subsequently, 
the generated B adds to the C=N bond of 1a to afford 
the aminyl radical intermediate C. Next, aminyl 
radical C is oxidized by Cu(II) or KMnO4 to provide 
the aminyl cation D by single-electron oxidation.[18a-c] 
Thereafter, aminyl cation D undergoes intramolecular 
cyclization to give the expected product 2a (Path a). 
Alternatively, intermediate D is likely to produce 3-
azido-1-methylquinoxalin-2(1H)-one E via β-H 
elimination and intermediate product E tends to 
transform into final product 2a (Path b).[18d-e] 

 

Scheme 3. Presumptive reaction mechanism. 
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To conclude, we have successfully accomplished an 
original method for synthesis of functionalized 
tetrazolo[1,5-a]quinoxalin-4(5H)-ones based on 
[3+2] cyclization of azidotrimethylsilane with 
quinoxalin-2(1H)-ones. This protocol utilizes cheap 
Cu(eh)2 as a catalyst and safe TMSN3 as azide source, 
as well as tolerates a wide range of functional groups 
under mild reaction conditions. Therefore, this 
method provides a practical approach to prepare 
pharmaceutically and biologically interesting 
tetrazolo[1,5-a]quinoxalin-4(5H)-ones in moderate to 
excellent yields. 

Experimental Section 

General procedure for cyclization of quinoxalin-2(1H)-

ones 

An oven-dried Schlenk tube was charged with quinoxalin-

2(1H)-one derivatives (1a-1ab) (0.4 mmol), KMnO4 (1.5 

equiv., 0.6 mmol), Cu(eh)2 (0.2 equiv., 0.08 mmol), PivOH 

(1 equiv., 0.4 mmol) and a magnetic stirring bar, and then 

was purged with argon for three times. Anhydrous CH3CN 

(4 ml) and TMSN3 (3 equiv., 1.2 mmol) were added in turn 

via respective syringes, and the mixture was stirred at 

room temperature in water bath under argon atmosphere 

until the substrate was consumed (monitored by TLC, 

about 10 hours). The mixture was added with CH2Cl2 (20 

ml) and saturated aqueous Na2CO3 (20ml). The organic 

layer was isolated and the remaining aqueous phase was 

further extracted with CH2Cl2 (20 mL × 2). The combined 

organic phases were washed with saturated brine (20 mL). 

The organic layers were dried over Na2SO4, filtered. 

Solvents were evaporated under reduced pressure and the 

resulting residue was purified by column chromatography 

on neutral aluminum oxide (petroleum ether/ethyl acetate) 

to afford the corresponding cyclization products (2a-2ab).  

Acknowledgements 

We acknowledge the financial support from the National Natural 
Science Foundation of China (Grant No. 21776056), the Natural 
Science Foundation of Hebei Province (CN) (Grant No. 
B2018202253, B2016202393, B2015202284) and the Program 
for the Top Young Innovative Talents of Hebei Province (CN) 
(Grant No. BJ2017010). 

References 

[1] Active tetrazoles, see: a) E. S. Schaffert, G. Höfner, K. 

T. Wanner, Bioorg. Med. Chem. 2011, 19, 6492; b) E. 

Kobayashi , H. Togo, Tetrahedron 2018, 74, 4226; c) P. 

Dai, K. Luo, X. Yu, W.-C. Yang, L. Wu, W.-H. Zhang, 

Adv. Synth. Catal. 2018, 360, 468. Active quinoxalines, 

see: d) M. Patel, R. J. McHugh, B. C. Cordova, R. M. 

Klabe, S. Erickson-Viitanen, G. L. Trainor, J. D. 

Rodgers, Med. Chem. Lett. 2000, 10, 1729; e) A. Carta, 

S. Piras, G. Loriga, G. Paglietti, Mini-Rev. Med. Chem. 

2006, 6, 1179; f) S. Leilei, H. Wei, W. Jifeng, Z. 

Huaiyu, Z. Hua, L. Xun, Mini-Rev. Med. Chem. 2018, 

18, 392. 

[2] a) N. G. Koshel, E. G. Kovalev, I. Y. Postovskii, Chem. 

Heterocycl. Compd. 1970, 6, 791; b) J. Klicnar, J. 

Toman, Collect. Czech. Chem. Commun. 1981, 46, 

2110; c) K. Makino, G. Sakata, K. Morimoto, 

Heterocycles, 1985, 23, 2025; d) L. A. McQuaid, E. C. 

R. Smith, K. K. South, C. H. Mitch, D. D. Schoepp, R. 

A. True, D. O. Calligaro, P. J. O'Malley, D. Lodge, P. 

L. Ornstein, J. Med. Chem. 1992, 35, 3319. 

[3] a) X.-H. Wei, Y.-M. Li, A.-X. Zhou, T.-T. Yang, S.-D. 

Yang, Org. Lett. 2013, 15, 4158; b) F. Xie, Z. Qi, X. Li, 

Angew. Chem. 2013, 125, 12078;Angew. Chem., Int. 

Ed. 2013, 52, 11862; c) Z. Li, C. Zhang, L. Zhu, C. Liu, 

C. Li, Org. Chem. Front. 2014, 1, 100; d) F. Wang, X. 

Qi, Z. Liang, P. Chen, G. Liu, Angew. Chem. 2014, 126, 

1912; Angew. Chem. Int. Ed. 2014, 53, 1881; e) G. 

Dagousset, A. Carboni, E. Magnier, G. Masson, Org. 

Lett. 2014, 16, 4340; f) P. Li, J. Zhao, C. Xia, F. Li, 

Org. Chem. Front. 2015, 2, 1313; g) R. Ren, H. Zhao, 

L. Huan, C. Zhu, Angew. Chem. 2015, 127, 12883; 

Angew. Chem. Int. Ed. 2015, 54, 12692; h) W. Kong, N. 

Fuentes, A. García-Domínguez, E. Merino, C. Nevado, 

Angew. Chem. 2015, 127, 2517; Angew. Chem., Int. Ed. 

2015, 54, 2487; i) J. Xu, X. Li, Y. Gao, L. Zhang, W. 

Chen, H. Fang, G. Tang, Y. Zhao, Chem. commun. 

2015, 51, 11240; j) L. Huang, J.-S. Lin, B. Tan, X.-Y. 

Liu, ACS Catal. 2015, 5, 2826; k) Y.-T. He, Q. Wang, J. 

Zhao, X.-Y. Liu, P.-F. Xu, Y.-M. Liang, Chem. 

Commun. 2015, 51, 13209; l) F. Wang, N. Zhu, P. 

Chen, J. Ye, G. Liu, Angew. Chem. 2015, 127, 9488; 

Angew. Chem. Int. Ed. 2015, 54, 9356; m) Y. Wang, 

G.-X. Li, G. Yang, G. He, G. Chen, Chem. Sci. 2016, 7, 

2679; n) X. Li, Z.-J. Shi, Org. Chem. Front. 2016, 3, 

1326; o) Y. Ning, Q. Ji, P. Liao, E. A. Anderson, X. Bi, 

Angew. Chem. Int. Ed. 2017, 56, 13805; p) A. Bunescu, 

T. M. Ha, Q. Wang, J. Zhu, J. Zhu, Angew. Chem. 2017, 

129, 10691; Angew. Chem., Int. Ed. 2017, 56, 10555; q) 

D. Wang, F. Wang, P. Chen, Z. Lin, G. Liu, Angew. 

Chem. 2017, 129, 2086; Angew. Chem., Int. Ed. 2017, 

56, 2054; r) C. E. Hendrick, K. J. Bitting, S. Cho, Q. 

Wang, J. Am. Chem. Soc. 2017, 139, 11622; s) Z. Liu, 

Z.-Q. Liu, Org. Lett. 2017, 19, 5649; t) P. Zhou, L. Lin, 

L. Chen, X. Zhong, X. Liu, X. Feng, J. Am. Chem. Soc. 

2017, 139, 13414; u) Q. Meng, F. Chen, W. Yu, B. Han, 

Org. Lett. 2017, 19, 5186; v) L.-Z. Yu, Y. Wei, M. Shi, 

Chem. Commun. 2017, 53, 8980; w) X. Geng, F. Lin, X. 

Wang, N. Jiao, Org. Lett. 2017, 19, 4738; x) Y. Zhang, 

X. Han, J. Zhao, Z. Qian, T. Li, Y. Tang, H.-Y. Zhang, 

Adv. Synth. Catal. 2018, 360, 2659; y) J. Dhineshkumar, 

K. Gadde, K. R. Prabhu, J. Org. Chem. 2018, 83, 228; 

z) Á. Georgiádes, S. B. Ötvös, F. Fülöp, Adv. Synth. 

Catal. 2018, 360, 1841. 

[4] a) J. v. Braun, W. Keller, Ber. Dtsch. Chem. Ges. 1932, 

65, 1677; b) C. Arnold, D. N. Thatcher, J. Org. Chem. 

1969, 34, 1141; c) J. V. Duncia, M. E. Pierce, J. B. 

Santella, J. Org. Chem. 1991, 56, 2395; d) S. J. 

Wittenberger, B. G. Donner, J. Org. Chem. 1993, 58, 

4139; e) T. Nixey, M. Kelly, C. Hulme, Tetrahedron 

Lett. 2000, 41, 8729; f) F. Himo, Z. P. Demko, L. 

10.1002/adsc.201801076

A
cc

ep
te

d 
M

an
us

cr
ip

t

Advanced Synthesis & Catalysis

This article is protected by copyright. All rights reserved.



 5 

Noodleman, K. B. Sharpless, J. Am. Chem. Soc. 2003, 

125, 9983; g) D. Amantini, R. Beleggia, F. Fringuelli, F. 

Pizzo, L. Vaccaro, J. Org. Chem. 2004, 69, 2896; h) L. 

Bosch, J. Vilarrasa, Angew. Chem. 2007, 119, 4000; 

Angew. Chem. Int. Ed. 2007, 46, 3926; i) B. Schmidt, D. 

Meid, D. Kieser, Tetrahedron 2007, 63, 492; j) V. 

Aureggi, G. Sedelmeier, Angew. Chem. 2007, 119, 

8592; Angew. Chem., Int. Ed. 2007, 46, 8440; k) S. 

Gourdain, C. Petermann, A. Martinez, D. Harakat, P. 

Clivio, J. Org. Chem. 2011, 76, 1906; l) Y. Hu, R. Yi, 

X. Yu, X. Xin, C. Wang, B. Wan, Chem. Commun. 

2015, 51, 15398; m) X.-R. Song, Y.-F. Qiu, X.-Y. Liu, 

Y.-M. Liang, Org. Biomol. Chem. 2016, 14, 11317; n) 

E. Kroon, K. Kurpiewska, J. Kalinowska-Tłuścik, A. 

Dömling, Org. Lett. 2016, 18, 4762; o) E. M. M. 

Abdelraheem, M. P. de Haan, P. Patil, K. Kurpiewska, 

J. Kalinowska-Tłuścik, S. Shaabani, A. Dömling, Org. 

Lett. 2017, 19, 5078; p) S. Kurhade, E. Diekstra, F. 

Sutanto, K. Kurpiewska, J. Kalinowska-Tłuścik, A. 

Dömling, Org. Lett. 2018, 20, 3871; q) X. Xu, K. 

Zhang, P. Li, H. Yao, A. Lin, Org. Lett. 2018, 20, 1781; 

r) E. Kobayashi, H. Togo, Tetrahedron 2018, 74, 4226; 

s) V. A. Ostrovskii, E. A. Popova, R. E. Trifonov, 

Developments in Tetrazole Chemistry (2009-16), in 

Advances in Heterocyclic Chemistry, (Eds.: C. F. V. 

Scriven, Ch. A. Ramsden), Elsevier, 2017, 123, pp. 1-

62. 

[5] M. Gaydou, A. M. Echavarren, Angew. Chem. 2013, 

125, 13710; Angew. Chem., Int. Ed. 2013, 52, 13468. 

[6] C. Qin, Y. Su, T. Shen, X. Shi, N. Jiao, Angew. Chem. 

2016, 128, 358; Angew. Chem., Int. Ed. 2016, 55, 350. 

[7] Z. Wu, P. Xu, N. Zhou, Y. Duan, M. Zhang, C. Zhu, 

Chem. Commun. 2017, 53, 1045. 

[8] a) A. V. Gulevskaya, O. N. Burov, A. F. Pozharskii, M. 

E. Kletskii, I. N. Korbukova, Tetrahedron 2008, 64, 

696; b) Y. Li, M. Gao, L. Wang, X. Cui, Org. Biomol. 

Chem. 2016, 14, 8428; c) T. T. Hoang, T. A. To, V. T. 

T. Cao, A. T. Nguyen, T. T. Nguyen, N. T. S. Phan, 

Catal. Commun. 2017, 101, 20; d) A. Gupta, M. S. 

Deshmukh, N. Jain, J. Org. Chem. 2017, 82, 4784;. e) 

L. Sumunnee, C. Pimpasri, M. Noikham, S. Yotphan, 

Org. Biomol. Chem. 2018, 16, 2697. 

[9] a) M. Gao, Y. Li, L. Xie, R. Chauvin, X. Cui, Chem. 

Commun., 2016, 52, 2846; b) Y. Kim, D. Y. Kim, 

Tetrahedron Lett. 2018, 59, 2443. 

[10] L. Yang, P. Gao, X.-H. Duan, Y.-R. Gu, L. N. Guo, 

Org. Lett. 2018, 20, 1034. 

[11] a) A. Carrër, J.-D. Brion, S. Messaoudi, M. Alami, 

Org. Lett. 2013, 15, 5606; b) A. Carrër, J.-D. Brion, M. 

Alami and S. Messaoudi, Adv. Synth. Catal. 2014, 356, 

3821; c) K. Yin, R. Zhang, Org. Lett. 2017, 19, 1530; d) 

S. Paul, J. H. Ha, G. E. Park, Y. R. Lee, Adv. Synth. 

Catal. 2017, 359, 1515; e) J. Yuan, S. Liu, L. Qu, Adv. 

Synth. Catal. 2017, 359, 4197; f) B. Ramesh, C. R. 

Reddy, G. R. Kumar, B. V. S. Reddy, Tetrahedron Lett. 

2018, 59, 628; g) I. Jung Hye, H. Lee Ju, Y. Kim Dae, 

Bull. Korean Chem. Soc. 2018, 1229. 

[12] S. Toonchue, L. Sumunnee, K. Phomphrai, S. 

Yotphan, Org. Chem. Front. 2018, 5, 1928. 

[13] a) X. Zeng, C. Liu, X. Wang, J. Zhang, X. Wang, Y. 

Hu, Org. Biomol. Chem. 2017, 15, 8929; b) J.-W. Yuan, 

J.-H. Fu, S.-N. Liu, Y.-M. Xiao, P. Mao, L.-B. Qu, Org. 

Biomol. Chem. 2018, 16, 3203. 

[14] L. Wang, Y. Zhang, F. Li, X. Hao, H-Y. Zhang, J. 

Zhao, Adv. Synth. Catal. 2018, DOI: 

10.1002/adsc.201800863. 

[15] CCDC 1853303 contains the supplementary 

crystallographic data for compound 2a. These data can 

be obtained free of charge from The Cambridge 

Crystallographic Data Centre.  

[16] M. Patel, R. J. McHugh, B. C. Cordova, R. M. Klabe, 

S. Erickson-Viitanen, G. L. Trainor, J. D. Rodgers, 

Bioorg. Med. Chem. Lett. 2000, 10, 1729. 

[17] a) J.-W. Yuan, L.-B. Qu, Chinese Chem. Lett. 2017, 

28, 981; b) J.-W. Yuan, W.-J. Li, Y.-M. Xiao, 

Tetrahedron 2017, 73, 179. 

[18] a) K. Matcha, R. Narayan, A. P. Antonchick, Angew. 

Chem. 2013, 125, 8143; Angew. Chem., Int. Ed. 2013, 

52, 7985; b) P. Xu, Z. Wu, N. Zhou, C. Zhu, Org. Lett. 

2016, 18, 1143; c) Z. Wu, R. Ren, C. Zhu, Angew. 

Chem. 2016, 128, 10979; Angew. Chem., Int. Ed. 2016, 

55, 10821; d) D. Kvaskoff, M. Vosswinkel, C. Wentrup, 

J. Am. Chem. Soc. 2011, 133, 5413; e) S. K. Das, S. 

Roy, H. Khatua, B. Chattopadhyay, J. Am. Chem. Soc. 

2018, 140, 8429. 

 

10.1002/adsc.201801076

A
cc

ep
te

d 
M

an
us

cr
ip

t

Advanced Synthesis & Catalysis

This article is protected by copyright. All rights reserved.



 6 

COMMUNICATION    

[3+2] Cyclization of Azidotrimethylsilane with 
Quinoxalin-2(1H)-ones to Synthesize 
Tetrazolo[1,5-a]quinoxalin-4(5H)-ones 

 

 

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

Qiming Yang, Yuecheng Zhang, Qian Sun, Kun 
Shang, Hong-Yu Zhang* and Jiquan Zhao* 

 

10.1002/adsc.201801076

A
cc

ep
te

d 
M

an
us

cr
ip

t

Advanced Synthesis & Catalysis

This article is protected by copyright. All rights reserved.


