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Abstract: The annulation reactions between gem-diamino
enaminones (ketene aminals) and tosyl azide providing N-heterocycle
fused and 5-amino side chain functionalized 1,2,3-triazoles have been
developed. The synthesis of these N-side chain functionalized 1,2,3-
triazoles has been executed with high efficiency and broad synthetic
scope under transition metal-free conditions with the assistance of
NaHCO; only.

Owing to its ubiquitous presence in molecules with biological
function, organic materials as well as a variety of other application
areas, the 1,2,3-triazole motif has been proven as a heterocyclic
system with extraordinary importance.l! Since the landmark
works on “click”™like copper-catalyzed alkyne azide cycloaddition
(CuAAC), the interest in the synthesis of 1,2,3-triazoles has
received dramatic advances.>3 Over the recent decade, one
specially notable direction in 1,2,3-triazole chemistry is the
transition metal-free 1,2,3-triazole synthesis via either pure
organocatalysis or other non-transition metal reagent catalyzed or
promoted triazole annulation reactions.*® Technically, the
transition metal-free synthesis is not only more atom economical,
but also better promotes application of 1,2,3-triazoles in biological
research because no trace heavy metal contamination is likely to
occur in the 1,2,3-triazole samples.

Among the splendid progress in the transition metal-free
1,2,3-triazole synthesis, the triazole ring formation employing
enaminones or analogous stable enamines as key building blocks
have been identified as particularly useful and attractive toolkit.
Depending on the cleavage of different chemical bonds, highly
diverse 1,2,3-triazoles, including the 1,5-disbustiuted 1,2,3-
triazoles,!® N1-H 1,2,3-triazoles,[”! ester group functionalized
1,2,3-triazoles,”® enantiomerically pure 1,2,3-triazoles,® 1,4-
substituted 1,2,3-triazoles,*® fully substituted 1,2,3-triazoles!*!
and sulfur side chain functionalized 1,2,3-triazoles*? etc have
been independently synthesized with efficiency. The successful
application of enaminones and analogous enamines in 1,2,3-
triazole synthesis, together with the versatile and featured
reactivities of these stable enamines,™® inspire us that high space
remains in the designation of practical synthetic methods toward
more diverse 1,2,3-triazole compounds.

On the other hand, as typical heteroatom functionalized 1,2,3-
triazoles, the amino functionalized 1,2,3-triazoles have been
identified to possess dramatically attractive biological
relevance.'] The synthesis of amino group substituted 1,2,3-
triazoles has therefore become an important issue in 1,2,3-
triazole chemistry. However, due to the low reactivity of
aminoalkynes in the typical AAC reaction, synthesis of such
heteroatom functionalized 1,2,3-triazoles has remined as a
challenge. Only a few available synthetic methods are hitherto
available. The ruthenium-catalyzed AAC reaction represents one
early breakthrough in the synthesis of 5-amino-1,2,3-triazoles by
employing aminoalkyne as the dipolarophile.'®! Later on, similar
amino-functionalized 1,2,3-triazole synthesis have been also
realized by means of rhodium catalysis*® and iridium catalysis,*]
respectively (Scheme 1A). In addition, 5-amino-1,2,3-triazoles
have been synthesized by an interesting interrupted CuAAC via
the reactions of terminal alkynes, organo azides and amines
(Scheme 1B).['®! Despite the success of these methods, their
common feature relying on transition metal catalysis, however,
has posed the urgency of developing transition metal-free
approach to complement the present methodologies for the
synthesis of 1,2,3-triazoles. On the basis of the amazingly diverse
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Scheme 1 Methods for the synthesis of 5-amino-1,2,3-triazoles
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reactivity and synthetic applications of enaminones disclosed by
us and others,*® we have made extensive efforts in establishing
a practical protocol toward the synthesis of 5-amino-1,2,3-
triazoles via transition metal-free operation. Although some N-
heterocycle fused 1,2,3-triazoles have been previously
synthesized by employing specific fluoroalkyl functionalized
sulfonyl azide or observed as side products from the cycloaddition
reactions of enamines with organoazides,’?” a generally selective
and applicable method for the transition metal-free synthesis of 5-
amino functionalized 1,2,3-triazoles using conventional enamines
is yet unavailable. Herein, we report a new transition metal-free
method for synthesis of both N-heterocycle fused and acyclic 5-
amino side chain functionalized 1,2,3-triazoles by employing
gem-diamino enaminones and tosyl azide, wherein NaHCOs is
only used to promote the reactions (Scheme 1C).

To start the work, the reaction of enamine substrate 1a and
tosyl azide 2 was investigated under different conditions. First,
performing this reaction in a series of different medium, including
water, DMF, DMSO, MeCN, and toluene by heating at 120 °C or
reflux in the presence of tetramethyl ethylene diamine (TMEDA)
proved that DMSO was amongst the most favourable reaction
medium (entries 1-5, Table 1) in providing N- heterocycle fused
1,2,3-triazole 3a. Afterwards, the species of base additive was
screened by using NaOH, t-BuONa, NaHCO; and DBACO,
respectively. The results indicated that NaHCO3; was the best
additive by affording target product with evidently higher yield
(entries 6-9, Table 1). While modifying the centration of the
reaction led to slight improvement on the result (entries 10-11,
Table 1), the variation on the base loading led to the observation
that 1.5 equiv base in the reaction provided product 3a with further
enhanced yield (entries 12-13, Table 1). The reaction conducted
at different temperature, however, led to not further improved
result (entries 14-16, Table 1).

Table 1. Optimization on reaction conditions®

o
O HN
Base N\‘
= N + TsNg ——> \ ,N
H Slovent, T N

3a HN\)

1a 2
Entry Base Solvent T (°C) Yield (%)
1 TMEDA H20 reflux 38
2 TMEDA DMF 120 42
3 TMEDA DMSO 120 44
4 TMEDA MeCN reflux 39
5 TMEDA toluene reflux 20
6 NaOH DMSO 120 41
7 t-BuONa DMSO 120 63
8 NaHCO3 DMSO 120 74
9 DABCO DMSO 120 55
100 NaHCOs DMSO 120 77
110 NaHCO3 DMSO 120 59
120cel NaHCO3 DMSO 120 85
130 NaHCO3 DMSO 120 66
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14lcel NaHCOs3 DMSO 130 78
15lcel NaHCOs3 DMSO 110 71
16lcel NaHCOs3 DMSO 100 66

[a] General conditions: 1a (0.2 mmol), 2 (0.3 mmol), base (0.4 mmol), in solvent
(2 mL) and stirred for 12 h. [b] Isolated yield. [c] In 2.5 mL DMSO. [d] In 3 mL
DMSO. [e] With NaHCOs (0.3 mmol). [f] With NaHCO3s (0.6 mmol).

With the optimized parameters, the scope on the synthesis of
the N-heterocycle fused 1,2,3-triazoles 3 was then examined by
using diversely functionalized enamines of type 1 to react with
tosyl azide 2 under the optimized conditions. As outlined in Table
2, the synthesis of fused 1,2,3-triazoles 3 via this transition metal-
free annulation was identified with good application scope and
generally good to excellent product yields. The enamines 1
featuring the five-membered heterocycle reacted with tosyl azide
to provide corresponding products bearing alkyl, alkoxyl, halogen
atom as well as trifluoromethyl substitution in the phenyl ring (3a-
3h, Table 2), and strong electron withdrawing or donating group
in the phenyl ring of 1 led to relatively lower product yield (3c and
3g, Table 2). Analogously, the reactions employing six-membered
heterocycle-based enamines could also be smoothly employed
for the synthesis of six-membered hetero-ring fused 1,2,3-
triazoles (3i, 3k-3q, Table 2). Notably, alongside the fine reactions
using those enamines functionalized with variously substituted
phenyl ring, the fused aryl such naphthyl (3j-3k, Table 2) and
heteroaryl ring (3q, Table 2) functionalized enamines could also
take part in the synthesis of the 1,2,3-triazole products.

Table 2 Scope on the enaminone-based synthesis of N-heterocycle fused 1,2,3-
triazoles®!
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3a, R =4-Me, 85% 3e, R=4-Cl, 74%
3b,R=H, 77% 3f, R = 4-Br, 73%
3c, R = 4-OMe, 51% 39, R = 4-CF3, 55%

3d,R=4-F, 71%
o}
N\
L 1y
N

HN HN
Nl
3h,n=1,74% 3j,n=1,66%
3i,n=2,89% 3k,n=2,72%

3lL,R=H, 83%
3m, R = 4-Me, 80%

0 (0]
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°N \ N
R \ N 3n, R=4-F, 85% S N
HN\\) 30, R = 4-Cl, 70% HN\\)
3p, R=4-Br, 79% 3q, 75%
[a] General conditions: 1 (0.2 mmol), 2 (0.3 mmol), NaHCOz (0.3 mmol) in

DMSO (2.5 mL), stirred at 120 °C for 12h. [b] Yield of isolated prouducts based
on 1.
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Encouraged by the successful synthesis of the heterocycle
fused 1,2,3-triazoles, we then turned to extend the synthetic
scope of the reaction by employing acyclic diamino functionalized
enamines 4 as alternative substrates of 1. Delightfully, the
reactions of 4 with tosyl azide proceeded efficiently under the
standard conditions to provide 5-amino functionalized 1,2,3-
triazoles 5. As shown in Scheme 2, the synthesis of 1,2,3-triazoles
5 containing a series of different functional groups such as methyl,
methoxyl, halogen and nitro group in the N-aryl or the ketone aryl
segment were provided with moderate to good yield, further
illustrating the advantageous application of this transition metal-
free protocol in the synthesis of nitrogen side chain functionalized
1,2,3-triazoles with exceptional product diversity. According to the
present data, the substituent in both the ketone aryl and the aryl
ring connected to the amino group didn’t show regular influence
to the reaction results.

_Ar (6]
O AN NaHCO3 N
+ TsNj "
Z SNHAr DMSO, 120 °C R | N
R N
ArHN \
4 2 5 Ar
5a, R = 4-Me, Ar = Ph, 74% 5b, R = H, Ar = p-tolyl, 80%
5¢, R = H, Ar = 3-MeCgH,, 62% 5d, R = H, Ar = 4-MeOCgH,4, 69%
5e, R = H, Ar = 4-CICgH,, 75% 5f, R = H, Ar = 4-BrCgHy, 66%

5g, R = 4-Me, Ar = 4-NO,CgHy, 45%

Scheme 2 Scope on the metal-free synthesis of 5-amino-1,2,3-triazoles

Following the work in scope examination, the gram scale
synthesis on the model reaction was carried out. Notably, the 5
mmol scale reaction under the standard reaction condition led to
the synthesis of 3a with high yield of 70% (Eq 1), proving the
applicability of the present method in the synthesis of the
functional 1,2,3-triazoles with large amount.

0
O HN p-Tol N,
NaHCOj; (1.5 equiv) - N
p-Tol = N+ TSN3 3( q ) \ NI (1)
H DMSO, 120 OC HN\)
5 mmol 7.5 mmol 3a
1.01g 148 g 089,70 %

Based on the results from the experiments, the possible
mechanism of this 1,2,3-triazole annulation is proposed. As
presented in Scheme 3, the reaction of enamine 1 and a base
provides cation intermediate 6 via the isomeric form 1°. The
addition of 6 to tosyl azide gives rise to intermediate 7 which can
further transform into 8 via proton migration. A typical Regitz diazo
transfer?!l taking place on 8 in the presence of base then affords
diazo intermediate 9. The N-N bond formation initiated
intramolecular annulation on 9 then leads to the production of
1,2,3-triazoles 3 and 5.

In conclusion, by employing the readily available diamino
functionalized enamines to react with tosyl azide, the annulation
leading to 1,2,3-triazole ring has been realized with only NaHCO3
promotion based on a featured Regitz diazo transfer process. This
synthetic method involving the C(sp?)-N and N-N bond formation

10.1002/ejoc.202000938
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Scheme 3 The proposed reaction mechanism

has exhibited broad application scope in the synthesis of both N-
heterocycle fused 1,2,3-triazoles and 5-amino-1,2,3-triazoles.
Besides offering a reliable transition metal-free route the useful
1,2,3-triazole scaffolds, the present work discloses further the
high potential of enamines in the designation of valuable and
sustainable methods of synthesis.

Acknowledgements

The work is financially supported by National Natural Science
Foundation of China (21861019).

Keywords: enamine ¢ tosyl azide ¢ transition metal-free * N-side
chain « 1,2,3-triazole

[1] a) B. Shulze, U. S. Schubert, Chem. Soc. Rev. 2014, 43, 2522-2571; b)
D. Brunel, F. Dumur, New. J. Chem. 2020, 44, 3546-3561; c) Y. Jiang,
X.-Y. Tang, M. Shi, Chem. Eur. J. 2016, 22, 17910-17924; d) K. Bozorov,
J. Zhao, H. A. Aisa, Bioorg. Med. Chem. 2019, 27, 3511-3531; e) S. Yu,
N. Wang, X. Chai, B. Wang, H. Cui, Q. Zhao, Y. Zou, Q. Sun, Q. Meng,
Q. Wu, Arch. Pharm. Res. 2013, 36, 1215-1222; f) N. T. Nguyen, P. H.
Dang, N. X. T. Vu, T. H. Le, M. T. T. Nguyen, J. Nat. Chem. 2017, 80,
2151-2155; g) X. Meng, M. Yang, Y. Li, X. Li, T. Jia, H. He, Q. Yu, N.
Guo, Y. He, P. Yu, Y. Yang, Chin. Chem. Lett. 2018, 29, 76-80.

[2] For selected reviews, see: a) J. E. Hein, V. V. Fokin, Chem. Soc. Rev.
2010, 39, 1302-1315; b) M. Meldal, C. W. Tornge, Chem. Rev. 2008, 108,
2952-3015; ¢) L. Zhu, H. Zhang, C. Wang, Z. Chen, Chin. J. Org. Chem.
2018, 38, 1052-1064; d) Z. Zhao, Z. Yao, X. Xu, Curr. Org. Chem. 2017,
21, 2240-2248; e) F. Wei, W. Wang, Y. Ma, C.-H. Tung, Z. Xu, Chem.
Commun. 2016, 52, 14188-14199; f) J.-P. Wan, D. Hu, Y. Liu, S. Sheng,
ChemCatChem 2015, 7, 901-903.

[3] For selected recent examples, see: a) P. Bao, N. Meng, Y. Lv, H. Yue, J.-
S. Li, W. Wei, Org. Chem. Front. 2019, 6, 3983-3988; b) V. Motornov, G.
V. Latyshev, Y. N. Kotovshchikov, N. V. Lukashev, I. P. Beletskaya, Adv.
Synth. Catal. 2019, 361, 3306-3311; c) M. Israr, C. Ye, M. T. Muhammad,
Y. Li, H. Bao, Beilstein J. Org. Chem. 2018, 14, 2916-2922; d) M.
Yamada, M. Matsumura, E. Sakaki, S.-y. Yen, K. Kawahata, T. Hyodo,
K. Yamaguchi, Y. Murata, S. Yasuike, Tetrahedron 2019, 75, 1406-1414;
e) A. Zhu, X. Xing, S. Wang, D. Yuan, G. Zhu, M. Geng, Y. Guo, G. Zhang,
L. Li, Green Chem. 2019, 21, 3407-3412; f) Y. Liu, G. Nie, Z. Zhou, L.
Jia, Y. Chen, J. Org. Chem. 2017, 82, 9198-9203.

This article is protected by copyright. All rights reserved.



European Journal of Organic Chemistry

4

[5]

6]

[7]

8l

[0

[10]
[11]

[12]

[13]

[14]

(18]

[16]

[17]
[18]

[19]

For reviews, see: a) S. S. V. Ramsastry Angew. Chem. Int. Ed. 2014, 53,
14310-14312; b) D. Alves, B. Goldani, E. J. Lenard&o, G. Perin, R. F.
Schumacher, M. W. Paixdo, Chem. Rec. 2018, 18, 527-542; c) J. John,
J. Thomas, W. Dehaen, Chem. Commun. 2015, 51, 10797-10806; d) Y.
Chen, C. Zheng, X. Peng, Q. Fu, L. Wu, Q. Lin, Chin. J. Org. Chem. 2018,
36, 1779-1789.

For selected examples, see: a) J. Thomas, J. John, N. Parekh, W. Dehaen,

Angew. Chem. Int. Ed. 2014, 53, 10155-10159. (b) S. W. Kwok, J. R.
Totsing, R. J. Fraser, V. O. Rodionov, V. V. Fokin, Org. Lett. 2010, 12,
4217-4219; c) D. Zhang, Y. Fan, Z. Yan, Y. Nie, X. Xiong, L. Gao, Green
Chem. 2019, 21, 4211-4216; d) H. Zhang, D.-Q. Dong, Z.-L. Wang,
Synthesis 2016, 48, 131-135; e) Z. Chen, Q. Yan, Z. Liu, Y. Zhang, Chem.
Eur. J. 2014, 20, 17635-17639; f) Z.-J. Cai, X.-M. Lu, Y. Zi, C. Yang, L.-
J. Shen, S.-Y. Wang, S.-J. Ji, Org. Lett. 2014, 16, 5108-5111; g) W. Li,
Z.Du, Q. Jia, K. Zhang, J. Wang, Green Chem. 2014, 16, 3003-3006; h)
C.-y. Chen, X. Lu, M. C. Holland, S. Lv, X. Ji, W. Liu, J. Liu, D. Depre, P.
Westerduin, Eur. J. Org. Chem. 2020, 548-551; i) X. Zhang, K. P. Rakesh,
H.-L. Qin, Chem. Commun. 2019, 55, 2845-2848.
a) G. Chen, X. Zeng, J. Shen, X. Wang, X. Cui, Angew. Chem. Int. Ed.
2013, 52, 13265-13268; b) J.-P. Wan, S. Cao, Y. Liu, J. Org. Chem. 2015,
80, 9028-9033; ¢) W. Huang, C. Zhu, M. Li, Y. Yu, W.Wu, Z. Tu, H. Jiang,
Adv. Synth. Catal. 2018, 360, 3117-3123; d) J. Thomas, S. Jana, J. John,
S. Liekens, W. Dehaen, Chem. Commun. 2016, 52, 2885-2888.

a) J. Thomas, V. Goyvaerts, S. Liekens, W. Dehaen, Chem. Eur. J. 2016,
22,9966-9970; b) L. Yang, Y. Wu, Y. Yang, C. Wen, J.-P. Wan, Beilstein
J. Org. Chem. 2018, 14, 2348-2353.

S. Cao, Y. Liu, C. Hu, C. Wen, J.-P. Wan, ChemCatChem 2018, 10, 5007-
5011.

G. Silveira-Dorta, S. Jana, L. Borkova, J. Thomas, W. Dehaen, Org.
Biomol. Chem. 2018, 16, 3168-3176.
J.-P. Wan, S. Cao, Y. Liu, Org. Lett. 2016, 18, 6034-6037.

a) N. Guo, X. Liu, H. Xu, X. Zhou, H. Zhao, Org. Biomol. Chem. 2019, 17,
6148-6152; b) Z. Shi, W. Li, Synthesis 2017, 49, 2081-2087; c) A. De
Nino, V. Algieri, M. A. Tallarida, P. Costanzo, M. Pedron, T. Tejero, P.
Merino, L. Maiuolo, Eur. J. Org. Chem. 2019, 5725-5731.

a) D. B. Ramachary, P. M. Krishna, J. Gujral, G. S. Reddy, Chem. Eur. J.

2015, 21, 16775-16780; b) L. Deng, X. Cao, Y. Liu, J.-P. Wan, J. Org.
Chem. 2019, 84, 14179-14186.
For selected reviews, see: a) L. Zhang, J. Dong, X. Xu, Q. Liu, Chem.
Rev. 2016, 116, 287-332; b) J.-P. Wan, Y. Gao, Chem. Rec. 2016, 16,
1164-1177; c) L. Fu, J.-P. Wan, Asian J. Org. Chem. 2019, 8, 767-776;
d) S. Cao, Y. Jing, Y. Liu, J. Wan, Chin. J. Org. Chem. 2014, 34, 876-
885.

a) R. J. Bochis, J. C. Chabala, E. Harris, L. H. Peterson, L.; Barash, T.
Beattie, J. E. Brown, D. W. Graham, F. S. Waksmunski, M. Tischler, H.
Joshua, J. Smith, L. F. Colwell, M. J. Jr. Wyvratt, M. H. Fisher, J. Med.
Chem. 1991, 34, 2843-2852; b) S.-J. Yan, Y.-J. Liu, Y.-L. Chen, L. Liu, J.
Lin, Bioorg. Med. Chem. Lett. 2010, 20, 5225-5228; c) M. Nettekoven, J.
M. Adam, S. Bendels, C. Bissantz, J. Fingerle, U. Grether, S. Gruner, W.
Guba, A. Kimbara, G. Ottaviani, B. Pullmann, M. Rogers-Evans, S. Rover,
B. Rothenhausler, S. Schmitt, F. Schuler, T. Schulz-Gasch, C. Ullmer,
ChemMedChem 2016, 11, 179-189.

a) B. C. Boren, S. Narayan, L. K. Rasmussen, L. Zhang, H. Zhao, Z. Lin,
G. Jia, V. V. Fokin, J. Am. Chem. Soc. 2008, 130, 8923-8930; b) X.
Zhang, H. Li, L. You, Y. Tang, R. P. Hsung, Adv. Synth. Catal. 2006, 348,
2437-2442; ¢) X. Zhang, R. P. Hsung, L. You, Org. Biomol. Chem. 2006,
4,2679-2682; d) S. Ferrini, J. Z. Chandanshive, S. Lena, M. C. Franchni,
G. Giannini, A. Tafi, M. Taddei, J. Org. Chem. 2015, 80, 2562-2572.

Y. Liao, Q. Lu, G. Chen, Y. Yu, C. Li, X. Huang, ACS Catal. 2017, 7,
7529-7534.

W. Song, N. Zheng, Org. Lett. 2017, 19, 6200-6203.

W. Wang, X. Peng, F. Wei, C.-H. Tung, Z. Xu, Angew. Chem. Int. Ed.
2016, 55, 649-653.

a) T. Luo, J.-P. Wan, Y. Liu, Org. Chem. Front. 2020, 7, 1107-1112; b) L.
Tian, J.-P. Wan, S. Sheng, ChemCatChem 2020, 19, 2533-2537; c) G.
Wang, Y. Guo, J.-P. Wan, Chin. J. Org. Chem. 2020, 40, 645-650; d) Y.
Liu, J. Xiong, J.-P. Wan, Adv. Synth. Catal. 2020, 362, 877-883; e) L. Fu,
X. Cao, J.-P. Wan, Y. Liu, Chin. J. Chem. 2020, 38, 254; f) X. Zheng, J.-
P. Wan, Adv. Synth. Catal. 2019, 361, 5690; g) X. Liang, P. Guo, W.

4

[20]

[21]

10.1002/ejoc.202000938

WILEY-VCH

Yang, M. Li, C. Jiang, W. Sun, T.-P. Loh, Y. Jiang, Chem. Commun. 2020,
56, 2043-2046; h) H. Ge, M. J. Niphakis, G. |. Georg, J. Am. Chem. Soc.
2008, 130, 3708; i) Z. Shang, Q. Chen, L. Xing, Y. Zhang, L. Wait, Y. Du,
Adv. Synth. Catal. 2019, 361, 4926-4932; j) P. Zhou, B. Hu, L. Li, K. Rao,
J. Yang, F. Yu, J. Org. Chem. 2017, 82, 13268-13276; k) Z.-Y. Gu, J.-J.
Cao, S.-Y. Wang, S.-J. Ji, Chem. Sci. 2016, 7, 4067-4072; I) B. Jiang,
Q.-Y. Li, S.-J. Tu, G. Li, Org. Lett. 2012, 14, 5210-5213; m) Y. He, J. Lou,
Z.Yu, Y.-G. Zhou, Chem. Eur. J. 2020, 26, 4941-4946; n) X.-X. Du, Q.-
X. Zi, Y.-M. Wu, Y. Jin, J. Lin, S.-J. Yan, Green Chem. 2019, 21, 1505-
1516; o) D. Bhattacherjee, S. Ram, A. S. Chauhan, Y. Sheetal, P. Das,
Chem. Eur. J. 2019, 25, 5934-5939.

a) J. Gu, W. Xiong, Z. Zhang, S. Zhu, Synthesis 2011, 1717-1722; b) B.
Liu, M.-X. Wang, L.-B. Wang, Z.-T. Huang, Heteroatom Chem. 2000, 11,
387-391.

Regitz, M. Ann. 1964, 676, 101-109; b) Regitz, M. Tetrahedron Lett. 1964,
5, 1403-1407.

This article is protected by copyright. All rights reserved.


mailto:ramsastry@iisermohali.ac.in

European Journal of Organic Chemistry 10.1002/ejoc.202000938

WILEY-VCH

1,2,3-Triazole synthesis

Entry for the Table of Contents

(0]
o} HN/b R™OY Ny
RMN )n - N'
\/O)n
17 examples
TsN3
NaHCO3
(@]
N
O NHAr &
P m RJKE N
R NHAr TM-free ArHN N\
C-N/N-N bond formation Ar
Diverse N-functionalized 1,2,3-triazole 7 examples

The synthesis of versatile 5-amino functionalized 1,2,3-triazoles, both in the forms of N-heterocycle fused and acyclic amino group

functionalized forms, have been realized via the annulation reactions of gem-diamino enaminones and tosyl azide under transition
metal-free conditions.
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