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a b s t r a c t

The selective synthesis of N2-sulfonyl and N2-H 1,2,3-triazoles via organocatalytic annulation of enam-

inone/enaminoester with sulfonyl azide has been realized. The unconventional selectivity providing N2-

sulfoyl 1,2,3-triazoles takes place in pure water, wherein the hydrogen bond effect between water and

the intermediate resulting from enamine-azide corporation accounts for the novel reaction selectivity. On

the other hand, the reactions conducted in DMSO specifically afford N2-H 1,2,3-triazoles in the absence

of such hydrogen bond effect.

© 2021 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Among the numerous known heterocyclic systems, the 1,2,3-

triazole ring is inarguably one of the most useful and success-

ful ones which has exhibited ubiquitous and distinctive appli-

cations in a variety of scientific and industrial areas, including

but not limited in drug discovery, chemical biology, science of

functional materials as well as diversity & target oriented or-

ganic synthesis [1–4]. Accordingly, tremendous efforts have been

afforded to the development of synthetic methodology towards

1,2,3-triazoles [5–8]. Representatively, the click alkyne azide cy-

cloaddition [9–15], organocatalytic 1,2,3-triazole annulation [16,17],

nonmetal reagent-catalyzed 1,2,3-triazole annulation [18–20] and

even azide-free 1,2,3-triazole annulation [21–24] have contributed

significantly to the great success of 1,2,3-triazole chemistry. On

the contrary, owing to the internally higher molecular stability,

most of the reported methods on 1,2,3-triazoles provide either

N1-substituted or N1-H 1,2,3-triazole as products. Comparing with

the N1-1,2,3-triazole synthesis, equivalent synthetic methods to-

ward N2-H or N2-substituted 1,2,3-triazoles are much less avail-

able [25–31]. Many N2-substituted 1,2,3-triazoles, however, have

been proved to be highly valuable for their individual role as cen-

tral backbone in biologically functional molecules. For example

(Fig. 1), the N2-substituted 1,2,3-triazoles A are reported with mus-

carinic agonist activity wherein the N2-substitutent is found to be
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crucial [32]. The N2-substituted 4-hydroxyl 1,2,3-trialzoles B are

bioisosteres of glutamic acid which exhibit promise in new drug

design with enhanced binding affinity [33]. The N2-acetyl triazole

of betulin (C) is a compound possessing potent cytotoxic activity

to different cancer cell lines and low toxicity to normal cells [34].

Moreover, suvorexant (D) is a potent, brain penetrant dual orexin

receptor antagonist with potential application in the treatment of

primary insomnia (Fig. 1) [35]. Considering the high application

space of N2-substituted 1,2,3-triazoles, developing and designing

practical method for the synthesis of such compounds is thus an

issue of high urgency.

As easily accessible synthons with versatile versions of pres-

ence, enaminones and analogous enaminoesters have been identi-

fied with extraordinary broad application in the synthesis of nu-

merous organic products in recent decade [36–44]. Specifically,

employing these stable enamines as the donors of either C4-

C5 or N3-C4-C5 fragment have successfully enabled the synthe-

sis of 1,2,3-triazole with a broad array of structural features, in-

cluding the 1,5-disubstitued 1,2,3-triazoles [45,46], 1,4-disubstitued

1,2,3-triazoles [47,48], free N1-H 1,2,3-triazoles [49,50], and full

substituted 1,2,3-triazoles [51–53]. However, such enamines have

not previously been observed to be capable of participating the

synthesis of N2-substituted or N2-H 1,2,3-triazoles [54]. During

our recent efforts in developing novel and sustainable synthe-

sis, we have disclosed that the NH- or NH2-functionalized enam-

inones/enaminoesters could be used for designing water-mediated
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Fig. 1. Some valuable N2-substituted 1,2,3-triazole derivatives.

green synthetic by making use of enamines’ inherent hydrophilic-

ity resulting from the hydrogen bond effect between enamines

and water [55–58]. Herein, we report our work on the hydrophilic

enamine-based reactions towards the synthesis of N2-subtituted

1,2,3-triazoles in water without using any metal reagent. In addi-

tion, using DMSO as medium has led to the selective synthesis of

N2-H 1,2,3-triazoles via similar metal-free operation. Notably, this

is the first example on the N2-sulfonyl 1,2,3-triazole synthesis via

direct triazole annulation, and previous methods were based on

the N-sulfonylation of prior prepared N-H-1,2,3-triazoles [59–61].

At the beginning, the reaction of enaminoester 1a and tosyl

azide 2a were employed with t-BuONa, which gave rise to N2-

tosyl 1,2,3-triazole 3a with 42% yield by heating at 40 °C in water

medium (Table 1, entry 1). In a series of parallel entries employ-

ing different organic and inorganic base species, TMEDA exhibited

among the best effect in promoting this reaction (entries 2–7). No-

tably, organic solvents such as MeCN, EtOH, toluene, and DCM all

displayed poor applicability as medium for the reaction, disclos-

ing the specific advantage of water in the present reaction (entries

8–11). Screening the reaction temperature indicated that enhanc-

ing the temperature to 60 °C was most favorable (entries 12–14).

Later on, the loadings of 2a as well as TMEDA catalyst were var-

ied, respectively. However, not evident improvement was observed

(entries 15–17). Further increased yield of 3a was reached by pro-

longing the reaction time to 12 h (entry 18, Table 1).

With the satisfactory result given by the optimized reaction

conditions, the scope of the reaction in synthesizing N2-substituted

1,2,3-triazoles were then investigated. Based on the results af-

forded by the experiments, the present method for the synthesis

of N2-sulfonyl 1,2,3-triazoles was generally applicable to the re-

actions of NH2-functionalied enamines and sulfonyl azides. First,

for the enamine substrate, the enamines featured with ester (3a-

3d, 3l-3m and 3r, Scheme 1), aryl ketone (3e-3h, 3n-3q, 3s, 3v

and 3y-3z, Scheme 1) as well as alkyl ketone fragment (3i-3k, 3t-

3u and 3w-3x, Scheme 1) all displayed smooth tolerance to the

expected synthesis. On the other hand, besides tosyl azide, the

sulfonyl azides functionalized with alkoxylphenyl (3l and 3r-3u,

Scheme 1), halophenyl (3n, 3o and 3x, Scheme 1), alkylphenyl (3p-

3q, Scheme 1) and naphthyl (3m and 3v-3w, Scheme 1) were also

practical reactants for the titled synthesis. The electron withdraw-

ing group functionalized phenyl sulfonyl azides gave lower yield of

the target products (3o and 3x, Scheme 1). Using methyl sulfonyl

azide to react with 1a, however, did not afford the product. Per-

forming the reaction for 3b synthesis in 4 mmol scale gave satis-

factory yield. No such 1,2,3-triazole was observed in the reaction of

phenyl azide with 1a, either. The structure of N2-substituted 1,2,3-

Table 1

Optimization on reaction conditions.a

Entry Base Solvent T (°C) Yield (%)b

1 t-BuONa H2O 40 42

2 Cs2CO3 H2O 40 45

3 Et3N H2O 40 51

4 DABCO H2O 40 49

5 2,6-Lutidine H2O 40 47

6 TMEDA H2O 40 73

7 TDAEA H2O 40 42

8 TMEDA MeCN 40 trace

9 TMEDA EtOH 40 25

10 TMEDA Toluene 40 0

11 TMEDA DCM 40 35

12 TMEDA H2O r.t. 62

13 TMEDA H2O 60 75

14 TMEDA H2O 80 66

15c TMEDA H2O 60 77

16d TMEDA H2O 60 68

17e TMEDA H2O 60 52

18f TMEDA H2O 60 80

TDAEA = tris(2-dimethylaminoethyl)amine; TMEDA = N,N,N’,N’-

tetramethylethylenediamine.
a General conditions: enaminone 1a (0.3 mmol), 2a (0.45 mmol), base

(0.015 mmol) in solvent (2 mL), stirred at noted temperature for 6 h.
b Yield of isolated product based on 1a.
c With 0.6 mmol 2a.
d With 0.006 mmol TMEDA.
e With 0.03 mmol TMEDA.
f Stirred for 12 h.

triazoles was confirmed by the single crystal analysis on 3d (CCDC:

1868189).

To further investigate the effect of reaction medium to the reac-

tion outcome, the reactions in DMSO, a non-proton organic solvent,

were then conducted. Interestingly, the selective reaction pathway

providing N2-H 1,2,3-triazole was observed. The brief examination

on this reaction showed that different NH2-enamines and sulfonyl

azides could be independently used for the synthesis of N2-H 1,2,3-

triazoles 4 with generally good to excellent yields (Scheme 2).

In the process of exploring reaction mechanism, the isotope la-

beling experiment using 15N-labelled enaminone 1a was employed

to react with 2a to the standard conditions. The isolation of 15N-

labelled product 15N-3a confirmed that the C-N bond in enam-

inone substrate was not broken (Scheme 3a). Similar result was

obtained from the reaction synthesizing product 15N-4a in DMSO

(Scheme 3b), which further supported the above conclusion. An-

other experiment subjecting N-H-1,2,3-triazole 4a with TsNH2 did

not provide product 3a under the water-based standard conditions

(Scheme 3c), indicating that 4a was not formed during the gener-

ation of N2-sulfonyl triazole product.

According to the information given by control experiments and

the selective formation of different products, a plausible reaction

mechanism involving hydrogen bond is proposed. As outlined in

Scheme 4, initially, the deprotonation of enaminone 1 takes place

via its isomeric form 1′ in the presence of base, leading to the for-

mation of anion intermediate 5. The incorporation of 5 with tosyl

azide and the in situ generated BH provides intermediate 6 and re-

generates the base. The tautomerization of 6 gave rise to interme-

diate 7. Because of the presence of unsymmetrical N=N=N struc-

ture in this intermediate, the cyclization based on the nucleophilic

addition of the amino group to the N=N bond may take place via
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Scheme 1. Scope of the water-mediated N2-sulfonyl 1,2,3-triazole synthesis (Yield in parenthesis was obtained from 4 mmol scale reaction).

Scheme 2. Brief scope on the tunable synthesis of N2-H 1,2,3-triazoles in DMSO.

two different site selective pathways. For the reactions in water,

the NH site might be masked by the hydrogen bond, which in-

duces the addition of NH2 group to the N-site connected to the

Ts group (path a) [21]. This selective cyclization gives intermedi-

ate 8 which eliminates NH3 (observed by GC-MS, see Supporting

information) to provide products 3. On the other hand, when per-

forming the reactions in non-protonic DMSO medium, without the

effect of hydrogen bond in the =N–H site, the attack of the NH2

group takes place selectively to this less steric site (path b), which

enables the formation of cyclic intermediate 9. The elimination of

Scheme 3. Control experiments.

TsNH2 (observed by GC-MS, see Supporting information) from this

intermediate then provides products 4.

In summary, by employing enaminones and sulfonyl azide as

starting materials, we have established a new method for the syn-

thesis of rarely accessed N2-sulfonyl 1,2,3-triazoles in pure water

medium. In addition, the reactions have been identified with broad

substrate scope and high efficiency using only low loading amine

(5 mol% TMEDA) as catalyst without using any metal reagent. No-

tably, switching the reaction medium to DMSO leads to the selec-

tive synthesis of N2-H 1,2,3-triazoles with identical substrates. The
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Scheme 4. The plausible reaction mechanism.

unprecedented outcome for enaminone chemistry, the incompara-

ble green reaction conditions as well as the selectivity tunable syn-

thesis of N2-H 1,2,3-triazoles constituted the specific advantages of

the present work.
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