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碱金属盐催化 1,2,4-三唑与 α,β-不饱和酮及二酰亚胺的 

氮杂 Michael 反应 

马  奔*,a    王刚刚 a    周红艳 a,b    杨靖亚*,a 
(a西北师范大学化学化工学院  兰州 730070) 

(b甘肃农业大学理学院  兰州 730070) 

摘要  发展了一种高效的碱金属盐催化 1,2,4-三唑与 α,β-不饱和酮及 α,β-不饱和二酰亚胺的氮杂 Michael 加成反应的新

方法, 以中等到优异的产率得到目标产物. 该方法原料易得, 底物普适性好, 反应条件温和, 易实现克级规模的制备. 

产物容易转化为相应的 γ-氨基醇. 
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Alkali Salt-Catalyzed Aza-Michael Addition of 1,2,4-Triazole to 
α,β-Unsaturated Ketones and Imides 
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(a College of Chemistry and Chemical Engineering, Northwest Normal University, Lanzhou 730070) 
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Abstract  An alkali salt-catalyzed highly efficient aza-Michael addition of 1,2,4-triazole to α,β-unsaturated ketones and 
imides has been developed, giving the desired products in moderate to excellent yields. The salient features of this reaction 
involve readily available starting materials, good substrate scope, mild condition, high efficiency and ease of scale-up. The 
product can be transformed into corresponding γ-aminoalcohol. 
Keywords  synthetic methods; Michael addition; enones; α,β-unsaturated imides; nitrogen heterocycles; 1,2,4-triazole 

 

1  Introduction 

Over the past decades, the addition of various nucleo-
philes to electron-deficient alkenes (conjugate addition 
reaction) represents one of the most useful synthetic tools 
for construction of C—C or C—heteroatom bonds. Aza- 
Michael addition has been witnessed as one of the most 
efficient and straightforward synthetic strategy for con-
structing C—N bond.[1] In this transformation, valuable 
synthetic intermediates are usually obtained, such as 
β-amino carbonyl derivatives, of which β-amino acids are 
the most representative examples. A wide range of nitro-
gen nucleophiles (amines, carbamates, hydrazines, azides 
or nitrogen-containing heterocycles) and Michael acceptors 
(conjugated aldehydes, ketones, esters, amides, nitriles, 
nitro olefins, vinyl sulfones or vinyl phosphonates) are 
good partners in this reaction.[2] Additionally, the process 

can be catalyzed by bases, acids, transition-metals, and 
even sometimes without catalyst. All of these features to-
gether with its simplicity and atom economy make the 
aza-Michael reaction to form C—N bond.[3] However, the 
intermolecular aza-Michael reactions of aromatic nitrogen 
heterocycles with low nucleophilicity are still challenging 
and highly attractive.[4] 

1,2,4-Triazole is an important structural motif presenting 
in a large number of functionalized molecules, and its de-
rivatives are widely existed in nature. Besides applications 
in materials science, organocatalysis and coordination 
chemistry,[5] 1,2,4-triazoles have been specially paid in-
creasing attention because of their extensively medicinal 
applications as antimicrobial,[6] anti-cancer, anti-inflamma- 
tory, cannabinoid antagonist, protein inhibitor receptor, 
antagonist, anti-chagasic agent, anti-diabetic etc. (Figure 
1).[7] The importance of this heterocyclic moiety has 
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prompted the development of many practical synthetic 
routes to 1,2,4-triazole derivatives, typically involving 
multistep reaction sequences.[8] 
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Figure 1  1,2,4-Triazole subunit in pharmaceuticals 

The catalytic aza-Michael reaction of 1,2,4-triazole with 
electron-deficient alkenes has emerged as a promising ap-
proach to access N1-substituted 1,2,4-triazoles. However, 
only a few intermolecular aza-Michael reactions of 1,2,4- 
triazole have been successfully established due to the low 
nucleophilicity. In general, the reactions mainly focus on 
highly active Michael acceptors. The group of Lin[9] re-
ported the N-methylimidazole catalyzed aza-Michael reac-
tion of 1,2,4-triazole with methyl acrylate and methyl vinyl 
ketone. Alternatively, the group of Kotsuki[10] demonstrat-
ed the high pressure promoted aza-Michael reaction of 
1,2,4-triazole with cyclic enones. The catalytic asymmetric 
aza-Michael additions of to α,β-unsaturated aldehydes 
were also reported.[11] However, the asymmetric Michael 
addition of 1,2,4-triazole with chalcone reported by Ye et 
al.[12] afforded the desired adduct in only 43% yield even 
after a prolonged reaction time. On the other hand, 
α,β-unsaturated imides can be used as the equivalents of 
the unsaturated carboxylic acids and represent an important 
class of Michael acceptors.[13] However, to our best 
acknowledge, the aza-Michael reactions of triazole with 
α,β-unsaturated imides are not found as yet. Therefore, it 
would be extremely desirable to develop effective proto-
cols to access aza-Michael reaction of 1,2,4-triazole with 
aromatic enones and α,β-unsaturated imides (Scheme 1). 

Recently, a novel and efficient cesium carbonate cata-
lyzed aza-Michael addition of pyrazole to α,β-unsaturated 
ketones has been developed.[14] However, the catalytic 
system limits the utilization in the aza-Michael reaction of 
1,2,4- triazole with α,β-unsaturated ketones. Thus, devel-
oping an efficient protocol to realize the aza-Michael reac-
tion of 1,2,4-triazole with α,β-unsaturated ketones and im-
ides is highly desirable. Herein we report our recent pro-
gress on alkali salt catalyzed aza-Michael reaction of 
1,2,4-triazole with α,β-unsaturated ketones and imides. 

 

Scheme 1  Aza-Michael reactions of triazole 

2  Results and discussion 

Our initial study was to examine the reaction of 1,2,4- 
triazole with chalcone (1a) in the presence of various cata-
lysts (Table 1). Firstly, several commercially organic bases 
were screened (Table 1, Entries 1～3). The desired conju-
gated addition product 2a was obtained in 13% NMR yield 
with 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU)[15] (Table 
1, Entry 3). After further investigation of several alkali 
salts (Table 1, Entries 4～9), to our delight, 2a was ob-
tained in 76% isolated yield when LiCl[16] was chosen as 
the catalyst (Table 1, Entry 9). Next, the effect of solvent 
on the reaction was evaluated (Table 1, Entries 10～14). 
Except for dimethyl sulfoxide (DMSO), other employed 
solvents afforded the desired 2a with varying yields, but  

Table 1  Optimization of reaction conditionsa 

 

Entry Catalyst Solvent Temp./℃ Yieldb/% 

1 Et3N MeCN Reflux 0 
2 DMAP MeCN Reflux 0 
3 DBU MeCN Reflux 13 
4 NaOAc MeCN Reflux 23 
5 K2CO3 MeCN Reflux 35 
6 Li2CO3 MeCN Reflux 41 
7 CsCl MeCN Reflux 15 
8 Cs2CO3 MeCN Reflux 68 
9 LiCl MeCN Reflux 80 (76) 

10 LiCl DCM Reflux 10 
11 LiCl THF Reflux 48 
12 LiCl EtOH Reflux 11 
13 LiCl DMSO 120 0 
14 LiCl Dioxane Reflux 94 (92) 
15 LiCl Dioxane 90 75 (72) 
16c LiCl Dioxane Reflux 65 
17 — Dioxane Reflux ＜5 

a Reaction conditions: 1a (0.1 mmol), 1,2,4-triazole (0.12 mmol, 1.2 equiv.), 
catalyst (5 mol%), solvent (1 mL). b NMR yield, the number in parenthesis is 
isolated yield. c 5 h. 
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the best result was obtained in dioxane. Further investiga-
tion showed that a lower reaction temperature (Table 1, 
Entry 15) and a shortening reaction time (Table 1, Entry 
16) are unfavorable to the reaction. Not surprisingly, none 
of the desired product 2a was obtained in the absence of 
any catalyst (Table 1, Entry 17). Thus, the best conditions 
for this reaction have been established as 5 mol% LiCl as 
catalyst in 1,4-dioxane at reflux temperature. 

To explore the substrate scope, a variety of α,β-unsa- 
turated ketones (1a～1x) were examined (Table 2). The 
reactions of chalcone derivatives (1a～1u) reacted well 
with 1,2,4-triazole under the established conditions, af-
fording the corresponding adducts 2a～2u in good to ex-
cellent yields. For most of the substrates, the reaction was 
completed within 6～10 h. It is noteworthy that the elec-
tron effect of the substituents was slightly affected this 
reaction, but there is no obvious regularity. To our delight, 
heteroaryl and aliphatic enones (1v～1x) were also suitable 
substrates for the present protocol and gave the products 
2v～2x in moderate to excellent yields. In addition, the 
structure of 2i was confirmed by single-crystal X-ray dif-
fraction analysis (CCDC 1916254). 

Table 2  Scope with respect to α,β-unsaturated ketonesa 

 

Entry R1 R2 Time/h Product Yieldb/%

1 Ph Ph 8 2a 92 
2 4-MeC6H4 Ph 10 2b 87 
3 4-MeOC6H4 Ph 10 2c 83 
4 4-CF3C6H4 Ph 8 2d 89 
5 4-O2NC6H4 Ph 6 2e 90 
6 4-ClC6H4 Ph 9 2f 93 
7 4-BrC6H4 Ph 7 2g 88 
8 3-MeC6H4 Ph 10 2h 83 
9 3-O2NC6H4 Ph 6 2i 90 

10 2-ClC6H4 Ph 10 2j 89 
11 Ph 4-MeOC6H4 8 2k 85 
12 Ph 4-ClC6H4 9 2l 87 
13 Ph 4-BrC6H4 8 2m 86 
14 4-MeOC6H4 4-MeC6H4 10 2n 77 
15 4-MeC6H4 4-MeC6H4 12 2o 83 
16 4-CF3C6H4 4-ClC6H4 10 2p 90 
17 4-FC6H4 4-MeOC6H4 10 2q 83 
18 4-FC6H4 4-ClC6H4 9 2r 88 
19 4-FC6H4 4-BrC6H4 9 2s 85 
20 4-FC6H4 3-MeOC6H4 9 2t 82 
21 4-ClC6H4 4-MeC6H4 8 2u 83 
22 Fuyan-2-yl Ph 10 2v 65 
23 Thiophen-2-yl Ph 10 2w 63 
24 Me Et 9 2x 85 

a Reaction conditions: 1 (0.5 mmol), 1,2,4-triazole (0.6 mmol, 1.2 equiv), LiCl 
(5 mol%), dioxane (3 mL). b Isolated yield. 

Inspired by the above results, we then tried to extend 

this aza-Michael addition to α,β-unsaturated imides. 
N-Cinnamoyl benzamide (3a) was initially selected as a 
model substrate to optimize the reaction condition. Pleas-
ingly, the desired conjugated addition product 4a was ob-
tained in 23% isolated yield under the optimal conditions 
for the reactions of α,β-unsaturated ketones. After many 
attempts, the aza-Michael addition of α,β-unsaturated im-
ides was finally achieved by the use of cesium carbonate as 
the catalyst in acetonitrile. The reaction scope was then 
investigated by variation of α,β-unsaturated imides (Table 
3). In general, the α,β-unsaturated imides with both elec-
tron- donating and electron-withdrawing substituents on 
the benzene ring reacted smoothly with 1,2,4-triazole to 
give the desired products 4a～4m in good to excellent 
yields (67%～94%). However, the aromatic α,β-unsatu- 
rated imides deliver the corresponding product in relatively 
longer reaction time probably due to the poor dissolution in 
acetonitrile. 

Table 3  Scope with respect to α,β-unsaturated imidesa 

 

Entry R3 Ar Time/h Product Yieldb/%

1 Ph Ph 12 4a 78 
2 4-MeOC6H4 Ph 12 4b 77 
3 4-FC6H4 Ph 9 4c 88 
4 3-O2NC6H4 Ph 8 4d 86 
5 Furan-2-yl Ph 9 4e 67 
6 Et Ph 6 4f 88 
7 nPr Ph 7 4g 94 
8 iPr Ph 7 4h 93 
9 iBu Ph 6 4i 83 
10 Decyl Ph 6 4j 89 
11 nPr 3-BrC6H4 9 4k 81 
12 nPr 2-ClC6H4 8 4l 83 
13 nPr 3-EtOC6H4 9 4m 80 

a Reaction conditions: 3 (0.5 mmol), 1,2,4-triazole (0.6 mmol, 1.2 equiv.), 
Cs2CO3 (5 mol%), MeCN (3 mL). b Isolated yield. 

Methyl acrylate and nitrostyrene are also good Michael 
acceptors. Gratifyingly, when both of them were subjected 
to the standard conditions, the reactions proceeded 
smoothly and led to the conjugated addition products 5 and 
6 in excellent yields (Scheme 2). 

 
Scheme 2  Aza-Michael reaction of 1,2,4-triazole with methyl 
acrylate and nitrostyrene 

To clarify the practicality and utility of this alkali salt- 
catalyzed aza-Michael reaction of 1,2,4-triazole, an up- 
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scaling experiment of 1a and further transformation of the 
product 2a were performed (Scheme 3). The gram-scale 
reaction of 1a and 1,2,4-triazole was carried out with a 
much lower catalyst loading, furnishing the corresponding 
product 2a in 90% isolated yield. In view of the fact that 
carbonyl usually served as versatile functional group for 
synthetic transformations, the reduction of 2a was con-
ducted and led to the corresponding alcohol 7 in 92% 
yield. 

 

Scheme 3  Gram-scale experiment of 1a and the transformation 
of the product 2a 

3  Conclusions 

In conclusion, we have developed a novel and efficient 
alkali salt-catalyzed aza-Michael reaction of 1,2,4-triazole 
with α,β-unsaturated ketones and imides. Using a cheap 
and readily available alkali salt as the catalyst, a variety of 
aromatic and aliphatic α,β-unsaturated ketones and imides 
were successfully converted into the corresponding prod-
ucts with moderate to excellent yields and high regioselec-
tivity. The established protocol has advantages of readily 
available starting materials, high efficiency, broad sub-
strate scope, and ease of scale-up. We anticipate that this 
study will promote the utilization of aza-Michael addition 
in more plentiful and efficient organic synthesis. The ap-
plication of the current reaction to the synthesis of medi-
cine containing heterocycles is now under investigation. 

4  Experimental section 

4.1  General procedure for aza-Michael addition of 
1,2,4-triazole to α,β-unsaturated ketones 

α,β-Unsaturated ketones 1 (0.5 mmol), 1,2,4-triazole 
(0.6 mmol, 41.4 mg), LiCl (0.025 mmol, 1.06 mg, 5 mol%) 
and dioxane (3.0 mL) were successively added into a dry 
Schlenk tube equipped with cold finger. The reaction mix-
ture was stirred at reflux temperature until the reaction was 
completed (monitored by TLC). Then, H2O (4 mL) was 
added and the resulting mixture was extracted with ethyl 
acetate (8 mL×2). The combined organic phase was 
washed with saturated brine, dried over anhydrous Na2SO4, 
and concentrated under reduced pressure. The crude prod-
uct was purified by column chromatography on silica gel 
using petroleum ether/ethyl acetate as the eluent to afford 
the desired product 2. 

1,3-Diphenyl-3-(1H-1,2,4-triazol-1-yl)propan-1-one 

(2a): colorless solid, yield 127.6 mg (92%). m.p. 84～
86 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.19 (s, 1H), 7.97～
7.88 (m, 3H), 7.54 (t, J＝7.2 Hz, 1H), 7.44～7.28 (m, 7H), 
6.19 (dd, J＝8.8, 4.4 Hz, 1H), 4.42 (dd, J＝17.8, 9.0 Hz, 
1H), 3.62 (dd, J＝17.8, 4.6 Hz, 1H); 13C NMR (100 MHz, 
CDCl3) δ: 195.6, 151.6, 143.4, 138.7, 135.9, 133.5, 128.9, 
128.5, 128.6, 127.9, 126.8, 58.8, 43.6; HRMS (ESI) calcd 
for C17H16N3O

 [M＋H]＋ 278.1288, found 278.1293. 
1-Phenyl-3-(p-tolyl)-3-(1H-1,2,4-triazol-1-yl)propan-1- 

one (2b): colorless solid, yield 126.7 mg (87%). m.p. 
131～133 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.15 (s, 1H), 
7.94 (dd, J＝8.4, 1.2 Hz, 2H), 7.89 (s, 1H), 7.56 (t, J＝7.2 
Hz, 1H), 7.44 (t, J＝7.8 Hz, 2H), 7.30 (d, J＝7.8 Hz, 2H), 
7.17 (d, J＝8.4 Hz, 2H), 6.15 (dd, J＝8.4, 4.8 Hz, 1H), 
4.40 (dd, J＝17.8, 8.7 Hz, 1H), 3.62 (dd, J＝17.8, 4.9 Hz, 
1H), 2.33 (s, 3H); 13C NMR (150 MHz, CDCl3) δ: 195.8, 
151.7, 143.4, 138.5, 136.2, 135.7, 133.6, 129.7, 128.7, 
128.1, 126.9, 58.8, 43.7, 21.1; HRMS (ESI) calcd for 
C18H18N3O

 [M＋H]＋ 292.1444, found 292.1445. 
3-(4-Methoxyphenyl)-1-phenyl-3-(1H-1,2,4-triazol-1- 

yl)propan-1-one (2c): colorless solid, yield 127.6 mg 
(83%). m.p. 149～150 ℃; 1H NMR (600 MHz, CDCl3) δ: 
8.14 (s, 1H), 7.94 (dd, J＝8.4, 1.2 Hz, 2H), 7.89 (s, 1H), 
7.56 (t, J＝7.5 Hz, 1H), 7.45 (t, J＝7.8 Hz, 2H), 7.35 (d,  
J＝8.4 Hz, 2H), 6.88 (d, J＝8.8 Hz, 2H), 6.13 (dd, J＝8.4, 
5.4 Hz, 1H), 4.37 (dd, J＝18.0, 9.0 Hz, 1H), 3.78 (s, 3H), 
3.62 (dd, J＝18.0, 4.8 Hz, 1H); 13C NMR (150 MHz, 
CDCl3) δ: 195.9, 159.7, 151.8, 143.4, 136.2, 133.6, 130.7, 
128.7, 128.3, 128.1, 114.3, 58.5, 55.3, 43.8; HRMS (ESI) 
calcd for C18H18N3O2

 [M ＋ H] ＋  308.1394, found 
308.1399. 

1-Phenyl-3-(1H-1,2,4-triazol-1-yl)-3-(4-(trifluoro- 
methyl)phenyl)propan-1-one (2d): colorless solid, yield 
153.7 mg (89%). m.p. 119～120 ℃; 1H NMR (600 MHz, 
CDCl3) δ: 8.22 (s, 1H), 7.93～7.92 (m, 3H), 7.61 (d, J＝
7.8 Hz, 2H), 7.58～7.53 (m, 3H), 7.44 (t, J＝7.8 Hz, 2H), 
6.26 (dd, J＝8.5, 4.9 Hz, 1H), 4.40 (dd, J＝17.9, 8.6 Hz, 
1H), 3.65 (dd, J＝17.9, 4.8 Hz, 1H); 13C NMR (150 MHz, 
CDCl3) δ: 195.3, 152.1, 143.7, 142.7, 135.9, 133.8, 130.8 
(q, J＝32.85 Hz), 128.7, 128.1, 127.4, 125.9 (q, J＝3.75 
Hz), 123.7 (q, J＝225.625 Hz), 58.4, 43.7; 19F NMR (376 
MHz, CDCl3) δ: －63.16; HRMS (ESI) calcd for C18H15- 
F3N3O [M＋H]＋ 346.1162, found 346.1161. 

3-(4-Nitrophenyl)-1-phenyl-3-(1H-1,2,4-triazol-1-yl)- 
propan-1-one (2e): colorless solid, yield 145.0 mg (90%). 
m.p. 164～165 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.26 (s, 
1H), 8.19 (d, J＝8.4 Hz, 2H), 7.94～7.91 (m, 3H), 7.61～
7.56 (m, 3H), 7.45 (t, J＝7.8 Hz, 2H), 6.32 (dd, J＝8.1, 5.1 
Hz, 1H), 4.38 (dd, J＝18.0, 8.4 Hz, 1H), 3.69 (dd, J＝17.7, 
5.1 Hz, 1H); 13C NMR (150 MHz, CDCl3) δ: 195.0, 152.3, 
147.8, 145.7, 143.8, 135.7, 133.9, 128.8, 128.1, 128.0, 
124.1, 58.1, 43.7; HRMS (ESI) calcd for C17H15N4O3

 [M＋
H]＋ 323.1139, found 323.1144. 

3-(4-Chlorophenyl)-1-phenyl-3-(1H-1,2,4-triazol-1-yl)- 
propan-1-one (2f): colorless solid, yield 144.9 mg (93%). 
m.p. 117～119 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.20 (s, 
1H), 7.91 (dd, J＝6.4, 4.8 Hz, 3H), 7.56 (t, J＝8.0 Hz, 
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1H), 7.43 (t, J＝7.6 Hz, 2H), 7.37～7.30 (m, 4H), 6.17 
(dd, J＝8.5, 4.9 Hz, 1H), 4.36 (dd, J＝17.9, 8.6 Hz, 1H), 
3.61 (dd, J＝17.9, 4.9 Hz, 1H); 13C NMR (100 MHz, 
CDCl3) δ: 195.4, 151.9, 143.5, 137.3, 135.9, 134.5, 133.7, 
129.1, 128.7, 128.3, 128.0, 58.2, 43.7; HRMS (ESI) calcd 
for C17H15ClN3O

 [M＋H]＋ 312.0898, found 312.0904. 
3-(4-Bromophenyl)-1-phenyl-3-(1H-1,2,4-triazol-1-yl)- 

propan-1-one (2g): colorless solid, yield 156.3 mg (88%). 
m.p. 133～135 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.18 (s, 
1H), 7.93～7.90 (m, 3H), 7.57 (t, J＝7.5 Hz, 1H), 7.48～
7.43 (m, 4H), 7.29 (d, J＝8.4 Hz, 2H), 6.15 (dd, J＝8.7, 
5.1 Hz, 1H), 4.36 (dd, J＝17.7, 8.2 Hz, 1H), 3.61 (dd, J＝
17.7, 5.1 Hz, 1H); 13C NMR (150 MHz, CDCl3) δ: 195.5, 
151.9, 143.6, 137.8, 136.0, 133.8, 132.1, 128.8, 128.7, 
128.1, 122.7, 58.4, 43.7; HRMS (ESI) calcd for C17H15Br- 
N3O

 [M＋H]＋ 356.0393, found 356.0400. 
1-Phenyl-3-(m-tolyl)-3-(1H-1,2,4-triazol-1-yl)propan-1-

one (2h): colorless solid, yield 120.9 mg (83%). m.p. 
102～103 ℃. 1H NMR (600 MHz, CDCl3) δ: 8.16 (s, 1H), 
7.94 (d, J＝7.8 Hz, 2H), 7.90 (s, 1H), 7.56 (t, J＝7.2 Hz, 
1H), 7.44 (t, J＝7.8 Hz, 2H), 7.24 (d, J＝7.8 Hz, 1H), 7.19 
(d, J＝7.8 Hz, 2H), 7.13 (d, J＝7.2 Hz, 1H), 6.15 (dd, J＝
8.7, 4.5 Hz, 1H), 4.42 (dd, J＝17.7, 8.7 Hz, 1H), 3.60 (dd, 
J＝17.4, 4.8 Hz, 1H), 2.33 (s, 3H); 13C NMR (150 MHz, 
CDCl3) δ: 195.8, 151.7, 143.5, 138.8, 138.7, 136.2, 133.6, 
129.3, 128.9, 128.7, 128.1, 127.6, 123.9, 58.9, 43.7, 21.4; 
HRMS (ESI) calcd for C18H18N3O

 [M＋H]＋ 292.1444, 
found 292.1445. 

3-(3-Nitrophenyl)-1-phenyl-3-(1H-1,2,4-triazol-1-yl)- 
propan-1-one (2i): colorless solid, yield 145.0 mg (90%). 
m.p. 161～162 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.37 (s, 
1H), 8.27 (s, 1H), 8.19 (dd, J＝8.4, 1.2 Hz, 1H), 7.95～
7.93 (m, 3H), 7.79 (d, J＝7.8 Hz, 1H), 7.60～7.55 (m, 
2H), 7.47 (t, J＝7.8 Hz, 2H), 6.32 (dd, J＝8.4, 5.0 Hz, 
1H), 4.41 (dd, J＝17.9, 8.5 Hz, 1H), 3.71 (dd, J＝17.9, 5.0 
Hz, 1H); 13C NMR (150 MHz, CDCl3) δ: 195.1, 152.4, 
148.5, 143.7, 140.8, 135.8, 134.0, 133.2, 130.1, 128.8, 
128.1, 123.6, 122.3, 58.1, 43.8; HRMS (ESI) calcd for 
C17H15N4O3 [M＋H]＋ 323.1139, found 323.1145. 

3-(2-Chlorophenyl)-1-phenyl-3-(1H-1,2,4-triazol-1-yl)- 
propan-1-one (2j): yellow oil, yield 138.73 mg (89%). 1H 
NMR (600 MHz, CDCl3) δ: 8.27 (s, 1H), 7.93 (dd, J＝8.4, 
1.2 Hz, 2H), 7.89 (s, 1H), 7.56～7.53 (m, 1H), 7.44～7.38 
(m, 4H), 7.27～7.24 (m, 2H), 6.70 (dd, J＝9.6, 3.6 Hz, 
1H), 4.43 (dd, J＝18.0, 9.6 Hz, 1H), 3.58 (dd, J＝18.0, 3.6 
Hz, 1H); 13C NMR (150 MHz, CDCl3) δ: 195.2, 151.6, 
144.1, 136.3, 135.9, 133.5, 132.4, 129.8, 129.6, 128.6, 
128.1, 128.0, 127.5, 55.0, 42.1; HRMS (ESI) calcd for 
C17H15ClN3O

 [M＋H]＋ 312.0898, found 312.0899. 
1-(4-Methoxyphenyl)-3-phenyl-3-(1H-1,2,4-triazol-1-yl)

propan-1-one (2k): colorless solid. yield 130.6 mg (85%). 
m.p. 141～143 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.17 (s, 
1H), 7.92～7.89 (m, 3H), 7.39～7.37 (m, 2H), 7.34 (t, J＝
7.4 Hz, 2H), 7.30 (t, J＝7.2 Hz, 1H), 6.90 (dd, J＝6.6, 4.8 
Hz, 2H), 6.18 (dd, J＝9.0, 4.8 Hz, 1H), 4.35 (dd, J＝17.7, 
8.7 Hz, 1H), 3.83 (s, 3H), 3.56 (dd, J＝17.4, 4.8 Hz, 1H); 
13C NMR (150 MHz, CDCl3) δ: 194.1, 163.8, 151.7, 143.5, 

138.9, 130.4, 128.9, 128.5, 126.9, 113.8, 109.7, 59.0, 55.4, 
43.3; HRMS (ESI) calcd for C18H18N3O2

 [M ＋ H] ＋ 
308.1394, found 308.1399. 

1-(4-Chlorophenyl)-3-phenyl-3-(1H-1,2,4-triazol-1-yl)- 
propan-1-one (2l): yellow oil, yield 135.6 mg (87%). 1H 
NMR (600 MHz, CDCl3) δ: 8.15 (s, 1H), 7.87 (dd, J＝
12.9, 6.3 Hz, 3H), 7.41～7.30 (m, 7H), 6.16 (dd, J＝8.7, 
4.5 Hz, 1H), 4.39 (dd, J＝18.0, 9.0 Hz, 1H), 3.56 (dd, J＝
17.7, 4.5 Hz, 1H); 13C NMR (150 MHz, CDCl3) δ: 194.6, 
151.7, 143.5, 140.1, 138.7, 134.4, 129.5, 129.0, 128.9, 
128.6, 126.8, 58.9, 43.7; HRMS (ESI) calcd for 
C17H15ClN3O

 [M＋H]＋ 312.0898, found 312.0899. 
1-(4-Bromophenyl)-3-phenyl-3-(1H-1,2,4-triazol-1-yl)- 

propan-1-one (2m): colorless solid, yield 152.7 mg (86%). 
m.p. 142～143 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.15 (s, 
1H), 7.89 (s, 1H), 7.79 (d, J＝8.4 Hz, 2H), 7.57 (d, J＝8.4 
Hz, 2H), 7.39～7.30 (m, 5H), 6.16 (dd, J＝8.7, 4.5 Hz, 
1H), 4.39 (dd, J＝17.7, 9.0 Hz, 1H), 3.55 (dd, J＝18.0, 4.8 
Hz, 1H); 13C NMR (150 MHz, CDCl3) δ: 194.8, 151.7, 
143.5, 138.6, 134.8, 132.0, 129.6, 129.0, 128.9, 128.6, 
126.8, 58.9, 43.6; HRMS (ESI) calcd for C17H15BrN3O  
[M＋H]＋ 356.0393, found 356.0399. 

3-(4-Methoxyphenyl)-1-(p-tolyl)-3-(1H-1,2,4-triazol-1- 
yl)propan-1-one (2n): colorless solid, yield 123.7 mg 
(77%). m.p. 148～150 ℃; 1H NMR (600 MHz, CDCl3) δ: 
8.13 (s, 1H), 7.88 (s, 1H), 7.84 (d, J＝8.4 Hz, 2H), 7.36～
7.34 (m, 2H), 7.24 (d, J＝7.8 Hz, 2H), 6.88 (d, J＝9.0 Hz, 
2H), 6.13 (dd, J＝8.4, 4.8 Hz, 1H), 4.33 (dd, J＝17.7, 8.7 
Hz, 1H), 3.78 (s, 3H), 3.59 (dd, J＝17.7, 5.1 Hz, 1H), 2.39 
(s, 3H); 13C NMR (150 MHz, CDCl3) δ: 195.5, 159.7, 
151.8, 144.6, 143.3, 133.7, 130.8, 129.4, 128.4, 128.2, 
114.3, 58.6, 55.3, 43.6, 21.7; HRMS (ESI) calcd for 
C19H20N3O2

 [M＋H]＋ 322.1550, found 322.1552. 
1,3-Dip-tolyl-3-(1H-1,2,4-triazol-1-yl)propan-1-one 

(2o): colorless solid, yield 126.7 mg (83%). m.p. 141～
143 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.15 (s, 1H), 7.88 
(s, 1H), 7.83 (d, J＝7.8 Hz, 2H), 7.29 (d, J＝8.4 Hz, 2H), 
7.23 (d, J＝8.4 Hz, 2H), 7.16 (d, J＝7.8 Hz, 2H), 6.14 (dd, 
J＝9.0, 4.8 Hz, 1H), 4.35 (dd, J＝17.7, 8.7 Hz, 1H), 3.59 
(dd, J＝17.7, 5.1 Hz, 1H), 2.38 (s, 3H), 2.32 (s, 3H); 13C 
NMR (150 MHz, CDCl3) δ: 195.4, 151.7, 144.5, 143.4, 
138.4, 135.8, 133.7, 129.6, 129.3, 128.2, 126.9, 58.8, 43.5, 
21.6, 21.0; HRMS (ESI) calcd for C19H20N3O [M＋H]＋ 
306.1601, found 306.1606. 

1-(4-Chlorophenyl)-3-(1H-1,2,4-triazol-1-yl)-3-(4-(tri- 
fluoromethyl)phenyl)propan-1-one (2p): colorless solid, 
yield 170.7 mg (90%). m.p. 136～137 ℃; 1H NMR (600 
MHz, CDCl3) δ: 8.21 (s, 1H), 7.92 (s, 1H), 7.86 (d, J＝8.4 
Hz, 2H), 7.61 (d, J＝8.4 Hz, 2H), 7.52 (d, J＝8.4 Hz, 2H), 
7.41 (d, J＝8.4 Hz, 2H), 6.24 (dd, J＝8.7, 4.5 Hz, 1H), 
4.38 (dd, J＝18.0, 9.0 Hz, 1H), 3.59 (dd, J＝18.0, 4.8 Hz, 
1H); 13C NMR (150 MHz, CDCl3) δ: 194.2, 152.1, 143.7, 
142.6, 140.4, 134.2, 130.8 (q, J＝32.55 Hz), 129.5, 129.1, 
127.3, 126.0 (q, J＝3.75 Hz), 123.7 (q, J＝210.75 Hz), 
58.3, 43.7; 19F NMR (376 MHz, CDCl3) δ: －63.18; 
HRMS (ESI) calcd for C18H14ClF3N3O [M ＋ H] ＋ 
380.0772, found 380.0779. 
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3-(4-Fluorophenyl)-1-(4-methoxyphenyl)-3-(1H-1,2,4- 
triazol-1-yl)propan-1-one (2q): colorless solid, yield 135.0 
mg (83%). m.p. 94～95 ℃; 1H NMR (600 MHz, CDCl3) 
δ: 8.16 (s, 1H), 7.90 (d, J＝9.0 Hz, 3H), 7.39 (dd, J＝8.1, 
5.1 Hz, 2H), 7.02 (dd, J＝11.4, 4.8 Hz, 2H), 6.90～6.89 
(m, 2H), 6.16 (dd, J＝8.4, 4.8 Hz, 1H), 4.29 (dd, J＝17.7, 
8.4 Hz, 1H), 3.83 (d, J＝1.2 Hz, 3H), 3.56 (dd, J＝17.4, 
5.4 Hz, 1H); 13C NMR (150 MHz, CDCl3) δ: 193.9, 163.9, 
162.5 (d, J＝246.45 Hz), 151.9, 143.4, 134.8 (d, J＝3.3 
Hz), 130.4, 129.1, 128.8 (d, J＝8.4 Hz), 115.8 (d, J＝21.45 
Hz), 113.8, 58.4, 55.4, 43.4; 19F NMR (376 MHz, CDCl3) 
δ: －113.50～－ 113.43 (m); HRMS (ESI) calcd for 
C18H17FN3O2 [M＋H]＋ 326.1299, found 326.1298. 

1-(4-Chlorophenyl)-3-(4-fluorophenyl)-3-(1H-1,2,4- 
triazol-1-yl)propan-1-one (2r): colorless solid, yield 145.1 
mg (88%). m.p. 100～101 ℃ ; 1H NMR (600 MHz, 
CDCl3) δ: 8.16 (s, 1H), 7.89 (s, 1H), 7.86～7.85 (m, 2H), 
7.41～7.38 (m, 4H), 7.05～7.02 (m, 2H), 6.14 (dd, J＝8.4, 
4.8 Hz, 1H), 4.34 (dd, J＝17.7, 8.7 Hz, 1H), 3.55 (dd, J＝
17.7, 5.1 Hz, 1H); 13C NMR (150 MHz, CDCl3) δ: 194.4, 
162.6 (d, J＝247.05 Hz), 151.9, 143.4, 140.2, 134.5 (d, J＝
3.3 Hz), 134.3, 129.5, 129.0, 128.8 (d, J＝8.25 Hz), 115.9 
(d, J＝21.6 Hz), 58.2, 43.8; 19F NMR (376 MHz, CDCl3) 
δ:－113.15～－113.08 (m); HRMS (ESI) calcd for C17H14- 
ClFN3O [M＋H]＋ 330.0804, found 330.0808. 

1-(4-Bromophenyl)-3-(4-fluorophenyl)-3-(1H-1,2,4- 
triazol-1-yl)propan-1-one (2s): colorless solid, yield 159.0 
mg (85%). m.p. 93～94 ℃; 1H NMR (600 MHz, CDCl3) 
δ: 8.18 (s, 1H), 7.93～7.89 (m, 3H), 7.56 (t, J＝7.2 Hz, 
1H), 7.45～7.40 (m, 3H), 7.03 (t, J＝8.7 Hz, 2H), 6.17 
(dd, J＝8.4, 4.8 Hz, 1H), 4.37 (dd, J＝17.7, 8.7 Hz, 1H), 
3.62 (dd, J＝17.7, 5.1 Hz, 1H); 13C NMR (150 MHz, 
CDCl3) δ: 195.6, 162.6 (d, J＝246.75 Hz), 151.9, 143.4, 
136.0, 134.6 (d, J＝3.3 Hz), 133.7, 128.8 (d, J＝8.4 Hz), 
128.7, 128.0, 115.9 (d, J＝21.6 Hz), 58.2, 43.8; 19F NMR 
(376 MHz, CDCl3) δ: －113.35～－113.28 (m); HRMS 
(ESI) calcd for C17H14BrFN3O [M＋H]＋ 374.0299, found 
374.0304. 

3-(4-Fluorophenyl)-1-(3-methoxyphenyl)-3-(1H-1,2,4- 
triazol-1-yl)propan-1-one (2t): colorless solid, yield 133.4 
mg (82%). m.p. 97～98 ℃; 1H NMR (600 MHz, CDCl3) 
δ: 8.17 (s, 1H), 7.90 (s, 1H), 7.52 (d, J＝7.8 Hz, 1H), 
7.42～7.39 (m, 3H), 7.34 (t, J＝7.8 Hz, 1H), 7.10 (dd, J＝
8.4, 2.4 Hz, 1H), 7.03 (dd, J＝12.0, 4.8 Hz, 2H), 6.16 (dd, 
J＝8.4, 5.4 Hz, 1H), 4.34 (dd, J＝17.7, 8.7 Hz, 1H), 3.81 
(s, 3H), 3.61 (dd, J＝18.0, 4.8 Hz, 1H); 13C NMR (150 
MHz, CDCl3) δ: 195.4, 162.6 (d, J＝246.6 Hz), 159.9, 
151.9, 143.4, 137.4, 134.6 (d, J＝3.3 Hz), 129.7, 128.8 (d, 
J＝8.25 Hz), 120.6, 120.2, 115.9 (d, J＝21.45 Hz), 112.3, 
58.3, 55.4, 44.0; 19F NMR (376 MHz, CDCl3) δ:       
－113.33～－113.25 (m); HRMS (ESI) calcd for C18H17F- 
N3O2 [M＋H]＋ 326.1299, found 326.1298. 

3-(4-Chlorophenyl)-1-(p-tolyl)-3-(1H-1,2,4-triazol-1- 
yl)propan-1-one (2u): colorless solid, yield 135.2 mg 
(83%). m.p. 91～92 ℃; 1H NMR (600 MHz, CDCl3) δ: 
8.18 (s, 1H), 7.90 (s, 1H), 7.82 (d, J＝8.4 Hz, 2H), 7.33 
(dd, J＝22.2, 8.4 Hz, 4H), 7.23 (d, J＝8.4 Hz, 2H), 6.16 

(dd, J＝8.4, 4.8 Hz, 1H), 4.32 (dd, J＝18.0, 8.4 Hz, 1H), 
3.59 (dd, J＝18.0, 4.8 Hz, 1H), 2.38 (s, 3H); 13C NMR 
(150 MHz, CDCl3) δ: 195.0, 151.9, 144.7, 137.4, 134.5, 
133.5, 129.4, 129.1, 128.4, 128.2, 58.4, 43.6, 21.6; HRMS 
(ESI) calcd for C18H17ClN3O

 [M＋H]＋ 326.1055, found 
326.1059. 

3-(Furan-2-yl)-1-phenyl-3-(1H-1,2,4-triazol-1-yl)- 
propan-1-one (2v): colorless solid, yield 86.9 mg (65%). 
m.p. 127～128 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.23 (s, 
1H), 7.95～7.91 (m, 3H), 7.59～7.56 (m, 1H), 7.47～7.44 
(m, 2H), 7.29 (dd, J＝4.8, 1.2 Hz, 1H), 7.10 (dd, J＝4.8, 
1.2 Hz, 1H), 6.97 (dd, J＝5.4, 4.8 Hz, 1H), 6.48 (dd, J＝
9.0, 5.4 Hz, 1H), 4.37 (dd, J＝18.0, 9.0 Hz, 1H), 3.74 (dd, 
J＝11.4, 4.8 Hz, 1H); 13C NMR (150 MHz, CDCl3) δ: 
195.3, 152.1, 141.1, 136.0, 133.8, 128.8, 128.1, 126.9, 
126.2, 126.1, 54.6, 44.7; HRMS (ESI) calcd for C15H14- 
N3O2 [M＋H]＋ 268.1081, found 268.1084. 

1-Phenyl-3-(thiophen-2-yl)-3-(1H-1,2,4-triazol-1-yl)- 
propan-1-one (2w): colorless solid, yield 89.2 mg (63%). 
m.p. 130～131 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.22 (s, 
1H), 7.93～7.90 (m, 3H), 7.57～7.54 (m, 1H), 7.45～7.43 
(m, 2H), 7.27 (dd, J＝5.4, 1.2 Hz, 1H), 7.10～7.09 (m, 
1H), 6.95 (dd, J＝4.8, 3.6 Hz, 1H), 6.47 (dd, J＝9.0, 5.4 
Hz, 1H), 4.36 (dd, J＝17.4, 8.4 Hz, 1H); 3.73 (dd, J＝18.0, 
5.4 Hz, 1H); 13C NMR (150 MHz, CDCl3) δ: 195.3, 152.0, 
143.4, 141.1, 135.9, 133.8, 128.7, 128.1, 126.9, 126.2, 
126.1, 54.6, 44.6; HRMS (ESI) calcd for C15H14N3O2S  
[M＋H]＋ 284.0852, found 284.0855. 

5-(1H-1,2,4-Triazol-1-yl)hexan-3-one (2x): colorless oil, 
yield 71.1 mg (85%). 1H NMR (600 MHz, CDCl3) δ: 8.08 
(s, 1H), 7.87 (s, 1H), 4.98～4.92 (m, 1H), 3.17 (dd, J＝
17.4, 7.8 Hz, 1H), 2.76 (dd, J＝17.4, 5.4 Hz, 1H), 2.40～
2.26 (m, 2H), 1.52 (d, J＝7.2 Hz, 3H), 0.97 (t, J＝7.2 Hz, 
3H); 13C NMR (150 MHz, CDCl3) δ: 207.8, 151.8, 142.6, 
51.3, 47.8, 36.4, 20.7, 7.4; HRMS (ESI) calcd for 
C8H14N3O [M＋H]＋ 168.1131, found 168.1136. 

4.2  General procedure for aza-Michael addition of 
1,2,4-triazole to α,β-unsaturated imides 

α,β-Unsaturated imides 3 (0.5 mmol), 1,2,4-triazole (0.6 
mmol, 41.4 mg, 1.2 equiv.), Cs2CO3 (0.025 mmol, 8.14 
mg, 5 mol%) and CH3CN (3.0 mL) were successively 
added into a dry Schlenk tube equipped with cold finger. 
The reaction mixture was stirred at reflux temperature until 
the reaction was completed (monitored by TLC). Then, 
H2O (4 mL) was added and the resulting mixture was ex-
tracted with ethyl acetate (8 mL×2). The combined or-
ganic phase was washed with saturated brine, dried over 
anhydrous Na2SO4, and concentrated under reduced pres-
sure. The crude product was purified by column chroma-
tography on silica gel using petroleum ether/ethyl acetate 
as the eluent to afford the desired product 4. 

N-(3-Phenyl-3-(1H-1,2,4-triazol-1-yl)propanoyl)benz- 
amide (4a): colorless solid, yield 124.9 mg (78%). m.p. 
203～205 ℃; 1H NMR (400 MHz, DMSO-d6) δ: 11.11 (s, 
1H), 8.74 (s, 1H), 7.98 (s, 1H), 7.86 (d, J＝7.2 Hz, 2H), 
7.61 (t, J＝7.4 Hz, 1H), 7.49 (t, J＝7.6 Hz, 2H), 7.38～
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7.29 (m, 5H), 6.14 (dd, J＝9.6, 4.8 Hz, 1H), 3.95 (dd, J＝
17.6, 9.6 Hz, 1H), 3.62 (dd, J＝17.6, 4.8 Hz, 1H); 13C 
NMR (150 MHz, DMSO-d6) δ: 171.4, 166.9, 151.8, 144.5, 
139.9, 133.4, 133.3, 129.1, 128.8, 128.5, 127.3, 58.7, 42.6; 
HRMS (ESI) calcd for C18H17N4O2

 [M＋H]＋ 321.1346, 
found 321.1349. 

N-(3-(4-Methoxyphenyl)-3-(1H-1,2,4-triazol-1-yl)pro- 
panoyl)benzamide (4b): colorless solid, yield 134.9 mg 
(77%). m.p. 105～107 ℃; 1H NMR (600 MHz, CDCl3) δ: 
8.83 (s, 1H), 8.10 (s, 1H), 7.91 (s, 1H), 7.82 (d, J＝7.8 Hz, 
2H), 7.61 (t, J＝7.2 Hz, 1H), 7.49 (t, J＝7.8 Hz, 2H), 7.34 
(d, J＝9.0 Hz, 2H), 6.89 (d, J＝9.0 Hz, 2H), 6.01 (dd, J＝
9.3, 4.5 Hz, 1H), 4.35 (dd, J＝18.0, 9.6 Hz, 1H), 3.79 (s, 
3H), 3.72 (dd, J＝18.0, 4.8 Hz, 1H); 13C NMR (150 MHz, 
CDCl3) δ: 172.1, 165.6, 159.8, 151.7, 143.2, 133.5, 132.3, 
130.1, 129.0, 128.5, 127.7, 114.4, 58.7, 55.3, 43.1; HRMS 
(ESI) calcd for C19H19N4O3

 [M＋H]＋ 351.1452, found 
351.1459. 

N-(3-(4-Fluorophenyl)-3-(1H-1,2,4-triazol-1-yl)pro- 
panoyl)benzamide (4c): colorless solid, yield 148.9 mg 
(88%). m.p. 152～153 ℃; 1H NMR (600 MHz, CDCl3) δ: 
9.08 (s, 1H), 8.13 (s, 1H), 7.90 (s, 1H), 7.82 (d, J＝7.2 Hz, 
2H), 7.61 (t, J＝7.8 Hz, 1H), 7.49 (dd, J＝8.4, 4.2 Hz, 
2H), 7.40～7.38 (m, 2H), 7.04 (t, J＝8.4 Hz, 2H), 6.04 
(dd, J＝8.7, 3.9 Hz, 1H), 4.35 (dd, J＝18.3, 9.3 Hz, 1H), 
3.71 (dd, J＝18.0, 4.2 Hz, 1H); 13C NMR (150 MHz, 
CDCl3) δ: 172.1, 165.8, 162.7 (d, J＝246.75 Hz), 151.8, 
143.3, 134.0 (d, J＝3.3 Hz), 133.5, 132.2, 129.0, 128.9, 
127.8, 116.0 (d, J＝21.6 Hz), 58.4, 43.1; 19F NMR (376 
MHz, CDCl3) δ: －113.10～－113.03 (m); HRMS (ESI) 
calcd for C18H16FN4O2 [M ＋ H] ＋  339.1252, found 
339.1253. 

N-(3-(3-Nitrophenyl)-3-(1H-1,2,4-triazol-1-yl)pro- 
panoyl)benzamide (4d): colorless solid, yield 157.1 mg 
(86%). m.p. 138～139 ℃; 1H NMR (600 MHz, CDCl3) δ: 
9.17 (s, 1H), 8.31 (s, 1H), 8.24 (s, 1H), 8.18 (d, J＝7.8 Hz, 
1H), 7.94 (s, 1H), 7.83 (d, J＝7.8 Hz, 2H), 7.78 (d, J＝7.8 
Hz, 1H), 7.61 (t, J＝7.2 Hz, 1H), 7.55 (t, J＝8.1 Hz, 1H), 
7.49 (t, J＝7.5 Hz, 2H), 6.19 (dd, J＝8.7, 3.9 Hz, 1H), 4.38 
(dd, J＝18.3, 9.3 Hz, 1H), 3.79 (dd, J＝18.0, 4.2 Hz, 1H); 
13C NMR (150 MHz, CDCl3) δ: 171.7, 165.8, 152.3, 148.4, 
140.3, 133.6, 133.2, 132.0, 130.1, 129.0, 127.8, 123.7, 
122.4, 58.3, 43.1; HRMS (ESI) calcd for C18H16N5O4 [M＋
H]＋ 366.1197, found 366.1200. 

N-(3-(Furan-2-yl)-3-(1H-1,2,4-triazol-1-yl)propanoyl)- 
benzamide (4e): colorless solid, yield 104.0 mg (67%). 
m.p. 171～172 ℃; 1H NMR (600 MHz, DMSO-d6) δ: 
11.16 (s, 1H), 8.71 (s, 1H), 7.95 (s, 1H), 7.89～7.88 (m, 
2H), 7.62～7.59 (m, 2H), 7.51～7.48 (m, 2H), 6.46 (d, J＝
3.0 Hz, 1H), 6.43 (dd, J＝3.0, 1.8 Hz, 1H), 6.21 (dd, J＝
9.0, 6.0 Hz, 1H), 3.84 (dd, J＝17.4, 8.4 Hz, 1H), 3.74 (dd, 
J＝17.4, 6.0 Hz, 1H); 13C NMR (150 MHz, DMSO-d6) δ: 
171.1, 166.9, 151.9, 151.7, 144.6, 143.6, 133.4, 133.3, 
128.9, 128.8, 127.9, 111.1, 108.3, 52.6; HRMS (ESI) calcd 
for C16H15N4O3 [M＋H]＋ 311.1139, found 311.1142 

N-(3-(1H-1,2,4-Triazol-1-yl)pentanoyl)benzamide (4f): 
colorless solid, yield 119.8 mg (88%). m.p. 150～151 ℃; 

1H NMR (400 MHz, CDCl3) δ: 9.37 (s, 1H), 8.10 (s, 1H), 
7.85 (s, 1H), 7.81 (d, J＝7.8 Hz, 2H), 7.58 (t, J＝7.2 Hz, 
1H), 7.46 (t, J＝7.8 Hz, 2H), 4.77～4.72 (m, 1H), 3.75 
(dd, J＝18.3, 9.3 Hz, 1H), 3.39 (dd, J＝18.0, 3.6 Hz, 1H), 
2.08～2.01 (m, 1H), 1.92～1.85 (m, 1H), 0.78 (t, J＝7.2 
Hz, 3H); 13C NMR (150 MHz, CDCl3) δ: 173.0, 165.9, 
151.8, 143.9, 133.3, 132.4, 128.8, 127.8, 57.5, 42.5, 27.7, 
10.4; HRMS (ESI) calcd for C14H17N4O2

 [M ＋ H] ＋ 
273.1346, found 273.1350. 

N-(3-(1H-1,2,4-Triazol-1-yl)hexanoyl)benzamide (4g): 
colorless solid, yield 134.5 mg (94%). m.p. 112～113 ℃; 
1H NMR (600 MHz, CDCl3) δ: 10.04 (s, 1H), 8.03 (s, 1H), 
7.80～7.76 (m, 3H), 7.50 (t, J＝7.2 Hz, 1H), 7.39 (t, J＝
7.4Hz, 2H), 4.82～4.77 (m, 1H), 3.67 (dd, J＝18.2, 9.4 
Hz, 1H), 3.31 (dd, J＝18.2, 3.4 Hz, 1H), 2.01～1.92 (m, 
1H), 1.76～1.67 (m, 1H), 1.15～0.98 (m, 2H), 0.81 (t, J＝
7.2Hz, 3H); 13C NMR (150 MHz, CDCl3) δ: 173.1, 166.1, 
151.5, 143.7, 133.0, 132.4, 128.5, 127.9, 55.7, 42.7, 36.3, 
18.9, 13.2; HRMS (ESI) calcd for C15H19N4O2

 [M＋H]＋ 
287.1503, found 287.1504. 

N-(4-Methyl-3-(1H-1,2,4-triazol-1-yl)pentanoyl)benz- 
amide (4h): colorless solid, yield 133.6 mg (93%). m.p. 
135～137 ℃; 1H NMR (600 MHz, CDCl3) δ: 9.73 (s, 1H), 
8.04 (s, 1H), 7.79 (t, J＝7.2 Hz, 3H), 7.54 (t, J＝7.5 Hz, 
1H), 7.45～7.41 (m, 2H), 4.56～4.52 (m, 1H), 3.81 (dd,  
J＝18.0, 10.8 Hz, 1H), 3.43 (dd, J＝18.3, 2.7 Hz, 1H), 
2.22～2.16 (m, 1H), 0.99 (d, J＝7.2 Hz, 3H), 0.73 (d, J＝
7.2 Hz, 3H); 13C NMR (150 MHz, CDCl3) δ: 173.4, 166.1, 
151.4, 144.2, 133.1, 132.4, 131.8, 128.7, 127.9, 127.3, 
61.6, 39.8, 32.3, 19.4, 18.8; HRMS (ESI) calcd for 
C15H19N4O2

 [M＋H]＋ 287.1503, found 287.1504. 
N-(5-Methyl-3-(1H-1,2,4-triazol-1-yl)hexanoyl)benz- 

amide (4i): colorless solid, yield 124.6 mg (83%). m.p. 
97～98 ℃; 1H NMR (600 MHz, CDCl3) δ: 9.54 (s, 1H), 
8.10 (s, 1H), 7.84～7.77 (m, 3H), 7.57 (t, J＝7.2 Hz, 1H), 
7.47～7.38 (m, 2H), 4.98～4.94 (m, 1H), 3.72 (dd, J＝
18.3, 9.3 Hz, 1H), 3.33 (dd, J＝18.0, 3.6 Hz, 1H), 2.08～
2.02 (m, 1H), 1.58 (d, J＝4.8 Hz, 1H), 1.22 (t, J＝9.6 Hz, 
1H), 0.90 (d, J＝6.6 Hz, 3H), 0.83 (d, J＝6.6 Hz, 3H); 13C 
NMR (150 MHz, CDCl3) δ: 173.1, 165.9, 151.7, 143.9, 
133.3, 132.4, 131.9, 128.8, 128.5, 127.9, 127.3, 54.0, 43.1, 
24.4, 22.8, 21.4; HRMS (ESI) calcd for C16H21N4O2

 [M＋
H]＋ 301.1659, found 301.1663. 

N-(3-(1H-1,2,4-Triazol-1-yl)tetradecanoyl)benzamide 
(4j): colorless solid, yield 177.4 mg (89%). m.p. 123～
125 ℃; 1H NMR (600 MHz, CDCl3) δ: 9.73 (s, 1H), 8.06 
(s, 1H), 7.82 (d, J＝7.8 Hz, 3H), 7.54 (s, 1H), 7.43 (s, 2H), 
4.81 (s, 1H), 3.72 (dd, J＝18.0, 9.0 Hz, 1H), 3.35 (d, J＝
18.0 Hz, 1H), 2.00 (s, 1H), 1.79 (s, 1H), 1.19 (d, J＝11.4 
Hz, 18H), 0.83 (dd, J＝7.2, 6.0 Hz, 3H); 13C NMR (150 
MHz, CDCl3) δ: 173.2, 166.1, 151.6, 143.8, 133.2, 132.4, 
131.8, 128.7, 128.4, 127.9, 127.3, 56.0, 42.7, 34.4, 31.7, 
29.3, 28.9, 25.8, 22.5, 13.9; HRMS (ESI) calcd for 
C23H35N4O2

 [M＋H]＋ 399.2755, found 399.2758. 
N-(3-(1H-1,2,4-Triazol-1-yl)hexanoyl)-3-bromobenz- 

amide (4k): colorless oil, yield 147.5 mg (81%). 1H NMR 
(600 MHz, CDCl3) δ: 9.43 (s, 1H), 8.16 (s, 1H), 8.02 (s, 



   
有机化学 研究论文 

 
122      http://sioc-journal.cn/ © 2020 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2020, 40, 115～124 

1H), 7.90 (s, 1H), 7.76 (d, J＝7.8 Hz, 1H), 7.72 (d, J＝7.8 
Hz, 1H), 7.37 (t, J＝7.8 Hz, 1H), 4.93～4.88 (m, 1H), 3.76 
(dd, J＝18.0, 9.6Hz, 1H), 3.36 (dd, J＝18.0, 3.3 Hz, 1H), 
2.10～2.04 (m, 1H), 1.84～1.79 (m, 1H), 1.23～1.19 (m, 
1H), 1.15～1.08 (m, 1H), 0.90 (t, J＝7.2 Hz, 3H); 13C 
NMR (150 MHz, CDCl3) δ: 173.0, 164.6, 151.8, 136.2, 
134.4, 131.0, 130.4, 126.5, 122.9, 55.8, 42.8, 36.5, 19.1, 
13.4; HRMS (ESI) calcd for C15H18BrN4O2 [M＋H]＋ 
365.0608, found 365.0609. 

N-(3-(1H-1,2,4-Triazol-1-yl)hexanoyl)-2-chlorobenz- 
amide (4l): colorless solid, yield 132.9 mg (83%). m.p. 
93～94 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.86 (s, 1H), 
8.12 (s, 1H), 7.88 (s, 1H), 7.58 (d, J＝7.8 Hz, 1H), 7.46～
7.42 (m, 2H), 7.38～7.35 (m, 1H), 4.89～4.84 (m, 1H), 
3.70 (dd, J＝18.0, 9.0 Hz, 1H), 3.33 (dd, J＝18.0, 2.4 Hz, 
1H), 2.10～2.03 (m, 1H), 1.84～1.79 (m, 1H), 1.25～1.08 
(m, 2H), 0.90 (t, J＝7.5 Hz, 3H); 13C NMR (150 MHz, 
CDCl3) δ: 171.5, 165.2, 151.9, 143.9, 133.4, 132.7, 130.9, 
130.6, 130.0, 127.3, 55.7, 42.8, 36.5, 19.1, 13.4; HRMS 
(ESI) calcd for C15H18ClN4O2

 [M＋H]＋ 321.1113, found 
321.1117. 

N-(3-(1H-1,2,4-Triazol-1-yl)hexanoyl)-2-ethoxybenz- 
amide (4m): colorless solid, yield 132.2 mg (80%). m.p. 
112～113 ℃; 1H NMR (400 MHz, CDCl3) δ: 10.50 (s, 
1H), 8.16～8.11 (m, 2H), 7.90 (s, 1H), 7.51～7.47 (m, 
1H), 7.07 (t, J＝7.6 Hz, 1H), 6.95 (d, J＝8.4 Hz, 1H), 
4.93～4.87 (m, 1H), 4.20 (q, J＝6.8 Hz, 2H), 3.74 (dd, J＝
18.0, 9.2 Hz, 1H), 3.36 (dd, J＝18.2, 3.8 Hz, 1H), 2.11～
2.01 (m, 1H), 1.85～1.76 (m, 1H), 1.52 (t, J＝7.0 Hz, 3H), 
1.24～1.04 (m, 2H), 0.89 (t, J＝7.2 Hz, 3H); 13C NMR 
(150 MHz, CDCl3) δ: 172.4, 163.8, 157.1, 151.9, 143.89, 
134.89, 132.8, 121.6, 119.8, 112.6, 65.3, 55.8, 43.3, 36.5, 
19.1, 14.5, 13.4; HRMS (ESI) calcd for C17H23N4O3

 [M＋
H]＋ 331.1765, found 331.1764. 

4.3  Procedure for gram-scale synthesis of 2a 

α,β-Unsaturated ketones 1a (5.05 mmol, 1.05 g), 
1,2,4-triazole (6.06 mmol, 418 mg), LiCl (0.05 mmol, 2.12 
mg, 1 mol%) and dioxane (20 mL) were successively add-
ed into a dry Schlenk tube equipped with cold finger. The 
reaction mixture was stirred at reflux temperature until the 
reaction completed (monitored by TLC). Then, H2O (10 
mL) was added and the resulting mixture was extracted 
with ethyl acetate (20 mL×2). The combined organic 
phase was washed with saturated brine, dried over anhy-
drous Na2SO4, and concentrated under reduced pressure. 
The crude product was purified by column chromatog-
raphy on silica gel using petroleum ether/ethyl acetate as 
the eluent to afford the desired product 2a, 1.26 g, 90% 
yield. 

4.4  Procedure for aza-Michael addition of 1,2,4- 
triazole to methyl acrylate 

Methyl acrylate (2 mmol, 172.0 mg), 1,2,4-triazole (34.5 
mg, 0.5 mmol), LiCl (1.06 mg, 0.025 mmol, 5 mol%) and 
dioxane (3.0 mL) was successively added into a dry 
Schlenk tube equipped with cold finger. The reaction mix-
ture was stirred at reflux temperature until the reaction 

completed (monitored by TLC). Then, H2O (4 mL) was 
added and the resulting mixture was extracted with ethyl 
acetate (8 mL×2). The combined organic phase was 
washed with saturated brine, dried over anhydrous Na2SO4, 
and concentrated under reduced pressure. The crude prod-
uct was purified by column chromatography on silica gel 
using petroleum ether/ethyl acetate as the eluent to afford 
the desired product 5.  

N-(3-(1H-1,2,4-Triazol-1-yl)hexanoyl)benzamide (5): 
colorless oil, yield 76.1 mg (98%). 1H NMR (600 MHz, 
CDCl3) δ: 8.08 (d, J＝8.7 Hz, 1H), 7.81 (s, 1H), 4.36 (t,  
J＝5.7 Hz, 2H), 3.55 (s, 3H), 2.80 (t, J＝6.3 Hz, 2H); 13C 
NMR (150 MHz, CDCl3) δ: 170.7, 151.7, 143.5, 51.8, 
44.6, 33.6; HRMS (ESI) calcd for C6H10N3O2

 [M＋H]＋ 
156.0768, found 156.0768. 

4.5  Procedure for aza-Michael addition of 1,2,4- 
triazole to nitrostyrene 

Nitrostyrene (0.5 mmol, 74.6 mg), 1,2,4-triazole (41.4 
mg, 0.6 mmol), LiCl (1.06 mg, 0.025 mmol, 5 mol%) and 
dioxane (3.0 mL) were successively added into a dry 
Schlenk tube equipped with cold finger. The reaction mix-
ture was stirred at reflux temperature until the nitrostyrene 
completed (monitored by TLC). Then, H2O (4 mL) was 
added and the resulting mixture was extracted with ethyl 
acetate (8 mL×2). The combined organic phase was 
washed with saturated brine, dried over anhydrous Na2SO4, 
and concentrated under reduced pressure. The crude prod-
uct was purified by column chromatography on silica gel 
using petroleum ether/ethyl acetate as the eluent to afford 
the desired product 6. 

1-(2-Nitro-1-phenylethyl)-1H-1,2,4-triazole (6): yellow 
oil, yield 101.4 mg (93%). 1H NMR (600 MHz, CDCl3) δ: 
8.11 (s, 1H), 7.94 (s, 1H), 7.36～7.32 (m, 5H), 6.18 (dd,  
J＝9.9, 4.5 Hz, 1H), 5.51 (dd, J＝14.7, 9.9 Hz, 1H), 4.87 
(dd, J＝14.7, 4.5 Hz, 1H); 13C NMR (150 MHz, CDCl3) δ: 
152.1, 143.5, 133.9, 129.6, 129.3, 126.9, 76.5, 60.2; 
HRMS (ESI) calcd for C10H11N4O2

 [M＋H]＋ 219.0877, 
found 219.0879. 

4.6  Procedure for the transformation of the product 
2a 

2a (138.7 mg, 0.5 mmol) was dissolved in MeOH (5 
mL) and cooled to 0 ℃, then NaBH4 (0.53 mmol, 20 mg) 
was slowly added to the mixture. After stirring 2 h at room 
temperature, 2a was consumed complete by TLC analysis. 
The mixture was quenched by distilled water (1 mL) under 
0 ℃, extracted with EtOAc (15 mL) three times, concen-
trated, and purified by column chromatography to afford 7 
in 92% yield. 

1,3-Diphenyl-3-(1H-1,2,4-triazol-1-yl)propan-1-ol (7): 
Colorless oil, yield 134.1 mg (96%), 1∶1.61 dr. 1H NMR 
(600 MHz, CDCl3) δ: 7.97 (d, J＝4.8 Hz, 1H), 7.80～7.78 
(m, 2H), 7.73～7.72 (m, 2H), 7.32～7.20 (m, 25 H), 5.74 
(dd, J＝10.8, 4.8 Hz, 1H), 5.49 (dd, J＝8.4, 4.4 Hz, 1H), 
4.40 (t, J＝4.8 Hz, 1H), 4.24 (d, J＝10.2 Hz, 1H), 2.83～
2.73 (m, 3H), 2.57～2.52 (m, 2H), 2.38～2.34 (m, 1H); 
13C NMR (150 MHz, CDCl3) δ: 151.5, 151.3, 144.2, 143.8, 
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143.3, 142.2, 138.9, 138.2, 128.9, 128.7, 128.5, 128.4, 
128.3, 128.2, 127.7, 127.5, 127.2, 126.8, 125.7, 125.5, 
70.5, 69.7, 61.5, 60.6, 44.2, 44.0; HRMS (ESI) calcd for 
C17H18N3O

 [M＋H]＋ 280.1444, found 280.1442. 
 

Supporting Information  Optimization of the reaction 
conditions of imides with 1,2,4-triazole, NMR spectra of 
all products as well as the crystal structure of the product 
2i. The Supporting Information is available free of charge 
via the Internet at http://sioc-journal.cn/.  
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