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基于 Ugi 四组分反应合成结构多样的新型分散染料 

郭小燕 a    方帅军 b    钱红飞 b    冯高峰*,a 

(a绍兴文理学院  浙江省精细化学品传统工艺替代技术研究重点实验室  浙江绍兴 312000) 
(b绍兴文理学院纺织服装学院  浙江绍兴 312000) 

摘要  以 Ugi 四组分反应为关键步骤, 建立了一种合成结构多样、色牢度性能优异新型分散染料的新方法. 从简单易

得的原料出发, 经过 4-氧代丁酸衍生物合成, 酸、苯胺、苯甲醛和环己基异氰的 Ugi 四组分反应以及 Ugi 产物与重氮

盐偶合等步骤合成了 15 个新颖的分散染料. 用 1H NMR、13C NMR、红外光谱、质谱和高分辨质谱对 Ugi 产物和新染

料的结构进行了表征, 并测试了他们的可见光吸收和摩尔消光系数. 在聚酰胺和聚酯纤维上色牢度的研究发现, 新型

分散染料的色牢度比已知分散染料红 1和红 13有了很大提高. 色牢度的提高与分散染料中引入的两个酰胺基和一个酯

基以及染料分子量/体积的适当提高相关. 这是一个合成新型高性能分散染料分子库的有效方法.  
关键词  分散染料; Ugi 四组分反应; 多样性导向合成; 色牢度; 氢键作用  

Facile Synthesis of Novel, Structurally Diverse Azo Disperse Dyes by 
Employing Ugi Four-Component Reaction 
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Abstract  A novel approach has been established for synthesizing novel structurally diverse azo disperse dyes with good 
fastness properties by employing Ugi four-component reaction as the key step. 15 new disperse azo dyes were synthesized 
efficiently from readily available starting materials with simple operations through a sequence of generation of 4-(2-(ethyl 
(phenyl)amino)ethoxy)-4-oxobutanoic acid, the Ugi four-component reactions of the acid with anilines, benzaldehydes and 
cyclohexyl isocyanide, and the coupling of the Ugi adducts with aryl diazonium salts. The structures of Ugi adducts and the 
new dyes were fully characterized with 1H NMR, 13C NMR, IR, MS, and HRMS. Visible absorption measurements and molar 
extinction coefficients were also carried out. It was found that the obtained dyes exhibited improved fastness properties on both 
polyamide (PA) and poly(ethylene terephthalate) (PET) fabrics as compared with C. I. Disperse Red 1 and C. I. Disperse Red 
13. The improvement of fastness properties should be attributed to the introduced two amides and one ester functionalities, and 
the appropriately increased molecular weight/size. It is an attractive approach for accessing a library of novel azo disperse dyes 
with good fastness properties.  
Keywords  azo disperse dye; Ugi four-component reaction; diversity-oriented synthesis; fastness property; hydrogen-bonding 
interaction  

 
1  Introduction 

Featuring outstanding properties, such as high degree of 
exhaustion, excellent color fastness, full color categories, 
and simple operations, azo disperse dyes have attracted 
particular attentions and have been widely used in dyeing 
natural and synthetic fibers, such as polyester fibers, nylon, 
cellulose acetate, and so on.[1-3] With the development of 

new fiber, application of fiber blending, and on-going in-
creased commercial demands of dyeing properties, synthe-
sis of novel structure-diverse azo disperse dyes, followed 
by screening and finding ones with excellent dyeing prop-
erties have become the research focuses for dye chem-
ists.[4-5] Although great progress has been made, new azo 
disperse dye are commonly obtained by modifying the 
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known dyes through step-by-step strategies. Thus, the 
synthetic efficiency is poor and it is extremely difficult to 
obtain a library of structurally diverse azo disperse dyes for 
both screening and finding novel applicable azo disperse 
dyes. Developing new strategies for accessing novel struc-
turally diverse azo disperse dyes with both great synthetic 
efficiency and excellent dyeing properties are highly ap-
pealing and desirable in dyeing industry. 

Ugi four-component reaction (Ugi-4CR),[6-7] one of the 
most famous multi-component reactions, assembles four 
readily available starting materials (an acid, an aldehyde/ 
ketone, an amine, and an isocyanide) in one-pot and with 
100% atom-economy under mild conditions to form 
α-aminoacyl amide derivatives. It has been widely applied 
in synthesis of heterocycles,[8] drug candidates,[9] poly-
mers,[10] functional fluorophores.[11] However, it’s applica-
tion in synthesis of dye is barely explored, except for our 
recent report.[12] We reasoned that Ugi-4CR was an ideal 
reaction for synthesizing structurally diverse azo disperse 
dyes, when the Ugi adducts are designed as coupling 
components based on the following advantages: (1) easy 
generating structural diversity and tuning the molecular 
weight/size of product by changing one of the components; 
(2) introducing two amide functionalities to form hydrogen 
interactions with fibers; (3) ready achieving full color cat-
egories using different kinds of diazonium salts in azo 
coupling reaction; and (4) easy obtaining the products in 
pure form through simple filtration as Ugi adducts usually 
precipitate during the reaction, which can simplify the op-
eration. 

Recently, we[12] reported a new strategy for diversity- 
oriented synthesis of azo disperse dyes with great im-
provements in fastness properties through a sequence of 
Ugi-4CR, selective hydrolysis, and coupling with aryl dia-
zonium salts. The improved fastness properties are at-
tributed to the appropriate increased molecular weight/size 
and amide functionality introduced in Ugi-4CR, leading to 
enhancing the interaction between dyes and fibers. En-
couraged by these results, we reported herein a new and 
efficient protocol for accessing a new library of novel azo 
disperse dyes through a sequence of an acid synthesis, Ugi- 

4CRs, and azo coupling reactions (Scheme 1). Structurally, 
it is an excellent alternative for direct modification of azo 
disperse dyes with a free hydroxyl group. 

2  Results and discussion 
As illustrated in Scheme 2, the synthesis of new azo 

disperse dyes started from the reaction of N-ethyl-N-(2- 
hydroxyethyl)aniline with succinic anhydride in the pres-
ence of Et3N and catalytic amount of 4-dimethylamino- 
pyridine (DMAP) in CH2Cl2 at room temperature. The 
desired crude 4-(2-(ethyl-(phenyl)-amino)ethoxy)-4-oxo- 
butanoic acid was then obtained by removing the reaction 
solvent under reduced pressure when the reaction went into 
completion. With the acid in hand, the Ugi-4CRs of the 
crude acid, aldehydes, anilines, and cyclohexyl isocyanide 
were carried out. To our delight, the Ugi-4CRs went on 
smoothly. A variety of aldehydes and anilines, such as 
benzaldehyde, 2-bromobenzaldehdye, 4-methylbenzalde- 
hyde, 4-isopropylbenzaldehyde, aniline and 4-methylani- 
line, are suitable substrates and the corresponding Ugi 
products 1a～1e were obtained in excellent yields, ranging 
from 88% to 94%, as white solids through simple filtration. 
The obtained Ugi products can be used directly as coupling 
component. It is noteworthy that the coupling components 
obtained through this strategy are ideal for synthesis of 
structurally diverse azo disperse dyes due to the following 
reasons: (1) structure diversity of the coupling component 
could be readily achieved by changing one of the four 
components; (2) the following azo coupling will take place 
preferentially on the most electron rich benzene moiety to 
achieve good reaction selectivity and yield; (3) the molec-
ular weight/size of the final dyes could be adjusted easily, 
which is of great importance in dyeing properties; and (4) 
the different colors of final dyes could be realized by using 
different aryl diazonium salts. With five coupling compo-
nents in hand, synthesis of azo disperse dyes were carried 
out through azo coupling reactions using three aryl diazo-
nium salts. New azo disperse dyes were obtained effi-
ciently through simple filtration after the reaction and good 
to excellent yields (61%～91%) were achieved. 

 
Scheme 1  Ugi-4CR based protocol for structurally diverse azo disperse dyes 
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Scheme 2  Synthesis of azo disperse dyes 3 employing Ugi-4CRs as diverse-driven tool 
 

Visible absorption experiments of dyes C. I. Disperse 
Red 1, C. I. Disperse Red 13, 3aa, 3ab, 3ac, 3ba, 3bb, 
3bc, 3ca, 3cb, 3cc, 3da, 3db, 3dc, 3ea, 3eb, and 3ec were 
carried out in N,N-dimethylformamide (DMF) and the re-
sults of maximum absorption wavelength (λmax), absorption 
half- band width (Δν1/2) and molar absorption coefficients 
(εmax) are shown in Table 1. Comparing with the maximum 
absorption wavelength (λmax) of parent C. I. Disperse Red 1 
and C. I. Disperse Red 13, the corresponding new dyes 
exhibit hypsochromic shifts about 13～19 nm. Moreover, 
it is evident that new dyes with the same chromophore 
have very close maximum visible absorption wavelengths, 
indicating that modifications of coupling components us-
ing Ugi-4CR have little electronic effect on the chromo-
phore subunit due to a long distance (comparing 3aa with 
3ba, 3ca, 3da, 3ea; 3ab with 3bb, 3cb, 3db, 3eb; 3ac with 
3bc, 3cc, 3dc, 3ec). Base on the results, we reason that it is 
of great convenience to obtained new azo disperse dyes 
with target colors by employing different diazonium salts. 
The new dyes with two chlorines on chromophore show 
hypsochromic shifts obviously as compared with both 
non-chlorine and one chlorine counterparts, which should 
be attributed to twist of two benzene rings on both sides of 
N＝N groups due to steric hindrance of two chlorines at 
the ortho position. Absorption half-band widths of all new 
dyes are not large and almost the same as that of the cor-
responding parent azo disperse dyes. It was found that mo-
lar extinction coefficients of new dyes are close to those of 
C. I. Disperse Red 1 and C. I. Disperse Red 13. Comparing 

those dyes with the same coupling component, non-chlo- 
rine dyes exhibited the highest molar extinction coeffi-
cient. 
Table 1  Visible absorption of C. I. Disperse Red 1, C. I. Dis-
perse Red 13, and new azo disperse dyes 3 in DMF 

Dye λmax/nm Δν1/2a/nm ε/(L•mol－1•cm－1) 
C. I. Disperse Red 1 502 113 35995 
C. I. Disperse Red 13 522 124 34118 

3aa 489 112 32742 
3ab 509 124 28178 
3ac 436 128 24983 
3ba 483 119 40043 
3bb 507 132 34483 
3bc 436 125 26115 
3ca 486 114 27067 
3cb 508 126 26042 
3cc 440 124 23121 
3da 487 117 36157 
3db 509 134 33758 
3dc 439 124 25128 
3ea 490 119 40267 
3eb 510 124 38953 
3ec 442 128 30263 

a Peak width at half height. 

The color fastness results including washing sublima-
tion, light and rubbing for all new dyes on both nylon and 
polyester fabrics are shown in Tables 2 and 3, respectively. 
As shown in Table 2, the washing and sublimation fastness 
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properties of C. I. Disperse Red 1 and C. I. Disperse Red 
13 on nylon were extremely poor, as the best grades of 
staining on diacetate, nylon, and wool was only 2. Moreo-
ver, the shade change grades of washing were 2, while the 
staining grades of sublimation were only 2 or 2～3. To our 
delight, except for some instants, great improvements were 
observed for all new azo disperse dyes, as both the wash-
ing and sublimation grades on nylon can reach up to good 
to excellent levels. Particularly, the staining ratings on di-
acetate, nylon, and wool were improved from 1～2 to 3, or 

even higher. The shade change ratings of washing were 
also significantly improved and the staining ratings of sub-
limation were improved to 4～5, or even 5 for most new 
dyes. 

Meanwhile, as shown in Table 3, the new dyes also ex-
hibited excellent washing, sublimation, light, and rubbing 
fastness on polyester fabric. It was noteworthy that the 
staining ratings of sublimation on polyester fabric were 
greatly improved from 2 to 4～5, or even 5, as compared 
with that of C. I. Disperse Red 1 and C. I. Disperse Red 13.     

Table 2  Fastness testing of C. I. Disperse Red 1, C. I. Disperse Red 13, and new azo disperse dyes 3 on nylon fabrics 

Dye 
Washing  Sublimation  Light  Rubbing 

Change 
Staininga  

Change Staining 
 
Change 

 
Dry Wet 

D C N PET PAN W    

C. I. Disperse Red 1 2 1 2～3 1 3 4 1～2  3～4 2  3  5 4～5 
C. I. Disperse Red 13 2 1 2～3 1 3 4 2  4 2～3  2～3  5 4～5 

3aa 3 5 5 4～5 5 5 5  3 5  4  4～5 4～5 
3ab 4 4～5 4～5 4 4～5 5 4～5  3～4 5  3～4  4～5 4 
3ac 4 4～5 4～5 4～5 4～5 5 4～5  4～5 4～5  4  4～5 4 
3ba 4～5 5 4～5 4～5 5 5 4～5  4～5 4～5  4  5 5 
3bb 4～5 3～4 4～5 3～4 4～5 5 4～5  4～5 4～5  3～4  4～5 4～5 
3bc 4 4～5 4～5 4 4～5 5 4～5  4～5 4～5  4  3～4 4～5 
3ca 4～5 3 4～5 3 4～5 4～5 4～5  4～5 4  4  4～5 3～4 
3cb 4 3～4 4～5 3 4～5 5 4～5  4～5 4～5  3～4  4～5 4～5 
3cc 3～4 3～4 4～5 3～4 4～5 4～5 4～5  4～5 4～5  4  3 2～3 
3da 4 4 4～5 3～4 4～5 5 4～5  4～5 4～5  3～4  4 4～5 
3db 4～5 4～5 4 4～5 4～5 5 5  4 5  3～4  5 4 
3dc 2～3 3～4 4～5 3～4 4～5 5 4～5  4～5 4～5  3～4  4～5 4～5 
3ea 2～3 2～3 4～5 2 4～5 5 4  4 3～4  3～4  5 5 
3eb 3 3 4～5 2～3 4～5 5 4～5  4 4～5  2～3  4～5 4～5 
3ec 3 3 4～5 3 4～5 4-5 4～5  4 4～5  4～5  4～5 5 

a D, diacetate; C, cotton; N, nylon; PET, polyester; PAN, polyacrylonitrile; W, wool. 

Table 3  Fastness testing of C.I. Disperse Red 1, C.I. Disperse Red 13, and new azo disperse dyes 3 on polyester fabrics 

Dye 
Washing   Sublimation  Light  Rubbing 

Change 
Staininga   Change Staining  Change  Dry Wet 

D C N PET PAN W          

C. I. Disperse Red 1 4～5 4～5 5 4～5 5 5 5   3～4 2  4  5 5 
C. I. Disperse Red 13 4 5 5 4～5 5 5 5   4 2～3  4  4～5 5 

3aa 4 5 5 5 5 5 5   4 5  4～5  4～5 5 
3ab 4～5 4～5 4～5 5 5 5 5   3～4 5  6  4～5 5 
3ac 5 5 5 5 5 5 5   4～5 5  7  4～5 5 
3ba 5 5 4～5 5 5 5 5   4～5 5  4  5 5 
3bb 5 5 4～5 5 5 5 5   5 5  6  5 5 
3bc 4～5 5 5 5 5 5 5   4～5 4～5  6  5 5 
3ca 4～5 5 5 5 5 5 5   4～5 4～5  4～5  4～5 5 
3cb 4 5 5 4～5 5 5 5   5 4～5  6  3～4 4～5 
3cc 4～5 5 5 5 5 5 5   4～5 5  7  5 5 
3da 5 5 4～5 5 5 5 5   4～5 4～5  4  5 5 
3db 4～5 5 5 5 5 5 5   3～4 5  4～5  3～4 4～5 
3dc 5 5 5 5 5 5 5   5 4～5  6  5 5 
3ea 5 4～5 5 4～5 5 5 5   4～5 4  4  4～5 5 
3eb 4～5 4～5 5 4～5 5 5 5   4～5 4～5  4～5  4～5 4～5 
3ec 4 4～5 4～5 4～5 5 5 5   3～4 4～5  4  4～5 5 

a D, diacetate; C, cotton; N, nylon; PET, polyester; PAN, polyacrylonitrile; W, wool. 
 

Moreover, it is great to find that the grades of light fastness can reach up to as high as 6 for dyes 3ab, 3bb, 3bc, 3cb, 



   
Chinese Journal of Organic Chemistry ARTICLE  

 
Chin. J. Org. Chem. 2021, 41, 1703～1711 © 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/      1707 

and 3dc, even 7 for dyes 3ac and 3cc. We reasoned that the 
improvements of fastness properties on both nylon and 
polyester fabrics should be attributed to both the appropri-
ately increased molecular weight/size of dyes and intro-
duction of two amides and one ester groups by using 
Ugi-4CR. The former resulted in the enhanced van der 
Waals force, and the later lead to form hydrogen-bonding 
interaction between dyes with fibers. 

3  Conclusions 
In conclusion, a novel and efficient protocol for synthe-

sis of structurally diverse azo disperse dyes by employing 
Ugi-4CR as the key step to synthesize coupling compo-
nents was developed. 15 new azo disperse dyes were ob-
tained efficiently through a sequence of generation of the 
crude 4-(2-(ethyl(phenyl)amino)ethoxy)-4-oxobutanoic 
acid, Ugi-4CRs, and azo coupling reactions. Employing 
Ugi-4CR in azo disperse dye synthesis has several key 
advantages: (1) easy generating structural diversity, (2) 
adjusting molecular weight/size, (3) introducing amide and 
ester functionalities for forming hydrogen bonding interac-
tions, and (4) achieving full color categories by using dif-
ferent diazonium salts. It has been demonstrated that azo 
disperse dyes obtained through the protocol exhibited good 
to excellent fastness properties on both polyamide and 
poly(ethylene terephthalate) fabrics as compared to that of 
C. I. Disperse Red 1 and C. I. Disperse Red 13. The im-
provements should be attributed to the introduced two am-
ides and one ester functionalities to form hydrogen bond-
ing interaction between dyes with fibers and the appropri-
ately increased molecular weight/size for both increasing 
van der Waals force between fiber with dyes and reducing 
migration of dyes. The protocol also features simple opera-
tion, as the crude 4-(2-(ethyl(phenyl)amino)ethoxy)-4-oxo- 
butanoic acid was used and both the Ugi adducts and the 
final dyes were obtained through simple filtration. Thus, it 
is an attractive protocol for synthesizing a library of azo 
disperse dyes with excellent dyeing properties. 

4  Experimental section 
4.1  Instruments and reagents 

1H-NMR and 13C-NMR spectra were obtained with a 
Bruker AVANCE 400MHz spectrometer. Fourier trans-
form infrared spectra (FT-IR) were obtained using a Shi-
madzu prestige 21 FT-IR spectrophotometer. Mass spectra 
were recorded using Agilent Technologies 1200 Series 
LC-MS system. HRMS were carried out on a Bruker Mi-
cro TOP Q II spectrophotometer. Melting points were rec-
orded on a M-560 electric melting point instrument from 
BUCHI, Switzerland. UV-visible absorption spectra of the 
dyes were measured in DMF solution in 1 cm quartz cells 
on a UV 2450 spectrophotometer (JPN, SHIMADZU). 
Particle size of dye dispersions was measured by a Laser 
Diffraction particle size analyzer (Mastersizer 3000, Mal-
vern). Dyeings were performed in a glycerin-bath labora-
tory dyeing machine (RAPID, China). A spectrophotome-

ter (Spectra flash 600, Datacolor, USA) was used for color 
measurement of the dyed samples using a D65 standard 
illumination and 10° standard observer. 

C. I. Disperse Red 1 and C.I. Disperse Red 13 were ob-
tained as the form of press cake by Zhejiang Wanfeng 
Chemical Co., Ltd (China) and purified by recrystallization 
in acetone before use. The PA and PET fabrics and 
bis-(5,5'-disulphonate)-naphthylmethane disodium salt 
(NNO) were obtained from Zhejiang Longsheng Chemical 
Co., Ltd (China). Sodium carbonate, ammonium sulfate, 
sodium hydroxide, sodium dithionite, N,N-dimethyl- 
formamide, acetone, dichloromethane, triethylamine, 
4-dimethylaminopyridine (DMAP) and N-ethyl-N-(2- 
hydroxyethyl)aniline were purchased from Aladdin indus-
trial corporation and used without further purification, ex-
cept that dichloromethane and triethylamine were dried 
with calcium hydride, followed by distillation before use. 
Other chemicals used in the synthesis and characterization 
were of laboratory-reagent grade. 

4.2  General synthetic procedure for Ugi products 
1a～1e 

A 50 mL round bottom flask was charged with di-
chloromethane (15 mL), N-ethyl-N-(2-hydroxyethyl)ani- 
line (1.66 mL, 10.0 mmol, 1.0 equiv.), succinic anhydride 
(1.20 g, 12.0 mmol, 1.2 equiv.), 4-dimethylaminopyridine 
(122.2 mg, 1.0 mmol, 0.1 equiv.) and triethylamine (1.27 
mL, 10.0 mmol, 1.0 equiv.) sequentially. The resulting 
mixture was stirred at room temperature for 4 h and the 
reaction went into completion according to thin-layer 
chromatography (TLC) analysis. The solvent was then 
removed under reduced pressure to afford the crude 
4-(2-(ethyl(phenyl)amino)ethoxy)-4-oxobutanoic acid, 
which was used for the following Ugi-4CRs. 

A 250 mL round bottom flask was charged with anhy-
drous methanol (70 mL), aniline (1.12 mL, 12.0 mmol, 1.2 
equiv.), benzaldehyde (1.28 mL, 12.0 mmol, 1.2 equiv.), 
crude 4-(2-(ethyl(phenyl)amino)ethoxy)-4-oxobutanoic 
acid (obtained above) and cyclohexyl isocyanide (1.25 mL, 
10.0 mmol, 1.0 equiv.) sequentially. After stirring at 80 ℃ 
in an oil bath for 48 h, Ugi reaction went to completion 
according to TLC analysis. The reaction mixture was 
cooled to room temperature, and then put in refrigerator 
overnight to precipitate the product as a white solid. The 
desired Ugi adduct 1a (5.11 g, 92%) was obtained by fil-
tration, washed with a mixture of petroleum ether/EtOAc 
(V∶V＝5∶1), and dried under vacuum or in an oven at 
50 ℃.  

Ugi adducts 1b, 1c, and 1e were obtained in 94%, 91%, 
and 93% yields, respectively, through the same procedure 
as described above for 1a. Ugi adduct 1d had good solubil-
ity in methanol, it was obtained through recrystallization 
from ethyl acetate after removing methanol under reduced 
pressure when the reaction went into completion (5.01 g, 
88% yield). 
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4.3  General synthetic procedure for new azo dis-
perse dyes 3aa～3ec 

A 50 mL round bottom flask was charged with 4-nitro- 
aniline (745.8 mg, 5.40 mmol, 1.5 equiv.), followed by 
adding a mixture of deionized water (5 mL) and concen-
trated hydrochloric acid (36.5%, 5 mL). After stirring at 
40～60 ℃ for 1 h to dissolve 4-nitroaniline, the mixture 
was cooled to 0 ℃ with an ice bath. Subsequently, the 
mixture was treated with an aqueous solution (5 mL) of 
NaNO2 (372.6 mg, 5.40 mmol, 1.5 equiv.) and the result-
ing mixture was stirred at the same temperature for addi-
tional 2 h to afford diazonium salt 2a, which was used di-
rectly in the following azo coupling reaction. Diazonium 
salts 2b and 2c were synthesized following the same pro-
cedure as 2a.  

A 150 mL round bottom flask was charged with Ugi 
adduct 1a (2.00 g, 3.60 mmol, 1.0 equiv.) and methanol 
(30 mL). The mixture was firstly stirred at 80 ℃ in an oil 
bath until the white solid was completely dissolved, then 
cooled to 0 ℃ with an ice bath. The diazonium salt 2a 
prepared above was added dropwise at the same tempera-
ture. After stirring at 0～5 ℃ for 24 h, the reaction went 
to completion according to TLC analysis. Aqueous 
Na2CO3 (10%) was added dropwise until the pH value is 
3～4. The desired azo disperse dye 3aa (2.16 g, 85% yield) 
was obtained through filtration, washing with a sequence 
of water, ethanol, and a mixture of EtOAc and petroleum 
ether, and drying at 100 ℃ in an oven. Azo disperse dyes 
3ab, 3ac, 3ba, 3bb, 3bc, 3ca, 3cb, 3cc, 3da, 3db, 3dc, 
3ea, 3eb, and 3ec were obtained by the same procedure as 
described for 3aa. 

(E)-2-(Ethyl(4-((4-nitrophenyl)diazenyl)phenyl)amino)- 
ethyl 4-((2-(cyclohexylamino)-2-oxo-1-phenylethyl)- 
(phenyl)amino)-4-oxobutanoate (3aa): A red solid, 85% 
yield. m.p. 199～200 ℃; 1H NMR (400 MHz, CDCl3) δ: 
8.33 (d, J＝8.4 Hz, 2H), 7.92 (d, J＝8.8 Hz, 2H), 7.90 (d,  
J＝9.2 Hz, 2H), 7.21～7.14 (m, 6H), 7.10～7.08 (m, 2H), 
6.79 (d, J＝9.6 Hz, 2H), 6.03 (s, 1H), 5.69 (d, J＝8.0 Hz, 
1H), 4.29 (t, J＝6.4 Hz, 2H), 3.87～3.78 (m, 1H), 3.68 (t,  
J＝6.4 Hz, 2H), 3.52 (q, J＝7.2 Hz, 2H), 2.64～2.60 (m, 
2H), 2.33 (t, J＝6.4 Hz, 2H), 1.95 (d, J＝10.0 Hz, 1H), 
1.85 (d, J＝10.8 Hz, 1H), 1.68～1.55 (m, 3H), 1.35～1.23 
(m, 3H), 1.18～1.00 (m, 2H), 1.25 (t, J＝6.8 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 173.0, 171.9, 168.6, 156.8, 
151.2, 147.5, 143.9, 139.9, 134.6, 130.4 (×2), 130.3   
(×2), 129.0, 128.3 (×2), 128.2 (×2), 126.3 (×2), 124.7 
(×2), 122.6 (×2), 111.4 (×2), 65.4, 61.4, 48.8, 45.7, 
32.9, 32.8, 29.9, 29.7, 29.3, 25.5, 24.8, 24.7, 12.3; IR 
(film) ν: 2923, 1733, 1652, 1394, 1340, 1265, 1145, 737 
cm－1; MS (＋ESI) m/z (%): 705 (100, [M＋H]＋), 727 (95, 
[M＋Na]＋; HRMS (＋ESI) calcd for C40H44N6NaO6 [M＋
Na]＋ 727.3215, found 727.3210. 

(E)-2-((4-((2-Chloro-4-nitrophenyl)diazenyl)phenyl)- 
(ethyl)amino)ethyl 4-((2-(cyclohexylamino)-2-oxo-1-phen- 
ylethyl)(phenyl)amino)-4-oxobutanoate (3ab): A dark red 
solid, 88% yield. m.p. 162～164 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.42 (d, J＝2.0 Hz, 1H), 8.18 (dd, J＝8.4, 2.4 

Hz, 1H), 7.96 (d, J＝9.2 Hz, 2H), 7.81 (d, J＝8.8 Hz, 1H), 
7.24～7.17 (m, 6H), 7.12～7.11 (m, 3H), 6.82 (d, J＝8.8 
Hz, 2H), 6.06 (s, 1H), 5.71 (d, J＝8.0 Hz, 1H), 4.32 (t, J＝
6.0 Hz, 2H), 3.89～3.82 (m, 1H), 3.72 (t, J＝6.4 Hz, 2H), 
3.56 (q, J＝7.2 Hz, 2H), 2.65 (t, J＝5.6 Hz, 2H), 2.36 (t,  
J＝6.0 Hz, 2H), 1.97 (d, J＝11.2 Hz, 1H), 1.88 (d, J＝11.2 
Hz, 1H), 1.70～1.58 (m, 3H), 1.40～1.26 (m, 3H), 1.18～
1.03 (m, 2H), 1.28 (t, J＝7.2 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ: 172.9, 171.9, 168.6, 153.2, 151.7, 147.2, 
144.5, 139.8, 134.6, 134.0, 130.3 (×3), 129.0 (×2), 128.3 
(×3), 128.2 (×2), 127.0 (×2), 126.0, 122.6, 118.0, 111.5 
(×2), 65.4, 61.3, 48.8, 45.8, 32.9, 32.8, 29.9, 29.7, 29.3, 
25.5, 24.8, 24.8, 12.3; IR (film) ν: 2924, 1734, 1645, 1602, 
1517, 1340, 1265, 1142, 736 cm－1; MS (＋ESI) m/z (%): 
739 (70, [M]＋), 761 (100, [M＋Na]＋; HRMS (＋ESI) 
calcd for C40H43ClN6NaO6 [M＋Na]＋ 761.2825, found 
761.2829. 

(E)-2-((4-((2,6-Dichloro-4-nitrophenyl)diazenyl)phen- 
yl)-(ethyl)amino)ethyl 4-((2-(cyclohexylamino)-2-oxo-1- 
phenylethyl)(phenyl)amino)-4-oxobutanoate (3ac): A dark 
red solid, 77% yield. m.p. 146～148 ℃; 1H NMR (400 
MHz, CDCl3) δ: 8.29 (s, 2H), 7.93 (d, J＝8.8 Hz, 2H), 
7.24～7.17 (m, 6H), 7.13～7.11 (m, 2H), 6.83 (d, J＝9.2 
Hz, 2H), 6.07 (s, 1H), 5.72 (d, J＝8.4 Hz, 1H), 4.32 (t, J＝
6.0 Hz, 2H), 3.90～3.81 (m, 1H), 3.72 (t, J＝6.4 Hz, 2H), 
3.56 (q, J＝7.2 Hz, 2H), 2.66 (t, J＝6.0 Hz, 2H), 2.37 (t,  
J＝6.4 Hz, 2H), 2.00～1.86 (m, 2H), 1.75～1.58 (m, 3H), 
1.39～1.26 (m, 3H), 1.21～1.00 (m, 2H), 1.28 (t, J＝7.2 
Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 173.0, 171.9, 
168.6, 154.0, 151.9, 145.2, 143.5, 139.8, 134.6, 130.4, 
129.1, 128.3, 128.2, 128.1, 126.5, 124.2, 111.3, 65.4, 61.2, 
48.8 (×2), 45.9, 32.9, 32.8, 29.9, 29.3, 25.5, 24.9, 24.8, 
12.2; IR (film) ν: 2926, 1736, 1645, 1601, 1340, 1132, 735 
cm－1; MS (＋ESI) m/z (%): 773 (83, [M＋H]＋), 795 (100, 
[M＋Na]＋), 797 (76, [M＋2＋Na]＋; HRMS (＋ESI) calcd 
for C40H43Cl2N6O6 [M＋H]＋ 773.2616, found 773.2612. 

(E)-2-(Ethyl(4-((4-nitrophenyl)diazenyl)phenyl)amino)- 
ethyl 4-((1-(2-bromophenyl)-2-(cyclohexylamino)-2-oxo- 
ethyl)(phenyl)amino)-4-oxobutanoate (3ba): A red solid, 
79% yield. m.p. 140～141 ℃ ; 1H NMR (400 MHz, 
CDCl3) δ: 8.36 (d, J＝9.2 Hz, 2H), 7.95 (d, J＝9.2 Hz, 
2H), 7.92 (d, J＝9.2 Hz, 2H), 7.52 (d, J＝7.6 Hz, 1H), 7.18 
(br s, 4H), 7.05～6.97 (m, 4H), 6.49 (br s, 1H), 5.80 (d,   
J＝8.4 Hz, 1H), 4.35～4.28 (m, 2H), 3.91～3.86 (m, 1H), 
3.71 (t, J＝5.6 Hz, 2H), 3.55 (q, J＝7.6 Hz, 2H), 2.71～
2.66 (m, 2H), 2.16～2.90 (m, 2H), 2.03 (d, J＝8.4 Hz, 
1H), 1.91 (d, J＝10.8 Hz, 1H), 1.76～1.60 (m, 3H), 1.46～
1.23 (m, 3H), 1.28 (t, J＝7.6 Hz, 3H), 1.19～1.05 (m, 2H); 
13C NMR (100 MHz, CDCl3) δ: 173.0, 171.8, 168.3, 156.6, 
151.3, 147.4, 143.8, 139.2, 134.3, 132.7, 132.1, 130.0, 
129.9 (×2), 129.0 (×2), 128.3, 127.1, 126.3 (×2), 124.7 
(×2), 122.6 (×2), 111.5 (×2), 64.0, 61.4, 49.0, 48.9, 
45.8, 32.8, 32.8, 29.7, 29.4, 25.5, 24.9, 24.9, 12.3; IR 
(film) ν: 2929, 1734, 1653, 1521, 1338, 1265, 1134, 736 
cm－1; MS (＋ESI) m/z (%): 702 (76), 805 (61, [M＋Na]＋), 
807 (60, [M＋2＋Na]＋), 879 (100); HRMS (＋ESI) calcd 
for C40H43BrN6NaO6 [M ＋ Na] ＋  805.2320, found 
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805.2325. 
(E)-2-((4-((2-Chloro-4-nitrophenyl)diazenyl)phenyl)- 

(ethyl)amino)ethyl 4-((1-(2-bromophenyl)-2-(cyclohexyl- 
amino)-2-oxoethyl)(phenyl)amino)-4-oxobutanoate (3bb): 
A dark red solid, 83% yield. m.p. 155～156 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 8.40 (d, J＝2.0 Hz, 1H), 8.17 (dd,  
J＝8.8, 2.4 Hz, 1H), 7.95 (d, J＝9.2 Hz, 2H), 7.80 (d, J＝
8.8 Hz, 1H), 7.51 (d, J＝8.0 Hz, 1H), 7.18 (br s, 3H), 
7.02～6.96 (m, 4H), 6.81 (d, J＝8.8 Hz, 2H), 6.49 (s, 1H), 
5.84 (d, J＝7.6 Hz, 1H), 4.37～4.26 (m, 2H), 3.91～3.83 
(m, 1H), 3.71 (t, J＝6.4 Hz, 2H), 3.55 (q, J＝6.8 Hz, 2H), 
2.72～2.62 (m, 2H), 2.43～2.33 (m, 2H), 2.01 (d, J＝10.8 
Hz, 1H), 1.91 (d, J＝12.0 Hz, 1H), 1.75～1.60 (m, 3H), 
1.39～1.31 (m, 3H), 1.27 (t, J＝7.2 Hz, 3H), 1.13～1.03 
(m, 2H); 13C NMR (100 MHz, CDCl3) δ: 172.9, 171.8, 
168.3, 153.1, 151.7, 147.1, 144.4, 139.2, 134.3, 134.0, 
132.7, 132.1, 130.0, 129.9 (×2), 129.0 (×2), 128.3, 
127.1, 127.0 (×2), 126.3, 126.0, 122.6, 118.0, 111.5   
(×3), 64.0, 61.3, 49.0, 48.8, 45.8, 32.9, 32.8, 29.8, 29.4, 
25.5, 25.0, 24.8, 12.3; IR (film) ν: 2929, 1737, 1660, 1600, 
1518, 1339, 1265, 1139, 737 cm－1; MS (＋ESI) m/z (%): 
702 (100), 819 (74, [M＋H]＋), 841 (89, [M＋Na]＋; HRMS 
( ＋ ESI) calcd for C40H42BrClN6NaO6 [M ＋ Na] ＋ 
839.1930, found 839.1927. 

(E)-2-((4-((2,6-Dichloro-4-nitrophenyl)diazenyl)- 
phenyl)(ethyl)amino)ethyl 4-((1-(2-bromophenyl)-2- 
(cyclohexyl-amino)-2-oxoethyl)(phenyl)amino)-4- 
oxobutanoate (3bc): A dark red solid, 73% yield. m.p. 
125～127 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.29 (s, 2H), 
7.93 (d, J＝9.2 Hz, 2H), 7.52 (d, J＝8.0 Hz, 1H), 7.18 (br 
s, 4H), 7.05～6.97 (m, 5H), 6.83 (d, J＝9.2 Hz, 2H), 6.49 
(s, 1H), 5.80 (d, J＝8.4 Hz, 1H), 4.36～4.29 (m, 2H), 
3.89～3.87 (m, 1H), 3.72 (t, J＝6.4 Hz, 2H), 3.56 (q, J＝
7.2 Hz, 2H), 2.71～2.66 (m, 2H), 2.41～2.36 (m, 2H), 2.02 
(d, J＝10.0 Hz, 1H), 1.90 (d, J＝11.2 Hz, 1H), 1.75～1.60 
(m, 3H), 1.39～1.22 (m, 3H), 1.27 (t, J＝7.2 Hz, 3H), 
1.14～1.05 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 
172.9, 171.8, 168.3, 154.0, 151.8, 145.2, 143.6, 139.2, 
134.3, 132.7 (×2), 132.1 (×2), 129.9, 129.0 (×2), 128.3, 
128.0 (×2), 127.1, 126.5, 126.3, 124.3, 124.2 (×2), 111.5 
(×2), 64.0, 61.2, 49.0, 48.8, 45.8, 32.9, 32.8, 29.8, 29.4, 
25.5, 25.0, 24.8, 12.3; IR (film) ν: 2929, 1734, 1660, 1602, 
1517, 1340, 1265, 1132, 737 cm－1; MS (＋ESI) m/z (%): 
702 (100), 851 (45, [M＋H]＋), 853 (54, [M＋2＋H]＋), 875 
(55, [M＋2＋Na]＋; HRMS (＋ESI) calcd for C40H41BrCl2- 
N6NaO6 [M＋Na]＋ 873.1540, found 873.1537. 

(E)-2-(Ethyl(4-((4-nitrophenyl)diazenyl)phenyl)amino)- 
ethyl 4-((2-(cyclohexylamino)-2-oxo-1-(p-tolyl)ethyl)- 
(phenyl)amino)-4-oxobutanoate (3ca): A red solid, 79% 
yield. m.p. 178～179 ℃; 1H NMR (400 MHz, CDCl3) δ: 
8.36 (d, J＝9.2 Hz, 2H), 7.95 (q, J＝9.2 Hz, 2H), 7.92 (d,  
J＝9.2 Hz, 2H), 7.24 (br s, 3H), 6.99 (s, 4H), 6.81 (d, J＝
9.2 Hz, 2H), 6.01 (s, 1H), 5.66 (d, J＝8.0 Hz, 1H), 4.31 (t, 
J＝6.4 Hz, 2H), 3.89～3.82 (m, 1H), 3.71 (t, J＝6.0 Hz, 
2H), 3.55 (q, J＝7.6 Hz, 2H), 2.67～2.62 (m, 2H), 2.36 (t, 
J＝6.4 Hz, 2H), 2.28 (s, 3H), 1.96 (d, J＝10.4 Hz, 1H), 
1.87 (d, J＝11.6 Hz, 1H), 1.71～1.58 (m, 3H), 1.27 (t, J＝

7.2 Hz, 3H), 1.38～1.24 (m, 3H), 1.16～1.04 (m, 2H); 13C 
NMR (100 MHz, CDCl3) δ: 173.0, 171.8, 168.7, 156.8, 
151.2, 147.4, 143.8, 140.0, 138.2, 131.5, 130.4 (×2), 
130.2 (×2), 129.0 (×3), 128.2 (×2), 126.3 (×2), 124.7 
(×2), 122.6 (×2), 111.4 (×2), 65.2, 61.3, 48.8, 48.8, 
45.8, 32.9, 32.8, 29.9, 29.4, 25.5, 24.9, 24.8, 21.1, 12.3; IR 
(film) ν: 2923, 1734, 1652, 1601, 1517, 1342, 1265, 1141, 
735 cm－1; MS (＋ESI) m/z (%): 719 (85, [M＋H＋], 741 
(100, [M＋Na＋]; HRMS (＋ESI) calcd for C41H47N6O6  
[M＋H]＋ 719.3552, found 719.3556. 

(E)-2-((4-((2-Chloro-4-nitrophenyl)diazenyl)phenyl)- 
(ethyl)amino)ethyl 4-((2-(cyclohexylamino)-2-oxo-1-(p- 
tolyl)ethyl)(phenyl)amino)-4-oxobutanoate (3cb): A dark 
red solid, 82% yield. m.p. 158～159 ℃; 1H NMR (400 
MHz, CDCl3) δ: 8.42 (d, J＝2.0 Hz, 1H), 8.18 (dd, J＝9.2, 
2.4 Hz, 1H), 7.96 (d, J＝9.6 Hz, 2H), 7.81 (d, J＝8.8 Hz, 
1H), 7.24 (br s, 3H), 6.99 (s, 4H), 6.82 (d, J＝9.6 Hz, 2H), 
6.01 (s, 1H), 5.65 (d, J＝8.0 Hz, 1H), 4.32 (t, J＝6.4 Hz, 
2H), 3.88～3.80 (m, 1H), 3.72 (t, J＝6.0 Hz, 2H), 3.56 (q, 
J＝6.8 Hz, 2H), 2.71～2.58 (m, 2H), 2.36 (t, J＝6.0 Hz, 
2H), 2.28 (s, 3H), 1.96 (d, J＝10.4 Hz, 1H), 1.87 (d, J＝
11.2 Hz, 1H), 1.73～1.58 (m, 3H), 1.40～1.24 (m, 3H), 
1.28 (t, J＝7.2 Hz, 3H), 1.16～1.05 (m, 2H); 13C NMR 
(100 MHz, CDCl3) δ: 173.0, 171.8, 168.7, 153.1, 151.7, 
147.2, 144.4, 139.9, 138.2, 134.0, 131.5, 130.4 (×2), 
130.2 (×2), 129.0 (×3), 128.2, 127.0 (×2), 126.0, 122.6, 
118.0, 111.5 (×2), 65.2, 61.3, 48.8, 48.8,45.8, 32.9, 32.8, 
29.9, 29.3, 25.5, 24.9, 24.8, 21.1, 12.3; IR (film) ν: 2926, 
1734, 1652, 1602, 1518, 1340, 1265, 1155, 735 cm－1; MS 
(＋ESI) m/z (%): 753 (77, [M＋H]＋), 775 (100, [M＋  
Na]＋; HRMS (＋ESI) calcd for C41H46ClN6O6 [M＋H＋] 
753.3162, found 753.3163. 

(E)-2-((4-((2,6-Dichloro-4-nitrophenyl)diazenyl)- 
phenyl)(ethyl)amino)ethyl 4-((2-(cyclohexylamino)-2-oxo- 
1-(p-tolyl)ethyl)(phenyl)amino)-4-oxobutanoate (3cc): A 
dark red solid, 72% yield. m.p. 145～146 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 8.29 (s, 2H), 7.93 (d, J＝9.6 Hz, 
2H), 7.24 (br s, 3H), 6.99 (s, 4H), 6.83 (d, J＝9.2 Hz, 2H), 
6.02 (s, 1H), 5.66 (d, J＝8.4 Hz, 1H), 4.31 (t, J＝6.0 Hz, 
2H), 3.88～3.80 (m, 1H), 3.72 (t, J＝6.4 Hz, 2H), 3.56 (q, 
J＝7.2 Hz, 2H), 2.67～2.63 (m, 2H), 2.36 (t, J＝6.8 Hz, 
2H), 2.28 (s, 3H), 1.96 (d, J＝12.4 Hz, 1H), 1.87 (d, J＝
10.8 Hz, 1H), 1.74～1.58 (m, 3H), 1.37～1.24 (m, 3H), 
1.28 (t, J＝7.2 Hz, 3H), 1.16～1.08 (m, 2H); 13C NMR 
(100 MHz, CDCl3) δ: 173.0, 171.8, 168.7, 154.0, 151.9, 
145.2, 143.4, 139.9, 138.2, 131.5, 130.4 (×2), 130.2 (×
2), 129.0 (×3), 128.2 (×2), 128.1 (×2), 126.5 (×2), 
124.2 (×2), 111.3 (×2), 65.2, 61.2, 48.8, 48.8, 45.9, 32.9, 
32.8, 29.9, 29.3, 25.5, 24.9, 24.8, 21.1, 12.2; IR (film) ν: 
2928, 1734, 1652, 1602, 1517, 1340, 1265, 1132, 737   
cm－1; MS (＋ESI) m/z (%): 787 (87, [M＋H]＋), 809 (100, 
[M＋Na]＋; HRMS (＋ESI) calcd for C41H45Cl2N6O6 [M＋
H]＋ 787.2772, found 787.2767. 

(E)-2-(Ethyl(4-((4-nitrophenyl)diazenyl)phenyl)amino)- 
ethyl 4-((2-(cyclohexylamino)-2-oxo-1-phenylethyl)(p- 
tolyl)amino)-4-oxobutanoate (3da): A red solid, 86% 
yield. m.p. 108～110 ℃; 1H NMR (400 MHz, CDCl3) δ: 
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8.36 (d, J＝8.8 Hz, 2H), 7.95 (d, J＝9.2 Hz, 2H), 7.92 (d,  
J＝9.2 Hz, 2H), 7.23～7.18 (m, 4H), 7.14～7.11 (m, 3H), 
7.02 (br s, 2H), 6.81 (d, J＝9.2 Hz, 2H), 6.05 (s, 1H), 5.73 
(d, J＝8.4 Hz, 1H), 4.31 (t, J＝6.4 Hz, 2H), 3.89～3.80 
(m, 1H), 3.71 (t, J＝6.4 Hz, 2H), 3.55 (q, J＝7.2 Hz, 2H), 
2.64 (t, J＝7.2 Hz, 2H), 2.38～2.34 (m, 2H), 2.30 (s, 3H), 
1.96 (d, J＝12.8 Hz, 1H), 1.88 (d, J＝10.0 Hz, 1H), 1.71～
1.58 (m, 3H), 1.38～1.25 (m, 3H), 1.27 (t, J＝7.2 Hz, 3H), 
1.18～1.03 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 
173.0, 172.1, 168.6, 156.8, 151.2, 147.4, 143.9, 138.1, 
137.2, 134.7, 130.4 (×2), 130.0 (×2), 129.7 (×2), 128.3 
(×3), 126.3 (×2), 124.7 (×2), 122.6 (×2), 111.4 (×2), 
65.4, 61.3, 48.8, 48.7, 45.7, 32.8, 32.8, 29.8, 29.4, 25.5, 
24.9, 24.8, 21.0, 12.3; IR (film) ν: 2929, 1734, 1653, 1601, 
1516, 1339, 1265, 1135, 736 cm－1; MS (＋ESI) m/z (%): 
719 (67, [M＋H]＋), 741 (100, [M＋Na]＋; HRMS (＋ESI) 
calcd for C41H47N6O6 [M ＋ H] ＋  719.3552, found 
719.3550. 

(E)-2-((4-((2-Chloro-4-nitrophenyl)diazenyl)phenyl)- 
(ethyl)amino)ethyl 4-((2-(cyclohexylamino)-2-oxo-1-phen- 
ylethyl)(p-tolyl)amino)-4-oxobutanoate (3db): A dark red 
solid, 91% yield. m.p. 134～135 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.39 (d, J＝2.4 Hz, 1H), 8.16 (dd, J＝9.2, 2.4 
Hz, 1H), 7.95 (d, J＝8.8 Hz, 2H), 7.79 (d, J＝9.2 Hz, 1H), 
7.22～7.17 (m, 4H), 7.13～7.12 (m, 2H), 7.02 (br s, 2H), 
6.81 (d, J＝9.6 Hz, 2H), 6.05 (s, 1H), 5.76 (d, J＝8.0 Hz, 
1H), 4.31 (t, J＝6.4 Hz, 2H), 3.88～3.80 (m, 1H), 3.71 (t,  
J＝6.4 Hz, 2H), 3.55 (q, J＝6.8 Hz, 2H), 2.64 (t, J＝6.8 
Hz, 2H), 2.38～2.33 (m, 2H), 2.29 (s, 3H), 1.96 (d, J＝
10.4 Hz, 1H), 1.86 (d, J＝12.4 Hz, 1H), 1.71～1.57 (m, 
3H), 1.38～1.25 (m, 3H), 1.27 (t, J＝7.2 Hz, 3H), 1.18～
1.03 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 173.0, 
172.1, 168.6, 153.1, 151.7, 147.1, 144.4, 138.1, 137.2, 
134.7, 134.0, 130.4 (×2), 130.0 (×2), 129.7 (×2), 128.3 
(×3), 127.0 (×2), 126.0, 122.6, 118.0, 111.5 (×2), 65.4, 
61.3, 48.8, 48.8, 45.9, 32.8, 32.8, 29.9, 29.4, 25.5, 24.9, 
24.8, 21.1, 12.3; IR (film) ν: 2927, 1735, 1655, 1600, 
1514, 1338, 1265, 1139, 736 cm－1; MS (＋ESI) m/z (%): 
753 (66, [M＋H]＋), 775 (46, [M＋Na]＋), 777 (33, [M＋  
2＋Na]＋; HRMS (＋ESI) calcd for C41H45ClN6NaO6 [M＋
Na]＋ 775.2981, found 775.2977. 

(E)-2-((4-((2,6-Dichloro-4-nitrophenyl)diazenyl)- 
phenyl)(ethyl)amino)ethyl 4-((2-(cyclohexylamino)-2-oxo- 
1-phenylethyl)(p-tolyl)amino)-4-oxobutanoate (3dc): A 
dark red solid, 73% yield. m.p. 101～103 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 8.29 (s, 2H), 7.93 (d, J＝9.2 Hz, 
2H), 7.22～7.17 (m, 4H), 7.14～7.12 (m, 2H), 7.02 (br s, 
2H), 6.83 (d, J＝9.2 Hz, 2H), 6.05 (s, 1H), 5.75 (d, J＝8.0 
Hz, 1H), 4.31 (t, J＝6.4 Hz, 2H), 3.88～3.81 (m, 1H), 3.72 
(t, J＝6.4 Hz, 2H), 3.56 (q, J＝7.6 Hz, 2H), 2.65 (t, J＝6.4 
Hz, 2H), 2.36 (q, J＝6.0 Hz, 2H), 2.30 (s, 3H), 1.96 (d, J＝
10.4 Hz, 1H), 1.88 (d, J＝11.2 Hz, 1H), 1.77～1.58 (m, 
4H), 1.38～1.24 (m, 2H), 1.28 (t, J＝7.2 Hz, 3H), 1.18～
1.06 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 173.0, 
172.1, 168.6, 154.0, 151.9, 145.2, 143.5, 138.1, 137.2, 
134.8, 130.4 (×2), 130.0 (×2), 129.7 (×2), 128.3 (×3), 
128.1 (×2), 126.5 (×2), 124.2 (×2), 111.3 (×2), 65.4, 

61.2, 48.9, 48.7, 45.9, 32.9, 32.8, 29.9, 29.4, 25.5, 24.9, 
24.8, 21.0, 12.2; IR (film) ν: 2930, 1736, 1655, 1602, 
1514, 1340, 1265, 1132, 736 cm－1; MS (＋ESI) m/z (%): 
787 (91, [M＋H]＋), 809 (100, [M＋Na]＋; HRMS (＋ESI) 
calcd for C41H45Cl2N6O6 [M ＋ H] ＋  787.2772, found 
787.2773.  

(E)-2-(Ethyl(4-((4-nitrophenyl)diazenyl)phenyl)amino)- 
ethyl 4-((2-(cyclohexylamino)-1-(4-isopropylphenyl)-2- 
oxoethyl)(phenyl)amino)-4-oxobutanoate (3ea): A red sol-
id, 86% yield. m.p. 187～188 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.32 (d, J＝8.8 Hz, 2H), 7.91 (d, J＝9.2 Hz, 
2H), 7.89 (d, J＝9.2 Hz, 2H), 7.20 (br s, 3H), 7.00 (s, 4H), 
6.79 (d, J＝9.2 Hz, 2H), 6.00 (s, 1H), 5.71 (d, J＝8.0 Hz, 
1H), 4.29 (t, J＝6.2 Hz, 2H), 3.85～3.79 (m, 1H), 3.68 (t,  
J＝6.4 Hz, 2H), 3.52 (q, J＝7.2 Hz, 2H), 2.83～2.76 (m, 
1H), 2.64～2.61 (m, 2H), 2.36～2.31 (m, 2H), 1.94 (d, J＝
11.6 Hz, 1H), 1.85 (d, J＝11.6 Hz, 1H), 1.69～1.56 (m, 
3H), 1.35～1.28 (m, 3H), 1.24 (t, J＝7.2 Hz, 3H), 1.15 
(dd, J＝7.2, 1.2 Hz, 6H), 1.12～1.00 (m, 2H); 13C NMR 
(100 MHz, CDCl3) δ: 173.0, 171.8, 168.7, 156.8, 151.2, 
149.1, 147.4, 143.8, 140.0, 131.8, 130.4 (×2), 130.2   
(×2), 128.9 (×2), 128.1, 126.3 (×2), 126.3 (×2), 124.7 
(×2), 122.6 (×2), 111.4 (×2), 65.3, 61.4, 48.8, 48.8, 
45.8, 32.9, 32.8, 29.9, 29.4, 25.5, 24.9, 24.8, 12.3; IR 
(film) ν: 2929, 1650, 1599, 1516, 1337, 1133, 1105, 858 
cm－1; MS (＋ESI) m/z (%): 747 (94, [M＋H＋], 769 (100, 
[M＋Na＋]; HRMS (＋ESI) calcd for C43H51- N6O6 [M＋
H]＋ 747.3865, found 747.3865. 

(E)-2-((4-((2-Chloro-4-nitrophenyl)diazenyl)phenyl)(eth 
yl)amino)ethyl 4-((2-(cyclohexylamino)-1-(4-iso-propyl- 
phenyl)-2-oxoethyl)(phenyl)amino)-4-oxobutanoate (3eb): 
A dark red solid, 74% yield. m.p. 157～158 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 8.39 (d, J＝2.4 Hz, 1H), 8.15 (dd,  
J＝8.8, 2.4 Hz, 1H), 7.93 (d, J＝9.2 Hz, 2H), 7.78 (d, J＝
9.2 Hz, 1H), 7.20 (br s, 3H), 7.02～6.97 (m, 4H), 6.79 (d,  
J＝9.2 Hz, 2H), 5.99 (s, 1H), 5.68 (d, J＝8.0 Hz, 1H), 4.29 
(t, J＝6.0 Hz, 2H), 3.83～3.80 (m, 1H), 3.69 (t, J＝6.0 Hz, 
2H), 3.53 (q, J＝7.2 Hz, 2H), 2.82～2.78 (m, 1H), 2.64～
2.60 (m, 2H), 2.36～2.31 (m, 2H), 1.94 (d, J＝10.0 Hz, 
1H), 1.86 (d, J＝10.4 Hz, 1H), 1.70～1.55 (m, 3H), 1.35～
1.28 (m, 2H), 1.25 (t, J＝7.2 Hz, 3H), 1.16 (dd, J＝7.2, 1.2 
Hz, 6H), 1.13～1.00 (m, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 173.0, 171.8, 168.7, 153.1, 151.7, 149.1, 147.2, 
144.4, 140.0, 134.0, 131.8, 130.4 (×2), 130.2 (×2), 128.9 
(×2), 128.1, 127.0 (×2), 126.3 (×2), 126.0, 122.6, 118.0, 
111.5 (×2), 65.3, 61.3, 48.8, 48.8, 45.8, 33.7, 32.9, 32.8, 
29.9, 29.3, 25.5, 24.9, 24.8, 23.8, 23.8, 12.3; IR (film) ν: 
2930, 1737, 1658, 1599, 1517, 1337, 1265, 1138, 736   
cm－1; MS (＋ESI) m/z (%): 781 (69, [M＋H]＋), 803 (100, 
[M＋Na]＋), 805 (53); HRMS (＋ESI) calcd for C43H49Cl- 
N6NaO6 [M＋Na]＋ 803.3294, found 803.3292. 

(E)-2-((4-((2,6-Dichloro-4-nitrophenyl)diazenyl)phen- 
yl)(ethyl)amino)ethyl 4-((2-(cyclohexylamino)-1-(4-iso- 
propyl-phenyl)-2-oxoethyl)(phenyl)amino)-4-oxobutanoate 
(3ec): A dark red solid, 61% yield. m.p. 137～139 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 8.26 (s, 2H), 7.91 (d, J＝8.2 
Hz, 2H), 7.20 (s, 3H), 7.00 (dd, J＝10.0, 8.8 Hz, 4H), 6.80 



   
Chinese Journal of Organic Chemistry ARTICLE  

 
Chin. J. Org. Chem. 2021, 41, 1703～1711 © 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/      1711 

(d, J＝9.2 Hz, 2H), 6.00 (s, 1H), 5.69 (d, J＝8.0 Hz,1H), 
4.29 (t, J＝6.0 Hz, 2H), 3.83～3.80 (m, 1H), 3.69 (t, J＝
6.4 Hz, 2H), 3.53 (q, J＝7.2 Hz, 2H), 2.82～2.78 (m, 1H), 
2.65～2.61 (m, 2H), 2.36～2.32 (m, 2H), 1.94 (d, J＝10.0 
Hz, 1H), 1.86 (d, J＝11.2 Hz, 1H), 1.69～1.55 (m, 3H), 
1.34～1.23 (m, 3H), 1.25 (t, J＝7.2 Hz, 3H), 1.16 (d, J＝
6.4 Hz, 6H), 1.12～1.00 (m, 2H); 13C NMR (100 MHz, 
CDCl3) δ: 173.0, 171.8, 168.7, 154.0, 151.9, 149.1, 145.2, 
143.4, 140.0, 131.8, 130.3 (×2), 130.2 (×2), 128.9 (×2), 
128.1 (×2), 128.0, 126.5 (×2), 126.3 (×2), 124.2 (×2), 
111.3 (×2), 65.3, 61.2, 48.8, 48.8, 45.8, 33.7, 32.9, 32.8, 
30.0, 29.4, 25.5, 24.9, 24.8, 23.8, 12.5; IR (film) ν: 2931, 
1737, 1601, 1515, 1339, 1132, 734 cm－1; MS (＋ESI) m/z 
(%): 815 (95, [M＋H]＋), 837 (100, [M＋Na]＋; HRMS  
(＋ESI) calcd for C43H49Cl2N6O6 [M＋H]＋  815.3085, 
found 815.3087. 
4.4  Dyeing procedure and fastness measurement 

The synthesized dyes were subsequently applied for 
dyeing of polyamide (PA) and poly(ethylene terephthalate) 
(PET) fabrics. The PA fabrics were scoured in a bath con-
taining 2 g/L of soap powder and 1 g/L of sodium car-
bonate at 100 ℃ using a liquor ratio of 30∶1 for 30 min 
before use, then rinsed with water and dried at room tem-
perature. The obtained azo disperse dyes and dispersing 
agent bis-(5,5'-disulphonate)-naphthylmethane disodium 
salt (NNO) (weight ratio 1∶1) were milled by using glass 
beads and mechanical stirrer to dye dispersions whose av-
erage particle size was smaller than 0.5 μm, that was 
measured by a Laser Diffraction particle size analyzer.  

The dyeing procedure on PET fabric was carried out by 
raising the dyebath temperature from 70 to 130 ℃ at the 
rate of 1 ℃/min, maintaining at 130 ℃ for 180 min, and 
then reducing to 80 ℃. The dyeing procedure on PA fab-
ric was carried out by raising the dyebath temperature from 
40 to 120 ℃ at the rate of 1 ℃/min, maintaining at 
120 ℃ for 80 min, and then reducing to 80 ℃. In order 
to remove the loosely bonded dyes on the surface of fibers, 
the dyed PET fabrics were cleaned through reduction with 
an aqueous solution containing sodium hydroxide (2 g/L) 
and sodium dithionite (2 g/L) at 85 ℃ using a liquor ratio 
of 50∶1 for 15 min, and then rinsed with water and dried 
at room temperature. The dyed PA fabrics were soaped 
with an aqueous solution containing soap powder (2 g/L) at 
95 ℃ using a liquor ratio of 50∶1 for 15 min, and then 
rinsed with water and dried at room temperature. 

The depth of shade was assessed in terms of the color 
yield (K/S) values, which was calculated according to the 
Kubelka-Munk equation. The test methods used for meas-
urement of fastness were ISO 105-C06 for washing, ISO 
105-P01 for sublimation, ISO 105-X12 for rubbing, and 

ISO 105-B02 for lighting. 
 

Supporting Information  Characterization data for Ugi 
products and 1H NMR and 13C NMR spectra for Ugi prod-
ucts and azo disperse dyes. The Supporting Information is 
available free of charge via the Internet at http://sioc- 
journal.cn/.  
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