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Abstract  In this paper, we described the synthesis of 2-aminothiazole sublibrary containing methyl, bromo, phenyl 

or butylidene at 4- or/and 5-position of its core. All target compounds were evaluated for their antitumor activities 

against human lung cancer cell line H1299 and human glioma cell line SHG-44. Among the compounds screened, 

4,5,6,7-tetrahydrobenzo[d]thiazole(26b) exhibited the most potent antitumor activities with IC50 values of 4.89 and 

4.03 µmol/L against the two tested cell lines, respectively. Preliminary structure-activity relationship(SAR) studies of 

these compound were subsequently investigated.  
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1  Introduction 

Cancer has sustained cellular proliferative capacity, which 

has rendered it the second most lethal disease on the earth. 

About 14 million new cases of cancer per year increase the 

global burden, especially in those developing countries with 

growing and aging populations. Although the mechanism of 

initiation and progression of cancer has been well established, 

the successful treatment of cancer remains a huge challenge 

facing the lack of early detection, undefined tumor cell   

dormancy status and metastatic properties of malignant tumor. 

Consequently, there is an urgent need for the implementation of 

efficient prevention and treatment strategies to curb cancer 

deaths. Investigating small molecular antitumor agents, which 

could decrease drug resistance and reduce unpleasant side  

effects is more desirable[1―3]. 

1,3-Thiazoles with ubiquitous heterocyclic privileged 

structures have been demonstrated to possess a broad range of 

pharmaceutical properties, involving antioxidant[4], anti-ulcer[5], 

anti-HIV[6], antibacterial[7], antifungal[8], diuretic[9],       

anti-inflammatory[10], antitubercular[11], anticancer[12] and  

anti-hyperglycemic[13―16]. More importantly, a few compounds 

with the incorporation of thiazole moieties are currently     

in clinical trials[17,18]. Recently, extensive efforts have been 

made to enhance the antitumor activities of 2-aminothiazoles, 

as exemplified by SNS-032(BMS-387032)[19―21] and     

Dasatinib[22―24](Fig.1). In particular, El-Subbagh and 

co-workers[25―27] developed a series of 2-aminothiazole   

derivatives or their related structural alterations as potential 

chemotherapeutics against cancer. Although SNS-032 was  

discontinued during phase II trial due to its low specificity and 

 

 

 

 

 

 

 

 

 

 

Fig.1  Antitumor molecules encompassing 2-aminothiazole core 
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unfavorable pharmacological properties[20], the preceding  

reports support the result that the compounds encompassing 

2-aminothiazole framework are essential for the effectiveness 

of the antitumor profiles. 

Recent studies have revealed that the introduction of  

various substituents at 4- or/and 5-position of the 

2-aminothiazole core is favorable to improve the antitumor 

activities[25,26]. In addition, halogen atoms render remarkable 

changes in the physical, chemical, and biological properties of 

the compounds. Meanwhile, the incorporation of lipophilic 

groups, such as alkyl, cycloalkyl or aryl into 2-aminothiazole 

could enhance the cell permeability of the antitumor agents.  

As our ongoing interest in the exploration of more potent  

antitumor heterocyclic compounds[28], herein we described the 

synthesis of 2-aminothiazoles with different hydrophobic  

substitution patterns, such as methyl, bromo, phenyl or butyli-

dene at 4- or/and 5-position of the core(Fig.1), yielding 43    

compounds. All the target compounds were subjected for the   

evaluation of antitumor activities against human lung cancer 

cell line H1299 and human glioma cell line SHG-44 to    

determine the half maximal inhibitory concentration(IC50).     

Preliminary structure-activity relationship(SAR) studies of this 

compound class were subsequently investigated, which may 

provide a valuable guidance for the generation of much more 

potent analogs. 

2  Experimental 

2.1  Materials and Instruments 

All the reagents and solvents were obtained from   

commercially available sources and were used without further 

purification. Melting points were determined on an X-4   

binocular microscope(Gongyi Tech. Instrument Co., Gongyi, 

China) and were uncorrected. 1H NMR and 13C NMR spectra 

were recorded on a Bruker AVANCE III-400 NMR spectrome-

ter(Bruker Biospin Co., Switzerland) with tetramethylsilane 

(TMS) as the internal standard. MS(ESI) measurement was    

conducted on an Agilent 1100 LC-MS spectrometer(Agilent, 

Palo Alto, USA). Column chromatography was carried out on 

silica gel(200―300 mesh) from Qingdao Ocean Chemicals 

(Qingdao, China). 

2.2  General Procedure for the Preparation of  

Intermediates 3a, 3b and 6 

Intermediates 3a and 6 were prepared via a similar method 

(Scheme 1). Acetone(58 g, 1 mol) was dissolved in ether   

(300 mL) and the mixture was cooled to 0 °C. Bromine(160 g, 

1 mol) was added dropwise during a period of 3 h. Then, the 

mixture was added to 20 mL of saturated sodium bicarbonate 

solution and stirred for another 5 min. The reaction mixture 

was subsequently washed with saturated sodium chloride 

aqueous solution(30 mL×3). The organic phase was isolated, 

dried over anhydrous calcium chloride, and concentrated. After 

vacuum distillation, bromopropanone was separated and   

dissolved in ethanol(300 mL). Thiourea(79.9 g, 1.05 mol)  

was added in batches. After refluxing for 2 h, the solvent was 

removed under reduced pressure to afford a solid. The solid 

was dissolved in water(300 mL) and the solution was adjusted 

to pH=10.0 with a 1 mol/L NaOH aqueous solution. The 

aqueous solution was extracted with dichloromethane. The 

organic layer was concentrated to obtain the crude product, 

which was recrystallized from ethanol to yield the desired 

product. 

 

 

 

 

 

 

 

 

 

 

 
       

Scheme 1  Synthesis of 2-aminothiazole cores 

Reagents and conditions: a. For compounds 2a and 5: Br2, Et2O, 0 °C, 3―4 h; for compound 2b: Br2, AlCl3, Et2O, 0 °C, 3 h; b. thiourea, 

EtOH, reflux, 2―3 h; c. Ac2O, AcONa, reflux, 1 h; d. Br2, DCM, 0 °C, 24 h; e. MeOH, 0 °C―r. t., 36 h. 

Intermediate 3b was prepared via the same method   

mentioned above, with the exception of using AlCl3 as the  

catalyst. 

2.3  General Procedure for the Preparation of 

Amines 15a and 15b 

(Furan-2-yl)methanamine(15a) and (thiophen-2-yl)metha- 

namine(15b) were prepared by the similar method as described 

in Scheme 2. To a mixture of aldehyde(1 mol) and sodium car-

bonate(0.5 mol) in water(200 mL) was added hydroxylamine 

hydrochloride aqueous solution(1 mol) dropwise over a period 

of 45 min. The reaction mixture was stirred at room tempera-

ture for 7 h, and then filtered to obtain the corresponding oxime, 

which was reduced with zinc powder(4.5 mol) to afford the 

desired amine. 
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Scheme 2  Synthesis of amines 

Reagents and conditions: a. For compounds 14a and 14b: NH2OH·HCl, Na2CO3, H2O, r. t., overnight; for compound 16: methylamine(aq.), 

Na2CO3, H2O, r. t., 7 h; b. Zn, AcOH, 60 °C, 6 h; c. NaBH4, MeOH, 0 °C, 3.5 h; d. HCOONH4, nitrobenzene, 110―180 °C, 9 h. 

2.4  Preparation of N-Methyl(thiophen-2-yl)me- 

thanamine(17) 

To a stirring mixture of thiophene-2-carbaldehyde(13b,  

1 mol) and 40% methylamine aqueous solution(85 g) at room 

temperature was added sodium carbonate aqueous solution  

(0.5 mol) dropwise over a period of 2 h. The reaction mixture 

was stirred at room temperature for an additional 5 h, and then 

filtered to obtain the corresponding imine, which was reduced 

with sodium borohydride(2 mol) to give N-methyl(thiophen- 

2-yl) methanamine(17, Scheme 2). 

2.5  Preparation of Camphor Amine(19) 

A mixture of camphor(0.2 mol) and ammonium formate 

(49.7 g, 0.8 mol) in nitrobenzene(30 mL) was heated to 150 °C 

and stirred for 2 h. Subsequently, the reaction mixture was 

heated to 180 °C to remove water. After the completion of the 

reaction, the mixture was cooled to room temperature and then 

80 mL of water was added. Nitrobenzene was removed by 

steam distillation. The residue was basified with 1 mol/L NaOH 

aqueous solution to pH=10.0. Finally, the desired product was 

obtained by steam distillation. 

2.6  General Procedure for Preparation of Target 

Compounds 21a―21h, 22a―22j, 23a―23e, 24a― 

24f, 25a―25c, 26a―26e and 27a―27f 

The target compounds were prepared according to the  

literature procedure(Scheme 3)[16]. 1H NMR and 13C NMR 

spectra of these compounds are listed in the Electronic    

Supplementary Material of this paper. 
  

 

 

 

 

 

 

 

 
       

Scheme 3  Synthesis of target compounds 21―27 

Reagents and conditions: a. 2-chloroacetyl chloride or 3-chloropropionyl chloride, pyridine, DCM, 0 °C, 4 h; b. aliphatic amine or 

aromatic amine, triethylamine, THF, reflux, 4 h. 

N-(5-Methylthiazol-2-yl)-2-(phenethylamino)acetamide 

(21a): a yellow solid; yield 46.6%; m. p. 120―121 °C;      
1H NMR(400 MHz, CDCl3), δ: 7.19―7.33(m, 5H), 3.45(s,  

2H), 2.96(t, J=6.8 Hz, 2H), 2.83(t, J=6.8 Hz, 2H), 2.40(s, 3H); 
13C NMR(100 MHz, CDCl3), δ: 11.7, 36.3, 51.3, 52.0, 126.6, 

127.7, 128.8, 134.4, 139.7, 156.3, 169.7. MS(ESI), m/z: 

276.3[M+H]+. 

N-(5-Methylthiazol-2-yl)-2-(4-methylbenzylamino)aceta-

mide(21b): a yellow solid; yield 48.3%; m. p. 98―99 °C;   
1H NMR(400 MHz, CDCl3), δ: 7.20(d, J=8.0 Hz, 2H), 7.14(d, 

J=7.6 Hz, 2H), 7.03(s, 1H), 3.79(s, 2H), 3.49(s, 2H), 2.39(s, 

3H), 2.33(s, 3H); 13C NMR(100 MHz, CDCl3), δ: 11.7, 21.1, 

51.2, 53.5, 127.6, 128.3, 129.4, 134.2, 135.9, 137.2, 156.6, 

169.7. MS(ESI), m/z: 276.3[M+H]+. 

2-(4-Methoxybenzylamino)-N-(5-methylthiazol-2-yl)aceta-

mide(21c): a yellow solid; yield 53.0%; m. p. 110―111 °C;  
1H NMR(400 MHz, CDCl3), δ: 7.23(d, J=8.4 Hz, 2H), 7.02(s, 

1H), 6.86(dd, J1=6.8 Hz, J2=2.0 Hz, 2H), 3.78(s, 3H), 3.73(s, 

2H), 3.49(s, 2H), 2.38(s, 3H)；13C NMR(100 MHz, CDCl3), δ: 

11.7, 51.2, 53.3, 55.4, 114.1, 127.7, 129.6, 131.0, 134.2, 156.5, 

159.1, 169.7. MS(ESI), m/z: 292.4[M+H]+. 

2-(Benzylamino)-N-(5-methylthiazol-2-yl)acetamide(21d): 

a yellow solid; yield 57.2%; m. p. 109―110 °C; 1H NMR(400 

MHz, CDCl3), δ: 7.26―7.35(m, 5H), 7.02―7.03(m, 1H), 

3.84(s, 2H), 3.51(s, 2H), 2.37(s, 3H); 13C NMR(100 MHz, 

CDCl3), δ: 11.6, 51.2, 53.7, 127.5, 127.6, 128.3, 128.7, 134.0, 

138.9, 156.7, 169.9. MS(ESI), m/z: 262.1[M+H]+. 

2-(4-Methoxyphenylamino)-N-(5-methylthiazol-2-yl)aceta-
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mide(21e): a black solid; yield 64.2%; m. p. 166―167 °C;   
1H NMR(400 MHz, CDCl3), δ: 10.24(s, 1H), 7.05(s, 1H), 

6.78(dd, J1=6.8 Hz, J2=2.0 Hz, 2H), 6.58(dd, J1=6.8 Hz, J2=2.0 

Hz, 2H), 4.19(s, 1H), 3.96(s, 2H), 3.74(s, 3H), 2.40(s, 3H);  
13C NMR(100 MHz, CDCl3), δ: 11.8, 49.4, 55.9, 114.5, 115.2, 

128.1, 134.4, 140.7, 153.6, 156.3, 169.1. MS(ESI), m/z: 

278.2[M+H]+. 

N-(5-Methylthiazol-2-yl)-2-(1,7,7-trimethylbicyclo[2.2.1]-

heptan-2-ylamino)acetamide(21f): a yellow solid; yield 65.4%; 

m. p. 154―155 °C; 1H NMR(400 MHz, CDCl3), δ: 7.09(s, 1H), 

3.45(s, 2H), 2.51―2.54(m, 1H), 2.40(s, 3H), 1.70―1.74(m, 

5H), 0.84―1.08(m, 11H); 13C NMR(100 MHz, CDCl3), δ: 11.7, 

12.6, 20.6, 20.7, 27.2, 36.9, 39.2, 45.1, 46.6, 48.8, 51.5, 67.6, 

127.7, 134.6, 156.1, 170.2. MS(ESI), m/z: 308.4[M+H]+. 

2-(Furan-2-ylmethylamino)-N-(5-methylthiazol-2-yl)aceta-

mide(21g): an orange solid; yield 74.9%; m. p. 105―106 °C; 
1H NMR(400 MHz, CDCl3), δ: 7.35―7.36(m, 1H), 7.07(d, 

J=1.2 Hz, 1H), 6.30(dd, J1=2.8 Hz, J2=2.0 Hz, 1H), 6.21(d, 

J=3.2 Hz, 1H), 3.83(s, 2H), 3.50(s, 2H), 2.40(s, 3H); 13C NMR 

(100 MHz, CDCl3), δ: 11.6, 45.9, 50.9, 107.9, 110.2, 127.5, 

134.1, 142.2, 152.5, 156.6, 169.5. MS(ESI), m/z: 251.9[M+H]+. 

2-(Methyl(thiophen-2-ylmethyl)amino)-N-(5-methylthiazol-

2-yl)acetamide(21h): a white solid; yield 61.5%; m. p. 95― 

96 °C; 1H NMR(400 MHz, CDCl3), δ: 10.18(s, 1H), 7.25―7.27 

(m, 1H), 7.10(s, 1H), 6.94―6.95(m, 2H), 3.87(s, 2H), 3.26(s, 

2H), 2.43(s, 3H), 2.40(s, 3H); 13C NMR(100 MHz, CDCl3), δ: 

11.7, 43.4, 56.5, 59.2, 125.8, 126.8, 126.9, 127.8, 134.7, 140.5, 

155.8, 168.5. MS(ESI), m/z: 282.0[M+H]+. 

N-(5-Bromothiazol-2-yl)-2-(p-tolylmethanamino)acetamide

(22a): a red brown solid; yield 67.9%; m. p. 114―115 °C;   
1H NMR(400 MHz, CDCl3), δ: 7.34(s, 1H), 7.19(d, J=8.0 Hz, 

2H), 7.15(d, J=8.0 Hz, 2H), 3.80(s, 2H), 3.50(s, 2H), 2.33(s, 

3H); 13C NMR(100 MHz, CDCl3), δ: 21.2, 51.1, 53.7, 103.5, 

128.3, 129.5, 135.5, 137.5, 138.2, 158.1, 170.2. MS(ESI), m/z: 

340.3[M+H]+. 

2-(4-Methoxybenzylamino)-N-(5-bromothiazol-2-yl)aceta-

mide(22b): an orange oil; yield 74.6%; 1H NMR(400 MHz, 

DMSO-d6), δ: 9.80(s, 1H), 7.62(s, 1H), 7.45(d, J=8.0 Hz, 2H), 

6.98(d, J=8.4 Hz, 2H), 4.16(s, 2H), 4.00(s, 2H), 3.77(s, 3H), 

2.51(s, 1H); 13C NMR(100 MHz, DMSO-d6), δ: 47.1, 50.1, 

55.8, 102.8, 114.6, 123.8, 132.4, 139.4, 157.9, 160.4, 165.3. 

MS(ESI), m/z: 356.0[M+H]+. 

N-(5-Bromothiazol-2-yl)-2-(phenylamino)acetamide(22c): 

a brown solid; yield 54.9%; m. p. 177―178 °C; 1H NMR(400 

MHz, CDCl3), δ: 7.32(s, 1H), 7.21―7.26(m, 2H), 6.86(t, J=7.2 

Hz, 1H), 6.63(d, J=7.8 Hz, 2H), 4.27(s, 1H), 4.03(s, 2H);   
13C NMR(100 MHz, CDCl3), δ: 48.8, 104.0, 113.7, 120.3, 

129.8, 138.3, 146.5, 158.0, 169.4. MS(ESI), m/z: 311.9[M+H]+. 

N-(5-Bromothiazol-2-yl)-2-(4-methoxyphenylamino)aceta-

mide(22d): a black solid; yield 58.5%; m. p. 144―145 °C;   
1H NMR(400 MHz, CDCl3), δ: 6.56―6.81(m, 5H), 3.86(s, 1H), 

3.79(s, 3H); 13C NMR(100 MHz, CDCl3), δ: 49.5, 56.0, 103.8, 

115.0, 116.7, 138.4, 140.0, 153.2, 157.8, 169.7. MS(ESI), m/z: 

341.8[M+H]+. 

N-(5-Bromothiazol-2-yl)-2-(4-chlorophenylamino)aceta- 

mide(22e): a yellow solid; yield 60.4%; m. p. 189―190 °C;    
1H NMR(400 MHz, CDCl3), δ: 9.84(s, 1H), 7.33(s, 1H), 7.20(d, 

J=8.8 Hz, 2H), 6.56(d, J=8.8 Hz, 2H), 4.35(s, 1H), 4.01(s, 2H); 
13C NMR(100 MHz, CDCl3), δ: 48.8, 104.1, 114.2, 129.7, 

138.5, 145.0, 157.5, 168.7. MS(ESI), m/z: 345.8[M+H]+. 

N-(5-Bromothiazol-2-yl)-2-(phenethylamino)acetamide 

(22f): an orange solid; yield 45.2%; m. p. 130―132 °C;     
1H NMR(400 MHz, CDCl3), δ: 7.36(s, 1H), 7.32(t, J=7.2 Hz, 

2H), 7.19―7.26(m, 3H), 3.47(s, 2H), 2.95(t, J=6.8 Hz, 2H), 

2.83(t, J=6.4 Hz, 2H); 13C NMR(100 MHz, CDCl3), δ: 36.2, 

51.2, 51.7, 103.4, 126.6, 128.7, 128.8, 138.3, 138.9, 158.0, 

170.3. MS(ESI), m/z: 340.2[M+H]+. 

N-(5-Bromothiazol-2-yl)-2-(furan-2-ylmethylamino)aceta-

mide(22g): a brown solid; yield 54.0%; m. p. 93―95 °C;    
1H NMR(400 MHz, CDCl3), δ: 7.36(d, J=1.6 Hz, 2H), 6.30(dd, 

J1=3.2 Hz, J2=1.6 Hz, 1H), 6.21(dd, J1=3.2 Hz, J2=0.8 Hz, 1H), 

3.86(s, 2H), 3.54(s, 2H); 13C NMR(100 MHz, CDCl3), δ: 46.1, 

50.8, 103.5, 108.3, 110.4, 138.2, 142.7, 152.1, 158.1, 170.0. 

MS(ESI), m/z: 315.8[M+H]+. 

N-(5-Bromothiazol-2-yl)-2-[methyl(thiophen-2-ylmethyl)-

amino]acetamide(22h): an orange oil; yield 49.4%; 1H NMR  

(400 MHz, DMSO-d6), δ: 11.25(s, 1H), 7.74(d, J=5.2 Hz, 1H), 

7.63(s, 1H), 7.41(d, J=3.2 Hz, 1H), 7.14(dd, J1=5.2 Hz, J2=3.6 

Hz, 1H), 4.70(s, 2H), 4.24(s, 2H), 2.87(s, 3H); 13C NMR(100 

MHz, DMSO-d6), δ: 53.2, 54.5, 103.1, 128.3, 130.5, 130.8, 

133.5, 139.6, 157.9, 164.7. MS(ESI), m/z: 345.7[M+H]+. 

N-(5-Bromothiazol-2-yl)-2-(1,7,7-trimethylbicyclo[2.2.1]-

heptan-2-ylamino)acetamide(22i): a red solid; yield 50.6%;   

m. p. 111―112 °C; 1H NMR(400 MHz, CDCl3), δ: 7.36(s, 1H), 

3.47(s, 2H), 2.51―2.54(m, 1H), 1.56―1.76(m, 7H), 1.06(s, 

1H), 0.98(s, 1H), 0.85(s, 1H); 13C NMR(100 MHz, CDCl3), δ: 

12.6, 20.7, 27.2, 36.9, 39.3, 45.0, 46.9, 48.8, 51.2, 67.7, 103.4, 

138.4, 157.8, 170.7. MS(ESI), m/z: 372.1[M+H]+. 

N-(5-Bromothiazol-2-yl)-2-(adamantanamino)acetamide

(22j): an orange solid; yield 53.4%; m. p. 134―136 °C;     
1H NMR(400 MHz, CDCl3), δ: 7.36(s, 1H), 3.47(s, 2H), 

1.60―1.69(m, 15H); 13C NMR(100 MHz, CDCl3), δ: 29.5, 

36.4, 42.6, 43.6, 51.4, 103.4, 138.3, 157.9, 171.6. MS(ESI),  

m/z: 369.8[M+H]+. 

2-(Benzylamino)-N-(4-methylthiazol-2-yl)acetamide(23a): 

a white solid; yield 61.1%; m. p. 196―198 °C; 1H NMR(400 

MHz, DMSO-d6), δ: 9.85(s, 1H), 7.57―7.59(m, 2H), 7.41― 

7.42(m, 3H), 6.67(s, 1H), 4.25(s, 2H), 4.00(s, 2H), 2.30(s, 3H); 
13C NMR(100 MHz, DMSO-d6), δ: 17.4, 47.8, 51.0, 108.5, 

129.2, 129.6, 130.9, 131.9, 147.2, 157.4, 165.0. MS(ESI), m/z: 

262.1[M+H]+. 

2-(4-Methoxybenzylamino)-N-(4-methylthiazol-2-yl)aceta-

mide(23b): a white solid; yield 73.2%; m. p. 201―203 °C;  
1H NMR(400 MHz, DMSO-d6), δ: 9.78(s, 1H), 7.50(d, J=8.8 

Hz, 2H), 6.93(d, J=8.4 Hz, 2H), 6.71(s, 1H), 4.18(s, 2H), 3.98(s, 

2H), 3.80(s, 3H), 2.31(s, 3H); 13C NMR(100 MHz, DMSO-d6), 

δ: 16.6, 47.7, 50.6, 55.9, 109.3, 114.7, 123.6, 132.6, 146.0, 

160.8, 165.0, 165.8. MS(ESI), m/z: 292.0[M+H]+. 

2-(4-Methylbenzylamino)-N-(4-methylthiazol-2-yl)aceta-

mide(23c): a white solid; yield 71.2%; m. p. 207―209 °C;   
1H NMR(400 MHz, DMSO-d6), δ: 12.47(s, 1H), 9.68(s, 1H), 

7.43(d, J=7.6 Hz, 2H ), 7.22(d, J=8.0 Hz, 2H ), 6.69(s, 1H), 

4.19(s, 2H), 3.96(s, 2H), 2.35(s, 3H), 2.29(s, 3H); 13C NMR 

(100 MHz, DMSO-d6), δ: 17.4, 21.6, 47.6, 50.7, 108.6, 128.8, 
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129.8, 131.0, 139.3, 147.3, 157.3, 164.6. MS(ESI), m/z: 

276.2[M+H]+. 

2-(Furan-2-ylmethylamino)-N-(4-methylthiazol-2-yl)aceta-

mide(23d): a gray solid; yield 68.7%; m. p. 179―181 °C;   
1H NMR(400 MHz, DMSO-d6), δ: 9.97(s, 1H), 7.77(s, 1H), 

6.84(d, J=1.2 Hz, 1H), 6.67(d, J=1.2 Hz, 1H), 6.51―6.53   

(m, 1H), 4.30(s, 2H), 4.00(s, 2H), 2.27(s, 3H); 13C NMR   

(100 MHz, DMSO-d6), δ: 17.5, 43.2, 47.6, 109.1, 111.9,  

113.4, 145.0, 146.4, 147.4, 157.4, 165.0. MS(ESI), m/z: 252.3 

[M+H]+. 

N-(4-Methylthiazol-2-yl)-2-(adamantanamino)acetamide 

(23e): a yellow solid; yield 84.5%; m. p. 113―115 °C;      
1H NMR(400 MHz, CDCl3), δ: 6.52(s, 1H), 3.46(s, 2H), 2.36(s, 

3H), 1.58―1.69(m, 15H); 13C NMR(100 MHz, CDCl3), δ: 17.2, 

29.5, 36.5, 42.7, 43.8, 51.4, 108.1, 147.3, 157.0, 171.4. 

MS(ESI), m/z: 306.1[M+H]+. 

3-(4-Methoxybenzylamino)-N-(4-methylthiazol-2-yl)pro- 

panamide(24a): an orange oil; yield 47.8%; 1H NMR      

(400 MHz, DMSO-d6), δ: 10.96(s, 1H), 7.59(d, J=8.8 Hz, 2H), 

7.02(d, J=8.4 Hz, 2H), 6.77(s, 1H), 4.33(s, 2H), 3.79(s, 3H), 

3.35(t, J=7.6 Hz, 2H), 3.09(t, J=7.2 Hz, 2H), 2.26(s, 3H);   
13C NMR(100 MHz, DMSO-d6), δ: 17.2, 29.9, 47.7, 55.8, 56.5, 

108.5, 114.8, 121.9, 133.5, 146.6, 157.7, 160.7, 168.5. MS(ESI), 

m/z: 306.0[M+H]+. 

N-(4-Methylthiazol-2-yl)-3-(phenethylamino)propanamide

(24b): a white solid; yield 45.8%; m. p. 150―152 °C; 1H NMR 

(400 MHz, CDCl3), δ: 11.88(s, 1H), 7.06―7.20(m, 5H), 6.46(s, 

1H), 3.02(t, J=5.6 Hz, 2H), 2.79(t, J=5.6 Hz, 2H), 2.61(t, J=5.6 

Hz, 2H), 2.36(s, 3H); 13C NMR(100 MHz, CDCl3), δ: 17.1, 

32.8, 33.9, 50.8, 55.8, 108.0, 126.4, 128.6, 128.7, 139.2, 147.5, 

157.5, 170.0. MS(ESI), m/z: 289.9[M+H]+. 

3-(4-Methylbenzylamino)-N-(4-methylthiazol-2-yl)propa-

namide(24c): a white solid; yield 52.3%; m. p. 131―133 °C; 
1H NMR(400 MHz, CDCl3), δ: 7.20(d, J=8.0 Hz, 2H), 7.03(d, 

J=7.6 Hz, 2H), 6.45(s, 1H), 3.67(s, 2H), 2.96(t, J=5.2 Hz, 2H), 

2.60(t, J=5.2 Hz, 2H), 2.35(s, 3H), 2.26(s, 3H); 13C NMR(100 

MHz, CDCl3), δ: 17.1, 21.1, 33.4, 49.8, 58.5, 107.9, 129.3, 

129.5, 133.2, 137.5, 147.1, 157.6, 169.9. MS(ESI), m/z: 290.0 

[M+H]+. 

N-(4-Methylthiazol-2-yl)-3-(1,7,7-trimethylbicyclo[2.2.1]-

heptan-2-ylamino)propanamide(24d): an orange oil; yield 

56.4%; 1H NMR(400 MHz, CDCl3), δ: 6.65(s, 1H), 3.12―3.73 

(m, 5H), 2.52(s, 3H), 1.49―2.26(m, 7H), 1.20(s, 3H), 1.13(s, 

3H), 0.89(s, 3H); 13C NMR(100 MHz, CDCl3), δ: 12.9, 14.4, 

18.6, 19.5, 20.2, 21.0, 26.2, 27.6, 28.3, 32.9, 36.7, 108.7, 138.7, 

160.8, 170.8. MS(ESI), m/z: 322.1[M+H]+. 

N-(4-Methylthiazol-2-yl)-3-(adamantanamino)propanamide

(24e): a white solid; yield 63.9%; m. p. 166―168 °C; 1H NMR 

(400 MHz, DMSO-d6), δ: 9.07(s, 1H), 6.78(s, 1H), 3.17(s, 2H), 

2.95(t, J=6.8 Hz, 2H), 2.51(s, 3H), 1.59―2.26(m, 15H);    
13C NMR(100 MHz, DMSO-d6), δ: 17.4, 36.1, 29.3, 32.6, 35.2, 

38.4, 39.8, 40.0, 40.2, 40.4, 40.7, 40.9, 57.2, 108.8, 146.6, 

158.2, 169.0. MS(ESI), m/z: 320.1[M+H]+. 

3-(2-Ethoxyphenylamino)-N-(4-methylthiazol-2-yl)propana-

mide(24f): a yellow oil; yield 47.2%; 1H NMR(400 MHz, 

CDCl3), δ: 10.43(s, 1H), 6.77(d, J=8.8 Hz, 2H), 6.63(d, J=8.8 

Hz, 2H), 6.52(s, 1H), 3.95(q, J=6.8 Hz, 2H), 3.48(t, J=6.8 Hz, 

2H), 2.67(t, J=6.0 Hz, 2H), 2.30(s, 1H), 1.37(t, J=6.8 Hz, 3H); 
13C NMR(100 MHz, CDCl3), δ: 15.1, 17.2, 35.6, 41.1, 64.2, 

108.4, 115.4, 115.9, 141.3, 146.9, 152.3, 158.1, 169.9. MS(ESI), 

m/z: 306.2[M+H]+. 

2-(Methyl(thiophen-2-ylmethyl)amino)-N-(4-phenylthiazol-

2-yl)acetamide(25a): an orange oil; yield 46.5%; 1H NMR(400 

MHz, DMSO-d6), δ: 11.20(s, 1H), 7.90(d, J=7.6 Hz, 2H), 

7.74(d, J=3.6 Hz, 2H), 7.42―7.47(m, 3H), 7.34(t, J=7.2 Hz, 

1H), 7.16(q, J=3.2 Hz, 1H), 4.72(s, 2H), 4.42(s, 2H), 2.90    

(s, 3H); 13C NMR(100 MHz, DMSO-d6), δ: 53.4, 54.8, 109.6, 

126.5, 128.4, 128.7, 129.6, 130.6, 130.9, 133.6, 134.8, 149.8, 

157.5, 164.4. MS(ESI), m/z: 343.9[M+H]+. 

2-(Benzylamino)-N-(4-phenylthiazol-2-yl)acetamide(25b): 

a yellow solid; yield 47.9%; m. p. 97―99 °C; 1H NMR(400 

MHz, CDCl3), δ: 7.84(d, J=7.2 Hz, 2H), 7.28―7.43(m, 8H), 

7.13(s, 1H), 3.84(s, 2H), 3.50(s, 2H); 13C NMR(100 MHz, 

CDCl3), δ: 51.3, 53.9, 107.8, 126.2, 127.6, 128.1, 128.2, 128.79, 

128.83, 134.5, 138.7, 150.1, 157.4, 170.1. MS(ESI), m/z: 

324.2[M+H]+. 

2-(4-Methylbenzylamino)-N-(4-phenylthiazol-2-yl)aceta-

mide(25c): an orange oil; yield 50.1%; 1H NMR(400 MHz, 

DMSO-d6), δ: 9.89(s, 1H), 7.90(d, J=7.6 Hz, 2H), 7.73(s, 1H), 

7.42―7.47(m, 4H), 7.34(t, J=7.6 Hz, 1H), 7.25(d, J=8.0 Hz, 

2H), 4.20(s, 2H), 4.02(s, 2H), 2.33(s, 3H); 13C NMR(100 MHz, 

DMSO-d6), δ: 21.6, 47.6, 50.6, 109.5, 126.6, 128.8, 129.3, 

129.6, 130.0, 131.1, 134.9, 139.3, 149.9, 157.7, 165.2. 

MS(ESI), m/z: 338.1[M+H]+. 

3-(4-Methoxybenzylamino)-N-(4,5,6,7-tetrahydrobenzo[d]-

thiazol-2-yl)propanamide(26a): an orange oil; yield 79.8%;     
1H NMR(400 MHz, DMSO-d6), δ: 9.46(s, 1H), 7.51(d, J=8.4 

Hz, 2H), 6.98(d, J=8.4 Hz, 2H), 4.08(t, J=7.6 Hz, 1H), 3.77(s, 

3H), 2.50―2.55(m, 4H), 1.76(s, 4H); 13C NMR(100 MHz, 

DMSO-d6), δ: 23.2, 23.3, 23.7, 26.4, 32.2, 40.9, 50.4, 56.2, 

114.9, 122.6, 124.7, 132.7, 143.3, 156.1, 160.6, 169.1. MS(ESI), 

m/z: 346.2[M+H]+. 

3-(4-Methylbenzylamino)-N-(4,5,6,7-tetrahydrobenzo[d]- 

thiazol-2-yl)propanamide(26b): a yellow solid; yield 64.1%;   

m. p. 99―100 °C; 1H NMR(400 MHz, CDCl3), δ: 7.25(d, 

J=8.0 Hz, 2H), 7.14(d, J=7.6 Hz, 2H), 3.85(s, 2H), 2.96(t, 

J=7.6 Hz, 1H), 2.66―2.71(m, 4H), 2.56(t, J=6.0 Hz, 2H), 

2.33(s, 3H), 1.84―1.85(m, 4H); 13C NMR(100 MHz, CDCl3), 

δ: 22.9, 23.1, 23.4, 26.5, 29.7, 34.7, 43.8, 52.8, 122.5, 128.4, 

129.3, 135.6, 137.6, 144.1, 155.3, 170.2. MS(ESI), m/z: 

329.8[M+H]+. 

N-(4,5,6,7-Tetrahydrobenzo[d]thiazol-2-yl)-3-(thiophen-2-

ylmethylamino)propanamide(26c): a brown solid; yield 48.1%; 

m. p. 104―105 °C; 1H NMR(400 MHz, CDCl3), δ: 7.23(dd, 

J1=4.8 Hz, J2=1.6 Hz, 2H), 6.95―6.98(m, 2H), 4.09(s, 2H), 

3.00(t, J=5.6 Hz, 2H), 2.68(d, J=5.2 Hz, 4H), 2.55(t, J=5.6 Hz, 

2H), 1.84―1.85(m, 4H); 13C NMR(100 MHz, CDCl3), δ: 23.0, 

23.2, 23.4, 26.6, 35.0, 43.7, 47.5, 122.7, 124.9, 125.8, 126.9, 

142.4, 144.2, 155.3, 170.0. MS(ESI), m/z: 322.0[M+H]+. 

3-(Benzylamino)-N-(4,5,6,7-tetrahydrobenzo[d]thiazol-2-

yl)propanamide(26d): an orange oil; yield 45.6%; 1H NMR(400 

MHz, CDCl3), δ: 7.25―7.38(m, 5H), 3.88(s, 2H), 2.97(t, J=6.0 

Hz, 2H), 2.64―2.69(m, 4H), 2.55(t, J=6.0 Hz, 2H), 1.84―1.85 

(m, 4H); 13C NMR(100 MHz, CDCl3), δ: 22.9, 23.1, 23.4, 26.5, 
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34.7, 43.9, 53.1, 122.5, 127.4, 128.4, 128.6, 138.8, 144.1, 155.2, 

170.1. MS(ESI), m/z: 316.3[M+H]+. 

3-(Furan-2-ylmethylamino)-N-(4,5,6,7-tetrahydrobenzo[d]-

thiazol-2-yl)propanamide(26e): an orange oil; yield 55.4%;     
1H NMR(400 MHz, DMSO-d6), δ: 9.52(s, 1H), 7.77―7.78(m, 

1H), 6.67(d, J=3.2 Hz, 1H), 6.53(q, J=2.0 Hz, 1H), 

3.15―3.19(m, 2H), 2.92(t, J=7.2 Hz, 2H), 2.50―2.55(m, 4H), 

1.76(s, 4H); 13C NMR(100 MHz, DMSO-d6), δ: 27.6, 27.7, 

28.1, 30.7, 36.6, 46.9, 47.7, 116.4, 117.7, 127.0, 147.6, 149.5, 

151.1, 160.6, 173.5. MS(ESI), m/z: 305.9[M+H]+. 

2-(4-Methoxyphenylamino)-N-(4,5,6,7-tetrahydrobenzo[d]-

thiazol-2-yl)acetamide(27a): a yellow solid; yield 53.5%; m. p. 

150―151 °C; 1H NMR(400 MHz, CDCl3), δ: 9.91(s, 1H), 

6.78(dd, J1=6.8 Hz, J2=2.0 Hz, 2H), 6.56(dd, J1=6.8 Hz, J2=2.0 

Hz, 2H), 4.13(s, 1H), 3.93(s, 2H), 3.74(s, 3H), 2.69―2.70(m, 

2H), 2.60―2.61(m, 2H), 1.82―1.85(m, 4H); 13C NMR(100 

MHz, CDCl3), δ: 23.09, 23.11, 23.4, 26.5, 49.6, 55.8, 114.7, 

115.2, 123.4, 140.6, 144.5, 153.7, 154.5, 169.1. MS(ESI), m/z: 

318.3[M+H]+. 

2-(Furan-2-ylmethylamino)-N-(4,5,6,7-tetrahydrobenzo[d]-

thiazol-2-yl)acetamide(27b): a yellow solid; yield 66.7%; m. p. 

102―104 °C; 1H NMR(400 MHz, CDCl3), δ: 7.35―7.36(m, 

1H), 6.29―6.31(m, 1H), 6.20―6.21(m, 1H), 3.81(s, 2H), 

3.47(s, 2H), 2.64―2.70(m, 4H), 1.83―1.87(m, 4H); 13C NMR 

(100 MHz, CDCl3), δ: 23.0, 23.1, 23.4, 26.4, 46.0, 50.8, 107.9, 

110.3, 122.9, 142.4, 144.3, 152.2, 154.6, 169.4. MS(ESI), m/z: 

292.1[M+H]+. 

2-[Methyl(thiophen-2-ylmethyl)amino]-N-(4,5,6,7-tetrahy-

drobenzo[d]thiazol-2-yl)acetamide(27c): an orange oil; yield 

61.6%; 1H NMR(400 MHz, DMSO-d6), δ: 11.11(s, 1H), 

7.74(dd, J1=5.2 Hz, J2=1.2 Hz, 1H), 7.39(d, J=3.2 Hz, 1H), 

7.14(dd, J1=5.2 Hz, J2=3.6 Hz, 1H), 4.69(s, 2H), 4.19(s, 2H), 

2.86(s, 3H), 2.51―2.65(m, 4H), 1.77(s, 4H); 13C NMR(100 

MHz, DMSO-d6), δ: 23.1, 23.3, 23.7, 26.5, 41.1, 53.3, 55.0, 

122.9, 128.5, 130.5, 131.0, 133.6, 144.0, 155.4, 164.5. 

MS(ESI), m/z: 322.0[M+H]+. 

2-(Benzylamino)-N-(4,5,6,7-tetrahydrobenzo[d]thiazol-2-

yl)acetamide(27d): a yellow solid; yield 65.4%; m. p. 101― 

103 °C; 1H NMR(400 MHz, CDCl3), δ: 7.26―7.37(m, 5H), 

3.83(s, 2H), 3.48(s, 2H), 2.65―2.71(m, 4H), 1.83―1.87(m, 

4H); 13C NMR(100 MHz, CDCl3), δ: 21.1, 23.1, 23.4, 26.5, 

51.2, 53.6, 122.9, 128.2, 129.4, 135.7, 137.2, 144.3, 154.5, 

169.5. MS(ESI), m/z: 301.9[M+H]+ 

2-(4-Methylbenzylamino)-N-(4,5,6,7-tetrahydrobenzo[d]-

thiazol-2-yl)acetamide(27e): an orange solid; yield 64.6%; m. p. 

114―116 °C; 1H NMR(400 MHz, CDCl3), δ: 7.13―7.20(m, 

4H), 3.78(s, 2H), 3.46(s, 2H), 2.64―2.70(m, 4H), 2.33(s, 3H), 

1.84―1.87(m, 4H); 13C NMR(100 MHz, CDCl3), δ: 21.1, 23.0, 

23.1, 23.4, 26.5, 51.2, 53.6, 123.0, 128.2, 129.4, 135.7, 137.2, 

144.3, 154.5, 169.5. MS(ESI), m/z: 316.1[M+H]+. 

2-(4-Methoxybenzylamino)-N-(4,5,6,7-tetrahydrobenzo[d]-

thiazol-2-yl)acetamide(27f): an orange oil; yield 63.6%;     
1H NMR(400 MHz, DMSO-d6), δ: 9.68(s, 1H), 7.47(d, J=8.4 

Hz, 2H), 6.98(d, J=8.8 Hz, 2H), 4.14(s, 2H), 3.94(s, 2H), 3.77(s, 

3H), 2.50―2.65(m, 4H), 1.77(s, 4H); 13C NMR(100 MHz, 

DMSO-d6), δ: 23.2, 23.4, 23.8, 26.7, 47.7, 50.4, 56.2, 114.9, 

123.0, 124.3, 133.0, 144.4, 155.3, 160.7, 165.1. MS(ESI), m/z: 

332.2[M+H]+. 

2.7  Biological Evaluation 

All the forty-three synthesized compounds were subjected 

for the evaluation of antitumor activities against human lung 

cancer cell line H1299 and human glioma cell line SHG-44. 

Teniposide, a cancer chemotherapeutic agent[3], was utilized as 

the positive control. For a typical screening, the cells were cul-

tured in a DMEM media supplemented with 10% fetal bovine 

serum, and then plated in 96-well plates in 180 μL at a plating 

density of 10000 cells per well. After incubating at 37 °C for 24 

h under an atmosphere of 5% CO2 and 100% relative humidity, 

the cells were treated with the tested compounds. The plates 

were cultured for an additional 48 h. Subsequently, the growth 

inhibition rate was assessed via the methyl thiazolyl tetrazo-

lium(MTT) assay[29,30]. The absorbance was measured on an 

RT6100 Microplate Reader at 492 nm. All the compounds were 

tested three times for each cell lines, and the results expressed 

as IC50s were the averages of three determination. 

3  Results and Discussion 

3.1  Synthesis 

The synthesis of 2-aminothiazole core was outlined in 

Scheme 1[16]. Initial α-bromination of ketones(1a, 1b and 4) 

with subsequent condensation with thiourea established 2-ami- 

nothiazoles(3a, 3b and 6) with different hydrophobic substitu-

tions. Followed previously disclosed protocol, 5-methyl-2- 

aminothiazole(11) was obtained via a four-step procedure[31]. 

Briefly, the reaction of propanal 7 with acetic anhydride in the 

presence of sodium acetate afforded enol acetate(8), which was 

subjected to the addition reaction by treating with bromine. 

Subsequent  alcoholysis and condensation with thiourea deli-

vered the target intermediate 11. It should be mentioned that 

5-bromo-2-aminothiazole(12) was commercially available. 

As depicted in Scheme 2, commercially available     

hetero-aromatic aldehydes 13a and 13b were smoothly con-

verted to the key intermediate amines(15a, 15b and 17) by 

treatment with hydroxylamine hydrochloride or methylamine 

aqueous solution followed by reduction under Zn/AcOH and 

NaBH4/MeOH, respectively. Alternatively, the strategy of   

reductive amination could be utilized for the access to    

camphor amine(19) in the presence of HCOONH4 at a high 

temperature.  

Finally, 2-aminothiazoles(3a, 3b, 6, 11 and 12) were acy-

lated with either 2-chloroacetyl chloride or 3-chloropropionyl 

chloride under basic conditions to give the corresponding alkyl 

chlorides(20a―20g, Scheme 3), which were then coupled with 

aliphatic amines or aromatic amines to produce the target 

compounds(21―27). 

3.2  Antitumor Activity 

As summarized in Table 1, some of the tested compounds 

present remarkable sensitivity profiles against the two tumor 

cell lines. Compounds 22a―22d, 26b―26d and 27d have IC50 

values against H1299 cell line at micromolar level. Meanwhile, 
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compounds 22a, 26b―26d, 27a and 27f show comparable  

activities against SHG-44 cell line. These results also indicate 

that the inhibitory activities against one cell line displayed by 

the active compounds is not in compliance with those against 

the other, and H1299 cell line proves a better selectivity   

towards the synthesized compounds. Inspiringly, compound 

26b exhibits the most potent antitumor activities against both of 

the cell lines with IC50 values of 4.89 and 4.03 μmol/L, respec-

tively. Other counterparts, such as compounds 26c and 26d, 

also exhibit good inhibitory activities against the two cell lines 

used in the assay. 

Table 1  Antitumor activities of compounds 21―27 against H1299 cell line and SHG-44 cell line 

Compd.
a 

R R1 n 
IC50

b
/(µmol·L

–1
) 

Compd.
a 

R R1 n 
IC50

b
/(µmol·L

–1
) 

H1299 SHG-44 H1299 SHG-44 

Teniposide / / / 0.95 0.68 23d Me 

 

1 25.97 36.67 

21a Me 

 

1 37.98 40.52 23e Me 

 

1 21.43 13.72 

21b Me 

 

1 26.34 29.56 24a Me 

 

2 22.85 17.33 

21c Me 

 

1 31.85 46.29 24b Me 

 

2 30.46 32.31 

21d Me 

 

1 24.43 30.52 24c Me 

 

2 22.96 15.73 

21e Me 

 

1 26.63 48.59 24d Me 

 

2 28.02 24.58 

21f Me 

 

1 23.76 38.86 24e Me 

 

2 24.19 22.47 

21g Me 

 

1 31.81 49.82 24f Me 

 

2 37.18 45.91 

21h Me 

 

1 44.70 44.17 25a Ph 

 

1 23.84 18.65 

22a Br 

 

1 6.61 9.78 25b Ph 

 

1 19.80 44.21 

22b Br 

 

1 7.66 12.93 25c Ph 

 

1 24.27 23.22 

22c Br 

 

1 9.31 14.29 26a / 

 

2 12.30 15.22 

22d Br 

 

1 9.34 14.41 26b / 

 

2 4.89 4.03 

22e Br 

 

1 8.71 13.66 26c / 

 

2 6.19 7.04 

22f Br 

 

1 10.25 18.35 26d / 

 

2 6.05 8.14 

22g Br 

 

1 10.31 17.05 26e / 

 

2 11.81 12.90 

22h Br 

 

1 13.89 21.76 27a / 

 

1 13.33 9.67 

   To be continued on the next page. 
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Compd.
a 

R R1 n 
IC50

b
/(µmol·L

–1
) 

Compd.
a 

R R1 n 
IC50

b
/(µmol·L

–1
) 

H1299 SHG-44 H1299 SHG-44 

22i Br 

 

1 12.65 25.22 27b / 

 

1 18.11 27.86 

22j Br 

 

1 10.92 16.80 27c / 

 

1 13.63 16.68 

23a Me 

 

1 25.44 27.22 27d / 

 

1 9.80 14.42 

23b Me 

 

1 17.42 29.03 27e / 

 

1 12.58 10.13 

23c Me 

 

1 29.01 34.73 27f / 

 

1 14.26 9.64 

 

a.                                                                ; b. each experiment was carried out in triplicate. 

                                                                                 

 
 
Subsequently, we explored the preliminary structure-   

activity relationships(SARs) around the 2-aminothiazoles. 

From Table 1, it can be concluded that the cell growth inhibi-

tory activities exhibited by the compounds appear to be closely 

dependent on the substitution patterns on the 2-aminothiazole 

core. The introduction of methyl group at the C4- or C5-position 

of the thiazoles leads to analogs with decreased poten-

cy(21a―21h, 22f―22j, 23a―23e and 24a―24f) with the IC50 

values of most of the compounds being more than 10 μmol/L. 

Meanwhile, the similar substituent effect on the potency can 

also be observed when the phenyl groups(25a―25c) have been 

introduced at the C4-position. However, the replacement of 

methyl group by bromo at the C5-position of the thiazoles  

results in marginal enhancement of potency, and the IC50  

values vary from 6.61 μmol/L to 9.34 μmol/L(22a―22e). It is 

noteworthy that 4,5,6,7-tetrahydrobenzo[d]thiazoles(26b―26d) 

exhibit promising antitumor activities at micromolar level, 

whereas other counterparts only show moderate levels of  

activities against either H1299 cell line or SHG-44 cell line. 

4  Conclusions 

In this work, an antitumor activity oriented 

2-aminothiazole sublibrary bearing lipophilic substituents at  

4- or/and 5-position was constructed. Several compounds 

showed moderate to good activities against human lung cancer 

cell line H1299 and human glioma cell line SHG-44. In   

particular, the promising compound 26b exhibited the most 

potent antitumor activities with IC50 values of 4.89 and    

4.03 µmol/L against H1299 and SHG-44 cell lines, respectively. 

The analysis of preliminary SARs suggested that 

2-aminothiazoles encompassing 4,5-butylidene moieties with 

the introduction of benzylic amines at the end of the chain are 

beneficial in promoting the cytotoxicity of the compounds. 

Future studies will be focused on the further structurally  

modification to obtain more potent compounds and their     

in vivo screening panel assay. 
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