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Abstract 
Twelve out of thirty-six thiazole-carboxamide derivatives were selected by the National Cancer 

Institute (NCI) for in vitro anticancer screening. Among these, five derivatives (33-35, 33, 33) 

exhibited significant anticancer activity in the primary assay at concentration 10
-5

 M, and further 

tested against a panel of sixty human tumor cell lines. Compounds 34, 35, 33 and 33 exhibited 

selective remarkable activity against all Leukemia cell lines, Lung cancer cell line NCI-H522 and 

Renal cancer cell line UO-31.  

Keywords: Synthesis, anticancer activity, 2,4-disubstituted thiazoles, thiazole-carboxamide, galloyl 
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___________________________________________________________________________ 

 

Introduction 
Among pharmacologically important hetero-

cyclic compounds, thiazole and its derivatives 

have been well known in pharmaceutical 

chemistry because of their wide spectrum of 

biological activities
[1,2].

 

 

Thiazol-2-yl-benzamides act as glukokinase 

activators, which are currently under investi-

gation as potential antidiabetic agents by many 

pharmaceutical companies 
[3-7]

, and have been 

recently proposed as a novel promising class of 

adenosine A1 and A3 receptor antagonists 
[9,1]

. 

 

The antitumor activity of 2, 4-disubstituted 

thiazoles containing amide functional group 

was the subject of many researchers
[10,11]

. 

Thiazole-carboxamide derivative II has been 

identified as a CDK2-selective inhibitor and has 

been selected to enter clinical development as 

an antitumor agent, and has shown superior 

antitumor efficacy to both flavopiridol and 

related analogues
[11]

. 

 

 
 

 

Chemistry 

The general methods for synthesis of target 4-

aryl-2-(arylcarboxamido)-1,3-thiazoles   3-33 

are depicted in Scheme 1. The synthesis of 

compounds 3-66 was achieved by a conden-

sation reaction of 2-amino-4-arylthiazoles 1a-d  

 

with appropriate acyl chlorides 6a-f yielding 

the corresponding amides 3-66. On the other 

hand, mono- di-, and tri-hydroxy derivatives 

63-33 were synthesized by treatment of the 

ester derivatives 15-66 with hydrazine hydrate.  
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Evaluation of anticancer activity in vitro 

A series of 4-ary l-2-(arylcarboxamido)-1,3-

thiazoles 3-33 were submitted to NCI for 

antitumor activity evaluation.  Compounds 4, 5, 

6, 9, 11, 13, 14, 33, 34, 35, 33, and 33 were 

selected for evaluation at single concentration 

of 10
-5

 M towards panel of sixty cancer cell 

lines. The human tumor cell lines were derived 

from nine different cancer types: leukemia, 

melanoma, lung, colon, CNS, ovarian, renal, 

prostate and breast cancers. Primary anticancer 

assays were performed according to the US 

NCI protocol, which was described elsewhere
 

[12]
. Compounds 4, 5, 6, 9, 11, 13, and 14 have 

not reduced the growth of any cell lines by 323 

or less, are inactive. Therefore, only five 

compounds 33-35, 33 and 33 have been 

selected for sixty cell line panel assays. 

 

From Table 2, Compound 33 exhibited a 

remarkable antitumor activity against Lung and 

Colon cancers cell lines NCI-H522 and HT21 

with growth inhibition (GI) values of 79.50 and 

74.413, respectively. However, a moderate 

activity for the same compound was observed 

for Leukemia cell lines CCRF-CEM, RPMI-

9226, SR as well as Renal cancer cell line UO-

31,with GI values  of 63.12, 63.91, 60.53, and 

63.563, respectively.  

Compound 34 showed highest activity against 

Leukemia cancer cell lines CCRF-CEM, 

MOLT-4, SR; Non-small cell lung cancer cell 

line NCI-H522; Ovarian cancer cell line 

IGROV1, and Renal cancer cell line UO-31, 

with GI values 91.56, 92.11, 92.53, 97.69, 

91.22, 91.153, respectively. 

 

Beside the remarkable inhibitory activity 

against all cell lines of Leukemia, and the lethal 

effect against Lung cancer cell line NCI-H522 

(Table 2), compound 35 exhibited a moderate 

activity against Lung cancer NCI-H460; Colon 

cancer HTC-116, HTC-15, SW-620; CNS 

cancer SNB-75, U251; Ovarian cancer 

IGROV1, OVCAR-3; Renal cancer CAKI-1, 

UO-31; Breast cancer T-47D with GI values of 

65.30, 74.06, 72.61, 60.32, 66.95, 67.10, 

66.94, 77.70, 73.64, 75.36, 69.713, 

respectively. 

Compound 33 was found to be a highly active 

growth inhibitor of Leukemia  cell lines CCRF-

CEM and SR (GI%; 91.52, 95.45), and 

moderately active against Leukemia MOLT-4, 

Colon cancer HCT-15 and Renal cancer 

ACHN, CAK-1 and UO-31 with GI values of 

71.19, 61.59, 64.05, 61.42, 61.663, 

respectively, however, it proved lethal effect to 

Lung cancer NCI-H522. 
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Table (6): Percentage Growth inhibition (GI%) of in vitro Subpanel Tumor Cell Lines at 11
-5

 M 

Concentrations of Compounds 33-35, 33 and 33. 

 

      % Growth Inhibition (GI%)
a
 

Subpanel tumor cell lines                                33                   34                  35                  33               

33 

                    Leukemia 

CCRF-CEM                                               63.12              91.56            10.91           91.52            11.12 

HL-60 (TB)                                                46.03              73.74            97.39           37.59            91.57 

K-562                                                          30.09              59.10            90.31           55.22            

12.01 

MOLT-4                                                     59.09              92.11           92.97           71.19            15.32 

                   Non-Small Cell Lung Cancer 

A541/ATCC                                               55.30              61.61            53.90           41.31           74.95 

HOP-62                                                          -                    42.11            53.60           35.21            

61.31 

NCI-H226                                                     -                     32.77           32.10           17.72             

25.07 

                           Colon Cancer 

COLO 205                                                    -                    10.99            15.53           19.60            

22.40 

HCT-116                                                     51.74              72.97            74.01           50.47            

92.29 

HCT-15                                                       74.41              77.10            72.61           61.59            

91.16 

                    CNS Cancer 

SF-269                                                         23.17               60.46           56.31            45.51           

73.32 

SNB-11                                                        10.37              41.79            59.51           40.11           

74.05 

SNB-75                                                        29.03              66.01            66.95           41.19            

63.29 

                    Melanoma 

LOX IMVI                                                   22.14              54.95            51.94          41.41            

19.29 

M14                                                              19.96              46.41            45.51          36.94            

76.91 

MDA-MB-435                                             24.39              51.66            31.00          35.55            

51.03 

SK-MEL-2                                                     -                    31.64            43.16          29.57             

69.10 

                    Ovarian Cancer 

IGROVI                                                       53.41              91.22            66.93          53.56             

94.26 

OVCAR-3                                                    30.97              50.27            77.70          27.42            

51.12 

OVCAR-4                                                    45.16              51.50            55.54          41.41            

72.11 

OVCAR-5                                                       -                      -                 10.57          13.11             

37.36 

                     Renal Cancer 

796-0                                                           16.13               43.74           59.37           35.56            

99.46 
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A419                                                            34.94               40.31           14.10             -                 

22.96 

ACHN                                                          51.69               72.17           51.69           64.05            

94.14 

CAKI-1                                                        51.64               77.56           73.64           61.42            

11.31 

UO-31                                                         63.56               91.15           75.36            61.66            

13.11 

                     Prostate Cancer 

PC-3                                                             25.73               50.00           41.17          31.51            

53.09 

DU-145                                                        11.65               41.99           42.26          34.91            

64.16 

                    Breast Cancer 

MCF7                                                           33.10               54.61           41.63          31.41            

71.66 

MDA-MB-231/ATCC                                  49.36               45.30           55.19          44.04            

63.19 

HS 579T                                                          -                    25.13           26.36             -                 

39.07 

BT-541                                                         27.20               45.11           54.05          33.10            

75.40 

T-47D                                                           49.90               67.01           69.71          55.33            

74.40 

MDA-MB-469                                             31.05               54.93           53.69           21.43            

44.17 
a
 -, GI<103; L, compound proved lethal to the cancer cell line. 

 

 

 

On the other hand, compound 33 showed a 

moderate growth inhibitory activity against 

most of the other cell lines; Lung cancer 

A541/ATCC, HOP-62, Colon cancer SW-620, 

CNS cancer SF-269, SF-215, SNB11, SNB-75, 

U251, Melanoma M14, SK-MEL-2, SK-MEL-

5, Ovarian cancer OVCAR-4, Renal cancer 

SN12C, Prostate cancer DU-145, Breast cancer 

MCF-7, MDA-MB-231/ATCC, BT-541, T-

47D with GI values of 74.95, 61.31, 74.67, 

73.32, 69.79, 74.05, 63.29, 76.57, 76.91, 

69.10, 75.39, 72.11, 77.44, 64.16, 71.66, 

63.19, 75.40, 74.403, respectively. These 

compounds were further undergo five dose 

testing which are illustrated in Table 3. From 

Table 3, we can conclude that, compounds 35, 

33 and 33 showed broad-spectrum anti-tumor 

activity against nearly all 60 cell lines used in 

this study, and demonstrated significant activity 

in the in vitro anti-tumor screening expressed 

by MG-MID  log10 GI50 value of  -5.45, -5.13 

and – 5.39, respectively. 

 

The data in Table 3 showed that  compound 35 

possessed a significant activity on Leukemia 

cell line (CCRF-CEM), Non-small cell Lung 

cancer cell line (NCI-H522)  and Renal  cancer 

cell line (UO-31) with log  GI50 values -6.16, -

6.47 and -6.22, respectively. Furthermore, 

compound 35 was found to be highly active 

growth inhibitor of all Leukemia cell lines, 

Non-small cell lung cancer cell line HOP-12, 

Colon cancer cell lines HTC-116, HTC-15, 

SW-620, where the MG-MID ranged from -

5.50 to -5.95. Compound 33  is highly active 

growth inhibitor of Leukemia cell lines CCRF-

CEM, MOLT-4, SR, Non-small cell Lung 

cancer cell line NCI-H522, Renal cancer cell 

lines CAKI-1, UO-31 at MG-MID range from -

5.50 to -5.99. Compound 33 is highly active 

growth inhibitor of all Leukemia cell lines, 

Non-small cell lung cancer cells A541/ATCC, 

HOP-12, NCI-H522, Colon cancer cell line 

HCT-15, where the MG-MID ranged from -

5.50 to -5.75. 
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Table (3): Inhibition of in vitro cancer cell lines by selected thiazole carboxamide derivatives  

34, 35, 33 and 33. 

 

Panel cell line           Response parameters (A) log10 GI50, (B) log10TGI , (C) log10 LC50 , and MG-     

                                             Compound 34          Compound 35             Compound 33           Compound 33 

    A      B       C           A      B         C             A        B       C           A        B          C 

Leokemia 
 CCRF-CEM     -4.10  -3.12    -2.30     -6.16     -4.19   -4.00   -5.91    -4.75    -4.49    -5.65    -5.03       -

4.00 

   HL-60(TB)     -3.75   -3.04    -2.30     -5.52    -5.00    -4.00   -5.09    -4.62   -4.49     -5.54    -5.02      -

4.00    

   K-562              -3-79  -2.30  -2.30     -5.56   -4.00  -4.00  -5.35   -4.49   -4.49    -5.46    -4.70      -

4.00 

   MOLT-4          -3.91   -3.09    -2.30     -5.91    -4.71   -4.00   -5.64   -4.49   -4.49    -5.61   -44.11    -

4.00 

   RPMI-9226      -3.71   -2.77   -2.30     -5.52     -4.66   -4.00   -5.25   -4.49   -4.49    -5.67   -4.17        -

4.04 

Non-small cell lung cancer 

A541/ATCC     -3.56   -2.30  -2.30    -5.25     -4.21   -4.00    -4.11  -4.49   -4.49   -5.54   -4.94       -

4.30 

   HOP-62             -3.51     -2.73   -2.30    -5.24     -4.50   -4.00    -5.05  -4.49    -4.49   -5.33  -4.75       -

4.30 

   HOP-12             -3.14     -2.19   -2.30     -5.91     -5.02  -4.00     -5.29   -4.59     -4.49   -5.57  -5.04      -

4.19 

   Colon cancer 

   HCT-15              -3.92    -2.30  -2.30    -5.50     -4.00 -4.00    -5.19  -4.49    -4.49    -5.50 -4.74      -

4.04 

   HT21                  -3.24      -2.65  -2.30     -5.23      -4.36    -4.01    -4.73  -4.49    -4.49    -4.13 -4.61     -

4.29 

   KM12                 -3.50      -2.94  -2.30     -5.10      -4.57  -4.00    -4.99  -4.49    -4.49    -5.27 -4.67     -

4.11 

   CNS cancer  

   SF-269                -3.94      -2.96  -2.30     -5.57      -4.50  -4.00     -5.20 -4.49    -4.49    -5.45 -4.96    -

4.21 

   SF-215                -3.26      -2.49   -2.30     -5.16     -4.26  -4.00      -4.71 -4.49   -4.49    -4.14 -4.59    -

4.23 

   SNB-75               -3.71      -2.40   -2.30     -5.72   -4.00  -4.00      -5.20 -4.49   -4.49    -5.41 -4.76    -

4.01 

 Melanoma 

   LOX IMVI           -3.76     -3.01     -2.46     -5.44     -4.41   -4.00      -5.19 -4.49   -4.49     -5.37-4.90   -

4.39 

   MDA-MB-435     -3.59     -2.53   -2.30     -5.25     -4.25   -4.00       -5.06-4.49   -4.49     -5.50-4.94   -

4.34 

   SK-MEL-29         -3.52   -2.30   -2.30     -5.14     -4.22    -4.00       -4.99-4.49  -4.49     -5.44-4.70   -

4.21 

   SK-MEL-5           -3.71     -3.05      -2.45     -5.44     -4.69      -4.06       -5.22-4.49  -4.49     -5.33-4.12  -

4.42 

   Ovarian cancer 

   IRGOV1              -3.74     -3.03    -2.30     -5.51    -4.69     -4.00       -5.17 -4.49 -4.49     -5.62 -5.01 -

2.16                           

                                -2.45     -5.47      -4.96     -4.03    -4.11      -4.49      -4.49 -5.30   -4.74     -4.31 

   OVCAR-4            -3.65     -2.60    -2.30     -5.56    -4.24      -4.00      -5.14  -4.49 -4.49   -5.36 -4.44-

4.00 

   OVCAR-5            -3.04     -2.30  -2.30     -4.74    -4.32      -4.00    -4.49  -4.49 -4.49   -4.93 -4.44  -

4.05 

   Renal cancer 
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   RXF 313               -3.79      -3.03   -2.30     -5.45    -4.71        -4.00      -5.14   -4.49 -4.49  -5.42 -4.77  -

4.30 

   SN12C                  -3.76      -2.42    -2.30     -5.50   -4.52      -4.00      -5.13   -4.49 -4.49  -5.44 -4.91 -

4.30 

   UO-31                   -4.30     -3.24    -2.30      -6.22   -4.71      -4.00      -5.79   -4.49 -4.49  -5.64-4.19  -

4.37 

Prostate cancer 

   DU-145                 -3.61     -2.73    -2.30      -5.11  4.00      -4.00       -5.02   -4.49-4.49  -5.35-4.90 -

4.31 

Breast cancer 

   MCF7                   -3.46    -2.30     -2.30     -5.33  4.00      -4.00       -4.17   -4.49-4.49  -5.26-4.36-

4.00 

   MDA-MB-231/                                        

   ATCC                   -3.95      -2.50     -2.30     -5.90     -4.61    -4.00       -5.21   -4.49-4.49  -5.36-4.61 -

4.23 

   T-47D                   -3.12      -3.17     -2.30     -5.63     -4.64    -4.00       -5.29   -4.49-4.49  -5.54-4.73-

4.00 

   MG-MID
*
            -3663      -6636       -6636     -5645      -4649      -4616       -5613     -465    -4643  -5633-4636 -

4661 

MG-MID = mean graph midpoint = arithmetical mean value for all tested cell lines. 

 

 

Conclusion 
In conclusion, compounds 35, 33 and 33 -the 

most active member of this study- exhibited 

remarkable activity against most of sixty cell 

lines. All selected compounds possessed 

selective remarkable activity towards all  

 

Leukemia cell lines, Lung cancer cell line NCI-

H522, and Renal cancer cell line UO-31. The 

incorporation of galloyl functional groups as 

well as substitution of the aryl group in 2-

position of thiazole moiety with suitable 

functionalities would led to more potent and 

selective antitumor agent. 

 

Experimental 

Synthesis of 6-amino-4-arylthiazoles (1a-d) 

2-Amino-4-arylthiazoles 1a-d were synthesized 

according to ref. [11]. 2-Amino-4-

phenylthiazole (1a), m.p. 145-6 
o
C [Lit. 29, 

141-151 
o
C; Lit. 21, 143-4 

o
C];  2-amino-4-(p-

methoxyphenyl)thiazole (1c), m.p. 203-5 
o
C 

[Lit. 21, 205-206 
o
C];  2-amino-4-(p-

tolyl)thiazole (1b), m.p. 137 
o
C [Lit. 21, 136-

137 
o
C]; 2-amino-4-(p-chlorophenyl)thiazole 

(1d), m.p. 175-177 
o
C [Lit.21, 176-177 

o
C]. 

 

4-Methoxy-N-(4-phenyl-thiazol-6-yl)-

benzamide (3) 

Compound 3 was obtained from the reaction of 

1a with 6a to yield 0.21g, white crystals; IR, 

νmax cm
-1 

=3350, 3450 (NH), 1772 (CO);H
 

NMR (400 MHz, CDCl3) δ 9.03 (d, 2H, J= 9.4 

Hz, aroyl-H), 7.73 (d, 2H, J=9.4 Hz, aryl-H), 

7.37 (t, 2H, J=9.4 Hz, aryl-H), 7.32 (t, 1H, 

J=9.4 Hz, aryl-H), 7.04 (s, 1H, thiazole-H), 

6.11 (d, 2H, J=9.4Hz, aroyl-H), 3.93 (s, 3H, 

OMe); 
13

C NMR (150.11 MHz) δ 167.41 (CO), 

165.11 (C2-thiazole), 162.71 Ar-C-OCH3), 

133.22 (C4-thiazole), 131.95, 130.71 (2C), 

121.23, 129.26 (2C), 126.32 (2C), 124.42, 

115.22 (2C) (Ar-C), 109.91 (C5-thiazole), 

56.07 (OCH3); ( MS (EI) m/z 310 (M
+
, 93). 

Anal. (C17H14N2O2S)C,H, N. 

 

Synthesis of 3,4,5-trimethoxy-N-(4-phenyl-

thiazol-6-yl)-benzamide (11) 

Compound 11 was obtained from the reaction 

of 1a with 6c to yield 0.55g, white crystals; IR, 

νmax cm
-1

= 3240 (NH), 1793 (CO); H NMR 

(400 MHz, CDCl3) δ 7.71 (d, 2H, J= 9.7 Hz, 

aryl-H), 7.65 (t, 2H, j= 9.7 Hz, aryl-H), 7.46 (t, 

1H, J= 9.7 Hz, aryl-H), 7.32 s, 2H, aroyl-H), 

7.15 (s, 1H, thiazole-H), 3.91 (s, 3H, OMe), 

3.95 (s, 6H, 2OMe); 
13

C NMR (150.11 MHz) δ  

166.14 (CO), 162.33 (C2-thiazole), 153.34 

(Ar-C-OCH3, 2C ), 151.06 (C4-thiazole), 

144.09 (Ar-C-OCH3), 132.76, 130.95, 121.62 

(2C), 126.15 (2C), 123.62,109.12 (Ar-C), 

105.24 (C5-thiazole), 61.10 (OCH3), 56.47 (2 

OCH3), 20.09 (CH3);  MS (EI) m/z 370(M
+
, 

213). Anal. (C11H19N2O4S) C, H, N. 

 

Synthesis of acetic acid 4-(4- p-tolyl -thiazol-

6-ylcarbamoyl)-phenyl ester (16) 
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Compound 16 was obtained from the reaction 

of 1b with 6d to yield 0.379g, white crystals; 

IR, νmax cm
-1

= 3450, 3230 (NH), 1649, 1672 

(CO); H NMR (400 MHz, CDCl3) δ 7.91 (d, 

2H, J= 9.4 Hz, aroyl-H), 7.62 (d, 2H, J= 9.4 

Hz,  aryl-H), 7.16 (d, 2H, J= 9.4 Hz, aroyl-H), 

7.13 (d, 2H, J= 9.4 Hz, aryl-H), 7.05 (s, 1H, 

thiazole-H), 2.30 (s, 3H, Me), 2.26 (s, 3H, 

OAc); MS (EI) m/z 353 (MH
+
, 113). Anal. 

(C11H16N2O3S)  

 

Synthesis of acetic acid 6,6-diacetoxy-4-(4-

phenyl-thiazol-6-ylcarbamoyl)-phenyl ester  

(63) 

Compound 63 was obtained from the reaction 

of 1a with 6f to yield 0.456g, white crystals; 

IR, νmax cm
-1

= 3301, 3100 (NH), 1779, 1610 

(CO); H NMR (400 MHz, CDCl3) δ 7.72 (d, 

2H, J= 9.6 Hz, aryl-H), 7.69 (s, 2H, aroyl-H), 

7.34 (t, 2H, J= 9.6 Hz, aryl-H), 7.25 (t, 1H, J= 

9.6 Hz, aryl-H), 7.11 (s, 1H, thiazole-H), 2.24 

(s, 1H, 3 OAc); MS (EI) m/z 455 (MH
+
, 25 %). 

Anal. (C22H19N2O7S) C, H, N.  

 

Anticancer activity 

The methodology of the NCI anticancer 

screening has been described in detail else-

where (http://www.dtp.nci.nih.gov) 
[12]

.  
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