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Abstract：Under the guidance of our previous achievements, and in order to extend  

this small molecular library. In current work, other 21 novel structures of  

thieno[2,3-d]pyrimidines containing isoxazole-moiety (1a-1u) were firstly  

synthesized and the cytotoxicity to A549, HCT116 and MCF-7 cell lines was  

evaluated using the MTT method. The results showed that most target compounds  

exhibited good to excellent cytotoxicity to A549, HCT116 and MCF-7 cell lines,  

especially 6-Methyl-4-{[3-(4-chlorophenyl)-isoxazol-5-yl-]-methoxy-}-thieno[2,3-d]- 

pyrimidine (1e) exhibited a broad-spectrum and the most potent cytotoxicity to A549,  

HCT116 and MCF-7 cell lines (IC50s: 2.79, 6.69 and 4.21×10-3 μM, respectively) as  

compared with the reference drug gefitinib (IC50s: 17.90, 21.55 and 20.68 μM,  

respectively). 1e can be seen as the best drug candidates for development of  

anticancer drugs. 
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1.  Introduction 

Cancer is the leading cause of death after cardiovascular disease, and the relative 

mortality rate caused by cancer is still very high even in developed countries, 

statically evident around 6-7 million new cases per year [1]. Lung cancer is the 

number one cause of cancer related death globally, with an estimated 13% of total 

cases and accounting for 18% of total deaths worldwide in 2008[2]. In 2010, there 

were 222,520 new lung cancer patients diagnosed and 157,300 died [3]. However, the 

non-small cell lung cancer (NSCLC) is usually diagnosed in advanced stages and 

accounts for 85% of all lung cancer diagnoses in the United States [4]. In China, it is 

reported that lung cancer has replaced the liver cancer as the number one cause of 

death among people with malignant tumors in 2008 [5].  

Breast cancer is also the most common cancer among American women. It was 

reported that one in every eight women in the United States was found to have breast 

cancer. According to American Cancer Society, nearly 40,000 women had died of 

breast cancer in 2011, and about 232,340 new cases of invasive breast cancer will be 

diagnosed each year. Thus, cancer has been a great threat to human survival, which 

prompts us to search for new drugs for treatment of cancer. 

Since 1994, Fry et al. found 4-anilino quinazoline(PD153035) as a specific 

EGFR-TKI. Quinazoline derivatives have been regarded as one of important drug 

scaffolds in the field of anticancer discovery. For many years, different class of 

quinazolines have been reported and some of them have been used in clinical or in 

clinical trails as epidermal growth factor receptor tyrosine kinase inhibitors 
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(EGFR-TKIs) (Fig. 1).  
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Fig. 1 Chemical structures of quinazolines used in clinical or clinical trial  

 

Isoxazole moiety was usually introduced to the drug molecules to improve their 

biological activities. Some drug molecules containing isoxazole moiety showed 

remarkable biological activities [27-33]. In our previous work, we introduced the 

isxoazole moiety at the 4-position of quinazoline parent ring and synthesized some 

quinazolines containing isoxazole moiety. The biological evaluation showed that 
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most compounds exhibited significant anticancer activity against MCF-7, A549 and 

HCT116 cell lines [34, 35].  

Thieno[2,3-d]pyrimidine derivatives also exhibited a wide range of biological 

activities: such as antimicrobial [36-39], antiviral [40,41], anti-inflammatory [42,43], 

antidiabetic [44], antioxidant [45], anxiolytic agents [46] and especially anticancer 

activities [47-59]. Based on our previous excellent achievements [34, 35], we have 

replaced the quinazoline parent core with the thieno[2,3-d]pyrimidine parent core and 

synthesized some thieno[2,3-d]pyrimidines containing isoxazole moiety. The results 

showed that most compounds exhibit more active anticancer activity against MCF-7, 

A549 and HCT116 cell lines [60]. In order to extend this small molecular library and 

find more active molecules for the development of anticancer agents, in current work, 

other novel structures of thieno[2,3-d]pyrimidines containing isoxazole-moiety 

(3a-3u) (Scheme 1) were also synthesized.  

 

Scheme 1.  Synthetic route for thieno[2,3-d]pyrimidines containing isoxazole-moiety-  
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Furthermore, we evaluated their biological activity against lung cancer cell line 

A549, colorectal cancer cell line HCT116 and breast cancer cell line MCF-7.  

 

2. Results and discussion 

2.1 Chemistry 

To obtain more potent anticancer agent as well as to study their structure-activity 

relationship (SAR), different substitution patterns at the 6-position of the 

thieno[2,3-d]pyrimidine core and on the benzene ring of isxoazole moiety were 

selected based on the substutition’s volume and electronic environments, which 

would affect lipophilicity and steric hindrance, and hence the anticancer activity of 

the target molecules. Based on these factors, 21 novel structures of 

thieno[2,3-d]pyrimidine derivatives containing isoxazole-moiety were synthesized 

and characterized by 1H NMR, 13C NMR, IR and mass spectrometry. Their in vitro 

anticancer activity against lung cancer A549, colorectal cancer HCT116 and breast 

cancer MCF-7 cell lines was preliminarily evaluated. 

2.2 Analytical spectral data of compounds 3a-u 

The IR spectral data of compounds 3a-u showed a characteristic absorption 

band at the 3103-3107 cm-1, which corresponds to the thiophene core, =C-H and 

Ph-H. The absorption band of the aromatic cycle skeleton, N=C group and the 

stretching frequency of C=C showed an absorption band at 1548-1567 cm-1. In the 1H 

NMR spectra, a singlet at 7.26-7.28 ppm in compounds 3a-n belongs to the proton of 

the 5-position of the thieno[2,3-d]pyrimidine core, while for the compounds 3o-u 
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(6-position of the thieno[2,3-d]pyrimidine core was substituted by tert-butyl group), 

the proton  signal of  the 5-position of the thieno[2,3-d]pyrimidine core was 

showed at 7.44 ppm, which is attributed to the steric effects caused by tert-butyl 

group; a singlet for a proton varying from 8.6-8.8 ppm belonged to the proton of 

2-position of  the thieno[2,3-d]pyrimidine core; a singlet recorded at 7.1-7.3 ppm 

corresponds to the proton of the isoxazole ring; two protons of CH2 connected 

isoxazole ring was recorded as a singlet at 5.8-5.9 ppm. In 13C NMR spectra, the 

carbon of CH2 connected isoxazole-ring appeared at 60-61 ppm, the 3-C, 4-C and 5-C 

of isoxazole ring appeared at 166, 101 and 158 ppm respectively. The 2-C, 4-C, 8-C 

and 9-C of thieno[2,3-d]pyrimidine core appeared at 154, 163, 145 and 127ppm 

respectively, the 6-C of thieno[2,3-d]pyrimidine core of all compounds appeared at 

137-138ppm, which indicates that tert-butyl group did not affect the chemical shifts 

of 5-C and 6-C of thieno[2,3-d]pyrimidine core. Some carbon atoms in the same 

chemical environment appeared only one signal. All target compounds were also 

confirmed by MS according to their molecular formulae, most compounds showed 

the expected molecular ion signal [M]+, but some showed the quasi-molecular ion 

signal [M+H]+. 

2.3 In vitro anticancer evaluation 

We preliminarily evaluated the synthesized compounds 3a-u for in vitro 

anticancer activity against A549, HCT116 and MCF-7 cell lines. The anticancer 

efficacy was comparable to the standard drug (gefitinib) (Table 1). It can be seen 

from the Table 1, the half of compounds exhibit good to excellent anticancer activity 
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against A549, HCT116 and MCF-7 cell lines. For 3a-g, it indicates that introducing 

the methyl and methoxy group to 4-position of the benzene ring of the isoxazole 

mioety will reduce their anticancer activity (For example, 3a is the most potent 

compounds among 3a-c, and the active sequence is 3a>3b>3c); while for 3d-g, it 

indicates that introducing the halogen atom to 4-position of the benzene ring of the 

isoxazole moiety will increase their anticancer activity, and 4-Cl substituted 

derivative is more potent than 4-Br substituted derivative; 3e is the most potent 

compound among 3a-g. In fact, 3e is 6.4-fold more active than gefitinib against A549, 

3.2-fold more active than gefitinib against HCT116 and 4912-fold much more active 

than gefitinib against MCF-7. For 3h-n (6-position of thieno[2,3-d]pyrimidine core is 

substituted by ethyl group), the anticancer activity of these compounds exhibited the 

same trend observed for compounds 3a-g. However, compounds 3j and 3k exhibited 

much stronger inhibition against A549 cell line and are the most potent ones among 

3h-n. Substance 3j (IC50 =5.50×10-4 μM) is 32545-fold more active than gefitinib 

(IC50 = 17.90 μM) against A549 cell line; while 3k (IC50 = 7.14×10-3 μM) is 2507-fold 

more active than gefitinib (IC50 = 17.90 μM) against A549 cell line. Furthermore, 3j 

and 3k also exhibited potent anticancer activity against HCT116 cell line. For 3o-u 

(6-position of thieno[2,3-d]pyrimidine core is substituted by tert-butyl group), as 

evidence from Table 1, the anticancer activity against A549 and HCT116 cell lines of 

these compounds is not remarkable, but the anticancer activity against MCF-7 is: 3o 

(IC50 = 2.06 μM) is 10-fold more potent than gefitinib (IC50 = 20.68 μM) against 

MCF-7 cell line, 3r (IC50 = 3.90 μM) is 5.3-fold more potent than gefitinib (IC50 = 
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20.68 μM) against MCF-7 cell line and 3u (IC50 = 5.38 μM) is 3.8-fold more potent 

than gefitinib (IC50 = 20.68 μM) against MCF-7 cell line. 

By comparing with the IC50 values of these compounds (3a-u) against A549, 

HCT116 and MCF-7 cell lines, we can also draw some rules: (1) Introducing the 

isoxazole moiety at the 4-position of thieno[2,3-d]pyrimidine core will greatly 

improve its anticancer activity. (2) Introducing a bulky hydrophobic group at the 

6-positions of thieno[2,3-d]pyrimidine core will greatly reduce anticancer activity 

against A549 and HCT116 cell lines. (3) The methyl group is superior than other 

groups substituted at 6-position of thieno[2,3-d]pyrimidine core for anticancer 

activity.  

Overall, 3a, 3e, 3g and 3h are the most potent compounds among these 

thieno[2,3-d]pyrimidines containing isoxazole-moiety by comparing their IC50 values 

with gefitinib. Consequently, they can be regarded as very promising lead drug 

candidates for the development of anticancer drugs. 
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Table 1 In vitro anticancer activity of 3a-u 

 

Compd  Substitutents    IC50 ±SD (μM) 

R1 R2 A549 HCT116 MCF-7 

3a CH3 H 118.90±0.0300 22.46±0.0580 6.02±0.0365 

3b CH3 4-CH3 144.10±0.0363 53.94±0.0593 13.47±0.0328 

3c CH3 4-OCH3 —a 3.58×106±0.0254 1.19×106±0.0612 

3d CH3 2-Cl —a 0.35±0.0629 —a 

3e CH3 4-Cl 2.79±0.0138 6.69±0.0486 4.21×10-3±0.0615 

3f CH3 2,4-diCl 134.90±0.0418 —a 50.58±0.0584 

3g CH3 4-Br 101.30±0.0572 49.13±0.0266 7.77×10-4±0.0345 

3h CH3CH2 H 68.58±0.0178 43.22±0.0265 113.8±0.0624 

3i CH3CH2 4-CH3 153.10±0.0840 60.71±0.0291 101.90±0.0535 

3j CH3CH2 4-OCH3 5.50×10-4±0.0997 112.00±0.0654 —a 

3k CH3CH2 2-Cl 7.14×10-3±0.2631 19.87±0.3442 —a 

3l CH3CH2 4-Cl 45.48±0.0612 33.26±0.0855 1.08×105±0.1528 

3m CH3CH2 2,4-diCl 64.90±0.0938 21.09±0.0691 250.40±0.00145 

3n CH3CH2 4-Br 4.94×102±0.0221 1.69×106±0.0563 71.44±0.0408 

3o (CH3)3C H 9.53×105±0.2077 7.45×105±0.0461 2.06±0.1159 

3p (CH3)3C 4-CH3 —a 7.50×105±0.0253 23.50±0.1068 
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3q (CH3)3C 4-OCH3 —a 2.19×106±0.0540 33.61±0.0051 

3r (CH3)3C 2-Cl 7.99×105±0.2234 —a 3.90±0.0646 

3s (CH3)3C 4-Cl 1.59×102±0.0721 3.58×106±0.0254 1.19×106±0.0612 

3u (CH3)3C 4-Br 41.40±0.2725 1.29×106±0.0053 5.38±0.0462 

Gefitinib 17.90±0.0074 21.55±0.0129 20.68±0.0384 

a The IC50 values could not be calculated 

3. Conclusion 

In this work, we synthesized 21 novel structures of thieno[2,3-d]pyrimidines, 

containing isoxazole moiety and tested them against three tumor cell lines: A549, 

HCT116 and MCF-7. The results indicate that introducing the isoxazole moiety to the 

4-position of thieno[2,3-d]pyrimidines will greatly improve anticancer activity. 

Compounds 3a, 3e, 3g and 3h exhibited a broad-spectrum and much stronger 

inhibitory activity against these tumor cell lines, for which they are considered 

promising drug candidates for development of anticancer drugs.  

4. Experimental  

4.1 Materials and apparatus 

Melting points (oC, uncorrected) were determined on a XT5 micrio melting 

point apparatus. NMR spectra were recorded on Bruker AVANCE III at 400 MHz for 

1H and 100 MHz for 13C, using TMS as internal standard and peak multiplicities was 

designed as follows: singlet (s), doublet (d), triplet (t), quartet (q) and multiplet (m). 

The coupling constants, J, are reported in Hertz (Hz). The FTIR spectra were 

recorded on VERTEX70, in KBr discs in the 600-3600 cm-1 region. ESI-MS were 
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performed on a DECAX-30000 LCQ Deca XP (70 eV). All reactions were monitored 

by thin layer chromatography (TLC) on silica gel plates at 254 nm under a UV lamp 

using petrolum/ethyl acetate as eluent. Silica gel (100-200 mesh, Qingdao haiyang 

chemical Co. Ltd.) was used for column chromatography. 

MTT{[3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide], Amresco} 

and dimethyl sulfoxide (DMSO) were purchased from Sigma. Gefitinib was 

purchased from the Hubei Prosperity Galaxy Chemical Co. Ltd., China. Dulbecco’s 

modified essential medium (DMEM), 10% fetal bovine serum (FBS) and 1% 

penicillin-streptomycin were purchased from Invitrogen. The intermediates 

{3-[(R2)-substituted-phenyl]-isoxazole-5-yl}-methanol (2a-g) were prepared 

according to our reported procedures [61]. Other chemicals were commercially 

available, and used without further purification. Isopropyl alcohol (iso-PrOH) was 

dried over anhydrous magnesium sulfate before use. 

4.2 General procedure for the preparation of the target compounds 3a-u 

   General synthesis of 3a: 6-methyl-4-chloro-thieno[2,3-d]pyrimidine 

(0.184 g, 1 mmol) was added into a 25 mL one-necked round-bottom flask with 5mL 

of dry iso-PrOH, and the mixture was stirred in a cold bath. Then a solution of Et3N 

(0.101 g, 1 mmol) and (3-phenyl-isoxazole-5-yl)-methanol (0.175 g, 1 mmol) in 

10mL dry iso-PrOH was slowly added to the reaction system using a syringe. The 

mixture was stirred in a cold bath for an additional 30 min, and then temperature was 

allowed to reach room temperature. After reaction completion (monitored by thin 

layer chromatography, TLC), the reaction mixture was evaporated under reduced 
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pressure, and the residue was purified by column chromatography on silica gel using 

petroleum ether and ethyl acetate (5:1→2:1) as eluant. Fractions with similar Rf  

values were combined to obtain the target compound 3a. Other 

thieno[2,3-d]pyrimidine derivatives containing isoxazole moiety 3b-u were 

synthesized using the same process 3a. 

4.2.1 6-Methyl-4-[(3-phenyl-isoxazol-5-yl-)methoxy]-thieno[2,3-d]pyrimidine 

    (3a) 

White solid; mp. 106-107 oC; yield, 88 %; IR (KBr, cm-1) υ: 3103, 1567, 1546, 

1442, 1309, 1026, 770; 1H NMR (400 MHz) δ in ppm: 2.61 (s, 3H, CH3), 5.80 (s, 2H, 

isoxazole-CH2), 7.24 (s, 1H, H of isoxazole-ring), 7.26 (s, 1H, 5-H of 

thieno[2,3-d]pyrimidine), 7.51 (d, 2H, J = 2.8 Hz, Ph-H), 7.52-7.53 (m, 1H, Ph-H), 

7.88-7.90 (m, 2H, Ph-H), 8.68 (s, 1H, 2-H of thieno[2,3-d]pyrimidine); 13C NMR 

(100 MHz) δ in ppm: 15.4 (CH3), 65.7 (isoxazole-CH2), 101.5 (4-C of isoxazole-ring), 

125.1 (5-C of thieno[2,3-d]pyrimidine), 127.0 (9-C of thieno[2,3-d]pyrimidine) , 

127.5 (two carbon atoms of Ph), 128.3 (Ph), 128.9 (Ph), 129.3 (two carbon atoms of 

Ph), 138.9 (6-C of thieno[2,3-d]pyrimidine), 145.8 (8-C of thieno[2,3-d]pyrimidine), 

154.9 (2-C of thieno[2,3-d]pyrimidine), 158.9 (5-C of isoxazole-ring), 163.3 (4-C of 

thieno[2,3-d]pyrimidine) , 166.0 (3-C of isoxazole-ring); ESI-MS (m/z , 100 %): 324 

([M+H]+, 20); Anal. calcd. for C17H13N3O2S: C, 63.16; H, 4.02; N, 13.00. Found: C, 

63.20; H, 3.99; N, 12.99 %. 

4.2.2 6-Methyl-4-[(3-p-tolyl-isoxazol-5-yl-)methoxy]- 

thieno[2,3-d]pyrimidine(3b) 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 March 2017                   doi:10.20944/preprints201703.0190.v1

http://dx.doi.org/10.20944/preprints201703.0190.v1


 

14 
 

White solid; mp. 111-113 oC; yield, 90 %; IR (KBr, cm-1) υ: 3103, 1567, 1546, 

1442, 1309, 1026, 812; 1H NMR (400 MHz) δ in ppm: 2.36 (s, 3H, Ph-CH3), 2.61 (s, 

3H, CH3), 5.79 (s, 2H, isoxazole-CH2), 7.20 (s, 1H, H of isoxazole-ring), 7.26 (s, 1H, 

5-H of thieno[2,3-d]pyrimidine), 7.33 (d, 2H, J = 8.0 Hz, Ph-H), 7.78 (d, 2H, J = 8.0 

Hz, Ph-H), 8.67 (s, 1H, 2-H of thieno[2,3-d]pyrimidine); 13C NMR (100 MHz) δ in 

ppm:14.9 (CH3), 21.3 (Ph-CH3), 65.7 (isoxazole-CH2), 101.5 (4-C of isoxazole-ring), 

125.0 (5-C of thieno[2,3-d]pyrimidine), 125.7 (two carbons of Ph), 125.2 (Ph), 126.5 

(9-C of thieno[2,3-d]pyrimidine), 129.5 (two carbons of Ph), 131.7 (Ph), 138.9 (6-C 

of thieno[2,3-d]pyrimidine), 145.8 (8-C of thieno[2,3-d]pyrimidine), 154.9 (2-C of 

thieno[2,3-d]pyrimidine), 158.9 (5-C of isoxazole-ring), 163.3 (4-C of 

thieno[2,3-d]pyrimidine), 166.0(3-C of isoxazole-ring); ESI-MS (m/z, 100 %): 338 

([M+H]+, 100); Anal. calcd. for C18H15N3O2S: C, 64.09; H, 4.45; N, 12.46. Found: C, 

64.11; H, 4.47; N, 12.38 %. 

4.2.3   6-Methyl-4-{[3-(4-methoxyphenyl)-isoxazol-5-yl-]-methoxy-}- 

thieno[2,3-d]pyrimidine (3c) 

White solid; mp. 109-112 oC; yield, 91 %; IR (KBr, cm-1) υ: 3103, 1567, 1546, 

1442, 1309, 1026, 835;  1H NMR (400 MHz) δ in ppm: 2.61 (s, 3H, CH3), 3.80 (s, 

3H, Ph-OCH3), 5.78 (s, 2H, isoxazole-CH2), 7.06 (d, 2H, J = 6.8 Hz, Ph-H), 7.17 (s, 

1H, H of isoxazole-ring), 7.26 (s, 1H, 5-H of thieno[2,3-d]pyrimidine), 7.84 (d, 2H, J 

= 8.8 Hz, Ph-H), 8.67 (s, 1H, 2-H of thieno[2,3-d]pyrimidine); 13C NMR (100 MHz) 

δ in ppm:14.9 (CH3), 55.8 (Ph-OCH3), 65.7 (isoxazole-CH2), 101.5 (4-C of 

isoxazole-ring), 125.0 (5-C of thieno[2,3-d]pyrimidine), 114.8 (two carbons of Ph), 
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120.2 (Ph), 126.5 (9-C of thieno[2,3-d]pyrimidine), 128.5 (two carbons of Ph), 

138.9(6-C of thieno[2,3-d]pyrimidine), 145.8 (8-C of thieno[2,3-d]pyrimidine), 154.9 

(2-C of thieno[2,3-d]pyrimidine), 158.9 (5-C of isoxazole-ring), 160.6 (Ph), 163.3 

(4-C of thieno[2,3-d]pyrimidine), 166.0 (3-C of isoxazole-ring); ESI-MS (m/z , 

100 %): 352 ([M]+, 100); Anal. calcd. for C18H15N3O3S: C, 61.36; H, 4.26; N, 11.93. 

Found: C, 61.22; H, 4.29; N, 11.91 %. 

4.2.4   6-Methyl-4-{[3-(2-chlorophenyl)-isoxazol-5-yl-]-methoxy-}- 

thieno[2,3-d]pyrimidine (3d) 

White solid; mp. 98-101 oC;  yield, 78 %; IR (KBr, cm-1) υ: 3103, 1567, 1546, 

1442, 1309, 1026, 867; 1H NMR (400 MHz) δ in ppm: 2.61 (s, 3H, CH3), 5.83 (s, 2H, 

isoxazole-CH2), 7.13 (s, 1H, H of isoxazole-ring), 7.26 (s, 1H, 5-H of 

thieno[2,3-d]pyrimidine), 7.47-7.51 (m, 1H, Ph-H), 7.54-7.58 (m, 1H, Ph-H), 

7.64-7.67 (m, 1H, Ph-H), 7.70-7.72 (m, 1H, Ph-H), 8.68 (s, 1H, 2-H of 

thieno[2,3-d]pyrimidine); 13C NMR (100 MHz) δ in ppm: 14.9 (CH3), 65.7 

(isoxazole-CH2), 101.5 (4-C of isoxazole-ring), 125.0 (5-C of 

thieno[2,3-d]pyrimidine), 126.5 (9-C of thieno[2,3-d]pyrimidine), 128.9 (Ph), 129.9 

(Ph), 130.1 (Ph), 130.6 (Ph), 132.2 (Ph), 132.5 (Ph), 138.9 (6-C of 

thieno[2,3-d]pyrimidine), 145.8 (8-C of thieno[2,3-d]pyrimidine), 154.9 (2-C of 

thieno[2,3-d]pyrimidine), 158.9 (5-C of isoxazole-ring), 163.3 (4-C of 

thieno[2,3-d]pyrimidine), 162.0 (3-C of isoxazole-ring); ESI-MS (m/z, 100 %): 357 

([M]+, 50); Anal. calcd. for C17H12ClN3O2S: C, 57.14; H, 3.36; N, 11.76. Found: C, 

57.11; H, 3.38; N, 11.75 %. 
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4.2.5 6-Methyl-4-{[3-(4-chlorophenyl)-isoxazol-5-yl-]-methoxy-}- 

thieno[2,3-d]pyrimidine (3e) 

White solid; mp. 105-106 oC; yield, 82 %; IR (KBr, cm-1) υ: 3103, 1567, 1546, 

1442, 1309, 1026, 832; 1H NMR (400 MHz) δ in ppm: 2.61 (s, 3H, CH3), 5.81 (s, 2H, 

isoxazole-CH2), 7.26 (s, 1H, 5-H of thieno[2,3-d]pyrimidine), 7.27 (s, 1H, H of 

isoxazole-ring), 7.59 (d, 2H, J = 8.4 Hz, Ph-H), 7.92 (d, 2H, J = 8.4 Hz, Ph-H), 8.67 

(s, 1H, 2-H of thieno[2,3-d]pyrimidine); 13C NMR (100 MHz) δ in ppm: 14.9 (CH3), 

65.7 (isoxazole-CH2), 101.5 (4-C of isoxazole-ring), 125.0 (5-C of 

thieno[2,3-d]pyrimidine), 126.3 (Ph), 126.5 (9-C of thieno[2,3-d]pyrimidine), 128.9 

(two carbons of Ph), 129.5 (two carbons of Ph), 134.3 (Ph), 138.9 (6-C of 

thieno[2,3-d]pyrimidine), 145.8 (8-C of thieno[2,3-d]pyrimidine), 154.9 (2-C of 

thieno[2,3-d]pyrimidine), 158.9 (5-C of isoxazole-ring), 160.6 (Ph), 163.3 (4-C of 

thieno[2,3-d]pyrimidine), 166.0 (3-C of isoxazole-ring); ESI-MS (m/z, 100 %): 379 

([M+23]+,100); Anal. calcd. for C17H12ClN3O2S: C, 57.14; H, 3.36; N, 11.76. Found: 

C, 57.11; H, 3.38; N, 11.75 %. 

4.2.6   6-Methyl-4-{[3-(2,4-dichlorophenyl)-isoxazol-5-yl-]-methoxy-}- 

thieno[2,3-d]pyrimidine (3f) 

White solid; mp. 99-100 oC; yield, 72 %; IR (KBr, cm-1) υ: 3103, 1567, 1546, 

1442, 1309, 1026, 856;  1H NMR (400 MHz) δ in ppm: 2.61 (s, 3H, CH3), 5.83 (s, 

2H, isoxazole-CH2), 7.15 (s, 1H, H of isoxazole-ring), 7.26 (s, 1H, 5-H of 

thieno[2,3-d]pyrimidine), 7.58-7.61 (m, 1H, Ph-H), 7.75 (d, 1H, J = 8.4 Hz, Ph-H), 

7.85 (d, 1H, J = 2.0 Hz, Ph-H), 8.68 (s, 1H, 2-H of thieno[2,3-d]pyrimidine); 13C 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 March 2017                   doi:10.20944/preprints201703.0190.v1

http://dx.doi.org/10.20944/preprints201703.0190.v1


 

17 
 

NMR (100 MHz) δ in ppm: 14.9 (CH3), 65.7 (isoxazole-CH2), 101.5 (4-C of 

isoxazole-ring), 125.0 (5-C of thieno[2,3-d]pyrimidine), 126.5 (9-C of 

thieno[2,3-d]pyrimidine), 127.4 (Ph), 128.0 (Ph), 130.3 (Ph), 130.9 (Ph), 133.6 (Ph), 

135.7 (Ph), 138.9 (6-C of thieno[2,3-d]pyrimidine), 145.8 (8-C of 

thieno[2,3-d]pyrimidine), 154.9 (2-C of thieno[2,3-d]pyrimidine), 158.9 (5-C of 

isoxazole-ring), 163.3 (4-C of thieno[2,3-d]pyrimidine), 162.0 (3-C of isoxazole-ring); 

ESI-MS (m/z, 100%): 393 ([M+H]+,70); Anal. calcd. for C17H11Cl2N3O2S: C, 52.04; 

H, 2.80; N, 10.71. Found: C, 52.07; H, 3.00; N, 10.50 %. 

4.2.7 6-Methyl-4-{[3-(4-bromophenyl)-isoxazol-5-yl-]-methoxy-}- 

thieno[2,3-d]pyrimidine (3g) 

White solid; mp. 129-131 oC; yield, 72 %; IR (KBr, cm-1) υ: 3103, 1567, 1546, 

1442, 1309, 1026, 834; 1H NMR (400 MHz) δ in ppm: 2.61 (s, 3H, CH3), 5.81 (s, 2H, 

isoxazole-CH2), 7.26 (s, 1H, 5-H of thieno[2,3-d]pyrimidine), 7.27 (s, 1H, H of 

isoxazole-ring), 7.74 (d, 2H, J = 8.8 Hz, Ph-H), 7.86 (d, 2H, J = 6.4 Hz, Ph-H), 8.67 

(s, 1H, 2-H of thieno[2,3-d]pyrimidine); 13C NMR (100 MHz) δ in ppm: 14.9 (CH3), 

65.7 (isoxazole-CH2), 101.5 (4-C of isoxazole-ring), 123.3 (Ph),  125.0 (5-C of 

thieno[2,3-d]pyrimidine), 126.5 (9-C of thieno[2,3-d]pyrimidine), 127.3 (Ph), 128.3 

(two carbons of Ph), 132.2 (two carbons of Ph), 138.9 (6-C of 

thieno[2,3-d]pyrimidine), 145.8 (8-C of thieno[2,3-d]pyrimidine), 154.9 (2-C of 

thieno[2,3-d]pyrimidine), 158.9 (5-C of isoxazole-ring), 160.6 (Ph), 163.3 (4-C of 

thieno[2,3-d]pyrimidine), 166.0 (3-C of isoxazole-ring); ESI-MS(m/z, 100 %): 441 

([M+39]+, 30); Anal. calcd. for C17H12BrN3O2S: C, 50.74; H,2.99; N, 10.45. Found: C, 
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50.76; H, 3.00; N, 10.48 %. 

4.2.8 6-Ethyl-4-[(3-phenyl-isoxazol-5-yl-)-methoxy-]- 

thieno[2,3-d]pyrimidine (3h) 

White solid, mp. 115-116 oC; yield, 81 %; IR (KBr, cm-1) υ: 3109, 1571, 1549, 

1510, 1461, 1431, 1363, 1322, 1036, 775; 1H NMR (400 MHz) δ in ppm: 1.34 (t, 3H, 

CH2CH3, J = 7.2 Hz), 2.92 (q, 2H, CH2CH3, J = 0.8 Hz), 5.81 (s, 2H, isoxazole-CH2), 

7.25 (s, 1H, H of isoxazole-ring), 7.26 (s, 1H, 5-H of thieno[2,3-d]pyrimidine), 

7.51-7.53 (m, 3H, Ph-H), 7.88-7.91 (m, 2H, Ph-H), 8.68 (s, 1H, 2-H of 

thieno[2,3-d]pyrimidine); 13C NMR (100 MHz) δ in ppm: 16.4 (CH2-CH3), 23.5 

(CH2-CH3), 65.7 (isoxazole-CH2), 101.5 (4-C of isoxazole-ring), 125.1 (5-C of 

thieno[2,3-d]pyrimidine), 126.5 (9-C of thieno[2,3-d]pyrimidine) , 127.5 (two carbon 

atoms of Ph), 128.2 (Ph), 128.7 (Ph), 129.3(two carbon atoms of Ph), 137.3 (6-C of 

thieno[2,3-d]pyrimidine), 145.8 (8-C of thieno[2,3-d]pyrimidine), 154.9 (2-C of 

thieno[2,3-d]pyrimidine), 158.9 (5-C of isoxazole-ring), 163.3 (4-C of 

thieno[2,3-d]pyrimidine) , 166.0 (3-C of isoxazole-ring); ESI-MS (m/z, 100 %): 337 

([M]+, 10); Anal. calcd. for C18H15N3O2S: C, 64.09; H,4.45; N, 12.46. Found: C, 

64.07; H, 4.50; N, 12.41 %. 

4.2.9 6-Ethyl-4-[(3-p-tolyl-isoxazol-5-yl-)methoxy]-thieno[2,3-d]pyrimidine (3i) 

White solid; mp. 112-113 oC; yield, 88 %; IR (KBr, cm-1) υ: 3109, 1571, 1549, 

1510, 1461, 1431, 1363, 1322, 1036, 845; 1H NMR (400 MHz) δ in ppm: 1.34 (t,  

3H, CH2CH3, J = 7.6 Hz), 2.36 (s, 3H, Ph-CH3), 2.97 (q, 2H, CH2CH3, J = 1.2 Hz), 

5.79 (s, 2H, isoxazole-CH2), 7.21 (s, 1H, H of isoxazole-ring), 7.27 (s, 1H, 5-H of 
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thieno[2,3-d]pyrimidine), 7.31 (d, 2H,  J = 7.6 Hz, Ph-H), 7.79 (d, 2H,  J = 8.4 Hz, 

Ph-H),  8.68 (s, 1H, 2-H of thieno[2,3-d]pyrimidine); 13C NMR (100 MHz) δ in ppm: 

16.1 (CH2-CH3), 21.5 (Ph-CH3), 23.1 (CH2-CH3), 65.7 (isoxazole-CH2), 101.5 (4-C 

of isoxazole-ring), 125.1 (5-C of thieno[2,3-d]pyrimidine), 125.3 (Ph), 125.7 (two 

carbons of Ph), 126.5 (9-C of thieno[2,3-d]pyrimidine), 129.5 (two carbons of Ph), 

131.7 (Ph), 137.3 (6-C of thieno[2,3-d]pyrimidine), 145.8 (8-C of 

thieno[2,3-d]pyrimidine), 154.9 (2-C of thieno[2,3-d]pyrimidine), 158.9 (5-C of 

isoxazole-ring), 163.3 (4-C of thieno[2,3-d]pyrimidine) , 166.0 (3-C of 

isoxazole-ring); ESI-MS (m/z, 100 %): 352 ([M+H]+, 10); Anal. calcd. for 

C19H17N3O2S: C, 64.96; H,4.45; N, 12.46. Found: C, 64.07; H, 4.50; N, 12.41 %. 

4.2.10  6-Ethyl-4-{[3-(4-methoxyphenyl)-isoxazol-5-yl-]-methoxy-}- 

thieno[2,3-d]pyrimidine (3j) 

White solid; mp. 114-116 oC; yield, 86 %; IR (KBr, cm-1) υ:  3109, 1571, 1549, 

1510, 1461, 1431, 1363, 1322, 1036, 845; 1H NMR (400 MHz) δ in ppm: 1.32 (t, 3H, 

CH2CH3, J = 7.6 Hz), 2.97 (q, 2H, CH2CH3, J = 1.2 Hz), 3.93 (s, 3H, Ph-OCH3), 5.78 

(s, 2H, isoxazole-CH2), 7.08 (d, 2H, J = 8.8 Hz, Ph-H), 7.18 (s, 1H, H of 

isoxazole-ring), 7.26 (s, 1H, 5-H of thieno[2,3-d]pyrimidine), 7.83 (d, 2H, J = 8.8 Hz, 

Ph-H), 8.67 (s, 1H, 2-H of thieno[2,3-d]pyrimidine); 13C NMR (100 MHz) δ in ppm: 

16.1 (CH2-CH3), 23.1 (CH2-CH3), 55.8 (OCH3), 65.7 (isoxazole-CH2), 101.5 (4-C of 

isoxazole-ring), 114.8 (two carbons of Ph), 120.5 (Ph), 125.1 (5-C of 

thieno[2,3-d]pyrimidine), 126.5 (9-C of thieno[2,3-d]pyrimidine), 128.5 (two carbons 

of Ph), 137.3 (6-C of thieno[2,3-d]pyrimidine), 145.8 (8-C of 
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thieno[2,3-d]pyrimidine), 154.9 (2-C of thieno[2,3-d]pyrimidine), 158.9 (5-C of 

isoxazole-ring), 160.6 (Ph), 163.3 (4-C of thieno[2,3-d]pyrimidine) , 166.0 (3-C of 

isoxazole-ring);  ESI-MS (m/z, 100 %): 367 ([M]+, 5), 368 ([M+H]+, 10); Anal. 

calcd. for C19H17N3O3S: C, 62.12; H, 4.63; N, 11.44. Found: C, 62.10; H, 4.68; N, 

11.39 %. 

4.2.11  6-Ethyl-4-{[3-(2-chlorophenyl)-isoxazol-5-yl-]-methoxy}- 

thieno[2,3-d]pyrimidine (3k) 

White solid; mp. 100-101 oC; yield, 76 %; IR (KBr, cm-1) υ: 3109, 1571, 1549, 

1510, 1461, 1431, 1363, 1322, 1036, 845;  1H NMR (400 MHz) δ in ppm: 1.33 (t, 

3H, CH2CH3, J = 7.6 Hz), 2.97 (q, 2H, CH2CH3, J = 1.2 Hz), 5.83 (s, 2H, 

isoxazole-CH2), 7.13 (s, 1H, H of isoxazole-ring), 7.27 (s, 1H, 5-H of 

thieno[2,3-d]pyrimidine), 7.47-7.58 (m, 2H, Ph-H), 7.64-7.66 (m, 1H, Ph-H ), 

7.67-7.72 (m, 1H, Ph-H), 8.69 (s, 1H, 5-H of thieno[2,3-d]pyrimidine); 13C NMR 

(100 MHz) δ in ppm: 16.1 (CH2-CH3), 23.1 (CH2-CH3), 65.7 (isoxazole-CH2), 101.5 

(4-C of isoxazole-ring), 125.0 (5-C of thieno[2,3-d]pyrimidine), 126.5 (9-C of 

thieno[2,3-d]pyrimidine), 128.9 (Ph), 129.9 (Ph), 130.1 (Ph), 130.6 (Ph), 132.2 (Ph), 

132.5 (Ph), 137.3 (6-C of thieno[2,3-d]pyrimidine), 145.8 (8-C of 

thieno[2,3-d]pyrimidine), 154.9 (2-C of thieno[2,3-d]pyrimidine), 158.9 (5-C of 

isoxazole-ring), 163.3 (4-C of thieno[2,3-d]pyrimidine), 162.0 (3-C of isoxazole-ring); 

ESI-MS (m/z, 100 %): 372 ([M+H]+, 15); Anal. calcd. for C18H14ClN3O2S: C, 58.22; 

H,3.77; N, 11.32. Found: C, 58.17; H, 3.80; N, 11.31 %. 

4.2.12  6-Ethyl-4-{[3-(4-chlorophenyl)-isoxazol-5-yl-]-methoxy}- 
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thieno[2,3-d]pyrimidine (3l) 

White solid; mp. 144-145 oC; yield, 78 %; IR (KBr, cm-1) υ: 3109, 1571, 1549, 

1510, 1461, 1431, 1363, 1322, 1036, 845; 1H NMR (400 MHz) δ in ppm: 1.32 (t, 3H, 

CH2CH3, J = 7.6 Hz), 2.96 (q, 2H, CH2CH3, J = 1.2 Hz), 5.81 (s, 2H, isoxazole-CH2), 

7.26 (s, 1H, H of isoxazole-ring), 7.28 (s, 1H, 5-H of thieno[2,3-d]pyrimidine), 7.60 

(d, 2H, J = 8.8 Hz, Ph-H), 7.93 (d, 2H, J = 8.8 Hz, Ph-H), 8.68 (s, 1H, 2-H of 

thieno[2,3-d]pyrimidine); 13C NMR (100 MHz) δ in ppm: 16.1 (CH2-CH3), 23.1 

(CH2-CH3), 65.7 (isoxazole-CH2), 101.5 (4-C of isoxazole-ring), 125.0 (5-C of 

thieno[2,3-d]pyrimidine), 126.3 (Ph), 126.5 (9-C of thieno[2,3-d]pyrimidine), 128.9 

(two carbons of Ph), 129.5 (two carbons of Ph), 134.3 (Ph), 137.3 (6-C of 

thieno[2,3-d]pyrimidine), 145.8 (8-C of thieno[2,3-d]pyrimidine), 154.9 (2-C of 

thieno[2,3-d]pyrimidine), 158.9 (5-C of isoxazole-ring), 163.3 (4-C of 

thieno[2,3-d]pyrimidine), 166.0 (3-C of isoxazole-ring); ESI-MS (m/z, 100 %): 389 

([M+18]+, 5); Anal. calcd. for C18H14ClN3O2S: C, 58.22; H,3.77; N, 11.32. Found: C, 

58.17; H, 3.80; N, 11.31%. 

4.2.13   6-Ethyl-4-{[3-(2,4-dichlorophenyl)-isoxazol-5-yl-]-methoxy}- 

thieno[2,3-d]pyrimidine (3m) 

White solid; mp. 94-96 oC; yield, 70 %; IR (KBr, cm-1) υ: 3109, 1571, 1549, 

1510, 1461, 1431, 1363, 1322, 1036, 845; 1H NMR (400 MHz) δ in ppm: 1.33 (t, 3H, 

CH2CH3, J = 7.6 Hz), 2.95 (q, 2H, CH2CH3, J = 1.2 Hz), 5.83 (s, 2H, isoxazole-CH2), 

7.16 (s, 1H, H of isoxazole-ring), 7.26 (s, 1H, 5-H of thieno[2,3-d]pyrimidine), 

7.58-7.60 (m, 1H, Ph-H), 7.75 (d, 1H, J = 8.4 Hz, Ph-H), 7.85 (s, 1H, Ph-H), 8.69 (s, 
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1H, 2-H of thieno[2,3-d]pyrimidine); 13C NMR (100 MHz) δ in ppm: 16.1 (CH2-CH3), 

23.1 (CH2-CH3), 65.7 (isoxazole-CH2), 101.5 (4-C of isoxazole-ring), 125.0 (5-C of 

thieno[2,3-d]pyrimidine), 126.5 (9-C of thieno[2,3-d]pyrimidine), 127.4 (Ph), 128.0 

(Ph), 130.3 (Ph), 130.9 (Ph), 133.6 (Ph), 135.7 (Ph), 137.3 (6-C of 

thieno[2,3-d]pyrimidine), 145.8 (8-C of thieno[2,3-d]pyrimidine), 154.9 (2-C of 

thieno[2,3-d]pyrimidine), 158.9 (5-C of isoxazole-ring), 163.3 (4-C of 

thieno[2,3-d]pyrimidine), 162.0 (3-C of isoxazole-ring); ESI-MS (m/z, 100 %): 406 

([M]+,15); Anal. calcd. for C18H13Cl2N3O2S: C, 53.20; H,3.20; N, 10.34. Found: C, 

53.21; H, 3.23; N, 10.31 %. 

4.2.14  6-Ethly-4-{[3-(4-bromophenyl)-isoxazol-5-yl-]- 

methoxy}- thieno[2,3-d]pyrimidine (3n) 

White solid; mp. 148-149 oC; yield, 75 %; IR (KBr, cm-1) υ: 3111, 1571, 1548, 

1512, 1461, 1429, 1372, 1322, 1036, 846; 1H NMR (400 MHz) δ in ppm: 1.32 (t, 3H, 

CH2CH3, J = 7.6 Hz), 2.96 (q, 2H, CH2CH3, J = 1.2 Hz), 5.81 (s, 2H, isoxazole-CH2), 

7.27 (s, 1H, H of isoxazole-ring), 7.28 (s, 1H, 5-H of thieno[2,3-d]pyrimidine), 7.74 

(d, 1H, J = 8.4 Hz, Ph-H), 7.86 (d, 1H, J = 8.4 Hz, Ph-H), 8.66 (s, 1H, 2-H of 

thieno[2,3-d]pyrimidine); 13C NMR (100 MHz) δ in ppm: 16.1 (CH2-CH3), 23.1 

(CH2-CH3), 65.7 (isoxazole-CH2), 101.5 (4-C of isoxazole-ring), 123.3 (Ph),  125.0 

(5-C of thieno[2,3-d]pyrimidine), 126.5 (9-C of thieno[2,3-d]pyrimidine), 127.3 (Ph), 

128.3 (two carbons of Ph), 132.2 (two carbons of Ph), 137.3 (6-C of 

thieno[2,3-d]pyrimidine), 145.8 (8-C of thieno[2,3-d]pyrimidine), 154.9 (2-C of 

thieno[2,3-d]pyrimidine), 158.9 (5-C of isoxazole-ring), 163.3 (4-C of 
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thieno[2,3-d]pyrimidine), 166.0 (3-C of isoxazole-ring);  ESI-MS (m/z, 100 %): 416 

([M]+, 5); Anal. calcd. for C18H14BrN3O2S: C, 51.92; H,3.37; N, 10.10. Found: C, 

51.93; H, 3.39; N, 10.09 %. 

2.4.15  6-Tert-butyl-4-[(3-phenyl-isoxazol-5-yl-)-methoxy-]- 

thieno[2,3-d]pyrimidine (3o) 

White solid; mp. 140-141 oC; yield, 75 %; IR (KBr, cm-1) υ: 3109, 1571, 1549, 

1510, 1461, 1431, 1363, 1322, 1036, 775; 1H NMR (400 MHz) δ in ppm: 1.45 [s, 9H, 

(CH3)3C], 5.82 (s, 2H, isoxazole-CH2), 7.18 (s, 1H, H of isoxazole-ring), 7.44 (s, 1H, 

5-H of thieno[2,3-d]pyrimidine), 7.65-7.68 (m, 3H, Ph-H), 7.78-7.80 (m, 2H, Ph-H), 

8.78 (s, 1H, 2-H of thieno[2,3-d]pyrimidine); 13C NMR (100 MHz) δ in ppm: 32.1 

(3CH3), 40.4 [(CH3)3C], 65.7 (isoxazole-CH2), 101.5 (4-C of isoxazole-ring), 125.0 

(5-C of thieno[2,3-d]pyrimidine), 126.5 (9-C of thieno[2,3-d]pyrimidine), 127.5 (two 

carbons of Ph), 128.2 (Ph), 128.7 (Ph), 129.2 (two carbons of Ph), 138.1 (6-C of 

thieno[2,3-d]pyrimidine), 145.8 (8-C of thieno[2,3-d]pyrimidine), 154.9 (2-C of 

thieno[2,3-d]pyrimidine), 158.9 (5-C of isoxazole-ring), 163.3 (4-C of 

thieno[2,3-d]pyrimidine), 166.0 (3-C of isoxazole-ring); ESI-MS (m/z, 100 %): 365 

([M]+, 25); Anal. calcd. for C20H19N3O2S: C, 65.75; H,5.21; N, 11.51. Found: C, 

65.70; H, 5.24; N, 11.49 %. 

2.4.16   6-Tert-butyl-4-[(3-p-tolyl-isoxazol-5-yl-)methoxy]- 

thieno[2,3-d]pyrimidine (3p) 

White solid; mp. 148-151 oC; yield, 75 %; IR (KBr, cm-1) υ: 3109, 1571, 1549, 

1510, 1461, 1431, 1363, 1322, 1036, 810; 1H NMR (400 MHz) δ in ppm: 1.44 [s, 9H, 
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(CH3)3C], 2.36 (s, 3H, Ph-CH3), 5.82 (s, 2H, isoxazole-CH2), 7.19 (s, 1H, H of 

isoxazole-ring), 7.33 (d, 2H, J = 8.0 Hz, Ph-H), 7.43 (s, 1H, 5-H of 

thieno[2,3-d]pyrimidine), 7.78 (d, 2H, J = 8.0 Hz, Ph-H), 8.78 (s, 1H, 2-H of 

thieno[2,3-d]pyrimidine); 13C NMR (100 MHz) δ in ppm: 21.5 (Ph-CH3), 32.1 

(3CH3), 40.4 [(CH3)3C], 65.7 (isoxazole-CH2), 101.5 (4-C of isoxazole-ring), 125.0 

(5-C of thieno[2,3-d]pyrimidine), 125.2 (Ph), 125.7 (two carbons of Ph), 129.5 (two 

carbons of Ph), 126.5 (9-C of thieno[2,3-d]pyrimidine), 131.7 (Ph), 138.1 (6-C of 

thieno[2,3-d]pyrimidine), 145.8 (8-C of thieno[2,3-d]pyrimidine), 154.9 (2-C of 

thieno[2,3-d]pyrimidine), 158.9 (5-C of isoxazole-ring), 163.3 (4-C of 

thieno[2,3-d]pyrimidine), 166.0 (3-C of isoxazole-ring); ESI-MS (m/z, 100 %): 379 

([M]+, 50); Anal. calcd. for C21H21N3O2S: C, 66.49; H,5.54; N, 11.08. Found: C, 

66.47; H, 5.56; N, 11.05 %. 

2.4.17   6-Tert-butyl-4-{[3-(4-methoxyphenyl)-isoxazol-5-yl-]-methoxy-}- 

thieno[2,3-d]pyrimidine (3q) 

White solid; mp. 121-123 oC; yield, 75 %; IR (KBr, cm-1) υ: 3109, 1571, 1549, 

1510, 1461, 1431, 1363, 1322, 1036, 823; 1H NMR (400 MHz) δ in ppm: 1.45 [s, 9H, 

(CH3)3C], 3.93 (s, 3H, Ph-OCH3), 5.82 (s, 2H, isoxazole-CH2), 7.08 (d, 2H, J = 8.8 

Hz, Ph-H), 7.17 (s, 1H, H of isoxazole-ring), 7.44 (s, 1H, 5-H of 

thieno[2,3-d]pyrimidine), 7.84 (d, 2H, J = 8.8 Hz, Ph-H), 8.78 (s, 1H, 2-H of 

thieno[2,3-d]pyrimidine); 13C NMR (100 MHz) δ in ppm: 32.1 (3CH3), 40.4 

[(CH3)3C], 55.8 (Ph-OCH3), 65.7 (isoxazole-CH2), 101.5 (4-C of 

isoxazole-ring),114.9 (two carbons of Ph), 120.5 (Ph), 125.0 (5-C of 
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thieno[2,3-d]pyrimidine), 126.5 (9-C of thieno[2,3-d]pyrimidine), 128.5 (two carbons 

of Ph), 138.1 (6-C of thieno[2,3-d]pyrimidine), 145.8 (8-C of 

thieno[2,3-d]pyrimidine), 154.9 (2-C of thieno[2,3-d]pyrimidine), 158.9 (5-C of 

isoxazole-ring), 160.6 (Ph), 163.3 (4-C of thieno[2,3-d]pyrimidine), 166.0 (3-C of 

isoxazole-ring); ESI-MS (m/z, 100 %): 395 ([M]+, 40); Anal. calcd. for C21H21N3O3S: 

C, 63.80; H,5.32; N, 10.63. Found: C, 63.79; H, 5.35; N, 10.61 %. 

2.4.18   6-Tert-butyl-4-{[3-(2-chlorophenyl)-isoxazol-5-yl-]-methoxy-}- 

thieno[2,3-d]pyrimidine (3r) 

White solid; mp. 121-122 oC; yield, 75 %; IR (KBr, cm-1) υ: 3109, 1571, 1549, 

1510, 1461, 1431, 1363, 1322, 1036, 860; 1H NMR (400 MHz) δ in ppm: 1.49 [s, 9H, 

(CH3)3C], 5.87 (s, 2H, isoxazole-CH2), 7.12 (s, 1H, H of isoxazole-ring), 7.44 (s, 1H, 

5-H of thieno[2,3-d]pyrimidine), 7.48-7.58 (m, 2H, Ph-H ), 7.67 (d, 1H, J = 8.0 Hz, 

Ph-H), 7.73 (d, 1H, J = 7.2 Hz, Ph-H), 8.79 (s, 1H, 2-H of thieno[2,3-d]pyrimidine); 

13C NMR (100 MHz) δ in ppm: 32.1 (3CH3), 40.4 [(CH3)3C], 65.7 (isoxazole-CH2), 

101.5 (4-C of isoxazole-ring), 125.0 (5-C of thieno[2,3-d]pyrimidine), 126.5 (9-C of 

thieno[2,3-d]pyrimidine), 128.9 (Ph), 129.9 (Ph), 130.1 (Ph), 130.8 (Ph), 132.2 (Ph), 

132.5 (Ph), 138.1 (6-C of thieno[2,3-d]pyrimidine), 145.8 (8-C of 

thieno[2,3-d]pyrimidine), 154.9 (2-C of thieno[2,3-d]pyrimidine), 158.9 (5-C of 

isoxazole-ring), 163.3 (4-C of thieno[2,3-d]pyrimidine), 162.5 (3-C of isoxazole-ring); 

ESI-MS (m/z, 100 %): 399 ([M]+, 15); Anal. calcd. for C20H18ClN3O2S: C, 60.15; 

H,4.51; N, 10.53. Found: C, 60.10; H, 4.56; N, 10.55 %. 

2.4.19   6-Tert-butyl-4-{[3-(4-chlorophenyl)-isoxazol-5-yl-]-methoxy-}- 
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thieno[2,3-d]pyrimidine (3s) 

White solid; mp. 141-142 oC; yield, 75 %; IR (KBr, cm-1) υ: 3109, 1571, 1549, 

1510, 1461, 1431, 1363, 1322, 1036, 840; 1H NMR (400 MHz) δ in ppm: 1.45 [s, 9H, 

(CH3)3C], 5.85 (s, 2H, isoxazole-CH2), 7.26 (s, 1H, H of isoxazole-ring), 7.44 (s, 1H, 

5-H of thieno[2,3-d]pyrimidine), 7.60 (d, 2H, J = 8.4 Hz, Ph-H), 7.94 (d, 2H, J = 8.4 

Hz, Ph-H), 8.78 (s, 1H, 2-H of thieno[2,3-d]pyrimidine); 13C NMR (100 MHz) δ in 

ppm: 32.1 (3CH3), 40.4 [(CH3)3C], 65.7 (isoxazole-CH2), 101.5 (4-C of 

isoxazole-ring), 125.0 (5-C of thieno[2,3-d]pyrimidine), 126.3 (Ph), 128.9 (two 

carbons of Ph), 129.3 (two carbons of Ph), 126.5 (9-C of thieno[2,3-d]pyrimidine), 

134.3 (Ph), 138.1 (6-C of thieno[2,3-d]pyrimidine), 145.8 (8-C of 

thieno[2,3-d]pyrimidine), 154.9 (2-C of thieno[2,3-d]pyrimidine), 158.9 (5-C of 

isoxazole-ring), 163.3 (4-C of thieno[2,3-d]pyrimidine), 162.5 (3-C of isoxazole-ring); 

ESI-MS (m/z, 100 %): 399 ([M]+, 70); Anal. calcd. for C20H18ClN3O2S: C, 60.15; 

H,4.51; N, 10.53. Found: C, 60.10; H, 4.56; N, 10.55 %. 

2.4.20   6-Tert-butyl-4-{[3-(2,4-dichlorophenyl)-isoxazol-5-yl-]-methoxy-}- 

thieno[2,3-d]pyrimidine (3t) 

White solid; mp. 135-136 oC; yield, 75 %; IR (KBr, cm-1) υ: 3109, 1571, 1549, 

1510, 1461, 1431, 1363, 1322, 1036, 851; 1H NMR (400 MHz) δ in ppm: 1.49 [s, 9H, 

(CH3)3C], 5.87 (s, 2H, isoxazole-CH2), 7.12 (s, 1H, H of isoxazole-ring), 7.44 (s, 1H, 

5-H of thieno[2,3-d]pyrimidine), 7.75 (d, 1H, J = 8.4 Hz, Ph-H), 7.85 (d, 1H, J = 2.0 

Hz, Ph-H), 8.79 (s, 1H, 2-H of thieno[2,3-d]pyrimidine); 13C NMR (100 MHz) δ in 

ppm: 32.1 (3CH3), 40.4 [(CH3)3C], 65.7 (isoxazole-CH2), 101.5 (4-C of 
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isoxazole-ring), 125.0 (5-C of thieno[2,3-d]pyrimidine), 126.5 (9-C of 

thieno[2,3-d]pyrimidine), 127.4 (Ph), 128.0 (Ph), 130.3 (Ph), 130.9 (Ph), 133.6 (Ph), 

135.8 (Ph), 138.1 (6-C of thieno[2,3-d]pyrimidine), 145.8 (8-C of 

thieno[2,3-d]pyrimidine), 154.9 (2-C of thieno[2,3-d]pyrimidine), 158.9 (5-C of 

isoxazole-ring), 163.3 (4-C of thieno[2,3-d]pyrimidine), 162.5 (3-C of isoxazole-ring); 

ESI-MS (m/z, 100 %): 434 ([M]+, 60); Anal. calcd. for C20H17Cl2N3O2S: C, 55.30; 

H,3.92; N, 9.68. Found: C, 55.31; H, 3.97; N, 9.71 %. 

2.4.21   6-Tert-butyl-4-{[3-(4-bromophenyl)-isoxazol-5-yl-]-methoxy-}- 

thieno[2,3-d]pyrimidine (3u) 

White solid; mp. 146-148 oC;  yield, 75 %; IR (KBr, cm-1) υ: 3109, 1571, 1549, 

1510, 1461, 1431, 1363, 1322, 1036, 875; 1H NMR (400 MHz) δ in ppm: 1.45 [s, 9H, 

(CH3)3C], 5.85 (s, 2H, isoxazole-CH2), 7.27 (s, 1H, H of isoxazole-ring), 7.44 (s, 1H, 

5-H of thieno[2,3-d]pyrimidine), 7.74 (d, 2H, J = 8.8 Hz, Ph-H), 7.87 (d, 2H, J = 8.8 

Hz, Ph-H), 8.78 (s, 1H, 2-H of thieno[2,3-d]pyrimidine); 13C NMR (100 MHz) δ in 

ppm: 32.1 (3CH3), 40.4 [(CH3)3C], 65.7 (isoxazole-CH2), 101.5 (4-C of 

isoxazole-ring), 123.1 (Ph), 127.2 (Ph), 128.3 (two carbons of Ph), 132.1 (two 

carbons of Ph), 125.0 (5-C of thieno[2,3-d]pyrimidine), 126.5 (9-C of 

thieno[2,3-d]pyrimidine), 138.1 (6-C of thieno[2,3-d]pyrimidine), 145.8 (8-C of 

thieno[2,3-d]pyrimidine), 154.9 (2-C of thieno[2,3-d]pyrimidine), 158.9 (5-C of 

isoxazole-ring), 163.3 (4-C of thieno[2,3-d]pyrimidine), 166.3 (3-C of isoxazole-ring); 

ESI-MS (m/z, 100 %): 444 ([M]+, 68); Anal. calcd. for C20H18BrN3O2S: C, 54.05; 

H,4.05; N, 9.46. Found: C, 54.08; H, 4.10; N, 9.51 %. 
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4.3  Anticancer evaluation 

The anticancer activity of 3a-u was evaluated against MCF-7, HCT116 and A549 

cell lines using the MTT method. The cancer cell lines were cultured in Dulbecco’s 

modified Essential Medium (DMEM) supplemented with 10% fetal bovine  serum 

and 1.5 % antibiotic/antimycotic (Life Technologies, Invitrogen, USA) and 

maintained in CO2 incubator at 37 oC, at 5 % CO2 and 95 % atmospheric humidity. 

The mixture of DMSO, PBS and DMEM was used as a negative control and Gefitinib 

was used as the reference drug. The detailed process was reported earlier [34,35,60] .  
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