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ABSTRACT

Benzamide based structural analogues 1-15 were synthesized, and evaluated for α-glucosidase 

inhibition activity in vitro for the first time. Compounds 1-9 were found to be known, while 

compounds 10-15 were found to be new. However, to the best of our knowledge we are reporting 

α-glucosidase inhibitory activity of these bezamide derivatives of thiourea for the first time. 

Compounds 1, 3, 6-8, 10-14 were found to be potent inhibitors of α-glucosidase within IC50 range 

of 20.44-333.41 µM, in comparison to the standard inhibitor, acarbose (IC50=875.75±2.08 µM). 

Mode of the enzyme inhibition was determined on the basis of kinetic studies which demonstrated 

that compounds 8, and 10 were non-competitive and competitive inhibitors of α-glucosidase 

enzyme, respectively. These compoundswere also evaluated for their DPPH radical scavenging 

activity, and cytotoxicity against 3T3 mouse fibroblast cell lines. All synthesized compounds 

showed a significant to moderate DPPH radical scavenging activity and appeared to be non-

cytotoxic except compound 9 which showed cytotoxicity against 3T3 normal mouse fibroblast cell 

lines. A single crystal X-ray and Hirshfeld Surface analysis of a representative compound is also 

presented.
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1.0: INTRODUCTION

α-glucosidase (EC 3.2.1.20) is an exo-type glycosidase enzyme, present on the brush boarders of 

small intestine, and catalyzes the hydrolysis of carbohydrates from non-reducing end, yielding 

glucose molecules. α-Glucosidase inhibitors (AGIs) slowdown the absorption of glucose into 

blood, thus control the postprandial hyperglycemia.AGIs also provide cardiovascular benefits [1]. 

AGI’s have been termed as ‘untapped diamonds’ of diabeteology and also referred as starch 

blocker [2].Therefore, α-glucosidase inhibition has become an important strategy for the 

management of type 2 diabetes. Unlike most other types of diabetic drugs, they do not have a direct 

effect on insulin secretion instead they work by slowing down the digestion of carbohydrates. 

Although AGI’s are effective therapies against diabetes, they are also known to be associated with 

various adverse effects, including abdominal bloating caused by fermentation of unabsorbed 

carbohydrate, diarrhea, cramping, and colonic gas production [3]. Therefore, there is a need of 

new, safe, and effective inhibitors of α-glucosidase enzyme for the treatment of type 2 diabetes 

mellitus.

Thiourea forms an important class of organic compounds with diverse applications in the field of 

coordination chemistry, therapeutic, metallurgy, analytical and agriculture chemistry [4-7]. 

Benzamide derivatives of thiourea are known to have a wide range of medicinal properties [8], 

including anti-provocative [9], anti-obesity [10, 11], anti-bacterial [12, 13], anti-fungal [14, 15] 

anti-glycation [16, 17], and carbonic anhydrase inhibition [18] activities. Metal complexes of 

derivatives of thiourea are also well known for their biological activities [19-21] and also reported 

to be used for cationic separation of metals [22, 23].

During the current study, phenyl substituted derivatives of thiourea (1-15) were synthesized. All 

synthesized derivatives were found to be new except compounds 1-9. An in-vitro mechanism-

based biochemical screening has also been performed to evaluate their α-glucosidase inhibitory 

activity. To the best of our knowledge, all the derivatives studied in this study are reported for the 

first time as inhibitors of α-glucosidase enzyme. Compounds 1, 3, 6-8, 13, and 10-14 were found 

to be potent inhibitors ofα-glucosidase enzyme as compared to the standard Acarbose 

(IC50=875.75±2.08 µM). All synthesized derivatives 1-15 were also evaluated for their cytotoxic 

effect on 3T3 normal fibroblast cell lines and DPPH radical scavenging activity. A single crystal 

X-ray and Hirshfeld Surface analysis of a representative compound is also presented.



2.0: Experimental

2.1. General experimental conditions

The 1H-NMR spectra were acquired on Avance 300, 400, 500 and 600 MHz spectrometers (Bruker 

Switzerland) using DMSO-d6. EI-MS analysis was carried out on JEOL JMS-600 mass 

spectrometer with associated data system of MASPEC. Melting points of compounds were 

recorded on Buchi 434 an electro-thermal melting point equipment. TLC analyses were carried on 

pre-coated ALUGRAM, SIL, G/UV254 aluminum plates (Kieselgel 60, 20 x 20, 0.5mm thick, E, 

Merck, Germany). Ultraviolet light of 254 nm was used to observe fluorescence quenching spots, 

and 365 nm was used for visualization of thin layer chromatogram.

2.2. General synthetic procedure 
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Scheme 1: General reaction scheme for the synthesis of benzamide derivatives of thiourea 1-15.

Compounds 1-15 were synthesized by the procedure described by Binzet and co-workers [24]. 

Substituted benzoyl chloride (1 mmol) was dissolved, followed by addition of 10 mL, i.e. 1 mmol 

solution of potassium thiocynate in dry acetone and allowed to reflux for 20 minutes. After 20 

minutes, mixture was cooled to room temperature, and 6 mL solution of 1 mmol primary amine, 

prepared in dry acetone, was added into it with continuous stirring. After 2 hours, 5 mL of 0.2 N 

HCl was added to obtained solid product which was washed with hexane and ethylacetate (9:1) 

and recrystallized from 2:1 mixture of dichloromethane: methanol.

All the derivatives were obtained in amorphous state, except compounds 5, and 6, which were 

obtained in crystalline state. In EI-MS all synthesized thiourea derivatives showed the molecular 

ion peak (M+) except compound 3, that yielded molecular ion peak viasoft technique ESI-MS. FT-

IR spectra were taken within the range of 4000-400 cm-1by using KBr pellets. The 1H-NMR data 

for all compounds was recorded in DMSO-d6 at 400 MHz.13C-NMR experiments were conducted 



in DMSO-d6 for compounds 13, and 14 at100MHz instrument. UV absorptionstudies were carried 

out between 250 to 400 nm.

2.2.1. N-(Phenylcarbamothioyl)benzamide (1):

White. Yield: 72%, m. p. 144-152 °C. FT-IR (KBr pellet cm-1): νmax (N-H) 3285; (C-H) 2925; 

(C=S) 1261.λmax, nm (CH3OH) (ϵ, M−1cm−1): 212 (7271); 261 (10928);1H-NMR (400 MHz, 

DMSO-d6): δ 12.59 (1H, s, N-H), 11.54 (1H, s, N-H), 7.97 (2H, d, J2′,6′ = 7.5Hz, H-2′, H-6′), 7.53 

(2H, t, J3′(2′,4′) =J5′(4′,6′)= 7.7 Hz, H-3′,H-5′). 7.26 (1H, t, J4′(3′,5′)= 7.4 Hz, H-4′), 7.67 (3H, m, H-3″, 

H-4″, H-5″), 7.42 (2H, t, J2″(3″,5″)=J6″(5″,3″)=9.3 Hz, H-2″, H-6″). EI-MS m/z (rel. int %): 256.2(67) 

(M+), 135.2 (64), 1050(100), 77.0(70); HREI-MS: calculated for C14H12N2OS; 256.0670, 

observed; m/z 256.0672.

2.2.2. 4-Fluoro-N-(phenylcarbamothioyl)benzamide (2): 

White. Yield: 74%, m. p. 146-155°C. FT-IR (KBr pellet cm-1): νmax (N-H) 3272; (C-H) 2924; 

(C=S) 1257; (C=O) (C-F) 746. λmax, nm (CH3OH) (ϵ, M−1cm−1):209 (3966); 261 (5322); H1-NMR 

(400 MHz, DMSO-d6): δ 12.53 (1H, s, N-H), 11.59 (1H, s, N-H), 8.05 (2H, dd, J3″,5″=5.6 Hz, H-

3″, H-5″), 7.36 (2H, t, J2″ (3″,5″) =J6″(5″,3″)= 8.8 Hz, H-2″, H-6″), 7.26 (1H, t, J4′(3′,5′)= 8.0 Hz, H-4′), 

7.67 (2H, d, J2′(3′)=J6′(5′)= 7.7 Hz, H-2′, H-6′), 7.42 (2H, t, J3′(2′,4′)=J5″(4′,6′)= 7.6 Hz, H-3′, H-5′). EI-

MS m/z (rel. int %): 274.2(49) (M+), 135.0(70), 123.0(100), 95(62); HREI-MS: calculated for 

C14H11FN2OS; 274.0576, observed; m/z 274.0564. 

2.2.3. N-(2-Chloro(phenylcarbamothioyl)-4-fluorobenzamide (3):

White. Yield: 68%, m. p. 200- 210 °C. FT-IR (KBr pellet cm-1): νmax (N-H) 3307; (C-H) 3024; 

(C=S) 1234; (C=O) 1674; (C-Cl) 754;(C-F); 792; λmax, nm (CH3OH) (ϵ, M−1 cm−1): 212 (6843); 

261 (7900); 1H-NMR (400 MHz, DMSO-d6): δ 12.66 (1H, s, N-H), 11.83 (1H, s, N-H), 8.08 (2H, 

dd, J3″,5″=5.3 Hz, H-3″, H-5″), 8.01 (1H, d, J2′(3′)= 7.6 Hz, H-2′), 7.58 (1H, dd, J5′= 5.6 Hz, H-5′), 

7.37 (4H, m,  H-3′, H-4′, H-2″, H-6″). ESI-MS m/z (rel. int %): 309.0(62) (M+), 311.0(24) (M++2); 

HRESI-MS: calculated for C14H10ClFN2OS; 308.7584, observed; m/z 309.7234.



2.2.4. N-(3,4-Dimethylphenylcarbamothioyl)-4-fluorobenzamide (4):

White. Yield: 88%, m. p. 157-166 °C. FT-IR (KBr pellet cm-1): νmax (N-H) 3350; (C-H) 2924; 

(C=O); 1666, (C=S); 1260, (C-F); 793; λmax, nm (CH3OH) (ϵ, M−1cm−1): 220 (8839); 265 

(14678);1H-NMR (400 MHz, DMSO-d6): δ 12.43 (1H, s, N-H), 11.51 (1H, s, N-H), 8.02 (2H, dd, 

J3″,5″= 5.4 H, €; 7900 L mol-1 cm-1, H-3″, H-5″), 7.13 (1H , d,  J2′(3′)= 7.6 Hz, H-2′), 7.37 (3H, m, 

H-3′, H-2″, H-6″), 2.19 ( 3H, s, CH3), 2.18 (3H, s, CH3), 3.1 (1H, s, H-5′). EI-MS m/z (rel. int %): 

302.2(19) (M+), 163.1(31), 123.1(100), 95(40); HREI-MS: calculated for C16H15FN2OS; 

302.0889, observed; m/z 302.0886.

2.2.5. N-(4-Bromophenylcarbamothioyl)-4-fluorobenzamide (5):

White. Yield: 80%, m. p. 217-225 °C. FT-IR (KBr pellet cm-1): νmax (N-H) 3243; (C-H) 2927; 

(C=S) 1262; (C=O) 1667; (C-F) 758; λmax, nm (CH3OH) (ϵ, M−1cm−1): 215 (10056); 261 (15113); 
1H-NMR (400 MHz, DMSO-d6): δ 12.46 (1H, s, N-H), 11.62 (1H, s, N-H), 7.63 (2H, d, J3′,5′= 9.3 

Hz, H-3, H-5′), 7.57 (2H, d , J2′,4′ = 9.2 Hz, H-2′, H-4′), 8.02 (2H, dd, J3″,2″=J5”,6″= 5.6 Hz, H-3″, 

H-5″), 7.34 (2H, t, J2″(3″,6″)=J6″(5″,2″)= 8.8 Hz, H-2″, H-6″). EI-MS m/z (rel. int %): 352.0 (32) 

M+,354.0(35) (M++2), 213.0(64), 171.0(43), 123.0(100); HREI-MS: calculated for 

C14H10N2OSFBr; 351.9681, observed; m/z 351.9692 (M+).

2.2.6. 4-Fluoro-N-(4-methoxyphenylcarbamothioyl) benzamide (6):

White. Yield: 62%, m. p. 155-167 °C. FT-IR (KBr pellet cm-1): νmax (N-H) 3248; ν(C-H) 2926; 

(C=S) 1243; (C=O) 1665; (C-F) 781; λmax, nm (CH3OH) (ϵ, M−1cm−1): 211 (5628); 271 (6706);1H-

NMR (400 MHz, DMSO-d6): δ 12.38 (1H, s, N-H), 11.53 (1H, s, N-H), 8.02 (2H, dd, J3″,5″= 5.6 

Hz, H-3″, H-5″), 7.54 (2H, d, J3′(2′)=J5′(6′) = 8.8 Hz, H-3′,H-5′), 6.96 (2H, d, J2′(3′)=J6′(5′) = 2.4 Hz, 

H-2′, H-6′), 7.36 (2H ,t , J2″(3″,6″)=J6″(2″,5″) =8.8 Hz, H-2″, H-6″), 3.76 (3H, s, OCH3). EI-MS m/z 

(rel. int %): 304.2(8) (M+), 270.2(7), 165.7(18), 123.1(100), 95(25); HREI-MS: calculated for 

C15H13FN2O2S; 304.0682, observed; m/z 304.0672.



2.2.7 4-Fluoro-N-(2-methoxyphenylcarbamothioyl) benzamide (7):

White. Yield: 74%, m. p. 171-178 °C. FT-IR (KBr pellet cm-1): νmax (N-H) 3390; (C-H) 2930; 

(C=S) 1240; (C=O) 1677, (C-F); 747; λmax, nm (CH3OH) (ϵ, M−1cm−1) : 213 (6640); 321 (3760); 
1H-NMR (400 MHz, DMSO-d6): δ 12.90 (1H, s, N-H), 11.79 (1H, s, N-H), 8.5 (1H,d, J2′(3′)= 9.3 

Hz, H-2), 7.21 (1H , d , J2′(3′) = 2.4 Hz, H-2′), 8.04 (2H, dd, J3″,2″=J5″,6″= 5.2 Hz, H-3″, H-5″), 6.99 

(1H, t, J5″(4″)=2.4 Hz, H-5″), 7.12 (1H, m, H-5″), 3.88 (3H, s, OCH3). EI-MS m/z (rel. int %): 

304.2(12) (M+), 273.1(43), 165.1(14), 123.0(100), 95 (24); HREI-MS: calculated for 

C15H13N2O2SF; 304.0682, observed; m/z 304.0683.

2.3.8. N-(4-Chlorobenzothiazol-2-yl)-4-fluorobenzamide (8):

White. Yield: 52%, m. p. 291-300 °C. FT-IR (KBr pellet cm-1): νmax (N-H) 3230; (C-H) 2923; 

(C=S) 1232; (C=O) 1681; (C-F); 757; (C-Cl) 679; λmax, nm (CH3OH) (ϵ, M−1cm−1):222 (2840); 

288 (1644); 1H-NMR (400 MHz, DMSO-d6): δ 13.03 (1H, s, N-H), 8.04 (2H, m, H-3′, H-5′), 8.20 

(1H, dd, J2″=5.6 Hz, H-2″), 7.92 (1H, m, H-5″), 7.27(1H, t, J3′(2′) = 4.0 Hz, H-3′), 7.03 (1H, s, H-

5′), 7.37 (1H, m, H-2′). EI-MS m/z (rel. int %): 306.2(40) (M+), 307.2(18) (M++2) 263.2(14), 

140.1(20), 123.1(100), 95(77); HREI-MS: calculated for C14H8ClFN2OS; 306.003, observed; m/z 

306.0028.

2.2.9. 4-Fluoro-N-(2-methoxy-4-nitrophenylcarbamothioyl) benzamide (9):

Yellow. Yield: 81%, m. p. 202-210 °C. FT-IR (KBr pellet cm-1): νmax (N-H) 3242; (C-H) 2924; 

(C=S) 1251; (C=O) 1677; (C-O) 1027; ( NO2) 1327; λmax, nm (CH3OH) (ϵ, M−1cm−1): 211 (4769); 

284 (6447);.
1H-NMR (400 MHz, DMSO-d6): 13.34 (1H, s, N-H), 11.94 (1H, s, N-H), 8.06 (2H, t, 

J3″(2″,4″)=J5″(6″,4″) = 7.0 Hz, H-3″, H-5″), 7.37 (2H ,t , J2″(3″,6″)=J6″(2″,5″) =8.5 Hz, H-2″, H-6″), 9.10 

(1H, dd, J2′(3′)=8.3 Hz, H-2′), 7.96 (1H, dd, J3′(2′,5′)= 8.8 Hz, H-3′), 7.90 (1H, s, H-5′), 4.4 (3H, s, 

OCH3). EI-MS m/z (rel. int %): 349.1(3) (M+), 318.2(11), 210.0(9) 123.0(100), 95(50); HREI-MS: 

calculated for C15H12N3O4SF; 349.0533, observed; m/z 349.0534.



2.2.10. N-(2, 5-Difluorophenylcarbamothioyl)-4-fluorobenzamide (10):

White. Yield: 92%, m. p. 164-170 °C. FT-IR (KBr pellet cm-1): νmax (N-H) 3418.6; (C-H) 2925; 

(C=S) 1248; (C=O) 1676; (C-F) 711; λmax, nm (CH3OH) (ϵ, M−1cm−1): 212 (6310); 307 (4627);1H-

NMR (400 MHz, DMSO-d6): δ 12.69 (1H, s, N-H), δ 11.90 (1H, s, N-H), 8.06 (2H, dd, J3″,5″= 5.5 

Hz, H-3″, H-5″), 8.13 (1H, m, H-5′), 7.36 (2H,t , J2″(3″,6″)= J6″(2″,5″) = 8.9 Hz, H-2″, H-6″), 7.41(1H, 

m, H-4′), 7.2 (1H, m, H-3′) EI-MS m/z 310.2(52) (M+), 291(16), 171.2(28), 123.1(100), 95(82); 

HREI-MS: calculated for C14H9F3N2OS; 310.0388, observed; m/z 310.0372.

2.2.11. N-(2,6-Diisopropylphenylcarbamothioyl)-4-fluorobenzamide (11):

White. Yield: 61%, m. p. 178-184 °C. FT-IR (KBr pellet cm-1): νmax (N-H) 3205; ν(C-H) 2964; 

ν(C=S) 1246; ν(C=O) 1674; ν(C-F); 7581. λmax, nm (CH3OH) (ϵ, M−1cm−1):215 (10201); 244 

(12633);1H-NMR (400 MHz, DMSO-d6): δ 11.88 (1H, s, N-H), 11.62 (1H, s, N-H)), 8.05 (2H, dd, 

J3″,2″=J5″,6″= 5.4 Hz, H-3″, H-5″), 7.21 (2H,d, J3′,4′ =7.6 Hz, H-3′, H-5′), 8.62 (2H, t, J2″(3″,6″)= 

J6″(2″,5″) =8.9 Hz, H-2″, H-6″), 7.30 (1H, t, J3′(2′,4′)= 8.0 Hz, H-3′), 1.20 (6H, s, CH3), 1.10 (6H, s, 

CH3). EI-MS m/z (rel. int %): 358.0(1) (M+), 325.0(33), 315.0(69), 186.1(22), 122.9(100), 63(82); 

HREI-MS: calculated for C20H23FN2OS; 358.4728, observed; m/z 358.4732.

2.2.12. 4-Fluoro-N-(4-(2-methoxyethyl)-2-methylphenylcarbamothioyl) benzamide (12):

Yellow orange. Yield: 55%, m. p. 154-160 °C. FT-IR (KBr pellet cm-1): νmax (N-H) 3350; ν(C-H) 

2925; ν(C=S) 1235; ν(C=O) 1666; ν(C-O) 1090; ν(C-F) 735; λmax, nm (CH3OH) (ϵ, M−1cm−1): 213 

(6617); 261 (6617);.
1H-NMR (400 MHz, DMSO-d6): δ 12.53 (1H, s, N-H), 11.58 (1H, s, N-H), 

8.05 (2H, dd, J3″,2″=J5″,6″= 5.3 Hz, H-3″, H-5″), 7.65 (2H,d, J2″(3″,6″)=J6″(2″,5″)=9.0 Hz, H-2″, H-6″), 

7.3 (2H, m, H-3′, H-5′), 7.3 (2H, d, J2′,3′= J6′,5′ = 9.0 Hz, H-2′, H-6′), 4.42 (2H, s, CH2), 3.29 (1H, 

s, CH3). EI-MS m/z (rel. int %): 318.2(9) (M+), 259.2(13), 179.0(7), 122.9(100), 94.0 (35); HREI-

MS: calculated for C16H15FN2O2S; 318.0838, observed; m/z 318.0854.

2.2.13.  N-(3, 4-Dimethylphenylcarbamothioyl)-4-(trifluoromethyl) benzamide (13):

White. Yield: 88%, m. p. 254-260 °C. FT-IR (KBr pellet cm-1): νmax (N-H) 3277; ν(C-H) 2923; 

ν(C=S) 1259; ν(C=O) 1674; ν(C-F) 777; λmax, nm (CH3OH)(ϵ, M−1cm−1): 211 (6859); 268 

(6161);1H-NMR (400 MHz, DMSO-d6): δ 12.56 (1H, s, N-H), 11.79 (1H, s, N-H), 7.40 (1H,s, H-

5′), 8.13 (2H, d, J3″,2″=J5″,6″= 8.5 Hz, H-3″, H-5″), 7.90 (2H ,d , J2″(3″,6″)= J6″(2″,5″)=8.3 Hz, H-2″, H-



6″), 7.17 (1H, d, J3′(2′)=8.1 Hz, H-3′), 7.43 (1H, d, J2′(3′)= 8.64 Hz, H-2′), 2.21 (3H, s, CH3), 2.22 

(3H, s, CH3). 13C NMR (300 MHz, DMSO-d6): δ 167.2 (C-1), 178.3 (C-2), 125.5 (C-7″), 136.6 

(C-4′′), 136.2 (C-1′′), 132.5 (C-1′), 135.5 (C-4′), 134.5 (C-5′), 129.5 (C-5″, 3″), 125.3 (C-2″, C-

6′′), 121.5 (C-2′), 125. 1 (C-3′, 6′), 19.3 (C-7′), 18.9 (C-8′); EI-MS m/z (rel. int %):352.2(13) (M+), 

318.2(12), 173.0(100), 163.0 (27), 145.0 (59); HREI-MS: calculated for C17H15N2OSF3; 352.0857, 

observed; m/z 352.0876.

2.2.14. N-(4-(Trifluoromethoxy) phenylcarbamothioyl)-4-(trifluoromethyl) benzamide (14):

White. Yield: 79%, m. p. 169-178 °C. FT-IR (KBr pellet cm-1): νmax (N-H) 3227; ν(C-H) 2923; 

ν(C=S) 1275; ν(C=O) 1685; ν(C-O) 1012; ν (C-F) 717; λmax, nm (CH3OH) (ϵ, M−1cm−1): 208 

(7918); 261 (9196);1H-NMR (400 MHz, DMSO-d6): δ 12.36 (1H, s, N-H), 11.89 (1H, s, N-H), 

7.67 (1H,s, H-2′), 8.13 (2H, d, J3″,2″=J5″,6″= 8.2 Hz, H-3″, H-5″),  7.90 (2H ,d , J2″(3″,6″)= J6″(2″,5″) = 

7.6 Hz, H-2″, H-6″), 7.79 (2H, d, J3′,2′=J5′,6′= 9.0 Hz, H-3′, H-5′), 7.42 (2H, d, J2′,3′=J6′,5′= 8.4 Hz, 

H-2′, H-6′), 7.40 (1H, d, J4′(5′)= 8.4 Hz, H-4′).13C-NMR (100 MHz, DMSO-d6). EI-MS m/z (rel. int 

%): 408.2(17) (M+), 349.2(10), 219.2(42), 173.0(100), 145.0(71); HREI-MS: calculated for 

C16H10N2O2SF6; 408.3182, observed; m/z 408.0355.

2.2.15. N-(3-(Methylthio) phenylcarbamothioyl)-4-(trifluromethyl)benzamide (15):

Pale yellow. Yield: 94%, m. p. 138-146°C. FT-IR (KBr pellet cm-1): νmax (N-H) 3322; ν(C-H) 

2921; ν(C=S) 1261; ν(C=O) 1671; ν(C-F) 796; λmax, nm (CH3OH) (ϵ, M−1cm−1): 215 (10503); 26 

(10274);1H-NMR (400 MHz, DMSO-d6): δ 12.35 (1H, s, N-H), 11.83 (1H, s, N-H), 7.67 (1H,s, 

H-2′), 8.13 (2H, d, J3″,2″=J5″,6″= 8.0 Hz, H-3″, H-5″), 7.90 (2H ,d , J2″(3″,6″)= J6″(2″,5″) = 8.3 Hz, H-

2″, H-6″), 7.16 (1H, d, J6′(5′)= 7.4 Hz, H-6′), 7.35 (1H, t, J5′(4′,6′)= 7.6 Hz, H5′), 7.40 ( 1H, d, J4′(5′)= 

8.4 Hz, H-4′), 2.25 (3H, s, CH3). EI-MS m/z (rel. int %): 370.2(23) (M+), 336.2 (9), 173.1(100), 

145.0(50); HREI-MS: calculated for C16H13N2OS2F3; 370.0421, observed; m/z 370.0427.

3.0:Results and Discussion:

3.1.0. Chemistry: 

Structure elucidation of a representative compound (13) is presented here. It was obtained as an 

amourphous white fluffy powderwith 88% yield. 



High resolution mass, calculated for C17H15N2OSF3 (352.0857) was obtained by EI-MS technique, 

atm/z 352.0876 as the (M+) molecular ion peak.The major fragments of the compounds appearded 

at 718.2, 173.0, and 146.2m/z. FT-IR spectra showed sharp and strong stretching frequencies for 

N-H, C-H, C=S, C=O and C-F at3277, 2923, 1259, 1674 and 777 cm-1, respectively.

1H-NMR spectroscopic study for compound 13 revealed that the protons of two secondary amines 

(a and b, Figure-1) appeared as singlet at δ 12.56, and δ 11.79, respectively.C-2″ and C- 6″ protons 

appeared at δ 8.13 as a doublet with J=8.3 Hz, because of same environment of aromatic ring. 

Similarly, two other aromatic protons of C-3″ and C-5″ resonated at δ 7.90 ppm (J = 8.5 Hz) as a 

doublet. One singlet of aromaticH-6′ appeared at δ 7.40. Proton C-2′ appeared at δ 7.43 (J = 8.6 

Hz) as a doublet due to coupling with 3′ proton. WhileH-2′ resonated at the chemical shift δ 7.17as 

a doublet (J = 8.1 Hz).

13C-NMR spectrum of compound 13 showed 16 carbon signals, including 7 quaternary carbons, 7 

methine, and 2methyl carbons. Sulphur substituted quaternary carbon appeared as the most 

downfield carbon at δ 178.6. Carbon of C=O appeared at δ 167.2. Methine carbons of aromatic 

rings having similar environment appeared at δ 125.2 (C-3′/C-6′), δ 125.3 (C-2″/ C-6″), and 129.5 

(C-3″/C-5″), whereas methine C-2′ appeared at δ 121.5. Two methyl carbons appeared at δ 135.5, 

and δ 134.5. Other quaternary carbons appeared at δ 136.2 (C-1″), 139 (C-4′), 136.5 (C-4″), and 

134.5 (C-5′).
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2"3"
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Figure-1: 1H-NMR and 13C-NMR peak assignment of compound 13.

3.1.1. X-ray Diffraction Study:



3.1.1.1. Structure Features

The structure determination of compound 13 (Figure-2) represents that the structure is composed 

of a planar trifluoro methyl substituted benzoyl ring (C1-C6) and a dimethyl substituted phenyl 

rings (C9-C12) linked with each other via thiourea moiety along N1-C7 and N2-C9 bonds having 

length of 1.3588 Å, and 1.7521 Å. The dihedral angle between these planar rings was found to be 

22.72o with maximum deviation of 0.014(3) Å, for C9 from root mean square plane (r.m.s). The 

bond length for trifluoro methyl attached to C3 was found to be 1.4361(15) Å. The bond length 

for methyl substituent attached to C9 and C12 were found to be 15.081(3) Å, 15.042(3) Å, 

respectively.

Figur-2: ORTEP view of X-ray structure of compound 13 at 50% ellipsoid probability.

3.1.1.2. Crystal Packing analysis

In the crystal lattice of compound 13 molecules were arranged in parallel repeating pattern running 

along c-axis (Figure 3) via N2—H2N_ _ _S1, C10—H10_ _ _S1, C11—H11_ _ _S1, and C17—H17A_ 

_ _F3, hydrogen bonds with donor to acceptor distances 3.5772 (2) Å, 3.213 (2) Å, 3.668 Å and 

3.368 (3) Å, respectively. The geometry of this compound along thioamide linkage is stabilized 



by intra-molecular hydrogen bonds N1—H1N_ _ _O1 and C5—H5_ _ _S1 to form S6 graph set 

motif with donor to acceptor distance 2.645(3) Å and 3.195 (2) Å, respectively.

Figure-3: Arrangement and hydrogen bond interactions of molecules of compound 13 in crystal 

lattice.

3.1.1.3. Hirshfeld Surface

The Hirshfeld surface analysis is carried out (dnorm, curvedness and shape index) in order to analyze 

the intermolecular interaction within the crystal, and 2D fingerprint plots were generated by using 

Crystalexplorer3.1. The Hirshfeld surface analysis suggested that in compound 13 the major 

contributions towards the crystal packing include S---H (11.6%) and H---H (35.9%) followed by 

other interactions C-H (12.7%), F---H (11.7%), O---H (12.0%), and C---C (8. 7%).Two 

dimensional finger plots showing the occurrence of all intermolecular contacts is represented in 

Figure.4.



Figure 4: The dnorm mapped on Hirshfeld surface for visualizing the intermolecular contacts of the 

compound 13.

Figure 5: Two-dimensional fingerprint plot of compound 13 showing the percentage contribution 

of intermolecular interaction.



Table-1: Data Collection and refinement parameter of compound 13

Empirical formula C17 H15 F3 N2 O S

Formula weight 352.37

Temperature 100(2) K

Wavelength 1.54178 Å

Crystal system Triclinic

Space group P -1

Unit cell dimensions a = 4.6790(4) Å      α= 77.582(5) °

b = 12.1130(11) Å   β= 85.653(5)°

c = 14.5622(14) Å   γ = 89.977(5)°

Volume 803.60(13) Å3

Z 2

Density (calculated) 1.456 Mg/m3

Absorption coefficient 2.153 mm-1

F(000) 364

Crystal size 0.280 x 0.070 x 0.040 mm3

Theta range for data collection 3.117 to 68.181°.

Index ranges -5<=h<=5, -14<=k<=14, -17<=l<=17

Reflections collected 21555

Independent reflections 2952 [R(int) = 0.0628]

Completeness to theta = 67.679° 99.8 %



Absorption correction None

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 2952 / 0 / 219

Goodness-of-fit on F2 0.829

Final R indices [I>2sigma(I)] R1 = 0.0457, wR2 = 0.1159

R indices (all data) R1 = 0.0544, wR2 = 0.1239

Extinction coefficient n/a

Largest diff. peak and hole 0.500 and -0.298 e.Å-3

3.2.0 Bioactivity Evaluation:

Compounds 1-15 were evaluated for their α-glucosidase inhibitory activity in-vitro by employing 

the reported procedure [25]. All tested compounds were found to be more active than the standard 

drug acarbose (IC50=875.75±2.08 µM), except compounds 2, 4, 5, 9, and 14 which were found to 

be insoluble under required buffer conditions. 

The parent compound 1 having unsubstituted benzene rings attached to thiourea moiety appeared 

as a potent inhibitor (IC50 = 171.21±0.23 µM) in comparison to the standard acarbose (IC50 = 

875.75± 2.08 µM). In compounds 1 to 12 the R1substituent is Fluorine atom which is substituted 

at para position of the phenyl ring, while the R2 substituent was varied. Substitution of alkyl (-

CH3, -CH(CH3)2) alkoxy(-OCH3), and halogens (Cl, Br, F) at different positions on benzamide 

ring showed variation in the α-glucosidase inhibitory activities. Compound 11 in which the R2 

isdi-ortho isopropyl group was found to be the most active member of the series with IC50 = 40.9 

± 0.74 µM, followed by difluoro substituted phenyl ring in compound 10 (IC50=34.63 ± 0.16 µM), 

further decrease in activity was observed in compound 3 (IC50 = 163.6± 0.61 µM) having chloro 

substituent at ortho position of the phenyl ring. Compound 7 with an ortho-alkoxy group showed 

more α-glucosidase inhibitory activity (IC50 = 105.2 ± 0.75 µM) than compound 6 having an 



alkoxy substituent but at para position (IC50 = 333.41 ± 0.85 µM). A several fold decrease in the 

inhibitory activity observed in compound 12 in which the methoxy methyl group is present at para 

positions instead of alkoxygroup (IC50 =218.64 ± 1.14µM) 

In compound 8 presence of heterocyclic ring with nitrogen and sulfur, fused with ortho chlorine 

substituted phenyl ring, showed a potent activity (IC50 = 20.44 ± 1.73 µM), made it the most potent 

compound in the series. SAR studies concluded that nitrogen and sulfur containing heterocyclic 

rings apparently contribute towards in significant inhibitory activity against α-glucosidase. Kinetic 

studies of compound 8 showed a non-competitive type of inhibition, it is revealed from inhibition 

pattern that compound 8 binds with allosteric site residues of the α-glucosidase.  

In compounds 13-15the R1 (F) was replaced with trifluoromethyl group. Compound 13 having 

para and meta-methyl groups possessed potent inhibitory activity (IC50 = 60.41 ± 0.72 µM), which 

is further decreased in para trifluoro methoxy substituted compound 14 (IC50 = 92.36 ± 0.11 µM). 

In conclusion, SAR studies revealed that the number, position and nature of electron donating and 

withdrawing groups significantly alter the inhibitory potential of synthesized thiourea derivatives.

Compounds 1-15 were also evaluated for DPPH radical scavenging activity [26, 27]. and 

cytotoxicity against 3T3 mouse fibroblast cell line [28]. All compounds showed a weak to 

moderate activity against DPPH radical scavenging activity and non-cytotoxic in nature, except 

compound 12.
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The summary of biological activity is given in Table 2.



Table 2: Summary of biological activities of compounds 1-15

Comp.# -R1 -R2

α-G1ucosidase 

inhibition

(anti-

hyperglycemic)

IC50±SEM

[µM]

DPPH Radical 

Scavenging 

Assay

IC50±SEM

[µM]

Cytotoxicity

Assay

against 3T3 

cell line

IC50±SEM

[µM]

1 - -
171.21±0.23

NA NA

2 4-Fluoro - ND
206.7±3.6

NA

3 4-Fluoro 2-Chloro 163.6±0.61 NA NA

4 4-Fluoro 4,5-Dimethyl ND NA NA

5 4-Fluoro 4-Bromo ND NA NA

6 4-Fluoro 4-Methoxy 333.41 ±0.69
117.2±1.87

NA

7 4-Fluoro 2-Methoxy
105.2±0.82 209.3±2.12

NA

8 4-Fluoro

4-chloro-2-

methylbenzo[d]

thiazole

20.44±1.73 NA NA



9 4-Fluoro
2-Methoxy, 4-

Nitro,
ND NA

29.1±1.9

10 4-Fluoro 2,5-Difluoro 34.63±0.16 NA NA

11 4-Fluoro 2,6-Diisopropyl 40.9±0.74 NA NA

12 4-Fluoro
4-

Methoxymethyl

218.64±1.14 158.3±3.02
NA

13 4-Trifluoro 4,5-Dimethyl
60.41±0.72 226.5±0.34

NA

14 4-Trifluoro

4-

Trifluorometho

xy

92.37±0.11 NA NA

15 4-Trifluoro
3-

Methylsulfane
ND NA NA

ACARBOSE 875.75±2.08 - -

GALLIC ACID - 26±3.15 -Standard

CYCLOHEXAMIDE - - 0.8±0.20

*NA= Not active 

*ND= Not dissolved

*SEM= Standard Error of Mean.

3.3.0 Kinetic Study:



Compounds 8 and 10 were selected for the evaluation of mechanism of inhibition. Lineweaver-

Burk plots were used to determine the type of inhibition of α-glucosidase enzyme. The reciprocal 

of the rate of the reaction were plotted against the reciprocal of substrate concentrations to monitor 

the effect of the inhibitor on both Km, and Vmax values.Compound 8 showed a non-competitive 

inhibition with Ki value 26.2 ± 0.018 µM, in this type of inhibition Km remains constant and a 

decrease in Vmax observed. Compound 10 appeared as a competitive inhibitor with the Ki 29.8 ± 

0.0056 µM, with constant Vmax and increasing Km values.

Table 3: Kinetic study data of compounds 8, and 9 as α-glucosidase inhibitors.

Compounds
IC50 ± SEM Ki ±SEM Type of inhibition

8
20.44±1.73 26.2 ± 0.018 Non-competitive

10
34.63±0.16 29.8 ± 0.0056 Competitive
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Figure 4: The inhibition of α-glucosidase by compound 8 (A) Linweaver-Burk plot of reciprocal 

of rate of reaction (velocities) vs reciprocal of substrate p-nitro phenyl-α-D-glucopyranoside in the 

absence of (-), and in the presence of 80µM (e), 40µM (f), 20µM (g) and 10µM (h) of compound 

8. (B) Secondary replot of Line weaver-Burk plot between the slopes of each line on Lineweaver-

Burk plot vs different concentrations of compound 8. (C) Dixon plot of reciprocal of rate of 

reaction (velocities) vs different concentrations of compound 8.
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Figure 5: The inhibition of α-glucosidase by compound 10 (A) Lineweaver-Burk plot reciprocal 

of rate of reaction (velocities) vs reciprocal of substrate p-nitro phenyl-α-D-glucopyranoside in the 

absence of (-), and in the presence of 80µM (e), 40µM (f), and 10µM of compound 10. (B) 

Secondary replot of Lineweaver-Burk plot between the slopes of each line on Lineweaver-Burk 

plot vs different concentrations of compound 10. (C) Dixon plot of reciprocal of rate of reaction 

(velocities) vs different concentrations of compound 10.
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3.5.0. Statistical Analysis:

EZ-Fit Enzyme Kinetics Program (Perrella Scientific Inc. Amherst, USA) was employed to 

calculate the IC50 values. All the experiments were performed in triplicate, and variations in the 

results are reported in Standard Error of Mean values (SEM).

3.6.0. Conclusion:

In conclusion, we have synthesized a series of substituted benzamide based derivatives of thiourea 

as novel α-glucosidase inhibitors. The promising results of study concluded that these derivatives 

can be a potential candidate for further development and designing of new inhibitors of α-

glucosidase enzyme, however further studies are required towards their development as anti-

diabetic drug leads.
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Synthesis, Crystal Structure and Hirshfeld Analysis of Benzamide Derivatives of Thiourea as 

Potent Inhibitors of α-Glucosidase in-vitro

Benzamide based structural analogues 1-15 were synthesized, and evaluated for α-glucosidase 

inhibition activity invitro for the first time. Compounds 1-9 were found to be known, while 

compounds 10-15 were found to be new. However, to the best of our knowledge we are reporting 

α-glucosidase inhibitory activity of these bezamide derivative of thiourea for the first time.

Compounds 1, 3, 6-8, 10-14 were found to be potent α-glucosidase inhibitors within IC50 range of 

20.44- 333.41 µM, in comparison to standard inhibitor, acarbose (IC50 = 875.75 ± 2.08 µM). Mode 

of the enzyme inhibition was determined on the basis of kinetic studies which demonstrated that 

compounds 8, and 10 were non-competitive and competitive inhibitors of α-glucosidase enzyme, 

respectively. 

Single crystal X-ray and Hirshfeld Surface analyses of a representative compound is also 

presented.
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