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A B S T R A C T   

Phenylthiazol-2(3h)-ylidene-isoquinoline-5-amine derivatives(5a-r) were easily prepared from 5-aminoisoquino
line, thioisocyanate, and phenacyl bromide derivatives in the presence of triethylamine in tetrahydrofuran 
(THF), and dimethyl formamide (DMF) in two steps. In the first step, thiourea was synthesized in THF reflux, 24 
h and then in the second step, the formation of thiazole ring was ensured in EtOH-DMF (5:5 v/v), reflux, 24 h. 
The newly synthesized compounds were characterized using 1H NMR, 13C NMR, IR, and elemental analysis. The 
inhibitory effects of 18 newly synthesized compounds (5a-r) on hydratase and esterase activities of carbonic 
anhydrase isoenzymes (hCA I, II, IX, and X) were studied in vitro.   

1. Introduction 

Quinoline and its derivatives are well known to organic synthesizers 
because of their diverse chemical and biological properties [1–3]. Its 
derivatives are especially used with anti-bacterial [4], anti-malarial [5], 
anti-microbial [6,7], anti-cancer [8] and anti-tumor activities [9]. Also, 
the quinoline-based compounds show potent anti-tubercular activity 
[10–13]. Ciprofloxacin, Levofloxacin, and moxifloxacin are important 
agents used in the treatment of antitubercular activity with a quinoline 
moiety [14]. The chemical structures of some quinoline derivatives in 
clinical use are given in Fig. 1. 

In addition to these structures, many heterocyclic compounds 
bearing a five-membered ring in their structure have a good spectrum of 
biological activities. Thiazole, a unique heterocycle containing sulfur 
and nitrogen atoms, is an essential core scaffold found in many natural 
(Vitamin B1-Thiamine) and synthetic medically important compounds 
[15–18]. Some of its derivatives have commonly used as anti-microbial 
(sulfazole) [19], anti-retroviral (ritonavir) [20], anti-fungal (abafungin) 
[21], anti-histamine and anti-thyroid activities [22–26]. 

Carbonic anhydrase was first purified from erythrocytes in 1933 
[27], and different numbers of isoenzymes were characterized in later 
studies. Of these, those of animal and plant origin are grouped into α and 

β classes, respectively. The point common to all isoenzymes is that they 
contain a zinc (Zn+2) ion in their active site. The main enzymatic event 
catalyzed by carbonic anhydrase is the hydration of carbon dioxide 
(CO2). Kinetic studies have shown that there is a two-step mechanism in 
all carbonic anhydrase isoenzymes. In the first step, the nucleophilic 
attack of the zinc-bound hydroxide ion on CO2 takes place. In the second 
step, the ionization of the water molecule bound to the zinc and the 
re-establishment of the active site by removing the proton take place. In 
the catalytic mechanism of carbonic anhydrases, His-64 unit plays an 
intermediary role in transferring the proton from the active site to the 
external solvent environment. The proton is transferred to His-64 via 
water molecules between it and the zinc atom. Studies show that Lys-91 
and Tyr-131 units also play a role in the proton transfer mechanism [28, 
29]. 

It was reported that the isoquinoline moiety established the 
numerous van der Waals interactions involving residues in both of the 
hydrophilic and hydrophobic areas of the hCA II (Gln92, Val121 and 
Phe131) [30]. In another study, it was suggested that the presence of C-1 
small substituents on isoquinoline scaffold controls both CA inhibitory 
potency and selectivity [31]. Gitto et al. reported that CA inhibitors 
containing the isoquinoline scaffold, several of which proved to be very 
efficient (Ki <10 nM) inhibitors exhibiting good selectivity towards the 
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established antitumor target hCA IX and the potentially druggable one 
hCA XIV [32]. In addition, it was reported that isoquinoline sulfon
amides that showed inhibitory effect against some hCA isozymes at 
nanomolar concentrations. It was suggested that these isoquinolines 
particularly useful for the design of new CAIs with minor side effects 
[33]. Distinto et al. synthesized new sulfonamide having thiazole ring in 
order to evaluate the effect of substituents in positions 3 and 4 of the 

dihydrothiazole ring on the inhibitory potency and selectivity toward 
human carbonic anhydrase isoforms I, II, IX, and XII. These compounds 
showed good activity against hCA II isoform with Ki values of 5.3, 4.5, 
3.8, and 5.3 nM, respectively being more potent than reference drug 
AAZ (Ki = 12 nM).It seems that the introduction of halogen with a small 
atomic radius at the 4 position of the phenyl ring at the 4 position of 
thiazole moiety is beneficial. The introduction of halogen with a larger 

Fig. 1. Chemical structures of quinoline and a few quinoline derivatives in clinical use.  
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atomic radius led to a decrease of activity [34]. Meleddu et .al. was 
synthesized sulfonamide having thiazole ring and the activity of the new 
compounds as inhibitors of hCA I, II, IX, and XII was evaluated. It was 
expressed that the nature of the substituents in the position 3 and 4 of 
the dihydro-thiazole ring was relevant in determining both activity and 
selectivity profiles. It was suggest that the introduction of a five member 
heterocycle in 4-position on the dihydrothiazole might be relevant to 
achieve a high inhibition of hCA II. The binding mode in a way proves 
the importance of substitution at position 3 and 4 of the thiazolidinone 
moiety because it allows better accommodation in the binding pocket. 
The nature of the substituent at position 4 of the dihydrothiazole ring 
was found to play an important role for determining the activity and 
selectivity of these compounds [35]. Kocyigit et al. synthesized a num
ber of novel thiazole derivatives and evaluated their inhibitory charac
teristics against the human CA isoenzymes I and II. From the obtained 
results, it seems that these compounds can be lead compounds for the 
development of more active CA inhibitors [36]. 

This work concentrated on the design and synthesis of new quinoline 
analogs containing the thiazole ring. For this, we proposed the use of 5- 
aminoisoquinoline, thioisocyanate, and phenacyl bromide derivatives in 
the preparation of the phenyl thiazol-2(3 h)-ylidene-isoquinoline-5- 
amine derivatives. These newly synthesized compounds were investi
gated in vitro for their inhibitory activity towards the hCA isoforms I II, 
IX, and X using both hydratase and esterase assay. Also, in this study, 
elevated the intermolecular interactions of these compounds, and 
docking scores. 

2. Experimental 

2.1. Instruments 

All starting materials and reagents were purchased from commercial 
suppliers. Reactions were monitored by TLC; the plates were visualized 
with short wave UV fluorescence (k=254 nm). Melting points were 
taken on a Yanagimoto micro melting point apparatus and were un
corrected. IR spectra (ν, cm–1) were measured on a SHIMADZU Pres
tige21 (200 VCE) spectrometer. 1H NMR and 13C NMR spectra were 
taken on Bruker AV-400 MHz instrument (JEOL LNM-GSX 400a, JEOL 
JMN-ECP 400,) in DMSO‑d6 using TMS as the internal standard. The 
elemental analysis was carried out with a Leco CHNS-932 (St. Joseph, 
MI) instrument. All chemicals were purchased from Merck (Darmstadt, 

Germany) and Sigma-Aldrich (Taufkirchen, Germany). 

2.2. Synthesis 

2.2.1. General synthesis of thiourea derivatives (3a-f) 
A mixture of 5-aminoisoquinoline (1) (1.0 mmol) and thioisocyanate 

derivatives (2) (1.0 mmol) with the addition of three drops of triethyl 
amine was stirred and refluxed at 70 ◦C for 24 hours in tetrahydrofuran 
(THF) (7 mL). After completion of the reaction, the mixture was cooled 
to room temperature and then poured into cold water (50 mL). Product 
(3) was filtered, washed with water, and dried. 

2.2.2. General synthesis of thiazole derivatives (5a-r) 
Thiourea derivatives (3a-f) (1 mmol) and phenacyl bromide de

rivatives (4) (1 mmol) in EtOH/DMF (5:5 v/v) were stirred and refluxed 
in 80 ◦C, for 24 h. After completion of the reaction, the mixture was 
allowed to cool to room temperature and poured into cold water (50 ml). 
The product (5a-r) was filtered, washed with water, and dried. Com
pounds (3a-f) and (5a-r) were synthesized as shown in Scheme 1. 

2.2.2.1. (E)-N-(3,4-diphenylthiazol-2(3H)-ylidene)isoquinoline-5-amine, 
(5a). Yellow solid; yield 98%; m.p.124–126 ◦C; IR (KBr, cm− 1): 3027, 
1613, 1577, 1545, 1490, 1389; 1H NMR (DMSO‑d6): δ 9.73(1H, s, H30- 
isoquinoline), 8.51–7.41(5H, m, H29,31,32,33,34-isoquinoline), 
7.31–7.15(10H, d, phenyl protons), 6.65(1H, s, H35-thiazole ring); 13C 
NMR (DMSO‑d6): 99.01, 120.45, 122.96, 123.89, 124.17, 128.54, 
128.78, 128.86, 128.97, 129.03, 129.23, 129.47, 129.61, 129.67, 
131.18, 131.64, 131.84, 133.69, 138.16, 147.05, 148.08, 162.04, 
162.85, 166.67; Anal. Calcd for C24H17N3S: C, 68.24; H, 4.52; N, 11.07; 
S, 8.45; Found: C, 68.27; H, 4.58; N, 11.00; S, 8.47%. 

2.2.2.2. (E)-N-(4-(4-chlorophenyl)− 3-phenylthiazol-2(3H)-ylidene)iso
quinoline-5-amine, (5b). Yellow solid; yield: 75%; m.p. 176–178 ◦C; IR 
(KBr, cm− 1): 3056, 1604, 1583, 1566, 1538, 1489; 1H NMR (DMSO‑d6): 
δ 9.77(1H, d, H30-isoquinoline), 8.53–7.87(5H, m, H29,31,32,33,34- 
isoquinoline), 7.46–7.19(9H, m, phenyl protons), 6.72(1H, s, H35- 
thiazole ring); 13C NMR (DMSO‑d6): 99.39, 120.64, 123.15, 123.89, 
124.25, 128.54, 128.78, 128.86, 128.95, 129.03, 129.47, 129.65, 
129.71, 130.02, 130.77, 131.76, 133.15, 133.75, 134.00, 137.96, 
138.77, 147.08, 148.54, 161.83; Anal. Calcd for C24H16ClN3S: C, 69.64; 
H, 3.10; Cl, 8.56; N, 10.15; S, 7.75; Found: C, 69.67; H, 3.09; Cl, 8.60; N, 

Scheme 1. General synthesis procedure for target compounds.  
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10.12; S, 7.73%. 

2.2.2.3. (E)-N-(4-(4-nitrophenyl)− 3-phenylthiazol-2(3H)-ylidene)iso
quinoline-5-amine, (5c). Yellow solid; yield: 75%; m.p. 278–280 ◦C; IR 
(KBr, cm− 1): 3027, 1598, 1547, 1515, 1491, 1343; 1H NMR (DMSO‑d6): 
δ 9.57(1H, d, H30-isoquinoline), 8.46–7.93(5H, m, H29,31,32,33,34- 
isoquinoline), 7.87–7.36(9H, m, phenyl protons), 6.89(1H, s, H35- 
thiazole ring); 13C NMR (DMSO‑d6): 102.05, 121.78, 123.93, 124.08, 
124.74, 128.54, 128.78, 128.86, 128.95, 129.01, 129.35, 129.59, 
129.86, 129.97, 130.38, 130.77, 132.75, 136.30, 137.86, 137.98, 
146.06, 147.64, 149.77, 161.34; Anal. Calcd for C24H16N4O2S: C, 67.91; 
H, 3.80; N, 13.20; O, 7.54; S 7.55; Found: C, 67.93; H, 3.89; N, 13.12; O, 
7.61; S, 7.51%. 

2.2.2.4. (E)-N-(4-phenyl-3-p-tolylthiazol-2(3H)-ylidene)isoquinoline-5- 
amine, (5d). Orange solid; yield: 97%; m.p. 140–142 ◦C; IR (KBr, cm− 1): 
3029, 1594, 1544, 1508, 1485; 1H NMR (DMSO‑d6): δ 9.44(1H, m, H30- 
isoquinoline), 8.44–7.68(5H, m, H29,31,32,33,34-isoquinoline), 
7.53–7.00(9H, m, phenyl protons), 6.54(1H, s, H35-thiazole ring), 
2.26 (3H, m, CH3); 13C NMR (DMSO‑d6): 21.24, 98.31, 120.97, 122.24, 
123.27, 128.84, 128.92, 129.23, 129.46, 130.21, 130.44, 130.53, 
130.67, 131.16, 131.40, 132.40, 134.88, 135.72, 137.62, 138.00, 
138.17, 140.01, 147.16, 150.20, 161.67; Anal. Calcd for C25H19N3S: C, 
76.31; H, 4.87; N, 10.68; S 8.15; Found: C, 76.93; H, 4.89; N, 10.12; S, 
8.13%. 

2.2.2.5. (E)-N-(4-(4-chlorophenyl)− 3-p-tolylthiazol-2(3H)-ylidene)iso
quinoline-5-amine, (5e). Orange solid; yield: 78%; m.p. 250–252 ◦C; IR 
(KBr, cm− 1): 3060, 1637, 1601, 1585, 1540, 1477; 1H NMR (DMSO‑d6): 
δ 9.75(1H, m, H30-isoquinoline), 8.56–7.56(5H, m, H29,31,32,33,34- 
isoquinoline), 7.43–7.16(8H, m, phenyl protons), 6.66(1H, s, H35- 
thiazole ring), 2.27 (3H, m, CH3); 13C NMR (DMSO‑d6): 21.50, 99.48, 
120.73, 122.87, 123.35, 124.36, 128.92, 128.97, 129.34, 130.22, 
130.77, 130.53, 130.67, 131.74, 133.20, 133.61, 133.94, 135.36, 
137.62, 138.32, 138.87, 146.95, 148.35, 150.20, 162.10; Anal. Calcd for 
C24H18ClN3S: C, 70.17; H, 4.24; Cl, 8.28; N, 9.82; S 7.49; Found: C, 
70.13; H, 4.29; Cl, 8.26; N, 9.81; S, 7.51%. 

2.2.2.6. (E)-N-(4-(4-nitrophenyl)− 3-p-tolylthiazol-2(3H)-ylidene)iso
quinoline-5-amine, (5f). Orange solid; yield: 85%; m.p. 271–273 ◦C; IR 
(KBr, cm− 1): 3063, 1597, 1576, 1555, 1553, 1538, 1476; 1H NMR 
(DMSO‑d6): δ 9.73(1H, m, H30-isoquinoline), 8.57–7.69(5H, m, 
H29,31,32,33,34-isoquinoline), 7.51–7.16(8H, m, phenyl protons), 6.90 
(1H, s, H35-thiazole ring), 2.28 (3H, m, CH3); 13C NMR (DMSO‑d6): 
21.27, 102.24, 120.45, 123.09, 124.05, 124.38, 124.76, 128.97, 129.00, 
130.33, 130.82, 130.92, 131.52, 133.46, 133.67, 133.94, 135.23, 
137.42, 138.46, 138.87, 147.08, 147.53, 148.58, 150.20, 161.75; Anal. 
Calcd for C25H18N4O2S: C, 68.41; H, 4.15; N, 12.78; O, 7.33; S 7.55; 
Found: C, 68.93; H, 4.19; N, 12.72; O, 7.31; S, 7.50%. 

2.2.2.7. (E)-N-(3-(4-methoxyphenyl)− 4-phenylthiazol-2(3H)-ylidene)iso
quinoline-5-amine, (5 g). Yellow solid; yield: 93%; m.p. 264–266 ◦C; IR 
(KBr, cm− 1): 3056, 1595, 1581, 1553, 1506, 1463; 1H NMR (DMSO‑d6): 
δ 9.23(1H, m, H30-isoquinoline), 8.43–7.51(5H, m, H29,31,32,33,34- 
isoquinoline), 7.42–6.79(9H, m, phenyl protons), 6.46(1H, s, H35- 
thiazole ring), 3.70 (3H, m, –OCH3); 13C NMR (DMSO‑d6): 55.51, 
98.56, 114.70, 115.32, 117.25, 119.17, 123.03, 128.79, 128.82, 128.93, 
128.99, 130.70, 130.83, 131.03, 131.34, 131.52, 140.07, 140.34, 
141.56, 147.13, 152.18, 156.12, 159.01, 161.43; Anal. Calcd for 
C25H19N3OS: C, 73.33; H, 4.68; N, 10.26; O, 3.91; S 7.83; Found: 
C,73.32; H, 4.70; N, 10.30; O, 3.94; S, 7.89%. 

2.2.2.8. (E)-N-(4-(4-chlorophenyl)− 3-(4-methoxyphenyl)thiazol-2(3H) 
ylidene)isoquinoline-5-amine, (5 h). Orange solid; yield: 78%; m.p. 
275–277 ◦C; IR (KBr, cm− 1): 3063, 1603, 1584, 1562, 1552, 1488, 1383; 

1H NMR (DMSO‑d6): δ 9.78(1H, m, H30-isoquinoline), 8.55–7.77(5H, 
m, H29,31,32,33,34-isoquinoline), 7.38–6.96(8H, m, phenyl protons), 
6.69(1H, s, H35-thiazole ring), 3.73 (3H, m, –OCH3); 13C NMR 
(DMSO‑d6): 55.70, 99.30, 114.86, 120.92, 123.03, 129.33, 124.30, 
128.96, 130.08, 131.88, 132.76, 133.86, 134.00, 139.03, 140.07, 
146.95, 148.18, 155.35, 162.49; Anal. Calcd for C25H18ClN3OS: C, 
67.64; H, 4.09; Cl, 7.99; N, 9.47; O, 3.60; S 7.22; Found: C, 67.63; H, 
4.12; Cl, 8.00; N, 9.41; O, 3.61; S, 7.24%. 

2.2.2.9. (E)-N-(3-(4-methoxyphenyl)− 4-(4-nitrophenyl)thiazol-2(3H)- 
ylidene)isoquinoline-5-amine, (5ı). Yellow solid; yield: 72%; m.p. 
230–232 ◦C; IR (KBr, cm− 1): 3065, 1696, 1574, 1553, 1505, 1385; 1H 
NMR (DMSO‑d6): δ 9.78(1H, m, H30-isoquinoline), 8.60–7.77(5H, m, 
H29,31,32,33,34-isoquinoline), 7.50–6.91(8H, m, phenyl protons), 6.63 
(1H, s, H35-thiazole ring), 3.72 (3H, m, –OCH3); 13C NMR (DMSO‑d6): 
99.75, 100.13, 113.03, 119.21, 122.11, 123.00, 124.67, 125.10, 126.07, 
127.85, 128.65, 128.83, 129.11, 129.74, 130.92, 131.30, 133.21, 
133.62, 135.35, 136.40, 139.08, 140.26, 157.62, 168.42; Anal. Calcd for 
C25H18N4O3S: C, 66.07; H, 3.99; N, 12.33; O, 10.56; S 7.05; Found: C, 
66.13; H, 3.97; N, 12.38; O, 10.57; S, 7.11%. 

2.2.2.10. (E)-N-(3-(4-nitrophenyl)− 4-phenylthiazol-2(3H)-ylidene)iso
quinoline-5-amine, (5i). Brown solid; yield: 93%; m.p. 264–266 ◦C; IR 
(KBr, cm− 1): 3076, 1693, 1590, 1547, 1489, 1330; 1H NMR (DMSO‑d6): 
δ 9.72(1H, m, H30-isoquinoline), 8.60–7.71(5H, m, H29,31,32,33,34- 
isoquinoline), 7.38–6.61(9H, m, phenyl protons), 6.63(1H, s, H35- 
thiazole ring); 13C NMR (DMSO‑d6): 101.02, 113.02, 117.99, 121.16, 
121.90, 125.87, 126.05, 128.98, 130.51, 130.97, 131.77, 133.73, 
134.21, 137.70, 139.62, 146.97, 148.18, 148.46, 151.77, 157.05, 
165.98; Anal. Calcd for C24H16N4O2S: C, 67.91; H, 3.80; N, 13.20; O, 
7.54; S 7.55; Found: C, 68.01; H, 3.87; N, 13.38; O, 7.57; S, 7.51%. 

2.2.2.11. (E)-N-(4-(4-chlorophenyl)− 3-(4-nitrophenyl)thiazol-2(3H)-yli
dene)isoquinoline-5-amine, (5j). Brown solid; yield: 72%; m.p. 
273–275 ◦C; IR (KBr, cm− 1): 3027, 1609, 1552, 1518, 1492, 1343; 1H 
NMR (DMSO‑d6): δ 9.75(1H, m, H30-isoquinoline), 8.60–7.71(5H, m, 
H29,31,32,33,34-isoquinoline), 7.38–6.61(8H, m, phenyl protons), 6.63 
(1H, s, H35-thiazole ring); 13C NMR (DMSO‑d6): 101.01, 113.02, 
118.22, 120.91, 121.90, 122.14, 123.27, 124.85, 128.97, 129.88, 
130.51, 130.73, 130.98, 131.62, 131.91, 133.44, 134.24, 137.88, 
138.79, 143.54, 151.97, 157.13, 166.21; Anal. Calcd for 
C24H15ClN4O2S: C, 62.81; H, 3.29; Cl, 7.72; N, 12.21; O, 6.97; S 6.99; 
Found: C, 62.93; H, 3.27; Cl, 7.75; N, 12.28; O, 7.03; S, 7.01%. 

2.2.2.12. (E)-N-(3,4-bis(4-nitrophenyl)thiazol-2(3H)-ylidene)isoquino
line-5-amine, (5k). Brown solid; yield: 83%; m.p. 290–292 ◦C; IR (KBr, 
cm− 1): 3056, 1736, 1603, 1570, 1553, 1504, 1386; 1H NMR (DMSO‑d6): 
δ 9.50(1H, m, H30-isoquinoline), 8.56–7.69(5H, m, H29,31,32,33,34- 
isoquinoline), 7.46–6.98(8H, m, phenyl protons), 6.64(1H, s, H35- 
thiazole ring); 13C NMR (DMSO‑d6): 103.21, 103.85, 112.89, 116.68, 
121.51, 122.16, 124.32, 124.95, 124.77, 126.12, 128.32, 129.90, 
130.73, 130.98, 131.91, 136.93, 138.19, 143.42, 146.94, 147.60, 
151.33, 157.19, 162.16; Anal. Calcd for C24H15N5O4S: C, 61.40; H, 3.22; 
N, 14.92; O, 13.63; S 6.83; Found: C, 61.43; H, 3.27; N, 14.98; O, 13.57; 
S, 6.81%. 

2.2.2.13. (E)-N-(3-(4-fluorophenyl)− 4-phenylthiazol-2(3H)-ylidene)iso
quinoline-5-amine, (5l). Orange solid; yield: 95%; m.p. 299–301 ◦C; IR 
(KBr, cm− 1): 3057, 1737, 1603, 1565, 1553, 1547, 1386; 1H NMR 
(DMSO‑d6): δ 9.43(1H, m, H30-isoquinoline), 8.43–7.70(5H, m, 
H29,31,32,33,34-isoquinoline), 7.54–7.00(9H, m, phenyl protons), 6.58 
(1H, s, H35-thiazole ring); 13C NMR (DMSO‑d6): 98.71, 116.35, 116.57, 
120.79, 123.29, 128.91, 129.03, 129.25, 130.11, 131.17, 131.86, 
131.95, 132.32, 138.18, 139.78, 146.88, 150.57, 162.89; Anal. Calcd for 
C24H16FN3S: C, 72.52; H, 4.06; F,4.78; N, 10.57; S, 8.07; Found: C, 
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72.53; H, 4.10; F,4.80; N, 10.55; S, 8.11%. 

2.2.2.14. (E)-N-(4-(4-chlorophenyl)− 3-(4-fluorophenyl)thiazol-2(3H)- 
ylidene)isoquinoline-5-amine, (5 m). Brown solid; yield: 72%; m.p. 
295–297 ◦C; IR (KBr, cm− 1): 2970, 1738, 1600, 1583, 1557, 1519, 1352; 
1H NMR (DMSO‑d6): δ 9.70(1H, m, H30-isoquinoline), 8.57–7.76(5H, 
m, H29,31,32,33,34-isoquinoline), 7.53–7.16(8H, m, phenyl protons), 
6.71(1H, s, H35-thiazole ring); 13C NMR (DMSO‑d6): 99.65, 116.51, 
116.74, 120.74, 123.07, 124.30, 128.98, 129.02, 129.89, 130.76, 
131.68, 131.85, 131.94, 133.01, 133.29, 133.67, 134.10, 134.19, 
138.65, 146.86, 148.37, 163.02; Anal. Calcd for C24H15ClFN3S: C, 
66.74; H, 3.50; Cl, 8.21; F, 4.40; N, 9.73; S 7.42; Found: C, 66.73; H, 
3.57; Cl, 8.25; F, 4.43; N, 12.38; O, 10.57; S, 7.47%. 

2.2.2.15. (E)-N-(3-(4-fluorophenyl)− 4-(4-nitrophenyl)thiazol-2(3H)-yli
dene)isoquinoline-5-amine, (5n). Yellow solid; yield: 81%; m.p. 
233–235 ◦C; IR (KBr, cm− 1): 3027, 1738, 1599, 1554, 1535, 1489, 1355; 
1H NMR (DMSO‑d6): δ 9.75(1H, m, H30-isoquinoline), 8.57–7.77(5H, 
m, H29,31,32,33,34-isoquinoline), 7.58–7.24(8H, m, phenyl protons), 
6.95(1H, s, H35-thiazole ring); 13C NMR (DMSO‑d6): 102.37, 116.65, 
116.88, 120.88, 123.40, 124.11, 124.61, 128.93, 130.10, 131.75, 
131.84, 132.91, 133.69, 134.01, 137.16, 137.88, 146.86, 147.60, 
148.20, 163.08; Anal. Calcd for C24H15FN4O2S: C, 65.15; H, 3.42; F, 
4.29; N, 12.66; O, 7.23; S 7.25; Found: C, 65.13; H, 3.47; F,4.32; N, 
12.68; O, 7.27; S, 7.23%. 

2.2.2.16. (E)-N-(3-(4-chlorophenyl)− 4-phenylthiazol-2(3H)-ylidene)iso
quinoline-5-amine, (5o). Orange solid; yield: 96%; m.p. 223–225 ◦C; IR 
(KBr, cm− 1): 2970, 1738, 1604, 1580, 1566, 1536, 1485, 1381; 1H NMR 
(DMSO‑d6): δ 9.57(1H, m, H30-isoquinoline), 8.48–7.63(5H, m, 
H29,31,32,33,34-isoquinoline), 7.49–7.18(9H, m, phenyl protons), 6.66 
(1H, s, H35-thiazole ring); 13C NMR (DMSO‑d6): 99.19, 121.83, 123.37, 
123.56, 123.80, 128.98, 129.01, 129.06, 129.10, 129.25, 129.33, 
129.46, 129.60, 130.02, 130.60, 131.04, 131.56, 131.64, 132.86, 
133.09, 137.10, 139.60, 146.91, 149.63, 161.64; Anal. Calcd for 
C24H16ClN3S: C, 69.64; H, 3.90; Cl, 8.56; N, 10.15; S 7.75; Found: C, 
69.65; H, 3.97; Cl, 8.59; N, 10.17; S, 7.71%. 

2.2.2.17. (E)-N-(3,4-bis(4-chlorophenyl)thiazol-2(3H)-ylidene)isoquino
line-5-amine, (5p). Orange solid; yield: 95%; m.p. 250–252 ◦C; IR (KBr, 

cm− 1): 3033, 2970, 1738, 1600, 1578, 1556, 1520, 1486, 1347; 1H NMR 
(DMSO‑d6): δ 9.57(1H, m, H30-isoquinoline), 8.48–7.63(5H, m, 
H29,31,32,33,34-isoquinoline), 7.49–7.18(8H, m, phenyl protons), 6.66 
(1H, s, H35-thiazole ring); 13C NMR (DMSO‑d6): 99.90, 120.32, 122.78, 
124.33, 129.09, 129.72, 129.84, 130.07, 130.82, 131.42, 131.53, 
133.28, 133.34, 134.13, 136.83, 138.42, 146.90, 148.85, 161.74; Anal. 
Calcd for C24H15Cl2N3S: C, 64.29; H, 3.37; Cl, 15.81; N, 9.37; S 7.15; 
Found: C, 64.33; H, 3.39; Cl, 15.85; N, 9.38; S, 7.11%. 

2.2.2.18. (E)-N-(3-(4-chlorophenyl)− 4-(4-nitrophenyl)thiazol-2(3H)-yli
dene)isoquinoline-5-amine, (5r). Orange solid; yield: 75%; m.p. 
225–227 ◦C; IR (KBr, cm− 1): 3027, 1613, 1577, 1545, 1490, 1388; 1H 
NMR (DMSO‑d6): δ 9.65(1H, m, H30-isoquinoline), 8.52–7.67(5H, m, 
H29,31,32,33,34-isoquinoline), 7.55–7.43(8H, m, phenyl protons), 6.95 
(1H, s, H35-thiazole ring); 13C NMR (DMSO‑d6): 102.69, 119.88, 
122.41, 124.17, 124.26, 129.15, 129.83, 130.01, 130.07, 131.09, 
131.40, 132.95, 133.36, 135.32, 136.69, 137.15, 137.63, 146.85, 
147.61, 149.33, 161.45; Anal. Calcd for C24H15ClN4O2S: C, 62.81; H, 
3.29; Cl, 7.72; N, 12.21; O, 6.97; S, 6.99; Found: C, 62.87; H, 3.27; Cl, 
7.75; N, 12.28; O, 7.01; S, 7.01%. 

2.3. Biologic activity studies 

2.3.1. Purification of carbonic anhydrase i and ii from human blood red 
cells 

Blood samples (25 mL) from healthy human volunteers were 
collected. They were centrifuged at 1000xg for 20 min at 4 ◦C and the 
supernatant was removed. The packed erythrocytes were washed three 
times with 0.9% NaCl and then hemolyzed in cold water. The pH of the 
hemolysate was adjusted to 8.5 with a solid Tris-base. Twenty-five 
milliliters of hemolysate were applied to an affinity column containing 
Sepharose 4B-ethylene diamine-4-isothiocyanate-benzenesulfonamide 
[37]. CA isozymes were then eluted with 0.1 M NaCl / 25 mM 
Na2HPO4 (pH 6.3) and 0.1 M CH3COONa / 0.5 M NaClO4 (pH 5.6), 
which recovered hCA I and II, respectively. 

2.3.2. Esterase and hydratase activity assay 
hCA IX and hCA X (CA 9, human recombinant (SRP6483) and CA10, 

human recombinant (SRP6490)) was obtained from Sigma-Aldrich. hCA 
IX and hCA X vials were centrifuged at 5000xg for 3 min at 4 ºC before 
opening. They were reconstituted in sterile PBS, pH 7.4 at a 

Scheme 2. The synthesis reaction mechanism.  
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concentration of 50 µg/mL. 
The determination of esterase activities of carbonic anhydrase en

zymes is based on the hydrolysis of p-nitrophenyl acetate. CA activity 
was assayed by following the change in absorbance at 348 nm of 4-nitro
phenyl-acetate (NPA) to 4-nitrophenylate ion over a period of 3 min at 
25 ◦C using a spectrophotometer (Biotek Power Wave XS) according to 
the method described in the literature [38]. The CO2–Hydratase activity 
was calculated using equation (t0- tc/tc) where t0 and tc are the pH 
change times of non-enzymatic and enzymatic reactions, respectively, 
and this was used to express the enzyme unit (EU) [39]. The clinically 
used isoform non-selective CA inhibitor acetazolamide (AAZ) was cho
sen as a standard inhibitor. 

2.3.3. In vitro inhibition studies 
The effects of increasing concentrations of 18 newly synthesized 

Phenylthiazol-2(3 h)-ylidene-isoquinoline-5-amine derivatives(5a-r) on 
hCA I, II, IX, and X isozymes activities were determined both hydratase 
and esterase activity assay. Carbonic anhydrase activity without new 
inhibitors was considered as 100% activity, and the graph was used to 
calculate the inhibitor concentration causing up to 50% inhibition. IC50 
analysis graphs were drawn by plotting inhibitor concentrations against 
enzyme activity using Microsoft Excel Program. The inhibition impacts 
of thiazole derivatives 5a-5r on the both hydratase and esterase activity 
of hCA I, II, IX, and X isoenzymes were investigated. 

Scheme 3. Synthesis of derivatives (5a–r) from the compounds (3a–f) and the phenacyl bromide derivatives (4).  
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2.4. Molecular docking studies 

The molecular docking studies were carried out using SwissDock 
(http://www.swissdock.ch/) [40] molecular docking server based on 
docking software EADock DSS [41]. The ligand-bound crystal structures 
of human carbonic anhydrase enzymes I and II (PDB ID: 1BZM [42] for 
hCA I and PDB ID: 1AVN [43] for hCA II) were retrieved from RCSB PDB 
[44] for hCA I and hCA II respectively and prepared using 
UCSF-Chimera (http://www.rbvi.ucsf.edu/chimera) software devel
oped by the Resource for Biocomputing, Visualization, and Informatics 
at the University of California, San Francisco [45]. The 
three-dimensional structures of the novel 5a derivate of phenylthiazol-2 
(3 h)-ylidene-isoquinoline-5-amines were sketched and prepared by the 
MarvinSketch software version 21.1 of ChemAxon (http://www.che 
maxon.com) software solutions and services for chemistry and 
biology. The ligand was suitably optimized for its ionization state at pH 
7.4 prior to docking. The minimization, equilibration, and molecular 
dynamic simulations were performed using NAMD2 software. NAMD 
was developed by the Theoretical and Computational Biophysics Group 
in the Beckman Institute for Advanced Science and Technology at the 
University of Illinois at Urbana-Champaign [46]. 

3. Results and discussion 

3.1. Chemistry 

The detailed reaction mechanism and the products of (5a-r) are 
shown in Schemes 2 and 3. Firstly, the aromatic thiourea derivatives 
(3a-f) were synthesized with 5-aminoisoquinoline (1) and thio
isocyanates (2) in THF at 70 ◦C for 24 h [47]. Afterward, these com
pounds (3a-f) were converted to compounds (5a-r) to give a thiazole ring 
in EtOH-DMF (5:5 v/v) at 80 ◦C for 24 h and were formed in a very high 
yield (98–65%). Phenacyl bromide derivatives (4) were used for this 
reaction step [48]. The prepared analogs were characterized by NMR 
(1H and 13C), IR, and elemental analysis. The resulting spectroscopic 
investigation agreed with the heteroaromatic structure (5a-r) shown in 
Scheme 3. Also, ORTEP plot of the molecular structure of compound 
(5a) showed in Scheme 4. 

The product was identified from spectroscopic and analytical data. In 
the FT-IR spectra of the compounds, (5a-r) exhibited characteristic ab
sorption bands of around 3000, 1700, 1650, and 1350 regions, con
firming the presence of (––C–H), (C––N), and (C––C), respectively. It is 
known that aromatic systems generally exhibit vibrational bands at 
around 3000 cm− 1 because of aromatic CH stretching vibrations [49]. In 
the FT-IR spectrum recorded for the molecules (5a-r), the band observed 
in the region of 3076–2920 cm− 1 is assigned as aromatic CH stretching 
vibration. In the six-membered aromatic rings such as benzene and 
pyridine, the (C = C) stretching vibrations occur in the region 
1625–1430 cm− 1 [50]. 

1H NMR and 13C NMR spectra were taken on the Bruker AV-400 MHz 
instrument in DMSO‑d6. The 1H NMR spectra of all the compounds have 
shown that the H(35) proton peak on thiazole ring resonances around 
6.50 ppm [51] and the H(36–45) proton peaks on aromatic benzene ring 
come between 6.61 and 7.87 ppm [52]. Also, the isoquinoline ring 
protons H(29–34) gave a peak around 9.77–8.00 ppm [53–55]. While 
the methoxy protons of compounds 5 g, 5 h, and 5ı give signals at 3.70, 
3.73, and 3.72 ppm, the methyl protons of 5d, 5e, 5f give at 2.26, 2.27, 
and 2.28 ppm, respectively. From the 13C NMR spectra, carbon double 
bonds the thiazole ring (C12––N11 and C14––C15) gave a peak around 
160 and 100 ppm [52]. Also, the aromatic C atoms give NMR signals in 
the range of 150–110 ppm [48]. In our work, benzene ring C atoms give 
NMR signals at around 113–150 ppm. The methoxy group C atoms of 
compounds 5 g, 5 h, and 5ı have given signals at around 55.60 ppm, and 
also the methyl C atoms of 5d, 5e, and 5f have given signals at around 
21.30 ppm. All spectra and elemental analyses support the structure of 
the synthesized compounds. 

3.2. CA activity assay 

The effects of these new inhibitors on human carbonic anhydrase I 
(hCA I), II (hCA II), IX (hCA IX), and X (hCA X) were investigated. While 
hCA I and hCA II isozymes have been purified from human erythrocytes 
by affinity chromatography, hCA IX and hCA X were purchased from 
sigma. The inhibitor concentrations causing up to 50% (IC50 values) 
were investigated from regression analysis graphs for these novel de
rivatives. The IC50 values found for these compounds are shown in 
Table 1. 

The hCA I hydratase and esterase activities were inhibited by the 
novel-synthesized isoquinoline-5-amine derivatives, with IC50 values 
ranging from 13.33 to 34.75 and 13.02–21.22 mM, respectively. Also, 
all studied compounds showed inhibition activity against hCA II 
hydratase and esterase, with IC50 values ranging from 15 to 36.1 and 
13.42–22.01 mM, respectively, close to hCA I. The hCA IX and X iso
enzymes were inhibited by all derivatives, with IC50 values ranging from 
4 to 6.01 and 4.09–6.82 mM, respectively. The strongest inhibitors 
among the studied compounds were found according to their esterase 
and hydratase activities for hCA I 5b (IC50: 13.02 mM), hCA II 5f 
(IC50:13.42 mM), hCA IX 5r (IC50: 4 mM), hCA X 5a (IC50:4.09 mM), and 

Scheme 4. ORTEP plot of the molecular structure of compound (5a).  

Table 1 
IC50 values of hCA I, hCA II, hCA IX and hCA X isoenzyme esterase and hydratase 
activities obtained after inhibition experiments.  

Compound IC50(mM) 
(Hydratase) 

IC50(mM) 
(Esterase) 

IC50(mM) (Esterase) 

hCA I hCA II hCA I hCA II hCA IX hCA X 

5a 14.90 29.94 20.10 16.32 4.60 4.09 
5b 16.30 26.03 13.02 17.15 4.46 5.24 
5c 20.51 18.10 19.70 16.46 5.15 5.04 
5d 23.05 33 20.34 17.16 6.01 5.80 
5e 29.16 33.5 18.85 17.06 5.43 6.60 
5f 15.28 16.95 20.40 13.42 5.54 4.29 
5 g 28.50 16.20 20.55 21.65 4.57 4.42 
5h 27.80 27.05 19.95 18.40 4.18 6.19 
5ı 20.45 21.21 21.75 18.50 4.67 5.99 
5i 15.88 25.83 17.50 20.50 4.74 5.12 
5j 13.33 15.90 18.50 20.68 5.54 5.05 
5k 34.75 36.10 18.40 19.44 5.96 4.54 
5l 18.70 30.21 19.74 22.01 5.87 5.24 
5m 29.35 20.20 21.22 21.75 4.89 5.38 
5n 20.10 15 21.11 17.62 4.87 4.93 
5o 27.50 24.31 20.77 17.41 5.47 4.85 
5p 26.55 27.96 19.96 16.43 5.27 4.83 
5r 29.18 32.88 20.95 18.63 4 6.82 
AAZ 0.19 0.108 0.233 0.354 1.32 1.96  
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Scheme 5. Ligand focused surface-focused binding pose (front) of 6,7-dimethoxy-3,4-dihydroisoquinoline-2(1H)-sulfonamide to the hCA I. Zinc ion (green) with 
three coordinated histidine residues (cyan) were shown together with amino acid residues within 4.2 Å of the ligand molecule. 

Scheme 6. Ligand surface-focused binding pose (side) of 6,7-dimethoxy-3,4-dihydroisoquinoline-2(1H)-sulfonamide to the hCA II. Zinc ion (green) with three 
coordinated histidine residues (cyan) were shown together with amino acid residues within 4.2 Å of the ligand molecule. 
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for hCA I 5j (IC50: 13.33 mM), hCA II 5n (IC50:15 mM) respectively. 
As seen in Table 1, the IC50 values of the new inhibitors, esterase 

activity hCA IX and hCA X, were lower than IC50 values of both 
hydratase and esterase activities hCA I and hCA II. All compounds 
inhibited hCA IX and hCA X more potently (from 4.0 to 6.82 mM). 
However, these inhibition values are weaker than AAZ. Carbonic 
anhydrase IX is known highly expressed in various human malignancies 
and tissues. CA IX is a significant biomarker for some cancers caused by 
overexpressed in hypoxic tumors. 

For hCA I hydratase activity, the strongest inhibitor was the 5j 
compound with an IC50 value of 13.33 mM, while the weakest inhibitor 
was the 5k compound with an IC50 value of 34.75 mM. Hydratase ac
tivity is measured using the enzyme’s specific substrate, carbon dioxide. 
Among the compounds studied according to their hydratase activity, the 
5k compound was determined as the weakest inhibitor for both hCA I 
and hCA II (Table 1).In our previous work, we explored thiazole de
rivatives hat showed inhibitory effects against some hCA isozymes at 
micromolar concentrations [55–59]. 

3.3. Docking studies 

The novel 5a derivate of phenylthiazol-2(3 h)-ylidene-isoquinoline- 
5-amines synthesized in this study was docked against hCA I and hCA II 
active sites to better evaluate the molecular basis of the binding affinity 
of the enzymes. The docking results were compared to the crystal 
structure of the hCA II and 6,7-dimethoxy-3,4-dihydroisoquinoline-2 
(1H)-sulfonamide ligand (DT7) complex, (PDB ID: 3IGP) [54], was 
derived from RCSB PDB. For the validation of the in silico molecular 
docking studies, the co-crystalized ligand DT7 was extracted and 
redocked into the binding site of the protein chain A of the 3IPG. To 
evaluate the quality of the docking results, the results with the best 
full-fitness score were superimposed with the DT7 ligand and root mean 
square deviation (RMSD) values were calculated. The RMSD scores were 
computed as less than 2 Å. 

According to previous studies, the inhibitor binding does not cause 
any major structural changes to the hCA I and hCA II enzymes [56]. 
Hydrophobic interactions of the isoquinoline moiety are known to sta
bilize the inhibitor within the active site cavity which. The isoquinoline 
moiety is known to form numerous Van der Waals interactions (distance 
of <4.2 Å) with the bottom of the active site (residues Gln92, Val121, 
Val143, Trp209) and the loop formed by residues Ser197− Pro202. Also, 
the side chain of Phe131 from helix 4 contributes to interaction with the 
substituting methoxy‑groups. Phenylthiazol-2(3 h)-ylidene-isoquinoli
ne-5-amine derivatives synthesized in this study showed comparable 
inhibition activity to 3,4-dihydroisoquinoline-2(1H)-sulfonamides pre
viously reported in the literature with 14,90 and 29,94 µM IC50 values 
respectively for hCA I and hCA II. 

According to the molecular docking study results, in addition to the 
expected Van der Walls interactions, novel phenylthiazol-2(3 h)-yli
dene-isoquinoline-5-amine derivatives synthesized in this study has the 
potential to form H bonds between the sulfur atom of the phenylthiazol 
group and His67 and conserved Gln92 residues of hCA I. The sulfur atom 
has the potential to act as two proton acceptors whereas His67 and 
Gln92 act as proton donors through their ND1-HD1 and NE2-HE22 
atoms respectively. The average distance of the H bonds formed be
tween the ligand and the active site residues were calculated as 2.62 Å 
and 3.31 Å respectively with His-and Gln, which corresponds to one 
strong and one weak hydrogen bond. In addition to the same hydro
phobic interactions of the isoquinoline moiety stabilize the inhibitor 
within the active site cavity including Gln92, Ala121, Val143, Trp209, 
Ser197, Pro202, and Phe131 phenylthiazol-2(3 h)-ylidene group also 
forms many van der Waals interactions including Val62, His64, Trp5, 
Pro201, Pro202, Leu198, Ala135, Val131, Leu141, Phe91 and Asn69 
(Scheme 5). 

Similar to hCA I, phenylthiazol-2(3 h)-ylidene-isoquinoline-5-amine 
derivatives have the potential to form H bonds between the sulfur atom 

of the phenylthiazol group and Asn62 or Asn67 and conserved Gln92 
residues of hCA III. The sulfur atom acts as a two proton acceptor 
whereas Asn62/67 and Gln92 act as proton donors through their ND2- 
HD21/22 and NE2-HE22 atoms. The average distance of the H bonds 
formed between the ligand and the active site residues were calculated 
as 2.70 Å and 3.06 Å respectively which corresponds to one strong and 
one weak hydrogen bond. In addition to the same hydrophobic in
teractions of the isoquinoline moiety stabilize the inhibitor within the 
active site cavity including Gln92, Val121, Val143, Trp209, Ser197, 
Pro202, and Phe131 phenylthiazol-2(3 h)-ylidene group also forms 
many van der Waals interactions including Asn62, His64, Trp5, Pro201, 
Pro202, Leu204, Leu198, Val135, Phe131, Val121, Leu141, Ile91 and 
Glu69 (Scheme 6). 

The docking scores of 5a derivate was found to be higher for hCA I 
than hCA II with − 1274.64 full fitness score, 57.26 kJ/moL energy and 
− 7.42 kJ/moL ΔG instead of − 1336.14 full fitness score, 60.29 kJ/moL 
energy and − 7.19 kJ/moL ΔG respectively which also supports the 
lower IC50 value observed for hCA I. 
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