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Abstract: In this study, we synthesized 2-amino-5-carboxamide thiazole derivatives on solid phase. 

The synthesis of the library starts with the reductive amination of the 4-formyl-3-methoxy phenoxy 

resin in order to prevent isomer formation. The dehydrative cyclization of thiourea intermediate resin, 

which is the key step in the synthetic process, was successfully synthesized using α-bromoketone in 

the presence of the DMF so as to afford 2-amino-5-carboxylate thiazole resin. The resulting resin is 

coupled with various amines. Finally, the 2-amino-5-carboxamide thiazole resin was cleaved from the 

polymer support using a TFA and DCM cocktail. The physicochemical properties of the proposed 2-

amino-5-carboxamide thiazole derivatives were calculated and showed potential to be an reasonable 

oral bioavailability drug properties as determined by Lipinski’s Rule.

KEYWORDS: 2-amino-5-carboxamide thiazole, isomer, dehydrative cyclization, solid-phase
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Introduction

Solid-phase organic synthesis (SPOS) is a method widely used in drug discovery for its profound 

effect on making massive numbers of small molecules in short periods of time.1 These small 

molelcules usually contain heterocyclic systems, which are considered to be an important class of 

organic compounds, as they play a vital role in the medicinal field.2 Among many type of heterocylic 

compounds, five-membered rings have been used in a number of medicinal research projects due to 

their activity against diseases.3 

Thiazole is one of the representative five-membered ring compounds which has attracted research 

interest in recent years.4 Thiazole core skeleton has shown various biological activites, such as 

antibacterial,5 antioxidant,6 diuretic,7 antifungal,8 antitubercular,9 anti-inflammatory,10 

anticonvulsant,11 anti-HIV,12 antidiabetic,13 antihypertensive,14 anti-Alzheimer15 and anticancer16 

activities. Additionally, most of the antitumor agents contain substituted 1,3-thiazole ring and 

carboxamide groups (Figure 1).17 Therefore, thiazole core was a target molecule for synthesis and 

biological testing with following numerous reported methods so as to afford thiazole core skeleton.18 

Thus, many organic chemists and medicinal chemists have maintained interest in synthesizing thiazole, 

and there have been several reported methods to afford this core skeleton in the literature.19

 

S

N

NH2
O

O

HO OH

OH

O

N
H

N
N

S

H
N

O
N

NH
O

N
HN

H O

N N
HO

N
N

HN
S

N
H
N

O

Cl

H2N

H
N

O
S

N
N
H

O

S

N

O
NH2

Tiazofurin 20e

Thia-netropsin 20c

Thiazotropsin A 20d Dasatinib 20f

N

SN N
H

O O O

O

O

Nitazoxanide 20a

N
H

O

N
S

S

N

OO

OH

Meloxicam 20b

Figure 1. Examples of 2-amino-5-carboxamide thiazole derivatives with broad-spectrum antitumor 

activities 20
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Herein, we were interested in developing new synthetic methodology for thiazole carboxamide 

moiety. As an extension of our previous work,21 we envisioned synthesizing thiazole from the 

isothiocyanate-terminated resin (Scheme 1 (a)). Unfortunately, our previous methodology was limited 

to the use of ethyl carbamate, as undesired dihydrothiazole was formed. In order to improve the 

synthetic methodology, we synthesized N-alkylated amine resin 3 from the reductive amination of 

AMEBA resin. Next, we synthesized thiourea resin 4 in the absence of base. We then synthesized 

isothiourea resin by modifying the functional group on Merrifield resin (Scheme 1 (b)). In contrast to 

the previous method, this method increases the reactivity of the intermediate and also reduces the 

number of reaction steps. Herein, we report our recent progress on this project.

Scheme 1. Synthetic Strategy for the Synthesis of Ethyl (N-alkyl-benzylcarbamothioyl)carbamate 

resins
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Results and Discussion

Preliminary studies show the reaction conditions for 2-amino-5-carboxamide thiazole derivatives on 

solution phase (Scheme 2). The synthesis began with the preparation of N-acylthiourea. The reaction 

between ethoxycarbonyl isothocyante with primary amine 17 affored ethoxycarbonyl thiourea 18. 
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Unfortunately, the cyclization reaction between ethoxycarbonyl thiourea 18 and α-

bromoacetophenone resulted in the formation of undesired dihydrothiazole 19 (Scheme 3). A 

convincing mechanism for this cyclization reaction is depicted in Scheme S1.22 In order to prevent 

isomer formation, we used a secondary amine as a starting marterial instead of primary amine. The N-

benzyl-N-methyl-N'-(ethoxycarbonyl)thiourea 13 was succesfuly cyclized to form ethyl 2-

(benzyl(methyl)amino)-4-phenylthiazole-5-carboxylate 14 under conditions using TEA and α-

bromoacetophenone in DMF. A plausible mechanism for the above cyclization reaction is shown in 

Scheme S2.23 Hydorylsis of the thiazole-5-carboxylate 14 with 2 M NaOH in EtOH at 70 ℃, results 

in 2-(benzyl(methyl)amino)-4-phenylthiazole-5-carboxylic acid 15. Further, N-benzyl-2-

(benzyl(methyl)amino)-4-phenylthiazole-5-carboxamide 16 was obtained by the amide coupling of 

benzylamine using EDC·HCl and HOBt in DMF for 6 h.

Scheme 2. Study for solution-phase synthesis of 2-amino-5-carboxamide thiazole derivativesa
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a Reagents and conditions: (a) Ethoxycarbonyl isothiocyanate, DCM, rt, 1.5 h. (b) α-bromoacetophenone, TEA, DMF, rt, 
4 h.(c) 2 M NaOH, EtOH, 70 ℃, 12 h. (d) Benzylamine, EDC·HCl, HOBt, DMF, rt, 6 h

Scheme 3. Formation of the undesired isomers 2-aminothiazole 8a
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Thus, as the solution-phase reaction conditions were successfully optimized, the solid-phase 

synthesis of 2-amino-5-carboxamide derivatives introduced various amines. Merrifield resin 1 was 

used as a starting material, and reacted with 4-hydroxy-2-methoxybenzaldehyde, K2CO3, and KI in 

DMF for 16 h in order to yield the 4-formyl-3-methoxy phenoxy resin 2.24 This process was monitored 

using ATR-FTIR, the results of which showed an ester (C=O) peak at 1675 cm-1 (Figure S1(2)). After 

the reductive amination of resin 2, with amines and NaBH(OAc)3 in DCM, the representative ester 

(C=O) peak at 1675 cm-1 disappeared (Figure S1(3{1})). The attachment of ethoxycarbonyl 

isothiocyanate to N-alkylated resin 3 in DCM obtained Ethyl (N-alkyl-

benzylcarbamothioyl)carbamate resin 4, whose FTIR spectrum showed the ester (C=O) peak at 1735 

cm-1 (Figure S1(4{1})). The dehydrative cyclization of Ethyl (N-alkyl-

benzylcarbamothioyl)carbamate resin 4 was successfully conducted using α-bromoacetophenone or 

3-(Bromoacetyl)pyridine hydrobromide in the presence of the DMF so as to afford 2-amino-5-

carboxylate thiazole resin 7, and its FTIR spectrum showed a shift in the ester (C=O) peak from 1735 

cm-1 to 1667 cm-1 (Figure S1(7{1,1})). Following the hydrolysis of 2-amino-5-carboxylate thiazole 

resin 7 with 2M NaOH in DMSO at 60 ℃, we could obtain 2-amino-thiazole-5-carboxylic acid resin 

8, and its FTIR spectrum showed carboxylic acid (C=O) peak at 1610 cm-1 and an OH peak at 3369 

cm-1 (Figure S1(8{1,1})). In order to obtain the 2-amino-thiazole-5-carboxylic acid 9, resin 8 was 

cleaved from the polymer support under TFA in DCM (1:2, v/v) at room temperature for 12 h (Table 

2). 

As we can see in Table 2, The yield of compound 9{1,2} was high (57%), while the yield of 

compound 9{2,1} was low (6%). The plausible mechanistic pathway for cyclization of thiourea 

intermediate resin 4 is shown in Scheme S3. In the reaction, cyclization using 3-(Bromoacetyl)pyridine 

has better reactivity than cyclization using 2-bromoacetophenone because of the electron withdrawing 

effect of the pyridine ring. Also, compounds which the R1 group is a furfuryl group show a lower yield 

than compounds with a benzyl group because of the electron-withdrawing effect of the oxygen in furan 

ring.

Next, Resin 8 undergoes amide coupling under conditions using EDC·HCl, HOBt, and various 
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amines and the reaction was monitored using FTIR, which shows the disappearance of the OH peak 

(Figure S1(10{1,1,1})). In order to afford the 2-amino-5-carboxamide thiazole derivatives 11, resin 

10 was cleaved from the polymer support under TFA in DCM (1:2, v/v) at RT for 12 h (Table 3).

In the case of a cyclization reaction using a 1-bromopinacolone, the decarboxylative cyclization of 

Ethyl (N-alkyl-benzylcarbamothioyl)carbamate resin 4 was carried out using DMF at 80 ℃. As a result, 

we could obtain 4-tert-butyl thiazole resin 5, not in the dehydrative cyclization form. The IR spectra 

of the compounds that can support this were shown in Figure S2. In order to obtain the 4-tert-butyl 

thiazole 6, resin 5 was cleaved from the polymer support under TFA in DCM (1:2, v/v) at room 

temperature for 12 h (Table 1).

Scheme 4. Synthesis of 2-Amino-5-Carboxamide Thiazole Derivatives on Solid Phasea
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Figure 2. Building Block for 2-Amino-5-carboxamide Thiazole Derivatives

Table 1. Yields and Purities of 4-tert-butyl Thiazole 6

Compound R1 R2 Yield
(%)a

Purity
(%)b 

6{1,3} 35 100

6{2,3}
O

17 100

aFor five -step overall yields (loading capacity of resin 1 is 2.28 mmol/g). bAll of the purified products were checked by LC/MS at 254 nm.

Table 2. Yields and Purities of 2-Amino-Thiazole-5-Carboxylic Acid 9

Compound R1 R2 Yield
(%)a

Purity
(%)b 

9{1,1} 30 100

9{2,1}
O

6 92.53

9{3,1} 19 100

9{4,1} 18 97.75
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9

9{1,2}
N

57 100

9{2,2}
O N

9 100

9{3,2}
N

21 99.6

9{4,2}
N

23 98.4

aFor six-step overall yields (loading capacity of resin 1 is 2.28 mmol/g). bAll of the purified products were checked by LC/MS at 254 nm.

Table 3. Yields and Purities of 2-Amino-5-Carboxamide Thiazole 11

No. R1 R2 NR3R4 Yield
(%)a

Purity
(%)b No. R1 R2 NR3R4 Yield

(%)a
Purity
(%)b 
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{1,1,1}
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11
{1,2,8}

N H
N 12 100 11

{4,2,6}
N

H
N O

O

12 100

11
{1,2,9}

N
H
N 20 95.6 11

{4,2,10}
N

H
N

O

O
18 90.6

aFor seven-step overall yields (loading capacity of resin 1 is 2.28 mmol/g). bAll of the purified products were checked by LC/MS at 254 nm.

The final goal of the drug discovery process is to develop orally active drugs. Lipinski’s rule and 

some related parameters are used as guidelines to determine the potentials of orally available drugs. 

In this context, in order to evaluate the potential orally available drug properties, we calculated the 

physicochemical properties of 2-amino-5-carboxamide thiazole derivatives via Discovery Studio 2018. 

According to Lipinski’s rule of five, orally absorbed drugs must obey following rules : a molecular 

weight should be less than 500. It must have less than 5 hydrogen bond donor groups and less than 10 

hydrogen bond acceptor groups. The calculated logP value should be less than 5.25 It is also 

demonstrated that more flexible molecules are less likely to be orally active, few rotational bonds, 

with polar surface area less than 140 Å2 are preferable drugs.26 As can be seen in Figure 3, most of the 

physicochemical parameters of 2-amino-5-carboxamide thiazole derivatives are within the ranges of 

those predicted for orally bioavailable drugs.
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Figure 3. Calculated physicochemical properties of 2-amino-5-carboxamide thiazole derivatives

(MW : Molecular Weight, HBA : Hydrogen Bonding Acceptor, HBD : Hydrogen Bonding Donor, PSA : Polar Surface Area)

In conclusion, we have established a solid-phase synthetic method for constructing 2-amino-5-

carboxamide thiazole derivatives which avoids the formation of undesired isomers. Analogously to 

our solution-phase synthesis, solid-phase synthesis was carried and contained three diversity sites that 

were introduced, including amines (R1), α-haloketone (R2), and amines (NR3R4). The thiazole core 

was prepared from the Ethyl (N-alkyl-benzylcarbamothioyl)carbamate resin 4 via the dehydrative 

cyclization approach. Additionally, following the hydrolysis of the ester group, amide coupling was 

carried out with various amines such as benzylamine, aliphatic amine, and amino acid. Following the 

functionalization of 2-amino-5-carboxaminde thiazole, the supporting resin was treated with a cocktail 

of TFA and DCM, affording the desired final compounds. Finally, in order to determine whether the 

synthesized library has the potential to be used as an orally bioavailable drug, we calculated 

physicochemical parameters such as Alog P, molecular weight, the number of hydrogen bond 

acceptors and donors, the number of rotatable bonds, and polar surface area. As a result, most of the 

key parameters of constructed 2-amino-5-carboxamide thazole derivatives fall within the ranges for 

orally active drugs.
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Experimental section

General procedure for synthesis: All chemicals were reagent grade and used as purchased. Reactions 

were monitored by TLC analysis using Merk silica gel 60 F-254 thin layer plates (for solution-phase 

synthesis) and an ATR-FTIR spectrometer (for solid-phase synthesis). Flash column chromatography 

was carried out on Merk silic gel 60 (230-400 mesh). 1H NMR and 13C NMR spectra were recorded 

in  units relative to deuterated solvent as an internal reference using a 500 MHz NMR instrument 

(Bruker). Liquid chromatography tandem mass spectrometry (Agilent 6460 Triple Quad LC/MS) 

analysis was performed using an electro spray ionization (ESI) mass spectrometer with photodiode-

array detector (PDA) detection. High-resolution mass spectrometry spectra were obtained using aTOF 

LC/MS system (Agilent 6550 iFunnel Q-TOF LC/MS).

Preparation of AMEBA resin 2

To a suspension of Merrifield resin 1 (2.28 mmol/g, 5.00 g, 11.4 mmol) in DMF (25 mL), potassium 

carbonate (4.73 g, 34.2 mmol) and potassium iodide (0.02 g, 0.11 mmol) were added, followed by 3-

methoxy-4-formylphenol (5.20 g, 34.2 mmol). The resulting mixture was stirred at 60 ℃ for 16 h, 

after the resin was filtered and washed successively with DMF, MeOH, H2O, MeOH, DCM, and 

MeOH. The resin was then dried under high vacuum. Resin 2 was obtained as a white solid. Single-

Bead ATR-FTIR: 3023, 2920, 1675 (C=O), 1595, 1491, 1451, 1395, 1291, 1258, 1197, 1162, 1113, 

1102, 1026, 1017, 815, 757, 697 cm−1.

Representative procedure for the preparation of N-substituted resin 3{1} (R1 = Bn)

To a mixture of AMEBA resin 2 (1 g, theoretically 1.80 mmol), and NaBH(OAc)3 (1.45 g, 6.84 mmol) 

in 1,2-DCE (20 mL), benzylamine (0.747 mL, 6.84 mmol) was added and the resulting mixture was 

shaken at room temperature for 1.5 h. The resin was then filtered and washed several times with DCM, 

H2O, and MeOH, then dried under high vacuum. Resin 3{1} was obtained as a light-yellow solid. 

Single-Bead ATR-FTIR: 3023, 2920, 1610 (C=O), 1586, 1503, 1492, 1450, 1419, 1374, 1284, 1258, 
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1195, 1157, 1128, 1028, 821, 734, 696 cm−1

Representative procedure for preparation of Ethoxycarbonylthiourea resin 4{1} (R1 = Bn)

To a mixture of N-substituted resin 3a (1.16 g, theoretically 1.80 mmol) in 1,2-DCE (20 mL), 

ethoxycarbonylisothiocyante (0.94 mL, 7.96 mmol) was added and the resulting mixture was shaken 

at room temperature for 19 h. The resin was then filtered and washed several times with DCM and 

MeOH, then dried under high vacuum. Resin 4{1} was obtained as a light-yellow solid. Single-Bead 

ATR-FTIR: 3023, 2923, 1735 (C=O), 1611, 1586, 1506, 1450, 1414, 1288,1228, 1187, 1160, 1112, 

1027, 1012, 820, 759, 734, 697 cm−1

Representative procedure for preparation of Ethyl thiazole-5-carboxylate resin 5{1,3} (R1 = Bn, 

R2 = tert-butyl)

To a mixture of Ethoxycarbonylthiourea resin 4{1} (0.5 g, theoretically 0.644 mmol) in DMF (10 

mL), 1-Bromopinacolone (0.61 g, 3.42 mmol) was added and the resulting mixture was shaken at 80 

oC for 12 h. The resin was then filtered and washed several times with DMF, MeOH, H2O, and DCM, 

then dried under high vacuum. Resin 5{1,3} was obtained as a pink solid. Single-Bead ATR-FTIR: 

3023, 2926, 1610, 1583, 1505, 1450, 1286, 1195, 1159, 1128, 1113, 1025, 1015, 817, 697 cm−1

Representative procedure for preparation of Ethyl thiazole-5-carboxylate resin 7{1,1} (R1 = Bn, 

R2 = Aryl)

To a mixture of Ethoxycarbonylthiourea resin 4{1} (1 g, theoretically 1.29 mmol) in DMF (10 mL), 

2-Bromoacetophenone (1.36 g, 6.84 mmol) was added and the resulting mixture was shaken at room 

temperature for 2 h. The resin was then filtered and washed several times with DMF, MeOH, H2O, 

and DCM, then dried under high vacuum. Resin 7{1,1} was obtained as a light-yellow solid. Single-

Bead ATR-FTIR: 3023, 2921, 1667 (C=O), 1610, 1586, 1532, 1504, 1493, 1450, 1419, 1385, 1330, 

1285, 1256, 1196, 1158, 1128, 1072, 1027, 822, 752, 697, 623 cm−1

Page 13 of 21

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



14

Representative procedure for preparation of Ethyl thiazole-5-carboxylate resin 7{1,2} (R1 = Bn, 

R2 = 4-Pyridine)

To a mixture of Ethoxycarbonylthiourea resin 4{1} (0.5 g, theoretically 0.644 mmol) and Et3N (0.35 

g, 9.54 mmol) in DMF (10 mL), 3-(Bromoacetyl)pyridine Hydrobromide (0.961 g, 3.42 mmol) was 

added and the resulting mixture was shaken at room temperature for 2 h. The resin was then filtered 

and washed several times with DMF, MeOH, H2O, and DCM, then dried under high vacuum. Resin 

7{1,2} was obtained as a dark-brown solid. Single-Bead ATR-FTIR: 3021, 2923, 1698 (C=O), 1605, 

1585, 1530, 1505, 1492, 1450, 1419, 1337, 1284, 1249, 1195, 1159, 1111, 1077, 1023, 817, 756, 697 

cm−1

Representative procedure for preparation of thiazole-5-carboxylic acid resin 8{1,1} (R1 = Bn, R2 

= Aryl)

To a mixture of Ethyl thiazole-5-carboxylate Resin 7{1,1} (0.358 g, theoretically 0.408 mmol) in 

DMSO (40 mL), 2M NaOH (4.1 mL, 8.16mmol) was added and the resulting mixture was shaken at 

60 oC for 72 h. The resin was then filtered and washed several times with MeOH, H2O, and DCM, 

then dried under high vacuum. Resin 8{1,1} was obtained as a light-yellow brown solid. Single-Bead 

ATR-FTIR: 3359(br), 3024, 2924, 1610 (C=O), 1586, 1505, 1493, 1451, 1420, 1372, 1323, 1286, 

1259, 1196, 1159, 1129, 1116, 1027, 822, 754, 697 cm−1

Representative procedure thiazole-5-carboxamide resin 10{1,1,1} (R1 = Bn, R2 = Aryl, NR3R4 = 

Benzylamino)

A mixture of thiazole-5-carboxylic acid resin 8{1,1} (0.5 g, theoretically 0.589 mmol), EDC·HCl 

(0.66 g, 3.42 mmol), and HOBt (0.52 g, 3.42 mmol) in DMSO (20 mL) was shaken at room 

temperature for 24 h. The resin was then filtered and washed several times with DMF, MeOH, H2O, 

and DCM, then dried under high vacuum. Resin 10{1,1,1} was obtained as a light-yellow solid. 

Single-Bead ATR-FTIR: 3023, 2918, 1609 (C=O), 1586, 1505, 1492, 1450, 1419, 1380, 1328, 1286, 

1260, 1195, 1159, 1028, 820, 744, 697 cm−1
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Representative Procedure for the Preparation of 6{1,3} (R1 = Bn, R2 = tert-butyl)

A resin 5{1,3} (0.2 g, theoretically 0.2466 mmol) was treated with a mixture of TFA and DCM (1:3, 

v/v, 9 mL), then shaken for 12 h at room temperature. The resin was filtered and washed several times 

with DCM, EA, and MeOH, and organic filtrate was collected and evaporated. The residue was 

dissolved in EA, washed with H2O, and neutralized to pH 7 with saturated aqueous NaHCO3 solution. 

The organic layer was dried with anhydrous Na2SO4 and evaporated. The crude mixture was purified 

by column chromatography on silica gel (hexane/ethyl acetate) and triturated with hexane and diethyl 

ether (1:1, v/v), affording 6{1,3} (35%, five-step overall yield). 1H NMR (500 MHz, CDCl3) δ 7.41 – 

7.31 (m, 4H), 7.29 (d, J = 6.0 Hz, 1H), 6.06 (s, 1H), 4.40 (s, 2H), 1.27 (s, 9H). 13C NMR (126 MHz, 

CDCl3) δ 169.56, 162.13, 137.63, 128.78, 127.84, 127.81, 98.05, 50.20, 34.64, 29.75. LC-MS (ESI): 

m/z = 247.2 [M + H]+ : HRMS (ESI) calcd for C14H14N2S [M + H]+ : 247.1263, found : 247.1266.

Representative Procedure for the Preparation of 9{1,1} (R1 = Bn, R2 = Aryl)

A resin 8{1,1} (0.5 g, theoretically 0.589 mmol) was treated with a mixture of TFA and DCM (1:3, 

v/v, 9 mL), then shaken for 12 h at room temperature. The resin was filtered and washed several times 

with DCM, EA, and MeOH, and organic filtrate was collected and evaporated. The residue was 

dissolved in EA, washed with H2O, and adjusted to pH 4 with saturated aqueous NH4Cl solution. The 

organic layer was dried with anhydrous Na2SO4 and evaporated. The crude mixture was purified by 

column chromatography on silica gel (hexane/ethyl acetate) and triturated with hexane and diethyl 

ether (1:1, v/v), affording 9{1,1} (30%, six-step overall yield). 1H NMR (500 MHz, CDCl3) δ 12.51 

(s, 1H), 7.64 (d, J = 6.5 Hz, 2H), 7.42 (d, J = 6.9 Hz, 2H), 7.37 (s, 4H), 7.34 (s, 2H), 6.48 (s, 1H), 4.49 

(s, 2H). 13C NMR (126 MHz, CDCl3) δ 171.47, 142.33, 134.18, 130.11, 129.44, 129.13, 128.78, 

128.61, 128.31, 127.89, 126.01, 98.72, 50.70. LC-MS (ESI): m/z = 267.2 [M – CO2 + H]+ :27 

Representative Procedure for the Preparation of 11{1,1,1} (R1 = Bn, R2 = Aryl, NR3R4 = 

Benzylamino)
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A resin 10{1,1,1} (0.552 g, theoretically 0.589 mmol) was treated with a mixture of TFA and DCM 

(1:3, v/v, 9 mL), then shaken for 12 h at room temperature. The resin was filtered and washed several 

times with DCM, EA, and MeOH, and organic filtrate was collected and evaporated. The residue was 

dissolved in ethyl acetate, washed with H2O, and neutralized to pH 7 with saturated aqueous NaHCO3 

solution. The organic layer was dried with anhydrous Na2SO4 and evaporated. The crude mixture was 

purified by column chromatography on silica gel (hexane/ethyl acetate) and triturated with hexane and 

diethyl ether (1:1, v/v), affording 11{1,1,1} (15%, seven-step overall yield). 1H NMR (500 MHz, 

CDCl3) δ 8.03 (s, 1H), 7.44 (d, J = 5.7 Hz, 2H), 7.36 – 7.14 (m, 11H), 7.01 (s, 2H), 5.68 (s, 1H), 4.32 

(d, J = 3.4 Hz, 2H), 4.09 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 170.93, 161.53, 152.03, 137.79, 

136.76, 134.61, 129.51, 129.16, 129.04, 128.73, 128.62, 127.77, 127.62, 127.49, 127.42, 117.77, 

49.55, 43.85. LC-MS (ESI): m/z = 400.3 [M + H]+ : HRMS (ESI) calcd for C24H21N3OS [M + H]+ : 

400.1478, found : 400.1476.

Supporting Information 

Full analytical data of compounds, along with the copies of 1H NMR, 13C NMR, LC-MS, and HRMS 

spectra of all the synthesized compounds, and complete descriptions of the studies for the reactions.

Acknowledgements

All authors were supported from the Basic Science Research Program through the National Research 

Foundation of Korea (NRF) funded by the Ministry of Education (No.2016R1D1A1B04932654), and 

the Ministry of Trade, Industry & Energy, and the Korean Institute for Advancement of Technology 

through the industrial infrastructure program for fundamental technologies (No. 

2014M3A9A9073847) in Korea.

Page 16 of 21

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



17

References

1. (a) Hermkens, P. H. H.; Ottenheijm, H. C. J.; Rees, D. C., Solid-phase organic reactions II: A 

review of the literature Nov 95–Nov 96. Tetrahedron 1997, 53 (16), 5643-5678; (b) Krchňák, V.; 

Holladay, M. W., Solid Phase Heterocyclic Chemistry. Chem, Rev. 2002, 102 (1), 61-92; (c) 

Schreiber, S. L., Target-Oriented and Diversity-Oriented Organic Synthesis in Drug Discovery. 

Science 2000, 287 (5460), 1964.

2. (a) Al-Mulla, A., A Review: Biological Importance of Heterocyclic Compounds. Pharma Chem. 

2017, 9 (13), 141-147; (b) Gomtsyan, A., Heterocycles in drugs and drug discovery. Chem. 

Heterocycl. Compd. 2012, 48 (1), 7-10; (c) Martins, P.; Jesus, J.; Santos, S.; Raposo, L. R.; Roma-

Rodrigues, C.; Baptista, P. V.; Fernandes, A. R., Heterocyclic anticancer compounds: recent 

advances and the paradigm shift towards the use of nanomedicine’s tool box. Molecules 2015, 20 

(9), 16852-16891.

3. (a) Baumann, M.; Baxendale, I. R.; Ley, S. V.; Nikbin, N., An overview of the key routes to the 

best selling 5-membered ring heterocyclic pharmaceuticals. Beilstein J. Org. Chem. 2011, 7, 442-

495; (b) Gong, Y.-D.; Lee, T., Combinatorial Syntheses of Five-Membered Ring Heterocycles 

Using Carbon Disulfide and a Solid Support. J. Comb. Chem. 2010, 12 (4), 393-409.

4. Kashyap, A.; Adhikari, N.; Das, A.; Shakya, A.; Ghosh, S. K.; Singh, U. P.; Bhat, H. R., Review 

on Synthetic Chemistry and Antibacterial Importance of Thiazole Derivatives. Curr. Drug 

Discovery Technol. 2018, 15 (3), 214-228.

5. Holla, B. S.; Malini, K. V.; Rao, B. S.; Sarojini, B. K.; Kumari, N. S., Synthesis of some new 2,4-

disubstituted thiazoles as possible antibacterial and anti-inflammatory agents. Eur. J. Med. Chem. 

2003, 38 (3), 313-318.

6. Jaishree, V.; Ramdas, N.; Sachin, J.; Ramesh, B., In vitro antioxidant properties of new thiazole 

derivatives. J. Saudi Chem. Soc. 2012, 16 (4), 371-376.

7. Andreani, A.; Rambaldi, M.; Mascellani, G.; Rugarli, P., Synthesis and diuretic activity of 

imidazo [2, 1-b] thiazole acetohydrazones. Eur. J. Med. Chem. 1987, 22 (1), 19-22.

8. (a) Kaplancikli, Z. A.; Turan-Zitouni, G.; Revial, G.; Guven, K., Synthesis and study of 

antibacterial and antifungal activities of novel 2-[[(benzoxazole/benzimidazole-2-yl) sulfanyl] 

acetylamino] thiazoles. Arch. Pharmacal Res. 2004, 27 (11), 1081-1085; (b) Saeed, S.; Rashid, 

N.; Jones, P. G.; Hussain, R.; Bhatti, M. H., Synthesis, spectroscopic characterization, crystal 

structure and antifungal activity of thiourea derivatives containing a thiazole moiety. Cent. Eur. 

J. Chem. 2010, 8 (3), 550-558.

9. Shiradkar, M.; Kumar, G. V. S.; Dasari, V.; Tatikonda, S.; Akula, K. C.; Shah, R., Clubbed 

triazoles: a novel approach to antitubercular drugs. Eur. J. Med. Chem. 2007, 42 (6), 807-816.

10. (a) Rostom, S. A.; El-Ashmawy, I. M.; El Razik, H. A. A.; Badr, M. H.; Ashour, H. M., Design 

Page 17 of 21

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



18

and synthesis of some thiazolyl and thiadiazolyl derivatives of antipyrine as potential non-acidic 

anti-inflammatory, analgesic and antimicrobial agents. Bioorg. Med. Chem. 2009, 17 (2), 882-

895; (b) Sharma, R. N.; Xavier, F. P.; Vasu, K. K.; Chaturvedi, S. C.; Pancholi, S. S., Synthesis 

of 4-benzyl-1, 3-thiazole derivatives as potential anti-inflammatory agents: an analogue-based 

drug design approach. J. Enzyme Inhib. Med. Chem. 2009, 24 (3), 890-897.

11. Amin, K. M.; Rahman, D. E. A.; Al-Eryani, Y. A., Synthesis and preliminary evaluation of some 

substituted coumarins as anticonvulsant agents. Bioorg. Med. Chem. 2008, 16 (10), 5377-5388.

12. Cantrell, A. S.; Engelhardt, P.; Högberg, M.; Jaskunas, S. R.; Johansson, N. G.; Jordan, C. L.; 

Kangasmetsä, J.; Kinnick, M. D.; Lind, P.; Morin, J. M., Phenethylthiazolylthiourea (PETT) 

compounds as a new class of HIV-1 reverse transcriptase inhibitors. 2. Synthesis and further 

structure− activity relationship studies of PETT analogs. J. Med. Chem. 1996, 39 (21), 4261-4274.

13. Bozdağ-Dündar, O.; Ceylan-Ünlüsoy, M.; Eugen, V. J.; Ertan, R., Synthesis and antidiabetic 

activity of novel 2, 4-thiazolidinedione derivatives containing a thiazole ring. Arzneim. Forsch. 

2006, 56 (09), 621-625.

14. Patt, W. C.; Hamilton, H. W.; Taylor, M. D.; Ryan, M. J.; Taylor Jr, D. G.; Connolly, C. J.; 

Doherty, A. M.; Klutchko, S. R.; Sircar, I., Structure-activity relationships of a series of 2-amino-

4-thiazole-containing renin inhibitors. J. Med. Chem. 1992, 35 (14), 2562-2572.

15. Jiang, X.-Y.; Chen, T.-K.; Zhou, J.-T.; He, S.-Y.; Yang, H.-Y.; Chen, Y.; Qu, W.; Feng, F.; Sun, 

H.-P., Dual GSK-3β/AChE Inhibitors as a New Strategy for Multitargeting Anti-Alzheimer’s 

Disease Drug Discovery. ACS Med. Chem. Lett. 2018, 9 (3), 171-176.

16. (a) Jin, Y.; Ding, K.; Wang, D.; Shen, M.; Pan, J., Novel thiazole amine class tyrosine kinase 

inhibitors induce apoptosis in human mast cells expressing D816V KIT mutation. Cancer Lett. 

2014, 353 (1), 115-123; (b) Gomha, S. M.; Abdelaziz, M. R.; Kheder, N. A.; Abdel-aziz, H. M.; 

Alterary, S.; Mabkhot, Y. N., A facile access and evaluation of some novel thiazole and 1, 3, 4-

thiadiazole derivatives incorporating thiazole moiety as potent anticancer agents. Chem. Cent. J. 

2017, 11 (1), 105; (c) Chen, X.; Zhao, S.; Wu, Y.; Chen, Y.; Lu, T.; Zhu, Y., Design, synthesis 

and biological evaluation of 2-amino-N-(2-aminophenyl) thiazole-5-carboxamide derivatives as 

novel Bcr-Abl and histone deacetylase dual inhibitors. RSC Adv. 2016, 6 (105), 103178-103184.

17. He, H.; Wang, X.; Shi, L.; Yin, W.; Yang, Z.; He, H.; Liang, Y., Synthesis, antitumor activity and 

mechanism of action of novel 1,3-thiazole derivatives containing hydrazide–hydrazone and 

carboxamide moiety. Bioorg. Med. Chem. Lett. 2016, 26 (14), 3263-3270.

18. (a) Gupta, V.; Kant, V., A review on biological activity of imidazole and thiazole moieties and 

their derivatives. Sci. Int. 2013, 1 (7), 253-260; (b) Siddiqui, N.; Ahsan, W., Triazole incorporated 

thiazoles as a new class of anticonvulsants: design, synthesis and in vivo screening. Eur. J. Med. 

Chem. 2010, 45 (4), 1536-1543.

19. de Souza, M. V. N., Synthesis and biological activity of natural thiazoles: An important class of 

Page 18 of 21

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



19

heterocyclic compounds. J. Sulfur Chem. 2005, 26 (4-5), 429-449.

20. (a) Di Santo, N.; Ehrisman, J., A functional perspective of nitazoxanide as a potential anticancer 

drug. Mutat. Res., Fundam. Mol. Mech. Mutagen. 2014, 768, 16-21; (b) Dong, X.; Li, R.; Xiu, P.; 

Dong, X.; Xu, Z.; Zhai, B.; Liu, F.; Jiang, H.; Sun, X.; Li, J.; Qiao, H., Meloxicam Executes Its 

Antitumor Effects against Hepatocellular Carcinoma in COX-2- Dependent and -Independent 

Pathways. PLoS ONE 2014, 9 (3), e92864; (c) Rostom, S. A.; Faidallah, H. M.; Radwan, M. F.; 

Badr, M. H., Bifunctional ethyl 2-amino-4-methylthiazole-5-carboxylate derivatives: Synthesis 

and in vitro biological evaluation as antimicrobial and anticancer agents. Eur. J. Med. Chem. 2014, 

76, 170-181; (d) Khalaf, A. I.; Anthony, N.; Breen, D.; Donoghue, G.; Mackay, S. P.; Scott, F. J.; 

Suckling, C. J., Amide isosteres in structure-activity studies of antibacterial minor groove binders. 

Eur. J. Med. Chem. 2011, 46 (11), 5343-5355; (e) Earle, M. F.; Glazer, R. I., Activity and 

Metabolism of 2-β-D-Ribofuranosylthiazole-4-carboxamide in Human Lymphoid Tumor Cells in 

Culture. Cancer Res. 1983, 43 (1), 133-137; (f) Tokarski, J. S.; Newitt, J. A.; Chang, C. Y. J.; 

Cheng, J. D.; Wittekind, M.; Kiefer, S. E.; Kish, K.; Lee, F. Y. F.; Borzillerri, R.; Lombardo, L. 

J.; Xie, D.; Zhang, Y.; Klei, H. E., The Structure of Dasatinib (BMS-354825) Bound to Activated 

ABL Kinase Domain Elucidates Its Inhibitory Activity against Imatinib-Resistant ABL Mutants. 

Cancer Res. 2006, 66 (11), 5790-5797; (g) Earle, M. F.; Glazer, R. I., Activity and metabolism of 

2-β-D-ribofuranosylthiazole-4-carboxamide in human lymphoid tumor cells in culture. Cancer 

Res.1983, 43 (1), 133-137.

21. (a) Jung, S.-L.; Kim, S.-G.; Lee, G.-H.; Gong, Y.-D., An efficient solid-phase parallel synthesis 

of 2-amino and 2-amidobenzo [d] oxazole derivatives via cyclization reactions of 2-

hydroxyphenylthiourea resin. Bull. Korean Chem. Soc. 2012, 33 (12), 4109-4116; (b) Kim, S.-G.; 

Jung, S.-L.; Lee, G.-H.; Gong, Y.-D., Novel Solid-Phase Parallel Synthesis of N-Substituted-2-

aminobenzo [d] thiazole Derivatives via Cyclization Reactions of 2-Iodophenyl Thiourea 

Intermediate Resin. ACS Comb. Sci. 2012, 15 (1), 29-40; (c) Yang, S.-J.; Choe, J.-H.; Abdildinova, 

A.; Gong, Y.-D., A Highly Efficient Diversification of 2-Amino/Amido-1, 3, 4-oxadiazole and 1, 

3, 4-Thiadiazole Derivatives via Reagent-Based Cyclization of Thiosemicarbazide Intermediate 

on Solid-Phase. ACS Comb. Sci. 2015, 17 (12), 732-741; (d) Ha, J.-E.; Yang, S.-J.; Gong, Y.-D., 

Construction of 1, 3, 4-Oxadiazole and 1, 3, 4-Thiadiazole Library with a High Level of Skeletal 

Diversity Based on Branching Diversity-Oriented Synthesis on Solid-Phase Supports. ACS Comb. 

Sci. 2018, 20 (2), 82-97; (e) Ryu, H.-J.; Yang, S.-J.; Lee, G.-H.; Gong, Y.-D., Construction of 

Druglike 2-Amido Benzo [d] imidazole Analogues via Desulfurative Cyclization of Thiourea 

Intermediate Resin on Solid-Phase. ACS Comb. Sci. 2018, 20 (5), 282-291.

22. Cole, A. G.; Stauffer, T. M.; Rokosz, L. L.; Metzger, A.; Dillard, L. W.; Zeng, W.; Henderson, I., 

Synthesis of 2-amino-5-benzoyl-4-(2-furyl) thiazoles as adenosine A 2A receptor antagonists. 

Bioorg. Med. Chem. Lett. 2009, 19 (2), 378-381.

Page 19 of 21

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



20

23. Heydari, R.; Shahrekipour, F.; Graiff, C.; Tahamipour, B., Synthesis and crystal structures of 

some new 2-(diphenylamino)-4, 5-disubstituted thiazole derivatives. J. Chem. Res. 2016, 40 (6), 

326-330.

24. (a) Ouyang, X.; Tamayo, N.; Kiselyov, A. S., Solid support synthesis of 2-substituted dibenz [b, 

f] oxazepin-11 (10H)-onesvia SNAr methodology on AMEBA resin. Tetrahedron 1999, 55 (10), 

2827-2834; (b) Raillard, S. P.; Ji, G.; Mann, A. D.; Baer, T. A., Fast scale-up using solid-phase 

chemistry. Org. Process Res. Dev. 1999, 3 (3), 177-183. 

25. Lipinski, C. A.; Lombardo, F.; Dominy, B. W.; Feeney, P. Experimental and computational 

approaches to estimate solubility and permeability in drug discovery and development settings. 

Adv. Drug Delivery Rev. 1997, 23, 3−25.

26. Veber, D. F.; Johnson, S. R.; Cheng, H.-Y.; Smith, B. R.; Ward, K. W.; Kopple, K. D., Molecular 

properties that influence the oral bioavailability of drug candidates. J. Med. Chem. 2002, 45 (12), 

2615-2623.

27. Nobilis, M.; Vybiralova, Z.; Sladkova, K.; Lisa, M.; Holčapek, M.; Květina, J., High-performance 

liquid-chromatographic determination of 5-aminosalicylic acid and its metabolites in blood 

plasma. J. Chromatogr. A 2006, 1119 (1-2), 299-308.

Page 20 of 21

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Graphical Abstract 

 

Synthesis of 2-Amino-5-Carboxamide Thiazole derivatives via Dehydrative 

Cyclization of Thiourea Intermediate Resin on Solid Phase 

 

Ye-Ji Kim, Hye-Jin Kwon, Si-Yeon Han and Young-Dae Gong* 

Innovative Drug Library Research Center, Department of Chemistry, College of Science,  

Dongguk University, 30, Pildong-ro 1-gil, Jung-gu, Seoul 04620, Korea  

 

 

 

 

 

* Corresponding author Tel. : +82-2-2290-3206, Fax : +82-2-2260-1349 ; e-mail: 

ydgong@dongguk.edu 

Page 21 of 21

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60


